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Table S1. Summary of MD simulation studies on PET-degrading enzymes. The table lists the ligands used, enzyme variants with PDB codes, and mutations
tested, along with key simulation parameters, including docking procedures, force fields, simulation lengths, software packages, and any quantum calculations

performed. The temperature conditions applied in each study are also indicated.

. . Docking Protein force . Temp.  MD length
Study Substrate Proteins PDB Mutations Software field Ligand force field (K) (ns) MD software QM/MM
Jervesetal., 2PET PETase 5XH3 - - ff14SB GAFF2 300 50 AMBER 18 4
20211
da Costa et 4PET PETase 6EQE - Autodock Vina, ff99SB GAFF 300 500 AMBER 16 -
al., 20212 Molegro Virtual
Docker (MVD),
CSD-GOLD

Bonetaetal., 2MHET, PETase, 6EQE, - - ff03 GAFF 313 50 GROMACS v/
20213 3MHET LCC-ICCG 4EBO 2018.4
Feng et al., 2MHET PETase 5XJH - Autodock Vina CHARMM27 generated using 298 30 CHARMM v/
20214 Swissparam

Pinto et al., MHET MHETase 6QGA - - ff99SB-ILDN GAFF 303 500 GROMACS v

20213 2018.3

Aboelngaet  without PETase, 5XH3, - Schrédinger ff14SB GAFF2 300 8002, 1006  AMBER 18 v/

al., 2022° ligand, TfCut2 4CGl1 (Glide)

2PET
Charupanit 4PET PETase 5XJH QI19F, AutoDock4.2 ~ GROMOS54A7  Automated 300 100 GROMACS -
et al., 20227 D112M/S238F, Topology v5.1.2
S238C Builder
webserver
James et al.,  without TfCut2 4CGl G62A/F209A Autodock ff14SB GAFF 300 1000 AMBER 20 -
20228 ligand, Vina
AMHET

Shrimpton- HEMT PETase 5XH3 - AutoDock CHARMM36 generated using - 5 GROMACS v

Phoenix et Vina Swissparam

al., 2022°



Docking

Protein force

Temp.

MD length

Study Substrate Proteins PDB Mutations Software feld Ligand force field (K) (ns) MD software QM/MM
Zaraetal., BHET PETase 5XJH - - - GAFF 300 150 GROMACS -
202210
Garciaetal., 3PET PETase, 6EQE, - - ff14SB GAFF37 300 1000 AMBER 20 v/
2023 FAST-PETase 7SH6
Orlando et without PETase, 5XJH, - AutoDock4.2 ff99SB GAFF 303, 100, 300 GROMACS -
al., 202312 ligand, FAST-PETase 7SH6 323

4PET
Bragaetal, BHET PETase 6EQE - AutoDock ff14SB GAFF 300 200 AMBER 18 -
202313 Vina
Nelson etal., BHET PETase 5XGO S209F/W130H, HADDOCK - CGenFF - 3 GROMACS -
20234 S209F/W130H/
1179Q

Wang etal., 2MHET BhrPETase T7EOA - Autodock CHARMM?27 generated using 343 30 CHARMM v/
202415 Vina Swissparam
Berselli et 4PET PETase, 5XJH, - DINC 2.0 CHARMM36m  CGenff 303, 500 NAMD3 -
al., 202416 FAST-PETase, 7SHS6, Web Server 353

ThermoPETase, 61J6,

DuraPETase, 6KYS5,

HotPETase 7QVH
Burginetal., 2PET PETase - - - CHARMM36 CGenFF 310 5 CHARMM v/
202417
Jervesetal.,, 2PET PETase 5XH3 DS83N, DSON - ff14SB GAFF2 300 600 GROMACS v/
202413
Pinto et al., 3PET PET30 7PZJ] - AutoDock OPLS-AA/M OPLS-AA 300 1000 GROMACS -
20241 Vina 2021.5
dos Santos et 4PET IsPETase - - - CHARMM - 300 - - v/
al., 202420
Zheng et al., amorph. PETase SXJH - AutoDockToo CHARMM36 CHARMM36 303 30 CHARMM v
202421 6PET, Is 1.5.6

cryst. PET



Docking

Protein force

Temp.

