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Supplementary tables 

Table S1. The primers for the construction of the plasmid pACYCDuet-1-YsADH 

Primer Sequence 

pET28b-YsADH-F 5’-TAATAAGGAGATATACCATGGGCATGTCTATTATAAAAAGCTATGCCGC-3’ 

pET28b-YsADH-R 5’-TAAGCATTATGCGGCCGCAAGCTTAAAGTCGGCTTGCAGTACCACG-3’ 

pACYCDuet-1-F 5’-

CGGCATAGCTTTTTATAATAGACATGCCCATGGTATATCTCCTTATTAAAGTTAA

ACAAAATTATTTC-3’ 

pACYCDuet-1-R 5’-TGGTACTGCAAGCCGACTTTAAGCTTGCGGCCGCATAATGCTTAAG-3’ 
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Table S2. The primers for the construction of the plasmid pACYCDuet-1-YsADH-NemR-PS 

Primer Sequence 

pET28b-NemR-PS-F 5’-

GTATAAGAAGGAGATATACATATGATGAGCCAGAAAAAGCTGTTTACG

C-3’ 

pET28b-NemR-PS-R 5’-CGGTTTCTTTACCAGACTCGAGCAGGCTCGGATAATCGGTATAACC-3’ 

pACYCDuet-1-YsADH-F 5’-

CTTTTTCTGGCTCATCATATGTATATCTCCTTCTTATACTTAACTAATATA

CTAAGATGGG-3’ 

pACYCDuet-1-YsADH-R 5’-GATTATCCGAGCCTGCTCGAGTCTGGTAAAGAAACCGCTGCTGC-3’ 
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Supplementary figures 

>OYE3 

ATGCCGTTTGTTAAAGGGTTTGAACCGATTAGCCTGCGTGACACCAACCTGTTCGAACCGATTAA

AATTGGGAACACCCAGCTGGCCCACCGTGCCGTTATGCCGCCGCTGACCCGCATGCGTGCAACC

CACCCGGGTAATATTCCGAATAAAGAATGGGCAGCAGTTTATTATGGTCAGCGCGCACAGCGTCC

GGGTACTATGATTATTACAGAGGGCACATTTATTTCACCGCAGGCAGGAGGCTATGATAATGCGC

CGGGTATCTGGTCAGATGAACAGGTGGCAGAGTGGAAAAACATCTTTCTGGCAATTCACGACTG

TCAGAGCTTTGCATGGGTCCAGCTGTGGAGTCTGGGTTGGGCGAGTTTTCCGGATGTTCTGGCGC

GTGATGGGCTGCGTTATGATTGTGCAAGCGATCGTGTTTATATGAATGCAACGCTGCAGGAGAAA

GCGAAAGATGCAAATAATCTGGAGCATAGCCTGACCAAAGATGATATTAAACAGTATATCAAAG

ACTACATCCACGCAGCAAAAAATAGCATTGCAGCAGGTGCAGATGGTGTTGAAATTCATAGCGC

AAATGGTTATCTGCTGAATCAGTTTCTGGATCCGCATAGCAATAAACGTACCGATGAATATGGTG

GTACCATTGAAAATCGTGCACGTTTTACCCTGGAAGTTGTTGATGCACTGATTGAAACCATTGGT

CCGGAACGTGTTGGTCTGCGTCTGAGCCCGTATGGTACCTTTAATAGCATGAGCGGTGGTGCAGA

ACCGGGTATTATTGCACAGTATAGCTATGTTCTGGGTGAACTGGAAAAACGTGCAAAAGCAGGT

AAACGTCTGGCATTTGTTCATCTGGTTGAACCGCGTGTTACCGATCCGAGCCTGGTTGAAGGTGA

AGGTGAATATAGCGAAGGTACCAATGATTTTGCATATAGCATTTGGAAAGGTCCGATTATTCGTGC

AGGTAATTATGCACTGCATCCGGAAGTTGTTCGTGAACAGGTTAAAGATCCGCGTACCCTGATTG

GTTATGGTCGTTTTTTTATTAGCAATCCGGATCTGGTTTATCGTCTGGAAGAAGGTCTGCCGCTGA

ATAAATATGATCGTAGCACCTTTTATACCATGAGCGCAGAAGGTTATACCGATTATCCGACCTATG

AAGAAGCAGTTGATCTGGGTTGGAATAAAAATTAA 

 

