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Sed. ID 1: Clostridium acetobutylicum ATCC824 thioiase gene (thiA); 
ATGAAAGAAGTGTAATAGCAGTGCAGTAAGAACAGCGATGGACTTATGGAAAGTCTCTTAAGGATGTACCAGCA 
GTAGATTAGGAGCTACAGCTATAAAGGAAGCAGTTAAAAAAGCAGGAATAAAACCAGAGGAGTTAATGAAGTCAT 
TTTAGGAAAGTTCTTCAAGCAGGTTTAGGACAGAATCCAGCAAGACAGGCATCTT TAAAGCAGGA ACCAGTTGA 
AATTCCAGCATGACTATAATAAGGTTGGG TCAGGACTAGAACAGTTAGCT AGCAGCACAAAATAAAAGCA 
GGAGAGCGACGTAATAATAGCAGGTGGTAGGAAAATATGTCTAGAGCTCCTTACTTAGCGAATAACGCTAGAG 
GGGATATAGAATGGGAAACGCTAAATTTGTTGATGAAATGATCACTGACGGATGTGGGATGCATTAATGATTACCA 
CATGGGAAAACAGCAGAAAACATAGCTGAGAGATGGAACAT CAAGAGAAGAACAAGATGAGTTGCTCTTGCAT 
CACAAAAAAAAGCTGAAGAAGCTATAAAATCAGGTCAATTAAAGATGAAATAGTTCCTGTAGTAATAAAGGCAGAA 
AGGGAGAAACTGTAGTGATACAGATGAGCACCCTAGAT 3GATCAACTAAGAAGGACTGCAAAAAAAACCTG 
CCTTCAAAAAAGATGGAACAGTTACAGCTGGTAATGCATCAGGATAAATGACTGGCAGCAGACTTGAATCAGA 
GTGCAGAAAAAGCTAAAGAGCTTGGAGTAAAACCACTTGCAAGATAGTTTCTATGGTTCAGCAGGAGTTGACCCAG 
CAATAATGGGATATGGACCTCTATGCAACAAAAGCAGCTATTGAAAAAGCAGGGGACAGTGATGAATTAGATT 
TAATAGAACAAATGAAGCTTGCAGCCAAAGTTAGCAGTAGCAAAAGATTAAAATTGAAGAAAAAGAA 
ATGTAAATGGAGGAGCTATTGCCCTTGGTCATCCAATTGGAGCACAGGTGCAAGAATACTCGTACTCTTGTACACG 
CAAGCAAAAAAGAGAGCAAAAAAAGGCTTAGCAACTTAGATAGGTGGCGGACAAGGAACAGCAAATTGCA 
GAAAAGGCAG 

Seq. iD 2: Clostridium acetobutylicum ATCC8243-hydroxybutyryl-CoA dehydrogenase gene (hbd): 
ATGAAAAAGGATGTGAAGGGCAGGACATGGGTTCAGGAATTGCTCAGGCATGCAGCAAAGGATTGAA 
GAGTATTAAGAGATAAAAGATGAAG GATAGAGGATTAGATTTACAATAAAAATCCAAAT AGA 
AAAAAGGAAAGATAGAAGAAGCTACTAAAGTTGAAATCTAACTAGAATTCCGGAACAGTTGACCAATATGGCAG 
CTGAGCGATTTAGTTAAGAAGCAGCTGTTGAAAGAATGGATATAAAAAGCAGATTTTTGCGACTAGACAATAT 
ATGCAAGCCAGAAACAATCGCATCAAATACATCATCACTTTCAATAACAGAAGTGGCATCAGCAACTAAAAG ACC 
GATAAGGTTATAGGTAGCATCTTAATCCAGCTCCTGTTATGAAGCTTGTAGAGGTAATAAGAGGAATAGCTACAT 
CACAAGAAACTTGATGCAGTAAAGAGACACTATAG CAATAGGAAAAGATCCGTAGAAGTAGCAGAAGCACCA 
GGATT GTGTAAATAGAAATAATACCAATGATTAATGAAGCAGTTGGTATATAGCAGAAGGAAAGCTTCAGA 
GAAGACATAGATAAAGCTATGAAACTTGGAGCTAATCACCCAATGGGACCAAGAATTAGGTGATTTTATAGGTCT 
GATATATGCTGCTATAATGGATGTTTTATACCAGAAACGGAGATTCTAAGTATAGACCACATACATTACTTAAGA 
AGTATGTAAGAGCAGGAGGCTTGGAAGAAAATCAGGAAAAGGTTCTACGATTACAAAAAA 

Seq. ID3 Clostridium acetobutylicum ATCC824 crotonase (Crit): 
ATGGAACTAAACAATGTCATCCTGAAAAGGAAGGTAAAGTGCGTAGTTACCAAACAGACCTAAAGCATTAAAT 
GCGTTAAAAGTGATACACTAAAAGAAATGGA TATGTTATAGGGAAATTGAAAAGATAGCGAAG ACTTGCAGTA 
ATTTTAACTGGAGCAGGAGAAAAACAT GTAGCAGGAGCAGATATTTCTGAGATGAAGGAAATGAATACCAT GA 
AGGTAGAAAATTCGGGATACTGGAAAAAAGTGTTTAGAAGATTAGAACTTCTTGAAAAGCCTGTAATAGCAGCTGT 
TAATGGTTTGCTTTAGGAGGCGGATGCGAAATAGCTATGTCTTGTGATATAAGAATAGCTTCAAGCAACGCAAGATT 
TGGTCAACCAGAAGTAGGTCTCGGAATAACACCTGGTTTTGGTGGTACACAAAGACTTCAAGATTAGTGGAATGGG 
CATGGCAAAGCAGCTTATATTTACTGCACAAAAATAAAGGCAGATGAAGCATTAAGAATCGGACTTGTAAATAAGGT 
AGTAGAACCTAGTGAATAATGAATACAGCAAAAGAAATTGCAAACAAAATTGTGAGCAATGCTCCAGTAGCTGTTAA 
GTTAAGCAAACAGGCTATAATAGAGGAATGCAGTGTGATATTGATACTGCTTTAGCATTTGAATCAGAAGCATTTGG 
AGAATGCTTCAACAGAGGATCAAAAGGATGCAATGACAGCCATAGAGAAAAGAAAAATTGAAGGCTTCAAAA 
ATAGAAG 

Figure 9 
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Sea. ID 4: Ciostridium acetobutylicum ATCC824 butyryl-CoA dehydrogenase (bcd): 
ATGGATTTTAATTTAACAAGAGAACAAGAAT AGAAGACAGAGGTTAGAGAATTGCTGAAAATGAAGTTAAACC 
ATAGCAGCAGAAATTGATGAAACAGAAAGAT CCAATGGAAAATGTAAAGAAAAGGGTCAGTATGGTATGATGGG 
AATTCCATTTCAAAAGAGTATGGTGGCGCAGGTGGAGATGTATTATCTTATATAACGCCGTTGAGGAATTATCAAA 
GGTTTGCGGTACTACAGGAGTATTCT CAGCACATACACACTGTGCTTCATAATAAATGAACATGGTACAGAA 
GAACAAAAACAAAAATATTTAGTACCTTAGCAAAGGTGAAAAAATAGGTGCTATGGATTGACTGAGCCAAATGCA 
GGAACAGATCTGGAGCACAACAAACAGTAGCTGTACTTGAAGGAGATCAATGAATTAATGGTTCAAAAAA TC 
ATAACTAAGGAGGAGTGCAGATACTTGATAT, GCAAGACTGACAGAACTAAAGGAACAAAAGGTATACA 
GCAT TATAATAGAAAAAGGCTTCAAAGGTTTCCTATTGGAAAGTTGAACAAAAGCTTGGAATAAGAGCTTCACA 
ACAACTGAACTTGTATTGAAGATATGAAGTACCAGTAGAAAACATGATTGGTAAAGAAGGAAAAGGCTTCCCTATA 
GCAATGAAAACTCTTGATGGAGGAAGAATTGGTATAGCAGCTCAAGCTTTAGGAAGCTGAAGGGCTTTCAACGAA 
GCAAGAGCTACATGAAGGAGAGAAAACAA TGGAAGAAGCCTTGACAAATCCAAGGTCTTGCATGGATGATGGC 
AGATAGGATGTAGCTATAGAATCAGCTAGAATTAGTATATAAAGCAGCATATCTAAACAAGCAGGACTCCAAC 
ACAGTGAGCTGCAAGAGCTAAGCTTCATGCGCAAATGAGCAATGGATGTAACAACTAAGGCAGTACAATTATT 
GGTGGAACGGATATACAAAAGATTATCCAGGAAAGAAGAGAGAGATGCTAAGATAACGAAATATATGAAGG 
AACT CAGAAGTTCAGAAATTAGTATTCAGGAAAAATTTAGATAA 

Seq, ID 5: Clostridium acetobutylicum ATCC824 electron transfer flavoprotein (etfA): 
ATGAAAAAGCAGATTACAAGGGCGTAGGGGTTTGCTGAACAAAGAGACGGAGAATTACAAAAGGATCATGGA 
ATA AGGAAAGGTAAGGAAATGGCGAGAAATTAGGCGTTGAATAACAGCTGTTTTACTTGGACATAATACGA 
AAAAAGTCAAAGGAATATCTCATGGAGCAGATAAGGTTT AGCAGCAGATAATGAACTTAGCACAT CA 
ACAGATGGATATGCTAAAGTATATGGATTTAGTTAATGAAAGAAAGCCAGAAAATTATTCATAGGAGCTACTTCA 
TAGGAAGAGATTTAGGACCAAGAATAGCAGCAAGACTTTCTACTGGTTTAACGCTGATTGTACATCACTTGACAAG 
ATGTAGAAAATAGAGATTATGGCTACAAGACCAGCGTTGGGGAAATTGATAGCTACAAAGTGTTCAGACC 
ACAGACCACAAATGGCACAGTAAGACCTGGGTGTTTGAAAAAITACCTGTAATGATGCAAATGTTTCTGATGAAA 
AATAGAAAAAGTTGCAATAAATTAACAGCACAGACATAAGAACAAAAGTTTCAAAAGTTGAAGCTTGCTAAAGA 
TATTGCAGAATCGGAGAAGCTAAGGTATTAGTGCTGGTGGTAGAGGAGGGAAGCAAAGAAAACTTTGAAAAAC 
TTGAAGAG TAGCAAGTTTACTGGTGGAACAATAGCCGCTCAAGAGCAGCAAAGAAAAAGAATGGGTTGATAAG 
GACCTCAAGTAGGTCAAACGGTAAAACTGAAGACCAACTC TATATTGCAGGGTATATCAGGAGCTATCCAGC 
ATTTAGCAGGTATGCAAGACAGATACATAATGCTATAAATAAAGATGAGAAGCCCCAATAATGAAGGTAGCAG 
ATTTGGCTATAGTGGGATGAAAAAAGTTGTACCAGAATAATAGCTCAAGT AAAGCTGCTAATAATTAA 

Seq. ID 6: Clostridium acetobutylicum ATCC824 electron transfer flavoprotein (etfB): 
ATGAATATAGTTGTTTG AAAACAAGCCAGATACAGCGGAAGTTAGAATAGATCCAGTTAAGGGAACACTATA 
AGAGAAGGAGTTCCATCAATAATAAATCCAGATGATAAAAACGCACTTGAGGAAGCTTAGAAAAAGATAA TAT 
GGTGCACATGTAACAGITATAAGTATGGGACCTCCACAAGCTAAAAATGCTTAGTAGAAGCTTGGCTATGGGTGCT 
GATGAAGCTGTACTTAACAGATAGAGCATTGGAGGAGCAGATACACTTGCGACTTCACATACAATTGCAGCAGGA 
ATTAAGAAGCTAAAATAGATATAGTTTTGCTGGAAGGCAGGCTATAGATGGAGATACAGCTCAGGTTGGACCAGA 
AATAGCTGAGCATCTTGGAATACCTCAAGAACTTATGTTGAGAAAGTTGAAGTTGATGGAGATACTTAAAGATTAG 
AAAAGCTTGGGAAGATGGATATGAAGTTGTTGAAGTTAAGACACCAGTTCTTTTAACAGCAATAAAGAATTAAATGT 
TCCAAGATATATGAGTGTAGAAAAAATATTCGGAGCATTTGATAAAGAAGTAAAAATGTGGACTGCCGATGATATAG 
ATGTAGATAAGGCTAATTAGGTCTTAAAGGT CACCAACTAAAGTTAAGAAGTCATCAACEAAAGAAGTTAAAGGAC 
AGGGAGAAGTTATTGATAAGCCTGTTAAGGAAGCAGCTGCATAGTTGTCCAAAATAAAAGAAGAACACTATATTT 
AA 

Figure 10 
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Seq. iD 7: Clostridium autoethanogenum DSM-0061 phosphotransacetylase/acetate kinase 
promoter region (Pack): 
GAGCGGCCGCAATATGATATTTATGTCCATTGTGAAAGGGATTATATTCAACTATATTCCAGTTACGTTCA 
TAGAAA CCTTTCTAAAATATTTTAT ICCATGTCAAGAACTCTGTTATCATAAAGAACTATAAG AC 
AAAGTATAAGGCATTTGAAAAAATAGGCTAGTATATTGATTGATTATTATTTTAAAATGCCTAAGGAAAT 
ATATACAATAAACAATAAAATAAGTATTAGTGTAGGATTTTAAATAGAGTATCTATTTTCAGATTAAAT 
TTTTGATTATTGATTTACATTATATAATA GAGTAAAGTATTGACTAGCAAAATTTTTGAACTTTAA 
GTGAAATTCTTATCAAAAGTTATATTTTGAATAATTTTTATTGAAAAATACAACTAAAAAGGATTAAGA 
TAAGTGTGTGTAATT TGTGTTAAATAAAGGGAGGAAATGAACATGAAACATATGGAA 

Seq. ID 47: Wood-Ljungdahl cluster promoter: 
AAGCGGCCGCAAAATAGTTGATAATAATGCAGAGTTATAAACAAAGGTGAAAAGCATTACTTGT 
ATTCTTTTTTATATATATATAAATAAAATGAAGCTGTATTAGAAAAAATACACACCTGTAATAT 
AAAATAAATTAATTTTTAATTTTTTCAAAATGTATTTTACATGTTTAGAATTTTGATGTATATTA 
AAATAGTAGAATACATAAGAACTTAATTAATTAAAGAAGTAAG ACTTTTCAATGTGCTTTTT 
TAGATGTTTAATACAAACTTTAATGAAAAGAAATGCTGTACATTTACTGTACTAGTGACGGG 
ATTAAACTGTATTAATTATAAATAAAAAATAAGTACAGTTGTTTAAAA TATATTTGTATTAAATC 
TAATAGTACGATGTAAGTATTTTATACTATTGCAGTTTAATAAAAAGATTAATAATGCTTGA 
AAAGGAGAGGAATCCATATGCGTA 

Sec. D 48: pyruvate:ferredoxin oxidoreductase promoter: 
ATACCATAAATTACTTGAAAAATAGTTGATAATAATGTAGAGTATAAACAAAGGTGAAAAGCAT 
TACTGTATTCTTTTTTATATATTATATAAATTAAAATGAAGCTGTATTAGAAAAAATACACACCT 
GTAATATAAAATTTTAAATTAATTTTTAATTTTTTCAAAATGTATTTTACATGTTTAGAATTTTGATG 
TATATAAAATAGTAGAATACATAAGAACTTAATTTAATTAAAGATAGTTAAG ACTTTTCAATGT 
GCTTTTTTAGAGTAAACAAATCTTTAATTGTAAAAGAAATGCTGACTATAC GTACTAGT 
GACGGGATTAAACTGTATTAATTATAAATAAAAAATAAGTACAGTTGAAAAAATTTTGA 
TTAAATCTAATAGTACGATGTAAGTATTTTATACATGCTAGTTTAATAAAAAGATTAATTATA 
TACTTGAAAAGGAGAGGAATTTTTATGCGTAAA 

Seq. ID 49: Rnfoperon promoter: 
TAGAAAAACATGAACAAAATTAAAAAACTATATAACACATAGTATCAATATTGAAGGTAATAC 
TGTTCAATATCGATACAGATAAAAAAAATATATAATACAGAAGAAAAAATAAAATTTGTGGTA 
TAATATAAAGTATAGTAATTTAAGTTAAACCTCGTGAAAACGCTAACAAATAATAGGAGGTGTA 
TTAT 

Seq. D50: ATP synthase operon promoter: 
ATCTGTATATTTTTTCCCA AATTATTGTACTATAATATTACACTGAGTGTATTGTATATTTAAAAAATATTTGGTAC 
AATAGTTAGTTAAATAAATTCTAAATTGAAAATCAGAACC TATTAAGGAAAACATAGA TAAGGAGAAATC 
AAAAAAGGGTAATAAAACGGCTAAAATGAGCAAAAA TGAGCAATTAAGACT TGA GTACTTTTTATAT 
AT TAAGGTATATAATCTTAT TATATTGGGGGAACTTGATGAAAAACATA CTAGAC 

Figure 21 
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Seq D 24: Methyltransferase gene cluster of C. jungdahlii: 
ATGAACAGTATTGAAGATGTTGAACAAAT ACAATTATAAAAAAAATAAGATGTAGAAGAGAAGATGCATT 
TTATAGAAACTTATAAGCAAAAATCTAATATGAAGAAAGAAATTAGCTTTTCAGAAGAATACTATAAACAGAAAAITAT 
GAATGGAAAAAATGGAGTAGGTATACTCCTCCGGAAATGGCAGCATTTATGGAAAAACTTGATAAATGTCAATGA 
TGTAATGGAAATCCA AAAAAATAATAGATCCTTCCTGGGATCGGGAA AATTTGTAAGIGCT CTATAT 
TAAATCGAAATTTATAAGAATATTGAAGTTATAAATAGTAAAAACAATTTAAATTGAAACTAGAAGATATAAGTA 
CCATATAGTACGTAACAATCTATTTGGA, TGATATAGATGAAACTGCAATAAAAGTTAAAAAAGACTTATTTTGA 
TTAGCAATCAGTTTAGTGAAAAAAATTTTCAAGTAAAGGATTCAGTGGAAAAIATAGATAGAAAAATGATGTGTT 
TATAGGAAATCCTCCGTATATAGGACATAAATCGTAGATTCTAGTATTCATATGTTTAAGAAAAATATATGGAAGT 
ATATATAGAGACAAAGGAGACATATCCTACTGTTTTTTCAAAAATCATTAAAGGTAAAGGAGGGAGGAAAACG 
GTTTTTGACTTCTAGGTATTTTTGTGAACTTGCAGCGGAAAAGAACTTAGAAAGTTTTAATGAAAATACCCAT 
TATAAAATATAGATTTTTATGGTATAAGACCTTAAAAGAGTAGGTATAGACCCAATGATAAATTTTTAGTAAGA 
ACAAAAAAGGAACAATAAAAGAAATCATAAG ACCCAAAAAATTGAAAAAAAGAAAAAAAAAATTCTTGAT 
TCCTTGT AGATAAATCTGAAAAATGCAAAAAGTTTTCATCTCAAAAGTCTATAAATAATGATGGATGGGTATT 
TGGACGAAGTTGAGAAAAATATAATAGAAAAATAAAAGAAAAAAGAAATTATTTAAAGGATAATGCCAAG 
TGTCAGGGATAATAACGGGATGTGATAGGGCATAGGATAGAGACAAAAAATAGTAGAAAAATTGAA 
AAGGTTAAAAAACCCGGAAAAAAGTAGCCATAACGAAAAAACGAAGAAAAAGGTGAAAAATTATATAA 
CTCAAATAATAGAAAATGAAACAGAAGTCCAATGCTAAAAGTATATAGAGCAGTACAAAAAAAGGCTTATGGA 
AAGAAGAGAATGAAAAAAGGAACAAGAAAGGGATGAACT CAATGGGGGAGAAAACCGGAAATTTGAAGAA 
AAGAAAAGTGTTCCCAACAAGCCTGGACAATAGATGCCTTGACAAGGGAAGCTATTAGGCAGAAA 
ATTCCTTAGTATTAAAAAAAAATGTACC TACCTATGAAAACTTAAATAAAAACAGTCC GTATGAA TT 
ACTTAAAACTTTCGCAAAAAAATTAGGAGAAAATCTATAGAGTATTACCCAATAATCTAATGAAATGTGTATTCCT 
TCTATTGATTTTGGAGGAGAAAATAATAAGAAAAAAAGCTGTAGATTTTTTTGGACTGACAGATAAGGAAATTGAG 
ATGTAGAAAAGATAAAAGAAATTGCGA 

Sec. ID 25: Methyltransferase gene cluster of C. autoethanogenium: 
ATGCATIATAGAAACTATAAGCAAAAACAATATGAAGAAAGAAATTAGCTCAGAAGAATACTATAAACAGA 
AAATTAGAAGGAAAAAATGGAGAGTGAACTCCTCCGGAAATGGCAGCA ATGGAAAAACTTGATAAAG 
TCAATGATGAATTGGAAATCCATT TATAAAAATAATAGATCCTTCCTGTGGATCGGGAATAATGTAAGTGCT 
CATAAAATCGAATAATAAGAAA GAAGTTATAAAAGTAAAAACAAAAAGAAACAGAAGAA 
AAGTACCAATAGACGAACAATCTATTGGATTTGATAAGAGAAACTGCAAAAAAGTAAAAATAGACA 
TTTTTGATAGCAATCAGAGTGAAAAAAACAAGAAAGGATTTCAGGGAAAAAAGAAGAAAAATG 
ATGTGAAGGAAATCCTCCGTATATAGGACATAAATCGAGACAGATCATATGTTTAAGAAAAATATAT 
GGAAGAAAAGAGACAAAGGAGACAATCCTACTGTTTCAAAAATCATTAAAGTGTTAAAGGAGGGAGGA 
AAACGGTTTGACCTAGGTATTGTGAACTTGCAGCGGAAAAGAACTTAGAAAGTAATGAAAAAC 
CTCTATATAAAATTATAGATTTATGGTATAAG ACCTTTTAAAAGAGTAGGTATAGACCCAATGATAATATTTTAG 
TAAGAACAAAAAATTGGAACAATAATATAGAAATCATAAGACCCAATAAAAGAAAAAAATGAAAAAAATAAATTC 
TTGATTCCTTGTTTTTAGATAAATCTGAAAAATGCAAAAAGTTTCTATTTCTCAAAAGTCTATAAATAATGATGGATGG 
GTATTGTTGACGAAGTTGAGAAAAATAAAAGATAAAAAAAAGAAAAAAGTAAATTTATTTAAAGGATATATGC 
CATAGTGTCAGGGTATAATAACGGGATGTGATAGGGCTTTAAGTTGATAGAGACATAATAAATAGTAGAAAAATT 
GAATTAAGGTAATAAAACCCTGGATAAAAAGAGCCATATACGAAAAAACGAAGAATTAAAGGTGAAAAATTTAT 
ATATACT CAAATTTAATAGAAAATGAAACAGAAGTCCTAAGCATAAAGTATATAGAGCAGTACAAAAAAAAGGCT 
TATGGAAAGAAGAGAAGAAAAAAGGAACAAGAAAGTGGTATGAACTTCAATGGGGGAGAAAACCGGAAATT T 
GAAGAAAAGAAAATTGTGT CCCATACAAGTCCTGTGACAATAGATTTGCTC TGACAAGGGAAGCTATTTTAGTGCA 
GATATATATCCTTAGTA IAAAAAAAAAGTACCTTTTACCTATGAAATACT AAATATATAAACAGTCCTTTGAT 
GAATT ACT TAAAACT TCGCAAAAAAATTAGGAGAAAACAATGAGTATTACCCTAATAATCTAATGAAATTGT 
GTATTCCTCTATTGAT TGGAGGAGAAAATAATATAGAAAAAAAGCTGTAGATTTTTTGGACTGACAGAAAGGA 
AATGAGA GTAGAAAAGAAAAAGAAATGCTGA 

Figure 14 
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Seq. iD 26: Methyltransferase gene cluster of C. ragsdalei: 
ATG CCCTGTAATGCATAATTCAGCACGGAGATAGGAATAGAATAA A GAAGATA GAAGAAATTAIA 
ATTTATTAAAAAAAAACAGATGTAGAAGAGAATATTCAT IATAGAAACTATAGGCAAAGACAATATGAAGAA 
AGAAAAGCTTTTCAGAAGAATACTATAAACAGAAAATATGAATGGAAAAAACGGAGTAGTGAACTCCTCCGGA 
AATGGCAGCATTTATGGTTAAAAACTTGATAAATGTCAATGATGTAATTGAAAATCCATTTATAAAAGTAGTAGACCT 
TCCTGTGGATCTGGAAAAATTGTAAGTGCTTCTATACTTAAATCAAAATTCATTAAAAAATTGAAGTATAAA 
TAGAAAAATAATTTAAA TGAAACTAAAAGATATAAG ACCATATAGTACATAACAATCTATTGGATTTGAGTA 
GATGAAACTGCAATAAAAGTTTAAAATAGACTATTTTTGAT AGCAATCAGTTTAGTGAAAAAAATTCAAGAAA 
GGATTTTCTAGTGGAAAATATAGATAGAAAATTGATGTGITIATAGGAAATCCCCCATATATAGGACATAAATCGTA 
GATTCCAGTATTCATATATTTTAAGGAAAATATATGGAAGTATATATAGAGATAAAGGAGACAATCTTACTGTTTTT 
TCAAAAATCATTAAAGTGC AAAAGAGGGAGGAAAATTACT TTGTTACCCCAGATATTGCGAATCTTGCAGC 
GGAAAAGAACTTAGAAAGTTTTAATTGAAAAACCTCTATTTATAAAATTATAGATTTTAGGTATAAGACCAA 
AAGAGTAGGTATAGATCCAATGATAATATTTTAGTAAGAACAAAAAATTGGGACAATAATATAGAAATCATAAGACC 
CAATAAAAGTGGAAAAGATGAAAAAAATAAATCCTTGATTCTTGCTTTTAGATAAATCTGAAAAAACAAAAAATT 
TCTATCCCAAAAGTCATAAAAGTGAGGATGGGTATTGAATGAAG GAGAAAAATAAAGGATAAAAA 
GAAGCAAAAAGTGAAT TATTAAAGGATATATGCCATAGTATCAGGGTATAATAACGGGATGTGATAGGGC 
ATAGGAAGAGACACAAAAATAGTAGAAAAATTGAATAAGGAAAAAACCCTGGGTGAAAAGCAGCCAA 
ACGAAAAAACGAAGTAATAAAGGTGAAAAATTATATATACCAAATAATAGAAAATGAGAAGAATGTCCAA 
TGCTATAAAGTATATAGAGCAGTACAAAAAAAAGCTTATGGAAAGAAGAGAATGAAAAAAGGAACGAGAAAGGG 
ATGAGCCAATGGGGGAGAAAACCGGAAATCGAAGAAAAGAAAAGA CCCATACAAATCGTGTGAAA 
AGA TGCTCTTGATAAGGGAAGCTAT TAGTGCAGATATATATCTTTAGATAAAAAAAAATGTACCTTTTACCTA 
TGAAATGCTTTTAAAAATAAATAGTTCTTGTATGAATTACTTTAAAACTTCGGGAAAAAAAGGAGAAAATC 
TATAGAGTATTATCCAATAATCTGATGAAATGTGTATTCCTTCTATTGGTTTCGAGAAGAAAATAATGTAGAAAA 
AAGGGATGATTTTTGGGCTGACAGATAAGGAAATCAGATTGTAGAAAAAAAAAAGAAAGCGA 

Figure 15 
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Seq. D 31: Butanol expression plasmidpMTL85245-thlA-crt-hbd: 
ATAAAAAAATTGTAGATAAATTATAAAAAGT ATCTACAATTATCAGGAAACAGCTAGACCGCGGCCGC 
AATAGATATATGTCCAGGAAAGGGAAATCAACTA ACCAGT ACG CAAGAAATTTCCCTA 
AAATAATTCCATGTCAAGAACTCTGATCATAAAGAACTAAAGTACAAAGTATAAGGCATTGAAAAAAT 
AGGCAGAATTGATTGAA ATTTTAAAAGCCTAAGGAAAAATACATATATAACAATAAAAAAGATTA 
GTGTAGGATTAAATAGAGACTATTTTCAGAAAATTGAATTGAACAATATAATAGAGAAA 
GATTGACAGCAAAATGATACTTAAG GAAATTCACAAAAGTAAGAATAAT AG 
AAAAAACAACTAAAAAGGA, ATAGTATAAGTGTGTGAATT GTGTAAATTTAAAGGGAGGAAATGAACAGAAAC 
ATATGAAAGAAGTTGTAAAGCAGTGCAGAAGAACAGCGAGGACTTATGGAAAGCCTAAGGAGACCAGCA 
GTAGA TAGGAGCTACAGCTAAAAGGAAGCAGTAAAAAAGCAGGAAAAAACCAGAGGATGTAAGAAGCATTT 
AGGAAAGCTTCAAGCAGGTAGGACAGAACCAGCAAGACAGGCACTTTTAAAGCAGGATTACCAGTGAAATTC 
CAGCATGACTATAAAAGGTGTGGTTCAGGACAGAACAGAGCTTAGCAGCACAAATATAAAAGCAGGAGAT 
GCTGACGTAATAATAGCAGGGGTATGGAAAATAGICAGAGCTCCACTTAGCGAATAACGCTAGATGGGGATAAG 
AATGGGAAACGCTAAAGGATGAAATGATCACGACGGSAGTGGGATGCATAATGATTACCACAGGGAATAA 
CAGCAGAAAACAAGOGAGAGATGGAACACAAGAGAAGAACAAGATGAGTIGCTCTGCATCACAAAAAAAAGCT 
GAAGAAGCATAAAATCAGGCAATAAAGAGAAAAGTTCCGTAGTAATTAAAGGCAGAAAGGGAGAAACTGTAGT 
TGAACAGAGAGCACCCAGATTGGACAACTAAGAAGGACTGCAAAATTAAAACCGCCTTCAAAAAAGATGGAA 
CAGTACAGCGGAAGCATCAGGATTAAAGACGTGCAGCAGTACTGTAATCAGAGGCAGAAAAAGCAAAGAG 
CTTGGAGAAAACCACT GCTAAGATAGT CAGGTTCAGCAGGAGTTGACCCAGCAAAAGGGAATGGACCT 
CTATGCAACAAAAGCAGCTAGAAAAAGCAGGGGACAGTGATGAATTAGATAATAGAATCAAAGAAGCTTTTG 
CAGCCAAA GT AGCAGAGCAAAAGATAAAATTGATATGAAAAAGTAAATGAAAGGAGGAGCAGCCCT 
GGTCATCCAATGGAGCACAGGTGCAAGAATACCGTACCGTACACGCAAGCAAAAAAGAGATGCAAAAAAAGG 
CTTAGCAACTTAGTAAGGGGCGGACAAGGAACAGCAAAGCAGAAAAGGCAGGAATCGAGCTCGGTACC 
AGGAGGATAGTCATGGAACAAACAATGCATCCTTGAAAAGGAAGGAAAGGCTGAGTTACCAAACAGACC 
AAAGCATAAATGCGTTAAAAGTGATACACAAAAGAAATGGA AGATAGGGAAATGAAAATGATAGCGAAGT 
ACTTGCAGAATTTTAACGGAGCAGGAGAAAAACATTTGTAGCAGSGAGCAGATATCGAGAGAAGGAAATGAATA 
CCAGAAGGTAGAAAACGGGATACTTGGAAAAAAGTGTAGAAGATTAGAACTTCGAAAAGCCGTAATAGCA 
GCTGAAGGTTTTGSCAGGAGGCCSGAGCGAAATAGCTAGTCGTGATATAAGAAAGCTCAAGCAACGCAAG 
ATTGGCAACCAGAAGAGGCTCGGAATAACACCTGGTTTTGGTGGACACAAAGACCAAGATAGTTGGAATGG 
GCATGGCAAAGCAGCTATATTACTGCACAAAAATAAAGGCAGATGAAGCATTAAGAATCGGACTTGTAAAAAGGTA 
GTAGAACCAGTGAAAAGAATACAGOAAAAGAAAGCAAACAAAATTGTGAGCAAIGCTCCAGAGCTGAAG 
AAGCAAACAGGCTATTAATAGAGGAATGCAGTGGATATTGAACGCTTAGCATGAACAGAAGCATGGAGAAT 
GCT CAACAGAGGATCAAAAGGAGCAAGACAGCTTTCATAGAGAAAAGAAAAATTGAAGGCTTCAAAAAAGATAG 
GAGGAAG TATAGGAAATTTAACAAGAGAACAAGAA TAGAAGACAGAGGT AGAGAATTGCTGAAAATG 
AAGAAACCAAGCAGCAGAAATTGAGAAACAGAAAGAT CCAATGGAAAAGAAAGAAAAGGGCAGTATGGT 
AGAGGGAATTCCAT CAAAAGAGTATGGGGCGCAGGTGGAGAGTATTATC AAAATCGCCGTGAGGAATT 
ACAAAGGTGCGGTACACAGGAGTTATCCAGCACATACACACTTTGTGCCAAATAAATGAACAGGTA 
CAGAAGAACAAAAACAAAAAATTTAGTACC I AGCTAAAGGGAAAAAATAGGGCTTAGGATTGACGAGCCAAAT 
GCAGGAACAGATTCTGGAGCACAACAAACAGAGCTGTACTTGAAGGAGATCATATGTAATTAATGG CAAAAAATT 
CAAACAAGGAGGAGIGCAGATACTTGAATTTGCAAGACGACAGAACTAAAGGAACAAAAGGAATCAG 
CATIATAATAGAAAAAGGCTCAAAGGTTTCTCATTGGTAAAGTTGAACAAAAGCGGAATAAGAGCCATCAACA 
ACTGAACTTGTATTGAAGATAGATAGACCAGTAGAAAACATGATTGGTAAAGAAGGAAAAGGCTTCCCTATAGCAAT 
GAAAACCGATSGAGGAAGAATTGGTAAGCAGCTCAAGCTAGGATAGCGAAGGGCTTTCAACGAAGCAAGAG 
CTTACATGAAGGAGAGAAAACAATTGGAAGAAGCCTTGACAAATCCAAGGTCTTGCATGGATGATGGCAGAATGGAT 
GTAGCTATAGAATCASCAGAATTAGTAATAAAGCAGCATA CAAACAAGCAGGACTCCAACACAGGATSC 
TGCAAGAGCTAAGCTTCAGCTGCAAATGTAGCAAGGATGTAACAACTAAGGCAGTACAATTATTTGGTGGATACGGAT 
ATACAAAAGATATCCAGTTGAAAGAATGATGAGAGAGCTAAGATAACTGAAATATATGAAGGAACTTCAGAAGTTCAG 
AAAT AGATTCAGGAAAAATTTTAGATAATAAGGAGG AAGAGGAGAATATAGTGTTTGTT AAAACAAGT 
CCAGATACAGCGGAAG TAGAATAGATCCAGAAGGGAACAC AAAGAGAAGGAGCCATCAA AATAAATCCAG 
AGAAAAAACGCACTTGAGGAAGCTTAGA TAAAAGATAA ATGGTGCACATGIAACAGTTATAAGATGGGACCT 
CCACAAGC AAAAATGC TAGTAGAAGCT GGCATGGGTGCGAGAAGCTGTACT AACAGATAGAGCATTTGG 
AGGAGCAGATACACTTGCGACCACATACAATTGCAGCAGGAATAAGAAGCTAAAAAGATAAGTTGCTGGAA 
GGCAGGCTATAGATGGAGATACAGCTCAGGTTGGACCAGAAATAGCGAGCATCTTGGAATACCTCAAGAACTATGTT 
GAGAAAG GAAGTTGAGGAGATACTTAAAGATAGAAAAGCTGGGAAGATGGAAGAAGTGTGAACTTAAGAC 
ACCAGTTCTTAACAGCAATAAAGAATTAAATGTCCAAGATAATGAGTGTAGAAAAAAATTCGGAGCATTGATA 
AAGAAGAAAAATGTGGACTGCCGATGATAAGATGTAGAAAGGCTAATTAGGTCTAAAGGT CACCAACTAAAGTT 
AAGAAGTCATCAACTAAAGAAGTAAAGGACAGGGAGAAGTATTGATAAGCCTGITAAGGAAGCAGCTGCATATGTTGT 
CTCAAAATAAAAGAAGAACACAATTTAAGTAGGAGGGATTTCAATGAATAAAGCAGATTACAAGGGCGTATGGG 
TGTFGCTGAACAAAGAGACGGAGAATTACAAAAGGTATCATIGGAAT ATTAGGAAAGGTAAGGAAAGGCTGAGAAA 
TTAGGCGIGAATTAACAGCTGTACTTGGACAAATACTGAAAAAATGTCAAAGGATTATTATCTCATGGAGCAGA 
TAAGGTTTAGCAGCAGATAATGAACTTTTAGCACATTTTTCAACAGATGGATAGC AAAGTTATATGTGATTAGTTA 

Figure 20 (Sequence continued in figure 21) 
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Seq. ID 39: Nucleotide acid sequence of bifunctional butanol/ butyraldehyde dehydrogenase of C. 
autoethanogenum: 
ATGAGAAATTTGT TATA TAACAGCATAAAAAATAAGAAAGAGGTGTCATTAATGAAGGTAACTAAGGT 
AACTAACGTTGAAGAATTAATGAAAAAG TAGATGAAGAACGGCGCTCAAAAGAAATTCAGCAA 
CCAAGAACAAGTGGATGAAATTTTCAGGCAGGCAGCTATGGCAGCCAATAGTGCTAGAATAGACTTAGC 
TAAAATGGCAGTGGAAGAAAGCGGAATGGGAATTGTAGAAGACAAGGTCATTAAAAATCATTTGTGCA 
GAATATATATATAACAAATATAAGGGTGAAAAGACCTGCGGAGTTCTGGAACAAGATGAAGGCTTTGGTA 
TGGTTAGAATTGCAGAACCTGTAGGAGTTATTGCAGCAGTAGTTCCAACAACTAATCCAACATCTACAGCA 
ATATTTAAATCACTAATAGCTTAAAAACTAGAAATGGTATAGTTTTTTCACCACATCCAAGGGCAAAAAAA 
TCAACTATTGCAGCAGCTAAGATAGTACTTGATGCAGCAGTTAAAGCTGGTGCCCCTGAAGGAATTATAGG 
CTGGATAGATGAACCTTCTATTGAACTTTCACAGGTGGTAATGAAAGAAGCAGATCTAATTCTTGCAACTG 
GTGGACCAGGTATGGTTAAGGCTGCCTATCTTCAGGAAAGCCTGCTATAGGAGTGGTCCAGGTAATACA 
CCTGCTGTAATTGATGAAAGTGCCGACATTAAAATGGCAGTAAATTCAATACTACTTTCAAAAACTTGAT 
AATGGTATGATTTGGCTTCAGAGCAGTCAGTAATAGTTGCAAGCTCAATAACGATGAAGCAAGAAAGA 
GTTGCAGATAGAGGAGCATATATAAAGTAAGGAGAAACAGAAAGGTTGGAAAAACAATCATGAT 
AATGGAGCTTTAAAIGCTGGAATTGAGGGCAAAG GCCTTAAAAAGCCAGATGGCGGGAGTCAGTG 
TACCGGAAGATGCAAAAACTTATAGGAGAAGTTAAATCGGTAGAACCGAAGAAGAGCCCTTTGCTCA 
GAAAAGCTGTCTCCAGTTCTAGCCAGTACAAAGCAAAAGATTTGAGAAGCACTTC AAAGGCTGGAAG 
ATTAGTGAACGAGGGGAATAGGGCATACACTGATTGTATGTAAATCGATGACGGAAAAAGAAAA 
GTAGAAAAGTTCAGAGAAACTATGAAGACCGGTAGAACATTGATAAATAGCCTTCAGCGCAAGGCGCTA 
TAGGAGATATATATAACTAAACTAGCTCCTTCTTTGACATTAGGCGTGGTTCCTGGGGAGGAAACTCTG 
TATCAGAAAATGTTGGACCAAACATTGTTAAACATAAAGAGTGTTGCTGAGAGGAGAGAAAATATGCT 
TGG TAGAGTACCGAAAAGGTTTATTTCAAATATGGCAGCCTTGGAGTTGCACTAAAAGAACTGAGAAT 
TAGGAGAAGAAAAAGGCGTTTATAGTAACGGATAAAGTTCTTTATCAA AGGTTATGTAGATAAAAA 
CAAAGAACCTCGATGAATAAGAGTTTCATATAAAAIATACAGATGTAGAACCAGATCCAACCCTTGCTA 
CAGCTAAAAAAGGTGCAGCAGAACTGCTTCCTATGAACCAGAACAATTATAGCAGTGGTGGTGGCG 
GCAATGGATGCTGCCAAGATCATGTGGGTAATGTATGAGCATCCAGAAGAAGATTTGAAGATTTGGCCA 
TGAGA ATGGATATAAGAAAGAGAGTATATGTTTCCAAGATGGGAGAAAAGGCAAGATGATTCA 
GTAGCAACATCCGCAGGAACAGGGTCAGAAGTTACCCATGCAGAAACGGACGAAAGAACAGGAG 
CTAAAAICCTCTGGCTGATTATGAA AACTCCAAACAGGCTAAG GATGCAGAACTATGAGGGAA 
TGCCAAAGGGGCTAACAGCAGCTTCAGGATAGATGCG GACTCAGCACTGGAGGCCATGTGTCAATA 
ATGGCTCAGAATAACCAACGGATTGGCCTTGAAGCAACAAGAT AGATTCAAAAGCCAATAGCT 
TATACAGAAGGTACAATAATGAAAGGCAAGAGAAAAAATGGCTCAGCTCATGTATTGCAGGTAGG 
CCTTTGCCAAGCATTTAGGGGTAGCCACTCTATGGCACATAAATGGGAGCACAGCACCACA ACCAC 
ATGGAAGCCAATGCACTAGATAGATGAAGTTAAAAATTCAAIGCTGAGAGGCTCCAAGGAAACAA 
GCGGCACCACAATATAAATATCCAAATGTTAAAAGAAGATATGCAGAATAGCTGATTACCTAAATA 
GGGGAAGTACAGATGAGAAAAAGTACAATTGCTAAAAATGCTATAGATGACTTAAAAACTAAGTAAA 
TATTCCAAAGACTATTAAAGAAGCAGGAGTTCAGAAGAAAATTCTATGCTACTTTAGATACAATGTCAG 
AACGGCTTGATGACAATGTACAGGAGCTAATCCACGATATCCACTAATAGGAGAAATAAAACAAATG 
TATAAAAGCATTGAACACCAAAGGCAACTGTGGAGAAGAAAACAAGAAAGAAAAAGAA 