MD length

Study Substrate Proteins PDB Mutations Software feld Ligand force field (K) (ns) MD software QM/MM
Jackeringet  3PET PES-H1, LCC 7CUV, - - ff14SB GAFF 303 20 AMBER v
al., 202422 4EBO
Xu et al., 4PET PETase, 5XJH, - AutoDock ff14SB GAFF2 298, 1000 GROMACS -
20247 ThermoPETase  61J6 Vina 308 2023.2
James etal., without PETase 5XH3 W130H/S209F AutoDock ff14SB GAFF 300 20007, AMBER 20 -
20242 ligand, Vina 5000

AMHET
Sahihi etal., 9PET LCC 6THT - - CHARMM36 CHARMM36 338 500 GROMACS -
2024% (bulk of 2021.6
231
chains)
de Oliviera 4PET FoCut 5XJH - Molegro CHARMM36 CHARMM36 300 100 AMBER 20 -
et al., 202526 Virtual
Docker
(MVD)
awithout ligand ~ Pcomplex system



Table S2. Summary of studies combining (MD) simulations and experimental investigations on PET-degrading enzymes. The table provides information on the

ligands used, enzyme variants with PDB codes, and mutations tested, along with key simulation parameters, including docking procedures, force fields,

simulation lengths, software packages, and any quantum calculations performed. The temperature conditions employed in each study are also reported.

. . Docking Protein force Ligand force Temp. MD length QM/

Study Substrate  Proteins PDB Mutations Software field field (K) (ns)* MD software MM
Wei et al., without Tcurl278, 3VIS - GOLD ff99SB - 298,353 500 GROMACS -
2014% ligand, Tcur0390 4.6

2PET
Then et al., without TfCut2 4CGl Ca?"Mg?* - ff99SB - 298 50 GROMACS -
2015%8 ligand 4.6
Fecker et al., without TfCut2, 4CGl, - Rosetta3 ff14SB GAFF 2983, 502, 10P AMBER 16 -
2017% ligand, LCC, 4EBO, 298P,

2PET PETase 6ANE 3230,

353b

Austin et al. without PETase, 6EQE, - Glide XP CHARMM36 - 300 2008 NAMD 2.12 -
2018% ligand, TfCut2 4CGl (Schrdding

4PET er)
Knott et al., MHET MHETase 6Qz4 - Glide XP CHARMM36 CGenFF 303 150 NAMD 2.9 v/
2020 3! (Schréding

er)

Tournier et al., without LCC 4EBO F2431/D238C/ - ff14SB GAFF 333 100 AMBER 16 -
2020% ligand, S283C/Y127G

3MHET (LCC-ICCQG)
Zheng et al., 2MHET LCC-ICCG  6THT - Autodock  CHARMM?27 generated 298 30 CHARMM 4
20213 tool using

Swissparam

Meng et al., without IsPETase 6EQD WI159H/F229Y Autodock CHARMM?22 - 400 202 NAMD 2.12 -
20213 ligand, Vina

AMHET
Liu et al., 4PET DuraPETase 6KYS5 - Ledock ff14SB GAFF 333 100 AMBER 18 -



. . Docking Protein force Ligand force Temp. MD length QM/

Study Substrate  Proteins PDB Mutations Software field feld (K) (ns)* MD software MM
20223
Weigert et al., 4PET PET6 726B VIIT, S92A - CHARMM36 - 323 50 CHARMM -
202236
Chen et al., SMHET  TfCut2 5Z0A H184S/Q92G/ Ledock ff14SB GAFF 333 100 AMBER 18 v
202237 F2091/1213K
Yin et al., (MHET)s IsPETase 5XGO0 S92K/D157E/ Autodock - - 298 50 GROMACS -
202238 -CH;, R251A Vina

MHET
Pirillo et al., without AIsSPET 6EQD - Ledock ff14SB - 303 2002, 100>  GROMACS -
2022% ligand, 2019.6

6MHET
Mrigwani et SBMHET  TfCut2 4CG1 - Glide XP - - - 75 Schrodinger -
al., 202240 (Schroding (Desmond)

er)
Haugwitzhet =~ MHET TfCa, TW1J - AutoDock - - 310 20 AMBER 14 -
al., 20224 Vina
MHETase 6QGA

Guo et al., without PETase 6EQE S238A, Y87E Glide XP ff99SB-ILDN?,  Parametrized 300 2002, 5b GROMACS -
202242 ligand, (Schroding  OPLS-AAP via 2019.3

