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Table S1: Oligonucleotides used in this study. 

Name Sequence (5’3’) 
O1 ctagtgaaaaagatgttgatgttagcttttacatttcttttggctttgactatccatgtaggggg 
O2 cgcgccccctacatggatagtcaaagccaaaagaaatgtaaaagctaacatcaacatctttttca 
P1 cgtctcacgcgcaggcgcgtaaaaaacttgtctattcacc 
P2 ccttgtctacaaaccccttaaaaacg 
P3 tcgagtctctacggaaatagcg 
P4 catcgataagctcaggcagtcaggatccg 
P5 cctggaattcgccaaagctgtaatggctg 
P6 gcactagtcattcctctcttacctataatgg 
P7 cgtctcacgcgccgtaaaaaacttgtc 
P8 gcctcgagcaccattctaatcgtaaatc 

 

Table S2: Signal peptides used in this study.  

Signal 
peptide 

Amino acid sequence Origin 

YoaW VKKMLMLAFTFLLALTIHVGGAQA B. subtilis 168 
AprE VRSKKLWISLLFALALIFTMAFGSTSSAQA B. subtilis 168 
PhoD VAYDSRFDEWVQKLKEESFQNNTFDRRK 

FIQGAGKIAGLSLGLTIAQSASA 
B. subtilis 168 

GlmU VDRRDNGGQYMDKRFAVVLA B. licheniformis 
 

Table S3: Plasmids used in this study.  

Plasmid Application 
Bs_Pgeo_SPaprE_prom pMA Provides modular cloning cassette 
20AC44OP_bGalPW_opt_Bs_pMK-RQ Provides optimized β-gal-Pw gene 
pET20b - β_Gal_ P.wynnii_His6 Provides native β-gal-Pw gene 
BNspeBif3 Vector backbone 
pLF_P43_YoaW Negative control 
pLF_PAprE_AprE Negative control 
pLF_ P43_YoaW_ β-gal-Pw  β-gal-Pw expression  
pLF_ P43_YoaW_ β-gal-Pw_opt β-gal-Pw expression 
pLF_ P43_AprE_ β-gal-Pw_opt β-gal-Pw expression 
pLF_ P43_PhoD_ β-gal-Pw_opt β-gal-Pw expression 
pLF_ P43_GlmU_ β-gal-Pw_opt β-gal-Pw expression 
pLF_PAprE_YoaW_ β-gal-Pw β-gal-Pw expression 
pLF_PAprE_YoaW_ β-gal-Pw_opt β-gal-Pw expression 
pLF_PAprE_AprE_β-gal-Pw_opt  β-gal-Pw expression 
pLF_PAprE_PhoD_β-gal-Pw_opt  β-gal-Pw expression 
pLF_ PAprE GlmU_β-gal-Pw_opt β-gal-Pw expression 
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Table S4: Strains used in this study.  

Strain Genotype and properties Source 

Escherichia coli XL1 
Blue 

endA1 gyrA96 (nalR) thi-1 recA1 relA1 lac glnV44 F'[:Tn10 proAB+ lacIq 
Δ(lacZ)M15] hsdR17(rK - mK +) 

Bullock et al., 1987 

Bacillus subtilis 168 trpC2 Burkholder & Giles, 1947 

B. subtilis SCK6 ErmR , his nprR2 nprE18 ΔaprA3 ΔeglS102 ΔbglT bglSRV 
lacA::PxylA -comK 

Zhang & Zhang, 2011 

BsAnc B. subtilis SCK6 with plasmid pLF_PAprE_AprE (negative control) This work 

BsAY1 B. subtilis SCK6 with plasmid pLF_PAprE_YoaW_β-gal-Pw  This work 

BsAY2 B. subtilis SCK6 with plasmid pLF_PAprE_YoaW_β-gal-Pw_opt This work 

BsAP2 B. subtilis SCK6 with plasmid pLF_PAprE_PhoD_β-gal-Pw_opt This work 

BsAG2 B. subtilis SCK6 with plasmid pLF_PAprE_GlmU_β-gal-Pw_opt This work 

BsAA2 B. subtilis SCK6 with plasmid pLF_PAprE_AprE_β-gal-Pw_opt This work 

Bs43nc B. subtilis SCK6 with plasmid pLF_P43_YoaW (negative control) This work 

Bs43Y1 B. subtilis SCK6 with plasmid pLF_P43_YoaW_β-gal-Pw  This work 

Bs43Y2 B. subtilis SCK6 with plasmid pLF_P43_YoaW_β-gal-Pw_opt This work 

Bs43P2 B. subtilis SCK6 with plasmid pLF_P43_PhoD_β-gal-Pw_opt This work 

Bs43G2 B. subtilis SCK6 with plasmid pLF_P43_GlmU_β-gal-Pw_opt This work 

Bs43A2 B. subtilis SCK6 with plasmid pLF_P43_AprE_β-gal-Pw_opt This work 
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Alignment of Sequence_1:  [Native Sequence.txt.xdna] with  Sequence_2: 
[Optimized Sequence.txt.xdna]  
 
Similarity : 3033/3123 (97,12 %) 
 
 
 
             R  K  K  L  V  Y  S  P  P  T  N  G  Y  P  E  W  N  N  N  P   
Seq_1  1     CGTAAAAAACTTGTCTATTCACCCCCTACCAACGGGTACCCGGAATGGAATAATAATCCC  60 
             |||||||||||||||||||||||#|||||#|||||||||||||||||||||||||||||# 
Seq_2  1     CGTAAAAAACTTGTCTATTCACCTCCTACAAACGGGTACCCGGAATGGAATAATAATCCT  60 
             R  K  K  L  V  Y  S  P  P  T  N  G  Y  P  E  W  N  N  N  P   
 
             E  C  F  Q  I  N  R  M  D  A  H  A  T  W  I  P  F  N  T  T   
Seq_1  61    GAATGTTTTCAGATCAACCGAATGGATGCCCATGCTACATGGATACCTTTTAATACAACA  120 
             ||||||||||||||||||||||||||||||||||||||||||||#||||||||||||||| 
Seq_2  61    GAATGTTTTCAGATCAACCGAATGGATGCCCATGCTACATGGATTCCTTTTAATACAACA  120 
             E  C  F  Q  I  N  R  M  D  A  H  A  T  W  I  P  F  N  T  T   
 
