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<120>
<130>
<160> 16

<210> 1

<211> 3165
<212> DNA
<213>

<220>

<223> P450_

<400> 1

atgttaatga
cttccgcatc
ggaccgattt
cttgtggctg
aaggttcgcg
agaaaagcgc
gagaaaatgg
gaagaaattg
gggtttaact
atggtccgtg
gcttatgatg
gacagcatta
cgcatgctga
tttcagatca
gcgatttatt
cgcgtgttaa
atggttttaa
aaggaggata
ttaattccaa
ccggaacggt
ggacagcgeg
cttgtattaa
gcattaacga

CX2-150USP1

BM3

aacaggcaag
tggaaaaaga
tccgttttga
aagtgtgtga
cattttccgg
acaacattct
tcgatatcgc
atgtagcgga
atcgattcaa
cactggatga
aaaacaagcg
ttgcagagcg
atgtggaaga
tcacgttttt
gtctgcttac
cggatgacac
atgaaaccct
ctgttcttgg
aactgcaccg
ttgaagatcc
cttgtattgg
agcattttga
tcaagccgga

Artificial Sequence

cgcaatacct
acagctttct
ttttccggga
tgaagaacgg
tgacggattg
gatgccgacg
aacccagctg
cgatatgaca
cagcttttac
agcaatgaac
ccagtttcaa
cagggcgaat
tccggaaact
gattgccggc
acatccggaa
gcctgaatat
cagactgtat
cggggaatat
ggatcaaaac
ttcaagtatc
catgcagttt
attgataaac
tgattttaaa

CX2-150USP1_ST25

LISTING

cagcccaaaa
caatccttat
gtatccagtg
tttgataaaa
gccactagtt
ttcagccagc
attcaaaagt
cgtctgacgc
cgagatcagc
aagctgcagc
gaagatatca
ggagaccagg
ggtgaaaagc
catgaaacaa
aaactgaaaa
aaacaaatcc
ccaacagctc
ccgatcagca
gcttggggac
cctcaccatg
gctcttcaag
catactggct
attactgtga

NOVEL P450-BM3 VARIANTS WITH IMPROVED ACTIVITY

catacggacc
ggcggatagc
tttttgtgtc
gcattgaagg
ggacgcatga
gggccatgaa
ggagccggtt
ttgatacgat
ctcatccatt
gagcaaatcc
aggtgatgaa
atgaaaaaga
tcgacgacga
caagcgggtt
aagctcagga
agcagctcaa
cggetttttce
aagggcagcc
cggatgcgga
cgtataagcc
aagcgacaat
acgaactaaa
aaccgcgaaa
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tttaaaaaat
tgatgaattg
cggccacaat
cgccttggaa
gcctaactgg
ggactatcat
aaaccccaat
tgggttatgc
tattacaagt
agacgaccca
cgacctagtc
tttgctcgcc
aaatatccgc
gctatccttt
ggaagcggat
atacattcgg
tctatatgceg
agtcactgtt
agatttccgt
gtttggaaac
ggttctcggt
aatcaaagaa
aacagcggca

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380



atcaatgtac
gaaaacgctc
ggaacggcegce
acgcttgatt
tcttataacg
tctgctgatg
gctactacgt
gaaaacatcg
gaatggcgtg
agtgaagata
cttgcgaaaa
ccaggcagtg
caagaaggag
acagcaaggt
ttagctcatt
cttcaagatc
ccgcataaag
gcaaaacgtt
agcgaattta
cctcgtgtcg
agcggatatg
gatacgatta
gaaacgccgc
caggcgcgca
ggctgecegtt
gaaggcatca
gttcagcacg
cacttctata
aaaagctatg
ctagaagaaa

<210> 2
<211> 1054
<212> PRT

agagaaaaga
ataatacgcc
gtgatttagc
cacacgccgg
gtcatccgcc
aagtaaaagg
atcaaaaagt
ctgaccgcgg
aacatatgtg
ataaatctac
tgcacggtgc
cacgaagcac
atcatttagg
tcggcctaga
tgccactcgc
ctgttacgcg
tagagcttga
taacaatgct
tcgcccttct
atgaaaaaca
gagaatataa
cgtgctttat
ttatcatggt
aacagctaaa
cacctcatga
ttacgcttca
taatggaaca
tttgcggaga
ctgacgttca
aaggccgata

acaggcagaa
gctgettgtg
agatattgca
aaatcttccg
tgataacgca
cgttcgctac
gcctgetttt
tgaagcagat
gagtgacgta
tctttcactt
gttttcaacg
gcgacatctt
tgttattcct
tgcatcacag
taaaacagta
cacgcagctt
agccttgcectt
tgaactgctt
gccaagcata
agcaagcatc
aggaattgcg
ttccacaccg
cggaccggga
agaacaagga
agactatctg
taccgctttt
agacggcaag
cggaagccaa
ccaagtgagt
cgcaaaagac

<213> Artificial Sequence

<220>

<223> P450_

<400> 2

BM3

CX2-150USP1_ST25

cagtctgcta
ctatacggtt
atgagcaaag
cgcgaaggag
aagcaatttg
tccgtatttg
atcgatgaaa
gcaagcgacg
gcagcctact
caatttgtcg
aacgtcgtag
gaaattgaac
cgcaactatg
caaatccgtc
tccgtagaag
cgcgcaatgg
gaaaagcaag
gaaaaatacc
cgcccgegcet
acggtcagcg
tcgaactatc
cagtcagaat
acaggcgtcg
cagtcacttg
tatcaagaag
tctcgcatgc
aaattgattg
atggcacctg
gaagcagacg
gtgtgggctg

Met Leu Met Lys Gln Ala Ser Ala Ile Pro Gln

1

5

10

Pro Leu Lys Asn Leu Pro His Leu Glu Lys Glu

20

25

Leu Trp Arg Ile Ala Asp Glu Leu Gly Pro Ile

35

40

Pro Gly Val Ser Ser Val Phe Val Ser Gly His

aaaaagtacg
caaatatggg
gatttgcacc
ctgtattaat
tcgactggtt
gatgcggcga
cgcttgecgc
actttgaagg
ttaacctcga
acagcgccgc
caagcaaaga
ttccaaaaga
aaggaatagt
tggaagcaga
agcttctgca
ctgctaaaac
cctacaaaga
cggcgtgtga
attactcgat
ttgtctcagg
ttgccgagct
ttacgctgcc
cgccgtttag
gagaagcaca
agcttgaaaa
caaatcagcc
aacttcttga
ccgttgaagc
ctcgcttatg
ggtaa

Ccaaaaaggca
aacagctgaa
gcaggtcgca
tgtaacggcg
agaccaagcg
taaaaactgg
taaaggggca
cacatatgaa
cattgaaaac
ggatatgccg
acttcaacag
agcttcttat
aaaccgtgta
agaagaaaaa
atacgtggag
ggtctgcccg
acaagtgctg
aatgaaattc
ttcttcatca
agaagcgtgg
gcaagaagga
aaaagaccct
aggctttgtg
tttatacttc
cgcccaaagce
gaaaacatac
tcaaggagcg
aacgcttatg

gctgcagcag

Pro Lys Thr Tyr Gly

15

Gln Leu Ser Gln Ser

30

Phe Arg Phe Asp Phe

45

Asn Leu Val Ala Glu

Page 2

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
3060
3120
3165



Val
65

Lys
Glu
Gln
Gln
Val
145
Gly
Phe
Gln
Phe
Ala
225
Arg
Glu
Thr
Pro
Asp
305
Met
Ser
Ser
Gln
Glu
385
Gly
Met

Gly

50
Cys

Val
Pro
Arg
Leu
130
Ala
Phe
Ile
Arg
Gln
210
Glu
Met
Asn
Thr
Glu
290
Asp
Val
Leu
Lys
Asn
370
Asp
Gln
Val

Tyr

Asp
Arg
Asn
Ala
115
Ile
Asp
Asn
Thr
Ala
195
Glu
Arg
Leu
Ile
Ser
275
Lys
Thr
Leu
Tyr
Gly
355
Ala
Pro
Arg

Leu

Glu

Glu
Ala
Trp
100
Met
Gln
Asp
Tyr
Ser
180
Asn
Asp
Arg
Asn
Arg
260
Gly
Leu
Pro
Asn
Ala
340
Gln
Trp
Ser
Ala
Gly

420
Leu

Glu
Phe
85

Arg
Lys
Lys
Met
Arg
165
Met
Pro
Ile
Ala
Val
245
Phe
Leu
Lys
Glu
Glu
325
Lys
Pro
Gly
Ser
Cys
405

Leu

Lys

Arg
70

Ser
Lys
Asp
Trp
Thr
150
Phe
Val
Asp
Lys
Asn
230
Glu
Gln
Leu
Lys
Tyr
310
Thr
Glu
Val
Pro
Ile
390
Ile
Val

Ile

55
Phe

Gly
Ala
Tyr
Ser
135
Arg
Asn
Arg
Asp
Val
215
Gly
Asp
Ile
Ser
Ala
295
Lys
Leu
Asp
Thr
Asp
375
Pro
Gly

Leu

Lys

Asp
Asp
His
His
120
Arg
Leu
Ser
Ala
Pro
200
Met
Asp
Pro
Ile
Phe
280
Gln
Gln
Arg
Thr
Val
360
Ala
His
Met

