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Fig. 3

(Sequence of K. oxytoca NG13 cloned citrate synthase gene)

5" —3" sequence. Underline indicates citrate synthase gene region
AGGAGACCATAAATGTCTGATGCTAAAGCAAAAATCACCCTGGGTGGTGATACTGCTATCGAACTGGATGTGCTAAAGG
GCACGCTCGGTCAGGATGTTATTGATATTCGTAGTCTTGGTTCAAAAGGCGTATTTACTTTTGACCCTGGTTTCACGTCA
ACCGCATCCTGCGAATCTAAAATCACCTTTATCGACGGTGATGAAGGTATCCTGCTGCACCGCGGTTTTCCGATCGATCA
GTTAGCAACCGACTCCAACTATCTGGAAGTATGCTACATCCTGCTGAACGGTGAGAAGCCGACTCAGGCCCAGTACGACG
AATTCAAAACAATCGTTACTCGCCACACTATGATTCAGCGAACAGATTACCCGTCTGTTCCACGCGTTCCGCCGCGATTCA
CATCCGATGGCCGTTATGTGCGGTATCACCGGCGCGCTGGCCGCGTTCTATCACGATTCGCTGGATGTGAATAACCCACG
CCATCGCGATATCGCCGCATTCCGCCTGCTCTCCAAGATGCCGACGATGGCGGCAATGTGTTACAAATATTCTATCGGTC
AGCCTTTCGTTTATCCGCGCAACGACCTCTCCTACGCGGGTAACTTCCTGAATATGATGTTCTCCACGCCGTGTGAAAAA
TATGAAGTGAACCCGATTCTGGAACGCGCGATGGACCGTATCCTGATCCTGCACGCCGACCACGAACAAAACGCTTCGAC
CTCCACCGTGCGTACCGCCGGCTCTTCCGGCGCGAACCCGTTTGCCTGCATCGCAGCGGGCATTGCCTCCCTGTGGGGAC
CGGCGCACGGCGGCGCCAACGAAGCGGCGCTGAAGATGCTCGAAGAGATCAGCTCCGTTGAACACATTCCGGAATTCGTT
CGTCGCGCGAAAGACAAAAACGACTCTTTCCGCCTGATGGGCTTTGGCCACCGGGTGTACAAAAACTACGACCCGCGCGE
CACCGTTATGCGTGAAACCTGCCATGAAGTGCTGAAAGAGCTGGGCACCAAAGACGATCTGCTGGAAGTGGCTATGGAGC
TTGAGCACATCGCGGTTAACGACCCGTACTTCATTGAGAAGAAACTTTACCCTAACGTCGATTTCTACTCCGGTATCATC
GTCAAAGCGATGGGCATCCCATCCTCCATGTTTACCGTTATCTTCGCGATGGCGCGTACCGTGGGCTGGATTGCGCACTG
GAACGAAATGCACAGCGACGGCATGAAAATAGCCCGTCCGCGTCAGCTGTATACCGGCTACGAAAAGCGCGATTTCAAAA
ACGATATCGCCCGCTAAGTCGGCTAT (SEQ ID NO: 1)

Fig. 4

(Sequence of K. oxytoca NG13 cloned citric acid:Na® symporter gene)