             E  D  A  L  L  G  D  P  Q  S  S  P   N  Y  L  S  L  N  G  M  
Seq_1  121   GAGGATGCCTTGCTTGGAGATCCACAATCCTCGCCC-AACTATTTGTCTTTGAATGGGAT  179 
             ||||||||||||||||||||||||||||||##||||#||||||||||||||||||||||| 
Seq_2  121   GAGGATGCCTTGCTTGGAGATCCACAATCC-AGCCCTAACTATTTGTCTTTGAATGGGAT  179 
             E  D  A  L  L  G  D  P  Q  S   S  P  N  Y  L  S  L  N  G  M  
 
              W  K  F  A  Y  A  E  T  P  D  Q  R  I  R  N  F  F  E  K  N  
Seq_1  180   GTGGAAATTCGCCTATGCAGAGACTCCGGATCAACGCATACGTAACTTTTTTGAAAAAAA  239 
             ||||||||||||||||||||||||||||||||||#|#||#|||||||||||||||||||| 
Seq_2  180   GTGGAAATTCGCCTATGCAGAGACTCCGGATCAAAGAATTCGTAACTTTTTTGAAAAAAA  239 
              W  K  F  A  Y  A  E  T  P  D  Q  R  I  R  N  F  F  E  K  N  
 
              Y  D  C  S  S  W  A  E  L  N  V  P  S  H  W  Q  M  H  G  Y  
Seq_1  240   CTATGATTGCAGTTCTTGGGCTGAACTGAACGTTCCCTCTCATTGGCAGATGCATGGATA  299 
             ||||||||||||||||||||||||||||||||||||#||||||||||||||||||||||| 
Seq_2  240   CTATGATTGCAGTTCTTGGGCTGAACTGAACGTTCCTTCTCATTGGCAGATGCATGGATA  299 
              Y  D  C  S  S  W  A  E  L  N  V  P  S  H  W  Q  M  H  G  Y  
 
              D  Y  P  Q  Y  T  N  V  R  Y  P  W  S  E  R  E  P  E  L  K  
Seq_1  300   TGACTACCCTCAGTATACGAATGTACGGTATCCCTGGAGTGAACGTGAGCCGGAGCTCAA  359 
             |||||||||||||||||||||||||#|#|||||#|||||||||||||||||||||||||| 
Seq_2  300   TGACTACCCTCAGTATACGAATGTAAGATATCCTTGGAGTGAACGTGAGCCGGAGCTCAA  359 
              D  Y  P  Q  Y  T  N  V  R  Y  P  W  S  E  R  E  P  E  L  K  
 
              P  P  F  A  P    T  Q  Y  N  P  V  G  S  Y  V  R  T  F  S   
Seq_1  360   ACCGCCTTTTGCTCC--CACCCAATATAATCCGGTTGGGTCTTATGTACGAACCTTCTCT  417 
             |||||||||||||||##||##||||||||||||||||||||||||||||||||#|||||| 
Seq_2  360   ACCGCCTTTTGCTCCTACA--CAATATAATCCGGTTGGGTCTTATGTACGAACATTCTCT  417 
              P  P  F  A  P  T    Q  Y  N  P  V  G  S  Y  V  R  T  F  S   
 
             V  P  E  D  W  S  G  K  P  V  F  I  S  F  Q  G  V  E  S  A   
Seq_1  418   GTACCGGAGGACTGGAGCGGGAAGCCTGTTTTCATCAGCTTTCAAGGTGTGGAGTCTGCC  477 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  418   GTACCGGAGGACTGGAGCGGGAAGCCTGTTTTCATCAGCTTTCAAGGTGTGGAGTCTGCC  477 
             V  P  E  D  W  S  G  K  P  V  F  I  S  F  Q  G  V  E  S  A   
 
             F  Y  V  W  L  N  G  E  L  V  G  Y  S  E  D  T  F  T  P  A   
Seq_1  478   TTCTATGTTTGGCTCAATGGAGAGTTGGTCGGATACAGCGAGGATACCTTCACCCCTGCG  537 
             |||||||||||||||||||||||||||||||||||||||||||||||#|||||#|||||| 
Seq_2  478   TTCTATGTTTGGCTCAATGGAGAGTTGGTCGGATACAGCGAGGATACATTCACACCTGCG  537 
             F  Y  V  W  L  N  G  E  L  V  G  Y  S  E  D  T  F  T  P  A   
 
             E  F  D  L  T  P  Y  L  I  P  G  D  N  K  L  A  V  E  V  Y   
Seq_1  538   GAATTTGACTTAACTCCTTATCTAATCCCGGGAGACAATAAGCTTGCCGTTGAAGTGTAT  597 
             |||||||||||||||||||||||#|||||||||||||||||||||||||||||||||||| 
Seq_2  538   GAATTTGACTTAACTCCTTATCTTATCCCGGGAGACAATAAGCTTGCCGTTGAAGTGTAT  597 
             E  F  D  L  T  P  Y  L  I  P  G  D  N  K  L  A  V  E  V  Y   
 
             R  W  C  D  A  S  W  L  E  D  Q  D  F  W  R  L  S  G  I  F   
Seq_1  598   CGTTGGTGTGACGCCAGTTGGCTGGAGGATCAGGATTTCTGGAGACTTAGCGGCATATTT  657 
             ||||||||||||||||||||||||||||||||||||||||||||||||||||||||#||| 
Seq_2  598   CGTTGGTGTGACGCCAGTTGGCTGGAGGATCAGGATTTCTGGAGACTTAGCGGCATTTTT  657 
             R  W  C  D  A  S  W  L  E  D  Q  D  F  W  R  L  S  G  I  F   
 
             R  D  V  Y  L  Y  T  T  P  E  A  H  I  Y  D  F  F  V  R  T   
Seq_1  658   AGAGATGTCTATCTATATACAACACCGGAAGCCCATATTTATGATTTCTTTGTTCGAACA  717 
             ||||||||||||||#||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  658   AGAGATGTCTATCTTTATACAACACCGGAAGCCCATATTTATGATTTCTTTGTTCGAACA  717 
             R  D  V  Y  L  Y  T  T  P  E  A  H  I  Y  D  F  F  V  R  T   
 
