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<130>
<160>
<170>
<210> 1
<211>

<212>
<213>

204

DNA
<220>
<223>

<400> 1
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggcaaac
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg

CX2-

1362

126uUspPl

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttccgg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa

cgaacacctg

SEQUENCE LISTING

PatentIn version 3.5

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccgtatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa

caccgatctg

gcggaaacct
gtggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggcgcga
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg

ggcctgattt
Page 1

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcctgtt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgcggtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct

gccgteccget

ENGINEERED BIOCATALYSTS AND METHODS FOR SYNTHESIZING CHIRAL

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
gggccagagc

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

1020
1080
1140
1200
1260



CX2-126USP1_ST25

gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcgt aa 1362
<210> 2

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 2

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Thr His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Leu Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly Arg Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Ala Thr Ala val Ser Ala Ser Met
145 150 155 160

Thr Gly Lys Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205

Page 2



ITe GIn
210

val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Leu Gly

Gln Met

Phe Ala

450

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

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

Glu

3
1359
DNA

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

Lys

CX2-126USP1_ST25
Ile Ala Gly Phe Phe

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Pro Ala
235

Asp Ile
250

Gly Asn
Ile Ser
Ile Leu
Ile Glu

315

Cys Ala

330

Ala Glu

His Ile

Met Trp

Asp Gly

Leu Gly

410

Pro Phe

Glu Lys

Page 3

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<220>
<223>

<400> 3
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

4

453
PRT
<220>
<223>
<400> 4

1

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

10

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
5

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

Page 4

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

1020
1080
1140
1200
1260
1320
1359



val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

CX2-126USP1_ST25

Ile val Asp val

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile Leu Gly

Page 5

300

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr

Ser



Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

<210> 5

<211> 1359
<212> DNA
<213>

<220>
<223>

<400> 5
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc

accggctttc

Glu Thr

Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg

cgttcaacag

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat

cgtgtttggc

CX2-126USP1_ST25

Ala Ile Gly
315

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca

ctgccgcetgce

Page 6

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct

His

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg

gcatctgacc

60
120
180
240
300
360
420
480
540



tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg
gtggttctgt
ctggaaaaag
<210> 6

<211> 453
<212> PRT
<213>

<220>
<223>

<400> 6

Met Asnh Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Met Se

Leu ITe As

70

Phe
85

Ala Cy

Leu val GI1

100

tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

s Gly

Tyr

u val Ser

CX2-126USP1_ST25

ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu Gln

25

Ile val Asp

Leu Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Page 7

aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Gly

Ala

Ala

Phe

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu
Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile
375

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-126USP1_ST25
Asn Asp Thr Met val

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Page 8

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala
380

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val



Lys Asp
385

Lys

Glu Arg

Thr Gly GIn

Gln Met

Phe Ala
450

<210> 7

<211> 1359
<212> DNA
<213>

<220>
<223>

<400> 7
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg

ctggaagttg

Ala Ser

390

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc

tgaaagataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tggcggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc

agcgagcaaa

395

425

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg

gcccecgtttg
Page 9

CX2-126USP1_ST25
Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt

atggcaacct

400

Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
410 415

val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
430

Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
440 445

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc

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

1020
1080
1140
1200



CX2-126USP1_ST25

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt cattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 8

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 8

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Met Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Cys Gly Tyr Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Leu Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Phe Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205
Page 10



ITe GIn
210

val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

<210>
<211>

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

Glu

1359

Glu

Gly

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25

Ile Ala Gly Phe Phe

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Pro

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Glu

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 11

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Ser

cys

Thr

430

Asp

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<212>
<213>

DNA
<220>
<223>

<400> 9
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccggg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

10
453
PRT

<220>
<223>

<400> 10

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
gtggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gcgctccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Page 12

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

1020
1080
1140
1200
1260
1320
1359



Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Asp

Glu

Met

Ile

Phe

85

val

Gly

Ala

Ala

Phe

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Met

Gly

Ser

Asp

70

Cys

Glu

sSer

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Ser

Tyr

40

Ala

Ala

Tyr

sSer

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala
280

CX2-126USP1_ST25
Leu His GIn Arg Gly

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Page 13

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

val

val

60

Tyr

Gln

sSer

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr



Ala Gly Phe

Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

11
1359
DNA

<220>
<223>

<400> 11
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca

cgtaaaattc

Phe Pro

Glu Thr

val

Ala

Gly Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat

tgaccctgtg

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt

gaacgcgtat

CX2-126USP1_ST25

val Ile Leu

Ala Ile Gly

315

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg

catggctgca

Gly Pro Glu

300

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa

ccgtagtgag

Page 14

Leu Ser

His

Arg Leu

Pro Asn

val val

val Ser

400

Ala
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa

cgcgagcatg

60
120
180
240
300
360
420
480



accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

12
453
PRT

<220>
<223>

<400> 12

cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

Met Asn Lys Pro Gln Ser Trp Glu
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr
20

Asp Me

Gly Glu GI

Ala Met Se

Leu ITe As

70

Phe
85

Ala Cy

Leu val GI1

100

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

s Gly

Tyr

u val Ser

CX2-126USP1_ST25

ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

Pro
105

Phe Asp

Page 15

cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gcgctccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Glu

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Gly

Ala

Ala

Phe

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu
Phe
Pro
val
Ala
310
His
Asn

Glu

Gly

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile
375

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-126USP1_ST25

Asn Asp Thr Met val

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

cys

330

Ala

Met

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala
380

Page 16

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val



Lys Asp
385

Lys

Glu Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

13
1359
DNA

<220>
<223>

<400> 13
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag

aaacatattg

Ala Ser

390

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga

cggaacatcc

440

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tggcggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt

gaacattggc

395

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc

gaatatcgtg

Page 17

CX2-126USP1_ST25

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt

Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser

400

Thr Cys Thr Asp Leu Gly Leu Ile Cys Ala Pro
410

415

val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
425

Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg

tatgtgggcg

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

1020
1080
1140



CX2-126USP1_ST25

ctggaagttg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gcgttccgac aggccagagc 1260
gtggttctgt gcccgccgtt cattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 14

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 14

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Met Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Cys Gly Tyr Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Leu Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Phe Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Page 18



Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gln

Phe

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Ala
450

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

GlIn

Glu

Gly

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

CX2-126USP1_ST25
Leu Ala Arg Glu Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Pro

Asp

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Glu

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Phe

220

Lys

Pro

Thr

sSer

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 19

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Ser

cys

Thr

430

Asp

Glu

Glu

Phe

sSer

255

Cys

Leu

Leu

His

Arg

Pro

val

val

val

415

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



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

15
1359
DNA

<220>
<223>

<400> 15
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

16
453
PRT

<220>
<223>

<400> 16

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tggcggeggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gcgctccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

Page 20

15

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

1020
1080
1140
1200
1260
1320
1359



Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Gly

Pro

cys

260

Phe

Asp

Glu

Met

Ile

Phe

85

val

Gly

Ala

Ala

Phe

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Met

Gly

Ser

Asp

70

Cys

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Ser

Tyr

40

Ala

Ala

Tyr

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala
280

CX2-126USP1_ST25

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

His Gln Arg Gly

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

ITe Ser Ser

Page 21

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

GlIn

240

Asp

val

Thr



Ala Gly Phe

Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

435

Phe Ala Glu
450

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

17
1359
DNA

<220>
<223>

<400> 17
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga

aacgatacca

Phe Pro

Glu Thr

val

Ala

Gly Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga

tggtgaaaat

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt

CX2-126USP1_ST25

val Ile Leu

Ala Ile Gly

315

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata

ctgcatgcgg

Gly Pro Glu

300

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg

cggaaggcaa

Page 22

Leu Ser

His

Arg Leu

Pro Asn

val val

val Ser

400

Ala
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg

accgcagaaa

60
120
180
240
300
360
420



CX2-126USP1_ST25

cgtaaaattc tgaccctgtg gaacgcgtat catggctgca ccgtagtgag cgcgagcatg 480
accggctttc cgttcaacag cgtgtttggc ctgccgctgc cgggctttct gcatctgacc 540
tgcccgcatt attggcgtta tggcgaagaa ggcgaaaccg aagaacagtt tgtcgcgcgt 600
ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat tgcgggcttt 660
tttgcggaac cggtgatggg tgctggcggt gttattccgc cggcgaaagg ctattttcag 720
gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga agtggtgtgc 780
ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac cccggatgcg 840
attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt gattctgggt 900
ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt tccgcatggt 960
tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat tgatgtggtg 1020
atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga agaacgtctg 1080
aaacatattg cggaacatcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaagttg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gcggtccgac aggccagagc 1260
gtggttctgt gcccgccgtt cattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 18
<211> 453
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 18
Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15
Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30
val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45
Tyr Leu Asp Ala Met Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60
His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80
Gly Tyr His Ala Phe Cys Gly Tyr Met Ser Asp GIn Thr val Met Leu
85 90 95

Page 23



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Leu
100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

val

Gly

Ala

Ala

Phe

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu
360

CX2-126USP1_ST25

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

Cys

330

Ala

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Page 24

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu
365

Pro Phe Asp Ser Gly Arg
110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn



Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

19
1359
DNA

<220>
<223>

<400> 19
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg

atgaacgaag

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc

gcctggeccga

val

Phe

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tggcggeggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt

CX2-126USP1_ST25

Phe Met Trp Ala Leu

Phe Asp

395

Asp Leu

410

Gly

Pro Phe

425

Pro

Leu Glu

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc

cgtctggecc

Page 25

Gly Asn Leu

Lys Ala Leu

380

Leu Ile

ITe Leu

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat

cgcgttttga

Glu

Ser

cys

Thr

430

Asp

val val

val Ser

400

Pro

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg

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

1020
1080



CX2-126USP1_ST25
gaacattggc gaatatcgtg gcattggctt tatgtgggcg
agcgagcaaa gccccgtttg atggcaacct gagcgtgagc
caccgatctg ggcctgattt gccgtccgac aggccagagce

cattctgacc gaagcgcaga tggatgaaat gttcgataaa

agtgtttgcg gaagtggcg

Engineered variant of v. fluvialis transaminase

aaacatattg cggaacatcc
ctggaagttg tgaaagataa
gaacgtattg cgaacacctg
gtggttctgt gcccgccgtt
ctggaaaaag cgctggataa
<210> 20

<211> 453

<212> PRT

<213> Artificial Sequence
<220>

<223>

<400> 20

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Thr Asp Me
20

Gly Glu GI

Ala Met Se

Leu ITe As
70

Ala Phe Cy
85

Leu val GI1
100

Ser Gly Se

His Ala Al

Asn Ala Ty
15

Pro Phe As
165

Thr Cys Pr
180

15

t Pro Ser Leu His GIn Arg Gly Thr val val
25 30

y Pro Tyr Ile val Asp val His Gly Arg Arg
40 45

r Gly Ala Leu Asn Met val Ala Gly Phe Asp
55 60

p Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
75 80

s Gly Tyr Met Ser Asp GIn Thr val Met Leu
90 95

u val Ser Pro Phe Asp Ser Gly Arg val Phe
105 110

r Glu Ala Asn Asp Thr Met val Lys Met Leu
120 125

a Glu Gly Lys Pro Gln Lys Arg Lys Ile Leu
135 140

r His Gly Cys Thr val val Ser Ala Ser Met
0 155 160

n Ser val Phe Gly Leu Pro Leu Pro Gly Phe
170 175

0 His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
185 190
Page 26

1140
1200
1260
1320
1359



Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gln

Phe

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Asp

Arg

Gly

Met

Ala
450

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

Gln

Glu

Gly

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala Arg Glu Leu

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 27

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Ser

cys

Thr

430

Asp

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



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

21

DNA
<220>
<223>

<400> 21
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg
gtggtactgt
ctggaaaaag
<210>
<211>

<212>
<213>

22
453
PRT

<220>
<223>

<400> 22

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttaca
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Page 28

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gcgttccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaag
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



Met

Tyr

val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Asn

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Lys

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Pro

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys
260

Gln

Asp

Glu

Met

Ile

Phe

85

val

Gly

Ala

Ala

Phe

165

cys

Phe

Gly

Gly

Ile

245

Gly

Ser

Met

Gly

Ser

Asp

70

cys

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Glu

Ser

Tyr

40

Ala

Ala

Tyr

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

CX2-126USP1_ST25
Thr Arg Ala Glu Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr
265

10

His

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Page 29

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Tyr

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

ser

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val



Thr Tyr Asp

Ala Gly Phe

Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

435

Phe Ala Glu
450

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

23
1359
DNA

<220>
<223>

<400> 23
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg

gtggaagtga

Phe Thr

Phe

Pro

Glu Thr

Pro

val

Ala

Ala
280

Asp
Ala

Gly

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc

tagcggccgt

CX2-126USP1_ST25

ITe Ile Ser

val Ile Leu

Ala Ile Gly

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg

gtgttttata

ser Lys Asn

285

Pro Glu

Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc

ccaacagcgg

Page 30

Leu Thr

Leu Ser

His

Arg Leu

Pro Asn

val val

val Ser

400

val
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg

cagcgaagcg

60
120
180
240
300
360



aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

24
453
PRT

<220>
<223>

<400> 24

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp
Gly Glu
Ala Met
Ile

Leu

Phe
85

Ala

Met

Gly

Ser

Asp

70

cys

gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tggcggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

Glu

Pro Ser

Pro Tyr

40

Gly Ala

55

Ala Ala

Gly Tyr

CX2-126USP1_ST25

ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu His GIn

25

Ile val Asp

Leu

Asn Met

Ala Gln
75

Lys

Met Ser Asp

90

cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttgc
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gcggtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Page 31

accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Leu
100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Gly

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

val

Gly

Ala

Ala

Phe

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Ala

Pro

Thr

Gly

Met

Glu

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu
360

CX2-126USP1_ST25

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

cys

330

Ala

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

His ITe Ala

Page 32

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu
365

Pro Phe Asp Ser Gly Arg
110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn



Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

25
1359
DNA

<220>
<223>

<400> 25
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga

tttaccgcgg

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct

gcggccatcc

val

Phe

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

ggaaaccgcg

ggtgggttgt

CX2-126USP1_ST25

Phe Met Trp Ala Leu

Phe Asp

395

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu

gcggaaacct
gtggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga

gcgattgcgc

Page 33

Gly Asn Leu

Lys Ala Leu

380

Leu Ile

ITe Leu

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt

tgaaagcgat

Glu

Ser

Cys

Thr

430

Asp

val val

val Ser

400

Gly Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt

tgatgtggtg

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

1020



atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

26
453
PRT

<220>
<223>

<400> 26

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr
145

Leu Trp

Thr Gly Phe

gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Met Se

Leu ITe As

70

Phe
85

Ala Cy

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

Phe
165

Pro As

aaacgtgcgt

gaacattggc

CX2-126USP1_ST25

cgtctggccc cgcgttttga

gaatatcgtg gcattggctt

agcgagcaaa gccccgtttg atggcaacct

caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

s Gly Tyr
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

n Ser val

ggcctgattt gccgtccgac

gaagcgcaga tggatgaaat

gaagtggcg

Thr
10

Leu His GIn

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

Phe Gly Leu

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Page 34

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Engineered variant of v. fluvialis transaminase

Arg Ala Glu Thr Tyr

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys

Ala

Pro

agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

Gly Phe

1080
1140
1200
1260
1320
1359



Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

GlIn

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

Lys

CX2-126USP1_ST25
Trp Arg Tyr Gly Glu

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Ala

Pro

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Glu

Page 35

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Ser

Cys

Thr

430

Asp

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



Phe Ala Glu val Ala

450

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

27

DNA
<220>
<223>

<400> 27
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

28
453
PRT

<220>
<223>

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tggcggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
gttccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Page 36

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgcgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<400>

28

Met Asn Lys

1

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Pro

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Gly

Pro

cys
260

GlIn

Asp

Glu

Met

Ile

Phe

85

val

Gly

Ala

Ala

Phe

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Ser

Met

Gly

Ser

Asp

70

cys

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Glu

Ser

Tyr

40

Ala

Ala

Tyr

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

CX2-126USP1_ST25

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr
265

Arg Ala Glu Thr

10

His

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp
250

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

val

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Gly Asn Thr

Page 37

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Tyr

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

ser

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val



Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala
450

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

<220>
<223>

<400>
atgaaca

gatatgc
atcgtgg

gcgggct
ggctatc

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

435

Glu

29
1359
DNA
Arti

Phe Thr Pro Asp Ala
280

Phe Pro val Gly Ala

Glu Thr Ala Ile Glu
310

Gly Gly His Pro val

val Met Asn Glu Gly
340

Phe Glu Glu Arg Leu
360

Tyr Arg Gly Ile Gly
375

Ala Ser Lys Ala Pro

Ala Asn Thr Cys Thr
405

Ser val val Leu Cys
420

Glu Met Phe Asp Lys

val Ala

ficial Sequence

CX2-126USP1_ST25

Ile ITe Ser Ser Lys Asn Leu Thr

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

285

Gly Pro Glu Leu Ser

Glu Phe Pro His Gly

Ile Ala Leu Lys Ala

Asn val Arg Arg Leu

Ala Glu His Pro Asn
365

Ala Leu Glu val val
380

Asn Leu Ser Ala Ser
400

Leu Ile Cys Arg Pro

ITe Leu Thr Glu Ala
430

Ala Leu Asp Lys val
445

Engineered variant of v. fluvialis transaminase

29
aac

cga
atg
ttg

atg

cgcagagctg ggaaacgcgt
gcctgcatca gcgtggcacc
tgcatggccg tcgttatctg
atcataaagg cctgattgat

cgttttcagg ccatatgagc

gcggaaacct

gtggtggtgg

gatgcgaaca

gcggcgaaag

gatcagaccg
Page 38

atagcctgta tgcgtttacc
cccatggcga aggcccgtat
gcggcgcttt gaacatggtg
cgcagtatga acgttttccg

tgatgctgtc tgaaaaactg

60
120
180
240
300



CX2-126USP1_ST25

gtggaagtga gcccgtttga tagcggccgt gtgttttata ccaacagcgg cagcgaagcg 360
aacgatacca tggtgaaaat gctgtggttt ctgcatgcgg cggaaggcaa accgcagaaa 420
cgtaaaattc tgacccgctg gaacgcgtat catggctgta ccgtagtgag cgcgagcatg 480
accggctttc cgtataacag cgtgtttggc ctgccgctgc cgggctttct gcatctgacc 540
tgcccgcatt attggcgtta tggcgaagaa ggcgaaaccg aagaacagtt tgtcgcgcegt 600
ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat tgcgggcttt 660
tttgcggaac cggtgatggg tgctggcggt gttattacac cggcgaaagg ctattttcag 720
gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga agtgatttgc 780
ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac cccggatgcg 840
attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt gattctgggt 900
ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt tccgcatggt 960
tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat tgatgtggtg 1020
atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga agaacgtctg 1080
aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaagtcg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 30
<211> 453
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 30
Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15
Tyr Ala Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30
val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60
His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Page 39



Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val
340

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Ser
Glu
Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu
Phe
Pro
val
Ala
310
His

Asn

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

CX2-126USP1_ST25
Met Ser Asp GIn Thr
90

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu
345

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Cys

330

Ala

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Page 40

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

val
Arg
1

Lys
Lys
Ala
Pro
Glu
190
Glu
Ala
Tyr
Ile
Gly
Asn
Glu

Pro

Leu

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu



Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

31
1359
DNA

<220>
<223>

<400> 31
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctga
ggctttggcc
attattagca

ccggaactga

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ctatcctgcg
gtaccggtaa
gtaaaaacct

gcaaacgtct

Glu

Gly

val

Phe

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

ggaaaccgcg

CX2-126USP1_ST25

Lys His Ile

Phe Met Trp

Phe Gly

395

Asp

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacac
attccggtga
tgcgtgacct
ttttttccgg

attgaagcga

Ala Glu
365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt

Page 41

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt

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



tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

32
453
PRT

<220>
<223>

<400> 32

1
Phe

Tyr Gly

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr
145

Arg Trp

Thr Gly Phe

gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

Pro Tyr As

165

ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Met Asn Lys Pro Gln Ser Trp Glu
5

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

n Ser val

CX2-126USP1_ST25

gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

Phe Gly Leu

170

Page 42

tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser

Gly

val
125

Met

Lys
140

Arg Lys

val Ser Ala

Pro Leu Pro

tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

Gly Phe

1020
1080
1140
1200
1260
1320
1359



Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

GlIn

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Thr

180

GlIn

Glu

Ala

Thr

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25

Trp Arg Tyr Gly Glu

185

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Glu Lys Ala

Page 43

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Gly

Glu

Glu

Phe

sSer

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



Phe Ala Glu val Ala

450

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

33

DNA
<220>
<223>

<400> 33
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg

gtggttctgg

ctggaaaaag

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

34
453
PRT

<220>

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
caccgccgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Page 44

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<223>
<400>

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile
245

Met
Gly
Ser
Asp
70
Ser
Glu
Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

CX2-126USP1_ST25

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Engineered variant of v. fluvialis transaminase

34

Arg Ala Glu Thr Tyr
10

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Thr

30

Gly

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

sSer

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser
255

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp



Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>
<223>

<400>

atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tgggtttacc
catatgccga gcctgcatca gcgtggcacc atggtggtgg cccatggcga aggcccgtat
atcgtggatg tgcatggccg tcgttatctg gatgcgaaca gcggcgcttt gaacatggtg

gcgggctttg atcataaagg cctgattgat gcggcgaaag cgcagtatga acgttttccg

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

435

Glu

35
1359
DNA

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys

CX2-126USP1_ST25
Thr Gly Asn Thr Trp

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ile

Ile

Ile

cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Lys

285

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Gly

270

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Engineered variant of v. fluvialis transaminase

35

Page 46

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val

60
120
180
240



CX2-126USP1_ST25

ggctatcatg cgttttcagg ccatatgagc gatcagaccg tgatgctgtc tgaaaaactg 300
gtggaagtga gcccgtttga tagcggccgt gtgttttata ccaacagcgg cagcgaagcg 360
aacgatacca tggtgaaaat gctgtggttt ctgcatgcgg cggaaggcaa accgcagaaa 420
cgtaaaattc tgacccgttg gaacgcgtat catggctgta ccgtagtgag cgcgagcatg 480
accggctttc cgtataacag cgtgtttggc ctgccgctgc cgggctttct gcatctgacc 540
tgcccgcatt attggcgtta tggcgaagaa ggcgaaaccg aagaacagtt tgtcgcgcgt 600
ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat tgcgggcttt 660
tttgcggaac cggtgatggg tgctggcggt gttattccgc cggcgaaagg ctattttcag 720
gcgattctga ctatcctgcg caaatatgat attccggtga tcagcgatga agtgatttgc 780
ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac cccggatgcg 840
attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt gattctgggt 900
ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt tccgcatggt 960
tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat tgatgtggtg 1020
atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga agaacgtctg 1080
aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaagtcg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 36
<211> 453
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 36
Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15
Tyr Gly Phe Thr His Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30
val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60
His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Page 47



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Ala
Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val
340

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

CX2-126USP1_ST25

Met Ser Asp GIn Thr

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu
345

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

cys
330

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Ala Glu Asn

Page 48

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

val
Arg
1

Lys
Lys
Ala
Pro
Glu
190
Glu
Ala
Tyr
Ile
Gly
Asn
Glu

Pro

Leu

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu



Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

37
1359
DNA

<220>
<223>

<400> 37
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc

attattagca

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa

gtaaaaacct

Glu

Gly

val

Phe

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

CX2-126USP1_ST25

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg

Ala Glu
365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac

taggcgcggt

Page 49

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tgggtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt

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



ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

38
453
PRT

<220>
<223>

<400> 38

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr
145

Arg Trp

gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgta

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

His Ala Al

Asn Ala Ty

15

ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

CX2-126USP1_ST25

attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu Gln

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

110

val
125

Met Lys

Lys
140

Arg Lys

val Ser Ala

Page 50

tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

960
1020
1080
1140
1200
1260
1320
1359



Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser
420

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25
Phe Gly Leu Pro Leu

Trp

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro
425

170

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

330

Ala

His

Met

Asp

Leu

410

Pro

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Tyr

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Page 51

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr
430

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

435

Phe Ala Glu val Ala

450

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

39

DNA
<220>
<223>

<400> 39
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg

gtggttctgg

ctggaaaaag

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

40
453
PRT

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
caccgccgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacac
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Page 52

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

tgggtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<220>
<223>

<400>

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile
245

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

CX2-126USP1_ST25

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Thr

Tyr

Engineered variant of v. fluvialis transaminase

40

Arg Ala Glu Thr Tyr

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gln

Asp

Met

GlIn

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala
235

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Asp Ile Pro

250

Page 53

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys
Ala
Pro
Glu
190
Glu
Ala

Tyr

Ile

ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser
255

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp



CX2-126USP1_ST25

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Asn Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Glu Phe Pro His Gly
305 310 315 320

Phe Thr Ala Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu val val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Ala Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ala Glu val Ala

450
<210> 41
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Vv. fluvialis transaminase
<400> 41
atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tgggtttacc 60
catatgccga gcctgcatca gcgtggcacc atggtggtgg cccatggcga aggcccgtat 120
atcgtggatg tgcatggccg tcgttatctg gatgcgaaca gcggcgcttt gaacatggtg 180

Page 54



gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

42
453
PRT

<220>
<223>

<400> 42

atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacac
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Tyr Gly Phe Thr His Met Pro Ser Leu His Gln Arg Gly T
25 3

20

hr Met val
0

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

Page 55

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-126USP1_ST25
Lys Ala GIn Tyr Glu
75

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

330

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Page 56

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

43
1359
DNA

<220>
<223>

<400> 43
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg

gtaccggtaa

Asn

Glu

Gly

val

Phe

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat

cacctggggc

CX2-126USP1_ST25

Leu Ala Glu
345

Lys Ile

Phe Met Trp

Phe Asp Gly

Asp Leu

410

Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga

tgcgtgacct

Page 57

Asn val

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga

atgattttac

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg

60
120
180
240
300
360
420
480
540
600
660
720
780
840



attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

44
453
PRT

<220>
<223>

<400> 44

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr
145

Arg Trp

gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggeccga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgeegtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

CX2-126USP1_ST25

ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

Thr val
155

cys

taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg
1

val
125

Met Lys

Lys
140

Arg Lys

val Ser Ala

Page 58

gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

900

960
1020
1080
1140
1200
1260
1320
1359



Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser
420

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

CX2-126USP1_ST25

Phe Gly Leu Pro Leu

Trp

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro
425

170

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu
410

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

395

Gly

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Pro Phe Ile

Page 59

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr
430

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

435

Phe Ala Glu val Ala

450

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

45

DNA
<220>
<223>

<400> 45
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctga
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt

ctggaaaaag

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ctatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

<210>
<211>

46
453

440

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Page 60

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

tgggtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<212>
<213>

<220>
<223>

<400>

1

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val
225

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

46

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Met Asn Lys Pro Gln Ser Trp
5

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Arg Ala Glu Thr Tyr

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala
235

Arg

val

val

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Page 61

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn
240



CX2-126USP1_ST25
Ala Ile Leu Thr ITe Leu Arg Lys Tyr Asp Ile Pro val Ile Ser Asp
245 250 255

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Asn Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Glu Phe Pro His Gly
305 310 315 320

Phe Thr Ala Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu val val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ala Glu val Ala

450
<210> 47
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of V. fluvialis transaminase
<400> 47
atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tgggtttacc 60
gatatgccga gcctgcatca gcgtggcacc atggtggtgg cccatggcga aggcccgtat 120

Page 62



atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctga
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg

gtggttctgg

ctggaaaaag

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

48
453
PRT

<220>
<223>

<400> 48

tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ctatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
caccgccgta

cgctggataa

tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacac
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cgccgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
45