Figure 22 
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Seq. iD 41: Nucleotide acid sequence of butyraldehyde dehydrogenase of C, autoethanogenum: 
ATGAAAGTTACAAACGTAGAAGAACTAATGAAAAGACTAGAAGAAATAAAGGATGCTCAAAAGAAATTTG 
CTACAATACTCAAGAACAAGTGGATGAAATTTTTAGACAAGCAGCTATGGCAGCTAAAGTGCTAGAATA 
GAACTAGCTAAAATGGCAGTAGAAGAAAGCGGAATGGGAATTGTAGAAGACAAGGTTATAAAAATCACT 
TTGCTTCAGAATATATATATAACAAATATAAGGATGAAAAAACCTGTGGAGTTTTAGAGAGAGATGCAGGC 
TTTGGTATAGTTAGAATTGCGGAACCTGTAGGAGTTA TGCAGCAGTAGTCCAACAACTAATCCAACATCT 
ACAGCAATATTTAAATCACTAATAGCTTTAAAAACTAGAAATGGTATAATTTTTCACCCCATCCAAGGGCA 
AAGAAATCAACTATTGCAGCAGCTAAAAAGTACTTGACGCTGCAGTTAAAGCTGGGCTCCTGAAGGAAT 
TATAGGATGGATAGATGAACCTTCCATTGAACTTCACAGGTGGAAGGGAGAAGCAAATAATTCTG 
CAACTGGTGGTCCGGGTATGGTTAAGGCTGCCTATTC, TCAGGCAAACCTGCTGTGGGAGTTGGTCCAGGT 
AACACACCTGCTGTAATTGATGAAAGTGCCGACAFTAAAAGGCAGTAAATTCAATA TACTATCAAAAACT 
TTTGATAATGGTATGATTTGTGCCTCAGAGCAGTCAGAATAGTTTTAGACT CAATATATGAGGAAGT AAA 
AAAGAATTGCTTATAGGGGTGCTTATATATTAAGTAAGGATGAAACAGATAAGGGGAAAAATAATTTT 
AAAAAATGGAGCCTAAATGCAGGTATTGTAGGACAACCTGCTTTTAAAATAGCACAGCTGGCAGGAGTG 
GATGACCAGAAAAAGCAAAGTACTATAGGAGAGGTAGAATCGGAGAACTTGAAGAACCATTTTCTCA 
TGAAAAG ATCTCCAGTTTAGCTAGTACAGGGCAAGAAATTTTGAGGAGCCATTGCAAAAACTGATA 
AACTGGTAGGGCAGGGGATTTGGACATACACTTCAT GTATATAAATCCAATGACAGAAAAAGCAAAA 
GTAGAAAAATTTAGACTATGATGAAAACATCAAGAACTATAATTAACACACCTTCATCCCAAGGTGGTATA 
GGTGAATATATAACTAAACTAGCCCTCTGACA AGGCGCGGTTCCTGGGGGGGAAATTCTGTA 
TCCGAAAATGTTGGGCCAAACATTTATTAAACATAAAAAGTGTGCTGAGAGGAGAGAAAATATGCTTG 
GTTTAGAGACCTGAAAAGGTTTATTCAAATATGGAGCTTGGAGTGCATTAAAAGAGAAAAGTTA 
GAATAAGAAGAAAGTATTTATAGTAACAGATAAAGTTCTATCAATTAGGTATGTGGACAAAGTTACAA 
AAGTTCTTGAGGAACTAAAAATTTCCTATAAGGATTACAGATGTAGAACCAGATCCAACCCTTGCTACAG 
CTAAAAAAGGTGCAGCAGAACTGCTTTCCTATGAACCGGATACAATTATATCAGTTGGTGGGGTTCAGCA 
ATGGATGCAGCTAAGATCATGTGGGTAAGTATGAGCATCCAGAAGTAAAATTTGAAGATTTAGCTATGA 
GATTATGGATATAAGAAAGAGAGTATATGTTTTCCCAAGAGGGAGAAAAGGCAATGATGATTCAGTA 
GCAACATCCGCAGGAACAGGGTCGGAAGTACTCCATTGCAGTAATCACGATGAAAAAACAGGAGCA 
AATATCCAAGCTGATTATGAACTAACCCAGACATGGCTATAGTTGATGCAGAACTATGATGGGAAG 
CCAAGAGGACTTACAGCAGCTTCGGGTATAGATGCATAACCCATGCACTGGAGGCGTATGGTCAATAAT 
GGCTACAGAATTTACCAAGGATTAGCCCTTGAAGCAGTAAAGTTGAAGAATATACCAAAAGCTA 
TACAGAAGGTACAACTAATGTAAAGGCAAGAGAAAAGATGGCTCATGCTTCATGTATTGCAGGTATGGCC 
TTGCAAATGCATTTTTAGGGGTATGCCACTCTATGGCACATAAATTGGGAGCACAGCATCACATACCACAT 
GGAATTGCCAATGCACTTATGATAGATGAAGTTATAAAATTCAATGCTGTAGATGACCAATAAAACAAGC 
TGCATTTCCCCAATACGAGTATCCAAATGCTAGGTATAGATATGCTCAGATAGCTGATTGTCTGAACTTGGG 
AGGAAAACAGAAGAGGAAAAGGTACAACTATTAATAAATGCTATAGATGATTTAAAAGCTAAGTTAAAT 
ATTCCAGAAACTATAAAAGAAGCAGGAGTTTCAGAAGATAAATTCTATGCTACTTTAGATAAAATGTCAGA 
ATTAGCTTTTGATGATCAGTGTACAGGAGCTAATCCAAGATATCCACTGATAAGTGAAATAAAACAAATGT 
ATATAAATGTTTTTGATAAAACCGAACCAATTGTAGAAGAGAAGAAAAGTAA 

Seq. iD 42: Amino acid sequence of butyraldehyde dehydrogenase of C. autoethanogenium: 
MKVTNVEELMKRLEEKDAQKKFATYTOECRVDEIFROAAMAANSARIELAKMAVEESGMGIVEDKWKNHFAS 
EYIYNKYKDEKTCGVLERDAGFGVRAEPWGVIAAVVPTNPTSTAIFKSLALKTRNGIFSPHPRAKKSTIAAAKI 
VLDAAVKAGAPEGIGWIDEPSIELSOVVMGEANLILATGGPGMVKAAYSSGKPAVGVGPGNTPAVIDESADIK 
MAWNSLSKTFDN 
GMICASEOSVVLDSIYEEVKKEFAYRGAYLSKDETDKVGKILKNGALNAGIWGOPAFKIAOLAGVDVPEKAKVL 
|GEVESVELEEPFSHEKLSPVLAMYRARNFEDAIAKTDKLVRAGGFGHTSSLYINPMTEKAKVEKFSTMMKTSRT 
|NTPSSOGGGDIYNFKLAPSLTLGCGSWGGNSWSENVGPKHLNKSVAERRENMLWFRVPEKVYFKYGSLGV 
ALKELKVMNKKKVFIVTDKVLYOLGYVDKVTKVLEELKNFL* 
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Seq, D 43: Nucleotide acid sequence of butyraldehyde dehydrogenase of C. autoethanogenum; 
TTGGAAAATTTTGATAAAGACTTACGTTCTATACAAGAAGCAAGAGATCTTGCACGTTTAGGAAAAATTGC 
AGCAGACCAAATTGCTGATTATACTGAAGAACAAAT GATAAAATCCTATGTAATATGGTTAGGGTAGCAG 
AAGAAAATGCAGTTTGCC GGTAAAATGGCTGCAGAAGAAACTGGTTTTGGAAAAGCTGAAGATAAGGC 
TTATAAGAACCATATGGCTGCTACTACAGTATATAATACACAAGGAATGAAGACTATTGGTGTTATAAA 
AGAAGATAAAAGTGAAGGTGTAATTGAATTTGCAGAACCAGTGGTTTATTAATGGGTATTGTACCATCTA 
CAAATCCAACATCTACTGATTTATAAATCAATCATTGCAATTAAATCAAGAAATGCAATTGATTCTCACC 
ACACCCAGCTGCATTAAAATGTTCAACAAAAGCAATAGAACTTATGCGTGATGCAGCAGTAGCAGCAGGA 
GCTCCTGCAAATGTAATTGGTGGTA GTTACACCATCATACAAGCTACAAATGAACTATGAAAGCTAAA 
GAAGTTGCTATGATAATTGCAACTGGAGGCCCTGGAATGGTAAAGGCTGCATATAGT CAGGAACACCG 
CAATAGGCGTTGGTGCTGGTAACTCTCCATCCTATATTGAAAGAACTGCTGAGTTCACAATCAGTTAAAG 
ATATAATAGCTAGTAAGAGTTTTGACTATGGTACTATTGTGCATCCGAGCAGTCTGTAATTGCAGAAGAAT 
GCAACCATGATGAAATAGTAGCTGAAT TAAGAAACAAGGCGGATATTTCATGACAGCTGAAGAAACTGC 
AAAAGT, GCAGCGTACTTTTAAACCTGGTACACACAGCATGAGCGCTAAGTTTGTAGGAAGAGCTCCTC 
AGGTTATAGCAGAAGCTGCAGGT CACAGTTCCAGAAGGAACAAAAGA AATAGGAGAACAAGGCGG 
AGTGGTAATGGTTACCCTCTATCTATGAGAAACTTACAACAGTACTTGC CTATACAGTTAAAGATTG 
GCATGAAGCATGTGAGCT AGTATAAGATTACTTCAAAATGGTCTTGGACATACAATGAACATTCATACAA 
ATGATAGAGACTTAGTAATGAAGTTTGCTAAAAAACCAGCATCCCGTATCTTAGTTAATACTGGTGGAAGC 
CAGGGAGGTACTGGTGCAAGCACAGGAT TAGCACCTGCATTACATTAGGTTGTGGTACATGGGGAGGAA 
GCTCTGTTTCTGAAAATGTTACTCCATACATTTAATCAATATAAAGAGAGTAGCATATGGTCT AAAGATT 
GTACTACATTAGCTGCAGACGATACAACTTTCAATCATCCTGAACTTTGCGGAAGCAAAAATGACTTAGGA 
TTCTGTGCTACAAGCCCTGCAGAATT GCAGCAAAGAGCAATGTGATAGCACTGCTGCAGATACTACTGA 
TAAGAAAACTTGCAGACTCGTAAGTGAATTAGTAGCTGCAATGAAGGGAGCTAACTAA 

Seq, ID 44; Amino acid sequence of butyraldehyde dehydrogenase of C. autoethanogenum: 
MENFDKDLRSOEARDLARLGKIAADOADYTEEOIDKILCNMVRVAEENAVCLGKMAAEETGFGKAEDKAYK 
NHMAATTWYNYIKDMKTGVIKEDKSEGVIEFAEPVGLLMGVPSTNPTSTVIYKSIIAIKSRNAIVFSPHPAALKCS 
TKAIELMRDAAVAAGAPANVIGGIVTPSOATNELMKAKEVAMIATGGPGMVKAAYSSGTPAIGVGAGNSPS 
YERTADVHOSVKDIASKSFDYGTICASEOSVIAEECNHDEIVAEFKKOGGYFMTAEETAKVCSVLFKPGTHSMS 
AKFVGRAPOVIAEAAGFTVPEGTKVLIGEOGGVGNGYPLSYEKLTTVLAFYTVKDWHEACELSIR LONGLGHT 
MNIHTNDRDLVM KFAKKPASRLVNTGGSOGGTGASTGLAPAFTLGCGTWGGSSVSENVTPLH LINKRVAYG 
LKDCTTLAADDTTFNHPELCGSKNDLGFCATSPAEFAAKSNCDSTAADTTDNDKLARLVSELVAAMKGAN 

FIGURE 25 
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Seq. ID 45: Nucleotide acid sequence of butyraldehyde dehydrogenase of C, autoethanogenium: 
GTGGAAAATGCTGCACGAGCACAAAAAATGTTAGCAACCTTTCCACAAGAAAAGCTAGATGAGATTGTG 
AACGTATGGCGGAAGAAATCGGAAAACATACCCGAGAGCTTGCTGTAATGTCACAGGATGAAACTGGTA 
TGGAAAATGGCAGGATAAATGCATCAAAAACCGATTGCCTGTGAGTATTGCCAGCTAAGCTTAGAGGA 
ATGCGATGTGTAGGATTATTAATGAAAATGGTCAGGATAAGACCATGGATGTAGGTGTACCTATGGGG 
TAATTAI TGCATTATGTCCTGCAACTAGTCCGGTTTCACTACCATATATAAGGCATTGATTGCAATTAAGTC 
TGGTAATGCAATTATCTTTTCTCCACATCCTAGAGCAAAGGAGACAATTGTAAGGCGCTTGACATCATGAT 
TCGTGCAGCTGAAGGATATGGGCTCCAGAAGGAGCCTTGCATAC TACATACTGTGACGCCTAGTGGAA 
CAATCGAATTGATGAACCATATTGCGACT CTTTGATTATGAATACAGGTGTTCCCGGGATGCTTAAAGCAG 
CATATAATTCTGGGAAACCTGTTATATATGGAGGAACTGGTAATGGACCAGCATTTATGAACGTACAGCT 
GACATCAAACAGGCGGTAAAAGATATTATTGCTAGTAAGACCTTTGATAACGGAATAGTACCACAGCTGA 
ACAATCTA TGTTGTAGATAGCTGTGTTGCATCTGAGAAACGTGAGTTGCAAAATAATGGTGCATAT 
CATGACAGAGGAGGAAGCACAAAAACTAGGTTCTCTCTTTTTCCGTTCTGATGGCAGTATGGATTCAGAAA 
TGGTTGGCAAATCCGCACAAAGATTGGCTAAAAAAGCAGGTTTCAGCATTCCTGAAAGTAGCACAGTGCTA 
ATTTCAGAGCAGAAATATGTTTCTCAAGATAATCC TATTCCAAGGAGAAACTTTGTCCGGTACTAGCTAC 
TACATTGAAGATGATGGATGCATGCATGTGAAAAGTGTATTGAACTGCTG TAAGTGAGAGACATGGTCA 
CACTCTGTATACACAAAAGACGAAGATGTAATTCGCCAGTTTGCATTAAAAAAACCTGAGGTAGGAT 
ACTTGITAATACGCCGC CCTTGGTAGTATGGGTGCTACAAGTAATTATTTCCTGCTTAACTTAGGT 
AGTGGATCGGCAGGAAAGGTATTACCCCGATAATGTTCACCAATGAACTTATTTACGTCCGCAAAGTC 
GGAATGGCGTACGGAATGTAGAAGAGATGTCAAACTAATGGATTGACAGAAGAAAAAAGTGA 
TGAATGGAATGACAAAAAAGTCAGACTATAATCCAGAGGATATACAAATGACAGCATATTAAAAAAA 

GCTAGGAAAAAATTAAATAG 
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Seq. iD 46: Amino acid sequence of butyraldehyde dehydrogenase of C. autoethanogenun: 
MENAARAOKMLATFPOEKLDEIVERMAEEGKHTRELAVMSODETGYGKWODKCKNRFACEYLPAKLRGM 
RCVGIN ENGODKTMDVGVPMGVALCPATSPVSTTYKALAIKSGNAFSPHPRAKETCKALDIMRAAEGY 
GLPEGALAYLHTVTPSGTIEMNHIATSLIMNTGVPGMLKAAYNSGKPVYGGTGNGPAFERTADIKOAVKDI 
ASKTFDNGIVPSAEOSIVVDSCVASDVKRELONNGAYFMTEEEAOKLGSLFFRSDGSMDSEMVGKSAORLAKK 
AGFSPESSTVLISEOKYVSODNPYSKEKLCPVLAYYIEDDWMHACEKCIELLLSERHGHTLVHSKDEDVROFAL 
KKPWGR LVNPASFGSMGATSNLFPALTLGSGSAGKGSDNVSPMNLYVRKVGYGWRNWEEIWNTNGLFEE 
KSDLNGMTKKSDYNPEDOM LOHLKKAMEKK* 

Seq, ID 119: Nucleotide acid sequence of butanol dehydrogenase of C. autoethanogenum: 
ATGGCAAGATTTACTTACCAAGAGACATTTATTTTGGAGAAAATTCATTAGAAACCTTGAAAGACCTAGAT 
GGAAAAAAAGCTGTATTGTCGTAGGTGGTGGATCCATGAAACGATTGGATTCCTTGATAAGGTAGTAAA 
CTAC AAAAGAAGCAGGTATTGAACAAAATTAATAGAAGGAGTGAACCAGATCCATCTGTAGAAACTG 
TTATGAATGGCGCTAAACAATGAGAGAAATGAACCAGATTAATAGTACAATAGGGGAGGTTCACCA 
ATTGACGCAGCAAAAGCATGTGGATACTATGAAACCCTGAGT ACT TTAAAGAGGCGGGTTCCT 
TTTGGTC CCTAAATAAGACAAAAAGCAACATTTAAGCATACCTCTACAAGTGGTACGCAACAGAA 
GAACGGCATTTTCTGAAAACAGACTATAAAGCTAAAATAAAACC TAGCTGACTTCAATTAACAC 
CAGATATAGCTATAATGACCAGCATTAGCTCAAACAATGCCACCTAAAAACTGCACATACTGGAAGG 
ATGCACACCCATGCTA TGAAGCAATGTGCAGGAC CATCAG CTCAGACCCTGCTACA 
AGCTATAGTTATGGTAAATCAGTATTAATAAATCTTACAATGAAGAAAAGAAGCTAGAAACCAAATGC 
ATTTAGCCAATGTTTAGCTGGAATGGCATTCAAATGCACTTCTTGGAATAACTCACAGAGCACAA 
AAACAGGGCAGTATCCATATTCCTCATGGATGTGCCAAGCAATAATCTCCCTATGTTATAGATTCAA 
TAAAAAAGCTGTACACCAAGATATGCGATATAGCTAGGAGC AAACTCCAGGAAAACTGATGAG 
AATTAGTAGATTCATTAACTAACATGATTAAAGAATGAACAAGAGTATGGATATTCCTTGACATAAAAG 
ATTACGGAGTAGATGAAAAAGAATTAAAGATAATGAAGATTTATAGCTCATAATGCCGATTAGAGCC 
TGCACTGGATCAAATCCTAGAAGTATAAATGATGCTGAAAGAAAAAATTGTTAGAATACATCTATTAGG 
TAAAAAGGTTGATTTTAA 
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Seq, ID 120; Amino acid sequence of butanol dehydrogenase of C. autoethanogenum: 
MARFTLPRDIYFGENSLETLKDLDGKKAVVVGGGSMKRFGFLDKWVNY KEAGESKLEGVEPDPSVETWMNG 
AKLMREYEPDLIVSIGGGSPIDAAKAMWIFYEYPEFTFKEAVVPFGLPKLROKATFIAIPSTSGTATEVTAFSVTDY 
KAKIKYPLADFNLTPDIADPALAOTMPPKLTAHTGMDALTHAEAYWAGLHSVFSDPAOAVMVNOYLIKSY 
NEDKEARNOMHLAOCLAGMAFSNALGTHSLAHKTGAVFHPHGCANAYPYVIDFNKKACTPRYADARSL 
KLPGNTDDELVDSLTNMIKDMNKSMDPLKDYGVDEKEFKDNEDFIAHNAVLDACTGSNPRSNDAEMKKL 
LEYYYGKKVDF* 

Seq, ID 121: Nucleotide acid sequence of butanol dehydrogenase of C. autoethanogenum; 
ATGGGAAGATTTACTTGCCTAGGGAATTACTTGGTGAAAATGCCAGAAAATTTAAAAAATTTAGAT 
GGAAAAAAGCAGTAGTTGTTGAGGGGGGGATCATGAAGAGATTGGATCTTAGCCAAAGTTGAAA 
AATACTTAAAAGAAACTGGTATGGAAGTAAATTAAAGAAGGTGTTGAGCCTGATCCGTCGTTGATACT 
GTTATGAAGGCGCTAAAATAATGAGAGACTTTAACCCAGATTGGATAGTACAATAGGTGGAGGATCTCC 
CATAGATGCTGCTAAAGCAATGTGGAA TTATGAATACCCCGACTTTACATTTGAAAAAGCGGTAGTCCC 
TTT GGAATTCCTAAATAAGGCAGAAGGCACAATTGGCATACCCACAAGTGGAACAGCAACTGA 
AGTAACATCATTTTCGAATAACAGACTAAAAGCTAAAAAAAATATCCCTTGCAGAT AACCTTACC 
CCTGAATAGCATAAAGATCCGTCTCTIGCAGAAACAAGCCCAAAAAGCTACAGCACACACTGGAAT 
GGATGCACTACTCACGCAAAGAAGCAATGTAGCAAG TACATTCAGATTTCTCAGATCCACTGCTA 
GCATGCATAACCATGATTCATAAATA TATTGAAATCCAGAAGAAGAAAAGAAGCTAGAGGACATA 
TGCATA AGCCCAATGTCAGCTGGGATGGCATTTTCAAATGCTCTCCTGGAATAACTCATAGTATAGCAC 
ATAAAACTGGTGCAGTATTCACATACCTCATGGGTGGCAAGCCAATACTTACCTTAGTATAGAT 
TAACAAGAAAGCTTG CAGAAAGAATGCAAAAAGCCAAAAAGCGCATCTATCAGGAAATAGTGAA 
GATGAGC AAAGATTCA AACTGAAATGATTCGTACTATGAACAAAAAGATGGATA CCTCTCACCAA 
AAAGAT AGGTATAAGCGAAAACGA TAATGAAAACCAGATTTATAGCTCACAAGCCATGATGGA 
TGCCTGCACTGGATCCAA CCTAGAGCAAAACTGAGGAAGAAATGAAAAAGCTCTTGCAGATATGATA 
ATGGGCAAAAGGTTAACAG 
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Seq, ID 122: Amino acid sequence of butanol dehydrogenase of C. autoethanogenum; 
MGRFTLPRDIYFGENALENLKNLDGNKAVVVVGGGSMKRFGFLAKVEKYLKETGMEVKLEGVEPDPSVDTVM 
NGAKMRDFNPDWVSIGGGSPDAAKAMWIFYEYPDFTFEKAVWPFGIPKLROKAOFVAPSTSGTATEWSFS 
VTDYKAKKYPLADFNLTPDAIDPSLAETMPKKLTAHGMDALTHAIEAYWASLHSDFSDPLAMHATMHKYL 
LKSYEEDKEARGHMHAOCLAGMAFSNALGTHSIAHKTGAVFHIPHGCANAIYLPYWDFNKKACSERYAKAK 
KLHLSGNSEDELIDSLTEMRTMNKKMDIPTKDYGISENDFNENLDFIAHNAMMDACTGSNPRATEEEMKK 
LLOYMYNGOKVNF* 

Seq, ID 51: Nucleotide acid sequence of butanol dehydrogenase of C, autoethanogenum; 
ATGAAAGTTACAAACGTAGAAGAACTAATGAAAAGACTAGAAGAAAAAAGGATGCTCAAAAGAAA TG 
CTACATATACTCAAGAACAAGGGATGAAATTTTTAGACAAGCAGCTATGGCAGCTAATAGTGCTAGAATA 
GAACTAGCTAAAATGGCAGTAGAAGAAAGCGGAATGGGAATTGTAGAAGACAAGGTTATAAAAATCACT 
TTGCTTCAGAATATATATATAACAAAATAAGGATGAAAAAACCTGTGGAGTTTTAGAGAGAGATGCAGGC 
TTTGGTATAGTTAGAA TGCGGAACCTGTAGGAGTATTGCAGCAGAGCCAACAACTAATCCAACATCT 
ACAGCAAATTTAAATCACTAATAGCTTAAAAACTAGAAATGGAAAT TTTCACCCCACCAAGGGCA 
AAGAAATCAACTATGCAGCAGCTAAAAAGTACTTGACGCTGCAGAAAGCTGGTGCTCCTGAAGGAAT 
TATAGGATGGATAGAGAACCTTCCATTGAACTTCACAGGTGGAATGGGAGAAGCAAATAATTCG 
CAACGGGGTCCGGGTATGGTTAAGGCGCCTATTCTTCAGGCAAACCTGCTGTGGGAGTGGTCCAGG 
AACACACCTGCTGTAATTGATGAAAGTGCCGACATTAAAATGGCAGTAAATCAATATTACTATCAAAAACT 
TTGATAATGGTATGATTTGTGCCTCAGAGCAGTCAGTAAAGT TAGACT CAATAATGAGGAAGTAAA 
AAAGAATTGCTA AGGGGTGCTATATATTAAGTAAGGATGAAACAGAAAGGTTGGAAAAAAATT 
AAAAAATGGAGCCAAATGCAGGTATTGTAGGACAACCGCTTAAAATAGCACAGCTGGCAGGAGTG 
GATGACCAGAAAAAGC AAAGTACTATAGGAGAGGTAGAATCGGTAGAACTTGAAGAACCATTTTCTCA 
TGAAAAGTTATCTCCAGTTTTAGCTATGTACAGGGCAAGAAATGAGGATGCCATGCAAAAACTGAA 
AACGGTTAGGGCAGGGGATTTGGACA ACACTCATGTATATAAATCCAATGACAGAAAAAGCAAAA 
GTAGAAAAATT TAGACATGATGAAAACATCAAGAACTATAATAACACACCTTCACCCAAGGTGGATA 
GGTGATATATATAACTTAAACTAGCCCTCTTGACA AGGCGCGG CCTGGGGGGGAAATTCGTA 
TCCGAAAATGTTGGGCCAAACAATTAAACATAAAAAGTG GCGAGAGGAGAGAAAATATGCTTTG 
GTTTAGAGTACCTGAAAAGGTTTATTCAAATATGGTAGTCTTGGAG GCATTAAAAGAGTAAAAGTAT 
GAAAAGAAGAAAGTATTATAGTAACAGATAAAG C TATCAA AGGTTATGTGGACAAAGTTACAA 
AAG CTTGAGGAACAAAAATTTCCTATAAGGTATTACAGATGTAGAACCAGATCCAACCCTTGCACAG 
CTAAAAAAGGTGCAGCAGAACTGC. TCCATGAACCGGATACAATTATATCAGGGTGGTGGTTCAGCA 
ATGGATGCAGCTAAGACATGTGGGTAATGTATGAGCATCCAGAAGAAAATTTGAAGA TAGCTATGA 
GATTATGGATATAAGAAAGAGAGATATGTTTTCCCTAAGATGGGAGAAAAGGCAATGATGATTTCAGTA 
GCAACATCCGCAGGAACAGGGTCGGAAGTTACTCCATTTGCAGTAATCACTGATGAAAAAACAGGAGCTA 
AATATCCATTAGCTGAATGAACTAACCCAGACAGGCATAGTTGATGCAGAACTATGATGGGAATG 
CCAAGAGGACTTACAGCAGCTTCGGGTAAGATGCATAACCCATGCACTGGAGGCGTATGTGTCAATAAT 
GGCACAGAATTTACCAAGGATAGCCCGAAGCAGTAAAGTTGAAGAAA TACCAAAAGCTA 
TACAGAAGGTACAACTAATGTAAAGGCAAGAGAAAAGATGGCTCAGCTTCATGTA GCAGGTATGGCC 
TTTGCAAATGCATT AGGGGTATGCCACTCATGGCACATAAATTGGGAGCACAGCATCACATACCACA 
GGAATGCCAATGCACT ATGATAGATGAAGTTATAAAACAATGCGAGATGATCCAAAAAACAAGC 
TGCATCCCCAATACGAGTATCCAAATGCTAGGTAAGAATGCTCAGATAGCTGATTGTCTGAACTTGGG 
AGGAAAACAGAAGAGGAAAAGGTACAACTATAATAAATGCTATAGATGATTTAAAAGCTAAGTAAAT 
ATCCAGAAACTATAAAAGAAGCAGGAGCAGAAGATAAATTCTATGCTACTTAGATAAAATGTCAGA 
ATAGCTTGATGACAGTGTACAGGAGCAATCCAAGATATCCACTGATAAGTGAAATAAAACAAATGT 
ATAAAATGTTTTTGATAAAACCGAACCAA TGTAGAAGATGAAGAAAAGAA 
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Seq. ID 52: Amino acid sequence of butanol dehydrogenase of C. autoethanogenum: 
MDAAKMWVMYEHPEVKFEDLAMRFMDRKRVYVFPKMGEKAMMISVATSAGTGSEVTPFAVITDEKTGAK 
YPLADYELTPDMAIVDAELMMGMPRGLTAASGIDALTHALEAYVSIMATEFTNGLALEAVKLIFEYLPKAYTEGT 
TNVKAREKMAHASCAGMAFANAFLGVCHSMAHKLGAOHHIPHGIANALMIDEVIKFNAVDDPIKOAAFPOY 
EYPNARYRYAOIADCLNLGGNTEEEKVOLLINAIDDLKAKNIPETIKEAGVSEDKFYATLDKMSELAFDDOCTGA 
NPRYPLISEIKOMYINVFDKTEPIVEDEEK* 

Seq, ID 53: Nucleotide acid sequence of butanol dehydrogenase of C. autoethanogenum: 
ATGGAAATAAAATTAGGGGGAATAATAATGGAGAGATTTACGTTGCCAAGAGACATTTACTTGGAGAAG 
ATGCTTTGGGTGCTTTGAAAACGT AAAAGGTAAGAAAGCTGTAGTAGTTGTTGGAGGAGGATCCATGAA 
GAGATTCGGTTTCCTTGACAAGGTAGAAGAATACTTAAAAGAAGCAAACAAGAAG TAAACTAATAGAA 
GGTGTTGAACCAGATCCGTCTGTGGAAACCGTTATGAAAGGTGCCAAAATAATGACAGAATTGGGCCAG 
ATTGGAAGTGCTATTGGAGGAGGTTCACCAATAGATGCGCAAAGGCTATGTGGCTATTTATGAATAT 
CCAGA TACTTTTAAACAAGCAATTGTTCCGTTTGGATTACCAGAATTAAGACAAAAAGCTAAATTTGTA 
GCTATAGCTCTACTAGTGGAACAGCTACTGAAGTTACTTCATTTTCAGAAAACTGATTATAAAGCTAAA 
ATAAAGTATCCTTAGCTGACTTCAATTGACACCGGATATAGCTATAGTTGATCCAGCATTAGCCCAGACA 
AGCCACCAAATTAACTGCACATACTGGTATGGATGCATTAACTCATGCACAGAAGCTTATGTAGCATCA 
GCTAGATCAGATATTTCAGACCACTTGCAATACATTCCATAATTATGACAAGGGATAACTTACTTAAATCC 
TATAAGGGTGATAAAGATGCAGAAATAAGATGCATATATCACAATG TAGCAGGTATGGCATT TCAA 
TGCAC CTTGGTATAACTCATAGTTTAGCACATAAAACAGGAGCTGTATGGCACATACCACATGGATGCG 
CTAATGCAATATATCTCCAATGTTTTAGAT TAATAAAAAAGCTTGCTCAGATAGATATGCTAATATAGC 
TAAAATATTAGGACTTAAAGGAACTACTGAAGATGAATTGGTAGATTCTCTAGTTAAAATGGTACAAGATA 
TGGAAAGGAATTGAATATACCTTTGACC TAAAAGATTATGGTATAAGCAAAGATGATTTCAATTCAAAT 
GTTGATTTTATAGCAAAGAATGCGCTCTTAGATGCATGTACAGGAGCTAATCCAAGGCCTATAGATTTTGAT 
CAAATGAAAAAGATACTTCAATGTATATATGATGGAAAAAAGGTAACTTTTTAA 
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Seq. ID 54: Amino acid sequence of butanol dehydrogenase of C. autoethanogenum: 
MEKLGGIMERFTLPRDIYFGEDALGALKTLKGKKAVVVVGGGSMKRFGFLDKVEEYLKEANIEVKLEGVEPDP 
SVETVMKGAKIMTEFGPDWIVAIGGGSPIDAAKAMWLFYEYPDFTFKOAIVPFGLPELROKAKFVAIASTSGTA 
TEVTSFSVTDYKAKIKYPLADFNLTPDIAIVDPALAOTMPPKLTAHTGM DALTHALEAYVASARSDISDPLAHS 
MTRDNLLKSYKGDKDARNKMHSOCLAGMAFSNALLGTHSLAHKTGAVWHIPHGCANAIYLPYVLDFNKKAC 
SDRYANIAKILGLKGTTEDELVDSLVKMVODMDKELNPLTLKDYGISKDDFNSNVDFIAKNALLDACTGAN PRP 
IDFDOMKKILOCIYDGKKVTF* 

Seq. ID 55: Nucleotide acid sequence of butanol dehydrogenase of C. autoethanogenum: 
GTGAGGGATGTTATTATGGAAAACTA TTTAAAAATGCTACAGAAATTATTTTTGGTAAGGATACCGAA 
AATCTTGTAGGAAGTAAAGTAAAGGAGTATTCAAAGTCAGATAAAATACTCTTTTGCTATGGGGGAGGAA 
GCATAAAAAGATCTGGTCTATATGATAGAGTTATAAAGTCCTTAAAAGAAAATGGAATTGAATTTATAGAA 
CTTCCAGGAATAAACCTAATCCAAGATTAGGACCTGTAAAGAAGGTATAAGACTATGTAGAGAAAATAA 
TATAAAATTGTACTATCTGTAGGAGGAGGAAGTCAGCAGATACGGCTAAAGCTATTGCTGTAGGAGAC 
CTTATAAAGGAGACGTATGGGATTT TATACGGGCAAAGCTGAAGTGAAAGAGGCTCTTCCTGTAGGAGT 
TGTAATAACATTACCTGCTACAGGTACAGAATCTAGTAATAGT TCTGTATTATGAATGAAGATGGTTGGTT 
TAAAAAAGGAAAATACAGTACTATAAGACCTGCTTTCAATTATGAATCCTGAACTACTTTTACACTA 
CCAGAGTATCAAACTGCT GTGGTGCTTGTGACATTATGGCACATATAATGGAAAGATATTTTACAAATGT 
GAAACATGTAGATATAACTGATAGGCTTTGCGAAGCTGCACTTAGAAATGATAAATAATGCCCCAATAG 
TTTTAAAAGATCCCAAAAACTATGATGCTAGGGCAGAAATTATGTGGACCGGTACTATAGCTCATAATGAT 
GTGCTTAGTGCGGGTAGAATAGGTGATTGGGCTTCTCACAAAATTGAACATGAATTGAGTGGGGAAACAG 
ACATTGCCCATGGAGCAGGACTTGCAATTGTATTCCTGCATGGATGAAATATGTATATAAACACGATATCA 
ATAGATTTGTACAATTGCAGTAAGGGTATGGGATGTAGATTTATCTTATAGTTCCTGCGAAGATATTGTAC 
TTGAAGGCATAAGGAGAATGACAGCATTTTCAAGAGCATGGGG TACCTGTAACTTTAAAAGAAGGAAG 
TATAGGAGAAGATAAAATTGAAGAAATGGCTAATAAGTGCACGGATAATGGAACTAAAACTGTAGGACAA 
TTTGTAAAATAAAAAAGATGATATTGTAAAAATATTAAATTTAGCTAAATAA 
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Seq. ID 56: Amino acid sequence of butanol dehydrogenase of C. autoethanogenium: 
VRDVMENFIFKNATEFGKOTENLVGSKVKEYSKSDKLFCYGGGSKRSGLYDRVIKSLKENGEFELPGKPNP 
RLGPVKEGRLCRENNIKFVLSVGGGSSADTAKAAVGVPYKGDVWDFYTGKAEVKEALPWGVVTLPATGTESS 
NSSWMNEDGWFKKGLNTVRPAFSMNPELTFTLPEYOTACGACDMAHMERYFTNVKHVDTDRLCEAAL 
RNVINNAPVKDPKNYDARAEMWTGTAHN DVLSAGRIGDWASHKIEHELSGETDIAHGAGLAVFPAWMK 
YWYKHDINRPVOFAVRVWDVDLSYSSCEDVLEGIRRMTAFFKSMGLPVTLKEGSIGEDKEEMANKCTDNGTK 
TVGOFVKLNKDDIVKLNLAK* 

Seq. D57: Nucleotide acid sequence of butanol dehydrogenase of C. autoethanogenium: 
ATGGAAGACAAGTTTGAAAATTTTAATTGAAATCCAAGATTATTTTAATAGGGAACTATCAACTTA 
GAGCAAGTCACGGCCGAGCATIA GTTGCAGATGCTATTATGGGAAAACTTGGATATCTTCAAAAA 
GAATAGATTACCTAAGCAAAGCTGGAAAAGTTCCGTTGTTTTACGGGGGTACACCCTGATCCAGACGT 
CAAGAA TGCAGAGCAATGAAA GTACAAAAAAAGCGACGCAGATGT CTCGTAGCACTAGGGGA 
GGACCAGTATTGATACCGCTAAGGGAATAATGAT GCATGTAA TAGGAAAAGCAAGGGCCAAGA 
AATGAAAAAACCTCTATATGCAATCCATCAACAAGTGGTACAGGCCGAAGAACAAACTTACTGT 
TATTACTTCTCAGAAAGAAAAGGTAGCA TATAGAGAT TATTGCACCAGATGTTGCAAACTTGACC 
AAGTGATGATGGTCGCCTCAGCGTATTGTAGCAGATACTGGTATAGATGT CAGTCATCTATGA 
AGCCATGTTTCCAAAAAAGCAACTGACTTACAGACGCTCTTGCTGAAAAAGCAGTAAATAATTTTTGA 
GAACTTCCAAAAAAAACGATAGTAAGGATTCCGAAGCTCGAGATCATGTTCAAAACGCTTCCTGTAT 
AGCAGGAATAGCATACAAATGCTGGTCTGGAAAACACAGCTTGGCTCATGCTATGGGTGGATCT 
TCCACACCTCACGGCCGATCCAATGCACTCTACTAATGCAGTAATGGAATACAACGCTAGCTTGGTG 
GAAATGCAAGCGAACATGCTATGGAAAAATACGCAAAACAGCATCAA CTACACCTCCAGCCGAACA 
ACTCGCGAAGGCGCTGTAAGTTTTAGAAGCTGTAGATAAATTAATAAAATCCCTAGGGTTGAAGAAA 
TATTCGATCC GGGATAAAGAAGATGAGTTTCAAAGTGCTCAAATCAATGGCAGAAACAGCAATGC 
AAGATAGATGCACTCCAACTAACCAGAAAACCTTCAAAGAAGAACTTATACATATTATCAAAAATGTT 
ATAA 
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Seq, ID 58: Amino acid sequence of butanol dehydrogenase of C, autoethanogenum: 
MEDKFENFNLKSKYFNRESOLLEOVTGSRAFVADAIMGKLGYLOKVDYLSKAGISSVVFTGVHPDPDVNVA 
DAMKLYKKSDADVLVALGGGSSIDTAKGIMYFACNLGKAMGOEMKKPLFIAIPSTSGTGSEWTNFTVITSOKEK 
WCIDDFAPDVAILDSSCIDGLPORIVADTGIDVLVHSEAYVSKKATDFTDALAEKAVKLIFENLPKYNDSKDSEA 
RDHVONASCAGIAFTNAGGNHSLAHAMGGSFHIPHGRSNALLLNAVMEYNASLVGNASEHAMEKYAKA 
SILHLPARTTREGAVSFEAVDKKSLGVEDNRSLGIKEDEFOSALNHMAETAMODRCTPTNPRKPSKEELIHY 
OKCY* 

Seq. ID 59: Nucleotide sequence of phosphate acety/butyryl transferase from C. 
autoethanogenium: 
ATGGAAAAAATTTGGAGTAAGGCAAAGGAAGACAAAAAAAAGATTGTCAGCTGAAGGAGAAGAAGAA 
AGAACTCTTCAAGCTTGTGAAAAAATAATAAAGAGGGTATTGCAAATTAATCCTTGTAGGGAATGAAAA 
GGTAATAAAAGAAAAAGCGTCAAAAAGGTGAAGTTAAATGGAGCAGAAAAGTAGACCAGAGAT 
TCAGAAAACTAAAGGCATATGCAGATGCTTATGAATGAGAAAGAAGAAGGGAATAACGCCAGAAA 
AAGCGGAAAAATAGTAAGAGATCCAATAACTTTGCACAATGATGGITAAACTTGGAGAGCAGATGG 
ATTGGTTTCAGGTGCGGTTCATACTACAGGCGATCTTTGAGACCAGGACTTCAAATAGTAAAGACAGCTC 
CAGGTACATCAGTAG CCAGTACA TATAATGGAAGTACCAAATTGTGAGTATGGGACAATGGTGTA 
CTTCTATTGCTGATTGTGCTGAAATCCAGCCCAGATAGGATCAA GGCTTCAATTGCAATAAGTACA 
GCAGAAACGCAAAGAAC ATGTGGAATGGATCCAAAAGAGCAATGCTTCATTTTCTACAAGGGAAG 
TGCAAAACACGAATTAGTAGACAAAG TAGAAATGCGTAGAGATTGCAAAAAAAGC AAACCAGATTA 
AGTTTAGACGGAGAA TACAATTAGATGCCCTATCG TAGAAAAGGTGCAAGTTTAAAGGCTCCTGGAAG 
TGAAGAGCAGGAAAAGCAAATGTAC GTATTTCCAGATCTCCAAGCAGGAAATATAGGCTATAAACTCG 
TTCAAAGA TGCAAAAGCAGATGCTATAGGACCTGTATGCCAAGGAT GCAAAACCAAAATGATTG 
TCAAGAGGATGTAATTCTGATGATATAGTAAATGTAGAGCTGTAACAGCAGTTCAAGCACAAGCTCAAAA 
GTAA 

Seq, ID 60: Amino acid sequence of phosphate acety/butyryl transferase from C. 
autoethanogenurn: 
MEKIWSKAKEDKKKIVLAEGEEERTLOACEKIIKEGIANLVGNEKVIKEKASKGVSLNGAEIVDPESDKLKAYA 
DAFYELRKKKGITPEKADKIVRDPIYFATMMWKLGDADGVSGAVHTTGDLLRPGLOIVKTAPGTSVVSSTF ME 
VPNCEYGDNGVLLFADCAVNPCPDSDOLASIAISTAETAKNCGMDPKVAMLSFSTKGSAKHELVDKVRNAVE 
AKKAKPDLSLDGELOLDASIVEKVASKAPGSEWAGKANVLVFPDLOAGNIGYKLVORFAKADAGPWCOGFAK 
PINDLSRGCNSDDIVNVVAVTAVOAOAOK 
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Seq, ID 61: Nucleotide sequence of acetate/butyrate kinase from C, autoethanogenum: 
ATGAAAATATTAGTAGTAAACGTGGAAGTCATCTTAAAATATCAACTTATTGATATGCAAGATGAAAGT 
GTTGTAGCAAAGGGTCT GTAGAAAGAATAGGAATGGACGGTTCAATTTTAACACACAAAGTTAATGGAG 
AAAAGTTTGTTACAGAGCAACCAATGGAAGACCACAAAGTTGCTATACAATTAGTATAAATGCTCTTGTA 
GATAAAAAACATGGTGTAATAAAAGACATGTCAGAAATA CCGCTGTAGGACATAGAGTTTTGCACGGG 
GAAAGAAATATGCAGCATCCATTCTA TGACGAAAATGTAATGAAAGCAATAGAAGAATGTATCCCACTA 
GGACCACTACAAATCCAGCTAATAAATGGGAATAGATGCTTGTAAAAAATTAATGCCAAATACTCCAA 
GGTAGCAGTATTTGAACAGCATTCATCAGACAATGCCAGATTATGCTTAACTTATGCAATACCTTAGA 
TATATCTGAAAAGTATGATATCAGAAAATATGGTTTCATGGAACTTCTCATAGATTCGTTCAATTGAAGC 
AGCTAAATTATTAAAGAAAGATCCAAAAGATCTTAAGTTAATAACTTGTCATTTAGGAAATGGAGCTAGCA 
TATGTGCAGTAAACCAAGGAAAAGCAGTAGATACAACTAGGGACTACTCCTCTTGCAGGACTTGTAATG 
GGAACTAGATGCGGTGATATAGATCCAGCTATAGTACCATTTGTAATGAAAAGAACAGGCATGTCTGTAG 
ATGAAGTGGATACCTTAATGAATAAAAAGTCAGGAATACTTGGAGTATCAGGAGTAAGCAGTGATTTTAG 
AGATGTAGAAGAAGCTGCAAATTCAGGAAATGATAGAGCAAAACTTGCATTAAATATGTATTATCACAAAG 
TTAAATCTTTCATAGGAGCTATGTTGCAGTTTAAATGGAGCAGATGCTATAATATTTACGGCAGGAC TG 
GAGAAAATCAGCAACTAGCAGATCTGCTATATGTAATGGATTAAGCTATTGGAATAAAATAGATGAA 
GAAAAGAATAAGAAAAGGGGAGAGGCACTAGAAATAAGCACACCTGATTCAAAGATAAAAGTATTAGA 
ATTCCTACAAATGAAGAACTTATGATAGCTAGGGATACAAAAGAAAAGTTGAAAATAAATAA 