             E  L  D  E  Q  Y  R  H  A  E  L  Q  L  D  V  K  L  M  D  Y   
Seq_1  718   GAACTGGATGAGCAGTACCGGCATGCTGAATTGCAGCTGGATGTGAAGCTTATGGATTAT  777 
             ||||||||||||||||||#|#||||||||||||||||||||||||||||||||||||||| 
Seq_2  718   GAACTGGATGAGCAGTACAGACATGCTGAATTGCAGCTGGATGTGAAGCTTATGGATTAT  777 
             E  L  D  E  Q  Y  R  H  A  E  L  Q  L  D  V  K  L  M  D  Y   
             F  E  R  T  A  E  A  V  I  V  H  A  Q  L  Y  D  H  D  Q  N   
Seq_1  778   TTTGAAAGAACCGCTGAGGCAGTTATTGTGCATGCGCAGCTTTATGATCACGATCAGAAC  837 
             |||||||||||#|||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  778   TTTGAAAGAACAGCTGAGGCAGTTATTGTGCATGCGCAGCTTTATGATCACGATCAGAAC  837 
             F  E  R  T  A  E  A  V  I  V  H  A  Q  L  Y  D  H  D  Q  N   
 
             A  I  F  D  Q  P  L  S  Q  T  V  Y  F  N  S  A  S  T  Q  T   
Seq_1  838   GCTATCTTTGATCAGCCGCTTTCACAGACAGTCTACTTCAATAGCGCTTCTACCCAGACG  897 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||#|||||| 
Seq_2  838   GCTATCTTTGATCAGCCGCTTTCACAGACAGTCTACTTCAATAGCGCTTCTACACAGACG  897 
             A  I  F  D  Q  P  L  S  Q  T  V  Y  F  N  S  A  S  T  Q  T   
             L  Q  F  S  S  S  I  I  D  P  L  K  W  S  A  E  H  P  N  L   

Seq_1  898   CTCCAATTCTCTTCTTCTATTATTGACCCGTTAAAATGGAGTGCGGAACATCCGAATCTA  957 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||# 
Seq_2  898   CTCCAATTCTCTTCTTCTATTATTGACCCGTTAAAATGGAGTGCGGAACATCCGAATCTT  957 
             L  Q  F  S  S  S  I  I  D  P  L  K  W  S  A  E  H  P  N  L   
 
             Y  T  L  V  L  S  L  H  H  V  D  G  E  L  M  E  A  V  S  C   
Seq_1  958   TATACGTTAGTGTTGTCTTTACATCATGTGGATGGAGAGCTCATGGAAGCCGTTAGCTGC  1017 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  958   TATACGTTAGTGTTGTCTTTACATCATGTGGATGGAGAGCTCATGGAAGCCGTTAGCTGC  1017 
             Y  T  L  V  L  S  L  H  H  V  D  G  E  L  M  E  A  V  S  C   
 
             R  V  G  F  R  T  F  E  L  K  D  G  L  M  K  I  N  G  K  R   
Seq_1  1018  CGTGTTGGCTTTCGTACATTCGAGCTAAAGGACGGTTTAATGAAGATTAATGGAAAACGG  1077 
             ||||||||||||||||||||||||||#||||||||||||||||||||||||||||||#|# 
Seq_2  1018  CGTGTTGGCTTTCGTACATTCGAGCTTAAGGACGGTTTAATGAAGATTAATGGAAAAAGA  1077 
             R  V  G  F  R  T  F  E  L  K  D  G  L  M  K  I  N  G  K  R   
 
             I  V  F  K  G  V  N  R  H  E  F  S  C  D  T  G  R  S  I  D   
Seq_1  1078  ATCGTCTTTAAGGGCGTGAACCGCCATGAATTCTCATGCGATACCGGCAGATCAATTGAT  1137 
             |||||||||||||||||||||#|#||||||||||||||||||||#||||||||||||||| 
Seq_2  1078  ATCGTCTTTAAGGGCGTGAACAGACATGAATTCTCATGCGATACAGGCAGATCAATTGAT  1137 
             I  V  F  K  G  V  N  R  H  E  F  S  C  D  T  G  R  S  I  D   
 
             V  D  D  M  V  R  D  I  L  L  M  K  A  H  N  I  N  A  V  R   
Seq_1  1138  GTCGATGATATGGTACGGGACATTCTACTGATGAAAGCACACAACATCAATGCCGTTCGG  1197 
             |||||||||||||||#|#||||||||#||||||||||||||||||||||||||||||#|# 
Seq_2  1138  GTCGATGATATGGTAAGAGACATTCTTCTGATGAAAGCACACAACATCAATGCCGTTAGA  1197 
             V  D  D  M  V  R  D  I  L  L  M  K  A  H  N  I  N  A  V  R   
 
             T  S  H  Y  P  N  Q  T  I  W  Y  D  L  C  D  Q  Y  G  L  Y   
Seq_1  1198  ACTTCGCATTATCCGAATCAGACCATATGGTATGACCTTTGTGACCAATATGGGCTGTAT  1257 
             |||||#|||||||||||||||||#||#||||||||||||||||||||||||||||||||| 
Seq_2  1198  ACTTCTCATTATCCGAATCAGACAATTTGGTATGACCTTTGTGACCAATATGGGCTGTAT  1257 
             T  S  H  Y  P  N  Q  T  I  W  Y  D  L  C  D  Q  Y  G  L  Y   
 
             V  I  D  E  T  N  L  E  T  H  G  S  W  S  Y  G  Q  T  D  L   
Seq_1  1258  GTAATTGATGAGACCAATCTGGAGACACATGGTTCGTGGAGCTATGGACAGACAGACTTA  1317 
             ||||||||||||||#||||||||||||||||||||#|||||||||||||||||||||||| 
Seq_2  1258  GTAATTGATGAGACAAATCTGGAGACACATGGTTCTTGGAGCTATGGACAGACAGACTTA  1317 
             V  I  D  E  T  N  L  E  T  H  G  S  W  S  Y  G  Q  T  D  L   
 
             G  G  N  T  V  P  G  S  R  P  E  W  R  A  N  V  L  D  R  C   
Seq_1  1318  GGCGGAAATACGGTACCCGGCAGTAGACCTGAATGGCGCGCGAATGTACTGGATCGGTGT  1377 
             |||||||||||||||||#||||||||||||||||||#|#|||||||||||||||#|#||| 
Seq_2  1318  GGCGGAAATACGGTACCTGGCAGTAGACCTGAATGGAGAGCGAATGTACTGGATAGATGT  1377 
             G  G  N  T  V  P  G  S  R  P  E  W  R  A  N  V  L  D  R  C   
 
