Seqguence listing(OPA18570)
<110> CJ Cheildedang 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
M1et Thr Ser Ala Ser Ala Pro 1Soer Phe Asn Pro Gly Lys Gly Pro Gly
5 15

Ser Ala Val Gly lle 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 lle
35 40 45

Gly Gly Pro Leu Glu Val Arg Gly lle Ala Val Ser Asp lle 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 lle Glu Arg Glu Asp Val Asp lle Val Val Glu Val lle Gly Gly
85 a0 85

le 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 lle Pro Val Val Gly Pro Leu Arg Arg Ser Leu
145 150 155 160
Ala Gly Asp GIn lle GIn Ser Val Met Gly lle Val Asn Gly Thr Thr
165 170 175
Asn Phe lle 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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Sequence listing(OPA18570)
195 200 205

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala lle Leu Ala
210 215 220
Ser lle Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu
225 230 235 240
Gly lle Ser Asn lle Ser Ala Ala Asp Ile Glu Ala Ala GIn GIn Ala
245 250 255

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

285

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala lle 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

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

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

Ala Asn Leu Pro lle 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 GIn Gly lle Ser Leu Arg Thr lle Arg Gin Glu
385 390 395 400

Glu Arg Asp Asp Asp Ala Arg Leu lle 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 lle Asn Ser Val lle Arg Leu Glu Arg Asp
435 440 445

<210> 2

<211> 930

<212> DNA

<213> Artificial Seguence

<220>

<223> thrB gene

<400> 2

atggcaattg aactgaacgt cggtcgtaag gttaccgtca cggtacctgg atctictgeca

aacctcggac ctggcetttga cactttaggt ttggcactgt cggtatacga cactgtcgaa
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Sequence listing(OPA18570)

gtggaaatta ttccatctgg cttggaagtg gaagttittg gcgaaggcca aggcgaagtc
cctcttgatg getcccacct ggtggttaaa getattcgtg ctggectgaa ggecagcetgac
gctgaagtic ctggattgcg agtggtotge cacaacaaca ttccgeagtc tegtggtett
ggctcctetg ctgcageggoce ggttgetggt ottgetgeag ctaatggttt ggcggattic
ccgctgactc aagagcagat tgttcagttg tectetgect ttgaaggeca ceccagataat
gctgeggctt ctgtgctgog tggageagtg gtatcgtgga caaatctgte tatcgacgge
aagagccagc cacagtatgc tgctgtacca cttgaggtge aggacaatat tcgtgecgact
gcgcetgottc ctaatttcca cgcatccacce gaagetgtge gecgagtect tcccactgaa
gtcactcaca tcgatgcgceg atttaacgtg tcccgegttg cagtgatgat cottgegttg
cagcagcgtc ctgatttget gtgggaggat actcgtgacc gtctgcacca gecttategt
gcagaagtgt tgcctattac cictgagtgg gtaaaccgcec tgcgcaaccg tggetacgeg
gcataccttt ccggtgececgg ceccaaccgece atggatgcetagt cecactgagec aattccagac

aagottttgg aagatgctcg tgagictggce attaaggtge ttgagcetiga ggttgcggga

ccagtcaagg ttgaagttaa ccaaccttag 930
<210> 3

<211> 18

<212> DNA

<213> Artificial Sequence

L220>

<223> primer

<400> 3

ctgcgacagce atggaact 18
<210> 4

<211> 18

<212> DNA

<213> Artificial Seguence

<220>

<223> primer

<400> 4

caacgacaaa cgcccatce 18
<210> b

L211> 2778

<212> DNA

<213> Artificial Sequence
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Sequence listing(OPA18570)

220>
<223> gene fragment

<400> 5

ctgcgacagce atggaactca gtgcaatggce tgtaaggcect gcaccaacaa tgattgageg 60
aagctccaaa atgtectcee cgggttgata ttagatttca taaatatact aaaaatcttg 120
agagttttic cgttgaaaac taaaaagctg ggaaggigaa tcgaatttcg gggctttaaa 180

gcaaaaatga acagcttgot ctatagtggce taggtaccct tittgtittg gacacatgta 240
gogtggccga aacaaagtaa taggacaaca acgctcgace gegattattt ttggagaatce 300
atgacctcag catctgcccc aagctttaac cccggcaagg gtcccggctc agcagtcgga 360
attgcccttt taggattcgg aacagtcgge actgaggtga tgegtctgat gaccgagtac 420
gotgatgaac ttgcgcaccg cattggtgge ccactggagg ticgtggceat tgetgttict 480
gatatctcaa agccacgtga aggcgttgca cctgagcetgce tcactgagga cgctttigeca 540
ctcatcgagc gcgaggatgt tgacatcgte gttgaggtta tcggcggceat tgagtaccca 600
cotgaggtag ttctcgecagce tctgaaggee ggeaagtctg ttgttaccge caataaggcet 660
cttgttgcag ctcactctge tgagcetiget gatgcagegg aagecgceaaa cgtitgacctg 720
tacttcgagg ctgctgttgc aggcgcaatt ccagtggottg geccactgeg tecgeteectg 780
gctggegatc agatccagtc tgtgatgggce atcgttaacg gecaccaccaa cticatettg 840
gacgccatgg attccaccgg cgcetgactat gecagattctt tggctgaggce aacicgtttg 300
ggttacgcecg aagctgatce aactgcagac gtcgaaggcec atgacgecge atccaagact 960
gcaattttgg catccatcgc tttccacacc cgtgttaccg cggatgatgt gtactgcgaa 1020
ggtatcagca acatcagcgce tgccgacatt gaggcagceac agcaggecagg ccacaccatc 1080
aagttgttog ccatctgtga gaagttcacc aacaaggaag gaaagtcggce tatttctget 1140
cgcgtgcacc cgactctatt acctgtgtcc cacccactgg cgtcggtaaa caagtccttt 1200
aatgcaatct ttgttgaagc agaagcagcet ggtcgcctga tgttctacgg aaacggtgea 1260
gotggcgcegce caaccgcegic tgetgtgett ggegacgtcg ttggtgecge acgaaacaag 1320
gtgcacggtg geegtgetce aggtgagtee acctacgceta acctgecgat cgcetgattic 1380
gotgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgegt ggggottttg 1440
gctgaattgg ctagecetgtt ctectgagecaa ggaatctecce tgegtacaat ccgacaggaa 1500
gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgegetigga atetgatctt 1560
tcccgeacceg ttgaactgct gaaggctaag ccetgtigtta aggcaatcaa cagtgtgatce 1620

