43961-0002WO1
SEQUENCE LISTING

dhaB1 SEQ ID NO: 1
ATGAAAAGATCAAAACGATTTGCAGTACTGGCCCAGCGCCCCGTCAATCAGGACGG
GCTGATTGGCGAGTGGCCTGAAGAGGGGCTGATCGCCATGGACAGCCCCTTTGACC
CGGTCTCTTCAGTAAAAGTGGACAACGGTCTGATCGTCGAGCTGGACGGCAAACGC
CGGGACCAGTTTGACATGATCGACCGATTTATCGCCGATTACGCGATCAACGTTGAG
CGCACAGAGCAGGCAATGCGCCTGGAGGCGGTGGAAATAGCCCGCATGCTGGTGGA
TATTCACGTCAGTCGGGAGGAGATCATTGCCATCACTACCGCCATCACGCCGGCCAA
AGCGGTCGAGGTGATGGCGCAGATGAACGTGGTGGAGATGATGATGGCGCTGCAGA
AGATGCGTGCCCGCCGGACCCCCTCCAACCAGTGCCACGTCACCAATCTCAAAGAT
AATCCGGTGCAGATTGCTGCTGACGCCGCCGAGGCCGGGATCCGCGGCTTCTCAGA
ACAGGAGACCACGGTCGGTATCGCGCGCTATGCGCCGTTTAACGCCCTGGCGCTGTT
GGTCGGTTCGCAGTGCGGCCGCCCCGGCGTTTTGACGCAGTGCTCGGTGGAAGAGG
CCACCGAGCTGGAGCTGGGCATGCGTGGCTTAACCAGCTACGCCGAGACGGTGTCG
GTCTACGGCACCGAAGCGGTATTTACCGACGGCGATGATACTCCGTGGTCAAAGGC
GTTCCTCGCCTCGGCCTACGCCTCCCGCGGGTTGAAAATGCGCTACACCTCCGGCAC
CGGATCCGAAGCGCTGATGGGCTATTCGGAGAGCAAGTCGATGCTCTACCTCGAATC
GCGCTGCATCTTCATTACCAAAGGCGCCGGGGTTCAGGGGCTGCAAAACGGCGCGG
TGAGCTGTATCGGCATGACCGGCGCTGTGCCGTCGGGCATTCGGGCGGTGCTGGCGG
AAAACCTGATCGCCTCTATGCTCGACCTCGAAGTGGCGTCCGCCAACGACCAGACTT
TCTCCCACTCGGATATTCGCCGCACCGCGCGCACCCTGATGCAGATGCTGCCGGGCA
CCGACTTTATTTTCTCCGGCTACAGCGCGGTGCCGAACTACGACAACATGTTCGCCG
GCTCGAACTTCGATGCGGAAGATTTTGATGATTACAACATCCTGCAGCGTGACCTGA
TGGTTGACGGCGGCCTGCGTCCGGTGACCGAGGCGGAAACCATTGCCATTCGCCAG
AAAGCGGCGCGGGCGATCCAGGCGGTTTTCCGCGAGCTGGGGCTGCCGCCAATCGC
CGACGAGGAGGTGGAGGCCGCCACCTACGCGCACGGTAGCAACGAGATGCCGCCGC
GTAACGTGGTGGAGGATCTGAGTGCGGTGGAAGAGATGATGAAGCGCAACATCACC
GGCCTCGATATTGTCGGCGCGCTGAGCCGCAGCGGCTTTGAGGATATCGCCAGCAAT
ATTCTCAATATGCTGCGCCAGCGGGTCACCGGCGATTACCTGCAGACCTCGGCCATT
CTCGATCGGCAGTTCGAGGTGGTGAGTGCGGTCAACGACATCAATGACTATCAGGG
GCCGGGCACCGGCTATCGCATCTCTGCCGAACGCTGGGCGGAGATCAAAAATATTC
CGGGCGTGGTTCAGCCCGACACCATTGAATAA

dhaB2 SEQ ID NO: 2
ATGCAACAGACAACCCAAATTCAGCCCTCTTTTACCCTGAAAACCCGCGAGGGCGG
GGTAGCTTCTGCCGATGAACGCGCCGATGAAGTGGTGATCGGCGTCGGCCCTGCCTT
CGATAAACACCAGCATCACACTCTGATCGATATGCCCCATGGCGCGATCCTCAAAG
AGCTGATTGCCGGGGTGGAAGAAGAGGGGCTTCACGCCCGGGTGGTGCGCATTCTG
CGCACGTCCGACGTCTCCTTTATGGCCTGGGATGCGGCCAACCTGAGCGGCTCGGGG
ATCGGCATCGGTATCCAGTCGAAGGGGACCACGGTCATCCATCAGCGCGATCTGCT
GCCGCTCAGCAACCTGGAGCTGTTCTCCCAGGCGCCGCTGCTGACGCTGGAAACCTA
CCGGCAGATTGGCAAAAACGCCGCGCGCTATGCGCGCAAAGAGTCACCTTCGCCGG
TGCCGGTGGTGAACGATCAGATGGTGCGGCCGAAATTTATGGCCAAAGCCGCGCTA
TTTCATATCAAAGAGACCAAACATGTGGTGCAGGACGCCGAGCCCGTCACCCTGCA
CGTCGACTTAGTTAGGGAGTAA

>dhaB3 SEQ ID NO: 3



ATGAGCGAGAAAACCATGCGCGTGCAGGATTATCCGTTAGCCACCCGCTGCCCGGA
GCATATCCTGACGCCTACCGGCAAACCATTGACCGATATTACCCTCGAGAAGGTGCT
CTCTGGCGAGGTGGGCCCGCAGGATGTGCGGATCTCCTGCCAGACCCTTGAGTACCA
GGCGCAGATTGCCGAGCAGATGCAGCGCCATGCGGTGGCGCGCAATTTCCGCCGCG
CGGCGGAGCTTATCGCCATTCCTGACGAGCGCATTCTGGCTATCTATAACGCGCTGC
GCCCGTTCCGCTCCTCGCAGGCGGAGCTGCTGGCGATCGCCGACGAGCTGGAGCAC
ACCTGGCATGCGACAGTGAATGCCGCCTTTGTCCGGGAGTCGGCGGAAGTGTATCA
GCAGCGGCATAAGCTGCGTAAAGGAAGCTAA

>gdrA SEQ ID NO: 4
ATGCCGTTAATAGCCGGGATTGATATCGGCAACGCCACCACCGAGGTGGCGCTGGC
GTCCGACGACCCGCAGGCGAGGGCGTTTGTTGCCAGCGGGATCGTCGCGACGACGG
GCATGAAAGGGACGCGGGACAATATCGCCGGGACCCTCGCCGCGCTGGAGCAGGCC
CTGGCGAAAACACCGTGGTCGATGAGCGATGTCTCTCGCATCTATCTTAACGAAGCC
GCGCCGGTGATTGGCGATGTGGCGATGGAGACCATCACCGAGACCATTATCACCGA
ATCGACCATGATCGGTCATAACCCGCAGACGCCGGGCGGGGTGGGCGTTGGCGTGG
GGACGACTATCGCCCTCGGGCGGCTGGCGACGCTGCCGGCGGCGCAGTATGCCGAG
GGGTGGATCGTACTGATTGACGACGCCGTCGATTTCCTTGACGCCGTGTGGTGGCTC
AATGAGGCGCTCGACCGGGGGATCAACGTGGTGGCGGCGATCCTCAAAAAGGACGA
CGGCGTGCTGGTGAACAACCGCCTGCGTAAAACCCTGCCGGTGGTAGATGAAGTGA
CGCTGCTGGAGCAGGTCCCCGAGGGGGTAATGGCGGCGGTGGAAGTGGCCGCGCCG
GGCCAGGTGGTGCGGATCCTGTCGAATCCCTACGGGATCGCCACCTTCTTCGGGCTA
AGCCCGGAAGAGACCCAGGCCATCGTCCCCATCGCCCGCGCCCTGATTGGCAACCG
TTCAGCGGTGGTGCTCAAGACCCCGCAGGGGGATGTGCAGTCGCGGGTGATCCCGG
CGGGCAACCTCTACATTAGCGGCGAAAAGCGCCGCGGAGAGGCCGATGTCGCCGAG
GGCGCGGAAGCCATCATGCAGGCGATGAGCGCCTGCGCTCCGGTACGCGACATCCG
CGGCGAACCGGGCACTCACGCCGGCGGCATGCTTGAGCGGGTGCGCAAGGTAATGG
CGTCCCTGACCGACCATGAGATGAGCGCGATATACATCCAGGATCTGCTGGCGGTG
GATACGTTTATTCCGCGCAAggtgcaggecGGGATGGCCGGCGAGTGCGCCATGGAAAAT
GCCGTCGGGATGGCGGCGATGGTGAAAGCGGATCGTCTGCAAATGCAGGTTATCGC
CCGCGAACTGAGCGCCCGACTGCAGACCGAGGTGGTGGTGGGCGGCGTGGAGGCCA
ACATGGCCATCGCCGGGGCGTTAACCACTCCCGGCTGTGCGGCGCCGCTGGCGATCC
TCGACCTCGGCGCCGGCTCGACGGATGCGGCGATCGTCAACGCGGAGGGGCAGATA
ACGGCGGTCCATCTCGCCGGGGCGGGGAATATGGTCAGCCTGTTGATTAAAACCGA
GCTGGGCCTCGAGGATCTTTCGCTGGCGGAAGCGATAAAAAAATACCCGCTGGCCA
AAGTGGAAAGCCTGTTCAGTATTCGTCACGAGAATGGCGCGGTGGAGTTCTTTCGGG
AAGCCCTCAGCCCGGCGGTGTTCGCCAAAGTGGTGTACATCAAGGAGGGCGAACTG
GTGCCGATCGATAACGCCAGCCCGCTGGAAAAAATTCGTCTCGTGCGCCGGCAGGC
GAAAGAGAAAGTGTTTGTCACCAACTGCCTGCGCGCGCTGCGCCAGGTCTCACCCG
GCGGTTCCATTCGCGATATCGCCTTTGTGGTGCTGGTGGGCGGCTCATCGCTGGACT
TTGAGATCCCGCAGCTTATCACGGAAGCCTTGTCGCACTATGGCGTGGTCGCCGGGC
AGGGCAATATTCGGGGAACAGAAGGGCCGCGCAATGCGGTCGCCACCGGGCTGCTA
CTGGCCGGTCAGGCGAATTAA

