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Table S1: Mutagenesis assays with IsPETase

Assay

Mutation Rationale Assay Results Substrate .\ REF
Conditions
C203s DS1 disrupting mutation Very low activity PET Film pI:C= 2:15;30 [1]
C239s DS1 disrupting mutation Very low activity PET Film pI:C= 2:15;30 [1]
Confirm residue role in .. . pH=9.0 T=30
185A 1 PET Fil 1
W185 catalysis/activity Very low activity n °Ct=42h (1]
S214H Confirm residue role in Diminished activity PETFilm PO 0T=80 1y
catalysis/activity °Ct=42h
Substrate Interacting . .. . pH=9.0 T=30
1208A Residue Diminished activity PET Film °C =42 h [1]
Substrate Interacting . .. . pH=9.0 T=30
W159A Residue Diminished activity PET Film oC =42 h [1]
Substrate Interacting . .. . pH=9.0 T=30
MI161A Residue Diminished activity PET Film °C =42 h [1]
Substrate Interacting o .. . pH=9.0 T=30
Y87A Residue Diminished activity PET Film °C =42 h [1]
Substrate Interacting o . . pH=9.0 T=30
T88A Residue Diminished activity PET Film °C =42 h [1]
W168H Cons.lste.nt Hlstldlne residue Slgmflcantly c.hrmmshed PET Film pH=9.0 T=30 1]
in similar enzymes activity ‘Ct=42h
fi 1 talyti H=7.0 T=
S160A Con 1rn.1 rote a.s catalytie Complete loss of activity BHET P 0T=30 [2]
triad residue °C
fi 1 talyti H=7.0 T=
D206A Con 1rn.1 rote a.s catalytie Complete loss of activity BHET P 07T=30 [2]
triad residue °C
fi 1 talyti H=7.0 T=
H237A Con 1rn.1 rote a.s catalytie Complete loss of activity BHET p 0T=30 [2]
triad residue °C
fi 1 talyti H=9.0 T=
S160A Con 1rn.1 rote a.s catalytie Complete loss of activity PET Film P 9.0 T=30 [2]
triad residue °C
fi 1 talyti H=9.0 T=
D206A Con 1rn.1 rote a.s catalytie Complete loss of activity PET Film T 9.01=30 [2]
triad residue °C
fi 1 talyti H=9.0 T=
H237A Con 1rn.1 rote a.s catalytie Complete loss of activity PET Film P 9.0 T=30 [2]
triad residue °C
ite I resid i H=7.0 T=
YS7A Subsite residue /Oxanion 5o o drolytic activiy  BHET P 0 T80 o)
Hole °C
ite I resid i H=9.0 T=
Y87A Subsite [ residue / Oxanion Diminished activity PETFilm PI0T=80 )
Hole °C
ite I resi i 2% of WT hy lyti H=7.0 T=
MI61A Subsite I residue / Oxanion 52% of W' : .ydro ytic BHET P oO 30 2]
Hole activity °C
ite I resi i H=9.0 T=
M161A Subsite I residue / Oxanion Diminished activity PETFilm P 0T80 )
Hole °C
H=7.0 T=
WI185A Subsite I residue 5% of WT hydrolytic activity BHET P Qg 30 [2]
H=9.0 T=
W185A Subsite I residue Diminished activity PETFilm P 992 30 [2]
46% of WT hy lyti H=7.0 T=
1208A Subsite I residue 6% of WT hydrolytic per  PHTOTS0 o
activity °C
H=9.0 T=
1208A Subsite I residue Diminished activity PETFilm P 992 30 [2]
H=7.0 T=
WI159A Subsite Il residue 8% of WT hydrolytic activity BHET P Qg 30 [2]
H=9.0 T=
W159A Subsite II residue Diminished activity PETFilm © 992 30 [2]
H=7.0 T=
S238A Subsite II residue Activity similar to WT BHET P Qg 30 [2]
H=9.0 T=
S238A Subsite II residue Diminished activity PETFilm P 992 30 [2]
N241A Subsite I residue 18% of WT hydrolytic per  PHT7OTS0 o)
activity °C
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pH=9.0 T=30

N241A Subsite II residue Diminished activity PET Film oC [2]
R280A Subsite II residue Activity similar to WT BHET pH:Z'g =801y
o ——
. . 22.4% mcreased.actwlty in . pH=9.0 T=30
R280A Subsite II residue 18h and 32.4% increased PET Film oC [2]
activity in 36h
C2035 DS disrupting mutation Very low activity BHET pH:Z'g =00 1y
C2395 DS disrupting mutation Very low activity BHET pH:Z'g =00 1y
C2035 DS disrupting mutation Very low activity PET Film pH:%g =00 1y
C2395 DS disrupting mutation Very low activity PET Film pH:%g =00 1y
$D38F Introduce residue present in Slgmflcantly fhmlmshed BHET pH=7.0 T=30 2]
TfCut2 activity °C
W159H Introduce residue present in Slgmflcantly fhmlmshed BHET pH=7.0 T=30 2]
TfCut2 activity °C
$D38F Introduce residue present in Slgmflcantly fhmlmshed PET Film pH=9.0 T=30 2]
TfCut2 activity °C
W159H Introduce residue present in Slgmﬁcantl?r n.:hmlnlshed PET Film pH=9.0 T=30 2]
TfCut2 activity °C
Introduce residues present Outperformed WT in
S238F/W159H . P crystallinity reduction and PET Film pH=7.2 [3]
in TfCut2
product release
W185A Subsite I residue Significantly diminished — ppp gy opgs 3
activity
S160A Conﬁrn.\ role as catalytic Complete loss of activity BHET pH=7.5T=30 [4]
triad residue °C
Confirm role as catalytic . PET pH=9.0 T=30
S160A triad residue Complete loss of activity bottle o [4]
D206A Conﬁrn.\ role as catalytic Complete loss of activity BHET pH=7.5T=30 [4]
triad residue °C
Confirm role as catalytic . PET pH=9.0 T=30
D206A triad residue Complete loss of activity bottle o [4]
H237A Conflrn.l role a.s catalytic Complete loss of activity BHET pH=7.5T=30 [4]
triad residue °C
Confirm role as catalytic . PET pH=9.0 T=30
H237A triad residue Complete loss of activity bottle o [4]
W159A Substrate Interacting Increased Activity paer PR/ TR0y
Residue °C
Substrate Interacting . PET pH=9.0 T=30
W159A Residue Increased Activity bottle o [4]
W159H Substrate Interacting Increased Activity paer PR/ TS0y
Residue °C
Substrate Interacting .. PET pH=9.0 T=30
W159H Residue Increased Activity bottle oC [4]
trate Interacti H=7.5T=
M161A Substrate Interacting Diminished activity pupr  PH72T800
Residue °C
Substrate Interacting L .. PET pH=9.0 T=30
M161A Residue Diminished activity bottle oC [4]
trate Interacti H=7.5T=
W185A Substrate Interacting Diminished activity ppr  PH/2T500
Residue °C
Substrate Interacting s . PET pH=9.0 T=30
WI185A Residue Diminished activity bottle oC [4]
Substrate Interacting . pH=7.5T=30
A2091 Residue Increased Activity BHET oC [4]
Substrate Interacting . PET pH=9.0 T=30
A2091 Residue Increased Activity bottle oC [4]
trate Interacti H=7.5T=
QI19A Substrate Interacting Diminished activity papr  PH/2T50
Residue °C
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Substrate Interacting

