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<160>
<170>

172

<210> 1

<211> 756
<212> DNA
<213>

<220>
<223>

<400> 1

atgaccgarc
ttggcaatcg
gcgoatgtag
cagcacgatg
tteggeecgg
gacactacca
ggcacceytc
atgagcagta
ggggcggrac
gtgcgtgtca
ggtgctyagg
aatgacatcg
gcagaattty

<210> 2

<211> 252
<212 PRT
<213>

<400> 2
get Thr Asp

Leu Gly Ile

val
35
Ile

Lys val

ser
50
AsSp

Lys

ser Glu

65

phe Gly Pro

Lys Ser val

gtctgaaggg
ccgataaatt

gtgaaaaggc
catccgatyga
ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggtt
gtatcatgic
acacagtaca
aaatgatgtc
catggatctyg

tggtcgacgg

Arg
Gly Leu
20
Ile Thr

Gly aGly

Ala Gly

Thr
85
Asp

val

Glu
100

geu Lys Gly
Ala
Gly
Thr
Trp
70
Thr

Thr

SEQUENC

PatentIn version 3.5

arvificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgcea
tccggogctat
acagcgtacg
tgtgtacctg
cgggtatacc

Lactobacillus kefir

LysS

Ile aAla

Arg His

Asp val
55
Thr Lys

val val

Thr Thr

CX2-103w01_ST725

E LISTING

atcgtaaccg
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgacgetgg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10

Lys

val

AsSp Phe

Ala Asp val

Ile Arg Phe

Leu Phe Asp

75

Asn Asn Ala
90

Glu Glu Trp

105
page 1

Codon-optimized L. kefir ketoreductase gene

gcgggactcer
tagttattac
ctgatgttat
tcgacaccac
cagtttccaa
atctggatgg
Tgggcgctag
gggcatacaa
gcgcactgaa
cgcrggtcga
tgggccacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45
Gln

Gly

va'l His

Thr Thr Glu

Gly Ile Ala
Leu

110

Arg Lys

BIOCATALYSTS FOR THE PREPARATION OF HYDROXY SUBSTITUTED

gggtatcggt
tggtcgtcac
tcgetttgtc
cgaggaggca
aagcgttgaa
tgtittrttc
catcatcaat
cgcttccaag
ggactacgat
tgatctggaa
tggcgaaccg
tgcgacgggt

Gly Thr

Gly ala

Ala Ala

Asp Ala
Ala
80
Ser

Glu

val
a5

Leu Ser

60
120
180
240
300
360
420
480
540
600

660 -

720
756



val Asn Leu

115

Met Lys Asn
130

Gtu Gly Phe

145

Gly

Ala val

Lys Asp Tyr
Leu
195

Lys

Thr Pro
Thr
210
Ile

Arg

Trp
225
Ala

Cys

Glu Phe

<210> 3

<211> 756
<212> DNA
<213>

<220>
<223

<400> 3

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeecgg
gacactacca
ggcaccegtce
atgagcagta
gggacggrac
gtgcgtogtca
ggrgctgagg
aatgacatcg
gcagaatttyg

<210>
<211>
<212>
«<213>

<220>
<223>

<400> 4
Met Thr Asp
1

teu Gly 1le

4
252
PRT

Lys val val

Lys

Ser
65
rhe Gly Pro

Lys Ser val

Asp Gly

Lys Gly

val Gly
Ile
165
val

Arg

ASp
180
val Asp

Thr Pro

val Tyr

val
Leu
AS

150
Met
ATg
ASD
Met

Leu

Phe
120
Ala

phe

Gly
135
p Pro Thr

ser Lys

val Asn

Glu
200
His

Leu

Gly
215

Ala Ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgatgtc
catgggtctg
tggtcgacgg

Arg
Gly ieu
20
Ile Thr

Gly Gly

Ala Gly
Thr
85

Asp

val

Glu
100

Asp

Ala
Gly
Thr
Trp
70

Thr

Thr

Gly Gliy

Artificial Sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggetgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggeecce
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Sseguence

Leu Lys Gly Lys
5

Ile Ala

His
40
val

Arg

ASp
55
Thr Lys

val val

Thr Thr

Tyr

CX2-103wW01_sT25

Gly Thr Arg

Ser Ile Ile
Ala
155

Ala

Leu Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

ITe Gly Glu

Giu Ser
235
Ala

Asp

Thr
250

atcgtaaccg
ggtgcgaaag
atcggcgyca
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys

val

ASp Phe
25
Ala

Asp val

Ile Arg prhe

Leu Phe Asp
75
Asn Ala
30

Glu Trp

Asn

Glu
105

Page 2

Gly
125
Met

Leu

ASn Ser

140
Tyr

Asn Ala

Leu Asp Cys

pro Gly Tyr
190

Glu Met Met
205

Pro Asn

220

Lys

ASD

Phe Ala

Gin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggccacat
aatcgaaatt

val Thr Gly
Glu
30

LyS

val Glu
Glu
45

GIn

Gly

val His

60

Thr Thr Glu

Gly Ile Gly

Arg Lys Leu

Gin Arg

Ser Ile

Ser Lys
160
Ala teu
175
Ile Lys

Ser Gin

Iie Ala

Thr Gly

240

gEngineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcac

tcgetttgtce
cgaggaggca
aagcgttgaa
tgtrtttttc
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgygt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95

Leu Ser

110

60
120
180
240
300
360
420
480
540
600
660
720
756



val lLeu
115

Asn

Ash
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

<210> 5

<211> 756
<212> DNA
<213>

<220>
<223>

<400> 5

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
trcggeeegy
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgecgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