>gdrB SEQ ID NO: 5



ATGTCGCTTTCACCGCCAGGCGTACGCCTGTTTTACGATCCGCGCGGGCACCATGCC

GGCGCCATCAATGAGCTGTGCTGGGGGCTGGAGGAGCAGGGGGTCCCCTGCCAGAC
CATAACCTATGACGGAGGCGGTGACGCCGCTGCGCTGGGCGCCCTGGCGGCCAGAA
GCTCGCCCCTGCGGGTGGGTATTGGGCTCAGCGCGTCCGGCGAGATAGCCCTCACTC
ATGCCCAGCTGCCGGCGGACGCGCCGCTGGCTACCGGACACGTCACCGATAGCGAC

GATCATCTGCGTACGCTCGGCGCCAACGCCGGGCAGCTGGTTAAAGTCCTGCCGTTA
AGTGAGAGAAACTGA

>kgsA SEQID NO: 6
ATGAGAGGATCGGGATCCGCTAACGTGACTTATACGGATACGCAACTGCTGATCGA
CGGTGAGTGGGTCGACGCCGCGAGCGGCAAGACGATCGACGTCGTGAACCCGGCGA
CCGGCAAGCCGATCGGCAGGGTGGCCCATGCGGGCATCGCCGATCTCGACCGTGCG
CTCGCCGCCGCGCAAAGCGGCTTCGAGGCATGGCGCAAGGTGCCCGCGCACGAGCG
CGCGGCGACGATGCGCAAGGCGGCCGCGCTGGTGCGTGAACGCGCCGACGCGATCG
CGCAGCTGATGACGCAGGAGCAGGGCAAGCCGCTCACCGAAGCGCGCGTCGAAGTG
CTGTCGTCCGCGGACATCATCGAATGGTTCGCGGACGAAGGCCGCCGCGTGTACGG
CCGGATCGTGCCGCCGCGCAACCTCGGCGCACAGCAGACGGTCGTGAAGGAGCCGG
TCGGCCCGGTCGCCGCGTTCACGCCGTGGAATTTCCCGGTCAACCAGGTCGTGCGCA
AGCTGAGCGCCGCGCTGGCAACCGGCTGTTCGTTCCTCGTGAAAGCGCCGGAAGAA
ACCCCCGCGTCGCCGGCCGCGCTGCTGCGCGCCTTCGTCGACGCAGGCGTGCCGGCC
GGCGTGATCGGCCTCGTGTACGGCGATCCGGCCGAAATCTCGTCGTACCTGATCCCG
CACCCGGTGATCCGCAAGGTCACGTTCACGGGTTCGACGCCGGTCGGCAAGCAGCT
CGCCTCGCTGGCGGGectgcacaTGAAGCGCGCGACGATGGAGCTGGGCGGGCACGCAC
CGGTGATCGTGGCCGAAGACGCCGACGTTGCGCTCGCGGTGGCAGCGGCCGGCGGC
GCGAAGTTCCGCAACGCGGGGCAGGTCTGCATCTCGCCGACGCGCTTCCTCGTGCAC
AACAGCATCCGCGACGAATTCACGCGCGCGCTGGTCAAGCATGCCGAAGGGCTGAA
GGTCGGCAACGGCCTCGAGGAAGGCACGACGCTCGGCGCGCTCGCGAACCCGCGCC
GGCTGACCGCGATGGCGTCGGTCATCGACAACGCGCGCAAGGTCGGTGCGAGCATC
GAAACCGGCGGCGAGCGGATCGGCTCGGAAGGCAACTTCTTCGCGCCGACCGTGAT
CGCGAACGTGCCGCTCGATGCGGACGTGTTCAACAACGAGCCGTTCGGCCCGGTCG
CGGCGATTCGCGGTTTCGACAAGCTCGAAGAGGCGATCGCGGAAGCGAACCGTTTG
CCGTTCGGTCTTGCCGGCTACGCGTTCACGCGTTCGTTCGCGAACGTGCACCTGCTC
ACGCAGCGCCTCGAAGTCGGGATGCTGTGGATCAACCAGCCGCCGACTACATGGCC
GGAAATGCCGTTCGGCGGCGTGAAGGACTCGGGCTACGGTTCGGAAGGCGGCCCGG
AAGCGCTCGAGCCGTACCTCGTCACGAAGTCGGTGACGGTAATGGCCGTCTGA

Inducible Promoters: PhbdH-1, PmmsA; PhbdH-4, PhpdH

SEQ ID NO: 11 PhbdH-4 (Pc4 on slide 3)
GCCCCCGCCTACCCGCCCCAGCCACCCCAOGACTCAGCAAGGATGELCTGGCCCGGGCC
TGGGCGGAGACGTCTTTCGCGCCCGACCATCAGAACAAGAGGACAACCCC

SEQ ID NO: 12 PhpdH
TGTGGGAGCGGGCGTGCCCGCGAAGAGGCCAGCACAGACTTACCACTGTGCTAAAA
CGCACAGCGGCTGCGCGAAATCTCGTGTTTCCTCCACGAAATTACTCACTAAGATGG
ATCGGGACAAGAATAATAATCAGGCCCGAGGTTGCAC



SEQ ID NO: 13 PhbdH-1
TGCGTAATGCCCCACCGTTCTGCCAGGCAACGCGAAACCTGTAGGAGCGGCCTTGTG
TCGCGATGGGCTGCGCAGCAGCCCCGGCATTTITTTGCATCGATGCGGAGATCTGGGG
CTGCTGCGCAGCCCATCGCGACACAAGGCCGCTCCTACAGGTTCCTGGCCCGCATGG
GTAAAGTTCGAACCAGTCAGGAGTCATTG

SEQ ID NO: 14 PmmsA (Pcm from slide 2)
CCTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCA
AAAATGCACTGTTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGAATC
CCG

SEQ ID NO: 15 PmmsA delta 2 Figure 4
TTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGAATCCCG

SEQ ID NO: 16 O1 of MmsA operator
AATGTGCAAAAACGCAGACCATACTTGCACATCA

SEQ ID NO: 17 02 of MmsA operator
CAAAAATGCACTGTTAGGATCGATCCAGACAAC

SEQ ID NO: 18 PmmsA and operator. Figure 4
GCACCTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACA
TCAAAAATGCACTGTTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGA
ATCCCG

SEQ ID NO:19 PmmsA2a
TCCGATTTATGCGCCTCTAGAGGATCCCCGGGTACTAACATGTCAGCCTCAGCGCAC
CTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCAAT
CCTTGCTTGTTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGAATCCC
G

SEQ ID NO: 20 PmmsA2b
TCCGATTTATGCGCCTCTAGAGGATCCCCGGGTACTAACATGTCAGCCTCAGCGCAC
CTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCAA
AAATGCACTGTTAGGATCGCGCCCAGGCACAAAAAAGCCACAGGCTGGGAGAATCC
CcG

SEQ ID NO: 21 PmmsA2ab
TCCGATTTATGCGCCTCTAGAGGATCCCCGGGTACTAACATGTCAGCCTCAGCGCAC
CTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCAAT
CCTTGCTTGTTAGGATCGCGCCCAGGCACAAAAAAGCCACAGGCTGGGAGAATCCC
G

Constitutive promoter: Pzwf,
SEQ ID NO: 7 Pzwf




GGCGACCAACAACGGCGCGAGGTGGCAAAAATATCTTGTTTAATTACTACATATTTG
TCTTAATGCCGGCGTGTAAGGCTAACTATCGTTCAAAATTTAGTTGGTAACAACAA

SEQ ID NO: 8 Pzwif-1
GGCGACCAACAACGGCGCGAGGTGGCAAAAACGGTTTGACACAGTAATTAAAAAG
ACGTATAATTGCGTTGTGTAAGGCTAACTATCGTTCAAAATTTAGTTGGTAACAACA
A

SEQ ID NO: 61 Pzwf-1 shorter
ACGGTTTGACACAGTAATTAAAAAGACGTATAATTGCGTT

SEQ ID NO: 9 Pzwf-7 (the sequence for Pzwf-7 in the slide deck from 201700926 is
different than the sequence of Pzwf-7 on slide 4. MmsR overexpression from the 3-HP
patent.pptx; please confirm this is the accurate sequence.
GGCGACCAACAACGGCGCGAGGTGGCAAAAGTATATTGACATTCCATGCGAAGGTC
GTTATAATACAGTAGTGTAAGGCTAACTATCGTTCAAAATTTAGTTGGTAACAACAA

SEQ ID NO: 62: Pzwt-7 shorter (F#9 on 2017000926)
GTATATTGACATTCCATGCGAAGGTCGTTATAATACAGTA

SEQ ID NO: 10 Pzwf-12
GGCGCGAGGTGGCAAAATAATCTTGACAACTGGAGAGAATTGTGGTATAATGGGAG
CGTGTAAGGCTAACTATCGTTCAAAATTTAGTTGGTAACAACAA