>OYE2p 

ATGCCATTTGTTAAGGACTTTAAGCCACAAGCTTTGGGTGACACCAACTTATTCAAACCAATCAA

AATTGGTAACAATGAACTTCTGCACCGTGCTGTCATTCCTCCATTGACTAGAATGAGAGCCCAAC

ATCCAGGTAATATTCCAAACAGAGACTGGGCCGTTGAATACTACGCTCAACGTGCTCAAAGACC

AGGAACCTTGATTATCACTGAGGGTACCTTTCCCTCTCCACAATCTGGGGGTTACGACAATGCTC

CAGGTATCTGGTCCGAAGAACAAATTAAAGAATGGACCAAGATTTTCAAGGCTATTCATGAGAA

GAAATCGTTCGCATGGGTCCAATTATGGGTTCTAGGTTGGGCTGCTTTCCCAGACACCCTTGCTA

GGGATGGTTTGCGTTACGACTCCGCTTCTGACAACGTGTATATGAATGCAGAACAAGAAGAAAA

GGCTAAGAAGGCTAACAACCCACAACACAGTATAACAAAGGATGAAATTAAGCAATACGTCAA

AGAATACGTCCAAGCTGCCAAAAACTCCATTGCTGCTGGTGCCGATGGTGTTGAAATCCACAGC

GCTAACGGTTACTTGTTGAACCAGTTCTTGGACCCACACTCCAATAACAGAACCGATGAGTATGG

TGGATCCATCGAAAACAGAGCCCGTTTCACCTTGGAAGTGGTTGATGCAGTTGTCGATGCTATTG

GTCCTGAAAAAGTCGGTTTGAGATTGTCTCCATATGGTGTCTTCAACAGTATGTCTGGTGGTGCTG

AAACCGGTATTGTTGCTCAATATGCTTATGTCTTAGGTGAACTAGAAAGAAGAGCTAAAGCTGGC

AAGCGTTTGGCTTTCGTCCATCTAATCGAACCTCGTGTCACCAACCCATTTTTAACTGAAGGTGA

AGGTGAATACAATGGAGGTAGCAACGAATTTGCTTATTCTATCTGGAAGGGCCCAATTATTAGAG

CTGGTAACTTTGCTCTGCACCCAGAAGTTGTCAGAGAAGAGGTGAAGGATCCTAGAACATTGAT

CGGTTACGGTAGATTTTTTATCTCTAATCCAGATTTGGTTGATCGTTTGGAAAAAGGGTTACCATT

AAACAAATATGACAGAGACACTTTCTACAAAATGTCAGCTGAGGGATACATTGACTACCCTACG

TACGAAGAAGCTCTAAAACTCGGTTGGGACAAAAATTAA 
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>OYE2y 

ATGCCATTTGTTAAGGACTTTAAGCCACAAGCTTTGAGTGACACCAACTTATTCAAACCAATCAA

AATTGGTAACAATGAACTTCTGCACCGTGCTGTCATTCCTCCATTGACTAGAATGAGAGCCCAAC

ATCCAGGTAATATTCCAAACAGAGACTGGGCCGTTGAATACTACTCTCAACGTGCTCAAAGACC

AGGAACCTTGATTATCACTGAGGGTACCTTTCCCTCTCCACAATCTGGGGGTTACGACAATGCTC

CAGGTATCTGGTCCGAAGAACAAATTAAAGAATGGACCAAGATTTTCAAGGCTATTCATGAGAA

GAAATCGTTCGCATGGGTCCAATTATGGGTTCTAGGTTGGGCTGCTTTCCCAGACACCCTTGCTA

GGGATGGTTTGCGTTACGACTCCGCTTCTGACAACGTGTATATGAATGCAGAACAAGAAGAAAA

GGCTAAGAAGGCTAACAACCCACAACACAGTATAACAAAGGATGAAATTAAGCAATACGTCAA

AGAATACGTCCAAGCTGCCAAAAACTCCATTGCTGCTGGTGCCGATGGTGTTGAAATCCACAGC

