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Supplemental Tables

Table S1: Variants with significantly changed Tso or D towards one detergent by random
mutagenesis.

Type of  No. of variants  No. of variants  Total no.

protein  with ATso>0 K with ATso<0 K of Concentration oo
stability or AD > (/3 or AD < 03 variants (mM] (mM]
Tso 214 (11.5) 1642 (88.5) 1856 / /
Dsps 261 (14.6) 1532 (85.4) 1793 0.35 0.08
Dcras 87 (10.3) 760 (89.7) 847 0.27 0.09
DsB3-16 103 (22.2) 361 (77.8) 464 0.77 0.32
DTween 80 52 (10.5) 443 (89.5) 495 0.08 0.14

Mean (D) 126 (14.4) 774 (85.6) 900 / /

[a] Number of variants; values in brackets represent the likelihood [%] to find variants with

significantly changed Tso or D in relation to the total number of variants, respectively.

] Used detergent concentration; CMC values according to published data: SDS (7 mM);
CTAB (1 mM); SB3-16 (0.01 mM); Tween 80 (0.012 mM)'.

[c] Standard deviations of 2997 wtBsLipA replicates for each concentration 2.



Table S2: Identified classes of substitution sites.

No. of CNA
0.0
Class!?! | Definition substitution Random (b] No. of -

sites classification weak rldl plel gip!f E1lel

spots!
| {Substitution sitex | 1 < x < 181, Tso(x) is significantly increased} 69 0.38 nd™! ndh nd™ nd™ ndfh!
1 {Substitution sitey | 1 <x < 181, Dsps(x) is significantly increased} 74 0.41 nd™ nd™ nd™ nd™ nd™
111 {Substitution sitex | 1 <x < 181, Dcrap(x) is significantly increased} 42 0.23 nd™ nd™ nd™ nd™ nd™
v {Substitution sitey | 1 <x < 181, Dsps.16(X) is significantly increased} 46 0.25 nd™ ndthl ndh nd™ nd™
\% {Substitution sitex | 1 <x < 181, Dryeen s0(X) is significantly increased} 34 0.19 ndfh! ndh nd™ ndh ndth
VI numulivuyv 109 0.60 nd™ nd™ nd™ nd™ nd™
VII 1U VI 124 0.69 nd™ nd™ nd™ nd™ nd™
VIII nmNnmnNivny 11 0.06 2 0.18 0.20 3.30 0.19
X IN VI 7 0.04 2 0.29 0.20 5.17 0.24
X .{Substltutlon sitex | 1 <x <181, six highest effects in significantly 6 0.03 1 017 0.10 3.02 013
increased Tso(x)}
XI .{Substltutlon sitex | 1 <x <181, six highest effects in significantly 6 0.03 1 017 0.10 3.02 013
increased Dsps(x)}

XII :{Substltutlon sitex | 1 <x < 181, six highest effects in significantly 6 0.03 3 0.50 0.30 9.05 038
— increased Dcrap(X)}
XIII :{Substltutlon sitex | 1 <x <181, six highest effects in significantly 6 0.03 ) 0.33 0.20 6.03 025
- increased Dsp3.16(X)}
XIvV {Substitution sitex | 1 <x < 181, six highest effects in significantly 6 0.03 0 / / / /

increased Dryeen s0(X)}
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Table S2 continued.
No. of CNA

0.0
Class'® | Definition substitution Random " No. of .

sites classification weak rldi plel gip!” F1lel

spots!el

XV XI U XII U XIII U XIV 20 0.11 nd™ nd™ nd™ nd™ nd™
XVI X UXV 24 0.13 ndh! ndh ndfh! ndh! nd
XVl XI N XIT N XTI N XTIV 0 0 nd™ nd™ nd™ nd™ nd™
XVIII | X NXVII 0 0 ndh nd™! nd™ nd™h ndh!

[a] Class of substitution sites; underlined classes represent hot spots.

1 1_ikelihood for randomly choosing substitution sites / hot spots of the respective class.
[l Numbers of hot spots predicted as weak spots.

[d] Recall (Eq. 8 in the main text).

[¢] Precision (Eq. 9 in the main text).

[l Gain in precision over random classification (Eq. 11 in the main text).