SEQ ID NO: 63 Pzwf-12 shorter
TAATCTTGACAACTGGAGAGAATTGTGGTATAATGGGAGC

SEQ ID NO: 52 Pzwf #2
TCCACTTGACATACCCTAACATCGGGATTATAATGTCTGC

SEQ ID NO: 53 Pzwf #3
GTTGGTTGACATGGCGCTGTCGATCGGATATAATGTTTGT

SEQ ID NO: 54 Pzwf #4
GCGTCTTGACATCTTACTAGATTGTGCGTATAATAGTCGC

SEQ ID NO: 55 Pzwf #5
GGCGTTTGACATGTGGATGTAATCCTGTTATAATTTITTITA

SEQ ID NO: 56 Pzwf #6
GATCCTTGACAGCGAGGTATGAGTGAGGTATAATGTAACC

SEQ ID NO: 57 Pzwf #7
TGCGTTTGACAATTTGTTACGTTAGTGCTATAATCTAGTT

SEQ ID NO: 58 Pzwf #8



TACCCTTGACATAACGGCATTCTGGTGGTATAATCATGCC

SEQ ID NO: 59 Pzwf #10
GGGGGTTGACAACTGCGTGTTTGTCTGTTATAATATCCCG

SEQ ID NO: 60 Pzwf #11
GAGAATTGACAGATGACTTATTTCGTTGAATTCCTGC

UTR design
SEQ ID NO: 22 UTRO

CGACGGCAAGCCCGTCGAGTCCACCATGGCTAACGTGACTTACACCGATACCCAAC
TGCT

SEQ ID NO: 23 UTR1
CGACGGCAAGCCAACTGAACCCACCATGGCTAACGTGACTTACACCGATACCCAAC
TGCT

SEQ ID NO: 24 UTR2
CGACGGCAAGCCCTAACTGGACACCATGGCTAACGTGACTTACACCGATACCCAAC
TGCT

SEQ ID NO: 25 UTR3
CGACGGCAAGCCCTAACAGGACACCATGGCTAACGTGACTTACACCGATACCCAAC
TGCT

SEQ ID NO: 26 UTR4
CGACGGCAAGCCCAAGCTGGACACCATGGCTAACGTGACTTACACCGATACCCAAC
TGCT

SEQ ID NO: 27 UTRS5
CGACGGCAAGCCCTAGCAGGACACCATGGCTAACGTGACTTACACCGATACCCAAC
TGCT

SEQ ID NO: 28 UTR6
CGACGGCAAGCCCAAGCAGGACACCATGGCTAACGTGACTTACACCGATACCCAAC
TGCT

SEQ ID NO: 64 UTR-PmmsA
CGACGGCAAGCCCGTCGAGTCCACCATGGCTAACGTGACTTACACCGATACCCAAC
TGCT

Opt — codon usage
SEQ ID NO: 29 Pcm-Best(kgsA) Optl




ATGGCCAACGTGACCTACACCGACACCCAGCTGCTGATCGACGGC

SEQ ID NO: 30 Pcm-Same(kgsA) Opt3
ATGGCTAACGTGACTTACACCGATACCCAACTGCTGATCGACGGC

SEQ ID NO: 31 Pcm-medium(kgsA) Opt2
ATGGCGAACGTGACCTACACCGACACCCAGCTCCTGATCGACGGC

Fusion protein — 5, 10, 15, 20

SEQ ID NO: 32 Pcm-mmsA(S)
CCTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCA
AAAATGCACTGTTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGAATC
CCGATGACCGCAACTGCC

SEQ ID NO: 33 Pcm-mmsA(10)
CCTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCA
AAAATGCACTGTTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGAATC
CCGATGACCGCAACTGCCCCGACCGTCAAACTG

SEQ ID NO: 34 Pcm-mmsA(15)
CCTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCA
AAAATGCACTGTTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGAATC
CCGATGACCGCAACTGCCCCGACCGTCAAACTGTTCCTCGACGGCAAG

SEQ ID NO: 35 Pcm-mmsA(20)
CCTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCA
AAAATGCACTGTTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGAATC
CCGATGACCGCAACTGCCCCGACCGTCAAACTGTTCCTCGACGGCAAGCCCGTCGA
GTCCACC

12 expression constructs

SEQ ID NO:36 Pedd promoter
GGCAGCATTCTCCTACAGACTATCAGTTGTTGTTTTTACAACATAATCTTCGAATACA
AAGCATTTACTTTTCTTCGAAGCGGAAATTTAATGTTTTTTACCACAACATAAGAAA
AGAGACGACCTTCATGACTATACGCCTGGCGATCAACGGGTTCGGCCGCATCGGTC
GGAATATCCTCCGTGCACTCTACTCCGGCCCCTACCGCCAGCACCTGCAGGTAGTGG
CGATCAACGACCTGGGCGATGCGGCGATCAACGCCCACCTGTTGCAGTACGACAGC
GTGCACGGACGCTTCC

SEQ ID NO: 37 PsucA promoter

CCAAGGCAATCGGTCACATCCGTAACATGCTGCTGCAGAGCGGCACTTGATCCGAG
GGCCTCGCGCCCAAAGATCATTGCAAGAGCGACACCTGTACCGCCGGAACATTGTC
CGGCGGTACAGTCCCTAGGACCCAAGCCCACAAAGCGGGGGTCCTGTTTTGAAAAC
GTATATATGACCAGCAGGGGCATCCGGGCTGGTACCCGGACTATCTGCGGGGATCG



GTGGCTTGAAGTCGCTGTGTATGACTTCGCGCCAGAGATTCCACAGGTGGAGTCCCC
TTACCGAGGGTGACCAAGC

SEQ ID NO: 38 cobG-Pedd-PsucA-cobL (3-fold)
GACGGCAGCATTCTCCTACAGACTATCAGTTGTTGTTTTTACAACATAATCTTCGAAT
ACAAAGCATTTACTTTTCTTCGAAGCGGAAATTTAATGTTTTTTACCACAACATAAG
AAAAGAGACGACCTTCATGACTATACGCCTGGCGATCAACGGGTTCGGCCGCATCG
GTCGGAATATCCTCCGTGCACTCTACTCCGGCCCCTACCGCCAGCACCTGCAGGTAG
TGGCGATCAACGACCTGGGCGATGCGGCGATCAACGCCCACCTGTTGCAGTACGAC
AGCGTGCACGGACGCTTCCGTAGAGTTGCCAAGGCAATCGGTCACATCCGTAACAT
GCTGCTGCAGAGCGGCACTTGATCCGAGGGCCTCGCGCCCAAAGATCATTGCAAGA
GCGACACCTGTACCGCCGGAACATTGTCCGGCGGTACAGTCCCTAGGACCCAAGCC
CACAAAGCGGGGGTCCTGTTTTGAAAACGTATATATGACCAGCAGGGGCATCCGGG
CTGGTACCCGGACTATCTGCGGGGATCGGTGGCTTGAAGTCGCTGTGTATGACTTCG
CGCCAGAGATTCCACAGGTGGAGTCCCCTTACCGAGGGTGACCAAGCATG

SEQ ID NO: 39 Psp9
TTGTTGTTACCAACTAAATTTTGAACGATAGTTAGCCTTACACCGGGATATTATAAC
AGACAAACACGCAGTTGTCAACCCCC

SEQ ID NO: 40 Pzwf
GATGCTGAAGCGCGTGGCCTGCTGCGGGTCGTGCAGGATCACTTCGGCGACCTTGCG
CTCGGCCTTGTTCAGCTGTTCCAGACGGCTCTGGATCTGCTCCAGCAGGTTTTTCATC
CGTGCTCCTTGGGCAATCGACGGTTGGCCGGGTAGGGGCGGCCAGCGGCGCTATCC
TAACGTCAGGCCGGCAGGCGACCAACAACGGCGCGAGGTGGCAAAAATATCTTGTT
TAATTACTACATATTTGTCTTAATGCCGGCGTGTAAGGCTAACTATCGTTCAAAATTT
AGTTGGTAACAACAA

SEQ ID NO:41 cobG-Psp9-Pzwf-cobL (5-fold)
CATTTGTTGTTACCAACTAAATTTTGAACGATAGTTAGCCTTACACCGGGATATTATA
ACAGACAAACACGCAGTTGTCAACCCCCTATGCGCAGCTAGAGATGCTGAAGCGCG
TGGCCTGCTGCGGGTCGTGCAGGATCACTTCGGCGACCTTGCGCTCGGCCTTGTTCA
GCTGTTCCAGACGGCTCTGGATCTGCTCCAGCAGGTTTTTCATCCGTGCTCCTTGGGC
AATCGACGGTTGGCCGGGTAGGGGCGGCCAGCGGCGCTATCCTAACGTCAGGCCGG
CAGGCGACCAACAACGGCGCGAGGTGGCAAAAATATCTTGTTTAATTACTACATATT
TGTCTTAATGCCGGCGTGTAAGGCTAACTATCGTTCAAAATTTAGTTGGTAACAACA
AATG

SEQ ID NO: 42 Pzwf
TTGTTGTTACCAACTAAATTTTGAACGATAGTTAGCCTTACACGCCGGCATTAAGAC
AAATATGTAGTAATTAAACAAGATATTTTTGCCACCTCGCGCCGTTGTTGGTCGCCT
GCCGGCCTGACGTTAGGATAGCGCCGCTGGCCGCCCCTACCCGGCCAACCGTCGATT
GCCCAAGGAGCACGGATGAAAAACCTGCTGGAGCAGATCCAGAGCCGTCTGGAACA
GCTGAACAAGGCCGAGCGCAAGGTCGCCGAAGTGATCCTGCACGACCCGCAGCAGG
CCACGCGCTTCAGCATC



SEQ ID NO: 43 Psp9
GGGGGTTGACAACTGCGTGTTTGTCTGTTATAATATCCCGGTGTAAGGCTAACTATC
GTTCAAAATTTAGTTGGTAACAACAA

SEQ ID NO: 44 cobW-Pzwf-Psp9-cbtB (3-fold)
CATTTGTTGTTACCAACTAAATTTTGAACGATAGTTAGCCTTACACGCCGGCATTAA
GACAAATATGTAGTAATTAAACAAGATATTTTTGCCACCTCGCGCCGTTGTTGGTCG
CCTGCCGGCCTGACGTTAGGATAGCGCCGCTGGCCGCCCCTACCCGGCCAACCGTCG
ATTGCCCAAGGAGCACGGATGAAAAACCTGCTGGAGCAGATCCAGAGCCGTCTGGA
ACAGCTGAACAAGGCCGAGCGCAAGGTCGCCGAAGTGATCCTGCACGACCCGCAGC
AGGCCACGCGCTTCAGCATCTCTAGCTGCGCATAGGGGGTTGACAACTGCGTGTTTG
TCTGTTATAATATCCCGGTGTAAGGCTAACTATCGTTCAAAATTTAGTTGGTAACAA
CAAATG