GCTAACGGTTACTTGTTGAACCAGTTCTTGGACCCACACTCCAATAACAGAACCGATGAGTATGG

TGGATCCATCGAAAACAGAGCCCGTTTCACCTTGGAAGTGGTTGATGCAGTTGTCGATGCTATTG

GTCCTGAAAAAGTCGGTTTGAGATTGTCTCCATATGGTGTCTTCAACAGTATGTCTGGTGGTGCTG

AAACCGGTATTGTTGCTCAATATGCTTATGTCTTAGGTGAACTAGAAAGAAGAGCTAAAGCTGGC

AAGCGTTTGGCTTTCGTCCATCTAGTTGAACCTCGTGTCACCAACCCATTTTTAACTGAAGGTGA

AGGTGAATACAATGGAGGTAGCAACGAATTTGCTTATTCTATCTGGAAGGGCCCAATTATTAGAG

CTGGTAACTTTGCTCTGCGCCCAGAAGTTGTCAGAGAAGAGGTGAAGGATCCTAGAACATTGAT

CGGTTACGGTAGATTTTTTATCTCTAATCCAGATTTGGTTGATCGTTTGGAAAAAGGGTTACCATT

AAACAAATATGACAGAGACACTTTCTACAAAATGTCAGCTGAGGGATACATTGACTACCCTACG

TACGAAGAAGCTCTAAAACTCGGTTGGGACAAAAATTAA 

 

>OYE2y-HG 

ATGCCATTTGTTAAGGACTTTAAGCCACAAGCTTTGAGTGACACCAACTTATTCAAACCAATCAA

AATTGGTAACAATGAACTTCTGCACCGTGCTGTCATTCCTCCATTGACTAGAATGAGAGCCCAAC

ATCCAGGTAATATTCCAAACAGAGACTGGGCCGTTGAATACTACTCTCAACGTGCTCAAAGACC

AGGAACCTTGATTATCACTGAGGGTACCTTTGGCTCTCCACAATCTGGGGGTTACGACAATGCTC

CAGGTATCTGGTCCGAAGAACAAATTAAAGAATGGACCAAGATTTTCAAGGCTATTCATGAGAA

GAAATCGTTCGCATGGGTCCAATTATGGGTTCTAGGTTGGGCTGCTTTCCCAGACACCCTTGCTA

GGGATGGTTTGCGTTACGACTCCGCTTCTGACAACGTGTATATGAATGCAGAACAAGAAGAAAA

GGCTAAGAAGGCTAACAACCCACAACACAGTATAACAAAGGATGAAATTAAGCAATACGTCAA

AGAATACGTCCAAGCTGCCAAAAACTCCATTGCTGCTGGTGCCGATGGTGTTGAAATCCACAGC

GCTAACGGTTACTTGTTGAACCAGTTCTTGGACCCACACTCCAATAACAGAACCGATGAGTATGG

TGGATCCATCGAAAACAGAGCCCGTTTCACCTTGGAAGTGGTTGATGCAGTTGTCGATGCTATTG

GTCCTGAAAAAGTCGGTTTGAGATTGTCTCCATATGGTGTCTTCAACAGTATGTCTGGTGGTGCTG

AAACCGGTATTGTTGCTCAATATGCTTATGTCTTAGGTGAACTAGAAAGAAGAGCTAAAGCTGGC

AAGCGTTTGGCTTTCGTCCATCTAGTTGAACCTCGTGTCACCAACCCATTTTTAACTGAAGGTGA

AGGTGAATACAATGGAGGTAGCAACGAATTTGCTTATTCTATCTGGAAGGGCCCAATTATTAGAG

CTGGTAACTTTGCTCTGCACCCAGAAGTTGTCAGAGAAGAGGTGAAGGATCCTAGAACATTGAT

CGGTTACGGTAGATTTTTTATCTCTAATCCAGATTTGGTTGATCGTTTGGAAAAAGGGTTACCATT

AAACAAATATGACAGAGACACTTTCTACAAAATGTCAGCTGAGGGATACATTGACTACCCTACG

TACGAAGAAGCTCTAAAACTCGGTTGGGACAAAAATTAA 
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>NemR-SG 