5 —3" sequence. Underline indicates citric acid:Na® symporter gene region
GCAGTTTGAAGGATGATGTGTATATTCCTTTTTTTAACAGGGTGACGTCATATGACTAATATGAGCCAGGCTGCATCTG
CAGAGAAAAAAGGCGTTAGCGATATTCTGGGGTTTAAAATCTTCGGCATGCCGCTACCGCTTTACGCCTTTGCGTTAATC
ACGTTTACTACTTTCACACTTTTATAATGCCCTGCCGACCGACATTGTCGGCGGCTTCGCCATCATGTTTATTATTGGCGC
CGTTTTTGGAGAAATTGGCAAACGCCTGCCGATCTTCAATAAATATATCGGCGGCGCGCCGGTGATGATCTTCCTCGTGG
CCGGCTATTTCGTTTATGCAGGCATTTTCAGCCAGAAAGAAATTGATGCGATCACTAATGTGATGGATAAAAGTAACTTC
CTGAACTTATTCATCGCAGTATTGATTACTGGTGCAATCGCTGTCGGTTAACCGTAAGCTGCTGCTGAAATCTCTGCTGGG
TTATATTCCGACCATTTTAATGGGGATCCTCGGCGCATCCATCTTCGGGATTCTCATCGGCTTGTGCTTCGGTATCTGCA
TCGACCGCATTATGATGCTGTACGTCCTGCCGATTATGGGTGGCGGCAACGGCGCGGGCGCGGTGCCGCTATCTGAAATT
TATCACTGCGTCACCGGCCGTTCGCGTGAAGAGTACTACTCCACCGCGATTGCTATCCTGACCATCGCCAACATCTTTGC
CATGGTGTTTGCCGCGCTGCTCGATATTATCGGTAAAAAGCACACCTGGCTGAGCGGCGAAGGCGAGCTGGTGCGCAAGG
CCTGTTTCAAAGTAGAAGATGATGAAAAAGCGGGCCAGATTACCCATCGCGAAACGGCCGTCGGCCTGGTGCTCGGCACA
ACCTGCTTCCTGCTGGCCTACGTTATCGCCAAGAAAATTCTGCCAAGCATTGGCGGCGTATCTATCCACTATTTCGCCTG
GATGGTGCTGATCGTCGCGGCGCTGAACGCTTCCGGCCTCTGCTCGCCTGAGATTAAAGCTGGCGCTAAACGCCTATCTG
ACGTTCTTCTCTAAGCAACTGCTGTGGGTACTGATGGTCGGCGTCGGCGTGTGCTACACCGACCTGCAGGAAATTATCGAC
GCGATTACCTTTGCGAACGTCATCATCGCGGCGGTGATCGTCGTGGGCGCGGTCATCGGCGCGGCCATCGGCGGCTGGAT
GATTGGCTTCTTCCCGATTGAATCCGCGATCACCGCCGGTCTGTGCATGGCTAACCGCGGCGGCTCGGGCGACCTGGAAG
TACTCTCTGCCTGTAACCGTATGAATCTTATCTCTTATGCGCAAATCTCGCTCCCGTCTGGGCGGCGGTATTGTGCTGGTC
ATTGCCAGCATCGTGTTCGGCATGATGATGTAACCAACACGCACGATGGCGATGTTTGAGCGTCAACCACAGCGGTGCT
ATTT (SEQ ID NO: 2)
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Fig. 5

Sequence of C. glutamicum ATCC13869 citrate synthase gene
ATGTTTGAAAGGGATATCGTGGCTACTGATAACAACAAGGCTGTCCTGCACTACCCCGGTGGCGAGTTCGAAATGGACAT
CATCGAGGCTTCTGAGGGTAACAACGGTGTTGTCCTGGGCAAGATGCTGTCTGAGACTGGACTGATCACTTTTGACCCAG
GTTATGTGAGCACTGGCTCCACCGAGTCGAAGATCACCTACATCGATGGCGATGCGGGAATCCTGCGTTACCGCGGCTAT
GACATCGCTGATCTGGCTGAGAATGCCACCTTCAACGAGGTTTCTTACCTACTTATCAACGGTGAGCTACCAACCCCAGA
TGAGCTTCACAAGTTTAACGACGAGATTCGCCACCACACCCTTCTGGACGAGGACTTCAAGTCCCAGTTCAACGTGTTCC
CACGCGACGCTCACCCAATGGCAACCTTGGCTTCCTCGGTTAACATTTTGTCTACCTACTACCAGGATCAGCTGAACCCA
CTCGATGAGGCACAGCTTGATAAGGCAACCGTTCGCCTCATGGCAAAGGTTCCAATGCTGGCTGCGTACGCACACCGCGC
ACGCAAGGGTGCTCCTTACATGTACCCAGACAACTCCCTCAACGCGCGTGAGAACTTCCTGCGCATGATGTTCGGTTACC
CAACCGAGCCATACGAGATCGACCCAATCATGGTCAAGGCTCTGGACAAGCTGCTCATCCTGCACGCTGACCACGAGCAG
AACTGCTCCACCTCCACCGTTCGTATGATCGGTTCCGCACAGGCCAACATGTTTGTCTCCATCGCTGGTGGCATCAACGC
TCTGTCCGGCCCACTGCACGGTGGCGCAAACCAGGCTGTTCTGGAGATGCTCGAAGACATCAAGAACAACCACGGTGGCG
ACGCAACCGCGTTCATGAACAAGGTCAAGAACAAGGAAGACGGCGTCCGCCTCATGGGCTTCGGACACCGCGTTTACAAG
AACTACGATCCACGTGCAGCAATCGTCAAGGAGACCGCACACGAGATCCTCGAGCACCTCGGTGGCGACGATCTTCTGGA
TCTGGCAATCAAGCTGGAAGAAATTGCACTGGCTGATGATTGCTTCATCTCCCGCAAGCTCTACCCGAACGTAGACTTCT
ACACCGGCCTGATCTACCGCGCAATGGGCTTCCCAACTGACTTCTTCACCGTATTGTTCGCAATCGGTCGTCTGCCAGGA
TGGATCGCTCACTACCGCGAGCAGCTCGGTGCAGCAGGCAACAAGATCAACCGCCCACGCCAGGTCTACACCGGCAAGGA
ATCCCGCAAGTTGGTTCCTCGCGAGGAGCGCTAA (SEQ ID NO: 3)