4PET er) Macromodel

(Schrodinger)

Aristizabal- without HiCut 40YY - Autodock  AMBERI14 - 343 50 YASARA -
Lanza et al., ligand, Vina force field
20224 2MHET
Pfaff et al., 3PET PES-H1 7CUV - - ff14SB GAFF 303 100 GROMACS -
20224 2020.4



. . Docking Protein force Ligand force Temp. MD length QM/
Study Substrate  Proteins PDB Mutations Software field feld (K) (ns)* MD software MM
Waltmann et without PETase 6EQE - - CHARMM - 298,310, 10 GROMACS -
al., 2022% ligand 320, 325, 2016.3
330, 335,
340, 350
Liu et al., without MtCut, AlphaFold, - GOLD ff19SB - 343 100 AMBER 20 -
202246 ligand LCCICCG 6THT
Sevilla et al., 2PET PETase 6EQE 1208V, N212A, S238Y GOLD ff19SB GAFF2 300 4 AMBER 2022 -
202347
Crnjar etal., without PETase, 7CYO, PETase (H214S/F2181), - ff14SB - 303, 500 AMBER 2020 -
202348 ligand BurPL, 7CW, BurPL (H3440S/F348]1), 308,
LCC, 4EBO, LCC (H218S/F2221), 323,
TfCut 5Z0A TfCut (H224S/F228I) 333
Quetal., without IsPETase, 6EQE, IsPETase (I1168R/S188D, - ff99SB-ILDN - 293¢, 20 GROMACS -
20234 ligand LCC, 4EBO, 4CG1 1168R/S188E) 313¢, 5.14
TfCut2 333¢,
353¢,
373¢,
393¢,
3734
Meng et al., 2PET TfCut2 4CGl L32E/S113E/T237Q AutoDock  AMBERI14 GAFF2 338 50 YASARA -
2023%0 Vina force field
Ding et al., without LCCICCG LCCICCG_  S32L/D18T/S98R/T157/ AutoDock = CHARMM - 310 50 NAMD -
202351 ligand RIP E173Q/N213P Vina 2.14b2
structure
was used
Shi et al., 4PET PETase S5XJH T88I, Q119R, D220N, Glide XP ff19SB GAFF2 310,370 200 AMBER 20 -
202332 N246D, R260Y/S290P, (Schroding (310K),
QI119R/D186H, er)
T88I/QI119R/ 800
D220N/N246D/ (370K -
R260Y/S290P HMR)
(DepoPETase)
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. . Docking Protein force Ligand force Temp. MD length QM/
Study Substrate  Proteins PDB Mutations Software field feld (K) (ns)* MD software MM
Swidrek et al., BHET, CALB ITCA - CHARMM36 GAFF 303 100 NAMD 2.12 v/
20233 MHET,
MHET(-)
Pirillo et al., 3PET ALCC 4EBO F243T, SI0IN/F243T GNINA ff14SB GAFF 333 200 GROMACS -
2023 1.0 2019.6
Zhang et al., MHET Est30 SILT - - CHARMM36 CGenFF 343 1,5 GROMACS -
20235 2019.4
Richteretal., EMT PHL7 7NEI - Rosetta / ff19SB GAFF 298 100 AMBER 20 -
202336 Autodock
Vina
Falkensteinet 4MHET  TfCut2 4CGl1 - - ffO9SB-ILDN GAFF 298 100 equil. ~ GROMACS -
al., 202357 + 125 2018.3
(HREX) +
300
(MetaD)
Lietal., without BsEs, AlphaFold ABsEst AutoDock  GROMOS96 - 298 100 GROMACS -
20238 ligand, ChryBHETa AChryBHETase (54a7) 2016
BHET se
Lee et al., without IsPETase 5XJH, S121E/D186H/S242T/N - ff19SB - 323 200 GROMACS -
2023 ligand 6KUS, 246D (Is-4p), 2021.3
8H5K S121E/D186H/S242T/N
246D/N233C/S282C/P18
1V/A180V/N37D/R132E
/R224E/A171C/S193C
(Z1-PETase)
Quetal., without PETase 6EQE D186Q, D186H, D186N, Autodock  ff99SB-ILDN - 3032, 50 GROMACS -
202490 ligand, DI186A, D186V Vina 303b, 5.1.4
2PET 3130,
403
Ding et al., without PETase, 5XJH K95A, R132N, Glide XP ff14SB GAFF 300 100, AMBER 18 -
20246! ligand, V3 PETase K95A/R132N (Schroding 250 (aMD)
PET er)