ATGAGCAGCGAAAAACTGTATAGCCCGCTGAAAGTGGGTGCGATTACCGCGGCAAACCGTATTT

TTATGGCGCCGCTGACCCGCCTGCGTAGCATTGAACCGGGCGATATTCCGACGCCGCTGATGGCA

GAATATTATCGTCAGCGTGCAAGTGCGGGTCTGATTATTAGTGAAGCAACACAGATTAGTGCCCA

GGCAAAAGGTTATGCAGGTGCACCAGGTATTCATTCACCAGAACAGATTGCAGCATGGAAAAA

GATTACCGCAGGTGTTCATGCAGAAAATGGTCATATGGCAGTTCAGCTGTGGCATACAGGTCGTA

TTAGTCATGCAAGCCTGCAGCCGGGTGGTCAGGCACCGGTAGCACCGAGCGCACTGAGCGCAG

GTACCCGTACAAGCCTGCGTGATGAAAATGGTCAGGCAATCCGTGTTGAAACCAGCATGCCGCG

TGCACTGGAACTGGAAGAAATTCCGGGCATTGTAAATGATTTTCGTCAGGCAATTGCAAATGCA

CGTGAAGCTGGTTTTGATCTGGTTGAACTGCATAGTGCACATGGTTATCTGCTGCATCAGTTTCTG

AGCCCTTCATCTAATCATCGTACCGATCAGTATGGTGGTAGCGTTGAAAATCGTGCACGTCTGGT

GCTGGAAGTTGTGGATGCAGGTATTGAAGAATGGGGTGCCGATCGTATTGGTATTCGTGTTTCCC

CGATTGGTACATTTCAGAATACGGATAATGGTCCGAACGAAGAAGCAGATGCGCTGTATCTGATT

GAACAGCTGGGTAAACGTGGTATTGCATATCTGCATATGAGTGAACCGGATTGGGCAGGTGGCG

AACCGTATACAGATGCATTTCGTGAAAAAGTGCGTGCACGTTTTCATGGTCCGATTATTGGTGCA

GGTGCATATACCGTTGAAAAAGCAGAAACCCTGATTGGTAAAGGTCTGATTGATGCCGTTGCATT

TGGTCGTGATTGGATCGCGAATCCGGATCTGGTTGCGCGCCTGCAGCGTCGTGCGGAACTGAATC

CGCAGCGCGCAGAAAGCTTTTATGGTGGTGGTGCCGAAGGTTATACCGATTATCCGACCCTGTAA 

 

>NemR-CK 

ATGAGCAGCGAAAAACTGTTTACCCCGCTGAAAGTTGGTGCGATTACCGCGGCGAACCGTGTGT

TTATGGCGCCGCTGACGCGCCTGCGTAGCATTGAACCGGGTGATATTCCGACGCCGCTGATGGCA

GAATATTATCGTCAGCGTGCAAGTGCGGGTCTGATTATTAGTGAAGCTACCCAGATCAGTGCCCA

GGCAAAAGGTTATGCAGGTGCACCTGGTCTGCATAGTGTTGAACAGATTGAAGCATGGAAAAAG

ATTACCGCAGGTGTTCATGCAGAACAGGGCCATATTGCAGTTCAGCTGTGGCATACAGGTCGTAT

TAGTCATTCAAGTCTGCAGCCGGGCAGTCAGCCGCCGGTTAGCGCATCAGCAATTGGCGCAGGT

ACCCGTACAAGCCTGCGTGATGAAAATGGTCAGGCAATTCGTGTTGATACCAGCATGCCTCGTG

CACTGGAAACCGATGAAATTCCAGGTATTGTTAATGATTTTCGCCAGGCAATTGCAAATGCACGT

GAAGCTGGTTTTGATCTGGTTGAACTGCATAGTGCACATGGTTATCTGCTGCATCAGTTTCTGAGT

CCGACGAGCAATCATCGTACCGATCAGTATGGTGGTAGCGTTGAAAATCGTGCACGTCTGGTGCT

GGAAGTTGTTGATGCGGGTATTCAGGAATGGGGTGCCGATCGTATTGGTATTCGCGTTAGCCCGA

TTGGTACATTTCAGAATGTTGATAATGGTCCGAATGAAGAAGCAGATGCACTGTATCTGATTGAA

GAACTGGGTAAACGTGGTATTGCATATCTGCATATGAGCGAACCGGATTGGGCAGGTGGTGAAC

CGTATACGGATGCATTTCGTGAAAAAGTGCGTGCACGTTTTCATGGTCCGATTATTGGTGCAGGT

GCATATACCCCGGAAAAAGCAGAAGATCTGCTGAATAAAGGTCTGATTGATGCCGTGGCATTTG

GTCGTGCATATATTGCGAATCCGGATCTGGTTGCACGTCTGCAGCGTAAAGCGGAACTGAACCCG

CAGCGTGCAGAAAGCTTTTATGGCGGTGGTGCCGAAGGTTATACAGATTATCCGACCCTGTAA 

 