Fig. 6

Sequence of C. glutamicum ATCC13869 2-methylcitrate synthase gene
ATGTCCAGCGCCACAACCACTGATGTTCGCAAAGGACTCTACGGAGTCATCGCGGATTACACGGCCGTTTCCAAAGTCAT
GCCAGAGACCAATTCACTGACCTACCGTGGCTACGCGGTGGAAGATTTGGTGGAAAACTGCAGCTTCGAGGAGGTGTTTT
ACCTCCTGTGGCACGGCGAGCTGCCCACTGCGCAACAACTTGCGGAGTTCAATGAGCGTGGCCGTTCCTACCGCTCCCTG
GATGCCGGTTTGATCTCCCTGATCCAGCTCTTTGCCCAAAGAAGCCCACCCGATGGATGTTATGCGCACCGCGGTGTCCTA
CATGGGCACCAAGGATTCCGAGTATTTCACCACCGATTCTGAGCACATCCGCAAAGTCGGCCACACCTTGTTGGCGCAGC
TTCCGATGGTGCTAGCCATGGATATTCGTCGCCGCAAGGGCCTCGATATGATCGCCCCTGACTCCAGCAAGTCAGTCGCC
GAAAACCTGCTGTCTATGGTGTTTGGCACCGGCCCGGAGTCGCCTGCATGTAACCCAGCTGACGTCCGCGATTTTGAGAA
ATCACTGATCCTCTACGCCGAGCACTCCTTCAACGCCTCCACCTTCACCGCCCGCGTGATCACCTCCACCAAATCGGATG
TGTACTCCGCAATCACCGGCGCGATCGGTGCTCTCAAGGGCCCATTGCACGGTGGCGCCAACGAGTTTGTCATGCACACC
ATGTTGGCGATCGACGATCCCAACAAGGCCGCCGACTGGATCAACAACGCTTTGGACAACAAGAATGTGGTCATGGGCTT
TGGCCACCGCGTGTACAAGCGCGGCGATTCCCGCGTGCCATCGATGGAGAAGTCCTTCCGGGAATTAGCTGCCCGCCACGG
ACGGCGAAAAGTGGGTTGCCATGTATGAAAACATGCGCGACGCCATGGACGCCCGCACCGGCATCAAGCCGAATCTCGAT
TTCCCCGCTGGCCCTGCCTACCACCTGCTCGGCTTCCCGGTCGATTTCTTCACCCCGCTGTTCGTCATCGCGCGCGTCGC
CGGCTGGACCGCACACATCGTGGAGCAGTACGAAAACAACTCGCTCATCCGCCCACTGTCCGAGTACAACGGCGAGGAGC
AGCGCGAGGTCGCGCCCATTGAAAAGCGTTAA (SEQ ID NO: 4)
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Fig. 7

