Table S1 The predicted value and apparent melting temperature of single point mutants

) I-Mutant 3.0 ) Rosetta AT
Enzyme Variant ] FoldX (kcal.molt) ) T (C)
(kcal.mol™?) (kcal.mol ™) (T)
WT / / / 58.740.7 0
N186W 0.47 -1.23 -1.27 55.640.7 -3.1
N264W 0.35 -1.05 -1.07 57.240.8 -15
T18W 0.51 -1.39 -1.2 57.840.6 -0.9
D238L 0.86 -1.57 -2.79 57.840.0 -0.9
D238R 0.4 -1.55 -1.24 58.040.5 -0.7
T8I 0.67 -2.08 -1.20 58.140.4 -0.6
D238F 0.72 -1.48 -1.18 58.240.6 -0.5
E220I 0.45 -2.13 -1.17 58.740.2 0
D226L 0.33 -0.73 -1.43 58.740.1 0
D238P 0.15 -1.40 -1.82 58.740.3 0
D238W 0.63 -0.66 -5.78 58.740.1 0
D238Y 0.53 -1.43 -1.81 58.74.4 0
E220V 0.12 -1.85 -1.32 58.840.4 0.1
S114Y 0.38 -1.75 -2.66 58.940.5 0.2
S114Vv 0.66 -1.06 -1.86 59.140.3 0.4
S114F 0.5 -2.04 -2.37 59.240.2 0.5
N120L 0.48 -0.70 -1.26 59.240.6 0.5
A8L 0.09 -1.05 -1.93 59.3#.5 0.6
N186L 0.69 -1.23 -1.92 59.3#.3 0.6
N227L 0.08 -1.62 -1.45 59.3#.5 0.6
N120R 0.25 -1.38 -1.27 59.440.8 0.7
S114W 0.31 -1.76 -3.05 59.540.6 0.8
Q233I 0.08 -0.73 -2.08 59.540.2 0.8
E230R 0.2 -0.72 -1.50 59.940.4 1.2
E230M 0.6 -3.15 -3.27 60.040.3 1.3
E230F 0.58 -1.41 -3.59 60.310.2 1.6
E230Y 0.28 -0.84 -3.49 60.840.6 2.1
T22I 0.27 -1.46 -1.80 61.140.9 2.4
E230P 0.00 -1.02 -3.91 61.240.4 2.5
E230W 0.42 -1.09 -1.42 61.440.2 2.7
E230C 0.01 -1.05 -2.17 62.010.3 3.3
E230T 0.15 -0.51 -3.62 62.540.5 3.8
T18K 0.14 -1.84 -1.06 63.240.0 4.5
E230L 0.62 -2.44 -3.07 64.140.2 5.4
E230V 0.51 -0.99 -3.93 64.1140.3 5.4

E230I 0.60 -2.13 -4.72 64.410.2 5.7




Table S2 Primers used for construction of mutants

Enzyme Variant

Forward Primer (5°-3”)

Reverse Primer (5°-3”)

N186W
N264W
T18W
D238L
D238R
T18l
D238F
E2201
D226L
D238P
D238W
D238Y
E220V
S114Y
S114V
S114F
N120L
ASL
N186L
N227L
N120R
S114W
Q233
E230R
E230M
E230F
E230Y
T22I
E230P
E230W
E230C
E230T
T18K
E230L
E230V
E2301
S56C
N63C
V189C
D238C