>NemR-CR 

ATGAGCAGCGAAAAACTGTTTACCCCGCTGAAAGTTGGTGCGATTACCGCGCCGAACCGTATTT

TTATGGCGCCGCTGACCCGCCTGCGTAGCATTGAACCGGGCGATATTCCGACGCCGCTGATGGCA

GAATATTATCGTCAGCGTGCAAGTGCGGGTCTGATTATTTCTGAAGCAACACAGATTAGTGCCCA

GGCAAAAGGTTATGCAGGTGCACCAGGTCTGCATAGTGAAGAACAGATCGCAGCATGGAAAAA

GATTACCGATGGTGTTCATGCAGAAAACGGCCATATTGCAGTTCAGCTGTGGCATACAGGTCGTA
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TCAGCCATGCAAGCCTGCAGCCTGGTGGTCAGAGCCCGGTAAGCGCGAGCGCAATTAGCGCAG

GTACCCGTACCAGCCTGCGTGATGAAAATGGTAATGCAATTCGTGTTGAAACCAGCATGCCGCG

TGCACTGAAAACCGAAGAAATTCCGGGTATTGTTAATGATTTTCGTCAGGCAATTGCCAATGCCC

GTGAAGCAGGTTTTGATATGGTGGAACTGCATAGTGCGCATGGTTATCTGCTGCATCAGTTTCTGA

GCCCTAGCTCAAATCATCGTACCGATTGTTATGGCGGTTCAGTTGAAAATCGCGCACGTCTGGTT

CTGGAAGTTGTGGATGCAGGTATTAAAGAATGGGGTGCTGATCGTATTGGTATTCGTGTTAGCCC

GGTTGGTACGTTTCAGAATGTTGATAATGGTCCGAATGAAGAAGCAGATGCACTGTATCTGATTG

AAGAACTGGCGAAACGTGGTATTGCATATCTGCATATGAGCGAACCGGATTGGGCAGGTGGCAC

GCCATATACCGAAGCATTTCGTGAAAAAGTGCGTGCGCGTTTTCCGGGTAGCATTATTGGTGCGG

GCGCATATACCCGTGAAAAAGCAGAAGCACTGATCGAAAAAGGTCTGATTGATGCAGTGGCATT

TGGTCGCGATTATATCGCGAATCCGGATCTGGTCGCACGTCTGCAGCGTAAAGCAGAACTGAATC

CGCAGCGTAGTGAAAGCTTTTATGGTGGTGGTGCTGAAGGTTATACCGATTATCCGACCCTGTAA 

 