Sequence of E. coli W3110 2-methylcitrate synthase gene
ATGAGCGACACAACGATCCTGCAAAACAGTACCCATGTCATTAAACCGAAAAAATCTGTGGCACTTTCTGGCGTTCCGGC
GGGCAATACGGCGCTCTGCACCGTGGGTAAAAGTGGCAATGACCTGCATTACCGCGGCTACGATATTCTTGATCTGGCGA
AACATTGCGAATTTGAAGAAGTGGCGCATCTGCTGATCCACGGCAAACTGCCGACCCGTGACGAACTCGCCGCTTACAAA
ACGAAACTGAAAGCCCTGCGCGGTTTACCGGCTAACGTGCGTACCGTGCTGGAAGCCTTACCGGCGGCGTCGCACCCGAT
GGATGTTATGCGCACCGGTGTTTCCGCGCTCGGCTGCACGCTGCCAGAAAAAGAGGGGCATACCGTCTCTGGCGCGCGGG
ATATTGCCGACAAACTGCTGGCGTCGCTTAGCTCGATTCTCCTTTATTGGTATCACTACAGCCACAACGGCGAACGCATC
CAACCGGAAACCGATGACGACTCCATCGGCGGTCAGTTCCTGCATCTGCTGCACGGCGAAAAGCCATCGCAAAGCTGGGA
AAAGGCGATGCATATCTCGCTGGTGCTGTACGCCGAACACGAGTTTAACGCCTCCACCTTTACCAGTCGGGTGATTGCGG
GCACCGGCTCTGATATGTATTCCGCGATTATTGGCGCGATTGGCGCACTGCGCGGGCCAAAACACGGCGGGGCGAATGAA
GTGTCGCTGGAGATCCAGCAACGCTACGAAACGCCGGACGAAGCCGAAGCAGATATCCGCAAGCGCGTGGAAAACAAAGA
AGTGGTCATTGGTTTTGGTCATCCGGTTTACACCATCGCTGACCCGCGCCACCAGGTGATTAAACGTGTGGCGAAGCAGC
TCTCGCAGGAAGGCGGCTCGCTGAAGATGTACAACATCGCCGATCGCCTGGAAACGGTGATGTGGGAGAGCAAAAAGATG
TTCCCCAATCTCGACTGGTTGTCTGCTGTTTCCTACAACATGATGGGCGTTCCCACCGAGATGTTCACACCACTGTTTGT
TATCGCCCGCGTCACCGGCTGGGCGGCGCACATTATCGAACAACGTCAGGACAACAAAATTATCCGTCCTTCCGCCAATT
ATGTTGGACCGGAAGACCGCCCGTTTGTCGCGCTGGATAAGCGCCAGTAA (SEQ ID NO: 5)

Fig.8

Nucleotide sequence of K. oxytoca NG13 cloned glutamate—pyruvate
aminotransferase gene
ATGGCTGAATTCAGTCGTGAACGGCGTTTTACGCGTATCGATCGTCTCGCCCCCGTACGTTTTTAATATCACTGCTGA
GCTGAAAATGGCTGCGCGACGCCGCGGCGAAGATATTATTGATTTCAGCATGGGTAACCGCGATGGCGCGACCGCGE
CGCATATCGTTGAGAAGCTATGCAGCGTTGGCCAGCGTCCCGATAGGCACGGCTATTCCACCTCTCGCGGTATTCCG
CGTCTGCGCCGGGCGATTTCTCGTTGGTATCAAGAGCGCTATAACGTTGAGATCGATCCGGAATCAGAAGCGATAGT
AAGCATTGGTTCAAAAGAGGGACTGGCGCATCTGATGCTGGCGAGGCTTGAGCATGGCGATACCGTACTGGTGCCGA
ATGCCAGCTATCCTATTCACATTTATGGGGCGGTAATCGCCGGAGCCCAGGTGCGTTCAGTACCTCTCGTTGAAGGC
GTGGATTTTTTCAATGAGCTCGAGGGCGCCATTCGCGAGAGTTACGCGAAGCCGAAAATGATGATCCTCGGTTTCCG
TTCCAAGCCGACCGCGCAGTGCGTCGAACTGGAGTTCTTTGAGAAAGTCGTGGCGT TGGCGAAGCGTTATGACGTAG
TGGTTGTGCACGATTTGGCCTACGGCGATATTGTTTATGATGGCTGGAAAGCGCCCTCTATTATGCAGGTTCCCGGG
GCGGGCGATGTTGCCGTCGAATTCTTTACGGTATCGAAAAGCTACAATATGGCGGGCTGGCGTATCGGCTTTATGGT
TGGCAACAAAACGTTGGTTAATGCGCTGGCGCGTATTAAAAGCTAGCACGAGTACGGCACCTTCAGCCCTCTACAGG
TTGCGGCTATTGCGGCGCTTGAAGGCGATCAGCAGTGCGTTCGTGACATTGCGCGAGCAGTATAAGCGCCGTCGCGAT
GTGCTGGTGAAAGGACTGCATGAGGCCGGATGGATGGTGGAATGTGCGAAGGCGTCAATGTATGTATGGGCGAAGAT
CCCTGAACAGTATGCGGGGATGGGGTCACTGGAGTTCGCTAAAAAGCTGCTGCAGGATGCTAAAGTGTGCGTTTCGG
CGGGCATTGGCTTCGGGGACTACGGCGATAGGCAGGTACGCTTCGGTTTAATTGAAAACCGCGATCGTATCCGCCAG
GCGGTGGGCGGCATTAAATCCATGTTTCGTGCAGACGGGCTGCTGGCCGCCTCGACGAAGTTAACCAGCGAAAGCAA
CGAATAA  (SEQ ID NO: 33)
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Fig.9
Nucleotide sequence of K. oxytoca NG13 cloned L-alanine transporter gene

