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The transparent circle formed for different mutants. CK represents the control group, the strain with an empty expression
vector. WT represents the wild type group, the strain with an expression vector of protease PB92. Others represents the mutant

group, the strain with different mutant plasmids of protease PB92. All single colonies are inoculated overnight on plates contain-

ing 50 mg/mL kanamycin and 1% skim milk powder at 37°C.

Figure S1. The transparent circle formed for different mutants.

Comparison of enzyme activity of different mutants. (a) Wild type, and mutants of N18 and S97. (b) Mutants of G98 and
S99. (c) Mutants of G100 and S101. (d) Mutants of E110 and R143. WT represents the wild type group, which has an expression
vector for the protease PB92, indicated by a red column. Others represents the mutant group, the strain with different mutant
plasmids of protease PB92, indicated by a black column. The enzyme activity demonstrated high activity at pH 10.5 and 55°C.
The enzyme activity of wild-type protease PB92 was 3548.05 + 80.39 U/mL , which was defined as 100%. Relative activity was

defined as the percentage of measured high enzyme activity. All values are presented as the mean + SD of triplicate experiments.
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Figure S2. Comparison of enzyme activity of different mutants.

The optimal temperature for different mutants of protease PB92. (a) Wild type, and mutants N18L, S99A, and S99L. (b)
Mutants S97H, S97A, G98E, and G98R. (c) Mutants G100E, G100A, S101G, and S101V. (d) Mutants E110L, R143V, R143L,
and R143G. WT represents the wild type group, which has an expression vector for the protease PB92. Others represents the mu-
tant group, the strain with different mutant plasmids of protease PB92. The enzyme activity was determined at different tempera-
tures of 40-75°C and pH 10.5. The enzyme activity demonstrated high activity, which was defined as 100%. Relative activity was

defined as the percentage of measured high enzyme activity. All values are presented as the mean £ SD of triplicate experiments.
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Figure S3. The optimal temperature for different mutants of protease PB92.

Overall hydrophobicity of the protein. Overall hydrophobicity of protein and interaction between mutant amino acids with

other residues determined using the software Discovery Studio Visualizer.
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Figure S4. Overall hydrophobicity of the protein.

The solvent-accessible surface area of mutant G98R. (a) Gly98. (b) Arg98. (c) Comparison of solvent-accessible surface
area. The solvent-accessible surface area of mutant G98R was calculated using gmx hbond, and the sasa_dots and structure visu-

alization were presented using PyMOL.



Figure S5. The solvent-accessible surface area of mutant G98R.

Table S1. The frequencies of 20 different amino acids were counted that the 8 amino acid sites corresponding to protease PB92

via multi-sequence alignment.

Item NI18 S97 GI98 S99 G100 S101 E110 R143
D 7.83 6.59 6.98 2.06 8.25 3.88 5.00 5.56
K 4.35 4.40 5.81 6.19 11.34 6.80 6.25 5.56
H 1.74 9.89 1.16 1.03 3.09 3.88 2.50 1.85
L 13.04 7.69 5.81 16.49 5.15 3.88 21.25 9.26
E 5.22 3.30 12.79 5.15 13.40 1.94 0.00 4.63
Y 4.35 7.69 3.49 4.12 4.12 0.00 3.75 4.63
A 6.96 16.48 5.81 12.37 14.43 7.77 5.00 6.48
S 4.35 0.00 8.14 0.00 2.06 0.00 3.75 2.78
I 6.09 5.49 1.16 8.25 6.19 12.62 6.25 6.48
Q 8.70 1.10 10.47 2.06 1.03 6.80 3.75 6.48
C 0.87 2.20 1.16 0.00 0.00 0.97 0.00 0.00
F 4.35 3.30 3.49 1.03 7.22 1.94 3.75 9.26
4 5.22 2.20 0.00 0.00 2.06 0.97 0.00 1.85
M 6.09 3.30 0.00 1.03 2.06 3.88 1.25 3.70
R 6.09 3.30 13.95 7.22 5.15 3.88 12.50 0.00
G 6.09 6.59 0.00 9.28 0.00 14.56 3.75 10.19
v 4.35 5.49 2.33 7.22 4.12 12.62 6.25 9.26

T 3.48 5.49 2.33 7.22 3.09 1.94 5.00 2.78




P 0.87

N 0.00

Total 100

3.30 9.30 7.22 6.19 7.77 3.75
2.20 5.81 2.06 1.03 3.88 6.25
100 100 100 100 100 100

2.78

6.48

100

Table S2. Primers used in the present research.