[e] F1-score (Eq. 12 in the main text).

("] Not determined.
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Table S3: Correlations between the frequency of substitution occurrences per substitution site
of classes I — V, where variants yield significantly increased Tso (NBsLipa; T) or D (NBsLipa; D)
towards one detergent.

Class of substitution site!?!
| 11 111 | \Y \%
I / <0.001 <0.05 >0.1 <0.1
Class of 11 0.066 / <0.001 <0.05 <0.05
substitution 111 0.033 0.176 / <0.001 <0.001
sitel?! 1V 0.004 0.036 0.263 / <0.001
A% 0.015 0.031 0.105 0.059 /

[ Upper values are p-values; lower values are R%-values.
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Table S4: Correlations between the highest effects per substitution site of classes I — V,
considering variants with significantly increased Tso (ATs0; max) or D (ADmax) towards one
detergent.

Class of substitution site!?!
| 11 II1 IV \%
| / <0.1 >0.1 <0.1 >0.1
Class of 11 0.089 / > 0.1 > 0.1 <0.05
substitution 111 0.002 0.041 / <0.1 >0.1
sitel?l v 0.132 0.064 0.128 / >0.1
\Y 4711107 0.235 0.007 0.029 /

[l Upper values are p-values; lower values are R%-values.
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Table S5: Correlations between NasLipa; T and ATs0; max as well as NasLipa; b and ADmax of

substitution sites of classes I — V.

Class of substitution sites R2-value p-value
| 0.449 <0.001
11 0.382 <0.001
111 0.054 >0.1
v 0.464 <0.001
\% 0.008 >0.1
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Table S6: Jaccard indices (J) for substitution sites of classes I — V or X — XIV.

Class of substitution site!?!
I/X I/ XI HI/XIm 1Iv/XIr V/XIV
I/X / 0.091 0.091 0.091 0
Class of 11/ XI 0.416 / 0 0 0
substitution | III/XII 0.291 0.333 / 0.200 0
sitel?! IV / XIII 0.264 0.250 0.467 / 0
V /XIV 0.157 0.227 0.310 0.250 /

[a] Lower values are J of substitution sites for which variants yield significantly increased Tso
and D towards one detergent as well as significantly increased D towards two detergents (I —
V); upper values are the J of the six substitution sites for which variants yield the respective
highest effects regarding significantly increased Tso and D towards one detergent as well as

significantly increased D towards two detergents (X — XIV).
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Table S7: Variants with significantly changed D at substitution sites of class VIII.

Type of protein No. of variants with  No. of variants with Total no. of
stability AD > 0lal AD < 0@ variants
Dsps 63 (54.8) 52 (45.2) 115
Dcras 19 (76.0) 6 (24.0) 25
DsB3-16 31(79.5) 8(20.5) 39
Dween 80 16 (84.2) 3 (15.8) 19
Mean (D) 32 (64.0) 17 (36.0) 50

[a] Number of variants; values in brackets represent the likelihood [%] to find variants with

significantly changed D in relation to the total number of variants, respectively.
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Table S8: Variants with significantly changed Tso or D at substitution sites of class IX.

Type of protein No. of variants with  No. of variants with Total no. of

stability ATs0>0o0r AD> 021 ATsp <0 or AD < 0l variants
Tso 35 (40.7) 51(59.3) 86
Dsps 39 (56.5) 30 (43.5) 69
DctaB 10 (79.9) 3(23.1) 13
Dsg3-16 18 (78.3) 521.7) 23
Drween 80 10 (83.3) 2 (16.7) 12
Mean (D) 19 (65.5) 10 (34.5) 29

[al Number of variants; values in brackets represent the likelihood [%] to find variants with

significantly changed Tso or D in relation to the total number of variants, respectively.
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Table S9: Substitution sites of class X — XIV with the respective six highest effects in
significantly increased Tso or D towards each detergent.

