SEQUENCE LISTING

<110> DSM IP Assgsets B.V.
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Perking, John
Schyns, Ghislain
<120> ALTERNATIVE BUTANOL PRODUCTION PROCESS IN A MICROBIAL CELL
<130> 26631-WO-PCT
<1l60> 54
<170> PatentIn version 3.5
<210> 1
<211> 24
<212> DNA
<213> Artificial Sequence
<220>
<223> P1/ilvD/for
<400> 1
aaacctgagc aagcagaagg cgca 24
<210> 2
<211> 55
<212> DNA
<213> Artificial Sequence
<220>
<223> P2/1i1vD/r/sp
<400> 2
acatgtattc acgaacgaaa atcgacatga tctgcacctt ttttatcttt attcg 55
<210> 3
<211> 52
<212> DNA
<213> Artificial Sequence
<220>
<223> P3/ilvD/f/sp
<400> 3
attttagaaa acaataaacc cttgcaatgg cagaattacg cagtaatatg at 52
<210> 4
<211> 25
<212> DNA
<213> Artificial Sequence

<220>



<223> P4/ilvD/rev

<400> 4
aaatgaagcg ctccttcttt ctteg

<210> 5
<211> 51
<212> DNA

<213> Artificial Sequence

<220>
<223> P2/ilvD/r/26

<400> b5
ggactgatct ccaagcgatg gcatgatctg cacctttttt atctttatte g

<210> 6
<211> 50
<212> DNA

<213> Artificial Sequence

<220>
<223> P3/11vD/f/26

<400> 6
tcgagaatta aaggagggtt tcatatggca gaattacgca gtaatatgat

<210> 7
<211> 22
<212> DNA

<213> Artificial Sequence

<220>
<223> Pl/alsS/for

<400> 7
aaatccatgt atagagtagg cc

<210> 8
<211> 44
<212> DNA

<213> Artificial Seqguence

<220>
<223> P2/alsS/r/kan

<400> 8
catccgcaac tgtccatact ctggccagca gatcaaacag ctgg

<210> 9
<211> 48
<212> DNA

25

51

50

22

44



<213> Artificial Sequence

<220>
<223> P3/alsS/f/kan

<400> 9
cggtataatc ttacctatca cctcgtgttg acaaaagcaa caaaagaa

<210> 10
<211> 21
<212> DNA

<213> Artificial Sequence

<220>
<223> P4/alsS/rev

<400> 10
ttcattcaca acatcttgcg g

<210> 11
<211> 50
<212> DNA

<213> Artificial Sequence

<220>
<223> P2/alsS/r/26

<400> 11
ggactgatct ccaagcgatg gcatgatctg ccagcagatc aaacagctgg

<210> 12
<211> 48
<212> DNA

<213> Artificial Sequence

<220>
<223> P3/alsS/f/26

<400> 12
tcgagaatta aaggagggtt tcatgtgttg acaaaagcaa caaaagaa

<210> 13
<211> 33
<212> DNA

<213> Artificial Seguence

<220>
<223> 11VvBNCT+

<400> 13
gacgggggat ccaagatatc attaatgtat gcc

48

21

50

48

33



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

<220>
<223>

<400>

14

30

DNA

Artificial Sequence

11vBNCT-

14

atgcactagt gcatcaatat caccttttac

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

<220>
<223>

<400>

15

33

DNA

Artificial Sequence

PilvUP

15

actgggatcc gcaagatatc attaatgtat gcc

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

<220>
<223>

<400>

16

46

DNA

Artificial Sequence

Pilv-over-cggstab/rev

16

ccgcaataat atcgggactg ttgtcttttg ttgaactcat attacg

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

<220>
<223>

<400>

17

46

DNA

Artificial Sequence

Pilv-over-cggstab/rev

17

cgtaatatga gttcaacaaa agacaacagt cccgatatta ttgcgg

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

<220>
<223>

<400>

18

46

DNA

Artificial Sequence

Pcggstab-over-ilvBorf

18

30

33

46

46



ggacatgtaa tcagggggta gctagctcct cctttaaata agtgag

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

<220>
<223>

<400>

ggtcagacag cttcaggaaa ttttctatga ag

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

<220>
<223>

<400>

aatttcctga agctgtctga ccattccgag ac

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

<220>
<223>

<400>

acgtggatcc cagtaccgcc aatatttcte ¢

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

<220>
<223>

<400>

cctgtacatt agtccccata tgagtttcac ctccttacte gagg

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

<220>

19

32

DNA

Artificial Sequence

11vBW490L+

19

20

32

DNA

Artificial Sequence

11vBW490L-

20

21

31

DNA

Artificial Sequence

P1 P26/for

21

22

44

DNA

Artificial Sequence

P2 P26 _ilvBoverlap/rev

22

23

2298

DNA

Artificial Sequence

46

32

32

31

44



<223>

<400> 23
ggatcccagt

atcacgatgt
taatcttaac
ggccgecgcec
actctttctg
ggttttgaaa
ggctaccgcg
acaaatgaac
gatatgccaa
cactgcggcg
cttggagatg
tatttagttg
acggatattt
cttcgectga
ctttcotgtat
tacacattgg
gatgtattcg
atcgcaaaat
gcaaaaacag
actgcacagc
ctaggcggaa
gaacaagctg
gcaaacgttg
gaagcagacg
gacggacagc
tggtttaccg

gacaagcgtyg

accgccaata
gtaaaaattt
actcgagaat
gctggcaggc
gtgaccctgt
gaatcggctg
gaagaacatg
gctacaaaat
cgctgatggg
ttgcaattga
tgacaacttc
ctgctgaacg
tcaaagaata
tcggagattt
caggttatca
cagacggctt
cacctggtct
tcecgegecage
aaaaagcaca
agccatacaa
caaacagcct
ctgaaatcgc
ctgatccgcet
ctgaaaagat
acccaatcgg
gagaaatcgc

ttgtcggtgt

tttctcecectt
tgcaaaaagt
taaaggaggg
tcgttatgac
tgatcctgta
gccgggtgaa
gacgatccgce
gatccttgca
ccgtgacagt
ttcagctgct
aatgacgatt
ccaaggtgtt
catcgctcaa
gatggagcat
tatccgtgaa
cggttatgta
ttctttette
aagacgcatt
atggctgcgt
caacgttgta
gcatacaaat
tttgcgcaca
tggcggaagc
ttttgaacaa
accgattaca
tgaatcagct

gaactgcctt

P15icmAB overexpression cassette

gaggggtaca

tgttgacttt
tttcatatgg
aaagcaagaa
tacggcccgce
tacccattta
caatttgcag
aacggcggcg
gatgatccgce
gatatggaag
tcaggceccgg
gatccggctg
aaagaatggc
tgtgctegtg
gcaggtgcaa
gagcttggtt
tttgatgctc
tgggcaagat
ttccacactc
agaacagctg
gcacttgatg
cagcaagtgc
tggtatattg
atccgtgagce
agcggaattt
ttccaatatc

gaaggttctyg

aagaggtgtc
atctacaagg
atgctgatgce
agcgtgatgce
gtcctggtga
ctcgeggtet
gcttcggaaa
gcggtcetttce
gttcgcttgg
tgctgttcaa
ctgttcoctgt
tattaaacgg
tgttccagcec
atattccgge
cagctgctca
tatcaagagg
atgtggattt
ggctgcgtga
aaacggcagg
ttgaagcact
aaacgcttgc
tgatggaaga
aacagctgac
gcggacgcecg
tgcgcggaat
agcgcagcct

ttactggtga

cctagaagag
tgtggcataa
aatcgaagaa
tgatttcaca
cacatatgac
ttacgcaaca
cgctgaacaa
tgttgcattt
agaagtggga
agacattccg
attctgcatg
aacgctgcaa
tgagccgcac
ttataagccg
agagcttgca
tcttgatgtt
ctttgaagaa
tgaatacgga
tgtcagcctg
tgctgctgta
actgccatct
aacaggtgtt
tgaccgcatt
cgcatgcect
tgaagacggc
tgaaaaagga

ccttgaaatc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



cttegegttt
cgtcgtgatg
ggaagcaaca
atttgcggeg
agaattaaag
aagccgggte
gcaggcatgg
gcaattcaag
ctgtttgete
ggcggcggaa
attttcactc
caagctgttt
<210> 24

<211>

<212>
<213>

DNA
<220>
<223>

<400> 24
agcttgaatt

aacattgaaa
aaactaactc
tgacaaatgg
aaccaaaaag
acttacactc
gaacgtatca
aaaatcatca
acgtgcggaa
ggtatcgttg
ttaatcagcc

tcaacgattg

2814

ctcacgaagt
atgctcgtgt
tgatcgcacc
tattaagaga
gagggtttca
ttgacggcca
aagtgattta
aagacgctga
gtgtgcttga
tcattcctga
caggtgcaac

gaaagctt

agatatttaa
taaacattta
aattaagata
tccaaactag
aactgaaaca
aagaacaagt
acttggcaaa
aaaaccactt
tcattgacca
ctgctategt
tgaaaacaag

cagctgctaa

tgaacgtgaa
gcgtgcaagc
gatgcttgaa
cgaatggggc
tatgggtgta
tgaccgcgga
cacaggtctt
tgcaatcggt
gctattaaaa
agctgatatt

aacaacaagc

Artificial Sequence

aagtatcata
ttttgtatat
gttgatggat
tcactcgaga
aaagctgaat
agacaaaatt
acttgctgtt
cgctgctgaa
tgacgattca
tccaactact
aaacgcgatt

attaatcctt

caagtgcgtg
cttgatgcaa
gctgttcgtg
gtttatgtag
gcagcagggce
gcaaaagtga
caccaaacgc
ctttccatcc
gaacgtgatg
gcaccgctga

attgttgaat

tctaatatta
gatgagataa
aaacttgttc
attaaaggag
gaacttcgtg
ttcaaacaat
gaagaaactg
tacatctaca
cttggcatta
aacccaactt
ttcttecagec

gatgctgctyg

agcttgcagg
tgcttgctge
ctgaagcaac
agccgectgg
cgatccgcegt
tcgectegtge
ctgaacaggt
tttctggtgc
ctgaagatat

aagaaaaagg

gggtacgcgg

taactaaatt
agttagttta
acttaaatca
ggtttcatat
aagcacaaaa
gcgcgatcge
gaatcggcct
acaaatacaa
caaaagtggc
caactgcaat

cacacccacg

tgaaagcagg

aagaaaaggc
tgctcgtgac
tctaggtgaa
cttctgatcg
tgttgttgca
tctaagagac
tgttgatact
tcacaacacg
caaagtattc
cgttgctgaa

aaacgtacgt

P15-adhE codon pair optimised overexpression cassette

ttctaaaaaa
ttggataaac
aagggggaaa
gaaagtaacg
aaaattcgca
tgcagcaaaa
tgtggaagat
aaatgaaaaa
tgaaccaatc
cttcaaatca
tgcaaaaaaa

cgctccaaaa

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2298

60

120

180

240

300

360

420

480

540

600

660

720



aacatcatcg
gctgatatca
aaacctgcaa
attgatatgg
gcaagtgaac
gtaaaacgcg
ttcaaaaacg
atggcaggca
gaaaaatcag
aaagatttcg
cacacgtctt
ttggcaatga
gacctttaca
aactctgttt
cgccgtgaaa
cttegtttcg
gacaaagact
gacattaaat
aaaggtgcta
tctceccaatgg
gaaaaccttg
ggcacaaaag
ccattecgetg
ctgactccaa
actgctgcta
gcaactgact
cctcecgtgett

tctaacatcg

gctggattga
tccttgeaac
tcggtgttgg
ctgtttette
aaagcatcct
gttcttacat
gcgctatcaa
tcgaagtgce
aactgttctc
atgaagcatt
ctctttacat
aaacttcteg
acttcgcaat
ctcaaaacgt
acatgctttg
ctttaaaaga
tgttcaaact
acagcatctt
aagaaatgtt
acgctgcaaa
caatcaactt
caatctctgt
ttatcacaaa
acatggctat
ctggtatcga
acactgatga
acaaaaacgg

ctggaatggc

tgaaccaagc
tggcggaccg
agctggaaac
tatcatttta
tgtgatgaac
cttaaaccaa
cgcagatate
tcaaacgaca
tcacgaaaaa
aaaaaaagca
cgattcacaa
tacattcatec
cgcteettet
tgagccaaaa
gttcaaagtg
gctgaaagat
aggttatgta
cactgacatc
aaactttgaa
agtgatgcac
catggatatc
tgcgattccg
cgatgaaact
cattgataca
tgcgecttgtt
acttgcttta
aacgaacgat

tttcgcaaac

attgagcttt
tctatggtga
acgccagcaa
tctaaaacgt
agcatttacg
aacgaaatcg
gtaggaaaat
aaaatcttaa
ctttctectg
caacgtttga
aacaacaaag
aacatgcctt
ttcacacttg
caccttttaa
ccgcaaaaaa
atgaacaaaa
aacaaaatca
aaatctgatc
cctgatacaa
cttctttacg
cgcaaacgta
acaactgcag
ggtatgaaat
gaactgatgc
catgcgattg
agagcgatca
attgaagcac

gctttecttyg

ctcaagattt
aagctgctta
tcatcgatga
atgacaacgg
aaaaagtgaa
caaaaatcaa
cagcttatat
tcggtgaagt
ttcttgcaat
tcgaacttgg
acaaagtaaa
cttctecaagg
gctgcggaac
atatcaaatc
tctactttaa
aacgcgcatt
caaaagtact
cgacgattga
tcatcagcat
aataccctga
tttgcaactt
gaactggttc
atccgetgac
tgaacatgcc
aagcttacgt
aaatgatttt
gtgaaaaaat

gcgtttgcea

gatgtctgaa
ctcttctgga
atctgctgac
tgtgatctgt
agaagaattc
agaaacgatg
catcgctaaa
tcaatctgta
gtacaaagtt
¢ggaagcgga
agaattcggt
tgcttcotggt
ttggggcgga
tgttgctgaa
atacggctgt
catcgtaact
tgatgaaatc
cagtgtgaag
¢ggcggcgga
agcagaaatc
cccaaaacta
tgaagcaact
ttcttatgaa
aagaaaactg
ttctgttatg
caaatacctt
ggctcacgct

cagcatggcg

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400



cacaaacttg
gaagtgatca
aaatcaccaa
acttctgata
ctttctatcc
cttgataaaa
ccattgattt
<210> 25