35

40

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met
50 55

Page 63

60

val Ala Gly Phe Asp

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-126USP1_ST25

Lys Ala GIn Tyr Glu
75

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

Leu

Gly
315

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Cys Ala Ile

330

Page 64

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

49
1359
DNA

<220>
<223>

<400> 49
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg

Asn

Glu

Gly

val

Phe

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Ala

Leu

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt

caaatatgat

CX2-126USP1_ST25

Leu Ala Glu
345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro
425

Pro Tyr

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc

attccggtga

Page 65

Asn val

Ala Glu

365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag

agtgatttgc

60
120
180
240
300
360
420
480
540
600
660
720
780



CX2-126USP1_ST25

ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac

attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt

ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt

tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat

atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt

ctggaagtcg tgaaagataa agcgagcaaa gccccgtttg atggcaacct

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac

gtggttctgg caccgccgta tattctgacc gaagcgcaga tggatgaaat

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg

<210> 50

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 50

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr

1 5 10

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly

35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg

65 70 75

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val

85 90

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys

115 120 125
Trp Phe Leu His Ala Ala Glu Gly Lys Pro Gln Lys Arg Lys
130 135 140

Page 66

cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val Phe
Met

Leu

ITe Leu

840

900

960
1020
1080
1140
1200
1260
1320
1359



Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn
405

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-126USP1_ST25
Cys Thr val val ser

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Gly

170

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

cys

330

Ala

Met

Asp

Leu
410

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Page 67

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Thr Gly GIn Ser val val Leu Ala Pro Pro Tyr Ile Leu Thr Glu Ala

420

425

430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

Phe Ala Glu val Ala

450

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

51

DNA
<220>
<223>

<400> 51
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt

ctggaaaaag

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgta

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacac
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Page 68

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



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

<220>
<223>

<400>

52
453
PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

52

Met Asn Lys Pro Gln Ser Trp Glu
1 5

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val
225

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Thr

Arg Ala Glu Thr Tyr
10

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe
220

Pro Ala Lys

235

Page 69

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln
240



CX2-126USP1_ST25

Ala Ile Leu Pro Ile Leu Arg Lys Tyr Asp Ile Pro val Ile Ser Asp
245 250 255

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Asn Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Glu Phe Pro His Gly
305 310 315 320

Phe Thr Ala Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu val val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Cys Pro Pro Tyr Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ala Glu val Ala

450
<210> 53
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Vv. fluvialis transaminase
<400> 53

atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tgggtttacc
Page 70



gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctga
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

54
453

<220>
<223>

<400> 54

1

PRT_ L.
Artificial Sequence

gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ctatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgta

cgctggataa

gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

CX2-126USP1_ST25

atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacac
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

10

cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
5

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Page 71

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala
310

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

CX2-126USP1_ST25
Leu Asn Met val Ala Gly Phe

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Phe Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

435

Phe Ala Glu
450

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

55
1359
DNA

<220>
<223>

<400> 55
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta

aactggaaga

cggtgatggg

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag

tgctggcggt

CX2-126USP1_ST25

Gly Cys Ala
330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro
425

Pro Tyr

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacac

Page 73

ITe Ala Leu

Asn val Arg

350

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt

cggataccat

cggcgaaagg

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tgggtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt

ctattttcag

60
120
180
240
300
360
420
480
540
600
660
720



CX2-126USP1_ST25

gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga

ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac

attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt

ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt

tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat

atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt

ctggaagcgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac

gtggttctgg caccgccgtt tattctgacc gaagcgcaga tggatgaaat

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg

<210> 56

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 56

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr

1 5 10

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly

35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg

65 70 75

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val

85 90

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys

115 120 125
Trp Phe Leu His Ala Ala Glu Gly Lys Pro Gln Lys Arg Lys
130 135 140

Page 74

agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val Phe
Met

Leu

ITe Leu

780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn
405

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-126USP1_ST25

Cys Thr val val ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Gly

170

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Asp

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly
395

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu Gly Leu

410

Page 75

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Thr Gly GIn Ser val val Leu Ala Pro Pro Phe Ile Leu Thr Glu Ala

420

425

430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

435

Phe Ala Glu val Ala

450

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

57

DNA
<220>
<223>

<400> 57
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt

ctggaaaaag

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg
Page 76

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



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

<220>
<223>

<400>

58
453
PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

58

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

GlIn
210

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Arg

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Ala

GlIn

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Glu Thr Tyr

Arg

val

val

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe
220

Page 77

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys
Ala
Pro
Glu
190

Glu

Ala

sSer

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro



val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>
<223>

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

59
1359
DNA

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

Lys

CX2-126USP1_ST25
Pro Pro Ala Lys Gly Tyr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr

430

Asp

Engineered variant of v. fluvialis transaminase

Page 78

Phe

sSer

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<400> 59
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctga
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210> 60

<211> 453
<212> PRT
<213>

<220>
<223>

<400> 60

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgcaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ctatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
aaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacac
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 30

25

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Page 79

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

1020
1080
1140
1200
1260
1320
1359



Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Asp

Gly

His

Lys

Asn

115

Leu

Lys

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Thr

cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala
310

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

CX2-126USP1_ST25

Leu Asn Met val Ala

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly
315

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Page 80

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr

Ser

Gly



Phe Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

61
1359
DNA

<220>
<223>

<400> 61
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt

ctggcccgtg

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta

aactggaaga

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa

aaccattcag

CX2-126USP1_ST25

Gly Cys Ala
330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg

aaggaaggceg

ITe Ala Leu

Asn val Arg

350

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt

cggataccat

Page 81

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tgggtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt

60
120
180
240
300
360
420
480
540
600
660



tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg

gtggttctgg

ctggaaaaag

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

62
453
PRT

<220>
<223>

<400> 62

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
caccgccgtt

cgctggataa

Thr
20

Asp
Gly Glu
Ala Asn
Ile

Leu

Phe
85

Ala

Leu val

100

Ser Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

Pro Ser

Pro Tyr

40

Gly Ala

55

Ala Ala

Gly His
val

Ser

Ala
120

Glu

CX2-126USP1_ST25

gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Page 82

cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

val
125

Met Lys

ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
Phe

val

Met Leu

720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

CX2-126USP1_ST25
Lys Pro Gln Lys Arg

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

Page 83

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Lys

Arg

Pro

Ala

val

Leu

Met

160

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser
400



CX2-126USP1_ST25

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
410 415

405

Thr Gly GIn Ser val val Leu Ala Pro Pro Phe Ile Leu Thr Glu Ala
420

425

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

435

Phe Ala Glu val Ala

450

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

63

DNA
<220>
<223>

<400> 63
atgaacaaac

catatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg

gtggttctgt

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg

gcccgeegtt

440

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg

tattctgacc

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt

gaagcgcaga
Page 84

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

tgggtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320



CX2-126USP1_ST25

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 64

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of V. fluvialis transaminase

<400> 64

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr His Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205

Ile GIn Lys Glu Gly Ala Asp Thr Ile Ala Gly Phe Phe Ala Glu Pro
210 215 220
Page 85



val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

Glu

65
1359
DNA

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Artificial Sequence

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25

Pro Pro Ala Lys Gly Tyr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 86

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr

430

Asp

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<223>

<400> 65
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

66
453
PRT

<220>
<223>

<400> 66

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgta

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

_ _ CX2-126USP1_sST25
Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tgggtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 30

Page 87

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

1020
1080
1140
1200
1260
1320
1359



val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly

Ser

Asp

70

Ser

Glu

sSer

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

CX2-126USP1_ST25
Ile val Asp val His

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Page 88

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

GlIn

240

Asp

val

Thr

Ser



Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

67
1359
DNA

<220>
<223>

<400> 67
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc

tgcccgcatt

Glu Thr

Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag

attggcgtta

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa

CX2-126USP1_ST25

Ala Ile Gly
315

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro
425

Pro Tyr

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce

ggcgaaaccg

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct

aagaacagtt

Page 89

His

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tgcgtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc

tgtcgcgegt

60
120
180
240
300
360
420
480
540
600



CX2-126USP1_ST25

ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat

tttgcggaac cggtgatggg tgctggcggt gttattacac cggcgaaagg

gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga

ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac

attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt

ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt

tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat

atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt

ctggaagtcg tgaaagataa agcgagcaaa gccccgtttg atggcaacct

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac

gtggttctgg caccgccgtt tattctgacc gaagcgcaga tggatgaaat

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg

<210> 68

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 68

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr

1 5 10

Tyr Ala Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly

35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg

65 70 75

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val

85 90

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys

115 120 125

Page 90

tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
Phe

val

Met Leu

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu
135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

CX2-126USP1_ST25

Lys Pro Gln Lys Arg

cys

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly
395

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Page 91

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Lys

Arg

Pro

val

val

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser
400



CX2-126USP1_ST25

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro

405

410

415

Thr Gly GIn Ser val val Leu Ala Pro Pro Phe Ile Leu Thr Glu Ala

420

425

430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

Phe Ala Glu val Ala

450

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

69

DNA
<220>
<223>

<400> 69
atgaacaaac

catatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg

gaacgtattg

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgctg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa

cgaacacctg

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa

caccgatctg

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg

ggcctgattt
Page 92

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct

gccgtccgac

tgggtttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc

aggccagagc

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

1020
1080
1140
1200
1260



CX2-126USP1_ST25

gtggttctgt gcccgccgta tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 70

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 70

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 15

Tyr Gly Phe Thr His Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205

Page 93



Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

GlIn

Phe

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Asp

Arg

Gly

Met

Ala
450

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

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

Glu

71
1359
DNA

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25
Ile Ala Gly Phe Phe

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Pro

Asp

250

Gly

Ile

Ile

Ile

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Tyr

Lys

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 94

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<220>
<223>

<400> 71
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210> 72

<211> 453
<212> PRT
<213>

<220>
<223>

<400> 72

1

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

10

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttggacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
aaaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
5

15

Tyr Gly Trp Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

Page 95

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

1020
1080
1140
1200
1260
1320
1359



val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

CX2-126USP1_ST25

Ile val Asp val

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile Leu Gly

300

Page 96

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr

Ser



Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

73
1359
DNA

<220>
<223>

<400> 73
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc

accggctttc

Glu Thr

Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg

cgtataacag

His

Asn

Lys

Gly

val

Phe

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat

cgtgtttggc

CX2-126USP1_ST25

Ala Ile Gly
315

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta

ctgccgcetgce

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggctgttt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct

Page 97

His

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg

gcatctgacc

60
120
180
240
300
360
420
480
540



tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

74
453
PRT

<220>
<223>

<400> 74

Met Asnh Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly
55

Cys
p Ala Ala
His

r Gly

u val Ser

CX2-126USP1_ST25

ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu Gln

25

Ile val Asp

Leu Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

Page 98

tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu
Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile
375

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-126USP1_ST25
Asn Asp Thr Met val

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala
380

Page 99

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Ala

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val



Lys Asp
385

Lys

Glu Arg

Thr Gly GIn

Gln Met

Phe Ala
450

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

75
1359
DNA

<220>
<223>

<400> 75
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg

ctggaagcgg

Ala Ser

390

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc

tgaaagataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc

agcgagcaaa

395

425

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg

gcccegtttg

CX2-126USP1_ST25
Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt

atggcaacct

Page 100

400

Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
410 415

val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
430

Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
440 445

tggttttacc
aggcccgtat
taacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc

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

1020
1080
1140
1200



CX2-126USP1_ST25

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 76

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 76

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205
Page 101



ITe GIn
210

val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

<210>
<211>

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

435

Glu

77
1359

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25

Ile Ala Gly Phe Phe

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Pro

Gly

Ile

Ile

Ile

cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 102

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr

430

Asp

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<212>
<213>

DNA
<220>
<223>

<400> 77
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

78
453
PRT

<220>
<223>

<400> 78

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettg
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
taacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Page 103

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

1020
1080
1140
1200
1260
1320
1359



Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Met

Gly

Ser

Asp

70

Ser

Glu

sSer

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Ser

Tyr

40

Ala

Ala

His

sSer

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala
280

CX2-126USP1_ST25
Leu His GIn Arg Gly

25

Ile

Cys

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

val

val

60

Tyr

Gln

sSer

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Page 104

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr



Ala Gly Phe

Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

79
1359
DNA

<220>
<223>

<400> 79
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca

cgtaaaattc

Phe Pro

Glu Thr

val

Ala

Gly Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgtttaatgg
gcccgtttga
tggtgaaaat

tgacccgttg

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt

gaacgcgtat

CX2-126USP1_ST25

val Ile Leu

Ala Ile Gly

315

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta

Gly Pro Glu

300

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa

ccgtagtgag

Page 105

Leu Ser

His

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa

cgcgagcatg

60
120
180
240
300
360
420
480



accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

80
453
PRT

<220>
<223>

<400> 80

cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Met Asn Lys Pro Gln Ser Trp Glu
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala AS

Leu val GI1

100

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

His

n Gly

u val Ser

CX2-126USP1_ST25

ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

Pro
105

Phe Asp

cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

Page 106

gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu
Phe
Pro
val
Ala
310
His
Asn

Glu

Gly

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile
375

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-126USP1_ST25

Asn Asp Thr Met val

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

cys

330

Ala

Met

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala
380

Page 107

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Ala

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val



Lys Asp
385

Lys

Glu Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

81
1359
DNA

<220>
<223>

<400> 81
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggccttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag

aaacatattg

Ala Ser

390

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga

cggaacgtcc

440

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt

gaacattggc

395

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc

gaatatcgtg

CX2-126USP1_ST25

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt

Page 108

Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser

400

Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
410 415
val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
425

Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg

tatgtgggcg

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

1020
1080
1140



CX2-126USP1_ST25

ctggaagcgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga cggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 82

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 82

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Leu Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Page 109



Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gln

Phe

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Thr

Ala
450

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

CX2-126USP1_ST25
Leu Ala Arg Glu Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Pro

Asp

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Glu

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Phe

220

Lys

Pro

Thr

sSer

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 110

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr

430

Asp

Glu

Glu

Phe

sSer

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



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

83
1359
DNA

<220>
<223>

<400> 83
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

84
453
PRT

<220>
<223>

<400> 84

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gcttgccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

