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Supplementary Figure 1. The electron density map of IsPETase. The figures were generated by
WinCoot. The 2F,-F, map contoured at 1.5 o is shown as blue mesh. The refined atomic model of
IsPETase are shown as line with different color scheme by atoms; yellow-carbon, red-oxygen, blue-
nitrogen, and green-sulfur. No crystallographic symmetry intimates the monomeric structure of
IsPETase (above). The map represents the high resolution of 1.5 A of ISPETase (below).
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Supplementary Figure 2. Size-exclusion chromatographic analysis of ISPETase. A elution pick
corresponding to a monomeric state of ISPETase in Size-exclusion chromatographic analysis. For
precise analysis of the molecular weight, standard samples of ferritin (440kDa), aldolase
(158kDa), ovalbumin (44kDa), and carbonic anhydrase (29kDa) are used for calibration and

labelled.
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Supplementary Figure 3. Chemical structures of the PET-related molecules used in this study.
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Supplementary Figure 4. Thermal stability measurements of ISPETaseW'T, ISPETaseC203A/C239A
and TfCut2. The Tm values at pH 7 and 9 of ISPETaseW/T, ISPETaseC203A/C239A and TfCut2 are
displayed.
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Supplementary Figure 5. Amino acid sequence alignment of PET-degrading enzymes. All
enzymes involved in the tree generation in Fig. 6a were aligned. Key residues involved in the
enzyme catalysis and the constitution of subsite I and subsite Il are indicated by red-, blue-, and
purple-colored triangles, respectively as same in Fig. 1a. At the left side, types of each enzymes
are indicated.
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Supplementary Figure 5. Amino acid sequence alignment of PET-degrading enzymes

(continued).