             N  S  M  L  Q  R  D  K  N  H  P  S  I  V  I  W  S  L  G  N   
Seq_1  1378  AATTCAATGCTCCAAAGGGACAAAAACCACCCTTCCATCGTCATCTGGTCACTCGGTAAC  1437 
             |||||||||||||||||#|||||||||||||||||||||||||||||||||||||||||| 
Seq_2  1378  AATTCAATGCTCCAAAGAGACAAAAACCACCCTTCCATCGTCATCTGGTCACTCGGTAAC  1437 
             N  S  M  L  Q  R  D  K  N  H  P  S  I  V  I  W  S  L  G  N   
 
             E  S  F  G  G  D  N  F  V  A  M  H  D  F  L  K  K  E  D  P   
Seq_1  1438  GAGTCCTTTGGCGGTGATAACTTTGTGGCTATGCATGATTTTCTTAAGAAAGAAGACCCC  1497 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||# 
Seq_2  1438  GAGTCCTTTGGCGGTGATAACTTTGTGGCTATGCATGATTTTCTTAAGAAAGAAGACCCT  1497 
             E  S  F  G  G  D  N  F  V  A  M  H  D  F  L  K  K  E  D  P   
 
             S  R  L  V  H  Y  E  G  L  F  H  Y  R  E  S  D  V  A  S  D   
Seq_1  1498  TCCCGGCTTGTCCATTATGAAGGCCTCTTTCACTATCGCGAGAGCGATGTTGCCTCGGAC  1557 
             |||#|#||||||||||||||||||||||||||||||#|#|||||||||||||||||#||| 
Seq_2  1498  TCCAGACTTGTCCATTATGAAGGCCTCTTTCACTATAGAGAGAGCGATGTTGCCTCTGAC  1557 
             S  R  L  V  H  Y  E  G  L  F  H  Y  R  E  S  D  V  A  S  D   
 
             I  E  S  T  M  Y  I  S  P  A  D  V  E  Q  Y  A  L  N  D  P   
Seq_1  1558  ATTGAGAGCACCATGTACATTAGTCCGGCCGATGTGGAACAGTATGCGCTTAATGATCCA  1617 
             |||||||||||#|||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  1558  ATTGAGAGCACAATGTACATTAGTCCGGCCGATGTGGAACAGTATGCGCTTAATGATCCA  1617 
             I  E  S  T  M  Y  I  S  P  A  D  V  E  Q  Y  A  L  N  D  P   
 
             K  K  P  Y  I  L  C  E  Y  S  H  A  M  G  N  S  C  G  G  L   
Seq_1  1618  AAGAAGCCTTATATTCTATGCGAGTATAGCCATGCAATGGGCAACTCCTGCGGGGGATTG  1677 
             |||||||||||||||||#|||||||||||||||||||||||||||||||||||||||||| 
Seq_2  1618  AAGAAGCCTTATATTCTTTGCGAGTATAGCCATGCAATGGGCAACTCCTGCGGGGGATTG  1677 
             K  K  P  Y  I  L  C  E  Y  S  H  A  M  G  N  S  C  G  G  L   
 
             H  L  Y  W  E  V  F  E  K  Y  D  I  L  Q  G  A  F  I  W  D   
Seq_1  1678  CATCTATACTGGGAAGTTTTTGAGAAATATGATATTTTACAGGGTGCCTTTATCTGGGAC  1737 
             |||||#|||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  1678  CATCTTTACTGGGAAGTTTTTGAGAAATATGATATTTTACAGGGTGCCTTTATCTGGGAC  1737 
             H  L  Y  W  E  V  F  E  K  Y  D  I  L  Q  G  A  F  I  W  D   
 
             W  I  D  Q  A  I  R  L  K  Q  A  D  G  S  M  H  M  A  Y  G   
Seq_1  1738  TGGATTGATCAAGCGATTCGACTTAAGCAAGCCGACGGATCCATGCATATGGCCTACGGC  1797 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  1738  TGGATTGATCAAGCGATTCGACTTAAGCAAGCCGACGGATCCATGCATATGGCCTACGGC  1797 
             W  I  D  Q  A  I  R  L  K  Q  A  D  G  S  M  H  M  A  Y  G   
 
             G  D  F  G  E  S  P  H  D  G  N  F  C  G  N  G  L  I  F  A   
Seq_1  1798  GGAGACTTCGGGGAATCCCCTCATGACGGCAACTTCTGCGGAAATGGCTTGATTTTCGCT  1857 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  1798  GGAGACTTCGGGGAATCCCCTCATGACGGCAACTTCTGCGGAAATGGCTTGATTTTCGCT  1857 
             G  D  F  G  E  S  P  H  D  G  N  F  C  G  N  G  L  I  F  A   
             D  R  S  V  S  P  K  L  Y  E  V  K  K  C  Y  Q  N  V  K  F   
Seq_1  1858  GACCGTTCAGTATCTCCTAAGCTGTATGAGGTCAAGAAATGCTACCAGAATGTTAAATTT  1917 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  1858  GACCGTTCAGTATCTCCTAAGCTGTATGAGGTCAAGAAATGCTACCAGAATGTTAAATTT  1917 
             D  R  S  V  S  P  K  L  Y  E  V  K  K  C  Y  Q  N  V  K  F   
 
 
             E  A  V  D  L  E  R  G  I  Y  R  V  T  N  Q  N  L  F  T  D   
Seq_1  1918  GAGGCTGTCGATTTAGAGCGAGGCATTTATCGGGTAACCAATCAGAATCTATTTACGGAT  1977 
             ||||||||||||||||||||||||||||||#|#|||||#|||||||||||#||||||||| 
Seq_2  1918  GAGGCTGTCGATTTAGAGCGAGGCATTTATAGAGTAACAAATCAGAATCTTTTTACGGAT  1977 
             E  A  V  D  L  E  R  G  I  Y  R  V  T  N  Q  N  L  F  T  D   
 