<211>

<212>
<213>

DNA
<220>
<223>

<400> 25
ggatcccagt

atcacgatgt
taatcttaac
acaacaaagg
gacaactctt
cacgctcaaa
gaaatcagaa
actcatatgg
ccaggtactg
gaaatgtctc
gtgatttgca
ccgggagcaa
tgcggceggac
gcgattatta
aaaacgcttt
atcgttgatg

tttgacaaca

2763

gagcaatgca
aatacaacgc
acgcaaaacg
ctgaaaaagt
cgcaaaacat
tgagtgaatt

ctgaattaaa

accgccaata
gtaaaaattt
actcgagaat
atttgaagct
catgcttcgg
agattttatc
aagctgcectct
gccgttatga
aagatttaac
catacggcgt
acagcatcgg
aaaaatgtgt
ctgaaaacct
agcatccatt
taaacagcgg
acacagctga

accttecttg

ccacgttcca
aactgattgt
taaatacgct
aactgcttta
ctctgctgcet
ggcattcgat

agatatttat

Artificial Sequence

tttctcecett
tgcaaaaagt
taaaggaggg
gaaaacaaac
tgtgtttgaa
acttcactat
tgaaaacaaa
agacaaaatc
gacaactgca
tatcggagcea
catgattgct
ggctttcgca
tgtaacgaca
gatcaaacta
aaaaaaagca
tattgaaaaa

catcgctgaa

cacggcatcg
ccgacaaagc
gaaatcgctg
atcgaagcaa
ggtatcaaca
gaccaatgca

attaaatctt

P15 _ald bdhA expression cassette

gaggggtaca
tgttgacttt
tttcatatga
gttgaaaaca
aacgttgaaa
acgaaggaac
gaagtgcttg
ctaaagcatg
tggagcggag
atcactccat
gcaggaaacg
attgaaatga
atcaaaaacc
ttgtgcggaa
atcggtgctg
gcaggaaaaa

aaagaagtgt

cttgtgetgt
aaacagcttt
aatatttaaa
tcagcaaact
aaaaagactt
caactgctaa

tctaataagg

aagaggtgtc
atctacaagg
acaaggatac
tcaacctgaa
atgcaatcaa
agcgtgaaaa
caacaatgat
agcttgttge
acaacggcct
ctacaaatcc
ctgttgtatt
tcaacaaagc
cgacaatgga
caggcggacc
gtgcaggaaa
gcattattga

ttgtatttga

tttgattgaa
ccctcaatac
cctgaaaggt
gaaaatcgat
ctacaatacg
ccecgcegttac

atcc

cctagaagag
tgtggcataa
gctgattceg
aaactacaaa
ctcotgetgtt
aatcatcact
tcttgaagaa
aaaatatacg
gactgttgtt
gactgaaaca
caacggacac
aatcatttct
aagccttgat
tggtatggtg
tcecgectgtt
aggctgttca

aaacgttgct

2460

2520

2580

2640

2700

2760

2814

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



gatgatttga
tctaagctga
aaaaaatggg
tcaaacatca
ctgatgatgc
acaaaaatcg
aacctgaacc
tttgcaggtg
ggtgaaggca
taatcgagaa
gtattcttcg
agagtgctga
actgcaattt
ccccgcatta
gtgctggcaa
tattatgacg
ccgattgett
atttcaaaca
ttcagtgtgc
actgctgata
gttcaagacg
atggaaaaaa
atcaacggtc
gagctttctg
tggatggaat
gtttggggca
acaagagaat

aaagacaagc

tcagcaacat
ttgatcttgt
taggcaagga
aatgcatcgt
cgattcttce
ctgaacaaaa
gttttgaacg
tcggttatga
ttacatcagc
ttaaaggagg
gaaaaggcaa
tcgtatacgg
tgaaagaaaa
caactgtaaa
tcggcggcgg
gagatacatg
ccattttaac
tggaaacaaa
ttgatccgac
tcatgtctca
gaattgctga
cagatgatta
ttttatcact
cttattatga
acatattgaa
ttgacaaaaa
actttaacag

tggagctgat

gctgaaaaac
gcttcaaaaa
tgcaaagctg
ttgtgaagtg
gattgttcegt
ccgcaagcac
tgaaattgat
agctgaaggc
tcgtaatttce
gtttcatatg
gattgatgtg
¢ggcggaagce
caacatcgct
aaaaggcatt
aagtgcaatt
ggatatggtg
gctttctgea
tgaaaagcta
ttacacattt
tacgtttgaa
agcaatcctt
tgaagcaaga
tggcaaggac
catcactcac
tgatgatacg
caaagacaat
ccttggtatt

ggcaaagcaa

aacgctgtta
aacaatgaaa
ttctctgatg
aatgcaaacc
gtaaaagaca
agtgcttata
acgacgattt
ttcacaacat
actcgccagce
ctgtcatttg
atcggtgaag
attaaacgca
ttttatgagc
gaaatttgcc
gattgttcaa
aaggatccat
acaggttctg
ggtgtcggac
accgttccta
agctatttct
cgcacatgca
gcaaacctga
cgcaagtggt
ggtgtaggtc
cttcacaaat
tatgaaatcg
ccttcectaagce

gctgtaagaa

tcatcaatga
cacaagaata
aaattgatgt
atccgtttgt
ttgatgaagc
tttacagcaa
tcgtaaaaaa
tcacaatcgc
gccgcetgtgt
attacagcat
aaatcaaaaa
acggaattta
tttctggtgt
gtgaaaacaa
aggttatcge
caaaaatcac
aaatggacca
acgatgatat
aaaaccaaac
caggcgttga
tcaaatacgg
tgtgggcaag
cttgccecatce
ttgcaatttt
tcgtttctta
ctcgtgaage
tgcgtgaagt

acagcggcgg

agaccaagta
ctttattaac
tgaatcgcct
catgactgag
tgtaaagtac
aaatattgac
tgcaaaatca
aggttcaact
gcttgctggt
tccgacaaaa
atacggaagc
tgaccgcgcea
tgagccgaat
cgttgatctt
tgctggtgtt
aaaagtgctg
aatcgctgtt
gcgtcctaaa
agctgctggt
aggcgcttac
aaaaatcgca
ttcgecttgea
gatggagcat
aacgccaaac
cggcatcaac
aatcaaaaac
aggtatcgga

aacgatcgga

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

10



agccttegece cgattaacgc tgaagatgtg cttgaaattt tcaaaaaaag ctactgagaa

ttc

<210> 26

<211> 3702
<212> DNA
<213>

<220>
<223>

<400> 26
ggatcccagt

atccacgctg
ataatcttaa
actaatgtac
atgctgattg
gctgtgcttc
cacgaacaag
gtcgtcattg
atgattgatt
agcgatgcat
taccaggttc
acaactggaa
ggagaattca
aattatttgc
ctggcgggtg
cagcagcaaa
ccgcettttec
gaatgtgatc
aaacactttg
aaaatcatga
atcaaacaag

aaagaagagt

accgccaata
tgtaaaaatt
cactcgagaa
aggtggattc
aatcattaaa
cgatttacga
gagcaattca
ccacgtcagg
cattgccgtt
ttcaggaagc
gccagccgga
gacccggacc
gctacgatca
agatccgcaa
cgggcgtact
tccctgtgge
tagggatggc
tattaatcag
ccagaaacgc
aaacacagat
acggcaaaca

atccgctctg

Artificial Sequence

tttctcectt
ttgcaaaaag
ttaaaggtac
agcatctgcc
aaaagagaaa
taagctatac
tgcagcggag
gccgggageg
agtcgtcttt
agacatttta
agatctgccg
tgtattgatt
tgagatgaat
gcttgtggaa
gcacggaaaa
acacaccctt
gggaatgcac
tatcggcgec
aaagatagcc
tcectgtagte
aagcgattca

gtatgtagat

P26-11vBNC expression cassette

gaggggtaca
ttgttgactt
ctcgagtaag
gaatgtacac
gtagaaatga
aattcagggt
ggatacgcaa
acaaaccttg
acagggcagg
gggattacga
cgcatcatta
gatattccga
ctccecgggat
gccgtgagca
gcgtcagaag
ttggggctcg
ggtacttata
cgttttgatg
cacatcgata
ggagacagca
agcgaatgga

aatgaagaag

aagaggtgtc
tatctacaag
gaggtgaaac
agacgatgag
tcttcggtta
tggtacatat
gggtctccgg
ttacaggcct
tagcaacctc
tgccagtaac
aagaagcgtt
aagatgtagc
accagccgac
gtgcgaaaaa
aattaaaaaa
gaggcttccc
cagccaatat
accgtgtcac
ttgatccagc
aaattgtcct
aaaaacagct

aaggttttaa

cctagaagag
gtgtggcata
tcatatgggg
cggagcatta
tccgggeggg
cctteceecegt
aaaaccgggt
tgctgatgcec
tgtaatcggg
aaaacacagc
ccatattgca
aacaattgaa
aacagagccg
accggtgatc
ttatgctgaa
ggctgaccat
ggccctteat
aggaaacctg
tgaaatcgga
gcaggagctg
cgcagaatgg

acctcagaaa

2760

2763

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

11



ttgattgaat
cagcatcaaa
tcaggcggac
gaaaaagatg
gaactcgatg
tgtctcggaa
aaattcgcett
agaatttcat
cctgttgtcea
gggaaagggc
tggtgaaccg
acattgaaag
tcgttcatgt
ttgatgtgct
taatcaaggt
ttagagcctc
ctaacaaaat
gaacaggtac
atctattgta
gatatcaaag
ggccacgcac
caaggaaaat
gcggcagccce
tacgaagctg
tttaacgtgc
cctaaaggcec
ttgttcgcaa

aaaggaatcg

atattcatca
tgtggtcagc
ttggaacgat
ctactgttgt
ttattcgcga
tggtcagaca
ctcagcctga
cagaagcgga
ttgacgtgcg
tgcatgaaat
ctccggggtg
cattacagtt
tgaaggtgaa
gaaagtcaca
tgtctccgea
tgtcgttgat
tgaagcgctt
aacggctttt
taaaacataa
agaacgtatt
atgccctgaa
ctttcactca
aagccgaaat
aaatcaaaga
atttccatca
cgggacactt
tctatcaaga

gcggcgeaag

atttacaaaa
gcaattttat
gggattcggt
cgeggttgte
attaaatctt
gtggcaggaa
cttcgtcaaa
agcaaaggaa
ggttgccagce
ggtgggggtg
ttaaaccgga
ggacacacag
aatgatgttg
gacatcacaa
ccttcaacaa
gtcagcagag
attgagttat
gcgaggggaa
caagggagag
ggctggaaaa
ccttaaagaa
agcccaagaa
catcatggtt
tgaattgaca
aattgttcct
ggtaagaaga
tgtgactgga

agcgggcegta

ggagaggcca
ccgttccaaa
cttccggegg
ggagacggcyg
ccggtcaagg
attttctatg
ttgtccgaag
aagctggaag
gaagaaaaag
aaaccttgaa
tcaccggtcect
aaacagccgg
aacagttaac
atcaatcgat
gaacagagat
acagcatcgt
taaaacctta
ccagcaaaag
attgaaatgg
acagtagcgg
agcggagtag
gacggacata
ctgctteccgg
gcaggaaaat
ccggcggatg
acatatgagc
gaagcaagag

ttagaaacga

ttgtcgcaac
aagcagataa
cgatcggcgc
gattccaaat
tagtgatttt
aagaacgtta
catacggcat
aggcattaac
tattcccgat
aagaattatc
attcacaaaa
cgtttccaga
gaaacagctc
tgtccagagg
taatggaatc
tgttcaggtg
tggcattaaa
gcgtcatceca
taaaagtata
ttatcgggta
acgtgatcgt
aagtattttc
atgagcagca
cattagtatt
tagatgtatt
aaggagctgg
acaaagccct

catttaaaga

ggatgtaggc
atgggtcacg
acagctggcc
gacgcttcaa
aaataacgct
ttcagaatct
taaaggcatc
atcaagagaa
ggtggctccg
acattgactg
aggcattaca
atcaccttceg
aacaaacaga
gagctggcct
atagaaccgt
acaggtgaat
gaaatcgcga
ataaaacaat
ttataacggt
cggttcgceaa
cggtgttaga
agtaaaagaa
gcaaaaagta
cgctcatgga
cttagtggcc
cgtacctgca
cgcttatgct

agaaacagaa

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000
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acagatttgt
ggatttgaaa
catgagctga
tcaatctctg
aaagtaaaag
gagtggatcg
aacgaacatc
caaggcaaga
gcttegtgat
agctaagcag
ccgaggtgac
tggtctggece
<210> 27

<211>

<212>
<213>

DNA
<220>
<223>

<400> 27
ggatccgcaa

gaaatggatt
aaatcttcca
aaaattataa
aatatagatt
ccaaagcggc
ggcggatcat
ctcgtcacag
aatatctctc
gcatctgecg
aaagagaaag

aagctataca

4041

tcggtgagea
ccttaactga
aattaatcgt
acacagcaca
aatctatgaa
tcgaaaacca
aaatcgaagt
agaaggaagc
ggtgaacagt
ctcgaaagac
tttttagctg

cgttgtgtaa

gatatcatta
gcaagatgat
tgtttatata
aaacttttaa
gattaatcaa
gtaatatgag
caaaagccga
acgaaggagc
acttatttaa
aatgtacaca
tagaaatgat

attcagggtt

agcagttctt
agcaggttat
agaccttatg
gtggggagat
agaagtatta
agtaaaccgt
agtgggaaga
ggtggtctcc
ccectggagt
tcggggcaga
ttcaggaaat

aaggtgatat

Artificial Sequence

atgtatgccg
ctgtcagact
aaattaaata
catttgcaat
aattgtctaa
ttcaacaaaa
agcgatcgag
cgcaaagaag
aggaggagct
gacgatgagc
cttcggttat

ggtacatatc

tgcggceggat
cagcctgaac
tacgaagaag
ttcgtatcag
aaagatatcc
cctegtttea
aagcttcgtg
gttgcgcaaa
gaacttgaat
catcattgaa
cgcaagaacc

tgatgcacta

Pilv_CggR_1i1vBNC expression cassette

agggaacaag

caatccatat
attctggtgt
tccttttgta
taattttaaa
gacaacagtc
gcttacttta
ttattaaggg
agcatgggga
ggagcattaa