20 30 50 69
Ideonella_sakaiensis AVLG.: .o veunnn. GLMAVSARARTAQTNP YARGP LEASRGPF|T VR[S|F RPSEYGAGTVY
Type-llb Acidovorax delafieldii LLAA....+.%+...GALLASAAVSAQTNPYERGP LEASRGPF|SYQ[S|F|T RPSEYRAGTVY
Polyangium_brachysporum LLASA . v ueeennn TLVPLSAARAQTNEYQRGP LED|S[RGP FRYA[S|T .. (8]
Burkholderiales_bacterium RIFCSPLO SLSSETYTVDN...IRLEGTSGSGGGTTNPFEKGP LEAS|TGPF|TY T|T|T|T V S|S[T|TA SEYRQGTIY
Vibrio_sp._CECT_9026 IFFSLPSFAV.....P.. .CSNGFERGP LES|S[RGP ¥|5 VE[T|T R|.|LAR[EFGGGTIH
Vibrio_gazogenes_DSM 21264 AFFSLPSFAV..... . .CSNGFERGQ LES|S[RGP ¥|S VK[T|T R|.|LAR[EFGGGTIH
Pseudomonas alcaligenes NBRC 14159 .............. F T . weelele oo oo o o] MS|G|.|FILK[EF GDSTVY
Marinobacter_nanhaiticus_D15-8W = ..... TSAAL.... .CAGGLTVNTAVAETRGP Y VE[A[E G P ¥|N V D|T|T| S|.|LALEFGGGTIH
Type-lia Oleispira_antarctica = . ........a.a..... MPDPTECQDD[CDFTRGPE LEAS[TGP ¥|S VA[TR S|.|S[VS[EFGGGTLH
Marincbacter segnicrescens LLFSASVFAAG. ..GGGSDGGDDGCTSNICGYERGP LERAS|ISGP Y|S VR[T|D) S|S|.|LVGgFGGGTIH
Pseudomonas_sabulinigri LLMSSVAMANN...PPPVDPG..... TGEGYQRGP LEARARGQY|(S VE[TE Al.|LVGEFGGET
Pseudomonas_pachastrellae LLFSMSALANN...PAPTDPGDSG. .GGSAYQRGP LEADRGQY[SVER[T S|.|LVS[EFGGGTIH
Pseudomonas_litoralis LMLSTSAFATN...PPVDDPSDP....GGAYERGP LEAS|SGP HS VR[S S|.|LTS[gFGGGTIH
Pseudomonas_pseudoalcaligenes LLLSTSVMATN...PPVDEPTDP....GDSYARGP LEAIS|ISGP Y|STRIT|S Gl. ||V <
Thermobifida fusca ceseas e JAATALVTAVSLAAPAHAANPYERGP LEAS|SGP F|SVS[EE[NV S|R|L|S)
Thermobifida alba  .......... A....AATVALAAPAQAANEYERGP LEAR|SGPF|SVSEE R[L(G
Thermobifida halotolerans . .MANPYERGP| I EA|LIRGP F|RVD|E|E| R|L|O
Actinopolyspora_iragiensis ALTG.+++vass0..+.GVAGAGVASAQGNPYERGP IEDR[RGF ¥|SVDIEENV 5|S[L|.
Nocardiopsis_dassonvillei = ...... TLALT...AGLTGAVVAPAQAANPYERGP [VTAVEGYF|DTDEE S[of. [v
Nocardiopsis halotolerans = ...... TLTLA...AGLTGGVVAPAQAANPYERGP [V TALRGYF|DTDT|E, S(L.
Nocardiopsis_kunsanensis +++ 2+ VIGAA. . .AVTTVGALTFVHAENFHERGP [V TAP|TGPF|DTD|TIEMNV S|S|L{.
Nocardiopsis_listeri  ...... VFGLS...LIGAGATVSPALAE[SPHERGP [V TA|P|[RGHF|D TDI|T, S[o.
Nocardiopsis alkaliphila  ...... VVGLA...LFGAGATVAPAQASISPYERGP [V TAI|RGHF|D TD|T|T|S S|LIR
Nocardiopsis_chromatogenes LALGGGTVASS...AHAARAPLPAEPAAQDNPHERGP IEAP[RGHF|D VDE|D) S|LR]
Actinoalloteichus_hymeniacidonis VA....vivvsv.. . TGLARARPAATAQENEYERGE IEALRGP F|AVAE[D) S[of.
Amycolatopsis halophila ~  ......... LL...VGTPAATGVATAQDNPYERGP TEAPRGP F|D VA|T|T| Ele
Saccharomonospora_viridis AVLVG....AV....GGVAGAEVSTAQDNPYERGP IEA|IRGPF|S VA[TIE] S[F|.
Saccharomonospora_azurea AVASG....LV...SAGVAGADVITTQENFPYERGP IEAIRGFFRVD|TIERV 5|S[F|.
Saccharomonospora_cyanea AVASG....LA...GAGVAGAEVTITAQENPYERGP TEAV[RGP F|RVAE[E] S[E|.
Planomonospora sphaerica = .......... ALALVGGAGAVAPAARHAAACYERGP LES|S[RGP F|TVS|[S|T|TV S|S|L{A|
Lechevalieria xinjiangensis = ......... AV...VALTTSGSIAEAARENPYERGP IEATRGPFATS|QAIT A[V|S
Saccharothrix_syringae = ......... AA...VALTTPTAVAQARARENPYERGP IEATRGPF|A T S|Q|T| s|Lls
Kribbella flavida s+t ..... . LT.. . AGGLAVVPGAQAAENPYERGP IEARARGPFAT S|QQ|s V S[RIA[V]
Actinoalloteichus_spitiensis = ......... LV...AGSLAAAPAAAGQENPYERGP IEALRGPF|STT|S|T| SIR|LJAIA S