Page 111

15

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

1020
1080
1140
1200
1260
1320
1359



Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala
280

CX2-126USP1_ST25

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

His GIn Arg Gly

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

ITe Ser Ser

Page 112

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

GlIn

240

Asp

val

Thr



Ala Gly Phe

Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

435

Phe Ala Glu
450

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

85
1359
DNA

<220>
<223>

<400> 85
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga

aacgatacca

Phe Pro

Glu Thr

val

Ala

Gly Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga

tggtgaaaat

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt

CX2-126USP1_ST25

val Ile Leu

Ala Ile Gly

315

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata

ctgcatgcgg

Gly Pro Glu

300

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg

cggaaggcaa

Page 113

Leu Ser

His

Arg Leu

Pro Asn

Ala val

val Ser

400

Leu
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg

accgcagaaa

60
120
180
240
300
360
420



cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

86
453
PRT

<220>
<223>

<400> 86

1
Phe

Tyr Gly

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Met Asn Lys Pro Gln Ser Trp
5

Thr
20

Asp
Gly Glu
Ala Asn
Ile

Leu

Phe
85

Ala

Met

Gly

Ser

Asp

70

Ser

gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

Pro Ser

Pro Tyr

40

Gly Ala

55

Ala Ala

Gly His

CX2-126USP1_ST25

catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Thr val

Page 114

cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Leu
100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu
360

CX2-126USP1_ST25

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

Cys

330

Ala

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Page 115

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu
365

Pro Phe Asp Ser Gly Arg
110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn



Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

87
1359
DNA

<220>
<223>

<400> 87
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg

atgaacgaag

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc

gcctggeccga

val

Phe

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cgcctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt

CX2-126USP1_ST25

Phe Met Trp Ala Leu

Phe Asp

395

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc

cgtctggecc

Gly Asn Leu

Lys Ala Leu

Glu
380

Ser
Leu Ile

cys

Thr
430

ITe Leu

Asp
445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat

cgcgttttga

Page 116

Ala val

val Ser

400

His
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg

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

1020
1080



CX2-126USP1_ST25

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaatttg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 88

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 88

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190
Page 117



Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gln

Phe

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Asp

Arg

Gly

Met

Ala
450

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

Gln

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala Arg Glu Leu

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Phe

220

Lys

Pro

Ala

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 118

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Phe

val

Arg

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



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

89

DNA
<220>
<223>

<400> 89
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

90
453
PRT

<220>
<223>

<400> 90

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaacatct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Page 119

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



Met

Tyr

val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Asn

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Lys

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Pro

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys
260

Gln

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Ser

Met

Gly

Ser

Asp

70

sSer

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

CX2-126USP1_ST25
Thr Arg Ala Glu Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr
265

10

His

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Page 120

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Tyr

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

ser

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val



Thr Tyr Asp

Ala Gly Phe

Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

435

Phe Ala Glu
450

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

91
1359
DNA

<220>
<223>

<400> 91
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg

gtggaagtga

Phe Thr

Phe

Pro

Glu Thr

Pro

val

Ala

Ala
280

Asp
Ala

Gly

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc

tagcggccgt

CX2-126USP1_ST25

ITe Ile Ser

val Ile Leu

Ala Ile Gly

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg

gtgttttata

Ser Lys His

285

Pro Glu

Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc

ccaacagcgg

Page 121

Leu Thr

Leu Ser

His

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg

cagcgaagcg

60
120
180
240
300
360



aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

92
453
PRT

<220>
<223>

<400> 92

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp
Gly Glu
Ala Asn
Ile

Leu

Phe
85

Ala

Met

Gly

Ser

Asp

70

Ser

gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

Pro Ser

Pro Tyr

40

Gly Ala

55

Ala Ala

Gly His

CX2-126USP1_ST25

ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu His GIn

25

Ile val Asp

Leu

Asn Met

Ala Gln
75

Lys

Met Ser Asp

90

cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcagttt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Page 122

accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Leu
100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu
360

CX2-126USP1_ST25

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

cys

330

Ala

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

His ITe Ala

Page 123

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu
365

Pro Phe Asp Ser Gly Arg
110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn



Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

93
1359
DNA

<220>
<223>

<400> 93
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga

tttaccgcgg

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct

gcggccatcc

val

Phe

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

ggaaaccgcg

ggtgggttgt

CX2-126USP1_ST25

Phe Met Trp

Phe Gly

395

Asp

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Lys

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga

gcgattgcgc

Ala Leu

380

Asn Leu

Leu Ile

ITe Leu

Ala Leu
445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggctgttt

tgaaagcgat

Page 124

Glu

Ser

Cys

Thr

430

Asp

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt

tgatgtggtg

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

1020



atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

94
453
PRT

<220>
<223>

<400> 94

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr
145

Arg Trp

Thr Gly Phe

gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

Pro Tyr As

165

aaacgtgcgt

gaacattggc

CX2-126USP1_ST25

cgtctggccc cgcgttttga

gaatatcgtg gcattggctt

agcgagcaaa gccccgtttg atggcaacct

caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

n Ser val

ggcctgattt gccgtccgac

gaagcgcaga tggatgaaat

gaagtggcg

Thr
10

Leu His GIn

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

Phe Gly

170

Leu

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Page 125

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Engineered variant of v. fluvialis transaminase

Arg Ala Glu Thr Tyr

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys

Ala

Pro

agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

Gly Phe

1080
1140
1200
1260
1320
1359



Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

GlIn

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

Lys

CX2-126USP1_ST25
Trp Arg Tyr Gly Glu

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Ala

Pro

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Glu

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Glu

Phe

220

Lys

Pro

Thr

Ser

Cys

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 126

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr

430

Asp

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



Phe Ala Glu val Ala

450

<210> 95
<211>
<212>
<213>

DNA
<220>
<223>

<400> 95
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

96
453
PRT

<220>
<223>

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atccgaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Page 127

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<400>

96

Met Asn Lys

1

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

GlIn

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Ser

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Arg

Gly

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

CX2-126USP1_ST25

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr
265

Arg Ala Glu Thr

10

His

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp
250

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Gly Asn Thr

Page 128

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Tyr

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

ser

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val



Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala
450

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

<220>
<223>

<400>
atgaaca

gatatgc
atcgtgg

gcgggct
ggctatc

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

435

Glu

97
1359
DNA
Arti

Phe Thr Pro Asp Ala
280

Phe Pro val Gly Ala

Glu Thr Ala Ile Glu
310

Gly Gly His Pro val

val Met Asn Glu Gly
340

Phe Glu Glu Arg Leu
360

Tyr Arg Gly Ile Gly
375

Ala Ser Lys Ala Pro

Ala Asn Thr Cys Thr
405

Ser val val Leu Cys
420

Glu Met Phe Asp Lys

val Ala

ficial Sequence

CX2-126USP1_ST25

Ile ITe Ser Ser Lys Asn Leu Thr

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

Leu

Gly

Ala

Glu

Ile

Trp

Pro

395

Gly

Phe

Lys

285

Gly Pro Glu Leu Ser

Glu Phe Pro His Gly

Ile Ala Leu Lys Ala

Asn val Arg Arg Leu

Ala Glu Arg Pro Asn
365

Ala Leu Glu Ala val
380

Asn Leu Ser val Ser
400

Leu Ile Cys Arg Pro

ITe Leu Thr Glu Ala
430

Ala Leu Asp Lys val
445

Engineered variant of v. fluvialis transaminase

97
aac

cga
atg
ttg

atg

cgcagagctg ggaaacgcgt
gcctgcatca gcgtggcacc
tgcatggccg tcgttatctg
atcataaagg cctgattgat

cgttttcagg ccatatgagc

gcggaaacct

gtggtggtgg

gatgcgaaca

gcggcgaaag

gatcagaccg
Page 129

atagcctgta tggttttacc
cccatggcga aggcccgtat
gcggcgcttt gaacatggtg
cgcagtatga acgttttccg

tgatgctgtc tgaaaaactg

60
120
180
240
300



CX2-126USP1_ST25

gtggaagtga gcccgtttga tagcggccgt gtgttttata ccaacagcgg cagcgaagcg 360
aacgatacca tggtgaaaat gctgtggttt ctgcatgcgg cggaaggcaa accgcagaaa 420
cgtaaaattc tgacccgttg gaacgcgtat catggctgta ccgtagtgag cgcgagcatg 480
accggctttc cgtataacag cgtgtttggc ctgccgctgc cgggctttct gcatctgacc 540
tgcccgcatt attggcgtta tggcgaagaa ggcgaaaccg aagaacagtt tgtcgcgcegt 600
ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat tgcgggcttt 660
tttgcggaac cggtgatggg tgctggcggt gttattccgc cggcgaaagg ctattttcag 720
gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga agtgatttgc 780
ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac cccggatgcg 840
attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt gattctgggt 900
ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcacttt tccgcatggt 960
tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat tgatgtggtg 1020
atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga agaacgtctg 1080
aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaagcgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 98
<211> 453
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 98
Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15
Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30
val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60
His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Page 130



Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val
340

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Ser
Glu
Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu
Phe
Pro
val
Ala
310
His

Asn

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

CX2-126USP1_ST25
Met Ser Asp GIn Thr
90

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu
345

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Cys

330

Ala

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Page 131

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

val
Arg
1

Lys
Lys
Ala
Pro
Glu
190
Glu
Ala
Tyr
Ile
Gly
Asn
Glu

Pro

Leu

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu



Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

99
1359
DNA

<220>
<223>

<400> 99
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca

ccggaactga

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct

gcaaacgtct

Glu

Gly

val

Phe

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

ggaaaccgcg

CX2-126USP1_ST25

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg

attgaagcga

Ala Glu
365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaattt

Page 132

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt

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



tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

100
453
PRT

<220>
<223>

<400> 100

1
Phe

Tyr Gly

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr
145

Arg Trp

Thr Gly Phe

gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

Pro Tyr As

165

ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Met Asn Lys Pro Gln Ser Trp Glu
5

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

n Ser val

CX2-126USP1_ST25

gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

Phe Gly Leu

170

tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser

Gly

val
125

Met

Lys
140

Arg Lys

val Ser Ala

Pro Leu Pro

Page 133

tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

Gly Phe

1020
1080
1140
1200
1260
1320
1359



Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

GlIn

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25

Trp Arg Tyr Gly Glu

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Glu Lys Ala

Page 134

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Gly

Glu

Glu

Phe

sSer

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



Phe Ala Glu val Ala

450

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

101
DNA
<220>
<223>

<400> 101
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

102
453
PRT

<220>

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcttttt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 135

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<223>
<400>

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile
245

Met
Gly
Ser
Asp
70
Ser
Glu
Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

CX2-126USP1_ST25

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Engineered variant of v. fluvialis transaminase

102

Arg Ala Glu Thr Tyr
10

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp
250

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Page 136

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Thr

30

Gly

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

sSer

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser
255

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp



Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>
<223>

<400>

atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tggttttacc
gatatgccga gcctgcatca gcgtggcacc gtggtggtgg cccatggcga aggcccgtat
atcgtggatg tgcatggccg tcgttatctg gatgcgaaca gcggcgcttt gaacatggtg

gcgggctttg atcataaagg cctgattgat gcggcgaaag cgcagtatga acgttttccg

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

103
1359
DNA

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25
Thr Gly Asn Thr Trp

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ile

Ile

Ile

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Lys

285

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Engineered variant of v. fluvialis transaminase

103

Page 137

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val

60
120
180
240



CX2-126USP1_ST25

ggctatcatg cgttttcagg ccatatgagc gatcagaccg tgatgctgtc tgaaaaactg 300
gtggaagtga gcccgtttga tagcggccgt gtgttttata ccaacagcgg cagcgaagcg 360
aacgatacca tggtgaaaat gctgtggttt ctgcatgcgg cggaaggcaa accgcagaaa 420
cgtaaaattc tgacccgttg gaacgcgtat catggctgta ccgtagtgag cgcgagcatg 480
accggctttc cgtataacag cgtgtttggc ctgccgctgc cgggctttct gcatctgacc 540
tgcccgcatt attggcgtta tggcgaagaa ggcgaaaccg aagaacagtt tgtcgcgcgt 600
ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat tgcgggcttt 660
tttgcggaac cggtgatggg tgctggcggt gttattccgc cggcgaaagg ctattttcag 720
gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga agtgatttgce 780
ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac cccggatgcg 840
attattagca gtaaatgtct aaccgcgggt ttttttccgg taggcgcggt gattctgggt 900
ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt tccgcatggt 960
tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat tgatgtggtg 1020
atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga agaacgtctg 1080
aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaagcgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 104
<211> 453
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 104
Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15
Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30
val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60
His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Page 138



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Ala
Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val
340

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

CX2-126USP1_ST25

Met Ser Asp GIn Thr

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu
345

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

cys
330

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Ala Glu Asn

Page 139

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

val
Arg
1

Lys
Lys
Ala
Pro
Glu
190
Glu
Ala
Tyr
Ile
Gly
Cys
Glu

Pro

Leu

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu



Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

105
1359
DNA

<220>
<223>

<400> 105
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc

attattagca

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttgg
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa

gtaaaaacct

Glu

Gly

val

Phe

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

CX2-126USP1_ST25

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg

Ala Glu
365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac

taggcgcggt

Page 140

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt

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



ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

106
453
PRT

<220>
<223>

<400> 106

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr
145

Arg Trp

gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

His Ala Al

Asn Ala Ty

15

ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

CX2-126USP1_ST25

attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu Gln

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Gly

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

110

val
125

Met Lys

Lys
140

Arg Lys

val Ser Ala

Page 141

tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

960
1020
1080
1140
1200
1260
1320
1359



Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser
420

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25
Phe Gly Leu Pro Leu

Trp

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro
425

170

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

330

Ala

His

Met

Asp

Leu

410

Pro

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Page 142

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr
430

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



435

Phe Ala Glu val Ala

450

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

107
DNA
<220>
<223>

<400> 107
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

108
453
PRT

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25
Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtttccta
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 143

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<220>
<223>

<400>

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Ser

Pro

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile
245

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

CX2-126USP1_ST25

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Engineered variant of v. fluvialis transaminase