             L  A  E  Y  A  L  A  W  E  V  S  C  N  G  N  P  V  L  K  G   
Seq_1  1978  TTGGCGGAGTACGCACTGGCTTGGGAAGTAAGCTGTAACGGCAATCCTGTGCTTAAGGGT  2037 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  1978  TTGGCGGAGTACGCACTGGCTTGGGAAGTAAGCTGTAACGGCAATCCTGTGCTTAAGGGT  2037 
             L  A  E  Y  A  L  A  W  E  V  S  C  N  G  N  P  V  L  K  G   
 
             T  V  D  L  A  V  P  A  G  E  S  A  E  I  S  V  P  V  V  D   
Seq_1  2038  ACTGTTGATCTGGCTGTCCCTGCAGGAGAATCGGCAGAAATTTCGGTTCCCGTGGTCGAT  2097 
             ||||||||||||||||||||||||||||||||#|||||||||||#|||||#||||||||| 
Seq_2  2038  ACTGTTGATCTGGCTGTCCCTGCAGGAGAATCTGCAGAAATTTCTGTTCCTGTGGTCGAT  2097 
             T  V  D  L  A  V  P  A  G  E  S  A  E  I  S  V  P  V  V  D   
 
             E  P  N  L  Q  S  E  G  E  H  V  L  T  F  S  L  Q  L  K  K   
Seq_1  2098  GAACCTAACCTGCAATCCGAGGGCGAGCATGTCCTCACGTTTAGCCTGCAATTGAAGAAA  2157 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  2098  GAACCTAACCTGCAATCCGAGGGCGAGCATGTCCTCACGTTTAGCCTGCAATTGAAGAAA  2157 
             E  P  N  L  Q  S  E  G  E  H  V  L  T  F  S  L  Q  L  K  K   
 
             S  T  L  W  A  D  A  G  H  E  V  A  W  E  Q  F  L  L  P  T   
Seq_1  2158  TCCACCCTTTGGGCAGACGCAGGCCATGAAGTGGCATGGGAACAATTCCTGCTGCCTACA  2217 
             |||||#|||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  2158  TCCACACTTTGGGCAGACGCAGGCCATGAAGTGGCATGGGAACAATTCCTGCTGCCTACA  2217 
             S  T  L  W  A  D  A  G  H  E  V  A  W  E  Q  F  L  L  P  T   
 
 
             P  Q  F  M  A  G  Q  D  Q  D  S  V  L  T  S  D  R  G  V  I   
Seq_1  2218  CCTCAGTTTATGGCGGGTCAGGATCAAGACTCTGTTTTGACATCAGATCGTGGTGTGATT  2277 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  2218  CCTCAGTTTATGGCGGGTCAGGATCAAGACTCTGTTTTGACATCAGATCGTGGTGTGATT  2277 
             P  Q  F  M  A  G  Q  D  Q  D  S  V  L  T  S  D  R  G  V  I   
 
 
             V  E  E  Q  A  G  R  L  T  V  Q  A  A  D  V  S  L  Q  F  S   
Seq_1  2278  GTGGAGGAACAAGCAGGGCGTTTAACTGTTCAGGCGGCGGATGTCTCCCTTCAATTCAGT  2337 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  2278  GTGGAGGAACAAGCAGGGCGTTTAACTGTTCAGGCGGCGGATGTCTCCCTTCAATTCAGT  2337 
             V  E  E  Q  A  G  R  L  T  V  Q  A  A  D  V  S  L  Q  F  S   
 
 
             T  S  S  G  Y  L  I  S  M  Q  N  K  G  K  E  L  L  L  E  P   
Seq_1  2338  ACTTCAAGCGGTTATCTGATCTCTATGCAAAATAAAGGCAAGGAACTGCTGCTCGAACCT  2397 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  2338  ACTTCAAGCGGTTATCTGATCTCTATGCAAAATAAAGGCAAGGAACTGCTGCTCGAACCT  2397 
             T  S  S  G  Y  L  I  S  M  Q  N  K  G  K  E  L  L  L  E  P   
 
             V  R  P  N  F  W  R  A  V  T  D  N  D  L  G  N  K  H  H  E   
Seq_1  2398  GTTCGTCCGAATTTCTGGCGTGCAGTTACGGATAACGATCTAGGGAACAAACACCATGAG  2457 
             |||||||||||||||||||||||||||||||||||||||||#|||||||||||||||||| 
Seq_2  2398  GTTCGTCCGAATTTCTGGCGTGCAGTTACGGATAACGATCTTGGGAACAAACACCATGAG  2457 
             V  R  P  N  F  W  R  A  V  T  D  N  D  L  G  N  K  H  H  E   
 
             R  C  A  V  W  N  T  A  G  A  G  C  T  L  A  S  F  E  S  H   
Seq_1  2458  CGTTGCGCGGTTTGGAATACAGCGGGAGCTGGCTGTACACTAGCTTCCTTTGAATCGCAT  2517 
             ||||||||||||||||||||||||||||||||||||||||||||||||||||||||#||| 
Seq_2  2458  CGTTGCGCGGTTTGGAATACAGCGGGAGCTGGCTGTACACTAGCTTCCTTTGAATCTCAT  2517 
             R  C  A  V  W  N  T  A  G  A  G  C  T  L  A  S  F  E  S  H   
 
             K  N  V  D  G  V  T  V  R  A  K  Y  T  V  P  T  V  P  I  S   
Seq_1  2518  AAGAATGTAGATGGCGTAACTGTTCGTGCTAAGTACACCGTACCCACCGTACCCATTTCT  2577 
             ||||||||||||||||||||||||||||||||||||||#|||||#||#|||||#|||||| 
Seq_2  2518  AAGAATGTAGATGGCGTAACTGTTCGTGCTAAGTACACAGTACCTACAGTACCTATTTCT  2577 
             K  N  V  D  G  V  T  V  R  A  K  Y  T  V  P  T  V  P  I  S   
 
             S  L  I  L  E  Y  R  I  Q  E  N  G  S  I  E  V  F  E  E  L   
Seq_1  2578  TCACTGATATTGGAATATAGAATCCAAGAAAATGGCTCCATTGAAGTCTTTGAAGAGCTA  2637 
             ||||||||#||||||||||||||||||||||||||||||||||||||||||||||||||# 
Seq_2  2578  TCACTGATTTTGGAATATAGAATCCAAGAAAATGGCTCCATTGAAGTCTTTGAAGAGCTT  2637 
             S  L  I  L  E  Y  R  I  Q  E  N  G  S  I  E  V  F  E  E  L   
 