gcgaccctgectttgectggtacgttgttagcaccgg
tactttggtatctggacaggcectet

gagttggcagatagtgtagtgtaatacaacaattcattgatttcttgcgaggtag

ctgttcaggtctgcacaagectectggaaacctctgattgete
gcaatcagaggtttccagacggcttgtgcagacctgaac
ctcgcaagaaatcaatgaattgatttattacactacactatctgeca
tgttcaggtctgcacaagctttctggaaacctctgattge
gctattgtcagtaatccaatactcaatgccagegtggagaaaaccaaaag
gctggcgaggagtattggattactctgaatageccagagactg
ctgttcaggtctgcacaageccactggaaacctetgattgete
ctgttcaggtctgcacaagcetggetggaaacctctgattgete
gtctgcacaagctatctggaaacctc
gtcagtaatccaatactcaacgccagegtggagaaaacce
cgttttgaacttccecgtaatagtccaggaatcecttgtgt
gtacacaagggattcctggacgtgtacggggaagttcaaaacgag
acacaagggattcctggacttttacggggaagttcaaaac
gaacagtagcaacaagctccagttgaacttccecgtaactgtccag
ttcttgcgaggtagccagacggataccaccattaatgctcattget
gcgaccctgcectttgecctgtacgttgttageaccgg
gaggagtattggattactgacctgagcccagagactgttcaggte
gaacagtagcaacaagctcacgttgaacttccecgtaactgtccag
gactggtacggggaagttcaaaacy
atcgcttgtgcagacaataacagtctctgggcetattgtcagtaate
ttggattactgacaatagcccacgtactgttcaggtctgcacaag
tgtgcagacctgaacagtcattgggctattgtcagtaatec
attggattactgacaatagcccatttactgttcaggtctgcacaagc
ggattactgacaatagcccatatactgttcaggtctgcaca
tcaatgaattgacttattacactattctatctgccaactcgtactgecg
gattactgacaatagcccaccgactgttcaggtctgcaca
gattactgacaatagcccatggactgttcaggtctgcaca
ttggattactgacaatagcccatgcactgttcaggtctgcacaag
ttggattactgacaatagcccaaccactgttcaggtetgcacaag
cctcgcaagaaatcaatgaattgaaatattacactacactatctgccaac
gattactgacaatagcccactgactgttcaggtctgcaca
actgacaatagcccagtgactgttcaggtctge
tagcccaattactgttcaggtctge
gcatttgtatcatagatgagcgtacaccaagtcttgataatcttgagat
gtgcaaccattgcacatgtatcatagatgagcgtgctccaa
accctgectttgccaactacgtttgtagcaccggcatt

gcaatcagaggtttccagacagcttgtgcagacctgaac

ccggtgctaacaacgtaccaggcaaaggcagggtege

tgtccagataccaaagtacgagaga

ctacctcgcaagaaatcaatgaattgttgtattacactacactatctgccaactc

gagcaatcagaggtttccaggaggcttgtgcagacctgaacag
gttcaggtctgcacaagecgtctggaaacctctgattge
tggcagatagtgtagtgtaataaatcaattcattgatttcttgcgag
gcaatcagaggtttccagaaagcttgtgcagacctgaaca
cttttggttttctccacgctggeattgagtattggattactgacaatage
cagtctctgggctattcagagtaatccaatactcctcgecage
gagcaatcagaggtttccagtgggcttgtgcagacctgaacag
gagcaatcagaggtttccagecagcttgtgcagacctgaacag
gaggtttccagatagcttgtgcagac
ggttttctccacgetggegttgagtattggattactgac
acacaagggattcctggactattacggggaagttcaaaacy
ctegttttgaacttcccegtacacgtecaggaateecttgtgtac
gttttgaacttcccegtaaaagtccaggaateecttgtgt
ctggacagttacggggaagttcaactggagcttgttgctactgttc
agcaatgagcattaatggtggtatccgtctggctacctcgcaagaa
ccggtgctaacaacgtacagggcaaaggeagggtege
gacctgaacagtctctgggctcaggtcagtaatccaatactccte
ctggacagttacggggaagttcaacgtgagcttgttgctactgttc
tgaacttcccegtaccagtccagga
gattactgacaatagcccagagactgttattgtctgcacaagcgat
cttgtgcagacctgaacagtacgtgggctattgtcagtaatccaa
ggattactgacaatagcccaatgactgttcaggtctgcaca
gcttgtgcagacctgaacagtaaatgggctattgtcagtaatccaat
tgtgcagacctgaacagtatatgggctattgtcagtaatcc
cggcagtacgagttggcagatagaatagtgtaataagtcaattcattga
tgtgcagacctgaacagtcggtgggctattgtcagtaate
tgtgcagacctgaacagtccatgggctattgtcagtaate
cttgtgcagacctgaacagtgcatgggctattgtcagtaatccaa
cttgtgcagacctgaacagtggttgggctattgtcagtaatccaa
gttggcagatagtgtagtgtaatatttcaattcattgatttcttgcgagg
tgtgcagacctgaacagtcagtgggctattgtcagtaatc
gcagacctgaacagtcactgggctattgtcagt
agtaattgggctattgtcagtaatc
atctcaagattatcaagacttggtgtacgctcatctatgatacaaatgc
ttggagcacgctcatctatgatacatgtgcaatggttgeac
aatgccggtgctacaaacgtagttggcaaaggeagggt
gttcaggtctgcacaagetgtetggaaacctctgattge