11



. . Docking Protein force Ligand force Temp. MD length QM/
Study Substrate  Proteins PDB Mutations Software field feld (K) (ns)* MD software MM
Cui et al., 3PET BhrPETase 7EOA H218S/F2221/ YASARA  ff16SB - 338 100 AMBER 16 -
202462 A209R/D238K/A251C/
A281C/W104L/F243T
(TurboPETase)
Hanet al., 4PET PpPETase, 6QGC Y239R/F244G/ AutoDock - - 300 100 GROMACS -
202493 Y250G Vina 2018.33
ScPETase A212C/T249C/
N195H/N243K
Luetal, 3PET Estl AlphaFold2  N213M/T215P/ YASARA  GROMOS96 - 338 50 GROMACS -
202464 S115P/Q93A/L91W 54a7 2022.3
Joho et al., 8PET PsPETase 6EQE D186A/N233C/S282C/ AutoDock  ff14SB GAFF2 300 1000¢, AMBER 20 -
20246 A179C/S136E/S214T/ 4 20004
K95N (Combi-PETase)
Thapa et al., BHET PET SWISS- - AutoDock CHARMM36m  CGenFF 310 100 GROMACS -
202466 hydrolase in  MODEL Vina
Streptomyce
s sp. W2061
Zheng et al., 3PET LCC-ICCG 6THT H218Y/N248D, AutoDock  OPLS-AA/M generated 345 20 NAMD 2.12 -
202467 H218Y/N248D/ Vina using the
S247A LigParGen
Zheng et al., 2BHET LCC-ICCG  6THT H183Y/L124G/ Autodock  ff99SB-ILDN - 343 40 GROMACS -
202468 S29A (YGA) Vina
Avilan et al., without IsPETase 6EQE/ HotPETase - CHARMM - 300 150 AMBER 20 -
20249 ligand 7QVH
Gao et al., 4PET PETase 5XJH/8I5N RS53Q, V84L, F2011, Schrodinge  ff19SB GAFF2 370 1000 AMBER 20 -
202470 F229Y, N233K/F, r2018

R280E, D283R,
T88I/Q119R/
D220N/N246D/
R260Y/S290P
(DepoPETase)

12



. . Docking Protein force Ligand force Temp. MD length QM/
Study Substrate  Proteins PDB Mutations Software field feld (K) (ns)* MD software MM
Jackering et 9PET LCC, 4EBO F2431/Y127G (LCCIG), - ff14SB GAFF2 303 1500¢, GROMACS -
al., 20247 (bulk of F2431/Y127G/D238C/S2 2000¢, 2020.5
9 chains) 83C (LCC-ICCQG), 1004
LCCIG
(L66A/S6TA/S69A),
(T211V/S216A/N239L),
(R143E/S145A/R151E)
PES-HI 7CUV L92F/Q94Y
(PES-HIFY)
PES-HIFY
(T11V/S13A/S14A),
(Q26L/T27V/T28V),
(T211V/S216A/N239L)
Mamtimin et without TmFae- AlphaFold2 - AutoDock  ff14SB - 3002, 50 AMBER 2020 -
al., 202472 ligand, PETase / check with 4.2. 3282,
2PET 7EBO 3508
Zhou et al., MHET, IsPETase - S92P/D157A DSDP ff14SB - - 100 GROMACS -
202473 MHET(-) (IsPETase™) docking 2024.1
Schreiber et without DuraPETase 6KY5 - - ff99SB-ILDN - 300 10 GROMACS -
al., 202474 ligand 2019.3
Qietal, without GlacPETase 8X6V - - ff99SB - 340 20 GROMACS -
20247 ligand 2021
Ogura et al., without PET2-7M 7ECS8 H229T/F233M - AMBER 14 - 300 100 OpenMM -
202476 ligand force field 8.1.1
Numoto et al., 3PET Cutl90**SS 8721 F77L, F8IL, Ca?* - ff99SB-ILDN GAFF2 300 250 GROMACS -
202477
Miao et al., MHET BMHETase  AlphaFold2  G133S/R275D/ AutoDock - - - 500 OpenMM -
202478 R247G/G406S/ Vina 7.6.0
A373Y/A400S
Song et al., without ASRI1- AlphaFold2 - AutoDock  GROMOS96 - 298 1000 GROMACS -
ligand,