¢Ccgggcgggg

cttceceegtce

taagcgcgcet
ttgcatactt
gacttgcagg
gcecctegegt
aaaacggtac
acgctatcaa
aaatgatgcc
attaattttt
acacaggaga
gcgggatttc

attaaaaatt

gt

agaagtgcct
acgaaccata
attcttgata
ccaataatga
aaatgctgtt
ccgatattat
aaaagccacg
atgaataatc
ctaatgtaca
tgctgattga
ctgtgettcee

acgaacaagg

tgtcaaagcc
cgagtgtctt
aatgagatat
tgtggacgcc
attcgcaaaa
tgcaagcgag
gtttgtgaaa
tcgatacgac
aacttgccat
ccgcttegtce

gttcagtaac

atccgaaatt
tcgtgttata
gattaataaa
aagcgtatac
gacactgcgt
tgcggtageg
caacacggtt
cctcaatata
ggtggattca
atcattaaaa
gatttacgat

agcaattcat

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3702

60

120

180

240

300

360

420

480

540

600

660

720
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gcagcggagg
ccgggagega
gtcgtcttta
gacattttag
gatctgccge
gtattgattg
gagatgaatc
cttgtggaag
cacggaaaag
cacacccttt
ggaatgcacg
atcggcgecc
aagatagccc
cctgtagteg
agcgattcaa
tatgtagata
tttacaaaag
caattttatc
ggattcggtc
gcggttgtcg
ttaaatcttc
tggcaggaaa
ttcgtcaaat
gcaaaggaaa
gttgccagcg
gtgggggtga
taaaccggat

gacacacaga

gatacgcaag
caaaccttgt
cagggcaggt
ggattacgat
gcatcattaa
atattccgaa
tcccgggata
ccgtgagcag
cgtcagaaga
tggggctcgg
gtacttatac
gttttgatga
acatcgatat
gagacagcaa
gcgaatggaa
atgaagaaga
gagaggccat
cgttccaaaa
ttccggeggce
gagacggcgg
cggtcaaggt
ttttctatga
tgtccgaagce
agctggaaga
aagaaaaagt
aaccttgaaa
caccggtcta

aacagccggc

ggtctccgga
tacaggcctt
agcaacctct
gccagtaaca
agaagcgtte
agatgtagca
ccagccgaca
tgcgaaaaaa
attaaaaaat
aggcttcccg
agccaatatg
ccgtgtceaca
tgatccagct
aattgtcctg
aaaacagctc
aggttttaaa
tgtcgcaacg
agcagataaa
gatcggcgca
attccaaatg
agtgatttta
agaacgttat
atacggcatt
ggcattaaca
attcccgatg
agaattatca
ttcacaaaaa

gtttccagaa

aaaccgggtg
gctgatgcca
gtaatcggga
aaacacagct
catattgcaa
acaattgaag
acagagccga
ccggtgatcec
tatgctgaac
gctgaccatc
gcccttecatg
ggaaacctga
gaaatcggaa
caggagctga
gcagaatgga
cctcagaaat
gatgtaggcc
tgggtcacgt
cagctggccg
acgcttcaag
aataacgctt
tcagaatcta
aaaggcatca
tcaagagaac
gtggctccgg
cattgactgt
ggcattacaa

tcaccttegt

tcgtcattge
tgattgattc
gcgatgcatt
accaggttcg
caactggaag
gagaattcag
attatttgca
tggcgggtge
agcagcaaat
cgcttttect
aatgtgatct
aacactttgc
aaatcatgaa
tcaaacaaga
aagaagagta
tgattgaata
agcatcaaat
caggcggact
aaaaagatgc
aactcgatgt
gtctcggaat
aattcgcttc
gaatttcatc
ctgttgtcat
ggaaagggct
ggtgaaccgc
cattgaaagc

cgtteatgtt

cacgtcaggg
attgccgtta
tcaggaagca
ccagccggaa
acccggacct
ctacgatcat
gatccgcaag
gggcgtactg
ccectgtggcea
agggatggcg
attaatcagt
cagaaacgca
aacacagatt
cggcaaacaa
tcecgetetgg
tattcatcaa
gtggtcagcg
tggaacgatg
tactgttgtc
tattcgcgaa
ggtcagacag
tcagcctgac
agaagcggaa
tgacgtgcgg
gcatgaaatg
tccggggtgat
attacagttg

gaaggtgaaa

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400
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atgatgttga
acatcacaaa
cttcaacaag
tcagcagaga
ttgagttatt
cgaggggaac
aagggagaga
gctggaaaaa
cttaaagaaa
gcccaagaag
atcatggttc
gaattgacag
attgttcctc
gtaagaagaa
gtgactggag
gcgggcgtat
gcagttcttt
gcaggttatc
gaccttatgt
tggggagatt
gaagtattaa
gtaaaccgtc
gtgggaagaa
gtggtctccg
ccectggagtg
¢ggggcagac
tcaggaaatc

aggtgatatt

acagttaacg
tcaatcgatt
aacagagatt
cagcatcgtt
aaaaccttat
cagcaaaagg
ttgaaatggt
cagtagcggt
gcggagtaga
acggacataa
tgcttccgga
caggaaaatc
cggcggatgt
catatgagca
aagcaagaga
tagaaacgac
gcggcggatt
agcctgaact
acgaagaagg
tcgtatcagg
aagatatcca
ctcgtttcaa
agcttcgtga
ttgcgcaaaa
aacttgaata
atcattgaag
gcaagaacca

gatgcactag

aaacagctca
gtccagaggg
aatggaatca
gttcaggtga
ggcattaaag
cgtcatccaa
aaaagtatat
tatcgggtac
cgtgatcgtce
agtattttca
tgagcagcag
attagtattc
agatgtattc
aggagctggc
caaagccctce
atttaaagaa
aagcgcgctt
tgcatacttc
acttgcagga
ccectegegtt
aaacggtaca
cgctatcaat
aatgatgccg
ttaatttttt
cacaggagaa
cgggatttcc
ttaaaaattg

t

acaaacagat
agctggcctt
tagaaccgtt
caggtgaatc
aaatcgcgag
taaaacaata
tataacggtg
ggttcgcaag
ggtgttagac
gtaaaagaag
caaaaagtat
gctcatggat
ttagtggccc
gtacctgcat
gcttatgcta
gaaacagaaa
gtcaaagccg
gagtgtcttc
atgagatatt
gtggacgcca
ttcgcaaaag
gcaagcgaga
tttgtgaaac
cgatacgacg
acttgccata
cgcttegtcec

ttcagtaact

tgatgtgctg
aatcaaggtt
tagagcctcet
taacaaaatt
aacaggtaca
tctattgtat
atatcaaaga
gccacgcaca
aaggaaaatc
cggcagccca
acgaagctga
ttaacgtgca
ctaaaggccc
tgttcgcaat
aaggaatcgg
cagatttgtt
gatttgaaac
atgagctgaa
caatctctga
aagtaaaaga
agtggatcgt
acgaacatca
aaggcaagaa
cttcgtgatg
gctaagcagc
cgaggtgact

ggtctggcec

aaagtcacag
gtctccgeac
gtcgttgatg
gaagcgctta
acggcttttg
aaaacataac
gaacgtattg
tgccectgaac
tttcactcaa
agccgaaatc
aatcaaagat
tttccatcaa
gggacacttg
ctatcaagat
cggcgcaaga
cggtgagcaa
cttaactgaa
attaatcgta
cacagcacag
atctatgaaa
cgaaaaccaa
aatcgaagta
gaaggaagcg
gtgaacagtc
tcgaaagact
ttttagctgt

gttgtgtaaa

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4041
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<210> 28

<211> 3702
<212> DNA
<213>

<220>
<223>

<400> 28
ggatcccagt

atccacgctg
ataatcttaa
actaatgtac
atgctgattg
gctgtgcttce
cacgaacaag
gtcgtcattg
atgattgatt
agcgatgcat
taccaggttc
acaactggaa
ggagaattca
aattatttgc
ctggcgggtg
cagcagcaaa
ccgettttec
gaatgtgatc
aaacactttg
aaaatcatga
atcaaacaag
aaagaagagt
ttgattgaat

cagcatcaaa

accgccaata
tgtaaaaatt
cactcgagaa
aggtggattc
aatcattaaa
cgatttacga
gagcaattca
ccacgtcagg
cattgccgtt
ttcaggaagc
gccagcegga
gacccggacc
gctacgatca
agatccgcaa
cgggcgtact
tcecetgtgge
tagggatggc
tattaatcag
ccagaaacgc
aaacacagat
acggcaaaca
atccgetcetg
atattcatca

tgtggtcagc

Artificial Sequence

P26-11vBW4901I1vNC

tttctcecectt
ttgcaaaaag
ttaaaggtac
agcatctgcc
aaaagagaaa
taagctatac
tgcagcggag
gccgggagceyg
agtcgtcettt
agacatttta
agatctgccg
tgtattgatt
tgagatgaat
gcttgtggaa
gcacggaaaa
acacaccctt
gggaatgcac
tatcggcgcec
aaagatagcc
tcetgtagtce
aagcgattca
gtatgtagat
atttacaaaa

gcaattttat

gaggggtaca

ttgttgactt
ctcgagtaag
gaatgtacac
gtagaaatga
aattcagggt
ggatacgcaa
acaaaccttg
acagggcagg
gggattacga
cgcatcatta
gatattccga
ctccecgggat
gccgtgagea
gcgtcagaag
ttggggctcg
ggtacttata
cgttttgatg
cacatcgata
ggagacagca
agcgaatgga
aatgaagaag
ggagaggcca

ccgttccaaa

aagaggtgtc
tatctacaag
gaggtgaaac
agacgatgag
tcttecggtta
tggtacatat
gggtctccgg
ttacaggcct
tagcaacctc
tgccagtaac
aagaagcgtt
aagatgtagc
accagccgac
gtgcgaaaaa
aattaaaaaa
gaggcttccc
cagccaatat
accgtgtcac
ttgatccagc
aaattgtcct
aaaaacagct
aaggttttaa
ttgtcgcaac

aagcagataa

cctagaagag
gtgtggcata
tcatatgggg
cggagcatta
tccgggeggg
cctteceegt
aaaaccgggt
tgctgatgcec
tgtaatcggg
aaaacacagc
ccatattgca
aacaattgaa
aacagagccg
accggtgatc
ttatgctgaa
ggctgaccat
ggcccttceat
aggaaacctg
tgaaatcgga
gcaggagctg
cgcagaatgg
acctcagaaa
ggatgtaggc

atgggtcacg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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tcaggcggac

gaaaaagatg
gaactcgatg
tgtctcggaa
aaattcgcectt
agaatttcat
cctgttgtcea
gggaaagggc
tggtgaaccg
acattgaaag
tcegttcatgt
ttgatgtgct
taatcaaggt
ttagagcctc
ctaacaaaat
gaacaggtac
atctattgta
gatatcaaag
ggccacgcac
caaggaaaat
gcggcagcecc
tacgaagctg
tttaacgtgc
cctaaaggcc
ttgttcgcaa
aaaggaatcg
acagatttgt
ggatttgaaa

catgagctga

ttggaacgat
ctactgttgt
ttattcgcga
tggtcagaca
ctcagcctga
cagaagcgga
ttgacgtgcg
tgcatgaaat
ctccggggtg
cattacagtt
tgaaggtgaa
gaaagtcaca
tgtctcecgea
tgtcgttgat
tgaagcgett
aacggctttt
taaaacataa
agaacgtatt
atgccctgaa
ctttcactca
aagccgaaat
aaatcaaaga
atttccatca
cgggacactt
tctatcaaga
gcggcgcaag
tcggtgagca
ccttaactga

aattaatcgt

gggattcggt
cgcggttgtce
attaaatctt
gcttcaggaa
cttcgtcaaa
agcaaaggaa
ggttgccagc
ggtgggggtyg
ttaaaccgga
ggacacacag
aatgatgttg
gacatcacaa
ccttcaacaa
gtcagcagag
attgagttat
gcgaggggaa
caagggagag
ggctggaaaa
ccttaaagaa
agcccaagaa
catcatggtt
tgaattgaca
aattgttcct
ggtaagaaga
tgtgactgga
agcgggcgta
agcagttctt
agcaggttat

agaccttatg

cttceggegg
ggagacggcg
ccggtcaagg
attttctatg
ttgtccgaag
aagctggaag
gaagaaaaag
aaaccttgaa
tcaccggtet
aaacagccgg
aacagttaac
atcaatcgat
gaacagagat
acagcatcgt
taaaacctta
ccagcaaaag
attgaaatgg
acagtagcgg
agcggagtag
gacggacata
ctgctteccgg
gcaggaaaat
ccggcggatg
acatatgagc
gaagcaagag
ttagaaacga
tgcggcggat
cagcctgaac

tacgaagaag

cgatcggege
gattccaaat
tagtgatttt
aagaacgtta
catacggcat
aggcattaac
tattcccgat
aagaattatc
attcacaaaa
cgtttccaga
gaaacagctc
tgtccagagg
taatggaatc
tgttcaggtg
tggcattaaa
gcgtcatcca
taaaagtata
ttatcgggta
acgtgatcgt
aagtattttc
atgagcagca
cattagtatt
tagatgtatt
aaggagctgg
acaaagccct
catttaaaga
taagcgcgcet
ttgcatactt

gacttgcagg

acagctggcc
gacgcttcaa
aaataacgct
ttcagaatct
taaaggcatc
atcaagagaa
ggtggctccg
acattgactg
aggcattaca
atcaccttcg
aacaaacaga
gagctggcct
atagaaccgt
acaggtgaat
gaaatcgcga
ataaaacaat
ttataacggt
cggttcgcaa
cggtgttaga
agtaaaagaa
gcaaaaagta
cgctcatgga
cttagtggcc
cgtacctgca
cgcttatget
agaaacagaa
tgtcaaagcc
cgagtgtctt

aatgagatat

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180
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tcaatctctg
aaagtaaaag
gagtggatcg
aacgaacatc
caaggcaaga
gcttcgtgat
agctaagcag
ccgaggtgac
tggtctggcc
<210> 29