108

Arg Ala Glu Thr Tyr

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gln

Asp

Met

GlIn

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala
235

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Asp Ile Pro

250

Page 144

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys
Ala
Pro
Glu
190
Glu
Ala

Tyr

Ile

ser

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser
255

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp



CX2-126USP1_ST25

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Asn Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Glu Phe Pro His Gly
305 310 315 320

Phe Thr Ala Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu Ala val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ala Glu val Ala

450
<210> 109
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Vv. fluvialis transaminase
<400> 109
atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tggttttacc 60
gatatgccga gcctgcatca gcgtggcacc gtggtggtgg cccatggcga aggcccgtat 120
atcgtggatg tgcatggccg tcgttatctg gatgcgaaca gcggcgcttt gaacatggtg 180

Page 145



gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

110
453
PRT

<220>
<223>

<400> 110

atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggcgaaag
gatcagaccg
gtgtttctta
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

CX2-126USP1_ST25

cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Tyr Gly Phe Thr Asp Met Pro Ser
20

Leu His GIn Arg Gly T
25 3

hr val val
0

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60
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240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



His

65

Gly

Ser

Leu

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-126USP1_ST25
Lys Ala GIn Tyr Glu
75

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys
330

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Page 147

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

111
1359
DNA

<220>
<223>

<400> 111
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg

gtaccggtaa

Asn

Glu

Gly

val

Phe

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat

cacctggggc

CX2-126USP1_ST25

Leu Ala Glu
345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttgta
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct

Asn val

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga

atgattttac

Page 148

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg

60
120
180
240
300
360
420
480
540
600
660
720
780
840



attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

112
453
PRT

<220>
<223>

<400> 112

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

cys

Phe
130

Trp Leu

Thr
145

Arg Trp

gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggeccga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgeegtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

CX2-126USP1_ST25

ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

Thr val
155

cys

taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg
1

val
125

Met Lys

Lys
140

Arg Lys

val Ser Ala

Page 149

gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val Phe
Met Leu
Ile

Leu

Met
160

Ser

900

960
1020
1080
1140
1200
1260
1320
1359



Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser
420

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

CX2-126USP1_ST25

Phe Gly Leu Pro Leu

Trp

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro
425

170

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu
410

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

395

Gly

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Pro Phe Ile

Page 150

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr
430

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

435

Phe Ala Glu val Ala

450

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

113

<220>
<223>

<400> 113
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt

ctggaaaaag

1359
DNA
Artificial Sequence

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtgt
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

<210>
<211>

114
453

440

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
taacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 151

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<212>
<213>

<220>
<223>

<400>

1

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val
225

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

114

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

val

Phe

Leu

Glu

195

Lys

Gly

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Met Asn Lys Pro Gln Ser Trp
5

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Arg Ala Glu Thr Tyr

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala
235

Arg

val

val

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Page 152

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

ser

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn
240



CX2-126USP1_ST25
Ala Ile Leu Pro Ile Leu Arg Lys Tyr Asp Ile Pro val Ile Ser Asp
245 250 255

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Asn Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Glu Phe Pro His Gly
305 310 315 320

Phe Thr Ala Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu Ala val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ala Glu val Ala

450
<210> 115
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of V. fluvialis transaminase
<400> 115
atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tggttttacc 60
gatatgccga gcctgcatca gcgtggcacc gtggtggtgg cccatggcga aggcccgtat 120

Page 153



atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

116
453
PRT

<220>
<223>

<400> 116

tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtca
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
taacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

CX2-126USP1_ST25

gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
45

35

40

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met
50 55

val Ala Gly Phe Asp

60

Page 154

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Gly

His

Lys

Asn

115

Leu

His

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-126USP1_ST25

Lys Ala GIn Tyr Glu
75

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly
315

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Cys Ala Ile

330

Page 155

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

117
1359
DNA

<220>
<223>

<400> 117
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg

Asn

Glu

Gly

val

Phe

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt

caaatatgat

CX2-126USP1_ST25

Leu Ala Glu
345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc

attccggtga

Asn val

Ala Glu

365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga

Page 156

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gtggctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag

agtgatttgc

60
120
180
240
300
360
420
480
540
600
660
720
780



CX2-126USP1_ST25

ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac

attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt

ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt

tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat

atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt

ctggaagcgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac

gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg

<210> 118

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 118

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr

1 5 10

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly

35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg

65 70 75

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val

85 90

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys

115 120 125
Trp Phe Leu His Ala Ala Glu Gly Lys Pro Gln Lys Arg Lys
130 135 140

Page 157

cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val Phe
Met

Leu

ITe Leu

840

900

960
1020
1080
1140
1200
1260
1320
1359



Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Arg

Gly

Trp

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn
405

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-126USP1_ST25
Cys Thr val val ser

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Gly

170

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

cys

330

Ala

Met

Asp

Leu
410

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

395

Gly

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Page 158

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala

420

425

430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

Phe Ala Glu val Ala

450

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

119
DNA
<220>
<223>

<400> 119
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt

ctggaaaaag

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgttc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 159

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



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

<220>
<223>

<400>

120
453
PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

120

Met Asn Lys Pro Gln Ser Trp Glu
1 5

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val
225

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

val

Arg Ala Glu Thr Tyr
10

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe
220

Pro Ala Lys

235

Page 160

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

ser

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln
240



CX2-126USP1_ST25

Ala Ile Leu Pro Ile Leu Arg Lys Tyr Asp Ile Pro val Ile Ser Asp
245 250 255

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Asn Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Glu Phe Pro His Gly
305 310 315 320

Phe Thr Ala Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu Ala val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ala Glu val Ala

450
<210> 121
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Vv. fluvialis transaminase
<400> 121

atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tggttttacc
Page 161



gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccactg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

122
453
PRT

<220>
<223>

<400> 122

1

gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

10

CX2-126USP1_ST25

cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
5

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Page 162

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala
310

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

CX2-126USP1_ST25
Leu Asn Met val Ala Gly Phe

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly
315

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Page 163

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Phe Thr Thr

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

123
1359
DNA

<220>
<223>

<400> 123
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta

aactggaaga

cggtgatggg

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag

tgctggcggt

CX2-126USP1_ST25

Gly Cys Ala
330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt

cggataccat

cggcgaaagg

Page 164

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt

ctattttcag

60
120
180
240
300
360
420
480
540
600
660
720



CX2-126USP1_ST25

gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga

ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac

attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt

ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcgaatt

tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat

atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt

ctggaaactg tgaaagataa agcgagcaaa gccccgtttg atggcaacct

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac

gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg

<210> 124

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 124

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr

1 5 10

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly

35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg

65 70 75

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val

85 90

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys

115 120 125
Trp Phe Leu His Ala Ala Glu Gly Lys Pro Gln Lys Arg Lys
130 135 140

Page 165

agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val Phe
Met

Leu

ITe Leu

780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn
405

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-126USP1_ST25

Cys Thr val val ser

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Gly

170

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Asp

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly
395

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu Gly Leu

410

Page 166

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Thr

val

Arg

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala

420

425

430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

435

Phe Ala Glu val Ala

450

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

125
DNA
<220>
<223>

<400> 125
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt

ctggaaaaag

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgatta
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
ttcgtccgac

tggatgaaat

Page 167

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



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

<220>
<223>

<400>

126
453
PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

126

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

GlIn
210

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Thr

Leu

25

Ile

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Arg

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Ala

GlIn

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Glu Thr Tyr

Arg

val

val

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe
220

Page 168

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys
Ala
Pro
Glu
190

Glu

Ala

sSer

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro



val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>
<223>

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

127
1359
DNA

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

Lys

CX2-126USP1_ST25
Pro Pro Ala Lys Gly Tyr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Ile

Thr

430

Asp

Engineered variant of v. fluvialis transaminase

Page 169

Phe

sSer

255

cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<400> 127
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

128
453
PRT

<220>
<223>

<400> 128

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattacgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

CX2-126USP1_ST25

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Tyr Gly Phe Thr Asp Met Pro Ser
20

Leu His GIn Arg Gly T
25 3

hr val val
0

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Page 170

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

1020
1080
1140
1200
1260
1320
1359



Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala
310

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

CX2-126USP1_ST25

Leu Asn Met val Ala

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly
315

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Glu

Page 171

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr

Ser

Gly



Phe Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

129
1359
DNA

<220>
<223>

<400> 129
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt

ctggcccgtg

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta

aactggaaga

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa

aaccattcag

CX2-126USP1_ST25

Gly Cys Ala
330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg

aaggaaggceg

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt

cggataccat

Page 172

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt

60
120
180
240
300
360
420
480
540
600
660



tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaatgtg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

130
453
PRT

<220>
<223>

<400> 130

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp
Gly Glu
Ala Asn
Ile

Leu

Phe
85

Ala

Leu val

100

Ser Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

Pro Ser

Pro Tyr

40

Gly Ala

55

Ala Ala

Gly His
val

Ser

Ala
120

Glu

CX2-126USP1_ST25

gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

val
125

Met Lys

Page 173

ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
Phe

val

Met Leu

720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

CX2-126USP1_ST25
Lys Pro Gln Lys Arg

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly
395

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Page 174

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Lys

Arg

Pro

Cys

val

Leu

Met

160

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser
400



CX2-126USP1_ST25

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
410 415

405

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
420 425

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

435

Phe Ala Glu val Ala

450

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

131
DNA
<220>
<223>

<400> 131
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaaattg
gaacgtattg

gtggttctgt

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg

gcccgeegtt

440

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg

tattctgacc

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt

gaagcgcaga

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 175

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320



CX2-126USP1_ST25

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 132

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of V. fluvialis transaminase

<400> 132

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205

Ile GIn Lys Glu Gly Ala Asp Thr Ile Ala Gly Phe Phe Ala Glu Pro
210 215 220
Page 176



val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

Glu

133
1359
DNA

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Artificial Sequence

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25

Pro Pro Ala Lys Gly Tyr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 177

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr

430

Asp

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ile

val

Arg

Glu

Lys

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<223>

<400> 133
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

134
453
PRT

<220>
<223>

<400> 134

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagt

Artificial Sequence

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

_ _ CX2-126USP1_sST25
Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgcagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 30

Page 178

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

1020
1080
1140
1200
1260
1320
1359



val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly

Ser

Asp

70

Ser

Glu

sSer

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

CX2-126USP1_ST25
Ile val Asp val His

Leu

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Met

Gln

75

Asp

Asp

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly
300

Page 179

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

GlIn

240

Asp

val

Thr

Ser



Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ser Glu

450

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

135
1359
DNA

<220>
<223>

<400> 135
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc

tgcccgcatt

Glu Thr

Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag

attggcgtta

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa

CX2-126USP1_ST25

Ala Ile Gly
315

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce

ggcgaaaccg

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct

aagaacagtt

Page 180

His

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc

tgtcgcgegt

60
120
180
240
300
360
420
480
540
600



ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

136
453
PRT

<220>
<223>

<400> 136

1
Phe

Tyr Gly

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

aactgaagga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Met Asn Lys Pro Gln Ser Trp
5

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

CX2-126USP1_ST25

aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Leu Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgcatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser

Gly

val
125

Met

Page 181

tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
Phe

val

Met Leu

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu
135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

CX2-126USP1_ST25

Lys Pro Gln Lys Arg

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly
395

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Page 182

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Lys

Ala

Pro

Glu

190

Lys

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Lys

Arg

Pro

Ala

val

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser
400



CX2-126USP1_ST25

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro

405

410

415

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala

420

425

430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

Phe Ala Glu val Ala

450

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

137
DNA
<220>
<223>

<400> 137
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaatttg

gaacgtattg

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa

cgaacacctg

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa

caccgatctg

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct

gccgtccgac

Page 183

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc

aggccagagc

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

1020
1080
1140
1200
1260



CX2-126USP1_ST25

gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 138

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 138

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205

Page 184



ITe GIn
210

val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

Glu

139
1359
DNA

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

Lys

CX2-126USP1_ST25
Ile Ala Gly Phe Phe

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Pro

Asp

250

Gly

Ile

Ile

Ile

cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 185

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Phe

val

Arg

Glu

Lys

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<220>
<223>

<400> 139
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaaatgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

140
453
PRT

<220>
<223>

<400> 140

1

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

10

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
5

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

Page 186

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

1020
1080
1140
1200
1260
1320
1359



val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

CX2-126USP1_ST25

Ile val Asp val

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile Leu Gly

300

Page 187

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr

Ser



Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

141
1359
DNA

<220>
<223>

<400> 141
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc

accggctttc

Glu Thr

Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg

cgtataacag

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat

cgtgtttggc

CX2-126USP1_ST25

Ala Ile Gly
315

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta

ctgccgcetgce

Glu Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct

Page 188

His

Arg Leu

Pro Asn

Met val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg

gcatctgacc

60
120
180
240
300
360
420
480
540



tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

142
453
PRT

<220>
<223>

<400> 142

Met Asnh Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

His

r Gly

u val Ser

CX2-126USP1_ST25

ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu Gln

25

Ile val Asp

Leu Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccggt

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

Page 189

tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
tggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu
Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile
375

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-126USP1_ST25
Asn Asp Thr Met val

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala
380

Page 190

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Ala

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val



Asp Lys

Arg Ile

val Gly GIn

Gln Met

Phe Ala
450

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

143
1359
DNA

<220>
<223>

<400> 143
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg

ctggaactgg

Ala Ser

390

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc

tgaaagataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc

agcgagcaaa

395

425

gcggaaacct
gtggtggtag
gatgcgaaca
gcggcgagag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg

gcccegtttg

CX2-126USP1_ST25
Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt

atggcaacct

Page 191

400

Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
410 415

val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
430

Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
440 445

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc

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

1020
1080
1140
1200



CX2-126USP1_ST25

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 144

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 144

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Leu Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Arg Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205
Page 192



ITe GIn
210

val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

<210>
<211>

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

435

Glu

145
1359

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25

Ile Ala Gly Phe Phe

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Pro

Gly

Ile

Ile

Ile

cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 193

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Leu

val

Arg

Glu

Lys

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<212>
<213>

DNA
<220>
<223>

<400> 145
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

146
453
PRT

<220>
<223>

<400> 146

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaattt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Page 194