13



. . Docking Protein force Ligand force Temp. MD length QM/
Study Substrate  Proteins PDB Mutations Software field feld (K) (ns)* MD software MM
20257 BHET PETase Tools (54a7) 2022.5
Wang et al., 2MHET  Hydrolase 7QJM, 7SH6 - Autodock CHARMM generated 343 200 AMBER 18
202580 202, FAST- Vina using

PETase Swissparam
Wang et al., 3PET PHL7 TNEI E148K/T158P/S184E/H1 DSDP ff14SB GAFF 343 70 GROMACS
202581 85Y (FlashPETase) docking, 2024 .4
Rosetta3
Guo et al., 2PET, IsPETase 5XGO0 - - ff14SB - 300 50 Q-Chem &
202582 5PET, AMBER 12
6PET

Lin et al., 2PET LCC-ICCG  6THT H183Y/L202I/1208T/T1  DSDP ff14SB- - - 50 GROMACS
2025% 53A (LCC-YITA) docking parmbscl 2024.2

awithout ligand

bcomplex system

for wild-type

dfor mutations

14



Table S3. Distances at the catalytic site, derived from the literature, for IsPETase at 300, 313 and 353K.

Enzyme IsPETase
Temperature (K) 300 313 353
Substrate 4PET? 2PET! 3PET!! 2PET® 4PET!® 4PET? 2PET3 3PET? 4PET!'®
Distances (A)
His237 HD1 - Asp206 OD2 7.97+1.37 1.62+0.15 3.1£0.3 1.68 3.71+1.45 - - - 948 £2.18
Ser160 HG - His237 NE2 4.18 £0.78 1.76 £0.15  1.92+0.14 1.79 325+1.14 2.59+0.09 1.84+0.04 1.81+£0.04 15.67 £4.51
Ser160 HG - PET O 7.97 £1.37 3.78 £0.29 33+0.2 - - 3.20+0.31 - - -
Ser160 OG - PET C 5.38+0.49 330+£0.14  2.67+0.09 3.09 - 2.90 +0.08 2.50+0.03 3.05+0.04 -
Metl61 NH - PET O - 3.07+0.44 22402 2.1 - - - - -
Tyr87 NH - PET O - 2.68+0.57 1.94+0.14 1.85 - - - - -
Enzyme ThermoPETase FAST-PETase
Temperature (K) 300 353 300 353
Substrate 4PET'® 4PET!® 3PET" 4PET!® 4PET!®
Distances (A)

15



His237 HD1 - Asp206 OD2
Ser160 HG - His237 NE2
Ser160 HG - PET O

Ser160 OG - PET C
Metl61 NH - PET O

Tyr87 NH - PET O

1.87 £0.44

2.10+0.37

6.54 £3.06

8.83+4.53

3.0+1.0

1.87+0.09

33+£0.2

2.62 +£0.06

22+0.2

1.87+0.13

2.50 £ 1.61

3.34+1.04

8.58 £3.93

11.53+5.10

Table S4. Distances at the catalytic site, derived from the literature, for ThermoPETase and FAST-PETase at 300 and 353K.

Table S5. Technical details of the simulated systems investigated in this study across the three enzyme variants and different temperatures. The table

includes information on simulation parameters such as force fields, simulation lengths, and the use of positional restraints.

System Force Field Conditions Simulation Time (ns)

No. Protein Ligand Protein Ligand Temp. (K) Witrlézcr):ii;[lit(;nal With?;[tfa?;itt;onal Total
1 IsPETase 2PET ff14SB GAFF2 300 50 100 150
2 IsPETase 2PET ff14SB GAFF2 313 50 100 150
3 IsPETase 2PET ff14SB GAFF2 323 50 100 150
4 IsPETase 2PET ff14SB GAFF2 333 50 100 150
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5 ThermoPETase 2PET ff14SB GAFF2 300 50 100 150

6 ThermoPETase 2PET ff14SB GAFF2 313 50 100 150
7 ThermoPETase 2PET ff14SB GAFF2 323 50 100 150
8 ThermoPETase 2PET ff14SB GAFF2 333 50 100 150
9 FAST-PETase 2PET ff14SB GAFF2 300 50 100 150
10 FAST-PETase 2PET ff14SB GAFF2 313 50 100 150
11 FAST-PETase 2PET ff14SB GAFF2 323 50 100 150
12 FAST-PETase 2PET ff14SB GAFF2 333 50 100 150

Table S6. Average Root Mean Square Fluctuation (RMSF) in A of selected enzyme residues across all systems and temperatures. The residues analyzed
include the catalytic triad (Ser160, His237, Asp206), residues involved in PET stabilization (Tyr87, Metl161), and the mutations introduced in the
engineered variants (Ser121Glu, Asp186His, Arg224Gln, Asn233Lys and Arg280Ala).