cgcctcgaaa gggactaatt ttactgacat ggcaattgaa ctgaacgtcg gtcgtaaggt 1680
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Sequence listing(OPA18570)
taccgtcacg gtacctggat ctictgcaaa cctcggacct ggctttgaca ctttaggttt 1740

ggcactgtcg gtatacgaca ctgtcgaagt ggaaattatt ccatctggct tggaagtgga 1800
agttittoge gaaggccaag gcgaagtecc tettgatggce teccacctgg tggttaaage 1860
tattcgtgct ggcctgaagg cagcetgacgce tgaagticct ggatigegag tagtgtacca 1920
caacaacatt ccgcagtctc gtggtcttgg ctectetget gcageggcgg tigetggtot 1980
tgctgcagcet aatggtttgg cggatttcece getgactcaa gagceagattg ttcagttgte 2040
ctctgecttt gaaggeccacc cagataatge tgcggctict gtgctgggtg gagceagtogt 2100
gtcgtggaca aatctgicta tcgacggcaa gagecageca cagtatgcetg ctgtaccact 2160
tgaggtgcag gacaatattc gtgcgactge getogttcet aatticcacg catccaccga 2220
agctgtgcge cgagtectte ccactgaagt cactcacate gatgegegat ttaacgtgtc 2280
ccgcgttgca gtgatgateg ttgcgttgeca gecagcegtect gatttgetgt gggaggatac 2340
tcgtgaccgt ctgcaccagc cttatcgtge agaagtgttg cctattacct ctgagtggot 2400
aaaccgcctg cgcaaccgtg getacgeggce atacctttee ggtgecggec caaccgecat 2460
ggtgctgtec actgagccaa ttccagacaa ggttttggaa gatgetcgtg agtctggceat 2520
taaggtoctt gagcttgagg ttgcgggacc agtcaaggtt gaagttaacc aaccttaggce 2580
ccaacaagga aggccccctt cgaatcaaga agggggcectt attagtgcag caattatteg 2640
ctgaacacgt gaaccttaca ggtgccecggce gegttgagtg gtttgagttc cagetggatg 2700
cgottatitt caccgaggct ttcttgoatg aatccggegt goatggecgea gacgaaggct 2760

gatgggcgtt tgtcgttg 2778

<210> 6

<211> 1338

<212> DNA

<213> Artificial Seguence

<220>

<223> T285]

<400> 6

atgacctcag catctgeecce aagcetttaac cccggcaagg gtccecggcetc agcagtecgga 60
attgcccttt taggattcgg aacagicgge actgaggtga tgegtctgat gaccgagtac 120
ggtgatgaac ttgcgcaccg cattggitggce ccactggagg ttcgtggceat tgctgttict 180
gatatctcaa agccacgtga aggcgitgeca cctgagcetge tcactgagga cgcttttgeca 240

ctcatcgagce gcegaggatgt tgacategte gttgaggtta tcggeggcat tgagtaccca 300
cotgaggtag ttctcgcage tctgaaggec ggcaagtcetg tigttaccge caataaggcet 360
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Sequence listing(OPA18570)
cttgttgcag ctcactctge tgagettgct gatgcagecgg aagccgeaaa cgttgacctg 420

tacttcgagg ctgctottoe aggcegceaatt ccagtggttg geccactgeg tecgeteectg 480
gctggcgatc agatccagtce tgtgatgggce atcgttaacg gecaccaccaa cttcatettg 540
gacgccatgg attccaccgg cgctgactat gcagattctt tggctgagge aactcgtttg 600

ggttacgceeg aagctgatce aactgcagac gtcgaaggcec atgacgcecgce atccaaggcet 660
gcaattttgg catccatcgce tttccacacc cgigttaccg cggatgatgt gtactgecgaa 720
ggtatcagca acatcagcgc tgccgacatt gaggcagcecac agcaggcagg ccacaccate 780

