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1       10        20        30        40        50        60

AhlA M      DL  Q L A   S  S ALLNQ   NLLL QQ L     D  L VKI AYQ Q TTI TL       L A L AT       T            NS I                  A    GD G    Y     P      SA    M  S A  E  ST A   E   A 

SmhA M      DL  Q L A   S  S ALLNQ   NLLL QQ L     D  L VKI AYQ Q NNL SI       M M I IS       S            SQ M                  T    SP T    H     Q      YS    S  L T  S  PG T   K   N 

        70        80        90       100       110       120

AhlA    QA    Q     LI L    SNF ALV A N L   ED       GA        L M N    Y  TNL       S                 Q    A           L     M   RY Q    SG  H L NG   Y   A F R LG   DA VLAG  RLGQQ TS V

SmhA    QA    Q     LI L    SNF ALV A N L   ED       GA        L L Q    F  NTV       T                 T    V           V     R   QV K    AE  G Y KA   A   N V A YS   PQ S.QK  E...M AA S

       130       140       150       160       170       180

AhlA D AQ Y   AQA  T  Q     L PLM  F  VI   EQ L A  K Q   I  LN AI       L    L   M V          Q       L      DV               Q  S R N    N L   AWSS R   T  NG  SQ   D M    R TEI DG  K  

SmhA D AQ Y   AQA  T  Q     L PLM  F  VI   EQ L A  K Q   I  LN AI       A    V   L A          N       I      EA               V  H Q A    H Q   KREM E   G  LN  DA   G N    Q AQT AE  E  

       190       200       210       220       230       240

AhlA A NIQ I D G KAGEGV QLG  IV    L   P DK  K A      K    Q  YMI       V                    L               S           Q    A   A   E G      N   RA  TS T EQK A  GA P T QEIA ETDQ T    

SmhA A NIQ I D G KAGEGV QLG  IV    L   P DK  K A      K    Q  YMI       A                    V               T           S    K   S   A F      V   QS  AA P ..G T  KP E P APP. PLSD A    

       250       260       270       280       290       300

AhlA SG  A S G  G  QA  ELK N  KLA AY ALA  NALLSVAKSVQAQ QLFVDTY    L  L   I   S  A                                              E   S  A S    R   T TD   Q  Q   AT             N       SR

SmhA SG  A S G  G  QA  ELK N  KLA AY ALA  NALLSVAKSVQAQ QLFVDTY    I  I   A   Q  V                                              Q   A  S A    N   A YA   V  R   TA             A       VL

       310       320       330       340       350       360

AhlA        LP  W KVA AY  A P      S     Q      LN   WQL S   D  K    V           D     V VVT L    DVR LR  V            QV  I VADT TQ  AG Q      QG      D N PD      RT A  TQS   L S   D  

SmhA        LP  W KVA AY  A P      S     Q      LN   WQL S   D  K    M           E     A IIN A    EIK AK  I            SI  A TEQR AL  TE G      LT      Q G AA      QI S  AEK   F K   N  

       370                                                  

AhlA A YAGN ILP                                                            DA                                                 A    G     ..                                              

SmhA A YAGN ILP                                                            EV                                                 N    N     LE                                              

 
Supplementary figure S1. Pairwise sequence alignment of AhlA and SmhA. Red boxes with white text
shows identical residues, while white boxes with red text shows similar residues.