PET

pH=9.0 T=30

Q119A Residue Diminished activity bottle oC [4]
Substrate Interacting .. pH=7.5T=30
S214H Residue Increased Activity BHET oC [4]
Substrate Interacting . PET pH=9.0 T=30
S214H Residue Increased Activity bottle oC [4]
S238F Substrate Interacting Activity similar to WT paer  PH72T50 1y
Residue °C
Substrate Interacting Significantly diminished PET pH=9.0 T=30
S238F . - o [4]
Residue activity bottle °C
Substrate Interacting .. pH=7.5T=30
Y87A I d Act BHET 4
8 Residue ncreased Activity oC [4]
Substrate Interacting . PET pH=9.0 T=30
Y87A I d Act 4
8 Residue nereasec Activity bottle °C (4]
WO7L Actlv.e. Site Re.s‘.lc.lue Slgmflcantly fhmlmshed BHET pH=7.5T=30 4]
(stabilizes regidity) activity °C
Active Site Residue Significantly diminished PET pH=9.0 T=30
W97L py - - (4]
(stabilizes regidity) activity bottle °C
Q182L Actlv.e. Site Re.51c.1ue Slgmﬁcantl?r n.:hmlrushed BHET pH=7.5T=30 4]
(stabilizes regidity) activity °C
Active Site Residue Significantly diminished PET pH=9.0 T=30
Q182L Y - - (4]
(stabilizes regidity) activity bottle °C
RI23A Actlv'e. Site Re'51c'1ue Slgmﬁcantly n':hmlrushed BHET pH=7.5T=30 4]
(stabilizes regidity) activity °C
Active Site Residue Significantly diminished PET pH=9.0 T=30
RI123A Y - - (4]
(stabilizes regidity) activity bottle °C
N241A Actlv'e. Site Re'51c'1ue Slgmﬁcantly n':hmlrushed BHET pH=7.5 T=30 4]
(stabilizes regidity) activity °C
Active Site Residue Significantly diminished PET pH=9.0 T=30
N241A Y - - (4]
(stabilizes regidity) activity bottle °C
Reduce substrate specificity _ . 1-
I A 1-
S93F - attain degradation of nereased i—glty agams Naphthyl - [5]
naphtyl esters butyrate
Reduce substrate specificity .. . 1-
I A 1-
W159F - attain degradation of nereased i—glty agamns Naphthyl - [5]
naphtyl esters butyrate
Reduce substrate specificity .. . 1-
I A 1-
N242F - attain degradation of nereased i—glty agamns Naphthyl - [5]
naphtyl esters butyrate
PISIA Residue disrupting Tm=49.25 *C. / lelmshed PET film 30 °C and 40 (6]
secondary structure activity °C
Introd resid resent in Tm=54.85 °C / Increased
S121D/D186H oduice fesldue prese Activity by 2 fold after24h  PET film 30°C 6]
TfCut2
and 72 h
Introd resid resent in Tm=54.85 °C / Increased
S121D/D186H oduce Tefsc 12 prese Activity by 3.4 fold after24  PET film 40°C 6]
" hand 44 fold at72 h
Imbr cevious] Tm=56.02 °C / Increased
S121E/D186H dip OVerp dev (r’luif Activity by 2.9 fold after24  PET film 30°C 6]
scovered varia h and 2.6 fold after 72 h
Imbr cevious] Tm=54.85 °C / Increased
S121E/D186H dip OVerp dev (r’luif Activity by 4.5 fold after24  PET film 40°C 6]
scovered varia hand 6.0fold at 72 h
Improve previously Slight activity increase at 30 . 30 °C and 40
121D PET fil
5 discovered variant °C but lower at 40 °C i °C (6]
Improve previously Slight activity increase at 30 . 30 °C and 40
121E PET fil
5 discovered variant °C but lower at 40 °C i °C (6]
D186H Improve previously Slight activity increase PET film -0 Cand40 g
discovered variant °C
D186F Improve previously Slight activity increase PET film -0 Cand40 g
discovered variant °C
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Residue disrupting

30 °C and 40

S121E/D186/R280A mutation

P181G Diminished activity PET film o [6]
secondary structure °C
P181S Residue disrupting Diminished activity PETfilm -0 Cand40 g
secondary structure °C
Improve previous! Tm=52.69 °C / Increased
P181A/5121D/D186H 'Prove previousty Activity by 2 fold after 24h  PET film 30°C 6]
discovered variant
and 1.6 after 72 h
Improve previous! Tm=52.69 °C / Increased
P181A/S121D/D186H 'Prove previousty Activity by 2.3 fold after 24 PET film 40°C 6]
discovered variant
h and 2.9 after 72 h
Improve previous! Tm=53.56 °C / Increased
P181A/S121E/D186H 'Prove previousty Activity by 1.6 fold after 24 PET film 30°C 6]
discovered variant
hand 1.2 after 72 h
Improve previous! Tm=53.56 °C / Increased
P181A/S121E/D186H 'Prove previousty Activity by 1.6 fold after 24 PET film 40°C 6]
discovered variant
h and 2.3 after 72 h
Improve previous! Tm=56.41 °C / Increased
S$121D/D186H/R280A 'Prove previousty Activity by 3.4 fold after 24  PET film 30°C 6]
discovered variant
h and 5.0 after 72 h
Improve previous! Tm=56.41 °C / Increased
S$121D/D186H/R280A difcovers B Vari‘;ﬂi’ Activity by 8.1 fold after 24 PET film 40°C 6]
h and 10.8 after 72 h
Improve previous! Tm=57.62 °C / Increased
S121E/D186H/R280A 'Prove previousty Activity by 4.3 fold after 24 PET film 30°C 6]
discovered variant
h and 5.2 after 72 h
Improve previous! Tm=57.62 °C / Increased
S121E/D186H/R280A difcovers B Vari‘;ﬂi’ Activity by 9.1 fold after 24 PET film 40°C 6]
h and 13.9 after 72 h
S214H, T168R, W159H, Consensus mutatiosn
S5188Q, R280A, A180I, . Increased activity by over . 37°C 10
G165A, Q119Y, L117F, predldedsi:feugh GRAPE 300 fold PET Film days 71
T140D 8y
Substrate interacting residue
PET H=90 T=2
Y87F replaced by residue present Slightly diminished activity pH=50 > [8]
. . bottle °C and 37 °C
in other PETase candidates
Substrate interacting residue
PET H=90 T=2
T88L replaced by residue present Highly diminished activity pH=50 > [8]
. . bottle °C and 37 °C
in other PETase candidates
Substrate interacting residue
PET H=90 T=25
R90S replaced by residue present Highly diminished activity P [8]
. . bottle °C and 37 °C
in other PETase candidates
Substrate interacting residue
PET H=90 T=25
1208V replaced by residue present Slightly diminished activity P [8]
. . bottle °C and 37 °C
in other PETase candidates
Substrate interacting residue
PET H=90 T=25
1208T replaced by residue present Highly diminished activity P [8]
. . bottle °C and 37 °C
in other PETase candidates
Substrate interacting residue
PET H=90 T=25
G234N replaced by residue present Highly diminished activity P [8]
. . bottle °C and 37 °C
in other PETase candidates
Substrate interacting residue
PET H=90 T=25
S238T replaced by residue present Slightly diminished activity P [8]
. . bottle °C and 37 °C
in other PETase candidates
Substrate mteragmg residue Significantly increased PET pH=90 T=25
5242T replaced by residue present activit bottle oC and 37 °C [8]
in other PETase candidates y
Substrate interacting residue e . Con
N246D replaced by residue present Slgmflczil:il\}:iincreased bI())];:’;fe QPCHa_r?g ;l;— 52 [8]
in other PETase candidates Y
. . Increased activity compared Con T
S121E/D186H/N246D/R280A  [eerting N246D mutation to WT but lower than PET — pH=0T=25 )
into previously discovered bottle °C and 37 °C
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high activity mutated
enzyme