Seq, ID 62: Amino acid sequence of acetate/butyrate kinase from C. autoethanogenum. 
MKILVVNCGSSSLKYOLIDMODESWVAKGLVERIGMDGSTHKVNGEKFVTEOPM EDHKVAOLVLNALVDK 
KHGVKDMSESAVGHRVLHGGKKYAASLDENVMKAEECPLGPLHNPAN MGDACKKLMPNTPMVAWFD 
TAFHQTMPDYAYTYAPYDISEKYDIRKYGFHGTSHRFVSEAAKLLKKDPKDKLITCHLGNGASICAVNOGKAV 
DTTMGLTPLAGLVMGTRCGDIDPAVPFWMKRTGMSWDEVDTLMNKKSGILGVSGVSSDFRDVEEAANSGND 
RAKLALNMYYHKVKSFIGAYVAVLNGADAFTAGLG ENSASRSAICNG SYFGIKIDEEKNKKRGEALEISTPDS 
KIKVLVIPTNEELMIARDTKEVENK* 
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Seq, ID 63: Nucleotide sequence of aldehyde:ferredoxin oxidoreductase from C. 
autoethanogenium: 

GTGGAAGAATTGAAAATTGACAAAGCTAAAAAATTTATAGGTGCAAGAGGGTTAGGCGTAAAAACCTTAT 
TTGACGAAGTAGATCCAAAGGTAGATCCATTATCACCTGATAACAAATTATTATAGCAGCGGGACCACTT 
ACAGGTGCACCTGTTCCAACAAGCGGAAGATTCATGGTAGTTACTAAATCACCTT AACAGGAACTAT GC 
TATTGCAAATTCAGGTGGAAAAGGGGAGCAGAATTCAAAGCAGCTGGATACGATATGATAATCGTTGAA 
GGTAAATCTGATAAAGAAGTTTATGTAAATATAGTAGATGATAAAGTAGAATTTAGGGATGCTTCTCATGT 
TTGGGGAAAACTAACAGAAGAAACTACAAAAATGCTTCAACAGGAAACAGATTCGAGAGCAAGGTTTA 
TGCATAGGACCAGCTGGGGAAAAG ATCACTTATGGCAGCAGTTATGAATGATGTTGATAGAACAGCAG 
GACGTGGTGGGTTGGAGCTGTTATGGGTTCAAAGAACTTAAAAGCTATTGTAGTTAAAGGAAGCGGAAA 
AGTAAAATTATTTGATGAACAAAAAGTGAAGGAAGTAGCACTTGAGAAAACAAATATI TAAGAAAAGAT 
CCAGTAGCTGGTGGAGGACTTCCAACATACGGAACAGCTGTACTTGAATA TATAAATGAAAATGGTGT 
ACATCCAGTAAAGAA TTCAAAAACTTATACAGATCAAGCAGATAAGATCAGTGGAGAAACTTTAACTA 
AAGATGCTTAGTTAGAAAAAATCCTTGCATAGGTGTCCAATTGCCTGTGGAAGATGGGTAAAACTTGAT 
GATGGAACTGAATGTGGAGGACCAGAATATGAAACAAGGTCATTGGATCTGA GTGATGTATACGA 
TATAAATGCTGTAAAACAGCAAATATGT GTGTAATGAATATGGACTAGATACCAACAGCAGGATGTA 
CTATTGCAGCAGCTATGGAACTTATCAAAGAGGTTATATTAAGGATGAAGAAATAGCAGCAGATGGATT 
GTCACTAATTGGGGAGATGCTAAGTCCATGGTTGAATGGGTAAAGAAAATGGGAC TAGAGAAGGATT 
GGAGACAAGATGGCAGATGGT CATACAGACTTTGTGACTCATACGGTGTACCTGAGTATTCAATGACTGT 
AAAAAAACAGGAACTCCAGCATAGACCCAAGAGGAATACAGGGACATGGCATTACTATGCTG TAACA 
ATAGGGGAGGATGTCACATTAAGGGATATATGGTAAGTCCTGAAAACTTGGCTATCCAGAAAAACTTGAT 
AGACTTGCAGTGGAAGGAAAAGCAGGATATGCTAGAGTATTCCATGATT AACAGCTGT TATAGATTCACT 
TGGATTATGTATTT ACAACATTTGGTCTTGGTGCACAGGATTATGTTGAATGTATAATGCAGTAGTGG 
TGGAGAA TACATGATGTAAATTCTTTAATGAGCTGGAGATAGAAATGGACTTTAGAAAAAAATTA 
ACTAAAAGCAGGCATAGATAGTTCACAGGATACTCTCCAAAGAGATTGCTTGAAGAACAAATTCCAGAA 
GGACCATCAAAAGGAGAAGTTCATAAG TAGATGTACTACTACCTGAATATATTCAGTACGTGGATGGGA 
TAAAAATGGTATTCCTACAGAGGAAACGT TAAAGAAA TAGGATTAGATGAATACGTAGGTAAGCTTAG 

Sed. ID 64: Amino acid sequence of aldehyde:ferredoxin oxidoreductase from C. 
autoethanogenium: 
MEEKDKAKKFIGARGLGVKTLFDEVDPKVDPLSPDNKFIAAGPLTGAPWPTSGRFMVVTKSPTGTAANSG 
GKWGAEFKAAGYDMVEGKSDKEVYVNVDDKVEFRDASHVWGKLTEETTKMLOOETDSRAKVLCIGPAGEK 
LSLMAAVMNDVDRTAGRGGVGAVMGSKNLKAIVVKGSGKVKLFDEOKWKEVALEKTNILRKDPWAGGGLPTY 
GTAVLVNIN ENGVHPVKNFOKSYTDOADKISGETLTKDCLVRKNPCYRCPIACGRWVKDDGTECGGPEYETL 
WSFGSDCDVYDNAVNTANMLCNEYGLDTITAGCTIAAAMELYORGYKDEEIAADGLSLNWGDAKSMVEWV 
KKMGREGFGDKMADGSYRLCDSYGVPEYSMTVKKOELPAYDPRGOGHGTYAVNNRGGCHIKGYMVSPEI 
LGYPEKLDRLAVEGKAGYARVFHDLTAVIDSLGLCIFTTFGLGAODYVDMYNAVVGGELHDWNSLMLAGDRIW 
TLEKFNLKAGDSSODTLPKRLLEEOPEGPSKGEVHKDVLLPEYYSVRGWDKNGIPTEETLKKLGLDEYVGKL* 
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Sec. ID 65: Nucleotide sequence of aldehyde:ferredoxin oxidoreductase from C. 
autoethanogenium: 

ATGTATGGTTATGATGGAAAGTATTAAGAATTAATTTAAAAGAAAGAACTGCAAATCAGAAAATTTAGA 
TTTAGATAAAGCTAAAAAGTTTAAGGTTGAGGGGACTAGGTGTTAAAACTTTATTTGATGAAATAGAC 
CTAAAATAGATGCATTACACCAGAAAATAAATTTATAATGTAACAGGCCTTAACTGGAGCCCGGTTC 
CAACTAGTGGAAGGTTTATGGTAG ACTAAAGCACCGCTTACAGGAACTATAGGAA CAAATCGGGT 
GGAAAATGGGGAGTAGAC AAAAAAAGCTGGTGGGATAGATAAAGTAGAGGATAAGGCTGAT CA 
CCAGTTTACATGAAAAGTAGATGATAAGGTAGAAAAAAGACGCGCACAGCTTTGGGGAAAAGTA 
CATCAGAAACTACAAAAGAGTTAGAAAAGATAACTGAGAAAAATCAAAGGTATTATGTAAGGACCTGCT 
GGTGAACGATGTCTCTTATGGCAGCAGTTATGAATGATGTAGATAGAACTGCAGCAAGAGGCGGCGTG 
GTGCAGTAGGGATCTAAAAACTTAAAAGCTATTACAGTTAAAGGAACTGGAAAAATAGCTTAGCTGAT 
AAAGAAAAAGTAAAAAAAGTGTCCGTAGAAAAAATTACAACATTAAAAAATGACCAGAGCTGGTCAGG 
GAATGCCAACTTATGGTACAGCTAACGGTAATATAATAAATGAAAATGGAGTTCACCTGTAAAGAA 
TTTCAAGAGCTTATACGAACAAGCAGATAAAATAAGGGAGAGACCACGC AACCAACTAGTAAG 
GAAAAATCCTTGTTACAGCGTCCTATAGGGGGAAGATGGGTTAGACAAAAGAGGCACAGAGTGC 
GGAGGACCAGAATATGAAACACTGTGGTG TGGATCTGACTGTGGCAATGATT AGAGCTATAAA 
TGAAGCTAATATGTTAGAATGAATAGGTATTGATACIATACGGGGCAACAATGCGCAGCA 
GGAACTTACAAAGAGGATATATAAAAGACGAAGAAAAGCGGAGATAACCTATCTCTCAAGTGGGG 
GATACGGAATCTATGAGGCTGGAAAAGAGAATGGATATAGGAAGGCTTGGAGCAAAGATGACAA 
ATGG CAATAGGCGGAAGGTAGGAGCACCGGAGTATCATGACAGTTAAAAAGCAGGAAA 
CCAGCAATGATCCAAGGGGAATACAGGGACACGGTAACCTATGCAGTAATAATAGAGGAGGCTGTC 
ATATTAAGGGATACAGATAACCCTGAAAATTAGGATCCTGAAAAACTGATAGATTGCATTAGATG 
GTAAAGCAGCTTATGCCAAATTATTTCATGATTTAACTGCTGTAATTGATTCAGGATGTGCAATTCAC 
TACATIGGGCTTGGAATACAGGATTATGTAGATATGTATAATGCAGTAGTAGGAGAATCTACTTATGATG 
CAGATTCACAT AGAGGCAGGAGATAGAACTGGACTCTTGAGAAAATAATCGCAGCTGGAAA 
GACAGCAGCCAGGATACT CACCAAAGAGATTGTTAGAAGAACCTATCCAGATGGCCCATCAAAGGGAG 
AAGTCATAGGCTAGATGTCTCTGCCAGAATATTACTCAGTACGAGGATGGAGTAAAGAGGGTATACC 
ACAGAAGAAACAAAAGAAATTAGGATTAGATGAATATATAGGTAAGTCAG 

Seq. iD 66: Amino acid sequence of aldehyde:ferredoxin oxidoreductase from C. 
autoethanogenium: 
MYGYOGKVRINKERCKSENDLDKAKKFIGCRGLGVKFDEDPKIDASPENKFIVTGPLGAPWPTSGRF 
MVVTKAPTGTGSNSGGKWGVDLKKAGWDMIVEDKADSPVYEIVDDKWEKDASOLWGKVTSETTKELEK 
TENKSKVLCGPAGER SMAAVMNOVORTAARGGVGAVMGSKNLKATWKGGKIAADKEKVKKVSVEKT 
TLKNDPVAGOGMPTYGTALVNINENGVHPVKNFOESY NOADKISGETLTANOLVRKNPCYSCPIGCGRWV 
RLKDGTECGGPEYETLWCFGSDCGSYDLDANEANMLCNEYGDTITCGATAAAMELYORGYKDEEIAGDNLS 
KWGDTESMGWKRMVYSEGFGAKMTNGSYRLCEGYGAPEYSMTVKKOEIPAYDPRGIOGHGTYAVNNRG 
GCHIKGYMNPELGYPEKLDRFALDGKAAYAKFHDLTAVIDSLGLCIFTTFGL GODYWDMYNAVWGESTYDAD 
SLLEAGDRIWTLEKLFNLAAGDSSODTLPKRLEEPIPDGPSKGEVHRLDVLLPEYYSVRGWSKEGIPTEETLKKL 
GDEYGKF 
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Seq, ID 67: Nucleotide acid sequence of bifunctional butanol/ butyraldehyde dehydrogenase of C. 
ljungdahlii: 
ATGAAGGAACTAAGGTAACTAACGTTGAAGAATTAAGAAAAAGTTAGATGAAGTAACGGCTGCCAAA 
AGAAATTTTCTAGCTATACTCAAGAACAAGTGGATGAAATTTTCAGGCAGGCAGCTATGGCAGCCAATAGT 
GCTAGAATAGACTTAGCTAAAATGGCAGTGGAAGAAAGCGGAATGGGAATTGAGAAGACAAGGTCATT 
AAAAATCATTTTGTTGCAGAGTATATATATAACAAATAAAGGGTGAAAAAACCTGTGGAGT CTGGAACA 
AGATGAAGGCTTTGGTATGGTTAGAATTGCAGAACCTGTAGGAGTTATTGCAGCAGTAGTCCCAACAACTA 
ATCCAACATCTACAGCAATATTTAAATCACAATAGC TAAAAACTAGAAATGGTATAGTTTTTTCGCCACA 
TCCAAGGGCAAAAAAATCAACTATTGCAGCAGCTAAGATAGTACTTGATGCTGCAGTTAAAGCTGGTGCTC 
CTGAAGGAATTATAGGATGGATAGATGAACCTCTATTGAACTTTCACAGGTGGTAATGAAAGAAGCAGA 
TCTAATTCTTGCAACTGGGGACCAGGTATGGTTAAGGCTGCCTATTCTTCAGGAAAGCCTGCTATAGGAG 
TTGGTCCAGGTAACACGCCGCTGTAATTGATGAAAGTGCTGACATTAAAATGGCAGTAAATTCAATACTA 
TTATCAAAAACTTTTGATAATGGTATGATTTGTGCTTCAGAGCAGTCAGTAGTAGTTGCAAGCTCAATATAC 
GATGAAGTCAAGAAAGAGTTGCAGATAGAGGAGCAATATATTAAGTAAGGATGAAACAGAGAAGGTT 
GGAAAAACAATTATAATTAATGGAGCCTTAAA GCTGGCATTGTAGGGCAAAGTGCTTTTAAAATAGCACA 
GATGGCAGGAGTGAGTGTACCAGAAGATGCTAAAG ACTTATAGGAGAAG TAAATCAGTAGAACCGGA 
AGAAGAGCCCTTTGCGCATGAAAAGCTATCTCCAGTTTTAGCTATGTACAAAGCAAAAGAT TGACGAAG 
CACTCCAAAGGCTGGAAGATTAGTTGAACGAGGTGGAATTGGGCATACATCTGTATTATA GTAAATGCA 
ATGACGGAAAAAGTAAAGGTAGAAAAGTTCAGAGAAACTATGAAGACTGGTAGAACATTGATAAATAGC 
CTTCAGCACAAGGTGCTATAGGAGATATATATAACTTAAGCTAGCTCCTTCTTGACACTAGGTTGTGGTT 
CCTGGGGAGGAAACTCTGTATCAGAAAATGTTGGTCCTAAACATTTATAAACATAAAGAGTGT TGCTGAG 
AGGAGAGAAAATATGCTTTGGTTTAGAGTACCTGAAAAGGTTATTTCAAATATGGTAGTCTTGGAGTTGC 
ACTAAAAGAACTGAGAATTATGGAGAAGAAAAAGGCATTTATAGTAACGGATAAAGTCTTTATCAA TAG 
GTTATGTAGATAAAAACAAAAAATCGGATGAATTAAGAGTTTCATATAAAATATTACAGATGTAGAAC 
CAGATCCAACCCTTGCTACAGCTAAAAAAGGTGCAGCAGAACTG TAGCTTATGAACCAGATACAATTATA 
GCAGTCGGGGTGGTTCAGCAATGGATGCAGCCAAGATCATGTGGGTAATGTATGAGCATCCAGAAGTAA 
GATTTGAAGATTTAGCTAGAGATTTATGGATATAAGAAAGAGAGTGTATGTTTTCCCTAAAATGGGAGAA 
AAGGCAATGATGATTTCAGAGCAACATCCGCAGGAACAGGGTCGGAAGTTACGCCA TGCAGTAATA 
CGGATGAAAGAACAGGAGCTAAATATCCTCTGGCTGATTATGAATTGACTCCAAACATGGCTATAGTTGA 
GCAGAACTTATGATGGGAATGCCAAAGGGACTAACAGCAGCTTCAGGTATAGATGCAT AACCCATGCGC 
TGGAGGCCTATGTATCAATAATGGCTCAGAATATACCAATGGATTGGCTCTTGAAGCAACAAGATTAGTA 
TTAAATATTGCCAATAGCTATACAGAAGGTACAACTAATGTAAAGGCAAGAGAAAAAATGGCTCATGC 
TTCATGTA GCAGGTATGGCCTTTGCCAATGCATTTTTAGGGGTATGCCACTCCATGGCACATAAATTGGG 
AGCACAGCACCACATACCACATGGAATTGCCAATGCACTTATGATAGATGAAGTTATAAAGTTCAATGCTG 
TAGAGGCTCCAAGGAAACAAGCGGCATTTCCACAATATAAATATCCAAATGTTAAAAGAAGATATGCTAGA 
ATAGCTGATTACTTAAATTTAGGTGGAAGTACAGATGATGAAAAAGTACAATTTTAATAAATGCTATAGA 
TGACTTGAAAACCAAGTTAAATATTCCAAAGACTATTAAAGAAGCGGGAGTTTCAGAAGATAAATTCTATG 
CTACTTAGATACAATGTCAGAACGGCTTTTGATGACAATGTACAGGAGCAATCCAAGATATCCAT TAA 
TAGGAGAAATAAAACAAATGTATATAAATGCATTTGATACACCAAAGGCAACTGTGGAGAAGAAAACAAG 
AAAGAAAAAATAA 
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Seq, ID 69: Nucleotide acid sequence of bifunctional butanol/ butyraldehyde dehydrogenase of C. 
ljungdahlii: 

ATGAAAGTACAAACGTAGAAGAACTAATGAAAAGACTAGAAGAAAAAAGGATGCTCAAAAGAAAT G 
CTACAATACTCAAGAACAAGGGATGAAATTTAGACAAGCAGCTATGGCAGCTAAAGGCTAGAATA 
GAACTAGC AAAATGGCAGTAGAAGAAAGCGGAAGGGAATTGTAGAAGACAAGGTCATAAAAATCACT 
TTGCCTCAGAATATATATATAACAAATAAAGGAGAAAAAACCTGTGGAG TAGAGAGAGATGCAGG 
ATTTGGTAAG TAGAA TGCGGAACCTGTAGGAGTACGCAGCAGAGCCAACAACTAATCCAACAT 
CTACAGCAATATTTAAATCACTAATAGCTTTAAAAACTAGAAATGGAAATTTTTCACCCCATCCAAGGG 
CAAAGAAATCAACTAT GCAGCAGCTAAAATAGTACTTGACGCTGCAGAAAGCTGGTGCTCCTGAAGGA 
ATTATAGGATGGATAGATGAACCTTCCATTGAACTTTCACAGGTGGTAATGGGAGAAGCAAATTAATTC 
TGCAACTGGTGGCCCGGGTATGGTTAAGGCTGCCTATTCTTCAGGCAAACCTGCTGTGGGAGTTGGTCCAG 
GTAACACACCTGCTGTAATGATGAAAGTGCCGACATTAAAATGGCAGAAATTCAATAACTATCAAAG 
ACTTGATAATGGTATGATTGTGCCTCAGAGCAGTCAGTAATAGTTTTAGACTCAATAATGAGGAAGT 
AAAAAAGAATTTGCTATAGGGGTGCTTATATATTAAGAAGGAGAAACAGATAAGGTTGGAAAAATAA 
TTTTAAAAAATGGAGCC TAAATGCAGGTATTGTAGGACAACCGCT AAAATAGCACAGCGGCAGGA 
GTGGAGTACCAGAAAAAGCTAAAGTACAAGGAGAGGAGAATCGGTAGAACTTGAAGAACCATTT 
CTCATGAAAAGTTATCTCCAGTTTTAGCATGTACAGGGCAAGAAATTGAGGATGCCATTGCAAAAAC 
GATAAACTGGTTAGGTCAGGTGGATTTGGACATACAC CATATATGTAAATCCAATGACAGAGAAAGC 
AAAAGTAGAAAAATTAGACTATGATGAAAACATCAAGAACTATAAAACACACCT CATCCCAAGGTG 
GATAGGGATATATAAACTTAAACAGCCCTTCTTGACATTAGGCTGCGGTTCCGGGGAGGAAA 
CGTACCGAAAATGGGGCCTAAACAATTAAACAAAAAAGTGTGCGAGAGGAGAGAAAAATG 
CTTGGTTTAGAGTACCTGAAAAGGTATTCAAATAGGAGTCTTGGAGTGCATTAAAAGAATAAAA 
GTATGAATAAGAAGAAAGTATTTATAGTAACAGATAAAGTTCTTTATCAA AGGTTAGGGACAAAG 
TACAAAAGTTCTTGAGGAACTAAAAAICCTATAAGGA TACAGATGTAGAACCAGATCCAACCCTTGC 
TACAGCTAAAAAAGGGCAGCAGAACGCTTTCCTATGAACCGGATACAATTATATCAGTGGTGGTGGCT 
CAGCAATGGATGCAGCTAAGATCATGTGGGTAATGTATGAGCATCCAGAAGAAAATTGAAGATTTAGCT 
ATGAGA TATGGATAAAGAAAGAGAGATATGTTTCCCAAGATGGGAGAAAAGGCAAGATGATTC 
AGAGCAACATCCGCAGGAACAGGGCGGAAGTTACCCATTTGCAGAACACTGATGAAAAAACAGGA 
GCTAAAATCCATTAGCGATTATGAACTAACTCCAGACAGGCTATAGGATGCAGAACTATGATGGG 
AATGCCAAGAGGACT ACAGCAGCTCGGGTATAGAGCATAACCCAGCACTGGAGGCAATGTGTCAA 
TAATGGCACAGAATTACCAATGGATAGCCCTTGAAGCAGTAAAG GAATTGAAAACCAAAAG 
CTTATACAGAAGGTACAACAATGTAAAGGCAAGAGAAAAGATGGTTCATGCTTCATGTATTGCAGGTATG 
GCCTGCAAATGCAT AGGGGTAGCCACCTAGGCACAAAAGGGAGCACAGCATCACATACC 
ACATGGAAGCCAATGCACTATGATAGATGAAGTAAAAACAATGCTGTAGATGACCAATAAAAC 
AAGCGCATCCCCAATACGAGTATCCAAATGCTAGGATAGATAGCCAGATAGCTGA GTCTGAACT 
TGGGAGGAAATACAGAAGAGGAAAAGGTACAACTATAAAAATGCTATAGATGATTTAAAAGCTAAGTT 
AAATACCAGAAACTATAAAAGAAGCAGGAGTTTCAGAAGATAAATTCATGCTACTTAGATAAAATGT 
CAGAATTAGCTTGATGACAGTGTACAGGAGCTAATCCAAGATATCCACTGATAAGTGAAAAAAACAA 
ATGTAATAAA GTTTGAAAAACCGAACCAATTGTAGAAGATGAAGAAAAGTAA 
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Seq. ID 75: Nucleotide acid sequence of butanol dehydrogenase of C. jungdahlii: 
ATGGCAAGATTTACTTTACCAAGAGACAT TATTTTGGAGAAAATTCATTAGAAACCTTGAAAGACCTAGAT 
GGAAAAAAAGCTGTTATTGTCGTAGGTGGTGGATCCATGAAACGATTTGGATTCCTTGATAAGGTAGTAAA 
CTACTTAAAAGAAGCAGGTATTGAACAAAATTAATAGAAGGAGTTGAACCAGATCCATCTGTAGAAACTG 
TTATGAATGGCGCTAAACTAATGAGAGAATATGAACCAGATTTAATAGTACAATAGGTGGAGGTTCACCA 
ATTGACGCAGCAAAAGCTATGTGGATATTCTATGAATACCCTGAGTTTACTTTTAAAGAGGCGTGGTTCCT 
TTTGGTCTCCTAAATTAAGACAAAAAGCAACATTTATAGCTATACCTTCTACAAGTGGTACTGCAACAGAA 
GTAACGGCATTTTCTGTAATAACAGACTATAAAGCTAAAATTAAATATCC TAGCTGACTTCAATTTAACAC 
CAGATA AGCTATAATTGATCCAGCAT TAGCTCAAACAATGCCACCTAAATAACTGCACATACTGGAATGG 
ATGCACTTACCCATGCTATTGAAGCATATGTTGCAGGACTTCATTCAGTTTTCTCAGATCCTCGCTATTCA 
AGCTATAGTTATGGTAAATCAGTATTTAATAAATCTTACAATGAAGATAAAGAAGCTAGAAACCAAATGC 
ATTTAGCTCAATGTTTAGCTGGAATGGCATTTCAAATGCACTTCTTGGAATAACTCACAGTTTAGCACAA 
AAACAGGTGCAGTATTCCATATCCCTCATGGATGTGCCAATGCAATATATCTTCCTTATGTTATAGATTTCAA 
TAAAAAAGCTTGTGCACCAAGATATGCTGAAATAGCTAGGAGTCTTAAACTTCCAGGAAATACTGATGATG 
AATTAGTAGATTCAT AACCAACATGATTAAAGATATGAATAAGAGTATGGATATTCCTTAACATAAAAG 
ATTACGGAG TAGATGAAAAAGAAT TAAAGATAGTGAAGATTTATAGCTCACAATGCCGTATTAGATGCC 
TGCACTGGATCAAATCCAGAAGAAAAGATACTGAAAGAAAAAGTTATTAGAAACATCTATTATGG 
TAAAAAGGTTGATTTTTAA 

Seq. ID 76: Amino acid sequence of butanol dehydrogenase of C. jungdahlii: 
MARFTLPRDIYFGENSLETLKDLDGKKAVIWVGGGSMKRFGFLDKWVNY KEAGESKLEGWEPDPSVETVMNG 
AKLMREYEPDLIVSIGGGSP DAAKAMWFYEYPEFTFKEAVWPFGLPKLROKATFAIPSTSGTATEVTAFSVTDY 
KAKKYPLADFNTPDADPALAOTMPPKLTAHTGMDALTHAIEAYVAGLHSVFSDPLAOAVMVNOYLKSY 
NEDKEARNOMHLAOCLAGMAFSNALLGITHSLAHKTGAVFHIPHGCANAIYLPYVIDFNKKACAPRYAEIARSL 
KLPGNTDDELVDSLTN MKDMNKSMDPLTLKDYGVDEKEFKDSEDFIAHNAVLDACTGSNPRSNDTEMKKLL 
EYYYGKKWDF* 

Seq. D 77: Nucleotide acid sequence of butanol dehydrogenase of C. jungdahli: 
ATGGGAAGATTTAC TGCCTAGGGATATTTACTTTGGTGAAAATGCCTTAGAAAATTAAAAAATTTAGAT 
GGAAATAAAGCAGTAGTTGTTGTAGGTGGGGGATCATGAAGAGATTTGGATTCTTAGCCAAAGTTGAAA 
AATACT AAAAGAAACTGGTATGGAAGT AAATTAAAGAAGGTGTTGAGCCTGACCGCTGTTGATACT 
GTTATGAATGGCGCTAAAATAATGAGAGACTTTAACCCAGATTGGATAGTATCAATAGGTGGAGGATCTCC 
CATAGATGCGCTAAAGCAATGTGGATATTTTATGAATACCCCGACTTACATTTGAAAAAGCGGTAGTCCC 
TTTTGGAATTCCTAAATTAAGGCAGAAGGCACAATTGTTGCTATACCTTCTACAAGTGGAACAGCAACTGA 
AGTAACATCATTTTCTGTAATAACAGACTATAAAGCTAAAATAAAATATCCTCTTGCAGATT AACCTACC 
CCTGATATAGCTATAATAGATCCGTCTCTTGCAGAAACAATGCCCAAAAAGCTTACAGCACACACTGGAAT 
GGATGCACTTACTCACGCAATAGAAGCATATGTAGCAAGTTACA TCAGATTCTCAGATCCACTTGCTAT 
GCATGCTATAACCAGATTCATAAATATTTATTGAAATCCTATGAAGAAGATAAAGAAGCTAGAGGACAA 
TGCATA AGCCCAATGTCTAGCTGGGATGGCATTTTCAAATGCTCTCCTTGGAATAACTCATAGTATAGCAC 
ATAAAACTGGTGCAGTATTTCACATACCTCATGGGTGTGCTAATGCCATATACTTACCTTATG TATAGATTT 
TAACAAGAAAGCTTGTTCAGAAAGAATGCTAAAATAGCCAAAAAGCTGCATCTATCAGGAAATAGTGAA 
GATGAGCTAATAGA TCATAACTGAAATGATTCGTACTATGAACAAAAAGATGGATA CCTCTCACCATA 
AAAGATTATGGTATAAGCGAAAACGATTTTAATGAAAACCAGATTTTATAGCCACAATGCCATGATGGA 
TGCCTGCACGGATCCAATCCTAGAGCAATAACTGAGGAAGAAATGAAAAAGCTCTTGCAGTATATGTATA 
AGGGCAAAAGGTAATTTCTAG 
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Sec. ID 78: Amino acid sequence of butanol dehydrogenase of C, ljungdahlii: 
MGRFTLPRDYFGENAENLKNLDGNKAVWWWGGGSMKRFGFLAKVEKYLKETGMEVKLEGVEPDPSVDTVM 
NGAKMRDFNPDWIVSIGGGSPIDAAKAMWIFYEYPDFTFEKAVWPFGIPKLROKAOFVAPSTSGTATEVSFS 
VITDYKAKKYPLADFNLPDAIDPSLAETMPKKLTAHTGMDALTHAEAYVASHSDFSDPLAMHATMHKYL 
LKSYEEDKEARGHMHAOCLAGMAFSNALLGTHSIAHKTGAVFHIPHGCANAIYLPYVIDFNKKACSERYAKAK 
KLHLSGNSEDELIDSLEMRTMNKKMDPLKDYGISENDFN ENLDFAHNAMMDACTGSNPRATEEEMKK 
LLOYMYNGOKVNF* 

Sed, ID 79: Nucleotide acid sequence of butanol dehydrogenase of C, ljungdahli: 
ATGGAGAGATTTACGGCCAAGAGACATTACTGGAGAAGATGCTTGGGTGCTTGAAAACGTTAAA 
AGGTAAGAAAGCTGTAGTAGTTGTGGAGGAGGATCCATGAAGAGATCGGTTTCCTTGACAAGGTAGAA 
GAATACTTAAAAGAAGCAAACATAGAAGTTAAACTAAT AGAAGGTGTTGAACCAGATCCGCTGTGGAAA 
CCGTATGAAAGGGCCAAAATAATGACAGAATTGGGCCAGATTGGAAGTGCTATTGGAGGAGGTTC 
ACCAATAGATGCTGCAAAGGCTATGTGGCATTTTATGAATATCCAGATT ACTTTTAAACAAGCAATTGT 
TCCGT TGGATACCAGAAAAGACAAAAAGCTAAA GTAGCTATAGC CTACTAGTGGAACAGCAC 
TGAAG ACCATTCAGAATAACGAATAAAGCTAAAATAAAGATCCTTTAGCGACTTCAATG 
ACACCGGAATAGCTAAG GATCCAGCATAGCCCAGACAATGCCACCAAATTAACGCACATACTGG 
ATGGAGCATTAACTCATGCACAGAAGC ATGTAGCATCAGCTAGACAGAATTTCAGACCACTTGCA 
ATACATCCATAAAGACAAGGGAAACTACTTAAA CCATAAGGGGATAAAGAGCAGAAATAA 
GATGCATATATCACAATGTTAGCAGGTATGGCATTTTCTAATGCAC CTTGGTATAACTCATAG TAGCA 
CATAAAACAGGAGCTGATGGCACATACCACATGGAGCGCTAATGCAATATATCTTCCATAGTTTAGAT 
TTAATAAAAAAGCTTGCCAGATAGATAGCTAATAAGC AAAATATTAGGACTTAAAGGAACTACTGA 
AGATGAATGGTAGA CTCTAGTTAAAATGGTACAAGATAGGATAAGGAATTGAATAACCTTGACCT 
TAAAAGATTATGGTATAAGCAAAGATGATTCAATCAAA GTGATTATAGCAAAGAAGCGCTCTTAG 
ATGCATGTACAGGAGCTAATCCAAGGCCTATAGATTTGACAAATGAAAAAGATACT CAAGTATATA 
GATGGAAAAAAGGTAACTTAA 

Sec. ID 80: Amino acid sequence of butanol dehydrogenase of C. jungdahli. 
MERFLPRDYFGEDAL.GALKTLKGKKAVWWWGGGSMKRFGF DKVEEYKEANIEVKIEGWEPDPSVETVMKG 
AKIMTEFGPDWIVAGGGSPDAAKAMWLFYEYPDFTFKOAVPFGLPELROKAKFVAIASTSGTATEVTSFSWIT 
DYKAKKYPLADFNLTPDIAIVDPALAOTMPPKLTAHTGMDALTHALEAYWASARSDISDPLAHSMTRDNLLK 
SYKGDKDARNKMHISOCLAGMAFSNALLGITHSLAHKTGAVWHIPHGCANAIYLPYVLDFNKKACSDRYANA 
KILGLKGITEDELVDSLVKMVODMDKELNPLTLKDYGISKDDFNSNVDFAKNALLDACTGANPRPIDFDOMK 
KILOCIYDGKKVTF* 
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Seq. ID 81: Nucleotide acid sequence of butanol dehydrogenase of C, Ijungdahlii: 
ATGGAAAACTTATTTTTAAAAATGCTACAGAAATTA TTGGTAAGGATACCGAAAATCGTAGGAAG 
AAAGTAAAGGAGTATTCAAAGTCAGATAAAATACTCTTTGCTATGGGGGAGGAAGCATAAAAAGATCTG 
GTCATATGATAGAGTATAAAGTCCTTAAAAGAAAATGGAATTGAA TATAGAACTCCAGGAATTAAA 
CCTAATCCAAGATTAGGACCTGTTAAAGAAGGTATAAGACTATGTAGAGAAAATAATAAAAATT GTACT 
ATCTGTAGGAGGAGGAAGTTCAGCAGATACGGCTAAAGCTATTGCTGTAGGAGTACC TAAAAGGAGAC 
GTAGGGATTTTTAACGGGCAAAGCTGAAGTGAAAGAGGCTCTTCCTGTAGGAGTTGTAATAACA ACC 
TGCTACAGGTACAGAATCTAGTAATAG TCTGTTA. TATGAATGAAGATGGTTGGTTTAAAAAAGGATTAA 
ATACAGTACTTATAAGACCTGCTTTTTCAATTATGAATCCTGAACTTACTTTTACACTACCAGAGTATCAAAC 
TGCTTGTGGTGCTTGTGACATTATGGCACATATAATGGAAAGATATTTACAAATGTGAAACATGTAGAAT 
AACTGATAGGCTTGCGAAGCTGCACTTAGAAATGATAAATAATGCCCCAATAGTAAAAGATCCCAA 
AAACTATGATGCTAGGGCAGAAATTATGTGGACCGGTACTATAGCTCATAATGATGTGCTAGTGCGGGTA 
GAATAGGTGATTGGGCTTCTCACAAAATTGAACATGAATTGAGTGGGGAAACAGACATGCCCATGGAGC 
AGGACTTGCAATTGA TCCTGCATGGATGAAATATGTATATAAACACGATATCAAT AGATTTGTACAATT 
TGCAGTAAGGGTATGGGATGTAGATATCTTATAGTTCCTGCGAAGATA TGTACT GAAGGCATAAGGA 
GAATGACAGCATTT TCAAGAGCAGGGGTTACCTGTAACTTTAAAAGAAGGAAGTATAGGAGAAGAAA 
AAGAAGAAATGGCTAAAAGTGCACGGATAATGGAACAAAACTGTAGGACAATTGAAAATAAAA 
AAGAGATATTGTAAAAAATAAAAGCTAAAAA 

Seq. ID 82: Amino acid sequence of butanol dehydrogenase of C. jungdahlii: 
MENFIFKNATEFGKDTENLVGSKVKEYSKSDKILFCYGGGSKRSGLYDRVIKSLKENGEFELPGKPNPRGPW 
KEGRLCRENNKFVLSVGGGSSADTAKAAVGVPYKGDWWDFYTGKAEWKEALPVGVVTLPATGTESSNSSV 
MNEDGWFKKGLNTVLIRPAFSIMNPELTFTLPEYOTACGACDIMAHIMERYFTNVKHVDITDRLCEAALRNVIN 
NAPVKDPKNYDARAEMWTGTIAHN DVLSAGRIGDWASHKIEHELSGETDAHGAGLAWFPAWMKYWYKH 
DINRFVOFAVRVWDVDLSYSSCEDIVLEGIRRMTAFFKSMGLPVTLKEGSIGEDKIEEMANKCTDNGTKTVGOF 
WKLNKDDIVKILNLAK 

Seq. ID 83: Nucleotide acid sequence of butanol dehydrogenase of C. jungdahli: 
ATGGAAGACAAGTTTGAAAATTTTAATGAAATCCAAGATTTATTTTAATAGGGAATCTA CAACTT A 
GAGCAAGTCACTGGT CTCGAGCATIA GTTGCAGATGCTATATGGGAAAACTTGGAATCTTCAAAAA 
GTAATAGATTACCTAAG CAAAGCTGGAATAAGTTCCGTTGTTTTTACGGGGGTACACCCTGATCCAGACGT 
CAATGTAATTGCAGAGCAATGAAA GTACAAAAAAAGCGACGCAGATGTTCTCGTAGCACTAGGTGGA 
GGATCCAGTATTGATACCGCTAAGGGAATAATGTATTGCATGAATTTAGGAAAAGCAATGGGCCAAGA 
AATGAAAAAACCTCTATTTATTGCAA TCCATCAACAAGTGGTACAGGCTCTGAAGTAACAAACTTACTGT 
TATACTTCTCAGAAAGAAAAGGTATGCAT TATAGATGATTTTATTGCACCAGATGTTGCAAACTTGACTC 
AAGTTGTATTGATGGCTGCCTCAGCGTATTGTAGCAGAACTGGTATAGATGTTCTAGTCATTCATTGA 
AGCCTATGTTCCAAAAAAGCAACTGACTTACAGACGCCTTGCTGAAAAAGCAGTTAAATAATTTGA 
GAATCTCCAAAAAT TATAACGATAGTAAGGATTCCGAAGCTCGAGATCATGTTCAAAACGCTTCCTGTAT 
AGCAGGAATAGCATTTACAAATGCGGTCTTGGAATTAATCACAGCTTGGCTCATGCTATGGGGGATCTT 
TCCACATTCCTCACGGCCGATCCAATGCACTTCTACT TAATGCAGTAATGGAATACAACGCTAGCTTGG TG 
GAAATGCAAGCGAACATGCTATGGAAAAATACGCAAAACTAGCATCAATTCTACACCTTCCAGCTCGAACA 
ACTCGCGAAGGCGCGTAAGTTTTATTGAAGCTGAGATAAATTAATAAAATCCCTAGGTGTGAAGAAA 
TATTCGATCTCTTGGGATTAAAGAAGATGAGTTTCAAAGTGCTCTAAATCAATGGCAGAAACAGCAATGC 
AAGATAGATGCACTCCAACTAATCCTAGAAAACCTTCAAAGAAGAACTTATACATAT TATCAAAAATGT 
ATTAA 
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Seq. ID 84: Amino acid sequence of butarhol dehydrogenase of C, ljungdahlii: 
MEDKFENFNLKSKYFNRESIOLLEOVTGSRAFVADAIMGKGYLOKVDYLSKAGISSVVFTGVHPDPDVNVA 
DAMKLYKKSDADVLVALGGGSSIDTAKGIMYFACNLGKAMGOEMKKPLFAIPSTSGTGSEVTNFTVITSOKEK 
VCIDDFIAPDVALDSSCIDGLPORIVADTGIDVLVHSEAYVSKKATDFTDALAEKAVKLIFENLPKYNDSKDSEA 
RDHVONASCAGIAFTNAGLGINHSLAHAMGGSFHIPHGRSNALLLNAVMEYNASLVGNASEHAMEKYAKLA 
SILHLPART TREGAVSFEAVDKLIKSLGVEDNIRSLGIKEDEFOSALNHMAETAMODRCTPTNPRKPSKEELIHY 
OKCY* 

Seq. ID 85: Nucleotide sequence of phosphate acety/butyryl transferase from C. jungdahlii: 
ATGAAATTGATGGAAAAAATTTGGAGTAAGGCAAAGGAAGACAAAAAAAAGATTGTCTTAGCTGAAGGA 
GAAGAAGAAAGAACTCTTCAAGCTTGIGAAAAAATAATAAAGAGGGTATTGCAAATTTAATCCTTGTAGG 
GAATGAAAAGGTAATAAAAGAAAAAGCGTCAAAATTAGGTGTAAGTTTAAATGGAGCAGAAATAGTAGAT 
CCAGAGAC TCAGATAAACAAAGGCATATGCAGATGCTTATGAATTGAGAAAGAAGAAGGGAATAA 
CGCCAGAAAAAGCGGATAAAATAGTAAGAGATCCAAATACTTTGCTACAATGATGGTAAACTTGGAGAT 
GCAGATGGATGGTTTCAGGTGCGGCATACTACAGGTGATC TGAGACCAGGACCAAAAGTAAA 
GACAGCTCCAGGTACATCAGTAGTTTCCAGTACATTTATAATGGAAGTACCAAATTGTGAGTATGGTGACA 
ATGGTGACTTCTATTGCTGATTGTGCTGTAAATCCAGCCCAGATAGGACAATGGCT CAATTGCAA 
TAAGTACAGCAGAAACTGCAAAGAACTATGTGGAATGGATCCAAAAGTAGCAATGCTCATTTCTACT 
AAGGGAAGTG CAAAACACGAATTAGAGACAAAGTTAGAAATGCTGTAGAGATTGCAAAAAAAGCTAAAC 
CAGATTAAGTAGACGGAGAATTACAAT AGATGCCTCATCGTAGAAAAGGTTGCAAGTTAAAGGC 
CCTGGAAGGAAGTAGCAGGAAAAGCAAATGTACTTGTATTTCCAGATCTCCAAGCAGGAAATATAGGC 
ATAAACCGTCAAAGATTTGCAAAAGCAGATGCTATAGGACCTGTAGCCAAGGATTTGCAAAACCTATA 
AATGA GTCAAGAGGATGTAATTCGATGATATAGAAA GTAGTAGCTGTAACAGCAGTCAAGCACA 
AGCTCAAAAGTAA 

Seq, ID 86: Amino acid sequence of phosphate acety/butyryl transferase from C. jungdahlii: 
MKLMEKIWSKAKEDKKKIVLAEGEEERTLOACEKIIKEGAN LVGNEKVIKEKASKLGVSLNGAEIVDPETSDKL 
KAYADAFYELRKKKGTPEKADKIVRDPYFATMMVKLGDADGLVSGAVHTTGDLLRPGLOVKTAPGTSVVSST 
FMEVPNCEYGDNGVLLFADCAVNPCPDSDOLASIAISTAETAKNLCGMDPKVAMLSFSTKGSAKHELVDKVR 
NAVEIAKKAKPDSLDGELOLDASIVEKVASLKAPGSEVAGKANVLVFPDOAGNIGYKLVORFAKADAIGPVCO 
GFAKPINDLSRGCNSDDVNVVAVTAVOAOAOK* 