5.  Optimized Sequence
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(Optimized Sequence Length:1104, GC%:59.36)

CAT

ATGAACAACCTGACCAGCATCGACCTGAGCCCGCAAACCCTGATGGCGATGCACATCAGCATTAGCAGCCAAGCG

CTGCTGAACCAGAGCTACAGCAACCTGCTGCTGAGCCAGCAACTGCTGACCAGCCAGAGCATGGACCCGGGTCTG

ACCGTGAAGATTAAAGCGTATCAGAACCAACTGCGTCAGCAAGCGCAAGTGTTCAAACAGAACACCGTTGCGGAG

CTGATCGGCCTGTACACCAAGGCGAGCAACTTTGCGGCGCTGGTGAACGCGGTTAACGCGCTGTATAGCACCGAG

GACCCGCAAGTTAGCCAGAAGGGTGCGGAAATGGTGGCGGCGCTGAGCGATGTTGCGCAACACTATCAAGCGGCG

GCGCAGGCGGTGCACACCCAGCTGCAAGCGAAACGTGAGATGCTGGAACCGCTGATGGGTAACTTCCTGAACGTT

ATCGACGCGATTGAGCAAGGCCTGAACGCGGAAGCGAAGCAGCAAGCGCAGACCATTGCGGAGCTGAACGAAGCG

ATCGCGAAAAACATCCAGAGCATTGCGGATGCGGGTTTTAAGGCGGGCGAGGGCGTGGTTCAACTGGGTCAGAGC

ATTGTTGCGGCGGTTCCGCTGGGTCCGACCGACAAGAAACCGAAAGAAGCGCCGACCGCTCCGCCGAAGCCGCTG

AGCGATCAAGCGAGCTATATGATCAGCGGCATTCAGGCGATCAGCGCGGGTGCGAGCGGTGCGCAGCAAGCGGTG

AACGAGCTGAAGGCGAACTACGCGAAACTGGCGGTTGCGTACCGTGCGCTGGCGACCGCGAACGCGCTGCTGAGC

GTGGCGAAAAGCGTTCAGGCGCAAGCGCAGCTGTTCGTGGACACCTACGTTCTGACCGAACAACGTATGGCGCTG

CTGCCGACCGAGTGGGGTAAAGTGGCGGAAGCGTATCTGACCGCGGCGCCGATCATTAACCAAGCGGGCAGCGCG

GCGGAGATCAAGCAAGCGAAACAGATCATTAGCCTGAACGCGGAAAAGTGGCAGCTGTTTAGCAAAAGCATTGAT

AACGCGAAGGCGAACTACGCGGGCAACAACATCCTGCCGGAAGTT

CTCGAG

6.  DNA Alignment (Optimized Region)

Optimized     4   ATGAACAACCTGACCAGCATCGACCTGAGCCCGCAAACCCTGATGGCGATGCACATCAGC

Original      4   ATGAATAACTTGACGAGTATTGATTTAAGCCCGCAAACACTAATGGCAATGCATATTTCC

Optimized    64   ATTAGCAGCCAAGCGCTGCTGAACCAGAGCTACAGCAACCTGCTGCTGAGCCAGCAACTG

Original     64   ATTTCATCACAGGCATTGCTTAATCAAAGCTATAGTAATTTGTTGCTCAGCCAGCAATTA

Optimized   124   CTGACCAGCCAGAGCATGGACCCGGGTCTGACCGTGAAGATTAAAGCGTATCAGAACCAA

Original    124   TTAACGTCACAAAGTATGGACCCTGGCCTGACCGTTAAAATCAAGGCGTACCAAAATCAA

Optimized   184   CTGCGTCAGCAAGCGCAAGTGTTCAAACAGAACACCGTTGCGGAGCTGATCGGCCTGTAC

Original    184   CTGCGGCAGCAGGCGCAAGTATTCAAACAAAATACGGTCGCAGAATTGATCGGGTTATAT

Optimized   244   ACCAAGGCGAGCAACTTTGCGGCGCTGGTGAACGCGGTTAACGCGCTGTATAGCACCGAG

Original    244   ACCAAAGCGTCAAATTTCGCCGCCCTGGTCAACGCCGTCAATGCGCTGTATTCCACCGAG

Optimized   304   GACCCGCAAGTTAGCCAGAAGGGTGCGGAAATGGTGGCGGCGCTGAGCGATGTTGCGCAA

Original    304   GATCCTCAGGTGTCGCAGAAAGGCGCAGAAATGGTGGCTGCGCTTTCCGATGTCGCGCAA
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Optimized   364   CACTATCAAGCGGCGGCGCAGGCGGTGCACACCCAGCTGCAAGCGAAACGTGAGATGCTG