aagttgttgg ccatctgiga gaagtitcacc aacaaggaag gaaagtcggc tatttetget 840
cgcgtgecacc cgattctatt acctgtgtcc cacccactgg cgtcggtaaa caagtecttt 900
aatgcaatct tigttgaagc agaagcagct ggtcgectga tgtictacgg aaacggtgca 960
gatggcgcegce caaccgcegte tgetgtgett ggcgacateg ttggtgccge acgaaacaag 1020
gtgcacggtg gecegtgetee aggtgagtece acctacgcta acctgecgat cgcetoattte 1080
ggtgagacca ccactcgtta ccacctcgac atggatgtog aagatcocgt gggogotittg 1140
gctgaattgg ctagcctgtt ctctgagcaa ggaatctccc tgcgtacaat ccgacaggaa 1200
gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgecgetgga atctgatett 1260
tccegeaccg ttgaactget gaaggcetaag cetgttgtta aggcaatcaa cagtgtgatce 1320

cgcctcgaaa gggactaa 1338
<210> 7

<211> 1338

<212> DNA

<213> Artificial Seguence

<220>
<223> R398Q

;tdboaocitcgg catctgccece aagctttaac cccggcaagg gtccecggcete agcagtcgga 60
attgcccttt taggattcgg aacagtcggce actgaggtga tgcgtetgat gaccgagtac 120
gotgatgaac ttgcgceaccg cattggtggce ccactggagg ttcgtggeat tgctgtttct 180
gatatctcaa agccacgtga aggcgttgca cctgagcetge tcactgagga cgcttttgca 240

ctcatcgagce gecgaggatgt tgacatcgte gttgagotta tcggcggceat tgagtaccca 300
cgotgaggtag ttctcgecagce tectgaaggece ggcaagtctg ttgttaccge caataaggcet 360
cttgttgcag ctcactctge tgagcettget gatgcagegg aagcecgcaaa cgttgaccetg 420

tacttcgagg ctgctgttgec aggcgcaatt ccagtggtto geccactgeg tcgceteectg 480
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Sequence listing(OPA18570)
gctggcgatc agatccagtce tgtgatggge atcgttaacg gcaccaccaa cttcatcttg 540

gacgccatgg attccaccgg cgctgactat gcagattctt tggctgagge aactcgtttg 600
ggttacgccg aagcetgatce aactgcagac gtcgaaggcec atgacgecgce atccaaggcet 660
gcaattttgg catccatcgce tttccacacc cgtgttaccg cggatgatgt gtactgecgaa 720
ggtatcagca acatcagcgc tgccgacatt gaggcagcac agcaggcagg ccacaccate 780

aagttgttgg ccatctgtga gaagttcacc aacaaggaag gaaagtcggoc tatttctget 840

cgcgtgcacc cgactctatt acctgtgtce cacccactgg cgtcggtaaa caagtccttt 200
aatgcaatct ttgttogaagc agaagcagct ggtcgectga tgttctacgg aaacggtgea 960
ggtggcgcegce caaccgcegte tgetgtgett ggegacgteg ttggtgecgce acgaaacaag 1020
gtgcacggtg gecegtgctee aggtgagice agctacgcta acctgccgat cgctoattte 1080

gotgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgegt ggggatittg 1140
gctgaattgo ctagectgtt ctctgagcaa ggaatctcec tgegtacaat ccaacaggaa 1200
gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgegetgga atctgatctt 1260
tcccgcaccyg ttgaactget gaaggcetaag cctgttgtta aggcaatcaa cagtotgate 1320

cgcctcgaaa gggactaa 1338
<210> 8

<211> 1338

<212> DNA

<213> Artificial Sequence

<220>

<223> G378W

<400> 8

atgacctcag catctgcccc aagctttaac cccggeaagg gtececggcete agcagtcgga 60
attgcccttt taggattcgg aacagtcggce actgaggtga tgcgictgat gaccgagtac 120
gotgatgaac ttgcgcaccg cattggtggce ccactggagg ttcgtggeat tgctgtttct 180
gatatctcaa agccacgtga aggcgtigca cctgagetge tcactgagga cgctttigea 240

ctcatcgagc gcgaggatgt tgacatcgte gttgaggtta tcggecgocat tgagtaccca 300

cgtgaggtag ttctcgcage ictgaaggee ggcaagictg ttgttaccge caataaggct 360
cttgttgcag ctcactctge tgagcettget gatgcagcgg aagecgcaaa cgttgacctg 420
tacttcgagg ctgctgttge aggcgceaatt ccagtggttg geccactgeg tegeteectg 480
gctggcgatce agatccagtce tgtgatgggce atcgttaacg gecaccaccaa cticatettg 540
gacgccatgg attccaccgg cgctgactat gecagattctt tggctgagge aactcgtttg 600
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Seguence listing{OPA18570)

gottacgccg aagcetgatce aactgcagac gitcgaaggcece atgacgecgce atccaaggct 660
gcaattttgg catccatcgce tttccacacce cgtgttaccg cggatgatgt gtactgecgaa 720
ggtatcagca acatcagcgce tgeccgacatt gaggcagecac agcaggcagg ccacaccaic 780