SEQ ID NO: 45 Pkt

Cgctgaatctectgegggggctgcttcgaaacttcgaagggaatgaaaaaaggecggtattttcgeccagecgggececgtggggcaat
gacagatcggcagaagcectgatgcagageatccgagegggoccgggcaactgatcaaaaaccgetcatecgtcaatatcaaaactttttgat
acagctattgccccaccctgecaagecacgactagactgegegacctatgagectgegectgeccgaaatccgecacgacgactgegacce

agctggccgecctgtgcaaggecggeggcga

SEQ ID NO: 46 Pwp2
ACGGTTTGACACAGTAATTAAAAAGACGTATAATTGCGTTGTGTAAGGCTAACTATC
GTTCAAAATTTAGTTGGTAACAACAA

SEQ ID NO: 47 cobW-Ptkt-Psp2-cbtB (5-fold)
Catcgctgaatctectgegggggactgcttcgaaacttcgaagggaatgaaaaaaggccggtattttcgeccagecgggeccegtggggca
atgacagatcggcagaagcectgatgcagageatccgagegggcecgggcaactgatcaaaaaccgetcatccgtcaatatcaaaactttttg
atacagctattgccccaccctgcaagecacgactagactgegegacctatgagectgegectgeccgaaateccgecacgacgactgegac
cagctggecgecectgtgecaaggecggcggcgaTCTAGCTGCGCATAACGGTTTGACACAGTAATTAAA
AAGACGTATAATTGCGTTGTGTAAGGCTAACTATCGTTCAAAATTTAGTTGGTAACA
ACAAatg

SEQ ID NO:48 Pzwf
gatgctgaagegegtggectgetgegggtegtgecaggatcacttcggegaccttgegeteggecttgttcagetgticcagacggetctgga
tctgetecageaggtttttcateccgtgetecttgggcaatcgacggttggcegggtaggoocggccageggegetatectaacgtcaggec
ggcaggcgaccaacaacggegcgaggtggcaaaaatatettgtttaattactacatatttgtettaatgecggegtotaaggcetaactategtt
caaaatttagttggtaacaacaa

SEQ ID NO: 49 Pzwf-tonB (3-fold)
gatgctgaagegegtggectgctgegggategtgecaggatcacttcggegaccttgegeteggecttgttcagetgttccagacggetctgga
tctgetecageaggtttttcateccgtgetecttgggcaatcgacggttggcegggtaggoocggccageggegetatectaacgtcaggec
ggcaggcgaccaacaacggegcgaggtggcaaaaatatettgtttaattactacatatttgtettaatgecggegtgtaaggcetaactategtt
caaaatttagttggtaacaacaaatg

SEQ ID NO: 50 Psp9



GGGGGTTGACAACTGCGTGTTTGTCTGTTATAATATCCCGGTGTAAGGCTAACTATC
GTTCAAAATTTAGTTGGTAACAACAA

SEQ ID NO: 51 Psp9-tonB (5-fold)
GGGGGTTGACAACTGCGTGTTTGTCTGTTATAATATCCCGGTGTAAGGCTAACTATC
GTTCAAAATTTAGTTGGTAACAACAAatg

Tandem promoters

SEQ ID NO: 65 Pcm-Pc4
CCTCGAATGTGCAAAAACGCAGACCATACTTGCACATCACCGCATTGAGTACATCA
AAAATGCACTGTTAGGATCGATCCAGACAACAAAAAAGCCACAGGCTGGGAGAATC
CCGGCCCCCGCCTACCCGCCCCAGCCACCCCGGACTCAGCAAGGATGCTGGCCCGG
GCCTGGGCGGAGACGTCTTTCGCGCCCGACCATCAGAACAAGAGGACAACCCC

SEQ ID NO: 70 Pc3-Pcl
CGTGGCGACTCTCATTGTTAGAAAACGCACAGCAGGTGACTTTAAACGTTCGTATTT
TTATCGCGAACGAACGACTAGGCTCCATCGTCATACCCAAAAGAACAAGAACGACG
AGGGACTTTCCGGCGTTTGACATGTGGATGTAATCCTGTTATAATTTTTTAGTGTAAG
GCTAACTATCGTTCAAAATTTAGGTGGTAACAACAAATG

SEQ ID NO: 71 Pcl-Pc3
GGCGTTTGACATGTGGATGTAATCCTGTTATAATTTTTTAGTGTAAGGCTAACTATCG
TTCAAAATTTAGGTGGTAACAACAACGTGGCGACTCTCATTGTTAGAAAACGCACAG
CAGGTGACTTTAAACGTTCGTATTTTTATCGCGAACGAACGACTAGGCTCCATCGTC
ATACCCAAAAGAACAAGAACGACGAGGGACTTTCCATG

SEQ ID NO: 72 Pc3-Pzwf
CGTGGCGACTCTCATTGTTAGAAAACGCACAGCAGGTGACTTTAAACGTTCGTATTT
TTATCGCGAACGAACGACTAGGCTCCATCGTCATACCCAAAAGAACAAGAACGACG
AGGGACTTTCCGGCGACCAACAACGGCGCGAGGTGGCAAAAATATCTTGTTTAATT
ACTACATATTTGTCTTAATGCCGGCGTGTAAGGCTAACTATCGTTCAAAATTTAGTTG
GTAACAACAAATG

DhaB expression module

SEQ ID NO: 66
CAGGTCGACTCTAGAGCTGATCCTTTTTGGCAGTTCGTTCCGGCCTCTTCGCGGGCAC
GCCCGCTCCCACAGGGATCGCGTTACCTTGTGGGAGCGGGCGTGCCCGCGAAGAGG
CCAGCACAGACTTACCACTGTGCTAAAACGCACAGCGGCTGCGCGAAATCTCGTGTT
TCCTCCACGAAATTACTCACTAAGATGGATCGGGACAAGAATAATAATCAGGGGAG
AGGTTGCACATGAAAAGATCAAAACGATTTGCAGTACTGGCCCAGCGCCCCGTCAA
TCAGGACGGGCTGATTGGCGAGTGGCCTGAAGAGGGGCTGATCGCCATGGACAGCC
CCTTTGACCCGGTCTCTTCAGTAAAAGTGGACAACGGTCTGATCGTCGAGCTGGACG
GCAAACGCCGGGACCAGTTTGACATGATCGACCGATTTATCGCCGATTACGCGATCA
ACGTTGAGCGCACAGAGCAGGCAATGCGCCTGGAGGCGGTGGAAATAGCCCGCATG
CTGGTGGATATTCACGTCAGTCGGGAGGAGATCATTGCCATCACTACCGCCATCACG




CCGGCCAAAGCGGTCGAGGTGATGGCGCAGATGAACGTGGTGGAGATGATGATGGC
GCTGCAGAAGATGCGTGCCCGCCGGACCCCCTCCAACCAGTGCCACGTCACCAATCT
CAAAGATAATCCGGTGCAGATTGCTGCTGACGCCGCCGAGGCCGGGATCCGCGGCT
TCTCAGAACAGGAGACCACGGTCGGTATCGCGCGCTATGCGCCGTTTAACGCCCTGG
CGCTGTTGGTCGGTTCGCAGTGCGGCCGCCCCGGCGTTTTGACGCAGTGCTCGGTGG
AAGAGGCCACCGAGCTGGAGCTGGGCATGCGTGGCTTAACCAGCTACGCCGAGACG
GTGTCGGTCTACGGCACCGAAGCGGTATTTACCGACGGCGATGATACTCCGTGGTCA
AAGGCGTTCCTCGCCTCGGCCTACGCCTCCCGCGGGTTGAAAATGCGCTACACCTCC
GGCACCGGATCCGAAGCGCTGATGGGCTATTCGGAGAGCAAGTCGATGCTCTACCT
CGAATCGCGCTGCATCTTCATTACCAAAGGCGCCGGGGTTCAGGGGCTGCAAAACG
GCGCGGTGAGCTGTATCGGCATGACCGGCGCTGTGCCGTCGGGCATTCGGGCGGTG
CTGGCGGAAAACCTGATCGCCTCTATGCTCGACCTCGAAGTGGCGTCCGCCAACGAC
CAGACTTTCTCCCACTCGGATATTCGCCGCACCGCGCGCACCCTGATGCAGATGCTG
CCGGGCACCGACTTTATTTTCTCCGGCTACAGCGCGGTGCCGAACTACGACAACATG
TTCGCCGGCTCGAACTTCGATGCGGAAGATTTTGATGATTACAACATCCTGCAGCGT
GACCTGATGGTTGACGGCGGCCTGCGTCCGGTGACCGAGGCGGAAACCATTGCCAT
TCGCCAGAAAGCGGCGCGGGCGATCCAGGCGGTTTTCCGCGAGCTGGGGCTGCCGC
CAATCGCCGACGAGGAGGTGGAGGCCGCCACCTACGCGCACGGTAGCAACGAGATG
CCGCCGCGTAACGTGGTGGAGGATCTGAGTGCGGTGGAAGAGATGATGAAGCGCAA
CATCACCGGCCTCGATATTGTCGGCGCGCTGAGCCGCAGCGGCTTTGAGGATATCGC
CAGCAATATTCTCAATATGCTGCGCCAGCGGGTCACCGGCGATTACCTGCAGACCTC
GGCCATTCTCGATCGGCAGTTCGAGGTGGTGAGTGCGGTCAACGACATCAATGACTA
TCAGGGGCCGGGCACCGGCTATCGCATCTCTGCCGAACGCTGGGCGGAGATCAAAA
ATATTCCGGGCGTGGTTCAGCCCGACACCATTGAATAAGGCGGTATTCCTATGCAAC
AGACAACCCAAATTCAGCCCTCTTTTACCCTGAAAACCCGCGAGGGCGGGGTAGCTT
CTGCCGATGAACGCGCCGATGAAGTGGTGATCGGCGTCGGCCCTGCCTTCGATAAA
CACCAGCATCACACTCTGATCGATATGCCCCATGGCGCGATCCTCAAAGAGCTGATT
GCCGGGGTGGAAGAAGAGGGGCTTCACGCCCGGGTGGTGCGCATTCTGCGCACGTC
CGACGTCTCCTTTATGGCCTGGGATGCGGCCAACCTGAGCGGCTCGGGGATCGGCAT
CGGTATCCAGTCGAAGGGGACCACGGTCATCCATCAGCGCGATCTGCTGCCGCTCA
GCAACCTGGAGCTGTTCTCCCAGGCGCCGCTGCTGACGCTGGAAACCTACCGGCAG
ATTGGCAAAAACGCCGCGCGCTATGCGCGCAAAGAGTCACCTTCGCCGGTGCCGGT
GGTGAACGATCAGATGGTGCGGCCGAAATTTATGGCCAAAGCCGCGCTATTTCATAT
CAAAGAGACCAAACATGTGGTGCAGGACGCCGAGCCCGTCACCCTGCACGTCGACT
TAGTTAGGGAGTAAAGATGAGCGAGAAAACCATGCGCGTGCAGGATTATCCGTTAG
CCACCCGCTGCCCGGAGCATATCCTGACGCCTACCGGCAAACCATTGACCGATATTA
CCCTCGAGAAGGTGCTCTCTGGCGAGGTGGGCCCGCAGGATGTGCGGATCTCCTGCC
AGACCCTTGAGTACCAGGCGCAGATTGCCGAGCAGATGCAGCGCCATGCGGTGGCG
CGCAATTTCCGCCGCGCGGCGGAGCTTATCGCCATTCCTGACGAGCGCATTCTGGCT
ATCTATAACGCGCTGCGCCCGTTCCGCTCCTCGCAGGCGGAGCTGCTGGCGATCGCC
GACGAGCTGGAGCACACCTGGCATGCGACAGTGAATGCCGCCTTTGTCCGGGAGTC
GGCGGAAGTGTATCAGCAGCGGCATAAGCTGCGTAAAGGAAGCTAAGAGGAGGAC
AGCATGCCGTTAATAGCCGGGATTGATATCGGCAACGCCACCACCGAGGTGGCGCT
GGCGTCCGACGACCCGCAGGCGAGGGCGTTTGTTGCCAGCGGGATCGTCGCGACGA
CGGGCATGAAAGGGACGCGGGACAATATCGCCGGGACCCTCGCCGCGCTGGAGCAG
GCCCTGGCGAAAACACCGTGGTCGATGAGCGATGTCTCTCGCATCTATCTTAACGAA



