
Sequence listing(OPA18570) 
<110> CJ CheilJedang Corporation 

<120> Modified homoserine dehydrogenase and method for producing 
homoserine or L-amino acid derived from homoserine using the same 

<130> OPA18570 

<150> KR 10-2018-0060445 
<151> 2018-05-28 

<160> 50 

<170> KoPatentin 3.0 

<210> 1 
<211> 445 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> homoserine dehydrogenase 

<400> 1 
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly 

1 	5 	 10 	 15 

Ser Ala Val Giy Ile Ala Leu Leu Gly Phe Gly Thr Val Giy Thr Glu 

	

20 	 25 	 30 

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile 
35 	 40 	 45 

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys 
50 	 55 	 60 

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala 
65 	 70 	 75 	 80 

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val He Gly Gly 

	

85 	 90 	 95 

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys 

	

100 	 105 	 110 

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu 
115 	 120 	 125 

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala 
130 	 135 	 140 

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu 
145 	 150 	 155 	 160 

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly Thr Thr 

	

165 	 170 	 175 

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr Ala Asp 

	

180 	 185 	 190 

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu Ala Asp Pro Thr 
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195 	 200 	 205 

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile Leu Ala 
210 	 215 	 220 

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu 
225 	 230 	 235 	 240 

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln Gln Ala 
245 	 250 	 255 

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr Asn Lys 
260 	 265 	 270 

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Thr Leu Leu Pro 
275 	 280 	 285 

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala Ile Phe 
290 	 295 	 300 

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly Asn Gly Ala 
305 	 310 	 315 	 320 

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly Asp Val Val Gly Ala 
325 	 330 	 335 

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser Thr Tyr 
340 	 345 	 350 

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg Tyr His 
355 	 360 	 365 

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val Leu Ala Glu Leu Ala 
370 	 375 	 380 

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile Arg Gln Glu 
385 	 390 	 395 	 400 

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu 
405 	 410 	 415 

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val 
420 	 425 	 430 

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp 
435 	 440 	 445 

<210> 2 
<211> 930 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> thrB gene 

<400> 2 
atggcaattg aactgaacgt cggtcgtaag gttaccgtca cggtacctgg atcttctgca 	60 

aacctcggac ctggctttga cactttaggt ttggcactgt cggtatacga cactgtcgaa 	120 
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gtggaaatta ttccatctgg cttggaagtg gaagtttttg gcgaaggcca aggcgaagtc 	180 

cctcttgatg gctcccacct ggtggttaaa gctattcgtg ctggcctgaa ggcagctgac 	240 

gctgaagttc ctggattgcg agtggtgtgc cacaacaaca ttccgcagtc tcgtggtctt 	300 

ggctcctctg ctgcagcggc ggttgctggt gttgctgcag ctaatggttt ggcggatttc 	360 

ccgctgactc aagagcagat tgttcagttg tcctctgcct ttgaaggcca cccagataat 	420 

gctgcggctt ctgtgctggg tggagcagtg gtgtcgtgga caaatctgtc tatcgacggc 	480 

aagagccagc cacagtatgc tgctgtacca cttgaggtgc aggacaatat tcgtgcgact 	540 

gcgctggttc ctaatttcca cgcatccacc gaagctgtgc gccgagtcct tcccactgaa 	600 

gtcactcaca tcgatgcgcg atttaacgtg tcccgcgttg cagtgatgat cgttgcgttg 	660 

cagcagcgtc ctgatttgct gtgggagggt actcgtgacc gtctgcacca gccttatcgt 	720 

gcagaagtgt tgcctattac ctctgagtgg gtaaaccgcc tgcgcaaccg tggctacgcg 	780 

gcataccttt ccggtgccgg cccaaccgcc atggtgctgt ccactgagcc aattccagac 	840 

aaggttttgg aagatgctcg tgagtctggc attaaggtgc ttgagcttga ggttgcggga 	900 

ccagtcaagg ttgaagttaa ccaaccttag 	 930 

<210> 3 
<211> 	18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 3 
ctgcgacagc atggaact 	 18 

<210> 4 
<211> 18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 4 
caacgacaaa cgcccatc 	 18 

<210> 5 
<211> 2778 
<212> DNA 
<213> Artificial Sequence 
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<220> 
<223> gene fragment 