System Temp (K) Residue



Ser160 His237 Asp206 Tyr87 Metl61 Asnl21Glu  Aspl86His  Arg224GIln  Asn233Lys Arg280Ala
300 0.31 0.36 0.43 0.44 0.32 0.41 0.40 0.59 0.43 0.54
313 0.35 0.38 0.46 0.49 0.36 0.50 0.69 0.57 0.50 0.60
IsPETase:2PET

323 0.33 0.41 0.48 0.49 0.35 0.44 0.43 0.61 0.48 0.66

333 0.36 0.42 0.55 0.53 0.35 0.45 0.48 0.69 0.50 0.69

300 0.32 0.39 0.49 0.41 0.34 0.41 0.40 0.58 0.53 0.67

313 0.40 0.40 0.49 0.66 0.40 0.47 0.46 0.57 0.48 0.66
ThermoPETase:2PET

323 0.41 0.44 0.51 0.57 0.39 0.44 0.45 0.62 0.54 0.64

333 0.40 0.39 0.70 0.64 0.39 0.48 0.47 0.62 0.54 0.66

300 0.30 0.34 0.44 0.48 0.31 0.40 0.40 0.61 0.45 0.61

313 0.32 0.37 0.47 0.43 0.33 0.46 0.44 0.61 0.71 0.60
FAST-PETase:2PET

323 0.37 0.41 0.59 0.51 0.38 0.49 0.49 0.62 0.61 0.65

333 0.39 0.40 0.54 0.58 0.40 0.50 0.49 0.65 0.62 0.68
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Table S7. Average distances (A) between the atoms that take part in the first phase (stage R in Figure 1) of the acylation mechanism.

Distances (A)

IsPETase:2PET

300K 313K 323K 333K
His237 HD1 - Asp206 OD2 (dI) 1.81£0.10 2.17+0.79 1.84+0.10 2.59+0.37
Ser160 HG - His237 NE2 (d2) 3.60+0.29 2.74+0.83 2.69 +0.72 2.73+0.70
Ser160 HG - PET O (d3) 6.20 +0.41 505+1.95 4.14+0.32 7.27+0.90
Ser160 OG - PET C (d4) 4.88 +0.34 4.69 +1.77 3.69+0.23 7.03+1.14
Met161 NH - PET O (d5) 3.88+£0.40 527+2.42 3.95+0.46 9.07+0.60
Tyr87 NH - PET O (d6) 4.61+0.56 3.72+2.11 2.45+0.46 8.09 +0.77
ThermoPETase:2PET
300K 313K 323K 333K
His237 HD1 - Asp206 OD2 (dI) 1.83+£0.10 1.85+0.12 1.83+£0.10 1.80+0.10
Ser160 HG - His237 NE2 (d2) 3.29+0.55 2.20+0.55 2.22+0.69 1.96 £0.19
Ser160 HG - PET O (d3) 3.99+£0.23 3.69 +0.57 3.68 £0.50 3.70 £ 0.41
Ser160 OG - PET C (d4) 3.83+£0.18 3.35+£0.40 3.21+0.30 3.15+0.18
Metl61 NH - PET O (d5) 4.11+0.34 3.18+£0.83 2.31+0.23 2.58+0.33
Tyr87 NH - PET O (d6) 2.74 £0.40 2.18+£0.51 2.09 +£0.22 2.12+0.20
FAST-PETase:2PET
300K 313K 323K 333K
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His237 HD1 - Asp206 OD2 (d1)
Ser160 HG - His237 NE2 (d2)
Ser160 HG - PET O (d3)

Ser160 OG - PET C (d4)
Met161 NH - PET O (d5)

Tyr87 NH - PET O (d6)

