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Figure S1. In vitro enzyme assay of CYP76AH1 and CYP76AH3 using miltiradiene 

(A, B) and ferruginol (C) as substrate. A and C are enzyme reaction analysis in UPLC-

Qtof-MS, B is the GC-MS result of miltiradiene enzyme reaction.



Figure S2. UPLC-Qtof-MS result (A) and GC-MS result (B) of diterpnoid production 

in the yeast strain harboring miltiradiene production module (YJ14) plus CPR1 from 

Salvia miltiorrhiza (grey), miltiradiene production module (YJ14) plus CYP76AH1 and 

CPR1 (blue), and miltiradiene production module (YJ14) plus CYP76AH3 and CPR1 

(red).



Figure S3. Homology modeling of CYP76AH1 (A) using the crystal structure of 

CYP1A2 from human as template, and homology modeling of CYP76AH3 (B) using 

the crystal structure of CYP17A1 from zebra fish as template. The ProSA energy graphs 

for CYP76AH1= −8.4 with 495 amino acid residues in the model (C) and for 

CYP76AH3= −8.84 with 494 amino acid residues in the model (D) were all in a 

negative range indicating the reasonable model for model.



Figure S4. Relative yields of 11-hydroxy ferruginol(A), sugiol(B), and 11-hydroxy 

sugiol(C) from miltiradiene in yeast strains harboring SmCPR1 plus either CYP76AH1, 

CYP76AH3, and their mutated substitutes after fermentation. Yields higher than YJ14-

CYP76AH1/CYP76AH3 were showed.



Table S1. S. cerevisiae strains used in this study.

Strains Genotype or characteristic Resource

BY4741 MATa; his3∆1; leu2∆0; met15∆0; ura3∆0 ATCC

YJ14 BY4741/pYX212-(BTS1-ERG20)+(SmKSL-SmCPS) 15

YJ14-CYP76AH1 YJ14/pESC-HIS-CYP76AH1/pESC-LEU-SmCPR1 This study

YJ14-CYP76AH3 YJ14/pESC-HIS-CYP76AH3/pESC-LEU-SmCPR1 This study

YJ14-CYP76AH1D301E,V479F YJ14/pESC-HIS-CYP76AH1D301E,V479F/pESC-LEU-SmCPR1 This study

YJ51
BY4741/LEU2/MET15/pYX212-(BTS1-ERG20)+(SmKSL1-

SmCPS1)+CYP76AH1+SmCPR1/pESC-HIS-CYP76AH3
10



Table S2. Primers used in this study.
Primer Sequence(5'to3')

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-D301E-R1 CATGGCCCACTCGATCGAGGTCGTGTTCGTCTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-D301E-F2 GCTGGACTTGTTCGTGGGAGGATCGGAGACGAACACGACCTCGATCGAGTGGGCCATG

76AH1-HisBamHI-R2 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-S306E-R1 CATGGCCCACTCGATCTCGGTCGTGTTCGTGTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-S306E-F2 GCTGGACTTGTTCGTGGGAGGATCGGACACGAACACGACCGAGATCGAGTGGGCCATG

76AH1-HisBamHI-R2 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-I395M-R1 GGTCCAGATACTCGGATCCCTCCCCATCGCATACGCGTTGATGAGTATCTGAGTTCCC

76AH1-I395M-F2 GGGAACTCAGATACTCATCAACGCGTATGCGATGGGGAGGGATCCGAGTATCTGGACC

76AH1-HisBamHI-R2 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-V479F-R1 GAACCCAAACAACTCGCCGGCGTGATCGGCGGCCGCCGTGGAGTCATCTTCCAGTTTC

76AH1-V479F-F2 GAAACTGGAAGATGACTCCACGGCGGCCGCCGATCACGCCGGCGAGTTGTTTGGGTTC

76AH1-HisBamHI-R2 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E301D-R1 CATGATCCACTCGATCTCGGTGGTGCTCGTGTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E301D-F2 GCTCGACCTCTTCGTCGGGGGTTCGGACACGAGCACCACCGAGATCGAGTGGATCATG

