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CXZ2-105USP1_ST25

grggttctgt gcccgecgtt tattctgacc gaagcgcaga tyggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtytttgcg gaagtggegt aa 1362
<210> 2

<211> 453

<212> PRT

<213> vibrio fluvialis

<400> 2

Met Asn Lys Pro Glin Ser Trp Glu Ala 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 Thr His Gly Glu Gly Pro Tyr Ile val Asp val Asn Gly Arg Arg
35 40 45

Tyr Leu Asp Ala Asn Ser g?y Leu Trp Asn Met val Ala Gly Phe Asp
50 5 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 Phe Gly Arg Met Sgr Asp GIn Thr val Met Leu
85 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 Gln Lys Arg Lys Ile Leu
130 135 140

Thr Arg Trp Asn Ala Tyr His Gly val 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

val His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gly Glu
180 185 130

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

Ite Gln Arg Giu Gly Ala Asp Thr Ile Ala Gly Phe Phe aAla Glu Pro
210 215 220

Page 2



val

225

Ala

Glu

Thr

ala

Ile

aAla

Ile

Lys

Glu

Leu

Gin

Phe

Met

Ile

val

Tyr

Gly

Arg

Thr

ASp

Pro

Arg

Gly

Met

Ala
450

<210
<211>
<212>

<213>

<220>
<223>

Gly

Ley

Ile

Asp

275

Phe

Leu

Ala

val

Arg

355

Glu

Lys

ITe

Gln

1362
DNA
Artificial Sequence

Ala

Pro

Cys

260

rhe

Phe

Glu

Ser

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

Phe

Pro

Met

Ala

310

His

Asn

Glu

Gly

LysS

Thr

val

Phe

val

Arg

Gly

ASD

Gly

Ile

Pro

Glu

Arg

Ile

375

Thr

Cys

Leu

Asp

Ile

LYyS

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Cys

Lys
440

CX2-~105USP1_ST25

Pro Pro Ala Lys Gly Tyr

Tyr

Thr

265

Iie

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Asp

250

Gly

Ile

Ile

Ile

cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

235

Ile

ASh

Ser

Leu

Glu

315

ala

Glu

Ile

Trp

Phe

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

AsSn

lL.eu

Ala

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

ASD

Glu

Pro

Leu

350

Arg

Glu

Ser

Cys

Thr

430

ASD

Engineered variant of v. fluvialis transaminase
Page 3

Phe

Ser

255

Cys

l.ey

Leu

His

Lys

Arg

Pro

Ala

val

Arg

Glu

Lys

Gin

240

Asp

val

Thr

Ser

Leu

Asn

va'l

ser

400

Pro

val
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Tyr

His

65

Gly

Ser

TY 1

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

Let

50

Lys

Tyr

Glu

Thr

Phe

130

feu

Gly

His

Glu

GlIn

210

Met

Ile

val

Tyr

Gly

Arg

35

ASD

Gly

His

Lys

Asn

115

Leu

LysS

phe

Leu

Glu

193

Lys

Gly

Leu

Ile

ASD

Phe

Leu

Ata

Leu

Ala

Leu

100

Ser

Asn

Pro-

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Ash

Ile

rhe

85

val

Gly

Arg

Ala

TYr

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

ASpP

70

Tyr

Glu

ser

Tyr

150

ASnh

Pro

va'l

Ala

Gly

Leu

phe

Pro

val

Ala

Gly

55

Ala

Gly

val

Glu

Glu

135

His

ser

His

Ata

Arg

Gly

Asp

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

(X2-105U5P1_ST25

Trp Asn Met

Lys

Met

Pro

105

ASH

LYsS

Ser

Phe

Irp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Ala

Ser

90

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

ite

Ite

Gin

75

ASD

ASD

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

AsSn

Ser

Leu

val

60

Tyr

Glin

Ser

Met.

Lys

140

val

Pro

Ghy

Glu

Phe

220

Lys

Pro

Thr

sSer

Gly
300

Ile Glu Glu

Page 5

45

Ala

Glu

Thr

Gly

val

125

Arg

ser

Leu

Glu

ieu

205

Phe

Gly

val

Trpe

Lys

Pro

Phe

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

180

Glu

Ala

Tyr

Tle

Gly

Asn

Glu

ASp

Phe

Phe

Met

95

val

Met

ser

Gly

Gly

Giu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

ASP

Pro

80

Leu

phe

Leu

Leu

Met

160

phe

Glu

Thr

Pro

Gin

240

ASp

val

Thr

Ser

Gly



305

Phe Thr Thr

Ile Asp val

Ala Pro

Ile Giy

Lys ASp LysS

Glu Arg Ile

Leu Gly GlIn

Gin

Met

Ala
450

Phe

<210> 5

<211> 1362
<212> DNA
<Z213>

<220>
<2Z3>

<4060> 5
atgaacaaac

cacatgeccga
atcgtggatg
gcgggetttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggecttce

tgcccgeatt

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

Gly

Met

Glu

Arg

ser

Asn

405

val

Met:

310

His

Asn

Glu

Gly

Lys

390

Thr

val

Phe

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

ASp

val

Gly

Let

360

Gly

Pro

Thr

Ala

Vs

CxZ~105UsPl_sT25

Gly

tLeu

345

LyS

Phe

Phe

ASD

Pro

425

Leu

Cys

330

Ala

His

Met

ASD

Leu

410

Pro

Glu

315

Ala

Glu

Ile

Tro

Tyr

Lys

val Ala

cgcagagetg
gcctacatca
tgcatggecy
atcataaagg
cgttttacgy
gcccgtttga
tggtgaaaat
tgaccctgaa
cgtataacag

attggcgtta

440

Artificial sequence

ggaaacgcgt
gegtggeacc
tcgttatcty
cctgattgat
ccgtatgage
tagcggeegt
gctgtggttt
gaacgcgtat
cgtgtttgge

tggcgaagaa

gcggaaacct
atggtggtga
gatgcgaaca
gcyggcgaaag
gatcagaccg
gtgttttata
ctgcategtg
catggcteca
ctagccgetge
ggcgaaaccy

Page 6

Ile Ala Leu

val

AsnN

Glu
365

Ala Arg

Ala GHu

3806

Leu

Asn Leu Ser

tey Ile Cys

Thr
430

Ile Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggeetgty
cgcagtatga
tgatgcetgtc
ccaacagcgy
cggaaggcaa
ccgeggtgag
cgggetttct

aagaacagtt

320

Lys Ala

335

Arg Leu

Pro Asn

val val

val Ser

400

Pro

Lys val

tgcecrttace
aggcceccgtat
gaacatggtg
acgrtittcey
tgaaaaactg
cagcgaageg
accgcagaaa
cgcgagcatyg
gcatctgacc

tgtcgegegt

60
120
180
240
300
360
420
480
540
600



ctggceegty
tttgcggaac
gcgattctga
ggctttggtc
attattagcea
ccggaactga
tttaccacag
atgaacgaag
aaacatattyg
ctggaagrtgg
gaacgtattyg
gtggtictgg
ctggaaaaag
<210> 6

<211> 453
<212> PRT
<213>

<220>
<223

<400> 6
Met Asn Lys
1

Phe

Tyr Ala

His
35

val Thr

Leu
50

Tyr ASp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

Tyr

aactggaaga
cggtgatggg
ccatectgey
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggecatcee
gcctggeega
cggaacgtcc
tgaaagataa
cgaacaccty
caccgecgta

cgctggataa

Pro

Thr His

20

Gly Giu

Ala

Asn

Leu Ile

Met

Gly

Ser

ASp

aaccattcag
tgcgggcagt
caaatatgat
cacctggggce
aaccgegggt
ggaaaccgceyg
ggtgggttgt
aaacgtgegt
gaacattggc
agcgageaaa
caccgatctg
cattctgacc

agtgtttygcg

Artificial Seguence

Engineered variant of v.

GIn Ser Trp Glu
5

Pro Ser

Pro Tyr

Gly Leu

55

Ala Ala

70

rhe
85

ala

Leu val

100

Ser Gly

Tyr

Glu

Ser

Gly Arg

va'l

Ser

Ala
120

Glu

Cx2-105UsPl_sT25

d4aggaagocg
gttattaccc
attccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgeyc
cgictggccce
gaatatcgtyg
gececcgrttyg
ggactgattit
gaagcgceaga

gaagtggcgt

cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgcgrittga
grattggctt
atggcaacct
gccgacegtet
tggatgaaat

ad

fluvialis transaminase

Thr arg Ala

10

Leu His GIn

25

I1e val Asp

Trp Asn Met

Gln
75

Lys Ala

Mel Ser

a0

ASD

Pro Phe

105

ASp

Asn Asp Thr

Page 7

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser

Gly

va’l
125

Met

tgcgggcttt
ctattttcag
agtgatrttge
cccggatgeg
gattttgggg
tgatcatggt
tgatgtggtg
agaacgtctg
tatgtggacy
gagcgigagc
gggccagage
gttcgataaa

Ser Leu

15

Met val

Arg Arg

Phe Asp

rhe Pro

80

Met
95

Leu
Phe

val

Met Leu

660
720
780
840
500
8960
1020
1080
1140
1200
1260
1320
1362



Trp

Thr

145

Thr

Leu

Thr

Itle

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Iie

Lys

Phe

130

L.eu

Gly

His

Glu

Gin

210

Met

Ile

val

Tyr

Gly

290

Arg

Thr

ASD

Pro

Leu

LYS

Leu

Leu

Glu

195

LYS

Gly

Leu

Ile

ASp

275

Phe

Leu

Thr

val

Arg

Glu

Lys

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Giy

val

3490

Phe

Tyr

Ala

ATg

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

ASN

Glu

Gly

LYS

Glu

His

ser

His

Ala

Arg

Gly

Asp

Pro

Giu

Arg

Ile

375

Ala

Gly

Gly

val

Tyr

Arg

Thr

Iie

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Ley

360

Gly

Pro

CX2-105UspPl_s725

Lys Pro Gln Lys Arg

Ser

Phe

Trp

Leu

Thr

TYr

Thr

265

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Pro

Ile

Ile

Ite

Cys

330

Ala

Met

ASp

Page 8

Ala

155

L.eu

Tyr

Arg

Gly

Pro

235

Ile

ASn

Ser

L.eu

Glu

315

Ala

Gilu

Ile

Trp

Gly

140

vati

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

sSer

Ile

AsSn

Ata

Ala

380

Ash

Ser

Ley

Giu

Leu

205

Phe

Gly

va'l

TrD

Phe

Ala

val

Glu

365

Lels

Leu

LYS

Ala

Pro

Glu

190

Glu

Ala

Tyr

Tle

Gly

Asn

Glu

ASp

Leu

Arg

350

Arg

Glu

Ser

Ile

Ser

Gly

Glu

Glu

Phe

sSer

255

Cys

leu

Leuy

His

APg

Pro

val

val

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASD

val

Thr

Ser

Leu

Asn

val

ser
400



Glu Arg Ile Ala Asn
teu Gly Gln Ser val
420

Gin Met Asp Glu Met
435

405

Phe Ala Glu val Ala

450

<210>
<211
<212>
<213>

<220
<223>

DNA

<400> 7
atgaacaaac

cacatgccga
atcgtrggatg
gcgggctttg
ggctatcatg
gtggaagiga
aacgatacca
cgtaaaattc
accggecattc
tgccegeatt
ctggceccgtyg
tttgcggaac
gcgattctga
ggcritggic
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtag
gaacgtattg

7
1362

cgcagagcty
gcctacatca
tgcatggeeg
atcataaagg
cgttttacgg
gceccgtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggegita
aactggaaga
cggtgatggg
ccatcctgeg
gracecggeaa
gtaaaaacct
gcaaacgtct
gcggecatcec
gcctggecga
cggaacgtec
tgaaagataa

cgaacacctg

Artificial sequence

ggaaacgegr
gcgtggeace
tcgttatctg
cctgattgat
ccgtatgage
tagcggeegt
gcrgtggttt
gaacgcgrat
cgtgrrtgge
tggcgaagaa
aaccattcag
tgcgggoggt
caaatatgat
cacctygggge
aaccgcgagt
ggaaaccgey
ggtgggttgt
aaacgtgegt
gaacattgge
agcgagcaaa

caccgatctg

CX2-105USP1_ST25

410

425

gcggaaacct
atggtggrga
gargcgaaca
gcggcgaaag
gatcagaccy
gtgttttata
ctgcatcgtg
catggctcca
ctgcegetye
ggcgaaaccg
aaggaaggcg
gttattaccc
attccggtga
tgcgtgacct
tfttttccag
attgaagcga
gegattgege
cgtcrggece
gaatatcgty
gcccegttg
ggactgattt

Page 9

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggectgty
cgcagtatga
tgatgctgtc
ccaacagcegg
cggaaggcaa
ccgeggtgag
cgggettict
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tCgaagaatt
tgaaagcgat
cgcgttitga
gtattggctt
atggcaacct

gccgaccgtt

Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro

415

val teu Ala Pro Pro Tyr Ile Leu Thr Glu Ala
430

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

tgecctttacc
dggcccgtat
gaacatggtg
acgttttccg
tgaaaaactg
cagcgaagceg
accgcagaaa
cgcgagcaty
gcatctgacc
tgtecgegegt
tgrggacttt
ctattttcag
agtgatttgce
cceggatgcg
gatittgggy
tgatcatggt
Tgatgtggig
agaacgtctg
tatgtygggcyg
gagcygtgagce
gggccagagce

120
180
240
360
360
420
480
540
600
6690
720
780
840
800
960
1020
1080
1140
1200
1260



CX2-105USP1_ST25

gtggttcigg caccgecgta cattctgace gaagcgcaga tggatgaaat grtcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcg gaagtggogi aa 1362
<Z2i0> 8

<211> 453

<212> PRT

<213> Artificial Seguence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 8

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

Tyr Ala Phe Thr His Met Pro Ser Leu His Gin Arg Gly Thr Met val
20 Z5 30

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

Tyr LSU Asp Ala Asn Ser Gly Leu Trp Ash Met val Ala Gly Phe Asp
5 55 60

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

Gly Tyr His Ala Phe Tyr Gly Arg Met Ser Asp GIn Thr val Met Leu
85 30 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Asp Ser Gly Arg val pPhe
100 105 116

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

Trp Phe Leu His Arg Ala Giu Gly Lys Pro Glin Lys Arg Lys Ile Leu
130 135 140

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

Thr Gly Ile 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

ITe Gin Lvs Glu Gty ala Asp Thr Ile Ala Gly Phe Phe Ala Glu Pro
Page 10



val

225

Ala

Glu

Thr

Ala

Iie

Ala

Ile

Lys

Glu

fLeu

Gin

Fhe

2190

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

ASp

Arg

Gly

Met

Ala
450

<Z210>
<211>
<212>
<213>

Gly

lLeu

Ile

ASp

275

Phe

Ley

Thr

val

Arg

355

Glu

Lys

ITle

Gln

9
1362
DNA

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

rhe

Tyr

Ala

Ala

Ser

420

Glu

val

Gly

Ile

245

Thr

Piro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Gly
2

Leu
Phe
Pro
val
Ala
310
His
Asn

Glu

Gly

val

Phe

215

val

Arg

Gly

ASp

Gly

Tle

Pro

Glu

Arg

Iie

375

Ala

Cys

Leu

ASp

Artificial Seguence

Ile

Lys

Arg

Ala

280

ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

CX2-105UsSP1_ST25

220

Thr Pro Pro Lys Gly Tyr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Fhe

Phe

Asp

Pro

425

Leu

ASp

250

Gly

Ie

Ile

Ile

Cys

330

Ala

His

Met

ASD

Leu

410

Pro

Glu

235

Tle

Asn

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Gly

Gly

Tvyr

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

ASn

Leu

Ile

Ala

Page 11

val

Trp

Lys

Pro

rPhe

Ala

vai

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Asn

Glu

ASD

lLeu

350

Arg

Glu

Ser

cys

Thr

430

ASp

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

vai

val

Arg

Glu

Lys

Gin

240

ASp

val

Thr

Ser

Leu

ASnh

val

Ser

400

Pro

Ala

val
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val

TVYr

His

65

Gly

Ser

TYI"

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Thr

Leu

50

Lys

TVl

Glu

Thr

Phe

130

Leu

Gly

Glu

Gin

210

Met

Ile

vai

Tyr

Gly
290

His
35

ASD
Gly
His
Lys
ASnh
115
Loy
Lys
Arg
Leu
Glu
195
Lys
Gly
Leu
ITe
AsSD

275

Phe

Gly

Ala

Leu

Ala

Leu

100

ser

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

- 260

Phe

Phe

Glu

Ash

Ile

Phe

85

val

Gly

Arg

Ala

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly

Ser

Asp

70

Tvr

Glu

ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro
Gly
55

Ala
Gly
val
Gy
Glu
135
Ser
His
Ala
215
val
APy
Gly

Asp

Tyr

40

Leu

Ala

Arg

ser

Ala

120

Gly

Gly

val

Tyr

Arg

200

Thr

Ile

Lys

Arg

Ala

280

Ala

CX2-105UspPl_ST25

Ile val Asp val

Trp

Lys

Met

Pro

1065

Asn

Lys

ser

Phe

Ile

Thr

Tyr

Thr

265

Ile

val

Asn

Ala

ser

20

Phe

Asp

Pro

Thr

Arg

Ala

Ala

Pro

Asp

250

Gly

ile

Ile

Met

Gin

75

ASp

ASp

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Asn

Ser

Leu

val

60

Tyr

GIn

ser

MetT

Lys

146

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Page 13

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

va'l

Trp

Lys

Pro

Gly

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

180

Glu

Ala

Tvyr

ITle

Gly

Asn

Glu

Arg

Phe

Phe

MetT

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

L.eu

Arg

ASD

Pro

80

L.eu

Phe

Leu

Leuw

Met

160

Phe

Glu

Thr

Pro

Gin

240

Asp

val

Thr

Ser



Arg Leu

Thr Thr

Ile asp val

Ala Pro Arg

Ile Gly Glu

Asp Lys

Arg Ile

Leu Gly Gln

Gln

Met

Ala
450

Phe

<210>
<Z211>
<212>
<213>

<220>
<223>

11
1362
DNA

<400> 11

Glu Thr

Ala

Ile Glu

310

Gly Gly

val Met
340

Phe Glu

TYyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

His

Asn

Glu

Gly

LyS

Thr

val

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly
Ala Pro
Cys Thr
Ala

Ley

ASp Lys

Artifticial Seqguence

atgaacaaac cgcagagcetg ggaaacgogt

cacatgccga
atcgtggatg
gcgggetttg
ggctatcatg
gtggaagtga
aacgatacca
¢gtaaaattc

accggetttc

gcetacatca
Tgcatggecy
atcataaagg
cgtttgatgg
gcecegttiga
tggtgaaaat
tgaccctgaa

cgtataacag

gcotggeace
tcgttatcty
cctgattgat
ccgtatgage
tagcggeegt
gctgtggttt
gaacgcgtat

cgtgtttggc

CX2-1050UsP1_sT25

Ala Ile Glu
315

Gly Cys Ala

330

L.eu Ala Glu

345

Lys His 1le

Phe Met Trp

Phe Asp Gly

Asp Leu

410

Gly

Pro
425

Pro Tyr

teu Glu Lys

gcggaaacct
atggrggtga
gatgcgaaca
gcggcgadaag
gatcagaccyg
gtgtittata
ctgcatcgty
catggctcca

ctgcogetge

Glu Phe Asp

ITe Ala Leu

Asn val

350

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

teu Ile Cys

Thr
430

Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggectgty
cgcagtatga
tgatgctgrtc
ccaacagecgg
cggaaggcaa
ccgcggtgag
cgggctttet

Page 14

His

Lys

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Gilu Ala

Lys val

tgectttace
aggccegtat
gaacatggtg
acgtttteceg
tgaaaaactyg
cagcgaagey
accgcagaaa
cgcgageatg

gcatctgacc

120
180
240
300
360
420
480
540



tgcccgeatt
ctggecegtyg
trtgeggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatatty
ctggaagtgg
gaacgtatig
gtggrtcigg
ctggaaaaag
<210>
<213>
<212>
<213>

<220>
<223>

<400>

12
453
PRT

12

Met Asn Lys
1

Tyr Ala Phe

His
35

val Thr

Leu
50

Tyr ASD

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Tyr Thr Asn

attggcgtta
aactggaaga
cggtgatggg
ccatccetgeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggcecatec
gccrggeega
cggaacgtcc
tgaaagataa
cgaacaccty
caccgeegta

cgctggataa

Pro
5

Thr His

20

Gly Glu

Ala Asn
Ile

Leu

Phe
85

Ala

Leuy val

160

ser Gly

GIn ser

Met

Gly

Ser

ASD

70

Asp

Glu

Ser

tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctggggce
aaccgcgggt
ggaaaccgcg
ggtgggtrtgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctyg
cattctgacc

agtgtttgeg

Artificial sequence

Trp Glu

Pro Sser

Pro

Gly Leu

55

Ala Ala

Gly Arg
val

Ser

Giu Ala

CX2-105UsP1_ST25

ggcgaaaccg
aaggaaggcg
gttattaccc
attccggtga
tgcgtgacct
trttticcag
attgaagcga
gcgattgege
cgtctggeec
gaatatcgtg
gcceegttig
ggactgattt
gaagcgcaga

gaagtggcgt

Thr

Leu His Gln

25

Ite val Asp

Trp Asn Met

Glin
75

Lys Ala

Met Ser

90

Asp

Pro Phe

105

Asp

Asn Asp Thr

aagaacagtt
cggataccat
cgccaaaagg
tcagcgatoga
atgattttac
taggageggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gtattggctt
atggcaacct
gcegaccgtt
tggatgaaat

ad

Engineered variant of v. fluvialis transaminase

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gin Thr val

ser Gly Arg

110

Met val Lys

Page 15

tgtcgcgegt
tgcgggettt
ctattttcag
agtgatttgce
cccggatgeyg
gattttgggg
tgatcatggt
tgatgtggtg
agaacgrctg
tatgtgggeg
gagcgtgage
gggccagagco
gttcgataaa

Arg Ala Glu Thr Tyr Ser iLeu
10

15

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
va'l

Phe

Met Leu

600
660
720
780
840
900
960
1620
1080
1140
1200
1260
1320
1362



Trp

Thr

145

Thr

Leu

Thr

ITe

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ite

Lys

Phe

130

Leu

Gly

His

Glu

Gln

216

MetT

Ile

va'l

Tyr

Gly

290

Arg

Thr

ASD

Pro

Gly

Asp

115

Leu

Lys

Phe

Leu

Glu

185

Lys

Gly

Leu

Ite

ASp

Phe

L.eu

Thr

val

Arg

355

Giu

Lys

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

ATg

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

va'l

Ala

310

Asn

Glu

Gly

Lys

sSer

His

Ala

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Tle

375

Ala

120

Gly

Gly

val

Tyr

ATG

Thr

Iie

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

CX2-105U8P1_ST25

125

Lys Pro GIn Lys Arg Lys
140

Ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

va'l

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Prro

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

AsSn

ser

Leu

Glu

315

Ala

Glu

Ile

Trp

val

Pro

Gly

Glu

Phe

220

LyS

Pro

Thr

Ser

Gly

300

Glu

Ile

Asn

Ala

Ala
380

Asp Gly Asn
Page 16

Ser

Leu

Glu

Lewr

205

Phe

Gly

val

Trp

LYyS

Pro

Phe

Ala

va'l

Glu

365

Leu

Leu

Ala
Pro
Glu
180
Glu
Ala
Tyr
Ile
Gly
i

ASnh
Glu

AsSp

Leu

Arg
clu

sSer

Ife

ser

Gly

Gly

Glu

Glu

pPhe

ser

255

Cys

Leu

Leu

His

Arg

Pro

val

val

Leu

Met

160

Phe

Glu

Thr

Pro

2490

ASp

val

Thr

Ser

ey

Asn

val

Ser



385

390

395

CX2-105ysP1_ST25

400

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

405

410

415

Leu 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 tys Ala Leu Asp Lys val
445

435

Phe Ala Glu
450

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

i3
1362
DNA

<220>
<223>

<400> 13
atgaacaaac

cacatgccga
atcgtggatg
gcgggetttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggegtge
tgcecgeatt
ctggecegty
tttgcggaac
gcgattotga
ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg

ctggaagtgg

val Ala

cgcagagetrg
gcctacatca
tgcatggeeg
atcataaagg
cgttttacgg
gcecegtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggegtta
aactggaaga
cggtgatggg
ccateotgeg
gtaccggcaa
gtaaaaacct
graaacgtct
gcggecatce
gcectggoecga
cggaacgtcc

tgaaagataa

440

Artificial Seguence

ggaaacgegt
gcgrggeacc
tcgttatcty
cctgattgat
ccgratgage
tagcggecgt
gctgtggttt
gaacgcgtat
cgtgtitggyc
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctggggce
aaccgegggt
ggaaaccgcy
ggtgogttgt
aaacgtgcgt
gaacattggce

agcgagcaaa

gcggaaacct
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccy
gtgttttata
ctgcatcgty
catggctcca
ctgeegotyc
ggegaaaccg
aaggaaggcg
gtrattaccc
attccggtga
tgcgtgacct
tttittccag
attgaagcga
gcgattgege
cgtctggece
gaatatcgtg
gcccegtityg

Page 17

Engineered variant of v. Tluvialis transaminase

atagcctgta
cccatggcega
gcggectgtyg
cgcagtatga
tgatgctgtc
ccaacagcgyg
cggaaggcaa
ccgcggtgag
cgggetrrtct
aagaacagrtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
Taggagcgot
tcgaagaatt
tgaaagcgat
cgecgtttiga
gtattggett

atggcaacct

tgcetttace
aggcccgtat
gaacatggty
acgttttecg
tgaaaaacty
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgace
tgtcgegogt
tgcgggettt
ctattttcag
agtgatttgc
cceggatgeg
gattttgggg
tgatcatggt
tgatgtggty
agaacgtcty
tatgigggey
gagcgtgagc

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

1020
1080
1140
1200



CX2-105USP1_ST25

gaacgtatig cgaacacctg caccgatctg ggactgattit gecgaccgtt gggccagagce 1260
gtggttctgg caccgecgta catictgace gaagogcaga tggatgaaat gticgataaa 1320
ctggaaaaag cgctggataa agtgittgcg gaagtggcegi aa 1362
<210> 14

<211> 453

<212> PRT

<213> Artificial seguence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 14

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

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

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

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

His Lys Gly Leu TI'ie Asp Ala Ala Lys Ala Gin Tyr Glu Arg Phe Pro
65 70 75 30

Gly Tyr His Ala Phe Tyr 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 Arg Ala Glu Gly Lys Pro Gln Lys Arg Lys Ile Leu
130 135 140

Thr Leu Lys Asn Ala Tyr His Gly ser Thr Ala val ser Ala Ser Met
145 150 155 160

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

L.eu His Lew 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 GTu Glu Thr
185 200 205

rage 18



Ile

val

225

Ala

Glu

The

Ala

Ile

Ala

Ile

LYS

385

Glu

Leu

Gin

Phe

Gin

210

Met

Ile

val

Tyr

Arg

Thr

AsSp

Pro

Gly

ASp

Arg

Gly

Met

Ala
450

<210>
<211>
<212>

Lys

Gly

l.eu

Ile

AsSD

275

Phe

Leu

Thr

val

Arg

355

Glu

LYS

Tle

Gin

15
1352
DNA

Glu

Ala

Thr

Cys

260

rhe

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
2

feu
Phe
Pro
va'l
Ala
310
His
ASRH

Glu

Gly

val

Phe

Asp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

AsSp

Thr

Ile

Lys

ATg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

The

Ala

LysS
440

CX2-105uSP1_sST25

Ite ala Gly pPhe phe

Thr

Tyr

Thr

265

Ile

va'l

Ala

Gly

Leu

345

Lys

Phe

Phe

ASp

Pro

425

Leu

Pro

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Asp

L.eu

410

Pro

Glu

Pro

235

Asn

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Tyr

LYys

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

ile

Ala

Page 19

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

L.eu

L.eu

Ile

Leu

Leu
445

Ala

Tyr

Ile

Gly

AsSh

Giu

Asp

Leu

Arg

350

Arg

Glu

Ser

Cys

Thr

430

ASD

Glu
Phe
Ser
255
Cys
Leu
Leu
His
Lys
335
Arg
Pro

val

val

Lys

Pro

Gln

240

ASp

val

Thr

Ser

Gly

Ala

Leu

AsSh

val

Ser

400

Pro

Ala

val
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val

Tyr

His

65

Gly

ser

Leu

Trp

Thr

145

Thr

Leu

Thr

Ile

vat

225

Ala

Glu

Thr

Ala

Thr

Leu

50

LysS

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Tle

val

Tyr

Gly

His

35

ASp

Gly

His

LYS

Asn

115

Lel

Lys

Leu

L.eu

Glu

195

Lys

Gly

Leu

Ile

ASp

275

Phe

20

Gly

Ala

Leu

Ala

l.eu

100

Ser

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

rhe

Fhe

Giu

Asn

Ile

phe

85

vai

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly
Ser
ASD
70
Tyr
Glu
ser
Ala
Tyr
150
AsSn
Pro
va'l
Ala
Gly
2
Leu
Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Gly

ASD

Gly

Tyr

teu

Ala

Leu

Ser

Ala

120

Gly

Gly

val

Tyr

200

Thr

Ile

Lys

Arg

ala

280

Ala

CX2-105USP1_ST25

25

Tle

Trp

Lys

Met

Pro

105

Asn

LysS

Ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

val

AsSn

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

AsSp

Met

Gln

75

ASp

Asp

Thr

Ala

155

Leuy

Tyr

Arg

Gly

PO

235

Ile

AsSn

Ser

val

val

60

Tyr

Gin

ser

Met

Lys

140

va'l

Pro

Gly

Glu

Phe

220

LysS

Pro

Thr

Ser

ITe Leu Gly
Page 21

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

L.eu

205

Phe

Gly

val

Trp

Lys

285

Pro

30

Gly

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Alla

Tyr

Ite

Gly

Asn

Glu

Arg

rhe

Phe

Met

95

val

Met

Ile

ser

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

Arg

ASp

Pro

80

Leu

rhe

Leu

teu

Met

160

Phe

Giu

Thr

Pro

Gin

240

ASp

val

Thr

Ser



290

Arg Leu

Thr Thr

Ite Asp val

Ala Pro Arg

ITe Gly Glu

Lys
385

Asp Lys

Glu Arg Ile

Lteu Gly Gin

Gln

Met

Ala
450

Phe

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

17
1362
DNA

<220>
<223>

<400> 17
atgaacaaac

cacatgecga
atcgrggaty
gcgggetttg
ggctatcatg
gtggaagtga
aacgatacca

cgtaaaattc

Glu Thr

Ala

295

Ile Glu

310

Gly Gly

val
340

MetT

Phe GIuU

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val ala

cgcagagetyg
gcctacgtca
Tocatggecg
atcataaagy
cgttttacgg
gceccgtittga
tggtgaaaat

tgaccctgaa

His

Asn

Glu

Gly

val

Phe

Pro val

Giu Gly

Leu
360

ATQ

Ile
375

Gly

Ala Pro

Cys Thr

lLeu Ata

AsSp LYS

440

artificial seguence

ggaaacgcgt
gcgtggeacc
tcgttatoty
cctgattgat
ccgtatgage
tagcggceegt
gctgtggttt

gaacgcgtat

CX2-105UsPl_ST25

Ala Ile
315

Gly Cys Ala

330

Leu Ala Glu

345

Lys His 1le

Phe Met Trp

Phe Asp Gly

Leu
4310

Asp Gly

Pro Pro

425

Tyr

teu Glu Lys

gcggaaaccy
atggtggtga
gatgcgaaca
gcgglgaaag
gatcagaccg
gtgttttata
ctgcatcgtg

catggctcca

Page 22

Glu Glu Phe

Ala

Ala

300

ASp

Tle Ala Leu

Asn val

350

Glu
365

Arg

Leu Glu

Leu Ser

L.ey ITe Cys

Thr
430

ITe Leu

Leu
445

Asp

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcgocctott
cgcagtatga
tgatgetgtc
ccaacagcegy
cggaaggcaa

ccgeggtgag

His Gly

Ala

Arg Leu

Pro Ash

val val

val ser

400

Pro

Lys val

tgcetttace
aggccecgtat
caacatggtg
acgtttteeyg
tgaaaaactg
cagcgaageg
accgcagaaa

cgcgageatg

60
120
180
240
300
360
420
480



accggectrc
tgccegeatt
ctggcccgty
tttgcggaac
gcgattctoa
ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatatty
ctggaagtgg
gaacgtattg
gtggtrctgg
ctggaaaaag
<210>
<211>

<212>
<213>

18
453
PRT

<220>
<223>
<400> 18

Met Asn Lys
1

Tyr Ala pPhe

His
35

val Thr

Lau
50

TYr ASp

His
65

Lys Gly

Gly Tyr His

ser Glu Lys

cgtataacag
attggcgtta
aactggaaga
cggtgatgay
ccatcctgey
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggeeatec
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
caccgeegta

cgctggataa

PYro

Thr His

20

Gly Glu
Asn
Ile

iLeu

rha
85

Ala

Leu val

160

Gin Ser
5

Met
Gly
Sepr
Asp
70

Tyr

Glu

tggegaagaa
aaccattcag
tgcggycggt
caaatatgat
cacctygggge
aaccgegogt
ggaaaccgeg
ggtgggtigt
aaacgrgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgeg

artificial Ssequence

engineered variant of v.

Trp Glu

Pro Sser

Pro Tyr

40

Gly
55

Leu
Ala Ala
Gly

Arg

val ser

CXZ2-105USP1_ST25
cgtgtttgge ctgccgotge cgggetitet

ggcgaaaccy
4aggaaggcg
gttattaccc
attccggrga
tgcgtgacct
ttttttecag
attgaagega
gcgattgcge
cgtctggeec
gaatatcgiy
geeeegrtttg
ggactgattt
gaagcgcaga

gaagtggcgt

aagaacagtt
cggataccat
cgccaaaagy
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat

cgcgttitga

atggcaacct
gccgaccgtt
tggatgaaat

ad

filuvialis transaminase

Thr Arg Ala

10

Ley Gln

25

Arg

Ile val Asp

Phe Asn Met

Gin
75

Lys Ala

Met Ser

90

AsSp

Pro
105

Phe Asp

Glu Thr val

Thr
30

Arg Gly

His
45

vai Gly

val ala

60

Gy

Tyr Glu Arg

Gln Thr val

ser Gly Arg

110

Page 23

gcatctgace
tgtcgegegt
tgcgggettt
ctattttcag
agtgatttgc
cceggatgeg
gattttggyy
tgatcatggt
tgatgtggtg
agaacgtctg
gagcgtgage
gggccagage
gttcgataaa

ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val Phe

540
600
660
720
780
840
200
960
1620
1080
1140
1200
1260
1320
1362



Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Giu

Thr

Ala

Ala

Ite

Thr

phe
130

Leu

Gly

His

Giu

Glin

210

Met

Ite

val

TYF

Gly

ArG

Thr

ASpP

Pro

Gly

Asn

115

Leu

Lys

Leu

Leu

Glu

185

Lys

Gly

Led

Ile

Asp

275

rhe

Leu

Thi

val

Ser

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

TYr

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ite

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Ley

Phe

Pro

val

Ala

310

His

Ash

Glu

Gly

Glu

Glu

135

His

Ser

His

Ala

Arg

Gly

ASp

Gly

Ile

Pro

Glu

Arg

Ile
375

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-105USP1_sT725

Asn Asp Thr Met val

Lys

Ser

Phe

Leu

Ile

Thr

TV

Thr

265

Ile

va]l

Ala

Gly

Leu

345

Lys

Phe

Pro

Thr

Arg

Ala

Ala

Pro

ASp

250

Gly

Tle

Ile

Ile

Cys

330

Ala

His

Met

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

ASH

Ser

Leu

Glu

315

Atla

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

sSer

Gly

Glu

Ile

ASnh

Ala

Ala
380

Page 24

125

Arg

Ser

Leu

Glu

Ley

205

rhe

Gly

val

Trp

Pro

phe

Ala

val

Glu

365

Leu

Lys

Lys

Ala

Pro

Glu

190

Glu

ala

Tyr

Ile

Gly

Asn

Glu

Asp

Leu

Arg

ATg

Glu

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Lys

335

Arg

Pro

val

ieu

Leu

Met

160

Phe

Glu

Thr

Pro

Gin

240

Asp

val

Thr

Ser

Leu

AsSh

val



LYS Asp Lys

Glu Arg Ile

Leu Gly GIn

GIn

Met

Ala
450

rhe

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

<220>
<223>

<400> 19
atgaacaaac

19
1362
DNA

cacatgccga
atcgtggaty
gcgggetttg
ggctatcatg
gtggaagiga
aacgatacca
cgtaaaattc
accggectte
tgcccgeatt
ctggccecgtg
tttgcggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag

aaacatattg

CX2-105u5P1_ST25

Ala ser ;gg Ala Pro Phe asp Gly Asn Leu Ser Val Ser

Ala Asn
405

Ser val

420

Glu Met

val

cgcagagctg
gcctacatca
tgcatggecy
atcataaagg
cgttttacgg
gcecgtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctacy
gtaccggcaa
gtaaaaacct
gcaaacgtct
geggecatec
gcctggecga

cggaacgtece

Artificial seqguence

ggaaacgcgt
gcgtggeacc
tcgttatcety
cctgattgat
cctgatgage
tagcggecgt
gctgtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctgggge
aaccgcggge
ggaaaccgcg
ggtgggttgt
aaacgtgegt

gaacattggc

395

425

Phe Asp Lys teu Glu Lys Ala
440

gcggaaaccy
atggtgacca
gatgcgaaca
gcggegaaag
gatcagaccy
gtgtitctga
ctgcatcgtg
catggctcca
ctgecgetge
ggcgaaaccg
aaggaaggceg
gttattacce
attccggtga
tgcgtgacct
ttttttecag
attgaagcga
gcgattgege
cgtctggecec

gaatatcgtg

Page 25

Thr Cys Thr Asp teu Gly Leu Ile Cys
410

val Leu Ala Pro Pro Tyr Iie Leu Thr
430

445

Engineered variant of v. Tluvialis transaminase

tgagcctgta
cccatggega
gcggectgtt
cgcagtatga
tgatgctgtc
ccaacagegg
cggaaggcaa
ccgeggtgag
cgggettict
aagaacagtt
cggataccat
cgecaaaagg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagegat
cgcgttttga
gtattggett

Leu Asp

400

Arg Pro
415

Glu Ala

Lys wval

tgcctttace
aggcccgtat
caacatggtg
acgttttcey
tgaaaaactg
cagcgaageg
accgcagaaa
cgcgageatg
gcatcigacce
tgtcgegegt
tgcggocttt
ctattticag
agtgatitge
ccecggatgeg
gatrittgggg
tgatcatggt
tgatgtggty
agaacgtctg

tatgtgggcg

60
120
180
240
300
360
420
480
540
600
660
720
780
340
&G0
960

1020
1080
1140



Cx2-105UsP1_5T25

ctggaagtgy tgaaagataa agcgagcaaa gocccgtttg atggcaacct gagogtgage 1200
gaacgtattg cgaacacctg caccgatctg ggactgattt gccgaccgtt gggocagagce 1260
gtggttctgg caccgccgta cattctgace gaagcegcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgcrggataa agagtitgcg gaagtggcgt aa 1362
<210> 20

<211> 453

<212> PRT

«213> Artificial Sequence

<220> .

