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SEQUENCE
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<120>
<130>

<160> 120

<170>

<210> 1

<211> 1467
<212> DNA
<213>

<220>
<223>

<400> 1

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 2

<211> 489
<212> PRT
<213>

<220>
<223>

<400> 2

2-128uspPl

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

PatentIn version 3.5

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

CX2-128USP1_ST25

LISTING

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcatga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Engineered variant of B. subtilis pNB

Met Thr His GIn Ile val Thr Thr Gln Tyr Gly

1

5

10

Thr Glu Asn Gly val His Lys Trp Lys Gly Ile
20 25

Page 1

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

ENGINEERED BIOCATALYSTS USEFUL FOR CARBAPENEM SYNTHESIS

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Lys val Lys Gly Thr
15

Pro Tyr Ala Lys Pro
30

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Pro
Glu
Ser
65

Asp
Leu
Gly
val
His
145
Asp
Gly
Met
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 3

<211>
<212>
<213>

<220>

<223>

Gly
val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

1467
DNA
Artificial Sequence

Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Trp
Asp
Ser
val
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro

Ile

Pro
485

Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

CX2-128UsSP1_ST25
Glu Pro Pro

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Engineered variant of B. subtilis pNB

Page 2

val
60

Pro
Thr
Phe
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

esterase

45
Cys

Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

Met
Leu
160
Phe
Gly

Phe

Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile
Glu
Ile

Arg
480



<400> 3

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
Cccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

4
489
PRT

<400> 4

Met Thr His
1

Thr Glu Asn

Pro val Gly

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val
His Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Ala Ser

Gln Lys

210
Ala

Gln Ala

225
Glu

Ser Gln

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn

Leu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

Ser
215

Ala Ala

230

Leu Asp

Arg

Leu His

CX2-128USP1_ST25

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgcga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly
10

Lys Gly Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
val Arg Glu
170
val Phe

185

Met

Gly

Pro Ala

Ala Ser Arg
Gln
235

val Ala
Page 3

Phe Leu

Thr

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro Pro
45
val Cys
60

Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys

205

Thr Met Thr

220

val Leu Gly

Ala Glu Asp

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15
Lys

val
Gln
Ser

Gln
95
Gly

Gly

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys
Ile Asn
240

Leu Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Lys Ala Ala
Phe
275

Ser

Leu Phe

Glu Lys
290
Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

5
1467
DNA

<220>
<223>

<400> 5

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggcetg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

245
Asp Gln
260
Gln Pro

Ile Ala

Arg Asp

Leu
Ala
Glu
Glu

Arg Ile

Leu Asp
280
Gly Ala
295

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
Gln
Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

CX2-128USP1_ST25

250
Ala Glu
265

Pro

Lys

Lys Thr

Ala Ser Gly
Phe
315

Leu

Leu Phe

Ala
330
Leu

Ala

Asp
345
Leu

Tyr

Leu Phe

Tyr Ala Pro

Pro Asn
395
Asp

Tyr

Asn Leu

410

val Lys Gln

425

Lys Thr Gly

Glu Glu Thr

Asn Asp Pro
475

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgega
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Page 4

Ile
270
Glu

Glu Asn

Pro
285
Pro

Leu

Ile
300
Thr

Leu

ser Asp

Glu Tyr Ser
Ser
350
Arg Pro
365

Trp

Pro Arg

Trp
val

380
Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Pro
445
Glu

Asn
Arg Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagtcgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

255
Phe Gln

Glu Pro

Leu Ile

Ser Asp
320
Leu Gly
335
Leu Glu

Ala val

Tyr Arg
Ala
400
Arg Met
415

Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



<210> 6

<211>
<212>
<213>

<220>

<223>

<400> 6

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
Ala
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln

Ala

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser

val
450

489
PRT_ L
Artificial Sequence

His
Asn
Gly
35

val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala

435
Asn

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Ser Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met
Ser Thr

Leu Asp
245

Asp Gln

260

Gln Pro

Ile Ala
Arg Asp

GIln Glu
325

Ala Glu

340

His Met

Ser Ala

His Pro

Pro Phe
405

Glu Ile

420

Trp Ile

Trp Pro

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr

Ala

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe

Tyr
455

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala

440
His

CX2-128USP1_ST25

Engineered variant of B. subtilis

Gln Tyr
10

Lys Gly

25

Ala Pro

Tyr Gly
Thr Glu

Ala Pro
90

Gly Gly

105

Ser Lys

Arg Leu
Tyr Ser

val Arg
170
val Phe
185

Met Pro

Ala Ser
Phe Leu

Thr val
250

Ala Glu

265

Pro Lys

Ala ser
Leu Phe

Ala Ala
330

Asp Leu

345

Leu Leu

Tyr Ala

Pro Tyr

Asn Leu
410

val Lys

425

Lys Thr

Glu Glu

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly

Thr

Page 5

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn

Arg
460

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro

445
Glu

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser

Thr

Gly
15

Lys
val
Gln
Ser
Gln
Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr

val

Thr
Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu

160
Phe



465

470

CX2-128USP1_ST25
Leu Asp Ser Glu ITe Thr Ile Glu Asn Asp Pro Glu Ser Glu Lys Arg

Gln Lys Leu Phe Pro Ser Lys Gly Glu
485

<210> 7

<211>
<212>
<213>

<220>

<223>

<400> 7
atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
Cccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 8

<211>
<212>
<213>

<220>

<223>

<400> 8

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly

val

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser

Ile

1467
DNA
Artificial Sequence

489
PRT
Artificial Sequence

His
Asn
Gly
35

val
Leu
Leu
val
Glu

115
val

Gln
Gly
20

Gln
Leu
Leu
Tyr
Met
100
Pro

val

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ile
5
val
Trp
Asp
Ser
val
85
val
Leu

Thr

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr

Leu

Thr
Lys
Phe
Thr
55

ser
val
Ile
Asp

Asn

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly

120
Tyr

475

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgcga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser

Arg

Engineered variant of B. subtilis pNB

Tyr Gly
10
Gly 1Ile

Pro Glu
Gly Pro
Glu Leu
75

Pro Asp
90

Gly Ala
Lys Leu

Leu Gly
Page 6

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala
30
Pro Pro Glu
45
val Cys Pro
60
Pro Arg Gln

Thr Pro Ser

Tyr Tyr Leu

110

Ala Ala GIn
125

Pro Phe Gly

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
Gly
Gly

Phe

480

Thr
Pro
Trp
Pro
Glu
80

Asn
Ala
Glu

Met

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



130

His Leu Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Ala Ser

Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

Leu Phe

Glu Lys
290
Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

9
1467
DNA

<220>
<223>

<400> 9

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggcetg
atgaccaagg

Ser Phe

Asp

135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

Ser
215

Ala Ala

230

Leu Asp
245
Asp Gln
260

Gln Pro

Ile Ala

Arg Asp

Arg
Leu
Ala
Glu
Glu

Leu His

Arg Ile

Leu Asp
280
Gly Ala
295

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
Gln
Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg

CX2-128USP1_ST25

Tyr Ser Asp

155
val Arg Glu
170
val Phe

185

Met

Gly

Pro Ala

Ala Ser Arg
Gln
235

Ala

Phe Leu

val
250
Glu

Thr

Ala
265
Pro

Lys

Lys Thr

Ala ser Gly
Phe
315

Leu

Leu Phe

Ala
330
Leu

Ala

Asp
345
Leu

Tyr

Leu Phe

Tyr Ala Pro

Pro Asn
395
Asp

Tyr

Asn Leu

410

val Lys Gln

425

Lys Thr Gly

Glu Glu Thr

Asn Asp Pro
475

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgega
gcgattatgg
gcagcttttc

Page 7

140

Asn Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys
205
Thr Met Thr
220
val

Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Leu Pro
285
ITe Pro
300

Thr

Leu

ser Asp

Glu Tyr Ser
Ser
350

Pro

Pro Arg

Trp Arg
365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gctggccget
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys
Ile Asn
240
Leu Leu
255
Phe Gln

Glu Pro

Leu Ile

Ser Asp
320
Leu Gly
335
Leu Glu

Ala val

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat

60

120
180
240
300
360
420
480
540
600
660
720



gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

10
489
PRT

<220>
<223>

<400> 10
Met Thr His
1

Thr Glu Asn

Pro val Gly

35

Glu Asp val

50
Asp

Ser Leu

65

Asp Cys Leu

Leu Pro val

Gly Ser Trp
115
ITe val
130

Leu

val
His ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Ala Ser

Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

Leu Phe

Glu Lys
290

Gly Thr Thr

305

val Arg Ser

Lys Pro Leu

Gln
Gly
20

Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln

Ala
340

tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ile
5
val
Trp
Asp
Ser
val
85
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu

325
Glu

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr

Lys

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu

Ala

gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp

Ala

CX2-128USP1_ST25
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala

Asp
345

Engineered variant of B. subtilis

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala

330
Leu

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu

Tyr

Page 8

acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Glu
45

Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys
205
Thr Met Thr
220
val

Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Pro
285
Pro

Leu

Ile
300
Thr

Leu

ser Asp

Glu Tyr Ser
Ser

350

Pro Arg

ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu

335
Leu

Met

Leu
160
Phe

780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu Glu

Ala Lys

Gln Ser

val
450
Asp

Ala

Leu
465

Gln Lys

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

<220>
<223>

11
14
DN

<400> 11
atgaccca
gttcataa
gcgccgga
tgcccaca
gattgtct
gtttggat
tccaagct
ttcggttt
gaccaagc
gataatgt
atgccggc
atgaccaa
gagagcca
caactgcg
ccgaaaac
ccgctgtt
gttcgtag
gagaaagc
ctgctgtt
tggatgta
ctggagct
atcacgga
aagaccgg
gaaaccgt
cagaagct

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

<220>
<223>

12
48
PR

<400> 12

Ile
355
Ala

Trp
Leu
Ala

Ala
435
Asn

Ser

Leu

67
A

tc
gt
ac
gc
gt
tc
g9
ca
g9
ga
tg
g9
gc
ta
tt
ga
cc
g9
tt
tc
gc
cg
ca
ga
gt

9
T

His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Met
Ala
Pro
Phe
405
Ile
Ile
Pro

Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

val
GIn
Glu
Val
Thr
Thr
Ala
Thr

470
Ser

Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Artificial Sequence

Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

CX2-128USP1_ST25

Leu Leu

Tyr Ala

Pro Tyr

Leu
410
Lys

Asn

val
425
Lys Thr

Glu Glu
Asn Asp

Glu

Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgcga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Engineered variant of B. subtilis pNB

Met Thr His GIn ITe val Thr Thr GIn Tyr Gly

1

5

10

Thr Glu Asn Gly val His Lys Trp Lys Gly Ile
Page 9

Trp Arg Pro
365

val Trp

380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser
Pro
445
Glu

Asn
Arg Thr
460

Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gccagccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Ala val

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val
Lys

Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15

Pro Tyr Ala Lys Pro

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Pro
Glu
Ser
65

Asp
Leu
Gly
val
His
145
Asp
Gly
Ala
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 13

<211>

<212> DN

<213>

<220>

<223>

Gly
val
Leu
Leu
val
Gln
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

1467

A

20
Gln

Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Trp
Asp
Ser
val
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

CX2-128USP1_ST25

25
Ala Pro

Tyr Gly
Thr Glu

Ala Pro
90

Gly Gly

105

ser Lys

Arg Leu
Tyr Ser

val Arg
170

val Phe

185

Met Pro

Ala ser
Phe Leu
Thr val
250
Ala Glu
265
Pro Lys
Ala ser
Leu Phe
Ala Ala
330
Asp Leu
345
Leu Leu
Tyr Ala
Pro Tyr
Asn Leu
410
val Lys
425
Lys Thr
Glu Glu
Asn Asp

Glu

Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Pro
val
60

Pro
Thr
Phe
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Engineered variant of B. subtilis pNB esterase
page 10

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

val
Gln
Ser
Gln
Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
TYyr
His
Arg
415
Thr
Thr
val

Lys

Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu
160
Phe
Gly
Phe
Glu
Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile
Glu

Ile

Arg
480



<400> 13

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

14
489
PRT

<220>
<223>

<400> 14
Met Thr His
1

Thr Glu Asn

Pro val Gly

35
Glu Asp val
50
Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val
His ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

val Ser

Gln Lys
210
Ala

Gln Ala

225

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Gly

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

ser
215

Ala Ala

230

CX2-128USP1_ST25

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtta
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly
10

Lys Ile
25
Ala

Gly

Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105
Ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
val Arg Glu
170

val Phe

185
Met

Gly

Pro Ala

Ala Ser Arg
Gln

235

Phe Leu

Page 11

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
ggagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys

205
Met

Thr Thr

220
val

Leu Gly

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe Met
Leu

160
Phe

Leu

Ala
175
Gly Gly

Leu Phe

Lys

Ile Asn

240

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Glu Ser Gln

Lys Ala Ala
Phe
275

Ser

Leu Phe
Glu Lys
290
Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

<220>
<223>

15
1467
DNA

<400> 15

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

Leu Asp
245
Asp Gln
260
Gln Pro

Ile Ala

Arg Asp

Arg
Leu
Ala
Glu

Glu

Leu His

Arg Ile

Leu Asp
280
Gly Ala
295

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
GlIn

Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

Ile Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

CX2-128USP1_ST25

Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgcga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Engineered variant of B. subtilis pNB

Ala Ala Glu

Lys Glu Asn

Thr Pro
285

Pro

Leu

Ile
300
Thr

Gly

Phe
315
Leu

Ser

Glu Tyr

Tyr Pro Arg

Phe Trp Arg
365
val Trp
380

Lys

Pro
Asn Ala
395
Asp

Gly Leu

Gln Leu Ser
Pro
445

Glu

Gly Asn

Thr Arg
460
Glu

Pro Ser

475

Page 12

esterase

Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgatacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Glu
val
Arg
Ala
400
Met
Ile

Glu

Arg
480

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25

<210> 16

<211> 489

<212> PRT

<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 16
Met Thr His Gln ITe val Thr Thr GIn Tyr Gly Lys val Lys Gly Thr
1 5 10 15
Thr Glu Asn Gly val His Lys Trp Lys Gly Ile Pro Tyr Ala Lys Pro
20 25 30
Pro val Gly GIn Trp Arg Phe Lys Ala Pro Glu Pro Pro Glu val Trp
35 40 45
Glu Asp val Leu Asp Ala Thr Ala Tyr Gly Pro val Cys Pro Gln Pro
50 55 60
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr val Asn val Phe Ala Pro Asp Thr Pro Ser Gln Asn
85 90 95
Leu Pro val Met val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Ala Ala Ala Leu Lys Trp val Arg Glu Asn Ile Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Ala Ser ITle Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser Asp Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu GIn val Leu Gly ITe Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Leu Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Leu Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile

Page 13



450
465

470

455

CX2-128USP1_ST25

Gln Lys Leu Phe Pro Ser Lys Gly Glu

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

17
1467
DNA

<220>
<223>

<400> 17

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

18
489
PRT

<220>
<223>

<400> 18
Met Thr His
1

Thr Glu Asn

Pro val Gly

35
val

Glu Asp

50
Asp

Ser Leu

65
Asp

Cys Leu

Leu Pro val
Glu

115

Gly Ser

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

485

Gln Ile val
5

Gly val His

20

Gln

Trp Arg

Leu Asp Ala
Leu
70

Asn

Leu Ser
val
85

val

Tyr

Met
100
Pro

Trp

Leu Tyr

Artificial Sequence

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile

Asp

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Thr
Trp
Lys
40

Ala
Tyr
Phe
His

Gly
120

475

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgega
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Engineered variant of B. subtilis

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly

105
Ser

PNB

Tyr
10
Gly

Gly
Ile

Pro Glu

Gly Pro

Glu Leu
75
Pro Asp
90
Gly Ala

Lys Leu

Page 14

460

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125

Ala

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcctgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
Gly

