<1l1l0>
<120>
<130>
<160> 10
<170>
<210> 1

<211> 834
<212> DNA
<213>

<400> 1
atgaaaacaa

accgcttatg
gtcggtgatt
gcggacatga
acagatatgc
gctatcgttc
gaatccattc
ccgcagtcag
aaaaaattaa
gaatgtgtgc
ggaatcgggg
cacggtgttg
gaaacagcaa
cattcctttce
<210> 2

<211> 277
<212> PRT

<213>

<400> 2

26931

aactggattt
attatccggce
cacttggaat
tccatcatac
cgtttatgtc
aggaaagcgg
gcgcattgac
tcggcgtact
tagaagacag
cggcagaact
ctggtgtgaa
agagaacacc
tcagcggata

aaatgaacca

SEQUENCE LISTING
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PatentIn version 3.3

Bacillus subtilis 168

tctaaaaatg
agctaaactt
ggtcgtcctce
aaaagccgtt
ttatcacctg
agctgacgca
gcttggaggce
gggcggctat
tataaaatgc
cacagccaaa
agcggacgga
taaatttgta
tgttcaggat

gacagtgctt

Bacillus subtilis 168

Increased vitamin production

aaggagtctg
gctgaacaag
ggccttgatt
aaaaggggtg
tctaaggaag
ctgaagcttg
attccagtag
aaagtacagg
gaagaagcag
attgccgaga
caagttctcg
aagcaatata
gtaagacatc

gacggcttgt

aagaaccgat
cgggagttga
caactgtcgg
cgccgaatac
atacgctgaa
agggcggaga
tcagtcactt
gcaaagacga
gagctatgat
cgctaagcat
tttatcatga
cgcgcattga
gtgctttcce

acgggggaaa

tgtcatgctg
catgatttta
tgtgacagtt
ctttattgtg
aaatgcagcg
aggcgtgttt
aggtttgaca
acaaagcgcc
gcttgtgctg
accggtcatt
tattatcggc
tgaaaccatc
tgaacaaaag

ataa
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1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

834



Ile

Gln

vVal

His

65

Thr

Lys

Leu

Gly

Gly

145

Lys

Met

Glu

Asp

Arg
225

Val

Ala

Leu

50

His

Asp

Asn

Glu

Gly

130

Val

Lys

Leu

Thr

Gly

210

Thr

Met

Gly

35

Gly

Thr

Met

Ala

Gly

115

Ile

Leu

Leu

vVal

Leu

195

Gln

Pro

Leu

20

vVal

Leu

Lys

Pro

Ala

100

Gly

Pro

Gly

Ile

Leu

180

Ser

Val

Lys

Thr

Asp

Asp

Ala

Phe

85

Ala

Glu

val

Gly

Glu

165

Glu

Ile

Leu

Phe

Ala

Met

Ser

Val

70

Met

Ile

Gly

Val

Tyr

150

Asp

Cys

Pro

Val

vVal
230

Tyr

Ile

Thr

55

Lys

Ser

vVal

vVal

Ser

135

Lys

Ser

vVal

val

Tyr

215

Lys

Asp

Leu

40

vVal

Arg

Tyr

Gln

Phe

120

His

vVal

Ile

Pro

Ile

200

His

Gln

Tyr

25

vVal

Gly

Gly

His

Glu

105

Glu

Leu

Gln

Lys

Ala

185

Gly

Asp

Tyr

Pro

Gly

Val

Ala

Leu

90

Ser

Ser

Gly

Gly

Cys

170

Glu

Ile

Ile

Thr

Ala

Asp

Thr

Pro

75

Ser

Gly

Ile

Leu

Lys

155

Glu

Leu

Gly

Ile

Arg
235

Ala

Ser

Val

60

Asn

Lys

Ala

Arg

Thr

140

Asp

Glu

Thr

Ala

Gly

220

Ile

Lys

Leu

45

Ala

Thr

Glu

Asp

Ala

125

Pro

Glu

Ala

Ala

Gly

205

His

Asp

Leu

30

Gly

Asp

Phe

Asp

Ala

110

Leu

Gln

Gln

Gly

Lys

190

Val

Gly

Glu

Ala

Met

Met

Ile

Thr

95

Leu

Thr

Ser

Ser

Ala

175

Ile

Lys

Val

Thr

Glu

Val

Ile

Val

80

Leu

Lys

Leu

Val

Ala

160

Met

Ala

Ala

Glu

Ile
240



Glu Thr Ala Ile
245
Pro Glu Gln Lys
260

Leu Tyr Gly Gly Lys

275
<210> 3
<211> 27
<212> DNA
<213> Artificial
<220>
<223> primer
<400> 3
atgaaaacaa aactggattt tctaaaa
<210> 4
<211> 24
<212> DNA
<213> Artificial
<220>
<223> primer
<400> 4
ttttceececg tacaagceccgt caag
<210> 5
<211> 834
<212> DNA
<213> Bacillus subtilis
<400> 5
atgaaaacaa aactggattt tctaaaaatg
accgcttatg attatccggce agctaaactt
gtcggtgatt cacttggaat ggtcgtcctc
gcggacatga tccatcatac aaaagccgtt
acagatatgc cgtttatgtc ttatcacctg
gctatcgttc aggaaagcgg agctgacgca
gaatccattc gcgcattgac gcttggaggce
ccgcagtcag tcggcecgtact gggcggctat