76AH3-HisBamHI-R2 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E306S-R1 CATGATCCACTCGATCGAGGTGGTGCTCGTCTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E306S-F2 GCTCGACCTCTTCGTCGGGGGTTCGGAGACGAGCACCACCTCGATCGAGTGGATCATG

76AH3-HisBamHI-R4 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 TCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCT

76AH3-M395I-R1 GTGGAGTCTCTGCCTATGGCCCACGCGTTGATGAGCACCTGAGT

76AH3-M395I-F2 GACTCAGGTGCTCATCAACGCGTGGGCCATAGGCAGAGACTCCA

76AH3-HisBamHI-R2 CTATAGTGAGTCGTATTACGGTGCCTTATACGGAACGATCC

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-F479V-R1 CACGCCAAACAACACGCCCTGGTGCTCGGCGAGGGGCGCATCGGGGCGTTCGAGCTTC

76AH3-F479V-F2 GAAGCTCGAACGCCCCGATGCGCCCCTCGCCGAGCACCAGGGCGTGTTGTTTGGCGTG

76AH3-HisBamHI-R2 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-D301E,S306E-R1 CATGGCCCACTCGATCTCGGTCGTGTTCGTCTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-D301E,S306E-F2 GCTGGACTTGTTCGTGGGAGGATCGGAGACGAACACGACCGAGATCGAGTGGGCCATG

76AH1-HisBamHI-R2 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-D301E-R1 CATGGCCCACTCGATCGAGGTCGTGTTCGTCTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-D301E-F2 GCTGGACTTGTTCGTGGGAGGATCGGAGACGAACACGACCTCGATCGAGTGGGCCATG

76AH1-I395M-R2 GGTCCAGATACTCGGATCCCTCCCCATCGCATACGCGTTGATGAGTATCTGAGTTCCC



76AH1-I395M-F3 GGGAACTCAGATACTCATCAACGCGTATGCGATGGGGAGGGATCCGAGTATCTGGACC

76AH1-HisBamHI-R3 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-D301E-R1 CATGGCCCACTCGATCGAGGTCGTGTTCGTCTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-D301E-F2 GCTGGACTTGTTCGTGGGAGGATCGGAGACGAACACGACCTCGATCGAGTGGGCCATG

76AH1-V479F-R2 GAACCCAAACAACTCGCCGGCGTGATCGGCGGCCGCCGTGGAGTCATCTTCCAGTTTC

76AH1-V479F-F3 GAAACTGGAAGATGACTCCACGGCGGCCGCCGATCACGCCGGCGAGTTGTTTGGGTTC

76AH1-HisBamHI-R3 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-S306E-R1 CATGGCCCACTCGATCTCGGTCGTGTTCGTGTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-S306E-F2 GCTGGACTTGTTCGTGGGAGGATCGGACACGAACACGACCGAGATCGAGTGGGCCATG

76AH1-I395M-R2 GGTCCAGATACTCGGATCCCTCCCCATCGCATACGCGTTGATGAGTATCTGAGTTCCC

76AH1-I395M-F3 GGGAACTCAGATACTCATCAACGCGTATGCGATGGGGAGGGATCCGAGTATCTGGACC

76AH1-HisBamHI-R3 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-S306E-R1 CATGGCCCACTCGATCTCGGTCGTGTTCGTGTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-S306E-F2 GCTGGACTTGTTCGTGGGAGGATCGGACACGAACACGACCGAGATCGAGTGGGCCATG

76AH1-V479F-R2 GAACCCAAACAACTCGCCGGCGTGATCGGCGGCCGCCGTGGAGTCATCTTCCAGTTTC

76AH1-V479F-F3 GAAACTGGAAGATGACTCCACGGCGGCCGCCGATCACGCCGGCGAGTTGTTTGGGTTC

76AH1-HisBamHI-R3 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-I395M-R1 GGTCCAGATACTCGGATCCCTCCCCATCGCATACGCGTTGATGAGTATCTGAGTTCCC