Seq. ID 87: Nucleotide sequence of acetate/butyrate kinase from C. jungdahli: 
ATGAAAATATAGTAGTAAACTGTGGAAGTCATCTTAAAATATCAACTTATTGATATGCAAGATGAAAGT 
GTTGTAGCAAAGGGTCTTGTAGAAAGAAAGGAATGGACGGTTCAATAACACACAAAGAATGGAG 
AAAAGTTTGTACAGAGCAAACAATGGAAGACCACAAAGTTGCTATACAATAGTATTAAATGCTCTGTA 
GATAAAAAACATGGTGAAAAAAGACATGTCAGAAAATCCGCTGTAGGACATAGAGCT, GCACGGTG 
GAAAGAAAATGCAGCATCCATTCTTATTGACGAAAATGTAATGAAAGCAAAGAAGAATGATCCCACA 
GGACCACACATAACCAGCTAATATAATGGGAATAGATGCTTGTAAAAAA AATGCCAAAACTCCAA 
GGTAGCAGATTTGAACAGCAT I CATCAGACAATGCCAGATTATGC AACTTATGCAATACCTATGA 
TATATCTGAAAAGTATGAATCAGAAAATAGGTTTCATGGAACTTCCAAGATTCG TCAATTGAAGC 
AGCTAAATTATTAAAGAAAGATCCAAAAGATC AAGAAAACTTGTCATTAGGAAATGGAGCAGCA 
TATGTGCAGTAAACCAAGGAAAAGCAGTAGATACAACGATGGGACTTACTCCTCTTGCAGGACTTGTAATG 
GGAACTAGATGCGGTGATA AGATCCAGCATAGTACCA GTAATGAAAAGAACAGGCATGTCTGTAG 
ATGAAGTGGATACCTAATGAATAAAAAGTCAGGAATAC GGAGACAGGAGTAAGCAGTGATTTTAG 
AGATGAGAAGAAGCGCAAATTCAGGAAATGATAGAGCAAAACTTGCAAAAAGATTACACAAAG 
TTAAATCTTCATAGGAGCTTAGTTGCAGTTTTAAATGGAGCAGAGCAAATATTACAGCAGGACTG 
GAGAAAATCAGCAACTAGCAGATCGCTAATGTAATGGATTAAGCTATTTGGAATTAAAATAGATGAA 
GAAAAGAAAAGAAAAGGGGAGAGGCACAGAAATAAGCACACCTGATTCAAAGATAAAAGTATTAGTA 
ATTCCTACAAATGAAGAACTTATGATAGCAGGGATACAAAAGAAATAGTTGAAAATAAATAA 
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Seq. ID 91: Nucleotide sequence of aldehyde:ferredoxin oxidoreductase from C. jungdahlii: 
ATGTATGGTTATGATGGTAAAGTATTAAGAATTAATTTAAAAGAAAGAACTTGCAAATCAGAAAATTTAGA 
TTTAGATAAAGCTAAAAAGTTTATAGGTTGTAGGGGACTAGGTGTTAAAACTTTAT GATGAAATAGATC 
CTAAAATAGATGCATTATCACCAGAAAATAAAT TATAATTGTAACAGGTCCTTTAACGGAGCTCCGGTTC 
CAACTAGTGGAAGGTTTATGGTAGT ACTAAAGCACCGCACAGGAACTATAGGAATTCAAATTCGGGT 
GGAAAATGGGGAGTAGACTTAAAAAAAGCTGGTTGGGATATGATAATAGTAGAGGATAAGGCTGATTCA 
CCAGTTTACATTGAAAAGAGAGATAAGGTAGAAATTAAAGACGCGTCACAGCTTGGGGAAAAGTA 
CATCAGAAACTACAAAAGAGTTAGAAAAGATAACTGAGAAAAATCAAAGGTATTATGTATAGGACCTGCT 
GGTGAACGATTGTCTCTTATGGCAGCAGTTATGAATGATGTAGATAGAACTGCAGCAAGAGGCGGCGTG 
GTGCAGTATGGGATCTAAAAACTTAAAAGCTATTACAGTTAAAGGAACTGGAAAAAAGCTTAGCTGAT 
AAAGAAAAAGTAAAAAAAGTGTCCGTAGAAAAAATTACAACATTAAAAAATGATCCAGTAGCTGGTCAGG 
GAATGCCAACTTATGGTACAGCTATACTGGTTAATAAATAAAGAAAATGGAGTTCACCGTAAAGAAT 
TTTCAAGAGTCTTATACGAATCAAGCAGATAAAATAAGTGGAGAGACTCTTACTGCTAACCAACTAGTAAG 
GAAAAATCCTTGTTACAGCTGTCCTATAGGTTGTGGAAGAGGGTTAGACTAAAAGATGGCACAGAGTGC 
GGAGGACCAGAATATGAAACACTGGGTGTTTTGGATCTGACTGTGG TCATATGATTTAGATGCTATAAA 
TGAAGCTAATATGTTATGTAATGAATATGGTATTGAACTATACTTGTGGTGCAACAATGCTGCAGCAT 
GGAACTTATCAAAGAGGATATATAAAAGACGAAGAAATAGCTGGAGATAACCTATCTCTCAAGTGGGGT 
GATACGGAATCTATGATTGGCTGGATAAAGAGAAGGTATATAGTGAAGGCTTTGGAGCAAAGATGACAA 
ATGGTTCATATAGGCTTTGTGAAGGTTATGGAGCACCGGAGTATTCTATGACAGTTAAAAAGCAGGAAATT 
CCAGCATATGATCCAAGGGGAATACAGGGACACGGTA ACCTATGCAGT TAATAATAGAGGAGGCTGTC 
ATATTAAGGGATATATGATTAACCCTGAAATATAGGITATCCTGAAAAACTTGATAGATTTGCATTAGATG 
GTAAAGCAGCTTATGCCAAATATTTCATGATTTAACTGCTGTAATTGATTCTTTAGGATTGTGCATATCAC 
TACAT TGGGCTTGGAATACAGGATTATGTAGATAGATAATGCAGAGTAGGAGAACTACTTAGAG 
CAGATTCACTATTAGAGGCAGGAGATAGAATCTGGACTCTTGAGAAATTATTTAATCGCAGCTGGAATA 
GACAGCAGCCAGGATACTCTACCAAAGAGATTGTTAGAAGAACCTATTCCAGATGGCCCATCAAAGGGAG 
AAGTTCATAGGCTAGATGTTCTTCTGCCAGAATATTACCAGTACGAGGATGGAGTAAAGAGGGTATACCT 
ACAGAAGAAACATTAAAGAAATTAGGATTAGATGAATATATAGGTAAGTTCTAG 

Sec. D92: Amino acid sequence of aldehyde:ferredoxin oxidoreductase from C. jungdahli: 
MYGYDGKVRINLKERTCKSENLDLDKAKKFGCRGLGVKTLFDEIDPKIDALSPENKFIVTGPTGAPVPTSGRF 
MVVTKAPLTGTIGSNSGGKWGVDLKKAGWDMIVEDKADSPVYIEIVDDKVEKDASOLWGKVTSETTKELEK 
TENKSKVLCGPAGER SLMAAVMNDVDRTAARGGVGAVMGSKNLKAITVKGTGKALADKEKWKKVSVEKIT 
TLKNDPVAGOGMPTYGTALVNINENGVHPVKNFOESYTNOADKISGETLTANOLVRKNPCYSCPIGCGRWV 
RLKDGTECGGPEYETLWCFGSDCGSYDLDANEANMLCNEYGDTITCGATAAAMELYORGYKDEEAGDNLS 
LKWGDTESMGWKRMVYSEGFGAKMTNGSYRLCEGYGAPEYSMTVKKOEPAYDPRGOGHGITYAVNNRG 
GCHKGYMNPEILGYPEKLDRFALDGKAAYAKLFH DLTAVIDSLGLCIFTTFGLGODYWDMYNAVVGESTYDAD 
SLLEAGDRWTLEKLFNLAAGDSSODTLPKRLLEEPPDGPSKGEVHRLDVLLPEYYSVRGWSKEGIPTEETLKKL 
GLDEYGKF* 
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Seq. ID 93: Nucleotide Acid sequence of bifunctional butanol/ butyraldehyde dehydrogenase from 
C. ragsdalei: 

ATGCCAAGAAATCTGTTTATATT AACAGCATGAAAAATAAGAAAGAGGTGTCATAATGAAGGTAACAA 
GGTAACTAACGTTGAAGAATTAATGAAAAAGTTAGATGAAGTAACGGCTGCTCAAAAAAAATTCTCTAGT 
ATAGTCAGGAACAAGGGATGAGATCTTTAGGCAGGCAGCTATGGCAGCCAATAGTGCTAGAATAGACT 
AGCTAAAATGGCAGGGAAGAAAGCGGAATGGGAATTGAGAAGACAAGGTTATTAAAAATCATTTGT 
TCAGAATATATATATAACAAATAAAGGAGAAAAGACCTGTGGAGTTTTAGAAGAAGACCAAGGTTTGG 
TATGG TAGAATTGCGGAACCTGTAGGGGTTATAGCAGCAGTAGTTCCAACAACTAATCCAACATCCACAG 
CAACTTTAAATCT TAATAGCTTTGAAAACTAGAAATGGTATAGTTTTTCACCACATCCAAGAGCAAAAA 
AATCAACTATTGCAGCAGCTAAGATAGTACTTGATGCAGCAGTTAAAGCTGGTGCTCCTGAAGGAATTATA 
GGATGGATAGATGAACCTTCCATTGAACTCTCACAGGTGGTAATGAAAGAAGCAGATTTAATTCTTGCAAC 
TGGTGGCCCGGGTATGGTTAAGGCTGCCTATTCTTCAGGAAAGCCTGCTATAGGAGGGCCCAGGTAAC 
ACACCTGCTGTAATTGATGAAAGTGCTGATATTAAAATGGCAGTAAATTCAATACTCCTTTCAAAAACTTTT 
GATAATGGTATGATTGTGCTTCAGAGCAGTCAGTAGTAGTGTAAGCTCAATATACGATGAAGTCAAGAA 
AGAATTTGCAGATAGAGGAGCGTATATATAAGTAAGGATGAAACAGATAAGGTTGGAAAAACAATTATG 
ATAATGGCGCCAAATGCTGGCATGTAGGGCAAAGTGCTTTTAAAATAGCACAGATGGCAGGAGTGA 
GTGTACCAGAGGATGCTAAAGTACTTATAGGAGAAG TAAATCAGTAGAACCTGAAGAAGAGCCCTTTGC 
TCATGAAAAGCTGTCTCCAGTTTTAGC ATGTACAAAGCAAAAGATTTGAGAAGCACTTCAAAGGCTG 
GAAGAT TAGTTGAACGAGGTGGAATTGGGCATACACTGTATTATATGTAAATTCAATGACGGAAAAAGT 
AAAAGTAGAAAAGT CAGAGAAACAGAAGACTGGTAGAACATTGATAAATATGCCTCAGCACAAGGT 
GCTATAGGAGATATATATAACTTTAAACTAGCTCC CTTGACGCTAGGATGTGGTTCCTGGGGAGGAAA 
CTCTGTATCAGAAAATGTTGGACCTAAACATTTATAAACATAAAAAGTGTTGCTGAGAGGAGAGAAAAA 
TGCTTGGTTTAGAGTACCGAAAAAGTATTTCAAATATGGTAGTCTTGGAGTTGCATAAAGGAATTGA 
GAACTTGGAGAAGAAAAAGGCAT TATAGTAACGGATAAGGTTCTTTATCAATTAGGTTATGTAGATAAA 
ATTACAAAAAATCTCGATGAATTAAGAGTTTCATATAAAATATTTACAGATGTAGAACCAGATCCAACCCTT 
GCTACAGCTAAAAAAGGTGCATCAGAACTGCTTTCCTATGAACCAGATACAATTATAGCAGTTGGTGGTGG 
TTCGGCAATGGATGCAGCCAAGATCATGTGGGTAATGTATGAGCATCCAGAAGTAAGATTTGAAGATTTG 
GCTAGAGATTATGGATAAAGAAAGAGAGTATATG TCCTAAGATGGGTGAAAAAGCAATGATGAT 
TTCAGTAGCAACATCCGCAGGAACAGGATCTGAAGTACTCCAT, GCAGTAATTACGGATGAAAGAACAG 
GAGCTAAATATCCACTGGCTGATTATGAATTGACTCCAAACATGGCTATAATTGATGCAGAACTTATGATG 
GGAATGCCAAAAGGGCTTACAGCAGCTTCGGGTATAGATGCAT TAACCCATGCACTGGAGGCGTATGTAT 
CAATAATGGCTTCAGAATATACCAATGGATGGCC TGAAGCAACAAGAT TAGTATTTAAATATTTGCCAA 
TAGCTATACAGAAGGTACAACTAATGTAAAGGCAAGAGAAAAAATGGCTCATGCTTCAACTATAGCAGGT 
ATGGCTTTTGCCAATGCATTCTTAGGGGTATGTCACTCTATGGCACATAAATTGGGAGCACAGCACCATATA 
CCACATGGAATTGCCAATGCGCTATGATAGATGAAGTTATAAAATTCAATGCTGTAGAGGCTCCAAGGAA 
ACAAGCGGCATTTCCACAATATAAGTACCCAAATGTTAAAAGAAGATATGCTAGAATAGCTGATTACTTAA 
ATTTAGGAGGAAGCACAGATGATGAAAAAGTACAATTGCTAATAAATGCTATAGATGACTTAAAAACTAA 
GTTAAATATTCCAAAGACTATTAAAGAGGCAGGAGTTTCAGAAGATAAATTCTATGCTACTTTAGACACAA 
TGTCAGAACTGGCTTTTGATGATCAATGTACAGGAGCTAATCCAAGATATCCACTAATAGGAGAAATAAAA 
CAAATGTATATAAATGCATTTGATACACCAAAGGCAACTGTGGAGAAGAAAACAAAAAGAAAAATAAACA 
TATAA 
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Seq. D95: Nucleotide Acid sequence of bifunctional butanol/butyraldehyde dehydrogenase from 
C. ragsdalei: 

ATGAAAGTTACAAACGTGGAAGAATTAATGAAAAGACTAGAAGAGATAAAGGATGCTCAAAAGAAA TG 
CTACATATACTCAAGAACAAGTGGATGAAATTTTTAGACAAGCAGCTATGGCAGCCAATAGIGCTAGAAA 
GAACTAGCTAAAAGGCAGTGGAAGAAAGCGGAATGGGAATGTAGAAGACAAGGTTA AAAAATCACT 
TGCCTCAGAATATATATATAACAAATATAAGGATGAAAAGACCTGTGGAGTTTTAGAAAGAGATGCAGGC 
TTTGGTATAGTTAGAATTGCGGAACCTGTAGGGGTTATTGCAGCAGTAGTTCCAACAACTAATCCAACATC 
ACAGCAACTTTAAATCACAATAGCTTAAAAACTAGAAATGGTATAATTTTTCACCGCATCCAAGGGCA 
AAGAAATCAACTATTGCAGCAGCTAAAATAGTACTTGATGCTGCAGTTAAAGCTGGTGCTCCCGAAGGAAT 
TATAGGATGGATAGATGAACCTTCCATTGAACTTTCACAGGTGGTAATGGGAGAAGCAAATAATTCTTG 
CAACTGGTGGCCCGGGTATGGTTAAGGCTGCCTATTCTTCAGGAAAACCTGCTGTAGGAGTGGCCCAGGT 
AATACACCTGCTATAATTGATGAAAGTGCCGATATTAAAATGGCAGTAAATTCAATATACTCTCAAAAACT 
TTTGATAATGGTATGATTTGTGCCTCAGAGCAGTCAGTAATAGTTTTAGACCAATATATGAGGAAGAAA 
AAAGAATTTGCTTATAGGGGAGCTTATATATTGAGTGAGGATGAAACAGATAAGGTTGGAAAAATAATTTT 
AAAAAATGGAGCCTTAAAIGCTGGTATTGTAGGACAAAGTGCTTTTAAAATAGCACAGCTGGCAGGAGTG 
AACGTACCAGAAAAAGC AAAGTACTTATAGGAGAGGTAGAATCAG TAGAACTTGAAGAACCATTTTCTCA 
TGAAAAGTATCTCCAG TAGCTATGTACAGGGCAAGAGATTTTGAGGATGCCATTGCAAAAACTGATA 
AACTGGT AGGGCAGGTGGATTTGGACATACATCTTCATATATGTAAATCCAATGACAGAAAAAGCAAAA 
GTAGAAAAATTTAGACAGATGAAAACATCAAGAACAAATTAACACACCTTCATCTCAAGGTGGTATA 
GGTGACAATATAACTTAAGCTAGCTCCTCGCTGACGCTAGGCTGCGGATCTGGGGAGGAAACTCGT 
ATCCGAAAATGTTGGGCCTAAACATIATAAACAAAAAAGTG GCTGAGAGGAGAGAAAATATGCTT 
GGTTAGAGTGCCTGAAAAGGTTTATTCAAATACGGTAGTCTGGAGTTGCATTAAAAGAATAAAAGT 
ATGAATAAGAAGAAAGTATTATAGAACAGATAAAGTCCTTACAATTAGGTTATGGGACAAAGTAC 
AAAAGTTCTGAGGAACAAAAATTCCTATAAAGTATTACAGATGTAGAACCAGATCCAACCCTGCAC 
AGCTAAAAAAGGTGCAGCAGAATGCTGTCATATGAACCGGATACAATTAATCAGTGGGGTGGTTCAG 
CAATGGAGCAGCCAAGA TATGTGGGTAATGATGAGCATCCAGAAGAAAAGAAGATTAGC ATG 
AGAT TAGGATATAAGAAAGAGAGATAGTTTCCCTAAGATGGGAGAAAAAGCAAGATGATTTCAGT 
AGCAACATCCGCAGGACAGGATCAGAAG TACTCCAT I GCAGTAAT ACAGATGAAAAAACAGGAGCT 
AAATATCCATTAGCTGAATGAGAACCCAAACAGGCTATAGTTGATGCAGAACTATGATGGGAAT 
GCCAAGAGGACTTACGGCAGCGTCAGGTA AGATGCATTAACTCATGCACGGAAGCTATGTATCAAAA 
TGGCACAGAATTTACCAATGGATTAGCCC GAAGCAGTAAAGTTGATATTGAATATTACCAAAAGCTT 
ATACAGAAGGTACAACTAATGTAAAGGCAAGAGAAAAAATGGCTCATGCTCATGTATTGCTGGTATGGCT 
T GCAAATGCATTCTTAGGGGTATGCCACTCTATGGCACATAAATTAGGAGCACAGCACCACATACCACAT 
GGAATGCTAATGCACATGATAGATGAAGTTATAAAATTCAATGCTGTAGAGATCCAATAAAACAAGC 
TGCATTCCTCAATACGAGATCCAAATGCCAAGTATAGATATGCTCAGAAGCTGATGTCCAACTTAGG 
AGGAAATACAGAAGATGAAAAGGTGCAA TATTAAAAAIGCTATAGAGATCTAAAAGCAAGTTAAATA 
TTCCAGAAACGATTAAAGAAGCAGGAGTTCAGAAGAAAAATTCTAACTACTTTAGAAAAATGTCAGAA 
TTAGCTTGATGATCAATGTACAGGAGCTAACCCAAGGTATCCACTAATAAGTGAAAAAAACAAATGTA 
TATAAATGTTTTTGATAAAACTGAACCAATTGTAGAAGATGAAGAAAAGTAA 
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Seq. ID 101: Nucleotide Acid sequence of butanol dehydrogenase from C. ragsdalei: 
AGGCAAGATTACTTACCAAGAGACATTTATTTTGGAGAAAATTCATAGAGACCGAAAAACCTAGA 
GGAAAAAAAGCTGTCATTGTCGTAGGTGGAGGATCCATGAAAAGATTTGGATTCCTTGATAAGGTAGTAG 
ACTACTTAAAAGAAGCAGGTATTGAACAAAATTAATAGAAGGCGTTGAGCCAGATCCATCCGTAGAAACT 
GTTATGAATGGTGCTAAACTAATGAGGGAATATGGGCCAGATTTAATAATATCAATAGGGGAGGTTCACC 
AATTGATGCAGCAAAAGCTATGTGGATATTCTATGAAACCCTGAGT ACTTAAAGAAGCTGTAGTTCC 
TTTTGGTCTCCTAAA TAAGACAAAAAGCAACATTTATAGCTATCCCTCTACAAGTGGTACGCAACGGA 
AGTAACGCAT TCTGTAATAACAGACTAAAAGCTAAAATTAAATATCC TGGCTGAC CAATTTAACA 
CCAGAATAGCTATAATGATCCAGTATTAGCTCAAACAATGCCGCCTAAATTAACTGCACATACTGGAATG 
GATGCACTTACTCACGCTATTGAAGCATATGTTGCAGGACTTCATTCAGTTTTCTCGGACCCACTTGCTATTC 
AAGCTATAGTCATGGTAAATCAATATTTAATTAAATCTACAATGAAGATAAAGAAGCTAGGGATCAAATG 
CATTTAGCTCAA GTTTAGCTGGAATGGCATTTCAAATGCACTTCTTGGAAAACTCACAG TAGCACAT 
AAAACAGGTGCAGTATTCCATATCCCTCATGGATGTGCTAATGCAATATATCTTCCTTAG TATAGAT CA 
ATAAAAAAGCTTGTGCACCAAGATATGCTGATATAGCAGGAGTCTTAAACCCAGGAAAACGATGAT 
GAAT AGAGA TCATTAACTAATATGAAAAGATATGAACAAGAGATGGATATTCCTTGACATTAAAA 
GATTATGGAGTAGATGAAAAAGAATTTAAAGATAGTGAAGATTTTAAGCTCATAATGCCGTATTAGAGC 
CGTACTGGATCAAATCCAGAAGCAAAAGATGCTGAAATGAAAAAGGTTAGAAACATCTATTAG 
GAAAAAGGTTGATTAA 

Seq, ID 102: Amino Acid sequence of butanol dehydrogenase from C, ragsdalei: 
MARFTLPRDIYFGENSLETLKNLDGKKAVWWGGGSMKRFGFDKVVDYKEAGESKLEGVEPDPSVETWMNG 
AKLMREYGPOLIISIGGGSPiDAAKAMWFYEYPEFTFKEAVWPFGLPKLROKAFAPSTSGATEWTAFSVITDY 
KAKIKYPLADFNLTPDIAIDPVLAOTMPPKLTAHTGMDALTHAIEAYWAGLHSVFSDPLACAVMVNOYLKSY 
NEDKEARDOM HLAQCAGMAFSNAL GITHSLAHKTGAVFHP-GCANAIYLPYVIDFNKKACAPRYADARSL 
KLPGNTDDELVDSLTNMIKDMNKSMDPLTLKDYGVDEKEFKDSEDFAHNAVLDACTGSNPRSNDAEMKKLL 
EYYYGKKWDF* 

Seq, ID 103: Nucleotide Acid sequence of butanol dehydrogenase from C, ragsdalei: 
ATGGGAAGATTACTTGCCTAGGGATAACTTGGTGAAAATGCCTAGAAAATTTAAAAAATTTAGAT 
GGAAAAAAGCAGAGGTTGTAGGGGAGGATCATGAAGAGAGGGTTCTTAGCCAAAGTTGAAG 
AATACTTAAAAGAAGCAGGTATGGAAGAAATTAAAGAAGGGGAGCCTGATCCACGTTGATACT 
GTTAGAAGGGCTAAAATAATGAGAGACTTAATCCAGACGGATAGATCAATAGGGGAGGACCC 
CATCGATGCGCCAAAGCAATGTGGATAATGAATACCCTGACTTACATTGAAAAAGCGGTAGTCCC 
TTTTGGGACCTAAAAAGGCAAAAGGCACAATTGGCTAACCCACAAGTGGAACAGCAACGA 
AGTAACACATTTTCTGTAATAACAGACTATAAAGCTAAAAAAAAAICCCTTGCAGATTTTAACCTTACC 
CCTGAAAGCTATAAAGATCCGTCCGCAGAAACAAGCCAAAAAGCTTACAGCACACACTGGAA 
GGAGCACTTACTCACGCAAAGAAGCAAGTGGCAAGTACATCAGATTTCTCAGACCACTTGCAT 
GCATGCA AACCATGA CATAAATA AGAAACCATGAAGAAGAAAAGAAGCTAGGGGCCAA 
TGCACAAGCCCAATGICAGCTGGAAGGCATTTTCAAAGCACCCTTGGAATAACCAAGATAGCAC 
ATAAAACGGCGCAGAT CCACATACCTCATGGGTGGCTAATGCCAATACTTACC ATGTTATAGATT 
TAACAAGAAAGCTTGTCAGAAAGAAGCTAAAATAGC AAAAAGCCATCATCAGGGAAAGTGAAG 
ATGAA AATAGATTCAT AACAGAAATGATTGTACTATGAATAAAAAGATGGATATTCCTCTTACTATAA 
AAGAAGGTATAAGCGAAAACGA TAATGAAAACCAGATTTTATAGCCACAATGCATGATGGAT 
GCTTGCACTGGATCTAAICCTAGAGCAATAACTGAGGAAGAAAGAAAAAGCTCTTGCAGTATATGTATAA 
TGGGCAAAAGGTTAACAG 
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Seq, ID 104: Amino Acid sequence of butanol dehydrogenase from C. ragsdalei: 
MGRFPRDIYFGENALENKNLDGNKAVWWWGGGSMKRFGFLAKVEEYLKEAGMEVKLEGVEPOPSVDTV 
MNGAKIMRDFNPDWIVSIGGGSPIDAAKAMWIFYEYPDFTFEKAVVPFGIPKLROKAOFVAPSTSGTATEVTS 
FSVTDYKAKKYPADFNTPDADPSLAETMPKKLTAHTGMDALTHAEAYVASHSDFSDPLAMHATMHK 
YLLKSYEEDKEARGHM HACCLAGMAFSNALLGTHSAHKTGAVFHPHGCANAIYLPYWDFNKKACSERYAK 
AKKLHSGNSEDELDSLTEMCTMNKKMDPTKDYGSENDFNENLDFAHNAMMDACGSNPRATEEEM 
KKLLOYMYNGOKVNF* 

Seq. ID 105: Nucleotide Acid sequence of butanol dehydrogenase from C. ragsdalei: 
ATGATTTAAAAACTAAACTTTTGGGCAAACTTATGAATAAAAATATGAAGGAAGTATTGGCAAAAGC 
TAATGAAGAAAAATCGGGAGATGCTTAGCTGGAATCATAGCAAAAAGTACAGCGGAGAGAGTTGCAGC 
AAAGGTGTTTTGTCTGAAATAACTCTTGAGGAATTAAGGAATAATCCGTAGTTCCTTAGAGGAGGATG 
AAGTAACAAGAGTAAACAAGATAGATTGATAAAGAAGCCTATAATAAAACAAAGCTATGACAGTTGG 
CGAA TAGAGAATTATAAAAATCAGAAGAAGCCGAATAAAAGAAAAAGAGATGGA TAACTTCTG 
AGATGATAGCAGGTGAACTAAGCTATGAGTAATAGGACTTAGTAATGCT CAAAAAAATAAGAAAT 
ATTGCACGCAATACTACTATTGGTGAAAAGGGAACAGCTCTTCAAGACCAGCCAATCATGCAGCA 
GATAGTATAGATGGAATTATGGCTTCTGTAATGGAAGGGATAAGCTAGGATAGGTGATGCTGTAATAG 
GTTTAAACCCTGTAGTAGAACCATAGATAATATATCAGAGATTTGAAAAATTTTAAGCAGTCATGATAA 
AATGGGATATACCTACACAAAA GTGTACTGCTCATATAACAACGCAAATGGAGGCTTAAAGAAAGGA 
GTTCCTATGGATCTGATGTCCAGAGATAGCTGGTTCACAAAAATCCAATAAAGGCTGGAAAAGTGT 
GAAGCITATGGATGAAGCITATGAACTATGAAGGAAAAAAAGAGCTCCAAAGGTCCTAATTTATGTATT 
TTGAAACAGGCCAGGGTTCTGAGCTTC CAGAAGGCCATAATGGAGCAGATCAGCTTACAATGGAAGC 
AAGATGTATGGTCTTGCAAAAAAAAAATCCATTCCTTGAAACCGGGTGGGATTCATAGGACCAG 
AATATCATATGATGGAAAACAAATTATAAGAGCAGGCTTAGAAGATCAT TATGGGTAAGTTAACAGGA 
CTTCCTATGGGTGTTGATGATGTATACAAACCATAGAAAGCAGATCAAAATGATTGGAAAATTTAGCA 
TTACTCC GCAGCAGCTGACTGTAC ATTTTATGGGTATACCTGGAGGAGATGACGTAATGCTTATGTAT 
CAAACTACCAGCTATCATGATGTAGCTTCTATCAGGGACAATGCGTAAAAATCCTATAAAAGAATTTGAA 
GAAAGAAGGAAGCCTAGGAATAAGAAAAATGGAAGGCTCACAGAAATAGCTGGGATCCATCTATAT 
TTATGAT I AG 

Sed, ID 106: Amino Acid sequence of butanol dehydrogenase from C. ragsdalei: 
MILKTKLFGOTYEFKNMKEVLAKANEEKSGDALAGIAKSTAERVAAKVVLSEITLEELRNNPVVPYEEDEVTRVI 
ODMIDKEAYNKIKAMTVGEFREFILKSEEADIKEIRDGLTSEMIAGVTKLMSNMDLVYASKKIRNIATCNTTIGEK 
GTVSSRLOPNHAADSDGMASVMEGISYGIGDAVIGLNPVVDTIDNISEILKNFKOFMIKWDIPTONCVLAHIT 
TOMEALKKGVPMDLMFOSAGSOKSNKGFGISVKLM DEAYELMKEKKSSKGPNFMYFETGOGSELSSEGHNG 
ADQLTMEARCYGLAKKYNPFLVNSWVGFIGPEYLYDGKOIRAGLEDHFMGKLTGLPMGVDVCYTNHMKADO 
NDLENLALLLAAADCTYFMGIPGGDDVMLMYOTTSYHDWASRDIMRKNPIKEFEERMEALGIMKNGRLTEIA 
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Seq, ID 107: Nucleotide Acid sequence of butanol dehydrogenase from C. ragsdalei: 
ATGGAAAACTTAT TAAAAATGCTACAGAAAT ATTTTTGGAAGGATACCGAAGATCGTAGGAAG 
AAAGTAAAGGAGTATTCAAAGTCAGATAAAATACTCTTTGCTATGGGGGAGGAAGTATAAAGAGATCGG 
GCCTCTAGATAGAGTTATAAAGTCCTTAAAAGAAAATGGAATTGAATTTATAGAACTCCAGGAATAAA 
CCAATCCAAGATTAGGACCTGTTAAAGAAGGTATAAGACTATGTAGAGAAAATAATATAAAATTTGTACT 
ATCTGTAGGAGGAGGAAGTCAGCAGATACAGCTAAAGCTATTGCTGTAGGAGTACCTTATAAAGGAGAT 
GTATGGGATTTTTAACGGGCAAAGCTGAAGTAAAAGAGGCTCTTCCTGTAGGAGTTGTAATAACATTACC 
TGCTACAGGTACAGAATCTAGTAATAGTTCTGTTAT TATGAATGAAGATGGGGTTTAAAAAAGGATAA 
ATACGGTACTTATAAGACCTGCTTTTTCAATTATGAATCCTGAACTTACTTTTACACTACCAGAATATCAAAC 
TGCTTGTGGTGCTTGTGACATTATGGCACATATAATGGAAAGATATTTTACAAATGTGAAACATGTAGATT 
AACTGATAGGCTTGCGAAGCTGCACTTAGAAATGTTATAAATAATGCCCCAATAGTTTAAAAGATCCAA 
AAA TATGATGCTAGGGCAGAAATTATGTGGACTGGTACTATAGCTCATAATGATGTGCTTAGTACAGGTA 
GAATAGGTGATTGGGCTTCTCACAAAATTGAACATGAATTAAGTGGGGAAACAGATATTGCCCATGGAGC 
AGGACTTGCAATTGTATTTCCTGCATGGATGAAATATGTATATAAACATGAATCAATAGAT TGTACAAT 
TGCAGTAAGGGTATGGGAGTAGATTTATCTATAGTTCCTGTGAAGATATTGAC GAAGGCATAAGGA 
GAATGACAGCATTTTTCAAGAGCATGGGGTTACCAAACTTAAAAGAAGGAAGTATAGGAGAAGAAA 
AATTGAAGAAATGGCTAATAAGTGCACGGATAATGGAACCAAAACTGTAGGACAATTTGTAAAACTAAA 
AAAGATGATATTGTAAAAATATTAAA TTAGCTAGATAA 

Seq. ID 108: Amino Acid sequence of butanol dehydrogenase from C. ragsdalei: 
MENFIFKNATEFGKDTEDLVGSKVKEYSKSDKLFCYGGGSKRSGLYDRVIKSKENGEFELPGKPNPRLGPW 
KEGIRLCRENNIKFVLSVGGGSSADTAKAIAVGVPYKGDWWDFYTGKAEVKEALPWGVVTLPATGTESSNSSV 
MNEDGWFKKGLNTVLRPAFSIMNPELTFTLPEYOTACGACDIMAHIMERYFTNVKHVDLTDRLCEAALRNV 
NNAPWLKOPKNYDARAEMWTGTIAHNDVSTG RIGDWASHKEHELSGETDAHGAGLAVFPAWMKYWYK 
HDNRFVOFAVRVWDVDLSYSSCEDIVLEGRRMTAFFKSMGLPTLKEGSGEDKIEEMANKCTDNGTKTVGO 
FVKLNKDDVKILNLAR* 

Seq, ID 109: Nucleotide Acid sequence of butanol dehydrogenase from C. ragsdalei: 
ATGGAAGACAAGTTGAAAATTTTAATTGAAATCCAAGA TATTTTAATAGGGAATCCATACAACTTTA 
GAGCAGGTTACTGGCTCCGAGCATTTATTGTTGCAGAGCCATTATGGGAAAACTTGGATATCTCAAAA 
AGTAATAGATTCCCTAAGTAAAGCCGGAATAAGTTCCGTTGTTTTTACGGGAGTACACCCTGATCCAGATG 
TCAATGTAATTGCAGATGCAATGAAATTGTACAACAAAAGCGATGCAGATGTTCTCGTTGCACTAGGTGGA 
GGCTCCAGCATTGATACCGCCAAAGGAATAATGTATTGCATGTAATTTAGGAAAAGCAATGGGCCAGG 
AAATGAAAAAGCCCCTGTTTATTGCAATTCCATCAACAAGTGGAACAGGCTCTGAAGTAACAAACTTACT 
GTTATTACTTCTCAGAAAGAAAAGGTATGCATTGTAGATGATTTTATTGCACCAGACGTGCAATACTTGAC 
TCTAGTTGTATTGATGGTCTGCCTCAACGTATTGTAGCAGATACTGGTATAGATGTTCTAGTTCATTCTATTG 
AAGCCA GTTTCCAAAAAAGCAACTGACTTACAGACGCTCTTGCTGAAAAAGCAGTAAATGATTTTTG 
AGAATCTCCAAAAA TATAACGATAGTAAAGATTCTGAAGCTCGAGATCATGTTCAAAACGCTTCTTGTA 
TAGCAGGAATAGCATTTACAAATGCTGGTCTTGGAATAATCACAGCTTGGCTCATGCTAGGGTGGACT 
TTTCACATTCCTCACGGCCGATCCAATGCACTTTTACAATGCAGTAATGGAATACAATGCTAGCTTAGG 
GGAAATGCAAACGATCATGCTATGGAAAAATACGCAAAACTAGCATCAGTTCTACACCTTCCAGCTCGAAC 
AACTCGTGAAGGCGCTGTAAGTTTTATCGAAGCTGTAAATAAATAATAAAATCCCTAGGTGTTGAAGATA 
ATATTCGAGCTCTTGGAAAAAGAAGACGATTTTCAAGGTGCTCTAAATCATATGGCAGAAACAGCAATG 
CAAGATAGATGCACTCCAACTAATCCTAGAAAACCTTCTAAAGAAGAACTGATACATATTATCAAAAATGC 
TATTAA 
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Seq, ID 110: Amino Acid sequence of butanoi dehydrogenase from C. ragsdalei: 
MEDKFENFNLKSKIYFNRESIOLLEOVGSRAFIVADAIMGKLGYLOKVDSLSKAGISSVVFTGVHPDPDVNVA 
DAMKLYNKSDADVLVALGGGSSIDTAKGIMYFACNGKAMGOEMKKPLFAIPSTSGTGSEVTNFTVITSOKEK 
VCIVODFAPDVAILDSSCIDGLPORIVADTGDVLVHSIEAYVSKKATDFTDALAEKAVKLIFENLPKIYNDSKDSE 
ARDHVONASCAGAFTNAGLG INHSLAHAMGGSFHPHGRSNANAVMEYNASLVGNANDHAMEKYAKL 
ASVLHLPARTTREGAVSFEAVNKLIKSLGVEDNIRALGIKEDDFOGALNHMAETAMODRCTPTNPRKPSKEEL 
HIYOKCY* 

Seq, ID 111: Nucleotide sequence of phosphate acety/butyryl transferase from C, ragsdalei: 
AGGAAAAAATTTGGAATAAGGCAAAGGAAGACAAAAAAAAGATTGTCAGCTGAAGGAGAAGAAGAA 
AGAACTCCAAGCGTGAAAAAAAAAAAGAAGGTATTGCAAATTAATCCTTGTAGGGAAGAAAA 
GGTAAT AGAGGAGAAGGCATCAAAATTAGGCGTAAGTTTAAATGGAGCAGAAAAGAGACCAGAAAC 
CTCGGATAAACTAAAAAAATATGCAGATGCTTTTTATGAATTGAGAAAGAAGAAGGGAAAACACCAGAA 
AAAGCGGATAAAATAGTAAGAGATCCAAATATTTTGCTACGATGATGGTAAGCTTGGAGATGCAGATG 
GATTGGTTTCAGGTGCAGTGCATACACAGGTGATCTTGAGACCAGGACCAAATAGTAAAGACAGC 
CCAGGTACATCAGTAGTTTCCAGCACAT TATAATGGAAG ACCAAATGGAATATGGTGACAATGGGT 
ACTTCTATTTGCTGATTGTGCTGTAAATCCATGCCCAGATAGTGATCAATTGGCTTCAA TGCAATAAGTAC 
AGCAGAAACTGCAAAGAACTATGTGGAATGGATCCAAAAGTAGCAATGC CA TCTACTAAGGGAA 
GTGCAAAACACGAATTAGAGATAAAGTTAGAAATGCTGAGAAATTGCCAAAAAAGC AAACCAGATA 
AGTTTGGACGGAGAATTACAATTAGATGCCTCTATCGTAGAAAAGGGCAAGTTTAAAGGCTCCTGAAAG 
TGAAGTAGCAGGAAAAGCAAATGACTGTATTTCCAGATCTCCAAGCAGGAAATATAGGAAAACTTG 
TTCAAAGATTTGCAAAAGCTGATGCTATAGGACCTGTATGCCAGGGATTGCAAAACCTATAAATGATTG 
TCAAGAGGATGTAACCCGATGATAAGAAATGTAGAGCTGTAACAGCAGTCAGGCACAAGCTCAAAA 
GTAA 

Seq. D 112: Amino acid sequence of phosphate acety/butyryl transferase from C. ragsdalei: 
MEKIWNKAKEDKKKIVLAEGEEERTLOACEKIIKEGIANLLVGNEKVIEEKASKLGVSLNGAEIVDPETSDKLKKYA 
DAFYELRKKKGITPEKADKIVRDPIYFATMMVKLGDADGVSGAVHTTGDLLRPGLOVKTAPGSVVSSTFME 
VPNCEYGDNGVLLFADCAVNPCPDSDOLASIAISTAETAKNLCGMDPKWAMLSFSTKGSAKHELVDKVRNAVE 
AKKAKPDLSLDGELOLDASIVEKVASLKAPESEVAGKANVLVFPDLOAGNIGYKLVORFAKADAGPWCOGFAKP 
INDLSRGCNSDDIVNVVAVTAVOAOAOK* 

Seq, ID 113: Nucleotide sequence of acetate/butyrate kinase from C. ragsdalei: 
ATGAAAAATTAGTAGTAAACTGTGGAAGTCATCTAAAATATCAACTTATTGATAGAAAGATGAAAG 
CGTTGTGGCAAAAGGACTGTAGAAAGAATAGGAGCAGAAGGTCAGTTTAACACATAAAGTTAACGGA 
GAAAAGTTTGTTACAGAGCAGCCAATGGAAGATCATAAAGTTGCTAACAATAGTATAAATGCTCTGT 
AGATAAAAAACATGGTGTAATAAAAGATATGTCAGAAAATCTGCTGTAGGGCATAGAGTTTTGCATGGT 
GGAAAAAAAATGCGGCATCCATCTATTGAGACAATGTAATGAAAGCAATAGAAGAA GTATTCCAT 
AGGACCATTACATAACCAGCTAAAAAGGGAAAGATGCTTGTAAAAAACTAATGCCAAATACTCCAA 
TGGTAGCAGTATTGAACAGCATTCATCAGACAAGCCAGATTATGCTTATACTTATGCAATACCTTATG 
ATATATCTGAAAAGTATGATATCAGAAAAATGGTTTTCATGGAACTTCTCATAGATTCG CAATTGAAG 
CAGCCAAGTGTTAAAGAAAGATCCAAAAGATCTTAAGCTAATAACGTCATTAGGAAAGGAGCTAGT 
ATA GTGCAGTAAACCAGGGAAAAGCAGTAGATACAACTATGGGACT ACCCCCTTGCAGGACTTGTAAT 
GGGAACTAGATGTGGTGATATAGACCAGCTATAATACCATTTGTAATGAAAAGAACAGGTATGTCGTAG 
ATGAAATGGATACTAATGAACAAAAAGICAGGAATACTGGAGTACAGGAGTAAGCAGCGATTT AG 
AGATGAGAAGAAGCTGCAAATTCAGGAAATGATAGAGCAAAACTTGCA AAAATGTATTATCACAAAG 
TTAAATCTCATAGGAGCTATGTTGCAGTAAATGGAGCAGATGCTATAAATTACAGCAGGACTTG 
GAGAAAATTCAGCTACTAGCAGATCGCTATATGTAAGGGATTAAGCTATTGGAAAAAATAGATGAA 
GAAAAGAATAAGAAAAGGGGAGAAGCACTAGAAATAAGCACACCTGATTCAAAGATAAAAGTATTAGTA 
ATTCCTACAAATGAAGAACTTATGATAGCAGGGATACAAAAGAAATAGTTGAAAAAAATAA 
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RECOMBINANT MICROORGANISMAND 
METHODS OF PRODUCTION THEREOF 

FIELD OF DISCLOSURE 

0001. The present disclosure relates to methods for the 
production of biofuels by microbial fermentation and geneti 
cally modified micro-organisms suitable for use in Such 
methods. 