Amycolatopsis_vancoresmycina = = ......... AL...ALTGGVAAPAPAAANPYERGP [VEA|ITIRG S F|A T G[T|V|T R|L|AIV S
Amycolatopsis_mediterranei tesease AL, . .ALTIGVAAPAPAAANPYERGP IEATISGSFATS|T|VIT V SR|LIAV S
Amycolatopsis_rifamycinica = = ......... AL...AVITAVAAPAPAAENPYERGP IEAIS[RGSFAT S|T[V|T V S[R|L{A|
Amycolatopsis_pretoriensis = 0 ......... AL...VVTTAIASPAPAADNPYERGP IEASRGSFATS|T|V|T V SR|LAV
Streptosporangium roseum VLAGGALAPAA.. . .HAATFTAPAAQVAANPYERGP IEAVIRGFF|ATIAE|T|DV S|S|L(R|
Streptosporangium_amethystogenes LGTGGGLAPAA...QAVAAP.ARQARAAGEYDRGE IEAVRGP F|A I AE|TNV S(S|LR[V
Actinomadura latina 0000 ....... Toewuwon. ATALAVPQARAQAADNPYERGP IEALRGPF|S T AE|T] S[L(S
Type-l Actinomadura_hibisca LSLGatv v svosses o AALLTAAPVQARAANEPYERGP I EA[V[RGP FIA T AlQ|T|T v S|P[L|S
Amycolatopsis_decaplanina ciieeveo Lo T, . . VAPTAYARARENPYERGP IEAIS[RGSFAVSQT|SV S|S|L{A|
Amycolatopsis orientalis .VAPTAYARENPBYERGP IEASRGSFAVS|QTS VS|S|LA
Amycolatopsis_regifaucium .. IAPTAHAADNPYERGP IEAS[RGSF|AVSEWV| R|V|S|
Rhodococcus_rhodnii iiie... VAL AG. . .VPATALGAENPYERGP IEAISRGPF|SVS|QT|T V S[RIL(S|
Actinophytocola xinjiangensis = ......... VL...VG...TATAATAQDNEPYERGP IEASRGPF[SVS|Q[T S(.
Prauserella rugosa Aovewn..n LA...TAVAGPTTALAQDA[SPYQHGP IEAPP[RGP F|D VD[E|T| s(of.
Amycolatopsis_thermoflava cesesse LV, . AGAATATASAQAADNPYERGP IEASRGFEFAVSQT|TV 5|S|L{V|
Amycolatopsis_sacchari = ......... MA...VG...TLAANPAREA[SPYQHGP IEAT|TGP ¥|QVS[RT s[Lis
Hamadaea tsunoensis  .......... M...LTGVLRAGSPAVADNPYERGP IQAAQGPF|AT S|S|V] Ala[0f
Actinomadura_rubrobrunea +.TAGTGVLAAPAAGAAPAAPAAAAAARAVISPYQHGP IEAPRGP YA TAIQI|SVSRIL(S
Thermomonospora_curvata CLAASE . i e LVARSPRAQAAANEYQRGE ITARARGP F[NTAE|I|TV SR|L(S|
Acti dura_echi pora LLAGSAE. ..., .. IVAAPRANARANPYERGP [V TAVIRGP F|A T S|Q|T|T V S|S|L(S|
Herbidospora_daliensis ILATGTAVTL.... . .APSAHAAGFERGP LEA|SRGP F|S VA|T|T| s[L. v
Herhi.d.oapora_sakaeratensis TLATGTAVTL. ... APSAQAAGFERGPE LEASRGPF|SVA|TAIS S|L.
Cryptosporangium aurantiacum ALAGGSIAAAPS.. .GVQAADIGPYWRGP VTATTGPFRVTEA T.|.|G
Actinoplanes_globisporus .. .AAVLTVA........ PATSAHAADNPYQRGE LD AIS[RGP ¥|AVA[T|S 5. |s)
Actinoplanes_philippinensis TLVT...GAGVT... . .PAAAAANFYERGP)| LQASRGP ¥|AVS[T|T|S V S|R|L|A]
Nonomuraea candida SLIAGALAATSPAQ. GPYDRGP LEASIRGPF|STA[QT|SVS|S|L(S
Nonomuraea_solani LLIGGTLLPASPAQAADPYDSASLTQARAGP YDRGP LE A|S[RGP F|A T &[0[T[S V 5|S[V|S[V
Nonomuraea_jiangxiensis ALIGGALAAAPAAQ. ..+ +++ s+ . AAAGPYDRGP LEASRGPF|IATAIQQIS V S|S|L(S
Verrucosispora maris VLAAGGVVATSS. .. AAQAANPYERGP LEAS[RGPFATS|S|T|TVS|S|L.
Xiangella phaseoli VLATGGVVATSS. .. PAQAANPYERGP LEAS[RGP F|AT s[s|TNV s|s|L|.
Micromonospora_echinospora LLATGGVLAAAS. . GAQAADNEYERGP LEASRGE F|ATA|S|QTV s|s|Lls)
Asanoa_ishikariensis AAVLAVGVAGVP. . NALAADNPYERGP LDATIRGP Y|A T S|o[T|TV s|S|L|.
Micromonospora halophytica VLAAGGVLATSS. . GVQAADMNPYERGP LEASIRGP F|ATA[S|QS V S|S|W|S)
Micromonospora_citrea ALAATAALRAFPP. . AARSAADNPYERGP LEASRGPFATA[S|Qs vs|s|LsvTgFcGavIY
Micromonospora_lupini TLLAAGVLTGPA. . .PAQAA[SPYERGP LEASRGPFATA[SQSVS|S|LSVT[EFGGavVIY
Micromonospora_chokoriensis ALVAGVVLAGPS..... + «GAAQAAGEYERGP LEASRGPFIATA[IQSVSSILIGVTHFGGGVIY