Gly

Leu Asp Ser Glu ITe Thr ITe Glu Asn Asp Pro Glu Ser Glu Lys Arg
480

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



val
His
145
Asp
Gly
Ala
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 19
<211> 14
<212> DN

<213>

<220>

<223>

<400> 19
atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg

val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

67
A

val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct

Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag

CX2-128USP1_ST25

Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Gly
Asp
155
Glu
Gly
Ala
Leu
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgcga
gcgattatgg

Page 15

Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

esterase

aaggtacgac ggagaacggt
gcgtttcaaa

Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc

Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggec
aagccgtacc

Met
Leu

160
Phe

Arg
Ala
400
Met
Ile

Glu

Arg
480

60

120
180
240
300
360
420
480
540
600
660



atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

20
489
PRT

<400> 20
Met Thr His
1

Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val
Glu
115

val

Gly sSer

Ile
130
Leu

val
His Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Ala Ser

Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

Glu Phe

Glu Lys

290

Gly Thr Thr

305

val Arg Ser

Lys Pro Leu

aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn

Leu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

Ser
215

Ala Ala

230

Leu Asp
245
Asp Gln
260

Gln Pro

Ile Ala

Arg Asp

Arg
Leu
Ala
Glu
Glu

Leu His

Arg Ile

Leu Asp
280
Gly Ala
295

Gly Tyr

310

Glu
325
Glu

Gln

Ala

Thr

Lys

Leu Asp

Ala Ala

CX2-128USP1_ST25

gcagcttttc
gcagcggagg
ttccaggagt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly
10

Lys Gly Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
val Arg Glu
170
val Phe

185

Met

Gly

Pro Ala

Ala Ser Arg
Gln
235

Ala

Phe Leu

val
250
Glu

Thr

Ala
265
Pro

Lys

Lys Thr

Ala ser Gly
Phe
315

Leu

Leu Phe

Ala
330
Leu

Ala

Asp Tyr

Page 16

tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro Pro
45
val Cys
60

Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr
Ala Ala
125
Pro Phe
140

Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys

205
Thr Met Thr
220
val

Leu Gly

Ala Glu Asp

Glu Ile
270
Glu

Asn
Leu Pro
285
ITe Pro
300

Thr

Leu

ser Asp

Glu Tyr Ser

Pro Arg Ser

gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggcea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15
Lys

val
Gln
Ser

Gln
95
Gly

Gly

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys
Ile Asn
240
Leu Leu
255
Phe Gln

Glu Pro

Leu Ile

Ser Asp
320
Leu Gly
335

Leu Glu

720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu Glu

Ala Lys

Gln Ser

val
450
Asp

Ala

Leu
465

Gln Lys

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

21
14
DN

<220>
<223>

<400> 21
atgaccca
gttcataa
gcgccgga
tgcccaca
gattgtct
gtttggat
tccaagct
ttcggttt
gaccaagc
gataatgt
atgccggc
atgaccaa
gagagcca
caactgcg
ccgaaaac
ccgctgtt
gttcgtag
gagaaagc
ctgctgtt
tggatgta
ctggagct
atcacgga
aagaccgg
gaaaccgt
cagaagct

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

22
48
PR

<220>
<223>

<400> 22

Met Thr His Gln Ile val Thr Thr Gln T
1

Ile
355
Ala

Trp
Leu
Ala

Ala
435
Asn

Ser

Leu

67
A

tc
gt
ac
gc
gt
tc
g9
ca
g9
ga
tg
g9
gc
ta
tt
ga
cc
g9
tt
tc
gc
cg
ca
ga
gt

9
T

340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

5

val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Artificial Sequence

Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

CX2-128USP1_ST25

345
Leu Leu Phe

Tyr Ala Pro

Pro Asn
395
Asp

Tyr

Asn Leu

410

val Lys Gln

425

Lys Thr Gly

Glu Glu Thr

Asn Asp Pro
475

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgega
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Engineered variant of B. subtilis pNB

10

Page 17

350
Arg Pro
365
Trp

Trp

val
380
Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccatcc
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Ala val

Tyr Arg
Ala
400
Arg Met
415

Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgcetg
tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

yr Gly Lys val Lys Gly Thr
15

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Thr
Pro
Glu
Ser
65

Asp
Leu
Gly
val
His
145
Asp
Gly
Ala
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 23

<211>

<212> DN

<213>

<220>

Asn
Gly
val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

1467

A

Gly
20

Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
His
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

val
Trp
Asp
Ser
val
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro

Ile

Pro
485

His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Trp
Lys
Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

CX2-128USP1_ST25

Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Page 18

Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Pro
Pro
val
60

Pro
Thr
Phe
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg
460
Glu

Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

Lys
val
Gln
Ser
Gln
Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu

160
Phe



<400> 23

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
Cccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

24
489
PRT

<400> 24
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser
Ile
130
Leu

val
His Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Ala Ser

Gln Lys

210
Ala

Gln Ala

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

Ser
215

Ala Ala

CX2-128USP1_ST25
<223> Engineered variant of B. subtilis pNB esterase

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgcga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10
Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
val Arg Glu
170
val Phe

185

Met

Gly

Pro Ala

Ala Ser Arg

Phe Leu Gln

Page 19

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcactcc
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro Pro
45
val Cys
60

Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys

205

Thr Met Thr

220
val

Leu Gly

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser
Gln
Gly

Gly Glu

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys Glu

Ile Asn

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



225
Glu

Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
GlIn

Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 25

<211>

<212> DN

<213>

<220>

<223>

<400> 25
atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga

Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

1467

A

Leu
Asp
260
Thr
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggcaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc

230
Arg

Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

CX2-128USP1_ST25

Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgega
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Engineered variant of B. subtilis pNB

235
Ala Ala Glu

Lys Glu Asn

Thr Leu Pro
285
Gly I1e Pro
300
Phe Thr Ser
315
Leu Glu Tyr

Tyr Pro Arg

Phe Trp Arg
365
Pro val Trp
380
Asn Lys Ala
395
Asp Gly Leu

Gln Leu Ser

Gly Asn Pro
445
Thr Arg Glu
460
Pro Glu Ser
475

Page 20

esterase

Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcctgec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttaccatga
accctgagag

Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

240
Leu

Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile
Glu
Ile

Arg
480

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440



CX2-128USP1_ST25
cagaagctgt tcccgagcaa gggtgaa 1467

<210> 26

<211> 489

<212> PRT

<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 26
!et Thr His GIn Ile val Thr Thr Gln I5r Gly Lys val Lys %1y Thr
5 5
Thr Glu Asn ggy val His Lys Trp Eys Gly Ile Pro Tyr éga Lys Pro
5
Pro val g]y Gln Trp Arg Phe L%s Ala Pro Glu Pro Pro Glu val Trp
5 4 45
Glu Asp val Leu Asp Ala Thr Ala Tyr Gly Pro g81 Cys Pro GIn Pro
5 55
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr §a1 Asnh val Phe Ala 350 Asp Thr Pro Ser g1n Asn
5 5
Leu Pro val Met val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp GIn Ala Ala Ala Leu Lys Trp val Arg Glu Asn ITe Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Ala Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser Arg Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu Gln val Leu Gly Ile Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Leu Phe Phe Leu Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Lys Ser ITe Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser GIn Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Leu Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445

Page 21

Glu



450

455

CX2-128USP1_ST25
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile

460

Leu Asp Ser Glu ITe Thr ITle Glu Asn Asp Pro Glu Ser Glu Lys Arg
470
Gln Lys Leu Phe Pro Ser Lys Gly Glu

465

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

<220>
<223>

27
1467
DNA

<400> 27

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

28
489
PRT

<400> 28
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val

Gly Ser Glu

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100

Pro Leu

val
His
Arg
Ala
Leu
70

Asn
Trp

Tyr

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcact
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

Ile His

Asp Gly

475

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgcga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10
Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90
Gly

Gly Ala

105
Ser

Lys Leu

Page 22

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccatcc
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Pro Glu
45

val Cys

60

Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala Ala

480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser

Gln
95
Gly

Gly Glu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



val
His
145
Asp
Gly
Ala
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Thr
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 29
<211> 14
<212> DN

<213>

<220>

<223>

<400> 29
atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga

115
val

Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

67
A

val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
His
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg

Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

120
Tyr

Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct

CX2-128USP1_ST25

Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgega

Page 23

Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

esterase

aaggtacgac ggagaacggt

125
Phe

Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc

Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc

Met
Leu
160
Phe
Gly
Phe
Glu
Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile
Glu

Ile

Arg
480

60

120
180
240
300
360
420
480
540
600



atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggattttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

30
489
PRT

<220>
<223>

<400> 30
!et Thr His

Thr Glu Asn

Pro val Gly

35
Glu Asp val
50
Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val
His ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Ala Ser

Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

Leu Phe

Glu Lys

290

Gly Thr Thr

305
val

Arg Ser

cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5

Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

ser
215

Ala Ala

230

Leu Asp
245
Asp Gln
260

Gln Pro

Ile Ala

Arg Asp

Arg
Leu
Ala
Glu

Glu

Leu His

Arg Ile
Leu Asp
280
Gly Ala
295

Gly Tyr

310

Glu
325

Gln

Thr

Leu Asp

CX2-128USP1_ST25

gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly
10

Lys Ile
25
Ala

Gly

Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105
Ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
val Arg Glu
170

val Phe

185
Met

Gly

Pro Ala

Ala Ser Arg
Gln
235

Ala

Phe Leu
val
250
Glu

Thr

Ala
265
Pro

Lys

Lys Thr

Ala ser Gly
Phe
315

Leu

Leu Phe

Ala
330

Ala

Page 24

agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30
Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys
205
Thr Met Thr
220
val

Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Pro
285
Pro

Leu

Ile
300
Thr

Leu

ser Asp

Glu Tyr Ser

aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe Met
Leu

160
Phe

Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser

Leu
335

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Lys
ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

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

Pro Leu
Ile
355
Ala

Gln

Phe
370
Asp Trp

Glu Leu

Lys Ala
Ala
435
Asn

Ser

val
450
Asp Ser

Lys Leu

31
1467
DNA

<220>

<223>
<400>

31

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgtcttttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

32
489
PRT

<220>

<223>
<400>

32

Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro

Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Lys
val
GlIn
Glu
Val
Thr
Thr
Ala
Thr

470
Ser

Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Artificial Sequence

Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

CX2-128USP1_ST25

Asp Leu
345

Leu

Tyr

Asp Phe

Tyr Ala Pro
Asn
395

Asp

Pro Tyr

Leu
410
Lys

Asn
val Gln
425
Lys

Thr Gly

Glu Glu Thr

Pro
475

Asn Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgcga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Engineered variant of B. subtilis pNB

ser
350
Pro

Pro Arg

Trp Arg

365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser
Pro
445
Glu

Asn
Arg Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Leu Glu

Ala val

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val
Lys

Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Met Thr His Gln ITe val Thr Thr GIn Tyr Gly Lys val Lys Gly Thr

Page 25

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Thr
Pro
Glu
Ser
65

Asp
Leu
Gly
val
His
145
Asp
Gly
Ala
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 33

<211>

<212> DN

<213>

Asn
Gly
val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

1467

A

Gly
Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

val
Trp
Asp
Ser
val
85

val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Trp
Lys
40

Ala
Tyr

Phe

Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly

Ala

Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

CX2-128USP1_ST25

Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

10
Gly

Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Ser
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Page 26

Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Pro
Pro
val
60

Pro
Thr
Phe
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Ar

365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Ala
Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser

Ser
350

g Pro

Met
Phe
Glu
His
430
Ser
Thr

Glu

15
Lys

val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala

Tyr

Ar

415
Thr
Thr
val

Lys

Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu
160
Phe
Gly
Phe
Glu
Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg

Ala
400

g Met

Ile
Glu
Ile

Arg
480



<220>

CX2-128USP1_ST25

<223> Engineered variant of B. subtilis pNB esterase

<400> 33

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgcagtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

34
489
PRT

<220>
<223>

<400> 34
!et Thr His
Thr Glu Asn
Pro val Gly
35
Glu Asp val
50

Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val
His ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Ala Ser

Gln Lys

210

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgeg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Leu
Asn
Leu

Glu

Lys Trp

val Thr

Ala
200
Gly

Leu

ser
215

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgega
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10
Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105
Ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp

155

val Arg Glu
170

val Phe

185

Met

Gly

Pro Ala

Ala Ser Arg

Page 27

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys
205
Met

Thr Thr

220

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
ser
GIn
Gly
Gly
Phe Met
Leu

160
Phe

Leu

Ala
175
Gly Gly

Leu Phe

Lys

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Gln Ala
225
Glu Ser

Lys Ala

Leu Phe

Glu Lys
290
Gly Thr
305
val Arg

Lys Pro

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu Glu

Ala Lys

Gln Ser

val
450
Asp

Ala

Leu
465

Gln Lys

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

<220>
<223>

35
DN

<400> 35

Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

1467

A

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc

gattgtct
gtttggat
tccaagct
ttcggttt

gt
tc

99
ca

gaccaagcgg

gataatgt

ga

atgccggctg
atgaccaagg
gagagccagc

caactgcg

ta

CCgaaaactt

ccgctgtt
gttcgtag

ga
ccC

gagaaagcgg

ctgctgtt

tt

tggatgtatc

ctggagct

gc

atcacggacg

aagaccgg

ca

Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac

Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac

cgaggcggtg

CX2-128USP1_ST25

Gln
235
Ala

Phe Leu

val
250
Glu

Thr

Ala
265
Pro

Lys

Lys Thr

Ala ser Gly
Phe
315

Leu

Leu Phe

Ala
330
Leu

Ala

Asp
345
Leu

Tyr

GIln Phe

Tyr Ala Pro
Asn
395

Asp

Pro Tyr

Leu
410
Lys

Asn
val Gln
425
Lys

Thr Gly

Glu Glu Thr

Pro
475

Asn Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgaga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg

Page 28

val Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Pro
285
Pro

Leu

Ile
300
Thr

Leu

ser Asp

Glu Tyr Ser
Ser
350

Pro

Pro Arg

Trp Arg
365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
ser

Leu Ser
Pro
445
Glu

Asn
Arg Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga

Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt

Arg
Ala
400
Met
Ile

Glu

Arg
480

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380



CX2-128USP1_ST25
gaaaccgtga tcctggactc tgagattacc atcgagaatg accctgagag cgagaagcgt 1440
cagaagctgt tcccgagcaa gggtgaa 1467

<210> 36

<211> 489

<212> PRT

<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 36
Met Thr His Gln ITe val Thr Thr GIn Tyr Gly Lys val Lys Gly Thr
1 5 10 15
Thr Glu Asn Gly val His Lys Trp Lys Gly Ile Pro Tyr Ala Lys Pro
20 25 30
Pro val Gly Gln Trp Arg Phe Lys Ala Pro Glu Pro Pro Glu val Trp
35 40 45
Glu Asp val Leu Asp Ala Thr Ala Tyr Gly Pro val Cys Pro Gln Pro
50 55 60
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr val Asn val Phe Ala Pro Asp Thr Pro Ser Gln Asn
85 90 95
Leu Pro val Met val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Ala Ala Ala Leu Lys Trp val Arg Glu Asn Ile Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Glu Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser Arg Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu GIn val Leu Gly ITe Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Leu Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Leu Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu

Page 29



435

440

CX2-128USP1_ST25

445

Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
4

450

460

Leu Asp Ser Glu ITe Thr ITe Glu Asn Asp Pro Glu Ser Glu Lys Arg
470
Gln Lys Leu Phe Pro Ser Lys Gly Glu

465

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

37
1467
DNA

<220>
<223>

<400> 37

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

38
489
PRT

<220>
<223>

<400> 38

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

475

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Met Thr His Gln Ile val Thr Thr val Thr