Inserting N246D and 5242T

mutations into previously Increased activity by 58 fold PET pH=90 T=25
121E/D186H/S242T/N246D
5 /DISEH/S /N246 discovered high activity at 37 °C compared to WT bottle °Cand 37°C (8]
mutated enzyme
. 1.6 times greater product
trate Int t H=8. b
R61A Substrate .n eracting release compared to WT in PET Film T 8.530%C [9]
Residue o 48h
same conditions
. 2.1 times greater product
trate Int t H=8. b
L88F Substrate .n eractng release compared to WT in PET Film pH=8530C 9]
Residue o 48h
same conditions
Substrate Interacting . .. . pH=8.530°C
S5178T Residue Diminished activity PET Film 4sh [9]
. 2.5 times greater product
trate Int t H=8. b
1179F Substrate .n eractng release compared to WT in PET Film pH=8530C [9]
Residue o 48h
same conditions
Substrate Interacting . . . pH=8.530°C
1179V Residue Similar activity to WT PET Film 4sh [9]
Substrate Interacting . .. . pH=8.530°C
5209V Residue Diminished activity PET Film 48h [9]
Substrate Interacting . . . pH=8.530°C
S209F Residue Similar activity to WT PET Film 48h [9]
Substrate Interacting . . . pH=8.530°C
A211P Residue Similar activity to WT PET Film 48h [9]
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Table S2: Mutagenesis assays with sMHETase

Mutations Rationale Assay result Substrate i)srii?tion REF
R411K Active Site Residue MHET pH=7.5 T=30°C [10]
Significantly decreases activity
R411K Active Site Residue Significantly increases activity BHET pH=7.5T=30°C  [10]
F415S Active Site Residue Significantly decreases activity MHET pH=7.5T=30°C  [10]
F424D Substrate Binding Hinderer MHET pH=7.5 T=30°C [10]
Very low activity
F424D Substrate Binding Hinderer Small increase in activity BHET pH=7.5T=30°C  [10]
F424E Substrate Binding Hinderer Very low activity MHET pH=7.5T=30°C  [10]
F424E Substrate Binding Hinderer Small increase in activity BHET pH=7.5T=30°C  [10]
F424H Substrate Binding Hinderer Very low activity MHET pH=7.5 T=30°C [10]
F424H Substrate Binding Hinderer Small increase in activity BHET pH=7.5T=30°C  [10]
F4241 Substrate Binding Hinderer Significantly decreases activity MHET pH=7.5T=30°C  [10]
F4241 Substrate Binding Hinderer Significantly increases activity BHET pH=7.5T=30°C  [10]
F424L Substrate Binding Hinderer Very low activity MHET pH=7.5 T=30°C [10]
F424L Substrate Binding Hinderer Small increase in activity BHET pH=7.5T=30°C  [10]
F424N Substrate Binding Hinderer Significantly decreases activity MHET pH=7.5T=30°C  [10]
F424N Substrate Binding Hinderer Significantly increases activity BHET pH=7.5T=30°C  [10]
F424T Substrate Binding Hinderer Very low activity MHET pH=7.5 T=30°C [10]
F424T Substrate Binding Hinderer Small increase in activity BHET pH=7.5T=30°C  [10]
F424V Substrate Binding Hinderer Significantly decreases activity MHET pH=7.5T=30°C  [10]
F424V Substrate Binding Hinderer Significantly increases activity BHET pH=7.5T=30°C  [10]
R411K/F424N Double-mutant of previously g0 6 2nity decreases activity MHET pH=75T=30°C  [10]

described variants
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Double-mutant of previously