Supplementary Figure 5. Amino acid sequence alignment of PET-degrading enzymes
(continued).



70 80 100 110 130
Ideonella_sakaiensis YPINRG.[GTVGAIAT S 5 I|Kfww] IT[IDTN | soQMRrALRQVASL
Type-llb Acidovorax delafieldii YPTNAG.|IGPVGATAT S S IINWW|GP R LS H[eddV VI T|I D TN 5 RIOQMAALSQVIATL|
Polyangium_brachysporum YPTDVS|.[GSVGAVAT S S IRWWGP RLESH[EFV VI TILDTRS A0OMAALRQV[VAL]
Burkholderiales_bacterium RIFCSPLO HP T|NVT|.[GPFAAVAL S 5 I[N IT|IIDTNS TOLMAALNQLKTF
Vibrio_sp._ CECT 9026 YSTE JGQQGITIAY SSI|KWWGP RLERIWEFT VIITIID TH T GOLISRAIDYV|IIDK
Vibrio_gazogenes_DSM 21264 YSTE[SG.[GQQGEITIAY S S IlQWGE RLESWEFT VI TIINTNT GOL|SRAIDYV|IDK
Pseudomonas_alcaligenes NBRC 14159 VYPT|NTT/.|[GKMGATAV| S S I|EWW|G P R LEX]H[edy YV VM TMN T E T) SIOLISEALDY L{TAQ
Marinobacter_nanhaiticus_D15-8W Y P TN |GOMGGIVH S S I|E[W| VMT|IDTNT Do IDAALDYLVDR]
Type-lia Oleispira_antarctica YPTM[TT.GTMGAIAY S 5 IDEH] IT|IISANS TIOLIGRALDY V[INQ
Marincbacter segnicrescens YPT|G JGTMGAVVY S S I|E[W/W| MTIIDTNS TOINNALDYLIIEQ
Pseudomonas_sabulinigri YPEDRT.[GTMGAIVY S 5 I|E[[H| MT|IDTNT T[O INRALDYLVDQ
Pseudomonas_pachastrellae YPAGTT.GTMAAIVY S 5 I|DJ|w] JMT|IDTNT RIOINNALDYLVGQ
Pseudomonas_litoralis YPT|GITS|.IGTMAAIV S S I|D{W|W| VMT|IDTHNT RIOIMNNALDY L{VDQ|
Pseudomonas_pseudoalcaligenes YPT|GITT|.[GTMAA IV S S I|D{wi|wW]| IMT|L DTN T ROIMNALDY L|VDQ|
Thermobifida_fusca YEREN. . NTYGAVAI |2 5 I|Af|L IT|IIDTIT EQLNAALNHMINR]
Thermobifida alba YPREN. . NTYGAIAT S S I|AW|L IAIDTNT RIOLNAALDYMLTD|
Thermobifida halotolerans YPTDN.|.NTFGAVATI S 5 I|S|L MT|IDTNT S[OLDRALDYMVED
Actinopolyspora_iragiensis YPSR[TT|.ETFGGVAT S S MSWY ET|IDTNT| DIQLLIAALDY LIAED
Nocardiopsis_dassonvillei YPTIDTSEGIFGGVVI S 5 MAM| FT[IDTNT, RO IENALDY L{VDD)
Nocardiopsis halotolerans YPTPDTSEGTFGGVV S S|W|L| F T|IDTHNT| GRIQIERALDY LIADD)
Nocardiopsis_kunsanensis YPTDDSEGTFGGVV S Sy, FT(IDTNT RIOMESALDY LIVED|
Nocardiopsis_listeri YPTIDTSEGIFGGVVI S 5 MSH|Y FT[IDTNT, ROIERALDYLVED
Nocardiopsis alkaliphila YPTDTSEGTFGGVVI] S Sy FTIIDTNT RIOIEAALDYLIVED
Nocardiopsis_chromatogenes YPTIDITSEGTFGAVAT S S[W|L VIET|IIDTLT RlOLIERALDYLVED)
Actinoalloteichus_hymeniacidonis YET|D|T SE|GTF GAVAT S 5 MAW|L FT(IDTNT, RIOLLAALDY L|VED|
Amycolatopsis _halophila YPTDTSQGETFGGVAT S S MS|Y FT[IDTNS ROLLAALDYL|TER)
Saccharomonospora_viridis YPRE[TDEGTFGAVAY G 5 M|sfi|Y VFT|IDTNT RIOLLAALDYL|VER|
Saccharomonospora_azurea Y E T|D|T S|E AVAVY G 5 MSfilY FT|IDT GRIQL|ILAALD Y LiVER|
Saccharomonospora_cyanea YPTDTSEGTFGAVAT G S MSfi|Y FTIDTNT, DQLLAALDYILVER|
Planomonospora_ sphaerica YPTIDITSQGTFGGV I S T MAW|L FN|IIDTIT RQI|LAAADHLAEE|
Lechevalieria xinjiangensis YPT|ISTAEGTFGATIAN S S LISW|L FIIDTHN S| DIQLLIAALDY LT TS|
Saccharothrix_syringae YPT|S[TAEGTFGAVAT S 5 I|S|L F T(IDTNS| DIOLLAALDYL|TTR|
Kribbella flavida YPTI|S|TAEGTFGAVAL S 5 MSW|L FTIDTLS DOLLAALDYL|ITQR)
Actinoalloteichus_spitiensis YPT|SITAE[GTFGAVAI S S I|S[WL FTIDTLT RIOLILAALDHL{VDH]|
Amycolatopsis_vancoresmycina YPT|T|ITTA[GTFGALS T S S I|AW(L FTIIDTLT ROLILASLDY L|TQQ|
Amycolatopsis_mediterranei YET|T|TTIAGTFGALSI S 5 I|AW|L FTIDTLT, IRIQLILASLDYLTQQ
Amycolatopsis_rifamycinica YPI|TTTAGTFGAIST S S I|AW|L VFT|IDTLT RIOLLASLDYLTQQ)
Amycolatopsis pretoriensis YPT|S|TTIA[GTFGAISI S 5 I|AW|L FTIDTLT, RIOLLASLDYLITQQ)
Streptosporangium roseum YPT|ISTGEIGTFGAVAT S S MAW|L EN[IDTLT| GRIQLILAALDY LIVEE)
Streptosporangium_amethystogenes YPTI|S[TSEGTFGGIAL S 5 MAW|L FN[IDTIT, RIOLLAALDYLVQS|
Actinomadura latina YPT|STAEGTFGAVAL S 5 MAW|L F T|IDTHNT| ROLERALDYLTQR)
Type-l Actinomadura hibisca YPT|SITAE[GTFGAIA IT S L{AMW|L LI[IDTLT RlOLIEAALDYLTQR|
Amycolatopsis_decaplanina YPTI|S[TAQGTFGAVAL S 5 I|AW|T FT[IDTNT, DOLLAALDYLITQR)
Amycolatopsis orientalis YPT|SITAQIGTFGAVATI S S T|AW T FTIDTHNT DOLILAALDYLITQR/.
Amycolatopsis_regifaucium YPT|SITAQIGTFGAVATR S S I[AW|I VIFT|IDTNT] DlOL|ILAALDYL{TQR|.
Rhodococcus_rhodnii YET|S|TSE[GTFGALATI S 5 I|SiM| IT|IIDTLS DIOLRAALTYLTQR)
Actinophytocola xinjiangensis YPT|S[TSEGTFGAVATL S 5 I|AM| IT|IIDTNT DO L{LAALDYMTED|
Prauserella_rugosa YPT[A[TDEGTFARIAT S 5 I|AW[L VFT|IDTNS DIQLNAALDYL|VER]
Amycolatopsis_thermoflava YET|DITS|QGTFGAVAT T 5 I|AM T FT(IDTIT, GD|QL|LAALD Y LT QR
Amycolatopsis_sacchari YPTI|T[TSEGTFARVATL S 5 Ifsm|T VFT|IDTLT DOLLAALDYLTGR].
Hamadaea_ tsunoensis YPI|T|ITS|AlGTFGGIAT S 5 L{S[|L FGINTLT RELLARALDYL|TG S|
Actinomadura_rubrobrunea YPT|TTSEIGRFGAIAT S S LID[W|L FGLETNT| ARQLILIAALDYLITQR|
Thermomonospora_curvata YPI|T[TSEGTFGAIAL S 5 LEW|L IGIIETNT QOL|ILRALDYL{TQR
Acti dura_echi pora YPTI|T|TSE[GTFGAIAT S 5 L{DW|L IGIIETNT DIOL{LAALDYL|ITQR)
Herbidospora_daliensis YPTDTS|QGTFGATIAT S 5 LEW|L IGIETNS NQLLRALD Y L|VN S|
Herbidospora_ sakaeratensis ¥ P T|D|T 3(Q| S S LIEM|L JJIGIIETN S| NQLLAALDY LVHN S|
Cryptosporangium aurantiacum ¥ P T|D|T S|Qf S 5 L{DW|L IGIIETNT IDIOL|ILAALDWAVSS
Actinoplanes_globisporus Y P TI|T|T SIE S S IfS|L| VIIGIIETD S| DEL|ILAALSYLTTQ
Actinoplanes_philippinensis YET|T|TSDIGTFGAIAT S 5 IDW|L IGIETLT D[R L|LAALD Y LT QR
Nonomuraea candida YPTIDTS|QGTFGATAT S S LIAWL IGIIETHNS ROLLAALDY LIVED,
Nonomuraea_solani YPTDTS|QGTFGAIAT S 5 L{S[|L IGIETNS RIOLLRALDY L|VED|
Nonomuraea_jiangxiensis YPTPDTSQGTFGAIAT S S L|SW|L IGILETN S RIQLILIAALDY L{VED,
Verrucosispora maris YPT|T|TTAGTFGAVAT, S S L{DW|L VIIGIIDTIT RIOLLAALDYL|TER|
Xiangella phaseoli YPTI|I|TS|E[GTFGAVATL S 5 MDJW|L IGIDTNS RIOLLAALDYL|ITER|
Micromonospora_echinospora YPT|S|TSE[GTFGAIATL S 5 I|s|L IGIETNS RIOLILAALD Y L|VQR|
Asanoa_ishikariensis YPTI|T[TSDIGTFGATIAL S 3 IfS|L VIIGIIETNS AQLLAALDYL|TN S|
Micromonospora_halophytica YPT|S|TSE[GTFGAIAT S S ISWLIGP R IESHIE AV VIGII ETN T RIOLLAALDYL|VER]
Micromonospora_citrea YPT|S[TSE[GTFGAVAT S S IDWLIGP R IESHEAVVIGIETNT RIOLLAALDYL|VER|
Micromonospora_lupini YPT|S[TSEGTFGAIAT S 5 I|SP|L IGIIETNT ROLLAALDYIL|TGR|
S|T SE| S S I|SM|L G|R| L

GTFGATIATI GER IEEH{SRYVVIIGIETNT ARLDYLITQR]