<211>

<212>
<213>

DNA
<220>
<223>

<400> 29
atggggacta

gcattaatgc
ggcggggctg
cceccegteacg
ccgggtgtcg
gatgccatga
atcgggagcg
cacagctacc
attgcaacaa
attgaaggag
gagccgaatt
gtgatcctgg
gctgaacagc

gaccatccge

1725

acacagcaca
aatctatgaa
tcgaaaacca
aaatcgaagt
agaaggaagc
ggtgaacagt
ctcgaaagac
tttttagctg

cgttgtgtaa

atgtacaggt
tgattgaatc
tgcttccgat
aacaaggagc
tcattgccac
ttgattcatt
atgcatttca
aggttcgcca
ctggaagacc
aattcagcta
atttgcagat
cgggtgcggg
agcaaatccc

ttttectagg

gtggggagat
agaagtatta
agtaaaccgt
agtgggaaga
ggtggtctcc
cceccectggagt
tcggggcaga
ttcaggaaat

aaggtgatat

Artificial Sequence

ggattcagca
attaaaaaaa
ttacgataag
aattcatgca
gtcagggccg
gccgttagtce
ggaagcagac
gccggaagat
cggacctgta
cgatcatgag
ccgcaagcett
cgtactgcac
tgtggcacac

gatggcggga

ttcgtatcag
aaagatatcc
cctcecgtttcea
aagcttegtg
gttgcgcaaa
gaacttgaat
catcattgaa
cgcaagaacc

tgatgcacta

Pyruvate-utlizing mutant of I1vBW490L

tctgccgaat
gagaaagtag
ctatacaatt
gcggagggat
ggagcgacaa
gtctttacag
attttaggga
ctgccgegcea
ttgattgata
atgaatctcc
gtggaagccg
ggaaaagcgt
acccttttgg

atgcacggta

gccctegegt
aaaacggtac
acgctatcaa
aaatgatgcc
attaattttt
acacaggaga
gcgggatttc

attaaaaatt

gt

gtacacagac
aaatgatctt
cagggttggt
acgcaagggt
accttgttac
ggcaggtagc
ttacgatgcc
tcattaaaga
ttccgaaaga
cgggatacca
tgagcagtgc
cagaagaatt

ggctcggagg

cttatacagc

tgtggacgcc
attcgcaaaa
tgcaagcgag
gtttgtgaaa
tcgatacgac
aacttgccat
ccgettegte

gttcagtaac

gatgagcgga
cggttatccg
acatatcctt
ctccggaaaa
aggccttgcet
aacctctgta
agtaacaaaa
agcgttccat
tgtagcaaca
gccgacaaca
gaaaaaaccg
aaaaaattat
cttcececggcet

caatatggcc

3240

3300

3360

3420

3480

3540

3600

3660

3702

60

120

180

240

300

360

420

480

540

600

660

720

780

840

18



cttcatgaat
aacctgaaac
atcggaaaaa
gagctgatca
gaatggaaag
cagaaattga
gtaggccagc
gtcacgtcag
ctggccgaaa
cttcaagaac
aacgcttgtc
gaatctaaat
ggcatcagaa
agagaacctg

gctccgggga

<210> 30

<211> 574
<212> PRT
<213>

<220>
<223>

<400> 30

Met Gly Thr Asn Val Gln

1

Thr Met Ser Gly Ala Leu

Val Glu Met Ile Phe Gly

35

Asp Lys Leu Tyr Asn Ser

50

gtgatctatt
actttgccag
tcatgaaaac
aacaagacgg
aagagtatcc
ttgaatatat
atcaaatgtg
gcggacttgg
aagatgctac
tcgatgttat
tcggaatggt
tcgcttctcea
tttcatcaga
ttgtcattga

aagggctgca

11vB mutant B.

5

20

aatcagtatc
aaacgcaaag
acagattcct
caaacaaagc
gctctggtat
tcatcaattt
gtcagcgcaa
aacgatggga
tgttgtcgeg
tcgcgaatta
cagacagcct
gcctgacttce
agcggaagca
cgtgegggtt

tgaaatggtyg

Artificial Sequence

subitlis
Val Asp
Met

Leu

Pro
40

Tyr

Gly Leu

ggcgcecgtt
atagcccaca
gtagtcggag
gattcaagcg
gtagataatg
acaaaaggag
ttttatccogt
ttcggtcettce
gttgtcggag
aatcttccgg
caggaaattt
gtcaaattgt
aaggaaaagc
gccagcgaag

ggggtgaaac

Ser Ala
10

Ser

Ile Glu
25

Ser
Ala

Gly Gly

Val His Ile

ttgatgaccg
tcgatattga
acagcaaaat
aatggaaaaa
aagaagaagg
aggccattgt
tccaaaaagc
cggcggcgat
acggcggatt
tcaaggtagt
tctatgaaga
ccgaagcata
tggaagaggc
aaaaagtatt

cttga

Ala Glu Cys

Leu Lys Lys

30

Val Leu Pro

45

Leu Pro

60

Arg

tgtcacagga
tccagctgaa
tgtcctgcag
acagctcgcea
ttttaaacct
cgcaacggat
agataaatgg
cggcgcacag
ccaaatgacg
gattttaaat
acgttattca
cggcattaaa
attaacatca