Class of
substitution Substitution site!?! ATs0; max [K] Nestipa; T O Location!!
site or ADmax NBSLipA; D
M137 7.7 10 Loop
M134 5.6 9 Bend
X G155 4.5 4 Loop
F17 3.8 12 Gl
1157 3.6 1 G5
Y139 3.2 7 oE
M137 1.49 6 Loop
R142 1.45 7 Loop
XI T47 1.29 8 Loop
E65 1.10 14 oB
G13 1.03 6 Turn
Y49 0.94 9 aB
T110 1.63 1 Loop
K44 1.04 4 Turn
1135 1.01 6 Bend
XI G13 0.72 1 Turn
M134 0.58 4 Bend
N51 0.55 1 aB
G46 2.41 11 Loop
K44 2.26 3 Turn
M134 2.25 1 Bend
X N51 2.10 7 oB
T45 1.90 4 Turn
V99 1.87 5 B6
S127 2.29 3 B7
1128 2.00 1 B7
T126 1.98 1 B7
X1V L123 1.89 1 B7
Q150 1.07 2 B8
A20 0.86 1 oA

[a] Substitution sites highlighted in bold are predicted as weak spots by CNA.

] L ocation of the substitution site in terms of secondary structure elements.
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Table S10: Variants with significantly changed Tso or D at substitution sites of classes X —
XIV.

Type of protein No. of variants with  No. of variants with Total no. of

stability ATs0>0 or AD> 021 ATsp <0 or AD < 012! variants
Tso 43 (63.2) 25 (36.8) 68
Dsps 50 (70.4) 21 (29.6) 71
DcraB 17 (53.1) 15 (46.9) 32
Dsg3-16 31(79.5) 8(20.5) 39
Drween 80 9(32.1) 19 (67.9) 28
Mean (D) 27 (62.8) 16 (37.2) 43

[a] Number of variants; values in brackets represent the likelihood [%] to find variants with

significantly increased Tso or D in relation to the total number of variants, respectively.
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Table S11: Distribution of hot spots regarding secondary structure elements.

Class of hot spots
Secondary No of
structure substitution X X1 X1 X1 X1v Vi IX
element sites
rlal p! ST giptat rlal pvl ST gip'e! # rlal pil ST gipl! rlal pil ST giptat # rlal pl ST gipla! # rlal pil ST gipl! # rlal i ST giptat
aA 9 / / / / / / / / / / / / / / / / 1 0.17 0.11 0.13 3.35 / / / / / / / / / /
oB 19 / / / / 0.33 0.11 0.16 3.18 1 0.17 0.05 0.08 1.59 0.17 0.05 0.08 1.59 / / / / / 4 0.36 0.21 0.27 3.46 2 0.29 0.11 0.15 272
aC 12 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
a«E 4 0.17 0.25 0.20 7.54 / / / / / / / / / / / / / / / / / / / / / / / / / / / /
oF 11 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
af(all) 55 0.17 0.02 0.03 0.55 0.33 0.04 0.07 110 1 0.10 0.02 0.03 0.55 0.10 0.02 0.03 0.55 1 0.10 0.02 0.03 0.55 4 0.36 0.07 0.12 1.20 2 0.29 0.04 0.06 0.94
G1 4 0.17 0.25 0.20 7.54 / / / / / / / / / / / / / / / / / / / / / / / / / / / /
G2 3 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
G3 3 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
G4 3 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
G5 5 0.17 0.20 0.18 6.03 / / / / / / / / / / / / / / / / / / / / / / / / / / / /
G(al) 18 0.33 0.11 0.17 335 / ! / / / / / / / / / ! / / / / / / / / / / / / / / / /
B3 4 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
p4 3 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
p5 6 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
pé 7 / / / / / / / / / / / / / 0.17 0.14 0.15 4.31 / / / / / 1 0.09 0.14 0.11 235 / / / / /
B7 7 / / / / / / / / / / / / / / / / / 4 0.67 0.57 0.62 17.24 / / / / / / / / / /
p8 5 / / / / / / / / / / / / / / / / / 1 0.17 0.20 0.18 6.03 / / / / / / / / / /
B(all) 32 / / ! ! ! / / / ! / / / ! 0.10 0.03 0.05 0.94 5 0.83 0.16 0.26 4.71 1 0.09 0.03 0.05 0.51 / / / / /
Bridge 3 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
Turn 13 / / / / 0.17 0.08 0.11 2.32 2 0.33 0.15 0.21 4.64 0.33 0.15 0.21 4.64 / / / / / 2 0.18 0.15 0.17 253 2 0.29 0.15 0.20 3.98
Loop 47 0.33 0.04 0.08 1.28 0.50 0.06 0.11 1.93 1 0.17 0.02 0.04 0.64 0.17 0.02 0.04 0.64 / / / / / 3 0.27 0.06 0.10 1.05 2 0.29 0.04 0.07 1.10
Bend 13 0.17 0.08 0.11 232 / / / / 2 033 0.15 021 4.64 0.17 0.08 0.11 232 / / / / / 1 0.09 0.08 0.08 1.27 1 0.14 0.08 0.10 1.99
Rest(all) 76 0.50 0.04 0.07 119 0.67 0.05 0.10 1.59 5 0.83 0.07 0.12 1.98 0.67 0.05 0.10 1.59 / / / / / 6 055 0.08 0.14 1.30 5 0.71 0.07 0.12 1.70