aagttgttgg ccatctgtga gaagttcacc aacaaggaag gaaagtcggce tatttctget 840
cgcgtgcacc cgactctatt acctgtgtee cacccactgg cgtcggtaaa caagtecttt 900
aatgcaatct ttgttgaagc agaagcagct ggtecgectga tgttctacgg aaacggtgea 960
ggtggcgcgce caaccgcegote tgetgtgctt gogcgacgtcg ttggtgeccge acgaaacaag 1020
gtgcacggtg geegtgcetee aggtgagtce acctacgceta acctgecgat cgetgattic 1080
ggotgagacca ccactcgtta ccacctecgac atggatgtgg aagatcgegt gtgggttitg 1140
gctgaattgg ctagcctgtt ctctgagcaa ggaatctccec tgcgtacaat ccgacaggaa 1200
gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgecgcetogga atctgatcett 1260
tccegeacceg ttgaactget gaaggcetaag cctgtigtta aggcaatcaa cagtotgate 1320

cgcctcgaaa gggactaa 1338
<210> 9

<211> 1338

<212> DNA

<213> Artificial Sequence

<220>
<223> (G378S

géoaoc?:tc;g catctgcccce aagcetttaac cccggecaagg gicccggcetc agcagtcgga 60
attgcccttt taggattcgg aacagtcgge actgaggtga tgegtctgat gaccgagtac 120
ggtgatgaac ttgcgcaccg cattggtgge ccactggagg ttecgtggceat tgetgtttct 180
gatatctcaa agccacgtga aggcgttgca cctgagetge tcactgagga cgcttitgea 240
ctcatcgagc gcgaggatgt tgacatcote gttgagotta tcggeggcat tgagtacccea 300
cgtgaggtag tictcgcage tctgaaggee ggcaagtcetg tigttaccge caataaggcet 360
cttottgcag ctcactctge tgagcettget gatgcagegg aagecgcaaa cgttgacctg 420
tacttcgagg ctgctgttgc aggcgceaatt ccagtggttg geccactgeg tcgeteccetg 480
gctggcegate agatccagte tgtgatgggce atcgttaacg gecaccaccaa cttcatettg 540
gacgccatgg attccaccgg cgcetgactat gecagattctt tggctgagge aactegtttg 600
ggttacgccg aagctgatcc aactgcagac gtcgaaggece atgacgecge atccaaggct 660
gcaatttigg catccatcgc tttccacacc cgtgttaccg cggatgatgt gtactgcgaa 720
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Sequence listing(OPA18570)

ggtatcagca acatcagcgc tgccgacatt gaggcagcac agcaggcagg ccacaccatc 780
aagttgttgg ccatctgtga gaagticacc aacaaggaag gaaagtcggc tatttctgcet 840
cgcgtgcacc cgacictatt acctgtgtcec cacccactgg cgtcggtaaa caagtcctit 900
aatgcaatct ttgttgaagc agaagcagcet ggtcgectga tgttctacgg aaacggtgca 960

gotggcgegce caaccgegte tgetgtaett ggcgacgatceg ttggtgecge acgaaacaag 1020
gtgcacggtg gecegtgetec aggtgagtice acctacgceta acctgecgat cgcetgattte 1080
ggtgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgegt gagegttitg 1140
gctgaattgg ctagectgtt ctctgagcaa ggaatcteece tgegtacaat ccgacaggaa 1200
gagcgcgatg atgatgcacg tetgatcgtg gtcaccceact ctgecgctgga atctgatctt 1260
tcccgcaccg ttgaactget gaaggcetaag cctottgtta aggcaatcaa cagtgtgate 1320

cgcctcgaaa gggactaa 1338
<210> 10

<211> 445

<212> PRT

<213> Artificial Sequence
<220>
<223> Hom (KFCC10881-1)

<400> 10
M1et Thr Ser Al5a Ser Ala Pro 1Soer Phe Asn Pr105(3Iy Lys Gly Pro Gly

Ser Ala Val Gly lle 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 lle
35 40 45

Gly Gly Pro Leu Glu Val Arg Gly Ille Ala Val Ser Asp lle 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 lle Glu Arg Glu Asp Val Asp lle Val Val Glu Val lle Gly Gly
85 80 95

lle 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 lle Pro Val Val Gly Pro Leu Arg Arg Ser Leu
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Sequence listing(OPA18570)
145 150 155 160

Ala Gly Asp Gin lle GIn Ser Val Met Gly lle Val Asn Gly Thr Thr
165 170 175

Asn Phe lle 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 Ille Leu Ala
210 215 220

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

Gly lle Ser Asn lle Ser Ala Ala Asp lle Glu Ala Ala GIn GiIn Ala

245 250 255
Gly His Thr lle Lys Leu Leu Ala lle Cys Glu Lys Phe Thr Asn Lys
260 265 270

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

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala lle 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 lle 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 GIn Gly lle Ser Leu Arg Thr lle Arg GIn Glu
385 390 395 400

Glu Arg Asp Asp Asp Ala Arg Leu lle 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 lle Asn Ser Val lle Arg Leu Glu Arg Asp
435 440 445

<210> 11

<211> 445

<212> PRT

<213> Artificial Sequence
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Sequence listing(OPA18570)

<220>
<223> Hom (KFCC10881-14)

<400> 11
M1et Thr Ser Ala Ser Ala Pro Soer Phe Asn Pro Gly Lys Gly Pro Gly
5 1 15

Ser Ala Val Gly lle 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 lle
35 40 45
Gly Gly Pro Leu Glu Val Arg Gly lle Ala Val Ser Asp lle 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 lle Glu Arg Glu Asp Val Asp lle Val Val Glu Val lle Gly Gly
85 90 95
lle 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 Giu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala
130 135 140