Lys

Glu

CX2-150USP1_ST25

Lys
Gly
Asn
105
Glu
Leu
Thr
Phe
Leu
185
Ala
Asn
Gln
Glu
Thr
265
Ala
Glu
Ile
Leu
Val
345
Leu
Glu
His
Gln
His

425
Ala

Ser
Leu
90

Ile
Lys
Asn
Leu
Tyr
170
Asp
Tyr
Asp
Asp
Thr
250
Phe
Ile
Glu
Gln
Tyr
330
Leu
Ile
Asp
Ala
Phe
410
Phe

Leu

Ile
75

Ala
Leu
Met
Pro
Asp
155
Arg
Glu
Asp
Leu
Glu
235
Gly
Leu
Tyr
Ala
Gln
315
Pro
Gly
Pro
Phe
Tyr
395
Ala
Glu

Thr

60
Glu

Thr
Met
Val
Asn
140
Thr
Asp
Ala
Glu
Val
220
Lys
Glu
Ile
Cys
Asp
300
Leu
Thr
Gly
Lys
Arg
380
Lys
Leu

Leu

Ile

Page 3

Gly
Ser
Pro
Asp
125
Glu
Ile
Gln
Met
Asn
205
Asp
Asp
Lys
Ala
Leu
285
Arg
Lys
Ala
Glu
Leu
365
Pro
Pro
Gln
Ile

Lys

Ala
Trp
Thr
110
Ile
Glu
Gly
Pro
Asn
190
Lys
Ser
Leu
Leu
Gly
270
Leu
Val
Tyr
Pro
Tyr
350
His
Glu
Phe
Glu
Asn

430
Pro

Leu
Thr
95

Phe
Ala
Ile
Leu
His
175
Lys
Arg
Ile
Leu
Asp
255
His
Thr
Leu
Ile
Ala
335
Pro
Arg
Arg
Gly
Ala

415
His

Glu
80

His
Ser
Thr
Asp
Cys
160
Pro
Leu
Gln
Ile
Ala
240
Asp
Glu
His
Thr
Arg
320
Phe
Ile
Asp
Phe
Asn
400
Thr
Thr

Asp



Phe
Arg
465
Glu
Gly
Lys
Leu
His
545
Ser
Asp
Glu
Ala
His
625
Ser
Ala
Val
His
His
705
Thr
Glu
Glu
Gln
Glu
785
Ala

Glu

Lys
450
Lys
Asn
Thr
Gly
Pro
530
Pro
Ala
Lys
Thr
Asp
610
Met
Glu
Asp
Ala
Leu
690
Leu
Ala
Glu
Glu
Leu
770
Leu

Lys

Met

435
Ile

Glu
Ala
Ala
Phe
515
Arg
Pro
Asp
Asn
Leu
595
Ala
Trp
Asp
Met
Ser
675
Glu
Gly
Arg
Glu
Leu
755
Arg
Glu

Arg

Thr
Gln
His
Glu
500
Ala
Glu
Asp
Glu
Trp
580
Ala
Ser
Ser
Asn
Pro
660
Lys
Ile
Val
Phe
Lys
740
Leu
Ala
Ala

Leu

Phe

Val
Ala
Asn
485
Gly
Pro
Gly
Asn
Val
565
Ala
Ala
Asp
Asp
Lys
645
Leu
Glu
Glu
Ile
Gly
725
Leu
Gln
Met
Leu
Thr

805
Ser

Lys
Glu
470
Thr
Thr
Gln
Ala
Ala
550
Lys
Thr
Lys
Asp
Val
630
Ser
Ala
Leu
Leu
Pro
710
Leu
Ala
Tyr
Ala
Leu
790
Met

Glu

Pro
455
Gln
Pro
Ala
Val
Val
535
Lys
Gly
Thr
Gly
Phe
615
Ala
Thr
Lys
Gln
Pro
695
Arg
Asp
His
Val
Ala
775
Glu

Leu

Phe

440
Arg

Ser
Leu
Arg
Ala
520
Leu
Gln
Val
Tyr
Ala
600
Glu
Ala
Leu
Met
Gln
680
Lys
Asn
Ala
Leu
Glu
760
Lys
Lys
Glu

Ile

CX2-150USP1_ST25

Lys
Ala
Leu
Asp
505
Thr
Ile
Phe
Arg
Gln
585
Glu
Gly
Tyr
Ser
His
665
Pro
Glu
Tyr
Ser
Pro
745
Leu
Thr
Gln

Leu

Ala

Thr
Lys
Val
490
Leu
Leu
Val
Val
Tyr
570
Lys
Asn
Thr
Phe
Leu
650
Gly
Gly
Ala
Glu
Gln
730
Leu
Gln
Val
Ala
Leu

810
Leu

Ala
Lys
475
Leu
Ala
Asp
Thr
Asp
555
Ser
Val
Ile
Tyr
Asn
635
Gln
Ala
Ser
Ser
Gly
715
Gln
Ala
Asp
Cys
Tyr
795
Glu

Leu

Ala
460
Val
Tyr
Asp
Ser
Ala
540
Trp
Val
Pro
Ala
Glu
620
Leu
Phe
Phe
Ala
Tyr
700
Ile
Ile
Lys
Pro
Pro
780
Lys
Lys

Pro

Page 4

445
Ile

Arg
Gly
Ile
His
525
Ser
Leu
Phe
Ala
Asp
605
Glu
Asp
Val
Ser
Arg
685
Gln
Val
Arg
Thr
Val
765
Pro
Glu
Tyr

Ser

Asn
Lys
Ser
Ala
510
Ala
Tyr
Asp
Gly
Phe
590
Arg
Trp
Ile
Asp
Thr
670
Ser
Glu
Asn
Leu
Val
750
Thr
His
Gln

Pro

Ile

Val
Lys
Asn
495
Met
Gly
Asn
Gln
Cys
575
Ile
Gly
Arg
Glu
Ser
655
Asn
Thr
Gly
Arg
Glu
735
Ser
Arg
Lys
Val
Ala

815
Arg

Gln
Ala
480
Met
Ser
Asn
Gly
Ala
560
Gly
Asp
Glu
Glu
Asn
640
Ala
Val
Arg
Asp
Val
720
Ala
Val
Thr
Val
Leu
800
Cys

Pro



Arg Tyr Tyr
835
Ile Thr
850

Tyr

Ser

Glu
865
Asp

Lys

Thr Ile

Pro Lys Asp

Val Ala Pro

915

Gln Gly Gln

930
Pro His Glu
945
Glu

Gly Ile

Pro Lys Thr

Ile Glu Leu
995
Gln Met
1010

Val His

Ser

Asp
1025
Leu Glu Glu

<210> 3
<211> 3150
<212> DNA

820

Ser Ile

Val Ser

Gly Ile

Ser

Val

Ala

Ser
840
Ser

Ser

Val
855

Ser Asn

870

Thr Cys
885
Pro Glu
900
Phe Arg

Ser Leu

Asp Tyr

Phe
Thr
Gly
Gly

Leu

Ile Ser

Pro Leu

Phe Val
920
Glu Ala
935

Tyr Gln

950

Ile Thr
965
Tyr Val
980
Leu Asp

Ala Pro

Gln Val

Leu

Gln

Gln

Ala

Ser

His Thr

His Val

Ala
1000
Glu

Gly

Val
1015
Glu Ala

1030

Lys
1045

Gly Arg Tyr Ala Lys

<213> Artificial Sequence

<220>

<223> P450_

<400> 3

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtatcgg

BM3

aggaaatgcc
ataaaccggt
aggcgecetgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac

gcagccgaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
ggtgacaagc
ctttagtcag
tgttcaaaag
acgtttaacg

CX2-150USP1_ST25

825
Pro Arg Val

Gly Glu Ala
Ala
875

Gln

Tyr Leu

Thr Pro
890
Ile Met
905

Gln

Val

Ala Arg

His Leu Tyr

Glu Glu Leu

955

Ala Phe Ser

970

Met Glu Gln

985

His Phe Tyr

Ala Thr Leu

Asp Ala Arg

1035

Asp Val

1050

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa

830
Glu Lys
845

Ser

Asp

Trp
860
Glu

Gly

Leu Gln

Ser Glu Phe

Gly Pro Gly
910
Gln Leu
925

Gly

Lys

Phe
940
Glu

Cys

Asn Ala

Arg Met Pro

Asp Gly Lys
990
Cys Gly
1005

Lys Ser

Ile

Met
1020
Leu Trp Leu

Trp Ala Gly

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg

Page 5

Gln Ala

Tyr Gly

Glu Gly
880
Thr Leu
895
Thr Gly

Lys Glu

Arg Ser

Gln Ser
960
Asn Gln
975
Lys Leu

Asp Gly

Tyr Ala

Gln Gln
1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac

120
180
240
300
360
420
480



tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgecgtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 4

acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgcga
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgcecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

CX2-150USP1_ST25

cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gecgttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa
atgggaacag
gcaccgcagg
ttaattgtaa
tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg
gccgecggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgcttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggecgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgettgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcgg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Page 6

tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

540

600

660

720

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
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



<211> 1049
<212> PRT
<213> Artificial Sequence

<220>
<223> P450_BM3

<400> 4

Met
1
Asn
Ile
Val
Glu
65
Asp
Trp
Met
Gln
Asp
145
Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu

Gln

Ser
305

Thr
Leu
Ala
Thr
50

Ser
Phe
Lys
Lys
Lys
130
Met
Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys

290
Tyr

Ile
Pro
Asp
35

Arg
Arg
Ala
Lys
Gly
115
Trp
Thr
Phe
Val
Asp
195
Lys
Arg
Asp
Ile
Ser
275
Val

Lys

Lys
Leu
20

Glu
Tyr
Phe
Gly
Ala
100
Tyr
Glu
Arg
Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala

Gln

Glu
Leu
Leu
Leu
Asp
Asp
85

His
His
Arg
Leu
Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala

Glu

Val

Met
Asn
Gly
Ser
Lys
70

Gly
Asn
Ala
Leu
Thr
150
Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu

Glu

Lys
310

Pro
Thr
Glu
Ser
55

Asn
Leu
Ile
Met
Asn
135
Leu
Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala

295
Gln

Gln
Asp
Ile
40

Gln
Leu
Val
Leu
Met
120
Ala
Asp
Arg
Glu
Asp
200
Leu
Asp
Glu
Ile
Phe
280
Ala

Leu

CX2-150USP1_ST25

Pro
Lys
25

Phe
Arg
Ser
Thr
Leu
105
Val
Asp
Thr
Asp
Val
185
Glu
Val
Asp
Pro
Ala
265
Leu

Arg

Lys

Lys
10

Pro
Lys
Leu
Gln
Ser
90

Pro
Asp
Glu
Ile
Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val

Tyr

Thr
Val
Phe
Ile
Ala
75

Trp
Ser
Ile
His
Gly
155
Pro
Asn
Lys
Lys
Leu
235
Asp
His
Lys

Leu

Val
315

Phe
Gln
Glu
Lys
60

Leu
Thr
Phe
Ala
Ile
140
Leu
His
Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val

300
Gly

Page 7

Gly
Ala
Ala
45

Glu
Lys
His
Ser
Val
125
Glu
Cys
Pro
Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp

Met

Glu
Leu
30

Pro
Ala
Phe
Glu
Gln
110
Gln
Val
Gly
Phe
Gln
190
Cys
Ala
Met
Asn
Thr
270
His
Pro

Val

Leu
15

Met
Gly
Cys
Ala
Ile
95

Gln
Leu
Ser
Phe
Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val

Leu

Lys
Lys
Cys
Asp
Arg
80

Asn
Ala
Val
Glu
Asn
160
Ile
Ala
Glu
Arg
Asn
240
Ser
Gly
Leu

Pro

Asn
320



Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala
545
Lys
Thr
Lys
Asp
Val
625
Ser
Ala

Leu

Leu

Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys
Gly
Thr
Gly
Phe
610
Ala
Thr
Lys

Gln

Pro
690

Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu
Gln
Val
Tyr
Ala
595
Glu
Ala
Leu
Met
Gln

675
Lys

Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe
Arg
Gln

580
Glu

Tyr
Ser
His
660

Pro

Glu

Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val
Tyr
565
Lys
Asn
Thr
Phe
Leu
645
Gly
Gly

Ala

Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp
550
Ser
Val
Ile
Tyr
Asn
630
Gln
Ala

Ser

Ser

Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp
Val
Pro
Ala
Glu
615
Leu
Phe
Phe

Ala

Tyr
695

Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His
520
Ser
Leu
Phe
Ala
Asp
600
Glu
Asp
Val
Ser
Arg

680
Gln

CX2-150USP1_ST25

Ala
Glu
345
Leu
Pro
Pro
His
Glu
425
Lys
Gly
Lys
Ser
Ala
505
Ala
Tyr
Asp
Gly
Phe
585
Arg
Trp
Ile
Asp
Thr
665

Ser

Glu

Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn
Gln
Cys
570
Ile
Gly
Arg
Glu
Ser
650
Asn

Thr

Gly

Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala
555
Gly
Asp
Glu
Glu
Asn
635
Ala
Val

Arg

Asp

Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540
Ser
Asp
Glu
Ala
His
620
Ser
Ala
Val
His

His
700
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Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro
Ala
Lys
Thr
Asp
605
Met
Glu
Asp
Ala
Leu

685
Leu

Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg
Pro
Asp
Asn
Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu

Gly

Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp
Glu
Trp
575
Ala
Ser
Ser
Asn
Pro
655
Lys
Ile

Val

Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val
560
Ala
Ala
Asp
Asp
Lys
640
Leu
Glu

Glu

Ile



Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu
945
Leu
Gln
Gln
Ala
Ser

1025
Arg

<210
<211

Arg Asn
Asp Ala
His Leu

Val Glu
755

Ala Lys

770

Glu Lys

Leu Glu
Phe Ile

Ser Ser
835

Val Ser

850

Ser Asn

Ile Ser
Pro Leu

Phe Val
915

Glu Ala

930

Tyr Gln

His Thr
His Val
Gly Ala
995
Val Glu
1010
Glu Ala

Tyr Ala

>5
> 3150

Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala

820
Pro

Tyr
Thr
Ile
900
Gln
His
Glu
Ala
Met
980
His
Ala
Asp

Lys

Glu Gly
710

Gln Gln

725

Leu Ala

Gln Asp
Val Cys
Ala Tyr
790
Leu Glu
805
Leu Leu
Arg Val
Glu Ala
Leu Ala
870
Pro Gln
885
Met Val
Ala Arg
Leu Tyr
Glu Leu
950
Phe Ser
965
Glu Gln
Phe Tyr
Thr Leu

Ala Arg

1030

Asp Val
1045

CX2-150USP1_ST25

Ile Val Asn
Ile Arg Leu

Lys Thr Val
745
Pro Val Thr
760
Pro Pro His
775
Lys Glu Gln

Lys Tyr Pro

Pro Ser Ile
825
Asp Glu Lys
840
Trp Ser Gly
855
Glu Leu Gln

Ser Glu Phe

Gly Pro Gly
905
Lys Gln Leu
920
Phe Gly Cys
935
Glu Asn Ala

Arg Met Pro

Asp Gly Lys
985
Ile Cys Gly
1000
Met Lys Ser
1015
Leu Trp Leu

Trp Ala Gly

Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln
Asn
970
Lys
Asp
Tyr

Gln

Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser
955
Gln
Leu
Gly
Ala

Gln
1035

Thr Ala Arg
Glu Glu Glu

Glu Glu Leu
750
Gln Leu Arg
765
Glu Leu Glu
780
Ala Lys Arg

Glu Met Lys

Arg Tyr Tyr
830
Ser Ile Thr
845
Glu Tyr Lys
860
Asp Thr Ile

Pro Lys Asp

Val Ala Pro
910
Gln Gly Gln
925
Pro His Glu
940
Glu Gly Ile

Pro Lys Thr

Ile Glu Leu
990
Ser Gln Met
1005
Asp Val His
1020
Leu Glu Glu
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Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile
Tyr
975
Leu
Ala
Gln

Lys

Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr
960
Val
Asp
Pro

Val

Gly
1040



<212> DNA

<213> Artificial Sequence

<220>

<223> P450_

<400> 5

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttcttg
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgegtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac

BM3

aggaaatgcc
ataaaccggt
aggcgectgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgega
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa

gcagccgaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
atttacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
Ccgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg

CX2-150USP1_ST25

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gegttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa
atgggaacag
gcaccgcagg
ttaattgtaa
tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg
gccgeggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgecttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggcgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgcttgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga

Page 10

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgcg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc

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
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460



cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 6
<211> 1049
<212> PRT

gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagsg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgeccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_

<400> 6
Met Thr
1

Asn

Ile

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Leu

Trp Lys Lys

Met Lys Gly

115

Gln Lys Trp

130

Asp Met Thr

145

Tyr Arg Phe

Ser Met Val

Asn Pro Asp

BM3

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85

Ala His
100
Tyr His

Glu Arg

Arg Leu

Met
Asn
Gly
Ser
Lys
70

Gly
Asn
Ala

Leu

Thr

Pro Gln

Thr Asp

Glu Ile
40
Ser Gln
55
Asn Leu

Leu Phe

Ile Leu

Met Met
120
Asn Ala
135

Leu Asp

150

Ser
165
Ala

Asn

Arg
180

Asp Pro

Phe

Leu

Ala

Tyr Arg

Asp Glu

Tyr Asp

CX2-150USP1_ST25

tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Pro Lys Thr

10
Lys Pro Val
25
Phe

Lys Phe

Arg Leu Ile

Gln Ala
75

Trp

Ser

Thr Ser

90
Leu Pro Ser
105
Val

Asp Ile

Asp Glu His

Thr Ile Gly
155
Gln Pro
170

Met

Asp

Val
185
Glu

Asn

Asn Lys

catcacctcg
cgtggagcegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro
45

Lys Glu Ala

60

Leu

Lys Phe

Thr His Glu

Phe Gln
110
Gln

Ser
Ala val
125
Ile Glu
140

Leu

Val

Cys Gly

His Pro Phe
Gln
190

Cys

Lys Leu

Arg Gln

Page 11

tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met Lys

Gly Cys

Cys Asp

Ala Arg
80
Ile Asn
95
Gln Ala

Leu Val

Ser Glu

Phe Asn
160
Ile Ile
175
Arg Ala

Gln Glu

2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala
545
Lys

Thr

Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys
Gly

Thr

195
Lys

Arg
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu
Gln
Val

Tyr

Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe
Arg

Gln

Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val
Tyr

565
Lys

Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp
550

Ser

Val

Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp
Val

Pro

200
Leu

Asp
Glu
Ile
Phe
280
Ala
Leu
Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His
520
Ser
Leu

Phe

Ala

CX2-150USP1_ST25

Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu
345
Leu
Pro
Pro
His
Glu
425
Gly
Lys
Ser
Ala