<400> 5 
ctgcgacagc atggaactca gtgcaatggc tgtaaggcct gcaccaacaa tgattgagcg 	60 

aagctccaaa atgtcctccc cgggttgata ttagatttca taaatatact aaaaatcttg 	120 

agagtttttc cgttgaaaac taaaaagctg ggaaggtgaa tcgaatttcg gggctttaaa 	180 

gcaaaaatga acagcttggt ctatagtggc taggtaccct ttttgttttg gacacatgta 	240 

gggtggccga aacaaagtaa taggacaaca acgctcgacc gcgattattt ttggagaatc 	300 

atgacctcag catctgcccc aagctttaac cccggcaagg gtcccggctc agcagtcgga 	360 

attgcccttt taggattcgg aacagtcggc actgaggtga tgcgtctgat gaccgagtac 	420 

ggtgatgaac ttgcgcaccg cattggtggc ccactggagg ttcgtggcat tgctgtttct 	480 

gatatctcaa agccacgtga aggcgttgca cctgagctgc tcactgagga cgcttttgca 	540 

ctcatcgagc gcgaggatgt tgacatcgtc gttgaggtta tcggcggcat tgagtaccca 	600 

cgtgaggtag ttctcgcagc tctgaaggcc ggcaagtctg ttgttaccgc caataaggct 	660 

cttgttgcag ctcactctgc tgagcttgct gatgcagcgg aagccgcaaa cgttgacctg 	720 

tacttcgagg ctgctgttgc aggcgcaatt ccagtggttg gcccactgcg tcgctccctg 	780 

gctggcgatc agatccagtc tgtgatgggc atcgttaacg gcaccaccaa cttcatcttg 	840 

gacgccatgg attccaccgg cgctgactat gcagattctt tggctgaggc aactcgtttg 	900 

ggttacgccg aagctgatcc aactgcagac gtcgaaggcc atgacgccgc atccaaggct 	960 

gcaattttgg catccatcgc tttccacacc cgtgttaccg cggatgatgt gtactgcgaa 	1020 

ggtatcagca acatcagcgc tgccgacatt gaggcagcac agcaggcagg ccacaccatc 	1080 

aagttgttgg ccatctgtga gaagttcacc aacaaggaag gaaagtcggc tatttctgct 	1140 

cgcgtgcacc cgactctatt acctgtgtcc cacccactgg cgtcggtaaa caagtccttt 	1200 

aatgcaatct ttgttgaagc agaagcagct ggtcgcctga tgttctacgg aaacggtgca 	1260 

ggtggcgcgc caaccgcgtc tgctgtgctt ggcgacgtcg ttggtgccgc acgaaacaag 	1320 

gtgcacggtg gccgtgctcc aggtgagtcc acctacgcta acctgccgat cgctgatttc 	1380 

ggtgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgcgt gggggttttg 	1440 

gctgaattgg ctagcctgtt ctctgagcaa ggaatctccc tgcgtacaat ccgacaggaa 	1500 

gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgcgctgga atctgatctt 	1560 

tcccgcaccg ttgaactgct gaaggctaag cctgttgtta aggcaatcaa cagtgtgatc 	1620 

cgcctcgaaa gggactaatt ttactgacat ggcaattgaa ctgaacgtcg gtcgtaaggt 	1680 
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taccgtcacg gtacctggat cttctgcaaa cctcggacct ggctttgaca ctttaggttt 	1740 

ggcactgtcg gtatacgaca ctgtcgaagt ggaaattatt ccatctggct tggaagtgga 	1800 

agtttttggc gaaggccaag gcgaagtccc tcttgatggc tcccacctgg tggttaaagc 	1860 

tattcgtgct ggcctgaagg cagctgacgc tgaagttcct ggattgcgag tggtgtgcca 	1920 

caacaacatt ccgcagtctc gtggtcttgg ctcctctgct gcagcggcgg ttgctggtgt 	1980 

tgctgcagct aatggtttgg cggatttccc gctgactcaa gagcagattg ttcagttgtc 	2040 

ctctgccttt gaaggccacc cagataatgc tgcggcttct gtgctgggtg gagcagtggt 	2100 

gtcgtggaca aatctgtcta tcgacggcaa gagccagcca cagtatgctg ctgtaccact 	2160 

tgaggtgcag gacaatattc gtgcgactgc gctggttcct aatttccacg catccaccga 	2220 

agctgtgcgc cgagtccttc ccactgaagt cactcacatc gatgcgcgat ttaacgtgtc 	2280 

ccgcgttgca gtgatgatcg ttgcgttgca gcagcgtcct gatttgctgt gggagggtac 	2340 

tcgtgaccgt ctgcaccagc cttatcgtgc agaagtgttg cctattacct ctgagtgggt 	2400 

aaaccgcctg cgcaaccgtg gctacgcggc atacctttcc ggtgccggcc caaccgccat 	2460 

ggtgctgtcc actgagccaa ttccagacaa ggttttggaa gatgctcgtg agtctggcat 	2520 

taaggtgctt gagcttgagg ttgcgggacc agtcaaggtt gaagttaacc aaccttaggc 	2580 

ccaacaagga aggccccctt cgaatcaaga agggggcctt attagtgcag caattattcg 	2640 

ctgaacacgt gaaccttaca ggtgcccggc gcgttgagtg gtttgagttc cagctggatg 	2700 

cggttgtttt caccgaggct ttcttggatg aatccggcgt ggatggcgca gacgaaggct 	2760 

gatgggcgtt tgtcgttg 	 2778 

<210> 6 
<211> 1338 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> T285I 

<400> 6 
atgacctcag catctgcccc aagctttaac cccggcaagg gtcccggctc agcagtcgga 	60 

attgcccttt taggattcgg aacagtcggc actgaggtga tgcgtctgat gaccgagtac 	120 

ggtgatgaac ttgcgcaccg cattggtggc ccactggagg ttcgtggcat tgctgtttct 	180 

gatatctcaa agccacgtga aggcgttgca cctgagctgc tcactgagga cgcttttgca 	240 

ctcatcgagc gcgaggatgt tgacatcgtc gttgaggtta tcggcggcat tgagtaccca 	300 

cgtgaggtag ttctcgcagc tctgaaggcc ggcaagtctg ttgttaccgc caataaggct 	360 
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cttgttgcag ctcactctgc tgagcttgct gatgcagcgg aagccgcaaa cgttgacctg 	420 