GCCGCGCCGGTGATTGGCGATGTGGCGATGGAGACCATCACCGAGACCATTATCAC
CGAATCGACCATGATCGGTCATAACCCGCAGACGCCGGGCGGGGTGGGCGTTGGCG
TGGGGACGACTATCGCCCTCGGGCGGCTGGCGACGCTGCCGGCGGCGCAGTATGCC
GAGGGGTGGATCGTACTGATTGACGACGCCGTCGATTTCCTTGACGCCGTGTGGTGG
CTCAATGAGGCGCTCGACCGGGGGATCAACGTGGTGGCGGCGATCCTCAAAAAGGA
CGACGGCGTGCTGGTGAACAACCGCCTGCGTAAAACCCTGCCGGTGGTAGATGAAG
TGACGCTGCTGGAGCAGGTCCCCGAGGGGGTAATGGCGGCGGTGGAAGTGGCCGCG
CCGGGCCAGGTGGTGCGGATCCTGTCGAATCCCTACGGGATCGCCACCTTCTTCGGG
CTAAGCCCGGAAGAGACCCAGGCCATCGTCCCCATCGCCCGCGCCCTGATTGGCAA
CCGTTCAGCGGTGGTGCTCAAGACCCCGCAGGGGGATGTGCAGTCGCGGGTGATCC
CGGCGGGCAACCTCTACATTAGCGGCGAAAAGCGCCGCGGAGAGGCCGATGTCGCC
GAGGGCGCGGAAGCCATCATGCAGGCGATGAGCGCCTGCGCTCCGGTACGCGACAT
CCGCGGCGAACCGGGCACTCACGCCGGCGGCATGCTTGAGCGGGTGCGCAAGGTAA
TGGCGTCCCTGACCGACCATGAGATGAGCGCGATATACATCCAGGATCTGCTGGCG
GTGGATACGTTTATTCCGCGCAAggtgcaggecGGGATGGCCGGCGAGTGCGCCATGGAA
AATGCCGTCGGGATGGCGGCGATGGTGAAAGCGGATCGTCTGCAAATGCAGGTTAT
CGCCCGCGAACTGAGCGCCCGACTGCAGACCGAGGTGGTGGTGGGCGGCGTGGAGG
CCAACATGGCCATCGCCGGGGCGTTAACCACTCCCGGCTGTGCGGCGCCGCTGGCG
ATCCTCGACCTCGGCGCCGGCTCGACGGATGCGGCGATCGTCAACGCGGAGGGGCA
GATAACGGCGGTCCATCTCGCCGGGGCGGGGAATATGGTCAGCCTGTTGATTAAAA
CCGAGCTGGGCCTCGAGGATCTTTCGCTGGCGGAAGCGATAAAAAAATACCCGCTG
GCCAAAGTGGAAAGCCTGTTCAGTATTCGTCACGAGAATGGCGCGGTGGAGTTCTTT
CGGGAAGCCCTCAGCCCGGCGGTGTTCGCCAAAGTGGTGTACATCAAGGAGGGCGA
ACTGGTGCCGATCGATAACGCCAGCCCGCTGGAAAAAATTCGTCTCGTGCGCCGGC
AGGCGAAAGAGAAAGTGTTTGTCACCAACTGCCTGCGCGCGCTGCGCCAGGTCTCA
CCCGGCGGTTCCATTCGCGATATCGCCTTTGTGGTGCTGGTGGGCGGCTCATCGCTG
GACTTTGAGATCCCGCAGCTTATCACGGAAGCCTTGTCGCACTATGGCGTGGTCGCC
GGGCAGGGCAATATTCGGGGAACAGAAGGGCCGCGCAATGCGGTCGCCACCGGGCT
GCTACTGGCCGGTCAGGCGAATTAACTCTCAAGGAGGGGTGTGTTATGTCGCTTTCA
CCGCCAGGCGTACGCCTGTTTTACGATCCGCGCGGGCACCATGCCGGCGCCATCAAT
GAGCTGTGCTGGGGGCTGGAGGAGCAGGGGGTCCCCTGCCAGACCATAACCTATGA
CGGAGGCGGTGACGCCGCTGCGCTGGGCGCCCTGGCGGCCAGAAGCTCGCCCCTGC
GGGTGGGTATTGGGCTCAGCGCGTCCGGCGAGATAGCCCTCACTCATGCCCAGCTGC
CGGCGGACGCGCCGCTGGCTACCGGACACGTCACCGATAGCGACGATCATCTGCGT
ACGCTCGGCGCCAACGCCGGGCAGCTGGTTAAAGTCCTGCCGTTAAGTGAGAGAAA
CTGACGGTGATCCCGTCCTCTCACGCTTTTGACGTGAAACTCCGCTCCCGGCCGCCG
AGGTGTCGGGCGGTTCGCCAGCAAGGACTGGGCGTCCCCCTCGGTCCTGCAAGGAG
CAACACCGAAACGCTATCGCGCGGTGTGAAAGCCGTGGCAGTAGAGGCTGAAACAA
CAATAAAAGCCCCAGCAGGGGCAGGAGAGCCCGCAATGTCTGATCCAGCAGTGACG
AGTGCGACACAGAGCAGGACCTACGAGCGGCAG

kgsA expression module
SEQ ID NO: 67 kgsA expression module

CAAGGTGCCCAGCGCCCCCTCCAGCGAGGTGATGCGCCGCGACACAGTGGTGTAGT
CCACGCTCAGGCGCTTGGCGGCGCTGCTGGCCTTGCGCGTACGCGCCACTTCAAGGA
AGAACTTCAGGTCGTCCCAGTTGAGCGCGCTCAGGGATGTAAGGTCTTTTTGCATGA



TGATCCGGTTTTTTTGTGCGTTCTTGTTGGATGTTTGCACATCTATACTCGAAACAAG
CCTCAGGACGCCACCTCGCGTTTGCACGGCGCTGGCGATCTCGTCCCGACAATAATT
CGGAGGGGAACGCAGATGAGAGGATCGGGATCCGCTAACGTGACTTATACGGATAC
GCAACTGCTGATCGACGGTGAGTGGGTCGACGCCGCGAGCGGCAAGACGATCGACG
TCGTGAACCCGGCGACCGGCAAGCCGATCGGCAGGGTGGCCCATGCGGGCATCGCC
GATCTCGACCGTGCGCTCGCCGCCGCGCAAAGCGGCTTCGAGGCATGGCGCAAGGT
GCCCGCGCACGAGCGCGCGGCGACGATGCGCAAGGCGGCCGCGCTGGTGCGTGAAC
GCGCCGACGCGATCGCGCAGCTGATGACGCAGGAGCAGGGCAAGCCGCTCACCGAA
GCGCGCGTCGAAGTGCTGTCGTCCGCGGACATCATCGAATGGTTCGCGGACGAAGG
CCGCCGCGTGTACGGCCGGATCGTGCCGCCGCGCAACCTCGGCGCACAGCAGACGG
TCGTGAAGGAGCCGGTCGGCCCGGTCGCCGCGTTCACGCCGTGGAATTTCCCGGTCA
ACCAGGTCGTGCGCAAGCTGAGCGCCGCGCTGGCAACCGGCTGTTCGTTCCTCGTGA
AAGCGCCGGAAGAAACCCCCGCGTCGCCGGCCGCGCTGCTGCGCGCCTTCGTCGAC
GCAGGCGTGCCGGCCGGCGTGATCGGCCTCGTGTACGGCGATCCGGCCGAAATCTC
GTCGTACCTGATCCCGCACCCGGTGATCCGCAAGGTCACGTTCACGGGTTCGACGCC
GGTCGGCAAGCAGCTCGCCTCGCTGGCGGGectgcacaTGAAGCGCGCGACGATGGAGC
TGGGCGGGCACGCACCGGTGATCGTGGCCGAAGACGCCGACGTTGCGCTCGCGGTG
GCAGCGGCCGGCGGCGCGAAGTTCCGCAACGCGGGGCAGGTCTGCATCTCGCCGAC
GCGCTTCCTCGTGCACAACAGCATCCGCGACGAATTCACGCGCGCGCTGGTCAAGC
ATGCCGAAGGGCTGAAGGTCGGCAACGGCCTCGAGGAAGGCACGACGCTCGGCGC
GCTCGCGAACCCGCGCCGGCTGACCGCGATGGCGTCGGTCATCGACAACGCGCGCA
AGGTCGGTGCGAGCATCGAAACCGGCGGCGAGCGGATCGGCTCGGAAGGCAACTTC
TTCGCGCCGACCGTGATCGCGAACGTGCCGCTCGATGCGGACGTGTTCAACAACGA
GCCGTTCGGCCCGGTCGCGGCGATTCGCGGTTTCGACAAGCTCGAAGAGGCGATCG
CGGAAGCGAACCGTTTGCCGTTCGGTCTTGCCGGCTACGCGTTCACGCGTTCGTTCG
CGAACGTGCACCTGCTCACGCAGCGCCTCGAAGTCGGGATGCTGTGGATCAACCAG
CCGCCGACTACATGGCCGGAAATGCCGTTCGGCGGCGTGAAGGACTCGGGCTACGG
TTCGGAAGGCGGCCCGGAAGCGCTCGAGCCGTACCTCGTCACGAAGTCGGTGACGG
TAATGGCCGTCTGA