76AH1-I395M-F2 GGGAACTCAGATACTCATCAACGCGTATGCGATGGGGAGGGATCCGAGTATCTGGACC

76AH1-V479F-R2 GAACCCAAACAACTCGCCGGCGTGATCGGCGGCCGCCGTGGAGTCATCTTCCAGTTTC

76AH1-V479F-F3 GAAACTGGAAGATGACTCCACGGCGGCCGCCGATCACGCCGGCGAGTTGTTTGGGTTC

76AH1-HisBamHI-R3 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E301D,E306S-R1 CATGATCCACTCGATCGAGGTGGTGCTCGTGTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E301D,E306S-F2 GCTCGACCTCTTCGTCGGGGGTTCGGACACGAGCACCACCTCGATCGAGTGGATCATG

76AH3-HisBamHI-R2 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E301D-R1 CATGATCCACTCGATCTCGGTGGTGCTCGTGTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E301D-F2 GCTCGACCTCTTCGTCGGGGGTTCGGACACGAGCACCACCGAGATCGAGTGGATCATG

76AH3-M395I-R2 CCAGATGGTGGAGTCTCTGCCTATGGCCCACGCGTTGATGAGCACCTGAGTCCCTTTC

76AH3-M395I-F3 GAAAGGGACTCAGGTGCTCATCAACGCGTGGGCCATAGGCAGAGACTCCACCATCTGG

76AH3-HisBamHI-R3 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E301D-R1 CATGATCCACTCGATCTCGGTGGTGCTCGTGTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E301D-F2 GCTCGACCTCTTCGTCGGGGGTTCGGACACGAGCACCACCGAGATCGAGTGGATCATG

76AH3-F479V-R2 CACGCCAAACAACACGCCCTGGTGCTCGGCGAGGGGCGCATCGGGGCGTTCGAGCTTC

76AH3-F479V-F3 GAAGCTCGAACGCCCCGATGCGCCCCTCGCCGAGCACCAGGGCGTGTTGTTTGGCGTG



76AH3-HisBamHI-R3 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E306S-R1 CATGATCCACTCGATCGAGGTGGTGCTCGTCTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E306S-F2 GCTCGACCTCTTCGTCGGGGGTTCGGAGACGAGCACCACCTCGATCGAGTGGATCATG

76AH3-M395I-R2 CCAGATGGTGGAGTCTCTGCCTATGGCCCACGCGTTGATGAGCACCTGAGTCCCTTTC

76AH3-M395I-F3 GAAAGGGACTCAGGTGCTCATCAACGCGTGGGCCATAGGCAGAGACTCCACCATCTGG

76AH3-HisBamHI-R3 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E306S-R1 CATGATCCACTCGATCGAGGTGGTGCTCGTCTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E306S-F2 GCTCGACCTCTTCGTCGGGGGTTCGGAGACGAGCACCACCTCGATCGAGTGGATCATG

76AH3-F479V-R3 CACGCCAAACAACACGCCCTGGTGCTCGGCGAGGGGCGCATCGGGGCGTTCGAGCTTC

76AH3-F479V-F3 GAAGCTCGAACGCCCCGATGCGCCCCTCGCCGAGCACCAGGGCGTGTTGTTTGGCGTG

76AH3-HisBamHI-R3 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-M395I-R1 CCAGATGGTGGAGTCTCTGCCTATGGCCCACGCGTTGATGAGCACCTGAGTCCCTTTC

76AH3-M395I-F2 GAAAGGGACTCAGGTGCTCATCAACGCGTGGGCCATAGGCAGAGACTCCACCATCTGG

76AH3-F479V-R3 CACGCCAAACAACACGCCCTGGTGCTCGGCGAGGGGCGCATCGGGGCGTTCGAGCTTC

76AH3-F479V-F3 GAAGCTCGAACGCCCCGATGCGCCCCTCGCCGAGCACCAGGGCGTGTTGTTTGGCGTG

76AH3-HisBamHI-R3 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-D301E,S306E-R1 CATGGCCCACTCGATCTCGGTCGTGTTCGTCTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-D301E,S306E-F2 GCTGGACTTGTTCGTGGGAGGATCGGAGACGAACACGACCGAGATCGAGTGGGCCATG