<223> Engineered variant of v, fluvialis transaminase

<400> 20

Met Asn Lys Pro Gln Ser Trp Glu Thr Agg Ala Glu Thr val Ser Leu
1 5 1 15

Tyr Ala Phe ggr His Met Pro Ser Leu His GIn Arg Gly ghr Met val
25 0

Thr Thr gis Gly Glu Gly Pro Tgr Ite val Asp val His Gly Arg Arg
5 4 45

Tyr Leu Asp Ala Asn Ser Gly Leu 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 Tyr Gly Leu Met Sgr Asp Gln Thr val Met Leu
&5 g 95

ser Glu Lys Leu val Glu val ser Pro Phe Asp 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 Arg Ala Glu Gly Lys Pro Gin Lys Arg Lys Ile Leu
130 135 140

Thr Ley Lys Asn Ala Tyr His Gly Ser Thr Ala val Ser Ala Ser Met
145 150 153 160

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
180 185 180

Thr Glu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
Page 26



val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

leu

Gln

Phe

Glin

210

Met

Ile

val

Tyr

Gly

Argd

Thr

ASP

Pro

Asp

Arg

Gly

Met

Ala
450

<210>

195

LYS

Gly

L.ey

Leu

Thy

val

355

clu

LYS

Iie

GIn

21

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

rPhe

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

LYS

390

Thr

val

Phe

ASp

215

val

Arg

Gly

ASp

Gly

Iie

Pro

Glu

Arg

Ile

375

Ala

Cys

L.eu

ASp

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys

CX2~105USP1_ST25

Ile Ala Gly

Thr

TYr

Thr

265

Ile

val

Ala

Gly

Leu

345

LYS

Phe

Phe

Asp

Pro

425

Ley

Pro

ASp

Gly

ITe

Ile

His

Met

ASD

Leu

410

Pro

Glu

Pro

235

Ile

ASN

Ser

Leu

Ala

Glu

Ile

Trp

Gly

Gly

Tyr

Lys

205

Phe Phe

220

Lys Gly

Pro val

ser Lys

Gly Pro

300

Glu Phe

ITe Ala

Asn val

Ala Glu

365

Ala Leu

380

Asn Leu

Leut Ile

Ile Leu

Ala Leu
445

Page 27

Ala

Tyr

ITe

Gly

ASh

Glu

ASp

Leu

350

Arg

Glu

Ser

Cys

Thr

430

ASp

Glu

Phe

ser

255

Cys

Leu

Leu

His

Lys

335

Arg

Pro

val

val

Lys

Pro

GlIn

240

Asp

val

Thr

Ser

Gly

Ala

i.ey

Asn

val

Ser

400

Pro

Ala

Gl
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Tyr

val

Tyr

His

65

Gly

sSer

Leu

Trp

Thr

145

The

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Thr

Leu

50

Lys

Tyr

Glu

Thr

rhe

130

L.eu

Gly

Glu

Gin

210

Met

Tle

val

Tyr

Phe

His

35

ASp

Gly

His

Lys

Asn

115

Lel

Lys

ile

Leu

Glu

195

Lys

Gly

Leu

Ite

Asp
275

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Glin

Pro

Thr

180

Gln

Thr

Cys
260

Phe

His

Gly

Asnh

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Met

Gly

ser

ASD

70

Tyr

Glu

Ser

Ala

Tyr

150

Ash

Pro

val

Ala

Gly

ieu

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

ser

His

Ala

215

val

Arg

Gly

ASD

Ser

Tyr

40

Leu

Ala

Ala

Ser

Ala

120

Gly

Gly

val

Tyr

e

Lys

Arg

Ala
280

CX2-105USP1_ST25

Leu Arg GIn Arg Gly
25

Ile

Trp

Lys

Met

Pro

105

Asn

Lys

Ser

Phe

Ile

Fhr

Tyr

Thr

265

Ite

val

Asn

Ala

ser

90

Phe

ASpP

Pro

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Tle

Asp

Met

Gin

75

Asp

ASp

Thi

Gln

Ala

155

Leu

Tyr

ser

Gly

Pro

235

Iie

Asn

Ser

va'l
val

60

Tyr

ser

Met

LysS

140

va'l

Pro

Gly

Glu

Phe

220

LYS

Pro

Thr

Ser

Page 29

His

45

Ala

Glu

Thr

Gly

val

125

AYg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

LYS
285

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

TYr

Gly

ASN

Met

Arg

Phe

Phe

Met

G5

val

Met

Ile

sSer

Gly

Glu

Glu

Ser
255

Cys

Leu

val

Arg

ASD

Pro

80

LLeu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

s GIn

240

ASp

val

The



Ata Gly Phe

Arg Leu

Thr Thr

Ile Aasp val

Ala Pro Arg

355

Ile Glu

LYS
385

Lys

Glu Arg Ile

Leu Gly Gln

Gin

Met

Ala
450

Phe

<210>
<211>
<Z212>
<213>

<220>
<223>

23
1362
DNA

<400> 23
atgaacaaac

cacatgccga
atcgtggatg
gcgggetitg
ggctatcatg
gtggaagtga

aacgatacca

Phe Pro

Glu Thr

val

Ala

Ala

Glu

310

Gly Gly

val
340

Met
Phe Glu
Tyr

Arg

Ala Ser

His

Asnh

Glu

Gly

Pro val

Glu Gly

Arg Leu

360

Iie
375

Gly

Ala Pro

350

Ala Asn

405

Ser val

420

Glu Met

val ala

cgcagagetyg
gcctacatca
tgcatggocg
atcataaagg
cgrtrtacgy
gcecgttiga

tggtgaaaat

Thr

val

Phe

cys thr

Ala

Ley

ASp LyS

Artificial Sequence

ggaaacgcgt
gcgtggeace
tcgttatetg
cctgattgat
cctgatgage
tagcggeogt
gctgtggttt

CX2-105uUspP1_5T25

val Ile Leu

Glu
315

Ala tle

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
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtttctga

ctgcatcgty

Gly Pro Glu

360

Glu Phe Asp

Ala Leu

Asn val

350

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Lau Ser

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

ASD

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggeetgte
cgcagtatga
tgatgctgtc
ccaacagegg

cggaaggcaa

page 30

L.euy ser

His

LYS

Arg Leu

Pro Asn

val val

val Ser

400

Pro
415

Glu

Lys val

tgcectttace
aggeecgtat
caacatggtg
acgtritccy
tgaaaaactg
cagcgaageg

accgcagaaa

60
120
180
2490
300
360
420



cgtaaaattc
accggcatce
tgcccgeatt
ctggcccgty
tttgcggaac
gcgattctga
ggctitggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg
gtggttctgg

ctggaaaaag

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

<220>
<223>

<400>

24
453
PRT

24

Met Asn Lys
1

Tyr Ala Phe

His
35

val Thr

Leu
50

Tyr Asp

His Gly

65

LYS

Gly Tyr

Ser Glu Lys

tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
€ggtgatggg
ccatcctgcg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggccatcc
gectggecga
cggaacgtcc
tgaaagataa
cgaacacctg
caccgeegta

cgctggataa

Pro
5

Thr His

20

Gly Glu

Ala

AsSnh

tey Tle

Gin Ser

Met

Gly

Ser

ASp

gcaggegtat
cgtgtttage
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctggggce
aaccgegggt
ggaaaccgceyg
ggtgggttgt
aaacgtygegt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agagtttgcy

Artificial Sequence

Engineered variant of V.

Trp Glu

Pro Ser

Pro Tyr

40

Gly Leu

55

Ala Ala

70

Phe
85

Leu val

Tyr

Glu

Gly Leu

val ser

CX2-105USP1_ST25

catggctcca
ctgcegetge
ggcgaaaccyg
aaggaaggcy
gtrattaccc
attccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgege
cgtetggeec
gaatratcgtg
gcccegttig
ggactgattt
gaagcgcaga

gaagtggcgt

ccgeggtgag
cgggcrtct
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgegttetga
gtattggctt
atggcaacct
gcecgaccgtt
tggatgaaat

ad

fluvialis transaminase

Thr Arg Ala

10

Leu His Gln

25

Iie val Asp

Phe Asn Met

Glin
75

Lys Ala

Met Ser

90

ASp

Pro Phe Asp

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val

val ala

60

Gly

Tyr Glu Arg

Gin Thr val

Ser Gly Arg

Page 31

cgcgagcatyg
gcatctgacc
tgtcgegegt
tygcgggettt
crattttcag
agtgatttgce
cccggatgcg
gattttggagg
tgatcatggt
tgatgtggtg
agaacgtctg
tatgtgggcy
gagcgtgage
gggccagagoe
gttcgataaa

Ser
15

Leu

met val

Arg Arg

Phe Asp

FPhe Pro

80

Met
95

Leu

val phe

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1362



Leu

Tro

Thr

145

Thr

Leu

Thr

val

225

Ala

Glu

Thr

Ala

Ife

Thr

Phe

130

Leu

His

Glu

G
[y
[an in]

Met

Ile

val

Tyr

Arg

Thr

ASp

Pro

Gly

Asn
115

Leu

Lys

Leu

Glu

195

Lys

Gly

Leu

Ile

AsSp

275

Phe

Leuy

Ther

val

Arg

355

Glu

100

ser

His

Gin

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Gly

Arg

Ala

TYr

165

Cys

Phe

Giy

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

His

Ser

His

Ala

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

Ala

120

Gly

Gly

val

Tyr

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-105UsPl_ST25

105

AsSN

Lys

ser

Phe

Trp

185

Leu

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

ASD

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Cys

330

ala

Thr Met val

GIn

Ata

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

Leu

Glu

315

Ala

Glu

Ile

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly

300

Gilu

Ile

ASH

Ata

Met Trp Ala
Page 32

125

Arg

Ser

Glu

Leu

205

rhe

Gly

val

Trp

Phe

val

Glu
365

Leu

110

Lys

Lys

Ala

Pro

Glu

150

Glu

Tyr

Ile

Gly

ASn

ASp

Leu

Arg

350

Arg

Glu

Met

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Lys

Arg

Pro

val

Leu

Leu

Met

160

Giu

Thr

Pro

Gin

240

ASp

va'l

Thr

Ser

Gly

Ala

Leu

Ash

val



370

ASp LYS

“Arg Ile

Leu Gly Gin

Glin

Met

Ala
450

Phe

<210>
<211
<212>
<213>

<220>
<223>

25
1362
DNA

<400> 25

Ala ser

Ala Asn

405

ser val

420

Glu Met

val ala

Lys Ala
390
Thr Cys

val Leu

rhe Asp

375

440

Artificial Sequence

atgaacaaac cgcagagctg ggaaacgcgt

cacatgccga
atcgtggatg
gcgggettty
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggecttc
tgccegeatt
ctggeeegty
tttgcggaac
gcgattctga
ggctriggtc
attattagca
ccggaactga
ttraccacag

atgaacgaag

gcctacatca
tgcatggccy
atcataaagg
cgttitacag
gcecegtitga
tggtgaaaatr
tgaccctgaa
cgtataacag
attggegtta
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa
gtaaaaacct
graaacgtct
gcggecatcc

geetyggecga

gcgtggeacce
tcgtratctg
cctgattgat
ccgtatgage
tagcggeegt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctgygyc
aaccgcygggt
ggaaaccgceg
ggtgggttyt
aaacgtgegt

410

425

gcggaaaccy
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccyg
gtgttttata
ctgcatcgtyg
catggcteca
ctgeegetge
ggcgaaaccy
aaggaaggcyg
gttattaccc
attccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgege

cgtctggecc

Page 33

CX2-105UsP1_5$T25

380

Pro Phe Asp Gly Asn Leu Ser val
395

445

Engineered variant of v. Fluvialis transaminase

tgagcctgta
cccatggega
gcggeetgtg
cgcagtatga
tgatgetgtc
ccaacagegg
cggaaggcaa
ccgeggtgag
cgggetttct
aagaacagtt
cggataccat
cgccaaaagyg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat

cgcgttttga

Ser
400

Thr Asp Leu Gly Leu Ile Cys Arg Pro

415

Ala Pro Pro Tyr Ile Leu ng Glu Ala
4

Lys Leu Glu Lys Ala teu Asp Lys Glu

tgcetttace
aggcccgtat
gaacatggtg
acgttttccg
tgaaaaacty
cagcgaageg
accgcagaaa
cgcgagcatg
gcatctgacce
tgtcgegegt
tgegggettt
ctattttcag
agtgatttge
cccggatgeg
gattttgogy
tgatcatggt
tgatgtggty
agaacgtctg

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

1020
1080



CX2-105USPL_ST25

aaacatattg cggaacgtcc gaacatitgge gaatatcgtg gtattggcott tatgtgggcg 1140
ctggaagtgg tgaaagataa agcgagcaaa gecccegtityg atggcaacct gagegtgage 1200
gaacgtattg cgaacacctg caccgatctg ggactgattt gecgaccgtt gggocagage 1260
gtagttctgg caccgocgta caticigacc gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agrtgtttgeg gaagtggegt aa 1362
<210> 26

<211> 453

<212> PRT

<213> Artificial Sequence

<220> i

<223> Engineered variant of v. fluvialis transaminase

<400> 26

Met Asn Lys Pro Gin Ser Trp Glu Thr Arg Ala Glu Thr val Ser Leu
1 5 10 15

Tyr Ala Phe Thr His Met Pro Ser %eu His Gln Arg Gly Thr met val
20 5 30

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

Tyr Leu Asp Ala Asn Ser ggy Leu Trp Asn Met val Ala Gly pPhe Asp
50 60

His Lys Gly Leu Ite Asp Ala aAla Lys Ala GIln Tyr Glu Arg Phe Pro
65 7C 75 80

Gly Tyr His Ala Phe Tyr Gly Arg Met Ser Asp Gln Thr val Met Leu
85 80 95

Ser Glu Lys Leu val Giu 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 Ley
115 126 125

Trp Phe Leu His arg Ala 6lu Gly Lys Pro 6ln Lys Arg Lys Ile Leu
130 135 140

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

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

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

Page 34



Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

ala

Ile

Lys

Glu

Leu

Gln

Phe

Glu

Glin

210

Met

Ile

va'l

Tyr

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Ala
450

Glu
195
LysS

Gly

Leu

Leu

Thr

val

Arg

355

Glu

Lys

Iie

Gln

ASp

Glu

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

clu

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

Lys

Thr

val

Phe

Ala

215

va'l

Arg

Gly

ASD

Pro

Giu

Arg

Ile

375

Ala

Cys

Leu

Asp

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys
440

CX2-105u8P1_5725

Leu Ala Arg Glu Leu

Iie

Thr

TYr

Thr

265

Ile

val

Ala

Gly

Leuy

345

Lys

Phe

Phe

ASD

Pro

425

Leu

Ala

Pro

Gly

Ile

Ile

Ile

Ccys

330

Ala

Met

ASp

leu

410

Pro

Glu

Gly

Pro

235

Ile

Asn

Ser

Ley

Glu

315

Ala

Glu

Ite

Trp

TYr

Lys

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 35

205

Phe

Gly

val

Trp

LYyS

Pro

Phe

Ala

vat

Glu

365

Leu

ieu

Tle

ey

Leu
445

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

ASD

Leu

ATg

Glu

Ser

Cvs

Thr

430

Asp

Glu

Glu

Phie

ser

255

Cys

l.eu

Leu

His

Lys

335

Arg

Pro

val

val

Lys

Thr

Pro

Gln

240

ASp

val

Thr

ser

Gly

Ala

Leu

Asn

val

Ser

400

Pro

Ala

va'l
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Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

ile

val

225

Ala

Glu

Thr

Ala

Thr

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

GIn

210

MeT

Ile

va'l

Tyr

rhe

ASp

Gly

His

LYS

Asn

135

Leu

LYS

Ile

Leu

Glu

195

LysS

Gly

l_eu

ITle

AsSp

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Gln

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

Phe

His

Glu

AsSn

Ile

rhe

85

val

Gly

ATg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Iie

245

Gly

The

MeT

Gly

ser

AsSp

70

Tyr

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Leu

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Gly

ASD

Ser
Tyr

40

Ley

Ala

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

CX2-105UspPl_sT25
10

Leu

25

Ile

Tro

Lys

Met

Pro

105

Asn

Lys

Ser

Phe

Tle

Thr

Tyr

Thr

265

Iie

Arg Gln Arg Gly Thr

val

ASN

Ala

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Alta

Pro

Asp

250

Gly

Asp

Met

Gin

75

ASp

Asp

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asnh

va'l

val

60

Ty

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

rPhe

220

Lys

Pro

Thr

ile ser ser
Page 37

His

45

Alta

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

30

Gly
Gly
Arg
val
Arg
110
Lys
LYS
Ala
Pro
Glu
190
Glu
Ala
Tyr
Ile

Gly

Asn

15

Met

Arg

rhe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

she

ser

255

Cys

Leu

val

Arg

Asp

Pro

80

Let

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gin

240

Asp

val

Thr



275

Ala Phe

Lys Leu

305

Arg

Phe Thr Thr

I1e Asp val

Ala Pro

Ile Gly

LYS Asp Lys

Glu Arg tle

Leu Gly GlIn

GIn

Met

Ala
450

Phe

<210>
<211>
<212>
<Z213>

<220>
<223>

<400> 29
atgaacaaac

25
1362
DNA

cacatgccga
atcgtggatg
gcgggettty
ggctatcatg

gtggaagtga

Phe Pro

Glu Thr

val

Ala

280

Gly Ala

ITe Glu

310

Gly Gly

val
340

Met

rhe Glu

Tyr Arg

Ala ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgtagagctg
gcctacgtca
tgcatggecy
atcataaagg
cgttttacgg

gcccgtttga

His

Asn

Glu

Gly

va’l

Phe

Pro val

Glu Gly

Arg Leu

360

Ile
375

Gly

Ala Pro

Cys Thr

Leu Ala

Asp Lys

440

Artificial Seguence

ggaaacgcyt
gcgtggeace
tcgttatctg
cctgattgat
cctgatgage

tagcggeogt

CX2-105yspl_ST25

val Ile Leu

Glu
315

Ala Ite

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

phe Met Trp

Phe Gly

395

ASp

Leu
410

ASp Gly

Pro
425

Pro Tyr

Leu GIu Lys

gcggaaaccy
atggtggtga
gatgcgaaca
gcggegaaag
gatcagaccg

gtgtttgtga

Ala

285

Gly Pro Glu

300

Glu Phe Asp

ITe Ala Leuy

Asn val Arg

350

Glu
365

Ala Arg

Ala Glu

380

Ley

Asn Leu Ser

Ley Ile Cys

Thr
430

ITe Leuy

Leu
445

ASpP

Engineered variant of v. fluvialis transaminase

tgagcotgta
cccatggega
gcggectgtg
cgcagtatga
tgatgetgtc

ccaacagcgg

page 38

Leu Ser

His Gly

Ala

Arg Leu

Pro Asn

val val

val ser

400

Arg Pro

Glu

Lys val

tgcetttace
aggccegtat
gaacatggtg
acgttticeyg
tgaaaaactg

cagcgaageyg

60
120
180
240
300
360



aacgatacca
cgtaaaattc
accggccttc
tgcecgeatt
ctggcccygty
tttgcggaac
gcgattctga
ggctttggte
attattragca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
- Ctggaagtgg
gaacgtattg

gtggttctgg

ctggaaaaag

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

<220>
<223>

<400>

30
453
PRT

30

Met ASn Lys
1

Tyr Ala phe

His
35

val Thr

Leu
50

Tyr Asp

His Gly

65

Lys

Gly Tyr His

tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctygcg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggecatec
gcctggeega
cggaacgtcc
tgaaagataa
cgaacacctg
caccgcegta

cgctggataa

Pro
5

Thr
20
Gly

Ala

Leu

Gin Ser

His Met

Glu Gly

Asn Ser

ITe Asp

gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccatteag
tgcgggeggt
caaatatgat
cacctggggce
aaccgrygggt
ggaaaccgceg
ggtgggitgtr
aaacgtgcgt
gaacattgyce
agcgagcaaa
caccgatctyg
cattetgacc

agtgtttgeg

Artiticial Sequence

Trp Glu

Pro Ser

Pro Tyr

40

Gly
55

Leu

Ala Ala

70

Ala

Phe Tyr
85

Gly Leu

Thr

Leu

25

Ile

Trp

Lys

Met

CX2-105usP1_sST25

ctgcatcgtg
catggctceea
ctgcegetge
ggcgaaaccy
aaggaaggcy
gttattacce
attccggtga
Tgcgtgacct
Ttttttccag
attgaagcga
gcgattgcge
cgtctggece
gaatatcgtg
geeecgtttg
ggactgattt
gaagcgcaga

gaagtggogt

Arg Ala
10

Arg Gln
va'l Asp
Met

ASn

Gln
75

atla

ser
90

ASp

cggaaggcaa
ccgcggtgag
cgggctttet
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcegat
cgcgtrrtga
gtattggctt
atggcaacct
gccgacegtt
tggatgaaat

aa

Engineered variant of v. fluvialis transaminase

alu Thr

Arg Gly

30

His
45

val

val Ala

60

Tyr Giu

Gin Thr

Page 39

va’l

Thr

Gly

Gly

Arg

va'l

accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgegegt
tgcgggettt
ctattttcag
agtgatttgc
cceggatgeg
gattrtgggg
tgatcatggt
tgatgtggtg
agaacgtcty
tatgtgggcy
gagcgtgage
gggccagagce
gttcgataaa

ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1260
1260
1320
1362



Ser

val

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

ASh

115

Leu

Lys

Leu

L.eu

Glu

195

Lys

Gly

Leu

Ile

ASD

275

Phe

Leu

Thy

val

Arg
355

Leu

100

ser

His

ASR

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

val

Gly

APg

Ala

Tyr

Cys

rhe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

val

Glu

Glu

135

His

Ser

His

Ala

ASp

215

val

Arg

Gly

ASp

Gly

Ile

Pro

Glu

Alg

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

200

Thr

Ile

Lys

Arg

Ala

280

Ala

val

Gly

Leu
360

CX2-105USP1_sT25

Pro Phe Asp Ser Gly

105

Ash

Lys

Ser

Phe

L.eu

Ile

Thr

Tyr

Thr

265

Ile

val

Ata

Gly

Leu

345

Lys

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile

Ile

Ie

Cys

336

Ala

His

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

l.eu

Glu

315

Ala

Glu

Ile

Met

LYS

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

ser

Gly

300

Glu

Ije

AsT

Ala

page 40

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu
365

Arg

110

LYS

LyS

Ala

Pro

Ghu

190

Glu

Ala

TYyr

Ile

Gly

AsD

Glu

ASp

&Ll

val

Met

Ile

Ser

Gly

Glu

Glu

pPhe

Ser

255

Cys

l.eu

Leu

His

Arg

Pro

Phe

Leu

Leu

Met

1560

Phe

Glu

Thr

Pro

GIn

240

ASp

val

Thr

ser

Leu

ASn



ITe Gly Glu

Lys ASp Lys

Glu Arg Ile

Leu Gly Gln

Gin Met Asp

435

Ata Glu

450

rhe

<21.0>
<211l>
<212>
<213>

<220>
<223>

<400> 31
atgaacaaac

31
1362
DNA

cacatgccga
atcgtggatg
gcgggettty
ggctatcatg
gtggaagiga
aacgatacca
cgtaaaattc
accggocettce
tgcecgeatt
ctggcecgty
tttgcggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga

tttaccacag

Tyr

Ala

Ala

Ser

420

Glu

Arg

ser

ASN

405

val

Met

Gly

Lys

390

Thr

val

Phe

Ile

375

Ala

Cys

lL.eu

Asp

Gly

Pro

Thr

Ala

Lys

CX2-105UsPL_ST25

Phe Met Trp Ala
380

Phe Asp Gly Asn
395

teu Gly Leu
410

Asp

Pro
425

Pro Tyr Ite

teu GTu Lys Ala

L.eu Glu val

Leu Ser val

Ile Cys Arg

415

Thr clu
430

Leu

Leu Asp Lys

val

Ser

400

Pro

Ala

val

val ala

cgcagagctg

gcctacatca

tgcatggecy
atcataaagg

cgttttacgg

gcecgtitga

tggtgaaaat
tgacccrgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgey
gtaccggcaa
gtaaaaacct
gcaaacgtct

gcggecatec

440

Artificial sequence

ggaaacgcgt
gcgtggeace
tcgttatetyg
cctgattgat
cecgecatgage
tagcggeegt
getgtggttt
gcaggcgtat
cgtgrttgge
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctgggge
aaccgcgggt

ggaaaccgceg

ggtgggttgt

gcggaaaccyg
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccy
gtgrttgtga
ctgcatcgtg
catggetcca
ctgeegetge
gocgaaaccg
aaggaaggcg
gttattacce
attecggtga
tgcgtgacct
ttttrtccag
attgaagcga

gcgattgegce

445

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggectgtt
cgcagtatga
tgatgctgtc
ccaacagcgyg
cggaaggcaa
ccgeggtgag
cgggetriict
aagaacagtt
cggataccat
cgccaaaagg
tcagegatga
atgattttac
taggagcggt
tcgaagaatt

tgaaagcgat

Page 41

tgcctitace
aggccegtat
caacatggtg
acgitttcecg
tgaaaaactyg
cagrgaageg
accgcagaaa
cgcgagceatg
gcatctgacc
tgtcacgegt
tgcgggettt
ctattttcag
agtgattigce
ceeggatgeg
gattttggyg
tgatcatggt
tgatgtggty

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020



atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg

gtggttctgg

ctggaaaaag

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

<220>
<223>

<400

32
453
PRT

32
Met Asn Lys
1

Phe

Tyr Ala

His
35

val Thr

Leu
50

Tyr Asp

His Gly

65

Lys

Gly Tyr His

ser Gl Lys

val Thr Asn

115

Phe
130

Trp Leu

Thr
145

Leu Lys

Thr Gly Leu

ey His Leu

gcctggecga
cggaacgtcec
tgaaagataa
cgaacacctg
caccgeegta

cgctggataa

Pro

Thr His

20

Gly Glu

Ala Asn

Leu Ile

Ala Phe

85

Leu val

160

ser Gly

His

APg

Gin Ala

Gin ser
5

Met
Gly
Ser
Asp
70
Tyr
Glu
Ser

Ala

TYFP

aaacgtgcgt

CX2-105UsPi_sT25
cgtctggcce cgegttitga agaacgtctg

gaacattggc gaatatcgtg gtattggcett

agcgagcaaa gceccegtttg atggcaaccet

caccgatctyg
cattctgace

agtgtttgeg

Artificial Sequence

Trp Glu

Pro ser

Pro Tyr

40

Gly
55

Leu
Ala Ala
Gly Arg
val

ser

Ala
120

Glu

Glu
135

Gly

Gly

150

Pro

Thr

Asn

Pro

Ser val

His Tyr

ggactgattt gccgaccgtt

gaagcgcaga tggatgaaat

gaagtggcgt aa

Thr

Leu

25

Phe

Lys

Met

Pro

105

Asn

Lys

ser

Phe

Trp

Arg Ala Glu
10

His GIn Arg

val Asp val

val
60

Asnt Met

Gln
75

Ala Tyr

Ser Glin

90

ASp

Phe Asp Ser

Asp Thr Met

Pro GIn Lys

140

Ala val

155

Thr

Gly
170

Leu Pro

Arg Tyr Gly
Page 42

Thr

Gly

His

45

Ala

Glu

The

Gly

val

125

ATg

ser

Leu

Engineered variant of v. fluvialis transaminase

val

Thr

30

Gly

Gly

Arg

va'l

Arg

Lys

Lys

Ala

Fro

Glu

tatgtgggcg
gagcgtgagce
gggccagagce
gttcgataaa

Ser
15

Leu

mMet val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val pPhe

Met Leu

ITe Leu

Ser Met

160

Phe

Glu

1080
1140
1200
1260
1320
1362



Thr

Iie

val
225

Ala 1

Glu

Thr

Ala

Ile

Ala

Ile

LYS

Glu

l.eu

G1in

Phe

Glu
Gin

210

Met

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Ala

Glu

195

Lys

Gly

Leu

Ile

Leu

Thr

va’l

Arg

355

Glu

Lys

Ile

Gin

180

Gln
Glu
Ala

Thr

Phe
Phe
Glu
Gly
val
340

Phe

Tyr

Ala
ser
420

Ghu

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

Fhe

Ala

215

val

Arg

Gly

AsSp

Pro

Glu

Arg

Ile

375

cys

Leu

ASp

Ile

Lys

Arg

Ala

280

ala

Glu

val

Gly

L.ey

360

Gly

Pro

Thr

Ala

Lys
440

CX2-105USPL_ST25

185

Leu Ala Arg Glu

Ile

Thr

Ty

Thr

285

Ile

Ala

Gly

Leu

345

LYS

Phe

Phe

Asp

Pro

425

Leu

Ala
Pro
ASp
250

Gly

Ile

T 1le

Ile

Cys

330

Ala

His

Mat

AsD

Leu

410

Pro

Glu

Gly

Pro
235

el

L

ASh

ser

Leu

GHu

315

Ala

Glu

Ile

Trp

Tyr

Lys

Phe

220

Lys

Pro

Thr

ser

ITe

AsSh

Ala

Ala

380

ASH

l.eu

Ile

Ala

Page 43

Leu

205

Phe

Gly

va'

Trp

Lys

Pro

phe

Ala

val

Glu

365

Leu

Ley

Ile

Leu

Leu
445

190

Glu

Ala

Tyr

Ite

MNEY
s el
[l

Ash

Glu

ASp

l.eu

Arg

APrg

Glu

ser

Cys

Thr

430

ASp

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Lvs

335

ATG

Fro

val

val

Lys

Thr

Pro

Glin

240

ASp

vai

Thr

ser

Leu

Asn

val

Ser

400

Pro

Ala

val
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Met

Tyr

val

Tyr

His

63

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ite

val

225

Ala

Glu

Ash

Ala

Thr

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gin

210

Met

Ile

val

Lys

Phe

His

35

ASD

Gly

His

Lys

Ash

115

Leu

Lys

iie

Lau

Glu

195

Lys

Gly

Leu

Ile

Pro

Thr

20

Gly

Ala

teu

Ala

Leu

100

ser

His

Gln

Pro

Thr

180

Gln

Giu

Ala

Thr

Cys

Gln

His

Glu

AsSh

Ile

Phe

85

vai

Gly

Arg

Ala

Tyr

Cys

Phe

Gly

Gly

Ile

245

Gly

Ser

Met

Gly

Ser

AsSp

70

Tyr

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

rhe

Trp

Pro

Pro

Gly

55

Ala

Gly

va'l

Glu

Glu

135

His

Ser

His

Ala

Arg

Gly

Glu

ser

Tyr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

CX2~105USP1_5T25

Thr Arg Ala Glu Thr val

Leu

25

Ile

Phe

Lys

Met

Pro

165

Asn

Lys

ser

rhe

Trp

Leu

Iie

Thr

TYyr

Thr
2565

10

Arg

val

Asn

Ala

Ser

90

Phe

ASp

Pro

Thr

Arg

Ala

Ala

Pro

ASD
250

Gln

ASp

Met

Gin

75

ASp

ASp

Thr

Glin

Tyr

Arg

Gly

Pro

235

Ile

Arg

val

vai

60

Tyr

Gin

ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Gly Asn Thr

Page 45

Gly

His

45

Ala

Glu

Thr

Gly

va'l

125

Arg

s5er

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Thr

30

Gly

Gly

Arg

va'l

Arg

Lys

LYS

Ala

Pro

Glu

196

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

tLeu

val

Arg

ASp

Pro

80

Leu

Phe

lLeu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASD

val



Thr Tyr

Ala Gly

Lys Arg

Phe Thr

I1e Asp

Ala Pro

Ite Gly

Lys Asp

385

Glu Arg

Leu Gly

Gln Met

Phe Ala

450

<210>
<211>
<Z212>
<213>

<220>
<223>

<400>

ASp

275

Phe

Leu

Thr

va't

355

Glu

Lys

Iie

Gin

435

Glu

35

1362
DNA
Argificial sequence

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

sSer

420

Glu

val

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

ASpD

Gly

Iie

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

ASD

Ala

280

Ala

Glu

val

Gly

Ley

360

Gly

Pro

Thr

Ala

LyS
440

CX2~105USPL_ST25

Ile 1le Ser ser Lys

val

Ala

Gly

Leu

345

Lys

rhe

Phe

ASD

Pro

425

Leu

Ile

ITe

Cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Leu

Glu

315

Ala

Gly

Ile

Trp

Gly

Gly

Tyr

LYS

Gly

300

Glu

Ile

Asn

Ata

Ala

380

AsSn

Leu

Ile

285

Pro

Phe

Ala

va'l

Glu

365

Leu

Leu

Ile

Leu

Ley
445

Asi

Glu

ASp

Leu

Arg

Arg

Giu

Ser

Cys

Thi

430

ASD

Engineered variant of v. fluvialis transaminase

35

atgaacaaacC cgcagagctg ggaaacgcgt geggaaaccg tgagectgta

cacatgccga gectacgtca gegtggeace atggtggtga cccatggega aggeccgtat

atcgtggatg tgcatggecy tegttatctg gatgogaaca geggectgty

gcgggetttyg atcataaagg cctgattgat gcggcgaaag cgcagtatga

ggctatcatg cgttttacgyg ccgtatgage gatcagaccg tgatgetgte

Page 46

Leu

Leuy

His

Arg

Pro

val

val

Arg

Glu

Lys

tgcctttace

gaacatggtg
acgtttieceg

tgaaaaactg

Thr
ser
Gly
Ala
Leu
Asn
val
ser
400
Pro

Ala

val

66
126
180
240
300



gtggaagtga
aacgatacca
cgtaaaattc
accggecttc
tgcccgeatt
ctggeeegtg
tttgcggaac
gcgattctga
ggctttggrc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctygaagtgg
gaacgtattg

gtggttctgg

ctggaaaaag

<210
<Z211>
<212>
<213>

<220>
<223>

36
453
PRT

<400> 36

Met Asn Lys Pro Glin
1

Tyr Ala
val Thr
Tyr Leu

30

His Lys
65

Gly Tyr

Phe Thr His
His ¢ly Glu
35

Asp Ala Asn
Gly Leu Iie

His ala pPhe

gccegtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcetgeg
gtaccggcaa
gtaaaaacct
gcaaacgict
gcggecateco
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctg
caccgcegra

cgctggataa

5

20

Ser

Met

Ser

ASD

tagcggecgt
gctgtggrtt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctggggc
aaccgegggt
ggaaaccgeg
ggtgggrtgt
aaacgtgegt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial sequence

Engineered variant of v.

Trp Glu

Pro Ser

Pro Tyr

40

Gly
55

Leu

Ala Ala

70

Tyr

Gly Arg

CX2-105USP1_ST25

gtgrtttata
crgcatcgrg
catggctcca
ctgeegetge
ggcgaaacecg
aaggaaggcy
gttattaccc
attccggtga
tgcgtgacct
ttetttccay
attgaagcga
gcgarigege
cgtctggccce
gaatatcgtyg
gceeegtttg
ggactgattt
gaagcgcaga

gaagtggcegt

ccaacagcgg
cggaaggcaa
ccgeggtgag
cgggetttet
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gtattggctt
atggcaacct
gccgaccgtt
tggatgaaat

ada

fluvialis transaminase

Thr Arg Ala

10

lL.eu Gin

25

Arg

ITe val Asp

Trp Asn Met

Gln
75

Lys ala

Met Ser Asp

Glu Thr val

Thr
30

Arg Gly

His
45

val Gly

val ala

60

Gly

Tyr Glu Arg

Gln Thr val

Page 47

cagcgaageg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgegegt
tgcgggettt
ctattttecag
agtgatttge
ccecggatgeg
gattitgggg
tgatcatggt
tgatgtggtg
agaacgtctg
tatgtgggcy
gagcgtgage
gggccagagc
gttcgataaa

Ser
15

lLeu

Met Val

Arg Arg

Phe Asp

rPhe Pro

80

Met Leu

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1362



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

LyS

305

Phe

Ile

Ala

Glu

Thr

rhe

130

Leu

Gly

Glu
Gln

210

Met

val

Tyr

Gly

ATg

Thr

Asp

Pro

Lys

ASD

1315

Ley

Lys

Leu

l.eu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

Arg

Leu

160

Ser

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

rhe

Gly

Gly

val

340

Phe

83

val

Gly

Arg

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu

Ser

Ala

Tyr i

150

Asnh

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

ASN

Glu

val

Glu

Glu

135

Ser

His

Ala

Arg

Gly

ASp

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ata

280

Ala

Glu

va'l

Gly

Leu

CX2-105UsP1_5T25
S0

Pro

105

Ash

LYS

ser

Phe

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Asp

Pro

Thr

Ala

Ala

Pro

ASp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

Asp Ser Gly

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

ser

Leu

Glu

315

Ala

Glu

Met

Lys

140

val

Pro

Gly

Glu

pPhe

220

Lys

Pro

Thr

Ser

Gly

300

Glu

Ile

Asn

His Ile Ala
Page 48

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

APY

110

Lys

Lys

Ala

Pro

Glu

196

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

ASp

Leu

85

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

ser

255

Cys

Leu

Leu

His

Arg

Pro

Phe

L.eu

Ley

Met

160

Phe

Glu

Thr

Pro

Gln

240

AsD

va'l

Thr

Ser

Gly

Ala

Leu

Asn



355

Ile Glu

LYS
385

ASp Lys

Glu Arg Ile

Leu Gly GlIn

Gln

Met

Ala
450

Phe

37
1362
DNA

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

<220>
<223>

<400> 37
atgaacaaac

cacatgccga
atcgiggatyg
gegggetttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaatic
accggectic
tgccegeatt
ctggcccgty
tttgcggaac
gcgattctga
ggctttggte
attattagca

ccggaactga

Tyr

Ala

Arg Gly

Ser Lys

360

ITe
375

Gly

Ala Pro

390

Ala
405

ser val

420

Glu

val ala

cgcagagetg
gcctacgtca
tgcatggeeyg
atcataaagg
cgttttacdg
gceccgtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa
gtaaaaacct

gcaaacgtct

asn Thr

val

Met Phe

Cys Thr

Leu Ala

Asp Lys

44

<

Artificial Sequence

ggaaacgcgt
gcgtggeacce
tcgttatctg
cctgattgat
ccgcatgage
tagcggccogt
gctgtggttt
gaacgcgrat
cgtgtitgge
tggcgaagaa
aaccattcag
tgcggycgyt
caaatatgat
cacctggggce
aaccgegogt

ggaaaccgcyg

CX2-105USP1_5T25

Phe Met Trp

Phe Asp Gly

395

Leu Gly
410

ASp

Pro
425

Fro Tyr

Leu

gcggaaaccg
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtttctga
ctgcategty
catggetcea
ctgecgetge
ggCdaaaccyg
aaggaaggcyg
gttattaccc
attccggtga
tgcgtgacct
ttttttecag

attgaagcga

Glu Lys Ala

365

Ala Leu Glu
380

Asn Leu Ser

Leu Iie Cys

Thr
430

Ile Leu

Leu
445

Asp

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggectgtt
cgcagtatga
tgatgctgtc
ccaacagegg
cggaaggcaa
ccgegygtgag
cgggetttct
aagaacagtt
cggataccat
cgccaaaagy
tcagegatga
atgartttac
taggagcggt
tcgaagaatt

Page 49

val val

val ser

400

Pro

Lys val

tgectitace
aggceccgtat
caacatggtyg
acgttttecg
tgaaaaacty
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgace
tgtcgegegt
tgcgggcttt
ctattttcag
agtgatttge
cccggatgeg
gatttigggy
tgatcatggt

120
180
2490
300
360
420
480
540
600
660
720
780
840
900
960



tttaccacag
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattyg

gtgagttctgg

ctggaaaaag

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

38
453
PRT

<Z220>
223>
<400> 38
Met Asn Lys
1

Phe

Tyr Ala

His
35

val Thr

Tyr Leu

50

ASp

His
65

Lys Gly

Gly Tyr His

ser Glu Lys

Thr Asn

115

Lets

Phe
130

Trp Leu

Thr
145

l.eu Lys

Thr Gly Leu

gcggecatcec
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctyg
caccgeegta

cgctggataa

Pro
>

Thr His

20

Gly Glu

Ala Asn
Ile

L.eu

Phe
85

Ala

teu val

100

ser Gly

His Arg
ala

Asn

Pro

Gln ser

Met

Gly

Ser

ASp

70

Tyr

Glu

Ser

Ala

Tyr

Asn

ggtgggttgt
aaacgtgcgr
gaacattggc
agcgagcaaa
caccgatctyg
cattctgacc

agtgtttgcyg

Artificial Sequence

Trp Glu

Pro ser

Pro Tvyr

40

Gly
55

Leu
Ala Ala
Gly Arg
val

ser

Ala
120

Glu
Gly
His

Gly

Ser val

CX2~105USP1_ST25

gcgattgege
cgtctggeec
gaatatcgtg
gcecegttty
ggactgattt
gaagcgcaga

Gaagtggcgr

Thr Arg Ala
10

Leu Gln

25

Arg

ITe val Asp

Phe Asn Met

Gln
75

Lys Ala

Met Ser

90

Asp

Pro Phe

105

ASp

Asn Asp Thr

Lys Pro Gln

Ala
155

Ser Thr

Phe Gly

170

Ledw

tgaaagcgat
cgcgttttga
gtattggett
atggcaacct
gccgaccgtt
tggatgaaat

ad

Engineered variant of v. fluvialis transaminase

Gilu Thr val

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

GIn Thr val

ser

Gly

val
125

Met LYS

Lys
140

Arg Lys

val Ser Ala

Pro Leu Pro

Page 50

tgatgtggtyg
agaacgtctyg
tatgtgggcg
gagcgtgage
gggccagage
gttcgataaa

ser
15

Leu

Mmet val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val phe
Leu

Leu

Met
160

sSer

Gly Phe

1020
1080
1140
1200
1260
1320
1362



Leu

Thr

Ile

val

225

aAla

Glu

Thr

Ala

Ile

Ala

Ile

Lys

Glu

Ley

Gln
210

Met

val

TyF

Gly

APrg

Thr

ASp

Pro

Gly

ASD

Arg

Gly

Met

Leu

Glu

1935

Lys

Gly

Leu

Iie

275

rhe

Leu

Thr

val

Arg

Glu

Lys

Iie

Gln

Thr

180

Gln

cly

Ala

Thr

cys

260

Phe

Phe

Glu

Gly

vai

340

Phe

Tyr

Ala

Ala

ser
420

Giu

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

AsSnh

405

val

Met

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asnh

Glu

Gly

390

Thr

val

rhe

His

Ala

Arg

Gly

ASp

Gly

Ile

Pro

Glu

Arg

Ile

375

Cys

Leu

ASp

Tyr

Arg

200

Thr

Iite

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys
440

CxX2-105UsSP1_ST25

Trp Arg Tyr Gly Glu

185

Leu

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

ASp

Pro

425

lLeu

Ala

Ala

Pro

Gly

ile

Ile

Ile

Cys

330

Ala

His

Met

ASp

Leu

410

Pro

Arg

Gly

Pro

235

Ile

Asn

ser

l.eu

Gy

315

Ala

Glu

Ile

Trp

Tyr

Glu

Phe

220

Lys

PIrC

Thr

Ser

Gly

Glu

Ile

ASh

Ala

Ala

380

ASN

Leu

Ile

Glu Lys Ala

Page 51

Leu

205

Phe

Gly

val

Trp

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ije

l.ey

Leu
445

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Giu

ASp

Leu

Arg

350

Arg

Glu

Ser

Cys

Thr
430

ASp

Gly

Glu

Glu

Phe

ser

255

Cys

lLeu

Leu

Arg

Pro

val

val

ATG

Glu

Lys

Glu

Thr

Pro

Gln

240

ASp

val

Thr

Ser

Gly

Ala

Leu

Ash

val

ser

400

Pro

Ala

val
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<400>

40

Met Asn Lys
1

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ite

val

225

Ala

Glu

Ala

Thr

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

Ley

Lys

Ile

Ley

Glu

195

Lys

Gly

Leu

Ile

Pro

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Glin

Glu

Ata

Thr

Gin

His

Glu

Asn

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

. 245

Cys

Gly

Ser

Met

Gly

Ser

Asp

/U

TYr

Glu

Ser

Ala

Tvr

150

Asn

Pro

val

Ala

Gly

ey

Phe

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

ser

His

Ala

215

val

Arg

Gly

Glu

Ser

Tyr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

CX2-105USP1_ST25

Thr

Leu

25

Ile

Trp

Lys

Met

Pro

105

ASn

Lys

Ser

Phe

Trp

Leu

ile

Thr

Tyr

Thr

Arg Ala Glu

10

Arg

va'l

Asn

Ser

a0

Phe

ASD

Pro

Thr

Arg

Ala

Ala

Pro

ASp
250

Gin

ASD

Met

Gin

75

ASp

ASp

Thr

Gln

Ala

155

Leu

TVYr

Arg

Gly

Pro

235

Ile

Arg

va'l

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Gly Asn Thr

Page 53

Thr

Gly

His

45

Ala

Glu

Thr

Gly

vai

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

val

Thr

30

Gly

Gly

Arg

va'l

LyS

Ala

Pro

Glu

190

Glu

Gly

Ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Tle

Ser

Gly

Gy

Glu

Phe

Ser

255

Cys

Leu

val

Arg

ASp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gin

240

Asp

val



Thr

Ala

Ile

Ala

Ile

Leu

Gin

Phe

Tyr

Gly

Arg

Thr

ASD

Pro

Gly

Asp

Arg

Gly

Met

Ala
450

<210
<211>
<212
<213>

<220>
<223>

<400>
atgaacaaac cgcagagctg ggaaacgcgt gcggaaaccg tgagectgta

275

Phe

Leu

Thr

val

Arg

355

Glu

LyS

Tle

Gin

41
1362
DNA

260

Phe

Phe

Glu

Tyr

Ala

Ala

Ser

420

Glu

val

Thr

Pro

Thr

w oy

N
(Va0

Met

Glu

Arg

Ser

Asn

405

val

Met

Pro

val

Ala

310

His

Asn

Glu

Gly

Lys

390

Thr

val

Phe

Pro

Glu

Arg

Tie

375

ala

Cys

Leu

ASp

Artificial Seguence

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

LyS
440

CX2-105USP1_ST25

265

Ile

val

Ala

Gly

Lau

345

Lys

Phe

Phe

AsSp

Pro

425

Leu

Ite

Ile

Ile

Cys

330

ala

His

Met

ASp

Leu

410

Pro

Glu

Ser

Leu

Glu

315

Ala

Gluy

Ile

Trp

Gly

Gly

Tyr

LYS

Ser

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

285

Pro

Phe

Ala

val

Gclu.