1 5

Thr Glu Asn Gly val
20
Gln

Gln Tyr
10
Gly

Gly Lys Lys Gly

15

His Lys Trp Lys Ile Pro Ala Lys Pro

25
Ala

Tyr

val Phe Glu Pro Glu val

45
Cys

Pro Gly Pro Pro

35
val

Trp Arg Lys
40

Ala

Trp

val Gln
60

Pro

Thr
55
Ser

Glu Asp Leu Ala Pro Pro Pro

50
Asp

Asp Tyr Gly
Glu
80

Asn

Thr Glu Leu Gln Ser

75
Asp

Leu
70
Asn

Ser Leu Leu Ser

65
Asp

Tyr Arg
GlIn
95

Gly

val val Phe Ala Thr

85
val

Pro Pro Ser
90

Gly

Cys Leu Tyr

Ala Phe Leu

110

val Met Ile His

100

Leu Pro Trp Gly

105

Tyr

Page 30

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Gly
val
His
145
Asp
Gly
Asp
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 39
<211> 14
<212> DN

<213>

<220>

<223>

<400> 39
atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg

Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

67
A

Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa

Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gctgtacctg
tgaggtcatt
cagcttcgat
atgggttcgc

CX2-128USP1_ST25
Lys Leu Ala Ala GIn

Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca

Page 31

Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg
460
Glu

esterase

aaggtacgac ggagaacggt
gcgtttcaaa

125
Phe

Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt

gcgegtttgg

Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg

gggtctgctg
tggcgacccg

Glu
Met
Leu

160
Phe

60

120
180
240
300
360
420
480
540



gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

40
489
PRT

<400> 40
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val
Glu
115

val

Gly sSer

Ile
130
Leu

val
His Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

val Ser

Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

Leu Phe

Glu Lys

290

Gly Thr Thr

305
val

Arg Ser

cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

CX2-128USP1_ST25

gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Gln
Gly
20

Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg

Gln

Ile
5
val
Trp
Asp
Ser
val
85
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp

Glu

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu

310
Thr

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly

Leu

Engineered variant of B. subtilis

Thr Gln Tyr
10

Trp Lys Gly

25

Lys Ala Pro

40

Ala Tyr Gly

Tyr Thr Glu

Phe Ala Pro

90

His Gly Gly
105

Gly Ser

120

Tyr

Lys

Arg Leu

Ala Tyr Ser

Trp val Arg
170
val Phe
185

Met

Thr

Ala
200
Gly

Pro

Ala Ser

Ala Phe Leu
val
250

Glu

His Thr
Ala
265
Pro

Ile

Asp
280
Ala

Lys

Ala Ser

Tyr Leu Phe

Asp Ala Ala

Page 32

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe

315
Leu

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Leu
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr

Glu

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser

Tyr

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp

Ser

gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser
Gln
Gly

Gly Glu

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys Glu

Ile Asn
240
Leu Leu
255
Phe Gln

Glu Pro

Leu Ile

ser Asp
320

Leu Gly

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Leu Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460

Leu Asp Ser Glu ITe Thr ITe Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Zgg Ser Lys Gly Glu

<210> 41

<211> 1467

<212> DNA

<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 41

atgacccatc aaatcgtcac cactcagtac ggcaaagtca aaggtacgac ggagaacggt 60
gttcataagt ggaaaggcat cccgtatgcg aagccgccag tgggccagtg gcgtttcaaa 120
gcgccggaac cgccggaggt ctgggaggat gttctggacg caaccgcgta tggtcctgtc 180
tgcccacagc cgtcggacct gttgagcctg agctatacgg aactgccacg tcagagcgaa 240
gattgtctgt acgttaatgt ttttgcgccg gataccccgt cccaaaatct gccggttatg 300
gtttggattc acggcggtgc gttttacctg ggtgccggta gcgagccgct gtacgatggc 360
tccaagctgg ctgcgcaagg tgaggtcatt gtcgtcaccc tgaactatcg tctgggcccg 420
ttcggtttca tgcacctgag cagcttcgat gaggcgtata gcgacaattt gggtctgctg 480
gaccaagcgg cagccctgaa atgggttcgc gagaacatca gcgcgtttgg tggcgacccg 540
gataatgtga cggtgtttgg tgaaagcgct ggtggcgtca gcattgccgc gctgctggcc 600
atgccggctg cgaaaggcct gtttcaaaag gcgattatgg agagcggtgc aagccgtacc 660
atgaccaagg aacaagcggc gagcactgcg gcagcttttc tgcaagtgct gggtatcaat 720
gagagccagc tggatcgttt gcacaccgtc gcagcggagg acctgctgaa ggcagctgac 780
caactgcgta tcgcggagaa agagaatatc ttccaggttt tcttcgcgcc tgcactggat 840
ccgaaaactt tgccggaaga gccggaaaaa tccattgcgg aaggtgcggc aagcggtatt 900
ccgctgttga ttggtaccac gcgcgacgaa ggttacctgt ttttcacgtc tgatagcgac 960
gttcgtagcc aggaaacctt ggacgctgcg ctggagtaca gcctgggcaa gccgttggca 1020
gagaaagcgg cggacttgta cccgcgcagc ctggaatccc aaatccacat ggtgaccgat 1080
ctgctgtttt ggcgcccagc cgtggcattc gcgtctgcac agagccatta cgcaccggtg 1140
tggatgtatc gcttcgattg gcacccggag aaaccgccgt acaacaaagc cttccacgcc 1200
ctggagctgc cgtttgtttt cggtaacctg gatggcttgg aacgtatggc caaagccgaa 1260
atcacggacg aggttaagca actgtcccac acgattcaga gcgcctggat tacgtttgca 1320
aagaccggca acccgagcac cgaggcggtg aactggccgg cttatcatga agaaacccgt 1380
gaaaccgtga tcctggactc tgagattacc atcgagaatg accctgagag cgagaagcgt 1440
cagaagctgt tcccgagcaa gggtgaa 1467

<210> 42

<211> 489

<212> PRT

<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 42
Page 33



Met
Thr
Pro
Glu
Ser
65

Asp
Leu
Gly
val
His
145
Asp
Gly
val
Gln
Gln
225
Glu
Lys
val
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 43

<211>

<212> DN

<213>

His
Asn
Gly
val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

1467

A

Gln
Gly
Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Ala
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Ile
val
Trp
Asp
Ser
val
85

val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

CX2-128USP1_ST25

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Page 34

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Lys
Pro
Pro
val
60

Pro
Thr
Phe
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Lys
Ala
Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

Thr
Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu

160
Phe

Glu
val
Arg
Ala
400
Met
Ile

Glu

Arg
480



<220>

CX2-128USP1_ST25

<223> Engineered variant of B. subtilis pNB esterase

<400> 43

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggtgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

44
489
PRT

<400> 44
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val
Glu
115

val

Gly sSer

Ile
130
Leu

val
His Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

val Ser

Gln Lys

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Leu
Asn
Leu

Glu

Lys Trp

val Thr

Ala
200
Gly

Leu

Ser

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggttt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10
Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75
Asp

Ala Pro

90
Gly Gly Ala
105
Ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
Arg Glu
170

Phe

val

val
185
Met

Gly

Pro Ala

Ala Ser val

Page 35

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcgegec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Pro Glu
45

val Cys

60

Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys

205
Met

Thr Thr

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser

Gln
95
Gly

Gly Glu

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys Glu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25

210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu GIn val Leu Gly ITe Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
val Phe Phe Ala Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu val Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460
Leu Asp Ser Glu ITe Thr ITe Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pro Ser Lys Gly Glu
485
<210> 45
<211> 1467
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of B. subtilis pNB esterase
<400> 45
atgacccatc aaatcgtcac cactcagtac ggcaaagtca aaggtacgac ggagaacggt 60
gttcataagt ggaaaggcat cccgtatgcg aagccgccag tgggccagtg gcgtttcaaa 120
gcgccggaac cgccggaggt ctgggaggat gttctggacg caaccgcgta tggtcctgtc 180
tgcccacagc cgtcggacct gttgagcctg agctatacgg aactgccacg tcagagcgaa 240
gattgtctgt acgttaatgt ttttgcgccg gataccccgt cccaaaatct gccggttatg 300
gtttggattc acggcggtgc gctttacctg ggtgccggta gcgagccgct gtacgatggc 360
tccaagctgg ctgcgcaagg tgaggtcatt gtcgtcaccc tgaactatcg tctgggcccg 420
ttcggtttca tgcacctgag cagcttcgat gaggcgtata gcgacaattt gggtctgctg 480
gaccaagcgg cagccctgaa atgggttcgc gagaacatca gcgcgtttgg tggcgacccg 540
gataatgtga cggtgtttgg tgaaagcgct ggtggcgcca gcattgccgc gctgctggcc 600
atgccggctg cgaaaggcct gtttcaaaag gcgattatgg agagcggtgc aagcgtgacc 660
atgaccaagg aacaagcggc gagcactgcg gcagcttttc tgcaagtgct gggtatcaat 720
gagagccagc tggatcgttt gcacaccgtc gcggcggagg acctgctgaa ggcagctgac 780
caactgcgta tcgcggagaa agagaatatc ttccaggttt tcttccagcc tgcactggat 840
ccgaaaactt tgccggaaga gccggaaaaa tccattgcgg aaggtgcggc aagcggtatt 900
ccgctgttga ttggtaccac gcgcgacgaa ggttacctgt ttttcacgtc tgatagcgac 960
gttcgtagcc aggaaacctt ggacgctgcg ctggagtaca gcctgggcaa gccgttggca 1020
gagaaagcgg cggacttgta cccgcgcagc ctggaatccc aaatccacat ggtgaccgat 1080
ctgctgtttt ggcgcccagc cgtggcattc gcgtctgcac agagccatta cgcaccggtg 1140
tggatgtatc gcttcgattg gcacccggag aaaccgccgt acaacaaagc cttccacgcc 1200
ctggagctgc cgtttgtttt cggtaacctg gatggcttgg aacgtatggc caaagccgaa 1260
atcacggacg aggttaagca actgtcccac acgattcaga gcgcctggat tacgtttgca 1320

Page 36



CX2-128USP1_ST25
aagaccggca acccgagcac cgaggcggtg aactggccgg cttatcatga agaaacccgt 1380
gaaaccgtga tcctggactc tgagattacc atcgagaatg accctgagag cgagaagcgt 1440
cagaagctgt tcccgagcaa gggtgaa 1467

<210> 46

<211> 489

<212> PRT

<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 46
!et Thr His GIn Ile val Thr Thr Gln I5r Gly Lys val Lys %1y Thr
5 5
Thr Glu Asn ggy val His Lys Trp Eys Gly Ile Pro Tyr éga Lys Pro
5
Pro val g]y Gln Trp Arg Phe L%s Ala Pro Glu Pro Pro Glu val Trp
5 4 45
Glu Asp val Leu Asp Ala Thr Ala Tyr Gly Pro g81 Cys Pro GIn Pro
5 55
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr §a1 Asn val Phe Ala 350 Asp Thr Pro Ser g1n Asn
5 5
Leu Pro val Met val Trp Ile His Gly Gly Ala Leu Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp GIn Ala Ala Ala Leu Lys Trp val Arg Glu Asn ITe Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Ala Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser val Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu Gln val Leu Gly Ile Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
val Phe Phe GIn Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser GIn Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Leu Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
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GIn Ser Ala
435
Ala val Asn
450
Leu Asp Ser
465
Gln Lys Leu

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

<220>
<223>

47
1467
DNA

<400> 47

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
Cccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

48
489
PRT

<400> 48
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val

Trp
Trp

Glu

440

470

Phe
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggaccgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met

val
His
Arg
Ala
Leu
70

Asn

Trp

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gctgtacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

Ile His

CX2-128USP1_ST25

475

Pro Ser Lys Gly Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcatga
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggttt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly
10

Lys Gly Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90
Gly

Gly Ala

Page 38

445

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro Pro
45
val Cys
60

Pro

Pro

Arg Gln

Thr Pro Ser

Leu Tyr Leu

ITe Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile

ITe Thr Ile Glu Asn Asp Pro Glu Ser Glu Lys Arg

480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser

Gln
95
Gly

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Glu
115
val

Gly Ser

Ile
130
Leu

val
His Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Met Ser

Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

val Phe

Glu Lys
290
Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

49
1467
DNA

<220>
<223>

<400> 49

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca

100

Pro Leu

val Thr

Ser Phe

Tyr
Leu

Asp

Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

Ser
215

Ala Ala

230

Leu Asp
245
Asp Gln
260

Gln Pro

Ile Ala

Arg Asp

Arg
Leu
Ala
Glu
Glu

Leu

Arg Ile

Leu Asp
280
Gly Ala
295

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
Gln
Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat

CX2-128USP1_ST25

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
Arg Glu
170

Phe

val

val
185
Met

Gly

Pro Ala

Ala Ser val
Gln
235

Ala

Phe Leu

val
250
Glu

Thr

Ala
265
Pro

Lys

Lys Thr

Ala ser Gly
Phe
315

Leu

Leu Phe

Ala
330
Leu

Ala

Asp
345
Leu

Tyr

Leu Phe

Tyr Ala Pro

Pro Asn
395
Asp

Tyr

Asn Leu

410

val Lys Gln

425

Lys Thr Gly

Glu Glu Thr

Asn Asp Pro
475

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata

Page 39

110

Ala Ala Gln
125

Pro Phe
140

Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys
205
Thr Met Thr
220
val

Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Leu Pro
285
ITe Pro
300

Thr

Leu

ser Asp

Glu Tyr Ser
Ser
350
Arg Pro
365

Trp

Pro Arg

Trp
val

380
Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt

Gly Glu

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys Glu

Ile Asn
240
Leu Leu
255
Phe Gln

Glu Pro

Leu Ile

Ser Asp
320
Leu Gly
335
Leu Glu

Ala val

Tyr Arg
Ala
400
Arg Met
415

Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg

60

120
180
240
300
360
420
480



gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggcgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

50
489
PRT

<220>
<223>

<400> 50
Met Thr His
1

Thr Glu Asn

Pro val Gly

35
Glu Asp val
50
Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val
His ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

val Ser
Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

val Phe

Glu Lys

290
Thr

Gly Thr

305

cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

ser
215

Ala Ala

230

Leu Asp
245
Asp Gln
260

Ala Pro

Ile Ala

Arg Asp

Arg
Leu
Ala
Glu

Glu

Leu His

Arg Ile

Leu Asp
280
Gly Ala
295

Gly Tyr

310

CX2-128USP1_ST25

gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggttt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10

Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105
Ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
val Arg Glu
170

val Phe

185
Met

Gly

Pro Ala

Ala Ser Arg
Gln
235

Ala

Phe Leu
val
250
Glu

Thr

Ala
265
Pro

Lys

Lys Thr

Ala ser Gly
Phe

315

Leu Phe

Page 40

gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcgegcec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys
205
Thr Met Thr
220
val

Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Pro
285
Pro

Leu

Ile
300
Thr

Leu

ser Asp

tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
ser
GIn
Gly
Gly
Phe Met
Leu

160
Phe

Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu

Ser

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



val
Lys
ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
ser
val

450
Asp

Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro
Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

Phe Pro

Thr
Lys
val
GlIn
Glu
Val
Thr
Thr
Ala
Thr

470
Ser

Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

CX2-128USP1_ST25

Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Ala
330
Leu
Ala
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Leu Glu Tyr

Tyr Pro Arg

Phe Trp Arg
365
val Trp
380

Lys

Pro

Asn Ala

395
Asp

Gly Leu

Gln Leu Ser

Gly Pro
445
Glu

Asn

Thr Arg

460
Glu

Pro Ser

475

Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

Lys

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

<220>
<223>

51
1467
DNA

<400> 51

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggtgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

52
489
PRT

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgcecg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggttt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Page 41

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Engineered variant of B. subtilis pNB esterase

Leu
335
Leu

Ala
Tyr
His

Arg
415
Thr

Thr
val

Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgcgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



<400> 52

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
val
Gln
Gln
225
Glu
Lys
val
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

<210> 53

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

His
Asn
Gly
35

val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

<211> 1467
<212> DNA

Gln
Gly
20

Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Ile
val
Trp
Asp
Ser
val
85

val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

CX2-128USP1_ST25

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
val
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Page 42