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

6
252
PRT

<220>
<223>

<400> 6
Met Thr
1

Leu

ASD

Gly Ile
val
35

Ile

Lys val
Ser
50

ASp

Lys

Ser Glu

65

Phe Gly Pro

Lys ser val

val Asn Leu

Asp Gly

Lys Gly

val Gly
1le
165
val

Arg

ASD
180
Leu Asp

Thr Pro

val Tyr

val
Leu
AS
15
Met
Arg
ASD
Met

Leu

Phe
120
Ala

Phe

Gly
135
p Pro Thr
0

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgteccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgatgtc
catggotctg
tggtcgacgg

Leu
>
Leu

Arg

Gly
20
ITe Thr

Gly Gly

Ala Gly

Thr
85
ASp

val

Glu
100

Asp Gly

Asp

Lys
Ala
Gly
Thr
Trp
Thr
Thr

val

Gly Gly

artificial Sequence

caaagtagcec
tgtagaggag
cgccaaatca
agcaggetgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggeccec
acagcgtacg
tgtgtaccty
cgggtggacc

Artificial Sequence

Gly Lvs

ITe Ala
His
40
val

Arg

ASD
55
Thr Lys

val val

Thr Thr

Phe Phe

CX2-103w0l_sT25

Gly Thr Arg

ser Ile Ile
Ala
155
Ala

Thr Gly
Ala
170
val

Ser
Thr His
1853
Gly

Ala Glu

Ite Gly Glu

Glu ser
235
Ala

AsSp

Thr
250

Trp

atcgtaaccy
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

ala Ile
10
Lys

val

Asp Phe
25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Asn Ala
90

Glu

Asn

Glu
105
Gly

Trp

Thr Arg
Page 3

Leu ITe

Gly
125

Asn Met

1T AN
P e AV

TYyr

Ser

Asn Ala

Leu Asp Cys

Pro Pro
190
Met

Gly
Glu Met
205
Pro Asn
220

LYyS

Asp

Phe Ala

Gln

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttcttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggecacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Gy
45

Gin

Gly
val His
60
Thr

Thr Glu

Gly 1le Gly
Leu
110

Ite

Arg Lys

Leu Gly

Gln Arg

Ser Tle

Sar Lys
160
Ala Leu
175
Ile Lys

ser Gln

tTe Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcac
tcgetttgte
cgaggaggca
aagcgttgaa
tgtttttttc
catcatcaat
cgcttccaag
ggactacgat

‘tgattatgaa

tggcgaacceg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
Leu

Glu

val
95
Leu Ser

Gln Arg

60
120
180
240
300
360
420
480
540
600
660
720
756



115

Met Lys Asn
130

Phe Gly

145

Gly

Met

Ala val

L.ys Asp Tyr

Thr Met
195
LysS

Pro

Thr
210
val

Arg

Trp Cys
225
Ala

Glu rhe

<210> 7

<211> 756
<212> DNA
<213>

<220>
<223>

<400> 7

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeecgyg
gacactacca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
gatgctgagqg
aatgacatcg
gcagaatttyg

<210> 8

<21)> 252
<212> PRT
<213>

<220>
<223>

<400> 8
Met Thr
1

e

ASp

Gly 1le
val
35
Ile

Lys val
ser
50
Asp

Lys

ser Glu

65

Phe Gly Pro

Lys Ser val

val leu

115

Asn

Lys Gly

Gly

val

Leu

ASp

120
Gly Ala
135

Prao Thr

150

Ile
165
val

Arg

ASp
1806
Leu Asp

Thr Pro

val Tyr

Met
Arg
ASD
Met

L.eu

ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala Ser

230

val
245

vai

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccygatga
ttacgaccgt
cggaggaatg
tgggcatica
tttrcgggat
gtatcatgtc
acacagtaca
aaatgatgtc
catgggtctg
tggtcgacgg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
ASp

val

Glu
100

Asp Gly

Asp

Leu Lys
5

Ala
Gly
Thr
Trp
70
Thr
Thr

val

Gly Gly

Artificial Seguence

caaagtagcec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggecee
acagcgtacg
tgtgtacctg
cgggrggacc

Artificial sequence

Gly Lys

Ile Ala
His
40
va'l

Arg

Asp
55
Thr Lys

val val

Thr Thr

Phe
120

Phe

Thr

ASp

Trp

CX2-103w01_sT25

Ser Ile Ile

Ala
155
Ala

Thr Gly
Ala
170
val

Ser

His
185
Gly

Ala Glu

Ile Gly Glu

Giu Ser
235
Thr Ala

250

atcgtaaccg
ggtgcdaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccy
gcgetggatt
atcaagaccc
aaaacceccta
gcatctgacy
gcacag

Ala 1le
10

Lys

val

ASD rhe
25
Ala

Asp val

Ite Arg Phe

Leu Phe Asp
75
Asn Ala
90

Glu

Asn

Glu
105
Gly

Trp
Thr Arg

Page 4

Asn ser
140
Tyr Asn Ala

Leu Cys

Pro Pro
190
Glu Met
Pro
220
Lys

Asp
Ala

Gin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgy
tgggcgetag
gggcatacaa
gcgcactgaa
cggctctcga
tgggccacat
aatcgaaatt

val Thr Gly
Gly
30

Lys

val Glu
Glu
45

Gln

Gly
val His
60

Thr

Thr Glu

Gly Ile Gly
Leuy
110

Ile

Arg Lys

Leu Gly

125

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser GIn

Ile Ala

Thr Gly

240

Engineered variant of Lactobacilius kefir ketoreductase

gggtatcggt
tggtcgtcac
tegetttgtc
cgaggaggca
aagcgttgaa
tgtttttitc
catcatcaat
cgertcecaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
a5
Leu Ser