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

Ala Gly Asp Gin lle GIn Ser Val Met Gly lle Val Asn Gly Thr Thr
165 170 175

Asn Phe lle 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 lle Leu Ala
210 215 220
Ser lle Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu
225 230 235 240

Gly lle Ser Asn lle Ser Ala Ala Asp lle Glu Ala Ala Gin Gin Ala
245 250 255

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

Glu Gly Lys Ser Ala lle 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 lle Phe
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Sequence listing(OPA18570)
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 lle 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 GIn Gly lle Ser Leu Arg Thr lle Gin Gin Glu
385 390 395 400
Glu Arg Asp Asp Asp Ala Arg Leu lle 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 lle Asn Ser Val lie Arg Leu Glu Arg Asp
435 445

440
<210> 12
<211> 445
£212> PRT
<213> Artificial Sequence
<220>

<223> Hom (KFCC10881-19)

<400> 12
Met Thr Ser Ala Ser Ala Pro Soer Phe Asn Pr1o Gly Lys Gly Pro Gly
1 5 1 5

Ser Ala Val Gly lle 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 lle
35 40 45

Gly Gly Pro Leu Glu Val Arg Gly lle Ala Val Ser Asp lle 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 lle Glu Arg Glu Asp Val Asp lle Val Val Glu Val lle Gly Gly
85 a0 95

lle Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys
100 105 110
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Seqguence listing(OPA18570)

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 lie Pro Val Val Gly Pro Leu Arg Arg Ser Leu
145 150 155 160

Ala Gly Asp Gin lle GIn Ser Val Met Gly Ile Val Asn Gly Thr Thr
165 170 175

Asn Phe lle 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 lle Leu Ala
210 215 220

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

Gly lle Ser Asn lle Ser Ala Ala Asp lle Glu Ala Ala Gin GIn Ala
245 250 255

Gly His Thr lle Lys Leu Leu Ala lle Cys Glu Lys Phe Thr Asn Lys
260 265 270
Glu Gly Lys Ser Ala lle 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 lle Phe
295 300

290

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 lle 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 GIn Gly lle Ser Leu Arg Thr lle Arg Gin Glu
385 390 395 400

Glu Arg Asp Asp Asp Ala Arg Leu lle 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 lle Asn Ser Val lle Arg Leu Glu Arg Asp
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Seqguence listing(OPA18570)
435 440 445

<210> 13

<211> 445

<212> PRT

<213> Artificial Sequence
<220>

<223> Hom (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 lle 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 lle
35 40 45
Gly Gly Pro Leu Glu Val Arg Gly lle Ala Val Ser Asp lle 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 lle Glu Arg Glu Asp Val Asp lle Val Val Giu Val lle Gly Gly
85 90 95
lle 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 lle Pro Val Val Gly Pro Leu Arg Arg Ser Leu
145 150 155 160

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

Asn Phe lle 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 lle Leu Ala
210 215 220

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

225 230 235 240

Gly lle Ser Asn lle Ser Ala Ala Asp lle Glu Ala Ala GIn Gin Ala
245 250 255
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Gly His Thr lle Lys Leu Leu Ala lle Cys Glu Lys Phe Thr Asn Lys
260 265 270

Glu Gly Lys Ser Ala lle 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 lle 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 (le 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 GIn Gly lle Ser Leu Arg Thr lle Arg GIn Glu

385 390 395 400
Glu Arg Asp Asp Asp Ala Arg Leu lle 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 lle Asn Ser Val lle Arg Leu Glu Arg Asp
435 440 445
<210> 14
211> 34
<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 14
tcgagctcgg taccccetgeg acagceatgga acte

<210> 15

<211> 34

<212> DONA

<213> Artificial Sequence

<220>
<223> primer

<400> 15
ctctagagga tccccttagt cectttcgag gcgg
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Seqguence listing(OPA18570)

<210> 16

<211> 18

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 16

caccggcegct gactatgce 18
<210> 17

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 17

aatcgggtge acgegage 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
gctcacgcega tetteccac 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 GIn Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala
1 5 10 15

Glu Arg lle Arg Asn Val Ala Glu Arg lle 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 lle Ser Asn Ala Leu
65 70 75 80

Val Ala Met Ala lle Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr

85 90 95
Gly Ser GIn Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg
100 105 110

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

Lys lle Cys lle Val Ala Gly Phe GIn 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 lle Tyr Ser Asp Val
165 170 175
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Sequence listing(OPA18570)
Asp Gly Val Tyr Thr Ala Asp Pro Arg lle Val Pro Asn Ala GIn 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 lle 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

lle Ala Gly Ser Met Giu Asp lle 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 lle
260 265 270

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

Ala Glu lle Asn lle Asp Met Val Leu GIn Asn Val Ser Ser Val Glu
290 295 300

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

Arg Ala Met Glu lle Leu Lys Lys Leu GIn 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 lle Glu Lys lle Ser Thr Ser Glu lle Arg
370 375 380

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

Leu His Glu GIn Phe GIn 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
tcgagctecgg tacccgcetge geagtgttga atac
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

Sequence listing(OPA18570)

24

30

DNA

Artificial Sequence

primer

24

tggaaatctt ttcgatgtic acgttgacat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

30

DNA

Artificial Sequence

primer

25

atgtcaacgt gaacatcgaa aagatticca

<210>
<211>
212>
<213>

<220>
<223>

<400>

26

34

DNA

Artificial Sequence

primer

26

ctictagagga tccecegttca cectcagagac gatt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27

