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Scheme S1. Modeling procedures of PET hydrolases bound with a PET dimer

PET dimer structures bound to PET hydrolases were constructed using template-based modeling. The
structure of TaBTa (1,4-butanediol diterephthalate) bound to LCC'CCS-51654 (PDB ID: 8JMP) was used as
the template ligand molecule. TaBTa is a soluble fragment of poly(butylene adipate-co-terephthalate)
(PBAT). The modeling comprised four steps. First, the initial 3D structure of a PET dimer was built using
ChemDraw 18.2 and Chem3D 18.2. Second, the protein structure of LCC'CCG-S165A (PDB ID: 8JMP) was
superimposed on Cut190 (PDB ID: 4WFK) and PES-H1 (PDB ID:7CUV) using Matras 13.0 (Kawabata
and Nishikawa 2000). The TaBTa ligand structure (comp_id: EMX) in 8JMP was also transposed into the
Cut190 and PES-H1 structures. Third, the structure of the PET dimer was flexibly superimposed onto the
transposed TaBTa molecule using the fkcombu program (Kawabata and Nakamura 2014). Atom matching
was decided by the topologically constrained disconnected maximum common substructure (TD-MCS)
with =2 (Kawabata 2011), as shown in Fig. S3. Finally, energy minimization using the program AMBER
20 (Case et al. 2021) to refine the 3D complex models of the protein and ligand molecules was generated
by template modeling. We used the GBSA implicit solvent model with the ff19SB and gaff2 force fields.
Energy minimization was performed with positional restraints on the protein-heavy atoms. The force field
parameters for the ligand were set according to a tutorial page

(https://ambermed.org/tutorials/basic/tutorial4b).

The mutated structures, Cut190Q-13FQI8A and PES-H1M92F%F  were modeled using the Rotamer tool of
UCSF Chimera 1.15 (Pettersen et al. 2004). The rotamers with the highest probabilities were selected,
except for Q94Y in PES-HI1Y*®4 For Tyr at the 94th site of PES-H1, the rotamer with the 4th highest
probability was chosen because the top three rotamers with the highest probability had serious atomic

clashes with the transposed TaBTa structure.


https://ambermed.org/tutorials/basic/tutorial4b

Table S1. PET hydrolases used for constructing a phylogenetic tree

Enzyme Type Source organism GenBank AC / PDB ID
Fungi
FsC Fungal type I | Fusarium solani (currently F. vanettenii) | PDB_ID:10XM
HiC Fungal type I | Humicola insolens PDB ID:40YY
TaC Fungal type I | Thermocarpiscus australiensis Not deposited
AfC Fungal type I | Aspergillus fumigatiaffinms PDB ID:8JCT
Actinomycetes
BTALI Type I Thermobifida fusca DSM43793 AJ810119.1
TfCut2 Type I T fusca KW3 CBY05530.1
The cut2 Type I T. cellusilytica DSM44535 ADV92527.1
Est119 Type | T alba AHK119 BAK48590.1
Thh_Est Type | T. halotolerans DSM44931 AFA45122.1
Teurl278 Type I Thermomonospora curvata DSM43183 CDN67545.1
Cut190 Type 1 Saccharomonospora viridis AHK190 BA042836.1
CaPETase Type I Cryptosporangium aureantiacum SHM40309.1
Mipa-P - Micromonospora pattaloongensis Not deposited?
DSM45254
Kubu-P - Kutzneria buriramensis DSM 45791 Not deposited?
503 Type 1 Nocardioidaceae bacterium Broad-1 EGD44994.1
611 Type 1 Saccharopolyspora flava WP_093412886.1
Metagenome
LCC Type 1 AEV21261.1
BhrPETase Type 1 bacterium HR29 GBD22443.1
PES-H1 Type I PDB_ID: 7CUV
LT571446.1
Bacteria other than actinomycetes
DmPETase Type 1 Deinococcus maricopensis DSM 21211 ADV66860.1
Cbotu_EstA - Clostridium botulinum ATCC 3502 KP859619.1
PET2 Type Ila Uncultured bacterium ACC95208.1
PET6 Type IIb Vibrio gazogenes WP _021018894.1
PET27 Type 1Ib Aequorivita sp. CIP111184 WP 111881932.1
PET30 Type 1Ib Kaistella (Chryseobacterium) jeonii WP_039353427.1
CtPL Type Ila Caldimonas taiwanensis WP_062195544.1
IsPETase Type 1Ib Ideonella (Piscinibacter) sakaiensis GAP38373.1