tacttcgagg ctgctgttgc aggcgcaatt ccagtggttg gcccactgcg tcgctccctg 	480 

gctggcgatc agatccagtc tgtgatgggc atcgttaacg gcaccaccaa cttcatcttg 	540 

gacgccatgg attccaccgg cgctgactat gcagattctt tggctgaggc aactcgtttg 	600 

ggttacgccg aagctgatcc aactgcagac gtcgaaggcc atgacgccgc atccaaggct 	660 

gcaattttgg catccatcgc tttccacacc cgtgttaccg cggatgatgt gtactgcgaa 	720 

ggtatcagca acatcagcgc tgccgacatt gaggcagcac agcaggcagg ccacaccatc 	780 

aagttgttgg ccatctgtga gaagttcacc aacaaggaag gaaagtcggc tatttctgct 	840 

cgcgtgcacc cgattctatt acctgtgtcc cacccactgg cgtcggtaaa caagtccttt 	900 

aatgcaatct ttgttgaagc agaagcagct ggtcgcctga tgttctacgg aaacggtgca 	960 

ggtggcgcgc caaccgcgtc tgctgtgctt ggcgacgtcg ttggtgccgc acgaaacaag 	1020 

gtgcacggtg gccgtgctcc aggtgagtcc acctacgcta acctgccgat cgctgatttc 	1080 

ggtgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgcgt gggggttttg 	1140 

gctgaattgg ctagcctgtt ctctgagcaa ggaatctccc tgcgtacaat ccgacaggaa 	1200 

gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgcgctgga atctgatctt 	1260 

tcccgcaccg ttgaactgct gaaggctaag cctgttgtta aggcaatcaa cagtgtgatc 	1320 

cgcctcgaaa gggactaa 	 1 338 

<210> 7 
<211> 1338 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> R398Q 

<400> 7 
atgacctcag catctgcccc aagctttaac cccggcaagg gtcccggctc agcagtcgga 	60 

attgcccttt taggattcgg aacagtcggc actgaggtga tgcgtctgat gaccgagtac 	120 

ggtgatgaac ttgcgcaccg cattggtggc ccactggagg ttcgtggcat tgctgtttct 	180 

gatatctcaa agccacgtga aggcgttgca cctgagctgc tcactgagga cgcttttgca 	240 

ctcatcgagc gcgaggatgt tgacatcgtc gttgaggtta tcggcggcat tgagtaccca 	300 

cgtgaggtag ttctcgcagc tctgaaggcc ggcaagtctg ttgttaccgc caataaggct 	360 

cttgttgcag ctcactctgc tgagcttgct gatgcagcgg aagccgcaaa cgttgacctg 	420 

tacttcgagg ctgctgttgc aggcgcaatt ccagtggttg gcccactgcg tcgctccctg 	480 
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gctggcgatc agatccagtc tgtgatgggc atcgttaacg gcaccaccaa cttcatcttg 	540 

gacgccatgg attccaccgg cgctgactat gcagattctt tggctgaggc aactcgtttg 	600 

ggttacgccg aagctgatcc aactgcagac gtcgaaggcc atgacgccgc atccaaggct 	660 

gcaattttgg catccatcgc tttccacacc cgtgttaccg cggatgatgt gtactgcgaa 	720 

ggtatcagca acatcagcgc tgccgacatt gaggcagcac agcaggcagg ccacaccatc 	780 

aagttgttgg ccatctgtga gaagttcacc aacaaggaag gaaagtcggc tatttctgct 	840 

cgcgtgcacc cgactctatt acctgtgtcc cacccactgg cgtcggtaaa caagtccttt 	900 

aatgcaatct ttgttgaagc agaagcagct ggtcgcctga tgttctacgg aaacggtgca 	960 

ggtggcgcgc caaccgcgtc tgctgtgctt ggcgacgtcg ttggtgccgc acgaaacaag 	1020 

gtgcacggtg gccgtgctcc aggtgagtcc acctacgcta acctgccgat cgctgatttc 	1080 

ggtgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgcgt gggggttttg 	1140 

gctgaattgg ctagcctgtt ctctgagcaa ggaatctccc tgcgtacaat ccaacaggaa 	1200 

gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgcgctgga atctgatctt 	1260 

tcccgcaccg ttgaactgct gaaggctaag cctgttgtta aggcaatcaa cagtgtgatc 	1320 

cgcctcgaaa gggactaa 	 1338 

<210> 8 
<211> 1338 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> G378W 

<400> 8 
atgacctcag catctgcccc aagctttaac cccggcaagg gtcccggctc agcagtcgga 	60 

attgcccttt taggattcgg aacagtcggc actgaggtga tgcgtctgat gaccgagtac 	120 

ggtgatgaac ttgcgcaccg cattggtggc ccactggagg ttcgtggcat tgctgtttct 	180 

gatatctcaa agccacgtga aggcgttgca cctgagctgc tcactgagga cgcttttgca 	240 

ctcatcgagc gcgaggatgt tgacatcgtc gttgaggtta tcggcggcat tgagtaccca 	300 

cgtgaggtag ttctcgcagc tctgaaggcc ggcaagtctg ttgttaccgc caataaggct 	360 

cttgttgcag ctcactctgc tgagcttgct gatgcagcgg aagccgcaaa cgttgacctg 	420 

tacttcgagg ctgctgttgc aggcgcaatt ccagtggttg gcccactgcg tcgctccctg 	480 

gctggcgatc agatccagtc tgtgatgggc atcgttaacg gcaccaccaa cttcatcttg 	540 

gacgccatgg attccaccgg cgctgactat gcagattctt tggctgaggc aactcgtttg 	600 
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ggttacgccg aagctgatcc aactgcagac gtcgaaggcc atgacgccgc atccaaggct 	660 