UTR gdrAB
SEQ ID NO: 68 UTR gdrA

TAAAGGAAGCTAAGAGGAGGACAGC

SEQ ID NO: 69 UTR gdrB
ATTAACTCTCAAGGAGGGGTGTGTT

B12 cobG sensors

SEQ ID NO: 73 cobG based B12 sensor
CCAGATGCCGACGATGGTCAGCCAGGGCGTCATGGGGATTCCTCTGAAGGGATGCG
ATGATCGATCCGACGGGCAGGCTTGTTCCGCCCTCGGGCAAAGCAGGCATAATACC
CGCATCGTCGGTGCTCGTAGGACGCTTCGCTGTTTGAAGGCGATGCATCCGAGAGCC
GAAGAGGGAACACGGAAAAACCGTGGCTGCCCCCGCAACTGTAAGCAGCGAGTCC
GCGCACTTCGACCACAGCGTCTGTTGTCGTCGATCTGGCCACTGGGCAACCGGGAAG
GCCGTGCCGGATGAGGACCTGCCAGCCAGGAGACCTGCCGACGAAACCAGTCGCGC
GTGCAGACATCGAGCGGGGTGTATCGGTGTCGTGAAGTCCCCTGTGGGGATTCGCA




GGTCACCGCGACCCAGCCCTGGTGACCTCAATGCAGAGCAAAGGCGAAGAACTGTT
TACCGGCGTGGTGCCGATTCTGGTGGAACTGGATGGCGATGTGAACGGCCATAAATT
TAGCGTGCGTGGCGAAGGCGAAGGCGATGCGACCAACGGCAAACTGACCCTGAAAT
TTATTTGCACCACCGGTAAACTGCCGGTGCCGTGGCCGACCCTGGTGACCACCCTGG
GTTATGGTGTGCAGTGCTTTGCACGTTATCCGGATCACATGAAACGTCATGATTTCTT
TAAAAGCGCGATGCCGGAAGGCTATGTGCAGGAACGTACCATTAGCTTTAAAGATG
ATGGCACCTATAAAACCCGTGCGGAAGTGAAATTTGAAGGCGATACCCTGGTGAAC
CGTATTGAACTGAAAGGCATTGATTTTAAAGAAGATGGCAACATTCTGGGCCATAA
ACTGGAATATAACTTTAACAGCCATAAAGTGTATATTACCGCGGATAAACAGAAAA
ACGGCATTAAAGCGAACTTTAAAATTCGTCATAACGTGGAAGATGGCAGCGTGCAG
CTGGCGGATCATTATCAGCAGAACACCCCGATTGGCGATGGCCCGGTGCTGCTGCCG
GATAACCATTATCTGAGCACCCAGAGCGTGCTGCTGAAAGATCCGAACGAAAAACG
TGATCACATGGTGCTGCTGGAATTTGTGACCGCGGCGGCATGGATGAACTGTATAAA
CACCATCACCATCACCATTAA

SEQ ID NO: 74 cobG’ based B12 sensor
CCAGATGCCGACGATGGTCAGCCAGGGCGTCATGGGGATTCCTCTGAAGGGATGCG
ATGATCGATCCGACGGGCAGGCTTGTTCCGCCCTCGGGCAAAGCAGGCATAATACC
CGCATCGTCGGTGCTCGTAGGACGCTTCGCTGTTTGAAGGCGATGCATCCGAGAGCC
GAAGAGGGAACACGGAAAAACCGTGGCTGCCCCCGCAACTGTAAGCAGCGAGTCC
GCGCACTTCGACCACAGCGTCTGTTGTCGTCGATCTGGCCACTGGGCAACCGGGAAG
GCCGTGCCGGATGAGGACCTGCCAGCCAGGAGACCTGCCGACGAAACCAGTCGCGC
GTGCAGACATCGAGCGGGGTGTATCGGTGTCGTGAAGTCCCCTGTGGGGATTCGCA
GGTCACCGCGACCCAGCCCTGGTGACCTCAATGCAAGACTCCTCAGCTCTGCCCGTC
CGTCCGCATGCCTGCCCTGGCCTGCTGCGCATCCAGAGCAAAGGCGAAGAACTGTTT
ACCGGCGTGGTGCCGATTCTGGTGGAACTGGATGGCGATGTGAACGGCCATAAATTT
AGCGTGCGTGGCGAAGGCGAAGGCGATGCGACCAACGGCAAACTGACCCTGAAATT
TATTTGCACCACCGGTAAACTGCCGGTGCCGTGGCCGACCCTGGTGACCACCCTGGG
TTATGGTGTGCAGTGCTTTGCACGTTATCCGGATCACATGAAACGTCATGATTTCTTT
AAAAGCGCGATGCCGGAAGGCTATGTGCAGGAACGTACCATTAGCTTTAAAGATGA
TGGCACCTATAAAACCCGTGCGGAAGTGAAATTTGAAGGCGATACCCTGGTGAACC
GTATTGAACTGAAAGGCATTGATTTTAAAGAAGATGGCAACATTCTGGGCCATAAA
CTGGAATATAACTTTAACAGCCATAAAGTGTATATTACCGCGGATAAACAGAAAAA
CGGCATTAAAGCGAACTTTAAAATTCGTCATAACGTGGAAGATGGCAGCGTGCAGC
TGGCGGATCATTATCAGCAGAACACCCCGATTGGCGATGGCCCGGTGCTGCTGCCG
GATAACCATTATCTGAGCACCCAGAGCGTGCTGCTGAAAGATCCGAACGAAAAACG
TGATCACATGGTGCTGCTGGAATTTGTGACCGCGGCGGGCATTACCCACGGCATGGA
TGAACTGTATAAACACCATCACCATCACCATTAA

B12 riboswitch sequences
SEQ ID NO: 75 RS1
Ccagatgccgacgatggtcagecagggegtcatggggattectctgaagggatgegatgatcgatccgacgggcaggcettgtteegecct
cgggcaaagcaggcataatacccgeategtecggtgctegtaggacgcettcgetgtitgaaggcgatgecatccgagagecgaagagggaa
cacggaaaaaccgtggctgeccecgeaactgtaagecagegagtccgegeacttcgaccacagegtetgttgtcgtegatetggecactgg




gcaaccgggaaggccgtgecggatgaggacctgecagecaggagacctgecgacgaaaccagtcgegegtgcagacatcgageggg
gtotatcggtgtegtgaagteccectgtggggattcgcaggtcaccgegacccagecctggtgacctea

SEq ID NO: 76 RS2
Ggcggatgaagggcgcgegegegggticgecgegeaacgaaggtcgecaccggatcaccecgeceggttgtcetgttoataacgaace
gottccggatctcgegagetagagecaggeaaggeggaggategtcgggoacgeggagttgactgtagtcaatgageagtecacgacg
atccgecaacgceageatggecgacgegeageagatcgaaaaccagtcacgaggeaggtetectggetcacageccttgategtecttteg
ccttececgecgtagtcggcagtggegtgtgaaagaacaggcetgticacagttgegggoggcagecgtggegeatccgaagatttccacgtte
cctettagetecggecagtgecggagaacctcgaagggaggaaggctacgecagegtggccggggcggtcaatcgecggggatcgggoc
gacgcgcagttgacgetgegggactgecgtggtcagetagegeggtttcaggtotctcgegeecgacgegegegaggtgaaacgggaag
ccggtgcgtecegeaaggaccagtecggegetgceccegeaacggtaagegeatcgagggtegtcagtagecactgtgccaaggeatgg
gaaggctggceccatecggegagagtetetcgetggegtegecaageccggagaccggectggaatecteacattttggcaaaccegeggt
gggcggoocgcaggccgtggcgcgaccgatccggegegticgaatgegttcaacctetgegttctecactettttcagagggaacgttcatgt
ccagcagcatcctgacgcaacaggceg

DhaB1 SEQ ID NO: 77
MKRSKRFAVLAQRPVNQDGLIGEWPEEGLIAMDSPFDPVSSVKVDNGLIVELDGKRRD
QFDMIDRFIADYAINVERTEQAMRLEAVEIARMLVDIHVSREEITAITTAITPAKAVEVMA
QMNVVEMMMALQKMRARRTPSNQCHVTNLKDNPVQIAADAAEAGIRGFSEQETTVGI
ARYAPFNALALLVGSQCGRPGVLTQCSVEEATELELGMRGLTSYAETVSVYGTEAVFT
DGDDTPWSKAFLASAYASRGLKMRYTSGTGSEALMGYSESKSMLYLESRCIFITKGAG
VQGLQNGAVSCIGMTGAVPSGIRAVLAENLIASMLDLEVASANDQTFSHSDIRRTARTL
MQOMLPGTDFIFSGYSAVPNYDNMFAGSNFDAEDFDDYNILQRDLMVDGGLRPVTEAET
TAIRQKAARAIQAVFRELGLPPIADEEVEAATYAHGSNEMPPRNVVEDLSAVEEMMKRN
ITGLDIVGALSRSGFEDIASNILNMLRQRVTGDYLQTSAILDRQFEVVSAVNDINDYQGP
GTGYRISAERWAEIKNIPGVVQPDTIE