BurPL Type 1Ib Burkholderiales bacterium 0GB27210.1
Morsl Type Ila Moraxella sp. TA144 CAA37220.1
PE-H Type Ila Pseudomonas aestusnigri WP_088276085.1
Others

MGS8 Type 1la Human saliva Not deposited

D Brinch-Pedersen et al. 2024

2 Seo et al. 2024
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Table S2. Representative type I PET hydrolases

Enzyme Source GenBz?nk UniPrf)t Reference PDB ID Reference
accession accession
LCC Metagenome from leaf-branch HQ704839 GIBYS7 Sulaiman et al. 2012 4EBO (Wild-type) Sulaiman et al. 2014
compost 6THS (S165A) Tournier et al. 2020
6THT (ICCG*/S165A)
7VVC (ICCG*/S165A) Zeng et al. 2022
7VVE (ICCG*/S165A, MHET-bound)
7WIN (KRP®)
TW44 (RIP°)
TW45 (KIP?)
8IMO (ICCG*S165A, BTa-bound) Yang et al. 2024
8JMP (ICCG¥S165A, TaBTa-bound)
BhrPETase bacterium HR29 BEIF01000001 AO0A2H5Z9R5 Xi et al. 2021 7EOA (Wild-type) Unpublished
TfCut2 Thermobifida fusca KW3 FR727681 Q6A0I4 Herrero Acero et al. 4CGl (S58R/T176S) Roth et al. 2014
HG939556 2011 4CG2 (S58R/T176S, PMS-bound)
4CG3 (S58S/T176S)
5ZOA (Wild-type) Unpublished
7QJQ (S58S/N88S/R268W) Erickson et al. 2022
7QJR (S58R/T176S/T205R/A2221L/K226R/A234T)
7XTR (S58R/T176S/H224S/F2281) Yang et al. 2023
7XTS (S58R/S170A/T176S/H224S/F2281)
7XTT (S58R/S170A/T176S/H224S/F2281, MHET-bound)
7XTU (S58R/S170A/T176S)
7XTV (S58R/S170A/T176S, MHET-bound)
ThcCutl Thermobifida cellulosilytica HQ147785.1 E9LVHS Herrero Acero et al. SLUI (Wild-type) Ribitsch et al. 2017
DSM44535 2011
Cut190 Saccharomonospora viridis AB728484 WO0TJ64 Kawai et al. 2014 4WFTI (S226P, Ca**-free) Miyakawa et al. 2015

AHK190

4WFJ (S226P, Ca**-bound)

4WFK (S226P, Ca?*-bound)

5ZNO (S176A/S226P/R228S, Ca>*-bound)
5ZRQ (S176A/S226P/R228S, Zn**-bound)
5ZRR (S176A/S226P/R228S, MES-bound )

Numoto et al. 2018




SZRS (S176A/S226P/R228S, MEA-bound)
7CEF (Cut]190%+¢)

7CEH (Cut190**<76A)

7CTR (Cut190*SS")

7CTS (Cut190*SS176A)

8IBL (Cut190*SS'S176A, MES-bound)
8IBM (Cut190*SSS176A, sulfate-bound)

Senga et al. 2021

Emori et al. 2021

Numoto et al. 2023

PHL7 Metagenome from compost LT571446
/ PES-H1

Sonnendecker et al.
2022
Pfaff et al. 2022

7NEI (Wild-type)

7CUV (Wild-type)

7E30 (Wild-type, Citrate-bound)
TW6C (Wild-type, MHETA-bound)
TW60 (Wil- type, MHETA-bound)
TW6Q (Wild-type, MHETA-bound)

Sonnendecker et al.
2022
Pfaff et al. 2022

*ICCG: Y127G/D238C/F2431/S283C

"KRP: ICCG-A59K/V75R/N248P

¢RIP: ICCG-AS9R/V631/N248P

4KIP: ICCG-AS9K/V631/N248P

¢ Cut190**: S226P/R228S/K305del/L306del/N307del
fCut190*SS: S226P/R228S/Q138A/D250C/E296C/Q123H/N202H

MHET: mono-(2-hydroxyethyl) terephthalate
BTa: 4-((4-hydroxybutoxy)carbonyl)benzoic acid
TaBTa: 1,4-butanediol diterephthalate