5

Micromonospora_chokoriensis YPT|

Supplementary Figure 5. Amino acid sequence alignment of PET-degrading enzymes
(continued).
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14? 16(‘) 1‘79 209
Idecnella_sakaiensis 6TsssPIlrg Bleilicis Mc G G GERMEREN T .[FssfzvETTIF alc
Type-llb Acidovorax delafieldii RTSSSP(IYN G[VMgWisiilelelelel S T IS AIRNMNF|S S S|LITVIgT L I IAIC
Polyangium brachysporum ETRSSP|I|¥Y G| AV MeWE G lelele]el T LI T|S ARDNP(S -|F|S G[V|QIVI4T LV I A[C|
Burkholderiales_bacterium RIFCSPLO NTSSHP|[I|YR G[v M{e W lefefelel T 1 T|A AR D[N P|T |E[s T[v|s[vigdT L I 1 AlC
Vibrio_sp._ CECT 9026 KDRTSPI|YG V|G[V T {gwisholelefelel A TKIL AT D|. RIK F|S S|TT|SIgTMI ITAIC
Vibrio_gazogenes DSM 21264 KDRTSP|I|¥ G| GV I{efiifdolefefelel S LKL AT D|. RIK F|IST|I|T[SIgTM I IAIC
Pseudomonas alcaligenes NBRC 14159 KSSSSP[L[YN LiG|a T{egwi)ilefefelel S 1 K|L S|T Q|. RIS|T F|NT|I|K|TigdA L I LA|C
Marinobacter_nanhaiticus_D15-8W DSSFSA|ISE G| VW Selelelel T 1)Q|L A|S G|. DIR| FIDD|I|[E[TIAT L I F AlC|
Type-lla Oleispira antarctica NGSNSP|ISG LIG[V ViefWEdolefefefel A T/OIL AIS G|. DIR| FIDQIIETIET LV IAC
Marincbacter segnicrescens GSSSSPV|SG G[V T {eWiilelelels T LRIV AISE|. G|R| FIRN|IE|TIHTLIIACE:
Pseudomonas_sabulinigri TDNGSPV|QG G[v vigWEINESE T IRV A|S E|. GR| ARRAERIET L IFAC
Pseud.mnnas_par.‘hastrellne TSS5SSP|VRG LIG[vV I[e]wiiilelelede] T LRIV ARE|. G|R| AIGR|S|QAIAT L IF AC
Pseudomonas_litoralis SSRLSPVNG LIG[V T {efWisdedleleled s T TRV AIS Qf. GIR|I |- |AISGV|QAIZT L IF ACE
Pseudomonas_pseudoalcaligenes SRRTSP|V[NG| G|V I[gWwiEileledeel T 1 RIV 215 Q. G[R| AR S[V|QIRIET L IF AC
Thermobifida fusca «+ + SST[VIR S| LIA[V MielHEdoledelelel T 1 R|L A1S QR P|D) WS S|V|T|VigT L I IGA
Thermobifida alba . . .SS55VRN| ANV MeHE olelefede T TR|T A1S QR P(D) WRD|I|T[VigT L I I G|A|
Thermobifida halotolerans .. . SYS[VIRN AR Mg HE i elefel T 1R|L AE RIR P(D| WG S|VIR|VI{T L I IGA
Actinopolyspora_iraqgiensis . . . DRD[V|RD| AlvMieli ) iielelelel S 1 E|A T|SD|R E|S WY E[V|T[VIZTF I IG|a|
Nocardiopsis_dassonvillei = ..... D[VIAD AVMeHE  {elefefel T T AL ME DR P(E WS DVIE[VIZgTMI IGlA|
Nocardiopsis halotolerans = ..... D[V[SN MA[V M lelelele T (AL AS DR P|E WD D[VIE[VigTMI I G|A
Nocardiopsis_kunsanensis ++ .+« . DVIDD| L|A[L Mle]HEsdielelelel T 1| A|A AE D[R P|E|L| WS DIVIE[VIZT M I VGAE
Nocardiopsis_listeri = ..... D[VIN D LAV MisHEolefefelel T TIAIN VID DR P|E WIS S|VIETIET L IV G|A|
Nocardiopsis_alkaliphila ..... S[V|ITD AV Mg HE G lelefefel T T AIA AD AR P(E| WSHLIQITIET L I I GAE
Nocardiopsis_chromatogenes  ..... s[v[AD AL MEHEEEE T 1/A|A A[E DD P[D| F|. D|LD[VIET L vV GA|
Actinoalloteichus_hymeniacidonis « ... .DVIRN LGV Mgl HE I{elelelel S 1| S|A AE S|R B|A WS R[V|T[VIZT L VvV G|A|
Amycolatopsis_halophila = ..... SVIRY AlVMeHE U lelefefel S LEIAASDDP|(S WY EV|T[VITF I IG[A|
Saccharomonospora_viridis .. .DRE[V[RE AlvMdHE)dd s 1E|a T[VMR B[S WG QVQVIETF I IGA
Saccharomonospora_azurea « .+« DRD[VIRQ| LIA[V MielHisdelelelelel S L EA TV S[RE|S WGDVIQVIfTF I I GAE
Saccharomonospora_ cyanea . . . DSD|V|RE]| AV M HE ulelefefel S TEIA TIADRP|(S WGEVIR[VIJTF I I G|A|
Planomonospora_ sphaerica « .. SLTVRS| G|V T{eHEolelefelel T 1IAIN AE SIRP(S WG HVIR[VIZT M I IGlA|
Lechevalieria xinjiangensis = ..... S[VIRT G[V Ml H ) lelelele 2 T E(A TIK DR P|S WS TIV|QITIfT L I IGA
Saccharothrix_syringae = ..... S[V[RD LGV MR e 1 E(A T|K D[R B|T) w|s S[V|QTIET L I IGA
Kribbella flavida s 40w« BVIRT G[v Mg HE  {elefelel S 1 E(A SIK DR EF|A WS GNIR[VIfT L IV G|A
Actinoalloteichus_spitiensis = ..... AlVIRD| G[V T{eHE lelelele T T EA AISHRFP|S WIS DVIR[VIET LV G[A|