505
Ala

Asp
Gly

Phe

Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn
Gln
Cys

570
Ile

Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala
555
Gly

Asp

Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540
Ser

Asp

Glu

Page 12

205
Ile

Gln
Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro
Ala
Lys

Thr

Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg
Pro
Asp

Asn

Leu

Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp
Glu
Trp

575
Ala

Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val
560
Ala

Ala



Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu

945
Leu

Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu
930
Tyr

His

Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala
Gln

Thr

580
Glu

Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro
Gly
Tyr
Thr
Ile
900
Gln
His
Glu

Ala

Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu

Glu

Phe

Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu

950
Ser

Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu

Arg

Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly

Asn

Met

CX2-150USP1_ST25

585
Arg

Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala

Pro

Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln

Asn

Glu Ala Asp

Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser

955
Gln

His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu

Pro
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605
Met

Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly

Lys

590
Ala

Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile

Thr

Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile

Tyr

Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr

960
Val



Gln His Vval

Gln Gly Ala
995
Ala Val Glu
1010
Ser Glu Ala
1025
Arg Tyr Ala

<210> 7
<211> 3150
<212> DNA

965
Met
980
His

Ala

Asp

Glu Gln Asp Gly Lys
985
Phe Tyr Ile Cys Gly

1000

Thr Leu Met Lys Ser

1015

Ala Arg Leu Trp Leu

1030

Lys
1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 7

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtaccgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata

BM3

aggaaatgcc
ataaaccggt
aggcgecetgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtttca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag

gcagccgaaa
tcaagctttg
tcgtgtaacg
ctttgataaa
atttacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
cggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt

CX2-150USP1_ST25

970

Asp Val Trp Ala Gly

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gecgttttccc
ggcgacgaag
gatgtggaag
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa
atgggaacag

gcaccgcagg

Lys Leu Ile Glu Leu
990
Asp Gly Ser Gln Met

1005

Tyr Ala Asp Val His

1020

Gln Gln Leu Glu Glu
1035

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaaaaaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcaacacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgcttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct

Page 14

975
Leu Asp

Ala Pro

Gln Val

Lys Gly
1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagtatatt
cggctttaac
tatgatccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcaacgtgcg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac

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



gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgecgtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 8
<211> 1049
<212> PRT

ttccgcgcga
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgcecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_

<400> 8
Met Thr
1
Asn Leu
Ile Ala
35
val Thr
50
Glu Ser

65

Ile Lys
Pro Leu
Asp Glu
Arg Tyr

Arg Phe

BM3

Glu
Leu
20

Leu

Leu

Asp

Met
Asn
Gly
Ser

Lys
70

Pro Gln

Thr Asp

Glu Ile
40
Ser Gln
55

Asn Leu

CX2-150USP1_ST25

ttaattgtaa
tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg
gccgecggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Pro Lys Thr

10

Lys Pro Val

25
Phe

Lys Phe

Arg Leu Ile

Gln Ala

75

Ser

cggecgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgettgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcgg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro

45
Lys Glu Ala
60
Leu

Lys Phe

Page 15

taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys
Gly Arg
Cys Asp

Ala Arg

80

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
3150



Asp
Trp
Met
Gln
Asp
145
Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met

Asp

Ala

Phe
Lys
Lys
Lys
130
Met
Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met

Ile

Lys
450

Ala
Lys
Gly
115
Trp
Thr
Phe
Ile
Asp
195
Lys
Ser
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys

435
Ser

Gly
Ala
100
Tyr
Glu
Arg
Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu

Lys

Asp
85

His
His
Arg
Leu
Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr

Lys

Asn
Ala
Leu
Thr
150
Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe

Leu

Ile

Leu
Ile
Met
Asn
135
Leu
Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp

Thr

Pro
455

Phe
Leu
Met
120
Ala
Asp
Arg
Glu
Asp
200
Leu
Asp
Glu
Ile
Phe
280
Thr
Leu
Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu

440
Leu

CX2-150USP1_ST25
Ser Trp Thr

Thr
Leu
105
Val
Asp
Thr
Asp
Val
185
Glu
Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu
345
Leu
Pro
Pro
His
Glu
425
Lys

Gly

90

Pro Ser Phe

Asp
Glu
Ile
Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp

Pro

Gly

Ile
Tyr
Gly
155
Pro
Asn
Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu

Ile

Ala
Ile
140
Leu
His
Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly

Pro
460

Page 16

His
Ser
Val
125
Glu
Cys
Pro
Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe

445
Ser

Glu
Gln
110
Gln
Val
Gly
Phe
Gln
190
Phe
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val

Pro

Lys
95

Gln
Leu
Pro
Phe
Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val

Ser

Asn
Ala
Val
Glu
Asn
160
Ile
Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu

Lys

Thr



Glu
465
Thr
Thr
Gln
Ala
Ala
545
Lys
Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met

Glu

Ser

Gln
Pro
Ala
Val
Val
530
Lys
Gly
Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu

Phe

Ser

Ser
Leu
Arg
Ala
515
Leu
Gln
Val
Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu

Ile

Ser
835

Ala
Leu
Asp
500
Thr
Ile
Phe
Arg
Gln

580
Glu

Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala

820
Pro

Lys
Val
485
Leu
Leu
Val
Val
Tyr
565
Lys
Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805

Leu

Arg

Lys
470
Leu
Ala
Asp
Thr
Asp
550
Ser
Val
Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu

Leu

Val

Val
Tyr
Asp
Ser
Ala
535
Trp
Val
Pro
Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys

Pro

Asp

Arg
Gly
Ile
His
520
Ser
Leu
Phe
Ala
Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr

Ser

Glu
840

CX2-150USP1_ST25
Ala Glu Asn

Lys
Ser
Ala
505
Ala
Tyr
Asp
Gly
Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile

825
Lys

Lys
Asn
490
Met
Gly
Asn
Gln
Cys
570
Ile
Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg

Gln

475
Met

Ser
Asn
Gly
Ala
555
Gly
Asp
Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys

Pro

Ala

Gly
Lys
Leu
His
540
Ser
Asp
Glu
Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu

Arg

Ser

Page 17

Thr
Gly
Pro
525
Pro
Ala
Lys
Thr
Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met

Tyr

Ile
845

Ala
Ala
Phe
510
Arg
Pro
Asp
Asn
Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr

830
Thr

His
Glu
495
Ala
Glu
Asp
Glu
Trp
575
Ala
Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815

Ser

Val

Asn
480
Gly
Pro
Gly
Asn
Val
560
Ala
Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser

Ile

Ser



Val Vval
850

Ser

Ser

Ala
865
Phe

Asn

Ile Ser

Thr Pro Leu

Phe Val
915
Ala

Gly

Glu
930
Tyr

Gly
Leu Gln
945
Leu

His Thr

Gln His Vval

Gln Ala
995
Glu

Gly
Ala Val
1010
Ser Glu Ala
1025

Arg Tyr Ala

<210> 9
<211> 3150
<212> DNA

Gly Glu

Tyr Leu

Ala

Ala

Trp Ser
855

Glu Leu

870

Thr Pro
885
Ile Met
900
Gln Ala

His Leu

Glu Glu

Gln
Val
Arg
Tyr

Leu

Ser Glu

Gly Pro
Gln
920
Gly

Lys

Phe
935

Glu Asn

950

Ala Phe
965
Met Glu
980
His Phe

Ala Thr

Asp Ala

Ser
Gln
Tyr
Leu

Arg

Arg Met

Asp Gly

Ile Cys
1000
Met Lys
1015

Leu Trp

1030

Lys
1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 9

atgacaatta
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc

BM3

aagaaatgcc
ataaaccggt
aggcgectgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca

tcagccaaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
agcaacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc

CX2-150USP1_ST25

Gly Tyr Gly

Gln Glu Gly

875

Phe Thr Leu
890

Gly Thr

905

Leu

Gly

Lys Glu

Cys Arg Ser

Ala Gln Ser
955
Asn Gln
970

Lys

Pro

Lys Leu

985

Gly Asp Gly

Ser Tyr Ala

Leu Gln Gln

1035
Asp Val Trp Ala Gly

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga

Glu
860
Asp

Tyr Lys

Thr Ile

Pro Lys Asp

Val Ala Pro

910

Gln Gly Gln
925

Pro His Glu

940

Glu

Gly Ile

Pro Lys Thr

Ile Glu Leu
990
Gln Met
1005

Val His

Ser

Asp
1020
Leu Glu Glu

agcttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt

Page 18

Gly Ile

Thr Cys
880
Pro Glu
895
Phe Arg

Ser Leu

Asp Tyr

Ile Thr
960
Tyr Val
975
Leu Asp

Ala Pro

Gln Val

Lys Gly
1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt

120
180
240
300
360
420
480
540
600
660



attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgegtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 10
<211> 1049
<212> PRT

gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgega
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagsg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

gggtgaacaa
tgagccgctt
Ccgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgeccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

CX2-150USP1_ST25

agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gegttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa
atgggaacag
gcaccgcagg
ttaattgtaa
tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg
gccgeggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgecttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggcgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgcttgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Page 19

gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgcg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

720

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
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



<220>
<223> P450_BM3

<400> 10

Met
1
Asn
Ile
Val
Glu
65
Asp
Trp
Met
Gln
Asp
145
Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu

Lys

Thr
Leu
Ala
Thr
50

Ser
Phe
Lys
Lys
Lys
130
Met
Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala

Glu

Ile
Pro
Asp
35

Arg
Arg
Ala
Lys
Gly
115
Trp
Thr
Phe
Val
Asp
195
Lys
Arg
Asp
Ile
Ser
275
Val
Lys

Leu

Asp

Lys
Leu
20

Glu
Tyr
Phe
Gly
Ala
100
Tyr
Glu
Arg
Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg

Thr

Glu
Leu
Leu
Leu
Asp
Asp
85

His
His
Arg
Leu
Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu

325
Val

Met
Asn
Gly
Ser
Lys
70

Gly
Asn
Ala
Leu
Thr
150
Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp

Leu

Pro
Thr
Glu
Ser
55

Asn
Leu
Ile
Met
Asn
135
Leu
Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln

Pro

Gly

Gln
Asp
Ile
40

Gln
Leu
Ala
Leu
Met
120
Ala
Asp
Arg
Glu
Asp
200
Leu
Asp
Glu
Ile
Phe
280
Ala
Leu

Thr

Gly

CX2-150USP1_ST25

Pro
Lys
25

Phe
Arg
Ser
Thr
Leu
105
Val
Asp
Thr
Asp
Val
185
Glu
Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala

Glu

Lys
10

Pro
Lys
Leu
Gln
Ser
90

Pro
Asp
Glu
Ile
Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro

330
Tyr

Thr Phe
Val Gln
Phe Glu

Ile Lys
60

Ala Leu

75

Trp Thr

Ser Phe
Ile Ala

His Ile
140

Gly Leu

155

Pro His

Asn Lys
Lys Arg

Lys Ile
220

Leu Thr

235

Asp Asp

His Glu
Lys Asn

Leu Val
300

Val Gly

315

Ala Phe

Pro Leu

Page 20

Gly
Ala
Ala
45

Glu
Lys
His
Ser
Val
125
Glu
Cys
Pro
Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met

Ser

Glu

Glu
Leu
30

Pro
Ala
Phe
Glu
Gln
110
Gln
Val
Gly
Phe
Gln
190
Cys
Ala
Met
Asn
Thr
270
His
Pro

Val

Leu

Leu
15

Met
Gly
Cys
Ala
Ile
95

Gln
Leu
Ser
Phe
Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr

335
Gly

Lys
Lys
Cys
Asp
Arg
80

Asn
Ala
Val
Glu
Asn
160
Ile
Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala

Asp



Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala
545
Lys
Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro

705
Leu

Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys
Gly
Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg

Asp

Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu
Gln
Val
Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys

Asn

Ala

340
Val

Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe
Arg
Gln
580
Glu
Gly
Tyr
Ser
His
660
Pro
Glu
Tyr

Ser

Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val
Tyr
565
Lys
Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu

Gln

Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp
550
Ser
Val
Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly

710
Gln

Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp
Val
Pro
Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile

Ile

Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His
520
Ser
Leu
Phe
Ala
Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val

Arg

CX2-150USP1_ST25

345
Leu

Pro
Pro
His
Glu
425
Lys
Gly
Lys
Ser
Ala
505
Ala
Tyr
Asp
Gly
Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu

Asn

Leu

His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn
Gln
Cys
570
Ile
Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg

Glu

Arg Asp Lys

Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala
555
Gly
Asp
Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val

715
Ala

Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540
Ser
Asp
Glu
Ala
His
620
Ser
Ala
Val
His
His
700
Thr

Glu
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365
Glu

Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro
Ala
Lys
Thr
Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu

Ala

Glu

350
Thr

Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg
Pro
Asp
Asn
Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg

Glu

Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp
Glu
Trp
575
Ala
Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe

Lys

Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val
560
Ala
Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly

720
Leu



Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu
945
Leu
Gln
Gln
Ala
Ser

1025
Arg

<210
<211
<212

His Leu

Val Glu
755

Ala Lys

770

Glu Lys

Leu Glu
Phe Ile

Ser Ser
835

Val Ser

850

Ser Asn

Ile Ser
Pro Leu

Phe Val
915

Glu Ala

930

Tyr Gln

His Thr
His Val

Gly Ala
995
Val Glu
1010
Glu Ala

Tyr Ala

> 11
> 3150
> DNA

Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro
Gly
Tyr
Thr
Ile
900
Gln
His
Glu
Ala
Met
980
His
Ala
Asp

Lys

725
Leu Ala

Gln Asp
Val Cys
Ala Tyr

790
Leu Glu

805
Leu Leu

Arg Val
Glu Ala
Leu Ala
870
Pro Gln
885
Met Val
Ala Arg
Leu Tyr
Glu Leu
950
Phe Ser
965
Glu Gln
Phe Tyr
Thr Leu

Ala Arg

1030

Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu
Arg
Asp
Ile

Met

1015

Leu

CX2-150USP1_ST25

Thr Val
745

Val Thr

760

Pro His

Glu Gln
Tyr Pro

Ser Ile
825

Glu Lys

840

Ser Gly

Leu Gln
Glu Phe

Pro Gly
905

Gln Leu

920

Gly Cys

Asn Ala
Met Pro
Gly Lys
985
Cys Gly
1000
Lys Ser

Trp Leu

Asp Val Trp Ala Gly

1045

<213> Artificial Sequence

730

Ser Val Glu

Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln
Asn
970
Lys
Asp
Tyr

Gln

Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser
955
Gln
Leu
Gly
Ala

Gln
1035

Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu
Pro
Ile

Ser

Asp

1020

Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly
Lys
Glu

Gln

1005

Val

Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile
Thr
Leu
990
Met

His

Leu Glu Glu
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735
Leu

Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile
Tyr
975
Leu
Ala
Gln

Lys

Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr
960
Val
Asp
Pro

Val

Gly
1040



<220>

<223> P450_

<400> 11

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgecgtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa

BM3

aggaaatgcc
ataaaccggt
aggcgecetgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgcga
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa

gcagccgaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
atttacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
cgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc

CX2-150USP1_ST25

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt
gtagcagaag
cagcttaaat
gecgttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa
atgggaacag
gcaccgcagg
ttaattgtaa
tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg
gccgecggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgcttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggecgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgettgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcgg
aaggagatac
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tttaccgtta
aggagaaatc
tctaattaaa
attttcccgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc

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
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640



tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 12
<211> 1049
<212> PRT

caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

agaatttacg
cgtcgecgcecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>
<223> P450_|

<400> 12
Met Thr
1

Asn

Ile

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Ala

Trp Lys Lys

Met Lys Gly

115
Trp

Gln Lys

130

Asp Met Thr

145
Tyr

Arg Phe

Ser Met Val

Asn Pro Asp
195
Ile Lys

210

Asp

BM3

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85

Ala His
100
Tyr His

Glu Arg

Arg Leu

Met
Asn
Gly
Ser
Lys
70

Gly
Asn
Ala

Leu

Thr

Pro Gln

Thr Asp

Glu Ile
40
Ser Gln
55
Asn Leu

Leu Phe

Ile Leu

Met Met
120
Asn Ala
135

Leu Asp

150

Ser
165
Ala

Asn

Arg
180
Asp Pro

Val Met

Phe

Leu

Ala

Asn

Tyr Arg

Asp Glu

Tyr Asp
200
Asp Leu

215

CX2-150USP1_ST25

ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Pro Lys Thr

10
Lys Pro Val
25
Phe

Lys Phe

Arg Leu Ile

Gln Ala
75
Trp

Ser

Thr Ser

90
Leu Pro Ser
105
Val

Asp Ile

Asp Glu His

Thr Ile Gly
155
Gln Pro
170

Met

Asp

Val
185
Glu

Asn

Asn Lys

Val Asp Lys

accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu

30

Glu Ala Pro
45

Lys Glu Ala

60

Leu

Lys Phe

Thr His Glu

Phe Gln
110
Gln

Ser
Ala Val
125
Ile Glu
140

Leu

Val

Cys Gly

His Pro Phe
Gln
190

Cys

Lys Leu
Gln
205
Ile

Arg

Ile
220

Ala

Page 24

gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys

Gly Cys

Cys Asp

Ser Arg
80
Ile Asn
95
Gln Ala

Leu Val

Ser Glu

Phe Asn
160
Ile Ile
175
Arg Ala

Gln Glu

Asp Arg

2700
2760
2820
2880
2940
3000
3060
3120
3150



Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala
545
Lys
Thr

Lys

Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Val
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys
Gly

Thr

Gly

Arg
Asp
Ile
Ser
275
Val
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu
Gln
Val

Tyr

Ala
595

Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe
Arg
Gln

580
Glu

Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val
Tyr
565
Lys

Asn

Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp
550
Ser

Val

Ile

Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp
Val

Pro

Ala

Asp
Glu
Ile
Phe
280
Ala
Leu
Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His
520
Ser
Leu
Phe

Ala

Asp
600

CX2-150USP1_ST25
Leu Thr Gln

Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu
345
Leu
Pro
Pro
His
Glu
425
Lys
Gly
Lys
Ser
Ala
505
Ala
Tyr
Asp
Gly
Phe

585
Arg

Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn
Gln
Cys
570
Ile

Gly

235
Asp

His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala
555
Gly

Asp

Glu

Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540
Ser
Asp

Glu

Ala

Page 25

Gly
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro
Ala
Lys

Thr

Asp
605

Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg
Pro
Asp
Asn
Leu

590
Ala

Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp
Glu
Trp
575
Ala

Ser

Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val
560
Ala
Ala

Asp



Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu
945

Leu

Gln

Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val
850
Ser
Ile
Pro
Phe
Glu
930
Tyr
His

His

Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835
Ser
Asn
Ser
Leu
Val
915
Ala
Gln