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Ala
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Lys
Pro
Pro
val
60

Pro
Thr
Phe
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
TYyr
His
Arg
415
Thr
Thr
val

Lys

Thr
Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu
160
Phe
Gly

Phe

Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile
Glu
Ile

Arg
480



<213>

<220>
<223>

<400> 53

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggcetg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

54
489
PRT

<220>
<223>

<400>
Met
1

Thr

54

Glu Asn

Pro val Gly

35
Glu Asp val
50
Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val
His ser
145
Asp

Gln Ala

Gly Gly Asp
Ile

195

val Ser

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Thr His Gln ITe val

5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180

Ala Ala

Leu

Asn

Leu

Lys Trp

val Thr

Ala
200

Leu

CX2-128USP1_ST25

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10
Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105
Ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
val Arg Glu
170

val Phe

185
Met

Gly

Pro Ala

Page 43

Engineered variant of B. subtilis pNB esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Glu
45

Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys

205

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe Met
Leu

160
Phe

Leu

Ala
175
Gly Gly

Leu Phe

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Gln Lys Ala
210

Gln Ala Ala

225

Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

Ala Phe

Glu Lys
290
Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

<220>
<223>

55
1467
DNA

<400> 55

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gctcgtagcc
gagaaagcgg
ctggcgtttt
tggatgtatc
ctggagctgc

Ile Met

Ser Thr

Glu

Ala

Ser
215
Ala

Gly

Ala

230

Leu Asp
245
Asp Gln
260

Gln Pro

Ile Ala

Arg Asp

Arg
Leu
Ala
Glu

Glu

Leu His

Arg Ile

Leu Asp
280
Gly Ala
295

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
GlIn

Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

Ile Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg

Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu

Asn

Ser val

Gln
235
Ala

Leu

val
250
Glu Lys

Lys Thr

Ser Gly

Phe
315
Leu

Phe

Ala
330
Leu Tyr

Leu Phe

Ala Pro

Asn
395
Asp

Tyr

Leu
410
Lys Gln

Thr Gly

Glu Thr

Pro
475

Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg

Page 44

CX2-128uUSP1_ST25
Ala

Thr Thr
220

val

Met

Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Pro
285
Pro

Leu

Ile
300
Thr

Leu

ser Asp

Glu Tyr Ser
ser
350

Pro

Pro Arg

Trp Arg
365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
ser

Leu Ser
Pro
445
Glu

Asn
Arg Thr
460

Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcgegec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc

Lys
Ile

Leu
255
Phe

Glu
Leu
Ser

Leu
335
Leu

Ala
Tyr
His

Arg
415
Thr

Thr
val

Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260



<210> 56
<211> 48
<212> PR

<213>

<220>

<223>

<400> 56

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
val
Gln
Gln
225
Glu
Lys
Ala
Glu
Gly
305
Ala
Lys
Ser
Ala
Phe
385
Leu

Ala

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu

Lys

9
T

His
Asn
Gly
35

val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu

Ala

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met
Ser Thr

Leu Asp
245

Asp Gln

260

Ala Pro

Ile Ala
Arg Asp
Gln Glu
325
Ala Glu
340
His Met
Ser Ala
His Pro
Pro Phe

405
Glu Ile

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val

Thr

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe

Asp

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly

Glu

CX2-128USP1_ST25

atcacggacg aggttaagca actgtcccac acgattcaga gcgcctggat tacgtttgca 1320
aagaccggca acccgagcac cgaggcggtg aactggccgg cttatcatga agaaacccgt 1380
gaaaccgtga tcctggactc tgagattacc atcgagaatg accctgagag cgagaagcgt 1440
cagaagctgt tcccgagcaa gggtgaa

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn

val

Engineered variant of B. subtilis

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Ala
Ala
Tyr
Leu

410
Lys

Page 45

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Arg
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp

Gln

1467

esterase

Lys val Lys Gly Thr
15
Pro Tyr Ala Lys Pro
30
Pro Pro Glu val Trp
45

val Cys Pro GIn Pro

60

Pro Arg Gln Ser Glu
80

Thr Pro Ser GIln Asn

Phe Tyr Leu Gly Ala
110
Ala Ala GIn Gly Glu
125
Pro Phe Gly Phe Met
140
Asn Leu Gly Leu Leu
160
Asn Ile Ser Ala Phe
175
Glu ser Ala Gly Gly
190
Ala Lys Gly Leu Phe
205
Thr Met Thr Lys Glu
220
val Leu Gly ITe Asn
240
Ala Glu Asp Leu Leu
255
Glu Asn ITe Phe GIn
270
Leu Pro Glu Glu Pro
285
Ile Pro Leu Leu Ile
300
Thr Ser Asp Ser Asp
320
Glu Tyr Ser Leu Gly
335
Pro Arg Ser Leu Glu
350
Trp Arg Pro Ala val
365
val Trp Met Tyr Arg
380
Lys Ala Phe His Ala
400
Gly Leu Glu Arg Met
415
Leu Ser His Thr Ile



Gln Ser Ala
435
Ala val Asn
450
Leu Asp Ser
465
Gln Lys Leu

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

57
1467
DNA

<220>
<223>

<400> 57

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggtgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

58
489
PRT

<220>
<223>

<400> 58
Met Thr His
1
Thr Glu Asn
Pro val Gly
35
Glu Asp val
50
Ser
65
Asp

Asp Leu

Cys Leu

420
Trp

Trp
Glu

ITe Thr Phe Ala

440

Pro Ala Tyr His

455

Ile Thr ITe Glu

470

Phe
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85

Tyr

val
His
Arg
Ala
Leu

70
Asn

Pro Ser Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

CX2-128USP1_ST25

425
Lys Thr Gly

Glu Glu Thr
Asn Asp Pro

475
Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly
10

Lys Ile
25
Ala

Gly

Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp
90

Page 46

430
Asn Pro Ser
445
Arg Glu Thr
460
Glu Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcgegec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Thr Glu
val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgcgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser

Gln
95

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Leu
Gly
val
His
145
Asp
Gly
val
Gln
Gln
225
Glu
Lys
Ala
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

<210> 59
<211> 14
<212> DN

<213>

<220>

<223>

<400> 59
atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg

val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

67
A

Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Ala
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg

Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gctgtacctg
tgaggtcatt

CX2-128USP1_ST25

Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
val
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Engineered variant of B. subtilis pNB

Ala Phe
Leu Ala

Gly Pro
140

Asp Asn

155

Glu Asn

Gly Glu
Ala Ala

Ala Thr
220

Gln val

235

Ala Ala

Lys Glu
Thr Leu

Gly Ile
300

Phe Thr

315

Leu Glu

Tyr Pro
Phe Trp

Pro val
380

Asn Lys

395

Asp Gly

Gln Leu
Gly Asn
Thr Arg

460

Pro Glu
475

Page 47

Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

esterase

Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala

Tyr

Arg
415
Thr
Thr
val

Lys

Met

Leu
160
Phe

aaggtacgac ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg

60

120
180
240
300
360
420



ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggcgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

gaggcgtata
gagaacatca
ggtggcatga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagttat
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

CX2-128USP1_ST25

gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

gggtctgctg
tggcgacccg
gctgctggcec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggcea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467

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

<220>
<223>

60

489

PRT

Artificial Sequence

Engineered variant of B. subtilis esterase
<400> 60

Met Thr His GIn Ile
1 5
Thr Glu Asn Gly val
20
Gln

PNB

val Thr Thr Gln Gly val Gly Thr

15
Lys

Tyr
10
Gly

Lys Lys

His Lys Trp Lys Ile Pro Ala Pro

25
Ala

Tyr

Pro val Gly Phe Glu Glu val

35
val

Trp Arg Pro Pro Pro

45
Cys

Lys
40
Ala

Trp

val Gln
60

Pro

Thr
55
Ser

Glu Asp Ala
50

Asp

Leu Asp Tyr Gly Pro Pro Pro

Glu
80
Asn

Ser Ser Thr Glu Gln Ser

65
Asp

Leu Leu Leu
70

Asn

Leu
75
Asp

Tyr Arg
Gln
95

Gly

val val Phe Ala Thr

85
val

Leu Pro Ser
90

Gly

Cys Tyr Pro

Leu Pro val Met Ile His Ala Ala

100
Pro

Trp Gly
105

sSer

Leu Leu
110

Gln

Tyr
Ala Glu
125
Phe

Glu Ala
115

val

Gly Ser Leu Gly

120
Tyr

Tyr Asp Lys Leu Gly

Ile val Thr Phe

130
Leu

val Leu Asn
135

Glu

Leu Gly Pro
140

Asn

Arg Gly Met

His Ser Ser Phe Ala ser

145
Asp

Asp
150
Leu

Leu Gly Leu Leu

160
Phe

Tyr Asp
155
Glu Ala
175

Gly

Ala val Ile
165

Asp

Gln Ala Ala Lys Trp Arg Asn Ser

170
Phe Ala
190

Gly

val Glu
185

Met

Gly Gly Asp Pro val Thr Ser

180
Ala

Asn Gly Gly

Ala Ala Ala Phe

200
Gly

Ile Ala
195

Ala

Met Ser Leu Leu Pro Lys Leu

205
Thr Met Thr Glu
220

val

Gln Ile Met Glu Ser Ala Ser val

215
Ala

Lys
210
Ala

Lys
Gln Ile
235
Ala

Ala Ala Phe
230

Arg

Gln Ala Thr
225

Glu

Ser Leu Leu Gly Asn

240
val Ala Glu Leu
250

Glu

Ser GIn Leu Asp His Thr

245
Gln

Leu Asp Leu

255
ITe Phe Gln
270

Glu

Ala Glu
265

Pro

Lys Ala Ala Asp Leu Ile Asn

260
Gln

Arg Lys

Phe Ala Thr Glu

275
Ser

Leu Phe Pro Leu Asp

280
Ala

Leu Pro
285

Pro

Lys Pro

Ile Ile
300
Thr

Glu ITe Ala Glu Gly Ala ser

295
Gly

Lys Gly Leu Leu

290

Thr Phe Phe

Page 48

Gly Thr Arg Asp Glu Tyr Leu Ser Asp Ser Asp



305

val Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

61
1467
DNA

<220>
<223>

<400> 61

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggtgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

62
489
PRT

<220>
<223>

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
Gln
Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

TYyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gctgtacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu

Asn

315
Ala Leu
330
Leu Tyr

Ala Phe

Ala Pro

Asn
395
Asp

Tyr

Leu
410
Lys Gln

Thr Gly

Glu Thr

Pro
475

Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcatga
gcgattatgg
gcagcttttc
gcagcggagg
ttccagttat
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg
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CX2-128USP1_ST25

Glu Tyr Ser
Ser
350

Pro

Pro Arg

Trp Arg
365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Engineered variant of B. subtilis pNB esterase

320
Leu Gly
335
Leu Glu

Ala val

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile
Thr

val Ile
Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



<400> 62

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
Met
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

<210> 63

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

His
Asn
Gly
35

val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

<211> 1467

Gly
20

Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Ile
val
Trp
Asp
Ser
val
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro

Ile

Pro
485

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

CX2-128USP1_ST25

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
val
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Page 50

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Lys
Pro
Pro
val
60

Pro
Thr
Leu
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala

Tyr

Arg
415
Thr
Thr
val

Lys

Met

Leu
160
Phe



<212>
<213>

<220>
<223>

DNA

<400> 63

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
Cccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggcgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

64
489
PRT

<400> 64
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val
Glu
115

val

Gly sSer

Ile
130
Leu

val

His Ser

145

Asp Gln Ala

Gly Gly Asp

val Ser Ile

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gctgtacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180

Ala Ala

Leu

Asn

Leu

Lys Trp

val Thr

Leu Ala

CX2-128USP1_ST25

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

GIn Tyr Gly
10

Lys Gly Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
val Arg Glu
170
val Phe

185

Met

Gly

Pro Ala

Page 51

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro Pro
45
val Cys
60

Pro

Pro

Arg Gln

Thr Pro Ser

Leu Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15
Lys

val
Gln
Ser

Gln
95
Gly

Gly

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25

195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser Arg Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu GIn val Leu Gly ITe Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Ala Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Ala Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460
Leu Asp Ser Glu ITe Thr ITe Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pro Ser Lys Gly Glu
485
<210> 65
<211> 1467
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of B. subtilis pNB esterase
<400> 65
atgacccatc aaatcgtcac cactcagtac ggcaaagtca aaggtacgac ggagaacggt 60
gttcataagt ggaaaggcat cccgtatgcg aagccgccag tgggccagtg gcgtttcaaa 120
gcgccggaac cgccggaggt ctgggaggat gttctggacg caaccgcgta tggtcctgtc 180
tgcccacagc cgtcggacct gttgagcctg agctatacgg aactgccacg tcagagcgaa 240
gattgtctgt acgttaatgt ttttgcgccg gataccccgt cccaaaatct gccggttatg 300
gtttggattc acggcggtgc gttttacctg ggtgccggta gcgagccgct gtacgatggc 360
tccaagctgg ctgcgcaagg tgaggtcatt gtcgtcaccc tgaactatcg tctgggcccg 420
ttcggtttca tgcacctgag cagcttcgat gaggcgtata gcgacaattt gggtctgctg 480
gaccaagcgg cagccctgaa atgggttcgc gagaacatca gcgcgtttgg tggcgacccg 540
gataatgtga cggtgtttgg tgaaagcgct ggtggcgtca gcattgccgc gctgctggcc 600
atgccggctg cgaaaggcct gtttcaaaag gcgattatgg agagcggtgc aagcgtgacc 660
atgaccaagg aacaagcggc gagcactgcg gcagcttttc tgcaagtgct gggtatcaat 720
gagagccagc tggatcgttt gcacaccgtc gcagcggagg acctgctgaa ggcagctgac 780
caactgcgta tcgcggagaa agagaatatc ttccaggctt tcttcgcgcc tgcactggat 840
ccgaaaactt tgccggaaga gccggaaaaa tccattgcgg aaggtgcggc aagcggtatt 900
ccgctgttga ttggtaccac gcgcgacgaa ggttacctgt ttttcacgtc tgatagcgac 960
gttcgtagcc aggaaacctt ggacgctgcg ctggagtaca gcctgggcaa gccgttggca 1020
gagaaagcgg cggacttgta cccgcgcagc ctggaatccc aaatccacat ggtgaccgat 1080
ctggcgtttt ggcgcccagc cgtggcattc gcgtctgcac agagccatta cgcaccggtg 1140
tggatgtatc gcttcgattg gcacccggag aaaccgccgt acaacaaagc cttccacgcc 1200
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ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 66
<211> 48
<212> PR

<213>

<220>

<223>

<400> 66

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
val
Gln
Gln
225
Glu
Lys
Ala
Glu
Gly
305
val
Lys
Ser
Ala
Phe

385
Leu

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp

Glu

9
T

His
Asn
Gly
35

val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp

Leu

cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met
Ser Thr
Leu Asp
245
Asp Gln
260
Ala Pro
Ile Ala
Arg Asp
GIln Glu
325
Ala Glu
340
His Met
Ser Ala
His Pro

Pro Phe
405

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu

390
val

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro

Gly

CX2-128USP1_ST25

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro

Asn

Engineered variant of B. subtilis

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Ala
Ala
Tyr

Leu
410

Page 53

actgtcccac acgattcaga
cgaggcggtg aactggccgg
tgagattacc atcgagaatg
gggtgaa

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn

395
Asp

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Phe
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys

Gly

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala

Leu

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe

Glu

Gly
15

Lys
val
Gln
Ser
Gln
Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His

Arg
415

cggtaacctg gatggcttgg aacgtatggc caaagccgaa 1260
gcgcctggat tacgtttgca 1320
cttatcatga agaaacccgt 1380
accctgagag cgagaagcgt %240

Thr
Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu

160
Phe



Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

<220>
<223>

67
1467
DNA

<400> 67

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggtgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