cccgatggtg

Thr
15

Gln
Glu Lys
Ile

Tyr

His Glu

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1725

19



Gln

65

Pro

Thr

Thr

Ala

Val

145

Ile

Asp

Leu

Lys

Gly

225

Ala

Gly

Gly

Ser

Gly

Gly

Gly

Gly

Asp

130

Arg

Ala

Val

Pro

Leu

210

Ala

Glu

Phe

Thr

Ile

Ala

Val

Leu

Gln

115

Ile

Gln

Thr

Ala

Gly

195

Val

Gly

Gln

Pro

Tyr

275

Gly

Ile

Val

Ala

100

Val

Leu

Pro

Thr

Thr

180

Tyr

Glu

Val

Gln

Ala

260

Thr

Ala

His

Ile

85

Asp

Ala

Gly

Glu

Gly

165

Ile

Gln

Ala

Leu

Gln

245

Asp

Ala

Arg

Ala

70

Ala

Ala

Thr

Ile

Asp

150

Arg

Glu

Pro

Val

His

230

Ile

His

Asn

Phe

Ala

Thr

Met

Ser

Thr

135

Leu

Pro

Gly

Thr

Ser

215

Gly

Pro

Pro

Met

Asp

Glu

Ser

Ile

Val

120

Met

Pro

Gly

Glu

Thr

200

Ser

Lys

Val

Leu

Ala

280

Asp

Gly

Gly

Asp

105

Ile

Pro

Arg

Pro

Phe

185

Glu

Ala

Ala

Ala

Phe

265

Leu

Arg

Tyr

Pro

90

Ser

Gly

Val

Ile

Val

170

Ser

Pro

Lys

Ser

His

250

Leu

His

Val

Ala

75

Gly

Leu

Ser

Thr

Ile

155

Leu

Tyr

Asn

Lys

Glu

235

Thr

Gly

Glu

Thr

Arg

Ala

Pro

Asp

Lys

140

Lys

Ile

Asp

Tyr

Pro

220

Glu

Leu

Met

Cys

Gly

Val

Thr

Leu

Ala

125

His

Glu

Asp

His

Leu

205

Val

Leu

Leu

Ala

Asp

285

Asn

Ser

Asn

Val

110

Phe

Ser

Ala

Ile

Glu

190

Gln

Ile

Lys

Gly

Gly

270

Leu

Leu

Gly

Leu

95

Val

Gln

Tyr

Phe

Pro

175

Met

Ile

Leu

Asn

Leu

255

Met

Leu

Lys

Lys

80

Val

Phe

Glu

Gln

His

160

Lys

Asn

Arg

Ala

Tyr

240

Gly

His

Ile

His

20



Phe

305

Ile

Ile

Ser

Trp

Glu

385

Val

Ala

Leu

Val

Asp

465

Asn

Glu

Leu

290

Ala

Gly

Val

Glu

Tyr

370

Tyr

Gly

Asp

Pro

Ala

450

Val

Ala

Arg

Ser

Arg

Lys

Leu

Trp

355

Val

Ile

Gln

Lys

Ala

435

Val

Ile

Cys

Tyr

Glu
515

Asn

Ile

Gln

340

Lys

Asp

His

His

Trp

420

Ala

Val

Arg

Leu

Ser

500

Ala

Ala

Met

325

Glu

Lys

Asn

Gln

Gln

405

Val

Ile

Gly

Glu

Gly

485

Glu

Tyr

Lys

310

Lys

Leu

Gln

Glu

Phe

390

Met

Thr

Gly

Asp

Leu

470

Met

Ser

Gly

295

Ile

Thr

Ile

Leu

Glu

375

Thr

Trp

Ser

Ala

Gly

455

Asn

Val

Lys

Ile

Ala

Gln

Lys

Ala

360

Glu

Lys

Ser

Gly

Gln

440

Gly

Leu

Arg

Phe

Lys
520

His

Ile

Gln

345

Glu

Gly

Gly

Ala

Gly

425

Leu

Phe

Pro

Gln

Ala

505

Gly

Ile

Pro

330

Asp

Trp

Phe

Glu

Gln

410

Leu

Ala

Gln

Val

Leu

490

Ser

Ile

Asp

315

Val

Gly

Lys

Lys

Ala

395

Phe

Gly

Glu

Met

Lys

475

Gln

Gln

Arg

300

Ile

Val

Lys

Glu

Pro

380

Ile

Tyr

Thr

Lys

Thr

460

Val

Glu

Pro

Ile

Asp

Gly

Gln

Glu

365

Gln

Val

Pro

Met

Asp

445

Leu

Val

Ile

Asp

Ser
525

Pro

Asgp

Ser

350

Tyr

Lys

Ala

Phe

Gly

430

Ala

Gln

Ile

Phe

Phe

510

Ser

Ala

Ser

335

Asp

Pro

Leu

Thr

Gln

415

Phe

Thr

Glu

Leu

Tyr

495

Val

Glu

Glu

320

Lys

Ser

Leu

Ile

Asp

400

Lys

Gly

Val

Leu

Asn

480

Glu

Lys

Ala

21



Glu Ala Lys Glu Lys Leu Glu
530 535

Val Ile Asp Val Arg Val Ala
545 550

Ala Pro Gly Lys Gly Leu His
565

<210> 31
<211> 172
<212> PRT

<213> Artificial Sequence

<220>
<223> mutant NCgll223

<400> 31
Met Ala Asn Ser Asp Val Thr

1 5

Asp Val Asp Asp Asp Phe Ser
20

Ala Phe Asn Leu Val Ser Leu
35

Ile Asn Arg Ile Thr Val Val
50 55

Gln Ile Thr Lys Gln Leu Asn
65 70

Arg Leu Asp Glu Glu Thr Thr
85

Val Ser Ala Asp Ser Thr Asn
100

Ile Phe Arg Ala Arg Val Val
115

Glu Ser Thr Gly Thr Pro Gly

Glu Ala Leu

Ser Glu Glu

Glu

Arg

Arg

Val

40

Val

Lys

Ile

Arg

Asp

120

Lys

Met

His

Val

25

Ser

Asgp

Leu

Ala

Pro

105

Val

Leu

Val
570

Ile

10

Ser

Ala

Ala

Ile

Arg

90

Gln

Ala

Arg

Thr

Lys

555

Gly

Leu

Gly

Lys

Asp

Pro

75

Ala

Ile

Pro

Ala

Ser
540

Val

Val

Ser

Met

Thr

Glu

60

Val

Ile

Val

Asp

Leu

Arg Glu Pro Val

Phe Pro Met Val

Lys

Val

Phe

Glu

45

Leu

Leu

Met

Asp

Ser

125

Leu

Pro

Leu

Thr

30

Thr

Asn

Lys

Leu

Ala

110

Val

Asp

Val

15

Arg

His

Ile

Val

Val

95

Ala

Val

Val

560

Gln

Arg

Gly

Glu

Val

80

Lys

Asn

Ile

Met

22



130

135

140

Glu Pro Phe Gly Ile Arg Glu Leu Ile Gln Ser Gly Gln Ile Ala Leu

145

150

155

Asn Arg Gly Pro Lys Thr Met Ala Pro Ala Lys Ile

<210> 32
<211> 694
<212> PRT
<213>

<400> 32

Met Met Pro Leu
1

Gln Lys Gln Leu
20

Ser Ala Ala Ser
35

Thr Ala Thr Ala
50

Phe Asn Gln Glu
65

Gln Leu Pro Glu

Ile Phe His Glu
100

Tyr Pro Gly Gly
115

Lys His Phe Glu
130

Met Ala Glu Gly
145

165

Arg

Ala

Pro

Ser

Pro

Leu

85

Met

Ala

Phe

Tyr

Pro

Gly

His

Asn

His

70

Asp

Met

Ile

Ile

Ala
150

Ser

Arg

Arg

Pro

55

Arg

Asp

Leu

Leu

Leu

135

Arg

Penicillium chrysogenum

Lys

Arg

Ser

40

Glu

Asn

Ser

Arg

Pro

120

Pro

Ala

Ser

Pro

25

Ser

Ser

Glu

Met

Gln

105

Val

Lys

Ser

170

Ala

10

Phe

Val

Arg

Ile

Val

90

Gly

Phe

His

Gly

Leu

Ser

Gln

Pro

Ser

75

Gly

Val

Asp

Glu

Lys
155

Arg

Thr

Lys

Val

60

Pro

Met

Lys

Ala

Gln

140

Pro

Ala

Ser

Arg

45

Pro

Leu

Ser

His

Ile

125

Gly

Gly

Phe

Phe

30

Thr

Ser

Gln

Gly

Val

110

Tyr

Ala

Val

His

15

Val

Gln

Pro

His

Gly

95

Phe

Asn

Gly

Val

160

Leu

Ala

Ser

Ala

Arg

80

Glu

Gly

Ser

His

Leu
160



Val

Ala

Thr

Ile

Glu

225

Arg

Ile

Ser

Gly

Ile

305

Ile

Leu

Met

Ala

Thr

Met

Ser

Ser

210

Leu

Pro

Leu

Ala

Thr

290

Leu

Leu

Gln

Leu

Asp
370

Ser

Ser

Ala

195

Arg

Pro

Gly

Arg

Ala

275

Ile

Tyr

Lys

Gly

Gly

355

Leu

Gly

Asp

180

Ile

Ala

Arg

Pro

Asn

260

Thr

Asn

Val

Glu

Leu

340

Met

Ile

Pro

165

Gly

Gly

Cys

Arg

Val

245

Pro

Val

Arg

Gly

Phe

325

Gly

His

Ile

Gly

Thr

Thr

Thr

Ile

230

Leu

Ile

Ala

Val

Gln

310

Ala

Gly

Gly

Ala

Ala

Pro

Asp

Lys

215

Gln

Val

Pro

Ala

Ala

295

Gly

Asp

Phe

Ser

Val
375

Thr

Met

Ser

200

Trp

Glu

Asp

Met

Arg

280

Asn

Leu

Lys

Asp

Ala

360

Gly

Asn

Val

185

Phe

Asn

Ala

Leu

His

265

Glu

Leu

Leu

Ala

Glu

345

Tyr

Ala

Val

170

Val

Gln

Val

Phe

Pro

250

Ser

Met

Val

Ala

Cys

330

Leu

Ala

Arg

Ile

Phe

Glu

Met

Glu

235

Lys

Thr

Ser

Asn

Arg

315

Ile

Asp

Asn

Phe

Thr

Cys

Ala

Val

220

Ile

Asp

Ile

Arg

Val

300

Pro

Pro

Pro

Met

Asp
380

Pro

Gly

Asp

205

Lys

Ala

Val

Pro

Lys

285

Ala

Asp

Val

Lys

Ala

365

Asp

Met

Gln

190

Val

Ser

Thr

Thr

Ser

270

Gln

Lys

Gly

Thr

Ala

350

Met

Arg

Gln

175

Val

Ile

Val

Ser

Ala

255

Leu

Leu

Lys

Pro

Thr

335

Leu

Gln

Val

Asp

Pro

Gly

Gly

Gly

240

Gly

Pro

Glu

Pro

Glu

320

Thr

His

Glu

Thr

24



Leu

385

Gly

Lys

Leu

Trp

Tyr

465

Glu

Thr

Trp

Gly

Cys

545

Thr

Leu

Phe

Val

Ser

Arg

Val

Arg

Phe

450

Asp

Lys

Thr

Arg

Tyr

530

Leu

Glu

Ile

Tyr

Pro

Ile

Gly

Val

Leu

435

Glu

Arg

Leu

Gly

His

515

Gly

Val

Leu

Asn

Glu

595

Leu

Pro

Gly

Gln

420

Leu

Gln

Gln

Ser

Val

500

Pro

Leu

Ile

Ser

Asn

580

Asp

Ala

Lys

Ile

405

Ala

Leu

Ile

Thr

Glu

485

Gly

Arg

Pro

Asp

Thr

565

Glu

Arg

Lys

Phe

390

Val

Asn

Pro

Asn

Glu

470

Leu

Gln

Thr

Ala

Ile

550

Ala

Glu

Tyr

Ala

Ala

His

Glu

His

Asp

455

Asp

Thr

His

Met

Ala

535

Asp

Ala

Gln

Ser

Met

Pro

Phe

Ala

Val

440

Trp

Gly

Ala

Gln

Ile

520

Leu

Gly

Gln

Gly

His

600

Arg

Gln

Glu

Val

425

Lys

Lys

Pro

Asp

Met

505

Thr

Gly

Asp

Phe

Met

585

Thr

Ile

Ala

Ile

410

Glu

Ala

Gln

Ile

Arg

490

Trp

Ser

Ala

Ala

Asn

570

Val

His

Gly

Lys

395

Met

Gly

Val

Arg

Lys

475

Lys

Thr

Gly

Lys

Ser

555

Ile

Thr

Gln

Ala

Leu

Pro

Asp

Ser

Phe

460

Pro

Glu

Ala

Gly

Val

540

Phe

Gly

Gln

Gln

Asp

Ala

Lys

Cys

Glu

445

Pro

Gln

Lys

Gln

Leu

525

Ala

Asn

Val

Trp

Asn

605

Thr

Ala

Asn

Ala

430

Arg

Leu

Ala

Thr

His

510

Gly

Arg

Met

Lys

Gln

590

Pro

Cys

Thr

Ile

415

Asp

Pro

Ser

Val

Ile

495

Phe

Thr

Pro

Thr

Val

575

Asn

Asp

Phe

Glu

400

Asn

Asn

Glu

Leu

Ile

480

Ile

Arg

Met

Asp

Leu

560

Leu

Leu

Phe

Lys

25



Pro

625

Pro

Met

Ala

Phe

610

Ser

Ala

Val

Lys

Ser
690

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

<400>

Glu

Leu

Pro

Asp

675

Val

33
662
PRT

Leu

Leu

Ser

660

Leu

Arg

Glu

Glu

645

Gly

Glu

Lys

Glu

630

Val

Arg

Arg

Glu

P. chrysogenum

33

Met Ala Arg Phe

1

Val

Leu

Val

Val

65

Gly

Val

Thr

Val

Asn

50

Glu

Lys

Arg

His

Ser

35

Asp

Arg

Thr

His

Pro

20

Ser

Arg

Pro

Gly

Ile
100

Ile

Pro

Val

His

Leu

Gly

85

Phe

Arg

Lys

Glu

Pro

Ala

70

Gln

Gly

615

Lys

Ile

Gly

Lys

Gln

Lys

Pro

Tyr

55

Ser

Ile

Tyr

Leu

Thr

Leu

Glu
680

Gly

Arg

Asn

40

Gly

Arg

Phe

Pro

Lys

Asgp

His

665

Leu

Ile

Leu

25

Ile

Ala

Met

His

Gly
105

Trp

Arg

650

Glu

Met

Ser

10

Ser

Leu

Gly

Ala

Glu

90

Gly

Leu

635

Lys

Phe

Arg

Ala

Ser

Pro

Leu

Thr

75

Met

Cys

620

Ile

Val

Leu

Glu

Leu

Met

Arg

Lys

60

Asp

Met

Ile

Glu

Pro

Val

Arg
685

Ala

Ala

Ala

45

Thr

Ala

Val

Leu

His

Val

Tyr

670

Asn

Lys

Thr

30

Ile

Pro

Ser

Arg

Pro
110

Asp

Leu

655

Asp

Val

His

15

Glu

Pro

Ser

Leu

His

95

Val

Gly

640

Pro

Glu

Asp

Ala

Ala

Lys

Glu

Val

80

Asp

Phe

26



Asp

Glu

Lys

145

Ile

Phe

Glu

Ser

Glu

225

Leu

Ile

Arg

Asn

Ser

305

Ile

Ala

Gln

130

Pro

Thr

Cys

Ala

Val

210

Ile

Asp

Arg

Arg

Thr

290

Ser

Pro

Ile

115

Gly

Gly

Pro

Gly

Asp

195

Arg

Ala

Val

Pro

Gln

275

Ala

ASp

Val

His

Gly

Val

Met

Gln

180

Ile

Lys

Thr

Thr

Gln

260

Glu

Gln

Gly

Thr

Gln

Gly

Val

Met

165

Val

Leu

Thr

Ser

Ala

245

Asn

Leu

Lys

Pro

Thr
325

Ala

His

Leu

150

Asp

Ser

Ser

Glu

Gly

230

Gly

Arg

Leu

Pro

Arg

310

Ser

Lys

Met

135

Val

Ala

Ala

Met

Glu

215

Arg

Ile

Pro

Ile

Ile

295

Leu

Leu

Ser

120

Ala

Thr

Leu

Asp

Ser

200

Leu

Pro

Leu

Val

Ala

280

Ile

Leu

Gln

Phe

Gln

Ser

Ala

Lys

185

Gln

Ala

Gly

Ser

Thr

265

Val

Tyr

Lys

Gly

Gly

Gly

Gly

Asp

170

Ile

Pro

Gln

Pro

Lys

250

Thr

Lys

Ala

Glu

Leu
330

Phe

Tyr

Pro

155

Gly

Gly

Cys

Arg

Val

235

Val

Met

Glu

Gly

Leu

315

Gly

Thr

Ala

140

Gly

Thr

Thr

Thr

Ile

220

Leu

Pro

Ala

Ala

Gln

300

Ala

Ala

Leu

125

Arg

Ala

Pro

Asp

Lys

205

Arg

Val

Thr

Ile

Ala

285

Gly

ASp

Phe

Pro

Val

Thr

Met

Ala

190

Trp

Glu

Glu

Asn

Lys

270

Asn

Val

Lys

Asp

Arg

Ser

Asn

Val

175

Phe

Asn

Ala

Leu

Met

255

Asp

Leu

Leu

Ser

Glu
335

Hisg

Gly

Leu

160

Val

Gln

Val

Phe

Pro

240

Ala

Ala

Ile

Ala

Ser

320

Arg

27



Asp

Asn

Phe

Arg

385

Ser

Gly

Met

Tyr

Leu

465

Lys

Ala

Gly

Lys

Ser

545

Ile

Pro

Leu

Asp

370

Leu

Pro

Asp

His

Pro

450

Pro

Glu

Ala

Gly

Val

530

Leu

Asp

Lys

Ala

355

Asp

Ala

Lys

Cys

Arg

435

Phe

Gln

Arg

Gln

Leu

515

Ala

Asn

Val

Ser

340

Ile

Arg

Ala

Asn

Ala

420

Pro

Arg

His

Thr
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Trp

Val

Ser

Glu

Ile

310

Met

Ser

Ser

Ala

P. chrysogenum

39

Met Ser Leu

1

Thr

Thr

Ala

Gln Arg Pro

Lys

Ile

Phe
50

Pro

35

Thr

Thr

Lys

Arg

20

Gly

Ser

Tyr

Leu

Ile

Ser

Glu

Arg

Leu

Val

Asp

Met

Val

Ser

Leu

295

Asp

Val

Ala

Thr

Arg
375

Ser

Pro

Ser

Ala

55

Met

Ala

280

Ile

Ser

Asn

Phe

His

360

Ile

Arg

Ala

Val

40

Phe

Asp
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Ile

Pro

85

Ser

Arg

Gly

Arg

Met

165

Met

Ser

Leu

Ala

Ala

245

Arg

Gly

Arg

70

Asn

Val

Leu

Ser

Glu

150

Ser

Pro

Pro

Lys

Cys

230

Leu

Asn

Asp

Val

Val

Ser

Ser

Ala

135

Ala

Gln

Val

Leu

Leu

215

Tyr

Asn

Asn

Gly

Asp
295

Thr

Val

Phe

120

Ala

Gly

Leu

His

Ala

200

Gln

Phe

Ile

Gly

Ile

280

Gly

Asn

Met

105

Tyr

Ala

Val

Phe

Tyr

185

Thr

Asp

Gly

Ala

Tyr

265

Ala

Asn

Glu

90

Asp

Met

Leu

Phe

Ala

170

Gly

Gln

Leu

Glu

Ala

250

Ala

Ser

Asp

75

Glu

Val

Val

Thr

Gln

155

Asn

Gln

Ile

Gln

Gly

235

Thr

Ile

Arg

Val

Val

Val

Ser

Pro

140

Gln

Ala

Asn

Pro

Asn

220

Ala

Arg

Ser

Gly

Phe
300

Leu

Met

Ala

125

Asp

Arg

Asn

Tyr

Gln

205

Pro

Ala

Ser

Thr

Val

285

Ala

Thr

Phe

110

Gly

Asp

Gly

Asp

Pro

190

Ala

Asn

Ser

Cys

Pro

270

Gly

Val

Trp

Glu

Glu

Val

Phe

Thr

175

Arg

Ala

Arg

Glu

Pro

255

Thr

Tyr

Asn

80

Tyr

Ala

Glu

Val

Thr

160

Gly

Thr

Gly

Asp

Gly

240

Val

Leu

Gly

Glu

41



Ala Met Lys Glu Ala Arg
305 310
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Thr
30