365

Leu

Leu

Ile

Leu

Leu
445

270

Asn

Glu

ASp

Leu

Arg

350

Arg

Glu

ser

cys

Thr

430

Asp

Engineered variant of v. fluvialis transaminase

41

cacatgccga gectacgtea gegtggcacc atggtggtga cccatggega

atcgtggatg tgcatggecg tegttatcty gatgcgaaca goggoctgrt

gcgggetttg atcataaagg cctgattgat gcggcgaaag cgcagtatga

Page 54

lLeu

Leu

His

Lys

335

Arg

Pro

val

val

Arg

Glu

Lys

tgcetttace
aggcccgtat
caacatggtg

acgtttteccg

Thr

Ser

Gly

Ala

Leu

Asn

val

Ser

400

Pro

Ala

val

60
120
180
240



ggctatcaty
gtggaagtga
aacgatacca
cgtaaaattc
accggeatce
tgcccgeatt
ctggecegty
tttgcggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga
tttraccacag
.atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg

gtggtictgy

ctggaaaaag

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

<220>
<223>

<400>

42
453
PRT

42

Met Asn
1

LyS

Tyr Ala phe

val Thr His

35

Tyr Leu
50

ASp

His Lvys
65

cgttttacgg
gcecegtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatectgeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggecatee
gcctggeega
cggaacgtcc
tgaaagataa
cgaacacctg
caccgecgta

cgctggataa

Pro Gin Ser Trp Giu Thr Arg Ala Glu Thr val
10

5

20

Gly Glu Gly Pro Tyr ITe val Asp vall
40
Ala Asn Ser g;y Leu Phe Asn Met val Ala Gly

ey Ile égp Ala Ala Lys Ala Gln Tyr Glu Arg
75

cctgatgage
tagcggecgt
goegtgyttt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggcgot
caaatatgat
cacctggggce
aaccgegyggt
ggaaaccgeg
ggtgggtrtgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacce

agtgtttgcy

Artificial sequence

CXZ2-105USP1_5T25

gatcagaccy
gtgttttata
ctgcategtg
catggetoea
ctgecgetge
ggcgaaaccy
aaggaaggcg
gttattaccc
attccggtga
tgcgtgacct
ttttttecag
Kattgaagcga
gcgattgege
cgtetggece
gaatatecgty
gceeegttrig
ggactgattt
gaagcgcaga

gaagtggcegt

tgatgetgtc
ccaacagcgg
cggaaggcaa
ccgeggtgag
cgggctttet
aagaacagtt
cggataccat
cgccaaaagg
tcagegatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgcgttitga
gtattggctt
atggcaacct
gccgaccgtt
tggatgaaat

da

Engineered variant of v. fluvialis transaminase

Thr His Met Pro Ser Leu Arg Gin Arg Giy Thr
25 30

45

60

Page 55

His Gly

fgaaaaactg
cagcgaagceg
accgcagaaa
cgcgagecatg
gcatctgacc
tgtcgegegt
tgcggaettt
ctattttcag
agtgatttgc
cceggatgeg
gatttrtggad
tgatcatggt
tgatgtggtg
agaacgtctyg
tatgtgggcy
gagcgtgagce
gggccagage
gttcgataaa

ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

300
360
420
480
540
600
660
720
780
840
800
960
1020
1080
1140
1200
1260
1320
1362



Gly

Ser

Tyr

Trp

Thr

i45

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ite

val

Tyr

Arg

Thr

Asp

His

Lys

Asn

115

Leu

Lys

Ile

Leu

Glu

195

Lys

Gly

Leu

Iie

ASD

275

Phe

Leu

Thr

val

Ala

Leu

160

sSepr

His

AsSn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val
340

Phe
85

val
Gly

Arg

Ala

Cys

rPhe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Tyr

Glu

ser

Ala

Tyr

150

Asn

Pro

vai

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

ASn

Gly

val

Glu

Glu

135

His

Ser

His

Ala

215

val

Arg

Gly

ASP

Gly

Ile

Pro

Glu

Leu

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

CX2-105UsPI_8T25

Met

Pro

105

ASD

Lys

ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

vali

Ala

Gly

Lelu
345

Ser Asp Gin Thr

90

Phe

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile

Ite

Ile

Cys
330

ASp

Thr

Gin

Ata

155

Leu

Tyr

Alg

Gly

Pro

235

Ile

Asn

ser

Ley

Glu

315

Ala

Ser

Met

LysS

140

va'l

Pro

Giy

Glu

Phe

220

Lys

Pro

Thr

Ser

Ife

Ala GTu Asn

page 56

Gly

val

125

Arg

Ser

lLeu

Giu

l.eu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

val

APy

110

Lys

Lys

Ala

Pro

Glu

190

Glu

ala

Tyr

Ile

Gly

ASH

Asp

Leu

Met

95

va’l

MetT

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

Leu

His

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gin

240

Asp

val

Thi

ser

Gly

Ala

teu



Ala Pro Arg

355

Ile Gly Glu

ASp Lys

Arg Ite

Leu Gly Gln

Gin

Met

Ala
450

Phe

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

<220>
<223>

<4Q00> 43
atgaacaaac

43
1362
DNA

cacatgccga
atcgtggatg
gcgggerttg
ggctatcatyg
gtggaagtga
aacgatacca
cgtaaaattc
accggeatcce
tgcccgeatt
ctggceecagty
tttgcggaac
gcgattctga
ggctttggtc

attattagca

rhe Glu

Tyr Arg

Ala Ser

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagcetg
gcctacgtca
tgcatggecg
atcataaagg
cgttttacgg
gcccgtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggegtta
aactggaaga
cggtgatyyg
ccatcctgeg
gtaccggcaa

gtaaaaacct

Glu

Gly

Lys

Thr

va'l

Phe

Leu
360

Arg

Iie
375

Gly
Ala Pro
Cys Thr
Ala

Leu

AsSp LysS

Artificial Ssequence

ggaaacgegt
gcgtggeacc
tcgttatcety
cctgattgat
cegtatgage
tagcggecgt
gctgtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctggggc
aaccgegggt

CX2-105UsP1_5T25

Lys His Ile Ala Glu

Phe Met

Phe Asp

395

Leu
410

Asp Gly

Pro Pro

425

Tyr

Leu Glu

gcggaaaccg
atggtggtga
gatgcgaaca
gcggegaaay
gatcagaccg
gtgtttgtga
ctgcatcygtyg
catggctcca
ctgecegetge
ggcgaaaccy
aaggaaggcy
gttattaccc
attccggtga
tgcgtgacct

ttttttccag

Trp:

Gly Asn

Lys Ala

Arg
365

Ala Glu

380

Leu

Leu Ser

Lteu Ile Cys

Thr
430

Ile Leu

Leu
445

Asp

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggectgtg
cgcagtatga
tgatgcetgre
ccaacagegg
cggaaggcaa
ccgeggtgag
cgggetttct
aagaacagtt
cggataccat
cgccaaaagy
tcagegatga
atgattttac

taggagcggt

Page 57

Pro Asn

val val

val ser

400

Pro

Ala

Lys val

tgcctttacc
aggcecgtat
gaacatggtyg
acgttttcey
tgaaaaactg
cagcgaageg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgogegt
tgcgggettt
ctatttitcag
agtgatttgc
cceggatgey
gatttigggy

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800



ccggaactga
tttaccacag
atgaacgaag
adacatattg
Ctggaagtgg
gaacgtattg
grggtictgy
ctggaaaaag
<210>
<211>

<212>
<Z213>

44
453
PRT

<220>
<223>
<400> 44

Met Asn Lys
1

Tyr Ala Phe

val Thr His

35

Leu
50

Tyr ASp

His
65

Lys Gly

Tyr His

Ser Glu Lys

val Thr Asn

115

phe
130

Trp Leu

Thr
145

Leu Lys

Thr Gily Ile

gcaaacgtct
gcggecatec
gcetggeega
cggaacgtec
tgaaagataa
cgaacacctg
caccgcegta

cgctggataa

Pro

Thr
20

His
Gly Glu
Ala Asn
Ile

L.eu

rhe
85

Ala

Leu Vval

100

ser Gly

His Arg
Ala

Ash

Pro Tyr

Gin ser
3

Met
Gly
Ser
ASp
70
Tyr
Glu
Sar
Ala

Tyr

AsSh

ggaaaccgeg
ggtgggrrgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgceg

Artificial Sequence

Tre Glu

Pro Ser

Pro Tyr

40

Gly Leu

55

Ala Ala

Gly Arg
val

Ser

Ala
120

Glu

Glu
135

Gly
His

Gly

Ser val

CX2~105UsPl_5T25

attgaagcga
gcgattgege
cgtctggecce
gaatatcgtg
gcceegtttg
ggactgattt
gaagcgcaga

gaagtggcegt

Thr Arg Ala

10

Leu Gln

25

Arg

tle val Asp

Trp Asn Met

Gin
75

Lys Ala

ser
90

Met ASp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

Ala
155

Ser Thr

Phe Gly Leu

tcgaagaatt
tgaaagcgat
cgegttitga
gtattggett
atggcaacct
gccgaccgtt
tggatgaaat

ad

Engineered variant of v. fluvialis transaminase

Glu Thr val

Thr
30

Arg Gly

His
45

val Gly

val Ala

50

Gly

Tyr Glu Arg

Gin Thr val

Ser Gly Arg

110

val
125

Met Lys

L.YS
146

Arg Lys

val Ser Ala

Fro Leu Pro

Page 58

tgatcatggt
tgatgtggty
agaacgtctg
tatgtgggcg
gagcgtgage
gggccagage
gttcgataaa

ser
15

Leu

Met val

Arg Arg

phe Asp

Phe Pro

80

Met
95

Leu
val phe
Met Leu
ite

Leu

Met
160

Ser

Gly Phe

960
1020
1080
1140
1200
1260
1320
1362



Leu

Thr

Ite

val

225

Ala

Thr

Ala

Lys

305

Phe

Ile

Ala

Ile

Lys

385

Giu

Leu

Glin

His

Ghu

GIn

210

Met

Ile

val

TYyr

Arg

Thr

ASp

Pro

Arg

Gly

Met

Leu

Glu

165

Lys

Gly

L.eu

Ile

ASp

rhe

Ley

Thr

val

Arg

Glu

Lys

Ile

Gln

ASD

Thr

180

Glin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

TYr

Ala

Ala

Ser

420

Glu

165

Cys

pPhe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

APg

Ser

Ash

405

val

Met

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Lys

350

Thr

val

Phe

His

Ala

215

val

Arg

Gly

ASD

Pro

Giu

Arg

Ile

375

Ala

Cys

Leu

AsSp

Ile

LysS

Arg

Ala

280

Ala

Glu

val

Gly

L.eu

360

Gly

Pro

Thr

Ala

LYS

CX2-105UsP1_S5T25

Trp

185

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

LYs

Phe

rhe

ASp

Pro

425

Leu

170

Arg Tyr Gly Glu

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Ile

330

Ala

Met

ASD

Leu

410

Pro

arg

Gly

Pro

235

Ile

AsSnh

Ser

Leu

Glu

315

Ala

Glu

Trp

Gly

Gly

Tyr

Glu

Phe

220

Lys

Pro

The

sSer

Ile

ASn

Ala

Ala

380

Asn

l.eu

Tle

Glu Lys Ala
Page 59

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Lel

Leu

Tle

Leu

Leu

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

ASD

Leu

350

Arg

Glu

Ser

Cys

Thr

430

AsSp

175

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Ley

His

LYS

Arg

Pro

val

val

LyS

Glu

Thr

Pro

Gln

240

ASp

val

Thr

Ser

Gly

Ala

Leu

AsSn

va'l

ser

400

Pro

Ala

val
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<220>
<223>

<400>

Met Ash Lys Pro Gln Ser
1 5

Tvr

val

Tyr

His

65

Gly

Ser

Leu

Trp

Thr

145

Thr

Lew

Thr

Ile

val

225

Ala

Ala

Thr

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

Glu
Gln
210

Met

Ile

Phe
His
35

ASD

Gly

Lys

Asn

115

Leu

Lys

Ile

Leu

Glu

195

Lys

Gly

Leu

Thr

20

Gly

Ala

Leu

Ala

Leu

160

Ser

His

Gln

Pro

Thr

180

Gin

Glu

The

His

Glu

Asn

Ile

Phe

85

val

Gly

Arg

Ala

TYr

165

Cys

phe

Gly

Gly

Tle
245

Met

Gly

Ser

Asp

70

Ty

Giu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

ser

His

Ala

215

val

Arg

Glu

Ser

Tyr

40

Leu

Ala

Leu

Ser

Ala

120

Gly

Gly

val

TYr

Arg

200

Thr

Ile

Lys

€X2-105UsPl_ST25

Thr

Leu

25

Ile

rhe

Lys

Met

Pro

105

Asn

Lys

Ser

Phe

Trp

ey

ITe

The

Tyr

Engineered variant of v. fluvialis transaminase

46

Arg Ala Glu Thr val
10

Arg

val

Asn

Ala

Ser

a0

rhe

ASD

Pro

Thr

Gly

Arg

Ala

Ala

Pro

ASD
250

Gln

ASp

Met

Gin

75

Asp

ASD

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

ITe

Arg

val

val

60

TYYr

GIn

Ser

Met

Lys

140

va'l

Pro

Gly

Glu

Phe

220

Lys

Pro

Page 61

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

Ghu

180

Glu

Ala

Tyr

Ile

Ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gy

Glu

Glu

Phe

Ser
255

Leu

val

Arg

ASD

Pro

80

Leu

phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Glin

240

ASp



CX2~105USP1._ST25
glu val ITe Cys Gly Phe Gly Arg Thr Gly Asn Thr Trp Gly Cys val
260 265 270

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

ala &ty phe Phe Pro val Gly Ala val Ile Leu Gly Pro Glu Leu Ser
290 295 300

Lys Arg Leu Glu Thr Ala Ile Glu Ala Ile Glu Glu Phe Asp His Gly
3065 310 315 320

Phe Thr Thr Gly Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
325 330 335

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

Ala Pro arg Phe Glu Glu Arg Leu Lys His ITe 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 Ash 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

Leu Gly GIn ser val val teu Ala Pro Pro Tyr Ile Leu Thr Glu Ala
420 425 430

Glin Met Asp Glu Met Phe Asp Lys lLeu Glu Lys Ala Leu Asp Lys val
435 440 445

Phe Ala Glu val Ala
450

<210= 47

<211> 1362

<212> DNA

<213> artificial seguence

<220>
<223> Engineered variant of v. ¥fluvialis transaminase

<400> 47
atgaacaaac cgcagagctg ggaaacgegt geggaaaccg fgagectgta tgoctttace 60

cacatgccga gectacatca gegtggeace atggtggtyga cccatggoga aggeccgtat 120
atcgtggatg tgcatggceg tcgttatctg gatgcgaaca geggcctgtt caacatggtyg 180
Page 62
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65

Gly

Ser

TV

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thi

Ala

Ile

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

GIn

210

Met

Ile

val

Tyr

Arg

Thr

ASp

His

Lys

Asn

115

ieu

Lys

Leu

Glu

195

Lys

Gly

Leuy

Iie

275

Phe

Leu

Thr

val

Ala

Leu

100

Ser

His

Gin

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Pha

Glu

Gly

va'l

Fhe

85

val

Gly

Arg

Ala

Ty

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

70

Tyr

Glu

Ser

Ala

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Ash

Gly

val

Glu

Gy

135

His

Ser

His

Ala

Arg

Gly

AsSp

Gly

Ile

Pro

Glu

Leu

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

LYyS

Arg

Ala

280

Ala

Glu

val

Gly

CX2-105usP1_ST25
75

Met

Pro
105

Ash

Lys P

Ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

Ser
90

Phe

Asp

Thr

Arg

Ala

Ala

Pro

250

Gly

Ile

Ile

ITe

Cys
330

Asp

ASp

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

ser

Leu

Glu

315

Ala

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly

Glu

Ile

Ala Glu Asn
Page 64

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

LYS

Pro

Phe

Ala

val

val

Arg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

AsSh

Glu

ASp

Leuy

Arg

Met
95

val

Met

ser

Gly

Gly

Glu

Glu

Phe

ser

255

Cys

L.eu

Leu

His

Lys

335

Arg

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gin

240

Asp

val

Thr

Ser

Gly

Ala

Leu



Ala Pro Arg

Ite Gly Glu

ASp Lys

Arg Ile

Leu Gily Gln

Gln

Met

Ala
450

rhe

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

<220>
<223>

49
1362
DNA

<400> 49
atgaacaaac

cacatgccga
atcgtggatg
gcgggetttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggectice
tgcecgeatt
ctggeccgty
tttgcggaac
gcgattctga
ggctitggte

340

phe Glu

Tyr

Arg

Ala ser

Glu

Gly

Leu
360

Arg

Ilae
375

Gly

Ala Pro

390

Ala Asn

405

Ser val

420

Glu Met

val

cgcagagcety
gcctacgtcea
tgcatggeceg
atcataaagg
cgtittacgy
gcccgrtiga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgey

graccggcaa

Thr

val

FPhe

Cys Thr

Ala

Leu

Asp Lys

Artificial Sequence

ggaaacgegt
gcgtggeacce
tcgttatctg
cctgattgat
cctgatgage
tagcggeegt
gctgtggttt
gcgtgegtat
cgtgtttgac
tggcgaagaa
aaccattcag
tgcgggegygt
caaatatgat

cacctggggc

CX2-105UsPl_sT25

345

Lys His Ile

Phe Met Trp

Phe

Asp

Leu
410

ASp

Pro Pro

425

Tyr

Leu Glu Lys

gcggaaaceyg
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtttgtga
ctgcatcgty
catggctcca
ctgeegetge
ggcgaaaccy
aaggaaggcy
gttattaccc
attccggtga

tgecgtgacct

350

Ala Glu
365

Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Thr
430

Ile Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggccrgrt
cgcagtatga
tgatgctgteo
ccaacagegg
cggaaggcaa
ccgeggtgag
cgggetttet
aagaacagtt
cggataccat
cgccaaaagg
tcagegatga

atgattttac

Page 65

Pro Asn

val val

val ser

400

Pro

Lys val

tgcctttace
aggcecgrat
caacatggty
acgttttecy
tgaaaaactg
cagcgaageg
accgcagaaa
cgcgageatg
gcatcigacc
tgtcgegegt
tgcgggettt
ctattttcag
agtgatttgce

cccggatgcy

60
120
180
240
300
360
420
480
~40
600
660
720
780
840



attattagca gtaaaaacct aaccgegggt

ccggaactga gcaaacgtct ggaaaccgcyg

tttaccacag gcggecatce ggtgggiigt

atgaacgaag gcctggccga aaacgtgogt

aaacatattg Cggaacgtcc gaacattgge

ctggaagtgg tgaaagataa agcgagcaaa

gaacgtatig cgaacacctg caccgatcig

gtggttctag caccgecgta cattctgacc

ctggaaaaag cgcrggataa agtgtttged

<210> 50

<21i> 453

<212> PRT

<213> Arvificial sequence

<220>

<223>

<400> 50

Met Ash Lys Pro GIn Ser Trp Glu

1 5

Tyr Ala pPhe ggr His Met Pro Ser

val Thr His Gly 6lu Gly Pro Tyr
35 40

Tyr Leu Asp Ala Asn Ser Gly Ley

50 55

His Lys Gly Leu Ile Asp Ala Ala

65 70

Gly Tyr His Ala phe Tyr Gly Leu

85
Ser Glu Lys Leu val Glu val Ser
100

val Thr Asn Ser Gly Ser Glu Ala
115 120

Trp Phe Leu His Arg Ala Glu Gly

130 135
Thr Leu Lys Arg Ala Tyr His Gly
145 150

CX2-105UsP1_ST25

ttttttccag
attgaagcga
gcgattgege
cgtctggeece
gaatatcgtg
gcececgtttyg
ggactgattt
gaagcgcaga

gaagtggcgt

Thr Arg Ala

10

Leu Gln

25

Arg

ITe val asp

Phe Asn Met

Gin
75

Lys Ala

Met Ser

a0

ASp

Pro Phe

105

ASp

Asn Asp Thr

Lys Pro Gin

Ala
155

Ser Thr

taggagcggt
tcgaagaatt
tgaaagcgat
cgcgtttiga
gtattggctt
atggcaacct
gccgaccgtt
tggatgaaat

ad

Engineered variant of v. fluvialis transaminase

Giu Thr val

Thr
30

Arg Gly

His Gly

45

val

val Ala

60

Gly

Tyr Glu Arg

Gin Thr val

ser Gly Arg

val
125

Met Lys

Lys
140

Arg Lys

val ser

Page 66

gattttgggg
tgatcatggt
tgatgtggty
agaacgtcty
tatgtgggcy
gagcgtgage
gggccagagce
gttcgataaa

ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
85

Leuy

val Phe

Met Leu

Ile Leu

Ser Met

160

900

960
1020
1080
1140
1200
1260
1320
1362



Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Lys

Glu

Leu

Gly

His

Glu

Gln

210

Met

Tle

val

Tyr

Gly

290

Arg

Thr

ASp

Pro

Gly

ASD

Arg

Gly

ieu

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

Phe

Leu

Thr

val

355

Glu

LYS

Ile

GIn

Pro

Thr

180

GIn

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ata

ser
420

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

ATg

Ser

Asn

405

val

ASn

Pro

val

Ala

Gly

Leuy

Phe

Pro

val

Ala

310

ASH

Glu

Gly

val

ser

Ala

ASp

val

Arg

Gly

ASp

Gly

Ile

Pro

Glu

ATg

ile

375

Ala

cys

l.eu

val

Tyr

ATg

200

Thr

Ile

LYS

Arg

Ala

280

Ala

Glu

val

Gly

feu

360

Gly

Pro

Thr

Ala

CX2-105USP1_ST25

rhe Gly Leu Pro Leu

Ile
fhr
Tyt
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

His

Met

ASD

Leu
410

Tyr

Arg

Gly

Pro

235

I'le

Asn

Ser

Leu

Ghu

315

Ala

Glu

Ile

Trp

Gly

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly

300

Glu

Ile

Asn

ala

Ala

380

Asn

Leu

Pro Tyr Ile

Page 67

Glu

l.eu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

l.eu

Leu

Ile

L.eu

Pro

Glu

190

Giu

Ala

Tyr

Ile

Gly

Asn

Glu

AsSp

Leu

350

Arg

Giu

Ser

Cys

Thr
430

Gly

Glu

Glu

Phe

Ser

255

cys

Leu

l.eu

His

LYyS

Arg

Pro

val

val

Phe

Glu

Thr

Pro

Glin

240

Asp

val

Thr

Ser

Gly

Ala

Leu

Asn

val

ser

400

Pro

Ala
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<213>

<220>
<223>

<400>

Artificial Seguence

Engineered variant of v.

52

Met Asn Lys

1

Tyr

val

Tyt

His

65

Gly

Ser

va'l

Trp

Thr

145

Thr

lL.ey

Thr

Ile

val

225

Ala

Ala

The

Leu

20

Lys

TYr

Glu

Thr

Phe

130

Leu

Gly

Gin
210

Met

Ile

Phe

His

35

ASp

Gly

His

Lys

ASH

115

Leu

Lys

Ile

leu

Glu

195

Lys

Gly

Leu

Pro

Thr

20

Gly

Ala

Leuy

Ala

Leu

100

Ser

His

AsSh

Pro

Thr

180

GIn

Glu

ala

Thr

G1n

5

His

Glu

Ash

Ile

Fhe

85

va'l

Gly

Arg

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

ser

Met

Gly

Ser

ASD

70

Tyr

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

l.eu

Irp
Pro
Pro
Gly
55

Ala
Gly
val
Glu
Glu
135
His
sSer
His
Ala
215

val

Arg

Glu

Ser

Tyr

40

Leu

Ala

Ala

ser

Ala

120

Gly

Gly

val

TYr

Arg

Thr

Ite

Lys

CX2-105USP1_5T25

fluvialis transaminase

Thr

Leu

25

Ile

Trp

LYS

Met

Pro

105

Asn

Lys

Ser

Phe

Trp

Leu

ile

Thr

TV

Arg Ala Glu Thr

10

His GIn

val Asp

Asn Met

Ala Gln

75
Ser Asp

90

Phe Asp

Asp Thr

Pro Gin

Thr ala

155

Gly Leu

Arg Tyr

Ala Arg

Ala Gly

Proe Pro

235

Asp Ile

Arg

val

va'

60

Tyr

Glin

ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

LYS

Pro

Page 69

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Ley

205

rPhe

Gly

val

val

Thr

30

Gly

Gly

APy

val

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Ser

15

Met

Arg

Phe

Phe

Met

95

val

Met

I'le

Ser

Gly

Glu

Glu

Fhe

Ser

Leu

val

Arg

ASp

Pro

80

Leu

Phe

Leu

Led

MeT

180

Phe

Thr

Pro

GlIn

240

ASp



CX2-105USP1_ST25
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 ITe Ile Ser Ser Lys Asn Leu Thr
275 280 285

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

LYs Arg Leu Giu Thr Ala ITe Glu Ala ITe Glu Glu Phe Asp His Gly
305 310 315 320

rhe Thr Thr Giy Gly His Pro val Gly Cys Ala Ile Ala Leu Lys Ala
325 330 335

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

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

Ile Gly Giu 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
385 390 355 400

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

Leu Gly GlIn 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 val
435 440 445

Phe Ala Glu val ala
450

<210> 53

<211> 1362

<Z212> DNA

<213> Artificial Seguence

<220>
<223> Engineered variant of v. fluvialis transaminase

<400> 53
atgaacaaac cgcagagctyg ggaaacgcegt gcggaaaccg tgagcctgta tgoctttace 60

cacatgccga goctacgtca gegtggeace atggtggtga cccatggega aggoccgtat 120
Page 70
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His
65
Gly
Ser
Tyr
Trp
Thr
145
Thr
Leu
Thr
Ile
va'l
225
Ala
alu

Thr

Ala

LYS

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gin

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Gly

His

LYS

Asn

115

teu

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Tle

ASp

275

Phe

Leu

Thr

Leu

Ala

L.eu

100

Ser

His

Asnh

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

Ile

Phe

85

val

Gly

Arg

Ala

TyYr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

PIro

Thr

Gly

ASp
70
Ty
Glu
Ser
Ala
Tyr
150
Asn
Pro
val
Ala
Gly
2
Leu
Phe
Pro
val
Ala

310

His

Ala

Gly

val

Glu

Glu

135

His

ser

His

Ala

ASp

215

val

Arg

Gly

ASp

Pro

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-105UsP1_ST25

Lys Ala gln Tyr Glu
5

Met

Pro

105

Asn

Lys

Ser

Phe

Trp

l.eu

Ile

Thr

TYr

Thr

265

Ile

val

Ala

Gly

Ser

90

Phe

ASp

Pro

Thr

Arg

Ala

Ala

Pro

Ala

250

Gly

Ile

Ile

Ile

Cys
330

Asp

Asp

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

ASN

S5er

Leu

Glu

315

Ala

Gin

Ser

MetT

Lys

140

val

Pro

Gly

Glu

Phe

220

LYS

Pro

Thr

Ser

Gly

Giu

Ile

Page 72

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

LYS

Pra

Phe

Ala

Arg Phe Pro

val

Arg

110

LYS

LYS

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Asp

Leu

Met

95

val

Met

ITe

ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

80

Ley

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gin

240

Asp

val

Thr

Ser

Gy

Ala



Ile Asp val

Ala Pro Arg

Ile Gly Glu

Lys Asp Lys

Glu Arg Ile

Leu Gly Gln

GIn

Met

Ala
450

Phe

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

<220>
<223>

<400>

55
1362
DNA

55

val
340

Met
Phe Glu
Tyr

Arg

Ala Ser

ASH

Glu

Gly

Lys

Glu Gly

Leu
360

Arg

Ile
375

Giy

Ala Pro

380

Ala Asn

405

Ser val

420

Glu Met

val Ala

Thr

val

Phe

Cys Thr

Ala

Leu

LyS
440

ASD

Artificial Seguence

atgaacaaac cgcagagctg ggaaacgcgt

cacatgccega
atcgtggatg
gcgggctttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggecatcc
tgeecgeatt
ctggeccgty
tttgcggaac

gcgattctga

gcctacgtca
tgcatggeeg
atcataaagg
cgttttacgg
gceegtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggegtta
aactggaaga
cggtgatggg

ccatcctgog

gegtggeacc
tcgttatcty
cctgattgat
cctgatgage
tageggeogt
gctygtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggeggt

caaatatgat

CX2-105UsP1l_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

gcggaaaccy
atggrggtga
gatgcgaaca
gcggcgaaay
gatcagaccg
gtgtttctga
ctgcatcegty
catggctceca
ctgoegetge
ggcgaaaccyg
aaggaaggcyg
gttattaccc

attccggtoa

Asn val

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

ieu Ile Cys

Thr
430

Leu

Ala Leuy

445

ASD

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggectgtg
cgcagtatga
tgatgcetgte
ccaacageygg
cggaaggcaa
ccgeggtogag
cgggetttet
aagaacagtt
cggataccat
cgccaaaagg

tcagegatga

Page 73

Arg Leu

Pro Asn

val val

va'l ser

400

Pro

Lys val

tgcctttace
aggccegtat
gaacatggty
acgtrttecg
tgaaaaactg
cagcgaagey
accgcagaaa
cgcgageatg
gcatctgacc
tgtcgegegt
tgcgggertt
ctattttcag

agtgatrttgc

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



goctttggtc
attattagca
ccggaactga
trtaccacag
atgaacgaag
daacatatty
ctggaagtygy
gaacgtattyg
gtggttctgg
ctggaaaaag
<210>
<211>
<212>
<213>

<220>
<223>

<400>

56
453
PRT

56

Met Asn Lys
1

Tyr Ala Phe

His
35

val Tthr

Leu
50

Tyr AsSp

His Gly

635

LYS

Gly Tyr His

ser Glu Lys

Thr Asn

115

Leu

Phe
130

Trp lLeu

Thr Leu Lys

gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggecatcee
gcetggecga
cggaacgtec
tgaaagataa
cgaacacctg
caccgeegta

cgctggataa

Pro

Thr
20

His

Gly Glu

Ala Asn

Leu Ile

Ala prhe

85

teu val

100

Ser Gly

His

Arg

Asn Ala

Gln Sser
5

Met
Gly
Ser
ASp
70
Tyr
Glu
sSer

Ala

Tyr

cacctggggc
aaccgcggot
ggaaaccgeg
ggtgggregt
aaacgtygcgt
gaacattggc
agcgagcaaa
caccgatctg
cattectgacc

agtgtttgcg

Artificial Seguence

Trp Glu

Pro Sser

Pro Tyr

40

Gly
55

Leu
Ala Ala
Gly Leu
val

Ser

Ala
120

Glu

Glu
135

Gly

His Gly

CX2-105USP1_ST25

tgcgtgacct
Trttticcag
attgaagcga
gcgattgege
cgtctggece
gaatatcgtg
gcceegttty
ggactgattt
gaagcgcaga

gaagiggcgt

Thr Arg Ala

10

Leu Glin

25

Arg

ile val Asp

Trp Asn Met

Gln
75

Lys Ala

Met Ser

S0

Asp

Pro Phe

165

ASD

Asn Asp Thr

Lys Pro GIn

Ser Thr Ala

atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gtattggctt
atggcaacct
gccgaccgtt
tggatgaaat

ad

Engineered variant of v. fluvialis transaminase

Glu Thr val

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr GHu Arg

GIn Thr val

Ser Gly Arg

110

val
125

Met Lys

LYS
140

Arg Lys

val Ser Ala

Page 74

cceggatgeg
gattttgggg
tgatcatggt
tgatgtggtg
agaacgtctyg
tatgtgggeg
gagcgtgage
gggccagago
gttcgataaa

Ser Leu

15

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val Phe
MeT Leu
Ite

Leu

Ser Met

840

900

960
1620
1080
1140
1260
1260
1320
1362



145

Thr

Leu

Thr

Iie

val

225

Ala

Glu

Thr

Ala

Ile

Ala

ITe

Leu

Gly

His

Glu

Gin

210

Met

ITe

val

TYr

Gly

Arg

Thr

ASp

Pro

Gly

ASp

Arg

Gly

Ile

Leu

Glu

185

Lys

Gly

Leu

Ile

beu

Thr

val

Arg

Glu

Lys

Tie

Gln

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

ATg

ser

Asn

405

val

150

Asn
Pro
val

Ata
Gly
Leu
éhe
Pro
val

Ala
310
His
Asn

Glu

Gly

va'l

ser

His

Ala

ASp

val

Arg

Gly

ASp

Pro

Glu

Alrg

Ile

375

Ala

Cys

Leu

val

Tyr

Ile
Lys
Arg
Ala
280
Ala
Glu
val
Gly
Leu
360
Gly
Pro

Thr

Ala

CX2-105UsP1_8725

155

Phe Gly Leu Pro Leu

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Ley

345

Lys

Phe

phe

AsSp

Fro

170

Arg

Pro

Gly

ITe

Ile

Ile

330

Ala

His

Met

Asp

L.eu
410

TVyr

Arg

Gly

Pro

235

Tle

Asn

Ser

lLeu

Glu

315

Ala

Glu

Ile

Trp

Gly

Gly

Glu

Phe

220

Lys

Frro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Pro Tyr Ile
Page 75

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ata

val

Glu

365

Ley

Leu

Ite

Leu

Pro
Glu
180
Glu
Aia
Tyr
Ile
Gly
2

Asn
Glu

ASp

Leu

Arg
Glu
ser
Cys

Thr

Gly

Glu

Giu

Phe

ser

255

Cys

Leu

Ley

His

LYS

Arg

Pro

val

val

160

Phe

Glu

Thy

Pro

Glin

240

Asp

val

Thr

ser

Gly

Ala

Leu

Asn

val

ser

400

Pro

Ala
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<211>
<212>
<213>

<220>
<223>

<400>

453
PRT

Artificial sequence

CX2-105USP1_ST25

Engineered variant of v. fluvialis transaminase

58

Met Asn Lys Pro
1

Tyr

val

Tyr

His

65

Ser

Leu

Trp

Thr

145

Thr

teu

Thr

Ile

val
225

Ala

Thr

l.eu

50

Lys

Tyr

Glu

Thr

Phe

130

Leyu

Gly

His

Glu

Gln

210

Met

Phe

His

35

ASp

Gly

His

Lys

AsSD

i15

Leu

Lys

Ley

L.eu

Glu

195

kys

Gly

Thr

20

Gly

Ala

Leu

Ala

Leu

100

ser

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Gin
5
His

Glu

Asn

Phe

85

val

Gly

Abrg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ser

Met

Gly

Ser

ASD

70

Tyr

Glu

Ser

Ala

Tyr

150

AsSn

Pro

val

Ala

Gly

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

215

val

Glu

Ser

TYr

Leu

Ala

Ala

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Thr

lL.eu

25

Ile

Phe

Lys

Met

Pro

105

Asnh

Lys

Ser

phe

Trp

Leu

Ile

Thr

Arg
10

His
val
ASRH
Ala
Ser
90

Phe
ASp
Pro
Thr
Gly
Arg
Ala

ala

Pro

Ala

Gln

Asp

Met

Gln

75

Asp

Asp

Thr

GIn

Ala

153

Leu

TYyr

Arg

Gly

Pro
235

Glu

Arg

val

va’l

60

TYyr

Glin

Ser

Met

LYS

140

val

Pro

Gly

Glu

Phe

220

Lys

Page 77

Thr

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

Lys

Lys

Ala

Pro

Glu

190

Gly

Ata

Tyr

Ser

i5

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

Leu

val

Arg

ASp

Pro

80

L.eu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln
240



Ala

Gluy

Thr

Ala

Ile

Ile

Leu

Gln

Phe

ITe

val

Tyr

Gly

290

Arg

Thr

ASD

Pro

ASp

Arg

Gly

Met

Ala
450

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

<220>
<223>

<400>

atgaacaaac cgcagagctg ggaaacgcgt goggaaaccyg tgagectgta tgectttace

Leu

Ile

ASp

275

Phe

Leu

Thr

val

Arg

355

Glu

LYS

Ile

Gin

59
1362
DNA

Thr

Cys

260

rhe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

va'l

Ite

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

va'l

Met

Ala

Leu

Phe

Pro

val

Ala

310

His

ASD

Glu

Gly

Lys

Thr

val

Phe

Arg

Gly

Asp

Pro

Glu

Arg

Ile

375

Ala

Cys

Leuy

Asp

Artificial Sequence

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys
440

CX2-105USP1_5T25

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

LYs

Phe

Phe

Asp

Pro

425

Leu

Asp Ile Pro val

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

ASp

Leu

410

Pro

Glu

Asn

ser

beu

Glu

315

Ala

Glu

Ile

Trp

Tyr

Lys

Thr

ser

Ile

Asn

Ala

Ala

380

ASn

Leu

Ile

Ala

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Ley
445

Ile

Gly

Ash

Glu

Asp

Leu

350

Arg

Glu

ser

Cys

Thr

430

ASD

Engineered variant of v. fluvialis transaminase

59

Page 78

Ser

255

cys

Leu

Leu

His

Lys

Arg

Pro

val

val

Lys

Asp

val

Thr

Ser

Gly

Ala

ieu

Asn

val

Ser

400

Pro

Ala

val
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His

65

Gly

ser

Leu

Trp

The

145

Thr

Ley

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

305

Phe

50

Lys

Tvyr

Glu

Thr

rhe

130

Leu

Gly

His

Glu

GlIn

210

Met

Ile

val

Tyr

Arg

Thr

Gly
His
LyS
Asn
115
Leu
Lys
Leu
Leu
Glu
185
Lys
Gly
Leu
Ile
ASp
275
Phe

Leu

Thr

Leu

Ala

Leu

100

ser

Arg

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

ITe

Phe

85

val

Gly

Arg

Ala

Tyr

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

ASp

70

Tyr

Gy

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Phe

Pro

val

Ala

310

His

55

Ala

Gly

val

Glu

135

His

Ser

His

Ala

215

val

ATg

Gly

ASD

Pro

Ala

Arg

Ser

Ala

120

Gly

Gly

va'l

Tyr

Arg

Thr

Ile

Lys

ATg

Ala

280

Ala

Glu

val

CX2~105UsP1_ST25
60

LysS

Met

Pro

105

ASh

Lys

Ser

phe

Trp

Leu

Ile

Thr

Tvr

Thr

265

Ile

val

Ala

Gly

aAla gln Tyr

Ser

90

Phe

Asp

Pro

Thr

Gly

Arg

Ata

Ala

Pro

Asp

250

Gly

Ile

Ile

ITe

75

ASp

ASp

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ite

Ash

ser

Leu

Glu
315

Gln

Ser

Met

Lys

va'l

Pro

Gly

Glu

Phe

220

LyS

Pro

Thr

Ser

Cys Ala Ile
Page 80

Glu

Thr

Gly

val

125

Arg

sSer

Lel

Glu

Leu

205

Phe

Gly

val

Tro

285

Pro

Phe

Ala

Arg

val

Arg

Lys

Lys

Ala

Pro

Giu

190

Glu

Ala

Tyr

Ile

Gly

ASH

Glu

ASp

Leu

Phe

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Lys

Pro

80

t.eu

Phe

L.eu

Leu

MetT

160

Phe

Thr

PTro

GIn

240

ASp

val

Thr

Ser

Gly

Ala



CX2-105UsPl_5T25
330

325 335
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
Iie Gly Giu 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
385 380 395 400
Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415
Leu Gly GTn Ser val val Leu Ala Pro Pro Tyr Ile teu Thr Glu Ala
420 425 430
Gln Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
435 440 445
Phe Ala Glu val ala
450
<210> 61
<211> 1362
<212> DNA
<213> artificial Sequence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 61
atgaacaaac cgcagagctyg ggaaacgcgt gcggaaaccg tgagoectgta tgectttace
cacatgecega gectacatea gegtggeace atggtggtga cccatggega aggeccgtat
atcgtggatg tgcatggeog tcgttatctg gatgcgaaca gcggoctgit caacatggtg
gcgggetttg atcataaagg cctgattgat geggcgaaag cgceagtatga acgttticcy
ggctatcatg cgrtttacgg ccgeatgage gatcagaccg tgatgetgte tgaaaaactyg
gtggaagtga gcccgtitga tagcggeegt gtgtttctga ccaacagcgg cagcgaageg
aacgatacca tggigaaaat gcigtggttt ctgcatcgty cggaaggcaa accgcagaaa
cgtaaaatic tgaccctgaa gaacgegtat catggotcca ccgeggtgag cgcgageatg
accggeatcc cgtataacag cgtgtttgge ctgoogetge cgggetitetr geatctgace
tgcccgeatt attggegita tggcgaagaa ggcgaaaccg aagaacagtt tgtcgegegt
ctggcecygtyg aactggaaga aaccaticag aaggaagygceg cggataccat tgogggettt
tttgcggaac cggtgatggg tgcgggcggt gttattacce cgccaaaagg ctattttcag