Primer
PB92-F

PB92-R
NI18L-F

N1SL-R
N18Q-F
N18Q-R
S97A-F
S97A-R
S97H-F
S97H-R
G98R-F
G98R-R
G98Q-F
G98Q-R
GO9SE-F
GI98E-R

S99L-F
S99L-R
S99A-F
S99A-R

G100E-F

G100E-R

G100A-F

G100A-R

Primer Sequence (5°-3”)
TGCGGCGTCCATAAAGTGGGATCCATGAAGAAACCGTTGGGGAAAATTG

GTGATGTCTAGACTGCAGGTCGACGCGTGTTGCCGCTTCTGCATTGACA
AAGCCCCAGCTGCCCATTTACGTGGATTGACA

TAAATGGGCAGCTGGGGCTTGCACACGGCTAA
AAGCCCCAGCTGCCCATCAACGTGGATTGACA
TTGATGGGCAGCTGGGGCTTGCACACGGCTAA
TTAAAGTATTAGGGGCGGCCGGTTCAGGTT
GGCCGCCCCTAATACTTTAACAGCGTATAGTT
TTAAAGTATTAGGGGCGCACGGTTCAGGTT
GTGCGCCCCTAATACTTTAACAGCGTATAGTT
AAGTATTAGGGGCGAGCCGTTCAGGTTCGGT
ACGGCTCGCCCCTAATACTTTAACAGCGTATA
AAGTATTAGGGGCGAGCCAGTCAGGTTCGGT
CTGGCTCGCCCCTAATACTTTAACAGCGTATA
AAGTATTAGGGGCGAGCGAATCAGGTTCGGT
TTCGCTCGCCCCTAATACTTTAACAGCGTATA
TATTAGGGGCGAGCGGTTTAGGTTCGGTCAGC
TAAACCGCTCGCCCCTAATACTTTAACAGCGTAT
TATTAGGGGCGAGCGGTGCAGGTTCGGTCAGC
TGCACCGCTCGCCCCTAATACTTTAACAGCGTAT
TAGGGGCGAGCGGTTCAGAATCGGTCAGCTCG
TTCTGAACCGCTCGCCCCTAATACTTTAACAGCGT
TAGGGGCGAGCGGTTCAGCTTCGGTCAGCTCG

AGCTGAACCGCTCGCCCCTAATACTTTAACAGCGT




GI100K-F

G100K-R

S101G-F

S101G-R

S101I-F

S101I-R

S101V-F

S101V-R

E110L-F

E110L-R

E110R-F

E110R-R

R143L-F

R143L-R

R143V-F

R143V-R

R143G-F

R143G-R

R143F-F

R143F-R

TAGGGGCGAGCGGTTCAAAGTCGGTCAGCTCG

CTTTGAACCGCTCGCCCCTAATACTTTAACAGCGT

GGGCGAGCGGTTCAGGTGGAGTCAGCTCGATT

TCCACCTGAACCGCTCGCCCCTAATACTTTAA

GGGCGAGCGGTTCAGGTATAGTCAGCTCGATT

TATACCTGAACCGCTCGCCCCTAATACTTTAA

GGGCGAGCGGTTCAGGTGTAGTCAGCTCGATT

TACACCTGAACCGCTCGCCCCTAATACTTTAA

CGATTGCCCAAGGATTGCTATGGGCAGGGAAC

TAGCAATCCTTGGGCAATCGAGCTGACCGAAC

CGATTGCCCAAGGATTGCGATGGGCAGGGAAC

TCGCAATCCTTGGGCAATCGAGCTGACCGAAC

TTAATAGCGCGACTTCTTTAGGCGTTCTTGTT

TAAAGAAGTCGCGCTATTAACAGCTTGCTC

TTAATAGCGCGACTTCTGTAGGCGTTCTTGTT

TACAGAAGTCGCGCTATTAACAGCTTGCTC

TTAATAGCGCGACTTCTGGAGGCGTTCTTGTT

TGGAGAAGTCGCGCTATTAACAGCTTGCTC

TTAATAGCGCGACTTCTTTCGGCGTTCTTGTT

GAAAGAAGTCGCGCTATTAACAGCTTGCTC

The BamH] and Sall site sequences are underlined, and the mutation site is bolded.



