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Table S1. Primers used in this study. 

Primers Sequence 

F96A_f CTCGAGCGTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96A_r AGCTTGACCATACGCTCGAGATGATTGTTCGCCGGCAATAT 

F96C_f CTCGATGCTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96C_r AGCTTGACCATAACGTCGAGATGATTGTTCGCCGGCAATAT 

F96D_f CTCGAGACTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96D_r AGCTTGACCATACTGTCGAGATGATTGTTCGCCGGCAATAT 

F96E_f CTCGAGAATATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96E_r AGCTTGACCATACTTTCGAGATGATTGTTCGCCGGCAATAT 

F96G_f CTCGAGGTTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96G_r AGCTTGACCATACCATCGAGATGATTGTTCGCCGGCAATAT 

F96H_f CTCGACACTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96H_r AGCTTGACCATAGTGTCGAGATGATTGTTCGCCGGCAATAT 

F96I_f CTCGAATCTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96I_r AGCTTGACCATATAGTCGAGATGATTGTTCGCCGGCAATAT 

F96K_f CTCGAAAATATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96K_r AGCTTGACCATATTTTCGAGATGATTGTTCGCCGGCAATAT 

F96L_f CTCGACTGTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96L_r AGCTTGACCATAGACTCGAGATGATTGTTCGCCGGCAATAT 

F96M_f CTCGAATGTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96M_r AGCTTGACCATATACTCGAGATGATTGTTCGCCGGCAATAT 

F96N_f CTCGAAACTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96N_r AGCTTGACCATATTGTCGAGATGATTGTTCGCCGGCAATAT 

F96P_f CTCGACCGTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96P_r AGCTTGACCATAGGCTCGAGATGATTGTTCGCCGGCAATAT 

F96Q_f CTCGACAGTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96Q_r AGCTTGACCATAGTCTCGAGATGATTGTTCGCCGGCAATAT 

F96R_f CTCGACGTTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96R_r AGCTTGACCATAGCATCGAGATGATTGTTCGCCGGCAATAT 

F96S_f CTCGATCTTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96S_r AGCTTGACCATAAGATCGAGATGATTGTTCGCCGGCAATAT 

F96T_f CTCGAACCTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96T_r AGCTTGACCATATGGTCGAGATGATTGTTCGCCGGCAATAT 

F96V_f CTCGAGTTTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96V_r AGCTTGACCATACAATCGAGATGATTGTTCGCCGGCAATAT 

F96W_f CTCGATGGTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96W_r AGCTTGACCATAACCTCGAGATGATTGTTCGCCGGCAATAT 

F96Y_f CTCGATACTATGGTCAAGCTATTAGCTATAAAATGCCAGATGAAACCT 

F96Y_r AGCTTGACCATAATGTCGAGATGATTGTTCGCCGGCAATAT 

Q278A_f GCTTATGCGTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278A_r AATTGCTGTGACGCATAAGCAGGTAATGTTGGTACATCAACAT 
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Q278C_f GCTTATTGCTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278C_r AATTGCTGTGAACGATAAGCAGGTAATGTTGGTACATCAACAT 

Q278D_f GCTTATGACTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278D_r AATTGCTGTGACTGATAAGCAGGTAATGTTGGTACATCAACAT 

Q278E_f GCTTATGAATCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278E_r AATTGCTGTGACTTATAAGCAGGTAATGTTGGTACATCAACAT 

Q278F_f GCTTATTTCTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278F_r AATTGCTGTGAAAGATAAGCAGGTAATGTTGGTACATCAACAT 

Q278G_f GCTTATGGTTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278G_r AATTGCTGTGACCAATAAGCAGGTAATGTTGGTACATCAACAT 

Q278H_f GCTTATCACTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278H_r AATTGCTGTGAGTGATAAGCAGGTAATGTTGGTACATCAACAT 

Q278I_f GCTTATATCTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278I_r AATTGCTGTGATAGATAAGCAGGTAATGTTGGTACATCAACAT 

Q278K_f GCTTATAAATCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278K_r AATTGCTGTGATTTATAAGCAGGTAATGTTGGTACATCAACAT 

Q278L_f GCTTATCTGTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278L_r AATTGCTGTGAGACATAAGCAGGTAATGTTGGTACATCAACAT 

Q278M_f GCTTATATGTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278M_r AATTGCTGTGATACATAAGCAGGTAATGTTGGTACATCAACAT 

Q278N_f GCTTATAACTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278N_r AATTGCTGTGATTGATAAGCAGGTAATGTTGGTACATCAACAT 