Page 81

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



gcgattctga
ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattyg

gtggtrtctgg

ctggaaaaag

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

62
453
PRT

<220>
<223>
<400> 62
Met Asn Lys
1

Phe

Tyr Ala

His
35

val Thr

Tyr Leu

50

AsSp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Ley Thr Asn

115

Phe
130

Trp Leu

ccatcctygey
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggeeatce
gcctggecga
cggaacgtce
tgaaagataa
cgaacacctyg
caccgccgta

cgctggataa

pro Gin Se
5

Thr His

20

Me

Gly Glu G1

Ala Asn Se

Iie As

70

Leu

Phe
85

Leu val G

160

ser Gly Se

His Arg Al

Tyr

caaatatgat
cacctgggge
aaccgegggt
ggaaaccgcyg
ggtgggtrrgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatcty
cattctgacc

agtgtttgeg

Artificial Sequence

r Trp Glu

t Pro Ser

y Pro Tyr

40

r Gly Leu

55

p Ala Ala

Gly Arg
u val

Ser

Ala
120

rGiu

a Glu Gly

CXZ2-105UsPl_ST25

attccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgegce
cgtctggecc
gaatatcgtg
gceecgttig
ggactgattt
gaagcgeaga

gaagtggcgt

Thr Arg Ala

190

Leu His GIn

25

1Te val Asp

Phe Asn Met

Gin
75

Lys Ala

ser
90

Met ASp

Pro pPhe

105

Asp

Asn Asp Thr

Lys Pro Gln

tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgcgttitga
gtattggett
atggcaacct
gccgacegtt
tggatgaaat

da

Engineered variant of v. fluvialis transaminase

Glu Thr val

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gin Thr val

Ser Gly Arg

val
125

Met Lys

LYS
140

Arg Lys

Page 82

agtgatttgce
cceggatacyg
gattttgggg
tgatcatggt
tgatgtagtyg
agaacgtctg
tatgtgggcg
gagcgtgage
gggccagagce
gttcgataaa

ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
85

Ley
val Phe
Met

Leu

ITe Leu

780
840
900
960
1020
1080
1140
1200
1260
1320
1362



Thr

145

Thr

Leu

Thr

val

225

Ala

Glu

Thr

Ala

Lys

Phe

Ile

Ala

Ile

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

ASP

Pro

Gly

ASp

Arg

Lys

Ile

Leu

Glu

195

Lys

Gly

Leu

Ile

ASD

275

Phe

Leu

Thr

val

Arg

355

Glu

Lys

Ile

Asn

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

rhe

Glu

Gly

val

340

Fhe

Tyr

Ala

Ala

Ala

Tyr

165

Cys

pPhe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn
405

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

ASnh

Giu

Gly

Lys

Thr

His

Ser

His

Ala

Asp

val

Arg

Gly

ASD

Pro

Glu

Arg

Ile

375

Ala

Cys

Gly

val

Tyr

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-105UsP1_5T725

ser Thr Ala val ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

ASD

Gly

170

Arg

Ala

Ala

Pro

250

Gly

ITe

Ile

Ile

Cys

330

Ala

His

Met

Asp

Leu
410

155

Leu Pro

Tyr Gly

Arg Glu

Gly Phe

220
Pro Lys
235
Ile Pro
Asn Thr
ser ser
Leu Gly
Glu Giu
315
Ala Ile
Glu Asn
Tle Ala
Trp Ala

380

Gly Asn

Gly Leu

page 83

Leu

Glu

Leu

205

phe

Gly

val

Trp

LYS

Pro

Phe

ala

vai

Glu

365

Leu

Leu

Ile

Ala
Pro
Glu
190
Glu
Ala
Tyr
;1e
Gly
Asn
Giu
Asp
Leu
350
Arg
Glu

Ser

Cys

Ser

Gly

Giu

Glu

Phe

ser

255

Cys

Leu

Leu

His

335

ATg

Pro

val

val

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASp

val

Thr

Ser

Leu

Asri

val

ser

400

Pro
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«<210>
<211
<212>
<213>

<220>
<223>

<400>

64
453
PRT

Artificial Sequence

Engineered variant of v.

64

Met ASn Lys Pro

1

Tyr Ala

val Thr

Tyr Leu
50

His Lys
65

Gly Tyr

Ser Glu

Tyr Thr

Trp Phe

130

Thr Leu
145

Thy Gly

Leuy His

Thr Glu

ITe GTn

210

val Met

Phe

His

35

ASp

Gly

His

Lys

Asn

115

Leu

Lys

Ile

Leu

Glu

195

Lys

Gly

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

ASH

Pro

Thr

180

Glin

Glu

Ala

Gln Ser Trp Glu

>

His

Glu

Asnh

Ite

Phe

"85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Met

Gly

Ser

ASD

70

Tyr

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Pro

Pro

Gly

35

Ala

Gly

val

Glu

Glu

135

His

ser

His

Ala

215

val

Ser

Tyr

40

Leu

Ala

Leu

Ser

Ala

126

Gly

Gly

val

Tyr

Arg

200

Thr

Ile

CX2-105uUsPl_ST25

fluvialis transaminase

Thr

Leu

25

Ile

Trp

Lys

Met

Pro

105

ASh

Lys

Ser

Phe

Trp

Leu

Ile

Thr

Arg Ala Glu Thr Tyr

10

His

val

Asn

Ala

Ser

80

Phe

ASp

Pro

Thr

Gly

Arg

ala

Ala

ASpP

Met

G1In

75

Asp

ASD

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Arg

val

val

60

Tvr

Gln

Ser

Met

LYS

140

val

Pro

Gly

Glu

Phe
220

Pro Pro Lys
Page 85

Gly

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Ala

Glu

Leu

205

Phe

Gly

Thr

30

Gly

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

TYr

ser

15

Met

Arg

phe

Phe

Met

95

val'

Met

Ile

ser

teu

val

APy

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

- 160

Gly

Gly

Glu

Glu

Phe

Phe

Glu

Thr

Pro



225

Ala

Glu

Thr

Ala

Ile

Ala

Iie

LYS

385

Glu

MetT

GIn

Phe

Ile

val

TYr

Arg

Thr

ASp

Pro

Gly

Asp

Arg

Gly

Met

Ala
450

<210
<211>
<212>
<213>

<220>
<223>

<400>

Leu

Ile

Leu

Thr

val

Arg

Glu

Lys

Ile

Gln

AsSp

Glu

65
1362
DNA

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

val

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

230

l.eu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

LYS

390

Thr

val

Phe

Arg

Gly

ASD

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

ASp

Artificial Sequence

LYS

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

val

Lys
440

CX2-105UsSP1_ST25
235

Tyr

Thr

265

Ite

val

Ala

Gly

Leu

345

Lys

rhe

Phe

Asp

Pro

425

Leu

Asp Ile Pro
250

Gly Asn Thr

Ile ser Ala

Ife Leu Gly
300

Ile Glu Glu
315

Cys Ala Ile
330

Ala Glu Asn
His Ile Ala
Met Trp Ala

380
Asp Gly Asn
Leu Gly Leu
410

Pro Tyr Ile

Glu Lys Ala

val

Trp

LYS

285

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile
Gly
2

ASH
Glu
ASD

Leuy

Arg
Glu
Ser
Cys
Thr

430

ASp

Engineered variant of v. fluvialis transaminase

65

Page 86

ser

255

Cys

Leu

Leu

His

Lys

335

Arg

Pro

val

val

Arg

Glu

LYS

240

Asp

val

Thr

Ser

Leu

ASh

val

Gly

Pro

val
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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

Gin

210

Met

Ile

val

Tyr

ASp

Gly

His

Lys

Asn

115

Leu

Lys

Phe

Leu

Glu

195

Lys

Gly

Leu

Ile

ASp

275

phe

Leu

Ala

Leu

Ala

teu

100

Ser

His

AsSn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

phe

Phe

Glu

Asn

1le

Phe

85

val'

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

ASp

70

Tyr

GHu

Ser

Ala

Tyr

150

ASN

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala
310

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

215

va'l

Arg

Gly

ASD

Leu

Ala

Leu

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

200

Thr

Ile

Lys

ATG

Ala

280

Ala

Glu

CX2~105U8P1_STZ5

Trp Asn Met

Lys

Met

Pro

105

Asn

Lys

Ser

rhe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Ala

ser

90

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile

ile

Tle

Gin

75

Asp

ASD

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asnh

Ser

Leu

Glu
315

val

60

Tyr

Gin

Ser

Met

Lys

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ala

Gly

300

Glu

pPage 88

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Ala

Glu

Leu

205

Phe

Gly

val

Trp

Lys

285

Pro

Phe

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

180

Gilu

Ala

TYr

Tle

o ot
o

Asit

Glu

AsSp

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

ASp

Pro

80

Leu

Phe

Leu

Ley

Met

160

Phe

Glu

Thr

Pro

Glin

240

ASD

val

Thr

Ser

Gly



Phe Thr Thr

Iie Asp val

Ala Pro Arg

355

Ile Giy Glu

ASp Lys

Arg Ile

Leu Gly GIn

GIn Met Asp

435

Phe Ala Glu
450

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

<220>
<223>

<400> 67
atgaacaaac

67
1362
DNA

cacatgccga
atcgtggatg
gcaggcttyg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggetttc
tgeecgeatt

ctggeecgtg

Gly

val
340

Phe Glu

Tyr

Arg

Ala Sser

His

ASn

Glu

Gly

Lys

Pro val

Glu Gly

Leu

Arg
360

Ile
375

Gly

Ala Pro

390

Ala Asn

405

Ser val

420

Giu Met

val

cgcagagetyg
gcctacatca
tgcatggeey
atcataaagg
cgtttgatgg
gcecgrttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggegtta

aactggaaga

Thr
val

Phe

Cys Thr

Leu Ala

ASp Lys

440

Artificial sequence

ggaaacgcgt
gcgtyggeacce
tcgttatctg
cctgattgat
ccglratgage
tagcgoocot
gcrgtggitt
gaacgcgtat
cgtgtttgac
tggcgaagaa

aaccattcag

CX2-105uUsP1_s7T25

Cys Ala
330

Gly

Leu Ala Glu

345

Lys His fle

Phe Met Trp

Phe Asp Gly

Leu Gly

410

ASp

Pro
425

Pro Tyr

Leu Glu Lys

gcggaaacct
atggtygtga
gatgcgaaca
gcggoegaaay
gatcagaccy
grtgttttata
ctgcatcgty
catggctcca
ctgcegetge
ggcgaaaccy

adggaaggcg

Ile Ala Leu

Asn val

350

Glu
365

Ala Aig

Ala Glu

380

Leu

Asn Leu Ser

teu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
ccecatggoga
gcggoctytg
cgcagtatga
tgatgcrgtce
ccaacagcgg
cggaaggcaa
ccgeggtgag
cgggetttct
aagaacagtt

cggataccat

Page 89

Lys Ala

335

Arg Leu

Pro Asn

Ala val

val Gly

400

Pro

1 Ala

Lys val

tgectttace
aggceegtat
gaacatggtg
acgrtrtceg
tgaaaaactg
cagcgaageg
accgcagaaa
cgcgageatg
gecatctgacce
tgtegegegt
tgcgggettt

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



tttgcggaac
gcgattctga
ggctttggte
attattagca
ccggaactga
tttaccacac
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg
gtggrtctgy

ctggaaaaag

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

<220>
<223>

<400>

68
453
PRT

68

Met Asn Lys Pro Gin Ser
1 5

Tyr Ala Phe

His
35

val Thr

Leu
50

Tyr ASD

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Tyr Thr Asn

115

Trp Phe Leu

cggrgatggg
ccatcctgeg
gfaccggcaa
gtaaaaacct
gcaaacgtct
acggecatce
gcetggeega
cggaacgtcc
tgaaagataa
cgaacacctg
caccgcegta

cgcrggataa

Thr
20

His
Gly Glu
Ala Asn
Tle

Leu

Phe
85

Ala

Leu val

100

Ser Gly

His Arg

MetT

Gly

Ser

ASp

70

ASp

Glu

Ser

Ala

tgcgggcggr
caaatatgat
cacctgggge
aaccgegggot
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctyg
cattctgacc

agtgtttgeg

Artificial Seguence

gngineered variant of v.

Trp Glu

Pro ser

Pro Tyr

40

Gly
55

Leu
Ala
Gly Arg
val

Ser

Ala
120

Giu

Glu Gly

CX2-105UsSP1_ST25

gttattaccc
attccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgcge
cgtctggeec
gaatatcgtg
geeeegtttg
ggactgattt
gaagcgcaga

gaagtggcgt

cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gtattggett
atggcaacct
gccgaccgtt
tggatgaaat

ad

fluvialis transaminase

Thr Arg Ala
10

Leu His Gln

25

ITe val Asp

Trp Asn Met

Glin
75

Lys Ala

Mat Ser

80

ASp

Pro Phe

105

ASp

Asn Asp Thr

Lys Pro Gln

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

Lys Arg Lys

Page 40

ctattttcag
agtgatttge
cccggatgeg
gatittgggg
tgatcatggt
tgatgtggty
agaacgtcty
tatgtgggcy
gagcgtgggt
gggecagage
gttcgataaa

ser
15

Ley

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
85

Lay
val phe
Met

Leu

Ile Leu

720
780
840
900
960
1020
1680
1146
1200
1260
1320
1362



Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

305

Phe

Ile

Ala

Ile

130

Leu

Galy

His

Gy

GIn

210

Met

P
J——
m

val

Tyr

Arg

Thr

Asp

Pro

Asp

Arg

Lys

Phe

Leu

Glu

195

LyS

Gly

Leu

Iie

275

Phe

Leu

Thr

val

Arg

355

Glu

LYyS

Ile

Asn

Pro

Thr

180

GIn

Glu

Ala

Thr

Cys

260

Phe

rhe

Giu

His

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

Tyr
150

Asn

Pro

Phe

Pro

val

Ala

310

His

AsSn

Glu

Gly

Lys

390

Thr

135

His

Ser

His

Ala

ASp

215

val

i Arg

Gly

ASD

Pro

Glu

Arg

Ile

375

Ala

Cys

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CXZ2-105UsP1_ST25

Ser
Phe
Trp
Leu
Tle
Thr
-
Thr
265
val
Ala
Gly
Leu
345
Lys
Phe

Phe

ASp

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile

Ile

Iie

His

Met

Asp

140

Ala val ser

155

Leu

Tyr

Arg

Gly

Pro

235

Iie

Asn

Ser

Leu

Glu

315

Ala

Glu

Trp

Gly
365

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu Gly Leu
rPage 91

Leu

Glu

Leu

205

Phe

Gly

val

Trp

LysS

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Iie

Ala
Pro
Glu
180
Glu
Ata
Tyr
Ife
Gly
2

Asn
Glu

Asp

Leu

Arg
Glu
Ser

Cys

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Lys

Arg

Pro

val

val

Arg

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASD

val

Thr

Ser

Gly

Ala

Leu

AsSnh

val

Gly

Pro



405

410

CX2-105UsPI_S5T25

415

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

420

425

430

GIn Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
440

435

phe Ala Glu val Ala

450

<210>
<Z211>
<212>
<213>

69
DNA

e ¥a

<L LU
<223>

<400> 69
atgaacaaac

cacatgccga
atcgtggatg
gcgggcrteg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggcttec
tgcecgeatt
ctggccegtg
tttgcggaac
gcgattctga
ggctttggtc
attattageg
ccggaactga
tttaccacac
atgaacgaag
aaacatattg
ctggaagccy
gaacgtattg

gtggttctgo

1362

cgcagagcty
gcctacatca
tgcatggeog
atcataaagg
cgtttgatyg
gcececgtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa
ccaaaaacct
gcaaacgtcet
acggceatcc
gcctggocga
cggaacgtec
tgaaagataa
cgaacacctg

caccgeegta

Artificial sequence

ggaaacgcgt
gegtggcacc
tcgttatctg
cctgattgat
ccgtatgage
tagcggcegt
gctgtggttt
gaacgecgtat
caagtttggc
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctggyoc
aaccgcgggt
ggaaaccgeg
ggtdgggtrgt
aaacgtgeg:
gaacattggc
agcgagcaaa
caccgatctyg

cattctgace

gcggaaacct
atggtggtoa
gatgcgaaca
gcggcgaaag
gatcagaccy
gtgttttata
ctgcatcgty
catggctcca
crgocgetoc
ggcgaaaccg
aaggaaggcy
gttattaccc
attccggtga
tgecgrgacct
ttttttccag
attgaagcga
gcgattgege
cgtcrggecec
gaatatcgtg
gcococcgtttg
ggactgattt
gaagcgcaga

Page 92

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggectgty
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgeggtgag
cgggctttct
aagaacagtt
cggataccat
cgccaaaagg

tcagcgatga

atgattttac

taggagcggt
tcgaagaatt
tgaaagcgat
cgegttttga
gtattggctt
atggcaacct
gccgacegtit

tggatgaaat

tgccrttace
aggcccgtat
gaacatggtg
acgtttteeg
tgaaaaacty
cagcgaageg
accgcagaaa
cgcgagcatyg
gcatctgace
tgtcgcgegt
tgcgggettt
ctattttcag
agtgatttgc
cceggatgey
gattttgogg
tgatcatggt
tgatgtggty
agaacgtctyg
tatgtgggcy
gagcgtygyt
gggccagage
gttcgataaa

60
120
180
240
300
360
420
480
340
6060
660
720
780
840
900
960

1020
1G80
1140
1200
1260
1320



CXZ2-105uspl_sT25

ctggaaaaag cgctggataa agtgtitgcg gaagtggegt aa 1362
<210> 70

<211> 453

<21Z> PRT

<213> Artificial sequence

<220

<223> Engineered variant of v. fluvialis transaminase

<400> 70

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

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

val Thr #is Gly Glu Gly Pro T%r Ile val Aasp val His Gly Arg Arg
35 4 45

Tyr Leu Asp Ala Ash Ser giy Leu Trp Asn Met val ala Gly Phe Asp
50 5 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 Asp Gly Arg Met ger Asp Gin Thr val Met Leu
85 0 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 Arg Ala Glu Gly Lys Pro Gln Lys Arg Lys Ile Leu
130 135 140

Thr Leu Lys Asn Ala Tyr His Gly Ser Thr Ala val ser Ala Ser Met
145 150 155 160

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

Lew His Leu Thr Cys Pro His Tyr Trp Arg Tyr Gly Glu Glu Gy Glu
180 185 130

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

ITe GIn Lys Glu Gly Ala Asp Thr Ile aAla Gly Phe Phe Ala Glu pro
210 215 220

Page 93



val

225

Ala

Glu

Thr

Ada

Ala

Ile

LYS

Glu

Leu

Gin

Phe

Met

Ile

val

Tyr

Arg

Thr

Asp

Pro

APrg

Gly

Met

Ala
450

<210
<211
<212>
<213>

<220>
<223>

Gly

Leu

Ile

ASD

Phe

Leu

Thr

val

355

Glu

Lys

ITe

G1In

71

1362
DNA
Artificial Sequence

Ala

Thr

Cys

260

Phe

Phe

Glu

His

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

Lys

390

Thr

val

rhe

val

Arg

Gly

ASD

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

ASD

Ile

Lys

Arg

Ala

280

ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys
440

CX2-105UsP1_ST25

Thr Pro Pro

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

rPhe

Phe

Asp

Pro

425

Leu

ASp

250

Gly

Ile

Ile

Ile

Ccys

330

Ala

His

Met

ASp

tey

410

Pro

G

235

Ile

Asn

Ser

Leu

Glu

315

Ala

Glu

Ie

Trp

Gly

Gly

Tyr

Lys

Lys Gly Tyr phe Gin

Pro

Thr

Ala

Gly

Glu

Tie

AsSn

Ala

Ala

380

Asn

L.eu

Ile

&la

Page 94

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Ash

Glu

Asp

Leu

ATg

350

Arg

Glu

Ser

Cys

Thr

430

ASp

Engineered variant of v. fluvialis transaminase

Ser

255

Cys

Leu

Leu

His

LYS

335

Arg

Pro

Ala

val

Lys

240

ASD
va'l
Thr

ser

Leu
AsSn
val
Gly
400
Pro
Ala

val



<400> 71
atgaacaaac

cacatgccga
atcgtggatyg
gcgggerttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctitc
tgceegeatt
ctggoeegtg
tttgcggaac
gcgattctga
ggctttggte
attattagcy
ccggaactga
tttaccacac
atgaacgaag
aaacatattg
Cctggaagtgg
gaacgtattg
gtggrictgg

ctggaaaaag

<210>
<211>
<Z212>
<213>

<220>
<223>

<400>

72
453
PRT

72

1

cgcagagctyg
gcctacatca
tgcatggeceg
atcataaagg
cgtttgatgy
gcocegtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa
ccaaaaacct
gcaaacgict
acggceatcce
gcctggeoga
cggaacgtcec
tgaaagataa
cgaacacctg
caccgeegta

cgctggataa

ggaaacgegt
gcgtggeace
tcgttatctg
cctgattgat
ccgtatgage
tagcggeegt
gctgtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctgggyc
aaccgcggyt
ggaaaccgcg
ggtgggrotr
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgeg

Artificial Seguence

CX2-105UsP1_sT25

gcggaaacct
atggtggtga
gatgcgaaca
gcggcyaaay
gatcagaceqg
gtgttttata
ctgeatcgty
catggctecca
ctgcoggetc
ggcgaaaccy
aaggaaggcy
gttattacce
attccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgege
cgtctggecec
gaatatcgtg
gcceceogtttg
ggactgattt
gaagcgcaga

gaagtggcgt

10

atagcctgta
cccatggega
gcggectgtg
cgcagtatga
tgatgctgte
ccaacagcgyg
cggaaggcaa
ccgegytgag
cgggcrrict
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tCcgaagaatt
tgaaagcgat
cgcgttttga
grattggett
atggcaacct
gccgaccgtt
tggatgaaat

aa

Engineered variant of v. fluvialis transaminase

tgcetttace
aggcccgtat
gaacatggtg
acgttttccy
tgaaaaacty
cagcgaageg
acecgcagaaa
cgcgagceatg
gecatctgacce
tgtcgegegt
tgcgggottt
ctattttcag
agtgatttgce
cceggatgeg
gattttgggg
tgatcatggt
tgatgtggty
agaacgtctg
tatgtgggcg
gagcgtgagc
gggccagage
gttcgataaa

Met Asn Lys Pro Glin Ser Trp Giu Thr Arg Ala G¢lu Thr Tyr Ser Leu
5

15

Tyr Ala Phe Thr His Met Pro Ser Leu His Gln Arg Gly Thr Met val
30

20

val Thr His Gly Glu Gly Pro Tyr Ile val Asp val His Gly Arg Arg
Page 95

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1362



Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

L.eu

Thr

Tle

val

225

Ala

Gluy

Thr

ala

LYS

Leu
50

Lys

rhe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

TYF

Gly

290

Arg

35

Asp

Gly

His

Lys

Asnh

115

Leu

Lys

Phe

Leu

Glu

195

LYS

Gly

L.eu

Ile

Asp

275

Phe

l.eu

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

i80

Gin

Glu

Ala

Thr

Cys

260

rhe

rhe

Glu

Asn

Ile

Phe

85

Gly

Arg

Ala

TYyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser
ASD

70

Asp

Ser

ala

Pro

val

Ala

Gly

Leu

rPhe

Pro

val

Ala

Gly
55

Ala

Gly

i val

Glu

Glu

135

His

Ser

His

Ala

215

val

Arg

Gly

ASp

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

TvYr

Arg

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

CX2-105USP1_87T25

Trp Asn Met

Lys

Met

Pro

105

Asn

LYS

Ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Ala

Ser

80

rhe

Asp

Pro

The

Gly

Arg

Ata

Ala

Pro

Gly

Ile

Ile

Glin

75

ASp

ASP

Thr

Gin

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

teu

45

val aAla
50

Tyr Glu

Gln Thr

ser Gly

Met val

125

Lys Arg
140

val Ser Al

Pro Ala
Gly Glu
Glu Leu

205

Phe Phe

220

Lys Gly

Pro val

The Trp

Ala Lys

Gly Pro
300

Ite Glu Glu Phe
Page 96

Gly

Arg

val

Arg

110

LYS

Lys

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

AsSn

Glu

ASp

Phe

Phe

Met

93

val

Met

Ile

ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

ASp

Pro

80

Leu

Phe

Leu

Ley

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASP

val

Thr

Ser

Gly



305

phe Thr Thr

Ile Asp val

Ala Pro

Tle Gly Glu

Lys Asp Lys

Glu Arg Ile

Leu Gy Gin

Glin

Met

Ala
450

Phe

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

<220>
<223>

<400> 73
atgaacaaac

73
1362
DNA

cacatgccga
atcgtggatg
gcgggertig
gactatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggctttc

tgcecegeatt

310

His Gly

val
340

Met
Phe Glu
Tyr

Arg

Ala ser

His

ASn

Glu

Gly

L.ys

Pro val

Glu Gly

Leu
360

Arg

Ile Gly
375

Ala Pro

315G

Ala Asn

405

Ser val

420

Glu Met

val

cgcagageig
gcctacatca
tgratggeeg
atcataaagg
cgtitgatgg
gcccgtttga
tggtgaaaat
tgaccctgaa
cgtataacag

attggcgrta

Thr

val

Phe

Cys Thr

Leu Ala

Asp Lys

440

Artificial Sequence

ggaaacgegt
gcgtggeacc
tcgrtatcty
cctgattgat
ccgtatgage
tagcggcegt
gctgtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa

CX2-105USP1._ST25

315

Gly Cys Ala

330

teu Ala Glu

345

Lys His Ile

rhe
Phe

AsSp

Leu
410

Asp

Pro Pro

425

Tyr

Leu Glu Lys

gcggaaacct
atggtogtga
gatgcgaaca
gcggcgaaag
gatcagaccy
gtgttttata
ctgcatcoty
catggctcca
ctgecegetge

ggcgaaaccg

Ala

ITe Ala Leu

Asn val Arg

350

Glu
365

Ala Arg

Leu
380

Asn Leu Ser

Leuy ITe Cys

Thr
430

ITe Leu

Ala Leu

445

ASD

Engineered variant of v. fluvialis transaminase

atagcctgta
cceatggega
gcggcctgty
cgcagtatga
tgatgctgtc
ccaacagegg
cggaaggceaa
ccgeggteag
cgggetttct

aagaacagtt

Page 97

i val

320

Ala
335

Arg Leu

Pro Asn

val

val Ser

460

Pro

Ala

Lys val

tgcctttace
aggcccgtat
gaacatggtg
acgtteteccg
tgaaaaacty
cagcgaageg
accgcagaaa
cgcgageatg
gcatctgacc

tgtcgegegt

60
120
180
240
300
360
420
480
540
600



ctggccegty
tttgcgoaac
gcgattctga
ggctttggte
attatrtagca
ccggaactga
tttaccacag
atgaacgaag
aaacatartg
ctggaagccyg
gaacgtattg
gtggtectyy
ctggaaaaag
<Z210>
<211>
<212>
<213>

<220>
<223>

74
453
PRT

<400> 74
Met Asn Lys
1

Tyr Ala Phe

ThrHis
35

vai

Leu
50

Tyr ASp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Asn

115

TYr

aactggaaga
cggtgatggg
ccatcctgeg
gtaccggeaa
gtaaaaacct
graaacgtct
gcggccatcece
gectggecga
cggaacgtcc
tgaaagataa
cgaacacctyg
caccgeegta

cgctggataa

aaccattcag
tgcgggeggt
caaatatgat
cacctgggge
aaccgegggt
ggaaaccgcg
ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatcty
cattctgacc

agtgtttgeg

Artificial sequence

Engineered variant of v.

Pro g1n Ser Trp Glu

Thr
20

Gly Glu

Ala Asn
Ile

Leu

Phe
85

Ala

Leu val

100

ser Gly

Met

Gly

ser

ASp

70

ASP

Glu

Ser

Pro Sser

Pro Tyr

40

Gly lLeu

55

Ala Ala

Gly Arg
val

ser

Ala
120

Glu

CX2-105USP1_5T25

aaggaaggcg
gttattaccc
attccggtga
tgcgtgacct
ttttticcag
attgaagega
gcgattgege
cgtctggece
gaatatcgtg
gcecegttty
ggactgatit
gaagcgcaga

gaagtggcgt

cggataccat
cgccaaaagg
tcagegatga
atgattttac
taggageggt
tcgaagaatt
tgaaagcgat
cgcgtrttga
gtattggctt
atggcaacct
gccgacegit
tggatgaaat

dd

fluvialis transaminase

Thr Arg
10

Leu His Gln

25

Ile val Asp

Trp Asn Met

Lys ala
75

Met Ser
90

ASp

Pro Phe
105

Asp

Asn Asp Thr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gin Thr val

Ser Gly Arg

val
125

Met Lys

Page 98

tgcgggettt
ctattttcag
agtgattigc
cceggatgcg
gattttggag
tgatcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgggt
gggcecagage
gttcgataaa

Ala Glu Thr Tyr Ser Leu

15

Met val

Arg Arg

Phe Asp

Phe Pro

&0

Met
85

teu
Phe

val

Met Leu

660
720
780
840
300
960
1020
1080
1140
1200
1260
1320
1362



Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Glu

Thr

Ala

Ile

Ala

Ile

Lys

Phe

130

Leu
Gly
His
Glu
Gin
210
Met
Ile
val
Tyr
Gly
290
Arg
Thr
ASD
Pro

Gly

ASp

Leu

Lys

Phe

L.eu

Glu

195

Lys

Gly

Leu

Ile

275

rhe

ey

Thr

Val

Arg

Glu

Lys

His

Asn

Pro

Thr

180

Gin

Glu

ala

Thr

Cys

Phe

phe

Glu

Gly

val

340

rhe

Tyr

Ala

Arg

Ala

Tyr

165

Cys

pPhe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Met

Glu

Arg

Ser

Ala

Tyr

150

ASn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

Asn

Glu

Gly

LyS

Glu
135
His

ser

His

Arg

Gly

ASD

Pro

Glu

Arg

Ile

375

Ala

Gly
Gly
val
Tyr
APy
200
Thr
Ile
Lys
Arg
Ala
280
Ala
Glu
val
Gly
l.eu
360

Gly

Pro

CX2-105UsP1_ST25

Lys Pro Gln Lys Arg
140

Ser

Phe

Leu

Iie

Thr

TVr

Thi

265

Ile

val

Ala

Gly

L.eu

345

Lys

Phe

Phe

Thr

Gly

ATY

Ala

Ala

Pro

ASp

250

Gly

Tle

Tle

Ile

cys

330

Ala

His

MeT

ASp

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Ash

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Gly
395

val

Pro

Gly

Phe

220

LYS

Pro

Thr

ser

Ile

ASh

Ala

Ala

380

Asn

Page 99

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

ASp

Leu

Arg

Glu

Ser

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

L.eu

His

Lys

Arg

Pro

Ala

val

Leu
Met
160

Phe

Thr

Pro

Gin

240

ASp

val

Thr

Ser

Gly

Ala

ey

AsSnh

val



Glu Arg Ile Ala Asn

Leu Gly GIn ser val

Gln Met Asp Glu Met
435

405

420

Phe Ala Glu val Ala

450

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

<220>
<223>

<400> 75
atgaacaaac

75

DNA

cacatgccga
atcgtggatg
gcgggctttyg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggerttc
tgccegeatt
ctggceegtg
tttgcggaac
gcgattetga
ggcttiggte
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattyg

1362

cgcagagetg
gcctacatca
tgcatggceeg
atcataaang
cgtttgatag
gceegtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggigatggy
ccatcctgeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gecggecatec
gcetggecga
cggaacgtcc
tgaaagataa

Cgaacacctg

Artificial sequence

ggaaacgegt
gcgtggeacc
tcgttatctg
cctgattgat
ccgtatgage
tagcggecgt
gctgtggrtt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctgggge
aaccgegagt
ggaaaccgceg
ggtgggrrgt
aaacgtgegt
gaacattgge
agcgagcaaa

caccgatctg

410

25

gcggaaacct
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccyg
gtgttttata
ctgcatcgtg
catggctcca
ctgeceggetc
ggcgaaaccy
aaggaaggeyg
gttattaccc
attccggtga
tgcgtgacct
tttttteccag
attgaagcga
gcgattgegce
cgtctggecce
gaatatcgtg
gcceegttity
ggactgattt

CX2-105USP1_ST25

Thr Cys Thr Asp Léu Gly Leu Tle Cys Arg

Pro
415

val Leu Ala Pro Pro Tyr Ile Leu Thr Glu Ala

430

Engineered variant of v. Tluvialis transaminase

atagcctgta
cccatggega
gcggectgtg
cgcagtatga
tgatgctgtc
ccaacagegy
cggaaggcaa
ccgceggtgag
cgggctttet
aagaacagrt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tCgaagaatt
tgaaagcgat
cgcgttttga
gtattggctt
atggcaacct

gccgaccgtt

Page 100

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

tgcctttace
aggcecgtat
gaacatggtg
acgrtticcy
tgaaaaactyg
cagcgaageg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtegegegt
tgcgggettt
ctattttcag
agtgatttgc
cceggatgeg
gattrtgggg
tgatcatggt
tgatgtggtg
agaacgtctyg
tatgtgggcg
gagcgrgggt
gggccagage

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

1020
1080
1140
1200
1260



CX2-105USP1_ST25

gtggttctgg caccgccgta catictgacc gaagcgeaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agagtttgceg gaagtgdogt aa 1362
<210> 76

<211> 453

<212> PRT

<213> Artificial sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 76

Met Ash Lys Pro GIn Ser Trp Gilu Thr Arg Ala GTu Thr Tyr Ser Leu
1 5 10 15

Tyr Ala phe Thr His Met Pro Ser Eﬁu His GIn Arg Gly Thr Met val
20 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 Trp Asn Met val Ala Gly Phe Asp
50 55 60

His Lys Gly Leu ITe Asp Ala Ala Lys Ala GlIn Tyr Glu Arg Phe Pro
65 70 75 80

Gly Tyr His Ala ghe Asp Gly Arg Met Ser Asp Glin Thr val Met Leu
5 30 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 Arg Ala GTu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

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

Thr Gly Phe Pro Tyr Asn Ser val phe Gly teu Pro Ala Pro Giy Phe
165 170 175

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

Thr G¢Tu 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
Page 101



vai

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Lys

Glu

Leu

Gln

Phe

210

Met

Ile

val

Ty

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Gly

Met

Ala
450

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

Gly

Leu

Ile

AsSp

275

Phe

Leu

Thr

val

Arg

355

Glu

Lys

Ile

Gin

Asp

Glu

77
1362
DNA

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Glu

val

Gly

Ile

245

Gly

Thr

Pro

Thr

Glu

Arg

ser

Asn

4035

val

Met

Ala

Gly
2

Leu
Phe
Pro
val
Ala
310
His
Asn
Glu
Gly
Lys
Thr

val

Phe

215

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

CX2-105USP1_ST25

Thr

Tyr

Thr

265

Iie

val

Ala

Gly

Leu

345

Lys

Phe

Phe

ASp

Pro

425

Leu

Pro Pgo Lys Gly Tyr pPhe Gln
235

ASp

250

Gly

1le

Ile

Ile

Cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Ile

ASnh

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Tyr

Lys

220

PO

Thr

sSer

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 102

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Tle

Gly

270

Ash

Glu

Asp

Leu

Arg

Arg

Glu

Ser

Cys

Thr

430

Asp

ser

255

Cys

Ley

Leu

His

Lys

335

Arg

Pro

val

val

Lys

240

AsSp

val

Thr

Ser

Leu

Asn

val

Gly

Pro

Ata

Glu
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val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Thr

Leu

50

LYS

Tyr

Glu

Thr

rPhe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

His

35

ASp

Gly

His

Lys

Asn

115

Leu

Lys

Phe

Leu

Gly

195

Lys

Gly

Leu

Ile

ASp

Phe

Gly

Ala

Leu

Ala

Leu

100

ser

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

cys

260

Phe

Phe

Glu

ASn

ITe

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

rhe

Gly

Gly

Ile

245

Gly

Thr

Pro

Gly

Ser

ASp

70

Asp

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Ser

His

Ala

215

val

Arg

Gly

ASp

Tyr

40

Leu

ala

Arg

Ser

Ala

126G

Gly

Gly

val

Tyr

Arg

Thr

Lys

Arg

Ata

280

Ala

CX2~105USP1_S5T25

I1e val Asp val His

Trp

LyS

Met

Pro

105

Asn

LYS

Ser

Phe

Ile

Thr

Tyr

Thr

265

Ile

val

Asn

Ser

90

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Met

Glin

75

Asp

ASp

Thr

Gin

Ala

155

Leu

TYyr

Arg

Gly

Pro

235

Ile

Asn

Ser

Leu

va’l

60

Tyr

Gin

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ala

Gly
300

page 104

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

phe

Gly

val

Trp

Lys

285

Pro

Gly

Gly

Arg

val

Arg

110

LYS

Lys

Ala

Pro

Glu

190

Giu

Ala

Tyr

Ile

Gly

Asn

Glu

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

sSer

255

Cys

Leu

teu

Arg

ASpP

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

Ser



Arg Leu

Thr Thr

Ite Asp val

Ala Pro Arg

355

Ite Gly Glu

ASp Lys

Arg Ile

Leu Gly Gln

Gln Met Asp

Ala Glu

450

Phe

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

<220>
<223>

79
1362
DNA

<400> 79
atgaacaaac

cacatgccga
atcgtggatg
gcgggctity
ggctatcatyg
gtggaagtga
aacgatacca
cgtaaaattc

accggetttc

Giu Thr

Ala

Ite Glu

310

His Gly

val
340

Met

Phe Glu

Tyr Arg

Ala ser

Ala Asn

405

ser val

420

Glu Met

val ala

cgcagagetg
gcctacatea
tgcatggccy
atcataaagg
cgtttgatgg
gcccgtttga
tggtgaaaat
tgaccctgaa

cgtataacag

His

Asi

Glu

Gly

val

phe

Pro val

Giu Gly

Arg Leu

360

Ije
375

Gly

Ala Pro

Cys Thr

Leu Ala

ASD LYS

440

Artificial Sequence

ggaaacgecgt
gcgtggeace
tcgttatctg
cctgattgat
ccgtatgage
tagecggeegt
gctgtggttt
gaacgcgtat
cgtatttgge

Asp

CX2-105UsP1_sT25

Ala Ile Glu
315

Gly Cys Ala

330

Ley Ala Glu

345

Lys His Ile

Phe Met Trp

rPhe Asp

Leu
410

Pro
425

Pro Tyr

Leu GlIu Lys

gcggaaacct
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatcgtg
catggcteca

ctgceggetc

Glu Phe Asp

ITe Ala Leu

val

AsSnh

clu
365

Ala Arg

Ala Glu

380

Leu

AsSn Leu Ser

Leu I'lte Cys

Thr
430

Ile Leu

Ala Leu

445

Asp

Engineered variant of v, fluvialis transaminase

atagcctgta
cccatggcga
gcggeetgtg
cgcagtatga
tgatgctgtc
ccaacagegg
cggaaggcaa
ccgeggtgag
cgggettict