BACKGROUND 

0002. Butanol is an important bulk chemical with a wide 
range of industrial uses that has worldwide production of 
4.5-5.5 million tonnes per annum. It is used as a precursor for 
the production of acrylate and methacrylate esters (used in 
coatings, plastics, textiles, adhesives, etc), glycol ethers 
(coatings, electronics)and butyl acetate (paints, ink, coatings, 
synthetic fruit flavoring) as well as butylamines (production 
of pesticides and pharmaceuticals) and amine resins. It also 
has direct use as a solvent (in ink, dyes, etc), an extractant (for 
the production of drugs and natural Substances such as alka 
loids, antibiotics, hormones, and vitamins), and in deicing 
fluids, cosmetics and chromatography. 
0003. Butanol also has potential as a second generation 
biofuel, and in this context is referred to as Biobutanol (Köpke 
& Dirre, 2010). It has similar properties to gasoline and 
Superior properties to ethanol. Specifically, it has increased 
mileage due to higher energy density, it can be mixed with 
gasoline in any concentration (while ethanol can only be 
blended up to 85%) and is not hygroscopic or corrosive. 
0004 Biofuels for transportation are attractive replace 
ments for gasoline and are rapidly penetrating fuel markets as 
low concentration blends. Biofuels, derived from natural 
plant sources, are more environmentally Sustainable than 
those derived from fossil resources (such as gasoline), their 
use allowing a reduction in the levels of so-called fossil car 
bon dioxide (CO2) gas that is released into the atmosphere as 
a result of fuel combustion. In addition, biofuels can be pro 
duced locally in many geographies, and can act to reduce 
dependence on imported fossil energy resources. 
0005. The vast majority of biofuels are produced via tra 
ditional yeast-based fermentation processes that use crop 
derived carbohydrates as the main carbon Source and are 
known as first generation biofuels. However, these crops are 
required for food and many crops also require high agricul 
tural inputs in the form of fertilizers. These limitations mean 
that first generation biofuels are considered unsustainable and 
the greenhouse gas reductions that can be achieved are lim 
ited. The aim of second generation biofuels is the sustainable 
use of non-food parts of current crops or other industrial 
waste to reduce greenhouse gas emissions and reduce depen 
dency on fossil fuels. 
0006 Recent 1-butanol production has been mainly by 
oxo synthesis (Weifermel & Arpe, 2003). Petrochemicals 
including crude oil are cracked to form propylene which is 
used during oxo synthesis. However the synthesis process 
requires use of non-renewable resources as well as Suffering 
from being expensive and non-specific in the products 
formed. 
0007 Butanol can also be produced through biological 
production methods, the most common being the Acetone 
Butanol-Ethanol (ABE) fermentation which has been used 
industrially since 1913 (Köpke & Dürre, 2010). This method 
has the unwanted by-product of acetone which is usually 
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produced at about half the volume ofbutanol which therefore 
substantially reduces the yield. Additionally, this method of 
fermentation is limited by the toxicity ofbutanol to the micro 
organism which results in growth being almost completely 
inhibited at such low butanol concentrations as 1.5% (Köpke 
and Dürre 2010). Furthermore ABE fermentation uses sugar 
from corn, starch, cassaya and Sugarcane as a feedstock. This 
results in the undesirable use of arable land to produce fuel 
rather than food. It can also exacerbate problems related to 
deforestation and desertification. 
0008. Only a few organisms are known to naturally pro 
duce butanol and none of these produce butanol at a highyield 
from abundant sources (such as carbon monoxide —CO). 
Two organisms known to naturally produce butanol from CO 
are Butyribacterium methylotrophicum (which synthesises 
only traces of butanol (Heiskanen et al., 2007)), and 
Clostridium carboxidivorans (which produces low yields of 
1-butanol as a by-product to the main fermentation products 
ethanol and acetate (Liou et al., 2005)). 
0009. A number of organisms have been genetically modi 
fied to produce 1-butanol including E. coli, Bacillus subtilis, 
Saccharomyces cerevisiae, Pseudomonasputida, or Lactoba 
cillus brevis. However all of these organisms still rely on 
sugar as feedstock (Köpke & Dürre, 2010). Despite over 250 
Clostridium species being known, only a few are genetically 
accessible. There is no natural competence (uptake of extra 
cellular DNA from the cell's environment) known in 
Clostridia and electrotransformation or conjugation are the 
only methods available for transformation. These issues 
present significant difficulties in effectively transforming 
Clostridia species. Most Clostridia have one or more restric 
tion/methylation systems to protect against foreign and phage 
DNA which means that transformation is particularly difficult 
and unpredictable. 

SUMMARY OF INVENTION 

0010. It is an object of the invention to overcome one or 
more disadvantages of the prior art, or to at least provide the 
public with a useful alternative to known technologies. 
0011 Inaccordance with the invention, it has been discov 
ered that a genetically modified microorganism is capable of 
using CO to produce 1-butanol or a precursor thereofas the 
main fermentation product. 
0012. In a first aspect, the invention provides an acetoge 
nic recombinant microorganism which produces 1-butanol 
and/or a precursor thereof as the main fermentation product. 
0013. In a related aspect, the invention provides an aceto 
genic recombinant microorganism which is capable of pro 
ducing 1-butanol and/or a precursor thereof by fermentation 
from a Substrate comprising CO at a concentration of greater 
than approximately 1 mM or 0.075 g/l per litre of fermenta 
tion broth. 
0014 Preferably, the microorganism comprises exog 
enous nucleic acids adapted to express one or more enzymes 
in the butanol biosynthesis pathway. 
0015. In one embodiment, the one or more enzymes are 
chosen from the group consisting of: Thiolase 3-hydroxybu 
tyryl-CoA dehydrogenase, Crotonase/crotonyl-CoA 
hydratase. Butyryl-CoA dehydrogenase, Electron Transfer 
Flavoprotein A, and Electron Transfer Flavoprotein B 
0016 Preferably, the microorganism comprises one or 
more exogenous nucleic acids encoding one or more of the 
enzymes. 
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0017 Preferably, the one or more nucleic acids encoding 
the one or more enzymes is chosen from the nucleic acids 
SEQ ID NO. 1 to SEQ ID NO. 6 or functionally equivalent 
variants thereof. 
0018 Preferably, the microorganism comprises one or 
more exogenous nucleic acids encoding each of Thiolase, 
3-hydroxybutyryl-CoA dehydrogenase, Crotonase, Butyryl 
CoA dehydrogenase, Electron Transfer Flavoprotein A and 
Electron Transfer Flavoprotein B. 
0019 Preferably, the microorganism comprises a plasmid 
encoding one or more of, or preferably each of Thiolase, 
3-hydroxybutyryl-CoA dehydrogenase, Crotonase, Butyryl 
CoA dehydrogenase, Electron Transfer Flavoprotein A and 
Electron Transfer Flavoprotein B. 
0020. In one embodiment, the microorganism comprises 
one or more exogenous nucleic acids encoding each of the 
enzymes thiolase 3-hydroxybutyryl-CoA dehydrogenase, 
crotonase/crotonyl-CoA hydratase and butyryl-CoA dehy 
drogenase. 
0021 Preferably, the microorganism further comprises an 
exogenous phosphotransacetylase/acetate kinase promoter. 
Preferably, the promoter corresponds to SEQ ID No. 7 or a 
functionally equivalent variant thereof. 
0022 Preferably, the promoter is contained on a construct 
encoding one or more of the enzymes referred to herein 
before. 
0023. In one embodiment, the microorganism comprises 
exogenous nucleic acids adapted to express one or more of the 
enzymes chosen from the group consisting of Phosphotrans 
butyrylase; butyrate kinase; ferredoxin dependent aldehyde 
oxidoreductase; butyraldehyde dehydrogenase; butanol 
dehydrogenase; a bifunctional butyraldehyde dehydrogenase 
and butanol dehydrogenase. 
0024. In one embodiment, the microorganism comprises 
exogenous nucleic acids adapted to express one or more of 
butyraldehyde dehydrogenase, butanol dehydrogenase and a 
bifunctional butyraldehyde dehydrogenase/butanol dehydro 
genase. Preferably, the microorganism comprises one or 
more exogenous nucleic acids encoding one or more of 
butyraldehyde dehydrogenase, butanol dehydrogenase and a 
bifunctional butyraldehyde dehydrogenase/butanol dehydro 
genase. 
0025. In one embodiment, the microorganism comprises 
exogenous nucleic acids adapted to express one or more of 
Phosphotransbutyrylase, butyrate kinase, ferredoxin depen 
dent aldehyde oxidoreductase, and butanol dehydrogenase. 
Preferably, the microorganism comprises one or more exog 
enous nucleic acids encoding one or more of Phosphotrans 
butyrylase, butyrate kinase, ferredoxin dependent aldehyde 
oxidoreductase, and butanol dehydrogenase. In particular 
embodiments, the microorganism comprises exogenous 
nucleic acids adapted to express each of Phosphotransbutyry 
lase, butyrate kinase, ferredoxin dependent aldehyde oxi 
doreductase, and butanol dehydrogenase. 
0026. In one embodiment, the one or more nucleic acids 
encoding the one or more enzymes is chosen from the nucleic 
acids outlined in tables 7 to 10 herein after and functionally 
equivalent variants thereof. 
0027. In one embodiment, the microorganism comprises 
one or more nucleic acid adapted to express at least two of the 
enzymes in the butanol biosynthesis pathway, at least 3, at 
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at 
least 10, at least 11, or at least 12 of the enzymes. Preferably, 
the microorganism is selected from the group of acetogenic 
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bacteria. In certain embodiments the microorganism is 
selected from the group comprising Clostridium autoethano 
genum, Clostridium ljungdahlii Clostridium ragsdalei, 
Clostridium carboxidivorans, Clostridium drakei, 
Clostridium Scatalogenes, Clostridium aceticum, 
Clostridium formicoaceticum, Butyribacterium limosum, 
Acetobacterium woodi, Blautia producta, Eubacterium 
limosum, Moorella thermoacetica, Moorella thermau 
totrophica, Oxobacter pfennigii, and Thermoanaerobacter 
kiuvi. 
0028 Preferably, the microorganism is Clostridium auto 
ethanogenium DSM23693. 
0029. In one embodiment, the recombinant microorgan 
ism of the invention has the defining characteristics of the 
microorganism deposited at the DSMZ (Deutsche Sammlung 
für Mikroorganismen and Zellkulturen GmbH, Braunsch 
weig, Germany) under the accession number DSM24138. 
0030. In a second aspect, the invention provides a recom 
binant methyltransferase gene according to nucleotide SEQ 
ID NO 27 or a functionally equivalent variant thereof. 
0031. In a third aspect, the invention provides a methyl 
transferase according to SEQ ID NO 28 or a functionally 
equivalent amino acid variant thereof. 
0032. In a related aspect the invention provides a recom 
binant microorganism comprising a methyltransferase gene 
according to the second aspect. The methyltransferase gene 
may be present on a nucleic acid construct or integrated into 
the genome of the microorganism. 
0033. In a fourth aspect, the invention provides a nucleic 
acid comprising SEQ ID No 1 to 6, or functionally equivalent 
variants thereof, in any order. 
0034 Preferably, the nucleic acid comprises SEQ ID No 
1 to 6 in the order shown in FIG. 2. 
0035. Preferably, the nucleic acid further comprises a 
phosphotransacetylase/acetate kinase promoter. Preferably, 
the promoter corresponds to SEQ ID No. 7 or a functionally 
equivalent variant thereof. 
0036. In a fifth aspect, the invention provides an expres 
sion construct comprising one or more nucleic acid sequences 
wherein the construct, when expressed in an acetogenic 
microorganism, results in 1-butanol and/or a precursor 
thereof being produced as the main fermentation product. 
0037 Preferably, the one or more nucleic acid sequences 
encode one or more enzymes that are part of the 1-butanol 
biosynthesis pathway. 
0038 Preferably, the nucleic acids are selected from 
nucleic acids encoding thiolase, 3-hydroxybutyryl-CoA 
dehydrogenase, crotonase, butyryl-CoA dehydrogenase, 
electron transfer flavoprotein A and/or electron transfer fla 
voprotein B. 
0039 Preferably, the one or more nucleic acid sequences 
are selected from SEQ ID NO. 1 to SEQ ID NO. 6 or func 
tionally equivalent variants thereof. 
0040. In one embodiment, the nucleic acids are further 
selected from nucleic acids encoding Phosphotransbutyry 
lase, butyrate kinase, ferredoxin dependent aldehyde oxi 
doreductase, butyraldehyde dehydrogenase, butanol dehy 
drogenase, and a bifunctional butyraldehyde dehydrogenase/ 
butanol dehydrogenase. 
0041. In one embodiment, the nucleic acids are selected 
from the group of nucleic acids outlined in tables 7 to 10 
herein after and functionally equivalent variants thereof. 
0042. In one embodiment, the expression construct 
encodes at least 2 enzymes in the butanol biosynthesis path 



US 2011/0236941 A1 

way, at least 3, at least 4, at least 5, at least 6, at least 7, at least 
8, at least 9, at least 10, at least 11 or at least 12 of the enzymes. 
0043 Preferably, the expression construct further com 
prises a phosphotransacetylase/acetate kinase operon pro 
moter. In another embodiment, the expression construct com 
prises another highly active promoter Such as the promoter of 
the pyruvate:ferredoxin oxidoreductase (SEQ ID No. 48), 
the Wood-Ljungdahl gene cluster (SEQ ID No 47), Rnf 
operon (SEQ ID No 49) or the ATP synthase operon (SEQ 
ID No 50). Preferably, the phosphotransacetylase/acetate 
kinase operon promoter corresponds to SEQ ID No. 7 or a 
functionally equivalent variant thereof. 
0044. In a sixth aspect, the invention provides a methyla 
tion construct comprising a methyltransferase gene as 
described herein. 
0045. In a seventh aspect, the invention provides a com 
position comprising the expression construct of the fifth 
aspect and the methylation construct of the sixth aspect. 
0046 Preferably, the composition is able to produce a 
recombinant microorganism which produces 1-butanol and/ 
or a precursor thereofas the main fermentation product. 
0047. In an eighth aspect, the invention provides a method 
of producing a recombinant microorganism comprising: 

0048 a. introduction into a shuttle microorganism of (i) 
an expression construct and (ii) a methylation construct 
according to the sixth aspect comprising a methyltrans 
ferase gene; 

0049 b. expression of the methyltransferase gene: 
0050 c. isolation of one or more constructs from the 
shuttle microorganism; and, 

0051 d. introduction of at least the expression construct 
into a destination microorganism; 

0.052 wherein the expression construct comprises one 
or more genes encoding enzymes to be expressed in the 
destination microorganism. 

0053. In one embodiment, expression of the methyltrans 
ferase gene in step b. is constitutive. In another embodiment, 
expression of the methyltransferase gene in step b. is induced. 
0054. In one embodiment, both the methylation construct 
and the expression construct are isolated in step C. In another 
embodiment, the expression construct is isolated in step C. 
0055. In one embodiment, only the expression construct is 
introduced into the destination microorganism. In another 
embodiment, both the expression construct and the methyla 
tion construct are introduced into the destination microorgan 
ism. 
0056 Preferably, the expression construct is as defined in 
the fifth aspect. 
0057 Preferably, the recombinant microorganism pro 
duces 1-butanol and/or a precursor thereof as the main fer 
mentation product. 
0058. In a related aspect, the invention provides a method 
of producing a recombinant microorganism comprising: 

0059 a. methylation of an expression construct in vitro 
by a methyltransferase according to SEQ ID No 28 or a 
functionally equivalent variant thereof 

0060 b. introduction of an expression construct into a 
destination microorganism; 

0061 wherein the expression construct comprises one 
or more genes encoding enzymes to be expressed in the 
destination microorganism. 

0062 Preferably, the expression construct is as defined in 
the fifth aspect. 
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0063 Preferably, the recombinant microorganism pro 
duces 1-butanol and/or a precursor thereof as the main fer 
mentation product. 
0064 Preferably, the methyltransferase is produced by 
expressing a methyltransferase gene, preferably according to 
SEQ ID No 27 or a functionally equivalent variant thereof, in 
a microorganism and isolating the methyltransferase enzyme. 
0065. In a further related aspect, the invention provides a 
method of producing a recombinant microorganism compris 
ing: 

0.066 a. introduction into the genome of a shuttle micro 
organism of a methyltransferase gene, preferably 
according to SEQ ID No 27 or a functionally equivalent 
variant thereof 

0067 b. introduction of an expression construct into the 
shuttle microorganism 

0068 c. isolation of one or more constructs from the 
shuttle microorganism; and, 

0069 d. introduction of at least the expression construct 
into a destination microorganism; 

0070 wherein the expression construct comprises one 
or more genes encoding enzymes to be expressed in the 
destination microorganism. 

0071 Preferably, the expression construct is as defined in 
the fifth aspect. 
0072 Preferably, the recombinant microorganism pro 
duces 1-butanol and/or a precursor thereof as the main fer 
mentation product. 
0073. In a further related aspect, the invention provides a 
method of producing a recombinant microorganism compris 
ing: 

0.074 a. methylation of an expression construct in 
accordance with the fifth aspect in vitro by a methyl 
transferase 

0075 b. introduction of the expression construct into a 
destination microorganism. 

0076 Preferably, the methyltransferase is encoded by a 
methyltransferase gene as defined in the second aspect or a 
methyltransferase as defined in the third aspect. 
0077 Preferably, the recombinant microorganism pro 
duces 1-butanol and/or a precursor thereof as the main fer 
mentation product. 
0078. In a ninth aspect, the invention provides a method of 
producing a recombinant microorganism comprising: 

0079 a. introduction of (i) an expression construct 
according to the fifth aspect and (ii) a methylation con 
struct comprising a methyltransferase gene into a shuttle 
microorganism; 

0080 b. expression of the methyltransferase gene: 
0081 c. isolation of one or more constructs from the 
shuttle microorganism; and 

0082 d. introduction of at least the expression construct 
into a destination microorganism; 

wherein the expression construct comprises one or more 
genes encoding enzymes to be expressed in the destination 
microorganism. 
I0083. In one embodiment, expression of the methyltrans 
ferase gene in step b. is constitutive. In another embodiment, 
expression of the methyltransferase gene in step b. is induced. 
I0084. In one embodiment, both the methylation construct 
and the expression construct are isolated in step C. In another 
embodiment, the expression construct is isolated in step C. 
I0085. In one embodiment, only the expression construct is 
introduced into the destination microorganism. In another 
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embodiment, both the expression construct and the methyla 
tion construct are introduced into the destination microorgan 
ism. 
I0086 Preferably, the recombinant microorganism pro 
duces 1-butanol and/or a precursor thereof as the main fer 
mentation product. 
0087. In a tenth aspect, the invention provides a method of 
producing a recombinant microorganism that produces 1-bu 
tanol or a precursor thereofas the main fermentation product 
comprising: 

I0088 a. Introduction of (i) an expression construct and 
(ii) a methylation construct comprising a methyltrans 
ferase gene into a shuttle microorganism; 

I0089 b. expression of the methyltransferase gene: 
0090 c. isolation of one or more constructs from the 
shuttle microorganism; and, 

0091 d. introduction of at least the expression construct 
into a destination microorganism; 

wherein the expression construct comprises one or more 
genes encoding enzymes to be expressed in the destination 
microorganism. 
0092. In one embodiment, expression of the methyltrans 
ferase gene in step b. is constitutive. In another embodiment, 
expression of the methyltransferase gene in step b. is induced. 
0093. In one embodiment, both the methylation construct 
and the expression construct are isolated in step C. In another 
embodiment, the expression construct is isolated in step C. 
0094. In one embodiment, only the expression construct is 
introduced into the destination microorganism. In another 
embodiment, both the expression construct and the methyla 
tion construct are introduced into the destination microorgan 
1S 

0095 Preferably, the expression construct is as defined in 
the fifth aspect. 
0096 Preferably, the methylation construct is as defined in 
the sixth aspect. 
0097. In an eleventh aspect, the invention provides a 
method of production of 1-butanol and/or a precursor thereof 
by microbial fermentation comprising fermenting a substrate 
using a recombinant microorganism. 
0098 Preferably, 1-butanol and/or a precursor thereof is 
the main fermentation product. 
0099 Preferably, the recombinant microorganism is as 
described in any one of the eighth to the tenth aspects. 
0100 Preferably, 1-butanol and/or a precursor thereof is 
produced in a yield of from approximately 0.075 grams per 
litre of fermentation broth (g/l) to approximately 20 g/l. In 
one embodiment, the yield is from approximately 0.15 g/l to 
approximately 1.54 g11. In other embodiments, the yield is 
approximately 10 g/l, approximately 5 g/l, or approximately 
2 g/l. Preferably, the yield of 1-butanol is up to the limit at 
which butanol becomes toxic to the Surrounding media. 
0101 Preferably, the substrate comprises CO. Preferably, 
the Substrate is a gaseous Substrate comprising CO. In one 
embodiment, the Substrate comprises an industrial waste gas. 
In certain embodiments, the gas is steel mill waste gas or 
Syngas. 

0102. In one embodiment, the substrate will typically con 
tain a major proportion of CO, such as at least about 20% to 
about 100% CO by volume, from 20% to 70% CO by volume, 
from 30% to 60% CO by volume, and from 40% to 55% CO 
by Volume. In particular embodiments, the Substrate com 
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prises about 25%, or about 30%, or about 35%, or about 40%, 
or about 45%, or about 50% CO, or about 55% CO, or about 
60% CO by volume. 
0103) While it is not necessary for the substrate to contain 
any hydrogen, the presence of H should not be detrimental to 
product formation in accordance with methods of the inven 
tion. In particular embodiments, the presence of hydrogen 
results in an improved overall efficiency of alcohol produc 
tion. For example, in particular embodiments, the Substrate 
may comprise an approx 2:1, or 1:1, or 1:2 ratio of H2:CO. In 
one embodiment the substrate comprises about 30% or less 
H. by volume, 20% or less H. by volume, about 15% or less 
H. by volume or about 10% or less H by volume. In other 
embodiments, the Substrate stream comprises low concentra 
tions of H2, for example, less than 5%, or less than 4%, or less 
than 3%, or less than 2%, or less than 1%, or is substantially 
hydrogen free. The Substrate may also contain some CO for 
example, such as about 1% to about 80% CO by volume, or 
1% to about 30% CO, by volume. 
0104 Preferably, the precursor produced by the method of 
any of the preceding aspects is converted to 1-butanol in the 
presence of phosphotransbutyrylase, butyrate kinase, ferre 
doxin dependentaldehyde oxidoreductase, and butanol dehy 
drogenase. 
0105 Preferably, the microorganism produces phospho 
transbutyrylase, butyrate kinase, ferredoxin dependent alde 
hyde oxidoreductase, and butanol dehydrogenase both before 
and after introduction of an exogenous nucleic acid. 
0106 Preferably, the precursor produced by the method of 
any of the preceding aspects is converted to 1-butanol in the 
presence of butyraldehyde dehydrogenase, butanol dehydro 
genase and/or a bifunctional butyraldehyde dehydrogenase/ 
butanol dehydrogenase. 
0107 Preferably, the microorganism produces butyralde 
hyde dehydrogenase, butanol dehydrogenase and/or a bifunc 
tional butyraldehyde dehyrogenase/butanol deydrogenase 
before and after introduction of an exogenous nucleic acid. 
0108. In a twelfth aspect, the invention provides 1-butanol 
or a precursor thereof when produced by the method of the 
eleventh aspect. 
0109. In a thirteenth aspect, the invention provides a 
shuttle microorganism comprising a methylation construct as 
defined herein. 

0110 Preferably, the shuttle microorganism further com 
prises an expression construct as defined herein. 
0111 Preferably, the shuttle microorganism is E. coli or 
Bacillus subtilis. 

0112 Preferably, the methylation construct of any of the 
previous aspects comprises a lac promoter and the methyl 
transferase gene and is induced by Isopropyl-B-D-thio-galac 
toside (IPTG). Expression of the methyltransferase could 
also be controlled by other inducible promoter systems such 
as ara, tet, or T7. 
0113. In a fourteenth aspect, the invention provides a 
nucleic acid having a sequence chosen from the group con 
sisting of SEQ ID NOS 8 to 13. 
0114. In a fifteenth aspect, the invention provides a nucleic 
acid having a sequence chosen from the group consisting of 
SEQ ID NOs 16 to 23. 
0.115. In a sixteenth aspect, the invention provides a 
nucleic acid comprising at least the nucleic acid sequence of 
SEQID No. 7 or a functionally equivalent variant thereof, a 
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nucleic acid constructor vector comprising same, and micro 
organisms comprising said nucleic acid or nucleic acid con 
Struct Or Vector. 

0116. In a seventeenth aspect, the invention provides a 
nucleic acid which encodes a methyltransferase according to 
SEQ ID No 28. 
0117. In an eighteenth aspect, the invention provides a 
nucleic acid comprising a nucleic acid encoding a polypep 
tide having the amino acid sequence of a polypeptide chosen 
from the group listed in tables 7 to 10 herein after and func 
tionally equivalent variants of any one or more thereof. 
0118. In a nineteenth aspect, the invention provides a 
nucleic acid comprising a nucleic acid chosen from the group 
listed in tables 7 to 10 herein after and functionally equivalent 
variants of any one or more thereof. 
0119. In a twentieth aspect, the invention provides con 
structs and microorganisms comprising a nucleic acid of the 
eighteenth or nineteenth aspects of the invention. 
0120 In a twenty first aspect, the invention provides a 
nucleic acid having a sequence chosen from the group con 
sisting of SEQ ID NOs 32 to 38 and 123 to 135. 
0121. In a twenty second aspect, the invention provides a 
polypeptide comprising the amino acid sequence of a 
polypeptide chosen from the group listed in tables 7 to 10 
hereinafter and functionally equivalent variants of any one or 
more thereof. 
0122) The invention may also be said broadly to consist in 
the parts, elements and features referred to or indicated in the 
specification of the application, individually or collectively, 
in any or all combinations of two or more of said parts, 
elements or features, and where specific integers are men 
tioned herein which have known equivalents in the art to 
which the invention relates, such known equivalents are 
deemed to be incorporated herein as if individually set forth. 

BRIEF DESCRIPTION OF THE FIGURES 

0123. These and other aspects of the present invention, 
which should be considered in all its novel aspects, will 
become apparent from the following description, which is 
given by way of example only, with reference to the accom 
panying figures, in which: 
0.124 FIG. 1 shows the butanol biosynthesis pathway 
from CO. 
0.125 FIG. 2 shows an exemplary expression plasmid 
encoding genes involved in 1-butanol biosynthesis. 
0126 FIG. 3 shows sequencing results of pMTL85245 
thlA-crt-hbd which demonstrate that the 1-butanol biosynthe 
sis genes found on the expression plasmid were free of muta 
tions. 
0127 FIGS. 4a, 4b and 4c show a nucleotide alignment of 
the C. autoethanogenium (CAU), C. ljungdahlii (CLJ), C. 
ragsdalei (CRA) and the designed methyltransferase (DMT) 
genes. 
0128 FIG. 4d shows an amino acid alignment of the meth 
yltransferases from C. autoethanogenium (CAU1+2), C. 
liungdahlii (CLJ), C. ragsdalei (CRA1+2) and the designed 
methyltransferase (DMT). 
0129 FIG. 5 shows an exemplary methylation plasmid of 
the invention 
0130 FIG. 6 shows an agarose gel electrophoresis image 
of isolated plasmid DNA. Lane 1, 6, 11, 16, 21 and 26 show 
100 by Plus DNA Ladder. Lane 2-5 shows PCR with original 
methylated plasmid mix as template in the following order: 
ermB, ColE1, th1A, crt. Lane 7-10, 12-15, 17-20, 22-25 and 
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27-30 show PCR with isolated plasmids from 4 different 
clones as template, each in the following order ermB, Col. 1, 
thlA, crt. Lane 32-35 shows plasmid prep from 4 different 
clones. Lane 36 shows plasmid prep from original C. autoet 
hanogenium DSM23693. 
I0131 FIG. 7 shows HPLC results showing 1-butanol pro 
duction with C. autoethanogenium harboring butanol plasmid 
pMTL85245-thlA-crt-hbd. 
I0132 FIG. 8 shows an analysis of expression of over 200 
genes during a typical fermentation with Clostridium autoet 
hanogenium at standard conditions using real-time PCR to 
identify appropriate promoter regions for the expression of 
heterologous genes. 
(0.133 FIG.9 shows the sequence for SEQ ID No 1, 2 and 
3. 
I0134 FIG. 10 shows the sequence for SEQ ID No 4,5 and 
6 
0.135 FIG. 11 shows the sequence for promoter regions 
encoded by SEQ ID No 7, 47, 48, 49 and 50. 
(0.136 FIG. 12 shows the sequence for SEQ ID No 14 
I0137 FIG. 13 shows the sequence for SEQ ID No 15 
I0138 FIG. 14 shows the sequence for SEQ ID No 24 and 
25 
I0139 FIG. 15 shows the sequence for SEQ ID No 26 
(O140 FIG. 16 shows the sequence for SEQ ID No 27 
0141 FIG. 17 shows the sequence for SEQ ID No 28 
0142 FIG. 18 shows the sequence for SEQ ID No 29 
0143 FIG. 19 shows the 16S rRNA gene of C. autoetha 
nogenium (Y18178, GI:7271109) 
014.4 FIGS. 20 and 21 show the sequence for SEQ ID No 
31 

(0145 FIG.22 shows Seq. ID 39: Nucleotide acid sequence 
of bifunctional butanol/butyraldehyde dehydrogenase of C. 
autoethanogenium 
0146 FIG.23 shows Seq. ID 40: Nucleotide acid sequence 
of bifunctional butanol/butyraldehyde dehydrogenase of C. 
autoethanogenium 
0147 FIG.24 shows Seq. ID 41: Nucleotide acid sequence 
of butyraldehyde dehydrogenase of C. autoethanogenium; 
and, Seq. ID 42: Amino acid sequence ofbutyraldehyde dehy 
drogenase of C. autoethanogenium 
0148 FIG.25 shows Seq. ID 43: Nucleotide acid sequence 
of butyraldehyde dehydrogenase of C. autoethanogenium; 
and, Seq. ID44: Amino acid sequence ofbutyraldehyde dehy 
drogenase of C. autoethanogenium 
014.9 FIG. 26 shows Seq. ID 45: Nucleotide acid sequence 
ofbutyraldehyde dehydrogenase of C. autoethanogenium 
0150 FIG. 27 shows Seq. ID 46: Amino acid sequence of 
butyraldehyde dehydrogenase of C. autoethanogenium; and, 
Seq. ID 119: Nucleotide acid sequence of butanol dehydro 
genase of C. autoethanogenium 
0151 FIG.28 shows Seq. ID 120: Amino acid sequence of 
butanol dehydrogenase of C. autoethanogenium; and Seq. ID 
121: Nucleotide acid sequence of butanol dehydrogenase of 
C. autoethanogenium. 
0152 FIG.29 shows Seq. ID 122: Amino acid sequence of 
butanol dehydrogenase of C. autoethanogenium; and, Seq. ID 
51: Nucleotide acid sequence ofbutanol dehydrogenase of C. 
autoethanogenium. 
(O153 FIG. 30 shows Seq. ID 52: Amino acid sequence of 
butanol dehydrogenase of C. autoethanogenium; and, Seq. ID 
53: Nucleotide acid sequence ofbutanol dehydrogenase of C. 
autoethanogenium 
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0154 FIG. 31 shows Seq. ID 54: Amino acid sequence of 
butanol dehydrogenase of C. autoethanogenium; and, Seq. ID 
55: Nucleotide acid sequence ofbutanol dehydrogenase of C. 
autoethanogenium 
(O155 FIG. 32 shows Seq. ID 56: Amino acid sequence of 
butanol dehydrogenase of C. autoethanogenium; and, Seq. ID 
57: Nucleotide acid sequence ofbutanol dehydrogenase of C. 
autoethanogenium. 
0156 FIG.33 shows Seq. ID 58: Amino acid sequence of 
butanol dehydrogenase of C. autoethanogenium; and Seq. ID 
59: Nucleotide sequence of phosphate acetyl/butyryl trans 
ferase from C. autoethanogenium; and Seq. ID60: Amino acid 
sequence of phosphate acetyl/butyryl transferase from C. 
autoethanogenium. 
(O157 FIG. 34 shows Seq. ID 61: Nucleotide sequence of 
acetate/butyrate kinase from C. autoethanogenium; and Seq. 
ID 62: Amino acid sequence of acetate/butyrate kinase from 
C. autoethanogenium. 
0158 FIG. 35 shows Seq. ID 63: Nucleotide sequence of 
aldehyde:ferredoxin oxidoreductase from C. autoethanoge 
num; and Seq. ID 64: Amino acid sequence of aldehyde: 
ferredoxin oxidoreductase from C. autoethanogenium. 
0159 FIG. 36 shows Seq. ID 65: Nucleotide sequence of 
aldehyde:ferredoxin oxidoreductase from C. autoethanoge 
num; and Seq. ID 66: Amino acid sequence of aldehyde: 
ferredoxin oxidoreductase from C. autoethanogenium. 
(0160 FIG.37 shows Seq. ID 67: Nucleotide acid sequence 
of bifunctional butanol/butyraldehyde dehydrogenase of C. 
liungdahli 
0161 FIG.38 shows Seq. ID 68: Amino acid sequence of 
bifunctional butanol/butyraldehyde dehydrogenase of C. 
liungdahli 
(0162 FIG.39 shows Seq. ID 69: Nucleotide acid sequence 
of bifunctional butanol/butyraldehyde dehydrogenase of C. 
liungdahli 
0163 FIG. 40 shows Seq. ID 70: Amino acid sequence of 
bifunctional butanol/butyraldehyde dehydrogenase of C. 
liungdahlii; and Seq. ID 71: Nucleotide acid sequence of 
butyraldehyde dehydrogenase of C. liungdahli. 
0164 FIG. 41 shows Seq. ID 72: Amino acid sequence of 
butyraldehyde dehydrogenase of C. liungdahlii; and Seq. ID 
73: Nucleotide acid sequence of butyraldehyde dehydroge 
nase of C. liungdahlii; and Seq. ID 74: Amino acid sequence 
of butyraldehyde dehydrogenase of C. Jiungdahlii. 
(0165 FIG.42 shows Seq. ID 75: Nucleotide acid sequence 
of butanol dehydrogenase of C. ljungdahlii; and Seq. ID 76: 
Amino acid sequence of butanol dehydrogenase of C. 
liungdahlii; and Seq. ID 77: Nucleotide acid sequence of 
butanol dehydrogenase of C. liungdahli. 
0166 FIG. 43 shows Seq. ID 78: Amino acid sequence of 
butanol dehydrogenase of C. Jiungdahlii; and Seq. ID 79: 
Nucleotide acid sequence of butanol dehydrogenase of C. 
liungdahlii; and Seq. ID 80: Amino acid sequence of butanol 
dehydrogenase of C. liungdahli. 
0167 FIG.44 shows Seq. ID 81: Nucleotide acid sequence 
of butanol dehydrogenase of C. ljungdahlii; and Seq. ID 82: 
Amino acid sequence of butanol dehydrogenase of C. 
liungdahlii; and Seq. ID 83: Nucleotide acid sequence of 
butanol dehydrogenase of C. liungdahli. 
0168 FIG. 45 shows Seq. ID 84: Amino acid sequence of 
butanol dehydrogenase of C. Jiungdahlii; and Seq. ID 85: 
Nucleotide sequence of phosphate acetyl/butyryl transferase 
from C. liungdahli; and Seq. ID 86: Amino acid sequence of 
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phosphate acetylbutyryl transferase from C. liungdahli, and 
Seq. ID 87: Nucleotide sequence of acetate/butyrate kinase 
from C. liungdahli. 
0169 FIG. 46 shows Seq. ID 88: Amino acid sequence of 
acetate/butyrate kinase from C. ljungdahlii; and Seq. ID 89: 
Nucleotide sequence of aldehyde:ferredoxin oxidoreductase 
from C. Liungdahlii; and Seq. ID 90: Amino acid sequence of 
aldehyde:ferredoxin oxidoreductase from C. Jiungdahli. 
(0170 FIG. 47 shows Seq. ID 91: Nucleotide sequence of 
aldehyde:ferredoxin oxidoreductase from C. Jiungdahlii; and 
Seq. ID 92: Amino acid sequence of aldehyde:ferredoxin 
oxidoreductase from C. liungdahli. 
(0171 FIG. 48 shows Seq. ID 93: Nucleotide Acid 
sequence of bifunctional butanol/butyraldehyde dehydroge 
nase from C. ragsdalei 
0172 FIG. 49 shows Seq. ID 94: Amino Acid sequence of 
bifunctional butanol/butyraldehyde dehydrogenase from C. 
ragsdalei 
(0173 FIG. 50 shows Seq. ID 95: Nucleotide Acid 
sequence of bifunctional butanol/butyraldehyde dehydroge 
nase from C. ragsdalei. 
(0174 FIG. 51 shows Seq. ID 96: Amino Acid sequence of 
bifunctional butanol/butyraldehyde dehydrogenase from C. 
ragsdalei; and Seq. ID 97: Nucleotide Acid sequence of 
butyraldehyde dehydrogenase from C. ragsdalei. 
(0175 FIG. 52 shows Seq. ID 98: Amino Acid sequence of 
butyraldehyde dehydrogenase from C. ragsdalei: Seq. ID 99: 
Nucleotide Acid sequence of butyraldehyde dehydrogenase 
from C. ragsdalei; and Seq. ID 100: Amino Acid sequence of 
butyraldehyde dehydrogenase from C. ragsdalei. 
(0176 FIG. 53 shows Seq. ID 101: Nucleotide Acid 
sequence of butanol dehydrogenase from C. ragsdalei; and 
Seq. ID 102: Amino Acid sequence ofbutanol dehydrogenase 
from C. ragsdalei; and Seq. ID 103: Nucleotide Acid 
sequence ofbutanol dehydrogenase from C. ragsdalei. 
(0177 FIG. 54 shows Seq. ID 104: Amino Acid sequence 
of butanol dehydrogenase from C. ragsdalei; and Seq. ID 
105: Nucleotide Acid sequence of butanol dehydrogenase 
from C. ragsdalei; and Seq. ID 106: Amino Acid sequence of 
butanol dehydrogenase from C. ragsdalei: 
(0178 FIG. 55 shows Seq. ID 107: Nucleotide Acid 
sequence of butanol dehydrogenase from C. ragsdalei; and 
Seq. ID 108: Amino Acid sequence ofbutanol dehydrogenase 
from C. ragsdalei; and Seq. ID 109: Nucleotide Acid 
sequence ofbutanol dehydrogenase from C. ragsdalei. 
(0179 FIG. 56 shows Seq. ID 1 10: Amino Acid sequence 
of butanol dehydrogenase from C. ragsdalei; and Seq. ID 
111: Nucleotide sequence of phosphate acetyl/butyryl trans 
ferase from C. ragsdalei; and Seq. ID 1 12: Amino acid 
sequence of phosphate acetyl/butyryl transferase from C. 
ragsdalei; and Seq. ID 113: Nucleotide sequence of acetate/ 
butyrate kinase from C. ragsdalei. 
0180 FIG.57 shows Seq. ID 114: Amino acid sequence of 
acetate/butyrate kinase from C. ragsdalei; and Seq. ID 115: 
Nucleotide sequence of aldehyde:ferredoxin oxidoreductase 
from C. ragsdalei; and Seq. ID 1 16: Amino acid sequence of 
aldehyde:ferredoxin oxidoreductase from C. ragsdalei. 
0181 FIG. 58 shows Seq. ID 117: Nucleotide sequence of 
aldehyde:ferredoxin oxidoreductase from C. ragsdalei; and 
Seq. ID 118: Amino acid sequence of aldehyde:ferredoxin 
oxidoreductase from C. ragsdalei. 

DETAILED DESCRIPTION OF THE INVENTION 

0182. The following is a description of the present inven 
tion, including preferred embodiments thereof, given ingen 
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eral terms. The invention is further elucidated from the dis 
closure given under the heading “Examples' herein below, 
which provides experimental data Supporting the invention, 
specific examples of various aspects of the invention, and 
means of performing the invention. 
0183 Among others, the closely related microorganisms 
C. autoethanogenium, C. ljungdahli, and C. ragsdalei are 
known to be useful for production of ethanol as biofuel from 
carbon monoxide. In order to produce 1-butanol as a biofuel 
from a gaseous Substrate, a universal transformation system 
for these organisms has been developed and production of 
1-butanol as the main fermentation product from CO has been 
demonstrated. 

0184 The inventors have found that when particular genes 
encoding proteins in the 1-butanol biosynthesis pathway 
(FIG. 1) were introduced into acetogenic microorganisms, 
Such microorganisms were able to use a gaseous Substrate to 
produce 1-butanol or a precursor thereofas the main fermen 
tation product. Although some unmodified microorganisms 
are known to produce 1-butanol, the yield of 1-butanol from 
CO produced by Such unmodified microorganisms is very 
low. As a result, their utility for production of biofuels from 
gaseous substrates is extremely limited due to their low effi 
ciency and a Subsequent lack of commercial viability. 
Clostridium autoethanogenum naturally produces ethanol, 
acetate, 2,3-butandiol and lactic acid but is not known to 
produce 1-butanol. 
0185. As shown in FIG. 1, the Wood-Ljungdahl pathway 
converts CO to acetyl-CoA. This compound may be further 
converted to 1-butanol in acetogenic microorganisms by the 
action of the enzymes thiolase, 3-hydroxybutyryl-CoA dehy 
drogenase, crotonase/crotonyl-CoA hydratase, butyryl-CoA 
dehydrogenase, butyraldehyde dehydrogenase and butanol 
dehydrogenase. In a particular embodiment of the invention, 
the microorganism expresses the first four enzymes which 
may be encoded by the nucleic acid SEQ ID Nos 1 to 4 or 
functionally equivalent variants thereof. The present inven 
tion provides a microorganism that facilitates the conversion 
of acetyl-CoA to 1-butanol by the action of enzymes encoded 
by recombinant nucleic acids as well as naturally occurring 
enzymes. The invention also provides for the use of microor 
ganisms expressing other recombinant nucleic acid 
sequences which encode enzymes at other stages in the 
Wood-Ljungdahl or butanol biosynthesis pathways. The 
inventors have also identified a number of novel enzymes and 
nucleic acids. 

0186. Since there is no natural competence (uptake of 
extracellular DNA from the cell's environment) known in 
Clostridia and electrotransformation or conjugation are the 
only methods available for transformation. These issues 
present significant difficulties in effectively transforming 
Clostridium species. Additionally, the restriction/methyla 
tion systems found in Clostridia protect against foreign and 
phage DNA and result in their genetic transformation being 
particularly troublesome. Transformation of several 
Clostridium strains (C. acetobutylicum ATCC824, C. cellu 
lolyticum ATCC35319, C. botulinum ATCC25765, and C. 
difficile CD3 and CD6) was shown to be only possible if DNA 
is methylated in vivo in E. coli or methylated in vitro in a 
specific pattern prior to transformation (Mermelstein et al. 
1993; Herbert et al., 2003; Jennert et al., 2000: Davis et al, 
2000). However, the determination of the correct methylation 
pattern is often not possible due to unspecific exonucleases, 
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etc. Additionally, many Clostridium species also possess 
restriction systems which digest DNA that is methylated at a 
specific ("wrong) position. 
0187. The abovementioned major hurdles have been over 
come by the inventors in developing the recombinant micro 
organisms of the present invention. A novel methylation sys 
tem comprising a novel methyltransferase gene was 
developed to circumvent the naturally occurring restriction 
barriers present in native acetogenic microorganisms. 
Accordingly, the methylation method and methyltransferase 
gene of the present invention may be applied to a number of 
compatible microorganisms that have restriction barriers pre 
venting effective introduction and expression of desirable 
recombinant nucleic acids in microorganisms. 