1.84 £0.12

2.09+0.26

3.47+0.32

3.09+0.15

2.40+0.26

2.00+0.12

1.90 £0.15 1.85+0.10
1.98 £0.20 2.10+0.29
3.66 £0.30 437 +1.05
3.17+£0.20 3.90+£0.90
2.50£0.29 3.78 £1.05
1.99 £0.12 2.71 £1.04

1.82 £0.11

2.04 +£0.38

3.79 £ 0.66

3.22+0.35

2.57+0.38

2.26 +0.47

Table S8. Molecular Mechanics-Poisson Boltzmann Surface Area (MM-PBSA) enthalpic energy (AH,q,) calculations for all 12 simulated systems.

Reported values include the total enthalpic energy as well as the individual energy components contributing to the enthalpic term: van der Waals

interactions (AE\qw), electrostatic interactions (AE.), polar solvation energy calculated via the Poisson-Boltzmann model (AGplsr), and non-polar

solvation energy (AGhnon-polar)-

System Temp (K) Energy (kcal/mol)
AE g AEq AGpoiar (PB) AGyon-polar AEym AGgoy AH, g
300 -31.09+0.11 -14.06 +0.22 32.29+0.21 -4.83 £0.01 -45.15+0.24 27.47 +£0.20 -17.68 £ 0.12
IsPETase:2PET 313 -28.19+0.17 -13.94 +£0.26 26.43 +£0.26 -4.55+0.02 -42.13 £ 0.33 21.88+0.24 -20.25+0.17
323 -30.14+0.14 -11.38£0.20 25.92+0.19 -4.72 £ 0.02 -41.52+0.24 21.21+0.18 -20.31£0.16
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333 -27.64 +0.20 -12.10+0.28 25.28 +£0.23 -4.66 +0.02 -39.73 £ 0.37 20.62 £0.22 -19.11+£0.21

300 -28.03+0.14 -14.51+0.31 26.62 +0.27 -4.52 +0.02 -42.55+0.36 22.10+0.25 -20.44 +£0.18

313 -29.39+0.16 -11.26 £ 0.26 25.13+£0.24 -4.53 +£0.02 -40.65 +0.31 20.61 £0.23 -20.04+0.16
ThermoPETase:2PET

323 -31.70+0.14 -13.76 £ 0.28 31.48+0.24 -4.78 £0.01 -45.46 £ 0.36 26.70 £0.23 -18.76 £ 0.19

333 -32.13+0.13 -16.26 £ 0.23 32.23+0.21 -4.77+0.01 -48.38 £ 0.27 2746 +£0.21 -20.92 +£0.13

300 -31.75+0.15 -15.76 £ 0.38 28.76 +£0.32 -4.63 +0.02 -47.51+0.44 24.13 £0.30 -23.38+0.19

313 -33.48+£0.13 -15.75+0.36 30.66 +0.29 -4.98 +£0.01 -49.23 £ 0.41 25.68 £0.28 -23.544+0.20
FAST-PETase:2PET

323 -29.44+0.19 -13.86 £ 0.31 27.19+0.31 -4.48 +0.03 -43.30+0.43 22.72 £0.29 -20.59+0.19

333 -29.55+0.21 -12.22+0.26 27.99 +£0.23 -4.50+0.02 -41.77 £ 0.40 -18.29+0.24 -18.29+0.24
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IsPETase ThermoPETase

N\ ASN-233
ARG-280

Figure S1. Secondary structures of the proteins: IsPETase (PDB ID: 6EQE), ThermoPETase (PDB ID: 61J6) and
FAST-PETase (PDB ID: 7SH6) and the chemical structure of the dimer PET. Mutations are indicated in red for

all three proteins.
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Figure S2. Binding poses (orientations) for the

ThermoPETase:2PET (blue) and FAST-PETase (green).

systems [IsPETase:2PET (yellow),
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Figure S3. Root Mean Square Deviation (RMSD) of the enzyme backbone atoms for all 12 simulation systems,

including IsPETase, ThermoPETase, and FAST-PETase at four temperatures (300 K, 313 K, 323 K, and 333 K).

RMSD values were computed relative to the initial docked complex.