DhaB2 SEQ ID NO: 78
MQQTTQIQPSFTLKTREGGVASADERADEVVIGVGPAFDKHQHHTLIDMPHGAILKELIA
GVEEEGLHARVVRILRTSDVSFMAWDAANLSGSGIGIGIQSKGTTVIHQRDLLPLSNLEL
FSQAPLLTLETYRQIGKNAARYARKESPSPVPVVNDQMVRPKFMAKAALFHIKETKHV
VQDAEPVTLHVDLVRE

DhaB3 SEQ ID NO: 79
MSEKTMRVQDYPLATRCPEHILTPTGKPLTDITLEKVLSGEVGPQDVRISCQTLEYQAQI
AEQMQRHAVARNFRRAAELIAIPDERILATYNALRPFRSSQAELLAIADELEHTWHATVN
AAFVRESAEVYQQRHKLRKGS

GdrA SEQ ID NO: 80
MPLIAGIDIGNATTEVALASDDPQARAFVASGIVATTGMKGTRDNIAGTLAALEQALAK
TPWSMSDVSRIYLNEAAPVIGDVAMETITETITES TMIGHNPQTPGGVGVGVGTTIALGR
LATLPAAQYAEGWIVLIDDAVDFLDAVWWLNEALDRGINVVAAILKKDDGVLVNNRL
RKTLPVVDEVTLLEQVPEGVMAAVEVAAPGQVVRILSNPYGIATFFGLSPEETQAIVPIA
RALIGNRSAVVLKTPQGDVQSRVIPAGNLYISGEKRRGEADVAEGAEAIMQAMSACAP
VRDIRGEPGTHAGGMLERVRKVMASLTDHEMSATYIQDLLAVDTFIPRKVQGGMAGEC



AMENAVGMAAMVKADRLOMQVIARELSARLQTEVVVGGVEANMAIAGALTTPGCAA
PLAILDLGAGSTDAAIVNAEGQITAVHLAGAGNMVSLLIKTELGLEDLSLAEAIKKYPLA
KVESLFSIRHENGAVEFFREALSPAVFAKVVYIKEGELVPIDNASPLEKIRLVRRQAKEKV
FVINCLRALRQVSPGGSIRDIAFVVLVGGSSLDFEIPQLITEALSHYGVVAGQGNIRGTEG
PRNAVATGLLLAGQAN

GdrB SEQ ID NO: 81
MSLSPPGVRLFYDPRGHHAGAINELCWGLEEQGVPCQTITYDGGGDAAALGALAARSS
PLRVGIGLSASGEIALTHAQLPADAPLATGHVTDSDDHLRTLGANAGQLVKVLPLSERN

KgsA SEQ ID NO: 82
MANVTYTDTQLLIDGEWVDAASGKTIDVVNPATGKPIGRVAHAGIADLDRALAAAQSG
FEAWRKVPAHERAATMRKAAALVRERADAIAQLMTQEQGKPLTEARVEVLSAADIIEW
FADEGRRVYGRIVPPRNLGAQQTVVKEPVGPVAAFTPWNFPVNQVVRKLSAALATGCS
FLVKAPEETPASPAALLRAFVDAGVPAGVIGLVYGDPAEISSYLIPHPVIRKVTFTGSTPV
GKQLASLAGLHMKRATMELGGHAPVIVAEDADVALAVKAAGGAKFRNAGQVCISPTR
FLVHNSIRDEFTRALVKHAEGLKVGNGLEEGTTLGALANPRRLTAMASVIDNARKVGA
SIETGGERIGSEGNFFAPTVIANVPLDADVFNNEPFGPVAAIRGFDKLEEAIAEANRLPFG
LAGYAFTRSFANVHLLTQRLEVGMLWINQPATPWPEMPFGGVKDSGYGSEGGPEALEP
YLVTKSVTVMAV

Diol dehydratase

PduC SEQ ID NO: 83
ATGAGATCGAAAAGATTTGAAGCACTGGCGAAACGCCCTGTGAATCAGGATGGTTT
CGTTAAGGAGTGGATTGAAGAGGGCTTTATCGCGATGGAAAGCCCTAACGATCCCA
AACCTTCTATCCGCATCGTCAACGGCGCGGTGACCGAACTCGACGATAAACCGGTTG
AGCAGTTCGACCTGATTGACCACTTTATCGCGCGCTACGGCATTAATCTCGCCCGGG
CCGAAGAAGTGATGGCCATGGATTCGGTTAAGCTCGCCAACATGCTCTGCGACCCG
AACGTTAAACGCAGCGACATCGTGCCGCTCACTACCGCGATGACCCCGGCGAAAAT
CGTGGAAGTGGTGTCGCATATGAACGTGGTCGAGATGATGATGGCGATGCAAAAAA
TGCGCGCCCGCCGCACGCCGTCCCAGCAGGCGCATGTCACTAATATCAAAGATAAT
CCGGTACAGATTGCCGCCGACGCCGCTGAAGGCGCATGGCGCGGCTTTGACGAGCA
GGAGACCACCGTCGCCGTGGCGCGCTACGCGCCGTTCAACGCCATCGCCCTGCTGGT
CGGTTCACAGGTTGGCCGCCCCGGCGTCCTCACCCAGTGTTCGCTGGAAGAAGCCAC
CGAGCTGAAACTGGGCATGCTGGGCCACACCTGCTATGCCGAAACCATTTCGGTATA
CGGTACGGAACCGGTGTTTACCGATGGCGATGACACCCCGTGGTCGAAAGGCTTCCT
CGCCTCCTCCTACGCCTCGCGCGGCCTGAAAATGCGCTTTACCTCCGGTTCCGGCTC
GGAGGTGCAGATGGGCTATGCCGAAGGCAAATCGATGCTTTATCTCGAAGCGCGCT
GCATCTACATCACCAAAGCCGCCGGGGTGCAAGGCCTGCAGAATGGCTCCGTCAGC
TGTATCGGCGTGCCGTCCGCCGTGCCGTCCGGGATCCGCGCCGTACTGGCGGAAAAC
CTGATCTGCTCAGCGCTGGATCTGGAGTGCGCCTCCAGCAACGATCAAACCTTTACC
CACTCGGATATGCGGCGTACCGCGCGTCTGCTGATGCAGTTCCTGCCAGGTACCGAC
TTTATCTCCTCCGGTTACTCGGCGGTGCCGAACTACGACAACATGTTCGCCGGTTCC
AACGAAGATGCCGAAGACTTCGATGACTACAACGTGATCCAGCGCGACCTGAAGGT
CGATGGCGGCCTGCGGCCGGTGCGTGAAGAGGACGTGATCGCCATTCGCAACAAAG
CCGCCCGCGCGCTGCAGGCGGTATTTGCCGGCATGGGTTTGCCGCCTATTACGGATG




AAGAAGTAGAAGCCGCCACCTACGCCCACGGTTCAAAAGATATGCCTGAGCGCAAT
ATCGTCGAGGACATCAAGTTTGCTCAGGAGATCATCAACAAGAACCGCAACGGCCT
GGAGGTGGTGAAAGCCCTGGCGAAAGGCGGCTTCCCCGATGTCGCCCAGGACATGC
TCAATATTCAGAAAGCCAAGCTCACCGGCGACTACCTGCATACCTCCGCCATCATTG
TTGGCGAGGGCCAGGTGCTCTCGGCCGTGAATGACGTGAACGATTATGCCGGTCCG
GCAACAGGCTACCGCCTGCAAGGCGAGCGCTGGGAAGAGATTAAAAATATCCCGGG
CGCGCTCGATCCCAATGAACTTGGCTAA

PduD SEQ ID NO: 84
ATGGAAATTAACGAAACGCTGCTGCGCCAGATTATCGAAGAGGTGCTGTCGGAGAT
GAAATCAGGCGCAGATAAGCCGGTCTCCTTTAGCGCGCCTGCGGCTTCTGTCGCCTC
TGCCGCGCCGGTCGCCGTTGCGCCTGTGTCCGGCGACAGCTTCCTGACGGAAATCGG
CGAAGCCAAACCCGGCACGCAGCAGGATGAAGTCATTATTGCCGTCGGGCCAGCGT
TTGGTCTGGCGCAAACCGCCAATATCGTCGGCATTCCGCATAAAAATATTCTGCGCG
AAGTGATCGCCGGCATTGAGGAAGAAGGCATCAAAGCCCGGGTGATCCGCTGCTTT
AAGTCTTCTGACGTCGCCTTCGTGGCAGTGGAAGGCAACCGCCTGAGCGGCTCCGGC
ATCTCGATCGGTATTCAGTCGAAAGGCACCACCGTCATCCACCAGCGCGGCCTGCCG
CCGCTTTCCAATCTGGAACTCTTCCCGCAGGCGCCGCTGCTGACGCTGGAAACCTAC
CGTCAGATTGGCAAAAACGCCGCGCGCTACGCCAAACGCGAGTCGCCGCAGCCGGT
GCCGACGCTTAACGATCAGATGGCTCGTCCCAAATACCAGGCGAAGTCGGCCATTTT
GCACATTAAAGAGACCAAATACGTGGTGACGGGCAAAAACCCGCAGGAACTGCGC
GTGGCGCTTTAA