Ile

Arg Pro
320

Thr Ser
335

Trp Lys

Asn Gln

Met Arg

Lys Pro

400

Glu Glu
415

Tyr Pro

Leu Asp

Arg Pro
15

Pro Leu

Lys Ser

42



Gln

Gln

65

Cys

Glu
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Ile

Thr

Glu

75

Asp
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Leu

His

Thr
505

Gln

Leu

25

Ile

Val

Leu

Ser

Val

105

Thr

Tyr

Ala

Ala

490

Tyr

Lys

10

Val

Asp

Ala

Thr

Asn

90

Val

His

Ser

Ile
475

His

Ser

Ser

Glu

Ala

Arg

Gly

75

Leu

Ala

Gln

Val

460

Glu Tyr Gly

Pro

Lys

Leu

Gln

Val

His

60

Lys

Ala

Leu

Ser

Glu
140

Thr

Pro

Val

Gly

Phe

45

Glu

Pro

Thr

Ala

Leu

125

Val

Leu

Ile
510

Lys

Val

30

Asp

Gln

Gly

Gly

Gly

110

Asp

Gln

Ala

Ser

495

His

Asn

15

Thr

Ala

Asn

Val

Leu

95

Asn

Asn

Asp

Ser
480

Glu

Phe

Arg

His

Leu

Ala

Val

80

Leu

Val

Ala

Val
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Lys

145

Gly

Glu

Gly

Thr

Glu

225

Phe

Asp

Leu

Ile

Ile

305

Asp

His

Ser

Asn

Gln

Val

Pro

Ala

210

Ala

Val

Gln

Leu

Glu

290

His

Leu

ASp

Asp

Ile

Ala

Thr

Ala

195

Lys

Ile

Glu

Tyr

Leu

275

Tyr

Leu

Glu

Ala

Leu
355

Pro

Gly

Asn

180

Ala

Leu

Lys

Thr

Phe

260

Glu

Asp

Asp

Leu

Val

340

Lys

Glu

Ala

165

Thr

Agp

Pro

Ala

Tyr

245

Gly

Gln

Pro

Glu

Ile

325

Lys

Gln

Ala

150

Ala

Lys

Asp

Val

Val

230

Gln

Arg

Ala

Lys

Ile

310

Gly

Val

Tyr

Val

Phe

Asn

Ala

Val

215

Arg

Ala

Ile

Asp

Phe

295

Ile

Asp

Glu

Met

Thr

Val

Val

Ile

200

Leu

Lys

Ala

Gly

Val

280

Trp

Ala

Ile

Phe

His
360

Asn

Ser

Arg

185

Ser

Val

Leu

Gly

Leu

265

Val

Asn

Asp

Pro

Ala

345

Glu

Ala

Phe

170

Ala

Ala

Gly

Leu

Thr

250

Phe

Leu

Ile

Ile

Ser

330

Glu

Gly

Phe

155

Pro

Val

Ala

Met

Lys

235

Leu

Arg

Thr

Asn

Asp

315

Thr

Arg

Glu

Arg

Gln

Ala

Ile

Lys

220

Lys

Ser

Asn

Ile

Gly

300

His

Ile

Glu

Gln

Ile

Asp

Ala

Ala

205

Gly

Val

Arg

Gln

Gly

285

Asp

Ala

Asn

Gln

Val
365

Ala

Val

Pro

190

Lys

Gly

Gln

Asp

Pro

270

Tyr

Arg

Tyr

His

Lys

350

Pro

Ser

Val

175

Lys

Ile

Arg

Leu

Leu

255

Gly

Asp

Thr

Gln

Ile

335

Ile

Ala

Ala

160

Asn

Leu

Gln

Pro

Pro

240

Glu

Asp

Pro

Ile

Pro

320

Glu

Leu

Asp
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Trp Lys
370

Asn Ala
385

Ala Ile

Met Ile

Ile Gly

Gly Asp
450

Arg Leu
465

Asp Met

Val Asp

Ala Thr

Arg Gln
530

Agp Tyr
545

Phe Gly

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

Se

Va

r Asp Arg

1 Asp Asp

Trp Met Ser

Se

Al
43

405

r Asn Gly
420

a Ser Leu
5

Gly Gly Phe

Ly

Va

Ph

s Ala Pro

1 Ala Phe
485

e Gly Asn
500

Gly Leu Arg

51

5

Gly Met Asn

Se

r Asp Asn

Glu Leu Met

43
174
PRT
B.

565

subtilis

Ala

His

390

Arg

Met

Val

Leu

Ile

470

Gln

Ile

Val

Ala

Ile

550

Lys

His

375

Val

Tyr

Gln

Lys

Phe

455

Val

Gln

Asp

Glu

Glu

535

Asn

Thr

Pro

Thr

Phe

Thr

Pro

440

Ser

His

Leu

Ile

Ser

520

Gly

Leu

Lys

Leu

Val

Arg

Leu

425

Gly

Ala

Ile

Lys

Val

505

Pro

Pro

Ala

Ala

Glu

Thr

Ser

410

Gly

Glu

Met

Val

Lys

490

Lys

Asp

Val

Ser

Leu
570

Ile

Cys

395

Tyr

Val

Lys

Glu

Trp

475

Tyr

Tyr

Gln

Ile

Asp
555

Val

380

ASp

Glu

Ala

Val

Leu

460

Asn

Asn

Ala

Leu

Ile

540

Lys

Lys

Ile

Pro

Leu

Val

445

Glu

Asp

Arg

Glu

Ala

525

Asp

Leu

Glu

Gly

Leu

Pro

430

Ser

Thr

Ser

Thr

Ser

510

Asp

Val

Pro

Leu

Ser

Thr

415

Trp

Val

Ala

Thr

Ser

495

Phe

Val

Pro

Lys

Arg

His

400

Leu

Ala

Ser

Val

Tyr

480

Ala

Gly

Leu

Val

Glu
560
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<400>

43

Met Lys Arg Ile Ile

1

Asn Arg

Ile Thr

Val Vval
50

Leu Asn
65

Ser Ile

Ser Thr

Val Val

Ser Asn
130

Lys Glu
145

Lys Arg

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

<400>

I1

Va

35

Hi

Ly

Va

e Thr Gly

20

1 Gly His

s Val Glu

s Gln Ile

1l Gln Arg
85

Arg Thr Glu

100

Asp Val Ser

11

Ly

I1

5

s Ile Glu

e Ala Arg

Arg His Pro

44
342
PRT
B.