250

265

aaggagtctg
gctgaacaag
ggccttgatt
aaaaggggtg
tctaaggaag
ctgaagcttg
attccagtag

aaagtacagg

aagaaccgat
cgggagttga
caactgtcgg
cgccgaatac
atacgctgaa
agggcggaga
tcagtcactt

gcaaagacga

Ser Gly Tyr Val Gln Asp Val Arg His Arg Ala Phe

255

His Ser Phe Gln Met Asn Gln Thr Val Leu Asp Gly
270

tgtcatgctg
catgatttta
tgtgacagtt
ctttattgtg
aaatgcagcg
aggcgtgttt
aggtttgaca

acaaagcgcc

27

24

60

120

180

240

300

360

420

480



aaaaaattaa
gaatgtgtgc
ggaatcgggg
cacggtgttg
gaaacagcag
cattcctttce
<210> o6
<211> 277
<212> PRT
<213> Baci
<400> o6
Met Lys Thr

1

Ile Val Met

Gln Ala Gly

Val Leu

50

Gly

His His Thr

65

Thr Asp Met

Lys Asn Ala

Leu Glu Gly

115

Gly Gly

130

Ile

tagaagacag
cggcagaact
ctggtgtgaa
agagaacacc
tcagcggata

aaatgaacca

llus subtil

Lys Leu As

Leu Thr Al

20

Val Asp Me

Leu Asp Se

Lys Ala

70

Phe
85

Pro Me

Ala
100

Ala I1

Gly Glu Gl

Pro Val

Val

vVal

tataaaatgc
cacagccaaa
agcggacgga
taaatttgta
tgttcaggat

gacagtgctt

is

p Phe Leu

a Tyr Asp

t Ile Leu

40

r Thr
55

Val
Lys Arg
t Ser Tyr
Gln

e Val

Phe
120

y Val

Ser His

135

gaagaagcag
attgccgaga
caagttctcg
aagcaatata
gtaagacatc

gacggcttgt

Met
10

Lys Lys

Tyr Pro Ala

25

Val Gly Asp

Gly Val Thr

Ala Pro

75

Gly

Leu Ser

90

His

Glu
105

Ser Gly

Glu Ser Ile

Leu Gly Leu

gagctatgat
cgctaagcat
tttatcatga
cgcgcattga
gtgctttccce

acgggggaaa

Glu Ser Glu

Ala Leu

30

Lys

Leu
45

Ser Gly

Val
60

Ala Asp

Asn Thr Phe

Lys Glu Asp

Ala Ala

110

Asp

Ala
125

Arg Leu

Thr
140

Pro Gln

gcttgtgctg
accggtcatt
tattatcggce
tgaaaccatc
tgaacaaaag

ataa

Glu
15

Pro

Ala Glu

Met Val

Met Ile

Ile Val

80

Thr
95

Leu
Leu Lys
Thr

Leu

Ser Val

540

600

660

720

780

834



Gly Val

145

Leu

Lys Lys Leu

Met Leu Val

Glu Thr Leu

195

Asp Gly Gln

210

Arg Thr Pro

225

Glu Thr Ala

Pro Glu Gln

Leu Tyr Gly

275

<210> 7
<211> 834
<212> DNA
<213> Bacil

<400> 7
atgaaaacaa

accgcttatg
gtcggtgatt
gcggacatga
acagacatgc
gttatcgtte
gaatccattc

ccgcagtcag

Gly Gly

Tyr

Lys Val

150

Ile Glu

165

Leu Glu

180

Ser Ile

vVal

Leu

Lys Phe

Asp

Cys

Pro

Val

Val

Ser Ile

Val Pro

Val Ile

200

Tyr His

215

Lys Gln

230

Val Ser

245

Lys His

260

Gly Lys

llus

aactggattt
attatccggce
cactcggaat
tccatcatac
cgtttatgte
aggaaagcgg
gcgcattgac

tcggcgtact

Gly

Ser

Tyr Val

Phe Gln

subtilis

tctaaaaatg
agctaagctt
ggtcgtcctce
aaaagctgtt
ttatcacctg
agctgacgca
gcttggaggce

gggcggctat

Gln Gly Lys

155

Lys Cys Glu

170

Ala
185

Glu Leu

Gly Ile Gly

Asp Ile Ile

Tyr Thr Arg

235

Gln Asp Val

250

Met Gln

265

Asn

aaggagaatg
gctgaacaag
ggccttgatt
aaaaggggcg
tctaaggaag
ctgaagcttg
attccagtag

aaagtacagg

Asp Glu Gln

Glu Ala Gly

Thr Ala Lys

190

Ala Gly Val

205

Gly His

220

Gly

Ile Asp Glu

Arg His Arg

Thr Val Leu

270

aagaaccgat
cgggagttga
caactgtcgg
cgcagaatac
atacgctgaa
agggcggaga
tcagtcactt

gcaaagacga

Ala
160

Ser

Ala
175

Met

Ile Ala

Lys Ala

Val Glu

Thr Ile

240

Ala
255

Phe

Asp Gly

tgtgatgctg
catgatttta
tgtgacagtt
ttttattgtg
aaatgcagca
aggcgtgttt
aggtttgaca

acaaagcgcc

60

120

180

240

300

360

420

480



aaaaaattaa
gaatgtgtgc
ggaatcgggg
cacggtgttg
gaaacagcaa
cattcctttc
<210> 8
<211> 277
<212> PRT
<213> Baci
<400> 8
Met Lys Thr