68
489
PRT

<400> 68
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val

50

Ser Asp Leu

65

Asp Cys Leu

Glu Ile
420
Trp Ile

Trp Pro

Glu Ile

Thr
Thr
Ala

Thr

Asp Glu

Ala
440
His

Phe

Tyr
455

Ile Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val

Ser

val
His
Arg
Ala
Leu

70
Asn

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

CX2-128USP1_ST25

val
425
Lys

Lys Gln
Thr Gly

Glu Glu Thr

Asn Asp Pro
475
Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10
Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75
Asp

Ala Pro

Page 54

Ser His
430

Pro Ser

445

Glu Thr

Leu
Asn

Arg
460

Glu Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro Pro
45
val Cys
60

Pro

Pro

Arg Gln

Thr Pro Ser

Thr Ile
Thr Glu
val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser

Gln

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Leu Pro val

Gly Sser Glu
115
val Ile val
130
His Leu Ser
145
Asp Gln Ala

Gly Gly Asp

val Ser Ile
195
Gln Lys Ala
210
Gln Ala Ala
225
Glu Ser Gln

Lys Ala Ala

Ala Phe Phe
275
Glu Lys Ser
290
Gly Thr Thr
305
val Arg Ser

Lys Pro Leu

Ser Gln Ile
355
Ala Phe Ala
370
Phe Asp Trp
385
Leu Glu Leu

Ala Lys Ala

Gln Ser Ala
435
Ala val Asn
450
Leu Asp Ser
465
Gln Lys Leu

<210> 69
<211> 1467
<212> DNA

Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

85
val

Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

Trp
Tyr
Leu
Asp
150
Leu
Asn

Leu

Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

<213> Artificial Sequence

<220>

His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

CX2-128USP1_ST25

Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

90
Gly

Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
val
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

<223> Engineered variant of B. subtilis pNB

<400> 69

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt

acggcggtgc

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgecg
gttttacctg

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt

ggtgccggta

Page 55

Phe Tyr Leu Gly Ala
110
Ala Ala GIn Gly Glu
125
Pro Phe Gly Phe Met
140
Asn Leu Gly Leu Leu
160
Asn Ile Ser Ala Phe
175
Glu ser Ala Gly Gly
190
Ala Lys Gly Leu Phe
205
Thr Met Thr Lys Glu
220
val Leu Gly ITe Asn
240
Ala Glu Asp Leu Leu
255
Glu Asn ITe Phe GIn
270
Leu Pro Glu Glu Pro
285
Ile Pro Leu Leu Ile
300
Thr Ser Asp Ser Asp
320
Glu Tyr Ser Leu Gly
335
Pro Arg Ser Leu Glu
350
Trp Arg Pro Ala val
365
val Trp Met Tyr Arg
380
Lys Ala Phe His Ala
400
Gly Leu Glu Arg Met
415
Leu Ser His Thr ITe
430
Asn Pro Ser Thr Glu
445
Arg Glu Thr val Ile
460
Glu Ser Glu Lys Arg
480

esterase

aaggtacgac ggagaacggt
tgggccagtg gcgtttcaaa
caaccgcgta tggtcctgtc
aactgccacg tcagagcgaa
cccaaaatct gccggttatg
gcgagccgct gtacgatggc

60

120
180
240
300
360



tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

70
489
PRT

<220>
<223>

<400> 70
Met Thr His
1

Thr Glu Asn

Pro val Gly

35
Glu Asp val
50
Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val
His ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

val Ser

Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala
Phe
275

Ser

val Phe

Glu Lys

290

ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

ser
215

Ala Ala

230

Leu Asp
245
Asp Gln
260
Gln Pro

Ile Ala

Arg
Leu
Ala

Glu

Leu His

Arg Ile

Leu Asp
280
Gly Ala
295

CX2-128USP1_ST25

gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggttt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10

Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105
Ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
val Arg Glu
170

val Phe

185
Met

Gly

Pro Ala

Ala Ser Arg
Gln
235

Ala

Phe Leu
val
250
Glu

Thr

Ala
265
Pro

Lys
Lys Thr

Ala ser Gly

Page 56

tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Glu
45

Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser
Ala Lys
205
Thr Met Thr
220
val

Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Pro
285
Pro

Leu

Ile
300

Leu

tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagccgtacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe Met
Leu

160
Phe

Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu

Leu

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

<220>
<223>

71
1467
DNA

<400> 71

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggcgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>

72
489
PRT

Arg Asp

Glu

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
GlIn

Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

Ile Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gctgtacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu

Asn

Phe
315
Leu

Phe

Ala
330
Leu Tyr

Leu Phe

Ala Pro

Asn
395
Asp

Tyr

Leu
410
Lys Gln

Thr Gly

Glu Thr

Pro
475

Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Page 57

CX2-128USP1_ST25
Leu

Thr Ser Asp

Glu Tyr Ser
Ser
350

Pro

Pro Arg

Trp Arg
365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser
Pro
445
Glu

Asn
Arg Thr
460

Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Ser Asp
320
Leu Gly
335
Leu Glu

Ala val

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val
Lys

Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgcgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggcea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



<223> Engineered variant of B. subtilis pNB esterase

<400> 72

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
val
Gln
Gln
225
Glu
Lys
Ala
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

<210> 73

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

His
Asn
Gly
35

val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met
Ser Thr

Leu Asp
245

Asp Gln

260

Gln Pro

Ile Ala
Arg Asp
Gln Glu
325
Ala Glu
340
His Met
Ser Ala
His Pro
Pro Phe
405
Glu Ile
420
Trp Ile
Trp Pro
Glu Ile

Phe Pro
485

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

CX2-128USP1_ST25

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Ala
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Page 58

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Ala
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Lys
Pro
Pro
val
60

Pro
Thr
Leu
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

Gly
15

Lys
val
Gln
Ser
Gln
Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

Thr
Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu
160
Phe
Gly
Phe
Glu
Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile
Glu

Ile

Arg
480



<211>
<212>
<213>

1467
DNA

<220>
<223>

<400> 73

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcga
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggtgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

74
489
PRT

<220>
<223>

<400> 74
Met Thr His
1

Thr Glu Asn

Pro val Gly

35
Glu Asp val
50
Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val

His ser
145
Asp

Gln Ala

Gly Gly Asp

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165
Asp

Thr

Pro
180

Leu

Asn

Lys Trp

val Thr

CX2-128USP1_ST25

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggttt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10

Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
val Arg Glu
170
val Phe

185

Gly

Page 59

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcgegec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala

190

Glu Ser

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe Met
Leu

160
Phe

Leu

Ala
175

Gly Gly

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



val
Gln
Gln
225
Glu
Lys
val
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

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

Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

75
DN

<220>

Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

1467

A

Ala Ala Leu

Ile Met Glu
Ala
230

Arg

Ser Thr

Leu Asp
245
Asp Gln Leu
260
Ala

Pro Ala

Ile Ala Glu
Glu
310

Thr

Arg Asp
Glu
325
Glu

Gln

Ala
340
His

Lys

Met val

Ser Ala Gln
Glu
390

val

His Pro
Phe
405
Ile

Pro
Glu Thr
420
Trp

Ile Thr

Trp Pro Ala
Thr
470

Ser

Glu Ile

Phe Pro

485

Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

CX2-128USP1_ST25

Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
val
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Ala Ala Lys

205
Thr Met
220

val

val

Gln
235
Ala

Leu

Ala Glu

Lys Glu Asn

Thr Pro
285

Pro

Leu

Ile
300
Thr

Gly

Phe
315
Leu

Ser

Glu Tyr

Tyr Pro Arg

Phe Trp Arg
365
val Trp
380

Lys

Pro
Asn Ala
395
Asp

Gly Leu

Gln Leu Ser
Pro
445

Glu

Gly Asn

Thr Arg
460
Glu

Pro Ser

475

Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

<223>

<400> 75

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgcaatttt

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac

Page 60

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gccagccget
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta

Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
ser
Leu

335

Leu Glu

Ala val

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val
Lys

Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140



tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 76
<211> 48
<212> PR

<213>

<220>

<223>

<400> 76

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
val
Gln
Gln
225
Glu
Lys
Ala
Glu
Gly
305
val
Lys
Ser
Ala
Phe

385
Leu

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp

Glu

9
T

His
Asn
Gly
35

val
Leu
Leu
val
Gln
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp

Leu

gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe
Ala Ala
165
Pro Asp
180
Ala Ala
Ile Met
Ser Thr
Leu Asp
245
Asp Gln
260
Gln Pro
Ile Ala
Arg Asp
Gln Glu
325
Ala Glu
340
His Met
Ser Ala
His Pro

Pro Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu

390
val

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys

Phe

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro

Gly

CX2-128USP1_ST25
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro

Asn

Engineered variant of B. subtilis

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Gln
Ala
Tyr

Leu

Page 61

gcacccggag aaaccgccgt
cggtaacctg gatggcttgg
actgtcccac acgattcaga
cgaggcggtg aactggccgg
tgagattacc atcgagaatg

gggtgaa

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn

395
Asp

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys

Gly

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Ar

365
Trp
Ala

Leu

Lys
Ala
Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser

Ser
350

g Pro

Met
Phe

Glu

cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala

Tyr

Arg

Thr
Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu
160
Phe
Gly
Phe
Glu
Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala

400
Met

1200
1260
1320
1380
1440
1467



Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

77
1467
DNA

<220>
<223>

<400> 77

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgcaatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

78
489
PRT

<220>
<223>

<400>
Met
1

Thr

78

Pro

Glu
50

Ser

65

405
Glu Ile
420
Trp Ile

Trp Pro

Glu Ile

Thr
Thr
Ala

Thr

Asp Glu

Ala
440
His

Phe

Tyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Thr His Gln ITe val

5

Glu Asn Gly val His
20
val Gly GIn Trp Arg
35
Asp val Leu Asp Ala

Asp Leu Leu Ser Leu
70

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55

ser Tyr

CX2-128USP1_ST25

410
val Lys Gln
425
Lys Thr Gly

Glu Glu Thr

Asn Asp Pro
475
Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr

10
Lys Gly
25

Gly
Ile
Ala Pro Glu
Tyr Gly Pro

Thr Glu Leu

75

Page 62

Ser His
430

Pro Ser

445

Glu Thr

Leu
Asn

Arg
460

Glu Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcttgec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30
Glu

Pro Tyr

Pro Pro
45

val Cys

60

Pro Arg

Pro

Gln

415
Thr Ile
Thr

val Ile
Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80

Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Asp Cys

Leu Pro

Gly Ser

val Ile
130
His Leu

145

Asp Gln

Gly Gly

val Ser

Gln Lys
210
Gln Ala

225

Glu Ser

Lys Ala

Leu Phe

Glu Lys
290
Gly Thr

305

val Arg

Lys Pro

Ser Gln

Ala Phe
370
Phe Asp

385

Leu Glu

Ala Lys

Gln Ser

Ala val
450
Leu Asp

465

Gln Lys

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

<220>
<223>

<400>

79
14
DN

Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

67
A

Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Leu
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

val
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Artificial Sequence

Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

CX2-128USP1_ST25

Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Gln
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Engineered variant of B. subtilis pNB

79

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt

Page 63

Thr Pro Ser g1n Asn
5
Phe Tyr Leu Gly Ala
110
Ala Ala GIn Gly Glu
125
Pro Phe Gly Phe Met
140
Asn Leu Gly Leu Leu
160
Asn ITe Ser Ala Phe
175
Glu ser Ala Gly Gly
190
Ala Lys Gly Leu Phe
205
Thr Met Thr Lys Glu
220
val Leu Gly Ile Asn

Ala Glu Asp Leu Leu
255
Glu Asn ITe Phe Gln
270
Leu Pro Glu Glu Pro
285

Ile Pro Leu Leu Ile
300

Thr Ser Asp Ser Asp

Glu Tyr Ser Leu Gly
335
Pro Arg Ser Leu Glu
350
Trp Arg Pro Ala val
365

val Trp Met Tyr Arg
380

Lys Ala Phe His Ala

Gly Leu Glu Arg Met
415
Leu Ser His Thr Ile
430
Asn Pro Ser Thr Glu
445

Arg Glu Thr val Ile
460

Glu Ser Glu Lys Arg

esterase

aaggtacgac ggagaacggt 60
tgggccagtg gcgtttcaaa 120
caaccgcgta tggtcctgtc 180
aactgccacg tcagagcgaa 240
cccaaaatct gccggttatg 300



gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgcaatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 80
<211> 489
<212> PRT

<213>

<220>

<223>

<400> 80

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
val
Gln
Gln
225
Glu
Lys
Ala

Glu

Thr His
Glu Asn

val Gly
35

Asp val

50

Asp Leu

Cys Leu
Pro val

Ser Gln
115

Ile val

130

Leu Ser

Gln Ala
Gly Asp
Ser Ile
195
Lys Ala
210
Ala Ala
Ser Gln
Ala Ala
Phe Phe

275
Lys Ser

acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5

Gly val
20
Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met

Ser Thr

Leu Asp
245

Asp Gln

260

Gln Pro

Ile Ala

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn

Leu

Ala
230
Arg
Leu
Ala

Glu

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu

Gly

gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp

280
Ala

CX2-128USP1_ST25
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggcat
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro

Ala

Engineered variant of B. subtilis

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys

Ser

Page 64

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Leu
Gln
235
Ala
Lys
Thr

Gly

gccagccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccaacc
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu

Ile

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro

285
Pro

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu

Leu

gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu

Leu

Met
Leu
160
Phe
Gly

Phe

Asn
240
Leu
Gln
Pro

Ile

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



290

Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

81
1467
DNA

<220>
<223>

<400> 81

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

82
489
PRT

Arg Asp

Glu

295

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
Gln
Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu

Asn

Phe
315
Leu

Phe

Ala
330
Leu Tyr

Gln Phe

Ala Pro

Asn
395
Asp

Tyr

Leu
410
Lys Gln

Thr Gly

Glu Thr

Pro
475

Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Page 65

CX2-128USP1_ST25

300

Thr Ser Asp

Glu Tyr Ser
Ser
350
Arg Pro
365

Trp

Pro Arg

Trp
val

380
Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gccagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Ser Asp
320
Leu Gly
335
Leu Glu

Ala val

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



<220>
<223> Engineered variant of B. subtilis

<400> 82

Met Thr His

1
Thr

Pro
Glu
Ser
65

Asp
Leu
Gly
val
His
145
Asp
Gly
Asp
Gln
Gln
225
Glu
Lys
Ala
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
Gln

Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

Asn
Gly
35

val
Leu
Leu
val
Gln
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met
Ser Thr

Leu Asp
245

Asp Gln

260

Gln Pro

Ile Ala

Arg Asp

GIln Glu
325

Ala Glu

340

His Met

Ser Ala
His Pro
Pro Phe
405
Glu Ile
420
Trp Ile
Trp Pro
Glu Ile

Phe Pro
485

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu

Gly

CX2-128USP1_ST25

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Page 66

PNB esterase

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg
460
Glu

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

Gly
15

Lys
val
Gln
Ser
Gln
Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

Met

Leu
160
Phe



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

<220>
<223>

83
1467
DNA

<400> 83

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

84
489
PRT

<400> 84
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val
Glu
115

val

Gly sSer

Ile
130
Leu

val

His Ser
145
Asp

Gln Ala

Gly Gly Asp

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro

Leu

Asn

Lys Trp

val Thr

CX2-128USP1_ST25

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

GIn Tyr Gly

10

Lys Gly Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
Glu

val Arg

170
Phe

val Gly

Page 67

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcttgec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro Pro
45
val Cys
60

Pro

Pro

Arg Gln

Thr Pro Ser
Leu
110

Gln

Tyr Tyr
Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser

Glu Ser Ala

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgatacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser
Gln
Gly

Gly Glu

Phe Met

Leu Leu
160
Ala Phe
175

Gly Gly

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Asp
Gln
Gln
225
Glu
Lys
Leu
Glu
Gly
305
val
Lys