76AH1-I395M-R2 GGTCCAGATACTCGGATCCCTCCCCATCGCATACGCGTTGATGAGTATCTGAGTTCCC

76AH1-I395M-F3 GGGAACTCAGATACTCATCAACGCGTATGCGATGGGGAGGGATCCGAGTATCTGGACC

76AH1-HisBamHI-R3 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-D301E,S306E-R1 CATGGCCCACTCGATCTCGGTCGTGTTCGTCTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-D301E,S306E-F2 GCTGGACTTGTTCGTGGGAGGATCGGAGACGAACACGACCGAGATCGAGTGGGCCATG

76AH1-V479F-R2 GAACCCAAACAACTCGCCGGCGTGATCGGCGGCCGCCGTGGAGTCATCTTCCAGTTTC

76AH1-V479F-F3 GAAACTGGAAGATGACTCCACGGCGGCCGCCGATCACGCCGGCGAGTTGTTTGGGTTC

76AH1-HisBamHI-R3 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-D301E-R1 CATGGCCCACTCGATCGAGGTCGTGTTCGTCTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-D301E-F2 GCTGGACTTGTTCGTGGGAGGATCGGAGACGAACACGACCTCGATCGAGTGGGCCATG

76AH1-I395M-R2 GGTCCAGATACTCGGATCCCTCCCCATCGCATACGCGTTGATGAGTATCTGAGTTCCC

76AH1-I395M-F3 GGGAACTCAGATACTCATCAACGCGTATGCGATGGGGAGGGATCCGAGTATCTGGACC

76AH1-V479F-R3 GAACCCAAACAACTCGCCGGCGTGATCGGCGGCCGCCGTGGAGTCATCTTCCAGTTTC

76AH1-V479F-F4 GAAACTGGAAGATGACTCCACGGCGGCCGCCGATCACGCCGGCGAGTTGTTTGGGTTC

76AH1-HisBamHI-R4 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-S306E-R1 CATGGCCCACTCGATCTCGGTCGTGTTCGTGTCCGATCCTCCCACGAACAAGTCCAGC



76AH1-S306E-F2 GCTGGACTTGTTCGTGGGAGGATCGGACACGAACACGACCGAGATCGAGTGGGCCATG

76AH1-I395M-R2 GGTCCAGATACTCGGATCCCTCCCCATCGCATACGCGTTGATGAGTATCTGAGTTCCC

76AH1-I395M-F3 GGGAACTCAGATACTCATCAACGCGTATGCGATGGGGAGGGATCCGAGTATCTGGACC

76AH1-V479F-R3 GAACCCAAACAACTCGCCGGCGTGATCGGCGGCCGCCGTGGAGTCATCTTCCAGTTTC

76AH1-V479F-F4 GAAACTGGAAGATGACTCCACGGCGGCCGCCGATCACGCCGGCGAGTTGTTTGGGTTC

76AH1-HisBamHI-R4 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E301D,E306S-R1 CATGATCCACTCGATCGAGGTGGTGCTCGTGTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E301D,E306S-F2 GCTCGACCTCTTCGTCGGGGGTTCGGACACGAGCACCACCTCGATCGAGTGGATCATG

76AH3-M395I-R2 CCAGATGGTGGAGTCTCTGCCTATGGCCCACGCGTTGATGAGCACCTGAGTCCCTTTC

76AH3-M395I-F3 GAAAGGGACTCAGGTGCTCATCAACGCGTGGGCCATAGGCAGAGACTCCACCATCTGG

76AH3-HisBamHI-R3 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E301D,E306S-R1 CATGATCCACTCGATCGAGGTGGTGCTCGTGTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E301D,E306S-F2 GCTCGACCTCTTCGTCGGGGGTTCGGACACGAGCACCACCTCGATCGAGTGGATCATG

76AH3-F479V-R3 CACGCCAAACAACACGCCCTGGTGCTCGGCGAGGGGCGCATCGGGGCGTTCGAGCTTC

76AH3-F479V-F3 GAAGCTCGAACGCCCCGATGCGCCCCTCGCCGAGCACCAGGGCGTGTTGTTTGGCGTG

76AH3-HisBamHI-R3 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E301D-R1 CATGATCCACTCGATCTCGGTGGTGCTCGTGTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E301D-F2 GCTCGACCTCTTCGTCGGGGGTTCGGACACGAGCACCACCGAGATCGAGTGGATCATG