Q278P_f GCTTATCCGTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278P_r AATTGCTGTGAGGCATAAGCAGGTAATGTTGGTACATCAACAT 

Q278R_f GCTTATCGTTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278R_r AATTGCTGTGAGCAATAAGCAGGTAATGTTGGTACATCAACAT 

Q278S_f GCTTATTCTTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278S_r AATTGCTGTGAAGAATAAGCAGGTAATGTTGGTACATCAACAT 

Q278T_f GCTTATACCTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278T_r AATTGCTGTGATGGATAAGCAGGTAATGTTGGTACATCAACAT 

Q278V_f GCTTATGTTTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278V_r AATTGCTGTGACAAATAAGCAGGTAATGTTGGTACATCAACAT 

Q278W_f GCTTATTGGTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278W_r AATTGCTGTGAACCATAAGCAGGTAATGTTGGTACATCAACAT 

Q278Y_f GCTTATTACTCACAGCAATTAATTAGCGCAGCACCAAATGCGC 

Q278Y_r AATTGCTGTGAATGATAAGCAGGTAATGTTGGTACATCAACAT 

E417A_f CAGATGCGAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417A_r GATAATTGGGTTCGCATCTGGTGCAATCGCCATCGCAC 

E417C_f CAGATTGCAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417C_r GATAATTGGGTTACGATCTGGTGCAATCGCCATCGCAC 

E417D_f CAGATGACAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417D_r GATAATTGGGTTCTGATCTGGTGCAATCGCCATCGCAC 
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E417F_f CAGATTTCAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417F_r GATAATTGGGTTAAGATCTGGTGCAATCGCCATCGCAC 

E417G_f CAGATGGTAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417G_r GATAATTGGGTTCCAATCTGGTGCAATCGCCATCGCAC 

E417H_f CAGATCACAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417H_r GATAATTGGGTTGTGATCTGGTGCAATCGCCATCGCAC 

E417I_f CAGATATCAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417I_r GATAATTGGGTTTAGATCTGGTGCAATCGCCATCGCAC 

E417K_f CAGATAAAAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417K_r GATAATTGGGTTTTTATCTGGTGCAATCGCCATCGCAC 

E417L_f CAGATCTGAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417L_r GATAATTGGGTTGACATCTGGTGCAATCGCCATCGCAC 

E417M_f CAGATATGAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417M_r GATAATTGGGTTTACATCTGGTGCAATCGCCATCGCAC 

E417N_f CAGATAACAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417N_r GATAATTGGGTTTTGATCTGGTGCAATCGCCATCGCAC 

E417P_f CAGATCCGAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417P_r GATAATTGGGTTGGCATCTGGTGCAATCGCCATCGCAC 

E417Q_f CAGATCAGAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417Q_r GATAATTGGGTTGTCATCTGGTGCAATCGCCATCGCAC 

E417R_f CAGATCGTAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417R_r GATAATTGGGTTGCAATCTGGTGCAATCGCCATCGCAC 

E417S_f CAGATTCTAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417S_r GATAATTGGGTTAGAATCTGGTGCAATCGCCATCGCAC 

E417T_f CAGATACCAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417T_r GATAATTGGGTTTGGATCTGGTGCAATCGCCATCGCAC 

E417V_f CAGATGTTAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417V_r GATAATTGGGTTCAAATCTGGTGCAATCGCCATCGCAC 

E417W_f CAGATTGGAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417W_r GATAATTGGGTTACCATCTGGTGCAATCGCCATCGCAC 

E417Y_f CAGATTACAACCCAATTATCTCTGATGTTAAAGAGTATCCAGGTCT 

E417Y_r GATAATTGGGTTATGATCTGGTGCAATCGCCATCGCAC 
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Table S2. The rank of docking results of each ligand. 