Amycolatopsis_vancoresmycina = ..... S|VIR S| LGV vVigHE & de T [ E|A AR SR P|S [W[S T|LR[VI4T LV V G|A|
Amycolatopsis_mediterranei o+ e« S[VIRS LIG[V VieHidoledelelel T I E|A AR SR P|T| WS T|LIQ[VIfT L V'V G|A
Amycolatopsis_rifamycinieca @~ = ..... SVIRA| G|V VigHE lelefelel T T EIA AR S[RE|S WS TILR[VI4T LV G[A|
Amycolatopsis_pretoriensis = 0..... S[VIRS LIG[V Vg HI eSS T [ E(A AR SR P|S WS S|LR|Vi4T L V'V G|A
Streptosporangium roseum « o v o« S[VJAR] G[V Mg HEdlelelelel T LEA XD DR F|Q WP G[V|IQ[VIgT L V'V G|A
Streptosporangium_ amethystogenes  ..... S|AAS GV Mg HEolefefelel T TIEIA A SR P|Q WS GIIR[VI4T LV VG|A|
Actinomadura latina 0000 ..... S[VIRS G[V Mg HER{eles T L EA AE DR P|Q F|SDVRVIETMI I G|A|
Type-l Actinomadura_hibisca + oo S[VIRT L|G[v Mgl H i {elelelel T 1 E|A AV D[R B|G[L W T GVR[VIZT MV I GlaE
Amycolatopsis_decaplanina « . .SDV|R S| AV AlelHEE  {elefefel 5 T EIA LMODEP|(S WS S|ILRVI4TF I I GG
Amycolatopsis orientalis «...S55[V[RS LAV AfelHEdoelefelel S LEA AQ DR P|S WS S|LR[VIEJTF I IG|GIE
Amycolatopsis_regifaucium ....SS[VRS alv aldHENEd s 1 E|A AlQ D[R B[S s S|LR[VIITF I I6(G
Rhodococcus_rhodnii « v« STVRT] ANV AlelHEdoleledefel S LE|A S(AD|Q P|T| WS NLR[VIATF I IG|G
Actinophytocola xinjiangensis «...LTVRG] AV AleE R ilelelefel S TEIA AS S[RE|A WS E|LRTIAT L I I G|G|
Prauserella rugosa  ..... D[v|SD G[v AlgHE NE e s LE[A 2|T EN S|D F|S G|L|S|TIJTF I IG[G
Amycolatopsis_thermoflava e« SSVIAS L|G[V AlelHdeledelele) T [ E(A AIDER F|S S S|VIQVIETF I IG|GE
Amycolatopsis_sacchari - ...SSVRT G|V AleHEolefefelel T T EIA AIK DR E|S F|ISSV|T[VIgTF I IG|G
Hamadaea tsunoensis  ..... S[V[RG LAV aldEE s T LER 2N S[RP|S . [W[s GV R[VIAT M IWG|G
Actinomadura_rubrobrunea « o+ .« S[VIRD) AV Alel Edeteledelel T LEIA AK SR P|S WP EVIRITIAT L I IG|G
Thermomonospora_curvata ... .. AV[RD AV AleHE  {efefefel © T E|IA LMK AR TS WP E[VRITIJT L I I GG
Acti dura_echi pora = ..... S[VRT LAV aldiEi{efelele T 1 E(2 2K D[R T|S T|.[W|P E[V[RIT) T L I I G[G|
Herbidospora_daliensis .+ . STT[V[RS AV afeliEiefelelel T 1 H|A AE D[R E|S W|G S|VIR[VIAT L IV A|G|
Herbidospora_ sakaeratensis .. .STTWVIRS Al AlelHEdotelefefel T 1H|A A|E D[R B|S W|G S[VIR[VIZdT L I VAIG
Cryptosporangium aurantiacum = ..... PAAS LAV AldHE s T L EA TILDRP|S WTRIQRVIZT V I IG(G|
Actinoplanes_globisporus = ..... SVIRT Alv afleHfdiefelelel S 1/E(A AIRD[R P|S .[WSDILRVIET L IV GG
Actinoplanes_philippinensis o+ e s S[VIRT LIA[V AlelHEsdolelelelel S [ E(A AISDRE|S W[TE|LR[VIfT L IVG|GE
Nonomuraea candida .. .SAT[VRS ANV AlgHE o leleefel S TEIA AND[R P|S WS GIIRVIETM I IGIGIE £
Nonomuraea_solani .. .TAT[VRS AV aldHE) e s 1E|a AN S[R B[S .[Ws GVRVIATM I IG5
Nonomuraea_jiangxiensis «« +ATT[IR S ANV Alell Edoteleleel S LEIA AN DR P|S WS GIRVIEATMI IG|G
Verrucosispora maris = ..... S[VIRS LIA[V Al HESdolelelele) S T EA AA SR EP|S [WSNLRVI4T L I IG[GE
Xiangella phaseocli — ..... s[VRG AV aldHE)elde s 1E|a 2[A SR P[S WS SILR[VIAT LI 165
Micromonospora_echinospora v+ s+ S[VRT] LAV afelH i {elefelel S LE(A SV S[R P|S|L 3. (WS S[VIRVIET L I IG(GE
Asanoa_ishikariensis = ..... SVIRT AV GleHE  lelelefel T LEIA AISDRP|(S -[WSE[LRVI4T L I IG[G|
Micromonospora halophytica = ..... SVIRG LAl AldHE ofefedefel S LE|A AR TR P(S JWSEVRVIET LI IGG
Micromonospora_citrea = ..... s[V[RG Alv slduE)dd s 1E|a [V AR B[S .[W[sDVRVIAT L I 1G5
Micromonospora lupini = ... S[VIRS AV AleHE o lelefedel T LE|A RIS AR P|(S -[WSE[LR[VI4T L I I G[G|
Micromonospora_chokoriensis «+ s+ S[VRS a[v afeliE)iie]efefel S L/E|A A)S SR E|S WS E[LR[VIT L I IG|G)