Original    364   CACTACCAGGCCGCAGCACAAGCCGTCCACACGCAGTTGCAGGCGAAACGCGAAATGCTG

Optimized   424   GAACCGCTGATGGGTAACTTCCTGAACGTTATCGACGCGATTGAGCAAGGCCTGAACGCG

Original    424   GAGCCTTTGATGGGCAATTTCCTTAACGTCATTGACGCCATCGAACAAGGGCTGAACGCC

Optimized   484   GAAGCGAAGCAGCAAGCGCAGACCATTGCGGAGCTGAACGAAGCGATCGCGAAAAACATC

Original    484   GAGGCGAAACAACAGGCGCAAACCATCGCTGAGCTCAACGAAGCGATCGCCAAAAATATC

Optimized   544   CAGAGCATTGCGGATGCGGGTTTTAAGGCGGGCGAGGGCGTGGTTCAACTGGGTCAGAGC

Original    544   CAAAGCATCGCAGATGCGGGTTTCAAAGCGGGTGAAGGGGTTGTGCAGCTTGGACAATCC

Optimized   604   ATTGTTGCGGCGGTTCCGCTGGGTCCGACCGACAAGAAACCGAAAGAAGCGCCGACCGCT

Original    604   ATCGTCGCCGCCGTGCCGCTCGGCCCGACGGATAAAAAACCGAAAGAAGCGCCAACCGCG

Optimized   664   CCGCCGAAGCCGCTGAGCGATCAAGCGAGCTATATGATCAGCGGCATTCAGGCGATCAGC

Original    664   CCTCCGAAGCCGCTTAGCGACCAGGCCAGCTATATGATCTCCGGCATTCAGGCGATCTCG

Optimized   724   GCGGGTGCGAGCGGTGCGCAGCAAGCGGTGAACGAGCTGAAGGCGAACTACGCGAAACTG

Original    724   GCGGGCGCTTCCGGTGCACAACAGGCCGTTAATGAACTGAAGGCAAACTACGCCAAATTG

Optimized   784   GCGGTTGCGTACCGTGCGCTGGCGACCGCGAACGCGCTGCTGAGCGTGGCGAAAAGCGTT

Original    784   GCCGTGGCCTATCGGGCTTTGGCAACCGCCAATGCGCTGCTCTCCGTCGCCAAGTCCGTG

Optimized   844   CAGGCGCAAGCGCAGCTGTTCGTGGACACCTACGTTCTGACCGAACAACGTATGGCGCTG

Original    844   CAAGCCCAGGCCCAATTATTTGTCGACACCTATGTTCTCACCGAGCAGCGCATGGCGTTA

Optimized   904   CTGCCGACCGAGTGGGGTAAAGTGGCGGAAGCGTATCTGACCGCGGCGCCGATCATTAAC

Original    904   CTGCCGACAGAATGGGGCAAGGTGGCGGAAGCCTATCTGACGGCTGCGCCCATCATTAAC

Optimized   964   CAAGCGGGCAGCGCGGCGGAGATCAAGCAAGCGAAACAGATCATTAGCCTGAACGCGGAA

Original    964   CAAGCCGGCAGCGCAGCGGAAATTAAACAAGCCAAACAAATCATTTCGCTCAATGCGGAA

Optimized  1024   AAGTGGCAGCTGTTTAGCAAAAGCATTGATAACGCGAAGGCGAACTACGCGGGCAACAAC

Original   1024   AAATGGCAGCTGTTTTCAAAGTCTATTGATAACGCCAAAGCTAACTATGCAGGAAACAAC

Optimized  1084   ATCCTGCCGGAAGTT

Original   1084   ATCCTGCCGGAAGTT
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Optimized   364   CACTATCAAGCGGCGGCGCAGGCGGTGCACACCCAGCTGCAAGCGAAACGTGAGATGCTG