Ligand input Rank Docked energy 

L-Ala 

Alanine1_1 -3.29 

Alanine1_2 -3.26 

Alanine1_3 -3.03 

Alanine1_4 -2.93 

Alanine1_5 -2.91 

Alanine1_6 -2.80 

Alanine1_7 -2.78 

Alanine1_8 -2.68 

Alanine1_9 -2.67 

Alanine1_10 -2.48 

L-Val 

Valine1_1 -4.82 

Valine1_2 -4.80 

Valine1_3 -4.80 

Valine1_4 -4.75 

Valine1_5 -4.74 

Valine1_6 -4.71 

Valine1_7 -4.69 

Valine1_8 -4.66 

Valine1_9 -4.54 

Valine1_10 -4.38 

L-Leu 

Leucine1_1 -4.70 

Leucine1_2 -4.58 

Leucine1_3 -4.54 

Leucine1_4 -4.32 

Leucine1_5 -4.00 

Leucine1_6 -3.93 

Leucine1_7 -3.91 

Leucine1_8 -3.83 

Leucine1_9 -3.72 

Leucine1_10 -3.71 

L-Phe Phenylalanine1_1 -6.26 

Phenylalanine1_2 -5.83 

Phenylalanine1_3 -5.70 

Phenylalanine1_4 -5.63 

Phenylalanine1_5 -5.52 

Phenylalanine1_6 -5.50 

Phenylalanine1_7 -5.07 

Phenylalanine1_8 -4.92 

Phenylalanine1_9 -4.90 
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Phenylalanine1_10 -4.78 

L-Trp 

Tryptophan1_1 -7.04 

Tryptophan1_2 -6.51 

Tryptophan1_3 -6.39 

Tryptophan1_4 -6.26 

Tryptophan1_5 -6.25 

Tryptophan1_6 -6.15 

Tryptophan1_7 -6.13 

Tryptophan1_8 -5.93 

Tryptophan1_9 -5.73 

Tryptophan1_10 -5.52 

L-Ile 

Isoleucine1_1 -4.53 

Isoleucine1_2 -4.51 

Isoleucine1_3 -4.48 

Isoleucine1_4 -4.33 

Isoleucine1_5 -4.06 

Isoleucine1_6 -4.02 

Isoleucine1_7 -3.96 

Isoleucine1_8 -3.96 

Isoleucine1_9 -3.80 

Isoleucine1_10 -3.60 

L-Asp 

Aspartic_acid_1_1 -5.12 

Aspartic_acid_1_2 -5.09 

Aspartic_acid_1_3 -4.96 

Aspartic_acid_1_4 -4.74 

Aspartic_acid_1_5 -4.42 

Aspartic_acid_1_6 -4.33 

Aspartic_acid_1_7 -4.31 

Aspartic_acid_1_8 -4.27 

Aspartic_acid_1_9 -4.12 

Aspartic_acid_1_10 -3.95 

 

  



 7 

 

Table S3. The retention times of high-performance liquid chromatography (HPLC). 

Corresponding 

Substrate 
Keto acids 

Retention time of keto acids 

(min) 

L-Ala Pyruvic acid 9.627 

L-Asp Oxalacetic acid 8.067 

L-Leu 4-Methyl-2-oxovaleric acid 13.167 

L-Ile 3-Methyl-2-oxovaleric acid 11.360 

L-Phe Phenylpyruvic acid 18.233 

L-Trp Indole-3-pyruvic acid 17.326 

L-Val 3-Methyl-2-oxobutanoic acid 10.287 
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Figure S1. The results of alanine scanning. The black dotted line indicates the relative activity 

(100%) of wild-type PmiLAAD. 

 

 

 

Figure S2. Structure of PmiLAAD. The substrate channel is shown in translucent sky blue. The 

residue E417 located in the substrate channel is showed as yellow sticks. 

 

 

 

 

 

Figure S3. Relative activity of PmLAADE417K (A), PmLAADE417H (B), and PmLAADE417R (C) 

toward seven kinds of L-amino acids. 
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Figure S4. Plots for the apparent kinetic parameter determination of PmiLAAD variants and 

wild-type. (A) Plots for kinetic parameter determination of PmiLAADE417A, PmiLAADE417L and 

PmiLAAD wild-type. The Km and Vmax of PmiLAADE417A toward L-Trp were 7.92±1.59 mM and 

3.25±0.14 μM·mg-1·min-1, respectively. The Km and Vmax of PmiLAADE417L toward L-Trp were 

7.33±1.76 mM and 8.53±0.36 μM·mg-1·min-1, respectively. The Km and Vmax of PmiLAAD wild-

type toward L-Trp were 6.010±0.92 mM and 1.76±0.05 μM·mg-1·min-1, respectively. (B) Plots for 

kinetic parameter determination of PmiLAADE417K and PmiLAAD wild-type. The Km and Vmax 

of PmiLAADE417K toward L-Asp were 11.61±2.11 mM and 0.94±0.06 μM·mg-1·min-1, respectively. 

The Km and Vmax of PmiLAAD wild-type toward L-Asp were 21.88±5.20 mM and 1.17±0.133 

μM·mg-1·min-1, respectively. Error bars represent the standard deviation of three independent 

experiments. 

 