PMS: phenylmethanesulfonic acid

MES: monoethyl succinate

MEA: monoethyl agipate
MHETA: 4-(2-hydroxyethylcarbamoyl) benzoic acid




Table S3. Representative type II PET hydrolases

GenBank

Uniprot

Enzyme Type | Source . . Reference PDB ID Reference
accession accession
LipIAF5.2 Ila Metagenome from the biomass EU660533 C3RYLO Meilleur et al. 2009 7EC8 (PET M2) Nakamura et al. 2021
/PET2 collected from a gelatin-enriched ON416993 Danso et al. 2018 7ECB (PET M7)
fed-batch reactor
PaPETase Ila Halopseudomonas aestusnigri OWLS88088 AOATH6ADA45 Bollinger et al. 2020 6SBN (Wild-type) Bollinger et al. 2020
/PE-H (Pseudomonas aestusnigri) 6SCD (Y250S)
PET6 Ila Vibrio gazogenes WP_077316261 AOAIMSFOK3 Weigert et al. 2022 7Z6B (Wil-type) Weigert et al. 2022
CtPL Ila Caldimonas taiwanensis WP_062195544 - Chen et al. 2021 8IAN (CfPL-DM) Li et al. 2023
8IBI (CPL-DM-S155A)
8IBJ (CfPL-DM/N181A/F235L/S155A)
IsPETase IIb Ideonella (Piscinibacter) WP_054022242 AO0AOK8P6T7 Yoshida et al. 2016 5XFY (S131A) Han et al. 2017
sakaiensis 201-F6 SXFZ (R103G/S131A)

5XG0 (Wild-type)

5XH2 (R103G/S131A, pNP-bound)
5XH3 (R103G/S131A, HEMT-bound)
5XJH (Wild-type)

SYFE (T72N/R224A/A287N)

SYNS (R280A)

6ANE (Wil-type)

6EQD-H (Wild-type)

6173 (S121D/D186H)

61J4 (S121E/D186H)

6175 (P181A)

61J6 (ThermoPETase)

6ILW (Wild-type)

6ILX (W159F)

6KUO (N246D)

6KUQ (A248D/R280K)

6KUS (S121E/D186H/S242T/N246D)
6KY5 (DuraPETase)

Joo et al. 2018
Liuetal. 2018

Fecker et al. 2018

Austin et al. 2018
Son et al. 2019

Liu et al. 2019

Unpublished

Cui et al. 2021




6QGC (Wild-type)

7CQB (N233A)

7CY0 (S185H)

70SB (S238F/W159H)

7QVH (HotPETase)

7SH6 (FAST-PETase)

TVWN
(T29S/K95N/1168R/P181V/S214V/N233C/A
248D/R280A/S282C)

7XTW (R132G/S160A, MHET-bound)
8CRU (GrAnc8)

8D1D (PROSSS)

8GU4 (With linker)

8GUS (Wild-type)

8J17 (S121P/D186A)

8J45 (S121E/D186H/R224Q/N233K/R280A)
8I5N
(VI14E/L18P/R53Q/V84L/D186H/F2011/F22
9Y/N233K/R280E/D283R)

8H5M (Is-4pC)

8HS50 (Is-4pC+P181V)

8H5J (Is-8p)

8HSK (Z1-PETase)

8HSL (Z1-PETase+
A202C/V211C/S214Y/N275C/F284C)

8H83
(V14E/L18P/V84L/F2011/E204Q/F229Y/N2
33K/R280E/D283R)

Palm et al. 2019
Unpublished

Chen et al. 2021
Erickson et al. 2022
Bell et al. 2022

Lu et al. 2022
Unpublished

Yang et al. 2023
Joho et al. 2023
Unpublished

Chen et al. 2022

Yin et al. 2024
Chen et al. 2024
Unpublished

Lee et al. 2023

Unpublished

PETI12 IIb Caldimonas brevitalea DSM 7029 | WP_047194864 AO0AO0G3BI90 Danso et al. 2018
/PbPL (Polyangium brachysporum DSM Chen et al. 2021
7029)
BurPL IIb Burkholderiales bacterium 0GB27210 AOA1F4JXW8 Chen et al. 2021 7CWQ (Wild-type) Chen et al. 2021