Page 105

His Gly

Lys Ala

335

Arg Leu

Pro Asn

val val

val Gly

400

Arg Pro

415

Glu Ala

Lys val

tgcetttace
aggcccgrat
gaacatggtyg
acgtttteeg
tgaaaaactg
cagcgaageg
accgcagaaa
cgcgageatg

gcatctgacc

60
120
180
240
300
360
420
480
540



tgcecgeatt
ctggceegtg
tttgcggaac
gcgattctga
ggetttggte
attattagcg
ccggaactga
tttaccacac
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg
gtggrictgg

ctggaaaaag

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

<220
<223>

80
453
PRT

<400> 80
Met Asn Lys
1

Tyr Ala phe

His
35

val Thr

Leu
50

Tyr Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Tyr Thr Asn

attggcgtta
aactggaaga
cggtgatggg
ccatcctygcey
gtaccggcaa
ccaaaaacct
gcaaacgtct
acggccatcc
gcotggocga
cggaacgtec
tgaaagataa
cgaacacctg
caccgeegta

cgctggataa

Pro
5

Thr His

20

Gly Glu

Ala Asn
Ile

L.eu

Phe
85

Ala

Leu val

100

Ser Gly

Gin Ser

Met

Gly

Ser

ASp

70

ASD

Glu

Ser

tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctgggyc
aaccgegggt
ggaaaccgeg
ggtgggttyt
aaacgtgegt
gaacattggce
agcgagcaaa
caccgatctg
cattctgacc

agtgttigeg

Artificial sequence

Trp Glu

Pro ser

Pro Tyr

40

Gly Leu

55

Ala Ala

Gly Arg
val

5er

clu Ala

CX2-105usPl_s7125

ggcgaaaccg
aaggaaggcg
gttattaccc
attceggtga
tgegtgacct
ttttttccag
attgaagcga
gcgattgege
cgretggecec
gaatatcgty
geecccgtttyg
ggactgattt
gaagcgcaga

gaagtggcgt

Thr Arg Ala

10

Leu His Gln

25

Ile val

Trp Asnh Met

Ala G1n

75

Lys

Met Ser

90

Asp

Pro Phe

105

ASp

Asn Asp Thr

Asp

aagaacagtt
cggataccat
cgccaaaagy
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgegttttga
gtattggett
atggcaacct
gccgaccget
tggatgaaat

ad

engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

o0

Gly

Tyr Glu Arg

GIn Thr val

Ser Gly Arg

110

Met val Lys

page 106

tgtcgegegt
tgcgggettt
ctattttcag
agtgatttgce
cccggatgeg
gattttgggg
tgatcatggt
tgatgtggty
agaacgtctyg
tatgtgggcg
gagcgtgggt
gggccagagce
gttcgataaa

Ser Leu
15

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Ley
Phe

val

Met Leu

600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1362



Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Lys

Phe

130

Leu

Gly

His

Glu

cn

210

Met

Ile

val

Tyr

Gly

290

Arg

Thr

ASp

Pro

115

Leu

Lys

Phe

Leu

Glu

195

Lys

Gly

l.eu

Ile

ASp

Phe

Leu

Thr

val

Lys

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

His

val

340

Phe

Tyr

Ala

Arg

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

teu

Phe

Pro

val

Ala

310

AsSn

Glu

Gly

Lys

Glu

135

His

sSer

His

Ala

215

val

Arg

Gly

Asp

Pro

Glu

Arg

Ile

375

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

LysS

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

CX2-105UsP1_ST25

Lys Pro Gln

Ser

rhe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ite

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ite

Ile

ITe

330

Ala

His

Met

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

ASTH

ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Ghu

Phe

220

Lys

Pro

Thr

Ala

Gly

300

Glu

Ile

AsSh

Ala

Ala
380

Asp Gly Asn
page 107

125

Arg

ser

Ala

Glu

Leu

203

Phe

Gly

val

Trp

Lys

285

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Lys

Ala

Pro

190

Glu

Ala

Tyr

Gly

Asn

Glu

ASp

Leu

350

Arg

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

Gin

240

Asp

vai

Thr

Ser

Ley

Asn

val

Gly



385

380

CXZ2-105UsPl_sT25
395

400

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

405

415

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

420

425

430

GIn Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
445

435

Phe Ala ¢lu val Ala

450

<Z210>
<Z211>
<212>
<213>

<220>
<223>

<400> 81
atgaacaaac

81
DNA

cacatgccga
ctggtggaty
gcgggetttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggectte
tgcccgeatt
ctggcecgtg
tttygcggaac
gcgattctga
ggctttggtc
attattageca
ccggaactga
trtaccacag
atgaacgaag
aaacatattg

ctggaagtgg

1362

cgcagagetg
gcctacatca
tgcatggeeg
atcataaagg
cgrtttacgyg
geceegttticc
tggtgaaaat
tgaccctgaa
cgtataacag
attgocgtta
aactggaaga
cggtgaiggy
ccatectgeg
gtaccggcaa
gtaaaaacct
gcaaacgict
gcggecatcce
gcetggecga
cggaacgtecc

tgaaagataa

440

Artificial Seguence

ggaaacgcgt
gcgtggeacce
tcgttatctg
cctgattgeg
ccgtatgagce
aagcggecgt
gctgtggtty
gaacgcgtat
cgtgtttggce
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctgggge
aaccgegggt
ggaaaccgceyg
ggtgggrigt
aaacgtgegt
gaacattggc

agcgagcaaa

gcggaaacct
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgtttcgty
catggcteca
ctgeegetgc
ggcgaaaccy
aaggaaggcyg
gttattaccc
attccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgege
cgrctggecc
gaatatcgtg

gcceegrty

Engineered variant of v, fluvialis transaminase

atagcctgta
cccatggega
gcggectgta
cgcagtatga
tgatgctgte
ccaacagcegg
cggaaggcaa
ccgeggtgag
cgggcttect
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
atgaggaatt
tgaaagcgat
cgcgttttga
gtattggetrt

atggtaacct

Page 108

tgcctttacc
aggceccgtat
taacatggty
acgttttecg
tgaaaaactg
cagcgaageg
accgcagaaa
cgcgageatg
gcatctgacc
tgtcgegegt
TgCgggettt
ctattttcag
agtgatttge
cccggatgeg
gattrtgggg
tgatcatggt
tgatgtygty
agaacgtcty
tatgtggocg
ggttgtgage

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

1020
1080
1140
1200



CX2-105USP1_ST25

gaacgtattg cgaacacctg caccgatctg ggactgattt gccgaccgtt gggocagage 1260
gtggttctgg caccgccgta cattctgacce gaagcgeaga tggatgaaat gttcgataaa 1320
ctggaaaaag cygctggataa agtgtttgcg gatgtggegt aa 1362
<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 Ala pPhe ghr His Met Pro Ser Leu His GIn Arg Gly Thr Met val
0 25 30

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

Tyr Leu Asp Ala Asn Ser Gly Leu Tyr Asn Met ga? Ala Gly Phe Asp
50 55 0

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

Gly Tyr His Ala Phe Tyr Gly Arg Met Ser Asp Gln Thr val Met Ley
85 90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Pro 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 Phe Arg Ala Glu Gly Lys Pro Gln Lys Arg Lys Ile Leu
130 135 140

Thr Leu Lys Asn Ala Tyr His Gly Ser Thr ala val Ser Ala Ser Met
145 150 155 160

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

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

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

Page 109



Iie

val

225

Ala

Glu

Thr

Ala

Ite

Ala

Ile

Lys

Glu

l.eu

Gin

Phe

GlIn

210

Met

Ile

val

Tyr

Gly

250

Arg

Thr

AsSp

Pro

Arg

Gly

Met

Ala
450

<210>
<Z211>
<Z212>

LyS

Gly

Leu

Ite

Asp

275

Phe

Leu

Thr

vai

Arg

Glu

Lys

Ile

Glin

83
1362
DNA

Glu

ala

Thr

Cys

260

phe

Phe

Glu

Gly

val

340

Phe

TYr

Ala

Ala

Ser

420

Ghu

val

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

ser

Asn

405

val

Met

Ala

Ala

Gly

l.eu

Phe

Pro

val

Ala

310

His

AsSn

Glu

Gly

LYS

Thr

val

Phe

ASD

215

val

Arg

Gly

ASD

Gly

Ile

Pro

Glu

Arg

Tle

375

Ala

Cys

Leu

ASpP

Thr

Ite

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thi

Ala

LYS

CX2-~105UsP3_ST25

Ile Ala Gly pPhe pPhe

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

ASp

Pro

425

Leu

Pro

Gly

Ite

e

Asn

Cys

330

Ala

His

Met

ASD

Leu

410

Pro

Glu

Pro

235

Ile

Asn

Ser

Leu

Glu

315

Ala

Glu

I'le

Trp

Gly

Gly

Tyr

Lys

220

Lys

Pro

Thr

Ser

Ite

Asn

Ala

Ata

380

Asn

Leu

Ile

Ala

page 110

Gly

val

Trp

Lys

285

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Tle

Leu

Leu
445

Ala

TYr

Ite

Ash

Glu

ASD

Leu

Arg

Arg

Glu

val

Cys

The

430

Asp

Glu
Phe
ser
255
Cys
Ley

L.eu

His

Arg

Pro

val

val

Lys

Pro

Gin

240

ASD

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

Ala

val



¢9ET
0¢ET
09¢T
002t
OPTIT
080T
0201
096
006
08
084
0L
099
009
Ops
08y
0ev
05¢
00¢
24
081
0T
09

11T =bed
LBA 18®W JyL A[D Buy uiD SLH N7 4B8S OJdd 1ISW SLH JUL 2Yd BV JAL

ST o1 § T
nev Jes JAL Jyl nio ely Bay ayl n|o dul JS8S ULD 0ud SAT usy 1aW

reeleho311b
>bebeso666
>6eb161166
HobBB1/1eY
Bioaborebe
B1661b63eba
166131063
BbbbBo1121eb
626366222
>b6111eb36e
beo1331e30
1130666563
1626562163
32eB323e0b6
Byesbebsho
peebedfizoe
fofeeboben
fioeeeeeha
62213113608
H3663edeR]
1e16823266%

20e1132063

SSBULWESUBJL SLIBLANLY A JO JUBLJIBA padssuLbul

ee
ieveblehna
1362026206
iooeeibbae
3106613816
eh31116060
1efobeeeha
11ee666613
16BoBehbel
oeililebae
ehyefiobeda
fifeered2hD
1edse1ehho
13beoeefiee
10312265662
Befi1b6262>
eeafifeefifo
Bfa>bedeedd
2163261eH1
ebresbesso
2161006626
ebofifiesod

ea1b3osbeqe

DSBULWESURI] SLIBLANLL "A JO 1uBLa®BA poJa3uLbul

SZLSTTdSNE0T-IX0

16>6636eeb
efedba6eeh
133eb1oeHB
6223652306
BiBszeleed
22268321362
262611eb06
efdHeebie
feso31313n
122eb16563
eb166o013%
220e11e11b
fobbeehHbee
BooerehHobh
5635630630
©o0310bbyes
61653300620
®1e1311636
fooebeaieh
BeerboH606
eoeehobied
eH1bb1663e

aooeeeb6o6

sousnbes [eLOLLLlaY

Ba6133626¢e
2oeb1o331ed
Bioaebooed
eeedbebohe
>B613e0eEd
160616oeer
316136662166
fo630eeehh
36665630ee
2666621530
jebiezreeed
1662666263
pedlledoee
eefieehaH61
56633316165
zerfaboeeh
3116616156
1620B626e)
a2bebielhos
1efizaefynn
baz3e11620
2082661626

16060 reEehh

22Usnbas [BLOL)LIJMY

ee1efbblobo
e36526006>
Baxoedeehs
eelebeeeba
23160eehB)
ebooh61326
2318306636
3016oeRedh
12oveeeelb
ees6H3o5e1h
BoB1o0180D
B6661e6266>
efeefbioee
e116066213e
Heseezelho
eebidooeh;
Jeeeefirboa
eH11160236
Bhse111260
bbeeeiedie
eesbbredba
ed1B3®'1236

Basbebesho

P8 <00¥>
<EZe>
<0cc>

<¢TZ>
<Z1Z>
<TLZ>
<QTZ>

Ldd
£S5
¥8

bBeeerehbold
65310116616
bizexboeeb
By beehbin
fixezedeee
feeboeebie
Heoeooeaan
efizoeebbod
exfeqlelae
2166131066
eb1213e626
p)lileliphkl
6536523066130
313e3820363
233326625
J33ereelbn
eadeleboee
e616eebbhib
Baed3e1266
B113066606
BaebbHabb1d
eboabiesed

Jepedeehie
£8  <00%>

<ELE>
<0¢Z>

<E1¢>



val

Tyr

His

65

Gly

ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

val

225

Ala

Glu

Thr

Ala

Thr

Leu

50

Lys

TYr

Glu

Thr

Phe

130

Ley

Gly

Glu

Gn

210

Met

Ile

val

Tyr

Gly

His
35

Asp

Gly

Lys

Asn

115

Leu

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

ASp

275

Phe

20

Gly
Ala
Leu
Ala
Leu
100
ser
Mis
AsSn
Pro
Thr
180
Gln
Glu
Ala
Thr
Cys
260
Phe

rhe

Glu

Asn

Ile

pPhe

85

val

G'ly

Arg

Ala

Tyr

165

Cys

rPhe

Gly

Gly

Ite

245

Gly

Thr

Pro

Gly

Ser

ASp

70

Tyr

Glu

Ser

Ala

TY"P

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Tyr

40

Leu

Ala

Arg

ser

Ala

120

Gly

Gly

val

Tyr

Tle

Lys

Arg

Ala

280

Ala

CX2-105UsPl_ST25

25

Leu

Tyr

Lys

Met

Pro

105

Ash

Lys

Ser

Phe

Ile

Thr

TYFR

Thr

265

I'le

val

val Asp val His

ASN

Ala

Ser

90

Phe

ASpP

Pro

Thr

Gly

Arg

Ala

Ala

PTro

Asp

Gly

Ile

Met

Gln

75

ASp

Asp

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

val

60

Tyr

Gln

Ser

Met

Lys

140

val

pPro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile Leu Gly
Page 112

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Pro

30

Gly

Gly

Arg

val

Arg

Lys

LYyS

Ala

Pro

Glu

190

Glu

Ala

TY"r

Ile

Gly

Asn

Glu

Asn

Phe

Phe

Met

95

val

Met

Ile

ser

Gly

Gly

Glu

Glu

Phé

Ser

255

cys

Leu

Leu

Arg

ASp

Pro

80

Leu

Phe

l.eu

Leu

Met

160

Phe

Glu

Thr

Pro

Gin

240

AsSp

val

Thr

Ser



290

Arg Leu

Thr Thr

Ile Asp val

Ala Pro Arg

Ile Gly Glu

ASp LYyS

Arg Ile

Leu Gly Gin

Glin

Met

Ala
450

Phe

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

85
1362
DNA

<220>
<223>

<400> 85
atgaacaaac

cacatgccga
ctggtggatg
gcgggettty
ggctatcatg
gtggaagtga
aacgatacca

cgtaaaattc

Glu Thr

Ala

295

ITe Glu

310

Gly Gly

val
340

Met
Phe Glu
Tyr

Arg

Ala ser

His

Asn

Glu

Gly

Lys

Pro val

Gglu Gly

Arg Leu

360

Ile
375

Gly

Alta Pro

390

Ala Asn

405

Ser val

420

Glu Met

val

cgcagagetg
gcctacatca
tgcatggeeg
atcataaagg
cgtrittacgg
gccegtttga
tggtgaaaat

tgaccctgaa

Thr

val

Phe

Cys Thr

Ile Ala

ASp LYS

440

artificial Sequence

ggaaacgcgt
gcgtgacacce
tegttatotg
cctgatigat
ccgtatgage
tagcggeegt
gctgtggrtt

gaacgcgtat

CX2-105USP1_ST25

Ala Ile Gly

315

Gly Cys Ala

330

Leu Alta Glu

345

Lys His Ile

Phe Met Trp

Phe Gly

395

Asp

Leu
410

AsSp Gly

Pro Pro

425

Tyr

Leu Glu Lys

gcggaaacct
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcategty

catggeteca

Tle

300

Glu Phe Asp

Ala Leuy

Asn val Arg

Glu
365

Ala Arg

Ala Glu

380

Leu

Ash Leu val

Leu

Cys

Thr
430

Leu

Ala Leu

445

AsSp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggectgta
cgcagtatga
tgatgctgtc
ccaacagegg
cggaaggcaa

ccgeggtgag

Page 113

His Gly

Lys Ala

Arg Leu

Pro Asn

val val

val ser

400

Pro

Ala

Lys val

tgectttace
aggeceecgtat
taacatggtg
acgttttcey
tgaaaaactyg
cagcgaagey
accgcagaaa

cgcgageaty

60
120
180
240
300
360
420
480



accggecttce
tgcecgeatt
ctggcccgty
tttgcggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga
tttaccacay
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg
gtggttctog
ctggaaaaag
86

453
PRT

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

<220>
<223>

<400> 86
Met Asn Lys
1

Phe

Tyr Ala

His
35

val Thr

Leu
50

Tyr ASD

His
b5

Lys Gly

Tyr His

Ser Glu Lys

cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgeyg
gtaccggcaa
gtaaaaacct
gcaaacgtct
geggececatcce
gcctggecega
cggaacgtcc
tgaaagataa
cgaacacctg
cgeegecgta

cgctggataa

Gln Se
5

Pro

Thr His

20

Me

Gly Glu Gl

Ala Asn se

Ile As

70

Ley

Phe
85

Ala Ty

Leu val G]

100

cgtgrttgge
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctggggce
aaccgegggt
ggaaaccgceg
ggtgggrigr
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgeg

Artificial Seguence

FTrp Glu

t Pro ser

y Pro Tyr

40

r Gly teu

55

p Ala Ala

r Gly

Arg

u val ser

CX2-105uspl_sT25

ctgcegetge
ggcgaaaccg
aaggaaggcg
gttattaccc
attccggtga
tgcgtgaccet
ttttticcag
attgaagcga
gcgattgege
cgtctggece
gaatatcgtg
gcceegttig
ggactgattt
gaagcgcaga

gaagtggocgt

Thr Arg Ala

10

Leu His Gln

25

Leu val Asp

Tyr Ash Met

Ala ¢1n

75

Lys

ser
80

Met ASp

Pro phe

105

ASp

cgggctrrtct
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
ttggggaatt
tgaaagcgat
cgcgrtttga
grattggctt
atggtaacct
gccgaccgtt
tggatgaaat

aad

Engineered variant of v. fluvialis transaminase

GTu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val ala

60

Gly

Tyr GHu Arg

Gln Thr val

ser Gly

Page 114

gcatctgacc
tgrcgegegt
tgcgggettt
ctattttcag
agtgatttge
cccggatgeg
gattttgggg
tgatcatggt
tgatgtggtg
agaacgtctyg
tatgtgggcg
ggttgtgage
gggccagagce
gttcgataaa

ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

L.eu

val pPhe

540
600
660
720
780
840
900
G60
1020
1080
1140
1200
1260
1320
1362



Tyr

Trp

Thr

145

Thr

Leu

Thr

val

225

ala

Glu

Thr

Ala

Ala

1le

Thr

rhe

130

Leu

Gly

His

Glu

Gin

210

Met

Ile

val

Tyr

Gly

Arg

Thr

ASp

Pro

ASh

115

Leu

LysS

L.eu

Leu

Glu

195

Lys

Gly

Leu

Tle

L.eu

Thr

val

Arg

Glu

Ser Gly

His Arg

Asn Ala

Pro Tyr

165
Thr Cys
180
G1n phe
Glu Gly
Ala Gly
Thr Ile

245
Cys Gly
260
rhe Thr
phe Pro
Glu Thr
Gly Giy
val Met
340

Phe Glu

TYyr Arg

Ser

Ala

Glu

Glu

135

Tyr

150

Asnh

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

His

Ser

His

Ala

ASD

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

1le
375

Ala
120
Gly
Gly

val

TYyr

Ile

Lys

ATg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-105USP1_ST25

Asn Asp Thr Met val

Lys

Ser

Phe

Ile

Thr

TV I

Thr

265

Iie

val

Ala

Gly

Leu

345

LysS

Phe

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

ITe

Ile

Ile

Ccys

330

Ala

His

Met

GIn

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

Phe

220

LYS

Pro

Thr

ser

Tle

ASH

Ala

Ala
380

rPage 115

125

Arg

Ser

Leu

Glu

l.eu

205

Phe

Gly

val

Trp

Lys

285

Pro

Phe

Ala

val

Glu

365

Leu

Lys

LyS

Ala

Pro

Glu

190

Glu

ala

Tyr

Tle

Gly

Asn

Glu

ASD

L.eu

Arg

350

Arg

Glu

Met

Ile

Ser

Gly

Gly

Gtu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

LYS

Arg

Pro

va'l

Leu

teu

Met

160

Phe

Thr

Pro

Gln

240

Asp

val

The

Ser

Gly

Ala

Leu

Asn

val



LYS
383

ASp Lys

Glu Arg Ile

Leu Gly Gln

Glin Met Asp

435

Phe Ala Glu

450

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

<220>
<223>

87
1362
DNA

<400> 87
atgaacaaac

cacatgccga
ctggtggaty
gcgggcetttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggectic
tgccegeatt
crggeecgty
tttgcggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag

aaacatattg

Ala Sser

390

Ala Asn

405

Ser val

420

Glu Met

val Ala

cgcagagetg
gcctacatca
tgcatggcceg
atcataaagg
cgttttacgy
gcccgtttec
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggrgatggg
ccatcctogeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggecatcce
gcctggocga

cggaacgtcc

440

Artificial Sequence

ggaaacgcgt
gcgtggeacc
tcgttatctg
cctgartgat
ccgtatgage
aagcggeegt
gctgtogttit
gaacgcgtatr
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggcggr
caaatatgat
cacctgggge
aaccgcgggt
ggaaaccgceg
ggtgggtrgt
aaacgtgcgt

gaacattggc

CX2-105USP1_ST25

395

gcggaaacct
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccyg
gtgttttata
ctgtttegtg
catggctcca
ctgcegetge
ggcgaaaccg
aaggaaggcg
gttattacéc
attceggtga
tgcgtgacct
ttrtttccag
attgaagcga
gcgattgege
cgtctggece

gaatatcgtg

430

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggcectgta
cgcagtatga
tgatgetgte
ccaacagcgg
cggaaggcaa
ccgcggtgag
cgggetttct
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
ttggggaatt
tgaaagcgat
cgcgtittga
gtattggctt

Page 116

Lys Ala Pro Phe Asp Gly Asn Leu val val Ser

400

Thr Cys Thr Asp Leg Gly Leu Ile Cys Arg Pro
41

415

val Leu Ala Pro Pro Tyr Ile Leu Thr Glu Ala
425

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

tgcctttace
aggeeegtat
taacatggty
acgrtticeg
tgaaaaactg
cagcgaageg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgegegt
tgcgggettt
ctattttcag
agtgatttge
cccggatgeg
gattttgggg
tgatcatggt
tgatgtggtg
agaacgtcty

tatgtgggcg

60
120
180
240
300
3560
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



CX2-105USP1_ST25

ctggaagtgg tgaaagataa agcgagcaza gccccgtttg atccaaacct ghgggtgage 1200
gaacgtattyg cgaacacctyg caccgatcig ggactgattt geccgaccgtt gggccagage 1260
gtggttctgg cgccgecgta cattctgacy gaagcgcaga tggatgaaat gttcgataaa 1320
ctggaaaaag cgctggataa agtgtttgcyg gaagtggcgt aa 1362
«<210> 88

<211> 453

<212> PRT

<213> aArtificial sequence

<220> _

<223> Engineered variant of v. fluvialis transaminase

<400> 88

Met Asn Lys Pro Glin Ser Trp Glu Thr Arg Ala Glu Thr Tyr Sgr Leu
1 3 10 1

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

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

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

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

Gly Tyr His Ala Pge Tyr Gly Arg Met Sgr Asp GIn Thr val Met Leu
8 g 95

ser Glu Lys Leu val Glu val Ser Pro Phe Pro 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 ieu Phe Arg Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr Leu Lys Asn Ala Tyr His Gly Ser Thr Ala 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 i75

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 teu Ala Arg Glu Lteu Glu Glu Thr
Page 117



Ile

val

225

Ala

Glu

Thr

Ala

LyS

305

Phe

Ile

Ala

Ile

Lys

Glu

t.eu

Gln

Phe

GIn

210

Met

Ile

val

TYr

Gly

Arg

Thr

ASp

Pro

Gly

ASp

Arg

Gly

Met

Ala
450

<210>

195

Lys

Gly

Leu

Ite

275

Phe

eu

Thr

val

Arg

Glu

Lys

Ile

Glin

89

Glu

Ala

Thr

cys

260

Phe

rhe

Glu

Gly

val

340

Phe

Tyr

ala

Ala

Ser

420

Glu

val

Gly

Gly

Ile

245

Gly

Thr

PO

Thr

Gty

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Ata

Gly

Leu

phe

Pro

val

Ala

310

Asn

Glu

Gly

Lys

390

Thr

val

Phe

ASp
215
val
Arg

Gly

ASp

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

ASp

200

Thr

Tle

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

LyS

CX2-105USP1_ST25

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

ASp

Pro

425

Ley

205

Ala Gly pPhe pPhe

Pro

ASD

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Pro

235

Ile

ASh

Ser

Leu

Gly

Ala

Glu

Ile

Trp

Pro

395

Gly

Tyr

Lys

220

Lys

Pro

Thr

sSer

Gly

Glu

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 118

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ala

Tyr

Iiie

Gly

Asn

Glu

Asp

Leu

350

Arg

Giu

TFrp

cys

Thr

430

Asp

Glu

Phe

Ser

255

Cys

L.eu

Leu

His

Lys

Arg

Pro

val

val

LYS

Pro

Glin

240

ASp

val

Thr

ser

Gly

Ala

Leu

ASN

va'l

Ser

400

Pro

Ala

va'l
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Tyr

val

TYr

His

65

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Giu

Thr

Ala

Thr

Leu

>0

Lys

Tyr

Glu

Thr

rhe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Phe

His

35

Asp

Gly

His

Lys

AsSn

115

Leu

Lys

Leu

l.eu

Glu

195

Lys

Gly

Leu

Ile

Asp
275

Thr

20

Gly

Ala

Leu

Ala

Leu

100

ser

Phe

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

Phe

His

Glu

Asn

Ite

phe

85

va'l

Gly

Arg

Ala

Tvyr

Ccys

Phe

Gly

Gly

Ile

245

Gly

Thr

Met

Gly

ser

ASp

70

Tyr

Glu

Ser

Ala

Tyr

150

Ash

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

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

TYr

Ile

Lys

Arg

Ala
280

CX2-105U8P1_ST25

Leu His GIn Arg Gly Thr

Leu

Trp

LyS

Met

Pro

105

Asn

Lys

Ser

Phe

Ile

Thr

Tyr

Thr

265

Tie

val

Asn

Ala

ser

90

Phe

Asp

Pro

Thr

Arg

Ala

Ala

Pro

Asp

250

Gly

ASD

Met

G1n

75

ASD

Pro

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ite

Asnh

val

va'l

60

Tyr

Gin

ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ile ser Ser

Page 120

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

30

Gly

Gly

Arg

val

Arg

Lys

LYS

Ala

Pro

Glu

180

Glu

Ala

Tyr

Ile

Gly

Asn

Met

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

L.eu

val

Arg

ASp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASpD

va'l

Thr



Ala Gly Phe

Lys Arg Leu

Phe Thr Thr

Ile Asp val

Ala Pro

355

ITe Gly Glu

LyS
385

AsSp LYys

Glu Arg

teu Gly GIn

Gin

Met

Ala
450

Phe

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

<220>
<223>

<400>

91
1362
DNA

g1

Phe Pro

Glu Thr

val

Ala

Gly Ala
285

ITe Glu

310

Gly Gly

val
340

Met

phe Glu

Tyr Arg

Ala ser

Ala Asn

405

Ser val

420

Glu Met

va'l

His

Asn

Glu

Gly

Lys

Thr

val

Phe

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Ala

Leu

ASp Lys

Artificial sequence

atgaacaaac cgcagagctg ggaaacgcgt

cacatgccga
ctggtggatg
gcgggetttg
ggctatcatg
gtggaagtga

aacgatacca

gcctacatca
tgcatggeeg
atcataaagg
cgttttacgg
gecegtttee

tggtgaaaat

gcgtggcacc
tcgttatetg
cctgattgat
ccgtatgage
aagcggecgt
gctgtggrtt

CX2-105yspPl_s725

val Ile Leu

Glu
315

Ala Ile

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

Pha Met Trp

Phe

Asp

Leu
410

ASp

Pro
425

Pro Tyr

Leu Glu Lys

gcggaaacct
atggrggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtrttata

ctgtttcgty

Gly Pro Glu
300

Glu phe Asp

ITe Ala Leu

val

Asn

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu val

Leu ITe Cys

Thr
430

Ile Leu

Ala Leu

445

ASp

Engineered variant of v. fluvialis transaminase

atagcctgta
ceceatyggega
gcggectygta
cgcagtatga
tgatgctgic
ccaacagegg

cggaaggcaa

Page 121

Ley Ser

His Gly

Ala

Arg Leu

Pro Asn

val val

val ser

400

Pro

Lys val

tgcctttace
aggcccgtat
taacatggtg
acgttttecg
tgaaaaactg
cagcgaageg

acCgcagaaa

120
180
240
300
360
420



cgtaaaattc
accggecttce
tgccecgeatt
ctggcecegtg
tttgcggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga
titaccacag
atgaacgaag
ddacatattg
ctggaagtgg
gaacgtattg
gtggttatcyg
ctggaaaaag
<210>
<211>
<212>
<213>

<220>
<223>

<40(>

92
453
PRT

92

Met Asn Lys
1

tgaccctgaa
cgtataacag
attggegtta
aactggaaga
cggtgatggy
ccatectgeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggecatec
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctyg
cgcecgeegta

cgctggataa

Pro

gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctgggge
aaccgegggt
ggaaaccgeg
ggtgggttgt
aaacgtgegt
gaacattggce
agcgagcaaa
caccgatctg
cattctgacc

agtgrrtgcg

Artificial Seguence

§1n Ser Trp Giu

Thr Arg

CXZ2-105Uspl_sT25

catggctcca
ctgcegetye
ggcgaaaccyg
daggaaggceg
gttattaccc
attccggtga
tgcgtgacce
ttttttccag
attgaagcga
gcgattgege
cgtctggecc
gaatatcgtg
gcccegttty
ggactgattt
gaagcgcaga

gatgtggcgt

Ala
10

ccgeggtgag
cgggerrtct
aagaacagtt
cggataccat
cgccaaaagyg
tcagcgatga
atgattttac
taggagcgyt
atggggaaty
tgaaagcgat
cgcgttttga
gtattggett
atggtaacct
gccgacegtt
tggatgaaat

aa

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

cgcgageatg
gcatcrgacce
tgtcgegegr
tgcgggettt
ctattttcag
agtgatttgce
cccggatgeg
gattttgggg
tgatcatyggt
tgatgtggtg
agaacgtctg
tatgtgygcg
ggttgtgage
gggccagage
gttcgataaa

Ser Leu

15

Tyr Ala

Thr

val

Leu
50

Tyr

His
65

Lys
Gly Tyr

Ser Glu

Phe

His

35

ASp

Giy

Mis

Lys

Thr His

20

Met

Gly ¢Tu Gly

Ala Asn Ser

Leu I'Te Asp

70

Phe
85

Ala Tyr

Leu val Glu

Pro

Pro

Gly

55

Ala

Gly

val

Ser

Tyr

40

Leu

Ala

Arg

Ser

Leuy

25

Leu

Tyr

Lys

MetT

Pro

His Gin Arg

val Asp val

val
60

Asn Met

Ala Gln
75

Ty

ser GIn

90

ASp

Phe Pro Ser
Page 122

Gly

His

45

Ala

Glu

Thr

Gly

Thr

30

Gly

Gcly

Arg

val

Arg

Met

Arg

Phe

Phe

Met

95

val

val

Arg

Asp

Pro

80

L.eu

Phe

480
540
600
660
720
780
840
S00
960
1020
1080
1140
1200
1260
1320
1362



TYFP

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

aAla

305

Phe

Ile

Ala

Ile

Thr

rPhe

130

Leu

Gly

His

Glu

Gin

210

Met

Ile

val

Tyr

Gly

280

Arg

Thr

ASp

Pro

Gly

ASh

115

Ley

Lys

Leu

Leu

Glu

195

LysS

Gly

Ley

Ile

275

Phe

Leu

Thr

val

Arg

Glu

100

Ser

Phe

Asn

Pro

Thr

180

Gin

Giu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Gly

Arg

ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

GHu

Arg

Sepr

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

rhe

Pro

val

Ala

310

His

ASnh

Glu

Gly

Ghuy

Glu

135

His

Ser

His

ala

Arg

Gly

ASp

Pro

Glu

Arg

Ile

Ala

120

Gly

Gly

val

Tyr

Arg

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-105UsP1._58T25

105

Asn Asp Thr Met val

LYS

Ser

phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Pro

Thr

Gly

Alg

Ala

Ata

Pro

Asp

250

Gly

Ile

Ile

Asn

330

Ala

Glin

Ala

155

l.eu

Tyr

Arg

Gly

Pro

235

Ile

Asn

ser

Leu

Gilu

Ile

Lys

140

va'l

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly

360

Glu

Asn

Ala

Met Trp Ala
Page 123

125

Arg
Ser
Leu
Glu
Leu
205
Phe
Gly

val

Trp

Phe
Ala
val
Glu

365

Leu

110

LysS

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Asp

Leu

Arg

Arg

Gly

Met

Ile

ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

va'l

Leu

L.eu

MeT

160

Phe

Glu

Thr

Pro

Gin

240

Asp

val

Thr

ser

Gly

Ala

Leu

Asnh

val



370

LyS ASp LyS

Glu Arg Ile

Leu Gly Gin

Gin Met Asp

435

Ala
450

Phe ASpP

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

<220>
<223>

93
1362
DNA

<400> 93
atgaacaaac

cacatgccega
ctggtggatg
gcgggettty
ggctatcatyg
gtggaagtga
aacgatacca
cgtaaaatte
accggecttce
tgceecgeatt
ctggcecgtg
tEtgeggaac
gcgatictga
ggctttggtc
attattagea
ccggaactga
tttaccacag

atgaacgaag

Ala Ser

375

390

Ala Asn

405

ser val

420

Glu Met

val

cgcagagety
gcctacatca.
tgcatggeeg
atcataaagg
cgtttrtacgy
geeegtttece
tgygtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
geggecatece

gcetggecga

440

Artificial Seguence

ggaaacgegt
gcgtggeacc
tcgttatetg
cctgattgat
ccgratgage
aagcggeegt
gctgtggttt
gaacgcgtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctggggc
aaccgcgggt
ggaaaccgeg
ggtgggrTgt
aaacgtgegt

CX2-105USP1_5ST25

410

425

gcggaaacct
atggtggtga
gatgcgaaca
gcggegaaag
gatcagaccg
gtgttttata
ctgtttcgtg
catggeteea
ctgeegetyge
ggcgaaaccy
daggaaggcey
gttattacce
artccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgegce
cgtetggece

380

Lys Ala pro Phe Asp Gly Asn Leu val val ser
395

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggeetgta
cgcagtatga
tgatgctgte
ccaacagcgg
cggaaggcaa
ccgeggtgag
cgggettict
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcgot
ttggggaatt
tgaaagcgat

cgegttttga

Page 124

400

Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro

415

val Ile Ala Pro Pro Tyr Ile Leu Thr Glu Ala
430

pPhe Asp Lys ieu Glu Lys Ala Leu Asp Lys val

tgcctttace
aggcccgtat
taacatggtg
acgtttteceg
tgaaaaactyg
cagcgaagcyg
accgcagaaa
cgcgageaty
gcatctgacc
tgtegegegt
tgcggacttt
ctattttcag
agtgatttgc
cccggatgeg
gattttgggg
tgatcatggt
tgatgtggtg
agaacgtctg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
9260
1020
1080



CX2-105UsP1_ST25

aaacatattyg cggaacgtcc gaacattggc gaatatcgtg gtattggett tatgtgggcg 1140
ctggaagtgg tgaaagataa agcgagcaaa gccccgtttg atggtaacct ggtigtgagce 1200
gaacgtattg cgaacacctg caccgatctg ggactgattt gccgacegtt gggcecagage 1260
gtggttatcg cgccgecogta cattcigace gaagcgcaga tggatgaaat gttcogataaa 1320
ctgygaaaaag cgctggataa agtgtttgcg gaagtggegt aa 1362
<210> 94

<211> 453

<212> PRT

<213> Artificial Seguence

<220>

<223> Engineered variant of v. fluvialis transaminase

<400> 94

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

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

val Thr ?is Gly Glu Gly Pro Tyr Leu val Asp val His Gly Arg Arg
5 40 45

Tyr LSU Asp Ala Asn Ser Gly Leu Tyr Asn Met gg? Ala Gly Phe Asp
5 55

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

Gly Tyr His Ala g?e Tyr Gly Arg Met Ser Asp Glin Thr val Met Leu
90 95

Ser Glu Lys Leu val Glu val Ser Pro Phe Pro Ser Gly Arg val Phe
100 105 1190

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

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

Thr Leu Lys Asn Ala Tyr His Gly Ser Thr Ala 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 125



Thr

Ile

val

225

Ala

Giu

Thr

Ala

Lys

Phe

Ile

Ala

ITe

Leu

Gin

vhe

Glu

Gln

Glu
195

LYS

210 -

Met

ile

val

Tyr

Gly

Arg

Thr

AsSp

Pro

ASp

Arg

Gly

Met

Ala
450

Gly

L.eu

Ile

Leu

Thr

val

Lys

Ile

Gln

Gln

Giu

Ala

Thr

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

Lys

Thr

val

Phe

Ala

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Itle

ASp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys
440

CX2-105USP1_ST25

teu Ala Arg Glu iLeu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ala

Pro

Ile

Ile

Ile

cys

330

Ala

His

Met

ASp

Leu

410

Pro

Giu

Gly

Pro

235

Ile

Asn

Ser

Leu

Glu

Ile

Trp

Gly

Gly

Tyr

Lys

Phe

220

Lys

Pro

Thr

Ser

Gly

300

Glu

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 126

203

Phe

Gly

val

Trp

Phe

Ala

va'l

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Glu
Ala
Tyr
Ile
Gly
2

Asn
Glu
ASp
Leu
Arg
Arg
Giu
val
Cys
Thr

430

Asp

Glu

Glu

rPhe

Ser

255

Cys

Leu

Leu

His

Lys

Arg

Pro

val

val

Ary

Glu

Lys

Thr

Pro

GIn

240

Asp

val

Thr

ser

Gly

Ala

l.eu

Asn

val

Ser

400

Pro

Ala

val
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Tyr

val

TYr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

The

Alta

Thr

Leu

50

Lys

Tyr

Gl

Thr

Phe

130

Leu

Gly

His

Glu

Gin

210

MetT

Ile

val

Tyr

Phe

His

35

Asp

Gly

His

Lys

Asn

115

Leu

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

ASp

Thr

20

Gly

Ata

Leu

Ala

Leu

100

ser

Phe

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

His

Glu

AsSn

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Iie

245

Gly

Thr

Met

Gly

Ser

Ala

70

Tyr

Glu

Ser

Ala

Tyr

150

Ash

Pro

val

Ala

Phe

Pro

Pro

Pro

Gly

55

Ala

Gly

val

Gluy

Glu

135

His

Ser

His

Ala

215

val

APrg

Gly

ASp

Ser

Tyr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

200

Thr

ile

LYS

Arg

Ala

CX2-105USP1_S5T25

Leu

25

Leu

Tyr

Lys

Met

Pro

105

ASn

Lys

ser

Phe

Ile

Thr

Tyr

Thr

265

Tle

10

His

val

Asn

Ala

sSer

90

Phe

ASD

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Gin Arg Gly

Asp

Met

Gin

75

Asp

Pro

Thr

Glin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Tle

Asn

val

val

60

TYr

GIn

ser

Met

LYS

140

val

Pro-

Gly

Glu

Phe

220

LYS

Pro

Thr

Ile Ser Ser
Page 128

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

feu

Glu

Leu

205

Phe

Gly

va'l

Trp

Lys

Thr

30

Gly

Gly

Arg

val

LYS

Lys

Ala

Pro

Glu

180

GHu

Ala

Tvyr

Ile

15

Met

Arg

Phe

Phe

MetT

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

teu

val

Arg

ASp

Pro
80

Leu

Phe

Leu

lL.eu

MetT

160

rhe

Glu

Thi

Pro

Gn

240

ASp

val

Thr



275 280

Ala Gly Phe Phe Pro val Gly Ala

Lys Arg Leu Glu Thr Ala Ile Glu
305 310

Phe Thr Thr Gly Gly His Pro val

Ile aAsp val val met Asn Glu Gly
340

Ala Pro Arg Phe Glu Glu Arg Leu
355 360

ITe Gly Glu Tyr Arg Gly Ile Gly
370 375

LYS Asp Lys Ala Ser Lys Ala Pro

Glu Arg Ile Ala Asn Thr Cys Thr
405

Leu Gly Ser Ser val val Leu Ala
420

Gln Met Asp Glu Met Phe Asp Lys
435 440

Phe Ala GTu val Ala

450
<210> 97
<211> 1362
<212> DNA

<213> Artificial seguence

<220>

CX2-105USPL_ST25

val

Ala

Gly

teu

345

Lys

Phe

Phe

ASp

Pro

425

Leu

285

ITe Leu Gly Pro Glu

300

Asn Glu Glu
315

Cys Ala Ile
Ala Glu Asn
His Ile Ala
Met Trp Ala

380
Asp Gly Asn
Leu Gly Leu
410

Pro Tyr Ile

Glu Lys Ala

Phe

Ala

val

Glu

365

L.eu

Leu

Ile

Leu

Leu
445

ASp

Leu

Arg

Gluy

Trp

Cys

Thr

430

Asp

<223> Engineered variant of v. fluvialis transaminase

<400> 97

atgaacaaac cgcagagetyg ggaaacgcgt gcggaaacct

cacatgccga gcctacatca gegtggeacce

atagcctgta

tcagtggtaa cccatggcga

atcgtggatg tgcatggeceg tcgttatctg gatgcgaaca gcggoctgtt

gcgggetttg atcataaagg cctgattgat
ggctatcatg cgttttacgyg ccgtatgage
gtggaagtyga gcccgtttga tageggecgt

gcggcgaaag
gatcagaccyg

gtgttttata

Page 129

cgcagtatga
tgatgctgte

ccaacagegg

Leu ser

His Gly

Lys Ala

Arg Leu

Pro Asn

val val

val Ser

400

Arg Pro

Glu Ala

Lys val

tgectttace
aggccegtat
caacatggtg
acgttttceg
tgaaaaactg

cagcgaageg

120
180
240
300
360



aacgatacca
cgtaaaattc
accggeatcc
tgcccgeatt
ctggccegtg
tttgeggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtyg
gaacgtattg

gtggttctgg

ctggaaaaag

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

<220>
<223>

98
453
PRT

<400> 98

Met Ash Lys Pro
i

Tyr Ala

val Thr

Tyr Leu
50

His Lys
65

Gly Tyr

Phe Thr
His Gly
35

Asp Ala
Gly Leu

His Ala

tggtgaaaat
tgacccigaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa
gtaaaaacct
gcaaacgict
gcggecatcee
gcectgetgga
cggaacgtcc
tgaaagataa
cgaacacctg
cgcecgeegta

cgctggataa

His
20

Glu
Ash

Ile

pPhe
85

Gln ser
5

Met
Gly
Ser
ASp

70

Tyr

gctgtgottt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctgggge
aaccgeggge
ggaaaccgceg
ggtgggtrtgt
aaacgtgcgt
gaa;attggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Seguence