28

DNA

Artificial Seguence

primer

27

acggatccca gactccaaag caaaagceg

<210>
<211>
<212>
<213>

<220>
<223>

28

30

DNA

Artificial Sequence

primer
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Sequence listing(OPA18570)

<400> 28

acaccacggc agaaccaggt gcaaaggaca 30
<210> 29

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 29

ctggttctge cotggtgtae atcatctctg 30
<210> 30

<211> 28

<212> DNA

<213> Artificial Sequence

L220>

<223> primer

<400> 30

acggatccaa ccaaacttge tcacactc 28
<210> 31

<211> 1161

<212> DNA

<213> Artificial Sequence

<220>

<223> metB gene

’égtoc?tfttg géccaaacac ccagggtttc tccactgceat cgattcacge tgggtatgag 60
ccagacgact actacggttc gattaacacc ccaatctatg ccteccaccac cttcgegeag 120
aacgctccaa acgaactgcg caaaggctac gagtacaccc gtgtgggcaa ccccaccatc 180
gtggcattag agcagaccgt cgcagcactc gaaggcgeaa agtatggecg cgceaticice 240
tccggcatgg ctgcaaccga cateetgtic cgeatcatcce tcaagecggg cgatcacatce 300
gtcctcggea acgatgetta cggecggaacce taccgectga tcgacaccegt attcaccgea 360
tggggcgteg aatacaccgt tgttgatacc tccgtcgtgg aagaggtcaa ggcagcegatce 420
aaggacaaca ccaagctgat ctgggtggaa accccaacca acccagcact tggcatcacce 480
gacatcgaag cagtagcaaa gctcaccgaa ggcaccaacg ccaagctogt tgttgacaac 540
accttcgcat ccccatacct gcagcageca ctaaaactcg gecgecacacge agtectgeac 600
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Sequence listing(OPA18570)

tccaccacca agtacatcgg aggacactcc gacgttgttg gcggcecttgt ggttaccaac 660
gaccaggaaa tggacgaaga actgctgttc atgcagggcg gcatcggacce gatcccatca 720
gttttcgatg catacctgac cgcccgtoge ctcaagacce ttgcagtgeg catggatcge 780
cactgcgaca acgcagaaaa gatcgcggaa ttcetggact ccecgeccaga ggtecteccace 840
gtgctctacc caggictgaa gaaccaccca ggccacgaag tcgcagcgaa gcagatgaag 800
cgcttcggeg geatgatcte cgtecgtitc gcaggeggeg aagaageagce taagaagtic 960

tgtacctcca ccaaactgat ctgtctggec gagtcecteg gtggcgtgga atcectectg 1020
gagcacccag caaccatgac ccaccagtca getgeeggcet ctcagetcga ggttccecege 1080

gacctcgtgc gcatctccat tggtatigaa gacattgaag acctgcetcge agatgtcgag 1140

caggccctca ataaccttta g 1161
<210> 32

L211> 24

<212> DNA

<213> Artificial Sequence

<220>

223> primer

<400> 32

tctagacgcec cgcatactgg ctic 24
<210> 33

<211> 37

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 33

cccatccact aaacttaaac agatgtgatc gcececgge 37
<210> 34

<211> 38

<212> DNA

<213> Artificial Seguence

<220>

<223> primer

<400> 34
totttaagtt tagtggatgg ggaagaacca cccaggcec 38
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<210> 35

<211> 23

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 35

gtcgaccaat cgtccagagg gecg 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 ccaatccace 120
gctttcgtgt tcgactcecge tgagecacgece aagecagegtt tcgeacttga ggatctagge 180
cctgtttact cecgectecac caacccaacc gttgaggcett tggaaaaccg catcgcettce 240
ctcgaaggtg gcgtccacgce tgtagegitc tcctccggac aggecgcaac caccaacgcece 300
attttgaacc tggcaggagc gggcgaccac atcgtcacct ccccacgect ctacggtggce 360
accgagactc tattccttat cactcttaac cgcctgogta tcgatgttic cttcgtggaa 420
aaccccgacg accctgagtc ctggcaggcea gecgticage caaacaccaa agcattette 480

ggcgagactt tcgccaaccce acaggcagac gtcctggata ttcctgecggat ggctgaagtt 540
gcgcaccgca acagcegttce actgatcatc gacaacacca tcgctaccge agcgctcotg 600
cgcccegeteg agetcggege agacgtigte gtecgettcee tcaccaagtt ctacaccage 660

aacggctceg gactgogcegg cgtgcttate gacggeggaa agttcgattg gactgtcgaa 720

aaggatggaa agccagtatt ccectactic gtcactccag atgetgetta ccacggattg 780
aagtacgcag accttggtgce accagcecttc ggcctcaagg ttecgegttgg cctictacge 840
gacaccggct ccaccctcte cgcattcaac gecatgggcetg cagtccaggg catcgacace 900
ctttccetge gectggageg ccacaacgaa aacgcecatca aggttgecaga attcctcaac 960

aaccacgaga aggtggaaaa ggttaacttc gcaggcectga aggattccece ttggtacgea 1020
accaaggaaa agcttggcect gaagtacacc ggctecgttc tcaccttcga gatcaaggge 1080

ggcaaggatg aggcttgggce atttatcgac gecctgaage tacactccaa ccttgcaaac 1140
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Sequence listing(OPA18570)
atcggcgatg ttcgcteect cgttgttcac ccagcaacca ccacccatte acagtccgac 1200

gaagctggece tggecacgege gggegttace cagtccacceg teccgectgte cottggeatce 1260

gagaccattg atgatatcat cgctgacctc gaaggceggct ttgetgcaat 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 acgctcctge caggtte 37
<210> 39