44

165

subtilis

Thr

Leu

Thr

Gly

Asp

70

Glu

Ile

Arg

Ala

Thr

150

Ile

Leu

Phe

Glu

Glu

55

Val

Leu

Asn

Asp

Leu

135

Gly

Lys

Thr

Thr

Thr

40

Asn

Leu

Ala

Gly

Ser

120

Ile

Thr

Gln

Val

Lys

25

Ala

Asp

Lys

Leu

Ile

105

Ile

Glu

Thr

Tyr

Val

10

Arg

Gly

Val

Val

Ile

90

Ile

Val

Leu

Ala

Leu
170

Asn

His

Val

Glu

Thr

75

Lys

Glu

Val

Leu

Phe

155

Leu

Arg

Tyr

Ser

Gln

60

Asp

Val

Pro

Gln

Lys

140

Ala

Tyr

Ser

Asn

Arg

45

Leu

Ile

Val

Phe

Val

125

Pro

Arg

Lys

Gly

Ile

30

Ile

Thr

Thr

Ser

Arg

110

Thr

Tyr

Gly

Thr

Val

15

Glu

Thr

Lys

Asn

Ala

95

Ala

Gly

Gly

Thr

Leu

Ser

Phe

Gln

Gln

80

Pro

Ser

Glu

Ile

Ser
160

Met Val Lys Val Tyr Tyr Asn Gly Asp Ile Lys Glu Asn Val Leu Ala

1

5

10

15
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Gly

Ala

Gln

Ser

65

Pro

Leu

Phe

Pro

Gly

145

Arg

Gly

Gly

Gly

Phe

225

Glu

Lys

Leu

Gly

50

Val

Asp

Thr

His

Lys

130

Val

Asp

Val

Glu

Phe

210

Glu

Gly

Thr

Asn

35

Lys

Lys

Glu

Ala

Gln

115

Gly

Pro

Lys

Leu

Gln

195

Glu

Cys

Leu

Val

20

Leu

Ser

Glu

Gln

Gly

100

Ile

Pro

Ala

Ala

Glu

180

Ala

Thr

Leu

Ala

Ala

Lys

Phe

Ala

Gln

85

Lys

Val

Gly

Leu

Leu

165

Thr

Val

Leu

His

Gly

Val

Glu

Thr

Ala

70

Gln

Ser

Pro

His

Phe

150

Ala

Thr

Leu

Thr

Glu

230

Met

Ile

Ser

Gln

55

Ala

Lys

Leu

Pro

Leu

135

Ala

Tyr

Phe

Cys

Glu

215

Leu

Arg

Gly

Gly

40

Ala

Gln

Val

Val

Ala

120

Val

Ile

Ala

Lys

Gly

200

Ala

Lys

Tyr

Tyr

25

Val

Gln

Ala

Tyr

Phe

105

Asp

Arg

Tyr

Lys

Glu

185

Gly

Gly

Leu

Ser

Gly

Asp

Glu

Glu

Glu

90

Ala

Val

Arg

Gln

Gly

170

Glu

Leu

Tyr

Ile

Ile

Ser

Val

Asp

Ile

75

Ala

His

Asp

Thr

Asp

155

Ile

Thr

Ser

Gln

Val

235

Ser

Gln

Ile

Gly

60

Ile

Glu

Gly

Val

Tyr

140

Val

Gly

Glu

Ala

Pro

220

Asp

Asp

Gly

Val

45

His

Met

Ile

Phe

Phe

125

Glu

Thr

Gly

Thr

Leu

205

Glu

Leu

Thr

His

30

Gly

Lys

Val

Lys

Asn

110

Leu

Gln

Gly

Ala

Asp

190

Val

Leu

Met

Ala

Ala

Val

Val

Leu

Asp

Val

Val

Gly

Glu

Arg

175

Leu

Lys

Ala

Tyr

Gln

His

Arg

Phe

Leu

80

Glu

His

Ala

Ala

Ala

160

Ala

Phe

Ala

Tyr

Glu

240

Trp

51



245

Gly Asp Phe Val Ser Gly
260

Ser Met Lys Glu Val Leu
275

Glu Trp Ile Val Glu Asn
290

Asn Ala Ser Glu Asn Glu
305 310

Arg Glu Met Met Pro Phe
325

Val Ser Val Ala Gln Asn
340

<210> 45
<211> 558
<212> PRT

<213> B. subtilis
<400> 45
Met Ala Glu Leu Arg Ser

1 5

Pro His Arg Ser Leu Leu
20

Gly Lys Pro Phe Ile Ala
35

Gly His Val His Leu Gln
50

Arg Glu Ala Gly Gly Vval
65 70

Asp Gly Ile Ala Met Gly
85

Pro

Lys

Gln

295

His

Val

Asn

Arg

Val

Glu

55

Pro

His

Arg

Asp

280

Val

Gln

Lys

Met

Ala

Cys

40

Phe

Phe

Ile

Val

265

Ile

Asn

Ile

Gln

Ile

Ala

25

Asn

Gly

Glu

Gly

250

Val

Gln

Arg

Glu

Gly
330

Thr

10

Gly

Ser

Lys

Phe

Met
90

Asp

Asn

Pro

Val

315

Lys

Gln

Val

Tyr

Ile

Asn

75

Arg

Ala

Gly

Arg

300

Val

Lys

Gly

Lys

Ile

Val

60

Thr

Tyr

Lys

Thr

285

Phe

Gly

Lys

Ile

Glu

Asp

45

Lys

Ile

Ser

Val

270

Phe

Asn

Arg

Glu

Asp

Glu

30

Ile

Glu

Gly

Leu

255

Lys

Ala

Ala

Lys

Ala
335

Arg

15

Asp

Val

Ala

Val

Pro
95

Glu

Lys

Ile

Leu

320

Val

Ala

Phe

Pro

Ile

Asp

80

Ser
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Arg

Phe

Met

Gly

145

Leu

Asn

Gly

Glu

Ser

225

Glu

Ala

Asn

Tyr

Ala
305

Glu

Asp

Leu

130

Gly

Ser

Glu

Ser

Ala

210

Pro

Thr

Ile

Thr

Ser

290

Lys

Ile

Gly

115

Met

Pro

Ser

Asn

Cys

195

Leu

Glu

Ile

Asp

Val

275

Leu

Leu

Ile

100

Met

Ala

Met

Val

Glu

180

Ser

Gly

Arg

Arg

Asn

260

Leu

Glu

Ala

Ala

Val

Ala

Ala

Phe

165

Leu

Gly

Leu

Lys

Lys

245

Ala

His

Arg

Pro

Asp

Cys

Met

Ala

150

Glu

Gln

Met

Ala

Glu

230

Asp

Phe

Thr

Ile

Ala
310

Ser

Ile

Arg

135

Gly

Gly

Glu

Phe

Leu

215

Phe

Ile

Ala

Leu

Asn

295

Ser

Val

Pro

120

Ile

Arg

Val

Leu

Thr

200

Pro

Val

Lys

Leu

Ala

280

Glu

Asp

Glu

105

Asn

Asn

Thr

Gly

Glu

185

Ala

Gly

Arg

Pro

Asp

265

Leu

Val

Val

Thr

Cys

Ile

Ser

Ala

170

Gln

Asn

Asn

Lys

Arg

250

Met

Ala

Ala

Phe

Val

Asp

Pro

Tyr

155

Tyr

Phe

Ser

Gly

Ser

235

Asp

Ala

Asn

Glu

Ile
315

Val

Lys

Thr

140

Gly

Gln

Gly

Met

Thr

220

Ala

Ile

Leu

Glu

Arg

300

Glu

Ser

Ile

125

Ile

Arg

Ala

Cys

Asn

205

Ile

Ala

Val

Gly

Ala

285

Val

Asp

Ala

110

Thr

Phe

Lys

Gly

Pro

190

Cys

Leu

Gln

Thr

Gly

270

Gly

Pro

Leu

His

Pro

Val

Ile

Lys

175

Thr

Leu

Ala

Leu

Val

255

Ser

Val

His

His

Trp

Gly

Ser

Ser

160

Ile

Cys

Ser

Thr

Met

240

Lys

Thr

Glu

Leu

Glu
320
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Ala

Ala

Thr

Asp

Leu

385

Ile

Ala

Ile

Leu

Ala

465

Ile

Val

Asp

Lys

Lys

Gly

Leu

Ile

Gln

370

Ala

Thr

Leu

Ile

Ala

450

Leu

Gly

Glu

Val

Gly

530

Leu

Gly

His

Ala

355

Pro

Pro

Arg

Asp

Arg

435

Pro

Ile

His

Asn

Gln

515

Phe

Val

Val

Leu

340

Gly

Phe

Asp

His

Gly

420

Tyr

Thr

Thr

Val

Gly

500

Val

Glu

Thr

Ser

325

Asp

His

Thr

Gly

Glu

405

Ile

Glu

Ser

Asp

Ser

485

Asp

Pro

Pro

Ser

Ala

Ala

Glu

Glu

Ala

390

Gly

Ile

Gly

Gln

Gly

470

Pro

His

Glu

Lys

Ala

Ala

Leu

Val

Lys

375

Ile

Pro

Asn

Pro

Ile

455

Arg

Glu

Ile

Glu

Val

535

Asn

Leu

Thr

Lys

360

Gly

Ile

Ala

Arg

Lys

440

Val

Phe

Ala

Ile

Glu

520

Lys

Thr

Asn

Val

345

Asp

Gly

Lys

Val

Lys

425

Gly

Gly

Ser

Ala

Val

505

Trp

Thr

Gly

Glu

330

Thr

Tyr

Leu

Thr

Val

410

Val

Gly

Met

Gly

Glu

490

Asp

Glu

Gly

Gly

Leu

Gly

Asp

Ala

Gly

395

Phe

Lys

Pro

Gly

Ala

475

Gly

Ile

Lys

Tyr

Ile

Ser

Lys

Val

Val

380

Gly

Asp

Glu

Gly

Leu

460

Ser

Gly

Glu

Arg

Leu

540

Met

Lys

Thr

Ile

365

Leu

Val

Ser

Gly

Met

445

Gly

Arg

Pro

Lys

Lys

525

Ala

Lys

Lys

Leu

350

His

Phe

Gln

Gln

Asp

430

Pro

Pro

Gly

Leu

Arg

510

Ala

Arg

Ile

Glu

335

Gly

Pro

Gly

Asn

Asp

415

Val

Glu

Lys

Leu

Ala

495

Ile

Asn

Tyr

Gly

Glu

Leu

Asn

Gly

400

Glu

Val

Met

Val

Ser

480

Phe

Leu

Trp

Ser
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545 550

<210> 46
<211> 327
<212> PRT

<213> B. subtilis
<400> 4o
Met Ser Val Met Ser Tyr

1 5

Glu Met Glu Arg Asp Ser
20

Arg Lys Gly Gly Val Phe
35

Gly Glu Glu Arg Val Met
50

Gly Val Gly Ile Gly Ala

Met Gln Phe Ala Asp Phe
85

Glu Ala Ala Lys Ile Arg
100

Ile Val Val Arg Ala Pro
115

His Ser Gln Ser Val Glu
130

Ile Val Met Pro Ser Thr
145 150

Ala Val Arg Asp Glu Asp
165

Tyr Arg Leu Ile Lys Gly
180

Ile

Arg

Lys

Asp

Ala

Ile

Tyr

Tyr

Ala

135

Pro

Pro

Glu

Asp

Val

Ala

40

Thr

Met

Met

Arg

Gly

120

Ile

Tyr

Val

Val

Ala

Phe

25

Thr

Pro

Tyr

Pro

Ser

105

Gly

Phe

Asp

Leu

Pro
185

Ile

10

Val

Ala

Leu

Gly

Ala

90

Asn

Gly

Ala

Ala

Phe

170

Ala

555

Asn

Leu

Gly

Ala

Met

75

Val

Asn

Val

Asn

Lys

155

Phe

Asp

Leu

Gly

Leu

Glu

60

Arg

Asn

Asp

His

Gln

140

Gly

Glu

Asp

Ala

Glu

Tyr

45

Ser

Pro

Gln

Trp

Gly

125

Pro

Leu

His

Tyr

Met

Asp

30

Glu

Ala

Ile

Ile

Ser

110

Ala

Gly

Leu

Lys

Val
190

Lys

15

Val

Gln

Ile

Ala

Ile

95

Cys

Leu

Leu

Lys

Arg

175

Leu

Glu

Gly

Phe

Ala

Glu

80

Ser

Pro

Tyr

Lys

Ala

160

Ala

Pro
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Ile Gly Lys
195

Thr Tyr Gly
210

Glu Lys Asp
225

Pro Leu Asp

Val Leu Leu

Val Ala Ala
275

Ile Lys Arg
290

Thr Met Glu
305

Met Arg Glu

<210> 47
<211> 330
<212> PRT
<213> B.
<400> 47
Met Ser Thr
1

Val Asp Met

Met Trp Leu
35

Gln Gly Gln

Ala

Leu

Gly

Lys

Val

260

Ile

Leu

Lys

Leu

Asn

Tyr

20

Leu

Glu

Asp

Cys

Ile

Glu

245

Thr

Ile

Ala

Tyr

Ala
325

subtilis

Arg

Arg

Asn

Ala

Val

Val

Ser

230

Ala

Glu

Ser

Gly

Phe

310

Glu

His

Thr

Arg

Ala

Lys

His

215

Ala

Ile

Asp

Glu

Pro

295

Met

Phe

Gln

Met

Ser

Gln

Arg

200

Phe

His

Ile

Thr

His

280

Asp

Val

Ala

Leu

Gly

40

Val

Glu

Ala

Val

Glu

Lys

265

Cys

Ile

Asn

Leu

Leu

25

Lys

Gly

Gly

Leu

Val

Ala

250

Glu

Leu

Pro

Pro

Gly

10

Ala

Ile

Ala

Asp

Gln

Asp

235

Ala

Gly

Phe

Ala

Asp
315

Leu

Arg

Pro

Ala

Asp

Ala

220

Leu

Ser

Ser

Asp

Met

300

Lys

Thr

Lys

Phe

Phe

Ile

205

Ala

Arg

Lys

Ile

Leu

285

Pro

Val

Asp

Ile

Val

45

Ala

Thr

Glu

Thr

Thr

Met

270

Asp

Tyr

Glu

Gln

Asp

30

Ile

Leu

Val

Arg

Val

Gly

255

Ser

Ala

Ala

Ala

Glu

15

Glu

Ser

Asp

Ile

Leu

Tyr

240

Lys

Glu

Pro

Pro

Ala
320

Ala

Arg

Cys

Arg
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Glu

65

Ala

Ala

Gln

Val

Asp

145

Asp

Ile

Lys

Met

Ala

225

Leu

Asp

Ser

50

Met

Phe

Ala

Lys

Pro

130

Ile

Phe

Phe

Gln

Pro

210

Val

Ile

Asp

Asp

Asp

Gly

Asp

Lys

115

His

Ala

His

Met

Val

195

Gly

Lys

Glu

Ser

Pro
275

Tyr

Met

Pro

100

Asn

Ala

Ala

Glu

Cys

180

Ala

Val

Glu

Thr

Ser

260

Leu

Val

Thr

85

Asn

Arg

Val

Phe

Gly

165

Glu

Cys

Thr

Ala

Ile

245

Tyr

Leu

Leu

70

Ala

Ser

Ile

Gly

Val

150

Ala

Asn

Glu

Val

Arg

230

Ser

Arg

Thr

55

Pro

Lys

Gly

Val

Ile

135

Thr

Asn

Asn

Asn

Asn

215

Glu

Tyr

Gly

Tyr

Tyr

Asp

Gly

Thr

120

Ala

Phe

Phe

Lys

Ile

200

Gly

Arg

Arg

Arg

Gln
280

Tyr

Leu

Arg

105

Gly

Leu

Gly

Ala

Tyr

185

Ser

Asn

Ala

Leu

Glu

265

Ala

Arg

Met

90

Gln

Ser

Ala

Glu

Ala

170

Ala

Asp

Asp

Arg

Thr

250

Glu

Tyr

Asp

75

Met

Met

Ser

Gly

Gly

155

Val

Ile

Arg

Pro

Arg

235

Pro

Val

Leu

60

Met

Ser

Pro

Pro

Arg

140

Ser

His

Ser

Ala

Leu

220

Gly

His

Glu

Lys

Gly

Gly

Gly

Val

125

Met

Ser

Lys

Val

Ile

205

Glu

Glu

Ser

Glu

Glu
285

Val

Phe

His

110

Thr

Glu

Asn

Leu

Pro

190

Gly

Val

Gly

Ser

Ala

270

Thr

Val

Ala

95

Phe

Thr

Lys

Gln

Pro

175

Tyr

Tyr

Tyr

Pro

Asp

255

Lys

Gly

Leu

80

Lys

Gly

Gln

Lys

Gly

160

Val

Asp

Gly

Gln

Thr

240

Asp

Lys

Leu
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Leu Ser Asp Glu Ile
290

Val Asn Glu Ala Thr
305

Glu Ser Ala Leu Asp
325

<210> 48

<211> 424

<212> PRT

<213> B. subtilis

<400> 48

Met Ala Ile Glu Gln
1 5

Glu Gly Thr Ile Ser
20

Lys Tyr Asp Pro Ile
35

Val Pro Ser Ser Phe
50

Gly Gln Thr Leu Gln
65

Gly Ala Asn Pro Ala
85

Ala Ala Glu Asn Pro
100

Asn Lys Lys Arg Tyr
115

Gly Ile Asp Leu Asp
130

Glu

Asp

310

Tyr

Met

Lys

Ala

Thr

Val

70

Glu

Val

Ser

Gln

Gln
295

Thr

Met

Glu Ala Glu

Val

Thr

Trp

Glu

Gly

55

Gly

Gln

Ala

Pro

Val
135

Tyr

Met

Leu

Val

40

Thr

Glu

Lys

Lys

Ala

120

Thr

Ala

Pro

Val

25

Met

Ile

Met

Gln

Ser

105

Val

Gly

Leu

Asn

Lys
330

Gln

10

Ala

Thr

Thr

Ile

Glu

90

Ala

Leu

Thr

Asp Glu Ile Met Ala Ile

300

Ala Pro Tyr Ala Ala Pro

315

Leu

Pro

Asp

Glu

Cys

75

Gln

Gly

Arg

Gly

Gly

Gly

Lys

Leu

60

Lys

Pro

Ala

Leu

Ala
140

Glu

Asp

Val

45

Val

Ile

Ala

Ala

Ala

125

Gly

Ser

Lys

30

Asn

Gly

Glu

Ala

Asp