gcaattttgg catccatcgc tttccacacc cgtgttaccg cggatgatgt gtactgcgaa 	720 

ggtatcagca acatcagcgc tgccgacatt gaggcagcac agcaggcagg ccacaccatc 	780 

aagttgttgg ccatctgtga gaagttcacc aacaaggaag gaaagtcggc tatttctgct 	840 

cgcgtgcacc cgactctatt acctgtgtcc cacccactgg cgtcggtaaa caagtccttt 	900 

aatgcaatct ttgttgaagc agaagcagct ggtcgcctga tgttctacgg aaacggtgca 	960 

ggtggcgcgc caaccgcgtc tgctgtgctt ggcgacgtcg ttggtgccgc acgaaacaag 	1020 

gtgcacggtg gccgtgctcc aggtgagtcc acctacgcta acctgccgat cgctgatttc 	1080 

ggtgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgcgt gtgggttttg 	1140 

gctgaattgg ctagcctgtt ctctgagcaa ggaatctccc tgcgtacaat ccgacaggaa 	1200 

gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgcgctgga atctgatctt 	1260 

tcccgcaccg ttgaactgct gaaggctaag cctgttgtta aggcaatcaa cagtgtgatc 	1320 

cgcctcgaaa gggactaa 	 1338 

<210> 9 
<211> 1338 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> G378S 

<400> 9 
atgacctcag catctgcccc aagctttaac cccggcaagg gtcccggctc agcagtcgga 	60 

attgcccttt taggattcgg aacagtcggc actgaggtga tgcgtctgat gaccgagtac 	120 

ggtgatgaac ttgcgcaccg cattggtggc ccactggagg ttcgtggcat tgctgtttct 	180 

gatatctcaa agccacgtga aggcgttgca cctgagctgc tcactgagga cgcttttgca 	240 

ctcatcgagc gcgaggatgt tgacatcgtc gttgaggtta tcggcggcat tgagtaccca 	300 

cgtgaggtag ttctcgcagc tctgaaggcc ggcaagtctg ttgttaccgc caataaggct 	360 

cttgttgcag ctcactctgc tgagcttgct gatgcagcgg aagccgcaaa cgttgacctg 	420 

tacttcgagg ctgctgttgc aggcgcaatt ccagtggttg gcccactgcg tcgctccctg 	480 

gctggcgatc agatccagtc tgtgatgggc atcgttaacg gcaccaccaa cttcatcttg 	540 

gacgccatgg attccaccgg cgctgactat gcagattctt tggctgaggc aactcgtttg 	600 

ggttacgccg aagctgatcc aactgcagac gtcgaaggcc atgacgccgc atccaaggct 	660 

gcaattttgg catccatcgc tttccacacc cgtgttaccg cggatgatgt gtactgcgaa 	720 
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ggtatcagca acatcagcgc tgccgacatt gaggcagcac agcaggcagg ccacaccatc 	780 

aagttgttgg ccatctgtga gaagttcacc aacaaggaag gaaagtcggc tatttctgct 	840 

cgcgtgcacc cgactctatt acctgtgtcc cacccactgg cgtcggtaaa caagtccttt 	900 

aatgcaatct ttgttgaagc agaagcagct ggtcgcctga tgttctacgg aaacggtgca 	960 

ggtggcgcgc caaccgcgtc tgctgtgctt ggcgacgtcg ttggtgccgc acgaaacaag 	1020 

gtgcacggtg gccgtgctcc aggtgagtcc acctacgcta acctgccgat cgctgatttc 	1080 

ggtgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgcgt gagcgttttg 	1140 

gctgaattgg ctagcctgtt ctctgagcaa ggaatctccc tgcgtacaat ccgacaggaa 	1200 

gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgcgctgga atctgatctt 	1260 

tcccgcaccg ttgaactgct gaaggctaag cctgttgtta aggcaatcaa cagtgtgatc 	1320 

cgcctcgaaa gggactaa 	 1338 

<210> 10 
<211> 445 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Horn (KFCC10881-1) 

<400> 10 
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly 

1 	5 	 10 	 15 

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr Val Gly Thr Glu 
20 	 25 	 30 

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile 
35 	 40 	 45 

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys 
50 	 55 	 60 

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala 
65 	 70 	 75 	 80 

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val Ile Gly Gly 

	

85 	 90 	 95 

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys 
100 	 105 	 110 

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu 
115 	 120 	 125 

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala 
130 	 135 	 140 

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu 
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145 	 150 	 155 	 160 

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly Thr Thr 
165 	 170 	 175 

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr Ala Asp 
180 	 185 	 190 

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu Ala Asp Pro Thr 
195 	 200 	 205 

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile Leu Ala 
210 	 215 	 220 

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu 
225 	 230 	 235 	 240 

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln Gin Ala 
245 	 250 	 255 

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr Asn Lys 
260 	 265 	 270 

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Ile Leu Leu Pro 
275 	 280 	 285 

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala Ile Phe 
290 	 295 	 300 

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly Asn Gly Ala 
305 	 310 	 315 	 320 

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly Asp Val Val Gly Ala 
325 	 330 	 335 

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser Thr Tyr 
340 	 345 	 350 

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg Tyr His 
355 	 360 	 365 

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val Leu Ala Glu Leu Ala 
370 	 375 	 380 

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile Arg Gln Glu 
385 	 390 	 395 	 400 

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu 
405 	 410 	 415 

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val 
420 	 425 	 430 

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp 
435 	 440 	 445 

<210> 	11 
<211> 445 
<212> PRT 
<213> Artificial Sequence 
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<220> 
<223> Horn (KFCC10881-14) 

<400> 11 
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly 

1 	 5 	 10 	 15 

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr Val Gly Thr Glu 

	

20 	 25 	 30 

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile 

	

35 	 40 	 45 

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys 

	

50 	 55 	 60 

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala 

	

65 	 70 	 75 	 80 

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val Ile Gly Gly 

	

85 	 90 	 95 

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys 

	

100 	 105 	 110 

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu 

	

115 	 120 	 125 

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala 

	

130 	 135 	 140 

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu 

	

145 	 150 	 155 	 160 

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly Thr Thr 

	

165 	 170 	 175 

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr Ala Asp 

	

180 	 185 	 190 

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu Ala Asp Pro Thr 

	

195 	 200 	 205 

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile Leu Ala 

	

210 	 215 	 220 

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu 

	

225 	 230 	 235 	 240 

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln Gln Ala 

	

245 	 250 	 255 

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr Asn Lys 

	

260 	 265 	 270 

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Thr Leu Leu Pro 

	

275 	 280 	 285 

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala Ile Phe 
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290 	 295 	 300 

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly Asn Gly Ala 
305 	 310 	 315 	 320 

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly Asp Val Val Gly Ala 
325 	 330 	 335 

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser Thr Tyr 
340 	 345 	 350 

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg Tyr His 
355 	 360 	 365 

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val Leu Ala Glu Leu Ala 
370 	 375 	 380 

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile Gln Gln Glu 
385 	 390 	 395 	 400 

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu 
405 	 410 	 415 

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val 
420 	 425 	 430 

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp 
435 	 440 	 445 

<210> 12 
<211> 445 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Horn (KFCC10881-19) 

<400> 12 
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly 

1 	 5 	 10 	 15 

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr Val Gly Thr Glu 
20 	 25 	 30 

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile 
35 	 40 	 45 

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys 
50 	 55 	 60 

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala 
65 	 70 	 75 	 80 

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val Ile Gly Gly 
85 	 90 	 95 