24



300K 313K

| —— IsPETase

174l ; : ] 174k IsPETase ]
+ —— ThermoPETase - t —— ThermoPETase 1
| —— FAST-PETase [ —— FAST-PETase ]

17.2 - - 172 + -

17.0 -

16.6 16.6
M M L 1 M M L 1 L M M 1 L L X 1 L M M | L L L 1 M M M 1 L L M 1 L " M 1 L M L
0 20 40 60 80 100 0 20 40 60 80 100
323K 333K
—r— 1 r r [ T [ [ 1T 1T — T 1 T T 1 T T T T ]

] N IsPETase Ak IsPETase i
-+ —— ThermoPETasc - —— ThermoPETase 1
| —— FAST-PETase | —— FAST-PETase |

172 17.2 -

o) A
17.0

0 20 40 60 80 100 0 20 40 60 80 100
time (ns) time (ns)

Figure S4. Radius of gyration (Ry) of the enzyme atoms for all 12 simulation systems, including IsPETase,
ThermoPETase, and FAST-PETase at four temperatures (300 K, 313 K, 323 K, and 333 K). R, values were

calculated throughout the simulations to assess overall structural compactness.
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Figure S5. Solvent-accessible surface area (SASA) of the enzyme atoms associated with PET binding for all 12
simulation systems, including /sPETase, ThermoPETase, and FAST-PETase at four temperatures (300 K, 313 K,
323 K, and 333 K). SASA values were monitored throughout the simulations to evaluate changes in enzyme

surface exposure to the solvent, providing insights into substrate binding.
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Figure S6. Free volume of the catalytic triad atoms as a function of time for all 12 simulation systems, including

IsPETase, ThermoPETase, and FAST-PETase, simulated at four temperatures (300, 313, 323, and 333 K). Values

were calculated throughout each simulation to assess temperature-dependent fluctuations and flexibility of the

catalytic triad in the active site.
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Figure S7. Time-averaged free volume of the catalytic triad atoms as a function of temperature for /sPETase,
ThermoPETase, and FAST-PETase. Averages were computed over the full simulation trajectories to quantify

temperature-dependent changes in active-site flexibility.
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Figure S8. Bar plots illustrating the percentage (%) of appearance of secondary structure elements in the final
frame of the simulations. Each subplot corresponds to one enzyme (/sPETase, ThermoPETase, and FAST-

PETase), comparing results across four temperatures (300 K, 313 K, 323 K, and 333 K).
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Figure S9. Dynamical cross-correlation matrix (DCCM) analysis of all enzyme-PET complexes at 300 K and

333 K to investigate mutation-induced coupling effects. Residue motions were averaged over the last 10 ns of

30



each simulation, using the docking conformation as the reference structure. he DCCM was calculated using the
MD-TASK tool suite implemented in Python.®* The color map represents correlation coefficients of residue-
residue motions, where red indicates strong positive correlation (1), blue represents anti-correlation (minimum -
0.4), and green/cyan corresponds to no correlation. Higher positive correlation reflects more rigid and concerted
residue motions, whereas absent correlation indicates more independent and flexible movements. Dashed lines

mark the positions of residues mutated in the engineered enzymes.
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Figure S10. Secondary-structure representation of IsPETase, ThermoPETase, and FAST-PETase. Residues are

shown as a linear sequence annotated with secondary-structure elements (helices, B-strands, and loops). Catalytic-
triad residues (Ser160, His237, Asp206) are highlighted in green, PET-stabilizing residues (Tyr87, Metl161) in
orange, and engineered mutation (Ser121Glu, Asp186His, Arg224Gln, Asn233Lys and Arg280Ala) sites in pink.

The secondary-structure schematics were generated using ProS?Vi, a Python-based visualization tool.>
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Figure S11. Time evolution of the distance between the hydroxyl oxygen of the catalytic Ser and the ester carbon

of PET for all 12 simulation systems (IsPETase, ThermoPETase, and FAST-PETase) at 300, 313, 323, and 333
K.
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Figure S12. Histogram of the distribution of the distance between the hydroxyl oxygen of the catalytic Ser residue
and the ester carbon of PET for all 12 simulation systems, including IsPETase, ThermoPETase, and FAST-
PETase, simulated at four temperatures (300, 313, 323, and 333 K).
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Figure S13. Radial distribution function, g(7), describing the spatial distribution between the ester carbon of PET
and the water molecules for all the systems (IsPETase, ThermoPETase, and FAST-PETase) at 300 and 333 K.

The curves were smoothed using a Savitsky—Golay filter.
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