<211> 38

<212> DNA

<213> Artificial Sequence

<220>

223> primer

<400> 39

tgtttaagtt tagtggatgg gctiggtacg caaccaagg 39
<210> 40

<211> 23

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 40
gtcgacgatt gctccgoctt cgg 23

<210> 41
<211> 2213
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<212> DNA
<213> Artificial Sequence
L220>

<223> mcbR gene

<400> 41

aatctgoatt tccgecaggt tttggcacge cegtetggatt taggcaatga gataccgaac 60
acacgtgcca aaagttcggce tttttcgeceg atcttgtcac gectgectgg tttgtetigt 120
aaagagtgat ttcatggccg agactcctaa aagtttgacc tcacaggatt gettctaagg 180

gcctctccaa tctccactga ggtacttaat cettccgggg aattcggocg cttaaatcga 240
gaaattaggc catcaccttt taataacaat acaatgaata attggaatag gtcgacacct 300
ttggagcgga geeggttaaa attggeagcea ttcaccgaaa gaaaaggaga accacatgcet 360
tgcccetaggt tggattacat ggatcattat tggtggtcta getggttgga ttgectccaa 420
gattaaaggc actgatgctc agcaaggaat tttgctgaac atagtcgtcg gtattatcgg 480
togtitotta ggcgoctgac tgcttggaat cttcggagtg gatgttgecg gtgocagactt 540
gatcttcagc ticatcacat gtctgattgg tgctgtcatt ttgctgacga tcgtgcagtt 600
citcactcgg aagaagtaat ctgctttaaa tccgtagggce ctottgatat ttcgatatca 660
acaggccttt tggtcatttt ggggtogaaa aagcgctaga cttgectgtg gattaaaact 720

atacgaaccg gtttgtctat attggtgtta gacagttcgt cgtatctiga aacagaccaa 780
cccgaaagga cgtggecgaa cgtggcetgcet agegcettcag gcaagagtaa aacaagtocce 840
ggggcaaacc gtcgtcgeaa tcgaccaage ccccgacage gtetectcga tagecgcaacc 900
aaccttttca ccacagaagg tattcgcgtc atcggtattg atcgtatect cecgtgaagcet 960

gacgtggcga aggcgagcct ctaticectt ttcggatcga aggacgcectt gattatigea 1020
tacctggaga acctcgatca getotggegt gaagegtgge gtgagegecac cgtcggtatg 1080
aaggatccgg aagataaaat catcgcgtic tttgatcagt gcattgagga agaaccagaa 1140
aaagatttcc gecggcetegea ctttcagaat geggctagtg agtaccctcg ccccgaaact 1200

gatagcgaaa agggcattgt tgcagcagtg ttagagcacc gcgagtggtg tcataagact 1260

ctogactgatt tgctcactga gaagaacggce tacccaggca ccacccaggce gaatcagcetg 1320
ttggtottce ttgatggtgg acttgctgga tetcgattog tccacaacat cagtccetcett 1380
gagacggctc gecgatttgge tcggceagttg ttgtcggcete cacctgegga ctactcaatt 1440

tagtttctic attttccgaa ggggtatctt cgttggggga ggcgtcgata ageccectict 1500
ttttagcttt aacctcageg cgacgcetgcet ttaagegcetg catggecggcg cggttcatit 1560
cacgttocgt ttcgcgcecte ttgticgega tttetttgeg ggcctattit gettcottga 1620
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Sequence listing(OPA18570)
tttcggcagt acgggtttig gtgagticca cgtttgtige gtgaagegtt gaggegtice 1680
atggggtgag aatcatcagg gcgcgotttt tgcgtegtgt ccacaggaag atgegctttt 1740
ctttttottt tgcgcecggtag atgtcgecgcet getctaggto gtgcactttg aaatcgtegg 1800
taagtgggta tttgcgticc aaaatgacca tcatgatgat tgtttggagg agegtccaca 1860
gottgttgct gacccaatag agtgcgattg ctgtggggaa tggtectgtg agagccaaggg 1920
acagtgggaa gatcggcgcg aggatcgaca tcacgatcat gaacttcage atgcegttag 1980
agaatccgga tgegtaateg ttggtttgga agetgeggta catggacatc gecatgtiga 2040
ttgcgatoag gattgcogcet gtgatgaaca gtggcaaaac gaaactaaga acttccgect 2100

gcotggtagct caaatatttt agectgctcag tgggcatcga aacataagcg ggcagaggca 2160

cattgctcac gcgaccageg aggaaagatt ccacttectc aggagtitagg aag 2213
<210> 42

<211> 28

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 42

ggcccgggcece tgectgatit gictigta 28
<210> 43

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
223> primer

<400> 43

cggaaaatga agaaagttcg gccacgtect ticgg 35
<210> 44

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 44
aggacgtggc cgaacttict tcattticcg aaggg 35
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Sequence listing(OPA18570)