Original    364   CACTACCAGGCCGCAGCACAAGCCGTCCACACGCAGTTGCAGGCGAAACGCGAAATGCTG

Optimized   424   GAACCGCTGATGGGTAACTTCCTGAACGTTATCGACGCGATTGAGCAAGGCCTGAACGCG

Original    424   GAGCCTTTGATGGGCAATTTCCTTAACGTCATTGACGCCATCGAACAAGGGCTGAACGCC

Optimized   484   GAAGCGAAGCAGCAAGCGCAGACCATTGCGGAGCTGAACGAAGCGATCGCGAAAAACATC

Original    484   GAGGCGAAACAACAGGCGCAAACCATCGCTGAGCTCAACGAAGCGATCGCCAAAAATATC

Optimized   544   CAGAGCATTGCGGATGCGGGTTTTAAGGCGGGCGAGGGCGTGGTTCAACTGGGTCAGAGC

Original    544   CAAAGCATCGCAGATGCGGGTTTCAAAGCGGGTGAAGGGGTTGTGCAGCTTGGACAATCC

Optimized   604   ATTGTTGCGGCGGTTCCGCTGGGTCCGACCGACAAGAAACCGAAAGAAGCGCCGACCGCT

Original    604   ATCGTCGCCGCCGTGCCGCTCGGCCCGACGGATAAAAAACCGAAAGAAGCGCCAACCGCG

Optimized   664   CCGCCGAAGCCGCTGAGCGATCAAGCGAGCTATATGATCAGCGGCATTCAGGCGATCAGC

Original    664   CCTCCGAAGCCGCTTAGCGACCAGGCCAGCTATATGATCTCCGGCATTCAGGCGATCTCG

Optimized   724   GCGGGTGCGAGCGGTGCGCAGCAAGCGGTGAACGAGCTGAAGGCGAACTACGCGAAACTG

Original    724   GCGGGCGCTTCCGGTGCACAACAGGCCGTTAATGAACTGAAGGCAAACTACGCCAAATTG

Optimized   784   GCGGTTGCGTACCGTGCGCTGGCGACCGCGAACGCGCTGCTGAGCGTGGCGAAAAGCGTT

Original    784   GCCGTGGCCTATCGGGCTTTGGCAACCGCCAATGCGCTGCTCTCCGTCGCCAAGTCCGTG

Optimized   844   CAGGCGCAAGCGCAGCTGTTCGTGGACACCTACGTTCTGACCGAACAACGTATGGCGCTG

Original    844   CAAGCCCAGGCCCAATTATTTGTCGACACCTATGTTCTCACCGAGCAGCGCATGGCGTTA

Optimized   904   CTGCCGACCGAGTGGGGTAAAGTGGCGGAAGCGTATCTGACCGCGGCGCCGATCATTAAC

Original    904   CTGCCGACAGAATGGGGCAAGGTGGCGGAAGCCTATCTGACGGCTGCGCCCATCATTAAC

Optimized   964   CAAGCGGGCAGCGCGGCGGAGATCAAGCAAGCGAAACAGATCATTAGCCTGAACGCGGAA

Original    964   CAAGCCGGCAGCGCAGCGGAAATTAAACAAGCCAAACAAATCATTTCGCTCAATGCGGAA

Optimized  1024   AAGTGGCAGCTGTTTAGCAAAAGCATTGATAACGCGAAGGCGAACTACGCGGGCAACAAC

Original   1024   AAATGGCAGCTGTTTTCAAAGTCTATTGATAACGCCAAAGCTAACTATGCAGGAAACAAC

Optimized  1084   ATCCTGCCGGAAGTT

Original   1084   ATCCTGCCGGAAGTT

Supplementary figure S2. Optimized and unoptimized nucleotide sequence for SmhA. Altered 
nucleotides are highlighted in red. 


