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<130> CX2-012usp2
<160> 80

<170> PatentIn version 3.5

<210> 1

<211> 792

<212> DNA

<213> Artificial sequence

<220>
<223> Codon optimized sequence of ketoreductase from Novosphingobium
aromaticivorans

gigEchitg daatgacgat tgctctcaac aatgtggtcg cecgtcegtcac cggogcggeg 60
ggaggcatcg gccgcgaact ggtcaaggey atgaaggecg ccaacgccat cgtcatcgec 120
accgacatgg ccccctegge cgatgtcgaa ggcegcggace attatctcca gcacgacgtg 180
acgagcgagy ccggctggaa ggecgtcgeg gegetggeoe aggaaaagta cgggogegtce 240
gatgcgctgg tgcacaacgl gggcatctcg atcgtcacga agttcgaaga cactccgctg 300
tccgatttee accgegtygaa cacggicaac gtcgattcca tcatcatcgg tacgcaggtce 360
ctgctgccge tgctcaagga aggcggeaag gogogegeag ggggcgecte ggtggtcaac 420
ttctccagcey tcggggocct gogoggogey gogttcaatg cggectatig caccagceaag 480
gcggeggtga agatgetetc gaagtgectc ggcgeggaat tcgcggeget cggetacaac 540
atccgegtca actccgtgca tccgggegge atcgataccc cgatgetcgg ctegatcatg 600
gacaagtacg tcgaactcgg cgctgeccece tcgegegagyg tggeccagge cgcgatggaa 660
atgcgecacc cgatcggtcg catgggtcge cctgecgaaa tgggeggogg cgtggictat 720
ctctgetecy acgcagcaag cttegtcacc tgcacggaat tcgtgatgga cggoggottc 780
agccaggtct ga ' 792
<210> 2

<211> 263

<212> PRT

<213> Novosphingobium aromaticivorans

<400> 2
Page 1



Met

Thr

Ala

val

Gly

65

Asp

ASp

Ser

Gly

Leu

Thr

Ala

Ile

225

Leu

Pro

Gly

Ala

Glu

50

Trp

Ala

Thr

Ile

Gly

Ala

Gly

Pro

Pro

210

Gly

Cys

Leu

Ala

Asn

35

Gly

LYS

Leuy

Pro

Ile

-115

Ala

Leu

val

Tyr

Met

195

Ser

Arg

ser

Glu

Ala

20

Ala

Ala

Ala

val

Leu

100

Arg

Arg

Lys

Ash

180

Leu

Arg

Met

Asp

Met

Gly

Ile

ASp

val

His

85

sSer

Gly

Ala

Gly

Met

165

Ie

Gly

Glu

Gly

Ala
245

Thr

Gly

val

His

Ala

70

Ash

Asp

Thr

Gly

Ala

150

Leu

Arg

Ser

vali

Arg

230

Ala

ITe

Ile

Ite

Ala

Phe

Gin

ser

val

Ala:

215

Pro

Ser

Ala

Gly

Ala

40

Leu

Leu

Gly

His

val

120

Ala

Phe

Lys

Asn

Met

200

GIn

Ala

Phe

Cx2-012w01_5725

Leu

Arg

25

Thr

Gin

Ala

Ile

Arg

105

Leu

ser

Asn

cys

Ser

185

ASp

Ala

Glu

val

Asn Asn val val

Glu

Asp

His

GIn

ser

90

val

L.eu

val

ala

Leu

170

val

LysS

Ala

Met

Thr
250

Leu
Met
ASD
Glu
75

Ile
Ash
Pro
val
Ala
155
Gly
His
Tyr
Met

Gly

Cys

Page

val

Ala

Lys

Pro

45

val

60

Lys

val

Thr

Ley

Asn

140

Tyr

Ala

Pro

val

Glu

220

Gly

Thr
2

Thr

Tyr

Thr

va'l

Leu

125

Phe

Cys

Glu

Gly

Glu

205

Met

Gly

Glu

Ala

Ala

30

ser

Ser

Gly

Lys

Asnh

110

Lys

Ser

Thr

rhe

Arg

val

Phe

val

15

Met

Ala

Glu

Arg

Phe

95

val

Glu

Ser

ser

Ala

175

Itle

Gly

His

val

val
255

val

Lys

ASp

Ala

val

80

Glu

ASpD

Gly

val

Lys

Ala

ASP

Ala

Pro

Tyr

240

Met



Asp Gly Gly Phe Ser Gln val
260

<210> 3

<211> 792
<212> DNA
<213>

<220>
<223>

<400> 3

Artificial Sequence

Cx2-012w01_sT25

atgccgettg aaatgacgat tgctctcaac aatgtggtcg

ggaggcatcy
accgacatgg
acgagcgagy
gatgcgctgg
tecegatttec
ctgctgeegce
ttctccageg
QCQQCQtha
atccgegtca
gacaagtacg
atgcgcecacce
ctctgetecy
agcecaggtet
<210> 4

<211> 263
<212> PRT
<213>

<220>
<223>

<400> 4

gcegegaact
cgcectegge
ccggetggaa
tgcacaacgc
accgcgtgaa
tgctcaagga
tcgegggtct
agatgctctc
actccgtgea
tcgaactcyg
cgatcggtcg
acgcagcaag

ga

ggtcaaggcg
cgatgtcgaa
ggcggtcgeyg
gggcatcteyg
cacggtcaac
aggcggcaag
gegeggegey
gaagtgcctc
tcegggegge
cgergeeecc
catgggtcge

cttcgtcacc

Artificial Sequence

atgaaggccg
ggcgeggacc
gcgctggeec
atcgtcacga
gtcgattcca
gcgegegceag
gcgttcaatg
ggcgcggaat
atcgataccc
tcgcgegagg
cctgccgaaa

tgcacggaat

ccgregtcac
ccaacgccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggegectc
cggectattyg
tcgeggeget
cgatgctecgg
tggcccagyce
tgggcggegy
tcgtygatgga

variant of ketoreductase from Novosphingobium aromaticivorans

cggcgeggey

cgtcatcgcec

gcacgacgtyg

cgggcgegtc
cacteccgetg
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggcggettc

variant of ketoreductase from Novosphingobium aromaticivorans

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val

1

5

10

Thr Giy Ala Ala Gly Gly ITe Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala ITe val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp
pPage 3

60
120
180
240
300
360
420
480
540
600
66O
720
780
792



val

Gly

65

Asp

ASp

Ser

Gly

Ala

145

Leu

Tht

Ala

Ite

225

Leu

ASD

Glu

50

Trp

Ala

Thr

Ile

LYS

Gly

Ala

Gly

Pro

Pro

210

Gly

Cys

Gly

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

35

Gly

Lys

Leu

Pro

Ile

115

Ala

Leu

val

Tyr

Met

195

Ser

Arg

Ser

Gly

5
792
DNA

Ala

Ata

val

lLeu

100

ITe

Arg

Arg

Lys

ASN

180

Leu

Arg

Met

Asp

Phe
260

Asp

val

His

85

Ser

Gly

Ala

Gly

Met

165

Ile

Gly

Glu

Gly

Ala

245

Ser

His

Ala

70

Asn

Asp

Thr

Gly

Ala

150

Leuy

Arg

Ser

val

Arg

Ala

Gln

Tyr

55

Ala

Ala

Phe

aln

Gly

Ala

ser

val

Ile

Ala

215

Pro

Ser

val

Artificial Sequence

40

Leu

Leu

Gly

His

val

120

Ala

Phe

L.ys

ASn

Met

200

Gin

Ala

Phe

CX2-012w01_5T725

45

GIn His Asp val Thr

ala

ITe

Arg

Leu

Ser

Asn

Cys

ser

185

Asp

Ala

Glu

val

Gln
Ser
90

val
Leu
val
Ala
Leu
170
val
Lys
Ala
Met

Thr
250

Glu
75

Ile
Ash
Pro
val
Ala
155

Gly

Tyr
Met
Gly

Cys

60

Lys

val

Thr

Leu

Asn

140

Tyr

Ala

Pro

val

Glu

220

Gly

Thr

Page 4

Tyr

Thr

val

Leu

125

Phe

Cys

Gly

Glu

205

Met

Gly

Glu

Ser

Gly

LYyS

Asn

110

LYS

Ser

Thr

Phe

Gly

Leu

Arg

val

Phe

Glu

Arg

Phe

95

val

Glu

Ser

Ser

Ala

175

ITe

Gly

His

val

val
255

vai

80

Glu

Asp

Gly

val

LYS

160

Ala

Asp

Ala

Pro

Tyr

240

Met



CX2-012w01_ST25

:%%gi variant of ketoreductase from Novosphingobium aromaticivorans

<400> 5

atgcecgcrtg aaatgacgat tgctctcaac aargtggtcg ccgtcgtcac cggegeggcey 60
ggaggcateg gccgcgaact ggtcaaggeg atgaaggecg ccaacgcecat cgteatcgec 120
accgacatgg cgccctcgge cgatgtcgaa ggegeggace attatctcca gcacgacgtg 180
acgagegagg ccggetggaa ggoggtcgeg geactggeoe aggaaaagta cgggegegtc 240
gatgcgcrgg tgcacaacgc gggceatctcg atcgtcacga agttcgaaga cactccgctyg 300
tccgatttcc accgcegtgaa cacggtcaac gtcgattcca tcatcatcgg tacgcaggtc 360
ctgctgoecge tgotcaagga aggeggeaag gegegoegeag ggggogoctc ggrggtcaac 420
ttctccageg tegegggtct gogeggegeg gegttcaatg cggectattg caccagcaag 480
gcggeggtga agatgctcetc gaagtgootc ggegeggaat tegeggeget cggetacaac 540
atccgcgtca actccgtgea tccgggegge atcgatacce cgatgetcgg ctcgetgatg 600
gacaagtacy tcgaactegy cgotgecooe tegogegagyg tggeecagge cgegatggaa 660
atgcgccacc cgatcggtcg catgggtcge cctgecgaaa tgggcggegg cgtggtetat 720
ctctgetecy acgcagcaag cttcogtcacc tgcacggaat tcgtgatgga cggoggottc 780
agccaggtct ga 792
<210> 6

<211> 263

<212> PRT

<213> Artificial Sequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 6

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val
1 5 10

Thr Gly Ala §1a Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
0 25 30

Ala Ala %gn Ala ITe val Ite Ala Thr Asp Met Ala Pro Ser Ala Asp
40 45

val Glu Gly Ala Asp His Tyr Leu Gln His Asp val Thr ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala GlIn Glu Lys Tyr Gly Arg val
65 70 75 80

Page 5



CX2-012W0l1_ST25

Asp Ala Leu val His Asn Ala Gly Ile Ser Ile val Thr Lys Phe Glu
85 90 a5

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

Ser Ile Ile Ile Gly Thr GIn val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Ala Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Iie Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Leu Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala pPro Ser Arg Glu val Ala Gln Ala Ala Met Glu Met Arg His Pro
210 215 220

ITe Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly phe Ser GlIn val

260
<210> 7
<211> 792
<212> DNA )
<213> Artificial sequence
<220> :
<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 7
atgccgettg aaatgacgat tgctctcaac aatgtggicg ccgtcgtcac cggogeggeg 60
ggaggcatcg gecgegaact ggtcaaggeg atgaaggcecg ccaacgecat cgtcatogec 120
accgacatgg cgcectcgge cgatgtcgaa ggcgeggacce attatctcca gcacgacgtg 180

Page 6



acgagcgagg
gatgcgctag
tccgatttee
ctgcrgeege
ttctecageg
gcggeggtga
atccgcgtea
gacaagtacy
atgcgccacc
ctetgetecy
agccaggrct
<21(> 8

<211> 263
<212> PRT
<213>

<220>
<223>

<400> 8

Met Pro Leu
1

Thr Gly Ala

Ala Ala Asn

35

Glu
50

val Gly

Gly
65

Trp LyS

Asp Ala Leu

Asp Thr Pro

Ser Ile Ile

ccggctggaa
tgcacaacgc
accgegtgaa
tgctcaagga
tcgggggtct
agatgctctc
actccgtgea
tcgaactcgg
cgatcggtecg
acgcagcaag

ga

Glu Met
5

Ala
20

Gly
Ala Ile
Ala Asp
val

Ala

His
85

val

Leu Ser

100

Ile Gly

Artificial sequence

variant of ketoreductase

Thr ITe Ala

Gly Ile Gly

Ala
40

val

His Tyr Leu

55

Ala Ala

70

L.eu

Asn Ala Gly

Asp Phe His

Thr GIn val

ggcggtcegeg
gggcatcgtg
cacggtcaac
aggcggcaag
gCgeggegey
gaagtgcctc
tccgggegge
cgctgeececc
catgggtcgc

cttcgtcacc

CX2-012w01_5T25

gcgctggecc
atcgtcacga
gtcgatteca
gcgegegeag
gcgttcaatg
ggcgcggaat
atcgataccc
tcgegegagg
cctgecgaaa

tgcacggaat

from Novosphingobium aromaticivorans

Leu

Arg

25

Thr

Gln

Ala

Ile

Asn

16

Glu

Asp

His

Gln

val

90

val

Leu

aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgectc
cggectratty
tcgeggeget
cgatgctcegg
tggcccagge
tgggcggcgg
tcgtgatgga

Asn val val ala

Ley val

Ala

Met

val
60

Asp

Glu
75

1yS
Ile val
Thr

Asn

Pro Leu
Page 7

LysS

Pro

45

Thr

Tyr

Thr

val

Leu

Ala

30

Ser

Ser

Gly

Lys

Asn

110

Lys

cgggegegtce
cactccgetyg
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatyg
cgcgatggaa
cgtggtctat
cggcggcette

val

15

Met

Ala

Glu

Arg

Phe

95

val

Glu

val

Lys

Asp

Ala

val

80

Glu

AsSp

Gly

240
300
360
420
480
540
600
660
720
780
792



CX2-012w01_ST25

115 120

Gly Lys Ala Arg Ala Gly Gly ala Ser val val

130 135
Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala
145 150 155
Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly

165 170
Leu Gly Tyr Asn Ile Arg val Asn Ser val His
180 185
Thr Pro Met teu Gly Ser Ile Met Asp Lys Tyr
195 200

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met

210 215
Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly
225 230 235
Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys

245 250
Asp Gly Gly Phe ser Gln val
260

<210> 9
<211> 792
<212> DNA
<213> Artificial seguence
<220>
<223>
<400> 9
atgccgettyg aaatgacgat tgctctcaac aatgtggtcg
goaggcatcg gocgegaact ggtcaaggcg atgaaggccg
accgacatgg cgccctcggc cgatgtcgaa ggogoggacc
acgagcgagg ccggctggaa ggeggtcgeg gegetgacce
gatgcgctgg tgcacaacgc gggcatcicg atcgtcacga
tccgatiteC accgegtgaa cacggtcaac gtcgatteca
ctgctgecge tgctcaagga aggeggcaag gogegcgcag
ttctecageg togggggtct gegeggegoeg gogttgaatg