<210> 45

<211> 28

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 45

atcccggggt ttcgatgecce actgagcea 28
<210> 46

<211> 20

<212> DNA

<213> Artificial Seguence

<220>

<223>  primer

<400> 46

aatctggatt tccgecagot 20
<210> 47

211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 47

cttcctaact cectgaggaag 20
<210> 48

<211> 1338

<212> DNA

<213> Artificial Sequence

<220>

<223> wild-type hom gene

<400> 48

atgacctcag catctgeccec aagcetttaac cccggcaagg gtcececggcete agcagtcgga 60
attgcccttt taggattcgg aacagtcgge actgaggtga tgcgtctgat gaccgagtac 120
ggtgatgaac ttgcgcaccg cattggtgge ccactggagg ttcgtggeat tgctgtttet 180
gatatctcaa agccacgtga aggcgtigea cctgagcetge tcactgagga cgcttitgea 240
ctcatcgagc gcgaggatgt tgacatcgtc gttgaggtta tcggecggceat tgagtacccea 300

cgtgaggtag tictcgcagce tctgaaggcce ggcaagictg ttgttaccgce caataaggcet 360
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Sequence listing(OPA18570)
cttgttgcag ctcactctge tgagcetiget gatgcagecgg aagccgcaaa cgttgacctg 420

tacttcgagg ctgctottge aggcegcaatt ccagtgottg geccactgeg tcgeteectg 480

gctggcgatc agatccagtc tgtgatgggce atcgttaacg gecaccaccaa cttcatcettg 540
gacgccatgg attccaccgg cgctgactat gcagattctt tggctgaggce aactcgtttg 600
ggttacgecg aagcetgatce aactgcagac gtcgaaggcece atgacgecgce atccaaggcet 660
gcaattttgg catccatcgc titccacacc cgtgttaccg cggatgatgt gtactgcgaa 720
ggtatcagca acatcagcgce tgccgacatt gaggcageac agcaggcagg ccacaccatce 780
aagttgttog ccatctgtga gaagticacc aacaaggaag gaaagtcggce tatttctget 840
cgcgtgecacc cgactctatt acctgtgtecc cacccactgg cgtcggtaaa caagtccttt 900
aatgcaatct ttgttgaagc agaagcagct ggtcgectoa tgttctacgg aaacggtgea 960

ggtggcgcegce caaccgcegte tgetgtactt ggecgacgteg ttggtgecge acgaaacaag 1020
gtgcacggtg gecgtgetec aggtgagtce acctacgceta acctgecgat cgctgatttc 1080
gotgagacca ccactcgtta ccacctcgac atggatgtgg aagatcgegt gggogttttg 1140
gctgaattgg ctagccetgtt ctctgagcaa ggaatctcee tgegtacaat ccgacaggaa 1200
gagcgcgatg atgatgcacg tctgatcgtg gtcacccact ctgcgcetgga atctgatett 1260
tcccgceaccg ttgaactget gaaggctaag cctgttgtta aggcaatcaa cagtgtgatce 1320

cgcctcgaaa gggactaa 1338
<210> 49

<211> 445

<212> PRT

<213> Artificial Sequence
220>
<223> ATCC14067 hom (NCgl11386)

<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 lle 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 lle
35 40 45

Gly Gly Pro Leu Glu Val Arg Gly lle Ala Val Ser Asp lle 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 lle Glu Arg Glu Asp Val Asp lie Val Val Glu Val lle Gly Gly
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lle 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 lle Pro Val Val Gly Pro Leu Arg Arg Ser Leu
145 150 155 160

Ala Gly Asp GIn lle Gin Ser Val Met Gly lle Val Asn Gly Thr Thr
165 170 175

Asn Phe lle 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 lle Leu Ala
210 215 220

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

Gly tle Ser Asn lle Ser Ala Ala Asp lle Glu Ala Ala Gin GIn Ala
245 250 255

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

Glu Gly Lys Ser Ala lle 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 lle 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 lle 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 GiIn Gly lle Ser Leu Arg Thr lle Arg Gin Glu
385 390 395 400

Glu Arg Asp Asp Asp Ala Arg Leu lle 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 lle Asn Ser Val lle Arg Leu Glu Arg Asp
435 440 445
<210> 50
<211> 445
<212> PRT
<213> Artificial Sequence
<L220>

<223> ATCC13869 hom

<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 lle 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 lle
35 40 45

Gly Gly Pro Leu Glu Val Arg Gly lle Ala Val Ser Asp lle 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 lle Giu Arg Glu Asp Val Asp lle Val Val Glu Val lle Gly Gly
85 90 a5
lle 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 lle Pro Val Val Gly Pro Leu Arg Arg Ser Leu
145 150 155 160

Ala Gly Asp Gin lle GIn Ser Val Met Gly lle Val Asn Gly Thr Thr
165 170 175

Asn Phe lle 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
185 200 205

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

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

Gly lle Ser Asn lie Ser Ala Ala Asp lle Glu Ala Ala GIn GiIn Ala
245 250 255

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

Glu Gly Lys Ser Ala lle 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 lle 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 lle 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 GIn Gly lle Ser Leu Arg Thr lle Arg Gln Glu
385 390 395 400

Glu Arg Asp Asp Asp Ala Arg Leu lle 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 lle Asn Ser Val lle Arg Leu Glu Arg Asp
435 440 445
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