R411K/F424N described variants Significantly increases activity BHET pH=75T=30°C  [10]
Double-mutant of previously e ..
R411K/F424V . . Significantly decreases activity MHET pH=7.5T=30°C  [10]
described variants
R411K/F424V Double-mutant of previously Significantly increases activity BHET pH=7.5T=30°C  [10]
described variants
R411K/F4241 Double-mutant of previously g0 6 onity decreases activity MHET pH=75T=30°C  [10]
described variants
Double-mutant of iousl
R411K/F4241 ouble-mutant of previously Significantly increases activity BHET pH=7.5T=30°C  [10]
described variants
Double-mutant of previously e ..
F415H/F424N . . Significantly decreases activity MHET pH=7.5T=30°C  [10]
described variants
F415H/F424N Double-mutant of previously Significantly increases activity BHET pH=7.5T=30°C  [10]
described variants
R411K/S416A/Fa24N  LTiple-mutant of previously Significantly decreases activity MHET pH=75T=30°C  [10]
described variants
Triple-mutant of iousl
RAT1K/SA16A/F424N | P Cmutant of previously Significantly increases activity BHET pH=7.5T=30°C  [10]
described variants
fi 1 lytic tri
S225A Confirm role as catalytic triad Complete loss of activity MHET pH=75T=30°C  [11]
residue
5225A Confirm role as catalytic friad ¢ lote loss of activity MpNPT pH=7.5 T=30°C  [11]
residue
S225A Confirm role as catalytic triad ¢ jote loss of activity BHET pH=75T=30C  [11]
residue
fi 1 talytic triad
D492A Confirm role as catalytic tria Complete loss of activity MHET pH=7.5T=30°C  [11]
residue
fi 1 lytic tri
D492A Confirm role as catalytic triad Complete loss of activity MpNPT pH=75T=30°C  [l1]
residue
H528A Confirm role as catalytic triad 1 lete loss of activity MHET pH=7.5T=30°C  [11]
residue
H528A C0T1f1rm role as catalytic triad Complete loss of activity MpNPT pH=75T=30°C  [11]
residue
W397A Active Site Residue Significantly increases activity MHET pH=7.5T=30°C  [11]
W397A Active Site Residue Small increase in activity MpNPT pH=7.5T=30°C  [11]
R411A Active Site Residue Very low activity MHET pH=7.5T=30°C  [11]
R411A Active Site Residue Slightly lower activity MpNPT pH=75T=30°C  [11]
R411A Active Site Residue Small increase in activity BHET pH=7.5T=30°C  [11]
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R411Q Active Site Residue Very low activity MHET pH=7.5T=30°C  [11]
R411Q Active Site Residue Significantly decreases activity MpNPT pH=7.5T=30°C  [11]
R411Q Active Site Residue Small increase in activity BHET pH=7.5T=30°C  [11]
F415A Active Site Residue Slightly lower activity MHET pH=75T=30°C  [11]
F415A Active Site Residue Significantly decreases activity MpNPT pH=7.5T=30°C  [11]
F415H Active Site Residue Significantly increases activity MHET pH=7.5T=30°C  [11]
F415H Active Site Residue No difference MpNPT pH=7.5T=30°C  [11]
S416A Substrate Interacting Residue Significantly increases activity MHET pH=75T=30°C  [11]
S416A Substrate Interacting Residue Slightly lower activity MpNPT pH=7.5T=30°C  [11]
S416A Substrate Interacting Residue Significantly increases activity BHET pH=7.5T=30°C  [11]
5416G Substrate Interacting Residue Slightly lower activity MHET pH=7.5T=30°C  [11]
S5416G Substrate Interacting Residue No difference MpNPT pH=75T=30°C  [11]
S416G Substrate Interacting Residue No difference BHET pH=75T=30°C  [11]
5419G Substrate Interacting Residue Slightly lower activity MHET pH=7.5T=30°C  [11]
5419G Substrate Interacting Residue Significantly increases activity MpNPT pH=7.5T=30°C  [11]
S419G Substrate Interacting Residue Significantly increases activity BHET pH=75T=30°C  [11]
F424A Substrate Binding Hinderer Significantly increases activity BHET pH=7.5T=30°C  [11]
F424N Substrate Binding Hinderer Significantly decreases activity MHET pH=7.5T=30°C  [11]
F424N Substrate Binding Hinderer Significantly decreases activity MpNPT pH=7.5T=30°C  [11]
F424N Substrate Binding Hinderer Significantly increases activity BHET pH=7.5 T=30°C [11]
F424Q Substrate Binding Hinderer Significantly decreases activity MHET pH=7.5T=30°C  [11]
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F424Q Substrate Binding Hinderer Significantly decreases activity MpNPT pH=7.5T=30°C  [11]
F424Q Substrate Binding Hinderer Significantly increases activity BHET pH=7.5T=30°C  [11]
F424S Substrate Binding Hinderer Significantly increases activity BHET pH=7.5T=30°C  [11]
H488A Substrate Interacting Residue No difference MHET pH=75T=30°C  [11]
H488A Substrate Interacting Residue No difference MpNPT pH=75T=30°C  [11]
H488A Active Site Residue Significantly decreases activity MHET pH=7.5T=30°C  [11]
H488A Active Site Residue Significantly decreases activity MpNPT pH=7.5T=30°C  [11]
L254N/F424N Double-mutant of previously Significantly decr tivit MpNPT H=75T=30°C  [l1]
described variants gruticantly decreases activity P P ’
Double-mutant of iousl
L254N/F424N ouble-mutant of previously Small increase in activity BHET pH=7.5T=30°C  [11]
described variants
Double- f iousl
R411A/S416A ouble-mutant of previously Inactive MHET pH=75T=30°C  [11]
described variants
R411A/S416A Double-mutant of previously Significantly decreases activit MpNPT H=7.5T=30°C  [11]
described variants & Y Y P P
Double-mutant of previously L . . g Ao
R411A/S416A described variants Significantly increases activity BHET pH=7.5 T=30°C [11]
Double-mutant of iousl
R411A/S416G ouble-mutant of previously Inactive MHET pH=7.5T=30°C  [11]
described variants
R411A/S416G Double-mutant of previously Significantly decreases activit MpNPT H=75T=30°C  [11]
described variants & y Y P PH=
Double-mutant of previously e . . y o
R411A/5416G described variants Significantly increases activity BHET pH=7.5T=30°C  [11]
R411A/S419G Double-mutant of previously | o MHET pH=75T=30°C  [11]
described variants
Double-mutant of previously N . » ano
R411A/5419G described variants Significantly decreases activity MpNPT pH=75T=30°C  [11]
R411A/S419G Double-mutant of previously Significantly increases activit BHET H=75T=30°C  [11]
described variants & Y y PH=
R411Q/S416A Double-mutant of previously Inactive MHET pH=7.5T=30°C  [11]
described variants
Double-mutant of previously L . 5 Ao
R411Q/S416A described variants Significantly decreases activity MpNPT pH=7.5 T=30°C [11]
Double-mutant of iousl
R411Q/S416A ouble-mutant of previously Significantly increases activity BHET pH=7.5T=30°C  [11]

described variants
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Double-mutant of previously

R411Q/S416G described variants Inactive MHET pH=7.5 T=30°C [11]
R411Q/5416G Double-mutant of previously Significantly decreases activit MpNPT H=75T=30°C  [11]
described variants & y Y P L
Double-mutant of previously o . . y o
R411Q/S416G described variants Significantly increases activity BHET pH=7.5T=30°C  [11]
R411A/S419G Double-mutant of previously | o MHET pH=75T=30°C  [11]
described variants
Double-mutant of previously N . . » ano
R411A/5419G described variants Significantly increases activity MpNPT pH=7.5T=30°C  [11]
R411A/S419G Double-mutant of previously Significantly increases activit BHET H=75T=30°C  [11]
described variants & y Y L
F415H/F424N Double-mutant of previously Significantly decreases activit MpNPT H=75T=30°C  [11]
described variants & Y Y P P
F415H/F424N Double-mutant of previously g 14 rease in activity BHET pH=75T=30°C  [11]
described variants
Double-mutant of previously N . » ano
F415H/F424N described variants Significantly decreases activity MpNPT pH=75T=30°C  [11]
F415H/F424N Double-mutant of previously Significantly increases activit BHET H=75T=30°C  [11]
described variants & y y L
S416A/S419G Double-mutant of previously Significantly decreases activit MpNPT H=75T=30°C  [11]
described variants & Y Y P pEEs
Double-mutant of previously L . . g Ao
S416A/S419G described variants Significantly increases activity BHET pH=7.5T=30°C  [11]
Double-mutant of previously N . » ano
S419G/F424N described variants Significantly decreases activity MpNPT pH=75T=30°C  [11]
S419G/F424N Double-mutant of previously Significantly increases activit BHET H=75T=30°C  [11]
described variants & y y L
Double-mutant of previously . .. | o
F424N/H467N dosribod v Slightly lower activity MpNPT pH=7.5T=30°C  [11]
Double-mutant of previously L . . g Ao
F424N/H467N described variants Significantly increases activity BHET pH=7.5 T=30°C [11]
Triple-mutant of previously L . _ _ane
R411A/5416G/S419G described variants Significantly decreases activity MpNPT pH=75T=30°C  [11]
Triple- f iousl
R411A/S416G/5419G P emutant of previously Significantly increases activity BHET pH=75T=30°C  [11]
described variants
Triple-mutant of previously o .. . o
R411A/5416G/S419G described variants Significantly decreases activity MpNPT pH=7.5T=30°C  [11]
R411A/S416G/5419G  LTiple-mutant of previously Significantly increases activity BHET pH=75T=30°C  [l1]
described variants
Triple-mutant of iousl
RA11A/S416G/S419G . P o mutant of previously Significantly decreases activity MpNPT pH=7.5T=30°C  [11]

described variants
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Triple-mutant of previously

R411A/5416G/S419G described variants Significantly increases activity BHET pH=75T=30°C  [11]
fi 1 lytic tri
S225A Confirm role as catalytic triad 1 lete loss of activity MHET pH=8 T=30°C  [11]
residue
Substrate accommodation Km=184.10 uM ; Significantly
131 MHET H=8 T=30 11
S1316 residue higher than WT pH=8T=30°C (1]
E226T Oxyanion hole Significantly decreases activity MHET pH=8 T=30°C [11]
. . . Significantly decreases activity; e TN
F4951 Active Site Residue Keat=13 £ 0.7 -1 MHET pH=8 T=30°C [11]
Lidless MHETase Removed Lid domain Very low activity MHET pH=8 T=30°C [11]
Lidless MHETase Removed Lid domain and . e AN
C224W/C5295 disulfide bond Very low activity MHET pH=8 T=30°C [11]
Lidless MHETase Removed Lid domain and . e AN
C224H/C529F disulfide bond Very low activity MHET pH=8 T=30°C [11]
MHET. ith 7
e asew Additional 2 disulfide bonds Very low activity MHET pH=8 T=30°C  [11]
disulfides
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Table S3: Mutagenesis assays with PaPETase