Page

125

Asn Phe
140

Ser

Tyr Cys Thr

Ala Glu rhe

Pro Gly Gly

Glu
205

val Leu

Glu
220

Met Arg

Gly Gly val

Thr GTu Phe

ccgrcgtcac
ccaacgccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg

ggggcgcectce
cggcctattg
8

Ser val

Ser

Ala
175

Ile

Gly

His Pro

val Tyr

240

val
255

Met

variant of ketoreductase from Novosphingobium aromaticivorans

cggcgeggcy
cgtcatcgece
gcacgacgtg
cgggcgegce
cactccgctyg
tacgcaggtc
ggtggtcaac

caccagcaag

60
120
180
240
300
360
420
480



gcggcggtga

atccgcgtea

gacaagtacg

atgcgecacce

ctcrgctecg

agccaggtet

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

<220>
<223>

<400>

10
263
PRT

ga

agatgctctc
actccgtgea
tcgaactegg
cgatcggtcg

acgcagcaag

artificial Sequence

gaagtgccte
tccgggegge
cgctgeeccce
catgggtegc

cttcgtcacc

variant of ketoreductase

10

Met Pro Leu

1

Thr

Ala

val

Gly

65

ASp

ASp

Ser

Gly

Gly

Gly

Ala

Glu

50

Trp

Ala

Thr

Ite

LYyS

130

Gly

Ala

Asn

35

Gly

LYs

Leu

Pro

Ile

115

Ala

Leu

Glu Met Thr Tle Ala
5

Ala

20

Ala

Ala

Ala

val

l.eu

100

Ile

Arg

Arg

Gly

Ile

ASp

val

His

85

Ser

Gly

Ala

Gly

Gly

va'l

His

Ala

70

Asnh

ASp

Thr

Gly

Ala
150

Ile

Ite

Tyr

55

Ala

Ala

Phe

Glin

Gly

Ala

40

Leu

teu

Gly

His

val

120

Ala

Leu

CX2-012w01 _sT25

ggcgcggaat tcgcoggogcet

atcgatacce cgatgctcgg

tcgegegagg tggeccaggce
cctgccgaaa tgggcggcqg

tgcacggaat tcgtgatgga

from Novosphingobium aromaticivorans

Leuy Asn
10

Arg Glu

25

Thr Asp

GIn His

Ala Gin

ITe Ser

90

Arg val

Leu Leu

ser val

Asn Ala

cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggcggettce

Asn val val Ala val val

Leu

Met

ASp

Glu

75

Ile

AsSh

Pro

val

Ala
155

Page

val
Ala
val
60

Lys
val
Thr
l.eu
Ash
140
Tyr

9

LyS

Pro

45

Thr

Tyr

Thr

val

Leu

125

Phe

cys

Ala

30

Ser

ser

Gly

Lys

ASn

110

Lys

ser

Thr

Met

Ala

Gly

Arg

Phe

95

val

Glu

ser

ser

Lys

Asp

Ala

val

80

ASD

Gly

val

Lys
160

340
600
660
720
780
792



Ala Ala val

Leu Gly Tyr

Thr Met

195

Pro

Ala Pro Ser

210

Ile
225

Gly Arg

Leu Cys Ser

Asp Gly Gly

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

<220>
<223>

<400> 11
atgcegetty

11
792
DNA

ggaggcatcg
accgacatgg
acgagcgagy
gatgcgetgg
tcegattice
ctgctgecgce
ttctccagey
gcggeggtoa
atccgegtca
gacaagtacy
atgcgccacc

ctctgetecy

Met
165

Lys

Asn Tle

180

Leu Gly

Glu

Arg

Met Gly

Leu

Arg

sSer

val

Arg

ser Lys

val Asn

Ile Met

200

Ala Gln

215

Pro Ala

230

Ala
245

Asp

Phe
260

ser

aaatgacgat

gccgcgaact
cgcectegyc
ccggerggaa
tgcacaacgc
accgegtgaa
tgcrcaagga
tcgggggtlct
agatgcetctce
actccgtgea
tcgaactcgg
cgatcggtcg

acgcagcaag

Ala

Gin

Ser phe

val

Artificial sequence

tgctctcaac
ggtcaaggeg
cgatgtcgaa
ggcggtegeg
gggcatctcg
cacggicaac
aggcggcaag
gcgeggeyeg
gaagtgccte

“tecgggeggc

cgctgeecce
catgggtcge

cttecgtcacc

CX2-012wWol. 5725

Cys Leu Gly
170

Ser val His

185

Asp Lys Tyr

Ala Ala Met

Giu Met Gly

Thr
250

val Cys

aatgtggtcg
atgaaggccg
ggcgcggacc
gcgetggece
atcgtcacga
gtcgattecca
gcgegegeag
gcgttcaatg
ggcgeggaat
atcgataccc
tcgcgegagg
cctgecgaaa

tgcacggaat

Ala Glu Phe

Pro Gly Gly

Glu
205

val Leu

Glu
220

Met Arg

Gly Gly val

Thr Glu Phe

ccgtcgtcac
ccaacgccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgcctc
cggcctattg
tcgeggeget
cgatgciggg
tggcccagge
tgggcagcygg
tcgtgatgga

Page 10

Ala Ala

175

Ile Asp

Gly Ala

His5 Pro

val Tyr
240

val
255

Met

variant of ketoreductase from Novosphingobium aromaticivorans

cggcgcggeg
cgtcatcgece
gcacgacgtg
cgggcgegtce
cactecgety
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctecgatcaty
cgcgatggaa
cgtggtctat

cggcggottc

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



CX2-012w01_sST25
agecaggtct ga 792

<210> 12

<21ll> 263

<212> PRT

<213> Artificial Seguence

<220>
<223> Vvariant of ketoreductase from Novosphingobium aromaticivorans

<400> 12
Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val
1 5 10 15

Thr Gly Ala Ala Gly Gly I'le Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala Ile val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Tyr Leu Gln His Asp val Thr Ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala G6Tn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Ile ser Ile val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

ser Ite Ile tle Gly Thr Gln val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

ny Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 156 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg Val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
- Page 11



195

200

CX2-012wW01_ST25

205

Ala Pro Ser Arg GlTu val Ala GIn Ala Ala Met Glu Met Arg His Pro

210

225

215

220

Ile Gly Arg Met Gly égg Pro Ala Glu Met ggg Gly Gly val val Tyr

240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met

245

Asp Gly Gly Phe Ser G1n val
260

<210> 13

<211> 792
<212> DNA
<213>

<220>
<223>

<400> 13
atgccgettyg

ggaggcateg
accgacatgg
acgagcgagg
gatgcgctgg
tececgatttec
ctgcetgeege
ttectecageg
gcggeggtga
atccgegtea
gacaagtacyg
atgcgccace
ctctgotecy
agccaggtcet
<210> 14

<211> 263
<212> PRT
<213>
<220>

aaatgacgat
gcecgegaact
cgeectegoc
ccggetggaa
tgcacaacgc
accgcgtgaa
tgctcaagga
tcgggggtct
agatgcrctc
actccgtgea
tcgaactegg
cgatcggteg
acgcagcaag

ga

Artificial Sequence

250

255

variant of ketoreductase from Novosphingobium aromaticivorans

tgctctcaac aatgtggtcg cCgtegtcac Cggcgeyygcy

ggtcaaggeg
cgatgtcgaa
ggcggtegeg
gggcatcteg
cacggtcaac
aggcggcaag
gcgcggageg
gaagtgcctce
tccgggeggc
cgctgcecccce
catgggtege

cttcgtcacce

Artificial Sequence

atgaaggceceg
ggcgcggace
gcgetggecc
atcgtcacga
gtcgattcca
gcgegegeag
gcgttcaatg
ggcgcggaat
atcgataccc
tcgcgegagg
cctgecgaaa

tgcacggaat

ccaacgccat
attatcteca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgectc
cggcctatty
tcgeggeget
cgatgctegy
tggcccagyce
tgggcggcgyg
tcgtgatgga

page 12

cgtcatcgec
gcacgacgtg
cgggcgegte
cactccgety
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat
cggeggette

60
120
180
240
300
360
420
480
540
600
660
720
780
792



. CX2-012w01_sT25 L
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 14
Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val
1 5 10 15

Thr Gly Ala zzxg)a Gly Gly Ile Gly /é\gg Glu Leu val Lys Ala Met Lys
30

Ala Ala Asn Ala Ile val Ile Ala Thr Asp Met ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr Ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Ile ser Ile val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

ser ITe Ile ITe Gly Thr Gin val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ite Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val ¢lu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala Gin Ala Ala Met Glu Met Arg His Pro
210 215 220

1Te Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 : 235 240

Page 13



CX2-012w01._ 5725

Leu Cys Ser Asp Ala Ala Ser pPhe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser Gln val

260
<210> 15
<211> 792
<212> DNA
<213> Artificial Sequence
<220>
<223> Vvariant of ketoreductase from Novosphingobium aromaticivorans
<400> 15
atgccgcttg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggegeggcy 60
ggaggcatcg gcocgcgaact ggtcaaggcg atgaaggecg ccaacgecat cgtcatcgec 120
accgacatgg cgecectegge cgatgtcgaa ggegeggace attatctcca gcacgacgtyg 180
acgagcgagg ccggetggaa ggeggtcgeg gegetggocc aggaaaagta cgggegegtc 240
gatgcgetgy tygcacaacge gggeatctoy atcgtcacga agttcgaaga cactccgety 300
tccgatttcc accgegtgaa cacggtcaac gtcegattecca tcatcatcgy tacgcaggtce 360
ctgctgecge tygctcaagga aggcggcaag gcgcgegcag ggggegocte ggtggteaac 420
tretccageg teggaggtct goegogoegey gegttcaatg cggectattg caccageaag 480
gcggcggtga agatgotctc gaagtgectc ggegeggaat tcgcggceget cggetacaac 540
atccgegtca actccgtgca tccgggegge atcgatacce cgatgetcgy ctcgetgatg 600
gacaagtacg tcgaactcgg cgotgeecee tcgogegagy tggeccagge cgcgatggaa 660
atgcgeccace cgatcggtecg catgggtcgc cctgccgaaa tgggcggeygy cgtggictat 720
ctectygctecg acgcagcaag cttcgtcacce tgcacggaat tcgtgatgga cggeggetic 780
agccaggtct ga 792
<210> 16
<211> 263
<212> PRT
<213> Artificial Sequence
<220>

<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 16
Met Pro Leu Glu Met Thr ITe Ala Leu Asn Asn val val Ala val val
i 5 10 15
Thr Gly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30
Page 14



Ala

val

Gly

65

ASp

Asp

ser

Gly

Leu

Thr

Ala

Ile

225

Leu

ASp

Ala

Glu

50

Trp

Ala

Thr

Ile

Lys

130

Gly

Ala

Gly

Pro

pro

210

Gly

Ccys

Gly

<210>

Asn

35

Gly

Lys

Leu

Pro

Ile

115

Ala

Leu

val

Tyr

Met

195

Ser

Arg

Ser

Gly

17

Ala

Ala

Ala

val

L.eu

100

Ile

Arg

Arg

LYS

Asn

180

Leu

Arg

Met

ASp

Phe
260

Tle

ASp

val

His

85

Ser

Gly

Ala

Gly

Met

165

Ile

Gly

Glu

Gly

Ala

245

Ser

val

His

Ala

70

AsSnh

Asp

Thr

Gly

Ala

150

Leu

Arg

ser

val

Arg

Ala

Gln

Ile

Ala

Phe

GIn

Ser

val

Leu

Ala

215

Pro

Ser

val

Ala

40

Leu

Leu

Gly

His

val

120

Ala

Phe

Lys

Asn

MeT

200

GIn

Ala

Phe

CX2-012w01 5725

Thr Asp Met Ala Pro
4

Gin
Ala

Ile

Ser
Asn
cys
ser
185
Asp
Ala

Glu

val

His
Gln
ser
90

val
Leu
val
Ala
Leu
170
val
Lys
Ala
Met

Thr
250

ASp

Glu

75

Ile

Asn

Pro

val

Ala

155

Gly

His

Tyr

Met

Gly

Cys

val

60

Lys

val

Thr

Leu

Asn

140

Tyr

Ala

Pro

val

Glu

220

Gly

Thr

Page 15

Thr

Tyr

Thr

val

Leu

125

Phe

Cys

Glu

Gly

Glu

205

Met

Gly

Glu

Ser

Ser

Gly

Lys

Asn

110

LYS

ser

Thr

Phe

Gly

Leu

Arg

val

Phe

Ala

Glu

Arg

Phe

95

val

Glu

ser

ser

Ala

175

Ile

Gly

His

val

val
255

Asp

Ala

val

80

Asp

Gly

val

Lys

160

Ala

Asp

Pro

Tyr
240

Met



792
DNA

<211>
<212>
<213>

<220>
<223>

<400> 17

Artificial sequence

CX2-012W01_5T25

variant of ketoreductase from Novosphingobium aromaticivorans

atgccgettg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggegeggeg

ggaggcatcg
accgacatyg
acgagcgagg
gatgcgetgg
tcegatttec
ctgetgeege
ttctecageg
gcggeggtga
atcegegtea
gacaagtacg
_atgcgeceace
ctctgctecy
agccaggtet
<210> 18

<211> 263
<212> PRT
<213>

<220>
<223>

<400> 18

1

gccgegaact
cgcectegge
ccggctggaa
tgcacaacgc
accgcgtgaa
tgctcaagga
tcgggggtct
agatgctctc
actccgtgcea
tcgaactegg
cgatcggtcg
acgcagcaag

ga

ggtcaaggcg
cgatgtcgaa
ggcgotcgeg
gggcatctceg
cacggtcaac
aggcggcaag
gcgeggegeg
gaagtgcectce
tccgggegoc
cgctgecccc
catgggtege

cttcgtcacc

Artificial Sequence

atgaaggceceg
ggcgcggace
gcgetggece
atcgtcacga
gtcgattcca
gcgcgegeag
gcgttcggtg
ggcgeggaat
atcgataccc
tcgegegagy
¢ctgeccgaaa

tgcacggaat

10

ccaacgccat
attatcteca
aggaaaagta
agttcgaaga
tcatcatcgy
ggggcgecte
cggectattg
tcgeggeyct
cgatgcetcgg
tggcccaggce
tgggcggcgy
tegtgatgga

cgtcatcgec
gcacgacgty
cgygegegee
cactccgetg
tacgcaggte
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcaty
cgcgatggaa
cgtggtctat

cggeggette

variant of ketoreductase from Novosphingobium aromaticivorans

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val aAla val val
5

Thr Gly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala Ile val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp
40

35

45

val Glu Gly Ala Asp His ggr Leu GIn His Asp gg? Thr ser Glu Ala
50

Page 16

60
120
180
240
300
360
420
480
540
600
660
720
780
792



CX2-012w01_5T725
Gly Trp Lys Ala val Ala Ala Leu Ala GlIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Ile Ser Ile val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

Ser ITe ITe Ile Gly Thr Gln val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala pPhe Gly Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala pro Ser Arg Glu val Ala ¢In Ala Ala Met GTu Met Arg His Pro
210 215 220

Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser phe val Thr Cys Thr Glu phe val Met
245 250 255

Asp Gly Gly Phe ser Gln val
260

<210> 19
<211> 792
<212> DNA
<213> Artificial sequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 19
atgccgcttg aaatgacgat tgctctcaac aatgtggtcg ccgtcgteac cggcgeggeg 60
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ggaggcatcyg
accgacatgg
acgagegagg
gatgcgctgg
tccgatttce
ctgctgocge
ttctccageg
gcggcggtga
atccgegtca
gacaagtacg
atgcgcecacc
ctctgetecy
agccaggtct
<210>
<211>
<212>
<213>

<220>
<223>

<400>

20
263
PRT

20

Met Pro Leu
1

Gly Ala

Ala Asn

35

Glu
50

val Gly

Gly
65

Trp Lys

Asp Ala iteu

Asp Thr Pro

ga

Glu

Ala

20

Ala

Ala

Ala

val

Leu
100

gccgegaact
cgcectegyc
ccggctggaa
tgcacaacgc
accgcgtgaa
tgctcaagga
tcgggggtct
agatgctctc
actccgrgca
tcgaactcgy
cgatcggtceg

acgcagcaag

Met
5
Gly
Ile
ASp
val
His
85

ser

Artificial sequence

variant of ketoreductase

Thr Ile Ala

Gly Ile Gly

Ala
40

val Ile

His Tyr Leu

53

Ala Ala

70

Leu

Asn Ala Gly

Asp Phe His

ggtcaaggcg
cgatgtcgaa
ggcggtcgeyg
gggcatcteg
cacggtcaac
aggcggcaag
gcgeggegeg
gaagtgectce
tcegggegge
cgetgeecce
catgggtege

cttcgtcace

CX2-012w01.,.5T25

atgaaggceg
ggcgcggacc
gcgetggecec
atcgtcacga
gtcgattcca
gcgegegeag
gegttegttg
ggcgcggaat
atcgataccc
tcgegegagy
cctgccgaaa

tgcacggaat

from Novosphingobium aromaticivorans

Leu

ATgQ

25

Thr

Glin

Ala

Ile

Asn
10

Glu Leu val

Asp Met Ala

val
60

His Asp

Glu
75

Gln Lys

ser Ile val

90

val Asn Thr

page 18

Lys

Pro

45

Thr

Tyr

Thr

val

ccaacgccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgccic
cggcctattg
tcgeggeget
cgatgctegg
19gcccagge
tgggcggegy
tcgtgatgga

Ala

30

Ser

Ser

Gly

Lys

Asn
110

cgtcatcgec
gcacgacgtg
cgggcgegtc
cactcegetg
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggeggette

15

Met

Ala

Glu

Arg

Phe

95

val

Asn val val Ala val val

Lys

AsSp

Ala

val

80

Glu

Asp

120
180
240
300
360
420
480
540
600
660
720
780
792



CX2-012W01_5T25

Ser Ile ITe Ile Gly Thr G1n val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe val Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala ¢1u phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 180

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

ITe Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Lel Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser Gln val

260
<210> 21
<211> 792
<212> DNA
<213> Artificial Seguence
<220> . )
<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 21
atgccgettg aaatgacgat tgctctcaac aatgtggtog cogtcgtcac cggcgcggcg 60
ggaggcatcg gcecgecgaact ggtcaaggeg atgaaggocg ccaacgecat cgtcatcgec 120
accgacatgg cgeectcgge cgatgtcgaa ggcgeggacce attatctcca gcacgacgtyg 180
acgagcgagg ccggcetggaa ggcggtcgeg gegetggece aggaaaagta cgggcgegec 240
gatgecgctgg tgcacaacgc gggcatctcg atcgtcacga agttcgaaga cactccgcetg 300
tccgatttoe accgegtgaa cacggtcaac gtegattcca tcatcatcgg tacgcaggtce 360
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ctgctgeege
ttctecageg
gcggcggtga
atccgegtca
gacaagtacg
atgcgecace
ctctgetecyg
agccaggtct
<210>
<211>
<212>
<213>

<220>
<223>

<400>

22
263
PRT

22

ga

tgctcaagga
tcgggggtet
agatgctcte
actccgtgea
tcgaactcgy
cgatcggteg

acgcagcaag

Met Pro Leu Glu Met

1

Thr Gly Ala

Ala Ala Asn

35

Glu
50

val Gly

Gly
65

Trp Lys

Asp Ala Leu

Asp Thr Pro

TTe
115

sar Ile

LYs Ala

Ala

20

Ala

Ala

Ala

val

Leu

100

Ile

Arg

5

Gly

Ile

ASp

val

His

85

Ser

Gly

Ala

Artificial Sequence

variant of ketoreductase

Thr Ile Ala

Gly 1le Gly

Ala
40

val 1le

His Tyr Leu

55

Ala Ala

70

Leu

Asn Ala Gly

Asp Phe His

Thr val

120

GlIn

Gly Ala

aggcggcaag
gcgeggegeg
gaagtgccte
tcecgggegge
cgctgeccce
catgggtcgce

cttegtcacc

CX2-012wW01_ST25
gcgcgegeag

gcgttecaty

ggcgcggaat

atcgatacce

tcgegegagy

cctgocgaaa

tgcacggaat

from Novosphingobium aromaticivorans

Leu Asn
10

Arg Glu

25

Thr Asp

GIn His

Ala Gln

ITle Ser

90

val

Leu

Sar val

ggggcgccte
cggcctattg

tcgeggeget

cgatgetegg

tggcecagge

tgggcggcgy

tcgtgatgga

ggtggtcaac
caccagcaag
cggcracaac
ctcgatcaty
cgcgatggaa
cgtggtctat

cggcggettce

Asn val val Ala val val

Leu

Met

Asp

Glu

75

Ile

ASn

Pro

val

val

Ala

val

60

Lys

val

Thr

Leu

Asn
140

page 20

LyS

Pro

45

Thr

Tyr

Thr

val

Leu

125

Phe

Ala

30

Ser

Ser

Gly

Lys

ASn

110

Lys

Ser

i5

Met

Ala

Glu

Arg

Phe

95

val

Glu

sear

Lys

ASp

Ala

val

80

ASp

Gly

val

420
480
540
600
660
720
780
792



_ CX2-012w01_ST25
Gly Gly teu Arg Gly Ala Ala phe His Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala ATa val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser ITe Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

Ile Gly Arg Met Gly Arg Pro Ala GTu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser Gln val

260
<210= 23
<211> 792
<212> DNA
<213> Artificial sequence
<220> _
<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 23
atgccgottg aaatgacgat tgototcaac aatgtggtcg ccgtcgtcac cggcgoggeg 60
ggaggcatcg gecgegaact ggtcaaggcg atgaaggecg ccaacgccat cgtcatcgec 120
accgacatgg cgcecctegge cgatgtcgaa ggegeggacce attatcteca geacgacgtg 180
acgagcgagg ccggcetggaa ggoeggtcgog gogcetggcce aggaaaagia cgggcogogtc 240
gatgcgetgg tgcacaacgo gggcatctog atcgtcacga agttcgaaga cactccgety 300
tccgatttce accgegtgaa cacggtcaac gtcgattcca tcatcatcgg tacgeaggtc 360
ctgetgeege tgetcaagga aggoggcaag gegegegeayg ggggegoectc ggtggtcaac 420
ttctccageg tcgggygtet gegoggoggt gogttcaatg cggectattg caccagcaag 480
gcggcggtga agatygctctc gaagtgcotc ggcgoggaat tegeggeget cggctacaac 540
atccgegtca actccgtgea tocgggegge atcgataccce cgatgctcgg ctegatcatg 600
gacaagtacg tcgaactcgg cgctgeccce tcgegcegagg tggeccagge cgegatggaa 660
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. CX2-012W01_5T25
atgcgecace cgatcggtcg catgggtcge ccetgecgaaa tgggeggegyg cgtggtotat 720

ctctgetecg acgcagcaag cttegtcace tgcacggaat tcgtgatgga cggeggottce 780

agccaggtct ga 792

<210> 24

<211> 263

<212> PRT

<213> Artificial Sequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 24

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val
1 5 10 15

Thr Gly Ala S%a Gly Gly Ile Gly Arg Glu Leu val Lys Aga Met Lys
25 3

Ala Ala Asn Ala Ile val ITe Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr Ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Ile Ser ITe val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

ser ITe Ile Ile Gly Thr Gin val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala ser val val Asn Phe Ser Ser val
130 135 © 140

Gly Gly Leu Arg Gly Gly Ala pPhe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu pPhe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly ITe Asp
180 185 190
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CX2-012wol_sT125

Thr Pro Met Leu Gly Ser Ile Mmet Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser GlIn val

260
<210G> 25
<211> 792
<212> DNA
<213> Artificial sequence
<220>
<223> Vvariant of ketoreductase from Novosphingobium aromaticivorans
<400> 25
atgccgettg aaatgacgat tgctctcaac aatgtggtcg ccgtegtcac cggcegeggeg 60
ggaggcatcg gccgcgaact ggtcaaggeg atgaaggecg ccaacgcecat cgtcatcgec 120
accgacatgg cgccctcogge cgatgtcgaa ggogceggace attatctcca geacgacgtyg 180
acgagcgagg ccggetggaa ggcggtogeg gogotggece aggaaaagta cgggogegte 240
gatgcgetgg tgcacaacgc gggcatctcy ctggtcacga agttcgaaga cactccgetyg 300
tccgattice accgcgtgaa cacggicaac gtcgattcca tcatcatcgg tacgcaggtc 360
ctgctgeege tgotcaagga aggeggeaag gogegegeag ggggegcectc ggtggtcaac 420
tictecageg tCgggogtct gegeggegey gegttcaatg cggectattg caccagcaag 480
gcggcggtga agatgetctc gaagtgectc ggegeggaat tcgeggcget cggetacaac 540
atccgegteca actccgtgea tecgggoygge atcgataccc cgatgetcgg ctcgatcatg 600
gacaagtacg tcgaactcgg cgctgecccce tcgegcegagg tggeccagge cgcgatggaa 660
atgcgecacce cgatcggtcg catgggtege cctgocgaaa tgggeggegy cgrggtctat 720
ctctgeiccg acgcagcaag cttcgtcace tgcacggaat tcgtgatgga cggeggettc 780
agccaggtect ga 792
<2106> 26
<211> 263
<212> PRT
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CX2-012w01_5ST125
<213> Artificial Sequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 26

Met Pro Leu Glu Met Thr ITe Ala Leu Asn Ash val val Ala val val
1 5 10 15

Thr Gly Ala gga Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
25 30

Ala Ala Asn Ala Ile val 1le Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Egr Leu Gln His Asp gg? Thr ser Glu Ala
50

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Ile ser Leu val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

ser Ile Ile Ile Gly Thr Gln val Leu Leu Pro Leu teu Lys Glu Gly
115 120 125

Gly Lys ATa Arg Ala Gly Gly Ala ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

teu Gly Tvr Asn ITe Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220
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CX2-012wol_sST25 :
ITe Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly phe Ser Gln val
260

<210> 27

<211> 792

<212> DNA

<213> Artificial sequence

<220> . o

<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 27

atgccgettg aaatgacgat tgetctcaac aatgtggteg ccgtcgtcac cggegeggey
ggaggcatcyg goecgegaact ggrcaaggog atgaaggecg ccaacgccat cgtcatcgec
accgacatgg cgcectcgge cgatgtcgaa ggegeggace attatctcca gecacgacgtg
acgagcgagg ccggctggaa ggeggrcgeyg gcegctggocc aggaaaagta cgggegegte
gatgcgctgg tgcacaacgc gggcatctcg tgggtcacga agttcgaaga cactccgotg
tccgatttoe accgegtgaa cacggtcaac gicgattcca tcatcatcgg tacgcaggic
ctgctgccyge tgctcaagga aggcggcaag gegegegeag ggggcgecte ggtggtcaac
ttctccageg tcgggggtct gogeggoegeg gegticaatg cggectattyg caccagcaag
gcggeggtyga agatgetcte gaagtgecte ggegcggaat tegeggeget cggetacaac
atccgegtca actccgtgca tecgggegge atcgatacce cgatgetcgg ctcegatcatg
gacaagtacg tcgaactcgg cgctgeccce tcgegcegagg tggeccagge cgegatggaa
atgcgecace cgatcggicg catgggtcge cctgecgaaa tgggcggegg cgtggtetat
ctctgcrccy acgcagcaag cttcgtcace tgcacggaat tcgtgatgga cggeggottc

agccaggtct ga

<210> 28

<211> 263

<Z212> PRT

<213> Artificial sequence
<220>

<223> Vvariant of ketoreductase from Novosphingobium aromaticiveorans
<400> 28

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val
1 5 10 15

“page 25

60
120
180
240
300
360
420
480
540
600
660
720
780
792



Thr

Ala

val

Gly

65

Asp

ASp

Ser

Gly

lLeu

Thr

Ala

Ile

225

Leu

ASp

Gly

Ala

Glu

50

Trp

Ala

Thr

Ile

LyS

Gly

Ala

Gly

Pro

Pro

210

Gly

Cys

Gly

Ala

Asn

35

Gly

Lys

Leu

Pro

Ile

115

Ala

Leu

val

Tyr

Met

195 -

Ser

Arg

Ser

Gly

Ala

20

Ala

Ala

Ala

val

l.eu

100

Ile

Arg

Arg

Lys

Asn

180

Leu

Arg

Met

AsSp

Phe

260

Gly

Ile

ASp

val

His

85

ser

Gly

Ala

Gly

Met

165

Ile

Gly

Glu

Gly

Ala

245

Ser

Gly

val

His

Ala

70

Asn

Asp

Thr

Gly

Ala

150

Leu

Arg

ser

val

Arg

Ala

Gin

Ile

Ile

Tyr

55

Ala

Ala

Phe

Glin

Gly

Ala

Ser

val

Ile

Ala

215

Pro

Ser

val

Gly

Ala

40

Leu

lLeu

Gly

val

120

Ala

Phe

Lys

Asn

Met

200

Gin

Ala

Phe

CX2-012W01_S725

Arg Glu Leu val Lys
25

Thr

Gln

Ala

Ile

Ser

Asn

Cys

Ser

185

ASD

Ala

Glu

val

Asp

His

GIn

Ser

90

val

Leu

val

Ala

Leu

170

val

Lys

Ala

Mat

Thr
250

Met

Asp

Glu

75

Trp

AsSnh

Pro

val

Ala

155

Gly

His

Tyr

Met

Ala

val

60

Lys

val

Thr

Leu

Asn

140

Tyr

Ala

Pro

val

Glu

220

Gly

Thr

Page 26

Pro

45

Thr

Tyr

Thr

va'l

Leu

125

rhe

Cys

Glu

Gly

Glu

205

Met

Gly

Glu

Ala

30

Ser

Ser

Gly

Lys

Asn

110

Lys

Ser

Thr

Phe

Arg

val

Phe

Met

Ala

Glu

Arg

Phe

95

val

Glu

Ser

Ser

Ala

175

Ile

Gly

His

val

val
255

Lys

ASp

Ala

val

80

Glu

ASp

Gly

val

LYysS

160

Ala

ASp

Ala

Pro

Tyr

240

Met



CX2-012wo1_ST25

<210> 29

<211> 792

<212> DNA

<213> Artificial seguence

<220> . . .

<223> Vvariant of ketoreductase from Novosphingobium aromaticivorans

<400> 29

atgccgcttg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggegoggog 60
ggaggcatcg gocgcgaact ggtcaaggceg atgaaggecg ccaacgcecat cgtcatcgec 120
accgacatgg cgccctcgge cgatgtcgaa ggcgeggace attatctcca gecacgacgtg 180
acgagcgagy ccggctggaa ggeggtegeg gogetggeoc aggaaaagta cgggegegtc 240
gatgcgctgy tgcacaacygc gggcatcteyg cgggtcacga agttcgaaga cactccgetg 300
tccgattitcc accgegtgaa cacggtcaac gtcgatrtcca tcatcatcegg tacgcaggtc 360
¢ctgctgeccge tgctcaagga aggoggcaag gagegogeag ggggegectc ggtggtcaac 420
ttctecagey tegggggtet gegeggegeg gegttcaatyg cggectattg caccagcaag 480
gcggcggtga agatgetctc gaagtgoctc ggcgeggaat tcgeggeget cggctacaac 540
atccgegtca actccgtgca tocgggegace atcgataccc cgatgetegg ctegatcatg 600
gacaagtacyg tcgaactcgg cgctgcccce tcgcgcgagg tggoccagge cgcgatggaa 660
atgcgcecace cgatcggteg catgggtoge cctgecgaaa tgggeggegg cgtggtctat 720
ctctgectccg acgcagcaag cttcgtcacc tgcacggaat tcgtgatgga cggeggettc 780
agccaggtct ga 792
<210> 30

<211> 263

<212> PRT

<213> Artificial Seguence

<220>
<223> Vvariant of ketoreductase from Novosphingobium aromaticivorans

<400> 30

Met Pro Leu Glu Met Thr Ile Ala Leu Asn aAsn val val Ala val val
1 5 10 15

Thr Gly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala Ile val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp
40 4

val Giu Gly Ala Asp His Tyr Leu GIn His Asp val Thr ser Glu Ala
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CX2-012w01_5725
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala Gln Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Ile Ser Arg val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr va'l Asn val Asp
100 105 110

Ser Ile Ile Ile Gly Thr GIn val Leu Leu Pro Leu iteu Lys Glu Gly
L15 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
18O 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

Tle Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe ser Gln val
260

<210> 31

<211l> 792

<212> DNA

<213> Artificial sequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans
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CX2~012W01_ST25
<400> 31

atgccgcttg aaatgacgat tgctctcaac aatgtggteg ccgtcgtcac
ggaggcatcg goccgcgaact ggtcaaggeyg atgaaggecg ccaacgcecat
accgacatgg cgccctcgge cgatgtcgaa ggogceggacc attatctceca
acgagcgagg ccggetggaa ggeggtcegog gegotggece aggaaaagta
gatgcgctgyg tgcacaacgc gggcatctcg aaggtcacga agttcgaaga
tecgatttce accgcgtgaa cacggtcaac gtcgattcca tcatcategg
ctgctygccge tgctcaagga aggcggcaag gogogegeag ggggegocte
ttctccageyg tcgggggtct gogeggegeg gegttcaatg cggectattg
gcggcggtga agatgetetc gaagtgecte ggcgeggaat tcgeggeget
atcegegtea actccgtgca tocgggcgge atcgataccc cgatgetegg
gacaagtacg tcgaactcgg cgctgcccce tcgegegagg tggeecagge
atgcgccace cgatcggtcg catgggtcge cctgecgaaa tgggcggcgg

ctctgctccg acgcagcaag cttcgtcacc tgcacggaat tcgtgatgga

agccaggtet ga

<210> 32

<211> 263

<212> PRT

<213> Artificial sequence
<220>

<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 32

€9gCgLgacy
cgtcatcgec
gcacgacgtg
cgggcgegtce
cactccgcetg
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggegacttc

Met Pro Leu Glu Met Thr ITe Ala Leu Asn Asn val val Ala val val
1 5

16

Thr Gly Ala gga Gly Gly ITe Gly Sgg Glu Leu val Lys

Ala Ala Asn Ala Ile val ITe Ala Thr Asp Met Ala Pro
35 40 45

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr
65 70 75

Asp Ala Leu val His Asn Ala Gly Ile Ser Lys val Thr
85 90

Page 29

15
Ala Met
30
ser Ala
Ser Glu

Gly Arg

Lys Phe
95

Lys

ASp

val
80

Glu

60
120
180
240
300
360
420
480
540
600
660
720
780
792



Cx2~012w01l_ST25

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

Ser Ile Ile Ile Gly Thr GIn val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

ATa Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

teu Gly Tyr Asn ITle Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala pro Ser Arg Glu val Ala Gln Ala Ala Met Glu Met Arg His Pro
210 215 220

Ite Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly pPhe Ser Gln val

260
<210> 33
<211> 792
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans
<4Q0> 33
atgccgcttg asatgacgat tgctctcaac aatgtggtcg cegtcgtcac cggcgoggeg 60
ggaggcatcy gecgegaact ggtcaagygeg atgaaggeeg ccaacgecat cgtceategee 120
accgacatgg cgccctegge cgatgtcgaa ggcgeggacce attatctcca gcacgacgtg 180
acgagcgagg ccggctggaa ggoggtogog gogotggooc aggaaaagta €gggogcgtc 240
gatgegetgg tgeacaacge gggcatetcg atcgtcacga agttcgaaga cactccgetg 300
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tccgatttee
ctgctgecge
ttctccagea
gcggeggtga
atccgegtea
gacaagtacg
atgcgecacc
ctctgctccg
agccaggtct
<210>
<211>
<212>
<213>

<220>
<223>

<400>

34
263
PRT

34

Met Pro Leu
1

Thr Gly Ala

Ala Ala Asn

35

Glu
50

val Gly

Gly
65

Trp LYyS

Asp Ala Leu

Asp Thr Pro

Ile
115

Ser Ile

Gly Lys Ala

accgcgtgaa
tgctcaagga
cggggggtct
agatgctctc
actcecgtgea
tcgaactcgy
cgatcggtcg
acgcagcaag

ga

Glu Met
5

Ala
20

Gly
Ala Ile
Ala Asp
Ala

val

His
85

val

Leu Ser

100

Ile Gly

Arg Ala

Artificial Sequence

variant of ketoreductase

Ther Ile Ala

Gly Ile Gly

Ala
40

val Itle

Tyr Leu

53

Ala Ala

70

Leu

Asn Ala Gly

Asp Phe His

val
120

Thr Gin

Gly Gly Ala

cacggtcaac
aggeggcaag
gcgeggegeg
gaagtgcctc
tcegggeggce

cgctgecccec

cttcgtcacc

CX2-012w01_ST25

gtcgattcca tcatcatcgg

gcgcgegeag
gcgttcaatg
ggcgcggaat
atcgataccc

tcgegegagg

catgggtcge cctgccgaaa

tgcacggaat

from Novosphingobium aromaticivorans

Leu Asnh
10

Arg Glu Leu

25

Thr Asp Met

Gln His Asp

GIn Glu

75

Ala

Ile ser Ile

90

va'l Asn

Leu

Pro

val val
Page

ser

ggggcgectc
cggcctattg

tecgeggeget

cgatgctcgy

tggcccagge

tgggcggcgg
tcgtgatgga

val

Ala

va'l

60

Lys

val

Thr

Leu

Asn
31

Lys

Pro

45

Thr

Tyr

Thr

val

Leu

125

Phe

Asn val val Ala

Ala

30

ser

Ser

Gly

Lys

Asn

110

LYS

ser

tacgcaggtce
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggeggettc

val val
15

Met Lys

Ala Asp
Ala

Glu

val
80

Arg

Phe
95

val Asp

Glu Gly

Ser Thr

360
420
480
540
600
660
720
780
792



CX2-012w01._5T25
130 : 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly ala Glu phe Ala Ala
165 170 175

teu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

ITe Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

teu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser Gln val

260
<210> 35
<211> 792
<212> DNA
<213> Artificial sSequence
<220> ) i o
<223> Vvardiant of ketoreductase from Novosphingobium aromaticivorans
<400> 35
atgcegettg aaatgacgat tgctctcaac aatgrtggtcg ccgtcgtcac cggcgeggeg 60
ggaggcatcg gccgcgaact ggtcaaggeg atgaaggecyg ccaacgcecat tgtcatcgec 120
accgacatgg cgceccteggce cgatgtcgaa ggcgceggacc attatctcca gcacgacgtg 180
acgagcgagg ccggetggaa ggoeggtegeg gcgetggoce aggaaaagta cgggogegtce 240
gatgcgctgg tgcacaacgc gggcatctcg atcgtcacga agttcgaaga cactccgetg 300
tccgatttce accgegtgaa cacggtcaac gtcgattcca tcatcatcgg tacgcaggte 360
ctgctgecge tgctcaagga aggeggeaag gegcgegcag ggggcgectc ggtggtcaac 420
ttctccagog tcgggggtct gogoggcggt gogttcaatg cggoctattg caccagcaag 480
gcggeggtga agatgctctce gaagtgectc ggcgeggaat tcgoggeget cggcetacaac 540
atccgegtea actccgtgea toCgggegge atcgatacce cgatgetogg ctegatcatg 600
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CX2-012w01._ST25

gacaagtacg tcgaactcgg cgetgeccce togegegagy tggeccagyge cgcgatggaa 660
atgcgecace cgatcggicg catggotcge cctgecgaaa tgggcggegg cgtggtetat 720
ctctgetecy acgcagcaag cttcgtcacc tgeacggaat tcgtgatgga cggoeggetic 780
agccaggtct ga - ' 792
<210= 36

<211> 263

<212> PRT

<213> Artificial sequence

<220>

<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 36

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val

L 5 10 15

Thr Gly Ala Ala Gly Gly Ile Gly %rg Glu Leu val Lys Ala Met Lys
20 5 30

Ala Ala Asn Ala ITe val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Tyr Leu GIn His Asp gg? Thr ser Glu Ala
50 55

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly ITe Ser ITe val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val asn Thr val Asn val Asp
100 105 110

Ser ITe Ile Ile Gly Thr Gin val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Gly Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys teu Gly Ala Glu Phe Ala Ala
165 170 175

pPage 33



Leu Gly Tyr

Thr Pro Met

195

Pro
210

Ser

Tle
225

Gly Arg

Leu Cys Ser

Asp Gly Gly

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

<220>
<223>

37
792
DNA

<400> 37
atgccgetty

ggaggcatcg
accgacatgg
acgagcgagg
gatgcgctgy
tcegatttece
ctgctgecgce
ttctccageg
gcggeggtga
atccgegtca
gacaagtacg
atgcgcecacc
ctctgctecy

agccaggtct

Asn Ile

180

Leu Gly

Arg Glu

Met Gly

Arg

Ser

val

val Asn

Ile Met

200

Ala GIn

215

Pro

230

Ala
245

ASp

phe
260

Ser

aaatgacgat
gecgegaact
cgceetegyc
ccggctggaa
tgcacaacgc
accgcgtgaa
tgctcaagga
tcgggggtct
agatgetete
actccgtgea
tcgaactcgg
cgatcggteg
acgcagcaag

ga

Ala

Glin

Ser Phe

val

Artificial Sequence

tgctctcaac
ggtcaaggceg
cgatgtcgaa
ggcggregeyg
gggcatcteg
cacggtcaac
aggcggcaag
gcgeggegeg
gaagtgectce
tccgggegag
cgctgecccc
catgggtcge

cttcgtcacce

CX2~-012W01_ 5725

Ser val His
185

Asp Lys Tyr

Ala Ala Met Glu Met

Glu Met Gly
235

val Thr Cys Thr Glu

250

aatgtggtey
atgaaggecy
ggcgeggacc
gecgetggecce
atcgtcacga
gtcgattcca
gcgegegeag
gcgttcaatg
ggcgcggaat
atcgataccc
tegegegagy
cctgccgaaa

tgcacggaat

Pro Gly Gly

val Glu
205

Leu

Arg
220

Gly Gly val

Phe

ccgtegteac
ccaacgccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgectc
cggcctattg
tcgcggcget
cgatgctecgg
tggcccagge
tgggcggcygy
tcgtgatgga

pPage 34

Ite Asp

Gly Ala

Pro

val Tyr

240

val
255

Met

variant of ketoreductase from Novosphingohium aromaticivorans

Cggcgagycy
cgtecatcgece

gcacgacgtg

cgggcgegtc

cactccgety

tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggecggettc

60
120
180
240
300
360
420
480
540
600
660
720
780
792



CX2-012w01_sST125

<210> 38
<211> 263
<212> PRT

<213> Artificial Seguence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 38
Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val
1 5 10 15

Thr Gly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Ash Ala Ile val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr Ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val RHis Asn Ala Gly Ile Ser Ile val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

ser ITe Ile Ile Gly Thr Gin val Leu Leu Pro teu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala ATa val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Glu Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser ITe Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
Page 35



210

215

CX2-012w01_ST25

220

Ile Gly Arg Met Gly ggg pro Ala Glu Met Gly Gly Gly val val Tyr

225

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu phe
245 250

Asp Gly Gly Phe Ser Glin val

<210> 39

<211> 792
<212> DNA
<213>

<220>
<223>

<400> 39
atgecgettyg

ggaggcatcg
accgacatgg
acgagcgagy
gatgcgetgg
tccgatttcce
ctgctgecoc
ttctccageg
gcggeggtga
atccgegtea
gacaagtacg
atgcgecacc
ctctgctecg
agccaggtct
<210> 40

<211> 263
<212> PRT
<213>

<220>
<223>

<400> 40

260

Artificial sequence

235

aaatgacgat tgctctcaac aatgtggtcg ccgtegtcac

gccgegaact
cgceccteggc
ccggetggaa
tgcacaacgc
accgcgtgaa
tgeteaagga
tcgggggtct
agatgctctc
actccgtgea
tcgaactcgyg
cgatcggtcg
acgcagcaag

ga

ggtcaaggcy
cgatgtcgaa
ggcggtegey
gggcatctcg
cacggtcaac
aggceggeaag
gcgeggegeg
gaagtgccte
tccgggegge
cgcrgeccce
catgggrcgce

cttegteacc

Artificial Sequence

atgaaggccy
ggcgcggacc
gcgetggecce
atcgtcacga
gtcgattcca
gcgegegeay
gcgttcaatg
ggcgcggaat
atcgataccc
tcgcgegagg
cctgccgaaa

tgcacggaat

ccaacgecat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgectc
cggcctattyg
tcgeggeget
cgatgctcgg
tggcccagge
tgggcggcygg
tcgtgatgga

Page 36

240

val Met
255

variant of ketoreductase from Novosphingobium aromaticivorans

€ggcgeggcy
cgtcatcgee
gcacgacgtg
cgggcgegre
cactccgety
tacgcaggic
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggcggcettc

variant of ketoreductase Trom Novosphingobium aromaticivorans

60
120
180
240
300
360
420
480
540
600
660
720
780
792



Met
thr
Ala
val
Gly
65

Asp
ASD
Sar
Gly
Gly
Ala

l.eu

fhr

Ile
225

Leu

Pro

Gly

Ala

Glu

50

Trp

Ala

Thr

Ile

Ala

Gly

Pro

Pro

210

Gly

Cys

Leu

Ala

Asn

35

Gly

Lys

Leu

Pro

Iie

115

Ala

Leu

val

Tyr

Met

195

Ser

Arg

Ser

Glu

Ala

20

Ala

Ala

Ala

val

Leu

100

Ile

Arg

AT

LYS

Asn

180

Leu

Arg

Met

Asp

Met

Gly

Ile

Asp

val

His

85

Ser

Gly

Ala

Gly

Met

165

I'le

Gly

Glu

Gly

Ala
245

Thr

Gly

val

His

Ala

70

Asn

Asp

Thr

Gly

Ala

150

Leu

Arg

Ser

val

Arg

Ala

Ile

Ile

Ile

Tyr

55

Ala

Ala

rphe

Gin

Ser

val

Ile

Ala

215

Pro

Ser

Ala

Gly

Ala

40

Leu

Leu

Gly

His

val

120

Ala

Phe

Lys

Ash

Met

200

GlIn

Ala

Phe

CxX2-012W01_ST25
Leu Asn Asn val val

Arg

25

Thr

Gin

Ala

Ile

105

Leu

Ser

Asn

Cys

Ser

185

AsSp

Ala

Glu

val

10

Glu

Asp

His

Gln

Ser

90

val

Leu

val

Ala

Leu

170

val

Lys

Ala

Met

Thr
250

lLeuy

Met

ASp

Glu

75

Ile

Asn

Pro

val

Ala

155

Gly

His

Tyr

Met

Gly

Cys

val

Ala

val

60

Lys

val

Thr

Leu

Asn

140

Tyr

Ala

Pro

val

Glu

220

Gly

Thr

page 37

LYS

Pro

45

Thr

Tyr

Thr

val

L.eu

125

Phe

Cys

Glu

Gly

Glu

205

Met

Gly

Glu

Ala

Ala

30

Ser

ser

Gly

LYS

ASNh

110

Lys

Ser

Thr

Phe

Arg

val

Phe

val

15

Met

Ala

Glu

Arg

Phe

95

val

Glu

Ser

Ser

Ala

175

ITe

Gly

His

val

val
255

val

Lys

Asp

Ala

val

80

Glu

Asp

Gly

val

Asp

Ala

Pro

Tyr

240

Met



Asp Gly Gly Phe Ser Gl1n val

<2 10>
<211>
<212>
<213>

<220>
<223>

<400>

41
792
DNA

41

260

Artificial Sequence

CX2-012W01_ST25

variant of ketoreductase from Novosphingobium aromaticivorans

atgccgettg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac €ggogeggeg

ggaggcatcg
accgacatgg
acgagcgagg
gatgcgetygyg
tcecgatttce
ctgectgeeac
ttctecagey
gcggeggtga
atccgegtcea
gacaagtacg
atgcgecacc
ctetgetecy
agccaggtcet
<210> 42