Thr

Val

Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala

820
Pro

Tyr
Thr
Ile
900
Gln
His
Glu

Ala

Met
980

Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu
Glu
Phe

965
Glu

Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu
950

Ser

Gln

Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu
Arg

Asp

Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly
Asn

Met

Gly

CX2-150USP1_ST25

Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala

Pro

Lys
985

Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln
Asn

970
Lys

Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser
955
Gln

Leu

His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu

Pro

Ile
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Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly

Lys

Glu

Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile

Thr

Leu
990

Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile
Tyr

975
Leu

Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr
960
Val

Asp



995

1000

CX2-150USP1_ST25
Gln Gly Ala His Phe Tyr Ile Cys Gly Asp Gly Ser Gln Met Ala Pro

1005

Ala Val Glu Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gln Val

1010

1015

1020

Ser Glu Ala Asp Ala Arg Leu Trp Leu Gln Gln Leu Glu Glu Lys Gly
1030
Arg Tyr Ala Lys Asp Val Trp Ala Gly

1025

<210> 13
<211> 3150
<212> DNA

1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 13

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttgcag
cataatatct
gtcgatatcg
gaagtaccgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa
ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc

BM3

aggaaatgcc
ataaaccggt
aggcgectgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagcaatgaa
gccagtttca
gcaaagcaag
cagaaacggg
ttgcgggaca
atccacatgt
caagctacaa
gcttatggcec
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgega
acgcaaagca
gctactccgt

gcagccgaaa
tcaagctttg
tcttgtaacg
ctttgataaa
atttacaagc
cttcagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagcagcag
agaagatatc
cggtgaacaa
tgagccgctt
Ccgaaacaaca
attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc

1035

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacgaga
agtggtcttt
gcagcagaag
cagcttaaat
gegttttccc
ggcgacgaac
gatgtggaag
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa
atgggaacag
gcaccgcagg
ttaattgtaa
tggttagacc
ggcgataaaa

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaaaaaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattacaag
cagacgaccc
acgacctagt
tattaacgca
acattcgcta
tatcatttgc
aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgecttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggcgtctta
aagcgtctgc
actgggctac
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1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
tatgctaaac
tcaaattatt
gctgtatttc
agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgcg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa

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
1680
1740



aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgecgtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 14
<211> 1049
<212> PRT

cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagsg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgeccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_BM3

<400> 14
Met Thr Ile
1
Asn

Leu Pro

Ile Ala Asp

35

Val Thr Arg
50

Glu Ser

65

Asp

Arg

Phe Ala

Trp Lys Lys

Lys Glu

Leu Leu
20
Glu Leu

Tyr Leu

Phe Asp

Gly Asp
85

Ala His

Met
Asn
Gly
Ser
Lys
70

Gly

Asn

Pro Gln

Thr Asp

Glu Ile
40
Ser Gln
55
Asn Leu

Leu Phe

Ile Leu

CX2-150USP1_ST25

gccgctaaag
gaaggcacat
ctcgacattg
gccgeggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

Pro Lys Thr

10
Lys Pro Val
25
Phe

Lys Phe

Leu Ile

Gln Ala
75

Trp

Ser

Thr Ser

90
Pro

Leu Ser

gggcagaaaa
atgaagaatg
aaaacagtga
tgccgcttgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcegg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Phe Gly Glu

Gln Ala Leu
30
Ala Pro
45

Glu

Glu

Lys Ala

60

Leu Lys Phe

Thr His Glu

Phe Ser Gln

Page 28

catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

Leu
15
Met

Lys
Lys

Gly Leu

Cys Asp

Ala Arg
80
Lys Asn
95

Gln Ala

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



Met
Gln
Asp
145
Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys
Glu
Gly
Ala
385
Cys
Met
Asp
Ala
Glu

465
Thr

Lys
Lys
130
Met
Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu
Leu
Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln

Pro

Gly
115
Trp
Thr
Phe
Val
Asp
195
Lys
Ser
Asp
Ile
Ser
275
Ala
Lys
Leu
Asp
Met
355
Asp
Pro
Gly
Leu
Lys
435
Ser

Ser

Leu

100
Tyr

Glu
Arg
Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr
340
Val
Val
Gln
Gln
Lys
420
Glu
Lys
Ala

Leu

His
Arg
Leu
Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325
Val
Leu
Glu
His
Gln
405
His
Thr
Lys
Lys

Val

Ala
Leu
Thr
150
Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp
Leu
Ile
Glu
Ala
390
Phe
Phe
Leu
Ile
Lys

470
Leu

Met
Asn
135
Leu
Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro
Gly
Pro
Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val

Tyr

Met
120
Ala
Asp
Arg
Glu
Asp
200
Leu
Asp
Glu
Ile
Phe
280
Ala
Leu
Thr
Gly
Gln
360
Arg
Lys
Leu
Phe
Leu
440
Leu

Arg

Gly

CX2-150USP1_ST25

105
Val

Asp
Thr
Asp
Ala
185
Glu
Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu
345
Leu
Pro
Pro
His
Glu
425
Lys
Gly
Lys

Ser

Asp
Glu
Ile
Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr
His
Glu
Phe
Glu
410
Asp
Pro
Gly
Lys

Asn

Ile
His
Gly
155
Pro
Asn
Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala
Pro
Arg
Arg
Gly
395
Ala
His
Glu
Ile
Ala

475
Met

Ala
Ile
140
Leu
His
Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe
Leu
Asp
Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu

Gly

Page 29

Val
125
Glu
Cys
Pro
Gln
Gln
205
Ile
His
Glu
Thr
Pro
285
Asp
Met
Ser
Glu
Lys
365
Glu
Gly
Leu
Asn
Phe
445
Ser

Asn

Thr

110
Gln

Val
Gly
Phe
Gln
190
Phe
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys
350
Thr
Asn
Gln
Val
Tyr
430
Val
Pro

Ala

Ala

Leu
Pro
Phe
Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly
Ile
Pro
Arg
Leu
415
Glu
Val
Ser
His

Glu

Val
Glu
Asn
160
Thr
Ala
Glu
Arg
Asn
240
Arg
Gly
Leu
Pro
Asn
320
Ala
Asp
Trp
Ser
Ala
400
Gly
Leu
Lys
Thr
Asn

480
Gly



Thr
Gln
Ala
Ala
545
Lys
Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705
Leu
Ala
Tyr
Ala
Leu
785
Met
Glu
Ser

Val

Ala

Ala
Val
Val
530
Lys
Gly
Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp
His
Val
Ala
770
Glu
Leu
Phe
Ser
Val

850
Ser

Arg
Ala
515
Leu
Gln
Val
Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn
Ala
Leu
Glu
755
Lys
Lys
Glu
Ile
Ser
835

Ser

Asn

Asp
500
Thr
Ile
Phe
Arg
Gln
580
Glu
Gly
Tyr
Ser
His
660
Pro
Glu
Tyr
Ser
Pro
740
Leu
Thr
Gln
Leu
Ala
820
Pro

Gly

Tyr

485
Leu

Leu
Val
Val
Tyr
565
Lys
Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln
725
Leu
Gln
Val
Ala
Leu
805
Leu
Arg
Glu

Leu

Ala
Asp
Thr
Asp
550
Ser
Val
Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln
Ala
Asp
Cys
Tyr
790
Glu
Leu
Val
Ala

Ala

Asp
Ser
Ala
535
Trp
Val
Pro
Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile
Lys
Pro
Pro
775
Lys
Lys
Pro
Asp
Trp

855
Glu

Ile
His
520
Ser
Leu
Phe
Ala
Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val
Arg
Thr
Val
760
Pro
Glu
Tyr
Ser
Glu
840

Ser

Leu

CX2-150USP1_ST25

Ala
505
Ala
Tyr
Asp
Gly
Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn
Leu
Val
745
Thr
His
Gln
Pro
Ile
825
Lys
Gly

Gln

490
Met

Gly
Asn
Gln
Cys
570
Ile
Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu
730
Ser
Arg
Lys
Val
Ala
810
Arg
Gln
Tyr

Glu

Ser
Asn
Gly
Ala
555
Gly
Asp
Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala
Val
Thr
Val
Leu
795
Cys
Pro
Ala
Gly

Gly

Lys
Leu
His
540
Ser
Asp
Glu
Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu
Glu
Gln
Glu
780
Ala
Glu
Arg
Ser
Glu

860
Asp

Page 30

Gly
Pro
525
Pro
Ala
Lys
Thr
Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala
Glu
Glu
Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr

Thr

Phe
510
Arg
Pro
Asp
Asn
Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg
Glu
Leu
750
Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys

Ile

495
Ala

Glu
Asp
Glu
Trp
575
Ala
Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys
735
Leu
Ala
Ala
Leu
Phe
815
Ser
Val
Gly

Thr

Pro
Gly
Asn
Val
560
Ala
Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720
Leu
Gln
Met
Leu
Thr
800
Ser
Ile
Ser