PduE SEQ ID NO: 85
ATGAATACCGACGCAATTGAATCCATGGTACGCGACGTGCTGAGCCGGATGAACAG
CCTACAGGACGGGATAACGCCCGCGCCAGCCGCGCCGACAAACGACACCGTTCGCC
AGCCAAAAGTTAGCGACTACCCGTTAGCGACCCGCCATCCGGAGTGGGTCAAAACC
GCTACCAATAAAACGCTCGATGACCTGACGCTGGAGAACGTATTAAGCGATCGCGT
TACGGCGCAGGACATGCGCATCACTCCGGAAACGCTGCGTATGCAGGCGGCGATCG
CCCAGGATGCCGGACGCGATCGGCTGGCGATGAACTTTGAGCGGGCCGCAGAGCTC
ACCGCGGTTCCCGACGACCGAATCCTTGAGATCTACAACGCCCTGCGCCCATACCGT
TCCACCCAGGCGGAGCTACTGGCGATCGCTGATGACCTCGAGCATCGCTACCAGGC
ACGACTCTGTGCCGCCTTTGTTCGGGAAGCGGCCGGGCTGTACATCGAGCGTAAGAA
GCTGAAAGGCGACGATTAA

PduG SEQ ID NO: 86
ATGCGCTATATCGCTGGCATTGATATTGGCAACTCCTCGACAGAAGTCGCCCTGGCG
ACGGTCGATGACGCAGGTGTGCTGAACATTCGCCACAGCGCGTTGGCTGAAACCAC
GGGTATAAAAGGCACATTACGAAATGTGTTCGGTATCCAGGAGGCGCTAACGCAGG
CGGCAAAAGCGGCCGGCATTCAGCTCAGCGATATTTCGCTTATTCGCATTAACGAAG
CCACGCCGGTCATTGGCGATGTGGCGATGGAAACCATCACGGAAACCATCATCACC
GAGTCCACCATGATCGGCCATAACCCGAAGACACCCGGCGGCGTCGGACTGGGGGT
CGGCATCACCATCACACCAGAGGCGCTGCTGTCCTGCTCCGCGGACACTCCCTATAT
TCTGGTGGTCTCCTCGGCCTTTGACTTTGCCGATGTCGCCGCGATGGTCAATGCGGC
AACGGCAGCGGGCTATCAGATAACCGGCATTATTTTGCAGCAGGATGACGGCGTGC
TGGTCAATAACCGGCTACAGCAACCGCTGCCGGTGATCGACGAAGTTCAGCATATC



GACCGGATTCCACTTGGCATGCTGGCGGCCGTCGAGGTCGCTTTACCCGGTAAGATC
ATCGAAACGCTCTCCAACCCCTACGGTATTGCGACCGTTTTCGATCTCAACGCCGAG
GAGACCAAAAATATCGTGCCAATGGCGCGGGCGCTGATTGGCAACCGCTCGGCCGT
GGTGGTGAAAACCCCCTCCGGCGACGTCAAGGCCCGCGCTATTCCGGCAGGTAATC
TGCTGCTCATCGCTCAGGGGCGCAGCGTACAGGTTGATGTGGCCGCCGGGGCGGAA
GCCATCATGAAAGCGGTTGACGGCTGCGGCAAACTGGACAACGTCGCGGGAGAAGC
GGGCACCAATATCGGCGGCATGCTTGAGCACGTGCGCCAGACCATGGCGGAGCTTA
CCAATAAGCCAGCTCAGGAGATCCGCATTCAGGATCTGCTGGCCGTTGATACGGCG
GTGCCAGTCAGCGTGACCGGCGGTCTTGCGGGGGAGTTCTCGCTGGAGCAGGCGGT
GGGTATCGCCTCGATGGTCAAGTCGGATCGCCTGCAGATGGCCCTCATCGCCCGTGA
AATTGAGCACAAACTGCAGATTGCGGTTCAGGTGGGCGGCGCCGAAGCGGAGGCGG
CCATTCTTGGGGCGCTCACCACTCCCGGCACCACGCGCCCGCTGGCGATCCTCGATC
TGGGCGCCGGGTCGACCGACGCCTCCATTATCAATGCGCAGGGAGAGATCAGCGCC
ACTCACCTGGCCGGCGCCGGCGATATGGTCACGATGATCATCGCCCGCGAGCTGGG
GCTTGAGGACCGCTACCTGGCGGAAGAGATCAAAAAATATCCGCTGGCAAAAGTCG
AAAGCCTGTTTCATCTGCGTCATGAAGACGGCAGCGTCCAGTTTTTTCCGTCGGCCTT
ACCACCGGCGGTATTTGCCCGCGTCTGCGTGGTGAAACCGGATGAACTGGTTCCCCT
GCCCGGCGATCTGCCGCTGGAGAAAGTGCGCGCCATTCGCCGTAGCGCCAAATCAC
GCGTCTTTGTCACTAACGCCCTGCGGGCGTTACGCCAGGTGAGCCCTACCGGCAACA
TTCGCGACATCCCGTTCGTGGTGCTGGTGGGCGGCTCGTCCCTCGATTTCGAGATCC
CCCAGCTGGTCACCGACGCGCTGGCGCACTACCGGCTGGTTGCCGGGCGCGGCAAC
ATCCGCGGCTGTGAAGGCCCACGCAATGCGGTCGCCAGCGGATTACTCCTTTCCTGG
CAAAAAGGAGGCACACATGGAGAGTAG

PduH SEQ ID NO: 87
ATGGAGAGTAGCGTAGTCGCCCCCGCCATCGTCATTGCCGTCACTGACGAATGCAGC
GAACAGTGGCGCGATGTCCTGCTGGGCATTGAAGAGGAAGGCATTCCTTTTGTTCTG
CAGCCGCAGACCGGCGGCGATCTTATCCATCACGCCTGGCAGGCGGCGCAGCGTTC
GCCGCTGCAGGTAGGCATCGCCTGCGACCGGGAACGGCTCATCGTGCACTACAAAA
ATTTACCCGCATCAACTCCGCTGTTTTCGCTGATGTATCACCAGAACAGGCTGGCCC
GGCGAAACACTGGCAACAATGCGGCTCGTCTCGTCAAAGGGATCCCATTTCGGGAT
CGCCATGCTTAA

PduC SEQ ID NO: 88
MRSKRFEALAKRPVNQDGFVKEWIEEGFIAMESPNDPKPSIRIVNGAVTELDDKPVEQF
DLIDHFIARYGINLARAEEVMAMDSVKLANMLCDPNVKRSDIVPLTTAMTPAKIVEVVS
HMNVVEMMMAMQKMRARRTPSQQAHVTNIKDNPVQIAADAAEGAWRGFDEQETTV
AVARYAPFNAIALLVGSQVGRPGVLTQCSLEEATELKLGMLGHTCYAETISVYGTEPVF
TDGDDTPWSKGFLASSYASRGLKMRFTSGSGSEVOMGYAEGKSMLYLEARCIYITKAA
GVQGLQNGSVSCIGVPSAVPSGIRAVLAENLICSALDLECASSNDQTFTHSDMRRTARLL
MQFLPGTDFISSGYSAVPNYDNMFAGSNEDAEDFDDYNVIQRDLKVDGGLRPVREEDVI
AIRNKAARALQAVFAGMGLPPITDEEVEAATY AHGSKDMPERNIVEDIKFAQEIINKNRN
GLEVVKALAKGGFPDVAQDMLNIQKAKLTGDYLHTSAIIVGEGQVLSAVNDVNDYAGP
ATGYRLQGERWEEIKNIPGALDPNELG

PduD SEQ ID NO: 89



MEINETLLRQIIEEVLSEMKSGADKPVSFSAPAASVASAAPVAVAPVSGDSFLTEIGEAKP
GTQQDEVIIAVGPAFGLAQTANIVGIPHKNILREVIAGIEEEGIKARVIRCFKSSDVAFVAYV
EGNRLSGSGISIGIQSKGTTVIHQRGLPPLSNLELFPQAPLLTLETYRQIGKNAARYAKRES
PQPVPTLNDQMARPKYQAKSAILHIKETKYVVTGKNPQELRVAL

PduE SEQ ID NO: 90
MNTDAIESMVRDVLSRMNSLQDGITPAPAAPTNDTVRQPKVSDYPLATRHPEWVKTAT
NKTLDDLTLENVLSDRVTAQDMRITPETLRMQAATAQDAGRDRLAMNFERAAELTAVP
DDRILEITYNALRPYRSTQAELLAIADDLEHRYQARLCAAFVREAAGLYIERKKLKGDD

PduG SEQ ID NO: 91
MRYIAGIDIGNSSTEVALATVDDAGVLNIRHSALAETTGIKGTLRNVFGIQEALTQAAKA
AGIQLSDISLIRINEATPVIGDVAMETITETHTESTMIGHNPKTPGGVGLGVGITITPEALLS
CSADTPYILVVSSAFDFADVAAMVNAATAAGYQITGIILQQDDGVLVNNRLQQPLPVID
EVQHIDRIPLGMLAAVEVALPGKIIETLSNPYGIATVFDLNAEETKNIVPMARALIGNRSA
VVVKTPSGDVKARAIPAGNLLLIAQGRSVQVDVAAGAEAIMKAVDGCGKLDNVAGEA
GTNIGGMLEHVRQTMAELTNKPAQEIRIQDLLAVDTAVPVSVTGGLAGEFSLEQAVGIA
SMVKSDRLOQMALIAREIEHKLQIAVQVGGAEAEAAILGALTTPGTTRPLAILDLGAGSTD
ASIINAQGEISATHLAGAGDMVTMITARELGLEDRYLAEEIKKYPLAKVESLFHLRHEDG
SVQFFPSALPPAVFARVCVVKPDELVPLPGDLPLEKVRAIRRSAKSRVFVTNALRALRQV
SPTGNIRDIPFVVLVGGSSLDFEIPQLVTDALAHYRLVAGRGNIRGCEGPRNAVASGLLL
SWQKGGTHGE

PduH SEQ ID NO: 92
MESSVVAPAIVIAVTDECSEQWRDVLLGIEEEGIPFVLQPQTGGDLIHHAWQAAQRSPLQ
VGIACDRERLIVHYKNLPASTPLFSLMYHQNRLARRNTGNNA ARLVKGIPFRDRHA