<211> 263
<212> PRT
<213>

<220>
<223>

<400> 42

1

gccgcgaact
cgecetegge
ccggetggaa
tgcacaacgc
accgcgtgaa
tgctcaagga
tcgggggtct
agatgctctce
actccgtgea
tcgaactegy
cgatcggtcg
acgcagcaag

ga

ggtcaaggcg
cgatgtcgaa
gacggtcgeg
gggcatctey
cacggtcaac
aggcggceaag
gcgeggegog
gaagtgcctc
tccgggegge
cgctgeecce
catgggtege

cttegtcacc

Artificial Sequence

atgaaggccg
ggcgcggace
gcgetggecce
atcgtcacga
gtcgatteca
gcgcgcgeag
gcgttcaatg
ggcgcggaat
atcgataccc
tcgcgegagy
cctgocgaaa

tgcacggaat

10

ccaacgecat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgy
ggggcgectc
cggectattyg
tcgeggeget
cgatgctcgg
tggceccagge
tgggcggegg
tcgtgatgga

cgtcatcgece
gcacgacgtg
cgggcgegtce
cactccgctg
tacgcaggtc
ggtggrcaac
caccagcaag
cggctacaac
caatatcatg
cgcgatggaa
cgtggtctat

cggeggettc

variant of ketoreductase from Novosphingobium aromaticivorans

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val
5

15

Thr Gly Ala %&a Gly Gly Ile Gly égg Glu Leu val Lys géa Met Lys

Ala Ala Asn Ala ITe val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp

40

45

Page 38

60
120
180
240
300
360
420
480
540
600
660
720
780
792



val

Gly

65

Asp

AsSp

ser

Gly

Leu

Thr

Ala

Ile

225

Leu

ASp

Glu

50

Trp

Ala

Thr

Ile

LYS

Gly

Ala

Gly

Pro

Pro

210

Gly

Cys

Gly

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

Gly

LYS

Leu

Pro

Ile

115

Ala

Leu

val

Tyr

Met

195

Ser

Arg

Ser

Gly

43
792
DNA

Ala

Ala

val

L.eu

100

Ile

Arg

Arg

Lys

Asn

180

Leu

Arg

Met

Asp

Phe
260

Asp

val

His

85

sSer

Gly

Ala

Gly

Met

165

Tle

Gly

Glu

Gly

Ala

245

Ser

His

Ala

70

Asn

ASp

Thr

Gly

Ala

150

Leu

Arg

Asn

val

Arg

Ala

GIn

Tyr

55

Ala

Ala

Phe

Gin

Gly

Ala

Ser

val

Ile

Ala

215

Pro

Ser

val

Aartificial Seguence

Leu

Leu

Gly

val

120

Ala

Phe

Lys

Asn

Met

200

Gin

Ala

rhe

CX2-012wW01_8T25

GTn His Asp val Thr
60

Ala

Ile

Ser

ASh

Cys

ser

185

ASp

Ala

Glu

val

Gln

Ser

90

val

Leu

val

Ala

Leu

170

val

Lys

Met

Thr
250

Glu

75

Ile

Asn

Pro

val

Ala

155

Gly

His

Tyr

Met

Gly

Cys

LYS

val

Thr

l.eu

Asn

140

Tyr

Ala

Pro

val

Glu

220

Gly

Thr

Page 39

Tyr

Thr

val

Leu

125

Phe

Cys

Glu

Gly

Glu

205

Met

Gly

Glu

Ser

Gly

Lys

Asn

110

LysS

ser

Thr

Phe

Gly

Leu

Arg

val

phe

Arg

Phe

95

val

Glu

ser

ser

Ala

175

Ile

Gly

His

val

val
255

Ala

val

80

Glu

Asp

Gly

val

Lys
160

Pro

Tyr
240

Met



CX2-012wW01_ST725

§§§g§ variant of ketoreductase from Novosphingobium aromaticivorans

<400> 43

atgccgettyg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggegegacy 60
ggaggcatcg gecgegaact ggtcaaggeg atgaaggecg ccaacgecat cgteatcgec 120
accgacatgg cgccctcgge cgatgtcgaa ggegeggacc attatctcca gcacgacgty 180
acgagcgagg ccggctggaa ggeggtcgoeg gegetggeec aggaaaagta cgggegegtce 240
gatgcgctgg tgcacaacgc gggcatctcg atcgtcacga agttcgaaga cactcogetg 300
tccgatttee accgegtgaa cacggtcaac gtogattoca tcatcatcgy tacgcaggtc 360
ctgetgecge tgctcaagga aggeggcaag gogoygogeag gogggcgoectc ggtggtcaac 420
ttctccageyg tegggggtct gCegogycygeg degttcaatg cggectattyg caccagcaag 480
gcggcggtga agatgetctc gaagtgectc ggegeggaat togeggeget cggetacaac 540
atccgegtca actccgtgea tcogggegge atcgataccce cgatgetcgg ctcgatcatt 600
gacaagtacg tcgaactcgg cgctgeccce tcgegegagg tggocecagge cgcgatggaa 660
atgcgecace cgatcggtcg catgggtcge cctgcocgaaa tgggeggegg cgtggtetat 720
ctctgeteeyg acgeageaag cticgtcace tgeacggaat tcgtgatgga cggeggctte 780
agececaggtct ga 792
<210> 44

<211> 263

<212> PRT

<213> Artificial Ssequence

<220>

<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 44

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val
1 5 10 15

Thr Gly Ala Ala Gly Gly Ile Gly Arg Giu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala Ile val Ile Aga Thr Asp Met Ala Pgo ser Ala Asp
35 4 4

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr Ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala teu Ala GIn Glu Lys Tyr Gly Arg val
65 75 80

page 40



CX2-012Ww0l_sT25
Asp Ala Leu val gis Asn Ala Gly TIie Sgr Ile val Thr Lys Sge Glu
5

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

Ser Ile Ile Tle Gly Thr Gln val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn pPhe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 i75%

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser TIle Ile Asp Lys Tyr val GIu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 ‘ 235 240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser Gln val

260
<210> 45
<21l> 792
<212> DNA
<213> Artificial seqguence
<220> _ ) )
<223> variant of ketoreductase from Novosphingebium aromaticivorans
<400> 45
atgccgottg aaatgacgat tgctctcaac aatgtogtcg ccgtcgtcac €ggogegacy 60
ggaggcatcg gccgcgaact ggtcaaggcg atgaaggccg ccaacgccat cgtcatcegec 120
accgacatgg cgocctcgge tgatgtcgaa ggcgcggacc attatctcca gcacgacgtg 180

Page 41



acgagcgagyg
gatgcgetgy
tccgatttce
ctgctgecge
ttctcecageg
gcggeggtga
atccgcgtca
gacaagtacg
atgcgecace
ctctgcteeg
agccaggtct
<210>
<211>
<212>
<213>

<220>
<223>

<400>

46
263
PRT

46

Met Pro Leu

Gly Ala

Ala Asn

35

Ala

Glu
50

val Gly

Gly
65

Trp Lys

Asp Ala Leu

Asp Thr Pro

Ile
115

ser Ile

ccggetggaa
tTgCacaacge
accgcgtgaa
tgctcaagga
tcgegggtct
agatgctctc
actccgtgea
tcgaactegy
cgatcggtcg
acgcagcaag

ga

Glu Met
5

Ala
20

Gly
Ala Ile
Ala Asp
val

Ala

His
85

val

Leu Ser

100

Gly

Thr

Gly

val

His

Ala

70

Asn

ASp

Thr

Artificial Sequence

Ile

Ile

Ile

TYr

Ala

Ala

Phe

GIn

ggcggregeg
gggcatctcg
cacggtcaac
aggcggcaag
gcgeggegcg
gaagtgcctc
tccgggegge
cgetgecece
catgggtcgce

cttegtecacc

variant of ketoreductase

Ala

Gly

Ala

40

Leu

ey

Gly

His

val
120

CX2-012w01_ST25
gcgctggece aggaaaagta

atcgtcacga
gtcgatteca
gcgegegeayg
gcgttcaatg
ggcgcggaat
atcgataccc
tcgegcgagg
cctgccgaaa

tgcacggaat

from Novosphingobium aromaticivorans

agttcgaaga
tcatcatcgy
ggggcgectc
cggcctattg
tcgeggeget
cgatgctegg
tggccecaggc
tgggcggegy
tcgtgatgga

cgggcgcegte
cactccgety
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggcggettc

Leu Asn Asn val val Ala val

Arg

25

Thr

Gin

Ala

Ile

105

Leu

10

Glu Leu val

Asp Met Ala

val
60

His Asp

Glu
75

Gin Lys

Ser ITe val

90

val Asn Thr
Leu Pro Leu

Page 42

Lys

Pro

45

Thr

TYyr

Thr

val

Leu
125

Ala
30

ser
Ser
Gly
Lys
Asn
110

LYS

15

Met

Ala

Glu

Arg

Phe

95

va'l

Glu

val

Asp

Ala

va'l

80

ASp

Gly

240
300
360
420
480
540
600
660
720
780
792



CX2-012W01_S$T25

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Ala Gly Leu Arg Gly Ala Ala phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

teu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro ser Arg Glu val Ala G1n Ala Ala Met Glu Met Arg His Pro
210 215 220

1le Gly Arg Met Gy Arg Pro Ala Glu Met Gly Gly Gly vatl val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser Gln val

260
<210> 47
<211> 792
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 47
atgccgetty aaatgacgat tgctctcaac aatgiggtcg ccgtegtcac €ggegeggcg 60
ggaggcatcg gccgegaact ggtcaagygcg atgaaggccg ccaacgocat cgtcategec 120
accgacatgg cgccctcgge cgatgicgaa ggcgcggacc attatctceca gcacgacgtg 180
acgagcgagg ccggctggaa ggoggicgcg gcgcotggece aggaaaagta cgggcegegic 240
gatgcgetgg tgcacaacgc gggcatctey atcgtcacga agttcgaaga cactccgcetg 300
tccgatttcc accgcgtgaa cacggtcaac gtcgattcca tcatcatcgg tacgcaggtce 360
ctgctgccge tgctcaagga aggcggcaag gogogcgceag guggcgectc ggtggtcaac 420
ttctccageg tcgegggtct gogeggegeg gogttcaatg cggcctattg caccagceaag 480

Page 43



gcggcggtga

atccgegtca

gacaagtacg

atgcgecacc

ctctgetecy

agccaggtct

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

<220>
«223>

<400>

48
263
PRT

ga

agatgctcte
actccgtgea
tcgaactcgg
cgatcggteg

acgcagcaag

arvificial Sequence

gaagtgectce
tccgggeggc
cgctgeecce
catgggtcge

cttegtecace

variant of ketoreductase

48

Met Pro Leu

1

Thr

Ala

val

Gly

65

ASD

ASp

ser

Gly

Ala
145

Gly

Ala

Ghu

50

Trp

Ala

Thr

Ile

Ala

Asn

35

Gly

Lys

Leu

Pro

Ile

115

Ala

Leu

Glu

Ala

20

Ala

Ala

Ala

val

Leu

100

Ile

Arg

Arg

Met
5
Gly
Ile
Asp
val
His
85
Ser
Gly

Ala

Gly

Thr

Gly

val

Ala

70

Asn

ASpP

Thr

Gly

Ala
150

Ile

Ile

Ile

Tyr

Ala

Ala

phe

Glin

Gly

Ala

ala

Gly

Ala

40

Leu

Leu

Gly

His

val

120

Ala

Phe

CX2-012wW01_ST25
ggcgcggaat tcgcggoget

atcgataccc cgatgctcgg

tCgcgegagyg tggocccagge
cctgecgaaa tgggcgacdg
tgcacggaat tcgtgatgga

from Novosphingobium aromaticivorans

Leu Asn
10

Arg Glu

25

Thr Asp

Gln His

Ala Gin

Ite Ser

20

Arg val

Leu lLeu

Ser val

Asn Ala

cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggcggcttc

Asn val val ala val val

Leu

Met

Asp

Glu

75

Ile

Asn

Pro

val

Ala
155

val

Ala

val

60

Lys

val

Thr

Leu

Asn

140

Tyr

Page 44

LYS

Pro

45

Thr

Tyr

Thr

val

Leu

125

Phe

cys

Ala

30

Ser

Ser

Gly

Lys

AsSh

110

Lys

Ser

Thr

15

Met

Ala

Glu

Arg

Phe

95

val

Glu

Ser

Ser

Lys

Asp

Ala

val

80

Glu

ASp

Gly

val

Lys
160

540
600
660
720
780
792



Ala Ala

Leu Gly

Thr Pro

Ala Pro

210

Ile
225

Gly

Leu Cys

Asp Gly

<210>
<211
<212>
<213>

<220>
<223>

<400>

49
792
DNA

49

val

Tyr

Met

195

Ser

Arg

Ser

Gly

Met
165

LYS

Asn Tle

180

Leu Gly

Arg Glu
Met

Gly

Ala
245

Asp

Phe
260

Ser

Leu

Arg

ser

val

Arg

Ala

Gln

Ser Lys

val Asnh

Ite Met

200

Ala Gln

215

Pro Ala

Phe

ser

val

Artificial Sequence

val

CX2-012w0l_ST25

Cys Leu Gly
170

Ser val His

185

Asp Lys Tyr

Ala Met

Glu Met Gly

Thr
250

Cys

atgctgcttg aaatgacgat tgctctcaac aatgtggtceg

ggaggcatcg
accgacatgg
acgagogagqy
gatgcgctag
tccgatttce
ctgctgeegce
ttctccageg
gcggeggtga
atccgegtca
gacaagtacg
atgcgeccacc

ctetgetecy

gcegegaact
cgeectegge
ccggetggaa
tacacaacgc
accgegtgaa
tgctcaagga
tcgcgggtct
agatgctctce
actccgtgea
tcgaactegy
cgatcggteg

acgcagcaag

ggtcaaggceg

cgatgtcaaa
ggcggtegeg
gggcatcteg
cacggtcaac
aggcggcaag
gcgeggegeyg
gaagtgcctc
tccgggeggce
cgctgeceec
catgggtcgce

cttcgtcacc

atgaaggccg
ggcgoggacc
gcgetggecc
atcgtcacga
gtcgattcca
gcgegegeag
gcgttcaatyg
ggcgcggaat
atcgataccc
tcgegegagg
cctgccgaaa

tgcacggaat

Ata Glu Phe

Pro Gly Gly

Glu
205

val Leu

Glu
220

Met Arg

Gly Gly val

Thr Glu Phe

ccgiegteac
ccaacgecat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgectc
cggcctattg
tcgeggeget
cgatgctcgg
tggcccagac
tgggcggegg
tcgtgatgga

Page 45

Ala Ala

175

Ile Asp

Gly Ala

His Pro

val Tyr

240

val
255

Met

variant of ketoreductase from Novosphingobium aromaticivorans

€ggcacggcy
cgtcatcgec
gcacgacgtg
cgggcgcgtc
cactcecgetg
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatyg
cgcgatggaa
cgtggtctat

cggecggette

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



agccaggtet ga

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

<220>
<223>

<400>

50
263
PRT

Artificial Seguence

variant of ketoreductase

50

Met Leu Leu

1

Thr

Ala

val

Gly

65

Asp

ASp

Ser

Gly

Ala

145

Ala

Leu

Thr

Gly

Ala

Trp

Ala

Thr

Ile

Gly

Ala

Gly

Pro

Ala

Gly

LYS

Leu

Pro

Ile

115

Ala

Leu

val

Tyr

Met
195

Glu
Ala
20

Ala

Ala

val

Leu

100

Ile

Arg

Arg

Lys

Asn

180

teu

Met

5

Gly

Ile

ASp

val

His

85

Ser

Gly

Ala

Gly

Met

165

Ile

Gly

Thr Ile Ala

Gly

val

His

Ala

70

Asn

ASp

Thr

Gly

Ala

150

Leu

Arg

Ser

Ile

Tle

Tyr

55

Ala

Ala

Phe

Gin

Gly

Ala

ser

val

Ile

Gly

Ala

40

Ley

Ley

Gly

His

val

120

Ala

Phe

Lys

Asn

Met
200

CX2-012w0l_ST25

from Novosphingobium aromaticivorans

Leu

Arg

25

Thr

Gin

Ala

Ile

Ser

Asn

Cys

Ser

185

ASD

Asn
10

Glu
Asp
His
Gln
Ser
80

Va1
L.eu
val
Ala
Leu

170

val

Asn val val Ala val val

Leu

Met

Asp

Glu

75

Ile

Ash

Pro

val

Ala

155

Gly

val

Ala

val

60

Lys

val

Thr

Leu

Asn

140

Tyr

Ala

Pro

Lys Tyr val

~ Page 46

Lys

Pro

45

Thr

Tyr

Thr

val

Leu

125

Phe

Cys

Glu

Gly

Glu
205

Ala
30
Ser
Ser
Gly
Lys
Asn
110
Lys
Ser
Thr
Phe
Gly
1

Leu

Met

Ala

Glu

Arg

Phe

95

val

Glu

Ser

Ser

Ala

175

Ile

Gly

Lys

ASp

Ala

val

80

Asp

Gly

val

Lys

160

Ala

ASp

Ala

792



CX2-012w01 _ST25

Ala pro Ser Arg Glu val Ala GlIn Thr Ala Met Glu Met Arg His Pro
220

210

225

215

Ite Gly Arg Met Gly Arg Pro Ala Glu Met Gl
230 23

y Gly Gly val val
5

TYr
240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met

245

Asp Gly Gly Phe Ser Gln val
260

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

<220>
<223>

51
792
DNA

<400> 51

artificial Sequence

250

255

variant of ketoreductase from Novosphingobium aromaticivorans

atgccgettyg aaatgacgat tgetctcaac aatgtggtcy cegtcgtcac cggegeggeg

ggaggcatcg
accgacafgg
acgagcgagg
gatgcgctgg
tccgatttece
cigctgecge
tteteccageg
gcggeggtga
atccgegtea
gacaagtacg -
atgcgecacc
ctetgctecy
agccaggtcer
<210> 52