[ Recall (Eq. 8 in the main text).

] Precision (Eq. 9 in the main text).

[l F1-score (Eq. 12 in the main text).

[9 Gain in precision over random classification (Eq. 11 in the main text).
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Table S12: Distribution of hot spots regarding fractional solvent accessible surface areas.

Class of hot spots

fSASA No of
substitution X XI XII X1 X1V Vi X
sites
rlal pw! S gipla! rlal pw! S giptr rlal pw! S gipla! rlal pwl S giple! rlal il (S giptr rlal pwl S giplal rlal il (S giplal
20;<0.2 98 0.17 0.01 0.02 0.31 0.17 0.01 0.02 0.31 0.33 0.02 0.04 0.62 03 0.03 0.05 0.76 0.70 0.04 0.08 123 0.18 0.02 0.04 0.34 / / / /
>0.2; <0.4 31 / / / / 0.17 0.03 0.05 0.97 / / / / / / / / / / / / 0.27 0.10 0.14 1.59 0.43 0.10 0.16 2.50
>0.4; <0.6 26 0.33 0.08 0.13 232 0.33 0.08 0.13 232 / / / / 0.5 0.06 0.10 1.68 0.30 0.08 0.13 232 0.09 0.04 0.05 0.63 / / / /
>0.6; <0.8 18 0.50 0.17 0.25 5.03 0.33 0.11 0.17 335 0.67 0.22 0.33 6.70 0.2 0.05 0.07 1.44 / / / / 0.36 0.22 0.28 3.66 0.43 0.17 0.24 431
>0.8; <1.0 8 / / / / / / / / / / / / / / / / / / / / 0.09 0.13 0.11 2.06 0.14 0.13 0.13 3.23

[ Recall (Eq. 8 in the main text).
] Precision (Eq. 9 in the main text).

[l F1-score (Eq. 12 in the main text).

[9] Gain in precision over random classification (Eq. 11 in the main text).
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Table S13: Distribution of hot spots regarding physicochemical properties.

Class of hot spots
Physicochemical No of
Y substitution X XI XII X1 X1V Vi X
property N
7 sites
# rlal pw! S gipla! # rlal pw! S gipla! # rlal pw! S gipla! # rlal pwl S giplal # rlal il (S giptr # rlal pe Fl gip # rlal pil F1i gip!
Aliphatic 79 2 0.33 0.03 0.05 0.76 1 0.17 0.01 0.02 0.38 2 0.33 0.03 0.05 0.76 3 0.50 0.04 0.07 1.15 3 0.50 0.04 0.07 115 2 0.18 0.03 0.04 0.42 2 0.29 0.03 0.05 0.65
Aromatic 15 2 0.33 0.13 0.19 4.02 1 0.17 0.07 0.10 2.01 / / / / / / / / / / / / / / / 1 0.09 0.07 0.08 1.10 1 0.14 0.07 0.09 1.72
Neutral 54 2 0.33 0.04 0.07 1.12 2 0.33 0.04 0.07 1.12 3 0.5 0.06 0.10 1.68 3 0.50 0.06 0.10 1.68 3 0.50 0.06 0.10 1.68 5 0.45 0.09 0.15 1.52 3 0.43 0.06 0.10 1.44
Charged (+) 21 / / / / / 1 0.17 0.05 0.07 1.44 1 0.17 0.05 0.07 1.44 / / / / / / / / / / / / / / / / / / / /
Charged (-) 12 / / / / / 1 0.17 0.08 0.11 2.51 / / / / / / / / / / / / / / / 3 0.27 0.25 0.26 4.11 1 0.14 0.08 0.11 2.15

[ Recall (Eq. 8 in the main text).
] Precision (Eq. 9 in the main text).
[l F1-score (Eq. 12 in the main text).