76AH3-M395I-R2 CCAGATGGTGGAGTCTCTGCCTATGGCCCACGCGTTGATGAGCACCTGAGTCCCTTTC

76AH3-M395I-F3 GAAAGGGACTCAGGTGCTCATCAACGCGTGGGCCATAGGCAGAGACTCCACCATCTGG

76AH3-F479V-R3 CACGCCAAACAACACGCCCTGGTGCTCGGCGAGGGGCGCATCGGGGCGTTCGAGCTTC

76AH3-F479V-F3 GAAGCTCGAACGCCCCGATGCGCCCCTCGCCGAGCACCAGGGCGTGTTGTTTGGCGTG

76AH3-HisBamHI-R4 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E306S-R1 CATGATCCACTCGATCGAGGTGGTGCTCGTCTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E306S-F2 GCTCGACCTCTTCGTCGGGGGTTCGGAGACGAGCACCACCTCGATCGAGTGGATCATG

76AH3-M395I-R2 CCAGATGGTGGAGTCTCTGCCTATGGCCCACGCGTTGATGAGCACCTGAGTCCCTTTC

76AH3-M395I-F3 GAAAGGGACTCAGGTGCTCATCAACGCGTGGGCCATAGGCAGAGACTCCACCATCTGG

76AH3-F479V-R3 CACGCCAAACAACACGCCCTGGTGCTCGGCGAGGGGCGCATCGGGGCGTTCGAGCTTC

76AH3-F479V-F3 GAAGCTCGAACGCCCCGATGCGCCCCTCGCCGAGCACCAGGGCGTGTTGTTTGGCGTG

76AH3-HisBamHI-R4 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT

76AH1-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTTCCTCTCCTCGCCGCGCTCT

76AH1-D301E,S306E-R1 CATGGCCCACTCGATCTCGGTCGTGTTCGTCTCCGATCCTCCCACGAACAAGTCCAGC

76AH1-D301E,S306E-F2 GCTGGACTTGTTCGTGGGAGGATCGGAGACGAACACGACCGAGATCGAGTGGGCCATG

76AH1-I395M-R2 GGTCCAGATACTCGGATCCCTCCCCATCGCATACGCGTTGATGAGTATCTGAGTTCCC

76AH1-I395M-F3 GGGAACTCAGATACTCATCAACGCGTATGCGATGGGGAGGGATCCGAGTATCTGGACC

76AH1-V479F-R3 GAACCCAAACAACTCGCCGGCGTGATCGGCGGCCGCCGTGGAGTCATCTTCCAGTTTC

76AH1-V479F-F4 GAAACTGGAAGATGACTCCACGGCGGCCGCCGATCACGCCGGCGAGTTGTTTGGGTTC



76AH1-HisBamHI-R4 GACGCCCGGGCCCTATAGTGAGTCGTATTACGGCTAAGACTTAACTATTGGGATAATC

76AH3-HisBamHI-F1 CTTTAACGTCAAGGAGAAAAAACCCCGATGGATTCTTTCTCTCTTCTGGCTGCACTCT

76AH3-E301D,E306S-R1 CATGATCCACTCGATCGAGGTGGTGCTCGTGTCCGAACCCCCGACGAAGAGGTCGAGC

76AH3-E301D,E306S-F2 GCTCGACCTCTTCGTCGGGGGTTCGGACACGAGCACCACCTCGATCGAGTGGATCATG

76AH3-M395I-R2 CCAGATGGTGGAGTCTCTGCCTATGGCCCACGCGTTGATGAGCACCTGAGTCCCTTTC

76AH3-M395I-F3 GAAAGGGACTCAGGTGCTCATCAACGCGTGGGCCATAGGCAGAGACTCCACCATCTGG

76AH3-F479V-R3 CACGCCAAACAACACGCCCTGGTGCTCGGCGAGGGGCGCATCGGGGCGTTCGAGCTTC

76AH3-F479V-F3 GAAGCTCGAACGCCCCGATGCGCCCCTCGCCGAGCACCAGGGCGTGTTGTTTGGCGTG

76AH3-HisBamHI-R4 GTGCCGCTCAGGATCGTTCCGTATAAGGCATGAGCTAAGACTTAACTATTGGGATAAT