DEFINITIONS 

0188 As referred to herein, “precursors of 1-butanol 
include butyryl CoA, butyryl-phosphate, butyrate, and 
butyraldehyde. 
(0189 As referred to herein, a “fermentation broth' is a 
culture medium comprising at least a nutrient media and 
bacterial cells. 
0190. As referred to herein, a “shuttle microorganism' is a 
microorganism in which a methyltransferase enzyme is 
expressed and is distinct from the destination microorganism. 
0191 As referred to herein, a “destination microorgan 
ism' is a microorganism in which the genes included on the 
expression construct are expressed and is distinct from the 
shuttle microorganism. 
0.192 As referred to herein, the term “main fermentation 
product' is intended to mean the one fermentation product 
which is produced in the highest concentration and/or yield. 
0193 The terms “increasing the efficiency”, “increased 
efficiency” and the like, when used in relation to a fermenta 
tion process, include, but are not limited to, increasing one or 
more of the rate of growth of microorganisms catalysing the 
fermentation, the Volume of desired product (Such as alco 
hols) produced per Volume of Substrate (such as Sugar) con 
sumed, the rate of production or level of production of the 
desired product, and the relative proportion of the desired 
product produced compared with other by-products of the 
fermentation. 
0194 The phrase “substrate comprising carbon monox 
ide' and like terms should be understood to include any 
substrate in which carbon monoxide is available to one or 
more strains of bacteria for growth and/or fermentation, for 
example. 
0.195 The phrase “gaseous substrate comprising carbon 
monoxide’ and like phrases and terms includes any gas which 
contains a level of carbon monoxide. In certain embodiments 
the substrate contains at least about 20% to about 100% CO 
by volume, from 20% to 70% CO by volume, from 30% to 
60% CO by volume, and from 40% to 55% CO by volume. In 
particular embodiments, the substrate comprises about 25%, 
or about 30%, or about 35%, or about 40%, or about 45%, or 
about 50% CO, or about 55% CO, or about 60% CO by 
Volume. 
0196. While it is not necessary for the substrate to contain 
any hydrogen, the presence of H should not be detrimental to 
product formation in accordance with methods of the inven 
tion. In particular embodiments, the presence of hydrogen 
results in an improved overall efficiency of alcohol produc 
tion. For example, in particular embodiments, the Substrate 
may comprise an approx 2:1, or 1:1, or 1:2 ratio of H2:CO. In 
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one embodiment the substrate comprises about 30% or less 
H. by volume, 20% or less H by volume, about 15% or less 
H. by volume or about 10% or less H by volume. In other 
embodiments, the Substrate stream comprises low concentra 
tions of H2, for example, less than 5%, or less than 4%, or less 
than 3%, or less than 2%, or less than 1%, or is substantially 
hydrogen free. The Substrate may also contain some CO for 
example, such as about 1% to about 80% CO by volume, or 
1% to about 30% CO, by volume. In one embodiment the 
substrate comprises less than or equal to about 20% CO by 
Volume. In particular embodiments the Substrate comprises 
less than or equal to about 15% CO by volume, less than or 
equal to about 10% CO, by volume, less than or equal to about 
5% CO by volume or substantially no CO. 
0197) In the description which follows, embodiments of 
the invention are described in terms of delivering and fer 
menting a "gaseous Substrate containing CO’. However, it 
should be appreciated that the gaseous Substrate may be pro 
vided in alternative forms. For example, the gaseous Substrate 
containing CO may be provided dissolved in a liquid. Essen 
tially, a liquid is Saturated with a carbon monoxide containing 
gas and then that liquid is added to the bioreactor. This may be 
achieved using standard methodology. By way of example, a 
microbubble dispersion generator (Hensirisaket. al. Scale-up 
of microbubble dispersion generator for aerobic fermenta 
tion; Applied Biochemistry and Biotechnology Volume 101, 
Number 3/October, 2002) could be used. By way of further 
example, the gaseous Substrate containing CO may be 
adsorbed onto a solid support. Such alternative methods are 
encompassed by use of the term “substrate containing CO’ 
and the like. 
0198 In particular embodiments of the invention, the CO 
containing gaseous Substrate is an industrial off or waste gas. 
“Industrial waste or off gases' should be taken broadly to 
include any gases comprising CO produced by an industrial 
process and include gases produced as a result of ferrous 
metal products manufacturing, non-ferrous products manu 
facturing, petroleum refining processes, gasification of coal, 
gasification of biomass, electric power production, carbon 
black production, and coke manufacturing. Further examples 
may be provided elsewhere herein. 
0199 Unless the context requires otherwise, the phrases 
“fermenting”, “fermentation process” or “fermentation reac 
tion' and the like, as used herein, are intended to encompass 
both the growth phase and product biosynthesis phase of the 
process. As will be described further herein, in some embodi 
ments the bioreactor may comprise a first growth reactor and 
a second fermentation reactor. As such, the addition of metals 
or compositions to a fermentation reaction should be under 
stood to include addition to either or both of these reactors. 

0200. The term “bioreactor” includes a fermentation 
device consisting of one or more vessels and/or towers or 
piping arrangement, which includes the Continuous Stirred 
Tank Reactor (CSTR), Immobilized Cell Reactor (ICR), 
Trickle Bed Reactor (TBR), Bubble Column, Gas Lift Fer 
menter, Static Mixer, or other vessel or other device suitable 
for gas-liquid contact. As is described herein after, in some 
embodiments the bioreactor may comprise a first growth 
reactor and a second fermentation reactor. As such, when 
referring to the addition of substrate to the bioreactor or 
fermentation reaction it should be understood to include addi 
tion to either or both of these reactors where appropriate. 
0201 “Exogenous nucleic acids' are nucleic acids which 
originate outside of the microorganism to which they are 
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introduced. Exogenous nucleic acids may be derived from 
any appropriate source, including, but not limited to, the 
microorganism to which they are to be introduced, strains or 
species of microorganisms which differ from the organism to 
which they are to be introduced, or they may be artificially or 
recombinantly created. In one embodiment, the exogenous 
nucleic acids represent nucleic acid sequences naturally 
present within the microorganism to which they are to be 
introduced, and they are introduced to increase expression of 
or over-express a particular gene (for example, by increasing 
the copy number of the sequence (for example a gene)). In 
another embodiment, the exogenous nucleic acids represent 
nucleic acid sequences not naturally present within the micro 
organism to which they are to be introduced and allow for the 
expression of a product not naturally present within the 
microorganism or increased expression of a gene native to the 
microorganism (for example in the case of introduction of a 
regulatory element such as a promoter). The exogenous 
nucleic acid may be adapted to integrate into the genome of 
the microorganism to which it is to be introduced or to remain 
in an extra-chromosomal state. 

0202. It should be appreciated that the invention may be 
practised using nucleic acids whose sequence varies from the 
sequences specifically exemplified herein provided they per 
form substantially the same function. For nucleic acid 
sequences that encode a protein or peptide this means that the 
encoded protein or peptide has substantially the same func 
tion. For nucleic acid sequences that represent promoter 
sequences, the variant sequence will have the ability to pro 
mote expression of one or more genes. Such nucleic acids 
may be referred to herein as “functionally equivalent vari 
ants. By way of example, functionally equivalent variants of 
a nucleic acid include allelic variants, fragments of a gene, 
genes which include mutations (deletion, insertion, nucle 
otide Substitutions and the like) and/or polymorphisms and 
the like. Homologous genes from other bacteria capable of 
butyric acid or butanol fermentation may also be considered 
as examples of functionally equivalent variants of the 
sequences specifically exemplified herein. These include 
homologous genes in species such as Clostridium acetobu 
tylicum, Clostridium beijerinckii, Clostridium tetani, 
Clostridium pasteurianum, Clostridium kluyveri, 
Clostridium cellulovorans, Clostridium perfiringens, 
Clostridium botulinum, Clostridium butyricum strain 
DSM10702, Clostridium tyrobutyricum strain ATCC 25755, 
Anaerococcus prevotii DSM 20548, Thermoanaerobacter 
tengcongensis, Brachyspira pilosicoli, Bacillus megaterium, 
Streptococcus pyogenes and Clostridium saccharoperbuty 
lacetonicum details of which are publicly available on web 
sites such as Genbank or NCBI. The phrase “functionally 
equivalent variants' should also be taken to include nucleic 
acids whose sequence varies as a result of codon optimisation 
for a particular organism. "Functionally equivalent variants' 
of a nucleic acid herein will preferably have at least approxi 
mately 70%, preferably approximately 80%, more preferably 
approximately 85%, preferably approximately 90%, prefer 
ably approximately 95% or greater nucleic acid sequence 
identity with the nucleic acid identified. In a particular 
embodiment, the functionally equivalent variant of the thio 
lase gene as defined herein may be the ato AB gene in E. coli 
(NC 000913.2; atoA=GeneID: 946719; atoB=GeneID: 
94.6727). Functionally equivalent variants of the eftAB gene 
as defined herein may be found in Tsai and Saier (1995). 
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0203. It should also be appreciated that the invention may 
be practised using polypeptides whose sequence varies from 
the amino acid sequences specifically exemplified herein. 
These variants may be referred to herein as “functionally 
equivalent variants'. A functionally equivalent variant of a 
protein or a peptide includes those proteins or peptides that 
share at least 40%, preferably 50%, preferably 60%, prefer 
ably 70%, preferably 75%, preferably 80%, preferably 85%, 
preferably 90%, preferably 95% or greater amino acid iden 
tity with the protein or peptide identified and has substantially 
the same function as the peptide or protein of interest. Such 
variants include within their scope fragments of a protein or 
peptide wherein the fragment comprises a truncated form of 
the polypeptide wherein deletions may be from Ito 5, to 10, to 
15, to 20, to 25 amino acids, and may extend from residue 1 
through 25 at either terminus of the polypeptide, and wherein 
deletions may be of any length within the region; or may beat 
an internal location. Functionally equivalent variants of the 
specific polypeptides herein should also be taken to include 
polypeptides expressed by homologous genes in other spe 
cies of bacteria, for example as exemplified in the previous 
paragraph. 
0204 “Substantially the same function” as used herein is 
intended to mean that the nucleic acid or polypeptide is able 
to perform the function of the nucleic acid or polypeptide of 
which it is a variant. For example, a variant of an enzyme of 
the invention will be able to catalyse the same reaction as that 
enzyme. However, it should not be taken to mean that the 
variant has the same level of activity as the polypeptide or 
nucleic acid of which it is a variant. 
0205 One may assess whether a functionally equivalent 
variant has Substantially the same function as the nucleic acid 
or polypeptide of which it is a variant using any number of 
known methods. However, by way of example, the methods 
outlined in Inui et al (2008) may be used to assess enzyme 
activity. 
0206. “Over-express”, “over expression' and like terms 
and phrases when used in relation to the invention should be 
taken broadly to include any increase in expression of one or 
more protein as compared to the expression level of the pro 
tein of a parental microorganism under the same conditions. It 
should not be taken to mean that the protein is expressed at 
any particular level. 
0207. A "parental microorganism' is a microorganism 
used to generate a recombinant microorganism of the inven 
tion. The parental microorganism may be one that occurs in 
nature (ie a wild type microorganism) or one that has been 
previously modified but which does not express or over 
express one or more of the enzymes the Subject of the present 
invention. Accordingly, the recombinant microorganisms of 
the invention have been modified to express or over-express 
one or more enzymes that were not expressed or over-ex 
pressed in the parental microorganism. 
0208. The terms nucleic acid “constructs” or “vectors’ 
and like terms should be taken broadly to include any nucleic 
acid (including DNA and RNA) suitable for use as a vehicle 
to transfer genetic material into a cell. The terms should be 
taken to include plasmids, viruses (including bacteriophage), 
cosmids and artificial chromosomes. Constructs or vectors 
may include one or more regulatory elements, an origin of 
replication, a multicloning site and/or a selectable marker, 
among other elements, sites and markers. In one particular 
embodiment, the constructs or vectors are adapted to allow 
expression of one or more genes encoded by the construct or 
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vector. Nucleic acid constructs or vectors include naked 
nucleic acids as well as nucleic acids formulated with one or 
more agents to facilitate delivery to a cell (for example, lipo 
some-conjugated nucleic acid, an organism in which the 
nucleic acid is contained). 
0209. It should be appreciated that nucleic acids of the 
invention may be in any appropriate form, including RNA, 
DNA, or cDNA, including double-stranded and single 
Stranded nucleic acids. 
0210. In one aspect the invention provides genetically 
modified microorganisms capable of using CO to produce 
1-butanol and/or a precursor thereofas the main fermentation 
product. The microorganism is preferably an acetogenic 
recombinant microorganism which produces 1-butanol and/ 
or a precursor thereof as the main fermentation product. In 
one particular embodiment, the acetogenic recombinant 
microorganism is capable of producing 1-butanol or a precur 
sor thereof by fermentation from a substrate comprising CO 
at a concentration of greater than approximately 1 mM or 
0.075 g/l of butanol per litre of fermentation broth. 
0211. In one particular embodiment, the microorganism 
comprises one or more exogenous nucleic acid adapted to 
express or over-express one or more enzymes in the butanol 
biosynthesis pathway. In one embodiment, the microorgan 
ism is adapted to express one or more enzyme in the butanol 
biosynthesis pathway which is not naturally present in the 
parental microorganism from which it is derived, or to over 
express one or more enzyme in the butanol biosynthesis path 
way which are naturally present in the parental microorgan 
1S 

0212. The microorganism may be adapted to express or 
over-express the one or more enzymes by any number of 
recombinant methods including, for example, increasing 
expression of native genes within the microorganism (for 
example, by introducing a stronger or constitutive promoter 
to drive expression of a gene), increasing the copy number of 
a gene encoding a particular enzyme by introducing exog 
enous nucleic acids encoding and adapted to express the 
enzyme, introducing an exogenous nucleic acid encoding and 
adapted to express an enzyme not naturally present within the 
parental microorganism. 
0213. In certain embodiments, the parental microorgan 
ism may be transformed to provide a combination of 
increased or over-expression of one or more genes native to 
the parental microorganism and introduction of one or more 
genes not native to the parental microorganism. 
0214 Preferably, the microorganism comprises one or 
more exogenous nucleic acids encoding one or more of the 
enzymes chosen from the group consisting: Thiolase: 3-hy 
droxybutyryl-CoA dehydrogenase; Crotonase/crotonyl-CoA 
hydratase; Butyryl-CoA dehydrogenase; Electron Transfer 
Flavoprotein A; and, Electron Transfer Flavoprotein B. In one 
embodiment, the one or more nucleic acids encoding the one 
or more enzymes is chosen from the nucleic acids SEQ ID 
NO. 1 to SEQID NO. 6 or functionally equivalent variants 
thereof. 
0215. In one embodiment the recombinant microorganism 

is adapted to express one or more of the genes which encode 
the enzymes thiolase (IUBMB enzyme nomenclature EC:2. 
3.1.9) (thlA), 3-hydroxybutyryl-CoA dehydrogenase (EC: 1. 
1.1.157) (hbd), crotonase/crotonyl-CoA hydratase (EC: 1.1.1. 
157) (crt or cch) and/or butyryl-CoA dehydrogenase (EC4.2. 
1.55) (bcd). In one embodiment, the microorganism is 
adapted to express all of these enzymes. In a further embodi 
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ment, the genes correspond to one or more of the nucleic acid 
sequences selected from SEQ ID Nos 1 to 4 or functionally 
equivalent variants thereof. The recombinant microorganism 
of the invention may also contain two electron transferring 
proteins. In one embodiment, the electron transferring pro 
teins are electron transferring flavoproteins (EC1.3.99.2) (et 
fAB) encoded by SEQ ID Nos 5 and 6, or functionally 
equivalent variants thereof. The use of these electron-trans 
ferring flavoproteins enhances the efficiency of the microor 
ganism in producing 1-butanol. The flavoproteins provide a 
stable complex that is required for the activity of Bcd. 
0216. In one particular embodiment, the microorganism 
comprises one or more exogenous nucleic acids encoding 
each of Thiolase, 3-hydroxybutyryl-CoA dehydrogenase, 
Crotonase. Butyryl-CoA dehydrogenase, Electron Transfer 
Flavoprotein A and Electron Transfer Flavoprotein B. 
0217. In one embodiment, the microorganism comprises a 
plasmid encoding one or more of, or preferably each of 
Thiolase, 3-hydroxybutyryl-CoA dehydrogenase, Crotonase, 
Butyryl-CoA dehydrogenase, Electron Transfer Flavoprotein 
A and Electron Transfer Flavoprotein B. 
0218. In one embodiment, the microorganism alterna 

tively or further comprises exogenous nucleic acids adapted 
to express one or more of the enzymes chosen from the group 
consisting of: Phosphotransbutyrylase; butyrate kinase; 
ferredoxin dependent aldehyde oxidoreductase (or in other 
words aledhyde:ferredoxin oxidoreductase); butyraldehyde 
dehydrogenase; butanol dehydrogenase; a bifunctional 
butyraldehyde dehydrogenase/butanol dehydrogenase. 
0219. In one embodiment, the microorganism comprises 
exogenous nucleic acids adapted to express one or more of 
butyraldehyde dehydrogenase, butanol dehydrogenase and a 
bifunctional butyraldehyde dehydrogenase/butanol dehydro 
genase. Preferably, the microorganism comprises one or 
more exogenous nucleic acids encoding one or more of 
butyraldehyde dehydrogenase, butanol dehydrogenase and a 
bifunctional butyraldehyde dehydrogenase/butanol dehydro 
genase. 
0220. In one embodiment, the microorganism comprises 
exogenous nucleic acids adapted to express one or more of 
Phosphotransbutyrylase, butyrate kinase, ferredoxin depen 
dent aldehyde oxidoreductase, and butanol dehydrogenase. 
Preferably, the microorganism comprises one or more exog 
enous nucleic acids encoding one or more of Phosphotrans 
butyrylase, butyrate kinase, ferredoxin dependent aldehyde 
oxidoreductase, and butanol dehydrogenase. In particular 
embodiments, the microorganism comprises exogenous 
nucleic acids adapted to express each of Phosphotransbutyry 
lase, butyrate kinase, ferredoxin dependent aldehyde oxi 
doreductase, and butanol dehydrogenase. 
0221. In one embodiment, the microorganism comprises 
one or more nucleic acid adapted to express at least two of the 
enzymes in the 1-butanol biosynthesis pathway, at least 3, at 
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at 
least 10, at least 11, or at least 12 of the enzymes. 
0222. In one embodiment, the microorganism further 
comprises an exogenous phosphotransacetylase/acetate 
kinase promoter, although other promoters may be used. Pref 
erably, the promoter corresponds to SEQ ID No. 7 or a func 
tionally equivalent variant thereof. Preferably, the promoteris 
contained on a construct encoding one or more of the 
enzymes referred to herein before. 
0223 Preferably, the parental microorganism is selected 
from the group of acetogenic bacteria. In certain embodi 
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ments the microorganism is selected from the group compris 
ing Clostridium autoethanogenium, Clostridium liungdahli 
Clostridium ragsdalei, Clostridium carboxidivorans, 
Clostridium drakei, Clostridium scatalogenes, Clostridium 
aceticum, Clostridium formicoaceticum, Butyribacterium 
limosum, Acetobacterium WOOdii, Blautia producta, Eubac 
terium limosum, Moorella thermoacetica, Moorella ther 
mautotrophica, Oxobacter pfennigii, and Thermoanaero 
bacter kiuvi. 

0224. In one particular embodiment, the parental micro 
organism is selected from the cluster of ethanologenic, aceto 
genic Clostridia comprising the species C. autoethanogenium, 
C. liungdahli, and C. ragsdalei and related isolates. These 
include but are not limited to strains C. autoethanogenium 
JAI-1 (DSM100.61) Abrini J, Naveau H, Nyns E-J: 
Clostridium autoethanogenium, sp. nov., an anaerobic bacte 
rium that produces ethanol from carbon monoxide. Arch 
Microbiol 1994, 4:345-351), C. autoethanogenium LBS1560 
(DSM19630) Simpson SD, Forster RL, Tran PT. Rowe M 
J. Warner I L: Novel bacteria and methods thereof. Interna 
tional patent 2009, WO/2009/064200, C. autoethanogenium 
LB S1561 (DSM23693), C. ljungdahlii PETC 
(DSM13528=ATCC 55383) Tanner RS, Miller L. M. Yang 
D: Clostridium ljungdahliisp. nov., an Acetogenic Species in 
Clostridial rRNA Homology Group I. Int J Syst Bacteriol 
1993, 43: 232-236), C. ljungdahlii ERI-2 (ATCC 55380) 
Gaddy J L: Clostridium stain which produces acetic acid 
from waste gases. 1997, U.S. Pat. No. 5,593,886), C. 
Ijungdahlii C-01 (ATCC 55.988)Gaddy JL, Clausen EC, Ko 
C-W: Microbial process for the preparation of acetic acid as 
well as solvent for its extraction from the fermentation broth. 
2002, U.S. Pat. No. 6,368.819), C. ljungdahlii O-52 (ATCC 
55989) (Gaddy J. L. Clausen EC, Ko C-W: Microbial process 
for the preparation of acetic acid as well as solvent for its 
extraction from the fermentation broth. 2002, U.S. Pat. No. 
6,368.819), C. ragsdalei P11 (ATCC BAA-622) Huhnke R 
L. Lewis RS, Tanner RS: Isolation and Characterization of 
novel Clostridial Species. International patent 2008, WO 
2008/028055, related isolates such as “C. coskatii Zahn J 
A, Saxena J, Do Y. Patel M, Fishein S, Datta R, Tobey R: 
Clostridium coskatii, sp. nov., an Anaerobic Bacterium that 
Produces Ethanol from Synthesis Gas. Poster SIM Annual 
Meeting and Exhibition, San Francisco, 2010, or mutated 
strains such as C. liungdahlii OTA-1 (Tirado-Acevedo O. 
Production of Bioethanol from Synthesis Gas Using 
Clostridium ljungdahli. PhD thesis, North Carolina State 
University, 2010). These strains form a subcluster within the 
Clostridial rRNA cluster I, and their 16S rRNA gene is more 
than 99% identical with a similar low GC content of around 
30%. However, DNA-DNA reassociation and DNA finger 
printing experiments showed that these strains belong to dis 
tinct species Huhnke R L. Lewis RS, Tanner RS: Isolation 
and Characterization of novel Clostridial Species. Interna 
tional patent 2008, WO 2008/028055). 
0225. All species of this cluster have a similar morphology 
and size (logarithmic growing cells are between 0.5-0.7x3-5 
are mesophilic (optimal growth temperature between 30-37 
C.) and strictly anaerobe Tanner RS, Miller L. M. Yang D: 
Clostridium ljungdahlii sp. nov., an Acetogenic Species in 
Clostridial rRNA Homology Group I. Int J Syst Bacteriol 
1993, 43: 232-236; Abrini J, Naveau H, Nyns E-J: 
Clostridium autoethanogenium, sp. nov., an anaerobic bacte 
rium that produces ethanol from carbon monoxide. Arch 
Microbiol 1994, 4:345-351; Huhnke RL, Lewis RS, Tanner 



US 2011/0236941 A1 

RS: Isolation and Characterization of novel Clostridial Spe 
cies. International patent 2008, WO 2008/028055). More 
over, they all share the same major phylogenetic traits, such as 
same pH range (pH 4-7.5, with an optimal initial pH of 5.5-6), 
strong autotrophic growth on CO containing gases with simi 
lar growth rates, and a similar metabolic profile with ethanol 
and acetic acid as main fermentation end product, and Small 
amounts of 2,3-butanediol and lactic acid formed under cer 
tain conditions. Tanner RS, Miller L. M. Yang D: Clostridium 
liungdahlii sp. nov., an Acetogenic Species in Clostridial 
rRNA Homology Group I. Int J Syst Bacteriol 1993, 43: 
232-236; Abrini J. Naveau H, Nyns E-J. Clostridium autoet 
hanogenium, sp. nov., an anaerobic bacterium that produces 
ethanol from carbon monoxide. Arch Microbiol 1994, 4:345 
351; Huhnke R L. Lewis R S, Tanner RS: Isolation and 
Characterization of novel Clostridial Species. International 
patent 2008, WO 2008/028055). Indole production was 
observed with all three species as well. However, the species 
differentiate in Substrate utilization of various Sugars (e.g. 
rhamnose, arabinose), acids (e.g. gluconate, citrate), amino 
acids (e.g. arginine, histidine), or other Substrates (e.g. 
betaine, butanol). Moreover some of the species were found 
to be auxotroph to certain vitamins (e.g. thiamine, biotin) 
while others were not. 

0226. In one embodiment, the microorganism produces 
phosphotransbutyrylase, butyrate kinase, ferredoxin depen 
dent aldehyde oxidoreductase, and butanol dehydrogenase 
both before and after introduction of an exogenous nucleic 
acid. 

0227. In one embodiment, the microorganism produces 
butyraldehyde dehydrogenase and/or butanol dehydrogenase 
both before and after introduction of an exogenous nucleic 
acid. 

0228. In one particular embodiment, the microorganism is 
Clostridium autoethanogenium DSM23693. 
0229. In one embodiment, the recombinant microorgan 
ism of the invention has the defining characteristics of the 
microorganism deposited at the DSMZ (Deutsche Sammlung 
für Mikroorganismen and Zellkulturen GmbH, Braunsch 
weig, Germany) under the accession number DSM24138. 
0230. The one or more exogenous nucleic acids may be 
delivered to a parental microorganism as naked nucleic acids 
or may beformulated with one or more agents to facilitate the 
tranformation process (for example, liposome-conjugated 
nucleic acid, an organism in which the nucleic acid is con 
tained). The one or more nucleic acids may be DNA, RNA, or 
combinations thereof, as is appropriate. 
0231. The microorganisms of the invention may be pre 
pared from a parental microorganism and one or more exog 
enous nucleic acids using any number of techniques known in 
the art for producing recombinant microorganisms. By way 
of example only, transformation (including transduction or 
transfection) may be achieved by electroporation, conjuga 
tion, or chemical and natural competence. Suitable transfor 
mation techniques are described for example in Sambrook et 
al, 1989. 
0232. In certain embodiments, due to the restriction sys 
tems which are active in the microorganism to be trans 
formed, it is necessary to methylate the nucleic acid to be 
introduced into the microorganism. This can be done using a 
variety of techniques, including those described below, and 
further exemplified in the Examples section herein after. 
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0233. In another aspect, the invention provides a method 
of producing a recombinant microorganism comprising the 
following steps: 
a. introduction into a shuttle microorganism of (i) an expres 
sion construct and (ii) a methylation construct comprising a 
methyltransferase gene; 
b. expression of the methyltransferase gene; 
c. isolation of one or more constructs from the shuttle micro 
organism; and, 
d. introduction of the one or more constructs into a destination 
microorganism; 
wherein the expression construct comprises one or more 
genes encoding enzymes to be expressed in the destination 
organism. 
0234. In one embodiment, the methyltransferase gene of 
step B is expressed constitutively. In another embodiment, 
expression of the methyltransferase gene of step B is induced. 
0235. The shuttle microorganism is a microorganism, 
preferably a restriction negative microorganism, that facili 
tates the methylation of the nucleic acid sequences that make 
up the expression construct. In a particular embodiment, the 
shuttle microorganism is a restriction negative E. coli or 
Bacillus subtilis. 
0236. Once the expression construct and the methylation 
construct are introduced into the shuttle microorganism, the 
methyltransferase gene present on the methylation construct 
is expressed. In one embodiment, where expression must be 
induced, induction may be by any suitable promoter system 
although in one particular embodiment of the invention, the 
methylation construct comprises an inducible lac promoter 
(preferably encoded by SEQ ID NO 28) and is induced by 
addition of lactose or an analogue thereof, more preferably 
isopropyl-B-D-thio-galactoside (IPTG). Other suitable pro 
moters include the ara, tet, or T7 system. In an alternative 
embodiment of the invention, the methylation construct pro 
moter is a constitutive promoter. 
0237. In one embodiment the expression construct pro 
moter is a constitutive promoter that is preferably highly 
active under appropriate fermentation conditions. However, 
an inducible promoter could be used. In preferred embodi 
ments, the expression construct promoter is selected from the 
group comprising phosphotransacetylase/acetate kinase 
operon promoter, pyruvate:ferredoxin oxidoreductase (SEQ 
ID No. 48), the Wood-Ljungdahl gene cluster (SEQ ID No 
47), Rnfoperon (SEQ ID No 49) or the ATP synthase operon 
((SEQ ID No 50). Preferably, the phosphotransacetylase/ 
acetate kinase operon promoter corresponds to SEQ ID No. 
7 or a functionally equivalent variant thereof FIG. 8 shows 
that expression of genes operably linked to these promoters 
have a high level of expression in Clostridium autoethanoge 
num under standard conditions. 
0238. In a particular embodiment, the methylation con 
struct has an origin of replication specific to the identity of the 
shuttle microorganism so that any genes present on the 
methylation construct are expressed in the shuttle microor 
ganism. Preferably, the expression construct has an origin of 
replication specific to the identity of the destination microor 
ganism so that any genes present on the expression construct 
are expressed in the destination microorganism. 
0239 Expression of the methyltransferase enzyme results 
in methylation of the genes present on the expression con 
struct. The expression construct may then be isolated from the 
shuttle microorganism according to any one of a number of 
known methods. By way of example only, the methodology 
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described in the Examples section described hereinafter may 
be used to isolate the expression construct. 
0240. In one particular embodiment, both constructs are 
concurrently isolated. The expression construct may be intro 
duced into the destination microorganism using any number 
of known methods. However, by way of example, the meth 
odology described in the Examples section hereinafter may 
be used. Since the expression construct is methylated, the 
nucleic acid sequences present on the expression construct 
are able to be incorporated into the destination microorgan 
ism and Successfully expressed. 
0241. In a further embodiment, the invention provides a 
method of producing a recombinant microorganism compris 
ing: 

0242 a. methylation of an expression construct in vitro 
by a methyltransferase, preferably according to SEQ ID 
No 28 or a functionally equivalent variant thereof; and, 

0243 b. introduction of an expression construct, pref 
erably according to the fifth aspect, into a destination 
microorganism; 

wherein the expression construct comprises one or more 
genes encoding enzymes to be expressed in the destination 
microorganism. 
0244. It is envisaged that a methyltransferase gene of the 
invention, preferably according to SEQ ID No 27 or a func 
tionally equivalent variant thereof, may be introduced into a 
shuttle microorganism and over-expressed. The resulting 
methyltransferase enzyme may be collected using known 
methods and used in vitro to methylate an expression con 
struct, preferably, the expression construct is as defined in the 
fifth aspect. The expression construct may then be introduced 
into the destination microorganism for expression. Prefer 
ably, the recombinant microorganism produces 1-butanol 
and/or a precursor thereof as the main fermentation product. 
0245. In a further embodiment, the invention provides a 
method of producing a recombinant microorganism compris 
1ng: 

0246 a. introduction into the genome of a shuttle micro 
organism of a methyltransferase gene, preferably 
according to SEQ ID No 27 or a functionally equivalent 
variant thereof 

0247 b. introduction of an expression construct into the 
shuttle microorganism; 

0248 c. isolation of one or more constructs from the 
shuttle microorganism; and, 

0249 d. introduction of at least the expression construct 
into a destination microorganism; 

0250 wherein the expression construct comprises one 
or more genes encoding enzymes to be expressed in the 
destination microorganism. 

0251 Standard methods are used for the introduction of a 
methyltransferase gene, preferably according to SEQ ID No 
27, into the genome of the shuttle microorganism. The meth 
yltransferase may be constitutively expressed by the micro 
organism and result in the production of a methyltransferase 
enzyme, preferably according to SEQ ID No 28 or a func 
tionally equivalent variant thereof. An expression construct is 
methylated, isolated and introduced into the destination 
microorganism which preferably, produces 1-butanol and/or 
a precursor thereofas the main fermentation product. 
0252. The invention also includes microorganisms com 
prising a recombinant methyltransferase gene or methylation 
construct as herein described. 
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0253) The present invention also provides a hybrid meth 
yltransferase gene (SEQ ID NO 28) developed following 
analysis of methyltransferase nucleic acid sequences and 
restriction barrier systems from C. autoethanogenium, C. 
liungdahli, and C. ragsdalei. 
0254 The methyltransferase gene is expressed in a shuttle 
microorganism which results in the production of a methyl 
transferase enzyme which methylates the sequence of the 
expression construct. The methyltransferase gene may be 
present on a construct or integrated into the genome of the 
shuttle microorganism. The hybrid methyltransferase gene is 
codon optimised for E. coli and may be incorporated into a 
methylation construct (FIG. 5). The methyltransferase gene 
may be codon optimised for use in another species of micro 
organism where appropriate, for example Bacillus subtillus. 
Methods for codon optimisation are standard and would be 
known to one of skill in the art (Carbone et al., 2003). Also 
incorporated within the scope of the invention are methyl 
transferase genes that have at least 70%, preferably 75%, 
preferably 80%, preferably 85%, preferably 90%, preferably 
95% or greater nucleic acid sequence identity to SEQ ID NO 
28 and express a polypeptide which is able to methylate DNA. 
(0255. It will be appreciated by one of skill in theart that the 
methylation method and methyltransferase gene will have 
utility across a range of microorganisms. In one embodiment, 
the destination microorganism is selected from the group 
comprising Clostridium autoethanogenium, Clostridium 
liungdahlii and Clostridium ragsdalei, Clostridium carbox 
idivorans, Clostridium drakei, Clostridium scatalogenes, 
Clostridium aceticum, Clostridium formicoaceticum, Butyri 
bacterium limosum, Acetobacterium woodii, Blautia pro 
ducta, Eubacterium limosum, Moorella thermoacetica, 
Moorella thermautotrophica, Oxobacter pfennigii, and Ther 
moanaerobacter kiuvi. In one particular embodiment, the 
destination microorganism is selected from the group con 
sisting Clostridium autoethanogenium, Clostridium 
liungdahlii and Clostridium ragsdalei. In one particular 
embodiment the destination microorganism is Clostridium 
autoethanogenium DSM23693. 
0256 The invention also provides various nucleic acids or 
nucleic acid constructs as outlined in aspects 4, 5, 14, 15, 16. 
18, 19 and 21 of the invention herein before described. 
0257. In another embodiment of the invention, there is an 
expression construct comprising one or more nucleic acids 
encoding one or more enzymes chosen from Thiolase, 3-hy 
droxybutyryl-CoA dehydrogenase, Crotonase, Butyryl-CoA 
dehydrogenase and an electron transfer protein or a function 
ally equivalent variant thereof. Preferably, the electron trans 
fer protein is Electron Transfer Flavoprotein A or Electron 
Transfer Flavoprotein B. In a particular embodiment, both 
Electron Transfer Flavoprotein A and Electron Transfer Fla 
voprotein B are included on the expression construct. 
0258 Exemplary sequence information for each gene and 
equivalent enzyme is provided on GenBank as detailed in 
Table 1 herein after. Skilled persons will readily appreciate 
alternative genes and enzymes which may be used. In one 
embodiment, the enzymes are encoded by the nucleic acid 
SEQ ID No 1 to 6 which may be present in any order on the 
constructor in the order shown in FIG. 2. SEQ ID Nos 8 to 13 
and SEQ ID Nos 16 to 23 are novel sequences used to clone 
and sequence the genes referred to in the immediately pre 
ceding paragraph. 
0259. In order to obtain 1-butanol from a precursor the 
activity of one or more of butyraldehyde dehydrogenase 
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(EC1.2.1.10), alcoholdehydrogenase (EC 1.1.1.1), phospho 
transbutyrylase (EC 2.3.1.19), butyrate kinase (EC 2.7.2.7). 
aldehyde:ferredoxin oxidoreductase (EC 1.2.7.5) and alcohol 
dehydrogenase (EC 1.1.1.1) may be required. The alcohol 
dehydrogenase of the invention is a butanol dehydrogenase. 
In certain embodiments, butyraldehyde dehydrogenase (EC1. 
2.1.10) and alcoholdehydrogenase (EC 1.1.1.1), orphospho 
transbutyrylase (EC 2.3.1.19), butyrate kinase (EC 2.7.2.7). 
aldehyde:ferredoxin oxidoreductase (EC 1.2.7.5) and alcohol 
dehydrogenase (EC 1.1.1.1), or a combination of both sets of 
enzymes is required. In one embodiment, the butyraldehyde 
dehydrogenase and butanol dehydrogenase activity is Sup 
plied by a bifunctional butyraldehyde dehydrogenase/butanol 
dehydrogenase. These various enzymes are shown in the 
butanol biosynthesis pathway depicted in FIG. 1. In some 
microorganisms butyraldehyde dehydrogenase, butanol 
dehydrogenase, phosphotransbutyrylase, butyrate kinase, 
and/or aldehyde:ferredoxin oxidoreductase are naturally 
expressed by the microorganism and therefore catalyse the 
conversion of butyryl-CoA to 1-butanol. 
0260 Accordingly, in one embodiment, the expression 
construct comprises nucleic acids encoding one or more of 
phosphotransbutyrylase, butyrate kinase, ferredoxin depen 
dent aldehyde oxidoreductase, butyraldehyde dehydroge 
nase, butanol dehydrogenase, and a bifunctional butyralde 
hyde dehydrogenase/butanol dehydrogenase in addition to or 
in the alternative to one or more of Thiolase, 3-hydroxybu 
tyryl-CoA dehydrogenase, Crotonase, Butyryl-CoA dehy 
drogenase and an electron transfer protein. 
0261 Examples of appropriate enzymes and amino acid 
and nucleic acid sequence information include, but are not 
limited to: butyraldehyde dehydrogenase, such as Ald from C. 
beijerinckii (ABR35947, GI:149905114), C.saccharobutyli 
cum (CAQ57983, GI: 189310620), or Clostridium saccha 
roperbutylacetonium (AAP42563, GI:31075383); butanol 
dehydrogenase, such as BdhB from C. acetobutyllicum (NP 
3498.91, GI:15896542); bifunctional butyraldehyde/butanol 
dehydrogenase enzyme. Such as AdhE1 from C. acetobutyli 
cum (NP 149325, GI:15004865) or AdhE2 from C. aceto 
butylicum (NP 149199, GI: 15004739), C beijerinckii. 
YP 001307449, GI:150015195); a phosphotransbutyrylase 
such as Ptb from C. acetobutyllicum (NP 348368); butyrate 
kinase such as Buk from C. acetobutyllicum (AAK81015.1); 
aldehyde:ferredoxin oxidoreductase AOR from C. acetobu 
tylicum (NP 348637). Persons of ordinary skill in the art to 
which the invention relates may readily appreciate alternative 
examples of appropriate enzymes of use in the invention. The 
inventors have also identified a number of novel enzymes and 
genes which may be used in the invention, the details of which 
are provided herein after in the Examples section (in particu 
lar see tables 7 to 10). The invention also encompasses func 
tionally equivalent variants of these enzymes and genes and 
their use in methods of the invention. 

0262 The inclusion of one or more of these genes may 
help avoid co-production of butyrate completely, increasing 
the efficiency of 1-butanol production. The invention also 
provides recombinant microorganisms comprising one or 
more nucleic acids adapted to express or increase expression 
of one or more of these enzymes. 
0263. In one embodiment, the nucleic acid(s) encode an 
enzyme chosen from the group of enzymes listed in tables 7 to 
10 herein after and functional equivalents of any one or more 
thereof. In a particular embodiment, the nucleic acids are 

Sep. 29, 2011 

chosen from the group of nucleic acids listed in tables 7 to 10 
herein after and functional equivalents of any one or more 
thereof. 

0264. In one embodiment, the expression construct 
encodes at least 2 enzymes in the butanol biosynthesis path 
way, at least 3, at least 4, at least 5, at least 6, at least 7, at least 
8, at least 9, at least 10, at least 11 or at least 12 of the enzymes. 
0265 Preferably, the expression construct further com 
prises a suitable promoter as hereinbefore described. In one 
embodiment the promoter is a phosphotransacetylase/acetate 
kinase promoter. Preferably, the promoter corresponds to 
SEQ ID No. 7 or a functionally equivalent variant thereof. 
0266. In a preferred embodiment, the expression construct 
comprises a nucleic acid encoding all of said enzymes. It will 
be appreciated by one of skill in the art that the expression 
construct may comprise nucleic acids encoding alternative 
electron transferring proteins. 
0267. The genes to be expressed in the recombinant 
microorganism may be assembled in the expression construct 
under the control of any appropriate promoter. In a particular 
embodiment, the promoter allows for substantially constitu 
tive expression of the genes under its control. In a particular 
embodiment, the promoter is a phosphotransacetylase/ac 
etate kinase (SEQ ID NO 7) promoter. Other promoters 
which may find use in the invention include those from C. 
autoethanogenium (or C. ljungdahli). The inventors have also 
identified a number of other promoters that are operably 
linked to genes that were highly expressed under typical 
fermentation conditions in Clostridium autoethanogenium 
(FIG. 8). Analysis of expression of over 200 genes during 
typical fermentation conditions using real-time PCR identi 
fied a number of appropriate promoters. These include pyru 
vate:ferredoxin oxidoreductase (SEQ ID No. 48), the Wood 
Ljungdahl gene cluster (SEQ ID No 47), Rnfoperon (SEQ 
ID No 49) and the ATP synthase operon (SEQ ID No. 50). It 
will be appreciated by those of skill in the art that other 
promoters which can direct expression, preferably a high 
level of expression under appropriate fermentation condi 
tions, would be effective as alternatives to the presently pre 
ferred embodiments. 

0268. In one embodiment, the invention comprises a con 
struct, recombinant microorganism or a nucleic acid 
sequence comprising nucleic acid SEQ ID NOs 1 to 6 in the 
order shown in FIG. 2. However, it will be appreciated by one 
of skill in the art that the invention may still have the desired 
utility when the nucleic acid sequences are presented in any 
order and with one or more of the sequences absent. 
0269. In another embodiment, the invention comprises a 
nucleic acid comprising the promoter sequence represented 
by Seq ID No. 7, or a functionally equivalent variant thereof, 
construct comprising said promoter and recombinant micro 
organisms comprising same. 
0270. It will be appreciated that an expression construct of 
the present invention may contain any number of regulatory 
elements in addition to the promoter as well as additional 
genes suitable for expression of further proteins if desired. In 
one embodiment the construct includes one promoter. In 
another embodiment, the construct includes two or more pro 
moters. In one particular embodiment, the construct includes 
one promoter for with each gene to be expressed. In one 
embodiment, the construct includes one or more ribosomal 
binding sites, preferably a ribosomal binding site for each 
gene to be expressed. 
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0271. It will be appreciated by those of skill in the art that 
the nucleic acid sequences and construct sequences defined 
herein may contain standard linker nucleotides Such as those 
required for ribosome binding sites and/or restriction sites. 
Such linker sequences should not be interpreted as being 
required and do not provide a limitation on the sequences 
defined. 

0272. When the expression construct of the invention is 
expressed in an acetogenic microorganism, the microorgan 
ism produces 1-butanol or a precursor thereof as the main 
fermentation product. It is envisaged that other genes which 
encode enzymes catalyzing different steps of the Wood 
Ljungdahl or butanol biosynthesis pathways may also be 
incorporated in the expression construct in order to produce 
1-butanol as the main fermentation product. 
0273. It is envisaged that the expression construct and the 
methylation construct as defined above may be combined to 
provide a composition of matter. Such a composition has 
particular utility in circumventing restriction barrier mecha 
nisms in a wide variety of microorganisms but in a preferred 
embodiment, the recombinant microorganism produced by 
use of the composition produces 1-butanol or a precursor 
thereofas the main fermentation product. 
0274 Nucleic acids and nucleic acid constructs, including 
expression constructs of the invention, may be constructed 
using any number of techniques standard in the art. For 
example, chemical synthesis or recombinant techniques may 
be used. Such techniques are described, for example, in Sam 
brook et al (1989). Further exemplary techniques are 
described in the Examples section herein after. Essentially, 
the individual genes and regulatory elements will be operably 
linked to one another Such that the genes can be expressed to 
form the desired proteins. Suitable vectors for use in the 
invention will be appreciated by those of ordinary skill in the 
art. However, by way of example, the following vectors may 
be suitable: pMTL80000 shuttle vectors, pIMP1, p.JIR750 
and the plasmids exemplified in the Examples section herein 
after. 