Ser

Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro

Gln

Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu

Ile

180
Ala Ala

Ile Met

Ser Thr

Leu Asp
245
Asp Gln
260
Leu Pro

Ile Ala

Arg Asp
Glu
325
Glu

Gln

Ala
340

His Met

Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys

val

Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala

Thr

Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp

Ala

CX2-128USP1_ST25

185
Met

Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp

345
Leu

Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu

Leu

Ala Ala Lys

205
Thr Met
220

val

Asp

Gln
235
Ala

Leu

Ala Glu

Lys Glu Asn

Thr Leu Pro
285
ITe Pro
300

Thr

Gly

Phe
315
Leu

Ser
Glu Tyr

Tyr Pro Arg

Phe

190
Gly

Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser

350
Pro

Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu

Ala

Phe

Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu

val

355

Ala Phe Ala
370

Phe Asp

385

Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

85
1467
DNA

<220>
<223>

<400> 85

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggcetg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg

Ser Ala

His Pro

Gln
Glu

Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

TYyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce

Tyr
Pro
Asn
val
425
Lys
Glu

Asn

Ala Pro

Asn
395
Asp

Tyr

Leu
410
Lys Gln

Thr Gly

Glu Thr

Asp Pro

475

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgaaa
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc

Page 68

Trp Arg
365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgatacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080



ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 86
<211> 48
<212> PR

<213>

<220>

<223>

<400> 86

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
Glu
Gln
Gln
225
Glu
Lys
Ala
Glu
Gly
305
val
Lys
Ser
Ala

Phe
385

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe

370
Asp

9
T

His
Asn
Gly
35

val
Leu
Leu
val
Glu
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala

Trp

ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met
Ser Thr
Leu Asp
245
Asp Gln
260
Gln Pro
Ile Ala
Arg Asp
Gln Glu
325
Ala Glu
340
His Met
Ser Ala

His Pro

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln

Glu
390

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser

375
Lys

cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His

Pro

CX2-128USP1_ST25
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr

Pro

Engineered variant of B. subtilis

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala

Tyr

Page 69

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Asp
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro

Asn
395

agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val

380
Lys

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp

Ala

Lys
Ala
Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met

Phe

cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr

His

Thr
Pro
Trp
Pro
Glu
80

Asn
Ala
Glu
Met
Leu

160
Phe

Glu
val
Arg

Ala
400

1140
1200
1260
1320
1380
1440
1467



Leu Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

<220>
<223>

87
1467
DNA

<400> 87

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
Cccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

88
489
PRT

<400> 88
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

Ser Asp Leu

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

Ile Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp

Leu Ser

Ser

val
His
Arg
Ala

Leu

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55

Ser Tyr

CX2-128USP1_ST25

Leu
410
Lys

Asn Asp

val Gln
425
Lys

Thr Gly

Glu Glu Thr

Pro
475

Asn Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly

10

Lys Gly Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

Page 70

Leu Glu

Gly

Leu His
430
Ser

Ser

Pro
445
Glu

Asn
Arg Thr
460

Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Pro Glu
45

val Cys

60

Pro

Pro

Arg Gln

Arg
415
Thr

Thr
val

Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15

Lys Pro
val Trp
Gln Pro

Ser Glu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



65
Asp Cys Leu

Leu Pro val

Gly Ser Glu
115
val Ile val
130
His Leu Ser
145
Asp Gln Ala

Gly Gly Asp

Asp Ser Ile
195
Gln Lys Ala
210
GIn Ala Ala
225
Glu Ser Gln

Lys Ala Ala

Ala Phe Phe
275
Glu Lys Ser
290
Gly Thr Thr
305
val Arg Ser

Lys Pro Leu

Ser Gln Ile
355
Ala Phe Ala
370
Phe Asp Trp
385
Leu Glu Leu

Ala Lys Ala

Gln Ser Ala
435
Ala val Asn
450
Leu Asp Ser
465
Gln Lys Leu

<210> 89
<211> 1467
<212> DNA

Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

val
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

70
Asn

Trp
Tyr
Leu
Asp
150
Leu
Ash
Leu
Glu
Ala
230
Arg
Leu

Ala

Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

<213> Artificial Sequence

<220>

Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

CX2-128USP1_ST25

Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

75
Asp

Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

<223> Engineered variant of B. subtilis pNB

<400> 89

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc

aaatcgtcac cactcagtac ggcaaagtca
ggaaaggcat cccgtatgcg aagccgccag
cgccggaggt ctgggaggat gttctggacg
cgtcggacct gttgagcctg agctatacgg

Page 71

80
Thr Pro Ser Gln Asn

Tyr Tyr Leu Gly Ala
110
Ala Ala GIn Gly Glu
125
Pro Phe Gly Phe Met
140
Asn Leu Gly Leu Leu
160
Asn Ile Ser Ala Phe
175
Glu ser Ala Gly Gly
190
Ala Lys Gly Leu Phe
205
Thr Met Thr Lys Glu
220
val Leu Gly ITe Asn
240
Ala Glu Asp Leu Leu
255
Glu Asn ITe Phe GIn
270
Leu Pro Glu Glu Pro
285
Ile Pro Leu Leu Ile
300
Thr Ser Asp Ser Asp
320
Glu Tyr Ser Leu Gly
335
Pro Arg Ser Leu Glu
350
Trp Arg Pro Ala val
365
val Trp Met Tyr Arg
380
Lys Ala Phe His Ala
400
Gly Leu Glu Arg Met
415
Leu Ser His Thr ITe
430
Asn Pro Ser Thr Glu
445
Arg Glu Thr val Ile
460
Glu Ser Glu Lys Arg
480

esterase

aaggtacgac ggagaacggt
tgggccagtg gcgtttcaaa
caaccgcgta tggtcctgtc
aactgccacg tcagagcgaa

60

120
180
240



gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgtcatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 90
<211> 48
<212> PR

<213>

<220>

<223>

<400> 90

Met
1
Thr
Pro
Glu
Ser
65
Asp
Leu
Gly
val
His
145
Asp
Gly
Asp
Gln
Gln
225
Glu
Lys

Ala

Thr
Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala

Phe

9
T

His
Asn
Gly
35

val
Leu
Leu
val
Gln
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala

Phe
275

Gln
Gly
20

Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp

260
Leu

acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ile
5
val
Trp
Asp
Ser
val
85
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln

Pro

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu

Ala

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg

Leu

ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His

Ile

Asp
280

CX2-128USP1_ST25
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggcat
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala

265
Pro

Engineered variant of B. subtilis

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu

Lys

Page 72

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr

cccaaaatct
gccagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcttgec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu

Leu

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn

Pro
285

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile

270
Glu

gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe

Glu

Met
Leu
160
Phe
Gly

Phe

Asn
240
Leu

Pro

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
Ala ser Gly Ile
300
Thr

Glu Ser ITe Ala Glu Gly Ala Pro Leu Leu

295
Gly

Lys
290
Thr Phe
315

Leu

Glu Phe
310

Thr

Gly Thr Leu Ser Ser

305
val

Arg Asp Tyr Asp Asp

320
Ala Glu Gly
330

Leu

Glu Ala
325

Glu

Gln Leu
335

Leu

Arg Ser Leu Asp Tyr Ser

Ala Ala Ala Glu

340
His

ser
350
Pro

Lys Pro Leu Lys Asp Pro

345
Leu

Tyr Arg

Ile Met val Thr Ser Phe Ala val

355
Ala

Ser Gln Asp
360

His

Trp Arg
365
val Trp
380

Lys

Phe Ala Gln Ala Pro Met

370
Asp

Ala Ser
375

Lys

Ser Tyr Tyr Arg
Ala
400

Met

Glu Ala Phe His

390
val

Asn
395
Asp

Phe His Pro Pro Pro

385
Leu

Trp Tyr

Phe Phe Glu
405

Ile

Glu Gly Leu Leu

410
Lys

Leu Pro Asn Gly Arg

415
His Thr Ile
430
Ser

val Gln
425

Lys

Glu Thr Glu
420

Trp

Ala Lys Ala Asp Leu Ser

Ala Thr Thr Glu

440
His

Ala Ile Thr Phe

435
Asn

Gln Gly Pro
445

Glu

Ser Asn

val Ala Glu Glu Thr Thr val

450
Asp

Ala Pro Arg
460

Glu

Trp Tyr
455
Ile Glu

Thr Glu

470
Ser

Glu Ile Pro Ser

475

Leu Ser Asn
465

Gln

Asp Lys Arg

480

Lys Leu Phe Pro Lys Gly Glu

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

<220>
<223>

91
1467
DNA

<400> 91

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

92
489
PRT

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Page 73

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 92
Met Thr His Gln ITe val Thr Thr GIn Tyr Gly Lys val Lys Gly Thr
1 5 10 15
Thr Glu Asn Gly val His Lys Trp Lys Gly Ile Pro Tyr Ala Lys Pro
20 25 30
Pro val Gly Gln Trp Arg Phe Lys Ala Pro Glu Pro Pro Glu val Trp
35 40 45
Glu Asp val Leu Asp Ala Thr Ala Tyr Gly Pro val Cys Pro Gln Pro
50 55 60
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr val Asn val Phe Ala Pro Asp Thr Pro Ser Gln Asn
85 90 95
Leu Pro val Met val Trp Ile His Gly Gly Ala Tyr Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Ala Ala Ala Leu Lys Trp val Arg Glu Asn Ile Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
val Ser ITe Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser val Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Sser Thr Ala Ala Ala Phe Leu GIn val Leu Gly ITe Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Ala Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Leu Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460
Leu Asp Ser Glu ITe Thr ITe Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Zgg Ser Lys Gly Glu
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<210>
<211>
<212>
<213>

93
1467
DNA

<220>
<223>

<400> 93

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgtcatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

94
489
PRT

<220>
<223>

<400> 94
Met Thr His
1

Thr Glu Asn

Pro val Gly

35
Glu Asp val
50
Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val

His ser
145
Asp

Gln Ala

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165

Ala

Leu

Lys Trp

CX2-128USP1_ST25

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10

Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
Glu

val Arg

170

Page 75

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser
Leu
110

Gln

Tyr Tyr
Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
ser
GIn
Gly
Gly
Phe Met
Leu

160
Phe

Leu

Ala
175

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
val phe Gly Glu

185
Met

Ala
190
Gly

Gly Gly Pro Asn val Thr Ser

180
Ala

Asp Asp Gly

Ala Ala Ala
200

Gly

Ile Ala
195

Ala

Asp Ser Leu Leu Pro Lys Leu

205
Thr Met Thr
220

val

Gln Ile Met Glu Ser Ala Ser val

215
Ala

Lys
210
Ala

Lys
Gln Ile
235
Ala

Ala Ala Phe
230

Arg

Gln Ala Thr
225

Glu

Ser Leu Leu Gly

val Ala Glu
250

Glu

Thr Leu
255

Phe

Ser GIn Leu Asp Leu His

245
Gln

Asp

Ile
270
Glu

Ala Glu
265

Pro

Lys Ala Ala Asp Leu Ile Asn

260
Gln

Arg Lys

Phe Ala Thr Glu

275
Ser

Ala Phe Pro
285

Pro

Pro Leu Asp Lys Leu
280
Ala Ile

300
Thr

Glu Lys Ile Ala Glu Ala ser Leu Leu

290
Thr

Gly
295
Gly

Gly

Phe
315
Leu

Glu Phe
310

Thr

Gly Thr
305

val

Arg Asp Tyr Leu ser Asp Ser

Ala Glu
330

Leu

Glu Ala
325

Glu

Gln Leu
335

Leu

Arg Ser Leu Asp Tyr Ser

Ala Ala Ala
340

His

ser
350
Pro

Lys Pro Leu Lys Asp Pro

345
Leu

Tyr Arg

Ile Met val Thr Ser Phe Ala

355
Ala

Ser Gln Asp
360

His

Trp Arg
365
val Trp
380

Lys

Phe Ala Gln Ala Pro Met

370
Asp

Ala Ser
375

Lys

Ser Tyr Tyr

Glu Ala Phe
390

val

Asn
395
Asp

Phe His Pro Pro Pro

385
Leu

Trp Tyr

Phe Phe Glu
405

Ile

Glu Leu Leu
410

Lys

Leu Pro Gly Asn Gly Arg

415
His Thr
430
Ser

val Gln
425

Lys

Glu Thr Glu
420

Trp

Ala Lys Ala Asp Leu Ser

Ala Thr Thr
440

His

Ala Ile Thr Phe

435
Asn

Gln Pro
445

Glu

Ser Gly Asn

val Ala Glu Glu Thr Thr val

450
Asp

Ala Trp Pro Tyr

455
Ile

Arg
460
Thr Glu Glu Glu
470

Ser

Glu Ile Pro Ser

475

Leu Ser Asn
465

Gln

Asp Lys

Phe Pro Glu

485

Lys Leu Lys Gly

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

<220>
<223>

95

1467

DNA

Artificial Sequence

Engineered variant of B. subtilis pNB esterase

<400> 95
60

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca

Page 76

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gccagccget
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggec
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020



gagaaagcgg
ctgtcatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 96
<211> 48
<212> PR

<213>

<220>

<223>

<400> 96
Met Thr His
1

Thr
Pro
Glu
Ser
65

Asp
Leu
Gly
val
His
145
Asp
Gly
Asp
Gln
Gln
225
Glu
Lys
Ala
Glu
Gly
305
val
Lys
Ser
Ala

Phe

Glu
val
Asp
50

Asp
Cys
Pro
Ser
Ile
130
Leu
Gln
Gly
Ser
Lys
210
Ala
Ser
Ala
Phe
Lys
290
Thr
Arg
Pro
Gln
Phe

370
Asp

9
T

Asn
Gly
35

val
Leu
Leu
val
Gln
115
val
Ser
Ala
Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala

Trp

Gln
Gly
20

Gln
Leu
Leu
Tyr
Met
100
Pro
val
Ser
Ala
Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser

His

cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ile
5
val
Trp
Asp
Ser
val
85
val
Leu
Thr
Phe
Ala
165
Asp
Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala

Pro

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn

Leu

Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln

Glu

Artificial Sequence

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser

375
Lys

cccgegceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His

Pro

CX2-128USP1_ST25
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr

Pro

Engineered variant of B. subtilis

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Ser
Ala

Tyr

Page 77

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Leu
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro

Asn

aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp
val

380
Lys

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp

Ala

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro
Met

Phe

ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala

Tyr

Met
Leu
160
Phe
Gly

Phe

Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg

Ala

1080
1140
1200
1260
1320
1380
1440
1467



385

Leu Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

97
1467
DNA

<220>
<223>

<400> 97

atgacccatc
gttcataagt
gcgccggaac
tgcccacagce
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

98
489
PRT

<220>
<223>

<400> 98

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

CX2-128USP1_ST25

395

Asn Leu Asp

410

val Lys Gln

425

Lys Thr Gly

Glu Glu Thr

Asn Asp Pro
475

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Engineered variant of B. subtilis pNB

Met Thr His GIn Ile val Thr Thr Gln Tyr Gly

1

5

10

Thr Glu Asn Gly val His Lys Trp Lys Gly Ile
20 25

Pro val Gly GIn Trp Arg Phe Lys Ala Pro Glu

35

40

Glu Asp val Leu Asp Ala Thr Ala
5

50

5

Tyr Gly Pro

Page 78

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gccagccget
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

400
Arg Met
415
Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15

Pro Tyr Ala Lys Pro
30

Pro Pro Glu
45

val Cys Pro

60

val Trp

Gln Pro

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr §a1 Asn val Phe Ala 350 Asp Thr Pro Ser g1n Asn
5 5
Leu Pro val Met val Trp Ile His Gly Gly Ala Tyr Tyr Leu Gly Ala
100 105 110
Gly Ser Gln Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp GIn Ala Ala Ala Leu Lys Trp val Arg Glu Asn ITe Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Asp Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Lys Ala ITe Met Glu Ser Gly Ala Ser val Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu Gln val Leu Gly Ile Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Ala Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser GIn Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Leu Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460
Leu Asp Ser Glu ITe Thr ITle Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pgo Ser Lys Gly Glu
485