110

Gly

Gly

Val

15

Val

Ala

Glu

Thr

Ser

95

Gln

Glu

Arg

320

Thr

Asn

Glu

Glu

Glu

80

Glu

Pro

His

Ile
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Thr

145

Gln

Ser

Gly

Asn

Glu

225

Ser

Val

Met

Ile

Ala

305

Ala

Gly

Met

Ile

Arg

Asn

Lys

Asp

Met

210

Val

Phe

Lys

Trp

Ala

290

Asp

Lys

Thr

Gly

Val

Lys

Pro

Pro

Lys

195

Lys

Asp

Lys

Ala

Ala

275

Val

Glu

Lys

Phe

Ile

355

Lys

Asp

Glu

Glu

180

Glu

Arg

Val

Lys

Val

260

Gly

Ala

Lys

Val

Thr

340

Ile

Arg

Ile

Glu

165

Pro

Ile

Ser

Thr

Thr

245

Ala

Asp

Thr

Thr

Arg

325

Val

Asn

Pro

Gln

150

Leu

Lys

Pro

Lys

Asn

230

Glu

Gln

Lys

Glu

Ile

310

Asp

Asn

Tyr

Val

Arg

Lys

Glu

Val

Thr

215

Met

Gly

Ala

Ile

Asp

295

Lys

Gly

Asn

Pro

Val

Leu

Thr

Glu

Thr

200

Glu

Val

Phe

Leu

Ile

280

Ser

Gly

Lys

Thr

Gln

360

Met

Ile

Ala

Thr

185

Gly

Ile

Ala

Asn

Lys

265

Gln

Leu

Ile

Leu

Gly

345

Ala

Asp

Glu

Ala

170

Ser

Val

Pro

Tyr

Leu

250

Glu

Lys

Phe

Ala

Thr

330

Ser

Ala

Asn

Thr

155

Pro

Tyr

Arg

His

Arg

235

Thr

Phe

Lys

Val

Lys

315

Ala

Phe

Ile

Gly

Gly

Ala

Pro

Lys

Ala

220

Asn

Phe

Pro

Asp

Pro

300

Asp

Asp

Gly

Leu

Met

Gly

Pro

Ala

Ala

205

Trp

Ser

Phe

Gln

Ile

285

Val

Ile

Asp

Ser

Gln

365

Ile

Val

Lys

Ser

190

Ile

Thr

Ile

Ala

Met

270

Asn

Ile

Thr

Met

Val

350

Val

Ala

Gln

Ser

175

Ala

Ala

Met

Lys

Phe

255

Asn

Ile

Lys

Gly

Gln

335

Gln

Glu

Val

Glu

160

Ala

Ala

Ser

Met

Asp

240

Phe

Ser

Ser

Asn

Leu

320

Gly

Ser

Ser

Arg
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370

Asp Met Val Asn Leu
385

Leu Val Cys Gly Arg
405

Ile Asp Glu Lys Thr
420

<210> 49

<211> 457

<212> PRT

<213> B. subtilis

<400> 49

Met Ala Thr Glu Tyr
1 5

Tyr Val Ala Ala Ile
20

Val Glu Lys Glu Lys
35

Pro Ser Lys Ala Leu
50

Glu Ala Asp Gln Phe
65

Glu Lys Val Gln Gln
85

Gly Val Asn His Leu
100

Tyr Gly Arg Ile Leu
115

Ile Ser Val Glu Arg
130

Cys
390

Phe

Ser

Asp

Arg

Leu

Leu

Gly

70

Arg

Met

Gly

Gly

375

380

Leu Ser Leu Asp His Arg Val Leu Asp Gly

395

400

Leu Gly Arg Val Lys Gln Ile Leu Glu Ser

Val

Val

Ala

Gly

Arg

55

Val

Lys

Lys

Pro

Asn
135

Tyr

Val

Ala

Gly

40

Ser

Glu

Gln

Lys

Ser

120

Gly

Ile

Gln

25

Thr

Ala

Thr

Ala

Gly

105

Ile

Glu

410

Leu

10

Leu

Cys

Glu

Ala

Val

90

Lys

Phe

Glu

Gly

Gly

Leu

Val

Gly

75

Val

Ile

Ser

Asn

Gly

Leu

Hisg

Tyr

60

Val

Asp

Asp

Pro

Asp
140

Gly

Lys

Lys

45

Arg

Ser

Lys

Val

Leu

125

Met

Thr

Thr

30

Gly

Thr

Leu

Leu

Tyr

110

Pro

Leu

415

Gly

15

Ala

Cys

Ala

Asn

Ala

95

Thr

Gly

Ile

Gly

Val

Ile

Arg

Phe

80

Ala

Gly

Thr

Pro
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Lys

145

Leu

Met

Gly

Val

Ser

225

Thr

Ile

Glu

Gly

Asn

305

Val

Ile

Thr

Gln

Glu

Glu

Ile

Ile

210

Lys

Gly

Ser

Lys

Leu

290

Glu

Ile

Ala

Leu

Val

Val

Glu

Glu

195

Glu

Glu

Ala

Ile

Met

275

Glu

Ser

Gly

Val

Val
355

Ile

Asp

Leu

180

Trp

Tyr

Met

Lys

Gln

260

Leu

Asn

Cys

Gly

Glu

340

Pro

Ile

Gly

165

Pro

Ala

Ala

Glu

Val

245

Ala

Val

Thr

Gln

Leu

325

His

Lys

Ala

150

Lys

Gln

Ser

Asp

Ser

230

Leu

Glu

Ser

Asp

Thr

310

Gln

Phe

Cys

Thr

Ser

Ser

Met

Arg

215

Leu

Pro

Lys

Ile

Ile

295

Lys

Leu

Ala

Ile

Gly

Val

Ile

Leu

200

Ile

Leu

Asp

Asp

Gly

280

Val

Glu

Ala

Gly

Tyr
360

Ser

Leu

Ile

185

His

Leu

Lys

Thr

Gly

265

Arg

Thr

Ser

His

Leu

345

Ser

Arg

Thr

170

Ile

Agp

Pro

Lys

Met

250

Glu

Gln

Glu

His

Val

330

Asn

Ser

Pro

155

Ser

Val

Phe

Thr

Lys

235

Thr

Thr

Ala

Asn

Ile

315

Ala

Pro

Pro

Arg

Asp

Gly

Gly

Glu

220

Gly

Lys

Val

Asn

Gly

300

Tyr

Ser

His

Glu

Met

Glu

Gly

Val

205

Asp

Ile

Thr

Thr

Ile

285

Met

Ala

His

Pro

Ala
365

Leu

Ala

Gly

190

Lys

Leu

Gln

Ser

Tyr

270

Glu

Ile

Ile

Glu

Leu

350

Ala

Pro

Leu

175

Val

Val

Glu

Phe

Asp

255

Ser

Gly

Ser

Gly

Gly

335

Asp

Ser

Gly

160

Gln

Ile

Thr

Ile

Ile

240

Asp

Ala

Ile

Val

Asp

320

Ile

Pro

Val
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Gly Leu
370

Gly Lys
385

Ser Asp

Leu Gly

Ala Gly

Thr Ile
450

<210>
<211>
<212>
<213>
<400>
Met Asp
1

Tyr Asp

Asp Pro

Gly Phe
50

Leu Tyr
65

Ala Gly

Leu Ala

Thr Glu Asp

Phe Pro Phe

Gly Phe Val
405

Val His Met
420

Leu Ala Lys
435

Ser Pro Ala

50

566

PRT
Streptomyces
50

Ala Asp Ala

Lys Ala Arg
20

Val Asp Pro
35

Glu Arg Ile

Ala Thr Gly

Phe Gly Asn
85

Asn Gly Gly
100

Glu

Met

390

Lys

Ile

Val

Ser

Ala

375

Ala

Ile

Gly

Leu

Asn
455

Lys

Ile

Val

Pro

Asp

440

Ala

Ala

Gly

Ala

His

425

Ala

Phe

cinnamonensis

Ile

Lys

Val

Gly

Tyr

70

Ala

Gly

Glu

Arg

Tyr

Trp

55

Arg

Glu

Gly

Glu

Asp

Gly

40

Pro

Gly

Gln

Leu

Gly

Ala

25

Pro

Gly

Arg

Thr

Ser
105

Asn

Lys

Asp

410

Val

Thr

Arg

10

Asp

Arg

Glu

Thr

Asn

90

Val

Gly

Ala

395

Arg

Thr

Pro

Arg

Phe

Pro

Tyr

Trp

75

Glu

Ala

His

380

Leu

Asp

Asp

Trp

Arg

Thr

Gly

Pro

60

Thr

Arg

Phe

Asn

Val

Thr

Met

Glu
445

Trp

Thr

Asp

45

Phe

Ile

Tyr

Asp

Val

Tyr

Asp

Ile

430

Val

Gln

Leu

30

Thr

Thr

Arg

Lys

Met
110

Lys

Gly

Asp

415

Ser

Gly

Ala

15

Ser

Tyr

Arg

Gln

Met

95

Pro

Ile

Glu

400

Ile

Glu

Gln

Arg

Gly

Asp

Gly

Phe

80

Ile

Thr
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Leu

His

Lys

145

Pro

Gly

Lys

Leu

Ala

225

Ala

Tyr

Pro

Ile

Asp

305

Thr

Met

Cys

130

Asp

Ala

Val

Glu

Arg

210

Tyr

Thr

Val

Gly

Ala

290

Glu

Gln

Gly

115

Gly

Ile

Val

Asp

Tyr

195

Leu

Lys

Ala

Glu

Leu

275

Lys

Tyr

Thr

Arg

Val

Pro

Pro

Pro

180

Ile

Ile

Pro

Ala

Leu

260

Ser

Phe

Gly

Ala

Asp

Ala

Leu

Val

165

Ala

Ala

Gly

Leu

Gln

245

Gly

Phe

Arg

Ala

Gly
325

Ser

Ile

Gly

150

Phe

Val

Gln

Asp

Ser

230

Glu

Leu

Phe

Ala

Lys

310

Val

Asp

Asp

135

Asp

Cys

Leu

Lys

Leu

215

Val

Leu

Ser

Phe

Ala

295

Thr

Ser

Asp

120

Ser

Val

Met

Asn

Glu

200

Met

Ser

Ala

Arg

Asp

280

Arg

Glu

Leu

Pro

Ala

Thr

Tyr

Gly

185

Trp

Glu

Gly

Tyr

Gly

265

Ala

Arg

Lys

Thr

Arg

Ala

Thr

Leu

170

Thr

Leu

His

Tyr

Thr

250

Leu

His

Ile

Ala

Ala
330

Ser

Asp

Ser

155

Val

Leu

Phe

Cys

His

235

Leu

Asp

Val

Trp

Gln

315

Gln

Leu

Met

140

Met

Ala

Gln

Gln

Ala

220

Ile

Ala

Val

Asp

Ala

300

Trp

Gln

Gly

125

Glu

Thr

Ala

Thr

Pro

205

Arg

Arg

Asp

Asp

Phe

285

Arg

Leu

Pro

Glu

Val

Ile

Glu

Asp

190

Glu

Asgp

Glu

Gly

Val

270

Phe

Trp

Arg

Tyr

Val

Leu

Ser

Arg

175

Ile

Pro

Ile

Ala

Phe

255

Phe

Glu

Leu

Phe

Asn
335

Gly

Phe

Gly

160

Gln

Phe

His

Pro

Gly

240

Gly

Ala

Glu

Arg

His

320

Asn
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Val

Asn

Glu

Glu

385

Ile

Glu

Pro

Trp

Leu

465

Ser

Arg

Ala

Gly

Thr
545

Val

Ser

Gln

370

Thr

Glu

Gln

Ile

Phe

450

Glu

Val

Glu

Arg

Ser

530

Leu

Arg

Leu

355

Ala

Gly

Gln

Ile

Gly

435

Thr

Lys

Thr

Gln

Val

515

Asn

Gly

Thr

340

His

Ala

Val

Leu

Arg

420

Pro

Gly

Gly

Gly

Val

500

Arg

Met

Glu

Ala

Thr

Glu

Ala

Thr

405

Glu

Ile

Glu

Asp

Asp

485

Arg

Ala

Ile

Ile

Val

Asn

Ile

Asn

390

Asp

Arg

Thr

Ile

Lys

470

Leu

Glu

Ser

Ala

Cys
550

Glu

Ala

Ala

375

Val

Arg

Gly

Ser

Ala

455

Arg

Glu

Leu

Leu

Pro

535

Gly

Ala

Leu

360

Leu

Ala

Ile

Arg

Gly

440

Glu

Val

Ile

Ala

Asp

520

Met

Val

Leu

345

Asp

Arg

Agp

Glu

Arg

425

Ile

Ser

Val

Leu

Gly

505

Ala

Leu

Leu

Ala

Glu

Thr

Pro

Ala

410

Ala

Leu

Ala

Gly

Arg

490

Arg

Met

Glu

Arg

Ala

Thr

Gln

Leu

395

Asp

Cys

Arg

Phe

Val

475

Val

Lys

Leu

Ala

Asp
555

Val

Leu

Gln

380

Gly

Ala

Pro

Gly

Gln

460

Asn

Ser

Gly

Ala

Val

540

Glu

Leu

Ala

365

Val

Gly

Glu

Asp

Ile

445

Tyr

Cys

His

Arg

Ala

525

Arg

Trp

Gly

350

Leu

Leu

Ser

Lys

Gly

430

Glu

Gln

Leu

Glu

Arg

510

Ala

Ala

Gly

Gly

Pro

Met

Trp

Ile

415

Gln

Asp

Arg

Glu

Val

495

Asp

Arg

Glu

Val

Thr

Ser

Glu

Tyr

400

Phe

His

Gly

Ser

Gly

480

Glu

Asp

Asp

Ala

Tyr
560
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Val Glu

<210>
<211>
<212>
<213>
<400>
Met Gly
1

Leu Asp

Asp Ala

Gln Val
50

Ser Ile
65

Leu Leu

Ile Ile

Glu Ile

Arg Gly
130

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

<400>

Pro Pro Gly

565
51
136
PRT
Streptomyces
51

Val Ala Ala

Gly His Asp
20

Gly Met Glu

Val Asp Thr

Leu Ser Gly

Lys Glu Arg
85

Pro Glu Ala
100

Phe Thr Pro
115

Asn Val Arg

52
468
PRT

Phe

cinnamonensis

Gly

Arg

Val

Ala

Ala

70

Asp

Asp

Gly

Gln

Pro

Gly

Ile

Ile

55

His

Ala

Ile

Ala

Ala
135

Ile

Ala

Tyr

40

Gln

Asn

Glu

Ala

Thr

120

Val

Clostridium beijerinckii

52

Met Asn Lys Asp Thr Leu Ile Pro

1

5

Arg

Lys

25

Thr

Glu

Thr

Asp

Pro

105

Thr

Val

10

Val

Gly

Asp

Leu

Ile

90

Leu

Thr

Val

Ile

Leu

Ala

Phe

75

Lys

Lys

Ser

Val

Ala

His

Asp

Ala

Val

Glu

Ile

Ala

Arg

Gln

45

Ala

Arg

Phe

Lys

Val
125

Lys

Ala

30

Thr

Ile

Val

Gly

Gly

110

Glu

Pro

15

Leu

Pro

Gly

Leu

Gly

95

Val

Trp

Gly

Arg

Glu

Leu

Glu

80

Gly

Ala

Val

Thr Thr Lys Asp Leu Lys Leu Lys

10

15
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Thr

Cys

His

Lys

Leu

Lys

Asp

Glu

Pro

145

Asn

Phe

Glu

Ala

Pro
225

Asn

Phe

Ala

50

Ile

Ala

Ile

Leu

Met

130

Thr

Ala

Ala

Asn

Ile

210

Gly

Val

Gly

35

Gln

Ile

Thr

Leu

Thr

115

Ser

Glu

Val

Ile

Leu

195

Ile

Met

Glu

20

Val

Lys

Thr

Met

Lys

100

Thr

Pro

Thr

Val

Glu

180

Val

Lys

Val

Asn

Phe

Ile

Glu

Ile

85

His

Thr

Tyr

Val

Phe

165

Met

Thr

His

Lys

Ile

Glu

Leu

Ile

70

Leu

Glu

Ala

Gly

Ile

150

Asn

Ile

Thr

Pro

Thr
230

Asn

Asn

Ser

55

Arg

Glu

Leu

Trp

Val

135

Cys

Gly

Asn

Ile

Leu

215

Leu

Leu

Val

40

Leu

Lys

Glu

Val

Ser

120

Ile

Asn

His

Lys

Lys

200

Ile

Leu

Lys

25

Glu

His

Ala

Thr

Ala

105

Gly

Gly

Ser

Pro

Ala

185

Asn

Lys

Asn

Asn

Asn

Tyr

Ala

His

90

Lys

Asp

Ala

Ile

Gly

170

Ile

Pro

Leu

Ser

Tyr

Ala

Thr

Leu

75

Met

Tyr

Asn

Ile

Gly

155

Ala

Ile

Thr

Leu

Gly
235

Lys

Ile

Lys

Glu

Gly

Thr

Gly

Thr

140

Met

Lys

Ser

Met

Cys

220

Lys

Asp

Asn

45

Glu

Asn

Arg

Pro

Leu

125

Pro

Ile

Lys

Cys

Glu

205

Gly

Lys

Asn

30

Ser

Gln

Lys

Tyr

Gly

110

Thr

Ser

Ala

Cys

Gly

190

Ser

Thr

Ala

Ser

Ala

Arg

Glu

Glu

95

Thr

Val

Thr

Ala

Val

175

Gly

Leu

Gly

Ile

Ser

Val

Glu

Val

80

Asp

Glu

Val

Asn

Gly

160

Ala

Pro

Asp

Gly

Gly
240
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Ala

Glu

Leu

Asp

Glu

305

Glu

Lys

Cys

Leu

Ala

385

Tyr

Ile

Gly

Gly

Val

Gly

Lys

Pro

Asp

290

Asp

Thr

Leu

Ile

Met

370

Val

Ile

Asp

Tyr

Glu

450

Leu

Ala

Ala

Cys

275

Leu

Gln

Gln

Phe

Val

355

Met

Lys

Tyr

Thr

Glu

435

Gly

Ala

Gly
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