Gin Arg

60
120
180
240
300
360
420
480
540
600
660
720
756



Met Lys Asn
130

Phe Gly

145

Gly

Met

Ala val

Lys Asp Tyr
Ala
195

Lys

Thr Pro
Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

<210> 9

<211l> 756
<212> DNA
<213>

<220>
<223>

<400> 9

atgaccgatc
‘ttggcaatcyg
gcggatgtag
cagcacgaty
ttcggeocay
gacactacca
ggcaccegic
atgagcagta
ggggcggtac
gtgcgtgtea
ggtgctgagyg
aatgacatcg
gcagaatttg

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

<220
<223>

<400>
Met Thr
1
Ley

10
252
PRT

10
ASD

Gly Ile
val
35
Ile

Lys val

Ser
50
ASp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val
Leu
115

Asn

val Asn

Met Lys

Lys Gly Le

val Gly As
15
Ile Me
165

va'

Arg
Asp Ar
180
L.eu

ASp AS

Thr Pro Me

val Le
23
AS

Tyr

val
245

val

gtctgaaggy
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg
tggtcgacyg

Arg Leu Ly
5

Gly Al
20
Ile

Leu
Gl
Th

Thr
Gly Gly

Ala Tr

70
Th
Th

va

Gly

Thr
85
Asp

val

Glu
100
ASp Gly

Lys Gly Le

u Gly Ala

135
p Pro
0

t Ser

Thr
Lys
g val Asn
Glu

200
His

pTyr

t Gly

215
u Ala
0

p Gly

Ser

Gly

Artificial Sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tcocgggeccec
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Sequence

S Gly Lys

a Ite Ala
His
40
val

y Arg

r Asp
55
p Thr Lys

r val val

¢ Thr Thr

1 Phe Phe
120

U Gly Ala

Thr Gly

Trp

CX2-103w01_5T25

Ser Ite Ile
Ala
155
Ala Ala
170

val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu ser
235
Ala

ASp

Thr
250

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggcer
ccgactaccyg
gcgctggatt
atcaagaccc
adaaccccta
gcatctrgacg
gcacag

Ala Ile
10
Lys

val

AsSp Phe

25

Ala Asp val

Ile Arg Phe

Leu Phe Asp
75
Ala

Asn Asn

30
Glu Glu
105

Gly

Trp
Thr Arg

Ile 1le
page 5

Ser

Asn Met S5er

140
Tyr

Asn Ala

Ley Asp Cys

Gly Pro
190
Met

Pro
Glu Met
205
Pro Asn
220

Lys

ASp

Phe Ala

GIn

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggccacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Giu

Glu
45
Glin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys
Gly
125
MetT

Leu

Asn Ser

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

ser Gin

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtegtcac

tcgetttgtc
cgadgaggca
aagcgttgaa
tgtttttttc
catcatcaat
cgcttecaay
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgygt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Gtu

val
95
Leu Ser

GIn Arg

Sar Ile

60
120
180
240
300
360
420
480
540
600
660
720
756



130
Phe Gly
145

Gly

Met

Ata val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
216
val

Arg

Trp
225
Ala

cys

Glu Phe

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

11
756
DNA

<220>
<223>

<400> 11
atgaccgatc
ttggeadtey
gcggatgtag
cagcacgatg
ttecggeecgg
gacactacca
ggcaccegrce
atgagcagta
ggggcggtac
gtgcgtgtca
ggrtgctgagy
aatgacatcg
gcagaatttyg

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

<220>
<223>

<400>
Met Thr
1
Leu

12
252
PRT

12
ASp

Gly Ile
val
35

Ile

Lys val
Ser
50
AsSp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115

Ash

Asn

Met Lys
130

val Gly As
15
g Ile Me
165

Asp val Ar

180
Leu

Asp As

Thr Pro Me

va'l Le
23

AS

Tyr

val
245

val

gtctgaagygg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
taggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgatgtc
catgggrcty
tggtcgacgg

Arg Leu Ly
5

Gly Al
20

Ile

Leu
Gl
Th

Thr

Gly Gly

Ala Gly Tr
70
Thr Th
85

AsD

val

Glu Th

100

Asp Gly va

Lys Gly Le

135
p Pro

0
t Ser

g val
Gclu

200
His

p Tyr

t Gly

215
u Ala
0

p Gly

Ser

Gly

Artificial Seguence

caaagtagcc
tgtagaggag
cgccaaatcea
ageaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tcegggeece
acagcgtacg
tgtotacctg
cgggtggacc

Artificial sequence

s Gly Lys

a Ite Ala
Arg
440
val

y Arg

r Asp
55
p Thr Lys

r val val

r Thr Thr

1 phe Phe
120
u Gly Ala

135

CX2~103w01_sT25

Ala
155
Ala

Thr Gly

Ala
170
vai

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

ASp

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggceggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaceg
gcgctggatt
atcaagaccce
aaaaccecta
gcatctgacy
gcacag

Ala Ile
10
Lys

vai

Asp Phe

25

Ala Asp val

Ile Arg pPhe

Leu Phe Asp

75

Asn Asn Ala
90

Glu Glu

105

Gly

Trp

Thr Arg

Ser Ile Ile

Page 6

Gy

140
Tyr Ala

Lau Asp Cys
Pro
190
Phe

Pro Gly

Pro
220
Lys

Asp

Phe Ala

Gin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gaggttcttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctega
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45
Gin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
Met