Mutation Rationale Assay Results Substrate Assay Conditions REF
Replace with Diminished
G254S NPB H=7.4 T=30°C 12
PETase residues Activity P P 2
Replace with Diminished
=7.4T=30° 12
S256N PETase residues Activity pNPB pH=74T=307C 2
Replace with Diminished
=7.4T=30* 12
12575 PETase residues Activity PNPB pH=74T=30"C 2
Replace with Diminished
=7.4T=30* 12
Y258N PETase residues Activity PNPB pH=74T=30°C 2
Replace with Diminished
= =302 12
N259Q PETase residues Activity PNPB pH=74T=30°C 2
Y2508 Replacewith =y eased Activit NPB H=74T=30°C (12
PETase residues creased Acvily s P
G254S, S256N
’ ! Repl ith Diminish
1257S, Y258N, PE;p acre V;'ét Zm:l“? ed pNPB pH=74T=30°C  [12]
N259Q ase residues ctivity
Replace with Diminished pH=7.4T=30°C, 24
12
62545 PETase residues Activity BHET h 2
Replace with Diminished pH=7.4T=30°C, 24
12
5256N PETase residues Activity BHET h -
Replace with Diminished pH=7.4T=30°C, 24
12
12575 PETase residues Activity BHET h -
Y258N Replace leth Dxmulushed BHET pH=7.4T=30°C, 24 121
PETase residues Activity h
Replace with Diminished pH=7.4T=30°C, 24
N259 BHET 12
Q PETase residues Activity h -
Replace with . pH=7.4 T=30°C, 24
12
Y250S PETase residues Increased Activity BHET h [12]
G254S, S256N, . S _ _ape
N259Q Y
G548 Replace with Diminished Amorphous pH=7.4T=30°C, 48 [12]
PETase residues Activity PET h
256N Replace with Diminished Amorphous pH=7.4T=30°C, 48 [12]
PETase residues Activity PET h
575 Replace with Diminished Amorphous pH=7.4T=30°C, 48 [12]
PETase residues Activity PET h
Y258N Replace VYlth D1m1r.u§hed Amorphous pH=7.4T=30°C, 48 (121
PETase residues Activity PET h
N2590 Replace szlth D1m1r.u§hed Amorphous pH=7.4T=30°C, 48 (121
PETase residues Activity PET h
Replace with . Amorphous pH=7.4T=30°C, 48
12
Y2505 PETase residues Increased Activity PET h [12]
G2545, S256N, Replace with Diminished Amorphous pH=7.4T=30°C, 48
12575, Y258N, PETase resid Activi PET h 2
N259Q ase residues ctivity
Replace with .. Commercial pH=7.4T=30°C, 48
12
G2545 PETase residues No activity PET h -
Replace with . Commercial pH=7.4T=30°C, 48
12
5256N PETase residues No activity PET h -
Replace with . Commercial pH=7.4T=30°C, 48
12
12575 PETase residues No activity PET h -
Replace with . Commercial pH=7.4T=30°C, 48
12
Y258N PETase residues No activity PET h 2
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Replace with . Commercial pH=7.4T=30°C, 48

12

N259Q PETase residues Increased Activity PET h [12]
Replace with .. Commercial pH=7.4T=30°C, 48

12

Y2505 PETase residues Increased Activity PET h 2]
2545, S256N, Replace with . Commercial pH=7.4 T=30°C, 48

1257S, Y258N, PETase residues No activity PET h [12]

N259Q -
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Table S4: Mutagenesis assays with LCC

Assay

Mutation Rationale Assay Results Substrate L REF
Conditions
Di i isulfi
C275A/C292A 1srup§:i§;;su ide  15°Clower than WT  PET film pH =8.0 [13]
F2431 Binding site residues 27 % increase in activity PET film pH=8.0 [14]
F243W Binding site residues 17 % increase in activity PET film pH=8.0 [14]
T96M Binding site residues Stmilar acitivy and PET film H=8.0 [14]
8 " higher Tm than WT p '
. . . Similar acitivy and . B
Y127G Binding site residues higher Tm than WT PET film pH=8.0 [14]
. . . Similar acitivy and . B
N246D Binding site residues higher Tm than WT PET film pH=8.0 [14]
. . . Similar acitivy and . B
N246M Binding site residues higher Tm than WT PET film pH=8.0 [14]
e e Tm increased by 9.8 °C
D238C/S283C Addltlosgijlsulﬁde compared with WT; 28 PET film pH=8.0 [14]
% activity loss
Combination of tested Similar acitivy and . _
F2431/D238C/S283C variants higher Tm than WT PET film pH=8.0 [14]
Combination of tested Similar acitivy and . _
F243W/D238C/S283C variants higher Tm than WT PET film pH=8.0 [14]
Combination of tested Similar acitivy and . _
F2431/D238C/S283C/Y127G variants higher Tm than WT PET film pH=8.0 [14]
Combination of tested Similar acitivy and ) B
F2431/D238C/S283C/N246M variants higher Tm than WT PET film pH=8.0 [14]
Combination of tested Similar acitivy and ) B
F243W/D238C/S283C/Y127G variants higher Tm than WT PET film pH=8.0 [14]
. P imil i,
F243W/D238C/S283C/N24g  Combination of tested Similar acitivy and PET film pH=8.0 [14]

variants

higher Tm than WT
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Table S5: Mutagenesis assays with TfHCut

A
Mutation Rationale Assay Results Substrate ss.a‘y REF
Conditions
. . two-fold activity increase .
1218A Active site enlargement PET fabric 60°CpH 7.5 [15]
compared to WT
QI32A/T101A Increase acti\fe. site two-fold activity increase PET fabric 60°C pH 7.5 [15]
hydrophobicity compared to WT
Y100A Residues near catalytic triad Activity increase pNPB pH 8.0 [16]
T101A Residues near catalytic triad Activity decrease pNPB pH 8.0 [16]
H169A Residues near catalytic triad Activity decrease pNPB pH 8.0 [16]
MI171A Residues near catalytic triad Activity decrease pNPB pH 8.0 [16]
T247A Residues near catalytic triad Activity increase pNPB pH8.0 [16]
F249A Residues near catalytic triad Activity increase pNPB pH 8.0 [16]
Residues near substrate L pNPB
S106A L . Activity decrease pH 8.0 [16]
binding site
Residues near substrate . pNPB
L130A o . Activity increase pH 8.0 [16]
binding site
Residues near substrate L pNPB
Q132A L. . Activity decrease pH 8.0 [16]
binding site
Residues near substrate L pNPB
N252A o . Activity decrease pH 8.0 [16]
binding site
Resid bstrat NPB
1253A esidues near substrate Activity increase P pH 8.0 [16]

binding site
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Table S6: Mutagenesis assays with SvCut190.