Trp Glu

Pro Ser

Pro Tyr
40

Gly Leu
55

Ata Ala

Gly Arg

CX2-105USsP1_ST25

ctgcatcgtg
catggetcea
ctgecgetge
ggcgaaaccg
aaggaaggcyg
gttattaccc
attccggtga
tgcgtgacct
ttttrtccag
attgaagcga
gcgattgege
cgtctggece
gaatatcgtg
gccecegtttg
ggactgattt
gaagcgcaga

gatgtggcgt

Thr Arg Ala

190

Leu His Gln

25

Ite val Asp

Phe Asn Met

GIn
75

Lys Ala

Met Ser

90

ASD

cggaaggcaa
ccgeggtgag
cgggetrict
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
atgaggaatt
tgaaagcgat
cgcygttttga
gtattggett
atccaaacct
gccgaccgtt
tggatgaaat

dd

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gin Thr val

Page 130

accgcagaaa
cgcgageatyg
gcatctgacc
tgtcgegegt
tgcgggettt
ctattttcag
agtgatttgc
ccecggatgeg
gattitgggg
tgatcatggt
tgatgtggtg
agaacgtctg
tatgtgggey
gtgggtrgagc
gggccagage

gttcgataaa

Ser Leu
15

ser val

Arg Arg

Phe Asp

fhe Pro

80

Met
95

Leu

420
480
340
600
660
720
780
840
900
960
1620
108G
1140
1200
1260
1320
1362



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

Gin

210

Met

Ile

va'l

Tyr

Gly

ATG

Thr

ASD

Pro

Lys

Asn

115

Leu

Lys

Tle

Ley

Glu

195

LYS

Gly

Leu

Ile

Asp

275

Phe

Leu

Thr

val

Arg
355

Leu

100

Ser

His

Asn

Pro

Thr

180

Glin

Glu

Ala

Thr

Cys

260

Phe

Phe

Giu

Gly

val

340

Phe

val

Gly

ATg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu
Ser
Ala
Tyr
150
AsSnh
Pro
vai
Ala
Gly
2

Leu
Phe
Pro
val
Ala
310
His
Asnh

Glu

val

Glu

Glu

135

His

Ser

His

Ala

ASp

215

val

Arg

Gly

Asp

Gly

Iie

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu
360

CX2-105UsSP1_ST25

105

Asn

Lys

Ser

Phe

Ile

Thr

TyT

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Asp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile

Ile

Asn

Cys

330

Leu

The

GlIn

Ala

155

Leu

TVYr

Arg

Gly

Pro

235

Ile

Asn

Ser

Leu

Glu

315

Ala

Glu

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Ile

Asn

His ITe Ala

Page 131

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

Asn

Glu

Asp

Leu

val

Met

Ile

Ser

Gly

Giu

Glu

Phe

ser
255

Cys’

Leu

Leu

His

Lys

Arg

Pro

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

GIn

240

ASp

val

Thr

Ser

Leu

Asn



ITe Gly Glu

Lys Asp Lys

Glu Arg Ile

Leu Gly GlIn

Gin

Met

Ala
450

Phe

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

<220>
<223>

a9
1362
DNA

<400> 99
atgaacaaac

cacatgccga
atcgtggatg
gegggetttg
ggctatcatyg
gtggaagtga
aacgatacca
cgtaaaattc
accggeatce
tgcccgeatt
ctggeccegtyg
Tttgeggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga

tttaccacag

Tyr Arg

Ala ser

Gly

Ile
375

Ala

390

Ala Asn

405

Ser val

420

Glu Met

val ala

cgcagagctyg
gcctacatca
tgcatggecg
atcataaagyg
cgttttacgg
gccegttiga
tggtgaaaat
tgaccctgaa
cgtataacag
attggegtta
aactggaaga
€ggtgatggyg
ccatectgeg
gtaccggeaa
gtaaaaacct
gcaaacgtct

gcggccatce

Thr

val

Phe

Cys

Leu

AsSp
440

Artificial Sequence

ggaaacgegt
gcgtggeacc

tcgttatetg,

cctgattgat
ccgtatgagce
tagcggecgt
gergtggttt
gaacgcgtat
cgtgtrtgge
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctgggge
aaccgcegggt
ggaaaccycy

ggtgggtigr

Pro pPhe

Thr Asp

Lys Leu

Gly Phe Met Trp

ASp Pro
395

Leu Gly
410

Ala Pro Pro Tyr
425

Glu Lys

gcggaaacct
tcagtggtaa
gatgcgaaca
gcggcgaaag
gatcagaccy
gtgtttiata
ctgcatcgtg
catggctoca
ctgecegotge
ggcgaaaccy
aaggaaggcy
gttattaccc
attcceggtga
tgcgtgacct
trttttccayg
attgaagcga

gcgattgegce

Cx2-105uUsPl_sT25

Ala Leu Glu

380

Asn Leu Trp

Leu Ite Cys

Thr
430

ITe Leu

Leu
445

ASp

Engineered variant of v. fluvialis transaminpase

atagcctgta
cccatggega
gcggectgtt
cgcagtatga
tgatgctgec
ccaacagcgg
cggaaggcaa
ccgcagtygag
cgggctttct
aagaacagtt
cggataccat
cgccaaaagyg
tcagecgatga
atgattttac
taggagcggr
ttggggaatt
tgaaagcgat

Page 132

val val

val ser

400

Arg Pro

Glu Ala

Lys val

tgcctttace
aggcecegtat
caacatggtg
acgttttecg
tgaaaaactyg
cagcgaageyg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtegogegt
tgcgggettt
ctattticag
agtgatttgce
cceggatgceg
gattitgggyg
tgatcatggt
tgatgtggty

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
860

1020



atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg

gtggttctgyg

ctggaaaaag

gcctgcetgga
cggaacgtcc
tgaaagataa
cgaacacctg
cgccgeegta

cgctggataa

aaacgtgegt
gaacattggc
agcgagcaaa
caccgatctyg
cattctgace

agtgtttgeg

cgtetggecec
gaatatcgtyg
gceeegrttg
ggactgattt
gaagcgcaga

gaagtggcegt

CX2-105USP1_ST25

cgcgtttiga
gtattggctt
atggtaacct
gccgaccgtt
tggatgaaat

aa

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

<220>
<223>

<400>

100
453
PRT

Artificial sequence

Engineered variant of v. fluvialis rransaminase

100

Met Asn Lys. Pro

1

Tyr Ala

Thr

val

Leu
50

Tyr

His
65

LYS
Gly Tyr
Ser Glu
Tyr Thr

Phe
130

Trp

Thr
145

Leu
Thr Gly

l.eu His

Phe

His

35

ASD

Gly

His

LYS

ASN

115

Leu

LYS

ITe

Leu

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

Gln Ser
5

His Met

Glu Gly

Asn Ser

Ile Asp

70

Phe
85

Tyr

val Glu

Gly ser

Arg Ala

Ala Tyr

150

Tyr Asn

165

Cys Pro

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Glu

Ser

Tyr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

agaacgtcty
tatgtgggcg
gttggtgagc
gggcagcage
gttcgataaa

Thr arg Ala Glu Thr Tyr Ser Leu
10

Leu

25

Ile

Phe

LYS

Met

Pro

105

Asn

Lys

ser

Phe

Trp

His GIn Arg

val Asp val

val
60

Asn Met

Gin
75

Ala Tyr

Ser Gin

90

Asp

Phe Asp Ser

Asp Thr Met

Pro GIn Lys

Ala val

155

Thr

Gly
170

l.eu Pro

Arg Tyr Gly
Page 133

Gly
His
45

Ata

Glu

Thr

Gly

val

125

Arg

ser

Leu

Glu

Thr
30

Gly
Gly

Arg

val

Lys

Ala

Pro

Glu

15

Ser val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val phe

Met lLeu

ITe Leuy

s5er Met

160

Phe

Glu

1080
1140
1200
1260
1320
1362



Thr

Ie

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

l.eu

Gln

Phe

Glu

Gln

210

Met

Ile

va'l

Tyr

Gly

Arg

Thr

AsSp

Pro

Gly

ASp

Arg

Gly

Met

Ala

Glu

195

Lys

Gly

Leu

Ile

ASD

Phe

l.eu

Thr

val

Arg

Glu

LYys

Iie

Ser

180

Gin

Glu

Ala

Thr

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

Asnh

405

val

Met

Ala

val
Ala
Gly
2

Leuy
Phe
Pro
val
Ala
310
His
Asn
Glu
Gly
LyS
390
Thr
val

Phe

Ala

215

vai

Arg

Gly

Asp

Gly

ile

Pro

Glu

Arg

Ile

375

Alta

cys

Leu.

ASp

Arg

Thr

Ile

Lys

ATg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

LyS
440

CX2-105USP1_ST25

185

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

ASD

Pro

425

Leu

Ala

Ala

Pro

Ile

Iie

Ile

His

Met

Asp

Leu

410

Pro

Glu

Arg

Gly

Pro

235

Ile

ASn

Ser

Leu

Gly

Ala

Glu

Iie

Trp

Tyr

Lys

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly

300

Glu

Ile

ASnh

Ala

Ala

380

AsSnh

Leu

Ala

Page 134

ieu

205

Phe

Gly

val

Trp

LyS

Pro

Phe

Ala

val

Glu

190

clu

Ala

Tyr

Ile

Gly

ASn

Glu

ASp

Leu

Arg

365

Leuy

Leu

ITe

Leu

Leu
445

Glu

L.eu

Cys

Thr

430

Asp

Glu

Glu

pPhe

Ser

255

Cys

L.eu

Leu

His

Lys

Arg

Pro

val

val

Lys

Thr

Pro

Gln

240

ASp

val

Thr

Ser

Gly

Ala

Leu

AsSn

val

Ser

400

Pro

va’l
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Met

Tvr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Tle

va’l

225

Ala

Glu

Asn

Ala

Thr

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gin

210

Met

Ile

va'l

LysS

Phe

His

35

ASp

Gly

His

Lys

Asn

115

Leu

Lys

Ile

Leu

Glu

195

Lys

Gly

Leu

Ile

Pro

Thr

20

Gly

Ala

l.eu

Ala

Leu

100

ser

His

ASn

Pro

Thr

189

GIn

Glu

Ala

Thr

Cys
260

Gin

His

Glu

Asn

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

ser

Met

Gly

Ser

ASp

70

Tyr

Glu

Ser

Ala

Tyr

150

ASh

Pro

val

Ala

Gly

l.eu

Phe

Trp

Pro

Pro

Gly

535

Ala

Gly

val

Glu

Glu

135

His

ser

His

Ala

ASp

215

val

Arg

Gly

Glu

ser

Tyr

40

L.eu

Ala

Ala

Ser

Ala

120

Gly

Gly

Ser

Tyr

Arg

200

Thr

Ile

Lys

Arg

CX2-105USP1_S8T25

Thr

Lelu

25

Leu

Phe

Lys

Met

Pro

105

Ash

Lys

Ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr
265

Arg Ala Glu Thr

10

His

val

ASn

Ala

Ser

S0

Phe

Asp

Pro

Thr

Gly

Arg

ala

Ala

Pro

ASD

250

Gly

Gin

AsSp

Met

GIn

75

ASp

Asp

Thr

Gln

Ala

155

Leu

TYr

Arg

Gly

Pro

235

Iie

Asn

Arg

val

val

60

TYr

Gln

ser

Met

Lys

140

va'l

Pro

Gly

Glu

phe

220

LYS

Pro

Thr

Page 136

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

ser

Leu

Glu

Leu

205

Fhe

Gly

val

Trp

Tyr

Thr

30

Gly

Gly

Arg

val

Lys

Lys

Ala

PFro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Ser

15

sSer

Arg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

val

Arg

ASp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gin

240

Asp

val



Thr

Ala

Ije

Lys

385

Glu

Leu

Gin

Phe

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Asp

Arg

G1y

Met

Ala
450

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

<220>
<223>

<400
atgaacaaac

275

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

Gln

ASp

435

Asp

103
1362
DNA

Phe

Phe

Glu

Gly

val

340

Phe

TYP

Ala

Ala

ser

420

Glu

val

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Pro

val

Ala

310

His

Asn

Glu

Gly

val

Phe

Asp

Gly

Ile

Pro

Glu

Arg

Ite

375

Ala

Cys

Leu

ASp

Artificial Sequence

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys

CX2-105USPL_sT25

Tie 1le Ser ser Lys

val

Ala

Gly

L.eu

345

Lys

Phe

Phe

ASp

Pro

425

Leu

Ile

Ile

Cys

330

Leu

Met

Asp

Leu

410

Pro

Glu

Leu

Glu

315

Ala

Glu

Ile

Trp

Tyr

Lys

285

Gly Pro
300

Glu Phe
Iie Ala
Asn val
Ala Glu

365
Ala Leu
380
Asn Leu
Leu Ile

ITe Leu

Ala Leu
445

ASH

Glu

AsSp

Leu

350

Arg

Glu

val

Cys

Thr

430

AsSp

Engineered variant of v. fluvialis transaminase

103

cacatgccga

atcgtggatg

gcgggectttyg
ggctatcatg

cgcagagcetg
gcctacatca
tgcatggceeg
atcataaagg

cgttttacgg

ggaaacgcgt gcggaaacct
gcgtggcace tcagtggtaa
tcgttatctg gatgcgaaca
cctgattgat gcggcgaaag

ccgtatgage gatcagaccy

atagcctgta

cccatggcga

geggectgtt

cgcagtatga

tgatgctgtc

Page 137

Ley

Leu

His

Lys

Arg

Pro

val

val

Arg

Glu

Lys

tgccrrtace
aggceccgtat
caacatggtg
acgttttecy

tgaaaaactg

Thr

Ser

Leu

Asn

val”

Ser

400

Pro

Ala

val

60
120
180
240
300



gtggaagtga
aacgatacca
cgtaaaattc
accggcctic
tgceccgeatt
ctggceegtyg
tttgcggaac
gcgattctga
ggcrttgatc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtyg
gaacgtattg

gtggttctgg

ctggaaaaag

<210>
<211
<212>
<213>

<220>
<223>

<400>

104
453
PRT

104

Met Asn Lys
1

Tyr Ala Phe

His
35

val Thr

Leu
50

Tyr AsD

His
65

Lys Gly

Gly Tyr His

gccocgtttga
tggtgaaaat
tgacccetgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcectgeyg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggecatec
gcctgctgga
cggaacgtec
tgaaagataa
cgaacacctg
cgccgeegta

cgctggataa

Pro

Thr His

20

Gly Glu

Ala

AsSn

Leu Ile

Gln ser
5

Met{
Gly
Ser

ASp

tagcggecgt
gctgtggttt
gaacgcgtat
cagctttggce
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctggggce
aaccgegggt
ggaaaccgceg
ggtgagttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial Sequence

Engineered variant of v.

Trp Glu

Pro Ser

Pro

Gly
55

Ata Ala

70

Alta Phe

Tyr

Gly Arg

CX2-105UsP1_sT25

gtgttttata
ctgcatcgtyg
catggcteca
ctgcegctge
ggcgaaaccg
aaggaaggceg
gttattaccc
attccggtga
tgcgtgacct
ttttttecag
attgaagcga
gcgattgcge
cgtctggeec
gaatatcgtg
gccecegrtty
ggactgattt
gaagcgeaga

gaagtggcegt

ccaacagegg
cggaaggcaa
ccgcggtgag
cgggcrttct
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
ttggggaatt
tgaaagcgat
cgcgrtttga
gtattggctt
atggtaacct
gccgaccgtt
tggatgaaat

dd

fluvialis transaminase

Thr arg Ala

10

Leuy His Gln

25

ITe val Asp

Phe Asn Met

Glin
75

Lys Ala

Met

Ser Asp Gin

Glu Thr Tyr

Thr
30

Arg
val

Gly

val
60

Gly

Tyr Glu Arg

Thr val

Page 138

cagcgaageg
accgcagaaa
cgcgageaty
gcatctgacc
tgtcgegegt
tgcgggettt
ctattttcag
agtgatttgc
cccggatgeg
gattttgggg
tgatcatgygt
tgatgtggtg
agaacgtctg
tatgtgggcy
ggttgtgage
gggcagcagce
gttcgataaa

ser
i5

feu

Ser val

Arg Arg

Phe Asp

rPhe Pro

30

Met Leu

360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320
1362



Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Iie

val

225

Ala

Glu

Thr

Ata

Ile

Ala

Glu

Thr

phe

130

t.eu

Gly

His

Glu

Glin

210

MeT

Ile

val

Tyr

Gly

290

Arg

Thr

ASD

Pro

Lys

Ash

115

Leu

LYS

Leu

Leu

Lys

Gly

Leu

Ile

ASD

275

Phe

Leu

Thr

vai

Arg

Leu

100

ser

His

ASN

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

85

val

Gly

Arg

Ala

Tyr

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Glu

ser

Ala

Tyr

150

Ash

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

va'l

Glu

Glu

135

His

Ser

His

Ala

Asp
215

‘val

Arg

Gly

ASpP

Pro

Glu

Arg

Ser

Ala

120

Gly

Gly

ser

Tyr

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

CX2-105UsP1 5725

Pro

165

Asn

Lys

ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

90

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile
ITe
Cys
330

Lau

Asp

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

Leu

Glu

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

LysS

Pro

Thr

Ser

Gly

300

Ile

ASTi

His Ile Ala
Page 139

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Phe

Ala

val

Glu

Arg

LysS

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ite

Gly

Asn

Glu

ASp

l.ey

95

val

Met

Ile

Ser

Gly

Gly

Glu

Giu

Phe

Ser

255

Cys

Leu

Leu

His

Arg

Pro

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gin

240

Asp

val

Thr

Ser

Leu

AsSn



355

Glu

Asp Lys

Arg Ile

Leu Gly Ser

Gln Met

Ala
450

Phe

<Z210>
<211>
<212>
<213>

<220>
<223>

<400> 105
atgaacaaac

105
1362
DNA

cacatgcega
atcgtggatg
gcgggetttg
ggctatcatyg
giggaagtga
aacgatacca
cgtaaaattc
accggecttc
tgcccgeatt
ctggceegtg
tttgcggaac
gcgatrtctga
ggctrtggte
attattagca

ccggaactga

Tyr Arg

Ala ser

Gly Ile

Lys

360

Gly
375

Ala Pro

390

Ala Asn

405

ser val

420

Glu Met

val Ala

cgcagagcetg
gcctacatca
tgcatggecg
atcataaagg
cgtrrtacgg
gccecgtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcegtta
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa
gtaaaaacct

gcaaacgict

Thr

val

Phe

Cys Thr

Ala

Leu

ASp LYS
440

Artificial sequence

ggaaacgegt
gcgtggcace
tcgttatotg
cctgattgat
ccgtatgage
tageggeegt
gctgtyggttt
gaacgcgtat
cgtgtttgye
tggcgaagaa
aaccattcag
tgcgggeggat
caaatatgat
cacctggggc
aaccgcgggt

ggaaaccgeg

CX2~105UsP1_ST25

Phe Met Trp Ala Leu

Phe Asp Gly Asn

395

ASp Leu Gly
410

Pro Pro Tyr
425

Leu

gcggaaacct
tcagtggtaa
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatcgty
catggctcca
ctgeegetge
ggcgaaaccy
aaggaaggeyg
gttatraccc
attceggtga
tgcgrgacct
ttttttecag

attgaagcga

Glu Lys Ala

365

Glu
380

l.eu val

Leu Ile Cys

Thr
430

ITe Leu

Leu
445

ASp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcagectgtt
cgcagtatga
tgatgctgtc
ccaacagcegg
cggaaggcaa
ccgeggtgayg
Ccgggcttict
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
atgaggaatt

Page 140

val val

val ser

400

Pro

i Ala

va'l

tgectttace
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaageyg
accgcagaaa
cgcgageatg
gcatctgacc
tgtecgogegt
tgcgggetit
ctattttcag
agtgatttoc
ccecggatgeyg
gattttgagg
tgatcatggt

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



tttaccacag
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg

gtggttctgyg

¢tggaaaaag

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

<220>
<223>

<400>

106
453
PRT

106

Met ASh Lys
1

Tyr Ala phe

His
35

val Thr

Leu

Tyr
50

ASp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

Thr Ash

115

TYT1r

Phe
130

Trp Leu

Thr
145

Leu Lys

Thr Gly Leu

gcggccatcec
geetggecga
cggaacgtce
tgaaagataa
cgaacacctg
caccgecegta

cgctggataa

Pro
5

Thr
20

His
Gly Glu
Ala Asn
Ile

Leu

Phe
85

Ala

Leu val

160

Ser Gly

His

Arg

Asn Ala

GIn Sser

Met

Gly

Ser

Asp

70

Tyr

Glu

Ser

Ala

Tyr

ggtgggttgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgeg

Artificial Sequence

Trp Glu

Pro Sser

Pro Tyr

40

Gly
55

Leu
Ala ala
Gly Arg
val

Ser

Ala
120

Glu

Glu
135

Gly

His Gly

150

Pro

Asn

ser val

CX2-105USP1_ST25

gcgattgege
cgtctggeec
gaatatcgtg
geceeegttty
ggactgattt
gaagcgcaga

gaagtggcgt

Thr Arg
10

Leu His Gln

25

Ite val Asp

Phe Asn Met

GIn
75

Lys aAla

Met Ser

90

Asp

Pro phe

105

Asp

Asn Asp Thr

Lys Pro Gln

Ala
155

Ser Thr

Phe Gly Leu

170

tgaaagcgat
cgcgttttga
gtattggctt
atggtaacct
gccgaccgtt
tggatgaaat

ad

Engineered variant of v. fluvialis transaminase

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

GIn Thr val

Ser

Gly

val
125

MeT

Lys Arg Lys

val ser Ala

Pro Leu Pro

Page 141

tgatgtggtyg
agaacgtctyg
tatgtgggcy
gtgggtgagc
gggccagagce
gttcgataaa

Ala Glu Thr Tyr Ser Leu

15

Ser val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val phe
Mat Leu
tie

Leu

Met
160

Ser

Phe

1020
1080
1140
1200
1260
1320
1362



Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

Ata

Ile

Leu

Gin

Glu

Gin

210

Met

Ile

val

Tyt

Gly

Arg

Thr

ASD

Pro

Gly

ASP

Arg

Gly

Met

Leu

Glu

195

Lys

Gly

Leu

Ile

ASp

275

Phe

Leu

Thr

val

Alrg

355

Glu

Lys

Ile

Gln

ASp
435

Thr

180

Glin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

420

Ghu

cys

phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

ser

Asn

405

val

Met

Pro

val

Ala

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Lys

Thr

val

Phe

His

Ala

ASp

val

Arg

Gly

AsSp

Pro

Glu

Arg

Ile

375

Ala

Cys

l.eu

ASp

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

LYS
440

CX2-105UsSP1_58T25

Trp Arg Tyr Gly Glu
185

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

ala

Gly

Leu

345

LYys

Phe

Phe

AsSp

Pro

425

Leu

Ala

Ala

Pro

ASp

250

Gly

Ile

Ile

Asnh

cys

330

Ala

His

Met

Asp

Leu

410

Pro

Arg

Gly

Pro

235

Ile

ASh

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Tyr

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly

Glu

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Glu Lys Ala

page 142

Leu

205

Phe

Gly

val

Trp

Lys

pro

phe

Ala

val

Glu

365

Leuy

Leu

Ile

Leu

Leu
445

Glu

190

Glu

Ala

TYr

Ile

Gly

Asn

Glu

ASp

Leu

350

AFrg

Glu

Trp

cys

Thr

430

ASp

Gly

Glu

Glu

Phe

ser

255

Cys

Leu

Leu

His

Arg

Pro

val

val

Lys

Ghu

Thr

Pro

Gin

240

ASp

val

Thr

ser

Gly

Ala

Leu

Asn

val

Ser

400

Pro

Ala

val
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<400>

108

Met Asn LyS

1

Tyr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Ala

The

Ley

50

Lys

TYr

Giu

Thr

Phe

130

LEL

Gly

His

Glu

GIn

210

Met

e

va'l

Phe

His

35

ASp

Gly

His

LYS

ASNh

115

l.eu

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

Pro

Thr

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

AST

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

Gin

His

Glu

Asn

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Ser

Met

Gly

Ser

ASp

70

Tyr

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

215

val

Arg

Gly

Glu

Ser

TYr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

200

Thr

Ile

Lys

Arg

CX2-105USPL_8T25

Thr

Leu

25

Ile

Phe

LYS

Met

Pro

105

Asn

Lys

ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

Arg Ala Glu Thr

10

His

val

ASH

Ala

Ser

a0

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Asp
250

GIn

ASp

MeT

Gln

75

ASD

AsSp

Thr

Gin

Ala

155

Leu

Tyr

Alg

Gly

Piro

235

Ile

Arg

val

val

60

TYr

Gln

ser

Met

LYS

val

Pro

Gly

Glu

phe

220

Lys

Pro

Gly Asn Thr
Page 144

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Twp

Tyr

Thr

30

Gly

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

180

Glu

Ala

Tyr

Ile

Gly

Ser

15

ser

ATg

pPhe

Phe

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

va'l

Arg

ASp

Pro

80

Leu

rPhe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASp

val



Thr

Ala

Ile

Ala

Ile

Lys

Glu

Leu

Gin

rhe

Arg

Thr

Asp

Pro

ASp

Arg

Gly

Met

Ala
450

<210
<211
<212>
<213>

<220>
<223>

<400>
atgaacaaac cgcagagcetg ggaaacgcgt goggaaacct atagectgta

Asp

275

Phe

Leu

Thr

val

Arg

355

Glu

Lys

Ile

Gln

109
1362
DNA

260

Phe

Phe

Glu

Gly

val

340

rhe

Tyr

Ala

Ala

Ser

420

Glu

val

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

AsSn

405

val

Met

Ala

Pro

vai

Ala

310

His

Asn

Glu

Gly

Lys

390

Thr

val

phe

Pro

Glu

Arg

ITe

375

Ala

Cys

Leu

Asp

Artificial Seguence

Ala

280

Ala

Glu

val

Gly

teu

360

Gly

Pro

Thr

Ala

CX2-105UsP1 _ST25

265

Ile Ile Ser Ser Lys

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Ile

Ile

Cys

330

Ala

His

Met

ASp

Leu

410

Pro

Glu

Leuy

Glu

315

Ala

Glu

Ile

Trp

Tyr

Lys

Gly
300
Glu
Ile
Asn
Ala
Ala
380
AsSn
l.eu

Ile

Ala

285

Pro

pPhe

Ala

val

Glu

365

l.eu

Leu

Iie

Leu

Leu
445

270

ASn

Glu

ASD

Leu

Arg

Glu

Ser

Cys

Thr

430

ASp

Engineered variant of v. fluvialis transaminase

109

cacatgeccga gocctacatca gogtggeace tcagtggtaa cccatggega

atcgtggaty tgcatggecg tegttatctg gatgcgaaca geggoctgrt

gcgggetttg atcataaagyg cctgattgat gcggcgaaag cgcagtatga

Page 145

Leu

Leu

His

Pro

val

val

Lys

tgcctttace
aggcccgtat
caacatggtg

acgttttccg

Thr

ser

l.eu

Asn

val

sSer

4060

Pro

Ala

val

60
120
180
240
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Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ile

TYr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

GTn

210

Met

Tle

val

Tyr

Gly

Arg

Thr

ASp

His

Lys

Ash

115

Leu

Lys

Ile

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

275

phe

Ley

Thr

val

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

GTn

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val
340

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

rhe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Tyr

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

ala

310

His

Asn

Gly

val

Glu

Glu

135

His

sSer

His

Ala

ASp

val

Arg

Gly

ASp

Gly

Ite

Pro

Glu

Arg
Ser
Ala
120
Gly
Gly
LYS
Tyr
Arg
200
Thr
Ile
Lys
Arg
Ala
280
Ala
Glu

val

Gly

CX2-105usP1_sT25

Met

Pro

105

Asn

Lys

Ser

Phe

Trp

lL.eu

Ile

Thr

TyYr

Thr

265

Tle

va'l

Ala

Gly

Leu
345

Ser Asp Gln Thr

90

Phe

AsSp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ile

Cys

330

Leu

Asp Ser
Thr Met
Gln Lys

140

Ala val
155

Leu Pro
Tyr Gly
Arg Glu
Gly phe

220
Pro Lys
235
Ile Pro
Asn Thr
ser ser
Leu Gly

300
Gly Glu

Ala 1le

Glu Asn

page 147

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

Phe

Gly

val

Trp

Lys

Prro

Phe

Ala

val

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Asp

Leu

Arg
350

Met

95

val

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

sSer

255

Cys

Leu

Leu

His

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASp

val

Thr

Ser

Gly

Ala

Leu



Ala Pro Arg

355

Ite Gly Glu

Lys
385

AsSp Lys

Glu Arg Ile

Leu Gly Glin

Gin

Met

Ala
450

Phe Asp

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

<220>
<223>

<400> 111
atgaacaaac

111
1362
DNA

cacatgccga
atcgtggatyg
gcgggetttg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaartc
accggecttce
tgcccgeatt
ctggccegtg
tttgcggaac
gcgattctga
ggctttggtce

attattagca

phe Glu

TYr Arg

Ala ser

Ala Asn

405

ser val

420

Glu Met

Glu

Gly

Lys

390

Thr

val

Phe

Arg

Ile

375

Ala

Cys

Leu

ASp

Leu

360

Gly

Pro

Thr

Ala

Lys

CX2-105UspPl 5725

Lys His Ile Ala Glu Arg

Phe

Phe

Asp

Pro

425

leu

Met

Asp

Leu

410

Pro

Glu

Trp

Gly

Gly

Tyr

LysS

365

Ala
380

Leu
Asn Leu
teu Ile
Ile

Leu

Ala Leu

Glu

Trp

Cys

Thr

430

Asp

Pro

val

val

Lys

AsSn

val

ser

400

Pro

Ala

val

val Ala

cgcagagctg
gcctacatca
tgcatggeeg
atcataaagg
cgttttacgg
gccegtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa

gtaaaaacct

Artificial seguence

ggaaacgcgt
gcgtggeace
tcgttatctg
cctgattgat
ccgtatgage
tagcggecgt
gctgtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
caccrgggyc
aaccgcgggt

gcggaaacceyg
tcagtggtaa
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatcgtyg
catggctcca
ctgccgctge
ggcgaaaccg
aaggaaggcg
gttattaccc
attccggtga
tgcgrgacct

ttttttccag

445

Engineered variant of v. fluvialis transaminase

tgagcctgta
cceatggega
gcggectgtt
cgcagtatga
tgatgectgic
ccaacagegg
cggaaggcaa
ccgcggtgag
cgggetttct
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac

taggageggt

Page 148

tgcctttace
aggcccgtat
caacatgotyg
acgttrtecg
tgaaaaactyg
cagcgaagceg
accgcagaaa
cgcgageatg
gcatctgacc
tgtcgegegt
tgcgggettt
ctattttcag
agtgatttgc
cceggatgeg
gattttgggg

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



ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtgy
gaacgtattg

gtggttctgg

ctggaaaaag

gcaaacgtct
gcggeeatcc
gcctgotgga
cggaacgtec
tgaaagataa
cgaacacctyg
cgccgocgta

cgctggataa

ggaaaccgeg
ggtgggrrgt
aaacgtgegt
gaacattggce
agcgageaaa
caccgatctyg
cattctgacc

agtgtttgeg

attgaagcga
gcgattgege
cgtctggece
gaatatcgtg
geeccgtttg
ggactgattt
gaagcgceaga

gaagtggcgt

CXZ2~105USPl_sT25

atgaggaatt
tgaaagcgat
cgcgttttga
gtattggctt
atggtaacct
gccgacegtt
tggatgaaat

aa

tgatcatggt
tgatgtggtg
agaacgtctyg
tatgtgggcyg
ggtigtgagce
gggccagagce
gitcgataaa

<210>
<Z1l>
«<212>
<213>

<220>
<223>

<400>

112
453
PRT

Artificial Sequence

Engineered variant of v. fluvialis transaminase

112

Met Asn Lys Pro
1

TYr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Ala

Thr

Leu

>0

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

Thr
20

Phe

His
35

Gly
Asp Ala
Gly Leu
Ala

His

Leu
100

Lys

Ashn Ser

115

Leu His

Asn

Lys

L.eu Pro

Gln
5
His
Glu
Asn
Ife
Phe
85
val
Gly
Arg

Ala

Tyr

Ser

Met

Gly

ser

Asp

70

Tyr

Glu

Ser

Ala

Tyr

150

Asn

Trp

Pro

Pro

Gly

35

Ala

Gly

val

Glu

Glu

135

His

Ser

Giu

ser

Tyr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Thr Arg Ala Glu Thr

Leu

25

ile

Phe

Lys

Met

Pro

105

Ash

LYyS

ser

Phe

10

His Gin Arg

val Asp val

val
60

AsSn Met

Gin
75

Ala TYr

Ser Gin

90

ASp

Phe Asp Ser

Asp Thr Met

Pro GlIn Lys

140

Ala val

155

Thr

Gly ieu Pro
Page 149

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

val

Thr

30

Gly

Gly

Arg

val

Arg

Lys

Lys

Ala

Pro

Ser
15

Ser
Arg
Phe
Phe
Met
95

val

Met

Ser

Gly

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

960
1020
1080
1140
1200
1260
1320
1362



Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ile

Ala

Ije

Leuy

Gln

His

Glu

G1in

210

Met

Ile

val

Tyr

Gly

Arg

Thr

ASp

Pro

Arg

Gly

Met

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

phe

Leu

Thr

val

Arg

Glu

Lys

ITe

Gln

ASp

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

Ser

420

Glu

165

Cys

pPhe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

APrg

ser

AsSnt

405

val

Met

Pro

val

Ala

Gty

Leu

Phe

Pro

val

Ala

310

His

ASn

Glu

Gly

Lys

Thr

val

Phe

His

Ala

ASp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

ASP

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys

CX2-105UsP1_sT25

Trop

185

Leu

Tie

Thr

TYF

Thr

265

ITe

val

Ala

Gly

Leu

345

Lys

Phe

Phe

ASp

Pro

425

Leu

170

Arg

Ala

Ala

Pro

Asp

Gly

ITe

Asn

Cys

Leu

His

Met

ASD

Leu

410

Pro

Tyr Gly Glu

Arg

Gly

Pro

235

Ile

AsSn

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Tyr

Glu

Phe

220

LYS

Pro

Thr

ser

Ile

ASn

Ala

Ala

380

Asn

Leu

Ile

Giu Lys ala
Page 150

Leu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Ghu

365

Leu

Leu

Ile

Leu

Leu

Glu

190

Glu

Ala

Tyr

ITe

Gly

Asn

Glu

Asp

Leu

Arg

Glu

val

Cys

Thr

430

ASp

175

Gly

Glu

Glu

pPhe

ser

255

cys

Leu

Leu

His

Arg

Pro

val

val

Lys

Glu

Thr

Pro

o3

ASp

val

Thr

Ser

Gly

Ala

Leu

Asn

val

Ser

400

Pro

Ala

val
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<220>
<223>

<400

Met Ash Lys
1

Tyr

val

Tyr

Mis

65

Gly

Ser

Tyr

Trp

Thr

145

Thy

l.eu

Thr

Ile

val
225

Ala

Thr

Leu

50

LYS

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

Phe

His

35

Asp

Gly

His

LysS

Asn

115

Leu

Lys

Ile

ey

Glu

195

Lys

Gly

Leu

Pro

Thr

20

Gly

Ala

l-eu

Ala

Leu

100.