Supplementary Figure 5. Amino acid sequence alignment of PET-degrading enzymes
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Type-llb

Type-lla

Type-|

Ideonella sakaiensis
Acidovorax_delafieldii
Polyangium brachysporum
Burkholderiales bacterium RIFCSPLO
Vibrio_sp._CECT_9026
Vibrio_gazogenes DSM 21264
Pseudomonas_alcaligenes NBRC 14159
Marinobacter_nanhaiticus_D15-8W
Oleispira antarctica
Marincbacter segnicrescens
Pseudomonas_sabulinigri
Pseudomonas_pachastrellae
Pseudomonas_litoralis
Pseudomonas_pseudoalcaligenes
Thermobifida_fusca
Thermobifida_alba
Thermobifida halotolerans
Actinopolyspora_iraqgiensis
Nocardiopsis_dassonvillei
Nocardiopsis halotolerans
Nocardiopsis_kunsanensis
Nocardiopsis_listeri
Nocardiopsis alkaliphila
Nocardiopsis_chromatogenes
Actinoalloteichus_hymeniacidonis
Amycolatopsis_halophila
Saccharomonospora_viridis
Saccharomonospora_azurea
Saccharomonospora_cyanea
Planomonospora_ sphaerica
Lechevalieria xinjiangensis
Saccharothrix syringae
Kribbella flavida
Actinoalloteichus_spitiensis
Amycolatopsis_vancoresmycina
Amycolatopsis_mediterranei
Amycolatopsis_rifamycinica
Amycolatopsis_pretoriensis
Streptosporangium_roseum
Streptosporangium_amethystogenes
Actinomadura latina
Actinomadura_hibisca
Amycolatopsis_decaplanina
Amycolatopsis orientalis
Amycolatopsis_regifaucium
Rhodococcus_rhodnii
Actinophytocola xinjiangensis
Prauserella rugosa
Amycolatopsis_thermoflava
Amycolatopsis_sacchari
Hamadaea tsunoensis
Actinomadura_rubrobrunea
Thermomonospora_curvata

Acti dura_echi pora
Herbidospora_daliensis
Herbidospora_ sakaeratensis
Cryptosporangium aurantiacum
Actinoplanes_globisporus
Actinoplanes_philippinensis
Nonomuraea candida
Nonomuraea_solani
Nonomuraea_jiangxiensis
Verrucosispora maris
Xiangella phaseoli
Micromonospora_echinospora
Asanoa_ishikariensis
Micromonospora halophytica
Micromonospora_citrea
Micromonospora lupini
Micromonospora_chokoriensis

Disulfide bond 2
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A S|
|A 5|
A S|
A S|
A S|
A 5|
A S|
A D|
|A 5|
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A S|
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TER4D S M S|
SFR{ISFS
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REMNEKIP
RERNQIP
PEFRNRIP
PFMYDIP
PERNRIP
PFREATIP
PFMNALP
PEFRNALP
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P EFRN O L P
P Fp4N S LP|
PERN S IP
P ERN S LP|
P FME S LS|
P FRE S LD
P FRE S LD
P Lp4E S LD|
P MME S LP|
P MB4E S LP|
P FRE N M P
PFMESLS
PFRESLS]
P FME S LP
P FpE S LP|
PFRE S LP|
PEFR4SSLS
REFRTGLP|
REMTGLP
P Fp4N S LP|
PERN S LP|
PFMT S LP
FFMT SLE
PEFRT S LP|
PERT S LP|
P EFp4N S L P
PERNSIP
PEFRT S IP|
PEMTSIP
PEFRTSIP
PEFRTSIP
PEFMTSIP
PEFMTSIP
PERN S IP
PFMESTIP
PEFMT SLP
RER4S SLP|
P FR4N S L P
PEFRLSLS
PERN S LS
PERNS LS

PEMNSTIS .

PERN SIS
PEFRT S LG
PFMTSIP
PERNTIP
PERN S IP|
PFROSIP
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EEFR4N S 1P|
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Supplementary Figure 5. Amino acid sequence alignment of PET-degrading enzymes
(continued).
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Disulfide bond 1

280
Ideonella sakaiensis NSTRVSDFR[TAN
Type-lib Acidovorax_delafieldii NSYNVSDFRVAR., .|,
Polyangium brachysporum HQADLRS SR|LISE Y RE|
Burkholderiales bacterium RIFCSPLO HQADLSLTA|ID|EYRE
Vibrio_sp._CECT_9026 FDS5...SLRV|SEYR[D
Vibrio_gazogenes DSM 21264 FDS...SLR[V|SEYR[D
Pseudomonas_alcaligenes NBRC 14159 HEG...DLA|I|S|EYR[E
Marinobacter_nanhaiticus_D15-8W HES...QYR|ISEYR|G
Type-lla Oleispira antarctica HAR. . .NRS|VISEYRD
Marincbacter segnicrescens HER. ..DWD|I|SEYR|G
Pseudomonas_sabulinigri HES...DYS|I|S|EYR|G
Pseudomonas_pachastrellae HTS...DSQI|SDYR|G
Pseudomonas_litoralis HES . ..DRN]I|SEYR[G
Pseudomonas_pseudoalcaligenes HTS...DRRVSEYR|G|
Thermobifida_fusca RDGL. .FGENVEEYR[S|T
Thermobifida alba RTGL. .LSD[VDE YR[S
Thermobifida halotolerans STGW. .GSDVEEY R[S|T
Actinopolyspora_iraqgiensis DDGL. .FSD|VEEYR|S|
Nocardiopsis_dassonvillei DTGF . .FSD[F|SDYR[DS
Nocardiopsis halotolerans DTGF . .FSD|F|S|DYR[D|S
Nocardiopsis_kunsanensis DTGF . .GTDF|S[DY R[D|S
Nocardiopsis_listeri RTGI. .GTD|F|SDYRD
Nocardiopsis alkaliphila RTGF . .GTD[F|S[DYR|D|S
Nocardiopsis_chromatogenes GTDF ... .D[I|S[DYR[S|
Actinoalloteichus_hymeniacidonis .DDR....E[I|SEYR[HN
Amycolatopsis_halophila SGW..... A|IIEEYRE
Saccharomonospora viridis TDR..... A|IE[E Y R[5
Saccharomonospora_azurea TDR.....TIEEYRST
Saccharomonospora_cyanea TDR..... S|T[E[E Y R3]
Planomonospora_ sphaerica G..R..STQ|IEEYRS
Lechevalieria xinjiangensis RG.T....AISEYRD
Saccharothrix syringae RA.L....ATISEYRD|
Kribbella flavida TGDR. .. .AlI|SEYR[D
Actinoalloteichus_spitiensis SGDR....NI|SEYR[D
Amycolatopsis_vancoresmycina APDL....S/IS5DYRG
Amycolatopsis_mediterranei STSL....S/I|SDYR[G
Amycolatopsis_rifamycinica STSL....SISDYRGN
Amycolatopsis_pretoriensis GTSL....5Is[DYRG
Streptosporangium_roseum QGDR. .. .N[I|S[EYR[D
Streptosporangium_amethystogenes QGNR. .. .NISEYQD|
Actinomadura latina SRDL....NISEYRDT
Type-l Actinomadura_hibisca QGDR. .. .AI|S[DYR[D
Amycolatopsis_decaplanina DDR.. ... T|I|S[D Y RID|
Amycolatopsis orientalis DDR..... T|I|S[D Y RID|
Amycolatopsis_regifaucium DDR..... A|T|S[D Y R|D|
Rhodococcus_rhodnii NDR.....DI|SDYR[D|T
Actinophytocola xinjiangensis DDR..... D|I|S[D Y RID|
Prauserella rugosa DDS..... A|1|s[D Y R[D
Amycolatopsis_thermoflava SGL.....AIEEYR[ST
Amycolatopsis_sacchari DDA..... T|I|S[QY LD
Hamadaea tsunoensis TGI . v .. A|T|S|0 S G
Actinomadura_rubrobrunea NDFT.....[LS[DSRV
Thermomonospora_curvata STGL. .LSD|FISDARF
Actinomadura echinospora RA....IGD|I|S[DYR[D
Herbidospora_daliensis SGL. s AlT|EE ¥ R[S]
Herbidospora_ sakaeratensis SGL.....AIEEYR|s
Cryptosporangium aurantiacum GGL..... G|I|S[E Y RINT
Actinoplanes_globisporus SGT..... D|VE[D Y R|N|
Actinoplanes_philippinensis GGL.....AISDYRs
Nonomuraea candida SGL..... A|TIE[E Y R[H|
Nonomuraea_solani SGL. ... A|T|E|E Y R|H|
Nonomuraea_jiangxiensis SGS. .. .. 53IQEYRH
Verrucosispora maris SGL..... AVE[E Y R[N|
Xiangella phaseoli SGL..... AVEE Y RN
Micromonospora_echinospora SGL.....DVEEYRN
Asanoa_ishikariensis 85GS..... A|IDE Y R[N|
Micromonospora halophytica SGF..... ATE[E Y RIN|T
Micromonospora_citrea S5GS.....AIQEYRMN
Micromonospora lupini 8GS..... A|T|E[E Y R[N
Micromonospora_chokoriensis SGS.....AZLQEYRNT