PET2 M2: F105R/E110K

PET2 M7: R47C/G89C/F105R/E110K/S156P/G180A/T297P

CtPL-DM: H210S/F2141

ThermoPETase: S121E/D186H/R280A




DuraPETase: L117F/Q119Y/T140D/W159H/G165A/1168R/A1801/S188Q/S214H/R280A

HotPETase: S58A/S61V/RO0T/K95SN/Q119K/S121E/M154G/P181V/Q182M/D186H/S207R/N212K/S213E/S214Y/R2241L/N233C/N241C/K252M/T270Q/R280A/S282C

FAST-PETase: S121E/D186H/R224Q/N233K/R280A

GrAnc8: T29S/A33Q/N37D/A40T/A41S/A47R/T51S/R53A/TTTK/K95N/A135V/N138S/G147N/A152S/M154L/A171R/D186N/T189K/F2011/S207T/S214H/1218F/D220N/A226P/F229Y/T270S/E274S/T279S/R280S/A287E
PROSSS5: Y32H/A33M/R90T/S125D/R132D/V134L/G139N/T140D/A152S/Q182M/D186S/S214H/D220N/T270Q/R280A

Is-4pC: S121E/D186H/N233C/S242T/N246D/S282C

Is-4pC+P181V: S121E/P181V/D186H/N233C/S242T/N246D/S282C

Is-8p: S121E/A180V/P181V/D186H/N233C/S242T/N246D/S282C

Z1-PETase (Is-8p“°™): N37D/S121E/R132E/A171C/A180V/P181V/D186H/S193C/R224E/N233C/S242T/N246D/S282C

pNT: p-nitrophenol
HEMT: 1-(2-hydroxyethyl) 4-methyl terephthalate
MHET: mono-(2-hydroxyethyl) terephthalate



Table S4. PET hydrolases and their mutans

Type Enzyme Tm [°C] Degradation properties Reference
I LCC
Wild-type 86.2 Sulaiman et al. 2014
LCCicce 94.0 Depolymerized 90% of micronized post-consumer colored-flake PET waste in less than 10 h at 72 °C Tournier et al. 2020
Lccwees 98.0 Depolymerized 90% of micronized post-consumer colored-flake PET waste in less than 10 h at 72 °C Tournier et al. 2020
RIP 98.0 Exhibited higher efficacy than LCC'“C in depolymerizing both amorphous and crystalline PET at 74 °C Zeng et al., 2022
KIP 98.9 Exhibited higher efficacy than LCC'“C in depolymerizing both amorphous and crystalline PET at 74 °C Zeng et al., 2022
KRP 98.6 Exhibited higher efficacy than LCC'“C in depolymerizing both amorphous and crystalline PET at 74 °C Zeng et al., 2022
LCCSI0INF243T 76.6 Depolymerized fully 1.3 g of untreated post-consumer PET waste in <3 days at 55 °C Pirillo et al. 2023
LCCICCG 16M - Ding et al. 2023
LCC-A2 95.3 Depolymerized >90% of the pretreated, post-consumer PET waste within 3.3 h at 78 °C Zheng et al. 2024
I BhrPETase
Wild-type 101 Xi et al. 2021
TurboPETase 84 Depolymerized post-consumer PET bottles nearly completely in 8 h at a high substrate loading at 65 °C Cui et al. 2024
I Cut190
Wild-type 70.6* Kawai et al. 2014
Cut190**SS/L136F/Q138G 84.7+* Kawai et al. 2023
I TfCut2
Wild-type 714 Li et al. 2022
G62A/F209A - Furukawa et al. 2019
G62A/F2091/E249R - Mrigwani et al. 2022
S121P/D174S/D204P 80.7 Li et al. 2022
D204C/E253C/H184S/Q92G/F2091/1213K - Chen et al. 2022
I TheCutl
Wild-type 72 Zhang et al. (2022)
TheCut1AICCG 92.8 Degraded 96.2% of the post-consumer PET bottle particles within 96 h at 70 °C Zhang et al. (2022)
PHL7/PES-H1
Wild-type 79.1 Sonnendecker et al.
PES-H1192F/Q4Y ATy: 6.4 2022
PES-S11210T AT 136 Pfaff et al. 2022