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys 
100 	 105 	 110 
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Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu 

115 	 120 	 125 

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala 
130 	 135 	 140 

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu 
145 	 150 	 155 	 160 

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly Thr Thr 
165 	 170 	 175 

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr Ala Asp 
180 	 185 	 190 

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu Ala Asp Pro Thr 
195 	 200 	 205 

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile Leu Ala 
210 	 215 	 220 

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu 
225 	 230 	 235 	 240 

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln Gln Ala 
245 	 250 	 255 

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr Asn Lys 
260 	 265 	 270 

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Thr Leu Leu Pro 
275 	 280 	 285 

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala Ile Phe 
290 	 295 	 300 

Vai Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly Asn Gly Ala 
305 	 310 	 315 	 320 

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly Asp Val Val Gly Ala 
325 	 330 	 335 

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser Thr Tyr 
340 	 345 	 350 

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg Tyr His 
355 	 360 	 365 

Leu Asp Met Asp Val Glu Asp Arg Val Trp Val Leu Ala Glu Leu Ala 
370 	 375 	 380 

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile Arg Gln Glu 
385 	 390 	 395 	 400 

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu 
405 	 410 	 415 

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val 
420 	 425 	 430 

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp 
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435 	 440 	 445 

<210> 13 
<211> 445 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Horn (KFCC10881-22) 

<400> 13 
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly 

1 	 5 	 10 	 15 

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr Val Gly Thr Glu 

	

20 	 25 	 30 

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile 
35 	 40 	 45 

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys 

	

50 	 55 	 60 

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala 

	

65 	 70 	 75 	 80 

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val Ile Gly Gly 

	

85 	 90 	 95 

Ile Glu Tyr Pro Arg Glu Val Vai Leu Ala Ala Leu Lys Ala Gly Lys 

	

100 	 105 	 110 

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu 
115 	 120 	 125 

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala 

	

130 	 135 	 140 

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu 

	

145 	 150 	 155 	 160 

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly Thr Thr 

	

165 	 170 	 175 

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr Ala Asp 

	

180 	 185 	 190 

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu Ala Asp Pro Thr 
195 	 200 	 205 

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile Leu Ala 

	

210 	 215 	 220 

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu 

	

225 	 230 	 235 	 240 

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln Gln Ala 

	

245 	 250 	 255 
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Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr Asn Lys 

260 	 265 	 270 

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Thr Leu Leu Pro 
275 	 280 	 285 

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala Ile Phe 
290 	 295 	 300 

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly Asn Gly Ala 
305 	 310 	 315 	 320 

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly Asp Val Val Gly Ala 
325 	 330 	 335 

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser Thr Tyr 
340 	 345 	 350 

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg Tyr His 
355 	 360 	 365 

Leu Asp Met Asp Val Glu Asp Arg Val Ser Val Leu Ala Glu Leu Ala 
370 	 375 	 380 

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile Arg Gln Glu 
385 	 390 	 395 	 400 

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu 
405 	 410 	 415 

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val 
420 	 425 	 430 

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp 
435 	 440 	 445 

<210> 14 
<211> 34 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 14 
tcgagctcgg tacccctgcg acagcatgga actc 	 34 

<210> 15 
<211> 34 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 15 
ctctagagga tccccttagt ccctttcgag gcgg 	 34 
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<210> 16 
<211> 	18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 16 
caccggcgct gactatgc 

<210> 17 
<211> 	18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 17 
aatcgggtgc acgcgagc 

Sequence listing(OPA18570) 

18 

18 

<210> 18 
<211> 	18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 18 
ttggattgta cgcaggga 	 18 

<210> 19 
<211> 	18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 19 
ccacacgcga tcttccac 	 18 

<210> 20 
<211> 	18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 
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<400> 20 
gctcacgcga tcttccac 	 18 

<210> 21 
<211> 18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 21 
ttagtccctt tcgaggcg 	 18 

<210> 22 
<211> 421 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> lysC(L377K) 

<400> 22 
Val Ala Leu Val Val Gln Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

1 	 5 	 10 	 15 

Glu Arg Ile Arg Asn Val Ala Glu Arg Ile Val Ala Thr Lys Lys Ala 
20 	 25 	 30 

Gly Asn Asp Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 
35 	 40 	 45 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 
50 	 55 	 60 

Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg Ile Ser Asn Ala Leu 
65 	 70 	 75 	 80 

Val Ala Met Ala Ile Glu Ser Leu Gly Ala Glu Ala Gln Ser Phe Thr 

	

85 	 90 	 95 

Gly Ser Gln Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 
100 	 105 	 110 

Ile Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 
115 	 120 	 125 

Lys Ile Cys Ile Val Ala Gly Phe Gln Gly Val Asn Lys Glu Thr Arg 
130 	 135 	 140 

Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 	 150 	 155 	 160 

Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu Ile Tyr Ser Asp Val 

	

165 	 170 	 175 
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Asp Gly Val Tyr Thr Ala Asp Pro Arg Ile Val Pro Asn Ala Gln Lys 
180 	 185 	 190 

Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 
195 	 200 	 205 

Ser Lys Ile Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 
210 	 215 	 220 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
225 	 230 	 235 	 240 

Ile Ala Gly Ser Met Glu Asp Ile Pro Val Glu Glu Ala Val Leu Thr 
245 	 250 	 255 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly Ile 
260 	 265 	 270 

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 
275 	 280 	 285 

Ala Glu Ile Asn Ile Asp Met Val Leu Gln Asn Val Ser Ser Val Glu 
290 	 295 	 300 

Asp Gly Thr Thr Asp Ile Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
305 	 310 	 315 	 320 

Arg Ala Met Glu Ile Leu Lys Lys Leu Gln Val Gln Gly Asn Trp Thr 
325 	 330 	 335 

Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 
340 	 345 	 350 

Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 
355 	 360 	 365 

Arg Asp Val Asn Val Asn Ile Glu Lys Ile Ser Thr Ser Glu Ile Arg 
370 	 375 	 380 

Ile Ser Val Leu Ile Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
385 	 390 	 395 	 400 