[9] Gain in precision over random classification (Eq. 11 in the main text).
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Table S14: Conservation of wtBsLipA residues within bacterial lipases.

Residue!?

Conservation

NBsLipa; T

NBsLipa; D

(SDS)

NBsLipa; D

(CTAB)

NBsLipa; D

(SB3-16)

NBsLipa; D
(Tween 80)

Al
E2
H3
N4
PS5
V6
V7
M8
V9
H10
Gl11
112
G13
Gl4
AlS
S16
F17
N18
F19
A20
G21
122
K23
S24
Y25
L26
V27
$28
Q29
G30
w3l
S32
R33
D34
K35
L36
Y37
A38
V39
D40
F41
W42
D43
K44
T45
G46
T47
N48
Y49
N50
N51L
G52

\S]

W WP NOODODONDN A I PRPROODOODODODODONWOOWWNDNIFRFOOODOWOOPRODUANDUNOWII O OO

— O P 0O WO R P ONODODODOODODOR P ANV~ NP, PRLPODIISDWPODNDUNODNDPRAROO—R,O—R OO0~ W

0

SN I 0V OO RO PO OO OONOODRPOOONVNWLWOODORXRPRLOODUVMUNO R, P PP OARNWOODO—R,OO R~ P,ONN

0

S AP OUNMWFHFR AR OO0 NDOOD OO0 O, PO =M

0

W9 AN WWEAr L, RWREAROODODODHRODODODODODODODODODODOH OO P OODUNDDODOODODOoOOoO—ROOO —

0

SN O N O OO RO R OO IODTNDODODODDODODODODODODOODOODOODORHPOOOORORUWODOOoOOoOoOoOoOooOoOoOoOoO



Impact of substitution sites on thermostability and detergent tolerance S19

Table S14 continued.

NBsLipa; D NBsLipA; D NBsLipa; D NBsLipa; D

4 alal ; L
Residue Conservation  NpsLipa; T (SDS) (CTAB) (SB3-16) (Tween 80)

P53
Vs4
L55
S56
R57
F58
V59
Q60
K61
V62
L63
D64
E65
T66
G67
A68
K69
K70
V71
D72
173
V74
A75
H76
S77 1
M78
G79
G80
A8l
N8§2
T83
L84
Y85
Y86
187
K88
N89
L90
D91
G92
G93
N94
K95
V96
A97
N98
V9
V100
T101
L102
G103
G104
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Table S14 continued.

NBsLipa; D NBsLipa; D NBsLipa; D NBsLipa; D

4 alal ; o
Residue Conservation  NgsLipa; T (SDS) (CTAB) (SB3-16) (Tween 80)

A105
N106
R107
L108
T109
T110
Gll11
K112
Al13
L114
P115
G116
T117
D118
P119
N120
Ql121
K122
L123
L124
Y125
T126
S127
1128
Y129
S130
S131
A132
D133
M134
13s
V136
M137
N138
Y139
L140
S141
R142
L143
D144
G145
Al46
R147
N148
V149
Q150
1151
H152
G153
V154
G155
H156
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Table S14 continued.