 
             S  P  G  M  G  L  P  E  I  P  E  I  G  L  M  F  I  V  E  D   
Seq_1  2638  TCACCGGGCATGGGCTTGCCGGAGATTCCTGAAATTGGCCTCATGTTTATCGTTGAAGAT  2697 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  2638  TCACCGGGCATGGGCTTGCCGGAGATTCCTGAAATTGGCCTCATGTTTATCGTTGAAGAT  2697 
             S  P  G  M  G  L  P  E  I  P  E  I  G  L  M  F  I  V  E  D   
 
             R  L  D  T  V  S  W  Y  G  R  G  P  H  E  N  Y  W  D  R  K   
Seq_1  2698  CGACTCGACACCGTTTCATGGTATGGCCGCGGACCGCATGAGAATTACTGGGACCGGAAG  2757 
             |||||||||||#|||||||||||||||#|#||||||||||||||||||||||||#|#||| 
Seq_2  2698  CGACTCGACACAGTTTCATGGTATGGCAGAGGACCGCATGAGAATTACTGGGACAGAAAG  2757 
             R  L  D  T  V  S  W  Y  G  R  G  P  H  E  N  Y  W  D  R  K   
 
             T  G  A  R  L  G  Y  F  S  G  S  V  Q  D  Q  F  V  P  Y  I   
Seq_1  2758  ACAGGCGCCAGACTTGGATATTTTTCGGGAAGTGTCCAGGATCAGTTCGTTCCGTATATA  2817 
             ||||||||||||||||||||||||||#||||||||||||||||||||||||||||||||# 

Seq_2  2758  ACAGGCGCCAGACTTGGATATTTTTCTGGAAGTGTCCAGGATCAGTTCGTTCCGTATATT  2817 
             T  G  A  R  L  G  Y  F  S  G  S  V  Q  D  Q  F  V  P  Y  I   
 
             R  P  Q  E  C  G  N  K  T  D  V  R  F  A  S  I  T  G  G  I   
Seq_1  2818  AGGCCTCAAGAATGCGGAAACAAAACGGATGTGCGTTTTGCCAGTATCACTGGGGGTATA  2877 
             ||#||||||||||||||||||||||||||||||||||||||||||||||||||||||||# 
Seq_2  2818  AGACCTCAAGAATGCGGAAACAAAACGGATGTGCGTTTTGCCAGTATCACTGGGGGTATT  2877 
             R  P  Q  E  C  G  N  K  T  D  V  R  F  A  S  I  T  G  G  I   
 
 
             N  G  S  G  F  R  V  D  G  D  P  V  L  E  L  N  A  L  P  W   
Seq_1  2878  AACGGCTCAGGATTCCGTGTGGATGGCGATCCTGTACTGGAACTAAATGCCTTGCCTTGG  2937 
             ||||||||||||||||||||||||||||||||||||||||||||#||||||||||||||| 
Seq_2  2878  AACGGCTCAGGATTCCGTGTGGATGGCGATCCTGTACTGGAACTTAATGCCTTGCCTTGG  2937 
             N  G  S  G  F  R  V  D  G  D  P  V  L  E  L  N  A  L  P  W   
 
             T  P  A  E  L  E  A  N  D  H  I  Y  K  L  P  A  S  N  K  T   
Seq_1  2938  ACACCCGCTGAGTTGGAAGCGAATGATCACATATATAAGCTGCCAGCCAGTAATAAAACC  2997 
             |||||#||||||||||||||||||||||||||#||||||||||||||||||||||||||# 
Seq_2  2938  ACACCTGCTGAGTTGGAAGCGAATGATCACATTTATAAGCTGCCAGCCAGTAATAAAACA  2997 
             T  P  A  E  L  E  A  N  D  H  I  Y  K  L  P  A  S  N  K  T   
 
             V  V  R  V  N  Y  K  Q  M  G  V  G  G  D  N  S  W  G  A  T   
Seq_1  2998  GTTGTGCGTGTGAACTACAAGCAAATGGGTGTAGGTGGAGACAACAGCTGGGGCGCGACG  3057 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Seq_2  2998  GTTGTGCGTGTGAACTACAAGCAAATGGGTGTAGGTGGAGACAACAGCTGGGGCGCGACG  3057 
             V  V  R  V  N  Y  K  Q  M  G  V  G  G  D  N  S  W  G  A  T   
 
             T  H  P  E  F  T  L  P  A  D  Q  T  Y  G  F  R  F  T  I  R   
Seq_1  3058  ACACATCCTGAATTCACTTTGCCGGCGGATCAAACTTATGGGTTTcggtttacgattcgg  3117 
             |||||||||||||||||||||||||||||||||||||||||||||#|#|||||||||#|# 
Seq_2  3058  ACACATCCTGAATTCACTTTGCCGGCGGATCAAACTTATGGGTTTAGATTTACGATTAGA  3117 
             T  H  P  E  F  T  L  P  A  D  Q  T  Y  G  F  R  F  T  I  R   
 
             M  V   
Seq_1  3118  atggtg  3123 
             |||||| 
Seq_2  3118  ATGGTG  3123 
             M  V   
 
 
 
 

 

 

 

 

 

 

 

 

 

 

   

Figure S1: Alignment of native β-gal-Pw sequence (Seq1) and codon-optimized β-gal-Pw sequence (Seq2).  
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Figure S2: SDS PAGEs of the secretomes of the different B. subtilis strains 
during shake flask cultivation. The culture supernatant was analyzed after 32 h, 56 h 
and 73 h of cultivation. The blue arrow indicates the 120 kDa band corresponding to 
the size of the β-gal-Pw. An amount of 8 µg of protein was loaded in each lane. 
M1=Biorad Precision Plus Protein™ Unstained Protein Standards; M2=NEB Color 
Prestained Protein Standard Broad Range (10-250 kDa) 
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Figure S3: Repetition of the bioreactor cultivation of BsAP2 for secretory β-gal-
Pw production. Cultivation was done in duplicates at 30 °C, without pH control and 
with a working volume of 0.8 L. 