Mutations Rationale Assay result Substrate Assay condition REF
Substrat iti
$226P/R2285/5176 ubstrate recoghition Inactive Et- succinate - [17]
mechanism analyses
Substrat iti
S226P/R2285/5176 ubstrate recoghition Inactive Et-adipate - [17]
mechanism analyses
S226P/R2285/Q138A/D250C- Metal binding in the Inacti 70°C, pH 7.0, (18]
nactive -
296C/Q123H/N202H/S176 A inactive form 24%glycerol
S226P/R228S/S176A with
[5226P/R2285) i Metal binding in the , 37°C, 7.0 pH, 300 mM
deletion of the three C- . . Inactive - [19]
. . inactive form CaCl2
terminal residues
. Increased
Increased thermostability . 37,°CpH 7.0, [Ca2+]
5226P in oth thermostability - ‘ [20]
in other enzyme Tee
¥ by 3.7 °C
Increased
Increased thermostability thermostability 37,°C pH 7.0, 300 mM
S226P : . - [20]
in other enzyme in presence of [Ca2+]
Ca2+by 4.9 °C
Adding a variant that Keat=71 5.1 37°C. pH 7.0. 300 mM
cat=7.1s-1; °C, .0, m
5226P/R228S potentially influences the PNPB P [20]
i Km=0.68 mM [Ca2+]
reaction
Adding a variant that Keat=8.0 51 379C. pH 7.0. 300 mM
=8.0 s-1; °C, .0, m
5226P/R228S potentially influences the N ° PBSA P [20]
i Km=0.04 mM [Ca2+]
reaction
Adding a variant that Keat 8.0 s-1 37 9C pH 7.0. 300 mM
U s-1; . ;o Y, m
5226P/R228S potentially influences the e s PBSA Unit P [20]
i Km=10.8 mM [Ca2+]
reaction
Increased
th tabilit 37,°CpH 7.0, 300 mM
$226P/R2285 Influence activity Jermostablity ; P ™ 0]
in presence of [Ca2+]
Ca2+by 6.2 °C
Diminishes
thermostability
Adding a common residue when 37,°C pH 7.0, 300 mM
S5226P/R228S/T262K . . - [20]
in homologous cutinases  compared to [Ca2+]
the double
mutant
. . Kcat=2.9 + 0.07
Vicinity of the oxyanion 37°C,pH8.2,25mM
S226P/R2285/W201A s-1; Km=0.65 + PBSA [21]
hole [Ca2+]
0.01 mM
Kcat=0.65 +
$226P/R2285/F106A Oxyanion hole reisude -0 517 Km= PBSA 37°C pHB2, 25mM ),
xyanion hole reisude
y . 0.016 +0.001 [Ca2+]
mM
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Kcat=20+0.05

37°C,pH8.2,25mM

S226P/R228S/F106Y Oxyanion hole reisude  s-1; Km= 0.080 PBSA [Ca2+] [21]
+0.005mM 2
37°C,pH8.2,2.5 mM
S226P/R228S/M177A Oxyanion hole reisude  No activity PBSA p[c o ™ oy
a
Kcat=65+ 0.4
Vicinity of th i 37°C,pH8.2,25 mM
$226P/R2285/Q138A icinity ofthe oxyanion ¢ 1 0.048 PBSA P e
hole [Ca2+]
+0.001 mM
S . Kcat=8.7 £ 0.05
Vicinity of the oxyanion 37°C,pH8.2,25mM
S226P/R228S/T107A s-1; Km=0.036 PBSA [21]
hole [Ca2+]
+0.001 mM
. . Kcat=61+0.3
Vicinity of the oxyanion 37°C,pH 82,25 mM
S5226P/R2285/Q138D s-1; Km=0.21 + PBSA [21]
hole [Ca2+]
0.001 mM
Kcat=150 + 0.2
o 37°C,pH 82,25 mM
S226P/R228S/1224A Active site residue s-1; Km=0.15 + PBSA [Ca2+] [21]
a
0.003 mM
. . . Kcat=150 + 0.2
Active site and vicinity of 37°C,pH 82,25 mM
S226P/R2285/1224/Q138A th ion hol d s-1; Km=0.24 + PBSA [Ca2+] [21]
e oxyanion hole residues a
Y U5 0,002 mM
37°C,pH8.2,2.5 mM
S226P/R228S/H175A  Ca2+ binding-site residue  No activity PBSA P Caze) e
a
Kcat=26 +0.01 37°C pH 82 2.5 mM
S226P/R2285/N258A Ca2+ binding-site residue s-1; Km=0.065 PBSA p [Ca2+] [21]
a
+0.001 mM
Kcat=30+0.1
o ca 37°C, pH 82, 2.5 mM
S226P/R228S /S112A Ca2+ binding-site residue s-1; Km=0.071 PBSA [Ca2+] [21]
a
+0.001 mM
Kcat=30 + 0.05
Active site and vicinity of 37°C,pH8.2,25 mM
S226P/R228S/N258A/I224A e ore ANE VI 08 Km=0.15+ PBSA P ™ ey
the oxyanion hole residues [Ca2+]
0.001 mM
S226P/R228S with deleti
/ Wi e.e on C-terminal residues Kcat=100 s-1; 37°C,pH7.0,300 mM
of the three C-terminal . PBSA [19]
. deletion Km=0.282 mM CaCl2
residues
Vicinity of th jon  Keat=64s-1; 37°C, pH 8.2, [Ca2+]
icini Xyanion °C, 2,
$226P/R2285/Q138A cinity ofthe oxyanion 0,048 mM PBSA P a 122]
hole free
; Tm=55.9 °C
L . Kcat=64s-1;
Vicinity of the oxyanion 37°C, pH 8.2,2.5 mM
S226P/R2285/Q138A Km=0.048 mM PBSA [22]
hole [Ca2+]
; Tm=N/A °C
C . . Kcat=151s-1;
Ca2+ binding-site residue 37°C, pH 8.2, [Ca2+]
S5226P/R2285/78S . . Km=0.12mM; PBSA [22]
introduction free
Tm=55.8 °C
o . . Kcat=151s-1;
Ca2+ binding-site residue 37°C, pH 8.2,2.5 mM
S226P/R2285/78S . . Km=0.12mM ; PBSA [22]
introduction [Ca2+]
Tm=66.7 °C
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Kcat=50s-1;