Table S3 Prediction and stability effect of potential disulfide bonds

FoldX Visual FoldX Visual

SS-bond - Predicted by, i mol%) inspection o Pond  Predicted by’ ol mol)  inspection

5-236 1 -0.01 Failed 72-74 213 0.51 /
10-12 3 2.14 / 73-136 3 4.34 /
10-13 1/3/4 2.46 / 74-139 4 -0.90 Failed
20-172 1/2/3/4 6.82 / 77-140 1/3/4 6.22 /
21-263 4 1.21 / 95-109 1/3/4 0.98 /
23-78 4 5.59 / 96-106 1/2/3 3.57 /
25-263 4 2.71 / 97-109 1/2/3/4 1.05 /
31-35 1/4 5.30 / 101-102 3 3.19 /
31-39 1/2/3 0.43 / 102-187 4 3.95 /
33-54 3/4 2.54 / 115-149 2/3/4 5.05 /
33-63 3 2.54 / 115-152 1/3 8.18 /
34-56 1/4 1.23 / 118-122 4 5.87 /
36-51 4 2.11 / 133-136 1/3/4 431 /
36-54 4 -0.37 Failed 137-168 3 1.78 /
37-39 2/3 1.15 / 139-170 3/4 0.35 /
49-69 4 3.98 / 140-171 1/4 4.22 /
50-68 1 2.21 / 160-162 3 -0.69 Failed
52-53 3 2.94 / 166-192 1/2/4 2.93 /
52-66 1/2/3 4.77 / 171-195 3/4 6.22 /
54-65 1/3/4 2.39 / 182-216 3/4 4.03 /
56-63 4 -1.00 Passed  189-218 4 0.96 /
57-117 1/2/3 0.34 / 189-238 1/3/4 -2.42 Passed
57-118 4 2.12 / 210-212 3 2.80 /
60-114 4 1.12 / 223-233 3 4.04 /
60-117 1/4 0.92 / 226-231 1/2/4 -0.73 Failed
65-78 4 5.89 / 241-243 3 2.59 /
69-72 4 0.93 / 264-269 1/4 -0.39 Failed
69-74 1 1.16 / 267-269 3 0.02 /

41, SSBOND; 2, DbD2; 3, MODIP; 4, BridgeD.



Table S4 Quantifying disulfide bonds

Total

Free thiol/protein ber of Deduced
RML variant (mol/mol) AUMBETOT 1 imber of
free
. SS-bonds
-DTT +DTT cysteines
T18K/T221/E2301 0.91+0.08 | 6.68+0.21 1 3
S56C/N63C 0.93+0.10 | 8.74+0.35 1 4
V189C/D238C 0.92+0.06 | 8.87+0.58 1 4
S56C/N63C/V89C/D238C | 0.95+0.12 | 10.22+0.49 1 5




Table S5 Details of various non-bonded interactions of wild-type residues followed by mutant residues