Richter et al. 2023




CaPETase

Wild-type 66.8 Hong et al. 2023
CaPETaseM’ 83.2 Almost completely decomposed transparent and colored post-consumer PET powder at 55 °C within half Hong et al. 2023
a day
I Kubu-P
Wild-type 92.8 Seo et al. 2024
Kubu-pM!2 Over 99.9 Better depolymerization of ~30% PET load at 70 °C than LCC!¢“G
Ila PET2
Wild-type 69.0 Danso et al. 2018
PET2 M 75.7 Nakamura et al. 2021
Ila CPL
Wild-type - Chen et al. 2021
CtPL-DM™35L - Li et al. 2023
IIb IsPETase
Wild-type 46.8 Joo et al. 2018
ThermoPETase 57.6 Son et al. 2019
DuraPETase 77 Cui et al. 2021
FAST-PETase 67.1 Lu et al. 2022
HotPETase 82.5 Bell et al. 2022
DepoPETase 69.4 Shi et al. 2023
Z1-PETase 74 Lee et al. 2023

*In the presence of 300 mM Ca?*
**In the presence of 2.5 mM Ca?*




Table S5. A list of mutational strategies

. Introduction of disulfide bond(s) increasing activity and thermostability

LCC'CC6 and LCCWCCG An additional disulfide bond (D238C- | Tournier et al. 2020
S283C)

TurboPETase An additional disulfide bond (A251C- | Cui et al. 2024
A281C)

TfCut2 An additional disulfide bond (D204C- | Then et al. 2016
E253C)

ThcCut] AICCE An additional disulfide bond (D205C- | Zhang et al. 2022
E254C)

Cut190 An additional disulfide bond (D250C- | Oda et al. 2018
E2960C)

CaPETaseM’ Two additional disulfide bonds Hong et al. 2023
(L180C-A202C, R242C-S291C)

PET2 An additional disulfide bond (R47C- Nakamura et al. 2021
G89C)

HotPETase An additional disulfide bond (N233C- | Bell et al. 2022
S282C)

Z1-PETase Two additional disulfide bonds Lee et al. 2023

(A171C-S193C, N233C-S282C)

1. Mutations in a substrate-binding groove

A. Mutations in subsite I

1) Equivalent to Q138 (Cut190) or Y 127(LCC)

Cut190 QI38A Odaetal. 2018
LCC!Gand LCCWCCS Y127G Tournier et al. 2023
ThcCut] AICCG Q93G Zhang et al. 2022
PES-H1 L92F/Qo4Y Q94Y Pfaff et al. 2022
Dura PETase Q119Y Cui et al. 2021
HotPETase Q119K Bell et al. 2022

2) Equivalent to L136 (Cut190) or

F125 (LCC)

Cutl190 L136F Kawai et al. 2022
PES-H | L92F/Q94Y L92F Phaff et al. 2022
DuraPETase L117F Cui et al. 2021

3) S214in IsPETase to His or Tyr to avoid W185 wobbling

DuraPETase

S214H

Cui et al. 2021




HotPETase

S214Y

Bell et al. 2022

4) Equivalent to H218 and F222 in LCC to increase the flexibility of the substrate-binding groove

CfPL-DM

H210S

Lietal 2023

TurboPETase

F2221

Cui et al. 2024

B. Mutations in subsite II

1) Equivalent to F243 in LCC to increase the flexibility of the substrate-binding groove

LCCICCG and LCCWCCG F2431/F243W Tournier et al. 2020
ThcCut]AICCE F2101 Zhang et al. 2022
PES-1210T L210T Richter et al. 2023
TurboPETase F243T Cui et al. 2024
CfPL-DMF233L F243L Lietal. 2023
T{Cut2002A/F2094 F209A Furukawa et al. 2019;
TfCut2062A/F201 F2091 Mrigwani et al. 2022

2) Restricting W159 wobbling in IsPETase

DuraPETase

WI159H

Cui et al. 2021

3) Equivalent to T96 in LCC or T88 in IsPETase

DepoPETase

T88I

Shi et al. 2023

C. Combination of mutations in subsite I and subsite II

TurboPETase H218S/F222I (subsite I) Cui et al. 2024
F243T (subsite IT)

TfuscaP?04C/E2S3CHIBAS/Q2G/F209VI213K | H1848/Q92G (subsite I) Chen et al. 2022
F209I (subsite II)

D. Mutations in loop region

LCC!“6_KIP, KRP and RIP N248P Zeng et al. 2022

LCC-A2 N248D Zheng et al. 2024

TfuscaP204C/E253CHISASIQGIF09V213K | 113K Chen et al. 2022

DepoPETase N246D Shi et al. 2023

TfCut28!21P/D1748/D204P S121P/D174D/D204P Lietal. 2023

Z1-PETase S242T/N246D Lee et al. 2023

1. Removal of product inhibition

TfCut26624 G62A Wei et al. 2016
TCut2062AF2094 G62A Furukawa et al. 2019
TheCut]ACCE G63A Zhang et al. 2022
V. Change of the surface charge: negative to neutral/acidic

CaPETase™’ N109A/V129T/A155R/G196T/R198K | Hong et al. 2023




TaC

E68G/D82A

Brinch-Peterson et al.