Disulfide bond 37°C, pH 8.2, [Ca2+]
S5226P/R2285/D250C-296C . K Km=0.15mM ; PBSA [22]
introduction free
Tm=79.0°C
Kcat=50s-1;
Disulfide bond carmons 37°C, pH 8.2, 2.5 mM
S5226P/R2285/D250C-296C . K Km=0.15mM ; PBSA [22]
introduction [Ca2+]
Tm=78.9 °C
Ca2+ binding-site reisude Kcat=150s-1;
S226P/R2285/Q138 A/D250C- 37°C,pH 8.2, [Ca2+
/R2285/QI38A/D and disulfide bond ~ Km=0.39 mM; PBSA P [Ca2t] o)
296C . . free
introduction Tm=79.2 °C
S226P/R2285/Q138A/D250C. 2+ Pindingsite relsude  Keat=130s-1; 37°C, pH 82, 2.5 mM
_ °C, 2,25m
and disulfidebond ~ Km=0.39 mM; PBSA P [22]
296C , i [Ca2+]
introduction Tm="77.9°C
$226P/R2285/Q138A/D250C- 2+ Pinding-site reisude Keat= 150s-1; 37°C, pH 8.2, [Ca2+]
- °C, 2, [Ca
and disulfidebond ~ Km=0.48 mM PBSA P [22]
296C/E220R . . free
introduction Tm=78.3 °C
S226P/R2285/Q138A/D250C. 2+ Pindingsite relsude Keat= 150 s-1; 37°C, pH 82, 2.5 mM
_ °C, 2,25m
and disulfidebond ~ Km=0.48 mM; PBSA P [22]
296C/E220R , i [Ca2+]
introduction Tm=72.3°C
$226P/R2285/Q138A/D250C Ca2+ binding-site reisude Kcat=75s-1; 37°C, pH 8.2, [Ca2+]
- °C, 2, [Ca
and disulfidebond ~ Km=0.18 mM; PBSA P [22]
296C/E220R-G251D . i free
introduction Tm=75.8 °C
$226P/R2285/Q138A/D250C Ca2+ binding-site reisude Kcat=75s-1; 379C. pH 8.2 2.5 mM
_ °C, 2,25m
and disulfidebond ~ Km=0.18 mM ; PBSA P [22]
296C/E220R-G251D . . [Ca2+]
introduction Tm="75.3 °C
Ca2+ binding-site reisud
a bm. 1ng.s1 e reisude Keat= 10051 ;
S226P/R2285/Q138 A/D250C- and disulfide bond 37°C,pH 8.2, [Ca2+]
) , Km=0.32 mM ; PBSA [22]
296C/Q123H/N202H introduction and surface free
e Tm=85.7 °C
modification
Ca2+ binding-site reisude
. . Kcat=100s-1;
S226P/R2285/Q138 A/D250C- and disulfide bond Km=0.32 mM PBSA 37°C, pH 8.2,2.5mM [22]
m=0.32 mM ;
296C/Q123H/N202H introduction and surface [Ca2+]
. Tm=82.6 °C
modification
Kcat=60s-1;
e caone 37°C, pH 8.2, [Ca2+]
S226P/R228S/E184R Ca2+ binding-site residue Km=0.17 mM ; PBSA ¢ [22]
ree
Tm=53.9 °C
Kcat=60s-1;
pe 37°C, pH 8.2,2.5 mM
S226P/R228S/E184R Surface modification Km=0.17 mM ; PBSA [22]
[Ca2+]
Tm=64.1°C
Keat=275-1; 37°C, pH 8.2, [Ca2+]
S226P/R2285/Q110E Surface modification ~ Km= 0.070 mM PBSA P ; <A [22]
T
; Tm=59. °C ce
Keat=255-1; 37°C, pH 8.2, [Ca2+]
°C, 2, [Ca
S226P/R2285/N133D Surface modification Km=0.079 mM PBSA P ‘ [22]
T
; Tm=60.4°C e
Keat=50s-1; 37°C, pH 8.2, [Ca2+]
°C, 2, [Ca
S5226P/R2285/Q141E Surface modification Km=0.11mM; PBSA P ; [22]
T
Tm=60.7 °C e
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Ca2+ binding-site reisude

Kcat=19s-1;

37°C, pH 8.2, [Ca2+]

5226P/R2285/Q138A/Q141E . Km= 0.045 mM PBSA [22]
and surface modification free
; Tm=57.9 °C
Kcat=30s-1;
L 37°C, pH 8.2, [Ca2+]
S5226P/R228S/N168D Surface modification =~ Km=0.091 mM PBSA ‘ [22]
T
; Tm=56.0 °C e
Kcat=43s-1;
L 37°C, pH 8.2, [Ca2+]
S226P/R228S/N168A Surface modification ~ Km=0.10 mM ; PBSA ; [22]
Tm= 56.0 °C ree
Keat=755-1; 37°C, pH 8.2, [Ca2+]
°C, 2, [Ca
S226P/R228S/Q209E Surface modification ~ Km=0.20 mM ; PBSA P ¢ [22]
ree
Tm=58.6 °C
Keat=615-1; 37°C, pH 8.2, [Ca2+]
°C, 2, [Ca
S5226P/R2285/Q123H Surface modification ~ Km=0.14 mM ; PBSA P " [22]
Tm= 58.6 °C ree
Keat=60s-1; 37°C, pH 8.2, [Ca2+]
°C, 2, [Ca
S226P/R228S/N202H Surface modification ~ Km=0.16 mM ; PBSA P ¢ [22]
Tm= 62.4°C ree
Degrade rate=
802 4455 : 65 °C, pH 8.5, 2.5 umol
Previously studied double o L CaCl2, 24% glycerol, 2
S226P/R228S Amount of Microfiber PET [22]
mutant nmol enzyme and 2 mg
total products= K .
microfiber PET
12.5+0.72 mM
D de rate=
SR 65°C, pH 8.5, 2.5 pmol
Vicinity of the oxyanion T L CaCl2, 24% glycerol, 2
S5226P/R228S/Q138A Amount of Microfiber PET [22]
hole nmol enzyme and 2 mg
total products= i .
microfiber PET
16.2 +1.1 mM
Degrade rate= 65°C, pH85,25
449 +5.60 ; pumol CaCl2, 24%
S226P/R228S/1224A Active site residue Amount of Microfiber PET glycerol, 2 nmol [22]
total products= enzyme and 2 mg
6.96 + 0.87 mM microfiber PET
Degradation 50°C, pH 8.2-85,2.5
Previously studied double rate products= umol CaCl2, 24%
S226P/R2285 APEXA 4027TM [22]
mutant 4.53 +0.29 glycerol, 2 uM Cut190
pumol/cm?2 S226P/R228S
Degradation 60 °C, pH 8.2-8.5, 2.5
S226P/R2285 Previously studied double rate products= PET-S umol CaCl2, 24% [22]
mutant 469+1.6 glycerol, 2 pM Cut190
pmol/cm?2 S226P/R228S
Degradation 65°C, pH 8.2-8.5,2.5
Previously studied double rate products= umol CaCl2, 24%
S226P/R2285 PET-GF [22]
mutant 123+1.2 glycerol, 2 uM Cut190
pumol/cm?2 S226P/R228S
D dati 70 °C, pH 8.2-8.5, 2.5
S226P/R2285/Q138A/D250C- 2" Pindingsite reisude tegra ; lotn fc Cl2, 24%
- rate products= mol CaCl2, 24%
and disulfide bond P PET-GF H [22]
E296C . . 19.2+19 glycerol, 2 uM Cut190
introduction
pumol/cm2 S226P/R228S
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Lo . . Degradation 70°C, pH 8.2-8.5, 2.5
Ca2+ binding-site reisude
S226P/R2285/Q138 A/D250C- . . rate products= pumol CaCl2, 24%
and disulfide bond PET-GF [22]
E296C/E-220R-G251D ) . 11.8+1.8 glycerol, 2 uM Cut190
introduction
pmol/cm?2 S226P/R228S
Ca2+ binding-sit isud D dati 70°C, pH 8.2-8.5,2.5
$226P/R2285/Q138A/D250C- a m. 1ng.s1 e reisude egradation p
and disulfide bond rate products= umol CaCl2, 24%
E296C/E-220R- . . PET-GF [22]
introduction and surface 139+23 glycerol, 2 uM Cut190
G251D/Q123H/N202H e e
modification pmol/cm?2 S226P/R228S
Ca2+ binding-site reisude = Degradation 70°C, pH 8.2-8.5, 2.5
S226P/R2285/Q138A/D250C- and disulfide bond rate products= PET-GF pumol CaCl2, 24% [22]
E296C//Q123H/N202H introduction and surface 28.6+2.3 glycerol, 2 pM Cut190
modification umol/cm2 S5226P/R228S
Ca2+ binding-site reisude,
S226P/R2285/Q138 A/D250C- disulfide bond 37°C, pH 8.2, [Ca2+]
. . Tm=82.1°C PBSA [18]
296C/Q123H/N202H introduction and surface free
modification
Ca2+ binding-site reisude,
. . Kcat=26.7s-1;
S226P/R2285/Q138 A/D250C- disulfide bond 37°C,pH8.2,25mM
X . Km=0.079 mM PBSA [18]
296C/Q123H/N202H introduction and surface [Ca2+]
L ; Tm=83.3 °C
modification
Ca2+ binding-site reisude,
K . Kcat=39.2s-1;
S226P/R2285/Q138 A/D250C- disulfide bond 37°C, pH 8.2, 25 mM
. . Km=0.171 mM PBSA [18]
296C/Q123H/N202H introduction and surface Ton= 84.8 5C [Ca2+]
; Tm=84.8 ©