1

Ile Val Met

Gln Ala Gly

Val Leu

50

Gly

His His Thr

65

Thr Asp Met

Lys Asn Ala

Leu Glu Gly

115

Gly Gly

130

Ile

tagaagacag
cggcagaact
ctggtgtgaa
agagaacacc
tcagcggata

aaatgaacca

llus subtil

Lys Leu As

Leu Thr Al

20

Val Asp Me

Leu Asp Se

Lys Ala

70

Phe
85

Pro Me

Ala
100

Val I1

Gly Glu Gl

Pro Val

Val

vVal

tataaaatgc
cacagccaaa
agcggacgga
taaatttgta
tgttcaggat

gacagtgctt

is

p Phe Leu

a Tyr Asp

t Ile Leu

40

r Thr
55

Val
Lys Arg
t Ser Tyr
Gln

e Val

Phe
120

y Val

Ser His

135

gaagaagcag
attgccgaga
caagttctcg
aagcaatata
gtaagacatc

gacggcttgt

Met
10

Lys Lys

Tyr Pro Ala

25

Val Gly Asp

Gly Val Thr

Ala Gln

75

Gly

Leu Ser

90

His

Glu
105

Ser Gly

Glu Ser Ile

Leu Gly Leu

gagctatgat
cgctaagcat
tttatcatga
cgcgcattga
gtgctttccce

acgggggaaa

Glu Asn Glu

Ala Leu

30

Lys

Leu
45

Ser Gly

Val
60

Ala Asp

Asn Thr Phe

Lys Glu Asp

Ala Ala

110

Asp

Ala
125

Arg Leu

Thr
140

Pro Gln

gcttgtgctg
accggtcatt
tattatcggce
tgaaaccatc
tgaacaaaag

ataa

Glu
15

Pro

Ala Glu

Met Val

Met Ile

Ile Val

80

Thr
95

Leu
Leu Lys
Thr

Leu

Ser Val

540

600

660

720

780

834



Gly Val

145

Leu

Lys Lys Leu

Met Leu Val

Glu Thr Leu

195

Asp Gly Gln

210

Arg Thr Pro

225

Glu Thr Ala

Pro Glu Gln

Leu Tyr Gly

275

<210> 9
<211> 834
<212> DNA
<213> Bacil

<400> 9
atgaaaacaa

accgcttatg
gtcggtgatt
gcggacatga
acagacatgc
gttatcgtte
gaatccattc

ccgcagtcag

Gly Gly

Tyr

Lys Val

150

Ile Glu

165

Leu Glu

180

Ser Ile

vVal

Leu

Lys Phe

Asp

Cys

Pro

Val

Val

Ser Ile

Val Pro

Val Ile

200

Tyr His

215

Lys Gln

230

Ile Ser

245

Lys His

260

Gly Lys

llus

aactggattt
attatccggce
cactcggaat
tccatcatac
cgtttatgte
aggaaagcgg
gcgcattgac

tcggcgtact

Gly

Ser

Tyr Val

Phe Gln

subtilis

tctaaaaatg
agctaagctt
ggtcgtcctce
aaaagctgtt
ttatcacctg
agctgacgca
gcttggaggce

gggcggctat

Gln Gly Lys

155

Lys Cys Glu

170

Ala
185

Glu Leu

Gly Ile Gly

Asp Ile Ile

Tyr Thr Arg

235

Gln Asp Val

250

Met Gln

265

Asn

aaggagaatg
gctgaacaag
ggccttgatt
aaaaggggcg
tctaaggaag
ctgaagcttg
attccagtag

aaagtacagg

Asp Glu Gln

Glu Ala Gly

Thr Ala Lys

190

Ala Gly Val

205

Gly His

220

Gly

Ile Asp Glu

Arg His Arg

Thr Val Leu

270

aagaaccgat
cgggagttga
caactgtcgg
cgcagaatac
atacgctgaa
agggcggaga
tcagtcactt

gcaaagacga