Ser

His

Asn

Pro

Thr

180

Glin

Glu

Ala

Thr

GIn

5

His

Glu

ASn

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile
245

Ser

Met

Gly

Ser

ASp

70

Tyr

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Trp

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

215

va’l

Arg

Glu

Ser

TYr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

va'l

Tyr

200

Thr

Ile

Lys

CX2-105UsSP1_S5T25

Thr
Leu
25

I1é
Phe
LysS
Met
Pro
105
Asn
LysS

Ser

Phe

Leu

Ile

Thr

Tyr

Arg
10

His
val
Ash
Ala
Ser
90

Phe
Asp
Pro
Thr
Gly
Arg
Ala
Ala

Pro

Asp
250

Ala Glu Thr

Glin

ASp

Met

GIn

75

ASp

ASp

Thr

Glin

Ala

155

Leu

TYr

Arg

Gly

Pro

235

Ile

Arg

val

val

60

Tyr

Glin

ser

Met

LyS

140

val

Pro

Gly

Glu

Phe

220

LyS

Pro

Page 152

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leu

205

rhe

Gly

val

Engineered variant of v. fluvialis transaminase

114

Tyr

Thr

30

Gly

Gly

Arg

val

Arg

110

LYS

Lys

Pro

Glu

190

Glu

Ala

Tyr

Ile

Ser

15

ser

Arg

Phe

Phe

Met

95

va'l

Met

Ile

Ser

Glu

Glu

Phe

Ser
255

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

GIn

240

Asp



CX2-105UsPl_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 ITe 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 Ile Glu Ala Ile Gly Glu Phe Asp His Gly
305 310 315 320

Phe Thr Thr Gly Gly His Pro val Gly Cys Ala Ile Ala teu Lys Ala
325 330 335

ITe Asp val val Met Asn Glu Gly Leu Leu 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 Leu val Ser
385 390 395 400

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

Leu Gly Gin Sser val val Leu Ala Pro Pro Tyr Tle Leu Thr Glu Ala
420 425 430

Gln Met Asp Glu Met phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
435 440 445

rhe ala Glu val Ala
450

<210> 115
<211> 1362
<212> DNA
<213> Artificial Sequence

<220>
<223> Engineered variant of v. fluvialis transaminase

<400> 115
atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagectgta tgoctttace 60

cacatgccga gectacatca gogtggeace tcagtggtaa cccatggoga aggoeccgrat 120
atcgrggaty tgcatggeceyg tegttatctg gatgegaaca goggoctgtg gaacatggiy 180
Page 153
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65

Gly

Ser

TYT

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

rhe

Ile

Tyr

Glu

Thr

phe

130

Leu

Gly

His

Glu

Gin

210

Met

Ile

val

Tyr

Gly

Arg

Thr

ASp

LySs

ASN

115

Leu

LYS

Iie

Leu

Glu

195

Lys

Gly

Leu

Ile

AsSp

275

Phe

Leu

Thr

val

Ala

Leu

100

Ser

His

Asn

Pro

Thr

180

Glin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

Phe

85

val

Gly

Arg

Ala

Tyr

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

70

Tvyr

Glu

Ser

Pro

val

Ala

Gly

L.eu

Phe

Pro

val

Ala

310

His

Asnh

Gly

val

Glu

Glu

135

His

ser

His

Ala

215

val

Arg

Gly

AsSD

Gly

Ile

Pyo

Glu

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Tle

LysS

Arg

Ala

280

Ala

Glu

val

Gly

CX2-105USP1_STZ5
75

Met

Pro

105

Asn

Lys

Ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

ser

90

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

ASp

Gly

Iie

Ile

Ile

Cys
330

Asp

ASp

Thr

Gln

Atla

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

ASn

Ser

[eu

Gln

Ser

Mat

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Leu Glu Asn
pPage 155

Thr

Gly

val

125

Arg

Ser

Leu

Giu

Leu

205

Phe

Gly

val

Trp

Lys

285

Pro

Phe

Ala

val

val

APg

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

ITe

Gly

AsSN

Glu

Asp

Leu

Arg

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

l.eu

Leu

His

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Glin

240

ASp

val

Thr

Ser

Gly

Ala

Leu



Ala Pro Arg

Ile Gly Glu

LYS
385

ASp Lys

Glu Arg I1le

Leu Gly Gln

Gin

Met

Ala
450

Phe Asp

<210>
<Z211>
<212>
<213>

<220>
<223>

117
1362
DNA

<400> 117
atgaacaaac

cacatgccga
atcgtggatg
gcaggcttig
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggeatce
tgcccgeatt
ctggeccgtg
tttgcggaac
gcgattctga

ggctttggtc

340

Phe Glu

Tyr Arg

Ala ser

Ala Asn

405

Ser val

420

GTu Mmet

val Ala

cgcagagcty
gcctacatca
tgcatggecg
atcataaagg
cgttrtacgg
gcecgttiga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtia
aactggaaga
cggtgatggg
ccatcctgeg

gtaccggcaa

Glu

Gly

Lys

390

Thr

val

Phe

CX2-105USP1_ST25

345

Leu
360

Arg Lys His Ile

Ile Phe

375

Gly Met Trp

Ala Pro Phe Asp

Cys Thr Asp Leu

410

Leu Ala Pro Pro

425

Tyr

Leu Glu

Asp Lys

440

Artificial Sequence

ggaaacgegt
gcgtggcacc
tcgttatctg
cctgattgat
ccgtatgage
tagcggeegt
gctgtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat

cacctggggc

Lys

gcggaaacct
tcagtggtaa
gatgcgaaca
gcyggegaaag
gatcagaccg
gtgttttata
ctgcategty
catggcteca
ctgccgetge
ggcgaaaccy
aaggaaggcg
gttattacce
attccggtga
tgegtgacct

350

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu val

Leu Ile Cys

Thr
430

ITe Leu

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggcga
gcggeetgtt
cgcagtatga
tgatgctgtc
ccaacagegg
cggaaggeaa
ccgeggtgag
cgggcttict
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga

atgattttac

Page 156

Pro Asn

val val

val ser

400

Arg Pro

415

Giu Ala

Lys val

tgeerttace
aggceegtat
caacatggtg
acgttttccg
tgaaaaactyg
cagcgaagcy
accgcagaaa
cgcgageatg
gcatctgacc
tgtcgegegt
tgcgggottt
ctattttcag
agtgatttge
ccecggatgeg

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



attattagca
ccggaactga
tttaccacag
datgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg
gtggrtctgg

ctggaaaaag

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

<220>
<223>

<400>

118
433
PRT

118
Met Asn Lys
1

Phe

Tyr Ala

His
35

val Thr

Leu
50

Tyr Asp

His
65

Lys Gly

Gly Tyr His

ser Giu Lys

Tyr Thr Asn

115

Phe
130

Trp Leu

Thr
145

Leu Lys

gtaaaaacct
gcaaacgtct
gcggecatee
gcctgetgga
cggaacgtce
tgaaagataa
cgaacacctg
cgcegecgta

cgctggataa

Pro
b}

Thr His

20

Gly Glu

Ala Asn
Ile

Leu

Phe
85

Ala

Leu val

100

Ser Gly

His

Arg

Asn ala

Gin Ser

Met

Gly

Ser

AsSp

70

Tyr

Glu

Ser

Ala

Tyr

aaccgceggyt
ggaaaccgeg
ggtgggttgt
aaacgtgcegt
gaacattgge
agcgagcaaa
caccgatcety
cattctgacc

agtgtttgeg

Artificial Seguence

Trp Glu

Pro Sser

Pro Tyr

40

Gly Leu

55

Ala Ala

Gly Arg
val

Ser

Ala
120

Glu

Glu
135

Gly

His Gly

150

CX2-105UsP1_5T725

ttttttccag
attgaagcga
gcgattgcge
cgtctggece
gaatatcgtg
gccecgttty
ggactgattt
gaagcgcaga

gatgtggegt

Thr Arg Ala
10

teu His GIn

25

Ile val Asp

Phe Asn Met

Gin
75

Lys Ala

Met Ser

90

Asp

Pro Phe

105

ASP

Asn Asp Thr

Lys Pro Gln

Ala
155

Ser Thr

taggagcggt
ttggggaatt
tgaaagcgat
cgcgttttga
gtattggett
atggtaacct
gccgacegtt
tggatgaaat

ad

Engineered variant of v. fluvialis transaminase

Glu Thr Tyr

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

GIn Thr val

ser

Gly

val
125

Met

Lys
140

Arg Lys

val ser Ala

Page 157

gattttgggg
tgatcatggt
tgatgtggty
agaacgtctg
tatgtgggcg
gtgggtgage
gggccagagc
gttcgataaa

Ser
15

Leu

Ser val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu

val pPhe

Met Leu

Ite Leu

Ser Met

160

200

960
1020
1080
1140
1200
1260
1320
1362



Thr

Leu

Thr

Ite

val

225

Ala

Glu

Thr

Ala

LYS

Phe

Ile

Ala

Ile

Leuy

Gly

Gln

210

Met

Tle

val

Tyr

Gly

Arg

Thr

ASD

Pro

ASp

Arg

Gly

Ile

Leu

Glu

1985

LYsS

Gly

Leu

Ile

Leu

Thr

val

Arg

Glu

Lys

Ile

Gin

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

Phe

Phe

Glu

Gly

val

340

FPhe

Tyr

Ala

Ala

ser
420

Tyr
165
Cys
Phe
Gly
Gly
Ile
245
Gly
Thr

Pro

Thr

Met
Glu
Arg
Ser
AsSn

405

val

Ash

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

Asnh

Glu

Gly

Lys

Thr

val

Ser

His

Ala

AsSp

val

Arg

Gly

ASp

Pro

Giu

Arg

Ile

375

Ala

Cys

Leu

val

Tyr

Ile

LYS

Arg

Ala

280

Ala

Ghu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

CX2-105uspl_ST25

Phe Gly l.eu Pro Leu

Trp
185
Leu
Ile
Thr
Tyr
Thr
265
Iie
val
Aja
Gly
Leu
345
Lys
Phe
phe

ASp

Pro
425

170

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Tle

Ile

330

Leu

His

Met

ASD

Leu

410

Pro

Tyr Gly
Arg Glu
Gly phe

220

Pro Lys

235

Ite Pro

Asn Thr

Ser Ser

Leu Gly

Gly Glu

Ala Ile

Glu Asn

Ile Ala

Trp Ala

380

Gly Asn
385

Gly Leu

Tyr Ile

rPage 158

Glu

Leu

205

Phe

Gly

val

Trp

Lys

pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Pro

Glu

150

Glu

Ala

Tyr

AsSnh

Glu

ASp

Leu

Arg

Glu

Trp

cys

Thr
430

Gly
Gly
Glu
Glu
phe
Ser
255
éys
Leu
Leu
His
Lys
Arg
Pro

val

val

Phe

Glu

Thr

Pro

Gin

240

AsSp

val

Thr

Ser

Gly

Ala

Leu

Asn

val

ser

400

Pro

Ala
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<213>

<220>
<223>

<400>

Artificial Seguence

Engineered variant of v.

120

Met Asnh Lys Pro
1

TY "

va'l

Tyr

His

65

Gly

Ser

TYr

Trp

Thr

145

Thr

l.eu

Thr

Ile

val

225

Ala

Ala

thr

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Ghu

Gin

210

Met

Ile

Phe

His

35

ASp

Gly

His

Lys

Asn

115

Leu

LyS

Ley
Glu
195
Lys

Gly

LLeu

Thr

20

Gly

Ala

Leu

Ala

Leu

160

ser

His

ASH

Pro

Thr

180

Gin

Glu

Ala

Thr

GlIn Ser Trp Glu
5

His

Giu

Asnh

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

Met

Gly

Ser

ASp

70

Tyr

Glu

Ser

Ala

Pro

val

Ala

Gly

l.eu

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

Asp

215

val

Arg

Ser

TYr

40

ey

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

200

Thr

Ile

Lys

CX2-105USP1_ST25

fluvialis transaminase

Thr

Leu

25

Tle

Phe

LYS

Met

Pro

105

Ash

Lys

ser

Phe

Trp

Leu

Ile

Thr

Tyr

Arg Ala Glu Thr

10
His

val

ASH

Ala

Ser

90

rhe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gln

AsSp

Met

Gln

75

ASp

Asp

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro
235

Arg

vai

val

60

Tyr

GIn

Ser

Met

Lys

val

Pro

Gly

Glu

Phe

220

LYS

Asp Ile pro
rPage 160

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

iey

205

Phe

Gly

val

TYr

Thr

30

Gly

Gly

Arg

val

PTo

Glu

190

Glu

Ala

Tyr

Ite

ser

15

Ser

Arg

Phe

Phe

Met

95

val

Met

Tle

ser

Gly

Glu

Glu

Phe

Ser

Let

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gln

240

Asp



CX2-105USP1_ST25
245 250 255

Glu vai 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 ieu Ser
280 295 300

Lys Arg Leu Glu Thr Ala Ile Glu Ala Ile G
3

y Giu Phe Asp His Gly
305 310 5

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

ITe Asp val val Met Asn Glu Gly Leu Leu Glu Asn val Arg Arg Leu
340 345 350

ATa Pro Arg Phe GIu Glu Arg Leu Lys His Iie Ala Giu Arg Pro Asn
355 360 365

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

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

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

Leu 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 val
435 440 445

Phe Ala Glu val Ala
450

<210> 121
<211> 1362
<212> DNA
<213> Artificial sequence

<220>
<223> Engineered variant of v. fluvialis transaminase

<400> 121
atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagecigta tgectttacc 60

cacatgcega gectacatca gegtggcacc atggtggtga cecatggega aggcoccgtat 120
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His

65

ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Lys

Tyr

Giu

Thr

Phe

130

Leu

Gly

Gln

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Gly

His

Lys

Asn

115

L.eu

LyS

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

ASp

275

phe

Leu

Thr

Leu

aAla

Lel

100

Ser

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

cys

260

Phe

Phe

Glu

Gly

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

cly

Thr

Pra

Thr

Gly

Asp

70

Tyr

Glu

ser

Ala

Tyr

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Ala

Gly

val

Giu

Glu

135

His

Ser

His

Ala

215

val

Arg

Gly

ASp

Gly

I'le

Pro

Ala

Arg

Ser

Ala

120

Gly

Giy

val

Tyr

Arg

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-105USPI_5T25

Lys Alla Gln Tyr Glu
75

Met

Pro

1035

Asn

Lys

Ser

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

Ilte

Ile

Cys
330

Asp

ASD

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

Leu

Glu

315

Ala

GIn

Ser

Met

Lys

140

val

Pro

Gly

Glu

rhe

220

Lys

Pro

The

Ser

Gly

300

Glu

Iie
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Thr

Gly

val

125

Arg

Ser

Leu

Glu

L.eu

205

Phe

Gly

val'l

Trp

Lys

Pro

Phe

Ala

Arg

val

Arg

110

Lys

Lys

Pro

Glu

190

Glu

Ala

Tyr

ITe

Gly

Ash

Glu

Asp

ieu

Phe

Met

95

val

Met

Ile

ser

Gly

Gly

Giu

Glu

Phe

ser

255

Cys

Leu

Leu

His

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

The

Pro

Gln

240

Asp

val

Thr

ser

Gly

Ala



CX2-105USP1_ST25

ITe Asp val val met Asn Glu Gly Leu Leu Glu Asn val Arg Arg Leu
340 345 350
Ala Pro Arg Phe Glu Glu Arg Leu Lys His ITe 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 Leu val Ser
385 390 385 400
Glu Arg Ile Ala Asn Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro
405 410 415
Leu Gly GIn Ser val val Leu Ala Pro Pro Tyr Ile Leu Thr Glu Ala
420 425 430
GIn Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
435 440 445
Phe Ala Glu val Ala
450
<210> 123
<211> 1362
<212> DNA
<213> aArtificial seguence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 123
atgaacaaaC cgcagagctyg ggaaacgcgt gcggaaacct atagectgta tgectttacce
cacatrgccga gcctacatca gegtggcace atggtggtga cccatggcga aggeccgtat
atcgtggatg tgcatggccy tcegttatctg gatgcgaaca gcggectgit caacatggtg
gcgggetttg atcataaagg cctgattgat gcggcgaaag cgcagtatga acgttttccg
ggctatcatg cgttttacgg ccgtatgagc gatcagaccg tgatgctgtc tgaaaaactg
gtggaagtga gcccgtttga tageggecgt gtgttttata ccaacagcgg cagcgaageg
aacgatacca tggtgaaaat gotytggttt ctgcatcgty cggaaggeaa accgcagaaa
cgtaaaattc tgaccctgaa gaacgcegtat catggctcca ccgeggtgag cgegageatg
accggecttc cgtataacag caagtttgge ctgecgetyge cgggotttct geatctgace
tgccecgeatt attggegtta tggcgaagaa ggcgaaaccg aagaacagtt tgtcgegegt
ctggcccgtg aactggaaga aaccattcag aaggaaggcg cggataccat tgegggottt
tttygcggaac cggtgatggy tgcgggeggt gttattaccc cgcecaaaagg crtattttceag
gcgattctga ccatcctgeg caaatatgat attccggtga tcagcgatga agtgatttge

Page 164

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



ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg

gtggrrcigg

ctggaaaaag

<210
<211>
<212>
<213>

124
453
PRT

<220>
<223>
<400> 124

Met Asn Lys
1

Tyr Ala Phe

His
35

val Thr

Tyr Leu

50

ASD

His
65

Lys Gly

Gly Tyr His

ser Glu Lys

Tyr Thr Asn

115

phe
130

Trp Leu

Thr Leu Lys

gtaccggcaa
gtaaaaacct
gcaaacgtct
geggecatce
gcctgetgga
cggaacgtce
tgaaagataa
cgaacacctg
cgccgecgta

cgctggataa

Pro

Thr His

20

Gly Glu

Ala Asn
Ile

Ley

Phe
85

Ala

Leu val

100

Ser Gly

His

Arg

Asn ala

Met

Gly

Ser

ASD

70

Tyr

Glu

Ser

Ala

Tyr

cacctggggce
aaccgegggt
ggaaaccgcg
ggtgggrigt
aaacgtgcgt
gaacattggce
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgeg

Artificial Sequence

g1n Ser Trp Glu

Pro Ser

Pro Tyr

40

Gly
55

Ley
Ala ala
Gly Arg
val

ser

Ala
120

Glu

Glu
135

Gly

His Gly

CX2-105USP1_ST25

tgcgtgacct
ttttiteccay
attgaagcga
gcgattgege
cgtctggeec
gaatatcgtyg
gceceecgtttyg
ggactgattt
gaagcgcaga

gaagtggcgt

Thr Arg Ala

10

Leu His Gln

25

Ite val Asp

Phe Asn Met

Gln
75

tys Ala

ser
90

Met ASp

Pro Phe

105

Asp

Asn Asp Thr

Lys Pro Gln

Ser Thr Ala

atgattttac
taggageggt
atggggaatt
tgaaagcgat
cgcgttttga
gtattggctt
atggtaacct
gccgaccgtt
tggatgaaat

aa

Engineered variant of v. fluvialis transaminase

GTu Thr Tyr

Thr
30

Arg Gly

His Gly

45

val

val Ala

60

Gly

Tyr Glu Arg

Gln Thr val

Ser Gly Arg

val
125

Met Lys

Lys
140

Arg Lys

val ser Ala

Page 165

cccggatgeg
gattttggagg
tgatcatggt
tgatgtggty
agaacgtctg
tatgtgogeg
ggttgtgagc
gggccagage
gttcgataaa

Ser
15

Leu

Met val

Arg Arg

pPhe Asp

Phe Pro

80

Met
95

Leu
val phe
Met Leu
Ile

Leu

Ser Met

840

900

960
1020
1080
1140
1200
1260
1320
1362



145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Ala

Ile

Leu

Gly

His

Glu

Gin

210

Met

Ile

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

ASp

Arg

Gly

Leu

Leu

Glu

195

LysS

Gly

Leu

Ile

AsSp

Phe

Leu

Thr

val

GIn

Pro

Thr

180

Gin

Glu

Ala

Thr

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Ala

ser

Tyr

165 .

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

150

Asn

Pro

val

Ala

Phe

Pro

val

aAla

310

His

Asn

Glu

Gly

LysS

Thr

val

Ser

His

Ala

ASp

215

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

LyS

Tvr

Arg

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

ey

360

Gly

Pro

Thr

Ala

CX2-105UsP1_ST25

Phe

185

Leu

Thr

Tyr

Thr

265

1le

va'l

Ala

Gly

Leu

345

LYS

Phe

phe

Asp

Pro

155

Gly Leu Pro Leu

170

Arg

Ala

Ala

Pro

Asp

Gly

Ile

Ile

Asn

Cys

330

Leu

His

Met

ASp

Leu
410

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

Ley

Glu

Ile

Trp

Gly

Gly

Phe

220

LysS

Pro

Thr

Ser

Gly

3060

Glu

Ile

Asn

Ala

Ala

380

AsSn

Leu

Pro Tyr Ile
Page 160

Glu

Leu

205

Phe

Gly

val

TrE

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Pro

Glu

150

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Asp

L.eu

Arg

Glu

val

Cys

Thr

Gly

Gly

Glu

Glu

Phe

ser

2535

Cys

Leu

Leu

His

LYS

Arg

Pro

val

val

160

Phe

Glu

Thr

Pro

Gin

240

ASp

va'l

Thr

Ser

Gly

Ala

Leu

Asn

val

Ser

400

Pro

Ala
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Artificial Sequence

Engineered variant of v.

<211> 453
<212> PRT
<213>
<220>
<223>
<400> 126

Met Asn Lvs
1

TYr

val

Tyr

His

65

Gly

Ser

Tyr

Trp

The

145

Thr

Leu

Thr

Ile

val
225

Ala

Thr

ieu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

Glu

GIn
210

Met

phe

His

35

ASD

Gly

His

LyS

Asn

115

Leu

Lys

Ile

Leu

Glu

185

Lys

Gly

Pro
Thr
20

Gly
aAla
Leu
Ala
Leu
100
ser
His
Ash
Pro
Thr
180
GIn

Glu

Ala

Gin

5

His

Glu

AsN

Ite

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

ser Trp Glu

Met

Gly

Ser

Asp

70

TYr

Glu

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Pro

Pro

Gly

55

Ala

Gly

val

Glu

Glu

His

Ser

His

Ala

ASD

215

va'l

ser

Tyr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Ile

CX2-105UsP1l_ST25

fluvialis transaminase

Thr arg Ala Glu Thr

Leu

25

Ile

Phe

Lys

Met

Pro

105

ASn

Lys

Ser

rhe

Ile

Thr

10

His

val

AsSn

Ala

Ser

a0

Phe

ASp

Pro

Thr

Arg

Ala

Ala

Pro

Glin

Asp

Met

Gin

75

ASp

ASD

Thr

Gln

Ala

155

Leu

Tyr

Arg

Gly

Pro
235

Arg

val

val

60

Tyr

Gin

Ser

Met

Pro

Gly

Glu

pPhe

220

LYS

Page 168

Gly

His

45

Ala

Giu

Thr

Gly

val

125

Arg

Ser

Leu

GHu

Leu

205

pPhe

Gly

Tyr

Thr

30

Gly

Gly

Arg

val

Lys

Ala

Pro

Glu

190

Glu

ala

Tyr

ser

15

Ser

Arg

Phe

Phe

Met

95

val

Met

ser

Gly

Gly

Glu

Glu

Phe

Leu

val

Arg

Asp

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gin
240



Ala

Glu

Thr

Ala

Ite

Ala

Ile

Lys

Glu

Leu

Gln

Phe

Ile

val

Tyr

Gly

Arg

Thr

ASp

Pro

Gly

Asp

Arg

Gly

Met

Ala
450

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

<220>
<223>

<400>

atgaacaaac cgcagagctg ggaaacgcgt gcggaaacct atagcctgta tgoctitacce

Leu

Ile

Asp

275

Phe

Leu

Thr

val

Arg

355

Glu

Lys

Ile

Gln

127
1362
DNA

Thr

cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tvyr

Ala

Ala

Ser

420

Glu

val

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asnh

405

val

MetT

Ala

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Lys

Thr

val

Phe

ATrg

Gly

ASp

Gly

Ile

Pro

Glu

Arg

Ile
375

ASD

Artificial Seguence

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys

. €X2-105USP1_ST25

Tyr Asp Ile Pro val

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

250

Gly

Ile

Ile

Ile

330

Leu

His

Met

ASDp

Leu

410

Pro

Glu

Asn
Ser
Leu
Gly
Ala
Glu
ile
Trp
Gly
Gly
Tyr

Lys

Thr

Ser

Gly

300

Glu

Ile

Ash

Ala

Ala

380

Asn

Leu

Ite

Ala

Trp

Lys

Pro

rhe

Ala

val

Glu

365

Leu

Leu

Tie

Leu

Ley
445

Ile
Gly
2

Asn
Glu
ASD

Leu

Arg
Glu
val
Cys
Thr

430

ASp

Engineered variant of v. fluvialis transaminase

127

Page 169

Ser

255

Cys

Leu

Leu

His

LVS

Arg

Pro

va'l

val

Lys

ASp

val

Thr

Ser

Leu

Asn

val

Ser

400

Pro

Ala

val
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His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

LYS

Phe

50

Lys

Tyr

Thr
Phe
130

L.eu

Gly

Glu

Gln

210

Met

Tle

val

TYyr

Gly

290

Arg

Thr

Gly

Lys

Asn

115

leu

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

ASp

275

Phe

lLeu

Thr

Leu

Ala

Leu

100

Ser

His

AST

Pro

Thr

180

Gin

Glu

Ala

Thr

cys

260

rhe

rphe

Glu

Gly

Ile

rPhe

B3

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Asp

70

Tyr

Glu

ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

55

Ala

Gly

val

Glu

His

ser

His

Ala

ASD

215

va'l

Arg

Gly

ASD

Gly

Ile

Pro

Kla

Arg

Ser

Ala

1260

Gly

Gly

val

Tyr

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

CX2-105USP1_ST25
60

Lys Ala Gln Tyr
75

Met

Pro

105

ASn

LyS

Ser

Phe

lL.eu

Ile

Thr

TYr

Thr

265

Ile

vai

Ala

Gly

Ser

a0

Phe

ASp

Pro

Thr

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Asn

Asp

ASD

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Tle

Asn

ser

Leu

Gly
315

Gin

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ser

Gly

Glu

Cys Atla Ile
Page 171

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

l.eu

205

Phe

Gly

val

Trp

Lys

285

Pro

Phe

Ala

Arg

val

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

ASp

Leu

pPhe

Met

95

val

Met

Ile

ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

lL.eu

His

LYS

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Thr

Pro

Gin

240

Asp

val

Thr

Ser



CX2-105UsP1_ST25

325 330 335
Ile Asp val val Met Asn Glu Gly Leu Leu Glu Asn val Arg Arg Leu
340 345 350
Ala Pro Arg Phe Glu Glu Arg Leu Lys His ITe 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 val 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
Leu Gly Ser Ser val val teu Ala Pro Pro Tyr Ile Leu Thr Glu Ala
420 425 430
Gin Met Asp Glu Met Phe Asp Lys Leu Glu Lys Ala Leu Asp Lys val
435 440 445
rPhe Ala ¢lu val Ala
450
<210> 129
<211> 1362
<212> DNA
<213> Artificial Seguence
<220>
<223> Engineered variant of v. fluvialis transaminase
<400> 129
atgaacaaac cgcagagctg ggaaacgcgt goggaaaccg tgagcctgta tgectttacce
cacatgcega gectacgtca gogtggeacce atggtggtga coccatgocga aggococgrat
atcgtggatg tgcatggecg togttatctg gatgcgaaca goggectgtyg gaacatggtg
gcgggetttg atcataaagg cctgattgat gcggcgaaag cgcagtatga acgttttecg
ggctatcaty cgttttacgyg ccgtatgage gatcagaccyg tgatgctgte tgaaaaacty
gtggaagtga gcccgtttga tagcggecgt gtgttttata ccaacagegg cagcgaageqg
aacgatacca tggtgaaaat gctgtggttt ctgcatcgtg cggaaggcaa accgcagaaa
cgtaaaattc tgaccctgaa gaacgcgtat catggetcca ccgceggtgag cgcgageaty
accggcatcc cgtataacag cgtgtttgge ctgecgetge cgggetttcr geatctgacce
tgcecgeatt attggegtta tggcgaagaa ggcgaaaccg aagaacagit tgtcgcgegt
ctggcccgty aactggaaga aaccattcag aaggaaggeg cggataccat tgegggetrtt
tttgcggaac cggtgatggg tgcgggeggt gttattacce cgccaaaagg ctattttcag

Page 172

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



gcgattctga
ggctttggte
attattagcg
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg
gtggttctgg

ctggaaaaag

<210
<211>
<212>
<213>

<220>
<223>

130
453
PRT

<400> 130
Met Asn Lys
1

Tyr Ala Phe

His
35

val Thr

Leu
50

Tyr ASp

His Gly

65

Lys

Tyr His

ser Glu Lys

Thr Asn

115

Tyr

Phe
130

Trp Leu

ccatcctgeg
gtaccggcaa
ccaaaaacct
gcaaacgtct
gcggecatec
gcctggeega
cggaacgtec
tgaaagataa
cgaacaccty
caccgocegta

cgctggataa

Pro

Thr His

20

Gly Glu

Ala Asn
TIle

l.eu

Phe
85

Ala

Leu val

100

ser Gly

His Arg

Gin ser
5

Met
Gly
Ser
AsSp
70

Tyr
Glu
Ser

Ala

caaatatgat
cacctgggge
aaccgcgggt
ggaaaccgcg
ggtgggttgt
aaacgtgegt
gaacatiggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgcg

Artificial sequence

Engineered variant of v.

Trp Glu

Pro Ser

Pro Tyr

40

Gly
5%

leu
Ala Ala
Gly Arg
val

Ser

Ala
120

Glu

Glu
135

Gly

CX2-105UsP1_5T25

attccggtga
tgcgtgacct
trttttecag
attgaagcga
gcgattgege
cgtetggecc
gaatatcgty
gccecgttty
ggactgattt
gaagcgcaga

gaagtggcgt

tcagegatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgegtrttga
gtattggetrt
atggcaacct
gtcgaccgat
tggatgaaat

daa

Fluvialis transaminase

Thr Arg Ala
10

Leu G1n

25

Arg

Ile val Asp

Trp Asn Met

GlIn
75

Lys Ala

Met Ser

S0

ASp

Pro Phe

105

ASD

Asn Asp Thr

Lvs Pro Gin

Glu Thr val

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gin The val

ser

Gly

val
125

MeT

LYS
140

Arg Lys

page 173

agtgatttgc
¢ccggatgeg
gattttggoog
tgatcatggt
tgatgtggty
agaacgtctg
tatgtgggey
gagcgtggygt
gagccagaac

gttcgataaa

Ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

ieu
val phe
Met

Leu

Tle Leu

780
840
800
960
1020
1080
1140
1200
1260
1320
1362



Thr

145

Thr

Leu

Thr

Ite

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Lys

Glu

Leu

Gly

Glu

Gin

210

Met

Ile

val

Tyr

Arg

Thr

Asp

Pro

ASD

Arg

Lys

Ile

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

275

Phe

Leu

Thr

val

Arg

355

Glu

Lys

Ile

Asn

Pro

Thr

180

Glin

Glu

Ala

Thr

Cys

260

Phe

Phe

Ghu

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

Gly

Leu

Phe

Pro

val

Ala

310

His

ASh

Glu

Gly

LyS

Thr

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Ile

Pro

Glu

Arg

Ite

375

ala

Cys

Gly

val

Tyr

Ile

LysS

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-105uUspl_sT25

ser Thr Ala val ser Ala Ser

rhe

Ile

Thr

Tvr

Thr

265

Ile

val

Ala

Gly

l.eu

345

Lys

Phe

Phe

ASpP

Gly
170

Arg

Ala

Pro

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Asp

Leu
410

155

Leu

TYFr

Arg

Gly

Pro

235

Itle

Asn

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Gly

395

Gly

Pro

Gly

Glu

Phe

220

LyS

Pro

Thr

Ala

Gly

Glu

Ile

Asn

Ala

Ala

380

Ash

Leu

Page 174

Leu

Glu

Leu

205

Phe

'GTy

val

Trp

LyS

Pro

Phe

Ala

val

Ghu

365

tLeu

Leu

Ile

Piro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Ash

Glu

ASp

L.eu

Arg

Glu

Ser

Cys

Gly

i75

Gly

Glu

Glu

Phe

Ser

255

Cys

L.eu

Ley

His

335

Arg

Pro

val

val

Met

160

rhe

Glu

Thr

Pro

Gln

240

Asp

val

Thr

ser

Leu

Asi

vai

Gly

400

Pro
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<210>
<211>
<2172>
<213>

<220>
<223>

<400>

1

Tyr

val

Tyr

His

65

Gly

Ser

TYyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

Ala

Thr

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

132
453
PRT

Artificial Seguence

Engineered variant of V.

132

Phe

His

35

Asp

Gly

His

LYS

AsSn

115

Leu

Lys

Leu

Leu

Glu

195

Lys

Gly

Thr

20

Gly

Ala

Leu

aAla

Leu

100

Ser

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Glu

Asn

Ile

rPhe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

met Asn Lys Pro Gln Ser
5

Met

Gly

sSer

ASp

70

Tyr

Glu

Ser

Ala

TYYr

Asn

Pro

val

Ala

Gly

Tl"p
Pro
Pro
Gly
55

Ala
Gly
va'l
Glu
Glu
135
His
Serp
His
Ala
ASp

215

val

Glu

Ser

Tyr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

200

Thr

Ile

CX2-105USP1_ST25

fluvialis transaminase

Thr

Leu

25

Ile

Trp

Lys

Met

Pro

105

Asnh

Lys

Ser

Phe

Trp

Leu

Ile

Thr

Arg

10

val

Asn

Ala

Ser

g0

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Ala Glu Thr

Glin

ASp

Met

Gin

75

Asp

ASD

Thr

Gln

Ala

155

Ley

Tyr

Arg

Gly

Arg

val

va'l

60

Tyr

Gin

Ser

Met

LyS

140

val

Pro

Gly

Glu

Phe
220

Pro Pro Lys
Page 176

Gly

His

45

Ala

Glu

Thr

Gly

val

125

Arg

Ser

Ala

Glu

Leu

205

Phe

Gly

val
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

ASD

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gin



225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Ley

Gin

rhe

Ile

val

TYr

Gly

290

Arg

Thr

Asp

Pro

Arg

Gly

Met

Ala
450

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

<220>
<223>

<A400>

Leu

Ile

275

Phe

Leuy

Thr

val

Arg

355

Glu

Lys

Ile

Gln

133
1362
DNA

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

ala

Ala

Asnh

420

Glu

val

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

AsSn

405

val

Met

Ala

230

Leu

Phe

Pro

va'l

Ala

310

His

Asn

Glu

Gly

LYS

390

Thr

vai

Phe

Arg

Gly

Asp

N Y

O -1
g

Pro

Glu

Arg

Ile

375

Ala

Cys

Leu

Asp

Artificial Sequence

LysS

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

l.ys
440

CX2-105USPl_ST25
235

Tyr

Thr

265

Tle

val

Ala

Gly

Leu

345

Lys

Phe

Phe

ASp

Pro

425

Leu

Asp Ile Pro

250

Gly

Ile

Ile

Ile

cys

330

Ala

His

Met

ASpP

Leu

410

Pro

Glu

Asn

Ser

teu

Glu

315

Ala

Glu

Ile

Trp

Gly

Gly

Tyr

Lys

Thr

Ser

e

Asn

Ala

Ala

380

Asn

Leu

Ite

Ala

val

Trp

Lys

Pro

rhe

Ala

va'l

Glu

365

Leu

Ley

Ite

Leu

l.eu
445

Ile
Gly
2

Asn
Glu
Asp
Leu
Arg
350
Arg
Giu
ser
Cys
Thr

430

ASD

Engineered variant of v. fluvialis transaminase

133

Page 177

Ser

255

Cys

Ley

Leu

His

LyS

Arg

Pro

va'l

val

Arg

Glu

Lys

240

Asp

val

Thr

Ser

Gly

Ala

Leu

Asn

val

Gly

400

Pro

val
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Tyr

His

65

Gly

Ser

Leu

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Giu

Thr

Ala

Leu

50

Lys

TYF

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Ile

val

Tyr

Gly

Arg

ASp

Gly

His

Lys

Asn

115

l.eu

Lys

Leu

Leu

Glu

195

LvsS

Gly

Leu

Ile

AsSp

275

Phe

Leu

Ala

Leu

Ala

Leu

100

sSer

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

rPhe

Phe

Glu

Asn

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

Asp

70

Tyr

Glu

Ser

Ala

TvYrF

150

Asn

Pro

val

Ala

Leu

Phe

Pro

val

Ala
310

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

ASp

val

Arg

Gly

ASp

Gly

Ile

Leu

Ala

Arg

ser

Ala

120

Gly

Gly

val

Tyt

Ile

Lys

Arg

Ala

280

Ala

Glu

CX2-105USP1_ST25

Trp Asn Met val Ala Gly Phe

Lys

Met

Pro

105

Asn

LyS

Ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Tie

val

Ala

Ala

Ser

20

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Ite

Gln

75

ASp

Asp

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

ASn

Ser

Leu

Glu
315

60

Tyr

Gin

Ser

Met

Lys

140

vali

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ala

Gly

300

Glu

page 179

Glu

Thre

Gly

val

125

Arg

Ser

Leu

Glu

teu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

Arg

val

AFg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Gly

Asn

Glu

Asp

Phe

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Leu

His

Asp

Pro

80

Leu

Phe

Leu

Ley

Met

160

Phe

Glu

Thr

Pro

Glin

240

Asp

val

Thr

Ser

Gly



Phe Thr Thr

Ite Asp val

Ala Pro Arg

Iie Glu

Asp Lys

Arg Ile

Leu Gly Gln

Gln

Met

Ala
450

Phe

<210>
<Z211>
<21Z2>
<213>

<220>
<223

<400> 135
atgaacaaac

135
1362
DNA

cacatgccga
atcgtggatg
gcgggetttg
ggctatcatyg
gtggaagtga
aacgatacca
cgtaaaattc
accggectte
tgcccgeatt

ctggecegtyg

Gly Gly

val
340

Met
Phe Glu
Tyr

Arg

Ala ser

His

ASn

Glu

Gly

Lys

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly

Ala Pro

390

Ala Asn

4045

Ser val

420

Glu Met

val

cgcagagetg
gcctacatca
tgcatggecg
atcataaagg
cgtrrracgg
gccecgtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta

aactggaaga

Thr

val

Phe

Cys Thr

Leu val

Asp Lys

440

Artificial Sequence

ggaaacgcegt
gcgrggeace
tcgttatctg
cctgattgat
cctgatgage
tagcggeegt
gctgtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa

aaccattcag

CX2-105YSpP1_5T25

Gly Cys Ala
330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

ASD Gly

Pro
425

Pro Tyr

teu Glu Lys

gcggaaaccg
atggtggtaa
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttttata
ctgcatcgtg
catggctecca
ctgeogetge
ggcgaaaccg

aaggaaggcg

Ile Ala Leu

val

Asn

Gilu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu Ser

Leu Ile Cys

Ther
430

Ite Ley

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggectyty
cgcagtatga
tgatgctgtc
ccaacagcgg
cggaaggcaa
ccgeggtgag
cgggctrct
aagaacagtt

cggataccat

pPage 180

Arg Leu

Pro Asn

val val

val ser

400

Pro

Lys val

tgcetttace
aggcccgtat
gaacatggtg
acgttticeg
tgaaaaactg
cagcgaagey
accgcagaaa
cgcgageatg
gcatctgacc
tgtcgegegt
tgcgggettt

60
120
180
240
300
360
420
480
540
600
660



tttgcggaac cggtgatggy tgcgggeggt

gcgattctga ccatcctgcg caaatatgat

ggctttggtc gtaccggcaa cacctggggce

attattagca gtaaaaacct aaccgegggt

ccggaactga gcaaacgtct ggaaaccgcyg

tttaccacac acggccatce ggtgggttgt

atgaacgaag gcctggecga aaacgtgegt

aaacatattg cggaacgtcc gaacattggce

ctggaagtgg tgaaagataa agcgagcaaa

gaacgtattg cgaacacctyg caccgatctg

gtggttctgg caccgccgta cattotgace

ctggaaaaag cgctggataa agtgtttgcg

<210> 136

<211> 453

<Z212> PRT

<213> Aartificial sequence

<220>

<223>

<400> 136

Met Asn Lys Pro Gln Ser Trp Glu

1 5

Tyr Ala Phe Thr His Met Pro Ser

20

val Thr His Gly Glu Gly Pro Tyr
35 40

Tyr Leu Asp Ala Asn Ser Gly Leu

50 55

His Lys Gly Leu ITe Asp Ala Ala

65 70

Gly Tyr His Ala phe Tyr Gly Leu

85
Ser Glu Lys Leu val ¢Tu val ser
100

Tyr Thr Asn ser Gly Ser Glu Ala
115 120

Trp Phe Leu His Arg Ala Glu Gly

CX2-105USpl_ST25

gttattaccc
attccggrga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgege
cgtctggece
gaatatcgtg
gcceegtttg
ggactgattit
gaagcgcaga

gaagtggegt

Thr Arg Ala
10

Leuy His GIn

25

Ile val Asp

Trp Asn Met

Gln
75

Lys Ala

Met Ser

90

ASp

Pro Phe

105

ASp

Asn Asp Thr

Lys Pro Gin

cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gtattggctt
atggcaacct
gtcgaccgat
tggatgaaat

ad

Engineered variant of v. fluvialis transaminase

Glu Thr val

Thr
30

Arg Gly

His
45

val Gly

val Ala

60

Gly

Tyr Glu Arg

Gin Thr val

Ser Gly Arg

110

val
125

Met Lys

Lys Arg Lys

Page 181

ctattttcag
agtgatttge
ccecggatycy
gattttgggg
tgatcatggt
tgatgtggty
agaacgtctg
tatgtgggeg
gagcgtgggt
gggccagage
gttcgataaa

Ser Leu

15

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
val phe
Met

Leu

Ite Leu

720
780
840
900
960
1020
1080
1140
1260
1260
1320
1362



Thr

145

Thr

Ley

Thr

Ile

val

225

Ala

Glu

Thr

Ala

305

Phe

Ile

Ala

ITe

Lys

385

Glu

130

Leu

Gly

His

Glu

Gln

210

Met

ITe

val

Tyr

Gly

290

Arg

Thr

Asp

Pro

Gly

Asp

Arg

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

275

Phe

Leu

Thr

val

Arg

Glu

Lys

Ile

Asn

Pro

Thr

180

GIn

Glu

Ala

Thr

Cys

Phe

pPhe

Glu

His

val

340

Phe

Tvyr

Ala

ala

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

Ty r
150
Asn
Pro
val
Ala
Gly
Z

Leu
Phe
Pro
va'l
Ala
310
His
Asn
Glu
Gly
LYS

390

Thr

135

His

ser

His

Ala

AFrg

Gly

ASp

Pro

Glu

Arg

Ile

375

Ala

Cys

Gly

val

Tyr

Arg

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

CX2-105uUsPl_ST25

Ser

Phe

ITe

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Thr

Gly

Arg

Ala

Ala

Pro

Asp

Gly

Ie

Ile

Ile

Cys

330

Ala

Met

Asp

140

Ala val ser aAla

155

Leu

Tyr

Arg

Gly

Pro

235

Iie

ASn

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Gly
395

Pro Leu
Gly Glu
Glu Leu

205

Phe pPhe

220

Lys Gly

Pro val

Thr Trp

Ser Lys

Gly Pro

Glu Phe

Ile Ala

Asn val

Ala Glu

365

Ala Leu
380

Asn Leu

Leu Gly Leu Ile
Page 182

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Ash

Glu

Asp

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

GHu

Thr

Pro

Gln

240

Asp

val

Thr

Ser

Leu

AsSn

va't

Gly

400

Pro
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CX2-105USPL1_ST25
ctggaaaaag cgctggataa agtgtttgcg gaagtggegt aa 1362

<210> 138
<211> 453
<212> PRT
<213> Artificial Sequence

<220> '
<223> Engineered variant of v. fluvialis transaminase

<400> 138
Met Asn Lys Pro Gin Ser Trp Glu Thr Arg Ala Glu Thr val ser ieu
1 5 10 15

Tyr Ala Phe Thr His Met Pro Ser Leu Arg Gln Arg Gly Thr Met 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 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 Tyr 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

Leu Thr Asn Ser Gly Ser Glu Ala Asn Asp Thr Met val Lys Met Leu
115 129 125

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

Thr Leu Lys Asn Ala Tyr His Gly Ser Thr Ala 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