NBsLipa; D NEBsLipa; D NBsLipa; D NBsLipa; D

i qualal ; L
Residue Conservation NBsLipa; T (SDS) (CTAB) (SB3-16) (Tween 80)

ns7

G158
L159
L160
Y161
S162
S163
Q164
V165
N166
S167
L168
1169

K170
E171
G172
L173
N174
G175
G176
G177
Q178
N179
T180
N181

1 0 0

QOO DD DOV OO ODODOROONNDNODODODO O
SO OO O OO N~ O~ OO OWODO LN IOOND—
— OO WO OO ODODODODOODOODODOODOODO—ONNDNOO OO
[eNeoNoloNe oo oo lo oo ool e e e e N A =]
O P O OO ODODODODDDDDODOODOoOOOoO—rOO0OO0OCOCOCO
SO OO O OO OO~ OO OOO

[al Underlined substitution sites are identified as hot spots; substitution sites highlighted in

bold are predicted as weak spots by CNA
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Table S15: Amino acid types that lead to maximum changes in thermostability or detergent

tolerance.

AA type  ATso;max [K]  ADmax;sps  ADmax;ctaAB ADmax; sB3-16  ADmax; Tweenso
1 3.59 0.86 1.01 1.01 2.00
A 2.79 0.58 0.45 0.97 0.86
\Y% 1.19 0.79 0.44 1.87 0.70
L 1.51 0.67 0.22 0.76 0.45
G 4.51 1.03 0.72 2.41 0.48
F 3.78 0.68 -0.19 1.07 0.39
Y 4.22 -1.37 0.35 1.44 0.51
w 1.68 -0.20 -0.19 0.67 -0.38
C nal® nal® nal® nal® nal®
P 0.54 0.35 -0.19 0.90 0.30
M 7.67 1.49 0.58 2.25 0.45
S 2.55 0.68 -0.19 0.74 2.29
T 0.94 1.29 1.63 1.90 1.98
N 2.65 0.76 0.55 2.10 0.51
Q 0.66 0.68 0.34 0.87 1.07
H 0.84 0.17 0.25 -0.67 0.31
K 1.87 0.80 1.04 2.26 -0.29
R 2.79 1.45 0.51 1.76 0.67
D 1.92 0.74 0.32 1.10 0.33
E 1.00 1.10 0.23 1.27 0.55

(2l Not available.
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Table S16: Hot spot classes for amino acids located in loops, turns, or bends and being of neutral or aliphatic type.

Classes of hot spot
P No of
Criterion PP X XI XI1I XIr X1v v X
substitution sites
# rlal pw! S giple! # rlal il S giple! # rlal pwl (S gipla! # rlal pr S giptr # rlal pw! S gipla! # rlal pwl (S giptr # rlal pr S giplal
Loop or
turn or
:Ti::::i‘g 43 1 0.17 0.02 0.04 0.70 3 0.50 0.07 0.12 2.10 3 0.50 0.07 0.12 2.10 1 0.17 0.02 0.04 0.70 / / / / / 2 0.18 0.05 0.07 0.77 2 0.29 0.05 0.08 1.20
or
neutral

[ Recall (Eq. 8 in the main text).
] Precision (Eq. 9 in the main text).
[l F1-score (Eq. 12 in the main text).

[ Gain in precision over random classification (Eq. 11 in the main text).
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Supplemental Figures

pNP Absorbance vs. Time (s) Incubation Temperature (dC)
Sample . 40
o Blank WT * 40.2
. » 413
B
L * 454
a® _® = 48
14 or Y| o507
oo 02| e535
L ™ !l s 56
a‘l.!' * 58.1
1.3 .--l:" * 59.8
L .
. .:l!!, 60.6
3 T o
§ 12 .;.!' .._.'
£ ;‘!. ., "
L
1.1 ! .
'!l Pt
'l 5 |=
I8 ”;l
] o ! gl
10 PN Bl d b
". M
ot
sessoenneene :ii!”lallnsiigﬁi
s
09 f::;;;lg“:::l':tl! E! .:I!..“I!... .
50 100 150 200 50 100 150 200

Time (s)

Figure S1: Control experiments regarding pNP absorption. The pNP absorption over time
was measured at different temperatures between 40 and 60.6°C. On the left, the results of the
control experiments, i.e., just PNPP in solution, are shown for temperatures up until 60.6°C.
On the right, the results of pNP absorption in the presence of BSLipA are shown. At
temperatures above 48°C, the protein denatures; no increase in PNP absorption over time is
observed then.
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Figure S2: Autocorrelation function of the cluster configuration entropy Hepe2. The
snapshots were extracted at time intervals of 40 ps, and the lag time is in multiples of 40 ns.
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