Wild: Thril8
Hydrogen bonding interaction
Donor Acceptor . .
- : Type | Distance_DA | Distance_HA | DHA_Angle | HAAA_Angle | DAAA_Angle
Chain | Res.No | Res.ID | Atom | Chain | Res.No | Res.ID | Atom
A 18 THR N A 14 ILE 0 MM 2.99 2.13 143.5 146.1 155.3
A 18 THR | OG1 A 14 ILE 0 SM 2.83 1.85 164.6 1355 138.4
A 22 THR N A 18 THR 0 MM 2.93 2 152.5 147.7 152.9
A 22 THR | OG1 A 18 THR O SM 2.87 1.87 179.2 145.3 145.4
Mut: Lys18
Hydrogen bonding interaction
Donor Acceptor . .
- - Type | Distance_DA | Distance_HA | DHA_Angle | HAAA_Angle | DAAA_Angle
Chain | Res.No | Res.ID | Atom | Chain | Res.No | Res.ID | Atom
A 18 LYS N A 14 ILE 0 MM 2.88 1.99 146.3 144.7 154.4
A 22 ILE N A 18 LYS 0 MM 2.92 2.06 142.8 140.5 150.6
Cation-pi interactions
Cationic residue Aromatic residue ASA SS
Chain | Res.No | Res.ID | Chain | Res.No | Res.ID | Cation | Aromatic | Cation | Aromatic
A 18 LYS A 261 PHE 39.9 5.1 H T
Wild: Thr22
Hydrogen bonding interaction
Donor Acceptor . .
- - Type | Distance_DA | Distance_HA | DHA_Angle | HAAA_Angle | DAAA_Angle
Chain | Res.No | Res.ID | Atom | Chain | Res.No | Res.ID | Atom
A 22 THR N A 18 THR 0 MM 2.93 2 152.5 147.7 152.9




A 22 THR | OG1 A 18 THR O SM 2.87 1.87 179.2 145.3 1454
A 26 ASN N A 22 THR O MM 2.76 1.79 162.3 149.6 154.6
Mut: 11e22
Hydrogen bonding interaction
Donor Acceptor . .
- - Type | Distance_DA | Distance_HA | DHA_Angle [ HAAA_Angle | DAAA_Angle
Chain | Res.No | Res.ID | Atom | Chain [ Res.No | Res.ID | Atom
A 22 ILE N A 18 LYS @] MM 2.92 2.06 142.8 140.5 150.6
A 22 ILE N A 19 TYR @] MM 3.07 2.45 119.7 96.1 111
A 26 ASN N A 22 ILE @] MM 2.86 1.9 158.5 147.3 153.8
Hydrophobic interactions
Residue 1 Residue 2 SS ASA
Chain | Res.No | Res.ID | Chain | Res.No | Res.ID | Resl | Res2 | Resl | Res2
A 22 ILE A 45 ALA H T 11.3 | 40.2
A 22 ILE A 263 ILE H E 11.3 ] 11.2
Wild: Glu230
Hydrogen bonding interaction
Donor Acceptor
- - Type | Distance_DA | Distance. HA | DHA_Angle | HAAA_Angle | DAAA_Angle
Chain | Res.No | Res.ID | Atom | Chain | Res.No | Res.ID | Atom
A 227 ASN | ND2 A 230 GLU | OE2 | SsS 2.41 1.46 155.7 162.7 1715
Mut: 116230
Hydrophobic interactions
Residue 1 Residue 2 SS ASA
Chain | Res.No | Res.ID | Chain | Res.No | Res.ID | Resl | Res2 | Resl | Res2
A 14 ILE A 230 ILE H E 14.2 | 36.2



224 ILE 230 ILE E 0 36.2
230 ILE 232 VAL E 36.2 2
230 ILE 261 PHE T 36.2 | 5.1
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Fig. S1 SDS-PAGE of T18K/T221/E2301 and disulfide bond mutants (M:
Marker, 1. wild-type RML; 2. TI18K/T22I/E230l;, 3:

T18K/T221/E2301/S56C/N63C; 4: T18K/T221/E2301/\VV189C/D238C, 5:

M7.)
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Fig. S2 The apparent melting temperatures of WT and variants measured by thermofluor
method. (A: Wild-type RML and T18K mutant; B: Wild-type RML and T221 mutant; C: Wild-
type RML and E2301 mutant; D: Wild-type RML and T18K/T22I mutant; E: Wild-type RML
and T18K/E2301 mutant; F: Wild-type RML and T22I/E2301 mutant; G: T18K/T221/E230I
mutant and TI18K/T221/E2301/S56C/N63C mutant; H: T18K/T22I/E2301 mutant and

T18K/T221/E2301/V189C/D238C mutant.)