Leu His Glu Gln Phe Gln Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 
405 	 410 	 415 

Ala Gly Thr Gly Arg 
420 

<210> 23 
<211> 34 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 23 
tcgagctcgg tacccgctgc gcagtgttga atac 	 34 
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<210> 24 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 24 
tggaaatctt ttcgatgttc acgttgacat 	 30 

<210> 25 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 25 
atgtcaacgt gaacatcgaa aagatttcca 	 30 

<210> 26 
<211> 34 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 26 
ctctagagga tccccgttca cctcagagac gatt 	 34 

<210> 27 
<211> 28 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 27 
acggatccca gactccaaag caaaagcg 	 28 

<210> 28 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 
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<400> 28 
acaccacggc agaaccaggt gcaaaggaca 	 30 

<210> 29 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 29 
ctggttctgc cgtggtgtgc atcatctctg 	 30 

<210> 30 
<211> 28 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 30 
acggatccaa ccaaacttgc tcacactc 	 28 

<210> 31 
<211> 	1161 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> metB gene 

<400> 31 
ttgtcttttg acccaaacac ccagggtttc tccactgcat cgattcacgc tgggtatgag 	60 

ccagacgact actacggttc gattaacacc ccaatctatg cctccaccac cttcgcgcag 	120 

aacgctccaa acgaactgcg caaaggctac gagtacaccc gtgtgggcaa ccccaccatc 	180 

gtggcattag agcagaccgt cgcagcactc gaaggcgcaa agtatggccg cgcattctcc 	240 

tccggcatgg ctgcaaccga catcctgttc cgcatcatcc tcaagccggg cgatcacatc 	300 

gtcctcggca acgatgctta cggcggaacc taccgcctga tcgacaccgt attcaccgca 	360 

tggggcgtcg aatacaccgt tgttgatacc tccgtcgtgg aagaggtcaa ggcagcgatc 	420 

aaggacaaca ccaagctgat ctgggtggaa accccaacca acccagcact tggcatcacc 	480 

gacatcgaag cagtagcaaa gctcaccgaa ggcaccaacg ccaagctggt tgttgacaac 	540 

accttcgcat ccccatacct gcagcagcca ctaaaactcg gcgcacacgc agtcctgcac 	600 
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tccaccacca agtacatcgg aggacactcc gacgttgttg gcggccttgt ggttaccaac 	660 

gaccaggaaa tggacgaaga actgctgttc atgcagggcg gcatcggacc gatcccatca 	720 

gttttcgatg catacctgac cgcccgtggc ctcaagaccc ttgcagtgcg catggatcgc 	780 

cactgcgaca acgcagaaaa gatcgcggaa ttcctggact cccgcccaga ggtctccacc 	840 

gtgctctacc caggtctgaa gaaccaccca ggccacgaag tcgcagcgaa gcagatgaag 	900 

cgcttcggcg gcatgatctc cgtccgtttc gcaggcggcg aagaagcagc taagaagttc 	960 

tgtacctcca ccaaactgat ctgtctggcc gagtccctcg gtggcgtgga atccctcctg 	1020 

gagcacccag caaccatgac ccaccagtca gctgccggct ctcagctcga ggttccccgc 	1080 

gacctcgtgc gcatctccat tggtattgaa gacattgaag acctgctcgc agatgtcgag 	1140 

caggccctca ataaccttta g 	 1161 

<210> 32 
<211> 24 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 32 
tctagacgcc cgcatactgg cttc 	 24 

<210> 33 
<211> 37 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 33 
cccatccact aaacttaaac agatgtgatc gcccggc 	 37 

<210> 34 
<211> 38 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 34 
tgtttaagtt tagtggatgg ggaagaacca cccaggcc 	 38 
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<210> 35 
<211> 23 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 35 
gtcgaccaat cgtccagagg gcg 	 23 

<210> 36 
<211> 	1314 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> metY gene 

<400> 36 
atgccaaagt acgacaattc caatgctgac cagtggggct ttgaaacccg ctccattcac 	60 

gcaggccagt cagtagacgc acagaccagc gcacgaaacc ttccgatcta ccaatccacc 	120 

gctttcgtgt tcgactccgc tgagcacgcc aagcagcgtt tcgcacttga ggatctaggc 	180 

cctgtttact cccgcctcac caacccaacc gttgaggctt tggaaaaccg catcgcttcc 	240 

ctcgaaggtg gcgtccacgc tgtagcgttc tcctccggac aggccgcaac caccaacgcc 	300 

attttgaacc tggcaggagc gggcgaccac atcgtcacct ccccacgcct ctacggtggc 	360 

accgagactc tattccttat cactcttaac cgcctgggta tcgatgtttc cttcgtggaa 	420 

aaccccgacg accctgagtc ctggcaggca gccgttcagc caaacaccaa agcattcttc 	480 

ggcgagactt tcgccaaccc acaggcagac gtcctggata ttcctgcggt ggctgaagtt 	540 

gcgcaccgca acagcgttcc actgatcatc gacaacacca tcgctaccgc agcgctcgtg 	600 

cgcccgctcg agctcggcgc agacgttgtc gtcgcttccc tcaccaagtt ctacaccggc 	660 

aacggctccg gactgggcgg cgtgcttatc gacggcggaa agttcgattg gactgtcgaa 	720 

aaggatggaa agccagtatt cccctacttc gtcactccag atgctgctta ccacggattg 	780 

aagtacgcag accttggtgc accagccttc ggcctcaagg ttcgcgttgg ccttctacgc 	840 

gacaccggct ccaccctctc cgcattcaac gcatgggctg cagtccaggg catcgacacc 	900 

ctttccctgc gcctggagcg ccacaacgaa aacgccatca aggttgcaga attcctcaac 	960 

aaccacgaga aggtggaaaa ggttaacttc gcaggcctga aggattcccc ttggtacgca 	1020 

accaaggaaa agcttggcct gaagtacacc ggctccgttc tcaccttcga gatcaagggc 	1080 

ggcaaggatg aggcttgggc atttatcgac gccctgaagc tacactccaa ccttgcaaac 	1140 
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atcggcgatg ttcgctccct cgttgttcac ccagcaacca ccacccattc acagtccgac 	1200 

gaagctggcc tggcacgcgc gggcgttacc cagtccaccg tccgcctgtc cgttggcatc 	1260 

gagaccattg atgatatcat cgctgacctc gaaggcggct ttgctgcaat ctag 	1314 

<210> 37 
<211> 24 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 37 
tctagaccat cctgcaccat ttag 	 24 