Asn Ser

140

ser Lys

160

Leu

Ala
175
ITe Lys

ser Gln

ITe Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gagtatcggt
tggtcgtegt
tcgetttgte
cgaggaggca
aagcgttgaa
tgttittttc
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala

Glu Ala
80
val Leu
a5
Leuy Ser

Gln Arg

Ser Ile

60
120
180
240
300
360
420
480
540
600
660
720
756



rhe
145
Gly

Gly Met

Ala val

Lys Asp Tyr

Thr Met
195
LYS

Pro

Thr
210
val

Arg
Trp Cys
225

Ala Glu Phe

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

13
756
DNA

<220>
<223

<400> 13

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggccegy
gacactacca
ggcaccegte
atgagcagta
ggggcggtac
gtgcgrgtca
ggtgctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

<400>
Met Thr
1
Leu

14
252
PRT

14
ASp

Gly 1Ile
val
35

Tle

Lys val

Ser
50
Asp

Lys
ser Glu
65

Phe

Gty Pro

Lys ser val

val Ley
115
Asn

Asn

Met Lys

130
Gly

Phe Met

val Gly

Asp

Pro Thr

150

Ile
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

l.eu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

gtctgaaggyg
ccgataaatt

gtgaaaaggc
cgtccgatga
tracgaccgt
cggaggaatg
tgggcattca
trttegggat
gtatcatgtc
acacagtaca
aaatgtttrc
catgggtctg

tggtcgacgg

Arg
Gly Leu
20
Ile Thr

Gly Gly

Ala Gly
Thr
85

Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

ASp

Leu Lys
5

Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu

Asp

Gly Gly

Artificial Segquence

caaagtagec
tgtagaggag
cgccaaatca
agcaggcetgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggeece
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Sequence

Gly Lvs

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

(X2-103w01_s7T25

Ala
155
Ala

Thr Gly

Ala
176
val

ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

ASD

Thr
250

Trp

atcgtaaccy
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Ala 1Tle
10

Lys

val

Asp Phe

25

Ala Asp val

Ile Arg Phe

Leu Phe Asp
75
Ala

Asn Asn

90
Glu Glu
105

Gly

Trp

Thr Arg

Ser Tle Ile

Thr Gly Ala

Page 7

Tyr Asn Ala

Leu Asp Cys

Gly Pro
190

Met

Pro
Glu Met
205
Pro Asn
220

LYS

Asp

Phe Ala

Gin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgeactgaa
cgatgctega
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

LYS

val Glu
Glu
45

Gln

Gly
val His
60
Thr

Thr Glu

Gly ITe Gly

Arg Leu
110

Ile

Lys
Leu Gly
125
Asn Met
140

TYr

Ser

Asn Ala

Ser Lys
160
Ala Leu
1978

wad wd

Ite Lys

Ser Gin

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcgt
tecgetttgte
cgaggaggca
aagcgttgaa
tgretretic
catcatcaat
cgcttccaag
ggactacgar
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gln Arg

ser Ile

ser Lys

60
120
180
240
300
360
420
480
540
600
660

720
756



Ala vali

Asp
Met

195
Lys

Pro

Thr
210
val Cys

Glu Phe

<210>
<211>
«212>
<213>

15
756
DNA

<220>
<223>

<400> 15

atgaccgatc
trggeaatcg
gcggatgtag
cagcacgaty
ttcggecegy
gacactacca
ggcacccgtce
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagy
aatgacatcg
gcagaatttg

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

<220>
<223>

<400>
Met Thr
i
Leu

16
252
PRT

16

Gly

val
35

Lys val
Ser
50
Asp

Lys

Ser
65
Phe Gly

Lys Ser val

val Asn
115

Met Lys Asn
130

phe Gly

145

ASp
Ile

Ile

Glu

Pro

Leu

Met

150

Iie
165
val

Arg

ASD
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
ASp
Met

Leu

Ser
val
Tyr
Gly

215
Ala

230

vai
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcatica
tTttcgggat
gtatcatgtc
acacagtaca
aaatgatgtc
catgggtctyg
tggtcgacgg

Leu
5
Leu

Arg

Gly
20
Ite Thr

Gly Gly

Ala Gly

Thr
85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Asp

Lys
Ala
Gly
Thr
Trp
Thr
Thr
val
Leu

ASp

Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctyg
cgtgaacaat
gcgtraaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgcea
tccgggecce
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Ssequence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

rhe
120
Ala

Phe

Gly
135

Pro Thr

150

(X2-103w0l1_ST725

ser

Thr
185
Gly

Ile

Asp
235

Trp Ala

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccg
gegctggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys

val

ASD Phe

25

Ala Asp val

Ile Arg Phe

Leu Phe Asp
75
Ala

AsSrt Asn

90
Glu Glu
105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala

155

Thr Gly

Page 8§

Leu Asp Cys
Pro Gly

190
Met Phe
205
Asn Asp

Phe Ala

Glin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atcrggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cggctctcga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

LYS

val Glu
Glu
45

GIn

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ie

Arg Lys

teu Gly
125
Asn Met Ser
140
Tyr

Asn Ala

Pro I

160
Leu

Lys
Gln
Ala

Gly
240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtegtegt
tcgetttate
cgaggaggca
aagcgttgaa
tgttttttic
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala

Glu Ala
80
val val
a5
Leu Ser

Gln Arg

Ser Tle

Ser Lys

160

60
120
180
240
300
360
420
480
540
600
660
720
756



Gly Ala val

Lys Asp Tyr
Ala
195

LYys

Thr Pro
Thr
210
val

Arg

Trp
225
Ala

cys

Giu Phe

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

<220>
<223>

<400 17
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttoggeccgy
gacactacca
ggcacccgic
atgagcagta
gaggcggtac
gtgcgtgtea
ggtgctgagg
aatgacatcg
gcagaatttg

17
756
DNA

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

<220
<223>

<400>
Met Thr
1
Leuy

18
252
PRT

18
ASD

Gly Ile
val
35
1le

Lys val

ser
50
Asp

Lys

ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Ash
130

phe Gly

145

Gly

Met

Ala val

1le
165
val

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

ser Lys

val Asn

Glu
200
Mis

Tyr

Gly
215

Ala Sser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
grtatcatgtc
acacagtaca
aaatgttttc
catgggtctg
tggtcgacgg

Leu
5
Leu

Arg

Gly
20
Ile Thr

Gly Gly

Ala Gly

Thr
85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

ASp

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val

Ley

ASDP

Gly Gly

Artificial Sequence

caaagtagcece
tgtagaggag
cgccaaatca
agcaggctgyg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tecgggecec
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Sequence

Gly Lys

Ite Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

pro Thr

150

Arg Ile

Met

ser Lys

CX2-103W01_ST25

Ala Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

e Gly Glu

Glu ser
235
Ala

AsSp

Thr
250

Trp

atcgraaccy
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Ala 1le
10

Lys

val

AsSD Phe

25
Ala

Asp val

Ile Arg pPhe

Leu Phe Asp
75
Asn Ala
90

Glu

Asnh

Glu
105
Gly

Trp

Thr Arg

ser Ife Ile

Ala
155
Ala Ala

Page 9

Thr Gly

Ser

Leu Asp Cys
Pro
190
Met

Pro Gly

Glu Met
205
Pro Asn
220

Lys

Asp

Phe Ala

Glin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
ctgttgttaa
atctggatgy
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Gln

Gly
val His
60

Thr

Thr GHu

Gly Ile Pro
Leu
110

Ile

Arg Lys
Gly
125
Met

Leu

ASn Ser

1490

Tyr Asn Ala

Leu Asp Cys

Ala
175
Ile

Leu
Lys
ser Gin
Ile

Thr Gly

240

Engineered variant of rtactobacilius kefir ketoreductase

gggratcggt
tggtegtegt
tcgerttgtc
cgaggaggca
aagcgttgaa
tgtttttttc
catcatcaat
cgcttecaag
ggactacgat
tgattatgaa
tggcgaaccyg
tgcgacyggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
g5
Leu Ser

GIn Arg

Ser Ile
Ser Lys
160

Ala Leu

60
120
180
240
300
360
420
480
540
600
660
720
756



Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu pPhe

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

<220>
<223>

<400> 19
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeccgg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagy
aatgacatcg
gcagaatttg

19
756
DNA

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

<220>
<223>

<400> 20
Met Thr Asp
1

20
252
PRT

Lteu Gly Ile
val
35

Ile

Lys val
Ser
50
Asp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115

Asn

Asn
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

165
Asp val
180
Leu Asp

Thr Pro

val Tyr

Arg
AsD
Met

Leu

val Asn

Tvr Glu
200

Gly His

215

Ala Ser

230

val
245

val

gtctgaagag
ccgataaatt

gtgaaaaggyc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtcty

tggtcgacgg

Arg

Gly
20
Tle

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

ASp

Leu Lys Gly
; Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu

ASp

Gly Gly

Artificial seguence

caaagtagcec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tcecgggeccee
acagcgtacg
tgtgtacctyg
cgggtggacc

artificial sequence

Lys

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

pPro Thr

150

ile
165

Arg

MetT

Ser Lys

CX2-103w01_ST25
170

Thr val His
185

Gly Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

ASp

Thr
250

Trp

atcgtaaccy
ggtgcgaaag
atcggeggca
acgaaactgt
gcagggatig
ctgtccgtta
aataaaggct
ccgactaccy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys Phe

val

ASD
25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Asn Ala
a0

Glu

ASn

Glu
105
Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly

Ala
170

ser

Page 10

Pro Gly Pro
190

Met Phe

205

Asn Asp

Glu

Pro
220
Lys Phe Ala

GIn

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
ggatggttaa
atcrggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45
GIn

Gly
va'l His
60
Thr

Thr Glu

Gly Tte Gly

Arg Leu
110
Ite

Lys
Leu Gly
125
Ash Met
140

Tyr

ser

Asn Ala

Leu Asp Cys

Ile Lys

r Gin

73]
D

ITe Ala

Thr Gly
240

Engineered variant of tactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcgt
tcgetttgte
cgaggaggea
aagcgttgaa
tgttttrttc
catcatcaat
cgcttecaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
5

Gly Ala

Ala Ala

Asp Ala
Ala
80
va'l

Glu

Met
95
Leu Ser

GIn Arg

ser Ile

Ser Lys
160
Ala Leu

175

60
120
180
240
300
360
420
480
540
600
660
720
756



Lys AsSp Tyr

Thr Pro Met

185

Arg Thr Lys
210

Trp val

225

Ala Gglu

Cys
Phe

<210>
<211>
<212>
<213

21
756
DNA

<220>
<223>

<400> 21
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttecggeceyg
gacactacca
ggcacccgtc
atgagcagtyg
ggggcggrac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaattty

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

<220>
<223>

<400>
Met Thr
1

Leu Gly

22
252
PRT

22
Asp

Ile
val

35
Ie

Lys val

Ser
50
ASp

LyS
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115

Asn

Asn
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Asp val
180
Leu Asp

Thr Pro

val Tyr

Arg
ASp
Met

Leu

val Asn

Glu
200

His

TYF

Gly
215

Ala Ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaaty
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacgg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

ASp

Leu Lys Gly
; Ala
Gly
Thr
Trp
70
Thr
Thr
val

l.eu

ASp

Gly Gly

Artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactyg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggeece
acagcgtacg
tgtgtacetg
cgggtggacc

Artificial Seguence

LysS

ITe Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
ala

Phe

Gly
135

Pro Thr

150

Iie
165
val

Arg

Asp

Met

Arg

Ser Lys

val Asn

ASp

Thr

CX2-103w01_ST25
Pro Gly Pro Ile Lys
190

Thr val His
185
Gly ala Glu

Ile Gly Glu
Glu ser

235
Thr Ala
250

ASD
Trp

atcgtaaccy
ygtgcgaaag
atcggcgaca
acgaaactgt
gcagggattyg
ctgtccgtta
aataaaggct
ccgactaccey
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
LVs

val

Phe
25
Ala

Asp val

Iile Arg rhe

L.eu Phe Asp
75
Asn Asn Ala
80

GTu Glu
105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Gly

Ala
170
val

ser

Thr His

Page 11

Glu

205
Pro
220
Lys

Gin

gcgagacact
Tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatyg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45
Gin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly

Arg Leu
110
Ile

Lys
teu Gly
125
Asn Met
140

Tyr

sSer

Asn Ala

Leu Asp Cys

Pro Gly Pro

Met Phe Ser Gin
Asn Asp Ile Ala

Phe Ala Thr Gly

240

gngineered variant of tactobacillus kefir ketoreductase

gggtatcggr
tggtegtegt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgttttrtte
catcatcaat
cgcttecaay
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gln Arg

Ser val

ser Lys
160
Ala Leu
175

Ite Lys

60
120
180
240
300
360
420
480
540
600
660
720
756



Thr Pro Met
195
Arg Thr Lys

210
Trp val
225

Ala Glu

Cys
Phe

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

<220>
<223>

<400> 23

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcgygeocag
gacactacca
ggeacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagy
aatgacatcyg
gcagaatttg

23
756
DNA

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

<220>
<223>

<400>
Met Thr
1

24
252
PRT

24
Asp
teu Gly ITe
val
35
Ile

Lys val

Ser
50
AsSD

Lys
ser Glu
&5

phe

Gly Pro

Lys Ser val

val Leu
115
Asn

Asnh
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

180
Leu

Asp
Thr Pro

val Tyr

Met Gly

Asp Tyr Glu Gly Ala
200

215

Leu Ala Ser Asp Glu

230

val
245

val

gtctgaaggg
ccgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
rtttcgggat
gtatcatgtc
acacagtaca
aaatgtrttc
catgggtctg

tggtcgacgg

Arg
Gly Leu
20
ITe Thr

Gly Gly

Ala Gly
Thr
85
ASD

val

Glu
160
Asp Gly

Lys Gly

val Gly
Ile
165
val

Arg

ASp
180

Leu Lys Gly
5

Ala
Gly
Thr
Trp
70

Thr
Thr
val
LLeu
AS

150
Met

Arg

Asp Gly Gly Trp Thr

Artificial Sequence

caaagtagcc
tgtagaggag
cgecaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tcegggecec
acagcgtacg
tgtgtacctg
cgggtggacc

Artiticial Sequence

LysS

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135
p Pro Thr

ser Lys

val Asn

CX2-103w01_ST25

i85

Glu
Ile &ly Glu
Ser
235

Ala
250

atrcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagaccc
aaaacccecta
gcatctgacg
gcacag

Ala Tle
10
Lys

val

ASp fhe

25
Ala

Asp val

ITe Arg Phe

Leu Phe Asp
75
Asn Alla
90

Glu

Ash

Glu
105
Gly

Trp

Thr Arg

Ser Ile Iie
Ala
155

Ala

Thr Gly
Ala
170
val

ser

Thr His

185

pPage 12

Glu Met
205

Pre Asn

220

Lys Phe

Gin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgy
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
LYsS

val Glu
Glu
45

Gin

Gly
val His
60
Thr

Thr Glu

Gly 1le Gly

Arg Lys Leu
110
Gly Ile
125

Met

Leu

Asn Ser

140

Tyr Asn Ala

Leu Asp Cys

Pro Gly Pro

190

i
1]
3
—
>

k4
ed
et
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Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgtttrtitc
catcatcaat
cgcttecaag
ggactacgat
rgattatgaa
tggcgaaccy
tgcgacggyt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val'l
95
Leu Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
175

Ile Lys

60
120
180
240
300
360
420
480
540
600
660
720
756



Thr Pro Met
195
Arg Thr Lys
210
Trp val Cys
225
Ala Giu phe

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

<220>
<223>

25
756
DNA

<400> 25

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgaty
ttcggccoye
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaattty

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

26
252
PRT

<220>
<223>

<400> 26
Met Thr Asp
1

Leu Gly Ie

val
35
Ile

Lys val
Ser
50
Asp

LyS

Ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130

Phe Gly

145

Gly

Met

Ala val

Lys Asp Tyr

Thr Pro Met

Mmet Asp Asp
Thr Pro Met

val Tyr Leu

200

215

£ 2.2

230

val val Asp

245

gtctgaagog
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgrttec
catgggtctg
tggtecgacgg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys
; Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu

AsD

Artificial sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactyg
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tccgggeccee
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Sequence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

rhe pPhe
120
Gly Ala
135

Pro Thr

150

Ile
165
val

Arg

ASp
180

Leu Asp

Met
Arg

Ser

Ser Lys

val Asn

Tyr Glu

val
ASp
25

Ala
Ile
Leu
Asn
Glu
105
Gly
Ser
Thr
Ser
Thr

185
Gly

Gly His Ile Gly Glu

Ala Ser Asp Glu Ser

235

Gly Gly Trp Thr Ala
250

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtrta
aataaaggct
ccgactaccy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Tle

Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala
90
Glu Trp

Thr Arg

ITe Ile
Ala
155
Ala

Gly

Ala
i70

val His

Ala Glu
Page 13

CXZ2-103w01_5T125
Tyr Glu Gly Ala Glu Glu Met Phe Ser Glin

205
Pro Asn Asp
220
Lys Phe Ala

Gin

grgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgcetcga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30
Lys

val Gglu
Glu
45
Gln

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

ser

Asn Ala

Leu Asp Cys

Pro Pro
180

Phe

Gly

Glu Met

Ile Ala

Thr Gly
2490

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtegtegt
tcgetttgte
cgaggaggca
aagcgttgaa
tgttttttte
catcatcaat
cgcttccaag
ggactacgat
ttcgtatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gin Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser GlIn

60
120
180
240
300
360
420
480
540
600
660
720
756



165
Arg Thr Lys
210
Trp val Cys
225
Ala Glu Phe

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

<220>
<223>

<400> 27

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeccgg
gacactacca
ggcacccgtce
atgagcagta
ggggcggrac
gtrgcgtgtca
ggtgcrgagg
aatgacatcg
gcagaatttg

27
756
DNA

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

<220>
<223>

<400> 28
Met Thr Asp
1

Leu Gly

28
252
PRT

Ite

val
35
Ile

Lys val

Ser
50
Asp

Lys
ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115
ASn

AsT

Met Lys

130
Gly

Phe Gln

145
Gly

Ala val

Lys Asp Tyr

Thr Met

195

Pro

CX2-103W01._ST25

200 205
Thr pPro Met Gly His Ile Gly Glu Pro Ash Asp Ile Ala
215 220
val Tyr iteu Ala ser Asp glu Ser Lys phe Ala Thr Gly
230 235 240
val val Asp Gly Gly Trp Thr Ala Gin
245 250

gtctyaaggg
ccgataaatt

gtgaaaaggc
tttccgatga
ttacgacctt
cggaggaatg
tgggcattca
Ttttcgggea
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacgg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys Gly
; Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu

ASD

Artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgy
agtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tecgggeece
acagcgtacg
tgtgtacctyg
cgggtggacc

Artificial Sequence

Lys

Ile Ala

Arg Arg
40
Asp val
535
Thr Lys

Leu val

Thr Thr
pPhe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180

Leu ASp

Met
Arg
Asp

Ser Lys

val Asn

Glu
200

His

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccyg
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10
Lys

val

Asp Phe

25
Ala

Asp val

ITe Arg Phe

Leu Phe Asp

75

Asn Asn Ala
90

Glu Glu

105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
vail

ser
Thr His
185
Gly

Ala Glu

Page 14

gcgggacact
tagttattac
ctgatgttat
tCcgacaccac
gggttgttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30
Lys

val Glu

Gluy
45
Gln

Gly
vali His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys

Leu Gly

125

Asn Met Ser

140

Tyr Asn Ala

L.eu Asp Cys

Pro Gly Pro

190
Phe

Glu Met

205

engineered variant of Lactobaciilus kefir ketoreductase

gggratcggt
tggtcgtegt
tegetttgte
cgaggaggca
aagcgttgaa
tgtttttitc
catcatcaat
cgcttecaay
ggactacgat
tgatcatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thar
15

Gly Ala

Ala Ala

Asp val

Glu Ala
80
val val
935
Ley ser

Gln Arg

ser Ile

Ser Lys
160
Ala Leu
175
ITte Lys

Ser Gln

60
120
180
240
300
360
420
480
540
600
660
720
756



Arg Thr
210

Trp val

225

Ala Glu phe

Lys

Cys

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

<Z220>
<223

<400> 29
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgaty
ttcggecegg
gacactacca
ggcaccegte
atgagcagta
ggggcggrac
gtgcgtgtea
ggtgctgagy
aatgacatcy
gcagaatttg

29
756
DNA

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

<220>
<223>

<400
Met Thr
1

Leu Gly

30
252
PRT

30
ASD

Ile
val

35
Ite

Lys val

Ser
50
AsSp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Ley
115
Asn

Asn

Met Lys

130
phe Gly GlIn
145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Arg Thr

Thr Pro

val Tyr

Met Gly His Ile Gly

215

teu Ala Ser Asp Glu

230

val val
245

gtctgaaggg
ccgataaatt
gtgaaaaggc
tttccgatga
ttacgaccgt
cggaggaaty
tgggcattca
ttttcgggca
gtatcatgtc
acacagtaca
aaatgtirttc
catgggtctyg
tggtcgacgg

Arg

Gly
20
Ile

l.eu
Thr
Gly Gly
Ala Gly
Thr

85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Ala
Gly
Thr
Trp
70

THr
Thr
val

L.eu

ASpP

Asp Gly Gly Trp Thr
250

Artificial Seqguence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tcegggeece
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Seguence