0275 To the extent that the invention provides novel 
nucleic acids and nucleic acid vectors, it also provides nucleic 
acids which are capable of hybridising to at least a portion of 
a nucleic acid herein described, a nucleic acid complementary 
to any one thereof, or a functionally equivalent variant of any 
one thereof. Such nucleic acids will preferably hybridise to 
Such nucleic acids, a nucleic acid complementary to any one 
thereof, or a functionally equivalent variant of any one 
thereof, under stringent hybridisation conditions. “Stringent 
hybridisation conditions’ means that the nucleic acid is 
capable of hybridising to a target template under standard 
hybridisation conditions such as those described in Sambrook 
et al (1989). It will be appreciated that the minimal size of 
Such nucleic acids is a size which is capable of forming a 
stable hybrid between a given nucleic acid and the comple 
mentary sequence to which it is designed to hybridise. 
Accordingly, the size is dependent on the nucleic acid com 
position and percent homology between the nucleic acid and 
its complementary sequence, as well as the hybridisation 
conditions which are utilised (for example, temperature and 
salt concentrations). In one embodiment, the nucleic acid is at 
least 10 nucleotides in length, at least 15 nucleotides in 
length, at least, 20 nucleotides in length, at least 25 nucle 
otides in length, or at least 30 nucleotides in length. 
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0276. It should be appreciated that nucleic acids of the 
invention may be in any appropriate form, including RNA, 
DNA, or cDNA, including double-stranded and single 
Stranded nucleic acids. 
0277. The invention also provides host organisms, particu 
larly microorganisms, and including viruses, bacteria, and 
yeast, comprising any one or more of the nucleic acids 
described herein. 
0278. The invention provides a method of production of 
1-butanol and/or a precursor thereof by microbial fermenta 
tion comprising fermenting a gaseous Substrate comprising 
CO using a recombinant microorganism. In certain embodi 
ments, 1-butanol or a precursor thereof is co-produced with 
another fermentation product (for example, ethanol). In one 
embodiment, the 1-butanol or a precursor thereof is the main 
fermentation product. In one, embodiment, the recombinant 
microorganism is as herein before described. 
0279. In one embodiment, 1-butanol and/or a precursor 
thereof is produced in a yield of from approximately 0.075 
grams per litre of fermentation broth (g/l) to approximately 
20 g/l. In one embodiment, the yield is from approximately 
0.15 g/l to approximately 1.54 g11. In other embodiments, the 
yield is approximately 10 g/l, approximately 5 g/l, or approxi 
mately 2 g/l. Preferably, the yield of 1-butanol is up to the 
limitat which butanol becomes toxic to the bacteria. 
0280 Preferably, the fermentation comprises the steps of 
anaerobically fermenting a Substrate in a bioreactor to pro 
duce 1-butanol and/or a precursor thereofusing recombinant 
microorganisms as described herein. 
0281. Where the precursor of 1-butanol is referred to 
herein it is envisaged that it may be optionally converted to 
1-butanol in the presence of butyraldehyde dehydrogenase, 
butanol dehydrogenase, a bifunctional butyraldehyde dehy 
drogenase/butanol dehydrogenase, phosphotransbutyrylase, 
butyrate kinase, and/or ferredoxin dependent aldehyde oxi 
doreductase. Preferably, the microorganism produces one or 
more of these enzymes both before and after introduction of 
a recombinant nucleic acid. 

0282. In an embodiment of the invention, the gaseous sub 
strate fermented by the microorganism is a gaseous Substrate 
containing CO. The gaseous Substrate may be a CO-contain 
ing waste gas obtained as a by-product of an industrial pro 
cess, or from Some other source Such as from automobile 
exhaust fumes. In certain embodiments, the industrial process 
is selected from the group consisting of ferrous metal prod 
ucts manufacturing. Such as a steel mill, non-ferrous products 
manufacturing, petroleum refining processes, gasification of 
coal, electric power production, carbon black production, 
ammonia production, methanol production and coke manu 
facturing. In these embodiments, the CO-containing gas may 
be captured from the industrial process before it is emitted 
into the atmosphere, using any convenient method. The CO 
may be a component of syngas (gas comprising carbon mon 
oxide and hydrogen). The CO produced from industrial pro 
cesses is normally flared off to produce CO, and therefore the 
invention has particular utility in reducing CO greenhouse 
gas emissions and producing butanol for use as a biofuel. 
Depending on the composition of the gaseous CO-containing 
substrate, it may also be desirable to treat it to remove any 
undesired impurities, such as dust particles before introduc 
ing it to the fermentation. For example, the gaseous Substrate 
may be filtered or scrubbed using known methods. 
0283. It will be appreciated that for growth of the bacteria 
and CO-to-lbutanol fermentation to occur, in addition to the 
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CO-containing Substrate gas, a suitable liquid nutrient 
medium will need to be fed to the bioreactor. A nutrient 
medium will contain vitamins and minerals sufficient to per 
mit growth of the micro-organism used. Anaerobic media 
suitable for fermentation to produce butanol using CO are 
known in the art. For example, suitable media are described 
Biebel (2001). In one embodiment of the invention the media 
is as described in the Examples section herein after. 
0284. The fermentation should desirably be carried out 
under appropriate conditions for the CO-to-butanol fermen 
tation to occur. Reaction conditions that should be considered 
include pressure, temperature, gas flow rate, liquid flow rate, 
media pH. media redox potential, agitation rate (if using a 
continuous stirred tank reactor), inoculum level, maximum 
gas Substrate concentrations to ensure that CO in the liquid 
phase does not become limiting, and maximum product con 
centrations to avoid product inhibition. 
0285. In addition, it is often desirable to increase the CO 
concentration of a Substrate stream (or CO partial pressure in 
a gaseous Substrate) and thus increase the efficiency offer 
mentation reactions where CO is a Substrate. Operating at 
increased pressures allows a significant increase in the rate of 
CO transfer from the gas phase to the liquid phase where it 
can be taken up by the micro-organism as a carbon Source for 
the production of butanol. This in turn means that the reten 
tion time (defined as the liquid volume in the bioreactor 
divided by the input gas flow rate) can be reduced when 
bioreactors are maintained at elevated pressure rather than 
atmospheric pressure. The optimum reaction conditions will 
depend partly on the particular micro-organism of the inven 
tion used. However, in general, it is preferred that the fermen 
tation be performed at pressure higher than ambient pressure. 
Also, since a given CO-to-butanol conversion rate is in part a 
function of the Substrate retention time, and achieving a 
desired retention time in turn dictates the required volume of 
a bioreactor, the use of pressurized systems can greatly reduce 
the Volume of the bioreactor required, and consequently the 
capital cost of the fermentation equipment. According to 
examples given in U.S. Pat. No. 5,593,886, reactor volume 
can be reduced in linear proportion to increases in reactor 
operating pressure, i.e. bioreactors operated at 10 atmo 
spheres of pressure need only be one tenth the volume of 
those operated at 1 atmosphere of pressure. 
0286 The benefits of conducting a gas-to-ethanol fermen 
tation at elevated pressures has been described elsewhere. For 
example, WO 02/08438 describes gas-to-ethanol fermenta 
tions performed underpressures of 30 psig and 75 psig, giving 
ethanol productivities of 150 g/l/day and 369 g/l/day respec 
tively. However, example fermentations performed using 
similar media and input gas compositions at atmospheric 
pressure were found to produce between 10 and 20 times less 
ethanol per litre per day. 
0287. The composition of gas streams used to feed a fer 
mentation reaction can have a significant impact on the effi 
ciency and/or costs of that reaction. For example, O may 
reduce the efficiency of an anaerobic fermentation process. 
Processing of unwanted or unnecessary gases in stages of a 
fermentation process before or after fermentation can 
increase the burden on Such stages (e.g. where the gas stream 
is compressed before entering a bioreactor, unnecessary 
energy may be used to compress gases that are not needed in 
the fermentation). Accordingly, it may be desirable to treat 
Substrate streams, particularly Substrate streams derived from 
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industrial sources, to remove unwanted components and 
increase the concentration of desirable components. 
0288. In certain embodiments a culture of a bacterium of 
the invention is maintained in an aqueous culture medium. 
Preferably the aqueous culture medium is a minimal anaero 
bic microbial growth medium. Suitable media are known in 
the art and described for example in U.S. Pat. Nos. 5,173,429 
and 5,593,886 and WO 02/08438, and as described in the 
Examples section herein after. 
0289 Butanol, or a mixed alcohol stream containing 
butanol and one or more other alcohols, may be recovered 
from the fermentation broth by methods known in the art, 
Such as fractional distillation or evaporation, pervaporation, 
and extractive fermentation, including for example, liquid 
liquid extraction. By-products such as acids including 
butyrate may also be recovered from the fermentation broth 
using methods known in the art. For example, an adsorption 
system involving an activated charcoal filter or electrodialysis 
may be used. Alternatively, continuous gas stripping may also 
be used. 
0290. In certain preferred embodiments of the invention, 
butanol and by-products are recovered from the fermentation 
broth by continuously removing a portion of the broth from 
the bioreactor, separating microbial cells from the broth (con 
Veniently by filtration), and recovering butanol and optionally 
acid from the broth. Alcohols may conveniently be recovered 
for example by distillation, and acids may be recovered for 
example by adsorption on activated charcoal. The separated 
microbial cells are preferably returned to the fermentation 
bioreactor. The cell free permeate remaining after the alcohol 
(s) and acid(s) have been removed is also preferably returned 
to the fermentation bioreactor. Additional nutrients (such as B 
vitamins) may be added to the cell free permeate to replenish 
the nutrient medium before it is returned to the bioreactor. 
0291. Also, if the pH of the broth was adjusted as 
described above to enhance adsorption of acetic acid to the 
activated charcoal, the pH should be re-adjusted to a similar 
pH to that of the broth in the fermentation bioreactor, before 
being returned to the bioreactor. 
0292. In one embodiment of the invention, butanol is 
recovered from the fermentation reaction using extractive 
fermentation procedures in which butanol is recovered into an 
oil phase in the reactor. Skilled persons would readily appre 
ciate techniques for achieving this 

EXAMPLES 

0293. The invention will now be described in more detail 
with reference to the following non-limiting examples. 
0294 Genetic modifications were carried out using a plas 
mid containing a synthetic operon consisting of a strong, 
native C. autoethanogenium promoter controlling a thiolase, 
3-hydroxybutyryl-CoA dehydrogenase, crotonase, butyryl 
CoA dehydrogenase, and 2 electron transferring flavopro 
teins genes from C. acetobutylicum (FIG. 1-2). This plasmid 
was methylated in vivo using a novel methyltransferase and 
then transformed into C. autoethanogenium DSM23693. Pro 
duction of 1-butanol as the main fermentation product was 
shown on different industrial gas streams (steel mill waste 
gas, Syngas). 
Construction of Expression Plasmid: 
0295 Standard Recombinant DNA and molecular cloning 
techniques were used in this invention and are described by 
Sambrook et al., 1989 and Ausubel et al., 1987. DNA 
sequences of butanol biosynthetic genes of Clostridium 
acetobutyllicum ATCC824 used were obtained from NCBI 
(Table 1). The phosphotransacetylase/acetate kinase operon 
promoter of C. autoethanogenium DSM 10061 were 
sequenced and used for expression of target genes (Table 1). 
RT-PCR experiments showed that this promoter is constitu 
tively expressed at a high level (FIG. 8). 
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TABLE 1 
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Sources of 1-butanol pathway genes 

SEQ ID 
Gene? Promoter GenBank Citation NO. 

Thiolase (thlA) NC 0.03030 Clostridium acetobutyllicum ATCC 824, 1 
complete genome: GI: 15896127; GeneID: 1119056 

3-hydroxybutyryl-CoA dehydrogenase NC 0.03030 Clostridium acetobutyllicum ATCC 824, 2 
(hbd) complete genome: GI: 15895965; GeneID: 1118891 
Crotonase (crt) NC 0.03030 Clostridium acetobutyllicum ATCC 824, 3 

complete genome: GI: 15895969; GeneID: 1118895 
butyryl-CoA dehydrogenase (bcd) NC 0.03030 Clostridium acetobutyllicum ATCC 824, 4 

complete genome: GI: 15895968: GeneID: 1118894 
Electron Transfer Flavoprotein A NC 0.03030 Clostridium acetobutyllicum ATCC 824, 5 
(etfA) complete genome: GI: 15895966; GeneID: 1118892 
Electron Transfer Flavoprotein B NC 0.03030 Clostridium acetobutyllicum ATCC 824, 6 
(etfB) complete genome: GI: 15895967; GeneID: 1118893 
phosphotransacetylasefacetate Clostridium autoethanogenium DSM10061 7 
kinase promoter (P) 

0296 Genomic DNA from Clostridium acetobutyllicum 
ATCC824 and Clostridum autoethanogenium DSM 10061 was 
isolated using a modified method by Bertram and Dürre 
(1989). A 100-ml overnight culture was harvested (6,000xg, 
15 min, 4°C.), washed with potassium phosphate buffer (10 
mM, pH 7.5) and suspended in 1.9 ml STE buffer (50 mM 
Tris-HCl, 1 mM EDTA, 200 mM sucrose; pH 8.0). 300 ul 
lysozyme (400,000 U) were added and the mixture was incu 
bated at 37° C. for 30 min, followed by addition of 280 ul of 
a 10% (w/v) SDS solution and another incubation for 10 min. 
RNA was digested at room temperature by addition of 240 ul 
of an EDTA solution (0.5M, pH 8), 20 ul Tris-HCl (1 M, pH 
7.5), and 10ul RNase A (Fermentas). Then, 100 lul Proteinase 
K (0.5 U) were added and proteolysis took place for 1-3 hat 

37° C. Finally, 600 ul of sodium perchlorate (5 M) were 
added, followed by a phenol-chloroform extraction and an 
isopropanol precipitation. DNA quantity and quality was 
inspected spectrophotometrically. 
0297 Butanol biosynthesis genes and the phosphotrans 
acetylase/acetate kinase promoter were amplified by PCR 
with oligonucleotides in table 2 using iProof High Fidelity 
DNA Polymerase (Bio-Rad Laboratories) and the following 
program: initial denaturation at 98°C. for 30 seconds, fol 
lowed by 32 cycles of denaturation (98°C. for 10 seconds), 
annealing (50-62°C. for 30-120 seconds) and elongation (72 
C. for 45 seconds), before a final extension step (72°C. for 10 
minutes). 

TABLE 2 

Oligonucleotides for cloning 

Oligonucleotide SEQ ID 
Target Name DNA. Sequence (5' to 3') NO. 

Ppta-ack Ppta-ack-NotI-F GAGCGGCCGCAATATGATATTTATGTCC 8 

Ppta-ack Ppta-ack-NdeI-R TTCCATATGTTTCATGTTCATTTCCTCC 9 

Tha Thila-Cac-NdeI-F GTTCATATGAAAGAAGTTGTAATAGC 1O 

Tha Thila-Cac-EcoRI-R CAAGAATTCCTAGCACTTTTCTAGC 11 

crt-occ-etf- Crt - Cac-Kipni-F AAGGTACCTTAGGAGGATTAGTCATGG 12 

etfA-hbd operon 

crt-occ-etf- Crt-hod - Cac- GAGGATCCGGATTCTTGTAAACTTATTTTG 13 

etfA-hbd operon BamHI-R 
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0298. The amplified 498 by promoter region of the phos 
photransacetylase/acetate kinase operon (P) was 
cloned into the E. coli Clostridium shuttle vector pMTL 
85141 (Seq. ID 14: FJ797651.1; Nigel Minton, University of 
Nottingham; Heap et al., 2009) using NotI and Ndel restric 
tion sites and strain DH5O-T1* (Invitrogen). The created 
plasmid pMTL85145 and the 1,194 by PCR product of the 
thiolase gene were both cut with Ndel and EcoRI. A ligation 
was transformed into E. coli XL 1-Blue MRF" Kan (Strat 
agene) resulting in plasmidpMTL85145-thlA. Subsequently, 
the amplified 4,764 by PCR fragment of the crt-bcd-etfB 
etfA-hbd operon from C. acetobutylicum ATCC 824 was 
cloned into this vector using KpnI and BamHI and E. coli 
ABLE K (Stratagene), creating plasmid pMTL85145-thlA 
crt-hbd. Finally, the antibiotic resistance cassette was 
changed from chloramphenicol to clarithromycin. Therefore, 
an ermB cassette was released from vectorpMTL82254 (Seq. 
ID 15: FJ797646.1; Nigel Minton, University of Nottingham; 
Heap et al., 2009) using restriction enzymes Pmel and Fsel 
and exchanged with the catP cassette of plasmid 
pMTL85145-thlA-crt-hbd. The insert of the resulting expres 
sion plasmidpMTL85245-thlA-crt-hbd (SEQ ID No.31 was 
completely sequenced using oligonucleotides given in table 3 
and results confirmed that the butanol biosynthesis genes 
were free of mutations (FIG. 3). 

TABLE 3 

Oligonucleotides for sequencind 

Oligonucleotide SEQ ID 
Name DNA. Sequence (5' to 3') NO. 

seq-ThlA-hbd- CAGAGGATGTTAATGAAGTC 16 
3562 - 4.162 

seq-ThlA-hbd- GCATCAGGATTAAATGACTG 17 
4163 - 4763 

seq-ThlA-hbd- ATAGCGAAGTACTTG 18 
4764 - 5364 

seq-ThlA-hbd- GATGCAATGACAGCTTTC 19 
5365-5965 

seq-ThlA-hbd- GGAACAAAAGGTATATCAGC 2O 
5966 - 6566 

seq-ThlA-hbd- CGGAGCATTTGATAAAGAA 21 
71.68-7768 

seq-ThlA-hbd- GCTGATTGTACATCACTTGA 22 
7769-8369 

seq-ThlA-hbd- CCAGAATTAATAGCTCAAGT 23 
8370 - 887 O 

Methylation of DNA: 

0299. A hybrid methyltransferase gene fused to an induc 
ible lac promoter was designed (Seq. ID 28), by alignment of 
methyltransferase genes from C. autoethanogenium (SEQ ID 
No. 24), C. ljungdahlii (SEQ ID No. 25), and C. ragsdalei 
(SEQ ID No. 26) (FIGS. 4a, 4b and 4c). Expression of the 
methyltransferase gene resulted in production of a methyl 
transferase enzyme according to SEQ ID No. 28. Methyl 
transferase amino acid sequence alignment data is shown in 
FIG. 4d. The hybrid methyltransferase gene (SEQ ID No. 
27) was chemically synthesized and cloned into vector 
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pGS20 (Seq. ID 29; ATG:biosynthetics GmbH, Merzhausen, 
Germany) using EcoRI (FIG. 5). The resulting methylation 
plasmid pGS20-methyltransferase was double transformed 
with the expression plasmid pMTL85245-thlA-crt-hbd into 
the restriction negative E. coli XL 1-Blue MRF Kan (Strat 
agene). In vivo methylation was induced by addition of 1 mM 
IPTG, and methylated plasmids were isolated using the 
PureLinkTM HiPure Plasmid Maxiprep Kit (Invitrogen). The 
resulting methylated plasmid composition was used for trans 
formation of C. autoethanogenium DSM23693. 

Transformation: 

0300. During the complete transformation experiment, C. 
autoethanogenium DSM23693 was grown in PETC media 
(Tab. 4) with 10 g/l fructose and 30 psi steel mill waste gas 
(collected from New Zealand Steel site in Glenbrook, NZ; 
composition: 44% CO, 32% N. 22% CO, 2% H) as carbon 
Source at 37° C. using standard anaerobic techniques 
described by Hungate (1969) and Wolfe (1971). 

TABLE 4 

PETC media (ATCC media 1754; 
http://www.atcc.org/Attachments/2940.pdf) 

Media component Concentration per 1.0 L of media 

NHCI 1 g 
KCI 0.1 g 
MgSO4·7HO 0.2 g 
NaCl 0.8 g. 
KH2PO 0.1 g 
CaCl2 0.02 g 
Trace metal solution 10 ml 
Wolfe's vitamin solution 10 ml 
Yeast Extract 1 g 
ResaZurin (2 g/L stock) 0.5 ml 
NaHCO 2 g 
Reducing agent 0.006-0.008% (v/v) 
Distilled water Up to 1 L, pH 5.5 (adjusted with HCI) 

Wolfe's vitamin solution per L of Stock 

Biotin 2 mg 
Folic acid 2 mg 
Pyridoxine hydrochloride 10 mg 
Thiamine HCI 5 mg 
Riboflavin 5 mg 
Nicotinic acid 5 mg 
Calcium D-(+)-pantothenate 5 mg 
Vitamin B12 0.1 mg 
p-Aminobenzoic acid 5 mg 
Thioctic acid 5 mg 
Distilled water To 1 L, 

Trace metal solution per L of stock 

Nitrillotriacetic Acid 2 g 
MnSOHO 1 g 
Fe(SO4)2(NH4)26H2O 0.8 g. 
CoCl6HO 0.2 g 
ZnSO7H2O 0.2 mg 
CuCl2.H2O 0.02 g 
NaMoO2HO 0.02 g 
Na2SeO. 0.02 g 
NiCl26H2O 0.02 g 
NaWO2HO 0.02 g 
Distilled water To 1 L, 
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TABLE 4-continued 

PETC media (ATCC media 1754; 
http://www.atcc.org/Attachments 2940.pdf) 

Reducing agent stock per 100 mL of stock 

NaOH 0.9 g 
Cystein-HCl 4 g 
NaS 4 g 
Distilled water To 100 mL. 

0301 To make competent cells, a 50 ml culture of C. 
autoethanogenium DSM23693 was subcultured to fresh 
media for 3 consecutive days. These cells were used to inocu 
late 50 ml PETC media containing 40 mMDL-threonine at an 
ODoo of 0.05. When the culture reached an ODoo of 
0.4, the cells were transferred into an anaerobic chamber and 
harvested at 4,700xg and 4°C. The culture was twice washed 
with ice-cold electroporation buffer (270mM sucrose, 1 mM 
MgCl2, 7 mM sodium phosphate, pH 7.4) and finally sus 
pended in a volume of 600 ul fresh electroporation buffer. 
This mixture was transferred into a pre-cooled electropora 
tion cuvette with a 0.4 cm electrode gap containing lug of the 
methylated plasmid mix and immediately pulsed using the 
Gene pulser Xcell electroporation system (Bio-Rad) with the 
following settings: 2.5 kV, 600 ul, and 25 uF. Time constants 
of 3.7-4.0 ms were achieved. The culture was transferred into 
5 ml fresh media. Regeneration of the cells was monitored at 
a wavelength of 600 nm using a Spectronic Helios Epsilon 
Spectrophotometer (Thermo) equipped with a tube holder. 
After an initial drop in biomass, the cells start growing again. 
Once the biomass has doubled from that point, the cells were 
harvested, suspended in 200 ul fresh media and plated on 
selective PETC plates (containing 1.2% BactoTM Agar (BD)) 
with 4 ug/ul Clarithromycin. After 4-5 days of inoculation 
with 30 psi steel mill gas at 37°C., 15-80 colonies per plate 
were clearly visible. 
0302. The colonies were used to inoculate 2 ml PETC 
media containing 4 ug/ul Clarithromycin. When growth 
occurred, the culture was upscaled into 5 ml and later 50 ml 
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PETC media containing 4 ug/ul Clarithromycin and 30 psi 
steel mill gas as sole carbon Source. 

Conformation of the Successful Transformation: 

0303 To verify the DNA transfer, a plasmid mini prep was 
performed from 10 ml culture volume using the QIAprep 
Spin Miniprep Kit (Qiagen). Due to Clostridial exonuclease 
activity (Burchhardt and Dürre, 1990), the isolated plasmid 
DNA from 4 analyzed clones were partly degraded and only 
resulted in a Smear on an agarose gel, while a plasmid isola 
tion from the original C. autoethanogenium DSM23693 strain 
didn't result in a signal at all (FIG. 6). However, the quality of 
the isolated plasmid DNA was sufficient to run a control PCR 
using 4 sets of primers, covering all relevant different regions 
of the plasmid (Table 5). The PCR was performed with illus 
tra PuReTaq Ready-To-GoTM PCR Beads (GE Healthcare) 
using a standard conditions (95°C. for 5 min: 32 cycles of 95° 
C. for 30s, 50° C. for 30s, and 72° C. for 1 min: 72° C. for 10 
min). PCR of all 4 analyzed transformants resulted in the 
same signals as with the original methylated plasmid mix as 
template (FIG. 6). As a further control. 1 ul of each of the 
partly degraded isolated plasmids were re-transformed in E. 
coli XL1-Blue MRF Kan (Stratagene), from where the plas 
mids could be isolated cleanly and verified by restriction 
digests. 
0304) To confirm the identity of the 4 clones, genomic 
DNA was isolated (see above) from 40 ml of each culture and 
a PCR was performed against the 16S rRNA gene (Tab. 5: 
Weisberg et al., 1991) using illustra PuReTaq Ready-To 
GoTM PCR Beads (GE Healthcare) and standard conditions 
(95° C. for 5 min: 32 cycles of 95°C. for 30s, 50° C. for 30 
s, and 72° C. for 1 min: 72° C. for 10 min). The respective 
PCR products were purified and sequenced. Sequences of all 
clones showed at least 99.9% identity against the 16S rRNA 
gene of C. autoethanogenium (Seq. ID 30: Y18178, 
GI:7271109). 
(0305. A respective strain was deposited at DSMZ (Deut 
sche Sammlung für Mikroorganismen and Zellkulturen 
GmbH, Braunschweig, Germany) under the accession num 
ber DSM24138 on 26 Oct. 2010. 

TABLE 5 

Oligonucleotides for PCR confirmation of plasmid and species 

Oligonucleotide Seq ID 
Target region Name DNA. Sequence (5' to 3') No. 

16S rRNA gene fD1 CCGAATTCGTCGACAACAGAGTTTGATCCTGGC 135 
TCAG 

16S rRNA gene P2 CCGGGATCCAAGCTTACGGCTACCTTGTTACGA 32 
CTT 

Antibiotic resistance erm-F TTTGTAATTAAGAAGGAG 33 
cassette (erm) 

Antibiotic resistance erm-R GTAGAATCCTTCTTCAAC 34 
cassette (erm) 

Insert 1 (thlA) Thila-Cac-NdeI-F GTTCATATGAAAGAAGTTGTAATAGC 10 

Insert 1 (thlA) Thila-Cac-EcoRI-R CAAGAATTCCTAGCACTTTTCTAGC 11 

Insert 2 (crt-bcd- Crt - conserved-F GCTGGAGCAGATAT 35 
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TABLE 5- continued 
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Oligonucleotides for PCR confirmation of plasmid and species 

Oligonucleotide Seq ID 
Target region Name DNA. Sequence (5' to 3') No. 

Insert 2 (crt-bcd- Crit - conserved-R GCTGTCATTCCTTC 36 
etfAB-hbd) 

Replication origin Colle1-F CGTCAGACCCCGTAGAAA 37 
(Cole1) 

Replication origin Col.1-R CTCTCCTGTTCCGACCCT 38 
(Cole1) 

1-Butanol Production: 

0306 To demonstrate 1-butanol production from CO as 
sole energy and carbon source, PETC media without yeast 
extract and fructose were prepared and inoculated with the 
novel C. autoethanogenium Strain harboring butanol plasmid 
pMTL85245-thlA-crt-hbd. Bottles were pressurized with 30 
psi of a CO containing gas stream from two industrial 
sources, steel mill waste gas (collected from New Zealand 
Steel site in Glenbrook, NZ; composition: 44% CO, 32% N. 

the other metabolites was reduced compared to the original 
strain C. autoethanogenium DSM23693, which only produces 
ethanol, acetate, and 2,3-butandiol. Although the carbon flux 
was shifted towards 1-butanol production, the amount of total 
carbon incorporated into metabolic end products remain 
almost the same (Table 6). The slight increase of 20% is likely 
to be the result of an extra reducing equivalents offload by 
producing 1-butanol and butyrate compared to ethanol and 
respectively acetate. The production of 2,3-butandiol which 
usually acts as electron sink, is completely diminished. 

TABLE 6 

Metabolite production and carbon balance of C. autoethanogenium harboring butanol 
plasmid pMTL85245-thlA-ert-hbd compared to C. autoethanogenium DSM23693 

Original C. autoethanogentin 
C. attoethanogentin DSM23693 - 

DSM23693 pMTL85245-thlA-ert-bed 

M P Carbon Product Product Carbon Product Product Carbon 
Product g/mol) g/cm atoms g/l Immol/I mmol/l) g/l Immol/l mmol/l) 

Ethanol 46.08 O.789 2 1.02 28.06 56.11 0.37 10.18 20.35 
Acetate 6O.OS 1.049 2 1.87 29.69 59.37 O.30 4.76 9.S2 
2,3-butandiol 90.12 0.987 4 O.18 2.02 8.09 O O O 
1-butanol 74.12 0.810 4 O O O 1.54 25.66 102.63 
Butyrate 88.11 O.960 4 O O O O.31 3.67 14.67 

Total 123.58 147.17 

22% CO, 2% H) and syngas (Range Fuels Inc., Broomfield, 
Colo.: composition: 29% CO, 45% H, 13% CH 12% CO, 
1% N). 1-Butanol production could be demonstrated on both 
gas mixes over several Subculturing periods and co-produc 
tion of butyrate was observed as well. 
0307 Analysis of metabolites were performed by HPLC 
using an Agilent 1100 Series HPLC system equipped with a 
RID operated at 35° C. (Refractive Index Detector) and an 
Alltech IOA-2000 Organic acid column (150x6.5 mm, par 
ticle size 5 um) kept at 60° C. Slightly acidified water was 
used (0.005 MHSO) as mobile phase with a flow rate of 0.7 
ml/min. To remove proteins and other cell residues, 400 ul 
samples were mixed with 100 ul of a 2% (w/v) 5-Sulfosali 
cylic acid and centrifuged at 14,000xg for 3 minto separate 
precipitated residues. 10 ul of the supernatant were then 
injected into the HPLC for analyses. 
0308 The highest 1-butanol production measured in two 
cultures was 1.54 g/l (25.66 mM) with 1-butanol as main 
fermentation end product (Table 6, FIG. 7). The production of 

Conversion of Butyryl-CoA to Butanol: 

0309 The expression plasmid only contains the genes 
necessary for production of butyryl-CoA from acetyl-CoA. 
Butyryl-CoA can then be converted directly to butanol by 
action of abutyraldehyde dehydrogenase and butanol dehy 
drogenase (FIG. 1). A second possibility is that butyryl-CoA 
is converted to butyrate via a phosphotransbutyrylase and 
butyrate kinase (FIG. 1), in which case ATP is gained via 
substrate level phosphorylation (SLP). Since operation of the 
Wood-Ljungdahl pathway requires ATP, acetogenic cells rely 
on ATP from SLP, which is also reflected in the fact that every 
acetogenic bacteria known produces acetate (Drake et al., 
2006). However, the recombinant cell can now also generate 
ATP via SLP also byproducing butyrate. Butyrate can then be 
further reduced to butyraldehyde via a aldehyde:ferredoxi 
noxidoreductase (AOR) (FIG. 1). This reaction could be 
driven by reduced ferredoxin, provided by oxidation of CO 
via the carbon monoxide dehydrogenase (CO+Fd->CO+ 
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Fd), the initial step in the Wood-Ljungdahl pathway. 
Butyraldehyde can then be converted to butanol via abutanol 
dehydrogenase (FIG. 1). Conversion of externally added 
butyrate to butanol by a culture of C. autoethanogenium has 
been demonstrated (WO2009/113878). 
0310 Respective genes/enzymes with butyraldehyde 
dehydrogenase, butanol dehydrogenase, phophotransbutyry 
lase, butyrate kinase, and aldehyde:ferredoxin oxidoreduc 
tase activity have been identified by the inventors in C. auto 
ethanogenium, C. liungdahli, and C. ragsdalei (Tab. 7-10). 
Potential genes and enzymes were predicted by comparison 
with characterized genes and enzymes using BLAST (Alts 
chuletal, 1990), COG (Tatusov et al., 2003), and TIGRFAM 
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(Haft et al., 2002) databases. Motif scans were performed 
against PROSITE (Hulo et al., 2008) Pfam(Finnet al., 2010) 
databases. Genomes of C. autoethanogenium, C. ljungdahli, 
and C. ragsdalei contain several genes encoding enzymes 
with alcohol and aldehyde dehydrogenase activity. As indi 
cated in tables 7 to 10, some of these were found to have high 
homology of over 70% to characterized butyraldehyde and 
butanol dehydrogenases from C. acetobutylicum, C. beijer 
inckii, or C. Saccharobutylicum, while others have at least in 
some 40% identity to these enzymes. All three genomes 
encode exactly one enzyme with Phosphate acetyl/butyryl 
transferase activity and one with Acetate/butyrate kinase 
activity. C. autoethanogenium, C. ljungdahli, and C. ragsda 
lei each possess 2 aldehyde:ferredoxin oxidoreductase genes. 

TABLE 7 

Genes of C. autoethanogenium potentially conferring butyraldehyde and butanol dehydrogenase activity 

Sequence Description 

Bifunctional butanol 
butyraldehyde dehydrogenase 

Seq. ID 39-40 
8052 ( 

Seq. ID 41-42 Butyraldehyde dehydrogenase 

dentity (protein) to characterize 

bifunctional aldehy 
dentities = 644,861 

bifunctional aldehy 
ATCC824 (Identities = 594/858 (70%), Positives = 730/858 (86%), e-value = 0.0) 
bifunctional aldehy 
8052 (Identities = 367/504 (73%), Positives = 437/504 (87%), e-value = 0.0) 
bifunctional aldehy 

enzymes 

efalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
(75%), Positives = 748/861 (87%), e-value = 0.0) 

efalcohol dehydrogenase AdhE2 from C. acetobutyllicum 

efalcoho dehydrogenase AdhE2 from C. beijerinckii NCIMB 

efalcohol dehydrogenase AdhE2 from C. acetobutyllicum 

Seq. ID 43-44 Butyraldehyde dehydrogenase bifunctional aldehydefalcoho 
ATCC824 (354/504 (71%), Positives = 440/504 (88%), e-value = 0.0) 

dehydrogenase A 
ATCC824 (Identities = 173/352 (50%), Positives = 236/352 (68%), e-value = 1e–91) 

hE2 from C. acetobutyllicum 

bifunc 
8052 ( 
bifunc 

butyra 
(Identi 
butyra 

Sed. ID 45-46 Butyraldehyde dehydrogenase bifunc 
8052 ( 
bifunc 

D 119-120 NADP 
(Identi 
bifunc 

Sea. Butanol dehydrogenase 

Sed. ID 121-122 NADP 
(Identi 
bifunc 

Butanol dehydrogenase 

Sed. ID 51-52 Butanol dehydrogenase bifunc 

OC 

D53-54 NADP 

(Identi 
bifunc 
NCIM 

5e-82) 
OC 

Sea. Butanol dehydrogenase 

ATCC824 ( 
Seq. ID 55-56 Butanol dehydrogenase NADH 

ATCC824 ( 
NADH 

ATCC824 ( 
NADPH-depen 

(Identities = 156/385 (4 
Seq. ID 57-58 Butanol dehydrogenase 

bifunc 

ATCC824 ( 
phosphate butyryltransferase Seq. ID 59-60 Phosphate acetylbutyryl 

transferase 85.338 

(111/354 (32%), Positives = 

ATCC824 ( 

ATCC824 ( 

ATCC824 ( 

8052 (246/3 

ATCC824 (208/312 

ional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
entities = 160/374 (43%), Positives = 234/374 (63%), e-value = 5e-87) 

ional aldehydefalcohol dehydrogenase AdhE1 from C. acetobutyllicum 
ATCC824 (Identities = 158/366 (44%), Positives = 235/366 (65%), e-value = 5e-82) 

ehyde dehydrogenase Ald from C. beijerinckii NCIMB8052 
ies = 110/354 (32%), Positives = 184/354 (52%), e-value = 9e–44) 
ehyde dehydrogenase from C. Saccharoperbuttylacetonictim 

82/354 (52%), e-value = 2e-44) 
ional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
entities = 188/477 (40%), Positives = 270/477 (57%), e-value = 9e-84) 

ional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
64,428 (39%), Positives = 256/428 (60%), e-value = 1e–79) 

H-dependet butanol dehydrogenase from C. Saccharobutyllicum 
ies = 285/388 (74%), Positives = 334/388 (87%), e-value = 7e-177) 
ional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 

63/396 (42%), Positives = 237/396 (60%), e-value = 4e–80) 
butanol dehydrogenase from C. saccharobutyllicum 

), Positives = 328/388 (85%), e-value = 3e-168) 
efalcohol dehydrogenase AdhE2 from C. acetobutyllicum 

69/403 (42%), Positives = 240/403 (60%), e-value = 3e-83) 
efalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 

ositives = 287/315 (92%), e-value = 1e-153) 
efalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
(67%), Positives = 260/312 (84%), e-value = 4e-128) 

H-dependet butanol dehydrogenase from C. Saccharobutyllicum 
ies = 264/388 (69%), Positives = 326/388 (85%), e-value = 5e-163) 
ional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii 
B8052 (I 69/410 (42%), Positives = 246/410 (60%), e-value = 

de l ti e : 

H-dep 
ies = 
ional 

7 1 f 3 8 8 ( 7 09 % ( 

de R y S : 

ional 
1 ( 7 99 % ) P 

ional 8. e y 

ional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
dentities = 162,402 (41%), Positives = 240/402 (60%), e-value = 2e-78) 

-dependent butanol dehydrogenase BodhA from C. acetobutyllicum 
dentities = 161/388 (42%), Positives = 243/388 (63%), e-value = 7e-92) 

-dependent butanol dehydrogenase BodhB from C. acetobutyllicum 
dentities = 155/389 (40%), Positives = 242,389 (63%), e-value = 4e–85) 

et butanol dehydrogenase AdhE2 from C. saccharobutyllicum 
%), Positives = 236/385 (62%), e-value = 1e–72) 

aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
dentities = 154/412 (38%), Positives = 233/412 (57%), e-value = 8e-70) 

rom C. acetobutyllicum ATCC 824 (Identities = 
(26%), Positives = 146/338 (44%), e-value = 2e-12) 

ional 

Seq ID 61-62 Acetate, butyrate kinase butyra e kinase from C. acetobutyllicum ATCC 824 (Identities = 49/175 (28%), 
Positives = 78/175 (45%), e-value 5e–08) 
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TABLE 7-continued 

Genes of C. autoethanogenium potentially conferring butyraldehyde and butanol dehydrogenase activity 

Description 

Aldehyde: ferredoxin 
oxidoreductase 

Aldehyde: ferredoxin 
oxidoreductase 

Identity (protein) to characterized enzymes 

aldehyde: ferredoxin oxidoreductase from C. acetobutyllicum ATCC 824 
(Identities = 183/618 (30%), Positives = 311/618 (51%), e-value = 6e–72) 
aldehyde: ferredoxin oxidoreductase from C. acetobutyllicum ATCC 824 
(Identities = 191/633 (31%), Positives = 308/633 (49%), e-value = 2e–70) 

TABLE 8 
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Genes of C. Liurgdahli potentially conferring butyraldehyde and butanol dehydrogenase activity 

Sequence 

Seq. ID 67-68 

Seq. ID 69-70 

Seq. ID 71-72 

Seq. ID 73-74 

Seq. ID 75-76 

Seq. ID 77-78 

Seq. ID 79-80 

Seq. ID 81-82 

Seq. ID 83-84 

Seq. ID 85-86 

Seq ID 87-88 

Seq ID 89-90 

Seq ID 91-92 

Description 

Bifunctional butanol 
butyraldehyde dehydrogenase 

Bifunctional butanol 
butyraldehyde dehydrogenase 

Butyraldehyde dehydrogenase 

Butyraldehyde dehydrogenase 

Butanol dehydrogenase 

Butanol dehydrogenase 

Butanol dehydrogenase 

Butanol dehydrogenase 

Butanol dehydrogenase 

Phosphate acetylbutyryl 
transferase 
Acetate, butyrate kinase 

Aldehyde: ferredoxin 
oxidoreductase 
Aldehyde: ferredoxin 
oxidoreductase 

dentity to characterized enzymes 

bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
8052 (Identities = 644/862 (75%), Positives = 751/862 (88%), e-value = 0.0) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 592/858 (69%), Positives = 729/858 (85%), e-value = 0.0) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
8052 (Identities = 636/860 (74%), Positives = 752/860 (88%), e-value = 0.0) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 585/858 (69%), Positives = 733/858 (86%), e-value = 0.0) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 209/429 (49%), Positives = 286/429 (67%), e-value = 4e-111) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
8052 (Identities = 196/467 (42%), Positives = 286/467 (62%), e-value = 1e-102) 
bifunctional aldehydefalcohol dehydrogenase AdhE1 from C. acetobutyllicum 
ATCC824 (Identities = 193/443 (44%), Positives = 283/443 (64%), e-value = 7e-100) 
butyraldehyde dehydrogenase Ald from C. beijerinckii NCIMB8052 
(Identities = 125/409 (31%), Positives = 206/409 (51%), e-value = 3e-49) 
butyraldehyde dehydrogenase from C. Saccharoperbittylacetonictim 
(124409 (31%), Positives = 204,409 (50%), e-value = 2e–48) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
8052 (Identities = 188/477 (40%), Positives = 270/477 (57%), e-value = 9e-84) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 164,428 (39%), Positives = 256/428 (60%), e-value = 1e–79) 
NADPH-dependet butanol dehydrogenase from C. Saccharobutyllicum 
(Identities = 285/388 (74%), Positives = 335/388 (87%), e-value = 9e-177) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 164/396 (42%), Positives = 238/396 (61%), e-value = 1e–80) 
NADPH-dependet butanol dehydrogenase from C. Saccharobutyllicum 
(Identities = 281/388 (73%), Positives = 327/388 (85%), e-value = 2e-173) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 169/403 (42%), Positives = 240/403 (60%), e-value = 3e-83) 
NADPH-dependet butanol dehydrogenase from C. Saccharobutyllicum 
(Identities = 264/388 (69%), Positives = 326/388 (85%), e-value = 5e-163) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii 
NCIMB8052 (Identities = 169/410 (42%), Positives = 246/410 (60%), e-value = 
4e–82) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 162/402 (41%), Positives = 240/402 (60%), e-value = 2e–78) 
NADH-dependent butanol dehydrogenase Bodh Afrom C. acetobutyllicum 
ATCC824 (Identities = 161/388 (42%), Positives = 243/388 (63%), e-value = 7e-92) 
NADH-dependent butanol dehydrogenase BodhB from C. acetobutyllicum 
ATCC824 (Identities = 155/389 (40%), Positives = 242,389 (63%), e-value = 4e–85) 
NADPH-dependet butanol dehydrogenase from C. Saccharobutyllicum 
(Identities = 150/389 (39%), Positives = 233/389 (60%), e-value = 7e–73) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 154/412 (38%), Positives = 233/412 (57%), e-value = 8e-70) 
phosphate butyryltransferase from C. acetobutyllicum ATCC 824 (91/340 (27%), 
Positives = 156/340 (46%), e-value = 1e-16) 
butyrate kinase from C. acetobutyllicum ATCC 824 (49/162 (31%), Positives = 
77/162 (48%), e-value 5e–08) 
aldehyde: ferredoxin oxidoreductase from C. acetobutyllicum ATCC 824 (188,631 
(30%), Positives = 318/631 (51%), e-value = 3e-11) 
aldehyde: ferredoxin oxidoreductase from C. acetobutyllicum ATCC 824 
(Identities = 191/633 (31%), Positives = 308/633 (49%), e-value = 2e–70) 
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TABLE 10 

Genes of C. ragsdalei potentially conferring butyraldehyde and butanol dehydrogenase activity 

Sequence Description dentity to characterize 

Seq. ID 93-94 
butyraldehyde dehydrogenase 

Seq. ID 95-96 
butyraldehyde dehydrogenase 

Seq. ID 97-98 

8052 ( 

ATCC824 (Identities = 

enzymes 

Bifunctional butanol bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
8052 (Identities = 645/861 (75%), Positives = 751/861 (88%), e-value = 0.0) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 591/858 (69%), Positives = 731/858 (86%), e-value = 0.0) 