<210> 38 
<211> 37 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 38 
cccatccact aaacttaaac acgctcctgc caggttc 	 37 

<210> 39 
<211> 39 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 39 
tgtttaagtt tagtggatgg gcttggtacg caaccaagg 	 39 

<210> 40 
<211> 23 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 40 
gtcgacgatt gctccggctt cgg 	 23 

<210> 41 
<211> 2213 

Page 23 



Sequence listing(OPA18570) 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> mcbR gene 

<400> 41 
aatctggatt tccgccaggt tttggcacgc ccgtctggtt taggcaatga gataccgaac 	60 

acacgtgcca aaagttcggc tttttcgccg atcttgtcac gcctgcctgg tttgtcttgt 	120 

aaagagtgat ttcatggccg agactcctaa aagtttgacc tcacaggatt gcttctaagg 	180 

gcctctccaa tctccactga ggtacttaat ccttccgggg aattcgggcg cttaaatcga 	240 

gaaattaggc catcaccttt taataacaat acaatgaata attggaatag gtcgacacct 	300 

ttggagcgga gccggttaaa attggcagca ttcaccgaaa gaaaaggaga accacatgct 	360 

tgccctaggt tggattacat ggatcattat tggtggtcta gctggttgga ttgcctccaa 	420 

gattaaaggc actgatgctc agcaaggaat tttgctgaac atagtcgtcg gtattatcgg 	480 

tggtttgtta ggcggctggc tgcttggaat cttcggagtg gatgttgccg gtggcggctt 	540 

gatcttcagc ttcatcacat gtctgattgg tgctgtcatt ttgctgacga tcgtgcagtt 	600 

cttcactcgg aagaagtaat ctgctttaaa tccgtagggc ctgttgatat ttcgatatca 	660 

acaggccttt tggtcatttt ggggtggaaa aagcgctaga cttgcctgtg gattaaaact 	720 

atacgaaccg gtttgtctat attggtgtta gacagttcgt cgtatcttga aacagaccaa 	780 

cccgaaagga cgtggccgaa cgtggctgct agcgcttcag gcaagagtaa aacaagtgcc 	840 

ggggcaaacc gtcgtcgcaa tcgaccaagc ccccgacagc gtctcctcga tagcgcaacc 	900 

aaccttttca ccacagaagg tattcgcgtc atcggtattg atcgtatcct ccgtgaagct 	960 

gacgtggcga aggcgagcct ctattccctt ttcggatcga aggacgcctt ggttattgca 	1020 

tacctggaga acctcgatca gctgtggcgt gaagcgtggc gtgagcgcac cgtcggtatg 	1080 

aaggatccgg aagataaaat catcgcgttc tttgatcagt gcattgagga agaaccagaa 	1140 

aaagatttcc gcggctcgca ctttcagaat gcggctagtg agtaccctcg ccccgaaact 	1200 

gatagcgaaa agggcattgt tgcagcagtg ttagagcacc gcgagtggtg tcataagact 	1260 

ctgactgatt tgctcactga gaagaacggc tacccaggca ccacccaggc gaatcagctg 	1320 

ttggtgttcc ttgatggtgg acttgctgga tctcgattgg tccacaacat cagtcctctt 	1380 

gagacggctc gcgatttggc tcggcagttg ttgtcggctc cacctgcgga ctactcaatt 	1440 

tagtttcttc attttccgaa ggggtatctt cgttggggga ggcgtcgata agccccttct 	1500 

ttttagcttt aacctcagcg cgacgctgct ttaagcgctg catggcggcg cggttcattt 	1560 

cacgttgcgt ttcgcgcctc ttgttcgcga tttctttgcg ggcctgtttt gcttcgttga 	1 620 
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tttcggcagt acgggttttg gtgagttcca cgtttgttgc gtgaagcgtt gaggcgttcc 	1680 

atggggtgag aatcatcagg gcgcggtttt tgcgtcgtgt ccacaggaag atgcgctttt 	1740 

ctttttgttt tgcgcggtag atgtcgcgct gctctaggtg gtgcactttg aaatcgtcgg 	1800 

taagtgggta tttgcgttcc aaaatgacca tcatgatgat tgtttggagg agcgtccaca 	1860 

ggttgttgct gacccaatag agtgcgattg ctgtggggaa tggtcctgtg aggccaaggg 	1920 

acagtgggaa gatcggcgcg aggatcgaca .tcacgatcat gaacttcagc atgccgttag 	1980 

agaatccgga tgcgtaatcg ttggtttgga agctgcggta catggacatc gccatgttga 	2040 

ttgcggtgag gattgcggct gtgatgaaca gtggcaaaac gaaactaaga acttccgcct 	2100 

gcgtggtgct caaatatttt agctgctcag tgggcatcga aacataagcg ggcagaggca 	2160 

cattgctcac gcgaccagcg aggaaagatt ccacttcctc aggagttagg aag 	2213 

<210> 42 
<211> 28 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 42 
ggcccgggcc tgcctggttt gtcttgta 	 28 

<210> 43 
<211> 35 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 43 
cggaaaatga agaaagttcg gccacgtcct ttcgg 	 35 

<210> 44 
<211> 35 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 44 
aggacgtggc cgaactttct tcattttccg aaggg 	 35 
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<210> 45 
<211> 28 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 45 
atcccggggt ttcgatgccc actgagca 	 28 

<210> 46 
<211> 20 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 46 
aatctggatt tccgccaggt 	 20 