Gln

<210> 99

<211> 1467

<212> DNA

<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 99

atgacccatc aaatcgtcac cactcagtac ggcaaagtca aaggtacgac ggagaacggt 60
gttcataagt ggaaaggcat cccgtatgcg aagccgccag tgggccagtg gcgtttcaaa 120
gcgccggaac cgccggaggt ctgggaggat gttctggacg caaccgcgta tggtcctgtc 180

Page 79



tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgcaatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

100
489
PRT

<400> 100
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val

Gly Ser Trp
115
Ile val
130

Leu

val
His Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Asp Ser

Gln Lys

210

Gln Ala Ala

225

Glu Ser Gln

Lys Ala Ala

Ala Phe Phe

cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

Ser
215

Ala Ala

230

Leu Asp
245
Asp Gln
260

Leu Pro

Arg
Leu

Ala

Leu His

Arg Ile

Leu Asp

CX2-128USP1_ST25

agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly

10

Lys Gly Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
val Arg Glu
170
val Phe

185

Met

Gly

Pro Ala

Ala Ser Leu
Gln
235

Ala

Phe Leu

val
250
Glu

Thr

Ala
265
Pro

Lys

Lys Thr

pPage 80

aactgccacg
cccaaaatct
gctggccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcttgec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro Pro
45
val Cys
60

Pro

Pro

Arg Gln

Thr Pro Ser
Leu
110

Gln

Tyr Tyr
Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys
205
Thr Met Thr
220
val

Leu Gly

Ala Glu Asp
Ile
270

Glu

Glu Asn

Leu Pro

tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser
Gln
Gly

Gly Glu

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys Glu

Ile Asn
240
Leu Leu
255
Phe Gln

Glu Pro

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



275

Glu Lys Ser

290
Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

101
1467
DNA

<220>
<223>

<400> 101
atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgcaatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 102
<211> 489
<212> PRT

Ile Ala

Arg Asp

Glu
Glu

280
Gly Ala
295

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
Gln
Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu

Asn

Ser Gly

Phe
315
Leu

Phe

Ala
330
Leu Tyr

Gln Phe

Ala Pro

Asn
395
Asp

Tyr

Leu
410
Lys Gln

Thr Gly

Glu Thr

Pro
475

Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgtca
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Page 81

CX2-128USP1_ST25

285
ITe Pro
300

Thr

Leu

ser Asp

Glu Tyr Ser
Ser
350

Pro

Pro Arg

Trp Arg
365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gccagccget
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Leu Ile

Ser Asp
320
Leu Gly
335
Leu Glu

Ala val

Tyr Arg
Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 102
!et Thr His GIn Ile val Thr Thr Gln I5r Gly Lys val Lys %1y Thr
5 5
Thr Glu Asn ggy val His Lys Trp Eys Gly Ile Pro Tyr éga Lys Pro
5
Pro val g]y Gln Trp Arg Phe L%s Ala Pro Glu Pro Pro Glu val Trp
5 4 45
Glu Asp val Leu Asp Ala Thr Ala Tyr Gly Pro g81 Cys Pro GIn Pro
5 55
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr §a1 Asn val Phe Ala 350 Asp Thr Pro Ser g1n Asn
5 5
Leu Pro val Met val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
100 105 110
Gly Ser Gln Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp GIn Ala Ala Ala Leu Lys Trp val Arg Glu Asn ITe Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
val Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser val Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu Gln val Leu Gly Ile Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Ala Phe Phe GIn Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Lys Ser ITe Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser GIn Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu GIn Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460
Leu Asp Ser Glu ITe Thr Ile Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pgo Ser Lys Gly Glu
485

Glu

Page 82



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

<220>
<223>

103
1467
DNA

<400> 103

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

104
489
PRT

<400> 104
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val

Gly Ser Trp
115
Ile val
130

Leu

val

His Ser
145
Asp

Gln Ala

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacttg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala Ala

Leu

Lys Trp

CX2-128USP1_ST25

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccagctgt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10

Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105

Ser Lys Leu

Arg Leu Gly

Tyr Ser Asp

155
Glu

val Arg

Page 83

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gctggccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccaacc
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Pro Glu
45

val Cys

60

Pro

Pro

Arg Gln

Thr Pro Ser
Leu
110

Gln

Tyr Tyr
Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser

Gln
95
Gly

Gly Glu

Phe Met

Leu Leu
160

Ala Phe

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Gly Gly
Asp Ser

Gln Lys
210

Gln Ala

225

Glu Ser

Lys Ala
Leu Phe

Glu Lys
290

Gly Thr

305

val Arg

Lys Pro
Ser Gln

Ala Phe
370

Phe Asp

385

Leu Glu

Ala Lys
GIn Ser

Ala val
450

Leu Asp

465

Gln Lys

Asp
Ile
195
Ala
Ala
Gln
Ala
Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

<210> 105
<211> 1467
<212> DNA
<213> Artificial Sequence

<220>

Pro
180
Ala
Ile
Ser
Leu
Asp
260
Gln
Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

165
Asp

Ala
Met
Thr
Asp
245
Gln
Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

CX2-128USP1_ST25

val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

170
Phe

Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Gly
Ala
Leu
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

<223> Engineered variant of B. subtilis pNB

<400> 105

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt

Page 84

Glu Ser Ala
190
Ala Lys Gly
205
Thr Met Thr
220
val Leu Gly

Ala Glu Asp

Glu Asn Ile
270
Leu Pro Glu
285
Ile Pro Leu
300
Thr Ser Asp

Glu Tyr Ser

Pro Arg Ser
350
Trp Arg Pro
365
val Trp Met
380
Lys Ala Phe

Gly Leu Glu

Leu Ser His
430
Asn Pro Ser
445
Arg Glu Thr
460
Glu Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc

175
Gly

Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac

Gly
Phe
Glu
Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile
Glu

Ile

Arg
480

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 106
<211> 489
<212> PRT

aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

<213> Artificial Sequence

<220>

ggacgctgeg
cccgcgeagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

CX2-128USP1_ST25
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

<223> Engineered variant of B. subtilis

<400> 106
!et Thr His

Thr Glu Asn

Pro val Gly
35
Glu Asp val
50
Sser Asp Leu
65
Asp Cys Leu

Leu Pro val

Gly Sser Glu
115
val ITle val
130
His Leu Ser
145
Asp Gln Ala

Gly Gly Asp

Asp Ser Ile
195
Gln Lys Ala
210
Gln Ala Ala
225
Glu Ser Gln

Lys Ala Ala

Ala Phe Phe
275
Glu Lys Ser
290
Gly Thr Thr
305
val Arg Ser

Lys Pro Leu

Ser Gln Ile

355

Ala Phe Ala
370

Gln Ile
5

Gly val
20
Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met
Ser Thr

Leu Asp
245

Asp Gln

260

Gln Pro

Ile Ala

Arg Asp

Gln Glu
325

Ala Glu

340

His Met

Ser Ala

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val

Gln

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr

ser
375

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp

360
His

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu

Tyr

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu

Ala

Page 85

PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
val
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe

Pro

gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp

val
380

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg

365
Trp

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro

Met

gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala

Tyr

Met
Leu

160
Phe

Arg

1020
1080
1140
1200
1260
1320
1380
1440
1467



Phe
385
Leu

Asp Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

<220>
<223>

107
1467
DNA

<400> 107

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctggactttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

108
489
PRT

<400> 108
Met Thr
1

Thr Glu
Pro val

35
Glu Asp

His Pro

Glu

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

Ile Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

20

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence
Engineered variant of B. subtilis

His Gln Ile val Thr Thr GIn Tyr
5 10
Asn Gly val His Lys Trp Lys Gly
25

Gly GIn Trp Arg Phe Lys Ala Pro

40

val Leu Asp Ala Thr Ala Tyr Gly
Page 86
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Asn
395
Asp

Pro Tyr

Leu
410
Lys

Asn
val Gln
425
Lys

Thr Gly

Glu Glu Thr

Pro
475

Asn Asp

Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gly
Ile
Glu

Pro

Lys Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser
Pro
445
Glu

Asn
Arg Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gccagccget
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcttgec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val
Lys

Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15

Pro Tyr Ala Lys Pro
30

Pro Pro Glu
45
val Cys Pro

val Trp

Gln Pro

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
50 55 60
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr val Asn val Phe Ala Pro Asp Thr Pro Ser GIn Asn
85 90 95
Leu Pro val Met val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
100 105 110
Gly Ser Gln Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Ala Ala Ala Leu Lys Trp val Arg Glu Asn Ile Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Asp Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser Leu Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu GIn val Leu Gly ITe Asn
225 230 235 240
Glu Ser GIn Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Ala Phe Phe Leu Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser ITe Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Asp Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460
Leu Asp Ser Glu ITe Thr ITe Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Zgg Ser Lys Gly Glu

<210> 109
<211> 1467
<212> DNA
<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 109
atgacccatc aaatcgtcac cactcagtac ggcaaagtca aaggtacgac ggagaacggt 60
gttcataagt ggaaaggcat cccgtatgcg aagccgccag tgggccagtg gcgtttcaaa 120
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gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgcaatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

110
489
PRT

<220>
<223>

<400> 110
Met Thr His
1

Thr Glu Asn

Pro val Gly

35
Glu Asp val
50
Ser Asp Leu
65
Asp

Cys Leu

Leu Pro val
Glu
115

val

Gly Ser

Ile
130
Leu

val
His ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Asp Ser

Gln Lys
210
Gln Ala Ala
225
Glu

Ser Gln

Lys Ala Ala

cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

ser
215

Ala Ala

230

Leu Asp
245
Gln

Asp
260

Arg

Leu

Leu His

Arg Ile

CX2-128USP1_ST25

gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctagaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr
10

Gly

Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75

Ala Pro Asp

90

Gly Gly Ala

105
ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
val Arg Glu
170

val Phe

185
Met

Gly

Pro Ala

Ala Ser Leu
Gln
235

Ala

Phe Leu
val
250
Glu

Thr

Ala
265

Lys

Page 88

caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys
Ala
30

Glu

Pro Tyr

Pro
45
Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser
Leu
110

Gln

Tyr Tyr
Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys
205
Met

Thr Thr

220
val

Leu Gly

Ala Glu Asp
Ile

270

Glu Asn

tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
ser
GIn
Gly
Gly
Phe Met
Leu

160
Phe

Leu

Ala
175
Gly Gly

Leu Phe

Lys
Ile Asn
240
Leu Leu
255
Phe

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Phe
275
Ser

Ala Phe

Glu Lys
290
Gly Thr Thr
305
val

Arg Ser

Lys Pro Leu
Ile
355

Ala

Ser Gln

Phe
370
Asp

Ala

Phe
385
Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

<220>
<223>

111
1467
DNA

<400> 111
atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgcaatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 112
<211> 489

Gln Pro

Ile Ala

Arg Asp

Ala
Glu

Glu

Leu Asp
280
Gly Ala
295

Gly Tyr

310

Glu
325
Glu

Gln

Ala
340
His Met

Ser Ala

His Pro

Thr
Lys
val
GlIn

Glu

Leu Asp

Ala Ala

Thr Asp
360
Ser His
375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

Ile Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

CX2-128USP1_ST25

Pro
Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

ggcaaagtca

Lys
Ser
Phe
Ala
330
Leu
Gln
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp

Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Engineered variant of B. subtilis pNB

aagccgccag
gttctggacg
agctatacgg
gataccccgt

ggtgccggta

gtcgtcaccc

gaggcgtata
gagaacatca
ggtggcgtca

gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt

ctggagtaca

ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg

acgattcaga

aactggccgg
atcgagaatg

Page 89

Pro Glu
285

Pro

Leu

Ile
300
Thr

Leu

ser Asp

Glu Tyr Ser
Ser
350

Pro

Pro Arg

Trp Arg
365
val Trp
380

Lys

Met

Ala Phe

Gly Leu Glu
His
430
ser

Leu Ser
Pro
445
Glu

Asn
Arg Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Pro

Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile

Glu

Arg
480

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
<212> PRT
<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 112
Met Thr His Gln ITe val Thr Thr GIn Tyr Gly Lys val Lys Gly Thr
1 5 10 15
Thr Glu Asn Gly val His Lys Trp Lys Gly Ile Pro Tyr Ala Lys Pro
20 25 30
Pro val Gly Gln Trp Arg Phe Lys Ala Pro Glu Pro Pro Glu val Trp
35 40 45
Glu Asp val Leu Asp Ala Thr Ala Tyr Gly Pro val Cys Pro Gln Pro
50 55 60
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr val Asn val Phe Ala Pro Asp Thr Pro Ser Gln Asn
85 90 95
Leu Pro val Met val Trp Ile His Gly Gly Ala Tyr Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Ala Ala Ala Leu Lys Trp val Arg Glu Asn Ile Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
val Ser ITle Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser val Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Sser Thr Ala Ala Ala Phe Leu GIn val Leu Gly ITe Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Ala Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ser Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu GIn Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460
Leu Asp Ser Glu ITe Thr ITe Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pro Ser Lys Gly Glu

Page 90



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

113
1467
DNA

<220>
<223>

<400> 113

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

114
489
PRT

<220>
<223>

<400> 114
Met Thr His
1

Thr Glu Asn

Pro val Gly

35

Glu Asp val

50
Asp

Ser Leu

65

Asp Cys Leu

Leu Pro val

Gly Ser Trp
115
ITe val
130

Leu

val

His ser

145

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser
val
85

val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gttttacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
ser Tyr

val Phe

Ile His

Asp Gly
120
Asn Tyr
135

Glu Ala

150

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg

Tyr

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Tyr
10
Gly

Gly
Ile

Pro Glu

Gly Pro

Glu Leu
75
Pro Asp
90
Gly Ala

Lys Leu

Leu Gly

ser Asp

155
Page 91

CX2-128USP1_ST25

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gctggccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Glu
45

Cys

Pro

val
60
Pro

Pro

Arg Gln

Thr Pro Ser

Phe Leu
110
Gln

Tyr

Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcgtgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
95

Gly
Gly
Phe Met

Leu
160

Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
val Arg Glu Asn

170
Phe

Ala Phe
175

Gly

Ala Ile
165

Asp

Asp GIn Ala Ala Leu Lys Trp Ser

Ala
190
Gly

val Glu
185

Met

Gly Gly Pro Asn val Thr Ser

180
Ala

Asp Gly

Ala Ala Ala
200

Gly

Ile Ala
195

Ala

Asp Ser Leu Leu Pro Lys Leu

205
Thr Met Thr
220

val

Gln Ile Met Glu Ser Ala Ser val

215
Ala

Lys Lys
210

Ala Gln Ile
235

Ala

Ala Ala Phe
230

Arg

Gln Ala Thr
225

Glu

Ser Leu Leu Gly

val Ala Glu
250

Glu

Thr Leu
255

Phe

Ser GIn Leu Asp Leu His

245
Gln

Asp

Ile
270
Glu

Ala Glu
265

Pro

Lys Ala Ala Asp Leu Ile Asn

260
Gln

Arg Lys

Phe Ala Thr Glu

275
Ser

Ala Phe Pro
285

Pro

Pro Leu Asp Leu

280
Ala

Lys

Ile
300
Thr

Glu Lys Ile Ala Glu Ala ser Leu Leu

290
Thr

Gly
295
Gly

Gly

Phe
315
Leu

Glu Phe
310

Thr

Gly Thr
305

val

Arg Asp Tyr Leu ser Asp Ser

Ala Glu
330

Leu

Glu Ala
325

Glu

Gln Leu
335

Leu

Arg Ser Leu Asp Tyr Ser

Ala Ala Ala
340

His

ser
350
Pro

Lys Pro Leu Lys Asp Pro

345
Leu

Tyr Arg

Ile Met val Thr Leu Phe Ala

355
Ala

Ser Gln Asp
360

His

Trp Arg
365
val Trp
380

Lys

Phe Ala GlIn Ala Pro Met

370
Asp

Ala Ser
375

Lys

Ser Tyr Tyr

Glu Ala Phe His

390
val

Asn
395
Asp

Phe His Pro Pro Pro

385
Leu

Trp Tyr

Phe Phe Glu
405

Ile

Glu Leu Leu
410

Lys

Leu Pro Gly Asn Gly Arg

415
His Thr
430
Ser

val Gln
425

Lys

Glu Thr Glu
420

Trp

Ala Lys Ala Asp Leu Ser

Ala Thr Thr
440

His

Ala Ile Thr Phe

435
Asn

Gln Pro
445

Glu

Ser Gly Asn

Glu Glu Thr Ar Thr val

g
460
Glu

val Ala
450

Asp

Ala Trp Pro Tyr

455
Thr ITe Glu Glu
470

Ser

Glu Ile Pro Ser

475

Leu Ser Asn
465

Gln

Asp Lys

Phe Pro Glu

485

Lys Leu Lys Gly

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

<220>
<223>

115
1467
DNA
Artificial Sequence

Engineered variant of B. subtilis pNB esterase

<400> 115
60

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggcgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg