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

1020
1080
1140
1200
1260
1320
1359



Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Met

Gly

Ser

Asp

70

Ser

Glu

sSer

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Ser

Tyr

40

Ala

Ala

His

sSer

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala
280

CX2-126USP1_ST25
Leu His GIn Arg Gly

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

val

val

60

Tyr

Gln

sSer

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Page 195

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

cys

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr



Ala Gly Phe

Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

147
1359
DNA

<220>
<223>

<400> 147
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca

cgtaaaattc

Phe Pro

Glu Thr

val

Ala

Gly Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat

tgacccgttg

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt

gaacgcgtat

CX2-126USP1_ST25

val Ile Leu

Ala Ile Gly

315

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta

Gly Pro Glu

300

Asn Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa

ccgtagtgag

Page 196

Leu Ser

His

Arg Leu

Pro Asn

val val

val Ser

400

His
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa

cgcgagcatg

60
120
180
240
300
360
420
480



accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaagtcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

148
453
PRT

<220>
<223>

<400> 148

cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Met Asn Lys Pro Gln Ser Trp Glu
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

His

r Gly

u val Ser

CX2-126USP1_ST25

ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Phe Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

Pro
105

Phe Asp

cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaattt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

Page 197

gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Glu

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu
Phe
Pro
val
Ala
310
His
Asn

Glu

Gly

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile
375

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-126USP1_ST25

Asn Asp Thr Met

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

cys

330

Ala

Met

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala
380

Page 198

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

val

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val



Lys Asp
385

Lys

Glu Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

149
1359
DNA

<220>
<223>

<400> 149
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag

aaacatattg

Ala Ser

390

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtgt
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct
gcggccatcc
gcctggecga

cggaacgtcc

440

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
taacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt

gaacattggc

395

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttgta
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc

gaatatcgtg

CX2-126USP1_ST25

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcagcett
tgaaagcgat
cgcgttttga
gcattggctt

Page 199

Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser

400

Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
410 415
val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
425

Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg

tatgtgggcg

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

1020
1080
1140



CX2-126USP1_ST25

ctggaaatgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccatccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttagc gaagtggcg 1359
<210> 150

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 150

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Cys Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg val Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Page 200



Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gln

Phe

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Ser
450

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

CX2-126USP1_ST25
Leu Ala Arg Glu Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Pro

Asp

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Glu

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Phe

220

Lys

Pro

Thr

sSer

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 201

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

Ala

Tyr

Ile

Gly

cys

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr

430

Asp

Glu

Glu

Phe

sSer

255

Cys

Leu

Leu

His

Arg

Pro

Met

val

His

415

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

Ala

val



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

151
1359
DNA

<220>
<223>

<400> 151
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaaatgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

152
453
PRT

<220>
<223>

<400> 152

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaaaaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtttctga
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgtcc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaattt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

Page 202

15

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

1020
1080
1140
1200
1260
1320
1359



Tyr

val

Tyr

His

65

Gly

Ser

Leu

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala
280

CX2-126USP1_ST25

Leu His GIn Arg Gly

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

val

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

ITe Ser Ser

Page 203

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Ala

Tyr

Ile

Gly

Asn

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

GlIn

240

Asp

val

Thr



Ala Gly Phe

Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ser Glu

450

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

153
1359
DNA

<220>
<223>

<400> 153
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga

aacgatacca

Phe Pro

Glu Thr

val

Ala

Gly Ala

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttgg

tggtgaaaat

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt

CX2-126USP1_ST25

val Ile Leu

Ala Ile Gly

315

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtttctga
ctgcatgcgg

Gly Pro Glu

300

Asn Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg

cggaaggcaa

Page 204

Leu Ser

His

Arg Leu

Pro Asn

Met Vval

val Ser

400

His
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg

accgcagaaa

60
120
180
240
300
360
420



cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
ttcaccgcgg
atgaacgaag
aaacatattg
ctggaaacgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

154
453
PRT

<220>
<223>

<400> 154

1
Phe

Tyr Gly

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

tgacccgtgt
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Met Asn Lys Pro Gln Ser Trp
5

Thr
20

Asp
Gly Glu
Ala Asn
Ile

Leu

Phe
85

Ala

Met

Gly

Ser

Asp

70

Ser

taacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

Glu

Pro Ser

Pro Tyr

40

Gly Ala

55

Ala Ala

Gly His

CX2-126USP1_ST25

catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgtcc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Phe Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaactt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Thr val

Page 205

cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Ser

Leu

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Lys

Asn

115

Leu

val

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Leu
100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu
360

CX2-126USP1_ST25

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

val

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

Cys

330

Ala

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Page 206

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu
365

Pro Phe Gly Ser Gly Arg
110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn



Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ser Glu

450

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

155
1359
DNA

<220>
<223>

<400> 155
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg

atgaacgaag

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttgg
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc

gcctggeccga

val

Phe

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt

CX2-126USP1_ST25

Phe Met Trp Ala Leu

Phe Asp

395

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtttctga
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattaccc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc

cgtctggecc

Gly Asn Leu

Lys Ala Leu

Glu
380

Ser
Leu Ile

cys

Thr
430

ITe Leu

Asp
445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaattt
tgaaagcgat

cgcgttttga

Page 207

Thr val

val Ser

400

His
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg

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

1020
1080



CX2-126USP1_ST25

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaagcgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 156

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of Vv. fluvialis transaminase

<400> 156

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Gly Ser Gly Arg val Phe
100 105 110

Leu Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly Cys Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Tyr Asn Ser val Phe Gly Leu Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190
Page 208



Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gln

Phe

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Asp

Arg

Gly

Met

Ala
450

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

Gln

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25

Leu Ala Arg Glu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 209

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Ala

val

Arg

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



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

157
DNA
<220>
<223>

<400> 157
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

158
453
PRT

<220>
<223>

<400> 158

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttgg
tggtgaaaat
tgacccgtgt
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
taacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaattt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Page 210

tggttttacc
aggcccgtat
caatatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



Met

Tyr

val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Asn

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Lys

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

val

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Pro

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys
260

Gln

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Ser

Met

Gly

Ser

Asp

70

sSer

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

CX2-126USP1_ST25
Thr Arg Ala Glu Thr

Leu

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr
265

10

His

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Gln

Asp

Met

Gln

75

Asp

Gly

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Page 211

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Tyr

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val



Thr Tyr Asp

Ala Gly Phe

Arg Leu

Thr Thr

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

435

Phe Ala Glu
450

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

159
1359
DNA

<220>
<223>

<400> 159
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg

gtggaagtga

Phe Thr

Phe

Pro

Glu Thr

Pro

val

Ala

Ala
280

Asp
Ala

Gly

ITe Glu

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc

tagcggccgt

CX2-126USP1_ST25

ITe Ile Ser

val Ile Leu

Ala Ile Gly

Gly Cys Ala

330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg

gtgttttata

ser Lys Asn

285

Pro Glu

Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc

ccaacagcgg

Page 212

Leu Thr

Leu Ser

His

Arg Leu

Pro Asn

Ala val

val Ser

400

His
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg

cagcgaagcg

60
120
180
240
300
360



aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

160
453
PRT

<220>
<223>

<400> 160

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp
Gly Glu
Ala Asn
Ile

Leu

Phe
85

Ala

Met

Gly

Ser

Asp

70

Ser

gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

Glu

Pro Ser

Pro Tyr

40

Gly Ala

55

Ala Ala

Gly His

CX2-126USP1_ST25

ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgttc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu His GIn

25

Ile val Asp

Phe

Asn Met

Ala Gln
75

Lys

Met Ser Asp

90

cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaactt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Page 213

accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Leu
100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu
360

CX2-126USP1_ST25

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

val

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

cys

330

Ala

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

His ITe Ala

Page 214

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu
365

Pro Phe Asp Ser Gly Arg
110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn



Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ser Glu

450

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

161
1359
DNA

<220>
<223>

<400> 161
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga

tttaccacgg

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtgt
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct

gcggccatcc

val

Phe

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
taacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

ggaaaccgcg

ggtgggttgt

CX2-126USP1_ST25

Phe Met Trp Ala Leu

Phe Asp

395

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga

gcgattgcgc

Gly Asn Leu

Lys Ala Leu

Glu
380

Ser
Leu Ile

Cys

Thr
430

ITe Leu

Asp
445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaactt

tgaaagcgat

Page 215

ITe val

val Ser

400

His
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt

tgatgtggtg

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

1020



atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

162
453
PRT

<220>
<223>

<400> 162

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr val

145

Arg

Thr Gly Phe

gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

Pro Tyr As

165

aaacgtgcgt

gaacattggc

CX2-126USP1_ST25

cgtctggccc cgcgttttga

gaatatcgtg gcattggctt

agcgagcaaa gccccgtttg atggcaacct

caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

n Ser val

ggcctgatta tccgtccgac

gaagcgcaga tggatgaaat

gaagtggcg

Thr
10

Leu His GIn

25

Ile val Asp

Phe Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

Phe Gly

170

Leu

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Page 216

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Engineered variant of v. fluvialis transaminase

Arg Ala Glu Thr Tyr

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys

Ala

Pro

agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

Gly Phe

1080
1140
1200
1260
1320
1359



Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

GlIn

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

Gln

Asp

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

Lys

CX2-126USP1_ST25
Trp Arg Tyr Gly Glu

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Ala

Pro

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Glu

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 217

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

190

Glu

Ala

Tyr

Ile

Gly

cys

Glu

Pro

Leu

Arg

Glu

Ser

Ile

Thr

430

Asp

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ile

val

Arg

Glu

Lys

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



Phe Ser Glu val Ala

450

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

163
DNA
<220>
<223>

<400> 163
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

164
453
PRT

<220>
<223>

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattaccc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaactt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Page 218

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<400>

164

Met Asn Lys

1

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

GlIn

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Ser

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Arg

Gly

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

CX2-126USP1_ST25

Thr

Leu

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Thr

Tyr

Thr
265

Arg Ala Glu Thr

10

His

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp
250

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Gly Asn Thr

Page 219

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Tyr

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val



Thr Tyr Asp

Ala Gly Phe

Lys Arg Leu

Phe Thr Thr

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Lys Asp Lys

Glu Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Thr Pro Asp Ala
280

Phe Pro val Gly Ala

Glu Thr Ala Ile Glu
310

Gly Gly His Pro val

val Met Asn Glu Gly
340

Phe Glu Glu Arg Leu
360

Tyr Arg Gly Ile Gly
375

Ala Ser Lys Ala Pro

Ala Asn Thr Cys Thr
405

Ser val val Leu Cys
420

Glu Met Phe Asp Lys

val Ala

ficial Sequence

CX2-126USP1_ST25

Ile Ile Ser Ser Lys

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

285

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

cys

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

<223> Engineered variant of Vv. fluvialis transaminase

435

Phe Ser Glu
450

<210> 165
<211> 1359
<212> DNA
<213> Arti
<220>
<400> 165
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg

cgcagagctg ggaaacgcgt
gcctgcatca gcgtggcacc
tgcatggccg tcgttatctg
atcataaagg cctgattgat

cgttttcagg ccatatgagc

gcggaaacct

atggtggtgg

gatgcgaaca

gcggcgaaag

gatcagaccg
Page 220

atagcctgta

cccatggcga

gcggcgcettt

cgcagtatga

tgatgctgtc

Leu Thr

Leu Ser

His Gly

Arg Leu

Pro Asn

ITe val

val Ser

400

Arg Pro

Glu Ala

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg

tgaaaaactg

60
120
180
240
300



CX2-126USP1_ST25

gtggaagtga gcccgtttga tagcggccgt gtgttttata ccaacagcgg cagcgaagcg 360
aacgatacca tggtgaaaat gctgtggttt ctgcatgcgg cggaaggcaa accgcagaaa 420
cgtaaaattc tgacccgtgt taacgcgtat catggctgta ccgtagtgag cgcgagcatg 480
accggctttc cgtataacag cgtgtttggc ctgccgctgc cgggctttct gcatctgacc 540
tgcccgcatt attggcgtta tggcgaagaa ggcgaaaccg aagaacagtt tgtcgcgcegt 600
ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat tgcgggcttt 660
tttgcggaac cggtgatggg tgctggcggt gttattgtcc cggcgaaagg ctattttcag 720
gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga agtgatttgc 780
ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac cccggatgcg 840
attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt gattctgggt 900
ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcaactt tccgcatggt 960
tttaccacgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat tgatgtggtg 1020
atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga agaacgtctg 1080
aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaaacgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccatccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttagc gaagtggcg 1359
<210> 166
<211> 453
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 166
Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15
Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30
val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met val Ala Gly Phe Asp
50 55 60
His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Page 221



Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

His

Lys

Asn

115

Leu

val

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val
340

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Ser
Glu
Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu
Phe
Pro
val
Ala
310
His

Asn

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

CX2-126USP1_ST25
Met Ser Asp GIn Thr
90

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

val

Tyr

Thr

265

Ile

val

Ala

Gly

Leu
345

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Cys

330

Ala

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Page 222

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

val
Arg
1

Lys
Lys
Ala
Pro
Glu
190
Glu
Ala
Tyr
Ile
Gly
Asn
Glu

Pro

Leu

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu



Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ser Glu

450

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

167
1359
DNA

<220>
<223>

<400> 167
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca

ccggaactga

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct

gcaaacgtct

Glu

Gly

val

Phe

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

ggaaaccgcg

CX2-126USP1_ST25

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg

attgaagcga

Ala Glu
365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaattt

Page 223

Pro Asn

Thr val

val Ser

400

His
415

Pro

Glu Ala

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt

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



tttaccgcgg
atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

168
453
PRT

<220>
<223>

<400> 168

1
Phe

Tyr Gly

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr
145

Arg Trp

Thr Gly Phe

gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

Pro Tyr As

165

ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

Met Asn Lys Pro Gln Ser Trp Glu
5

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

n Ser val

CX2-126USP1_ST25

gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Phe Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