ATGTTCTCTGCGCAGTCCCGCTTGCGTCATGCGGTAGCAGACACCTTTGCGATGGTGGTTTACTGCACCGTTGTGAA
CATGATGATCGAAATTTTTCTCTCCGGAATGAGCTTCCAGCAGTCGTTATCTTCGCGACTGGTGGCGATTCCGGTGA
ACATTATTATTGCCGTGCCTTACGGCTTTTATCGCGATTTCGCGATGCGCCAGGCGCGCCGCATCAGCGCGTCCGGE
TGGATGAAGAATATTGCCGATGTAGTGGCCTATGTGACGTTCCAGTCGCCGGTATACGTGGCGATTCTGCTGGTTGT
TGGCGCCGACTGGCATCAGATCGCCGCGGCGGTAAGTTCCAATATCGTTGTATCAATGATGATGGGCGCAGCGTACG
GTTATTTCCTCGACTACTGCCGTCGCCTGTTCCGCGTCAGCCCCCTACCTGCAGGCCAAAGCCTGAGTTGA

(SEQ ID NO: 34)

Fig. 10

Nucleotide sequence of E. coli MG1655 glutamate—oxaloacetate
aminotransferase gene

ATGTTTGAGAACATTACCGCCGCTCCTGCCGACCCGATTCTGGGCCTGGCCGATCTGTTTCGTGCCGATG
AACGTCCCGGCAAAATTAACCTCGGGATTGGTGTCTATAAAGATGAGACGGGCAAAACCCCGGTACTGAG
CAGCGTGAAAAAGGCTGAACAGTATCTGCTCGAAAATGAAACCACCAAAAATTACCTCGGCATTGACGGC
ATCCCTGAATTTGGTCGCTGCACTCAGGAACTGCTGTTTGGTAAAGGTAGCGCCCTGATCAATGACAAAC
GTGCTCGCACGGCACAGACTCCGGGGGGCACTGGCGCACTACGCGTGGCTGCCGATTTCCTGGCAAAAAA
TAGCAGCGTTAAGCGTGTGTGGGTGAGCAACCCAAGCTGGCCGAACCATAAGAGCGTCTTTAACTCTGCA
GGTCTGGAAGTTCGTGAATACGCTTATTATGATGCGGAAAATCACACTCTTGACTTCGATGCACTGATTA
ACAGCCTGAATGAAGCTCAGGCTGGCGACGTAGTGCTGTTCCATGGCTGCTGCCATAACCCAACCGGTAT
CGACCCTACGCTGGAACAATGGCAAACACTGGCACAACTCTCCGTTGAGAAAGGCTGGTTAGCGCTGTTT
GACTTCGCTTACCAGGGTTTTGCCCGTGGTCTGGAAGAAGATGCTGAAGGACTGCGCGCTTTCGCGGCTA
TGCATAAAGAGCTGATTGTTGCCAGTTCCTACTCTAAAAACTTTGGCCTGTACAACGAGCGTGTTGGCGC
TTGTACTCTGGTTGCTGCCGACAGTGAAACCGTTGATCGCGCATTCAGGCCAAATGAAAGCGGCGATTCGC
GCTAACTACTCTAACCCACCAGCACACGGCGCTTCTGTTGTTGCCACCATCCTGAGCAACGATGCGTTAG
GTGCGATTTGGGAACAAGAGCTGACTGATATGCGCCAGCGTATTCAGCGTATGCGTCAGTTGTTCGTCAA
TACGCTGCAGGAAAAAGGCGCAAACCGCGACTTCAGCTTTATCATCAAACAGAACGGCATGTTCTCCTTGC
AGTGGCCTGACAAAAGAACAAGTGCTGCGTCTGCGCGAAGAGTTTGGCGTATATGCGGTTGCTTCTGGTC
GCGTAAATGTGGCCGGGATGACACCAGATAACATGGCTCCGCTGTGCGAAGCGATTGTGGCAGTGCTGTA
A (SEQ ID NO: 35)
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Fig. 11