<211> 263

<212> PRT
<213>

<220>
<223>

gccgegaact
cgeectegge
ccggerggaa
tgcacaacgc
accgegtgaa
tgctcaagga
tcgegggtct
agatgctcte
actccgtgca
tcgaactcgg
cgatcggtey
acgcagcaag

ga

ggtcaaggeg
cgatgtcgaa
ggcggtegeg
gggcatctey
cacggrcaac
aggcggcaag
gcgoggegey
gaagtgcectce

tccgggegge

cgctgeeeoec
catgggtecge

cttegtcace

Artificial sequence

atgaaggccyg
ggcgcggacc
gegetggecc
atcgtcacga
gtcgattcca
gcgegegeay
gcgttcaatg
ggcgcggaat
atcgataccc
tcgegegagy
ccrgecgaaa

tgcacggaat

ccaacgccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggegecte
cggectattyg

tcgeggeget

cgatgetegy

tggcécaggc

1gogcgacgg
tcgtgatgga

Page 47

cgtcatecgec
gcacgacygtyg
€gggcgegre
cactccgety
tacgcaggtce
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggcggettc

variant of ketoreductase from Novosphingobium aromaticivorans

60
120
180
240
300
360
420
480
540
600
660
720
780
792



<400>

52

Met Pro Leu

1

Thr

Ala

val

Gly

65

Asp

Asp

Ser

Gly

Ala

145

Ala

l.eu

Thr

Ala

Iie
225

Gly

Ala

Ghu

50

Trp

Ala

Thr

ITle

Gly

Ala

Gly

Pro

Pro

210

Gly

Ala

Asn

35

Gly

LysS

Leu

Pro

Ile

115

Ala

Leu

val

Tyr

Met

195

Ser

Arg

Glu

Ala

20

Ala

Ala

Ala

val

Leu

100

Ile

Arg

Arg

Lys

Asn

180

Ley

Arg

Met

Met

Gly

Ile

Asp

val

His

85

Ser

Gly

Ala

Gly

Met

165

ITe

Gly

Glu

Gly

Thr

Gly

val

Ala

70

Asn

ASD

Thr

Gly

Ala

150

Leu

Arg

Ser

val

Arg
230

Ile

Iie

Ile

Ala

Phe

Gln

Ser

val

ITe

Ala

215

Pro

Ala

Gly

Ala

40

Leu

Leu

Gly

His

val

120

Ala

Phe

Lys

Asn

Met

200

Gln

Ala

CX2-012wW01_ST25

Leu

Arg

25

Thr

Gln

Ala

Ile

Ser

Asn

Cys

Ser

185

ASp

Ala

Glu

Ash Asn val val

10

Glu

ASp

His

Gln

ser

90

val

Leu

va'l

Ala

Leu

170

val

Lys

Ala

Met

Leu

Met

ASD

Glu

75

Ile

Asn

Pro

val

Ala

155

Gly

His

Tyr

Met

Gly

val

Ala

val

60

Lys

val

Thr

L.eu

Asn

140

Tyr

Ala

Pra

val

Glu

220

Gly

Page 48

Lys

Pro

45

Thr

Tyr

Thr

val

Leu

125

Phe

Cys

Glu

Gly

Glu

205

Met

Gly

Ala

Ata

30

Ser

ser

Gly

L.ys

ASn

110

Lys

Ser

Thr

Phe

Gly

Leu

Arg

val

val

15

Met

Ala

Gy

Arg

Phe

95

val

Glu

Ser

Ser

Ala

175

Ite

Gly

His

va'l

val

Lys

Asp

Ala

val

80

Glu

Asp

Gly

val

LyS

160

Ala

Asp

Pro

Tyr
240



Cx2-012w01_5725
Leu Cys Ser Asp Ala Ala Ser rhe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly pPhe Ser GIn val
260

<210> 53

«211> 792

<212> DNA

<213> Artificial Sequence

<220>

<223> variant of ketoreductase fTrom Novosphingobium aromaticivorans

<400> 53

atgccgettg aaatgacgat tgctctcaac aatgiggtcg ccgtcgtcac cggogoygey 60
ggaggcatcg gccgogaact dggtcaaggcg atgaaggocg ccaacgecat cgtcatcgec 120
accgacatgg cgeoctcgge cgatgtcgaa ggcgecggacc attatcteca gcacgacgtg 180
acgagcgagg ccggctggaa ggcggtcgca gegoetygoce aggaaaagta cgggegegte 240
gatgcgetgy tgcacaacge gggeatctog atcgtcacga ggttcgaaga cactccgety 300
tccgatttee accgegtgaa cacggrcaac gtcgattcca tcatcatcgg tacgcaggic 360
ctgctgecge tgotcaagga aggoggcaag gogegogeag ggggcgecte ggtggtcaac 420
ttctccagey tcgegggtct gogeggegey goegttcaatg ctgoectattg caccageaag 480
gcggeoggtga agatgcetete gaagtgectc ggcgcggaat togcggcegct cggctacaac 540
atcecgegtca actccgtgca tocgggogge atcgataceo cgatgetegg ctcgaacatg 600
gacaagtacg tcgaactcgg cgctgoocoe tegegegagg tggoccagge cgegatggaa 660
atgcgccacc cgatcggtcg catgggtcge cctgccgaaa tgggoggogg cgtggtctat 720
ctctgetccg acgcagcaag citcgtcacc tgcacggaat tegtgatgga cggoeggettc 780
agccaggict ga 792
<210> 54

<211> 263

<212> PRT

<213> Artificial sequence

<220>

<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 54

Met Pro Leu Glu Met Thr ITe Ala Leu Asn Asn val val Ala val val

1 5 10 15

Thr 6ly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Page 49



Ala

val

Gly

65

Asp

ASp

Ser

Gly

Ala

145

Ala

Leu

Thr

Ala

Ile

225

Leu

ASp

Ala

Gclu

50

Trp

Ala

Thr

Ile

Lys

Gly

Ala

Gly

Pro

Pro

210

Gly

Cys

Gly

<210>
<211>

Asn

35

Gly

Lys

Leu

Pro

Ile

115

Ala

Leu

val

TYr

Met

195

Ser

Arg

Ser

Gly

55
792

Ala

Ala

Ala

val

Ley

100

Ile

Arg

Arg

Lys

Ash

180

Leu

Arg

Met

Asp

phe
260

ile

AsSp

val

His

85

Ser

Gly

ala

Gly

Met

165

Gly

Ghu

Gly

Ala

245

Ser

val

His

Ala

70

Asn

Asp

Thr

Gly

Ala

150

Leu

Arg

Ser

val

Arg

230

Ala

Gln

Ile

Tyr

55

Ala

Ala

Phe

Gin

Ser

val

Asih

Ala

215

Pro

Ser

val

Ala
40
Leu

Leu

Gly

val

120

Ala

Phe

Lys

Asn

Met

200

Gln

Ala

Phe

CX2-012W0l1_ST25

Thr Asp Met Ala Pro

Gln

ala

Ile

Ser

Asn

Cys

Ser

185

ASp

Ala

Glu

val

His

Gln

Ser

90

val

L.eu

val

Ala

Leu

170

val

LYS

Ala

Met

Thr
250

Asp

Glu

75

Ile

Asnh

Pro

val

Ala

155

Gly

His

Tyr

Met

Gly

Cys

val

60

Lys

val

Thr

Leu

AsSnH

140

Tyr

Ala

Pro

val

Glu

220

Gly

Thr

page 50

45

Thr

Tyr

Thr

val

Leu

125

Phe

cys

Glu

Gly

Glu

205

Met

Gly

Glu

ser

Ser

Gly

Arg

Asn

110

Lys

ser

Thr

Phe

Gly

Leu

Arg

val

Phe

Ala

Glu

Arg

Phe

95

val

Glu

Ser

Ser

Ala

175

Ile

Gly

val

val
255

ASp

val

80

Glu

Asp

Gly

val

Lys

160

Ala

Asp

Pro

TYr
240

Met



CX2-012w01_5725

<212>
<213>

<220>
<223>

<400> 55

DNA_ o
Artificial sequence

variant of ketoreductase from Novosphingobium aromaticivorans

atgccgcettg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggcgcggcy

ggaggcatcg gocgegaact ggtcaaggcg atgaaggecg
accgacatgg cgccctcgge cgatgtegaa ggegeggacc
acgagcgagg ccggcetggaa ggeggtcgeg gegetggecc
gatgcgetgy tgcacaacgc gggcatctcg atcgtcacga
tccgatttec accgegtgaa cacggtcaac gtcgattcca
ctgecrgecge tgctcaagga aggeggeaag gogegegeag
ttctccageg tegegggtet gogeggegeg gogttcaatg
gcggeggtga agatgctcic gaagtgoctc ggegeggaat
atccgegtca actccgtgea tccgggegge atcgatacce
gacaagtacg tcgaactcgg cgotgeccec tcgcgegagg
atgcgcecace cggteggteg catgggtcgc cctgocgaaa
ctetgetocy acgcageaag cttegtcacc tgecacggaat

agccaggtct ga

<210> 56
<211> 263
«212> PRT
<213> Artificial Sequence

<220>
<223>

<400> 56

ccaacgeccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgectce
cggcctattg
tegeggeget
cgatgctegy
tggcccagge
tgggcgycgy
tcgtgatgga

cgtcatcgec
gcacgacgtg
cgggcgogte
cactccgetg
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatyg
cgcgatggaa
cgtggtctat

cggeggettce

variant of ketoreductase from Novosphingobium aromaticivorans

Met Pro Leu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val

1 5 10

15

Thr Gly Ala %a Gly Gly 1le Gly %rg Glu Leu val Lys %a Met Lys
‘ 5

Ala Ala Asn Ala ITe val 1le Ala Thr Asp Met Ala Pro Ser Ala Asp
4

40

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr Ser Glu Ala
55

>0

60

Gly Trp Lys Ala val Ala Ala Leu Ala Gln Glu Lys Tyr Gly Arg val
Page 51

60
120
180
240
300
360
420
480
540
600
660
720
780
792



CX2~012w01_ST25
65 70 75 80

Asp Ala Leu val His Asn Ala Gly ITe Ser ITe val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

ser Ile Ile Ile Gly Thr GIn val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Ala Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu pPhe Ala aAla
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ite Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

val Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cvs Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser Gln val

260
<210> 57
<211> 792
<212> DNA
<213> Artificial sequence
<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 57
atgccgettyg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggegeggeg 60
ggaggcatcg gccgcgaact ggtcaaggeg atgaaggecg ccaacgecat cgteatcegec 120

Page 52



accgacatgg
acgagcgagg
gatgcgetgg
tccgatttec
ctgetgecge
ttetecageg
gcggeggtga
atccgegtca
gacaagtacg
atgcgecace
ctctgeteeg
ageccaggtct
<210> 58

<211> 263
<212> PRT

ga

cgcectegyc
ccggcetggaa
tgcacaacgc
accgegtgaa
tgctcaagga
tcgcgggtet
agatgctetce
actccgtgea
tcgaactcgg
cgatcggteg

gcgeagceaag

<213> Artificial Seguence

<220

cgatgtcgaa
ggcggtegeg
gggcatctcy
cacggtcaac
aggcggcaag
gcgcggegeg
gaagtgcctc
tccgggegge
cgctgeccecc
catgggrcge

cttegteacc

<223> variant of ketoreductase

<400> 58

Met Pro Leu
1
Thr Gly Ala

Ata Ala Asn
35

val Glu Gly
50

Gly Trp Lys
65

Asp Ala Leu

Asp Thr Pro

Glu

Ala

20

Ala

Ala

Ala

val

Leu
100

Met Thr Ile Ala

5

Gly

Ile

ASp

val

His

85

Ser

Gly

val

His

Ala

70

Asn

AsSp

Tie

Ile

Tyr

55

Ala

Ala

Phe

Gly
Ala
40

Leu

Leu

Gly

His

CX2-012w01_5T25

ggcgcggace attatctcca

gcgetggecc

atcgtcacga

gtcgattecca

gcgegegeag
gcgttcaaty

ggcgcggaat

atcgataccc

tcgegegagg

ccigccgaaa

tgcacggaat

from Novosphingobium aromaticivorans

Leu

Arg

25

Thr

Gln

Ala

Ile

Asn Asn
10

Glu Leu

Asp Met

His Asp

Gln Glu
75

Ser Ile
90

val Asn

aggaaaagta

agttcgaaga

tcatcatcgg

ggggcgectc

cggcctatty

Tcgeggeget

cgatgctagg

tggcccagge

tgggcggcay
tcgtgatgga

val

val

Ala

val

60

Lys

val

Thr

Page 53

val Ala

Lys Ala
30

Pro Ser

45

Thr Ser

Tyr Gly

Thr Lys

val Asn
110

gcacgacgtg
cgggegegtc
cactccgcty
tacgcaggtc
ggtggtcaac
ctccageaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggcggettc

val

15

Met

Ala

Glu

Arg

Phe

95

val

val

LYysS

Asp

Ala

val

80

AsSp

180
240
300
360
420
480
340
600
660
720
78Q
792



CX2-012wW01_ST25

ser Ile Ite Ile Gly Thr GIn val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala ser val val Asn Phe Ser Ser val
130 135 140

Ala Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Ser Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

ITe Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Gly Ala Ala ser Phe val Thr Cys Thr Glu pPhe val Met
245 250 255

Asp Gly Gly Phe Ser Gin val

260
<210> 59
<21il> 792
<212> DNA
<213> Artificial sequence
<220> ) . .
<223> Variant of ketoreductase from Novosphingobium aromaticivorans
<400> 59
atgcegettyg aaatgacgat tgctctcaac aatgtggtcg ccgtegteac cggogegygcey 60
ggaggcatcyg gocgogaact ggtcaaggeg atgaaggecg ccaacgcecat cgtcatcgece 120
accgacatgg cgcccicgge cgatgtcgaa ggegeggace attatctoca geacgacgtg 180
acgagcgagy ccggetggaa gocggrcgoy gcgetggcce aggaaaagta cgggcgegre 240
gatgcgctgg tgcacaacge gggcatctcg atcgtcacga agttcgaaga cactecgcetg 300
tccgatttcc accgegtgaa cacggtcaac gtcgattceca tcatcatcgg tacgeaggic 360
ctgctgecge tgctcaagga aggcggcaag gogegogeag ggggcgecte ggtggtcaac 420

Page 54



ttcteccageg
gcggcggtga
atccgegtea
gacaagtacg
atgcgecacc
ctetgetecy
agccaggtct
60

263
PRT

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

<220>
<223>
<400> 60

Met Pro Leu
1

Thr Gly Ala

Ala Ala Asn

Glu
50

val Gly

Gly
65

Trp Lys

Asp Ala Leu

Asp Thr Pro

Ile
115

ser Ile

Gly Lys Ala

val Gly Leu

tcgtgggtct
agatgctctc
actecgtgea
tcgaactcgg
cgatcggtceg
acgcagcaag

Ga

Glu Met
5

Ala
20

Gly
Ala Iie
Ala Asp
val

Ala

His
85

va’l

lLeu ser

100

Gly
Ala

Arg

Arg Gly

Thr Ile

Gly

val

His

Ala

70

Asnh

Asp

Thr

Gly

Ala

gcgeggagey
gaagtgcctc
tccgggegge
cgctgeeecce
catgggtege

cttcgtcacc

Artificial Seguence

variant of ketoreductase

Ala
Ile

Gly

Ala
40

Ile
Ley
Leu
Ala Gly
His

rhe

val
120

Gln

Ala

phe

CX2-012W01_ST25

gcgttcaatg cggcctattg

ggcgcggaat tcgeggeget
atcgataccc cgatgcetcgg

tcgegegagyg tggcccagge

cctgccgaaa tgggegycag

tgcacggaat tcgtgatgga

from Novosphingobium aromaticivorans

Leu Asn
10

Arg Glu

25

Thr Asp

Gin His

Ala GlIn

Iie Ser

90

val

Leu

val

ser

Asn Ala

caccagcaag
cggctacaac
ctcgatcaty
cgcgatggaa
cgtggretat

cggcggetec

Asn val val Ala val val

l-eu

Met

Asp

Glu

75

Ile

Asnh

Pro

val

Ala

val

Ala

val

60

Lys

val

Thr

Leu

ASn

140

Tyr

page 55

Lys

Pro

45

Thr

TYr

Thr

val

Leu

125

Phe

Cys

Ala

30

ser

ser

Gly

LyYS

Asn

110

Lys

Ser

Thr

15

Met Lys

Ala Asp
Ala

Glu

val
80

Arg

Phe
g5

Glu
val Asp
Glu Gly
val

ser

ser Lys

480
540
600
660
720
780
792



X2-012w01_sT25
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu teu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala Gln Ala Ala Met Glu Met Arg His Pro
210 215 220

Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly phe Ser Gin val

260
<210> 61
<211> 792
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of ketoreductase from Novosphingobﬁum aromaticivorans
<400> 61
atgcecgettg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggegcggcg 60
ggaggcatcyg gccgogaact ggtcaaggeg atgaaggecg ccaacgecat cgtceatcgec 120
accgacatgg cgccctcgge cgatgtcgaa ggegcggacc attatctcca gcacgacgtg 180
acgagcgagg ccggcetggaa ggeggtcgcg gcgetggooe aggaaaagta cgggogogtc 240
gatgcgctgg tgcacaacge gggecatcteg atcgtcacga agttegaaga cactccgcetg 300
tccgatttee accgogtgaa cacggtcaac gtcgatteca tcatcatcgg tacgcaggtc 360
ctgctgecge tgcetcaagga aggcggeaag goegegogcag ggggegecte ggtggtcaac 420
ttctccageg tcgggggtct gcgeggogeg gegttcaatg cggectattg caccagcaag 480
gcggeggtga agatgetotc gaagtgectce ggcgoggaat togeggceget cggetacaac 540
atccgcgtca actccgtgea tecgggcgge atcgatacce cgatgetcgg ctcgggeatg 600
gacaagtacg tcgaactcgg cgctgoccce tcgcgcgagg tggoccagge cgcgatggaa 660
atgcgccace cgatcggteg catgggtcgc ccotgecgaaa tgggcggegg cgtggtcetat 720
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ctctgctccg acgeagcaag cttcegtcacce tgcacggaat‘tcgtgatgga cggeggettc 780
agccaggtct ga 792
<210> 62

<211> 263

<212> PRT

<213> Artificial Sequence

<220>

<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 62

Met Pro Leu Glu Met Thr ITe ala Leu Asn Asn val val ala val val
1 5 10 15

Thr Gly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala Ile val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His ggr Leu GIn His Asp gg1 Thr Ser Glu Ala
50

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Tle Ser Ile val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

Ser Ile Ile Ile Gly Thr GIn val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu GTy Tyr Asn ITle Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 ' 185" 190
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Thr Pro Met Leu Gly Ser Gly Met Asp Lys Tyr
195 200

Ala Pro Ser Arg Glu val Ala Gin Ala Ala Met
210 215

Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly
225 235

Leu Cys Ser Asp Ala Ala ser Phe val Tthr Cys
245 250

Asp Gly Gly Phe Ser GlIn val

260
<210> 63
<211> 792
<212> DNA
<213> Artificial sequence
<220>
<Z223>

<400> 63
atgccgcttg aaatgacgat tgctctcaac aatgtggtceg

ggaggcatcg gccgcgaact ggtcaaggeg atgaaggecg
accgacatgg cgccctcgge cgatgtcgaa ggcgeggacc
acgagcgagg ccggetggaa ggcggicgeyg gegeotggecce
gatgcgctgg tgcacaacgc gggearctcg atcgtcacga
tccgatttcc accgcgtgaa cacggtcaac gtcgattcca
ctgctgecge tgctcaagga aggoeggeaag gegegegceag
ttectecaget gegggggtct gocgcggoegeg gegrtcaaty
gcggcggtga agatgctctc gaagtgoctc ggcgeggaat
atccgegteca actccgtgea tccgggogge atcgatacce
gacaagtacg tcgaactcgg cgoetgeceee tegegoegagy
atgcgecacc cgatcggtcg catgggtcge cctgocgaaa
ctctgetccg acgcagcaag cttcgtcacc tgcacggaat

agccaggtct ga

<210> 64

<211l> 263

<212> PRT

<213> Artificial Sequence

Page

val Glu
205

Leu Gly Ala

Glu Met Arg His Pro

220

Gly Gly val val Tyr

Thr Glu

ccgtegteac
ccaacgceat
attatctcca
aggaaaagta
agttcgaaga
tcatcategyg
ggggcgectc
cggcctattg
tcgeggeget
cgatgectcgg
tggeecagyc
199gcggegg
tcgtgatgga

240

Phe val Met

255

variant of ketoreductase from Novosphingobium aromaticivorans

cggegeggeg
cgtcatcgcec
gcacgacgtg
cgggcgegtc
cactccgetg
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgegatggaa
cgtggtctat

cggcggettc

60
120
180
240
300
360
420
480
540
600
660
720
780
792
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 <220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 64
Met Pro Leu Glu Met Thr Ile ala Leu Asn Asn val val Ala val val
1 5 10 15

Thr Gily Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala Ile val 1le Ala Thr Asp Met Ala Pro Ser Ala Asp

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr Ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala Gln Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val ggs Asn Ala Gly Ile ggr Ile val Thr Lys Phe Glu
95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

ser Ile Ile Ile Gly Thr Gln val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala ser val val Asn Phe Ser Ser Cys
130 135 140

Gly Gly Leu arg Gty Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 : 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Lteu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

ITe Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
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225 230

CX2-012W01_ST25

235

240

Leu Cys Ser Asp Ala Ala Ser phe val Thr Cys Thr Glu Phe val Met

2435

Asp Gly Gly pPhe Ser GlIn val
260

<210> 65

<211> 792

<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 65

atgcegetty aaatgacgat tgctctcaac

ggaggcatcg gccgegaact

ggtcaaggcg

accgacatgg cgecctogge cgatgtcgaa

acgagcgagg ccggctggaa ggeggtegey
gatgcgctgy tgcacaacge

tccgatttee

gggcatcteg

accgegtgaa cacggtcaac

ctgctgecge tgctcaagga aggcggcaag

ttetecageg tcgggggtet gegeggeteg

gcoggcggtga agatgetcte gaagtgcctc

atccgegtea actccgtgea tccgggegge

gacaagtacg tcgaactcgg cgctgecece

atgcgcecacc cgatcggtcg catgggtcge

ctctgctecg acgcagcaag cttegtcacc

agccaggict ga

<210> 66

<211> 263

<212> PRT

«213> Artificial Sequence
<220>

<223>

<400> 066

250

aatgtggtcg
atgaaggceceyg
ggcgeggacc
gcgetggecc
atcgtcacga
gtcgattcca
gcgcgcegeag
gcgttcaatg
ggcgcggaat
atcgataccc
tcgegegagyg
cctgocgaaa

tgcacggaat

ccgtcgtcac
ccaacgecat
attatcicca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgectc
cggcctattyg
tecgeggeact
cgatgctegg
tggccecagge
1gggcggcgy
tcgtgatoga

255

variant of ketoreductase from Novosphingobium aromaticivorans

€ggegeggcy
cgtcatcgec
gcacgacgtg
cgggcegegtc
cactccgetg
tacgcaggtce
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtctat

cggcggettc

variant of ketoreductase from Novosphingobium aromaticivorans

Met Pro teu Glu Met Thr Ile Ala Leu Asn Asn val val Ala val val

1 5

page 60

60
120
180
240
300
360
420
480
540
600
660
720
780
792



Thr

Ala

val

Gly

65

ASP

Asp

ser

Gly

Gly

Ala

Leu

Thr

Ala

Ite

225

Leu

ASp

Gly

Ala

Glu

50

Trp

Ala

Thr

Ile

Ala

Gly

Pro

Pro

210

Gly

Cys

Gly

Ala

Asn

35

Gly

LysS

Leu

Pro

Tle

115

Ala

Leu

val

Tyr

Met

195

ser

Arg

Ser

Gly

Ala

20

Ala

Ala

Ala

val

ey

100

Ile

Arg

Arg

Lys

Asn

180

Leu

Arg

Met

ASp

Phe
260

Gly

e

Asp

val

His

85

Ser

Gly

Ala

Gly

Met

165

Ile

Gly

Glu

Gly

Ala

245

Ser

Gly

va’l

His

Ala

70

Asn

Asp

Thr

Gly

Ser

150

Leu

Arg

ser

val

Arg

230

Ala

Gin

ITe

TYF

55

Ala

Ala

Phe

Gin

Gly

Ala

ser

val

Ile

Ala

215

Pro

ser

val

Gly

Ala

40

Leu

Leu

Gly

His

val

120

Ala

Phe

Lys

Ash

Met

200

Glin

Ala

phe

CX2-012wW01._5T25
Arg Glu Leu val Lys

25

Thr

Gln

Ala

Ile

ATy

Leu

Ser

Ash

Cys

Ser

185

AsSp

Ala

Glu

val

ASp

His

Gln

Ser

90

va'l

Leu

val

Ala

Leu

170

val

Lys

Ala

Met

Thr
250

Met

ASp

Glu

75

Ile

Asn

Pro

val

Ala

155

Gly

His

TVYr

Met

Gly

Cys

Ala

val

60

Lys

val

Thr

Leu

ASh

140

Tyr

Ala

Pro

va’l

Glu

220

Gly

Thr

Page 61

Pro
45

Thr
Tyr
Thr
val
tey
125
Phe
Cys
Gtu
Gly
Glu
205
Met
Gly

Glu

Alta

30

ser

Ser

Gly

Lys

AsSn

110

Lys

Ser

Thr

Phe

Gly

Leu

Arg

val

Phe

Met

Ala

Glu

Arg

Phe

95

val

Glu

ser

ser

Ala

175

Ile

Gly

His

val

val
255

LyS

Asp

Ala

val

80

Glu

Asp

Gly

va'l

Lys

160

Ada

Asp

Pro

Tyr
240

Met



CX2-012w0l_ST25

<210> 67

<211> 792

<212> DNA

<213> artificial seguence

<220> . .

<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 67

atgccgetrtg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggegoegyeg 60
ggaggcatcg gccgcgaact ggtcaaggcg atgaaggccg ccaacgecat cgtcatcgec 120
accgacatgg cgeccteggoe cgatgtcegaa ggcegeggace attatctcca geacgacgtg 180
acgagcgagg ccggctggaa ggcggtcgeg gegotggocce aggaaaagta cgggegegte 240
gatgcgctgyg tgcacaacgc gggcatctcg atcgtcacga agttcgaaga cactecgetg 300
tccgatttco accgegtygaa cacggtcaac gtcgattcca tcatcatcgg tacgcaggec 360
ctgetgecge tgctcaagga aggcggeaag gegogogcag ggggegoectc ggtggtcaac 420
ttctecageyg tcgggggtct gegeggeatce gegttcaatyg cggcctattg caccageaag 480
gcggeggtga agatgetete gaagtgectc ggcgeggaat tcgeggegct cggetacaac 540
atccgegtea actccgtgea tecgggeggce atcgatacce cgatgctogg ctcgatceatg 600
gacaagtacg tcgaactcgg cgergeccce togcgegagg tggeccagge cgcgatggaa 660
atgcgccace cgatcggtcg catgggtcge cctgecgaaa tgggeggogdyg cgtggtetat 720
ctctgciccg acgcagcaag cttcgtcacc tgcacggaat tegtgatgga Cggoggoitc 780
ageeaggtct ga 792
<210> 68

<211> 263

<212> PRT

<213> Artificial sequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 68
Met Pro Leu Glu Met Thr 1le Ala Leu Asn Asn val val Ala val val
1 5 10 15

Thr Gly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala Ile val ITe Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr Ser Glu Ala
50 55 60
Page 62
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Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala teu val His Asn Ala Gly Ile ser Ile val Thr Lys Phe Glu
85 90 95

Asp Thr fro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

Ser Iie Ite Ile Gly Thr Gin val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gty Gly Ala ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ile Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala Gln Ala Ala Met Glu Met Arg His Pro
210 215 220

ITe Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

teu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
: 245 250 255

Asp Gly Gly pPhe Ser Gln val
260

<210> 69

<21l> 792

<212> DNA

<213> Artificial Sequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 69
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atgccgettg
ggaggcatcg
accgacatgg
acgagcgagg
gatgcgetgg
tcecgatttee
ctgetgecge
ttctccagcg
gcggeggtga
atccgegtca
gacaagtacg
atgcgecacc
ctctgeteeg
agccaggtct
<210>
<211>
<212>
<213>

<220>
<223>

<400>

70
263
PRT

70

Met Pro Leu
1

Thr Gly Ala

Ala Ala Asn

35

Glu
50

val Gly

Gly
65

Trp Lys

Asp Ala Leu

aaatgacgat
gccgegaact
cgeectcyge
ccggctggaa
tgcacaacgc
accgegtgaa
tgctcaagga
tcgggggtct
agatgctcte
actccgtgea
tcgaactcgg
cgatcggteg

acgcagcaag

ga

Artificial Sequence

tgctetcaac
ggtcaaggcg
cgatgtcgaa
ggcggtcgeg
gggcatcteg
cacggtcaac
aggcggcaag
gcgeggetgy
gaagtgectc
tcegggegge
cgctgececcc
catgggtege

cttegtcacc

variant of ketoreductase

Glu Met Thr Ile Ala

Ala

y Gly
20

Ala Ile val

Ala Asp His

Ala
70

Ala val

His
85

val Ash

Ile

Ite

Tyl

55

Ala

Ala

Gly

Ala

40

Leu

Leu

Gly

CX2-012W01..5T25

aatgtggtcy
atgaaggccyg
ggcgeggacc
gecgetggecec
atcgtcacga
gtcgattcca
gcgegegeag
gcgttcaatg
ggcgcggaat
atcgataccce
tcgegegagyg
cctgecgaaa

tgcacggaat

from Novosphingobium aromaticivorans

Leu Asn

Arg

25

Thr

Glin

Ala

ile

10

Glu

Asp

His

Gin

Ser

90

Leu val

Ala

Met

val
60

ASpP

Glu
75

Lys
val

Ile

Page 64

LYS

Pro

45

Thr

Tyr

Thr

ccgtegteac
ccaacgccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgectce
cggcctattg
tcgeggeget
cgatgctcgg
tggececagge
1gggcgocgy
tcgtgatgoa

Ala

30

Ser

ser

Gly

Lys

cggcgcggeyg
cgtcatcgec
geacgacgtg
cgggcygegtce
cactccgcety
tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatgyaa
cgtggtctat

cggcggettc

Met

Ala

Glu

Arg

Phe
a5

Asn val val Ala val val

Lys

ASpP

Ala

val

80

Glu

60
120
180
240
300
360
420
480
540
600
660
720
780
792
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Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

Ser ITe ITe Ile Gly Thr Gln val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Trp Ala pPhe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gly Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala pPro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly pPhe ser Gln val

260
<210> 71
<211> 792
<212> DNA
<213> Artificial Sequence
<220> .
<223> Vvariant of ketoreductase from Novosphingobium aromaticivorans
<400> 71
atgccgctty aaatgacgat tgetctcaac aatgtggtceg ccgtegtcac cggegeggeg 60
ggaggcatcg gocgcgaact ggtcaaggeg atgaaggecg ccaacgecat cgtcatcgec 120
accgacatgyg cgcoctogge cgatgicgaa ggegoggace attatctcca gcacgacgtg 180
acgagcgagg ccggctggaa ggeggtcgeg gcgctggecece aggaaaagta cgggegegte 240
gatgcgetgg tgcacaacge ggycatcteg atcgtcacga agttcgaaga cactccgetg 300

Page 65



tccgatttee accgegtgaa cacggtcaac gtcgattcca tcatcatcgg

ctgctgecge tgctcaagga aggoggcaayg gcgegegcag ggggegectco

ttctccageg tCggggytct gogcggegeg gegttcaatyg cggectattg

gcggeggtga agatgctctc gaagtgecte ggegeggaat tcgeggeget

atccgogtca actcegtgea tccgggecce atcgatacce cgatgetogg

gacaagtacg tcgaactcgg Cgctgocccce tegegegagg tggeccaggce

atgcgecacc cgatcggtcg catgggicgc cctgccgaaa tyggeggegg

ctctgetccg acgcagcaag cttcgtcacce tgcacggaat tcgtgatgga

agccaggtct ga

<210> 72

<211> 263

<212> PRT

<213> Artificial seguence

<220>

<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 72

Met Pro Leu Glu Met Thr Ile Ala Leu Agn Asn val val Ala val val

1 5 1

Thr Gly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala
20 25 30

ala Ala Asn Ala Ile val Ile Ala Thr Asp Met Ala Pro Ser

35 40 45
val Glu Gly Ala Asp His Tyr Leu GIin His Asp val Thr ser
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala GlIn Glu Lys Tyr Gly