Supplementary Figure 5. Amino acid sequence alignment of PET-degrading enzymes.
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Supplementary Figure 6. Far-UV Circular dichroism. Above figure includes superposed CD
spectra of the IsPETase variants used in this study. Each spectrum of the variants is also shown
in below. The spectra indicate that there are no significant difference among the variants and

ISPETaseW'T,



ISPETase ISPETaseR280A
PDB code 5XJH 5YNS
Data collection
Wavelength (A) 0.97934 0.97934
Unit cell (a, b, c; ) (A;°) 43.48, 50.40, 129.49; 90.0 43.61, 50.59, 129.58; 90.0
Space group P2,2,2, P2,2,2,
Solvent content (%) 53.38 52.66
Protein chains in AU 1 1
Resolution range (A) 50.00-1.55 50.00-1.36
Highest resolution shell (A) 1.58-1.55 1.38-1.36
Unique reflections 42939 62434
Redundancy 6.5(5.9) 9.3(5.7)
Completeness (%) 99.9(99.9) 98.7(96.9)
Rinerge (%0) 6.8(29.8) 6.7(30.1)
Average l/o(I) 31.4(5.2) 40.8(4.6)
B from Wilson plot (A 2) 14.2 10.8
Refinement
R (%) 15.9 16.6
Riree (%0) 19.2 19.2
Mean B value (A 2)* 16.1 15.0
RMS deviation bond lengths (A)  0.026 0.025
RMS deviation bond angles (°) 2.286 2.249
Number of amino acid residues 272 264
Number of water molecules 150 294
Ramachandran plot
Most favored regions (%) 97.3 97.6
Additional allowed Regions (%) 2.7 2.4

*Mean B value is for both protein atoms and the solvent molecules.

Supplementary Table 1. Data collection and refinement statistics of ISPETase.



Extra amino acids

at N-terminus MGSSHHHHHHSSGLVPRGSHM

CGCGGTCCGAATCCGACAGCCGCCAGTTTGGAAG
CGAGCGCTGGTCCATTCACCGTTCGCTCCTTTACC
GTGAGTAGACCGAGCGGTTATGGCGCTGGCACCG
TTTACTATCCAACAAATGCTGGGGGTACCGTGGGC
GCCATAGCCATAGTTCCCGGGTATACGGCACGGCA
GTCATCAATTAAATGGTGGGGACCGCGTCTGGCAT
CCCACGGTTTCGTAGTAATTACAATTGACACAAATT
CCACGTTAGACCAGCCATCAAGTCGGAGTTCGCAA
CAAATGGCCGCGCTGCGCCAGGTGGCGTCGTTAA
ACGGTACAAGTAGCAGCCCGATTTACGGAAAGGTC
Codon optimized DNA GATACCGCTCGTATGGGTGTTATGGGGTGGAGTAT

sequence used for GGGAGGTGGAGGCTCCCTGATCTCTGCTGCTAAC
expression of IsPETase | AACCCTTCGCTGAAAGCAGCGGCGCCTCAAGCAC
CATGGGATTCTTCGACAAATTTTAGTTCTGTAACTG
TGCCCACGCTGATCTTCGCATGTGAAAACGATAGT
ATAGCCCCGGTCAACTCTTCAGCACTTCCTATCTAT
GATTCTATGTCACGCAACGCTAAGCAGTTTCTCGA
AATTAATGGTGGCTCACATTCCTGTGCGAATAGCG
GCAATTCTAACCAAGCATTAATCGGAAAAAAAGGC
GTTGCATGGATGAAACGTTTTATGGACAATGATACT
AGGTATTCTACTTTTGCCTGCGAGAACCCGAATAG
CACCAGAGTGTCTGATTTTCGTACAGCGAATTGCA
GC

Extra amino acids at

Cterminus LEDPAANKARKEAELAAATAEQ

Supplementary Table 2. Codon-optimized DNA sequence used for expression of ISPETase and
extra amino acids at the N- and the C-termini.