>NemR-CT 

ATGAACCGTGCCCCTGCAGAACGTCAGCGTTTTTTTATTAGCCTGGTGACCCGTCGTCCGGTGTA

CAGTGGTGTTACCATGCAGGACGAAAAACTGTTTACCCCGCTGAAAGTTGGTGCCATCACAGCA

CCTAATCGTGTTTTTATGGCACCGCTGACCCGTCTGCGCAGTATTGAACCTGGCGATATTCCTACC

GCCATGATGGCAGAATATTATCGCCAACGTGCAAGTGCAGGTCTGATTATTTCAGAGGCTACCCA

GATTAGTGCCCAGGCCAAAGGTTATGCAGGTGCACCTGGTCTGCATTCCGATGAACAGATCGCA

GCATGGAAAAAGATTACCGCAGCAGTTCATGAAGCCGACGGTCGTATTGCAGTTCAGCTGTGGC

ATACCGGGCGTATTAGTCATAGTAGTATTCAGCCGGGTGGAGAAGCACCGGTGGCACCTAGTGC

AATTAATGCAGGTACCCGCACCAGCCTGCGTGATGAAAATGGGAAAGCAATCCGTGTTGATACC

ACCACCCCGCGTGCACTGGAAACACATGAAATTCCGGGTATTGTTGATGATTTTCGTAAAGCAGT

GGGCAATGCACGTGACGCAGGATTTGATATGGCAGAACTGCACAGCGCACACGGATATCTGCTG

CATCAATTTCTGAGCCCTAGCTCAAATAAACGTACCGATCAGTATGGCGGAAGTGTAGAAAATC

GTGCACGTCTGGTTCTGGAAGTAGTTGATGCAGTTAGTAAAGAGTGGAGCGCAGACCGTATTGG

TATTCGTGTTTCCCCGATCGGTAGCTTTCAGAATGTTGATAATGGGCCGAACGAAGAAGCAGATG

CACTGTATCTGATTGAAGAACTGAATAAACGTGGGATTGCATATCTGCACATGAGCGAACCGGAT

TGGGCCGGTGGTGTTCCTTATACCGATGAATTTCGTCAAAAAGTTCGTGAACGTTTTGACGGTGC

AATTATTGGTGCAGGCGCATATTCACGTGAAAAAGCAGAGGCGCTGATTCAGAAAGGTCTGATT

GATGCAGTCGCATTTGGACGTGATTATATCGCAAATCCGGATCTGGTGGAACGTCTGCGCAAAAA

GGCAGAACTGAATCCTCAGCGCCCAGAAAGCTTTTACGGTGGTGGTGCCGAGGGTTATATTGATT

ATCCAACCCTGTAA 

 

>NemR-CS 

ATGAGCAGCGAAAAACTGTTTAGCCCGCTGAAAGTTGGTGCGATTACCGCGGCGAACCGTATTT

TTATGGCGCCGCTGACGCGCCTGCGTAGCATTGAACCGGGTGATATTCCGACCCCGCTGATGGCA

GAATATTATCGTCAGCGTGCAAGTGCGGGTCTGATTATTAGTGAAGCCACCCAGATCAGTGCCCA

GGCAAAAGGTTATGCAGGTGCACCTGGTCTGCATAGCGAAGCACAGATCGCAGCATGGAAAAA

GATTACAGCAGCAGTTCATGCAGAACAGGGTCATATTGCAGTTCAGCTGTGGCATACAGGTCGTA

TTAGTCATGCAAGTCTGCAGCCGAATGGTCAGGCACCGGTGGCACCGAGCGCAATTTCAGCAGG

TACCCGTACAAGCCTGCGTGATGAAAATGGTCAGGCCACGCGCGTTGATACCAGCATGCCGCGT

GCGCTGGAAACCGAAGAAATTCCGGGTATTGTTAATGATTTTCGTCAGGCAATTGCAAATGCACG

TGAAGCAGGTTTTGATATGGTTGAACTGCATAGCGCACATGGTTATCTGCTGCATCAGTTTCTGAG
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CCCGACCAGCAATCAGCGTACCGATCAGTATGGCGGTAGCGTTGAAAATCGTGCACGTCTGGTT

CTGGAAGTTGTTGATGCAGGTATTAAAGAATGGGGTGCTGATCGTATTGGTATTCGTGTTAGCCCG

ATTGGTAGCTTTCAGAATGTTGATAATGGTCCGAATGAAGAAGCAGATGCACTGTATCTGATTGA

ACAGCTGGGTAAACGTGGTATTGCATATCTGCATATGAGTGAACCGGATTGGGCGGGTGGTGAA

CCGTATAGTGATGCATTTCGTGAAAAAGTGCGTGCGCGTTTTCATTCTCCGATTATTGGTGCAGGC

GCATATACGCCGGAAAAAGCCGAAAGCCTGATTGAAAAAGGTCTGATTGATGCCGTGGCATTTG

GTCGTGCTTATATCGCGAATCCGGATCTGGTTGCACGCCTGCAGCGTAAAGCAGAACTGAATCCT

CAGCGTGCAGAAAGCTTTTATGGTGGTGGTGCTGAAGGTTATACCGATTATCCGACCCTGTAA 

 