Ala
160

Ser

Ala
175

Met

Ile Ala

Lys Ala

Val Glu

Thr Ile

240

Ala
255

Phe

Asp Gly

tgtgatgctg
catgatttta
tgtgacagtt
ttttattgtg
aaatgcagca
aggcgtgttt
aggtttgaca

acaaagcgcc

60

120

180

240

300

360

420

480



aaaaaattaa
gaatgtgtgc
ggaatcgggg
cacggtgttg
gaaacagcag
cattcctttce
<210>
<211>

<212>
<213>

10

277
PRT
Baci
<400> 10

Met Lys Thr
1

Ile Val Met

Gln Ala Gly

Val Leu

50

Gly

His His Thr

65

Thr Asp Met

Lys Asn Ala

Leu Glu Gly

115

Gly Gly

130

Ile

tagaagacag
cggcagaact
ctggtgtgaa
agagaacacc
tcagcggata

aaatgaacca

llus subtil

Lys Leu As

Leu Thr Al

20

Val Asp Me

Leu Asp Se

Lys Ala

70

Phe
85

Pro Me

Ala
100

Val I1

Gly Glu Gl

Pro Val

Val

vVal

tataaaatgc
cacagccaaa
agcggacgga
taaatttgta
tgttcaggat

gacagtgctt

is

p Phe Leu

a Tyr Asp

t Ile Leu

40

r Thr
55

Val
Lys Arg
t Ser Tyr
Gln

e Val

Phe
120

y Val

Ser His

135

gaagaagcag
attgccgaga
caagttctcg
aagcaatata
gtaagacatc

gacggcttgt

Met
10

Lys Lys

Tyr Pro Ala

25

Val Gly Asp

Gly Val Thr

Ala Gln

75

Gly

Leu Ser

90

His

Glu
105

Ser Gly

Glu Ser Ile

Leu Gly Leu

gagctatgat
cgctaagcat
tttatcatga
cgcgcattga
gtgctttccce

acgggggaaa

Glu Asn Glu

Ala Leu

30

Lys

Leu
45

Ser Gly

Val
60

Ala Asp

Asn Thr Phe

Lys Glu Asp

Ala Ala

110

Asp

Ala
125

Arg Leu

Thr
140

Pro Gln

gcttgtgctg
accggtcatt
tattatcggce
tgaaaccatc
tgaacaaaag

ataa

Glu
15

Pro

Ala Glu

Met Val

Met Ile

Ile Val

80

Thr
95

Leu
Leu Lys
Thr

Leu

Ser Val

540

600

660

720

780

834



Gly

145

Lys

Met

Glu

Asp

Arg

225

Glu

Pro

Leu

Val

Lys

Leu

Thr

Gly

210

Thr

Thr

Glu

Tyr

Leu

Leu

vVal

Leu

195

Gln

Pro

Ala

Gln

Gly
275

Gly

Ile

Leu

180

Ser

vVal

Lys

vVal

Lys

260

Gly

Gly

Glu

165

Glu

Ile

Leu

Phe

Ser

245

His

Lys

Tyr

150

Asp

Cys

Pro

Val

Val

230

Gly

Ser

Lys

Ser

vVal

vVal

Tyr

215

Lys

Tyr

Phe

val

Ile

Pro

Ile

200

His

Gln

val

Gln

Gln

Lys

Ala

185

Gly

Asp

Tyr

Gln

Met
265

Gly

Cys

170

Glu

Ile

Ile

Thr

Asp

250

Asn

Lys

155

Glu

Leu

Gly

Ile

Arg

235

vVal

Gln

Asp

Glu

Thr

Ala

Gly

220

Ile

Arg

Thr

Glu

Ala

Ala

Gly

205

His

Asp

His

Val

Gln

Gly

Lys

190

Val

Gly

Glu

Arg

Leu
270

Ser

Ala

175

Ile

Lys

Val

Thr

Ala

255

Asp

Ala

160

Met

Ala

Ala

Glu

Ile

240

Phe

Gly