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

Thr Glu Glu Gln Phe val Ala Arg Leu Ala Arg Glu Leu Glu GTu Thr
195 200 205

ITe Gin Lys Glu Gly Ala Asp Thr Ile Ala Gly Phe phe Ala Glu Pro
210 215 220

rPage 184



val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ile

Lys

Glu

Leu

GIn

Phe

Met

Ile

val

TYyr

Gly

Arg

Thr

ASD

Pro

Gly

Asp

APrg

Gly

Met

Ala
450

<210>
<211
<212>
<213>

<220>
<223>

Gly

feu

Ile

AsSp

Phe

Leu

Thr

val

355

Glu

LysS

Ile

GlIn

139
1362
DNA

Ala

Thr

Cys

260

Phe

Phe

GlHu

Gly

val

340

Phe

TYr

Ala

Ala

sSer

420

Glu

val

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Asn

405

val

Met

Ala

Gly
L.eu
Phe
Pro
val
Ala
310
His
Asn
Glu
Gly
LYS
Thr

val

rhe

val

Arg

Gly

Asp

Pro

Glu

-ATrg

Ile

375

Ala

Cys

Leu

ASp

Artificial Sequence

I1e

Lys

Arg

Ata

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys

CX2-105USP1_ST25

Thr Pro Pro Lys Gly

Tyr
Thr
265
I}e
val
Ala
Gly
l.eu
345
Lys
Phe
Phe
Asp
Pro

425

let

Asp

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

Met

Asp

Leu

410

Pro

Giu

235

Ile
Asn
Ser
Leu
Glu
315
Ala
Glu

Ile

Trp

Tyr

Lys

Pro

Thr

Ala

Gly

300

Glu

Ile

AsSn

Ala

Ala

380

Asn

Leu

Ile

Ala

va'l

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

l.eu

Ile

lLeu

L.ey
445

Tyr

Ile

Gly

Asn

Ghu

ASp

Leu

350

Arg

Glu

Ser

Cys

Thr

430

ASD

Engineered variant of v. fluvialis transaminase
Page 185

Phe

ser

255

Cys

Leu

Leu

His

Lys

335

Arg

Pro

val

val

LYS

GIn

240

AsSp

val

Thr

Ser

Gly

Ata

Leu

Asn

val

ser

400

Pro

Ala

val
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Tyr

His

65

Gly

Ser

Tyr

Trp

The

145

Thr

Ley

Thr

Ile

val

225

Ala

Glu

Thr

Ala

LyS

leu

50

LYyS

Tvyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

Tle

val

TY"r

Gly

Arg

35

Asp

Gly

Lys

Asn

115

Leu

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

Asp

275

phe

Leu

Ala

Leu

Ala

Leu

1090

Ser

His

Ash

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

. 260

Phe

rhe

Glu

ASnh

ITe

Phe

85

val

Gly

Arg

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Ser

ASD

70

Tyr

Glu

ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

Ley

Phe

Pro

val

Ala

Gly
55
Ala

Gly

val

Glu
135
His
Ser

His

Ala

Arg
GWy
Asp
Gly

Ile

40

Ley

Ala

Arg

ser

Ala

120

Gly

Gly

val

TYP

200

Thr

Ile

LYS

Arg

Ala

280

Ala

Glu

CXZ2-105USPl_sT25

Trp Asn Met

Lys

Met

Pro

105

ASn

Lys

Ser

Phe

Leu

Ile

Thr

Tyr

Thr

265

Ite

val

Ala

Ala

Ser

90

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

Gly

Ile

Ile

Gin

75

ASp

ASp

Thr

GIn

Ala

155

Leu

Tyr

Arg

Gly

val

60

Tyr

Gln

Ser

Met

LYsS

val

Pro

Gly

Glu

Phe

. 220

Pro

235

Ile

AsSn

Ser

Leu

Lys

Pro

Thr

Ala

Gly
300

Tle Glu Glu
Page 187

45

Ala

Glu

Thr

Gly

val

125

Arg

s5er

Ley

Glu

Leu

205

Phe

Gly

val

Trp

Lys

285

Pro

Phe

Gly

Arg

val

Arg

110

Lys

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

ASTn

Glu

Asp

phe

pPhe

Met

95

val

Met

Ile

Ser

Glu

GTu

Phe

ser

255

cys

Leyu

Leu

His

ASp

Pro

80

Leu

pPhe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASD

val

Thr

ser

Gly



305

Phe Thr Thr

ITe Asp val

Ala Pro

355

ITe Gly Glu

Asp Lys

Arg Ile

teu Gly Gln

Gln Met Asp

435

Ala
450

Phe

<210>
<211>
<Z212>
<213>

<220>
<223>

<400> 141
atgaacaaac

141
1362
DNA

cacatgcecega
atcgrggatg
gcgggetityg
ggctatcatg
gtggaadgtga
aacgatacca
cgtaaaattc
accggecttce

tgcoecgeatt

310

Gly Gly

val
340

Met

Phe Glu

Tyr Arg

Ala ser

Ala Asn

405

ser val

420

Glu Met

val Ala

cgcagagetg
gcctacgtca
tgcatggccg
atcataaagg
cgttttacgg
gecccgtttga
tggtgaaaat
tgaccctgaa
cgtataacag

attggcgtta

His

Asn

Glu

Gly

val

Phe

Pro val

Glu Gly

ey
360

Arg

Ile
375

Gly
Ala Pro
Cys Thr
Ala

Leu

Asp Lys
440

Artificial seguence

ggaaacgcgt
gcgtggcacc
tcgttatcoty
cctgattgat
ccgcatgage
tagcggecgt
gctgtggttt
gaacgcgtat
cgrgtitoge
tggcgaagaa

CX2-105usPl_sT25

315

Gly Cys Ala

330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

ASp Gly

Pro Pro

425

Tyr

Leu Glu Lys

gcggaaaccg
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgtttctga
ctgcatcgtg
catggcteca
ctgeegetge

ggcgaaaccg

ITe Ala Leu

Asn val Arg

350

Glu
365

Ala Arg

Ala Gtu

380

Leu

Asn Leu Ser

Leu Ile Cys

Iie Leu Thr

320

Lys Ala

Arg Leu

Pro Asn

Ala val

val Gly

400

Pro

Ala

430

Ala Leu

445

Asp

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggectgty
cgcagtatga
tgatgctgtce
¢caacagegy
cggaaggcaa
ccgcggtgag
cgggctitct

aagaacagtt

Page 188

Lys val

tgcetttacce
aggecccgtat
gaacatggry
acgttttccg
tgaaaaactg
cagcgaagceg
accgcagaaa
cgcgageatg
gcatctgacc

tgtegegegt

60
120
180
240
300
360
420
480
540
600



ctggeccgty
tttgcggaac
gcgattctga
ggctttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatatig
ctggaageceg
gaacgtattg
gtggttctgg
ctggaaaaag
<210>
<211>
<212>
<213>

<220>
«<223>

142
453
PRT

<400> 142
Met Asn Lys
1

Tyr Ala Phe

His
35

val Thr

Leu
50

TYFP Asp

His
65

Lys Gly

Tyr His

Ser Glu Lys

Thr Asn

115

Leu

aactggaaga
cggtgatggg
ccatectgeg
gtaccggeaa
gtaaaaacct
gcaaacgtct
geggecatec
gcctggecga
cggaacgicc
tgaaagataa
cgaacacctg
tgccgecgta

cgctggataa

Pro
5

Thr His

20

Gly Glu

Ala Asn
Ile

Leu

Phe
85

Ala

Leu val

160

Ser Gly

Met

Gly

ser

ASp

70

Tyr

Glu

Ser

aaccattcag
tgcgggeagt
caaatatgat
cacctggggce
aaccgegggt
ggaaaccgeg
ggtgggtrtgt
aaacgtgeot
gaacattggc
agcgagcaaa
caccgatctg
cattctgacce

agtgtttgcg

Artificial sequence

GIn Ser Trp Glu

Pro ser

Pro Tyr

40

Gly Leu

55

Ala Ala

Gly Arg
val

Ser

Ala
120

Giu

CX2-105USPL1_ST25

aaggaagygcyg
gttattaécc
attccggrga
tgcgtgacct
ttttttecag
attgaagcga
gcgattgege
cgtctggeec

gaatatcgty

gecccgttty

ggactgattt
gaagcegceaga

gaagtggcgt

Thr Arg Ala

10

Leu Gin

25

Arg

Ile val Asp

Trp Asn Met

Gin
75

Lys Ala

Met Ser

90

Asp

Pro Phe

105

ASp

Asn Asp Thr

cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgegttttga
gtattggctt
atggcaacct
gccgaccgtt
tggatgaaat

aa

Engineered variant of v. fluvialis transaminase

Glu Thr val

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 Lvs

Page 189

tgcgggettt
ctattttcag
agtgatttge
cccggatgeg
gattttgggg
tgatcatggt
tgatgtggty
agaacgtctg
tatgtgggcy
gagegtgage
gggccagage
gttcgataaa

Ser
15

Leu

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Ley
Phe

val

Met Leu

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1362



Trp

Thr

145

Thr

Leu

Thr

Tle

val

225

Ala

Glu

Thr

Ala

Lys

305

Phe

Ile

Ala

1le

Phe
130
L.eu
Gly
His
Glu
Glin
210

Met

val

TVYF

Gly

Arg

Thr

ASp

Pro

Gly

ASp

Leu

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

ASp

275

Phe

Leu

Thr

val

Arg

355

Glu

Lys

His

Asn

Pro

Thr

180

Gln

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

Ser

Ala

Tyr

AsSn

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

Asn

Glu

Gly

Glu

135

Ser

His

Ala

Arg

Gly

ASD

Pro

Glu

Arg

Ile

375

Ala

Gly

Gly

val

ENE

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

CX2-105USP1_ST25

Lys Pro Gln Lys Arg

sSer

Phe

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Thr

Arg

Ala

Ala

Pro

Ile

Ile

Ile

Cys

330

Ada

His

Met

ASpP

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

ASn

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

Gly
395

140

val

Pro

Gly

Glu

phe

220

Lys

Pro

Thr

Ser

Tle

AST

Ala

Ala

380

Asn

Page 190

Ser

Leu

Glu

Leu

205

rhe

Gly

val

Trp

Pro

Fhe

Ala

val

Glu

365

Leu

Leu

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

ITe

Gly

Asn

Glu

ASp

Leuy

350

Arg

Glu

sSer

1le

Ser

Gly

Gly

Glu

Glu

Phe

ser

255

Cys

Leu

L.eu

His

LyS

335

Arg

Pro

Ala

val

Leu

Met

160

Phe

Glu

Thr

Pro

Gin

240

ASp

val

Thr

Ser

Leu

Asn

val

ser
400



Glu Arg Ile

Leu Gly G1In

Gln Met Asp
435

phe Ala Glu
450

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

<220>
<223>

<400> 143
atgaacaaac

143
1362
DNA

cacargecga
atcgtggatg
gcgggcitty
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggccttc
tgcccgeatt
ctggcecogty
tttgcggaac
gcgattctga
ggcrttggrc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattg

Ala Asn
405

Ser val
420

Glu Met

val Ala

cgcagagcetg
gcctacatca
tgcatggecg
atcataaagg
cgttttacgg
gcccgtttga
tggtgaaaat
tgaccctgaa
cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccarcctgeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggccatec
gcetggccga
cggaacgtcc
tgaaagataa

cgaacaccrg

Artificial Sequence

ggaaacgcgt
gcgtggcacc
tcgttatctg
cctgatigat
cctgatgage
tagcggeegt
gctgtggttt
gaacgcgtat
cgtgtttgge
tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctgoggc
aacecgcgggt
ggaaaccgeg
ggtgggtrgt
aaacgtgegt
gaacattggce
agcgagcaaa

caccgatctg

CX2-105UsP1_ST25

425

gcggaaacct
atggtggtga
gatgcgaaca
gcyggcgaaag
gatcagaccy
gtgttttata
ctgcatcgtyg

catggcteca

ctgccgetge

ggcgaaaccy
aaggaaggcg
gttattaccc
attccggtga
tgcgtgacct
Ttttttecag
‘attgaagcga
gcgattgegce
cgtectggecee
gaatatcgtg
gceecgtttig

ggactgattt

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

415

val iteu val Pro Pro Tyr ITe Leu Thr Glu Ala

430

445

Engineered variant of v. fluvialis transaminase

atagcctgta
cccatggega
gcggectgtyg
cgcagtatga
tgatgctgte
ccaacagcegg
cggaaggcaa
ccgeggtgag
cgggetttet
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggageggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gtattggett
atggcaacct

gccgacegtt

Page 191

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

tgcctttace
aggcccgtat
gaacatggtg
acgttttecg
tgaaaaactyg
cagcgaagcg
accgcagaaa
cgcgagcatg
gcatctgacc
tgtcgegegt
tgcgggcttt
ctattttcag
agtgatttge
cccggatgeg
gatittgggg
tgatcatggt
tgatgtggtg
agaacgtcty
tatgtgggcg
gagcgtgagce
gggccagagc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020
1080
1140
1200
1260



CX2~105UsP1_ST25

gtggttctgyg caccgccgta cattctgacc gaagcgcaga tggargaaat gttcgataaa 1320
ctggadaaag cgctggataa agtgtitgeg gaagtggegt aa 1362
<210> 144
<211> 453
<212> PRT

<213> Artificial Sequence

<220
<223> Engineered variant of v. Tluvialis transaminase

<400> 144

Met Asn Lys Pro Gln Ser Trp Glu Thr Arg Ala Glu Thr Tyr Ser Leu
1 5 16 15

Tyr Ata phe Thr His Met Pro Ser iLeu His Gin Arg Gy Thr Met val
20 25 30

val Thr H';S Gly Glu Gly Pro Tyr Ile val Asp val Hés Gly Arg Arg
3 40 4

Tyr Leu Asp Ala Asn Ser Gly Leu Trp Asn Met ga1 Ala Gly phe Asp
50 55 0

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 Tyr Gly Leu Met Ser Asp Gln Thr val Met Leu
85 30 95

ser Glu Lys Leu val Glu val ser pPro Phe Asp Ser Gly Arg val phe
100 165 110

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

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

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

Thr Gly Leu Pro Tyr Asn Ser val Phe Gly iLeu Pro Leu Pro Gly Phe

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 6¢1In Lys Glu Gly Ala asp Thr ITe Ala Gly Phe Phe Ala Glu Pro
Page 192



val

225

ala

Glu

Thr

Ala

Ile

Ala

Tle

l.eu

Gln

Phe

210

Met

Ile

va'l

Tyr

Arg

Thr

ASp

Pro

Gly

ASD

Arg

Gcly

Met

Ala
450

<Z210>
<Z211>
<212>
<213>

Gly

Leu

Ile

ASD

275

rhe

Leu

Thr

val

Arg

355

Glu

Lys

Ile

Glin

145
1362
DNA

Ala

Thr

Cys

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
2

L.eu
Phe
Pro
val
Ala
310
His
Asn
Glu
Gly
Lys
390
Thr

val

Phe

215

val

Arg

Gly

AsSp

Pro

Giu

Arg

Ile

375

Ala

Cys

Leu

Asp

Artificial Seqguence

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys
440

CXZ2-~105USPi_ST25

Thr Pro ggo Lyvs Gly Tyr Phe Gin
5

Tyr

Thr

265

Ile

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Asp

250

Gly

Iie

Ile

Ile

330

Ala

His

Met

Asp

Leu

410

Pro

Glu

Ile

Asn

sSer

Leu

Glu

315

Ala

Glu

Ile

Trp

Gly

Gly

Tyr

LYsS

220

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ala

Page 193

val

Trp

LYS

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ile

Gly

Asn

Glu

ASp

Leu

350

Arg

Glu

ser

Cys

Thr

430

Asp

Ser

255

Cys

Leu

beu

His

Arg

Pro

val

val

Arg

415

Glu

Lys

240

AsSp

val

Thr

Ser

Leu

Asn

val

ser

400

Pro

va'l
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val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

Ile

val

225

Ala

Glu

Thr

Ala

Thr

Leu

50

Lys

Tyr

Glu

Thr

Phe

130

Leu

Gly

His

Glu

Gln

210

Met

val

Tyr

Gly

His

35

ASp

Gly

His

LYS

Asn

115

Leu

Lys

Ile

Leu

Glu

195

Lys

Gly

Leu

ITe

ASp

275

Phe

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Gin

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

ASn

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

pro

Gly

ser

Asp

70

Tyr

Glu

Ser

Ala

TYF

150

Asn

Pro

val

Ala

Gly

Leu

Phe

Pro

val'l

Pro

Gly

55

Ala

Gly

val

Glu

Glu

135

His

Ser

His

Ala

ASp

215

val

ArG

Gly

AsSp

Tyr

40

Leu

Ata

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Arg

Thr

Ile

Lys

Arg

Ala

280

Ala

CX2-105UsP1_5T25

ITe val Asp val

Trp

Lys

Met

Pro

105

ASnh

Lys

ser

Phe

Tie

Thr

Tyr

Thr

265

Ile

val

Asn

Ala

ser

20

Phe

ASp

Pro

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile

Ile

Met

Glin

75

ASp

ASD

Thr

Gin

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

ASn

Ser

Leut

val

60

Tyr

Gln

Ser

Met

Lys

140

val

Pro

Gly

Glu

Phe

220

LYysS

Pro

Thr

Ata

Gly
300

rPage 195

His

45

Ala

Glu

Thr

Gty

val

125

Arg

Ser

Leu

Giu

Leu

205

Phe

Gly

val

Trp

Gly

Gly

Arg

val

Arg

110

LyS

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Asn

Glu

APrg

Phe

Phe

Met

95

val

Met

Ile

Ser

Gly

Glu

Glu

rhe

Ser

255

Cys

Leu

Leu

Arg

ASD

Pro

80

Leu

Phe

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gln

240

ASp

val

Thr

Ser



Arg Leu

Thr Thr

Ile Asp val

Ala Pro Arg

Ile Gly Glu

LyS Asp Lys

Glu Arg Ile

Leu Gly Gln

Glin

Met

Ala
450

Phe

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

<220>
<223>

<400> 147
atgaacaaac

147
1362
DNA

cacatgcega
atcgtggatg
gcgggertty
ggctatcatyg
gtggaagtga
aacgatacca
cgtaaaattc

accggecttc

Glu Thr

Ala

Ile Glu

310

Gly Gly

val Met

340

rPhe Glu

Tyr Arg

Ala Ser L

Ala Asn

405

Asn val

420

Glu Met

val Ala

cgcagagetg
gcctacatca
tgcatggecyg
atcataaagg
cgttttacgg
gccegtttoa
tggtgaaaat
tgaccctgaa

cgtataacag

His

Asn.

Glu

va'l

Phe

pro val

Glu Gly

Arg Leu

360

ile
375

Gly
Ala Pro
Cys Thr
Ala

Lau

ASp Lys
4

Artificial seguence

ggaaacgcgt
gcgtggeacc
tcgttatctg
cctgattgat
cegtatgage
tagcggeogt
gctgtggrtt
gaacgcgtat

cgtgtttggc

CX2-~105USP1_s5T25

Ala Ile Glu
315

Gly cys Ala

330

Leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe Asp Gly

Leu
410

Asp Gly

Pro Pro

425

Tyr

Leu Glu Lys

gcggaaaccy
atggtgacca
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttictga
ctgcatcgty
catggctcca

ctgeegetge

Glu Phe Asp

Ile Ala Leu

Asn val Arg

350

Glu
365

Ala Arg

Ala Glu

380

Leu

Asn Leu 5Ser

Leu Iie Cys

Thr
430

Ile tLeu

Ala Leu

445

ASD

gngineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggectgtt
cgcagtatga
tgatgcrgtc
ccaacagegg
cggaaggcaa
ccgeggtgag
cgggetttet

page 196

His Gly

Lys Ala

Arg Leu

Pro Asn

Ala val

val Gly

400

Arg Pro

Glu Ala

Lys val

tgecctttace
aggcecgtat
caacatggtg
acgrrrtceg
tgaaaaactg
cagcgaagceg
accgcagaaa
cgcgagcaty

gcatctgacc

60
120
180
240
300
360
420
480
540



tgcecgeatt
ctggcccgtg
tttgcggaac
gcgattctga
ggctttggtce
attattagca
ccggaactga
trtaccacag
atgaacgaag
aaacatattg
ctggaagtygg
gaacgtattg

gtggttctgg

ctggaaaaag

<Z210>
<211>
<212>
<213>

<220>
<223>

<400>

148
453
PRT

148

Met Asn Lys
1

Tyr Ala Phe

His
35

Thr Thr

Tyr Leu

50

ASD

His
65

Lys Gly

Gly Tyr

Ser Glu Lys

l.eu Thr Asn

attggcgtta
aactggaaga
cggtgatggy
ccatcetgeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggeeatee
gcctggecga
cggaacgtcc
tgaaagataa
cgaacacctyg
caccgccgta

cgctggataa

Pro

Thr His

20

Gly Glu

Ala

AsSh

ley Ile

Glin ser
5

Met
Gly
ser

Asp

tggcgaagaa
aaccattcag
tgcgggcggt
caaatatgat
cacctggggce
aaccgcggot
ggaaaccgcg
ggtgggttgt
aaacgtgegt
gaacattggc
agcgagcaaa
caccgatetg
cattctgacc

agtgtttgcyg

Artificial Sequence

Engineered variant of v.

Trp Glu

Pro Ser

Pro Tyr

40

Gly
55

Leu

Ala Ala

70

Phe
85

Ala

Leu val

100

Ser Gly

Tyr

Glu

Ser

Gly Arg

va'l

Ser

Glu Ala

CX2-1050sP1_ST25

ggcgaaaccg
aaggaaggcyg
gttattaccc
attccggtga
tgcgtgacct
ttttttccag
attgaagcga
gcgattgege
cgtctggecc
gaatatcgtg
gcececgttty
ggactgattt
gaagcgcaga

gaagtggcgt

aagaacagrt
cggataccat
cgccaaaagy
tcagcgatga
atgattttac
taggagcggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gtattggctt
atggcaacct
gccgaccgtt
tggatgaaat

aa

fluvialis transaminase

Thr Arg Ala

10

Leu His GIn

25

ITe val Asp

Phe Asn Met

Gin
75

Lvs Ala

Met Ser

90

Asp

Pro prhe

105

Asp

Asn Asp Thr

Glu Thr val

Thr
30

Arg Gly

His
45

val Gly

va'l
60

Ala Gty

Tyr Glu Arg

GIn Thr val

Ser Gly Arg

110

Met val Lys

Page 197

tgtcgegegt
tgegggettt
ctattttecag
agtgatttgce
ccecggatgeg
gattttggog
tgatcatggt
tgatgtggtg
agaacgtctg
tatgtgggcg
gagcgtgagc
gggccagage
gttcgataaa

Ser Leuy

15

Met val

Arg Arg

Phe Asp

Phe Pro

80

Met
95

Leu
rhe

va’l

Met Leu

600
660
720
780
840
800
960
1020
1080
1140
1200
1260
1320
1362



Trp

Thr

145

Thr

Ley

Thr

Ile

val

225

ala

Glu

Thr

Ala

LyS

305

Phe

Ile

Ala

Ile

LYS

Phe

130

Leu

Gly

His

Glu

Gin

210

Met

Ile

val

Tyr

Arg

Thr

ASp

Pro

Gly

ASp

115

Leu

LYS

Leu

Leu

Glu

1985

Lys

Gly

Leu

ITe

ASp

Phe

Leu

Thr

val

Arg

355

Glu

LyS

His

Asn

Pro

Thr

180

Gin

Glu

Ala

Thr

Cys

Phe

Phe

Glu

Gly

val

340

Phe

Tyr

Ala

Arg

Ala

Cys

phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

Arg

ser

Ala

Tyr

150

Ash

Pro

val

Ala

Gly

Leu

Phe

Pro

val

Ala

310

His

AsSh

Glu

Gly

Lys

Glu

135

His

ser

His

Alta

ASD

val

Ardg

Gly

AsSD

Pro

Glu

Arg

Ite

375

Ala

120

Gly

Gly

val

Tyr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leuy

360

Gly

Pro

CX2-105UsPi_sT25

Lys Pro Gln

ser

rhe

Tep

Leu

Ile

Thr

Tyr

Thr

265

val

Ala

Gly

Let

345

LYS

Phe

Phe

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile

Ile

Ile

Cys

330

Ala

His

MeT

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

AsSn

Ser

ey

Glu

315

Ala

Glu

Ile

Trp

Lys

140

val

Pro

Gly

Glu

rPhe

220

LysS

Pro

Thr

Ser

ITe

Ast

Ala

Ala
380

Asp Gly Asn
Page 198

125

Arg

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

ASD

Leu

Arg

350

Alrg

Glu

ser

Tle

Ser

Gly

Glu

Glu

Phe

Ser

255

Cys

l.eu

Leu

His

Lys

Arg

Pro

val

val

Leu

Met

160

Phe

Glu

Thr

Pra

Gin

240

ASp

val

Thr

ser

Gly

Ala

Leu

Asn

val

Ser



385

Glu Arg Ile Ala Asn

Leu Gly GIn Ser val

Gln Met Asp Glu Met

43

390

405

420

Phe Ala Glu val Ala

450

<210
<211>
<212>
<213>

<220>
«<223>

<4G0> 149
atgaacaaac

149
DNA

cacatgccega
atcgtggatg
gcgggetteg
ggctatcatg
gtggaagtga
aacgatacca
cgtaaaattc
accggecatecc
tgccegeatt
ctygecegtyg
tttgcggaac
gcgattctga
ggcrttggtc
attattagca
ccggaactga
tttaccacag
atgaacgaag
aaacatattg

ctggaagcceg

1362

cgcagagctg
gcctacatca
tgcatggecg
atcataaagg
cgtittacgg
gocecegrttga
tggtgaaaat
tgaccctgaa
cgtataacag
atiggcgita
aactggaaga
cggtgatggg
ccatcctgeg
gtaccggcaa
gtaaaaacct
gcaaacgtct
gcggccatce
gectggecga
cggaacgtcc

tgaaagataa

Artificial Seguence

ggaaacgcgt
gcgtggeacc
tcgttatety
cctgattgat
cctgatgagce
tagcggeegt
gctgtggtet
gcaggegtat
cgtgtttggc
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctgggge
aaccgcgggt
ggaaaccgeg
ggtgggtigt
aaacgtgcgt
gaacattggc

agcgagcaaa

CX2-105UspP1_sST25

395

410

425

Phe Asp Lys teu Glu Lys Ala Le
440

gcggaaaccey
atggtggtaa
gatgcgaaca
gcggcgaaag
gatcagaccyg
gtgtttctga
ctgcategty
catggctcca
ctgecggete
ggcgaaaccyg
aaggaaggcy
gttattaccc
attccggtga
tgcgtgacct
trttitccag
attgaagcga
gcgattgege
cgtctggecce
gaatatcgtg
geeceegttty

445

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gocggectgtt
cgcagtatga
Tgatgctgtce
ccaacagegg
cggaaggcaa
ccgeggtgag
cgggctttct
aagaacagtt
cggataccat
cgccaaaagy
tcagegatga
atgattitac
taggagecggt
tcgaagaatt
tgaaagcgat
cgcgttttga
gtattggétt

atggcaacct

Page 199

400

Thr Cys Thr Asp Leu Gly Leu Ile Cys Arg Pro

415

val teu Ala Pro Pro Tyr Ile Leu Thr Glu Ala

u Asp Lys val

tgcctttacce
aggcccgtat
caacatggtg
acgttttccg
tgaaaaactg
cagcgaagceg
accgcagaaa
cgcgagecatyg
gcatctgacc
tgtcgegegt
tgcgggettt
ctattttcag
agtgatttgc
cceggatgeg
gatttigggg
tgatcatggt
tgatgtggty
agaacgtctg
tatgtgggceyg
gagcgigggrt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
360

1020
1080
1140
1200



CXZ2~105usP1_sST25

gaacgtattg cgaacacctyg caccgatctyg ggactgattt gccgaccgtt gggccagage 1260
gtggtictgg caccgecgta cattctgace gaagcegcaga tggatgaaat gttcgataaa 1320
ctggaaaaay cgctggataa agrgtttgcg gaagtggegt aa - 1362
<210> 150

<211l> 433

<212> PRT.

<213> Artificial Sequence

<220>

<223> Engineered variant of v. fluvialis transaminase

<4G0> 150

Met Asn Lys Pro Gin Ser Trp Glu Thr Arg Ala Glu Thr val Ser Leu
1 5 10 15

Tyr Ala Phe ;Br His Met Pro Ser Leu His Gin Arg Gly Thr Met val
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 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 Tyr Gly Leu Met ger Asp GIn Thr val Met lLeu
85 0 95

Ser Glu Lys Leu val Glu val Ser Pro phe Asp Ser Gly Arg val pPhe
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 Arg Ala Glu Gly Lys Pro GIn Lys Arg Lys Ile Leu
130 135 140

Thr teu Lys Gin Ala Tyr His Gly ser Thr Ala val Ser Ala Ser Met
145 150 155 160

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

Leu His Leu Thr Cys Pro His Tyr Trp arg Tyr Gly Glu 6lu Gly Glu
180 185 190

Thr G¢lu Glu GIn Phe val Ala Arg Leu Ala Arg Glu Leu Glu Glu Thr
195 200 205

rpage 200



Ile

val

225

Ala

Glu

Thr

Ala

305

phe

Ile

ala

Ile

Leu

Gln

Phe

Gln
210

Met

val

Tyr

Gly

290

Arg

Thr

Asp

Pra

Gly

ASp

Arg

Gly

Met

Ala
450

<210>
<211>
<212>

Lys

Gly

Leu

Ile

ASp

275

Phe

Leu

Thr

val

Arg

Gliu

Lys

Ile

Ghn

151
1362
DNA

Glu

Ala

Thr

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

Saer

AsSN

405

val

Met

Ala
Gly
i

Leu
Phe
Pro
val
Ala
310
His
Asn
Glu
Gly
Lys
Thr

val

Phe

Arg

Gly

ASp

Gly

Ile

Pro

Glu

Arg

Ile

375

ala

Ccys

Leu

Asp

Thr

Ile

LYS

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

Pro

Thr

Ala

Lys

CX2-105uspl_sT25

Ile ATa Gly Phe pPhe

Thr

Tyr

Thr

265

Tie

val

Ala

Gly

Leu

345

Lys

Phe

Phe

Asp

Pro

425

Leu

Pro

250

Gly

Ite

Ile

ile

His

Met

ASp

Leu

410

Pro

Glu

Pro

235

Ile

Asn

Ser

Leu

Glu

315

Ala

Glu

Ile

Trp

TYr

LYS

220

Lys

Pro

Thr

Ser

Ile

Asn

Ala

Ala

380

Asn

Leu

Ile

Ala

Page 201

Gly

val

Trp

Lys

Pro

Phe

Ala

val

Glu

365

Leu

Leu

Ile

Leu

Leu
445

Ala

Glu

Pro

Tyr Phe GIn

ITe

AsSnh

Glu

AsD

Leu

Arg

Arg

Glu

ser

Cys

Thr

430

Asp

Ser

255

Cys

ey

Leu

His

Arg

Pro

Ala

val

Arg

Glu

LyS

240

Asp

val

Thr

ser

Leu

AsSn

val

Gly

400

Pro

Ala

val
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val

Tyr

His

65

Gly

Ser

Tyr

Trp

Thr

145

Thr

Leu

Thr

va'l
225
Ala
Glu

Thr

Ala

Thr

Leu

50

Lys

Tyr

Glu

Thr

Phe

1306

Leu

Gly

His

Glu

Gln

210

MeT

Ile

val

Tyr

Gly

His

35

ASp

Gly

His

Lys

Asn

115

Leu

Lys

Leu

Leu

Glu

195

Lys

Gly

Leu

Ie

ASp

275

phe

20

Gly

Ala

Leu

Ala

Leu

100

Ser

His

Asn

Pro

Thr

18C

Gln

Glu

Ala

Thr

Cys

260

Phe

rPhe

Glu

Asn

Ile

Phe

85

val

Gly

Arg

Ala

Tyr

165

cys

Phe

Gly

Gly

Ile

245

Thr

Pro

Gly

Ser

ASp

70

Tyr

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

His

Ala

Asp

val

Arg

Gly

Asp

Gly

Tyr

40

Leu

Ala

Arg

Ser

Ala

120

Gly

Gly

val

Tyr

Lys
Arg
Ala
280

Ala

CX2-105uUsPl_8T25

25

ITe val Asp val His
45

rhe

Lys

Met

Pro

105

Asn

Lys

ser

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

Ile

val

Asn

Ala

sSer

90

Phe

Asp

Pro

Thr

Arg

Ala

Ala

Pro

Asp

230

Gly

Ile

Met

Gin

75

ASp

Asp

Thr

Gn

Ala

155

Leu

Tyr

Arg

Gly

Pro

235

Ile

Asn

Ser

val

60

Tyr

Gin

Ser

Met

Lys

140

va'l

Pro

Gly

Glu

rPhe

220

Lys

Pro

Thr

Ser

Ile Leu Gly
Page 203

Ata

Glu

Thr

Gly

val

125

Arg

Ser

Leu

Glu

Leay

205

Phe

Gly

val

Trp

Lys

Pro

Gly

Gly

Arg

val

LYS

Ala

Pro

Glu

190

Glu

Ala

Tyr

Ile

Gly

Asn

Glu

Arg

Phe

Phe

Met

95

val

Met

ITe

Ser

Gly

Gly

Glu

Glu

rPhe

Ser

255

Cys

Leu

Leu

Arg

ASp

Pro

80

i.eu

Phe

Leu

Ley

Met

160

Phe

Glu

Thr

Pro

GIn

240

ASp

val

Thr

Ser



290

Arg Leu

Thr Thr

ITe Asp val

Ala Pro Arg

Ile Gly Glu

Lys Asp Lys

Glu Arg Ile

Leu Gly Gln

GIn Met Asp

435

Ala Glu
450

Phe

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

<220>
<223>

<400> 153
atgaacaaac

153
1362
DNA

cacatgcega
atcgrggatg
gcgggettty
ggctatcatg
gtggaagtga
aacgatacca

Ccgtaaaattc

Glu Thr

ala

295

Ite Glu

310

Gly Gly

val
340

Met

rhe Gluy

Tyr

Arg

Ata ser

His

Asn

Glu

Gly

Lys

Pro val

Glu Gly

Leu
360

Arg

Ile
375

Gly

Ala Pro

390

Ala Asn

405

sSer val

420

Glu Met

val Ala

cgcagagety
gectacgtea
tgcatggeeg
atcataaagy
cgttttacgg
geeegtttga
tggtgaaaat

tgaccctgaa

Thr

val

Phe

Cys Thr

Leu Ala

ASp LyS

4140

Artificial sequence

ggaaacgecgt
gcgtggecacc
tcgttatcty
ccrgattgat
ccgtatgage
tagcggeegt
gctgtggttt

gaacgcgtat

CX2-105USP1_ST25

300

Ala ITe Glu Glu Phe Asp His Gly

315

Gly Cys Ala

330

leu Ala Glu

345

Lys His Ile

Phe Met Trp

Phe

ASp

Leu
410

AsSp

Pro
425

Pro Tyr

Leu Glu Lys

gcggaaaccy
atggtggtga
gatgcgaaca
gcggcgaaag
gatcagaccg
gtgttrtata
ctgcategty

catggctcca

IlTe Ala Leu

Asn val

350

Glu
365

Ala Arg

Ala Giu

380

l.eu

Asn Leu Ser

Leu ITe Cys

Thr
430

ITe Leu

Leu
445

Asp

Engineered variant of v. fluvialis transaminase

tgagcctgta
cccatggega
gcggcectgtg
cgcagtatga
tgatgctgte
ccaacagcgg
cggaaggcaa

ccgeggtgag

Page 204

320

Lys Ala

335

Arg Leu

Pro Asn

val val

val Ser

400

Pro

Ala

Lys val

tgcctttacc
aggccecgtat
gaacatggtg
acgttttececg
tgaaaaactg
cagcgaageg
accgcagaaa

cgcgageatg

60
120
180
240
300
360
420
480



accggecttc
tgeeegeatt
ctggceecgtg
titgcggaac
gcgattctga
ggctttggtce
attattagcg
ccggaactga
tttaccacac
atgaacgaag
aaacatattg
ctggaagtgg
gaacgtattyg
grggrctgg
. ctggaaaaaqg
<210>
<211>
<212>
<213>

<220
<223>

154
453
PRT

<400> 154
Met Asn Lys
1

Tyr Ala pPhe

Mis
35

val Thr

Leu
50

Tyt Asp

His
65

Lys Gly

Gly Tyr His

Ser Glu Lys

cgtataacag
attggcgtta
aactggaaga
cggtgatggg
ccatcctgcy
gtaccggcaa
ccaaaaacct
gcaaacgtct
acggccatcec
gcctggecga
cggaacgtec
tgaaagataa
cgaacacctyg
caccgeegta

cgctggataa

Gln Se
5

Pro

Thr His Me

20

Gly Glu G1

Ata Asn Se

Ile As

70

Leu

Phe
85

Ala Ty

Ley val G}

100

cgtgttrggce
tggcgaagaa
aaccattcag
tgcgggeggt
caaatatgat
cacctggggce
aaccgegggt
ggaaaccgeg
ggtgggrtgt
aaacgtgcgt
gaacattggc
agcgagcaaa
caccgatctg
cattctgacc

agtgtttgeg

Artificial Seguence

r Terp Glu

T Pro Ser

y Pro Tyr

40

r Gly Leu

55

p Ala Ala

roGly

Arg

u val Ser

CX2-105uspP1_sT25

ctgeecgetge
ggcgaaaccy
aaggaaggeg
gttattaccc
attccggtga
tgcgtgacct
TTTittccag
attgaagcga
gcgattgcoe
cgretaggecc
gaatatcgtg
geceeegttty
ggactgattt
gaagcgcaga

gaagtggcat

Thr Arg Ala
10

l.eu GlIn

25

Arg

T1e val aAsp

Trp Asn Met

Gln
75

Lys Ala

Met Ser

o0

ASP

Pro
105

Phe Asp

cgggctttct
aagaacagtt
cggataccat
cgccaaaagg
tcagcgatga
atgattttac
taggagcyggt
tcgaagaatt
tgaaagcgat
cgcgttttga
grattggett
atggcaacct
gccgaccgtt
tggatgaaat

aa

Engineered variant of v. fluvialis transaminase

Glu Thr val

Thr
30

Arg Gly

His Gly

45

val

val Ala

60

Gly

Tyr Giu Arg

Gin Thr val

Ser Gly Arg

110

Page 205

gcatrctgacc
tgtcgegegrt
tgcgggotty
ctattttcag
agtgatttgce
cccggatycg
gattrtgggg
tgatcatgyt
tgatgtggtyg
agaacgictg
tatgtgggeg
gagcgtgggt
gggccagage
gttcgataaa

ser
15

ey

Met val

Arg Arg

phe Asp

Phe Pro

80

Met
a5

Leu

val Phe

540
600
660
726
780
840
200
960
1020
1080
1149
1200
1260
1320
1362



Tyr

Trp

Thr

145

Thr

Leu

Thr

Tie

val

225

Ala

Glu

Thr

Ala

Ile

Ala

Ite

Thr

Phe

130

Leu

Gly

His

Glu

GlIn

216

Met

Tle

val

Tyr

Gly

Arg

Thr

Asp

Pro

Gly

Ash

115

Leu

LYyS

Leu

Leu

Glu

195

Lys

Gly

Leu

Ile

ASp

Phe

Ley

Thr

val

Aryg

355

Glu

ser

His

AsSH

Pro

Thr

180

Glin

Glu

Ala

Thr

Cys

260

Phe

Phe

Glu

His

val

340

Phe

Tyr

Gly

Arg

Ala

Tyr

165

Cys

Phe

Gly

Gly

Ile

245

Gly

Thr

Pro

Thr

Gly

Met

Glu

aArg

Ser

Ala

Tyr

150

Asn

Pro

val

Ala

Gly

l.eu

rhe

Pro

val

Ala

310

His

Asn

Ghu

Gly

His

Ser

His

Ala

Asp

val

Arg

Gly

Asp

Pro

Glu

ATQ

Tie
375

Ala

120

Gly

Gly

val

TYF

Arg

200

Thr

Ile

Lys

Arg

Ala

280

Ala

Glu

val

Gly

Leu

360

Gly

CX2-105UsSP1_ST25

Asn Asp Thr Met val

Lys

sSer

Phe

Trp

Leu

Ile

Thr

Tyr

Thr

265

va'l

Ala

Gly

Leu

345

LYS

Phe

Pro

Thr

Gly

Arg

Ala

Ala

Pro

250

Gly

Ile

Cys
330
Ala

His

Met

Gin

Ala

155

leu

Tyr

Arg

Gly

Pro

235

Ile

Asnh

Ser

Leu

GTu

315

Ala

Glu

Ile

Trp

Lys

140

va’l

Pro

Gly

Glu

Phe

220

Lys

Pro

Thr

Ala

Gly

300

Glu

Ile

ASH

Ala

Ala
380

Page 206

125

Arg

Ser

Leu

Glu

.eu

205

Phe

Gly

val

Trp

Lys

Pro

Phe

ala

va'l

Glu

365

i.ed

LysS

Lys

Ala

Pro

Glu

190

Glu

Ala

Tyr

The

Gly

ASH

Glu

ASD

Leu

Arg

350

ATg

Glu

Met

Ile

Ser

Gly

Gly

Glu

Glu

Phe

Ser

255

Cys

Leu

Le

His

Lys

Arg

Pro

val

Leu

Leu

Met

160

Phe

Glu

Thr

Pro

Gin

240

ASD

val

Thr

Ser

Gly

Ala

l_eu

Asn

val



385

Glu
Leu
Glin

Phe

Asp

Arg

Gly

Met

Ala
450

Lys

Ile

Gln

Asp

Glu

Ala

Ser

420

Glu

val

Ser

Asn

405

val

Met

Ala

CXZ2-105uUspP1_587125
Lys Ala Pro Phe Asp Gly Asn Leu Ser val Gly
320 395 400

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

val Leu Ala Pro Pro Tyr Ile Leu Thr Glu Ala
425 430

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