Nucleotide sequence of E. coli MG1655 glutamate decarboxylase gene

ATGGATAAGAAGCAAGTAACGGATTTAAGGTCGGAACTACTCGATTCACGTTTTGGTGCGAAGTCTATTT
CCACTATCGCAGAATCAAAACGTTTTCCGCTGCACGAAATGCGCGACGATGTCGCATTCCAGATTATCAA
TGACGAATTATATCTTGATGGCAACGCTCGTCAGAACCTGGCCACTTTCGTGCCAGACCTGGGACGACGAA
AATGTCCACAAATTGATGGATTTATCCATTAACAAAAACTGGATCGACAAAGAAGAATATCCGCAATGCG
CAGCCATCGACCTGCGTTGCGTAAATATGGTTGCCGATCTGTGGCATGCGCCTGCGCCGAAAAATGGTCA
GGCCGTTGGCACCAACACCATTGGTTCTTCCGAGGCCTGTATGCTCGGCGGGATGGCGATGAAATGGCGT
TGGCGCAAGCGTATGGAAGCTGCAGGCAAACCAACGGATAAACCAAACCTGGTGTGCGGTCCGGTACAAA
TCTGCTGGCATAAATTCGCCCGCTACTGGGATGTGGAGCTGCGTGAGATCCCTATGCGCCCCGGTCAGTT
GTTTATGGACCCGAAACGCATGATTGAAGCCTGTGACGAAAACACCATCGGCGTGGTGCCGACTTTCGGC
GTGACCTACACTGGTAACTATGAGTTCCCACAACCGCTGCACGATGCGCTGGATAAATTCCAGGCCGATA
CCGGTATCGACATCGACATGCACATCGACGCTGCCAGCGGTGGCTTCCTGGCACCGTTCGTCGCCCCGGA
TATCGTCTGGGACTTCCGCCTGCCGCGTGTGAAATCGATCAGTGCTTCAGGCCATAAATTCGGTCTGGCT
CCGCTGGGCTGCGGCTGGGTTATCTGGCGTGACGAAGAAGCGCTGCCGCAGGAACTGGTGTTCAACGTTG
ACTACCTGGGTGGTCAAATTGGTACTTTTGCCATCAACTTCTCCCGCCCGGCGGGTCAGGTAATTGCACA
GTACTATGAATTCCTGCGCCTCGGTCGTGAAGGCTATACCAAAGTACAGAACGCCTCTTACCAGGTTGCC
GCTTATCTGGCGGATGAAATCGCCAAACTGGGGCCGTATGAGTTCATCTGTACGGGTCGCCCGGACGAAG
GCATCCCGGCGGTTTGCTTCAAACTGAAAGATGGTGAAGATCCGGGATACACCCTGTATGACCTCTCTGA
ACGTCTGCGTCTGCGCGGCTGGCAGGTTCCGGCCTTCACTCTCGGCGGTGAAGCCACCGACATCGTGGTG
ATGCGCATTATGTGTCGTCGCGGCTTCGAAATGGACTTTGCTGAACTGTTGCTGGAAGACTACAAAGGCT
CCCTGAAATATCTCAGCGATCACCCGAAACTGCAGGGTATTGCCCAACAGAACAGCTTTAAACATACCTG
A (SEQ ID NO: 36)
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