2024
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Figure S1. Multiple sequence alignment of type I PET hydrolases

Amino acid sequences of mature type I PET hydrolases (without signal peptides) were aligned using Clustal

Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/). The resulting alignment was displayed using ESPript

3.0 (https://espript.ibep.fi/ESPript/ESPript/) (Robert and Gouet 2014). Residue numbering, including that

of the signal peptide, is shown at the right of the sequence. Secondary structure elements are presented
based on the crystal structure of LCC (PDB ID: 4EBO) (Sulaiman et al. 2014). The conserved residues are
highlighted in boxes. Identical residues are marked with a red background, and highly conserved residues
are shown in a red font. Catalytic triads and aromatic clumps are indicated by black and white arrowheads,

respectively. Mutated residues are indicated in blue. The green line represents a pair of cysteine residues


https://www.ebi.ac.uk/Tools/msa/clustalo/
https://espript.ibcp.fr/ESPript/ESPript/

forming a disulfide bond. The protein accession numbers were as follows: LCC, HQ704839; PHL7,
LT571446; TfCut2, AJ810119; Cut190, AB728484; BhrPETase, GBD22443; and PET2, ON416993.



al Bl B2 B3

5XG0 00000 — — ——
30 40 50 60 70 80
WT NS FNRGPNPTAASLEASAGPFTVRSFTVERPEIGYGAGTVYYPTNAGGTVGAIAIVPGY
byl s T D o T T ORI AFAR G PRIPTAASLEASAGPFTVRSFTVERPEGYGAGTVYYPTNAGGTVGAIAIVPGY|
DuraPETase NS FN\RGPNPTAASLEASAGPFTVRSFTVERPEIGYGAGTVYYPTNAGGTVGAIAIVPGY
FAST-PETase NN R SARGPNPTAASLEASAGPFTVRSFTVEIRPEIGYGAGTVYYPTNAGGTVGAIAIVPGY
HotPETase NN R ARG PN PTAASLEASAGPFTVRSFTVE\RPYGYGAGTVYYPTNAGGTVGAIAIVPGY
DepoPETase NN ARG PNPTAASLEASAGPFTVRSFTVEIRPEJGYGAGTVYYPTNAGGTVGAIAIVPGY
Z1-PETase = | ..+ ... RGPPPTAASLEASAGPFTVRSFTVEJRPEIGYGAGTVYYPTNAGGTVGAIAIVPGY
A
nl a2 B34 a3
5XG0 0200 000000000 ———p 0000000000000000000
90 100 110 120 130 140
WT BANOSS IIMWWGPRLASHGFVVITIDTNS THDPEJSRSSQOMAALBOVASLNGUSSSPIYG
ThermoPETase TE\RYEEREMKAUEI 3T -F-3:0ciRAASE SRS ERITHIOVIEER Lo Io)I-V-SARASNIA (e TEEF) D (e
DuraPETase A0S S IIMWWGPRLASHGFVVITIDTNS T)3Dp4PEJSRSSQOMAALBIOVASLNGESSSPIYG
FAST-PETase INAIIOSS IIMWWGPRLASHGFVVITIDTNS TIAD[O]P)HSRSSQOMAALIIOVASLNGUSSSPIYG
HotPETase PYAIOSS INWWGPRLASHGFVVITIDTNS TID)AP)YSRSSQOMAALIIOVASLNGIINSSSPIYG
DepoPETase MAIOSSIIMWWGPRLASHGFVVITIDTNS TID[E|PE|SRSSQOMAALBKIOVASLNGINSSSPIYG|
Z1-PETase PNAINOSS IMMWWGPRLASHGFVVITIDTNS TDPIYSRSSQOOMAALIHOVASLNGUSSSPIYG
BS o4 p6 B7
5XG0 — 000000000000 ->
150 160 170 180 190 200
WT KVDTARUIGVMG|SMGGG[eSLMSAE\NNPSLKAAINIAPWHSETNFSEVIVPTLIFACENDE]
b T e T MK VD TARNIGVMG|YSMGGG{E{S LS AL\ANNPSLKAAENIOA PWEISEI TNF SEJVTVPTLIFACENDE]
DuraPETase KVDTARNIGVMGEISMGGGESLIHSAE\NNPSLKAAISSAPWHS[ETNFSEJVTVPTLIFACEND[]
FAST-PETase KVDTARNIGVMGISMGGG[]S LIS AE\NNPSLKAAESHOAPWEISEJTNF SEIVTVPTLIFACENDE]
HotPETase KVDTAR[EGVMGISMGGG[]S LIS AL\NNPSLKAAERWMIAPWEISETNF SEIVTVPTLIFACEND)
DepoPETase KVDTARBIGVMGSMGGG[ESLISAEINNPSLKAAINIAPWEISEITNFSEVTVPTLIFACENDRH
Z1-PETase KVDTARNIGVMG|ISMGGG[E]SLISA[MNNPSLKAAYAYSIAPWEISEITNFS[MVTVPTLIFACENDE
A i A F A
5XG0
WT
ThermoPETase
DuraPETase
FAST-PETase
HotPETase
DepoPETase
Z1-PETase
5XGO0
WT
ThermoPETase
DuraPETase
FAST-PETase
HotPETase
DepoPETase
Z1-PETase