modification

S21



Table S7: Mutagenesis assays with TcCut2

Mutations Rationale Assay result Substrate Assay condition REF
S131A Catalytic triad residue substitution Inactive PBA 20°C,pH?7.0 [23]
Substitution by the residue located Kcat=36 s-1;Km=1.2+ 0.1 N
R195 in the same position in Thc_Cutl mM PNPA 25°C, pH7.0 (241
R19S S'ubstitution by t.h.e re?.idue located Kcat=80 s-1; Km=22+ 0.4 PNPB 25°C, pH 7.0 24]
in the same position in The_Cutl mM
Substitution by the residue located Kcat=207 s-1; Km=1.3+
R29D NPA 25 H7. 24
? in the same position in Thc_Cutl 0.4 mM P 5, pH7.0 (241
Substitution by the residue located Kcat=191 s-1; Km=2.0+
R29D PB 25 H7. 24
? in the same position in Thc_Cutl 0.4 mM PN 5, pH7.0 (24]
Substitution by the residue located Kcat=260 s-1; Km=1.7 +
A PA 25 H7. 24
30V in the same position in Thc_Cutl 0.2mM PN 5°C, pH7.0 (24]
Substitution by the residue located Kcat=183 s-1; Km=1.1+
A PB 25° H7. 24
30V in the same position in The_Cutl 0.3 mM PN 5°C, pH7.0 (24]
Substitution by the residue located Kcat=7 s-1; Km=1.5+ 0.2
E PA 25° H7. 24
Q65 in the same position in The_Cutl mM pN 5°C, pH7.0 (24]
Substitution by the residue located Kcat=15 s-1; Km=2.6 + 0.8 N
Q65E in the same position in The_Cutl mM PNPB 25°C, pH70 (24]
tituti th idue located Kcat=25s-1; Km=1.9+ 0.1
L83A S.ubsxulonby he residue locate cat=25s-1; Km=19+ 0 PNPA 25°C, pH 7.0 [24]
in the same position in The_Cutl mM
tituti th idue located Kcat=32s-1; Km=2.1+ 0.
L83A S.ubsxulonby he residue locate cat=32s-1; Km + 0.6 PNPB 25°C, pH 7.0 24]
in the same position in The_Cutl mM
ituti h i 1 Kcat= -1; Km=0.8+ 0.1
RISTK S.ubstltutlon by t. .e reéldue ocated cat=35 s-1; Km=0.8+ 0 PNPA 25°C, pH 7.0 [24]
in the same position in The_Cutl mM
ituti h i 1 Kcat=79 s-1; Km= 4.0+ 0.
RISTK S'ubstltutlon by t. .e reéldue ocated cat=79 s-1; Km 0+ 0.5 PNPB 25°C, pH 7.0 [24]
in the same position in The_Cutl mM
I iously di Kcat=100 s-1; Km=1.3+
R29D/A30V mprove previously discovered cat=100 s-1;Km=13+ PNPA 25°C, pH 7.0 (24]
variant 0.3 mM
R29D/A30V Improve previqusly discovered Kcat=173 s-1; Km=1.0 £ PNPB 25°C, pH 7.0 (24]
variant 0.3 mM
R19S/R29D/A30V Lower activity than the double Kcat=76 s-1; Km=1.2+ 0.1 PNPA 25°C, pH 7.0 [24]
mutant mM
R19S/R29D/A30V Lower activity than the double Kcat=136 s-1; Km=1.4+ PNPB 25°C, pH 7.0 (24]
mutant 0.4 mM

S22



Table S8: Mutagenesis assays with TaEst1.

Assay
Mutations Rationale Assay result Substrate condition REF
Increase thermal
A68V/T253P stability Activity and Tm increase 3PET pH7.050°C  [25]
Increase thermal
A68V stability Activity increase 3PET pH7.050°C [25]
Increase thermal Similar activity to A68V/T253P but lowe
A68V/M259K stability Tm 3PET pH 7.0 50 °C [25]
Increase thermal Similar activity to A68V/T253P but lowe
A68V/T253P/M259K stability Tm 3PET pH 7.0 50 °C [25]
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Table S9: Mutagenesis assays with TILip

Mutations Rationale Assay result Substrate Assay condition REF
E109A Important residue for Significantly 1 tivit Tributyri 25°C, pH 7.5 26]
ignificantly lower activi ributyrin ° .
stabilization & Y vy Y s
I tant residue f
E109A mpc;aakzli:ist;oze or Significantly lower activity Trioctanoin 25°C, pH 7.5 [26]
WI111L Important residue for acylation  Significantly lower activity Tributyrin 25°C, pH7.5 [26]
WI111L Important residue for acylation  Significantly lower activity Trioctanoin 25°C, pH 7.5 [26]
WI111F Important residue for acylation  Significantly lower activity Tributyrin 25°C, pH 7.5 [26]
WI111F Important residue for acylation  Significantly lower activity Trioctanoin 25°C, pH 7.5 [26]
WI11E Important residue for acylation ~ Significantly lower activity Tributyrin 25°C,pH 7.5 [26]
WI11E Important residue for acylation  Significantly lower activity Trioctanoin 25°C,pH 7.5 [26]
WI111G Important residue for acylation  Significantly lower activity Tributyrin 25°C,pH 7.5 [26]
W111G Important residue for acylation  Significantly lower activity Trioctanoin 25°C, pH7.5 [26]
Significantly 1 ifi
. o .1g'r11 1'can y lower specific 274C, pH 7.5, 10 mM
1108C/1277C ~  Introducing disulfind bond  activity in the absence of TCEP p-NPB [27]
. . [Ca2+], 0-5 mM TCEP
but higher with 5 mM of TCEP
Significantly lower specific
tivity in the ab: f TCEP - 27°C,pH 75,10 mM
1108C/1277C  Introducing disulfind bond ) 1L C ADsence© p P Y e
but higher with 10 mM of NPDecanoate [Ca2+], 0-10 mM TCEP
TCEP
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Table S10: Mutagenesis assays with TfCa

Mutations Rationale Assay result Substrate Assay condition REF
E184Q Important residue for enzymatic activity =~ Signifincatly lower activity ~p-NPB ~ pH 7.5, 10 uL ethanol [28]
E319D Important residue for enzymatic activity =~ Signifincatly lower activity ~p-NPB ~ pH 7.5, 10 uL ethanol [28]
E184Q/E319D Important residues for enzymatic activity = Signifincatly lower activity ~p-NPB ~ pH 7.5, 10 uL ethanol [28]
E184H/A186M Important residues for enzymatic activity = Signifincatly lower activity ~p-NPB ~ pH 7.5, 10 puL ethanol [28]
E184H/A186M/E319D  Important residues for enzymatic activity = Signifincatly lower activity ~p-NPB ~ pH 7.5, 10 uL ethanol [28]
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