 

 

Figure S4: SDS PAGE of secretome (1) and intracellular proteome (2) of BsAP2. 
The bands (blue arrow) corresponding to a size of 120 kDa were analyzed by MS. 
Supernatant and cell free extract after 73 h of shake flask cultivation were analyzed. 
The supernatant sample was loaded twice (1a and b). An amount of 8 % SDS gel was 
used and 8 µg of protein was loaded. M = Marker  
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Figure S5: MS analyses results of (A) intracellular and (B) extracellular β-gal-Pw 
(C) purified β-gal-Pw. The β-gal-Pw in the supernatant of the bioreactor cultivation of 
BsAP was purified.  
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Figure S6: Chromatogram of size exclusion chromatography of purified β-gal-
Pw (A) and the calibration curve generated (B). The β-gal-Pw was purified from the 
supernatant of the bioreactor cultivation of BsAP2. 
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Figure S7: Translation initiation rates calculated with the RBS Calculator v2.1. 
for the different constructs. 100 nt upstream and 35 nt downstream of the start codon 
were considered. AU = Arbitrary units.  
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gaattcctccattttcttctgctatcaaaataacagactcgtgattttccaaacgagctttcaaaaaagcctctgccccttgc
aaatcggatgcctgtctataaaattcccgatattggttaaacagcggcgcaatggcggccgcatctgatgtctttgcttggcg
aatgttcatcttatttcttcctccctctcaataattttttcattctatcccttttctgtaaagtttatttttcagaatacttt
tatcatcatgctttgaaaaaatatcacgataatatccattgttctcacggaagcacacgcaggtcatttgaacgaattttttc
gacaggaatttgccgggactcaggagcatttaacctaaaaaagcatgacatttcagcataatgaacatttactcatgtctatt
ttcgttcttttctgtatgaaaatagttatttcgagtctctacggaaatagcgagagatgatatacctaaatagagataaaatc
atctcaaaaaaatgggtctactaaaatattattccatctattacaataaattcacagaatagtcttttaagtaagtctactct
gaatttttttaaaaggagagggtaactagtggcatacgacagtcgttttgatgaatgggtacagaaactgaaagaggaaagct
ttcaaaacaatacgtttgaccgccgcaaatttattcaaggagcggggaagattgcaggactttctcttggattaacgattgcc
cagtcggctagcgccgcggcgcgccgtaaaaaacttgtctattcacctcctacaaacgggtacccggaatggaataataatcc
tgaatgttttcagatcaaccgaatggatgcccatgctacatggattccttttaatacaacagaggatgccttgcttggagatc
cacaatccagccctaactatttgtctttgaatgggatgtggaaattcgcctatgcagagactccggatcaaagaattcgtaac
ttttttgaaaaaaactatgattgcagttcttgggctgaactgaacgttccttctcattggcagatgcatggatatgactaccc
tcagtatacgaatgtaagatatccttggagtgaacgtgagccggagctcaaaccgccttttgctcctacacaatataatccgg
ttgggtcttatgtacgaacattctctgtaccggaggactggagcgggaagcctgttttcatcagctttcaaggtgtggagtct
gccttctatgtttggctcaatggagagttggtcggatacagcgaggatacattcacacctgcggaatttgacttaactcctta
tcttatcccgggagacaataagcttgccgttgaagtgtatcgttggtgtgacgccagttggctggaggatcaggatttctgga
gacttagcggcatttttagagatgtctatctttatacaacaccggaagcccatatttatgatttctttgttcgaacagaactg
gatgagcagtacagacatgctgaattgcagctggatgtgaagcttatggattattttgaaagaacagctgaggcagttattgt
gcatgcgcagctttatgatcacgatcagaacgctatctttgatcagccgctttcacagacagtctacttcaatagcgcttcta
cacagacgctccaattctcttcttctattattgacccgttaaaatggagtgcggaacatccgaatctttatacgttagtgttg
tctttacatcatgtggatggagagctcatggaagccgttagctgccgtgttggctttcgtacattcgagcttaaggacggttt
aatgaagattaatggaaaaagaatcgtctttaagggcgtgaacagacatgaattctcatgcgatacaggcagatcaattgatg
tcgatgatatggtaagagacattcttctgatgaaagcacacaacatcaatgccgttagaacttctcattatccgaatcagaca
atttggtatgacctttgtgaccaatatgggctgtatgtaattgatgagacaaatctggagacacatggttcttggagctatgg
acagacagacttaggcggaaatacggtacctggcagtagacctgaatggagagcgaatgtactggatagatgtaattcaatgc
tccaaagagacaaaaaccacccttccatcgtcatctggtcactcggtaacgagtcctttggcggtgataactttgtggctatg
catgattttcttaagaaagaagacccttccagacttgtccattatgaaggcctctttcactatagagagagcgatgttgcctc
tgacattgagagcacaatgtacattagtccggccgatgtggaacagtatgcgcttaatgatccaaagaagccttatattcttt
gcgagtatagccatgcaatgggcaactcctgcgggggattgcatctttactgggaagtttttgagaaatatgatattttacag
ggtgcctttatctgggactggattgatcaagcgattcgacttaagcaagccgacggatccatgcatatggcctacggcggaga
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cttcggggaatcccctcatgacggcaacttctgcggaaatggcttgattttcgctgaccgttcagtatctcctaagctgtatg
aggtcaagaaatgctaccagaatgttaaatttgaggctgtcgatttagagcgaggcatttatagagtaacaaatcagaatctt
tttacggatttggcggagtacgcactggcttgggaagtaagctgtaacggcaatcctgtgcttaagggtactgttgatctggc
tgtccctgcaggagaatctgcagaaatttctgttcctgtggtcgatgaacctaacctgcaatccgagggcgagcatgtcctca
cgtttagcctgcaattgaagaaatccacactttgggcagacgcaggccatgaagtggcatgggaacaattcctgctgcctaca
cctcagtttatggcgggtcaggatcaagactctgttttgacatcagatcgtggtgtgattgtggaggaacaagcagggcgttt
aactgttcaggcggcggatgtctcccttcaattcagtacttcaagcggttatctgatctctatgcaaaataaaggcaaggaac
tgctgctcgaacctgttcgtccgaatttctggcgtgcagttacggataacgatcttgggaacaaacaccatgagcgttgcgcg
gtttggaatacagcgggagctggctgtacactagcttcctttgaatctcataagaatgtagatggcgtaactgttcgtgctaa
gtacacagtacctacagtacctatttcttcactgattttggaatatagaatccaagaaaatggctccattgaagtctttgaag
agctttcaccgggcatgggcttgccggagattcctgaaattggcctcatgtttatcgttgaagatcgactcgacacagtttca
tggtatggcagaggaccgcatgagaattactgggacagaaagacaggcgccagacttggatatttttctggaagtgtccagga
tcagttcgttccgtatattagacctcaagaatgcggaaacaaaacggatgtgcgttttgccagtatcactgggggtattaacg