65 70 75

Asp Ala Leu val His Asn Ala Gly Ile Ser Ile val Thr Lys

85 90

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn
100 105 110

ser I'le Ile Ile Gly Thr Gin val Leu Leu Pro Leu Leu Lys

115 120 125
Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser
130 i3s 140

CX2-012w01_ST25

Page 66

tacgcaggtc
ggtggtcaac
caccagcaag
cggctacaac
ctcgatcatg
cgcgatggaa
cgtggtetat

cggcggetic

15

Met Lys

Ala Asp
Ala

Giu

val
80

Arg

Phe Glu

95

val Asp

Glu Gly

Ser val

360
420
480
540
600
660
720
780
792



Gly Leu

Ala val

Leu Gly Tyr

Thr Met

195

Pro

Ala Pro Ser

210

Ile
225

Gly Arg

Leu Cys Ser

Asp Gly Gly

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

73
792
DNA

<220>
<223>

<400> 73
atgccgcttg

ggaggcatcg
accgacatgg
acgagcgagqg
gatgcgcetgg
tcecgatttec
ctgetgeege
ttctccageg
gcggeggtga

atccgcgtca

Arg Gly

Ala

Ala Phe

150

Met
165

Lys

Asn Ile

180

Leu Gly

Arg Glu
Met

Gly

Ala
245

ASD

Phe
260

Ser

L.eu

Arg

ser

va'l

Arg

ala

Gln

Ser Lys

val Asn

ITe Met

200

Ala Gln

215

pro Ala

Phe

ser

val

Artificial sequence

CX2-012w01_ST25

Asn Ata Ala
155

Leu
170

Cys Gly

Ser val His

185

Asp Lys Tyr

Ala Ala Met

Glu Met Gly

Thr
250

val Cys

aaatgacgat tgctctcaac aatgtggtcg

gccgegaact
cgeccteggc
ccggetggaa
tgcacaacgce
accgcgtgaa
tgctcaagga
tcgggggtet
agatgctctc

actccgtgea

ggtcaaggcg
cgatgtcgaa
ggcggtegeg
gggcatcrcy
cacggtcaac
aggcggcaag
gcgeggegeg
gaagtgcctce

tccgggccag

atgaaggccg
'ggcgeggacc
gcgcrggecce
atcgrcacga
gtcgattcca
gcgogegeag
gcgttcaatg
ggcgcggaat

atcgataccc

Tyr Cys Thr

Ala GTu Phe

Pro Pro

180

Gly

Glu
205

val Leu

Glu
220

Met Arg

Gly Ggly val

Thr Glu Phe

ccgtegteac
ccaacgccat
attatctcca
aggaaaagta
agttcgaaga
tcatcatcgg
ggggcgecte
cggcctattg
tcgeggeget

cgatgetegg

Page 67

Ser Lys

Ala Ala

175

Ile Asp

Gly Ala

His Pro

val Tyr

240

val
255

Met

variant of ketoreductase from Novosphingobium aromaticivorans

€ggcgcggcy
cgtcatcgec
gcacgacgtg
cgggcgegte
cactccgcetg
tacgcaggtce
ggtggtcaac
caccagcaag
cggctacaac

ctcgatcatg

60
120
180
240
300
360
420
480
540
600
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gacaagtacg tcgaactcgg cgctgoccoce tcgegegagg tggceccagge cgegatggaa 660
atgcgeccace cgatcggtcyg catgggtcge cctgccgaaa tgggcggcog cgtggtetat 720
ctctgctccg acgcagcaag cticgtcacc tgcacggaat tcgtgatgga cggcggctic 780
agccaggtct ga 792
<210> 74

<211> 263

<212> PRT i

<213> Artificial Sequence

<220>

<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 74

Met Pro Leu Glu Met Thr Ile Ala Leu asn Asn val val ala val val
1 5 10

Thr Gly Ala Ala Gly Gly Ile Gly Arg Glu Leu val Lys Ala Met Lys
20 25 30

Ala Ala Asn Ala 1le val 1le Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Tyr Leu GIn His Asp val Thr Ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Ile Ser Ile val Thr Lys Phe Glu
85 90 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

ser Ile ITe Ile Gly Thr GIn val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys teu Gly Ala Glu phe Ala Ala
165 170 175
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Leu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly Gln Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser Arg Glu val Ala GIn Ala Ala Met Glu Met Arg His Pro
210 215 220

Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala Ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe ser Gin val

260
<210> 75
<211> 792
<212> DNA
<213> Artificial Seqguence
<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans
<400> 75
atgccgettg aaatgacgat tgctctcaac aatgtggtcg ccgtcgtcac cggcgoegygoy 60
ggaggcatcyg gecgegaact gytcaaggeg atgaaggocg ccaacgecat cgtcatcgec 120
accgacatgg cgccctegge cgatgtcgaa ggcgeggacce attatcteca geacgacgig 180
acgagcgagg ccggctggaa ggeggtcgeg gegetggoce aggaaaagta cgggoegogtc 240
gatgcgctgg tgcacaacgc gggcatcicyg atcgteacga agttcgaaga cactccgetg 300
teegattice acegeygtgaa cacggtcaac grcgattcca tcatcatcgg tacgcaggtc 360
ctgctgecge tgctcaagga aggcggcaag gcgcgegcag ggggegectc ggtggtrcaac 420
ttetecageg teggoggtet gegeggegeg gegttcaatg cggectattg caccagcaag 480
gcggeggtga agatgetctc gaagtgectc ggegcggaat togeggeget cggceracaac 540
atccgegtea actccgtgea tecgggegte atcgatacce cgatgctcgyg ctcgatcatg 600
gacaagtacg tcgaactcgg cgotgccccee tcgegcegagg tggoeccagge cgcgatggaa 660
atgecgecacce cgatcggicg catgggtege cctgecgaaa tgggcggegg cgtggtctat 720
ctctgctccg acgcagcaag crtcgtcacc tgcacggaat tcgtgatgga cogeggettc 780
agccaggtct ga 792
<210> 76
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<211> 263
<21Z2> PRT
<213> Artificial Sequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 76

Met Pro Leu Glu Met Thr ITe Ala Leu Asn Ash val val Ala val val
1 5 10 15

Thr Gly Ala Ala Gly Gly Ile Gly érg Glu Leu val Lys éga Met Lys
20 5

Ala Ala Asn ATa Ile val Ile Ala Thr Asp Met Ala Pro Ser Ala Asp
35 40 45

val Glu Gly Ala Asp His Tyr Leu GlIn His Asp Val Thr Ser Glu Ala
50 55 60

Gly Trp Lys Ala val Ala Ala Leu Ala GIn Glu Lys Tyr Gly Arg val
65 70 75 80

Asp Ala Leu val His Asn Ala Gly Ile Ser Ile val Thr Lys Phe Glu
85 80 95

Asp Thr Pro Leu Ser Asp Phe His Arg val Asn Thr val Asn val Asp
100 105 110

Ser ITe Ile Ile Gly Thr GlIn val Leu Leu Pro Leu Leu Lys Glu Gly
115 120 125

Gly Lys Ala Arg Ala Gly Gly Ala Ser val val Asn Phe Ser Ser val
130 135 140

Gly Gly Leu Arg Gly Ala Ala Phe Asn Ala Ala Tyr Cys Thr Ser Lys
145 150 155 160

Ala Ala val Lys Met Leu Ser Lys Cys Leu Gly Ala Glu Phe Ala Ala
165 170 175

Lteu Gly Tyr Asn Ile Arg val Asn Ser val His Pro Gly val Ile Asp
180 185 190

Thr Pro Met Leu Gly Ser Ile Met Asp Lys Tyr val Glu Leu Gly Ala
195 200 205

Ala Pro Ser arg Glu val Ala Gln Ala Ala Met Glu Met Arg His Pro
210 215 220
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Ile Gly Arg Met Gly Arg Pro Ala Glu Met Gly Gly Gly val val Tyr
225 230 235 240

Leu Cys Ser Asp Ala Ala ser Phe val Thr Cys Thr Glu Phe val Met
245 250 255

Asp Gly Gly Phe Ser GlIn val
260

<210> 77

<211> 792

<212> DNA

<213> Artificial Ssequence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 77
atgccgettyg aaatgacgat tgctctcaac aatgtggtcg ccgtegtcac €ggegeggeg

ggaggcatcg gccgcgaact ggtcaaggeg atgaaggccg ccaacgecat cgtcatcgec
accgacatgg cgccctcgge cgatgtcgaa ggegeggace attatcteca gcacgacgtg
acgagcgagg ccggetggaa ggoggtcgeg gegetggcece aggaaaagta cgggegegte
gatgcgctgg tgcacaacgc gggcatctcg atcgtcacga agticgaaga cactccgetg
tccgatttcc accgecgtgaa cacggtcaac gtcgattcca tcatcatcgg tacgcaggte
ctgctgecge tgetcaagga aggeggcaag gogcgegcag ggggogectc ggtggtcaac
ttctecageg tCggggotct goegoeggogcg gegttcaatyg cggectatty caccagcaag
gcggeggtga agatgctcte gaagtgecte ggegeggaat tcgeggcgct cggetacaac
atccgcgtca actccgtgea tccgggegge atcgatacco cgatgcotcgg ctcgatcatg
gacaagtact tcgaactcgg cgotgeccce tcgcgegagg tggeccagge cgcgatggaa
atgcgecace cgatcggtcg catgggtcge cctgecgaaa tgggceggegg cgtggtotat
ctctgctccg acgcagcaag cttcgtcacc tgcacggaat tcgtgatgga cgacggettc

agccaggtct ga

<210> 78
<211l> 263
<212> PRT

<213> Artificial seguence

<220>
<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 78

Met Pro Leu Glu Met Thr ITe Ala Leu Asn Ash val val ala val val
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60
120
180
240
300
360
420
480
540
600
660
720
780
792



Thr

Ala

val

Gly

65

AsSp

Asp

Ser

Gly

Ley

Thr

Ala

Ile

225

Leu

Gly

Ala

Glu

50

Trp

Ala

Thr

Ile

LysS

Gly

Ala

Pro
Pro
210

Gly

Cys

Ala

Asn

35

Gly

Lys

t.eu

Pro

Ile

115

Ala

Leuy

val

Tyr

Met

195

ser

Arg

ser

Ala

20

Ala

Ala

Ala

val

Leu

100

Ile

Arg

Arg

LYS

Asn

180

Leu

Arg

Met

ASp

Gly

Tle

AsSp

val

His

85

Ser

Gly

Ala

Gly

Met

165

Ile

Gly

Glu

Gly

Ala
245

Gly

val

His

Ala

70

Asn

Asp

Thr

Gly

Ala

150

Leu

Arg

Ser

val

Arg

230

Ala

Itle

Tyr

55

Ala

Ala

Phe

Glin

Ser

val

Ile

Ala

215

Pro

Ser

Gly

Ala

40

Leu

Leu

Gly

His

val

120

Ala

Phe

Lys

Asn

Met.

200

Gln

Ala

rhe

CX2-012w01_sT125

10

Arg Glu Leu val Lys
25

Thr

Gln

Ala

Ile

Arg

Leu

Ser

Asn

Cys

ser

185

ASp

Ala

Glu

val

ASD

His

Gin

Ser

80

val

Leu

val

Ala

Leu

170

val

Lys

Ala

Met

Thr
250

Met

ASp

Glu

75

Ile

AsSn

Pro

val

Ala

155

Gly

His

Tyr

Met

Gly

Cys

Ala

val

60

LYS

val

Thr

Leu

Asn

140

Tyr

Ala

Pro

Phe

Glu

220

Gly

Thr
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Pro

45

Thr

Tyr

Thr

val

Leu

125

Phe

cys

Glu

Gly

Glu

205

Met

Gly

Glu

Ala

30

Ser

Ser

Gly

Lys

Asn

110

Lys

Ser

Thr

Phe

Arg

val

Phe

15

Met

Ala

Glu

Arg

Phe

a5

val

Glu

Ser

Ser

Ala

175

Ile

Gly

His

val

val
255

Lys

ASD

Ala

va'l

80

Glu

Asp

Gly

val

Lys

Ala

ASp

Ala

Pro

Tyr

240

Met



CX2-012w01._5T725
Asp Gly Gly 528 Ser GlIn val

<210> 79

<211l> 792

<212> DNA

<213> Artificial sequence

<220> X . .

<223> variant of ketoreductase from Novosphingobium aromaticivorans

<400> 79

atgccgettg aaatgacgat tgotctcaac aatgtggtcg ccgtegtcac cggegeggeg 60
ggaggcatcg gccgcgaact ggtcaaggeg atgaaggecg ccaacgccat cgtcatcgec 120
accgacatgg cgcectcgge cgatgtcgaa ggegcggacce attatctcca gcacgacgtg 180
acgagcgagg ccggctggaa ggcggtcgeg gegotggece aggaaaagta cgggegegic 240
gatgcgctgg tgcacaacge gggeatctcg atcgtcacga agttcgaaga cactecgotg 300
tcegatttoc accgcegtgaa cacggtcaac gtcgattcca tcatcatcgg tacgcaggtc 360
ctgctgeoge tgetcaagga aggcggcaag gcgegegcag ggggegectc ggtggtcaac 420
Ttctccagey togggggtct gcgeggegeg gegttcaatyg cggectattyg caccagceaaq 480
gcggoggtga agatgceicte gaagtgectc ggegoggaat tegeggeget cggcetacaac 540
atccgecgtca actccgtgea tecgggegge atcgataccc cgatgctcgg ctcgatcatt 600
gacaagtacg tcgaactcgg cgetgeccce togegegagy tggoccagge cgegatggaa 660
atgcgccace cgatcggtcg catgggtcge cctgccgaaa tgggeggoegg cgtggectat 720
ctctgceiccy acgcagcaag cttcgtcacc tgcacggaat togtgatgga cggoggotic 780
agccaggtct ga 792
<210> 80

<211> 263

<212> PRT

<213> Artificial Sequence

<220>

<223> Vvariant of ketoreductase from Novosphingobium aromaticivorans
<400> 80

Met Pro Leu Glu Met Thr Tle Ala Leu Asn Asn val val Ala val val

1 5 10

Thr Gly Ala géa Gly Gly ITe Gly Sgg Glu Leu val Lys gga Met Lys

Ala Ala Asn Ala Ite val rfe Ala Thr Asp Met Ala Pro Ser Ala Asp
40 4
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val

Gly

65

Asp

ASp

ser

Gly

Leu

Thr

Ala

Ile

225

Leu

ASp

Glu
50
Trp

Ala

Thr

Lys

Gly

Ala

Gly

Pro

Pro

210

Gly

Cys

Gly

Gly

Lys

Leu

Pro

Ile

115

Ala

Leu

val

Tyr

Met

195

ser

Arg

ser

Gly

Ala

Ala

val

Leu

100

Ile

Arg

Arg

Lys

Asn

180

l.eu

Arg

Met

ASD

Phe
260

ASp

val

His

85

Ser

Gly

Ala

Gly

Met

165

Ile

Gly

Glu

Gly

Ala

245

Ser

His

Ala

70

Asn

ASp

Thr

Gly

Ala

150

Leu

Arg

Ser

val

Arg

230

Ala

Gln

Tyr

Ala

Ala

Phe

Gln

Ser

vai

it

Ala

215

Pro

ser

val

Leu

Lew

Gly

His

val

120

Ala

Phe

Lys

Asn

Ile

200

Gln

Ala

Phe

CX2-012w01_ST25

GIn His Asp val Thr

Ala

Ile

Ser

ASn

Cys

ser

185

ASp

Ala

Glu

val

Gln

ser

90

va'l

Leu

val

Ala

Leu

170

val

Lys

Ala

Met

Thr
250

Glu

75

Ile

AsSnh

Pro

val

Tyr

Met

60

Lys

val

Thr

Leu

Asn

140

Tyr

Ala

Pro

val

Glu

220

Gly

Thr
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Tyr

Thr

val

Leu

125

rhe

Cys

Glu

Gly

Glu

205

Met

Gly

Glu

ser
Gly
LYyS
Asn
110
Lys
sSer
Thr
Phe
Gly
1

Leu
Arg

val

Phe

Glu

Arg

Phe

95

val

Glu

Ser

Ser

Ala

175

Ile

Gly

His

val

val
255

Ala

val

80

Glu

Asp

Gly

vai

Lys

Ala

ASp

Pro

TYr
249

Met