Phe Gly Leu

170

tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser

Gly

val
125

Met

Lys
140

Arg Lys

val Ser Ala

Pro Leu Pro

Page 224

tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

Gly Phe

1020
1080
1140
1200
1260
1320
1359



Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

GlIn

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25

Trp Arg Tyr Gly Glu

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu

410

Pro

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Glu Lys Ala

Page 225

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Gly

Glu

Glu

Phe

sSer

255

Cys

Leu

Leu

His

Arg

Pro

Ile

val

His

415

Glu

Lys

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

val



Phe Ala Glu val Ala

450

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

169
DNA
<220>
<223>

<400> 169
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

170
453
PRT

<220>

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcagcett
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 226

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<223>
<400>

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile
245

Met
Gly
Ser
Asp
70
Ser
Glu
Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2

Leu

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

CX2-126USP1_ST25

Thr

Leu

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Engineered variant of v. fluvialis transaminase

170

Arg Ala Glu Thr Tyr
10

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp
250

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Page 227

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Thr

30

Gly

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

sSer

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser
255

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp



Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>
<223>

<400>

atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tggttttacc
gatatgccga gcctgcatca gcgtggcacc atggtggtgg cccatggcga aggcccgtat
atcgtggatg tgcatggccg tcgttatctg gatgcgaaca gcggcgcttt caacatggtg

gcgggctttg atcataaagg cctgattgat gcggcgaaag cgcagtatga acgttttccg

Ile

Asp

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

Gln

Asp

435

Glu

171
1359
DNA

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

Lys

CX2-126USP1_ST25
Thr Gly Asn Thr Trp

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ile

Ile

Ile

cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Lys

285

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Gly

270

cys

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr

430

Asp

Engineered variant of v. fluvialis transaminase

171

Page 228

cys

Leu

Leu

His

Arg

Pro

Ile

val

Arg

Glu

Lys

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val

60
120
180
240



CX2-126USP1_ST25

ggctatcatg cgttttcagg ccatatgagc gatcagaccg tgatgctgtc tgaaaaactg 300
gtggaagtga gcccgtttga tagcggccgt gtgttttata ccaacagcgg cagcgaagcg 360
aacgatacca tggtgaaaat gctgtggttt ctgcatgcgg cggaaggcaa accgcaaaaa 420
cgtaaaattc tgacccgttg gaacgcgtat catggctgta ccgtagtgag cgcgagcatg 480
accggctttc cgtataacag cgtgtttggc ctgccgctgc cgggctttct gcatctgacc 540
tgcccgcatt attggcgtta tggcgaagaa ggcgaaaccg aagaacagtt tgtcgcgcgt 600
ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat tgcgggcttt 660
tttgcggaac cggtgatggg tgctggcggt gttattgtcc cggcgaaagg ctattttcag 720
gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga agtgatttgce 780
ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac cccggatgcg 840
attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt gattctgggt 900
ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcagctt tccgcatggt 960
tttaccacgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat tgatgtggtg 1020
atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga agaacgtctg 1080
aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt tatgtgggcg 1140
ctggaagtcg tgaaagataa agcgagcaaa gccccgtttg atggcaacct gagcgtgagc 1200
gaacgtattg cgaacacctg caccgatctg ggcctgattt gccgtccgac aggccagagc 1260
gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 172
<211> 453
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 172
Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15
Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30
val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met val Ala Gly Phe Asp
50 55 60
His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Page 229



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Ala
Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val
340

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

CX2-126USP1_ST25

Met Ser Asp GIn Thr

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

val

Tyr

Thr

265

Ile

val

Ala

Gly

Leu
345

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

cys
330

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Ala Glu Asn

Page 230

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

val
Arg
1

Lys
Lys
Ala
Pro
Glu
190
Glu
Ala
Tyr
Ile
Gly
Asn
Glu

Pro

Leu

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu



Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

173
1359
DNA

<220>
<223>

<400> 173
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc

attattagca

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa

gtaaaaacct

Glu

Gly

val

Phe

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt

CX2-126USP1_ST25

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttgta
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgtcc
attccggtga
tgcgtgacct
ttttttccgg

Ala Glu
365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac

taggcgcggt

Page 231

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt

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



ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

174
453
PRT

<220>
<223>

<400> 174

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

cys

Phe
130

Trp Leu

Thr
145

Arg Trp

gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

His Ala Al

Asn Ala Ty

15

ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

CX2-126USP1_ST25

attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala
10

Leu Gln

25

Ile val Asp

Phe Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

val
155

Cys Thr

tcggcaactt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

110

val
125

Met Lys

Lys
140

Arg Lys

val Ser Ala

Page 232

tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

960
1020
1080
1140
1200
1260
1320
1359



Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser
420

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25
Phe Gly Leu Pro Leu

Trp

185

Leu

Ile

val

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro
425

170

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

330

Ala

His

Met

Asp

Leu

410

Pro

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly

Gly

Phe

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Page 233

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Thr
430

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ile

val

Arg

Glu

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



435

Phe Ser Glu val Ala

450

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

175
DNA
<220>
<223>

<400> 175
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

176
453
PRT

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtca
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
caacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

CX2-126USP1_ST25
Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

gcggaaacct
gtggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcagcett
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Page 234

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<220>
<223>

<400>

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

His

Phe

Leu

Glu

195

Lys

Gly

Leu

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile
245

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

CX2-126USP1_ST25

Thr

Leu

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Engineered variant of v. fluvialis transaminase

176

Arg Ala Glu Thr Tyr

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gln

Asp

Met

GlIn

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala
235

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Asp Ile Pro

250

Page 235

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys
Ala
Pro
Glu
190
Glu
Ala

Tyr

Ile

ser

15

val

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser
255

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp



CX2-126USP1_ST25

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Cys Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Ser Phe Pro His Gly
305 310 315 320

Phe Thr Thr Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu Ala val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys His Pro
405 410 415

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ala Glu val Ala

450
<210> 177
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Vv. fluvialis transaminase
<400> 177
atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tggttttacc 60
gatatgccga gcctgcatca gcgtggcacc atggtggtgg cccatggcga aggcccgtat 120
atcgtggatg tgcatggccg tcgttatctg gatgcgaaca gcggcgcttt caacatggtg 180

Page 236



gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaagcgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

178
453
PRT

<220>
<223>

<400> 178

atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

CX2-126USP1_ST25

cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaactt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Tyr Gly Phe Thr Asp Met Pro Ser
20

Leu His GIn Arg Gly T
25 3

hr Met val
0

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met val Ala Gly Phe Asp
50 55 60

Page 237

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-126USP1_ST25
Lys Ala GIn Tyr Glu
75

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys
330

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Page 238

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Cys

Glu

Pro

Leu

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ser Glu

450

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

179
1359
DNA

<220>
<223>

<400> 179
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtca
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg

gtaccggtaa

Asn

Glu

Gly

val

Phe

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Leu

cys

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
caacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat

cacctggggc

CX2-126USP1_ST25

Leu Ala Glu
345

Lys Ile

Phe Met Trp

Phe Asp Gly

Asp Leu

410

Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct

Asn val

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga

atgattttac

Page 239

Arg Leu

Pro Asn

Ala val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg

60
120
180
240
300
360
420
480
540
600
660
720
780
840



attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

180
453
PRT

<220>
<223>

<400> 180

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

Thr His

145

Arg

gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggeccga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgeegtt

cgctggataa

Thr
20

Asp Me

Gly Glu GI

Ala Asn Se

Leu ITe As

70

Phe
85

Ala Se

Leu val GI1

100

Ser Gly Se

Ala Al

Asn Ala Ty

15

aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

r Gly His
u val

Ser

Ala
120

r Glu

a Glu
135

Gly

r His
0

Gly

CX2-126USP1_ST25

ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Phe Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

Thr val
155

cys

taggcgcggt
tcggcaattt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg
1

val
125

Met Lys

Lys
140

Arg Lys

val Ser Ala

Page 240

gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

Met Leu

ITe Leu

Ser Met

160

900

960
1020
1080
1140
1200
1260
1320
1359



Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Thr

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

GlIn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser
420

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

cys

CX2-126USP1_ST25

Phe Gly Leu Pro Leu

Trp

185

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro
425

170

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

Leu
410

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

395

Gly

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Pro Phe Ile

Page 241

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Thr
430

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

Ile

val

Arg

Glu

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

435

Phe Ser Glu val Ala

450

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

181
DNA
<220>
<223>

<400> 181
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt

ctggaaaaag

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtca
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

<210>
<211>

182
453

440

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
caacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgtcc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
gggctgattt
gaagcgcaga

gaagtggcg

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcagcett
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 242

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



<212>
<213>

<220>
<223>

<400>

1

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val
225

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

182

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

His

Phe

Leu

Glu

195

Lys

Gly

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Ala

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Met Asn Lys Pro Gln Ser Trp
5

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Glu

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Thr

Leu

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

val

Arg Ala Glu Thr Tyr

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Ala
235

Arg

val

val

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Page 243

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn
240



CX2-126USP1_ST25
Ala Ile Leu Pro Ile Leu Arg Lys Tyr Asp Ile Pro val Ile Ser Asp
245 250 255

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Asn Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Ser Phe Pro His Gly
305 310 315 320

Phe Thr Thr Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu Ile val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ser Glu val Ala

450
<210> 183
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of V. fluvialis transaminase
<400> 183
atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tggttttacc 60
gatatgccga gcctgcatca gcgtggcacc atggtggtgg cccatggcga aggcccgtat 120

Page 244



atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgceatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaaacgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

184
453
PRT

<220>
<223>

<400> 184

tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

Artificial Sequence

gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgtcc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

CX2-126USP1_ST25

gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaactt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccatccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgaatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
45

35

40

Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met
50 55

60

Page 245

val Ala Gly Phe Asp

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-126USP1_ST25

Lys Ala GIn Tyr Glu
75

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

val

Tyr

Thr

265

Ile

val

Ala

Gly

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly
315

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Cys Ala Ile

330

Page 246

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

cys

Glu

Pro

Leu

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

Asn

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Ile Asp val

Ala Pro Arg

Ile Gly Glu

AsSp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ala Glu

450

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

185
1359
DNA

<220>
<223>

<400> 185
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg

Asn

Glu

Gly

val

Phe

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt

caaatatgat

CX2-126USP1_ST25

Leu Ala Glu
345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttgta
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc

attccggtga

Asn val

Ala Glu

365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga

Page 247

Arg Leu

Pro Asn

Thr val

val Ser

400

His
415

Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag

agtgatttgc

60
120
180
240
300
360
420
480
540
600
660
720
780



CX2-126USP1_ST25

cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac

attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt

ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcaattt

tttaccgcgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat

atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt

ctggaagcgg tgaaagataa agcgagcaaa gccccgtttg atggcaacct

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccatccgac

gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg

<210> 186

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 186

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr

1 5 10

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly

35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met val Ala Gly
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg

65 70 75

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val

85 90

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg
100 105 110

Cys Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys

115 120 125
Trp Phe Leu His Ala Ala Glu Gly Lys Pro Gln Lys Arg Lys
130 135 140

Page 248

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

840

900

960
1020
1080
1140
1200
1260
1320
1359



Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn
405

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-126USP1_ST25
Cys Thr val val ser

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Gly

170

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

cys

330

Ala

Met

Asp

Leu
410

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

395

Gly

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Page 249

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

cys

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Ala

val

His
415

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala

420

425

430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

Phe Ala Glu val Ala

450

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

187
DNA
<220>
<223>

<400> 187
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaaatcg
gaacgtattg
gtggttctgt

ctggaaaaag

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtca
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
caacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttgcg

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaattt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 250

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



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

<220>
<223>

<400>

188
453
PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

188

Met Asn Lys Pro Gln Ser Trp Glu
1 5

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val
225

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

His

Phe

Leu

Glu

195

Lys

Gly

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Asp

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Met

Gly

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Ser

Tyr

40

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Thr

Leu

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Arg Ala Glu Thr Tyr
10

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Arg

val

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe
220

Pro Ala Lys

235

Page 251

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln
240



CX2-126USP1_ST25

Ala Ile Leu Pro Ile Leu Arg Lys Tyr Asp Ile Pro val Ile Ser Asp
245 250 255

Glu val Ile Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

Thr Tyr Asp Phe Thr Pro Asp Ala Ile Ile Ser Ser Lys Asn Leu Thr
275 280 285

Ala Gly Phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser

Lys Arg Leu Glu Thr Ala ITe Glu Ala Ile Gly Asn Phe Pro His Gly
305 310 315 320

Phe Thr Ala Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
3

Ile Asp val val Met Asn Glu Gly Leu Ala Glu Asn val Arg Arg Leu
340 345 350

Ala Pro Arg Phe Glu Glu Arg Leu Lys His Ile Ala Glu Arg Pro Asn
355 360 365

Ile Gly Glu Tyr Arg Gly Ile Gly Phe Met Trp Ala Leu Glu Ile val
370 375 380

Lys Asp Lys Ala Ser Lys Ala Pro Phe Asp Gly Asn Leu Ser val Ser
385 390 395 400

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
435 440 445

Phe Ala Glu val Ala

450
<210> 189
<211> 1359
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Vv. fluvialis transaminase
<400> 189

atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tggttttacc
Page 252



gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgeatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccacgg
atgaacgaag
aaacatattg
ctggaaatgg
gaacgtattg
gtggttctgt
ctggaaaaag
<210>
<211>

<212>
<213>

190
453
PRT

<220>
<223>

<400> 190

1

gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgtgt
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaatgcct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
gcccgecgtt

cgctggataa

gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
taacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
tattctgacc

agtgtttagc

Artificial Sequence

atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgtcc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

10

CX2-126USP1_ST25

cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcaactt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtgatttgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
5