gctcaggattccgtgtggatggcgatcctgtactggaacttaatgccttgccttggacacctgctgagttggaagcgaatgat
cacatttataagctgccagccagtaataaaacagttgtgcgtgtgaactacaagcaaatgggtgtaggtggagacaacagctg
gggcgcgacgacacatcctgaattcactttgccggcggatcaaacttatgggtttagatttacgattagaatggtgctcgagc
accaccaccaccaccatcaccatcatcattaaacataaaaaaccggccttggccccgccggttttttattatttttcttcctc
cgcatgttcaatccgctccataatcgacggatggctccctctgaaaattttaacgagaaacggcgggttgacccggctcagtc
ccgtaacggccaagtcctgaaacgtctcaatcgccgcttcccggtttccggtcagctcaatgccgtaacggtcggcggcgttt
tcctgataccgggagacggcattcgtaatcggatcctgactgcctgagcttatcgatgataagctgtcaaacatgagaattaa
ttcttgaagacgaaagggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtttcttagacgtcaggtg
gcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaa
taaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattcccttttt
tgcggcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgag
tgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcact
tttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctca
gaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgcca
taaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac
atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgat
gcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagact
ggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctggagcc
ggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacacgacggg
gagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacc
aagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataat
ctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgaga
tcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagc
taccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggc
caccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataa
gtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacac
agcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaaggg
agaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggta
tctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggagcctatgga
aaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttcctgcgttatcccct
gattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagt
gagcgaggaagcggaagagcgcctgatgcggtattttctccttacgcatctgtgcggtatttcacaccgcatatggtgcactc
tcagtacaatctgctctgatgccgcatagttaagccagtatacactccgctatcgctacgtgactgggtcatggctgcgcccc
gacacccgccaacacccgctgacgcgccctgacgggcttgtctgctcccggcatccgcttacagacaagctgtgaccgtctcc
gggagctgcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgaggcaggtaaccaacatgattaacaattattagag
gtcatcgttcaaaatggtatgcgttttgacacatccactatatatccgtgtcgttctgtccactcctgaatcccattccagaa
attctctagcgattccagaagtttctcagagtcggaaagttgaccagacattacgaactggcacagatggtcataacctgaag
gaagatctgattgcttaactgcttcagttaagaccgaagcgctcgtcgtataacagatgcgatgatgcagaccaatcaacatg
gcacctgccattgctacctgtacagtcaaggatggtagaaatgttgtcggtccttgcacacgaatattacgccatttgcctgc
atattcaaacagctcttctacgataagggcacaaatcgcatcgtggaacgtttgggcttctaccgatttagcagtttgataca
ctttctctaagtatccacctgaatcataaatcggcaaaatagagaaaaattgaccatgtgtaagcggccaatctgattccacc
tgagatgcataatctagtagaatctcttcgctatcaaaattcacttccaccttccactcaccggttgtccattcatggctgaa
ctctgcttcctctgttgacatgacacacatcatctcaatatccgaatagggcccatcagtctgacgaccaagagagccataaa
caccaatagccttaacatcatccccatatttatccaatattcgttccttaatttcatgaacaatcttcattctttcttctcta
gtcattattattggtccattcactattctcattcccttttcagataattttagatttgcttttctaaataagaatatttggag
agcaccgttcttattcagctattaataactcgtcttcctaagcatccttcaatccttttaataacaattatagcatctaatct
tcaacaaactggcccgtttgttgaactactctttaataaaataatttttccgttcccaattccacattgcaataatagaaaat
ccatcttcatcggctttttcgtcatcatctgtatgaatcaaatcgccttcttctgtgtcatcaaggtttaattttttatgtat
ttcttttaacaaaccaccataggagattaaccttttacggtgtaaaccttcctccaaatcagacaaacgtttcaaattctttt
cttcatcatcggtcataaaatccgtatcctttacaggatattttgcagtttcgtcaattgccgattgtatatccgatttatat
ttatttttcggtcgaatcatttgaacttttacatttggatcatagtctaatttcattgcctttttccaaaattgaatccattg
tttttgattcacgtagttttctgtattcttaaaataagttggttccacacataccaatacatgcatgtgctgattataagaat
tatctttattatttattgtcacttccgttgcacgcataaaaccaacaagatttttattaatttttttatattgcatcattcgg
cgaaatccttgagccatatctgacaaactcttatttaattcttcgccatcataaacatttttaactgttaatgtgagaaacaa
ccaacgaactgttggcttttgtttaataacttcagcaacaaccttttgtgactgaatgccatgtttcattgctctcctccagt
tgcacattggacaaagcctggatttacaaaaccacactcgatacaactttctttcgcctgtttcacgattttgtttatactct
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aatatttcagcacaatcttttactctttcagcctttttaaattcaagaatatgcagaagttcaaagtaatcaacattagcgat
tttcttttctctccatggtctcacttttccactttttgtcttgtccactaaaacccttgatttttcatctgaataaatgctac
tattaggacacataatattaaaagaaacccccatctatttagttatttgtttagtcacttataactttaacagatggggtttt
tctgtgcaaccaattttaagggttttcaatactttaaaacacatacataccaacacttcaacgcacctttcagcaactaaaat
aaaaatgacgttatttctatatgtatcaagataagaaagaacaagttcaaaaccatcaaaaaaagacaccttttcaggtgctt
tttttattttataaactcattccctgatctcgacttcgttctttttttacctctcggttatgagttagttcaaattcgttctt
tttaggttctaaatcgtgtttttcttggaattgtgctgttttatcctttaccttgtctacaaaccccttaaaaacgtttttaa
aggcttttaagccgtctgtacgttccttaag 

 

Figure S8: Plasmid map (A) and DNA sequence (B) of plasmid 
pLF_PAprE_PhoD_β-gal-Pw_opt. 
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