>NemR-PS 

ATGAGCCAGAAAAAGCTGTTTACGCCGCTGAAAGTTGGTACCCTGACCGCACCGAATCGTATTT

TTATGGCGCCGCTGACCCGCCTGCGTAGCATTGAACCGGGCGATATTCCGACGCCGCTGATGGGC

GAATATTATCGCCAGCGTGCCACCGCAGGCCTGATTATTAGCGAAGCAACCCAGATTAGTGCAC

AGTCAAAAGGTTATGCAGGTGCACCAGGTCTGCATAGCGCAGAACAGATTGCAGCATGGAAAA

AGATTACCTCAACCGTTCATGAAGCAGGTGGTCGTATTGCAGTACAGCTGTGGCATACGGGTCGT

ATTAGTCATGTTAGCCTGCAGCCGAACGGTCTGGCACCGGTTGCACCGTCAGCAATTTCAGCCG

GCACACGTACCAGTCTGCGTGATGAAAATGGTCGTGCCATTCGTGTAGATACCAGCATGCCGCGT

GCACTGGAAACCGAAGAAATTCCGGCAATTGTTAATGATTTTCGCCAGGCAGTTGCAAATGCCC

GTGAAGCTGGTTTTGATATGGCTGAACTGCATGCAGCACATGGTTATCTGCTGCATCAGTTTCTGA

GCCCGTCAGCAAATCATCGTACCGATCAGTATGGCGGTACCCGTGAAAATCGTGCACGTTTTCTG

CTGGATGTTGTTGATGCAGTTTGTGCAGAATGGGGTAGCGAACATATTGGTATTCGTATTAGTCCG

ATTGGTACCTTTCAGAATACAGATAATGGTCCTAATGAAGTTGATGATGCTCTGTATCTGATTGAA

GAACTGGATAAACGTCATATTGCATATCTGCATCTGAGCGAACCGGATTGGGCAGGTGGTCAGCC

ATATACCGATGATTTTCGTCAGAAAGTTCGTGAACGTTTTCATGGTGTTATTATTGGTGCAGGCGC

ATATACGACAGAAAAAGCAGAAAATCTGATTGAAAAAGGTCTGATTGATGCAGTTGCCTTTGGT

CGTGATTTTATTGCGAATCCGGATCTGGTTGTGCGTCTGAAAAATAAAGCAGCACTGAACCCACA

GCGTCCGGAAAGCTTTTATGGTGGTGGTGCCGAAGGTTATACCGATTATCCGAGCCTGTAA 

 

>YsADH 

ATGTCTATTATAAAAAGCTATGCCGCAAAAGAGGCGGGCAGCGAACTCGAACTTTACGAATATG

ATGCCGGTGAACTCAGGCCGGAAGATGTCGAGGTGCAGGTCGACTACTGCGGTATCTGCCATTC

CGATCTTTCCATGATCGACAACGAATGGGGATTCTCTCAGTATCCGCTGGTTGCCGGGCATGAAG

TGATTGGCCGCGTGGCGGCGCTCGGCAGTGCGGCGCAGGAAAAAGGGGTGAAAGTTGGTCAGC

GCGTGGGCGTAGGCTGGACGGCGCGCAGCTGTGGGCATTGCGATGCATGTATCAGCGGTAATCA

GATTAACTGCCTGGAAGGCGCCGTAGCCACCATTCTCAACCGTGGCGGTTTTGCCGAGAAACTG

CGGGCAGACTGGCAGTGGGTGATCCCGCTTCCGGAGAGCATCGATATTGAGTCGGCAGGTCCTC

TGTTATGCGGCGGTATTACGGTTTTTAAACCTCTGCTGATGCACCACATCACCGCGACCAGTCGC

GTGGGGGTGATCGGCATCGGCGGTCTTGGGCACATTGCCATTAAACTGTTGCACGCAATGGGCT

GTGAAGTGACCGCATTCAGCTCGAATCCGTCGAAAGAACAGGAAGTGCTGGCAATGGGGGCGG

ATAAAGTCGTGAACAGTCGCGATCCAGACGCGTTAAATGCGCTGGCAGGCCAGTTTGATCTCATT

ATCAACACCGTTAATGTCGACCTCGACTGGCAGCCCTACTTTGAAGCGCTGGCCTATGGCGGCC

ATTTCCACACCGTCGGCGCAGTGATGAAGCCGCTGCCGGTTCCGGCGTTTACATTGATTGCTGGC

GATCGCAGCATCTCCGGCTCAGCAACCGGTACGCCCTATGAGCTGCGCAAATTGATGAAGTTTG

CCGGGCGCAGCAAGGTCTCGCCGACGACAGAGCTGTTCCCAATGTCGCAAATCAACGAAGCCA
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TCCAGCACGTTCGCGACGGCAAAGCGCGTTACCGCGTGGTACTGCAAGCCGACTTTTGAAAGCT

TGCGGCCGCACTCGAGCACCACCACCACCACCACTGA 

 