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Page 253

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Asp

Gly

His

Lys

Asn

115

Leu

val

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

Asp

70

Ser

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala
310

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Ala

Ala

His

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

CX2-126USP1_ST25
Phe Asn Met val Ala Gly Phe

Lys

Met

Pro

105

Asn

Lys

Cys

Phe

Trp

Leu

Ile

val

Tyr

Thr

265

Ile

val

Ala

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly
315

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Page 254

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

cys

Glu

Pro

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Phe Thr Thr

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Phe Ser Glu

450

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

191
1359
DNA

<220>
<223>

<400> 191
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttcagg
gcccgtttga
tggtgaaaat
tgacccgttg
cgtataacag
attggcgtta

aactggaaga

cggtgatggg

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Leu

Cys

Asp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ccatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag

tgctggcggt

CX2-126USP1_ST25

Gly Cys Ala
330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgta
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattgtcc

ITe Ala Leu

Asn val Arg

350

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt

cggataccat

c€ggcgaaagg

Page 255

Arg Leu

Pro Asn

Met val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt

ctattttcag

60
120
180
240
300
360
420
480
540
600
660
720



CX2-126USP1_ST25

gcgattctgc cgatcctgcg caaatatgat attccggtga tcagcgatga

ggctttggcc gtaccggtaa cacctggggc tgcgtgacct atgattttac

attattagca gtaaaaacct aaccgcgggt ttttttccgg taggcgcggt

ccggaactga gcaaacgtct ggaaaccgcg attgaagcga tcggcaactt

tttaccacgg gcggccatcc ggtgggttgt gcgattgcgc tgaaagcgat

atgaacgaag gcctggccga aaacgtgcgt cgtctggccc cgcgttttga

aaacatattg cggaacgtcc gaacattggc gaatatcgtg gcattggctt

ctggaagtcg tgaaagataa agcgagcaaa gccccgtttg atggcaacct

gaacgtattg cgaacacctg caccgatctg ggcctgattt gccatccgac

gtggttctgt gcccgccgtt tattctgacc gaagcgcaga tggatgaaat

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg

<210> 192

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 192

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr

1 5 10

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly

35 40 45
Tyr Leu Asp Ala Asn Ser Gly Ala Phe Asn Met val Ala Gly
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg

65 70 75

Gly Tyr His Ala Phe Ser Gly His Met Ser Asp GIn Thr val

85 90

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys

115 120 125
Trp Phe Leu His Ala Ala Glu Gly Lys Pro Gln Lys Arg Lys
130 135 140

Page 256

agtgatttgc
cccggatgeg
gattctgggt
gccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val Phe
Met

Leu

ITe Leu

780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Arg

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn
405

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-126USP1_ST25

Cys Thr val val ser

Phe

Trp

Leu

Ile

val

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Gly

170

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Asp

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Gly
395

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu Gly Leu

410

Page 257

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Leu

Ala

val

Glu

365

Leu

Leu

Ile

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Arg

Glu

Ser

Cys

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

His
415

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro



CX2-126USP1_ST25

Thr Gly GIn Ser val val Leu Cys Pro Pro Phe Ile Leu Thr Glu Ala

420

425

430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

435

Phe Ala Glu val Ala

450

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

193

<220>
<223>

<400> 193
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg

gtggttctgg

ctggaaaaag

1359
DNA
Artificial Sequence

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
ctccgeegtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

gcggaaacct
atggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccac
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 258

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320
1359



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

<220>
<223>

<400>

194
453
PRT

Artificial Sequence

CX2-126USP1_ST25

Engineered variant of v. fluvialis transaminase

194

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr

val

Tyr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

Gly

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

GlIn
210

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

GlIn

Glu

Asp

Glu

Met

Ile

Phe

85

val

Gly

Ala

Ala

Phe

165

cys

Phe

Gly

Met

Gly

Ser

Asp

70

cys

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

Ala

Asp

Glu

Ser

Tyr

40

Ala

Ala

Tyr

Ser

Ala

120

Gly

Gly

val

Tyr

Thr

Leu

25

Ile

Phe

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Arg

10

His

val

Asn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Ala

GlIn

Asp

Met

Gln

75

Asp

Asp

Thr

GlIn

val

155

Leu

Tyr

Arg

Gly

Glu Thr Tyr

Arg

val

val

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe
220

Page 259

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Thr
30
Gly
Gly
Arg
val
Arg
1
Lys
Lys
Ala
Pro
Glu
190

Glu

Ala

sSer

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro



val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>
<223>

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

Gln

Asp

Glu

195
1359
DNA

Ala

Pro

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

cys

Leu

Asp

Artificial Sequence

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys

CX2-126USP1_ST25
Pro Pro Ala Lys Gly Tyr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Pro

Glu

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Ser

Cys

Thr

430

Asp

Engineered variant of v. fluvialis transaminase

Page 260

Phe

sSer

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<400> 195
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg

gtggttctgg

ctggaaaaag

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

196
453
PRT

<220>
<223>

<400> 196

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
ctccgeegtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggcgtga
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attaatgcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

CX2-126USP1_ST25

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
acggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 1 15

Tyr Gly Phe Thr Asp Met Pro Ser
20

Leu His GIn Arg Gly T
25 3

hr val val
0

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Page 261

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

1020
1080
1140
1200
1260
1320
1359



Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

Leu

Ala

Leu

100

Ser

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Met

Ile

Phe

85

val

Gly

Ala

Ala

Phe

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

Asp

70

cys

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala
310

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Ala

Ala

Tyr

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Asn

CX2-126USP1_ST25

Phe Asn Met val Ala

Lys

Met

Pro

105

Asn

Lys

val

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp

250

Gly

Ile

Ile

Asn

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Gly
315

60

Tyr

GlIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Glu

Page 262

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GlIn

240

Asp

val

Thr

Ser

Gly



Phe Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

197
1359
DNA

<220>
<223>

<400> 197
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt

ctggcccgtg

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta

aactggaaga

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Ala

Leu

Asp

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa

aaccattcag

CX2-126USP1_ST25

Gly Cys Ala
330

Leu Ala Glu

345

Lys Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
gtggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg

aaggaaggceg

ITe Ala Leu

val

Asn

Glu
365

Ala

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt

cggataccat

Page 263

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt

60
120
180
240
300
360
420
480
540
600
660



tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg

gtggttctgg

ctggaaaaag

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

198
453
PRT

<220>
<223>

<400> 198

Met Asn Lys Pro Gln Ser Trp
1 5

Tyr Gly Phe

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
ctccgeegtt

cgctggataa

Thr
20

Asp
Gly Glu
Ala Met
Ile

Leu

Phe
85

Ala

Leu val

100

Ser Gly

Met

Gly

Ser

Asp

70

cys

Glu

Ser

tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

Glu

Pro Ser

Pro Tyr

40

Gly Ala

55

Ala Ala

Gly Tyr
val

Ser

Ala
120

Glu

CX2-126USP1_ST25

gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Phe Asn Met

Gln
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

val
125

Met Lys

Page 264

ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

val val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
Phe

val

Met Leu

720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

His

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Phe

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

CX2-126USP1_ST25
Lys Pro Gln Lys Arg

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly
395

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Page 265

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Ser

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Leu

Met

160

Phe

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser
400



CX2-126USP1_ST25

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
410 415

405

Thr Gly GIn Ser val val Leu Ala Pro Pro Phe Ile Leu Thr Glu Ala
420

425

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val

435

Phe Ala Glu val Ala

450

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

199
DNA
<220>
<223>

<400> 199
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg

gtggttctgg

1359

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg

ctccgeggtt

440

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg

cattctgacc

gcggaaacct
atggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggcgtga
cagccgctgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attgaagcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt

gaagcgcaga

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Page 266

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcaaaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

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

1020
1080
1140
1200
1260
1320



CX2-126USP1_ST25

ctggaaaaag cgctggataa agtgtttgcg gaagtggcg 1359
<210> 200

<211> 453

<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered variant of V. fluvialis transaminase

<400> 200

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10 15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr Met val
20 25 30

val Ala His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Met Ser Gly Ala Phe Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu Ile Asp Ala Ala Lys Ala GIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala Phe Cys Gly Tyr Met Ser Asp GIn Thr val Met Leu
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val Phe
100 105 110

Tyr Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 120 125

Trp Phe Leu His Ala Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Leu Trp Asn Ala Tyr His Gly val Thr val val Ser Ala Ser Met
145 150 155 160

Thr Gly Phe Pro Phe Asn Ser val Phe Gly GIn Pro Leu Pro Gly Phe
165 170 175

Leu His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 190

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205

Ile GIn Lys Glu Gly Ala Asp Thr Ile Ala Gly Phe Phe Ala Glu Pro
210 215 220
Page 267



val Met

225

Ala ITe

Glu val

Thr Tyr

Ala Gly

Lys Arg

Phe Thr

Ile Asp

Ala Pro

Ile Gly

Lys Asp

Glu Arg

Thr Gly

Gln Met

Phe Ala

450

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

<220>

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Ile

GlIn

Asp

Glu

201
1359
DNA

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Artificial Sequence

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

CX2-126USP1_ST25

Pro Pro Ala Lys Gly Tyr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

Met

Asp

Leu

410

Arg

Glu

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Phe

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 268

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Ser

Cys

Thr

430

Asp

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Arg

Glu

Lys

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

val



<223>

<400> 201
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc
tgcccgcatt
ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg

gtggttctgg

ctggaaaaag

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

202
453
PRT

<220>
<223>

<400> 202

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag
attggcgtta
aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
ctccgeegtt

cgctggataa

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

gcggaaacct
gtggtggtag
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce
ggcgaaaccg
aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attaatgcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

_ _ CX2-126USP1_sST25
Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct
aagaacagtt
cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcggatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

tggttttacc
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgcgegt
tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 10

15

Tyr Gly Phe Thr Asp Met Pro Ser Leu His GIn Arg Gly Thr val val
20 30
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60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1359



val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ala

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Pro

Cys

260

Phe

Phe

Glu

Met

Ile

Phe

85

val

Gly

Ala

Ala

Phe

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly

Ser

Asp

70

cys

Glu

sSer

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

Ser

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Tyr

40

Ala

Ala

Tyr

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

CX2-126USP1_ST25
Ile val Asp val His

Leu

Lys

Met

Pro

105

Asn

Lys

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Met

Gln

75

Asp

Asp

Thr

Gln

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly
300
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45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

GlIn

240

Asp

val

Thr

Ser



Arg Leu

Thr Ala

Ile Asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Thr Gly GIn

Gln Met Asp

Ala Glu

450

Phe

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

203
1359
DNA

<220>
<223>

<400> 203
atgaacaaac

gatatgccga
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc

tgcccgcatt

Glu Thr

Ala

ITe Asn

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagctg
gcctgcatca
tgcatggccg
atcataaagg
cgttttgcgg
gcccgtttga
tggtgaaaat
tgaccctgtg
cgttcaacag

attggcgtta

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Ala

Leu

AsSp Lys

Artificial Sequence

ggaaacgcgt
gcgtggcact
tcgttatctg
cctgattgat
ctatatgagc
tagcggccgt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa

CX2-126USP1_ST25

Ala Ile Gly
315

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Phe

425

Pro

Leu Glu Lys

gcggaaacct
atggtggtgg
gatgcgatga
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatgcgg
catggctgca
ctgccgcetgce

ggcgaaaccg

Gly Phe Pro

ITe Ala Leu

val

Asn

Glu
365

Ala

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggcgettt
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgtagtgag
cgggctttct

aagaacagtt

Page 271

His

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Glu

Lys val

tggttttacc
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc

tgtcgcgegt

60
120
180
240
300
360
420
480
540
600



ctggcccgtg
tttgcggaac
gcgattctgc
ggctttggcc
attattagca
ccggaactga
tttaccgcgg
atgaacgaag
aaacatattg
ctggaagttg
gaacgtattg

gtggttctgg

ctggaaaaag

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

204
453
PRT

<220>
<223>

<400> 204

1
Phe

Tyr Gly

His
35

val Ala

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

aactggaaga
cggtgatggg
cgatcctgcg
gtaccggtaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gcctggecga
cggaacatcc
tgaaagataa
cgaacacctg
ctccgeegtt

cgctggataa

Met Asn Lys Pro Gln Ser Trp
5

Thr
20

Asp Me

Gly Glu GI

Ala Met Se

Leu ITe As

70

Phe
85

Ala Cy

Leu val GI1

100

Ser Gly Se

aaccattcag
tgctggcggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

Glu

t Pro Ser

y Pro Tyr

40

r Gly Ala

55

p Ala Ala

s Gly Tyr
u val

Ser

Ala
120

r Glu

CX2-126USP1_ST25

aaggaaggcg
gttattccgc
attccggtga
tgcgtgacct
ttttttccgg
attaatgcga
gcgattgcgc
cgtctggccc
gaatatcgtg
gccccgtttg
ggcctgattt
gaagcgcaga

gaagtggcg

Thr Arg Ala

10

Leu His GIn

25

Ile val Asp

Phe Asn Met

GlIn
75

Lys Ala

Ser
90

Met Asp

Pro Phe

105

Asp

Asn Asp Thr

cggataccat
cggcgaaagg
tcagcgatga
atgattttac
taggcgcggt
tcggcgaatt
tgaaagcgat
cgcgttttga
gcattggctt
atggcaacct
gccgtccgac

tggatgaaat

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser

Gly

val
125

Met

Page 272

tgcgggcttt
ctattttcag
agtggtgtgc
cccggatgeg
gattctgggt
tccgcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
aggccagagc

gttcgataaa

Ser
15

Leu

Met Vval

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
Phe

val

Met Leu

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359



Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Leu

Trp

Phe

Leu

Glu

195

Lys

Gly

Leu

val

Asp

Phe

Leu

Ala

val

Arg

Glu

Lys

Asn

Pro

Thr

180

GlIn

Glu

Ala

Pro

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ala

Phe

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu
135

His

Ser

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Asn

val

Gly

Leu

360

Gly

Pro

CX2-126USP1_ST25

Lys Pro Gln Lys Arg

cys

Phe

Trp

Leu

Ile

Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

330

Ala

Met

Asp

val

155

Leu

Tyr

Arg

Gly

Ala

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly
395

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn
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Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Pro

Leu

Glu

Ser

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

Asn

val

ser
400



CX2-126USP1_ST25

Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415

Thr Gly GIn Ser val val Leu Ala Pro Pro Phe Ile Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys Vval
440 445

Phe Ala Glu val Ala
450
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