<210> 47 
<211> 20 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> primer 

<400> 47 
cttcctaact cctgaggaag 	 20 

<210> 48 
<211> 1338 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> wild-type horn gene 

<400> 48 
atgacctcag catctgcccc aagctttaac cccggcaagg gtcccggctc agcagtcgga 	60 

attgcccttt taggattcgg aacagtcggc actgaggtga tgcgtctgat gaccgagtac 	120 

ggtgatgaac ttgcgcaccg cattggtggc ccactggagg ttcgtggcat tgctgtttct 	180 

gatatctcaa agccacgtga aggcgttgca cctgagctgc tcactgagga cgcttttgca 	240 

ctcatcgagc gcgaggatgt tgacatcgtc gttgaggtta tcggcggcat tgagtaccca 	300 

cgtgaggtag ttctcgcagc tctgaaggcc ggcaagtctg ttgttaccgc caataaggct 	360 
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cttgttgcag ctcactctgc tgagcttgct gatgcagcgg aagccgcaaa cgttgacctg 	420 

tacttcgagg ctgctgttgc aggcgcaatt ccagtggttg gcccactgcg tcgctccctg 	480 

gctggcgatc agatccagtc tgtgatgggc atcgttaacg gcaccaccaa cttcatcttg 	540 

gacgccatgg attccaccgg cgctgactat gcagattctt tggctgaggc aactcgtttg 	600 

ggttacgccg aagctgatcc aactgcagac gtcgaaggcc atgacgccgc atccaaggct 	660 

gcaattttgg catccatcgc tttccacacc cgtgttaccg cggatgatgt gtactgcgaa 	720 

ggtatcagca acatcagcgc tgccgacatt gaggcagcac agcaggcagg ccacaccatc 	780 

aagttgttgg ccatctgtga gaagttcacc aacaaggaag gaaagtcggc tatttctgct 	840 

cgcgtgcacc cgactctatt acctgtgtcc cacccactgg cgtcggtaaa caagtccttt 	900 

aatgcaatct ttgttgaagc agaagcagct ggtcgcctga tgttctacgg aaacggtgca 	960 

ggtggcgcgc caaccgcgtc tgctgtgctt ggcgacgtcg ttggtgccgc acgaaacaag 	1020 

gtgcacggtg gccgtgctcc aggtgagtcc acctacgcta acctgccgat cgctgatttc 	1080 

ggtgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgcgt gggggttttg 	1140 

gctgaattgg ctagcctgtt ctctgagcaa ggaatctccc tgcgtacaat ccgacaggaa 	1200 

gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgcgctgga atctgatctt 	1260 

tcccgcaccg ttgaactgct gaaggctaag cctgttgtta aggcaatcaa cagtgtgatc 	1320 

cgcctcgaaa gggactaa 	 1338 

<210> 49 
<211> 445 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> ATCC14067 horn (NCg11136) 

<400> 49 
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly 

1 	5 	 10 	 15 

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr Val Gly Thr Glu 
20 	 25 	 30 

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile 
35 	 40 	 45 

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys 
50 	 55 	 60 

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala 
65 	 70 	 75 	 80 

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val Ile Gly Gly 
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85 	 90 	 95 

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys 

	

100 	 105 	 110 

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu 
115 	 120 	 125 

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala 
130 	 135 	 140 

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu 
145 	 150 	 155 	 160 

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly Thr Thr 

	

165 	 170 	 175 

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr Ala Asp 

	

180 	 185 	 190 

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu Ala Asp Pro Thr 
195 	 200 	 205 

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile Leu Ala 
210 	 215 	 220 

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu 
225 	 230 	 235 	 240 

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln Gln Ala 

	

245 	 250 	 255 

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr Asn Lys 

	

260 	 265 	 270 

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Thr Leu Leu Pro 
275 	 280 	 285 

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala Ile Phe 
290 	 295 	 300 

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly Asn Gly Ala 
305 	 310 	 315 	 320 

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly Asp Val Val Gly Ala 

	

325 	 330 	 335 

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser Thr Tyr 

	

340 	 345 	 350 

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg Tyr His 
355 	 360 	 365 

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val Leu Ala Glu Leu Ala 
370 	 375 	 380 

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile Arg Gln Glu 
385 	 390 	 395 	 400 

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu 

	

405 	 410 	 415 
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Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val 
420 	 425 	 430 

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp 
435 	 440 	 445 

<210> 50 
<211> 445 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> ATCC13869 horn 

<400> 50 
Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly 

1 	 5 	 10 	 15 

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr Val Gly Thr Glu 
20 	 25 	 30 

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile 
35 	 40 	 45 

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys 

	

50 	 55 	 60 

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala 
65 	 70 	 75 	 80 

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val Ile Gly Gly 

	

85 	 90 	 95 

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys 
100 	 105 	 110 

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu 
115 	 120 	 125 

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala 

	

130 	 135 	 140 

Ala Val Ala Ala Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu 
145 	 150 	 155 	 160 

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly Thr Thr 

	

165 	 170 	 175 

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr Ala Asp 
180 	 185 	 190 

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu Ala Asp Pro Thr 
195 	 200 	 205 

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile Leu Ala 

	

210 	 215 	 220 

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu 
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225 	 230 	 235 	 240 

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln Gln Ala 
245 	 250 	 255 

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr Asn Lys 
260 	 265 	 270 

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Thr Leu Leu Pro 
275 	 280 	 285 

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala Ile Phe 
290 	 295 	 300 

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly Asn Gly Ala 
305 	 310 	 315 	 320 

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly Asp Val Val Gly Ala 
325 	 330 	 335 

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser Thr Tyr 
340 	 345 	 350 

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg Tyr His 
355 	 360 	 365 

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val Leu Ala Glu Leu Ala 
370 	 375 	 380 

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile Arg Gln Glu 
385 	 390 	 395 	 400 

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu 
405 	 410 	 415 

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val 
420 	 425 	 430 

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp 
435 	 440 	 445 
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