>BmGDHM6 

ATGTATAAAGATCTGGAAGGTAAAGTGGTGGTGATTACAGGTAGCAGCACGGGTCTGGGTAAAA

GCATGGCAATTCGTTTTGCGACGGAAAAAGCGAAAGTTGTTGTGAATTATCGTAGCAAAGAAGA

TGAAGCAAATAGCGTGCTGGAAGAAATTAAAAAGGTGGGTGGTGAAGCAATCGCAGTTAAAGG

TGATGTTACAGTGGAAAGCGATATTATTAATCTGGTTCAGAGCGCAATCAAAGAATTTGGTAAAC

TGGATGTTATGATCAACAATGCAGGTCTGGAAAATCCGGTTCCGAGTCATGAAATGAGCCTGAG

CGATTGGAATAAAGTGATCGATACCAATCTGACCGGCGCATTTCTGGGTAGCCGTGAAGCAATTA

AATATTTTGTTGAAAACGATATCCGTGGTACCGTTATTAATATGTCATCTGTTCATGAAAAAATTCC

GTGGCCGCTGTTTGTTCATTATGCAGCAAGCAAAGGTGGTATGCGTCTGATGACCAAAACCCTGG

CACTGGAATATGCACCGAAAGGTATTCGTGTTAATAATATTGGTCCGGGTGCAATTAATACCCCG

ATTAATGCAGAAAAATTTGCAGATCCGGAACAGCGTGCAGATGTTGAAAGCATGATTCCGATGG

GTTATATTGGTGAACCGGAAGAAATTGCAGCAGTTGCAGCATGGCTGGCAAGCAGCGAAGCAA

GCTATGTTACCGGTATTACCCTGTTTGCAGATGGTGGTATGACCCTGTATCCGAGCTTTCAGGCAG

GTCGTGGTTAA 

 

Figure S1. The codon-optimized nucleotide sequences encoding old yellow enzymes, alcohol 

dehydrogenase and glucose dehydrogenase.  

 

  



 10 

 

 

 

Figure S2. The effect of agitation speed on enzymatic double reduction of (E/Z)-citral to (S)-

citronellol. The reaction mixture (10 ml) contained 200 mM (E/Z)-citral, 600 mM glucose, 1 g 

wet cells, 0.2 mM NADP+, 20%(v/v) isopropanol and 50 mM PIPES buffer (pH 6.5). The 

reactions were conducted at 30 °C and 0-700 rpm for 12 h. Standard deviations are indicated in 

the diagram (n=3). 
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Figure S3. Schematic formation and consumption of the intermediate (S)-citronellal and the by-

products nerol and geraniol.  
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(d) 

 

Figure S4. GC chromatogram for various standards used in the study and the product extracted 

from the reaction mixture. (a), GC chromatogram for (S)-citronellal (20.128 min) and (R)-

citronellal (21.098 min). (b), GC chromatogram for (S)-citronellal (20.128 min), nerol (27.208 

min), citronellol (27.480 min), geraniol (28.419 min), (E)-citral (28.842), (Z)-citral (29.890 min). 

(c) GC chromatogram for (S)-citronellol (95.481 min) and (R)-citronellol (96.249 min). (d) GC 

chromatogram for the product (95.481 min) extracted from the reaction mixture.     
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(a) 

 

(b) 

 

 

(c) 

 

Figure S5. GC-MS analyses of substrate, intermediate and product. (a), GC-MS chromatogram 

for citral (MW 152). (b), GC-MS chromatogram for citronellal (MW 154). (c), GC-MS 

chromatogram for citronellol (MW 156).   
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(a) 

 

 

(b) 

Figure S6. The 1H NMR (a) and 13C NMR (b) analyses of the product (S)-citronellol. (a), 1H 

NMR (600 MHz, Chloroform-d) δ 5.08 (dddd, J = 8.6, 5.8, 2.7, 1.3 Hz, 1H), 3.71 – 3.60 (m, 2H), 

1.99 – 1.90 (m, 2H), 1.66 (d, J = 1.6 Hz, 3H), 1.62 – 1.58 (m, 3H), 1.58 – 1.52 (m, 2H), 1.40 – 1.29 

(m, 2H), 1.16 (dddd, J = 13.4, 9.5, 7.7, 5.8 Hz, 1H), 0.89 (d, J = 6.6 Hz, 3H). (b), 13C NMR (151 

MHz, CDCl3) δ 131.23, 124.70, 61.11, 39.87, 37.21, 29.17, 25.70, 25.45, 19.51, 17.62. 
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Figure S7. The setup of the reactor with constant pH auto-titration system.  

 