Ile

Cys



865

Phe Ile Ser

Thr Pro Leu

Phe Val
915
Ala

Gly

Glu
930
Tyr

Gly
Leu Gln
945
Leu

His Thr

Gln His Vval

Gln Ala
995
Glu

Gly
Ala Vval
1010
Ser Glu Ala
1025

Arg Tyr Ala

<210> 15
<211> 3150
<212> DNA

870

Thr Pro
885
Ile Met
900
Gln Ala

His Leu

Glu Glu

Gln
Val
Arg
Tyr

Leu

Ser Glu

Gly Pro
Gln
920
Gly

Lys

Phe
935

Glu Asn

950

Ala Phe
965
Met Glu
980
His Phe

Ala Thr

Asp Ala

Ser
Gln
Tyr
Leu

Arg

Arg Met

Asp Gly

Ile Cys
1000
Met Lys
1015

Leu Trp

1030

Lys Asp

1045

<213> Artificial Sequence

<220>

<223> P450_

<400> 15

atgacaataa
ttaaacacag
tttaaattcg
gaagcatgcg
gattttctgg
cataatatct
gtcgatatcg
gaagtatcgg
tatcgcttta
gcactggatg
gaaaacaagc
attgcagatc
ggaaaagatc
acattcttaa

BM3

aggaaatgcc
ataaaccggt
aggcgecetgg
atgaatcacg
gagacgggtt
tacttccaag
ccgtgcagct
aagacatgac
acagctttta
aagtaatgaa
gccagtgtca
gcaaagcaag

cagaaacggg
ttgcgggaca

gcagccgaaa
tcaagctttg
ttgtgtaacg
ctttgataaa
agtgacaagc
ctttagtcag
tgttcaaaag
acgtttaacg
ccgagatcag
caagctgcag
agaagatatc
gggtgaacaa
tgagccgctt
cgaaacaaca

CX2-150USP1_ST25

875

Phe Thr Leu
890

Gly Thr

905

Leu

Gly

Lys Glu

Cys Arg Ser

Ala Gln Ser
955
Asn Gln
970

Lys

Pro

Lys Leu

985

Gly Asp Gly

Ser Tyr Ala

Leu Gln Gln

1035
Val Trp Ala Gly

acgtttggag
atgaaaattg
cgctacttat
aacttaagtc
tggacgcatg
caggcaatga
tgggagcgtc
cttgatacaa
cctcatccat
cgagcaaatc
aaggtgatga
agcgatgatt
gatgacggga
agtggtcttt

Pro Lys Asp

Val Ala Pro

910

Gln Gly Gln
925

Pro His Glu

940

Glu

Gly Ile

Pro Lys Thr

Ile Glu Leu
990
Gln Met
1005

Val His

Ser

Asp
1020
Leu Glu Glu

aacttaaaaa
cggatgaatt
caagtcagcg
aagcgcttaa
aaataaattg
aaggctatca
taaatgcaga
ttggtctttg
ttattataag
cagacgaccc
acgacctagt
tattaacgca
acattagcta
tatcatttgc

Page 31

880
Pro Glu
895
Phe Arg

Ser Leu

Asp Tyr

Ile Thr
960
Tyr Val
975
Leu Asp

Ala Pro

Gln Val

Lys Gly
1040

tttaccgtta
aggagaaatc
tctaattaaa
atttgcacgt
gaaaaaagcg
tgcgatgatg
tgagcatatt
cggctttaac
tatggtccgt
agcttatgat
agataaaatt
gatgctaaac
tcaaattatt
gctgtatttc

120
180
240
300
360
420
480
540
600
660
720
780
840



ttagtgaaaa
gatcctgttc
gaagcgctgc
gtgcttggag
cttcaccgtg
gaaaatccaa
tgtatcggtc
cactttgact
aaacctgaag
tcacctagca
acgccgctgc
ttagcagata
gccggaaatc
ccgcctgata
aaaggcgttc
aaagtgcctg
cgcggtgaag
atgtggagtg
tctactcttt
ggtgecgtttt
agcacgcgac
ttaggtgtta
ctagatgcat
ctcgctaaaa
acgcgcacgc
cttgaagcct
atgcttgaac
cttctgccaa
aaacaagcaa
tataaaggaa
tttatttcca
atggtcggac
ctaaaagaac
catgaagact
cttcataccg
gaacaagacg
ggagacggaa
gttcaccaag
cgatacgcaa

<210> 16
<211> 1049
<212> PRT

atccacatgt
caagctacaa
gcttatggcc
gagaatatcc
ataaaacaat
gtgcgattcc
agcagttcgc
ttgaagatca
gctttgtggt
ctgaacagtc
ttgtgctata
ttgcaatgag
ttccgcgcga
acgcaaagca
gctactccgt
cttttatcga
cagatgcaag
acgtagcagc
cacttcaatt
caacgaacgt
atcttgaaat
ttcctcgcaa
cacagcaaat
cagtatccgt
agcttcgcgc
tgcttgaaaa
tgcttgaaaa
gcatacgccc
gcatcacggt
ttgcgtcgaa
caccgcagtc
cgggaacagg
aaggacagtc
atctgtatca
ctttttctcg
gcaagaaatt
gccaaatggc
tgagtgaagc
aagacgtgtg

attacaaaaa
acaagtcaaa
aactgctcct
tttagaaaaa

ttggggagac
gcagcatgcg
tcttcatgaa
tacaaactac
aaaagcaaaa
tgctaaaaaa
cggttcaaat
caaaggattt
aggagctgta
atttgtcgac
atttggatgc
tgaaacgctt
cgacgacttt
ctactttaac
tgtcgacagc
cgtagcaagc
tgaacttcca
ctatgaagga
ccgtctggaa
agaagagctt
aatggctgct
gcaagcctac
atacccggcg
gcgctattac
cagcgttgtc
ctatcttgcc
agaatttacg
cgtcgecgcecg
acttggagaa
agaagagctt
catgccaaat
gattgaactt
acctgccgtt
agacgctcgc
ggctgggtaa

<213> Artificial Sequence

<220>

<223> P450_

BM3

CX2-150USP1_ST25

gtagcagaag
cagcttaaat
gecgttttccc
ggcgacgaag
gatgtggagg
tttaaaccgt
gcaacgctgg
gagctcgata
tcgaaaaaaa
gtacgcaaaa
atgggaacag
gcaccgcagg
ttaattgtaa
tggttagacc
ggcgataaaa
gccgctaaag
gaaggcacat
ctcgacattg
gccgecggata
aaagaacttc
aaagaagctt
atagtaaacc
gcagaagaag
ctgcaatacg
aaaacggtct
aaagaacaag
tgtgaaatga
tcgatttctt
tcaggagaag
gagctgcaag
ctgccaaaag
tttagaggct
gcacatttat
gaaaacgccc
cagccgaaaa
cttgatcaag
gaagcaacgc
ttatggctgc

aagcagcacg
atgtcggcat
tatatgcaaa
taatggttct
agttccgtcc
ttggaaacgg
tacttggtat
ttaaagaaac
ttccgcttgg
aggcagaaaa
ctgaaggaac
tcgcaacgct
cggecgtctta
aagcgtctgc
actgggctac
gggcagaaaa
atgaagaatg
aaaacagtga
tgccgettgce
aacagccagg
cttatcaaga
gtgtaacagc
aaaaattagc
tggagcttca
gcccgecgea
tgctggcaaa
aattcagcga
catcacctcg
cgtggagcgg
aaggagatac
accctgaaac
ttgtgcaggc
acttcggctg
aaagcgaagg
catacgttca
gagcgcactt
ttatgaaaag
agcagctaga

Page 32

agttctagta
ggtcttaaac
agaagatacg
gattcctcag
agagcgtttt
tcagcgtgceg
gatgctaaaa
tttaacgtta
cggtattcct
cgctcataat
ggcgecgtgat
tgattcacac
taacggtcat
tgatgaagta
tacgtatcaa
catcgctgac
gcgtgaacat
agataataaa
gaaaatgcac
cagtgcacga
aggagatcat
aaggttcggc
tcatttgcca
agatcctgtt
taaagtagag
acgtttaaca
atttatcgcc
tgtcgatgaa
atatggagaa
gattacgtgc
gccgcttatc
gcgcaaacag
ccgttcacct
catcattacg
gcacgtaatg
ctatatttgc
ctatgctgac
agaaaaaggc

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
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3150



<400> 16

Met Thr Ile

1
Asn

Ile
Val
Glu
65

Asp
Trp
Met
Gln
Asp
145
Tyr
Ser
Asn
Asp
Lys
225
Gly
Tyr
Leu
Gln
Ser
305
Glu
Lys

Glu

Leu
Ala
Thr
50

Ser
Phe
Lys
Lys
Lys
130
Met
Arg
Met
Pro
Ile
210
Ala
Lys
Gln
Leu
Lys
290
Tyr
Ala
Glu

Val

Pro
Asp
35

Arg
Arg
Leu
Lys
Gly
115
Trp
Thr
Phe
Val
Asp
195
Lys
Arg
Asp
Ile
Ser
275
Val
Lys
Leu

Asp

Met
355

Lys
Leu
20

Glu
Tyr
Phe
Gly
Ala
100
Tyr
Glu
Arg
Asn
Arg
180
Asp
Val
Gly
Pro
Ile
260
Phe
Ala
Gln
Arg
Thr

340
Val

Glu
Leu
Leu
Leu
Asp
Asp
85

His
His
Arg
Leu
Ser
165
Ala
Pro
Met
Glu
Glu
245
Thr
Ala
Glu
Val
Leu
325

Val

Leu

Met
Asn
Gly
Ser
Lys
70

Gly
Asn
Ala
Leu
Thr
150
Phe
Leu
Ala
Asn
Gln
230
Thr
Phe
Leu
Glu
Lys
310
Trp

Leu

Ile

Pro
Thr
Glu
Ser
55

Asn
Leu
Ile
Met
Asn
135
Leu
Tyr
Asp
Tyr
Asp
215
Ser
Gly
Leu
Tyr
Ala
295
Gln
Pro

Gly

Pro

Gln
Asp
Ile
40

Gln
Leu
Val
Leu
Met
120
Ala
Asp
Arg
Glu
Asp
200
Leu
Asp
Glu
Ile
Phe
280
Ala
Leu
Thr