Figure S2. Multiple sequence alignment of IsPETase and its variants

The amino acid sequences of mature /sPETase and its variants (without signal peptides) were aligned using
Clustal Omega. The resulting alignment was displayed using ESPript 3.0 (Robert and Gouet 2014). Residue

numbering, including that of the signal peptide, is shown at the top of the sequence. Secondary structure



elements are presented based on the crystal structure of wild-type IsPETase (WT; PDB ID: 5XGO0) (Han et
al. 2017). The conserved residues are highlighted in boxes. Identical residues are marked with a red
background, and highly conserved residues are shown in a red font. Catalytic triads and aromatic clumps
are indicated by black and white arrowheads, respectively. Green lines represent pairs of cysteine residues
that form disulfide bonds. The broken green line represents the third and fourth disulfide bonds introduced
into HotPETase and Z1-PETase. The protein accession numbers are as follows: WT, AOAOKSP6T7;
ThermoPETase, 61J6; DuraPETase, 6KY5; FAST-PETase, 7SH6; HotPETase, 7QVH; and Z1-PETase,
8H5K.
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Figure S3. Multiple sequence alignment and phylogenic tree of Type I and II PET hydrolases, Mipa-P, and
Kubu-P.

(A) Amino acid sequences of mature type I and II PET hydrolases (without signal peptides), Mipa-P, and
Kubu-P (without amino-terminal methionine) were aligned using Clustal Omega. The resulting alignment
was displayed using ESPript 3.0 (Robert and Gouet 2014). Residue numbering, including that of the signal
peptide, is shown at the right of the sequence. Secondary structure elements are presented based on the
crystal structure of LCC (PDB ID: 4EBO0) (Sulaiman et al. 2014). The conserved residues are highlighted
in boxes. Identical residues are marked with a red background, and highly conserved residues are shown in
a red font. Black and white arrowheads indicate residues for catalytic triads and aromatic clumps,
respectively. Closed and open circles indicate residues for subsites I and II, respectively. Green lines
represent pairs of cysteine residues that form disulfide bonds. The green line represents a pair of cysteine
residues forming a disulfide bond. The broken green line represents the second disulfide bond introduced
into type II PET hydrolases. The protein accession numbers were as follows: LCC, HQ704839; Cut190,
AB728484; PET2, ON416993; PET6, AOA1MSFO0K3; IsPETase, WP_054022242; PbPL, WP_047194864.
The sequences of Mipa-P and Kubu-P were obtained from Seo et al 2024.

(B) Phylogenic tree of Type I and II PET hydrolases, Mipa-P, and Kubu-P based on a Clustal Omega

alignment.



PET dimer

Figure §4. Chemical structures of ligands used for modeling with PET hydrolases. A. PET dimer. B. 1,4-
butanediol diterephthalate (TaBTa), whose bound 3D structure on LCCICCG-SI165A ig ayailable as PDB ID:
8JMP. The red and green dotted curves show the corresponding atomic pairs between the two molecules,

calculated by the topologically constrained disconnected maximum common substructure (TD-MCS) with

6=2. The red dotted circles are the scissile carbonyl group.
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