Bifunctional butanol bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 
8052 (Identities = 639,860 (75%), Positives = 752/860 (88%), e-value = 0.0) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 591/858 (69%), Positives = 735/858 (86%), e-value = 0.0) 

Butyraldehyde dehydrogenase bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 
ATCC824 (Identities = 214/457 (47%), Positives = 294/457 (65%), e-value = 5e-111) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. beijerinckii NCIMB 

entities = 200/457 (44%), Positives = 283f457 (62%), e-value = 1e-103) 
bifunctional aldehydefalcohol dehydrogenase AdhE1 from C. acetobutyllicum 

98/457 (44%), Positives = 289/457 (64%), e-value = 4e-101) 
ehyde dehydrogenase Ald from C. beijerinckii NCIMB8052 

(Identities = 125/409 (31%), Positives = 206/409 (51%), e-value = 3e-49) 
ehyde dehydrogenase from C. Saccharoperbuttylacetonictim 

(Identities = 123/409 (31%), Positives = 205/409 (51%), e-value = 1e–48) 
ehydrogenase AdhE2 from C. beijerinckii NCIMB 

(40%), Positives = 270/477 (57%), e-value = 9e-84) 
ehydrogenase AdhE2 from C. acetobutyllicum 

64,428 (39%), Positives = 256/428 (60%), e-value = 1e–79) 
hydrogenase from C. Saccharobiitvictim 

(Identities = 285/388 (74%), Positives = 335/388 (87%), e-value = 9e-177) 
ehydrogenase AdhE2 from C. acetobutyllicum 

64/396 (42%), Positives = 238/396 (61%), e-value = 1e–80) 
hydrogenase from C. Saccharobiitvictim 

entitles = o), Positives = o), e-Value = Ze I 281,388 (73%) Posi 327,388 (85% 2e-173 
l ehydrogenase AdhE2 from C. acetobutyllicum 

/403 (42%), Positives = 240/403 (60%), e-value = 3e-83) 
hydrogenase from C. Saccharobiitvictim 

(Identities = 264/388 (69%), Positives = 326/388 (85%), e-value = 5e-163) 
ehydrogenase AdhE2 from C. beijerinckii 

69/410 (42%), Positives = 246/410 (60%), e-value = 

ehydrogenase AdhE2 from C. acetobutyllicum 
62/402 (41%), Positives = 240/402 (60%), e-value = 2e–78) 

NADH-dependent butanol dehydrogenase BodhA from C. acetobutyllicum 
62/388 (42%), Positives = 243/388 (63%), e-value = 3e-92) 

NADH-dependent butanol dehydrogenase BodhB from C. acetobutyllicum 
55/389 (40%), Positives = 242,389 (63%), e-value = 6e–85) 

NADPH-dependet butanol dehydrogenase from C. Saccharobutyllicum 
(Identities = 147389 (38%), Positives = 227/389 (59%), e-value = 3e-71) 
bifunctional aldehydefalcohol dehydrogenase AdhE2 from C. acetobutyllicum 

55/412 (38%), Positives = 233/412 (57%), e-value = 2e–70) 
phosphate butyryltransferase from C. acetobutyllicum ATCC 82487/325 (27%), 

butyrate kinase from C. acetobutyllicum ATCC 824 (Identities = 49/162 (31%), 

aldehyde: ferredoxin oxidoreductase from C. acetobutyllicum ATCC 824 
(Identities = 187/633 (30%), Positives = 319/633 (51%), e-value = 3e-74) 
aldehyde: ferredoxin oxidoreductase from C. acetobutyllicum ATCC 824 

butyra 

butyra 

Seq. ID 99-100 Butyraldehyde dehydrogenase bifunctional aldehydefalcohol 
8052 (Identities = 188/477 
bifunctional aldehydefalcohol 
ATCC824 (Identities = 

Seq. ID 101-102 Butanol dehydrogenase NADPH-dependet butanol 

bifunctional aldehydefalcohol 
ATCC824 (Identities = 

Seq. ID 103-104 Butanol dehydrogenase NADPH-dependet butanol 

bifunctional aldehydefalcohol 
ATCC824 (Identities = 169 

Seq. ID 105-106 Butanol dehydrogenase NADPH-dependet butanol 

bifunctional aldehydefalcohol 
NCIMB8052 (Identities = 
4e–82) 
bifunctional aldehydefalcohol 
ATCC824 (Identities = 

Seq. ID 107-108 Butanol dehydrogenase 
ATCC824 (Identities = 

ATCC824 (Identities = 
Seq. ID 109-110 Butanol dehydrogenase 

ATCC824 (Identities = 
Seq. ID 111-112 Phosphate acetylbutyryl 

transferase Positives = 148,325 (46%), e-value = 2e-16) 
Seq ID 113-114 Acetate/butyrate kinase 

Positives = 77/162 (48%), e-value 4e-11) 
Seq ID 115-116 Aldehyde: ferredoxin 

oxidoreductase 
Seq ID 117-118 Aldehyde: ferredoxin 

oxidoreductase 

Gene Expression Studies 

0311 Successful expression of introduced Thiolase, 3-hy 
droxybutyryl-CoA dehydrogenase, Crotonase, Butyryl-CoA 
dehydrogenase, Electron Transfer Flavoprotein A and Elec 
tron Transfer Flavoprotein B were confirmed by RT-PCR 
studies. 
0312. A 50-ml culture of C. autoethanogenium harboring 
butanol plasmid pMTL85245-thlA-crt-hbd grown in a serum 
bottle with 30 psi steel mill gas as substrate was harvested by 
centrifugation (6,000xg, 5 min, 4°C.). RNA was isolated by 
suspending the cell pellet in 100 uL of lysozyme solution 
(50,000 Ulysozyme, 0.5 L 10% SDS, 10 mM Tris-HCl, 0.1 
mM EDTA; pH 8). After 5 min, 350 uL of lysis buffer (con 
taining 10 uL of 2-mercaptoethanol) was added. The cell 
Suspension was mechanistically disrupted by passing five 

(Identities = 187/633 (30%), Positives = 302/633 (48%), e-value = 1e–69) 

times through an 18-21 gauge needle. RNA was then isolated 
using PureLinkTM RNA Mini Kit (Invitrogen) and eluted in 
100 uL of RNase-free water. The RNA was checked via PCR 
and gel electrophoresis and quantified spectrophotometri 
cally, and treated with DNase I (Roche) if necessary. Quality 
and integrity of RNA was checked using a BioAnalyzer (Agi 
lent Technologies). The reverse transcription step was carried 
out using SuperScript III Reverse Transcriptase Kit (Invitro 
gen). RT-PCR reactions were performed in MyiO Single 
Colour Real-Time PCR Detection System (Bio-Rad Labra 
tories) in a reaction volume of 15 uL with 25 ng of cDNA 
template, 67 nM of each primer (Tab. 11), and 1x iQ SYBR 
Green Supermix (Bio-Rad Labratories, Hercules, Calif. 
94547, USA). Guanylate kinase and formate tetrahydrofolate 
ligase were used as housekeeping gene and non-template 
controls were included. The reaction conditions were 95°C. 
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for 3 min, followed by 40 cycles of 95°C. for 15s. 55° C. for 
15s and 72° C. for 30s. A melting-curve analysis was per 
formed immediately after completion of the RT PCR (38 
cycles of 58° C. to 95° C. at 1° C./s), for detection of primer 
dimerisation or other artifacts of amplification, mRNA from 
housekeeping and all target genes were successfully detected. 

TABL E 11 

Sep. 29, 2011 

Oligonucleotides for RT-PCR 

Oligonu 
cleotide 

Target Name DNA. Sequence (5' to 3') 

Guanylate kinase Gnk-F TCAGGACCTTCTGGAACTGG 
Gnk-R ACCTCCCCTTTTCTTGGAGA 

Formate FoT4L-F CAGGTTTCGGTGCTGACCTA 
tetrahydrofolate FoT4 L-R AACTCCGCCGTTGTATTTCA 
ligase 

Thiolase tha-RT-F TTGATGAAATGATCACTGACGGATT 
tha-RT-R GAAATGTTCCATCTCTCAGCTATGT 

3-hydroxybutyryl 

Butyryl-CoA 
dehydrogenase 

Electron Transfer 
Flavoprotein. A 

hdo-RT-F 
CoA dehydrogenase hbd-RT-R 

occ-RT-F 
occ-RT-R 

CATCACTTTCAATAACAGAAGTGGC 
TACCTCTACAAGCTTCATAACAGGA 

AAAATGGGTCAGTATGGTATGATGG 
TGTAGTACCGCAAACCTTTGATAAT 

etfA-RT-F CAAGTTTACTTGGTGGAACAATAGC 
etfA-RT-R GAGTTGGTCTTACAGTTTTACCAGT 

0313. The invention has been described herein, with ref 
erence to certain preferred embodiments, in order to enable 
the reader to practice the invention without undue experimen 
tation. However, a person having ordinary skill in the art will 
readily recognise that many of the components and param 
eters may be varied or modified to a certain extent or substi 
tuted for known equivalents without departing from the scope 
of the invention. It should be appreciated that such modifica 
tions and equivalents are herein incorporated as if individu 
ally set forth. Titles, headings, or the like are provided to 
enhance the reader's comprehension of this document, and 
should not be read as limiting the scope of the present inven 
tion. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 135 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1179 
&212s. TYPE: DNA 

<213> ORGANISM: C. acetobutyllicum 

<4 OOs SEQUENCE: 1 

SEQ ID 
NO. 

31 
32 

33 
34 

23 
24 

25 
26 

27 
28 

29 
3O 

0314. The entire disclosures of all applications, patents 
and publications, cited above and below, if any, are hereby 
incorporated by reference. However, the reference to any 
applications, patents and publications in this specification is 
not, and should not be taken as, an acknowledgment or any 
form of Suggestion that they constitute valid prior art or form 
part of the common general knowledge in any country in the 
world. 
0315 Throughout this specification and any claims which 
follow, unless the context requires otherwise, the words 
“comprise”, “comprising and the like, are to be construed in 
an inclusive sense as opposed to an exclusive sense, that is to 
say, in the sense of “including, but not limited to’. 

atgaaagaag ttgtaat agc tagtgcagta agaacagcga ttggat citta tigaaagt ct 60 

Cttaaggatg taccagcagt agatttagga gctacagct a taaaggaagc agittaaaaaa 12O 

gcaggaataa aaccagagga tigittaatgaa gt cattt tag galaatgttct tcaa.gcaggt 18O 

ttaggacaga atccagdaag acaggcatct tittaaag cag gattaccagt tdaaatticca 24 O 

gctatgact a ttaataaggt ttgttggttca ggacttagaa cagttagctt agcago acaa 3 OO 
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attataaaag Caggagatgc tigacgtaata at agc aggtg gtatggaaaa tatgtct aga 360 

gctic ct tact tagcgaataa cqctagatgg ggatatagaa tdggaaacgc taaatttgtt 42O 

gatgaaatga t cactgacgg attgttgggat gcatttaatg attaccacat gggaataa.ca 48O 

gCagaaaa.ca tagctgagag atggalacatt toaa.gagaag aacaagatga gtttgct Ctt 54 O 

gcatcacaaa aaaaagctga agaagctata aaatcagg to aatttaaaga tigaaatagitt 6OO 

Cctgtag taa ttalaaggcag aaagggagaa actgtagttg atacagatga gcaccct aga 660 

tittggat caa citatagaagg acttgcaaaa ttaaaacct g c ctitcaaaaa agatggalaca 72 O 

gttacagctg gtaatgcatc aggattaaat gactgtgcag cagtacttgt aat catgagt 78O 

gCagaaaaag Ctaaagagct tagtaaaa C cacttgcta agatagttt C titatggttca 84 O 

gCaggagttg acc cagcaat aatgggat at ggacctttct atgcaacaaa agcagctatt 9 OO 

gaaaaagcag gttgga cagt tatgaatta gatttaatag aatcaaatga agcttittgca 96.O 

gctcaaagtt tag cagtagc aaaagattta aaatttgata tdaataaagt aaatgtaaat 1 O2O 

ggaggagcta ttgccCttgg to atccaatt ggagcatcag gtgcaagaat act cqttact 108 O 

Cttgtacacg caatgcaaaa aagagatgca aaaaaaggct tagcaactitt atgtataggit 114 O 

ggcggacaag galacagcaat attgctagala aagtgctag 1179 

<210 SEQ ID NO 2 
&211s LENGTH: 849 
&212s. TYPE: DNA 

<213> ORGANISM: C. acetobutyllicum 

<4 OOs, SEQUENCE: 2 

atgaaaaagg tatgtgtt at aggtgcaggt act atgggitt Cagga attgc ticaggcattt 6 O 

gcagctaaag gatttgaagt agt attaaga gat attaaag atgaatttgt tatagagga 12 O 

ttagattitta t caataaaaa totttctaaa ttagttaaaa aaggaaagat agaagaa.gct 18O 

actaaagttgaaatcttaac tagaatttico ggalacagttg accittaatat gigcagctgat 24 O 

tgcgatttag titatagaa.gc agctgttgaa agaatggata ttaaaaagca gatttittgct 3OO 

gacittagaca atatatgcaa gcc agaaaca attcttgcat caaatacatc at cactitt.ca 360 

ataacagaag toggcatcago aactaaaaga cct gataagg ttataggitat gcatttctitt 42O 

aatc.ca.gctic ctgttatgaa gCttgtagag gtaataagag gaatagctac at Cacaagaa 48O 

acttittgatg cagttaaaga gaCatctata gcaat aggala aagat CCtgt agaagtagca 54 O 

gaag caccag gatttgttgt aaatagaata ttaataccaa tattaatga agcagttggit 6OO 

at attagcag aaggaatagc titcagtagaa gaCatagata aagctatgala acttggagct 660 

aatcacccaa tdggaccatt agaattaggit gattittatag gtc.ttgatat atgtc.ttgct 72 O 

ataatggatgttittatactic agaaactgga gattictaagt atagaccaca tacattactt 78O 

aagaagtatg taagagcagg atggcttgga agaaaat cag gaaaaggttt Ctacgattat 84 O 

toaaaataa. 849 

<210s, SEQ ID NO 3 
&211s LENGTH: 786 
&212s. TYPE: DNA 

<213> ORGANISM: C. acetobutyllicum 

<4 OOs, SEQUENCE: 3 
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<210s, SEQ ID NO 5 
&211s LENGTH: 1011 
&212s. TYPE: DNA 

<213> ORGANISM: C. acetobutyllicum 

<4 OOs, SEQUENCE: 5 

atgaataaag Cagattacaa gggcg tatgg gtgtttgctgaacaaagaga C9gagaatta 6 O 

caaaaggt at cattggaatt attaggtaaa ggtaaggaaa tigctgagala attaggcgtt 12 O 

gaattalacag ctgttt tact toggacataat actgaaaaaa tdtcaaagga titt attatct 18O 

catggagcag ataaggttitt agcagcagat aatgaactitt tag cacattt ttcaacagat 24 O 

ggatatgcta aagttatatg tdatttagtt aatgaaagaa agc.ca.gaaat attatt cata 3OO 

ggagct actt t cataggaag agatttagga C caagaatag cagcaagact ttctactggit 360 

ttaactgctg attgtacatc acttgacata gatgtagaaa atagagattt attggctaca 42O 

agaccagcgt ttggtggaaa tittgatagct acaat agttt gttcagacca Cagaccacala 48O 

atggctacag taagacctgg togtgtttgaaaaattacctg. ittaatgatgc aaatgtttct 54 O 

gatgataaaa tagaaaaagt togcaattaaa tta acagcat cagacataag aacaaaagtt 6OO 

tcaaaagttg ttalagcttgc taaagatatt gcagatat c gagaa.gctaa ggt attagtt 660 

gctggtggta gaggagttgg aagcaaagaa alactittgaaa alacttgaaga gttagcaagt 72 O 

ttacttggtg gaacaatagc cgcttcaaga gcagcaatag aaaaagaatg ggttgataag 78O 

gaccttcaag taggtoaaac togg taaaact gtaagaccaa citctittatat togcatgtggit 84 O 

atat caggag citat coagca tttagcaggt atgcaagatt cagattacat aattgctata 9 OO 

aataaagatg tagaagcc cc aataatgaag gtagcagatt totatagt tdgtgatgta 96.O 

aataaagttg taccagaatt aatagcticaa gttaaagctg ctaataatta a 1011 

<210s, SEQ ID NO 6 
&211s LENGTH: 78O 
&212s. TYPE: DNA 

<213> ORGANISM: C. acetobutyllicum 

<4 OOs, SEQUENCE: 6 

atgaatatag ttgtttgttt aaaacaagtt coagatacag cqgaagttag aatagat coa 6 O 

gtta agggaa cacttataag agaaggagtt coat caataa taaatccaga tigataaaaac 12 O 

gcacttgagg aagctittagt attaaaagat aattatggtg cacatgtaac agittataagt 18O 

atgggacct C Cacaagctaa aaatgctitta gtagaagctt totatggg tectgatgaa 24 O 

gctgtactitt taacagatag agcatttgga gaggagata cacttgcgac titcacataca 3OO 

attgcagcag gaattaagaa gCtaaaat at gat at agttt ttgctggaag gCaggctata 360 

gatggagata cagct Caggit taccagaa at agctgagc atcttggaat acct Caagta 42O 

actitatgttg agaaagttga agttgatgga gat actittaa agattagaala agcttgggaa 48O 

gatggatatgaagttgttga agittaagaca ccagttctitt taacagdaat taaagaatta 54 O 

aatgttcCaa gatatatgag titagaaaaa at attcggag catttgataa agaagtaaaa 6OO 

atgtggactg. cc.gatgat at agatgtagat aaggctaatt taggt Cittaa aggttcacca 660 

actaaagtta agaagt catc alactaaagaa gttaaaggac agggagaagit tattgataag 72 O 

cctgttaagg aag cagotgc atatgttgtc. tcaaaattaa aagaagaaca citatatttaa 78O 
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<210s, SEQ ID NO 7 
&211s LENGTH: 498 
&212s. TYPE: DNA 

<213> ORGANISM: C. autoethanogenum 

<4 OO > SEQUENCE: 7 

gag.cggcc.gc aatatgat at titatgtc.cat tdtgaaaggg attatatt ca act attatt c 6 O 

cagttacgitt catagaaatt titcCtttcta aaatattitta t t c catgtca agaactctgt 12 O 

ttattt catt aaagaact at aagtacaaag tataaggcat ttgaaaaaat aggctagtat 18O 

attgattgat tatttattitt aaaatgccta agtgaaatat atacat atta taacaataaa 24 O 

ataagt atta gtgtaggatt tittaaataga gitatic tattt toagattaaa tttittgatta 3OO 

tittgatttac attatataat attgagtaaa gtattgacta gcaaaattitt ttgatactitt 360 

aatttgttgaa atttctitatic aaaagttata tttittgaata atttittattgaaaaatacaa 42O 

Ctaaaaagga ttatagtata agtgttgttgta attttgttgtt aaatttaaag ggaggaaatg 48O 

alacatgaaac atatggaa 498 

<210s, SEQ ID NO 8 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 8 

gagggg.ccgc aatatgat at titatgtc.c 28 

<210s, SEQ ID NO 9 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 9 

titccatatgt tt catgttca ttt cotcc 28 

<210s, SEQ ID NO 10 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 10 

gttcatatga aagaagttgt aatagc 26 

<210s, SEQ ID NO 11 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 11 

caagaatticc tag cacttitt ctago 25 

<210s, SEQ ID NO 12 
&211s LENGTH: 27 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 12 

alaggtacctt aggaggatta gt catgg 27 

<210s, SEQ ID NO 13 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 13 

gaggat.ccgg attcttgtaa act tattittg 3 O 

<210s, SEQ ID NO 14 
&211s LENGTH: 2963 
&212s. TYPE: DNA 
<213> ORGANISM: E. coli 

<4 OOs, SEQUENCE: 14 

cctgcaggat aaaaaaattig tagataaatt ttataaaata gttittatcta caattitttitt 6 O 

at Caggaaac agctatgacc gcggcc.gctg. tat coatatg accatgatta caattic gag 12 O 

Ctcggit accc ggggat.cctic tagagtcgac git cacgc.gtc. catggagat C tdgaggcctg 18O 

Caga catgca agcttggcac teccgt.cgt titt acaacgt. c9tgactggg aaaac cctgg 24 O 

cgttacccaa cittaatcgcc ttgcagdaca toccc ctittc gcc agctggc gtaatagoga 3OO 

agaggc.ccgc accgat.cgcc Ctt cocaiaca gttgcgcagc ctgaatggcg aatggcgcta 360 

gcataaaaat aagaagcc td catttgcagg citt cittattt titatgg.cgcg cc.gcatt cac 42O 

ttcttittcta tataaatatg agcigaag.cga ataagcgt.cg gaaaag.cagc aaaaagttt c 48O 

Ctttittgctg ttggagcatgggggttcagg gggtgcagta t ctgacgt.ca atgcc.gagcg 54 O 

aaag.cgagcc gaaggg tagc atttacgitta gat aaccc.cc tatatgct C Cacgctitta 6OO 

tatagaaaag aagattcaac tagg taaaat cittaatatag gttgagatga taaggittitat 660 

aaggaatttgtttgttctaa tttitt cactic attttgttct aatttcttitt aacaaatgtt 72 O 

Ctttittttitt tagaac agitt atgatatagt tagaatagitt taaaataagg agtgagaaaa 78O 

agatgaaaga aagatatgga acagtictata aaggct Ctca gaggct cata gacgaagaaa 84 O 

gtggagaagt catagaggta gacaagtt at accgtaalaca alacgtctggit aactt.cgtaa 9 OO 

aggcatatat agtgcaatta ataagtatgt tagatatgat toggcggaaaa aaacttaaaa 96.O 

tcqttalacta tat cotagat aatgtccact taagtaacaa tacaatgata gctacaacaa 1 O2O 

gagaaatago: aaaagctaca ggaacaagtic tacaaac agt aataacaa.ca cittaaaatct 108 O 

tagaagaagg aaat attata aaaagaaaaa citggagtatt aatgttaaac cctdaactac 114 O 

taatgagagg cacgaccala aaacaaaaat acct Cttact caatttggg alactittgagc 12 OO 

aagaggcaaa taaatagat tacct Coca atalacaccac gtagttattg ggaggltdaat 126 O 

Ctatgaaatg cgattalaggg cc.ggc.cagtgggcaagttga aaaatticaca aaaatgtggit 132O 

ataatat citt togttcattag agcigataaac ttgaatttga gagggaactt agatgg tatt 1380 

tgaaaaaatt gataaaaata gttggaacag aaaagagtat tittgaccact actittgcaa.g 144 O 
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gccaaatgct coggaaaa.ca tttittaatgt atc tatgata ccgtggit caa cct tcgatgg 54 O 

ctittaatctgaatttgcaga aaggatatga ttatttgatt cct atttitta citatggggaa 6OO 

at attataaa gaagataa.ca aaattatact tcc tittggca attcaagttc at cacgcagt 660 

atgtgacgga titt cacattt gcc.gttttgt aaacgaattig caggaattga taaatagitta 72 O 

aacg.cgt.cca tagatcto gaggcctgca gacatgcaag Cttgg cactg gcc.gtcgttt 78O 

tacaacgt.cg tdactgggaa aaccotggcg ttacc caact taatcgc.ctt gcago acatc 84 O 

CCCCtttcgc cagctggcgt aatagcgaag aggc.ccgcac catcgc.cct tcc caac agt 9 OO 

tgcgcagcct gaatggcgaa tigcgctago ataaaaataa gaa.gc.ctgca tttgcaggct 96.O 

t cittatttitt atgg.cgc.gcc gttctgaatc cittagctaat gigttcaa.cag gtaactatoga O2O 

cgaagatagc accCtggata agtctgtaat ggattictaag gcatttaatg aagacgtgta O8O 

tataaaatgt gctaatgaaa aagaaaatgc gttaaaagag cctaaaatga gttcaaatgg 14 O 

ttittgaaatt gattgg tagt ttaatttaat at atttitt to tattggctat citcgatacct 2OO 

atagaatctt ctdtt cactt ttgtttittga aatataaaaa gogggctttitt agc.cccttitt 26 O 

ttittaaaact c cqgaggagt ttctt cattc ttgatact at acgtaactat titt catttg 32O 

actt cattgt caattaagct agtaaaatca atggittaaaa aacaaaaaac ttgcatttitt 38O 

ctacct agta atttataatt ttaagtgtcg agtttaaaag tataatttac caggaaagga 44 O 

gcaagtttitt taataaggaa aaatttitt cottittaaaatt ctattitcgtt atatgactaa SOO 

ttataatcaa aaaaatgaaa ataaacaaga gqtaaaaact gctittagaga aatgtactga 560 

taaaaaaaga aaaaatcc ta gatttacgt.c atacatagoa cctittaact a ctaagaaaaa 62O 

tattgaaagg act tcc actt gtggagatta tttgtttatgttgagtgatg Cagacittaga 68O 

acattittaaa ttacataaag gtaatttittg cqgtaataga titttgtccaa totgtagttg 74 O 

gcc acttgct td taaggata gtttagaaat atc tatt citt atggagcatt taagaaaaga 8OO 

agaaaataaa gag tittatat ttittaact ct tacaact coa aatgtaaaaa gttatgatct 86 O 

taattatt ct attaaacaat ataataaatc ttittaaaaaa ttaatggagc gtaaggaagt 92 O 

taaggatata actaaaggitt atataagaaa attagaagta acttaccaaa aggaaaaata 98 O 

cataacaaag gattitatgga aaataaaaaa agatt attat caaaaaaaag gactitgaaat 2O4. O 

tggtgattta gaacctaatt ttgat actta taatcct cat titt catgtag titattgcagt 21OO 

taataaaagt tattitt acag ataaaaatta ttatataaat cqagaaagat gigttggaatt 216 O 

atggaagttt gctactaagg atgattictat aact caagtt gatgttagaa aagcaaaaat 222 O 

taatgattat aaagaggttt acgaacttgc gaaat attca gctaaagaca citgattattt 228O 

aatat cqagg ccagtatttgaaattittitta taaag catta aaaggcaa.gc agg tatt agt 234 O 

ttittagtgga titttittaaag atgcacacaa attgtacaag caaggaaaac ttgatgttta 24 OO 

taaaaagaaa gatgaaatta aatatgtcta tatagitttat tataattggit gcaaaaaa.ca 246 O 

atatgaaaaa act agaataa gggaacttac ggaagatgala aaagaagaat taaat Caaga 252O 

tittaatagat gaaatagaaa tagattaaag tdtaactata ctittatatat atatgattaa 2580 

aaaaataaaa aacaac agcc tattaggttgttgttttitta ttittctittat taattitttitt 264 O 

aattitt tagt ttt tagttct tttittaaaat aagtttcago citctttitt.ca at atttittta 27 OO 

aagaaggagt atttgcatga attgccttitt ttcta acaga cittaggaaat attittaa.ca.g 276 O 







US 2011/0236941 A1 Sep. 29, 2011 
33 

- Continued 

gatgcaatga cagcttitc 18 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 2O 

ggaacaaaag gtatat cagc 2O 

<210s, SEQ ID NO 21 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 21 

cggagcattt gataaagaa 19 

<210s, SEQ ID NO 22 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 OOs, SEQUENCE: 22 

gctgattgta cat cacttga 2O 

<210s, SEQ ID NO 23 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primerr 

<4 OOs, SEQUENCE: 23 

ccagaattaa tagct caagt 2O 

<210s, SEQ ID NO 24 
&211s LENGTH: 1764 
&212s. TYPE: DNA 

<213> ORGANISM: C. Ljungdahlili 

<4 OOs, SEQUENCE: 24 

atgaac agitt ttattgaaga tigttgaacaa atttacaatt ttattaaaaa aaatatagat 6 O 

gtagaa.gaga agatgcattt tatagaaact tataagcaaa aatctaatat gaagaaagaa 12 O 

attagcttitt Cagaagaata ctataaacag aaaattatga atggaaaaaa tigagtagt 18O 

tatact cotc cqgaaatggc agcatttatg gttaaaaact tdataaatgt caatgatgta 24 O 

attggaaatc catttataaa aataatagat cottcctgtg gatctgggaa tittaatttgt 3OO 

aagtgctitt c tatatttaaa totgaatattt attaagaata ttgaagttat aaatagtaaa 360 

aacaatttaa atttgaaact agaagatata agttaccata tag tacgitaa caatctattt 42O 

ggatttgata tagatgaaac togcaataaaa gttittaaaaa tag acttatt tttgattagc 48O 

aatcagttta gtgaaaaaaa ttittcaagta aaggattitt c tagtggaaaa tatagataga 54 O 
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aaatatgatg tdtttatagg aaatcctic cq tatataggac ataaatctgt agattictagt 6OO 

tatt catatgttittaagaaa aatatatgga agtatatata gagacaaagg agacatat co 660 

tactgtttitt ttcaaaaatc attaaagtgt ttaaaggagg gaggaaaact ggitttttgtt 72 O 

acttctaggt attitttgttga atc.ttgcago ggaaaagaac ttagaaagtt tittaattgaa 78O 

aataccticta tittataaaat tatagattitt tatggtataa gaccttittaa aagagtaggit 84 O 

atagacccaa tdataatatt tttagtaaga acaaaaaatt ggaacaataa tatagaaatc 9 OO 

ataaga ccca ataaaattga aaaaaatgaaaaaaataaat ttcttgattic cittgtttitta 96.O 

gataaatctgaaaaatgcaa aaagttittct atttct caaa agtictataaa taatgatgga O2O 

tggg tatttgttgacgaagt tagaaaaat ataatagata aaataaaaga aaaaagtaaa O8O 

tittattittaa aggatatatg C catagttgt cagggtataa taacgggatg tdatagggct 14 O 

tittatagttgatagagacat aataaatagt agaaaaattgaattalaggtt aataaaaccc 2OO 

tggataaaaa gtagccatat acgaaaaaac gaagtaatta aaggtgaaaa atttattata 26 O 

tact caaatt taatagaaaa tdaaacagaa tdtcc taatig citataaagta tatagagcag 32O 

tacaaaaaaa ggctitatgga aagaa.gagaa ttaaaaaag gaacaagaala gtgg tatgaa 38O 

Cttcaatggg ggagaaaacc ggaaatttitt gaagaaaaga aaattgttgtt CCC at acaag 44 O 

t cct gtgaca atagatttgc ticttgacaag gigaagctatt ttagtgcaga tatatattoc SOO 

ttagt attaa aaaaaaatgt accttttacc tatgaaatac ttittaaatat attaalacagt 560 

cctttgtatgaattitt actt taaaacttitc gcaaaaaaat taggagaaaa totatatgag 62O 

tatt acccta ataatctaat gaaattgttgt attcc ttcta ttgattittgg aggagaaaat 68O 

aatatagaaa aaaagctgta tatttittitt ggactgacag ataaggaaat tagattgta 74 O 

gaaaagataa aagata attg Ctga 764 

<210s, SEQ ID NO 25 
&211s LENGTH: 1693 
&212s. TYPE: DNA 

<213> ORGANISM: C. autoethanogenum 

<4 OOs, SEQUENCE: 25 

atgcatttta tagaaactta taa.gcaaaaa totaatatga agaaagaaat tagcttitt.ca 6 O 

gaagaatact ataaacagaa aattatgaat ggaaaaaatg gagtagtta tactCct cog 12 O 

gaaatggcag catttatggit taaaaacttgataaatgtca atgatgtaat toggaaatcca 18O 

tittataaaaa taatagat cottcct gtgga tictdggaatt taatttgtaa gtgctttcta 24 O 

tatttaaatc gaatattt at taagaatatt gaagttataa at agtaaaaa caatttaaat 3OO 

ttgaaactag aagatataag ttaccatata gtacgtaa.ca atc tatttgg atttgatata 360 

gatgaaactg caataaaagt tittaaaaata gacittattitt tdattagcaa toagtttagt 42O 

gaaaaaaatt ttcaagtaaa goattittcta gtggaaaata tagatagaaa atatgatgtg 48O 

tittataggaa atcctic cqta tataggacat aaatctgtag attctagitta t t catatgtt 54 O 

ttaagaaaaa tatatggaag tatatataga gacaaaggag acatat cct a citgtttittitt 6OO 

caaaaatcat taaagtgttt aaaggaggga ggaaaactgg tttttgttac ttctaggitat 660 

ttttgttgaat cittgcagogg aaaagaactt agaaagttitt taattgaaaa tacct ctatt 72 O 

tataaaatta tagatttitta toggtataaga ccttittaaaa gag taggitat agacc caatg 78O 
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ataatattitt tagtaagaac aaaaaattgg aacaataata tagaaat cat aag acccaat 84 O 

aaaattgaaa aaaatgaaaa aaataaattt cittgatt cott tdtttittaga taaatctgaa 9 OO 

aaatgcaaaa agttitt citat ttct caaaag totataaata atgatggat g g g tatttgtt 96.O 

gacgaagttg agaaaaatat aatagataaa ataaaagaaa aaagtaaatt tattittaaag O2O 

gatatatgcc at agttgtca gggtataata acgggatgtg at agggcttt tatagttgat O8O 

agagacataa taaatagtag aaaaattgaa ttalaggittaa taaaaccct g gataaaaagt 14 O 

agccatatac gaaaaaacga agtaattaaa gotgaaaaat ttattatata citcaaattta 2OO 

atagaaaatgaaacagaatgtcc taatgct ataaagtata tagagcagta caaaaaaaag 26 O 

gctt atggaa agaagagaat gtaaaaaagg aacaagaaag tigtatgaac ttcaatgggg 32O 

gagaaaaccg galaatttittg aagaaaagaa aattgttgttc C catacaagt cctgttgacaa 38O 

tagatttgct cittgacaagg gaagctattt tagtgcagat atatatt cot tag tattaaa 44 O 

aaaaaatgta cct tttacct atgaaatact tittaaatata ttaaacagtic ctittg tatga SOO 

attt tactitt aaaactitt cq caaaaaaatt aggagaaaat citatatgagt attaccctaa 560 

taatctaatgaaattgttgta t t c ctitct at tdattittgga goagaaaata atatagaaaa 62O 

aaagctgt at gatttittittg gactgacaga taaggaaatt gagattgtag aaaagataaa 68O 

agataattgc tiga 693 

<210s, SEQ ID NO 26 
&211s LENGTH: 1805 
&212s. TYPE: DNA 

<213> ORGANISM: C. ragsdalei 

<4 OOs, SEQUENCE: 26 

atgttt coct gtaatgcata tatt cagdac ggagatagga atatgaataa ttittattgaa 6 O 

gatattgaag aaatttataa titt tattaaa aaaaatacag atgtagaaga gaatatt cat 12 O 

tittatagaaa cittataggca aagacittaat atgaagaaag aaattagctt ttcagaagaa 18O 

tact at aaac agaaaatt at gaatggaaaa aacggagtag titat act cc tcc.ggaaatg 24 O 

gcago attta tdgittaaaaa cittgataaat gtcaatgatg taattgaaaa to catttata 3OO 

aaagtagtag atcct tcc td toggatctgga aatttaattt gtaagtgct t t citat actta 360 

aatcaaat at t cattaaaaa tattgaagtt ataaatagta aaaataattit aaatttgaaa 42O 

ctaaaagata taagttacca tatag tacat aacaatctat ttggatttga tigtagatgaa 48O 

actgcaataa aagttittaaa atagactitat ttittgattag caatcagttt agtgaaaaaa 54 O 

attittcaagt aaaggattitt c tagtggaaa atatagatag aaaatttgat gtgtttatag 6OO 

gaaatcc.ccc atatatagga cataaatctg tagattic cag titatt catat attittaagga 660 

aaatatatgg aagtatatat agagataaag gagacat atc titactgttitt tttcaaaaat 72 O 

cattaaagtg cittaaaagag ggaggaaaat tacttitttgt tacct coaga tatttittgcg 78O 

aatc.ttgcag cqgaaaagaa cittagaaagt ttittaattga aaatacct ct atttataaaa 84 O 

ttatagattt titatggtata agaccttitta aaagagtagg tatagat coa atgataatat 9 OO 

ttittagtaag aacaaaaaat tdgga caata atatagaaat cataagaccc aataaaagtg 96.O 

gaaaagatga aaaaaataaa titccttgatt ctittgcttitt agataaatct gaaaaataca 1 O2O 

aaaaattitt c tatt cotcaa aagtictataa at agtgatgg atggg tattt gttaatgaag 108 O 





US 2011/0236941 A1 Sep. 29, 2011 
37 

- Continued 

tggacgaagt ggagaaaaac attatcgaca aaatcaaaga gaaaa.gcaa.g. t t cattctga 26 O 

aagatatttg C catagctgt Caaggcatta t caccggttg tdatcgc.gcc titt attgttgg 32O 

accotgatat cat caatago cqtaagat.cg aactg.cgt.ct gattaaacco toggattaaaa 38O 

gcago catat cogtaagaat gaagittatta agggcgaaaa attcatcatc tatagcaacc 44 O 

tgattgagaa taalaccgag titc.cgaatg cgattaaata t at Caacag tacaagaaac SOO 

gtctgatgga gcgc.cgcgala toaaaaagg gCacgcgtaa gtgg tatgala Ctgcaatggg 560 

gcc.gtaaacc ggaaatctitc gaagaaaaga aaattgttitt cocqtataaa agctgtgaca 62O 

atcgttittgc actggataag ggtagctatt ttagcgcaga catttatagc Ctggttctga 68O 

agaaaaatgt gcc.gttcacc tatgagat co togctgaatat cct gaatago cogctgtacg 74 O 

agttitt actt taalgacct tc gcgaaaaagc tigggcgagaa tictgtacgag tact atc.cga 8OO 

acaacctgat gaagctgtgc atc.ccgagca t cattt cqg C9gtgagaac aat attgaga 86 O 

aaaagctgta tattt Cttt ggtctgacgg ataaagaaat tagattgttg gagaagat.ca 92 O 

aagata actg ctaagaattic 94 O 

<210s, SEQ ID NO 28 
&211s LENGTH: 6O1 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic protein 

<4 OOs, SEQUENCE: 28 

Met Phe Pro Cys Asn Ala Tyr Ile Glu Tyr Gly Asp Lys Asn Met Asn 
1. 5 1O 15 

Ser Phe Ile Glu Asp Val Glu Glin Ile Tyr Asn. Phe Ile Llys Lys Asn 
2O 25 3O 

Ile Asp Val Glu Glu Lys Met His Phe Ile Glu Thr Tyr Lys Gln Lys 
35 4 O 45 

Ser Asn Met Lys Lys Glu Ile Ser Phe Ser Glu Glu Tyr Tyr Lys Glin 
SO 55 6 O 

Lys Ile Met Asn Gly Lys Asn Gly Val Val Tyr Thr Pro Pro Glu Met 
65 70 7s 8O 

Ala Ala Phe Met Val Lys Asn Lieu. Ile Asin Val Asn Asp Val Ile Gly 
85 90 95 

Asn Pro Phe Ile Lys Ile Ile Asp Pro Ser Cys Gly Ser Gly Asn Lieu 
1OO 105 11 O 

Ile Cys Lys Cys Phe Lieu. Tyr Lieu. Asn Arg Ile Phe Ile Lys Asn. Ile 
115 12 O 125 

Glu Val Ile Asin Ser Lys Asn. Asn Lieu. Asn Lieu Lys Lieu. Glu Asp Ile 
13 O 135 14 O 

Ser Tyr His Ile Val Arg Asn. Asn Lieu. Phe Gly Phe Asp Ile Asp Glu 
145 150 155 160 

Thir Ala Ile Llys Val Lieu Lys Ile Asp Lieu. Phe Lieu. Ile Ser Asn Glin 
1.65 17O 17s 

Phe Ser Glu Lys Asn. Phe Glin Val Lys Asp Phe Lieu Val Glu Asn. Ile 
18O 185 19 O 

Asp Arg Llys Tyr Asp Val Phe Ile Gly Asn Pro Pro Tyr Ile Gly His 
195 2OO 2O5 
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Llys Ser Val Asp Ser Ser Tyr Ser Tyr Val Lieu. Arg Lys Ile Tyr Gly 
21 O 215 22O 

Ser Ile Tyr Arg Asp Llys Gly Asp Ile Ser Tyr Cys Phe Phe Glin Lys 
225 23 O 235 24 O 

Ser Lieu Lys Cys Lieu Lys Glu Gly Gly Lys Lieu Val Phe Val Thir Ser 
245 250 255 

Arg Tyr Phe Cys Glu Ser Cys Ser Gly Lys Glu Lieu. Arg Llys Phe Lieu 
26 O 265 27 O 

Ile Glu Asn Thr Ser Ile Tyr Lys Ile Ile Asp Phe Tyr Gly Ile Arg 
27s 28O 285 

Pro Phe Lys Arg Val Gly Ile Asp Pro Met Ile Ile Phe Leu Val Arg 
29 O 295 3 OO 

Thir Lys Asn Trp Asn. Asn. Asn. Ile Glu Ile Ile Arg Pro Asn Lys Ile 
3. OS 310 315 32O 

Glu Lys Asn. Glu Lys Asn Llys Phe Lieu. Asp Ser Lieu. Phe Lieu. Asp Llys 
3.25 330 335 

Ser Glu Lys Cys Llys Llys Phe Ser Ile Ser Glin Llys Ser Ile Asn. Asn 
34 O 345 35. O 

Asp Gly Trp Val Phe Val Asp Glu Val Glu Lys Asn. Ile Ile Asp Llys 
355 360 365 

Ile Lys Glu Lys Ser Llys Phe Ile Lieu Lys Asp Ile Cys His Ser Cys 
37 O 375 38O 

Glin Gly Ile Ile Thr Gly Cys Asp Arg Ala Phe Ile Val Asp Arg Asp 
385 390 395 4 OO 

Ile Ile Asn. Ser Arg Lys Ile Glu Lieu. Arg Lieu. Ile Llys Pro Trp Ile 
4 OS 41O 415 

Llys Ser Ser His Ile Arg Lys Asn. Glu Val Ile Lys Gly Glu Lys Phe 
42O 425 43 O 

Ile Ile Tyr Ser Asn Lieu. Ile Glu Asn. Glu Thr Glu. Cys Pro Asn Ala 
435 44 O 445 

Ile Llys Tyr Ile Glu Glin Tyr Lys Lys Arg Lieu Met Glu Arg Arg Glu 
450 45.5 460 

Cys Llys Lys Gly Thr Arg Llys Trip Tyr Glu Lieu. Glin Trp Gly Arg Llys 
465 470 47s 48O 

Pro Glu Ile Phe Glu Glu Lys Lys Ile Val Phe Pro Tyr Lys Ser Cys 
485 490 495 

Asp Asn Arg Phe Ala Lieu. Asp Llys Gly Ser Tyr Phe Ser Ala Asp Ile 
SOO 505 51O 

Tyr Ser Leu Val Lieu Lys Lys Asn Val Pro Phe Thr Tyr Glu Ile Leu 
515 52O 525 

Lieu. Asn Ile Lieu. Asn Ser Pro Leu Tyr Glu Phe Tyr Phe Llys Thr Phe 
53 O 535 54 O 

Ala Lys Llys Lieu. Gly Glu Asn Lieu. Tyr Glu Tyr Tyr Pro Asn. Asn Lieu 
5.45 550 555 560 

Met Lys Lieu. Cys Ile Pro Ser Ile Asp Phe Gly Gly Glu Asn. Asn. Ile 
565 st O sts 

Glu Lys Llys Lieu. Tyr Asp Phe Phe Gly Lieu. Thir Asp Llys Glu Ile Glu 
58O 585 59 O 

Ile Val Glu Lys Ile Lys Asp Asn. Cys 
595 6OO 






































































































































































