Page 92

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgcet
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec

aaggtgcggc

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggec
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt

120
180
240
300
360
420
480
540
600
660
720
780
840
900



ccgctgttga
gttcgtagcc
gagaaagcgg
ctgtcatttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

<210> 116
<211> 489
<212> PRT

ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

<213> Artificial Sequence

<220>

gcgcgacgaa
ggacgctgcg
cccgecgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

CX2-128USP1_ST25
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

<223> Engineered variant of B. subtilis

<400> 116
Met Thr His
1

Thr Glu Asn

Pro val Gly
35
Glu Asp val
50
Ser Asp Leu
65
Asp Cys Leu

Leu Pro val

Gly Sser Glu
115
val Ile val
130
His Leu Ser
145
Asp Gln Ala

Gly Gly Asp

Asp Ser Ile
195
Gln Lys Ala
210
GIn Ala Ala
225
Glu Ser Gln

Lys Ala Ala

Ala Phe Phe
275
Glu Lys Ser
290
Gly Thr Thr
305
val Arg Ser

Lys Pro Leu
Ser Gln Ile

355
Ala Phe Ala

Gln Ile
5

Gly val

20

Gln Trp

Leu Asp
Leu Ser

Tyr val
85

Met val

100

Pro Leu

val Thr
Ser Phe

Ala Ala
165

Pro Asp

180

Ala Ala

Ile Met
Ser Thr

Leu Asp
245

Asp Gln

260

Gln Pro

Ile Ala

Arg Asp

Gln Glu
325

Ala Glu

340

His Met

Ser Ala

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu
Asp
150
Leu
Asn
Leu
Glu
Ala
230
Arg
Leu
Ala
Glu
Glu
310
Thr
Lys
val

Gln

Thr
Lys
Phe
Thr
55

Ser
val
Ile
Asp
Asn
135
Glu
Lys
val
Leu
Ser
215
Ala
Leu
Arg
Leu
Gly
295
Gly
Leu
Ala
Thr

Ser

Thr
Trp
Lys
40

Ala
Tyr
Phe
His
Gly
120
Tyr
Ala
Trp
Thr
Ala
200
Gly
Ala
His
Ile
Asp
280
Ala
Tyr
Asp
Ala
Asp

360
His

Gln
Lys
25

Ala
Tyr
Thr
Ala
Gly
105
Ser
Arg
Tyr
val
val
185
Met
Ala
Phe
Thr
Ala
265
Pro
Ala
Leu
Ala
Asp
345
Leu

Tyr

Tyr
10

Gly
Pro
Gly
Glu
Pro
90

Gly
Lys
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Ser

Ala
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PNB

Gly
Ile
Glu
Pro
Leu
75

Asp
Ala
Leu
Gly
Asp
155
Glu
Gly
Ala
Leu
Gln
235
Ala
Lys
Thr
Gly
Phe
315
Leu
Tyr
Phe

Pro

ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys
Pro
Pro
val
60

Pro
Thr
Tyr
Ala
Pro
140
Asn
Asn
Glu
Ala
Thr
220
val
Ala
Glu
Leu
Ile
300
Thr
Glu
Pro
Trp

val

val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu
Asn
Pro
285
Pro
Ser
Tyr
Arg
Arg

365
Trp

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gln
Gly
Gly
Ser
Ala
190
Gly
Thr
Gly
Asp
Ile
270
Glu
Leu
Asp
Ser
Ser
350
Pro

Met

tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly
15

Lys
val
Gln
Ser
Gln
Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Lys
Ile
Leu
255
Phe
Glu
Leu
Ser
Leu
335
Leu
Ala

Tyr

Thr
Pro
Trp
Pro
Glu

80
Asn

Glu
Met
Leu
160
Phe
Gly
Phe
Glu
Asn
240
Leu
Gln
Pro
Ile
Asp
320
Gly
Glu
val

Arg

960

1020
1080
1140
1200
1260
1320
1380
1440
1467



370
Phe Asp
385

Leu

Trp

Glu Leu

Ala Lys Ala
Ala
435

Asn

Gln Ser

val
450
Asp

Ala
Leu Ser
465
Gln

Lys Leu

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

117
1467
DNA

<220>
<223>

<400> 117

atgacccatc
gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

118
489
PRT

<220>
<223>

<400> 118

His Pro

Glu

375

Lys Pro

390

Phe
405
Ile

Pro

Glu
420
Trp Ile

Trp Pro

Glu Ile

val
Thr
Thr
Ala

Thr

Phe Gly

Asp Glu

Ala
440
His

Phe

Tyr
455

ITe Glu

470

Phe Pro

485

aaatcgtcac
ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagc
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Ser

Lys Gly

Artificial Sequence

cactcagtac
cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgceagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

CX2-128USP1_ST25

Pro Asn
395

Asp

Tyr

Asn Leu

410

val Lys Gln

425

Lys Thr Gly

Glu Glu Thr

Asn Pro

475

Asp
Glu

Engineered variant of B. subtilis pNB

ggcaaagtca
aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggctt
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

Engineered variant of B. subtilis pNB

Met Thr His GIn Ile val Thr Thr Gln Tyr Gly
1 5 10

Thr Glu Asn Gly val His Lys Trp Lys Gly Ile
25

Pro val Gly GIn Trp Arg Phe Lys Ala Pro Glu Pro
35 40

20

Page 94

380

Lys Ala Phe

Gly Leu Glu
His
430
Ser

Leu Ser

Asn Pro
445
Arg Glu Thr
460
Glu

Ser Glu

esterase

aaggtacgac
tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gcgagccgct
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttccagec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Ala
400
Met

His

Arg
415
Thr Ile

Thr Glu

val Ile

Lys Arg
480

ggagaacggt
gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcc
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15

Pro Tyr Ala Lys Pro
30

Pro Glu
45

val Trp

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



CX2-128USP1_ST25
Glu Asp val Leu Asp Ala Thr Ala Tyr Gly Pro g81 Cys Pro GIn Pro
5 55
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu
65 70 75 80
Asp Cys Leu Tyr §a1 Asn val Phe Ala 350 Asp Thr Pro Ser g1n Asn
5 5
Leu Pro val Met val Trp Ile His Gly Gly Ala Tyr Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala GIn Gly Glu
115 120 125
val Ile val val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Met
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp GIn Ala Ala Ala Leu Lys Trp val Arg Glu Asn ITe Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn val Thr val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Asp Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala ITe Met Glu Ser Gly Ala Ser Leu Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu Gln val Leu Gly Ile Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr val Ala Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp GIn Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Ala Phe Phe GIn Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Lys Ser ITe Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Ser Asp Ser Asp
305 310 315 320
val Arg Ser GIn Glu Thr Leu Asp Ala Ala Leu Glu Tyr Ser Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser GIn Ile His Met val Thr Asp Leu Leu Phe Trp Arg Pro Ala val
355 360 365
Ala Phe Ala Ser Ala Gln Ser His Tyr Ala Pro val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu ITe Thr Asp Glu val Lys GIn Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr val Ile
450 455 460
Leu Asp Ser Glu ITe Thr Ile Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pgo Ser Lys Gly Glu
485

Glu

<210> 119
<211> 1467
<212> DNA
<213> Artificial Sequence

<220>
<223> Engineered variant of B. subtilis pNB esterase

<400> 119
atgacccatc aaatcgtcac cactcagtac ggcaaagtca aaggtacgac ggagaacggt 60

Page 95



gttcataagt
gcgccggaac
tgcccacagc
gattgtctgt
gtttggattc
tccaagctgg
ttcggtttca
gaccaagcgg
gataatgtga
atgccggctg
atgaccaagg
gagagccagc
caactgcgta
ccgaaaactt
ccgctgttga
gttcgtagcc
gagaaagcgg
ctgctgtttt
tggatgtatc
ctggagctgc
atcacggacg
aagaccggca
gaaaccgtga
cagaagctgt

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

<220>
<223>

120
489
PRT

<400> 120
Met Thr His
1
Thr Glu Asn

Pro val Gly
35

Glu Asp val
50

ser Asp

65

Asp

Leu

Cys Leu

Leu Pro val
Gln
115

val

Gly Ser

Ile
130
Leu

val
His Ser
145
Asp

Gln Ala

Gly Gly Asp
Ile
195

Ala

Asp Ser

Gln Lys

210

Gln Ala Ala

225

Glu Ser Gln

Lys Ala Ala

ggaaaggcat
cgccggaggt
cgtcggacct
acgttaatgt
acggcggtgc
ctgcgcaagg
tgcacctgag
cagccctgaa
cggtgtttgg
cgaaaggcct
aacaagcggc
tggatcgttt
tcgcggagaa
tgccggaaga
ttggtaccac
aggaaacctt
cggacttgta
ggcgcccagce
gcttcgattg
cgtttgtttt
aggttaagca
acccgagcac
tcctggactc
tcccgagcaa

Gln Ile
5
Gly val
20
Gln Trp

Leu Asp

Leu Ser

val
85
val

Tyr

Met
100
Pro Leu

val Thr

Ser Phe

val
His
Arg
Ala
Leu
70

Asn
Trp
Tyr
Leu

Asp

cccgtatgceg
ctgggaggat
gttgagcctg
ttttgcgccg
gtattacctg
tgaggtcatt
cagcttcgat
atgggttcgc
tgaaagcgct
gtttcaaaag
gagcactgcg
gcacaccgtc
agagaatatc
gccggaaaaa
gcgcgacgaa
ggacgctgcg
cccgcgcagce
cgtggcattc
gcacccggag
cggtaacctg
actgtcccac
cgaggcggtg
tgagattacc

gggtgaa

Artificial Sequence

Engineered variant of B. subtilis

Thr Thr

Lys Trp

Phe Lys
40
Thr Ala
55
Ser Tyr

val Phe

Ile His
Gly
120
Tyr

Asp

Asn
135

Glu Ala

150

Ala
165
Asp

Ala

Pro
180
Ala Ala

Ile Met

Ser Thr

Leu
Asn
Leu
Glu

Ala

Lys Trp

val Thr

Ala
200
Gly

Leu

Ser
215

Ala Ala

230

Leu Asp
245

Asp Gln

Arg

Leu

Leu His

Arg Ile

CX2-128USP1_ST25

aagccgccag
gttctggacg
agctatacgg
gataccccgt
ggtgccggta
gtcgtcaccc
gaggcgtata
gagaacatca
ggtggcgata
gcgattatgg
gcagcttttc
gcagcggagg
ttccaggcat
tccattgcgg
ggttacctgt
ctggagtaca
ctggaatccc
gcgtctgcac
aaaccgccgt
gatggcttgg
acgattcaga
aactggccgg
atcgagaatg

PNB

Gln Tyr Gly

10
Gly

Lys Ile

25

Ala Pro Glu

Tyr Gly Pro

Thr Glu Leu

75
Asp

Ala Pro

90
Gly Gly Ala
105
Ser

Lys Leu

Arg Leu Gly

Tyr Ser Asp
155
Arg Glu
170

Phe

val

val
185
Met

Gly

Pro Ala

Ala Ser Leu
Gln
235

Ala

Phe Leu

val
250
Glu

Thr

Ala Lys

Page 96

tgggccagtg
caaccgcgta
aactgccacg
cccaaaatct
gccagccget
tgaactatcg
gcgacaattt
gcgegtttgg
gcattgccgc
agagcggtgc
tgcaagtgct
acctgctgaa
tcttcttgec
aaggtgcggc
ttttcacgtc
gcctgggcaa
aaatccacat
agagccatta
acaacaaagc
aacgtatggc
gcgcctggat
cttatcatga
accctgagag

esterase

Lys val Lys

Pro Tyr Ala

Pro Pro Glu
45

val Cys

60

Pro

Pro

Arg Gln

Thr Pro Ser
Leu
110

Gln

Tyr Tyr
Ala
125
Phe

Ala

Pro
140
Asn

Gly

Leu Gly

Asn Ile Ser
Ala
190

Gly

Glu Ser

Ala Lys

205

Thr Met Thr

220

val Leu Gly

Ala Glu Asp

Glu Asn Ile

gcgtttcaaa
tggtcctgtc
tcagagcgaa
gccggttatg
gtacgatggc
tctgggcccg
gggtctgctg
tggcgacccg
gctgctggcec
aagcttgacc
gggtatcaat
ggcagctgac
tgcactggat
aagcggtatt
tgatagcgac
gccgttggea
ggtgaccgat
cgcaccggtg
cttccacgcc
caaagccgaa
tacgtttgca
agaaacccgt
cgagaagcgt

Gly Thr
15
Lys Pro

val Trp

Gln Pro

Glu
80
Asn

Ser

Gln
95
Gly

Gly Glu

Phe Met

Leu Leu
160
Ala Phe
175
Gly Gly

Leu Phe

Lys Glu

Ile Asn
240
Leu Leu
255

Phe Gln

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Ala
Glu
Gly
305
val
Lys
Ser
Ala
Phe
385
Leu
Ala
Gln
Ala
Leu

465
GlIn

Phe
Lys
290
Thr
Arg
Pro
Gln
Phe
370
Asp
Glu
Lys
Ser
val
450
Asp

Lys

Phe
275
Ser
Thr
Ser
Leu
Ile
355
Ala
Trp
Leu
Ala
Ala
435
Asn
Ser

Leu

260
Leu

Ile
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp
Glu

Phe

Pro
Ala
Asp
Glu
325
Glu
Met
Ala
Pro
Phe
405
Ile
Ile
Pro
Ile

Pro
485

Ala
Glu
Glu
310
Thr
Lys
val
Gln
Glu
390
val
Thr
Thr
Ala
Thr

470
Ser

Leu
Gly
295
Gly
Leu
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455
Ile

Lys

Asp
280
Ala
Tyr
Asp
Ala
Asp
360
His
Pro
Gly
Glu
Ala
440
His
Glu
Gly

CX2-128USP1_ST25

265
Pro

Ala
Leu
Ala
Asp
345
Leu
Tyr
Pro
Asn
val
425
Lys
Glu
Asn

Glu

Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys
Thr
Glu

Asp
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Thr
Gly
Phe
315
Leu
Tyr
Phe
Pro
Asn
395
Asp
Gln
Gly
Thr

Pro
475

Leu
Ile
300
Thr
Glu
Pro
Trp
val
380
Lys
Gly
Leu
Asn
Arg

460
Glu

Pro
285
Pro
Ser
Tyr
Arg
Arg
365
Trp
Ala
Leu
Ser
Pro
445
Glu

Ser

270
Glu

Leu
Asp
Ser
Ser
350
Pro
Met
Phe
Glu
His
430
Ser
Thr

Glu

Glu
Leu
Ser
Leu
335
Leu
Ala
Tyr
His
Arg
415
Thr
Thr
val

Lys

Pro
Ile
Asp
320
Gly
Glu
val
Arg
Ala
400
Met
Ile
Glu

Ile

Arg
480