Gly

Gln
360
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Pro Lys Thr Phe Gly Glu

Lys
25

Phe
Arg
Ser
Thr
Leu
105
Val
Asp
Thr
Asp
Val
185
Glu
Val
Asp
Pro
Ala
265
Leu
Arg
Lys
Ala
Glu

345
Leu

10
Pro

Lys
Leu
Gln
Ser
90

Pro
Asp
Glu
Ile
Gln
170
Met
Asn
Asp
Leu
Leu
250
Gly
Val
Val
Tyr
Pro
330
Tyr

His

Val
Phe
Ile
Ala
75

Trp
Ser
Ile
His
Gly
155
Pro
Asn
Lys
Lys
Leu
235
Asp
His
Lys
Leu
Val
315
Ala

Pro

Arg

Gln
Glu
Lys
60

Leu
Thr
Phe
Ala
Ile
140
Leu
His
Lys
Arg
Ile
220
Thr
Asp
Glu
Asn
Val
300
Gly
Phe

Leu

Asp
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Ala
Ala
45

Glu
Lys
His
Ser
Val
125
Glu
Cys
Pro
Leu
Gln
205
Ile
Gln
Gly
Thr
Pro
285
Asp
Met
Ser

Glu

Lys
365

Leu
30

Pro
Ala
Phe
Glu
Gln
110
Gln
Val
Gly
Phe
Gln
190
Cys
Ala
Met
Asn
Thr
270
His
Pro
Val
Leu
Lys

350
Thr

Leu
15

Met
Gly
Cys
Ala
Ile
95

Gln
Leu
Ser
Phe
Ile
175
Arg
Gln
Asp
Leu
Ile
255
Ser
Val
Val
Leu
Tyr
335
Gly

Ile

Lys
Lys
Cys
Asp
Arg
80

Asn
Ala
Val
Glu
Asn
160
Ile
Ala
Glu
Arg
Asn
240
Ser
Gly
Leu
Pro
Asn
320
Ala

Asp

Trp



Gly
Ala
385
Cys
Met
Asp
Ala
Glu
465
Thr
Thr
Gln
Ala
Ala
545
Lys
Thr
Lys
Asp
Val
625
Ser
Ala
Leu
Leu
Pro
705

Leu

Ala

Asp
370
Ile
Ile
Met
Ile
Lys
450
Gln
Pro
Ala
Val
Val
530
Lys
Gly
Thr
Gly
Phe
610
Ala
Thr
Lys
Gln
Pro
690
Arg
Asp

His

Asp
Pro
Gly
Leu
Lys
435
Ser
Ser
Leu
Arg
Ala
515
Leu
Gln
Val
Tyr
Ala
595
Glu
Ala
Leu
Met
Gln
675
Lys
Asn

Ala

Leu

Val
Gln
Gln
Lys
420
Glu
Lys
Ala
Leu
Asp
500
Thr
Ile
Phe
Arg
Gln

580
Glu

Tyr
Ser
His
660
Pro
Glu
Tyr

Ser

Pro
740

Glu
His
Gln
405
His
Thr
Lys
Lys
Val
485
Leu
Leu
Val
Val
Tyr
565
Lys
Asn
Thr
Phe
Leu
645
Gly
Gly
Ala
Glu
Gln

725
Leu

Glu
Ala
390
Phe
Phe
Leu
Ile
Lys
470
Leu
Ala
Asp
Thr
Asp
550
Ser
Val
Ile
Tyr
Asn
630
Gln
Ala
Ser
Ser
Gly
710
Gln

Ala

Phe
375
Phe
Ala
Asp
Thr
Pro
455
Val
Tyr
Asp
Ser
Ala
535
Trp
Val
Pro
Ala
Glu
615
Leu
Phe
Phe
Ala
Tyr
695
Ile
Ile

Lys

Arg
Lys
Leu
Phe
Leu
440
Leu
Arg
Gly
Ile
His
520
Ser
Leu
Phe
Ala
Asp
600
Glu
Asp
Val
Ser
Arg
680
Gln
Val

Arg

Thr
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Pro
Pro
His
Glu
425
Lys
Gly
Lys
Ser
Ala
505
Ala
Tyr
Asp
Gly
Phe
585
Arg
Trp
Ile
Asp
Thr
665
Ser
Glu
Asn

Leu

Val
745

Glu
Phe
Glu
410
Asp
Pro
Gly
Lys
Asn
490
Met
Gly
Asn
Gln
Cys
570
Ile
Gly
Arg
Glu
Ser
650
Asn
Thr
Gly
Arg
Glu

730
Ser

Arg
Gly
395
Ala
His
Glu
Ile
Ala
475
Met
Ser
Asn
Gly
Ala
555
Gly
Asp
Glu
Glu
Asn
635
Ala
Val
Arg
Asp
Val
715
Ala

Val

Phe
380
Asn
Thr
Thr
Gly
Pro
460
Glu
Gly
Lys
Leu
His
540
Ser
Asp
Glu
Ala
His
620
Ser
Ala
Val
His
His
700
Thr
Glu

Glu
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Glu
Gly
Leu
Asn
Phe
445
Ser
Asn
Thr
Gly
Pro
525
Pro
Ala
Lys
Thr
Asp
605
Met
Glu
Asp
Ala
Leu
685
Leu
Ala

Glu

Glu

Asn
Gln
Val
Tyr
430
Val
Pro
Ala
Ala
Phe
510
Arg
Pro
Asp
Asn
Leu
590
Ala
Trp
Asp
Met
Ser
670
Glu
Gly
Arg

Glu

Leu
750

Pro
Arg
Leu
415
Glu
Val
Ser
His
Glu
495
Ala
Glu
Asp
Glu
Trp
575
Ala
Ser
Ser
Asn
Pro
655
Lys
Ile
Val
Phe
Lys

735
Leu

Ser
Ala
400
Gly
Leu
Lys
Thr
Asn
480
Gly
Pro
Gly
Asn
Val
560
Ala
Ala
Asp
Asp
Lys
640
Leu
Glu
Glu
Ile
Gly
720

Leu

Gln



Tyr
Ala
Leu
785
Met
Glu
Ser
Val
Ala
865
Phe
Thr
Gly
Gly
Leu
945
Leu
Gln
Gln
Ala
Ser

1025
Arg

Val Glu
755

Ala Lys

770

Glu Lys

Leu Glu
Phe Ile

Ser Ser
835

Val Ser

850

Ser Asn

Ile Ser
Pro Leu

Phe Val
915

Glu Ala

930

Tyr Gln

His Thr
His Val
Gly Ala
995
Val Glu
1010
Glu Ala

Tyr Ala

Leu
Thr
Gln
Leu
Ala

820
Pro

Tyr
Thr
Ile
900
Gln
His
Glu
Ala
Met
980
His
Ala
Asp

Lys

Gln
Val
Ala
Leu
805
Leu
Arg
Glu
Leu
Pro
885
Met
Ala
Leu
Glu
Phe
965
Glu
Phe
Thr

Ala

Asp

1045

Asp
Cys
Tyr
790
Glu
Leu
Val
Ala
Ala
870
Gln
Val
Arg
Tyr
Leu
950
Ser
Gln
Tyr

Leu

Arg

1030

Pro
Pro
775
Lys
Lys
Pro
Asp
Trp
855
Glu
Ser
Gly
Lys
Phe
935
Glu
Arg
Asp
Ile

Met

1015

Val
760
Pro
Glu
Tyr
Ser
Glu
840
Ser
Leu
Glu
Pro
Gln
920
Gly
Asn
Met

Gly

Cys

1000

Lys
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Thr
His
Gln
Pro
Ile
825
Lys
Gly
Gln
Phe
Gly
905
Leu
Cys
Ala
Pro
Lys
985
Gly

Ser

Leu Trp Leu

Val Trp Ala Gly

Arg
Lys
Val
Ala
810
Arg
Gln
Tyr
Glu
Thr
890
Thr
Lys
Arg
Gln
Asn
970
Lys
Asp

Tyr

Gln

Thr
Val
Leu
795
Cys
Pro
Ala
Gly
Gly
875
Leu
Gly
Glu
Ser
Ser
955
Gln
Leu
Gly

Ala

Gln
1035

Gln
Glu
780
Ala
Glu
Arg
Ser
Glu
860
Asp
Pro
Val
Gln
Pro
940
Glu
Pro
Ile

Ser

Asp

1020

Leu
765
Leu
Lys
Met
Tyr
Ile
845
Tyr
Thr
Lys
Ala
Gly
925
His
Gly
Lys
Glu

Gln

1005

Val

Arg
Glu
Arg
Lys
Tyr
830
Thr
Lys
Ile
Asp
Pro
910
Gln
Glu
Ile
Thr
Leu
990

Met

His

Leu Glu Glu
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Ala
Ala
Leu
Phe
815
Ser
Val
Gly
Thr
Pro
895
Phe
Ser
Asp
Ile
Tyr
975
Leu
Ala

Gln

Lys

Met
Leu
Thr
800
Ser
Ile
Ser
Ile
Cys
880
Glu
Arg
Leu
Tyr
Thr
960
Val
Asp
Pro

Val

Gly
1040