Leu Lys Gly Lys val
5

ITe Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180
Leu Asp

Thr Pro

Met
Arg
ASp

Met

ser Lys

val Asn

Glu
200
His

His

Gly

Asp
25

Ala
Ile
Leu
AsSnN
Glu
105
Gly
Ser
Thr
ser
Thr
185
Gly

Ile

235
Ala

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaacigt
gcagggattyg
ctgtcegtta
aataaaggct
ccgactaccg
gcgectggatt
atrcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala
30
Glu Trp

Thr Arg

Ile Tle

Ala
155
Ala

Gly

Ala
170

val His

Ala Glu

Gly Glu
page 15

Cx2-103w01_ST25
Glu Pro Asn Asp Ile Ala

220

Gin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgy
tgggcyctag
gggcatacaa
gcgcactgaa
cgatgcrcga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45

Gin

Gly
val His
60
Thr

Thr Glu

Gly 1le Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Gly Pro

190

Glu Met phe

205
Asn

Pro Asp

Ser Lys Phe Ala Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgettigtc
cgaggaggcea
aagcgtrgaa
tgtttttttc
catcatcaat
cgcttecaag
ggactacgat
tgatcatgaa
tggcgaaccg
tgcgacgggt

gEngineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly aAla

Ala Ala

Asp val
Ala
80
val

Glu

val
a5
Leu Ser

Gln Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser GIn

Ite Ala

60
120
180
240
300
360
420
480
540
600
660
720
756



210

215

CX2-103W01_5T25

220

Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240
Ala Glu Phe val val Asp Glvy Gly Trp Thr Ala Gln
245 250
<210> 31
<211> 756
<212> DRA
<213> Artificial sequence
<220> A
<223> Engineered variant of Lactobacillius kefir ketoreductase
<400> 31
atgaccgatc gtctgaaggy caaagtagee atcgtaaccg gcgggacact gggtatcggt
ttggcaatcy ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcgt
gcggatgtag gtgaaaaggc cgccaaatca atcggcggea ctgatgttat tcgetttgic
cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggea
ttcggeecygyg titacgaccygt cgtgaacaat gcagggattc cygitgttaa aagcgttgaa
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtrtttitce
ggcacccgte tgggcattca gegcatgaaa aataaaggct tgggegetag catcatcaat
atgagcagtg tgttcgggat ggtaggcgat ccgactaccg gggcatacaa cgcttccaag
ggggcggtac gtatcatgtc gaaaagcgca gogetggatt gogcactgaa ggactacgat
gtgcgtgtca acacagtaca tCCgggecce atcaagacce cgatgatgga tgattatgaa
ggtgctgagg aaatgttttc acagcgtacg aaaaccccta tgggtcacat tggcgaaccy
aatgacatcg catgggtctg tgtgtacctg gecatctgacy aatcgaaatt tgcgacgggt
gcagaatitg tggtcgacgg cgggtggacc gcacag
<210> 32
<21l> 252
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 32
Met Thr Asp Arg Eeu Lys Gly Lys val ala Ile val Thr Gly Ggy Thr
1 10 1
teu Gly Ile ggy Leu Ala Ile Ala Asp Lys rhe val Glu ggu Gly Ala
25
Lys val gaT ITe Thr Gly Arg ﬁgg Ala Asp val Gly Géu Lys Ala Ala
5 4
Lys ser Tle Gly Gly Thr Agp val Ile Arg Phe gg1 Gln His Asp Ala
50 5
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
pPhe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ile Pro ga1 val
85 90 5
Lys Ser val Giu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 119
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly I'le Gln Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser val
130 135 140
Phe Gly met val Gly Asp Pro Thr Thr Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 180
Thr Pro Met Met Asp Asp Tyr Glu Gly Ala GTu Glu Met Phe Ser Gln
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220

Page 16

60
120
180
240
300
360
420
480
540
600
660
720
756



225

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

<220
<223>

33
756
DNA

<400> 33

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggccegg
gacactacca
ggcgeccgtce
atgagcagtg
ggggcggtac
gtgcgtgtea
ggtgctgagyg
aatgacatcg
gcagaatttg

<210>
<211>
<212»
<213>

<220>
<223>

34
252
PRT

<400> 34
Met Thr Asp
1

Gin Gly Ile
val

35
Ile

Lys val

ser
50
ASp

Lys
ser Giu
65

Phe

Gly Pro

Lys Ser val

val Lau
115

AsSnh

Asn

Met Lys

130
Gly

Phe Ile

145
Gly

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys

210

Arg

230
Ala Glu phe val val aAsp Gly Gly Trp Thr Ala GlIn

245

gtctgaaggg
ccgataaatt
gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacygy

Arg

Gly
20
Ile Thr

Gly Gly

Ala Gly

Thr
85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Ala Ile
Gly
Thr
Trp
70
Thr
Thr
val

Leu

ASp

Artificial Segquence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctyg
agtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggegac
gaaaagcgca
tccgggeccee
acagcgtacg
tgtgtacctg
cgggtacacc

Artificial Seguence

Eeu Lys Gly Lys val

Ala
Arg Arg
40
Asp val
55
Pro Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ite
165
val

Arg

ASP
180
Met Asp

Thr Pro

Met
Arg
Ser

Met

ser Lys

val Asn

Glu
200
Hisg

Tyr

Gly
215

CX2~103wW01_ST25

250

atcgtaaccy
ggtgcgaaag
atcggcggea
cCctaaactyt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaceg
gcgctggatt
atcaagacce
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10

ASp Phe
25
Ala

Lys

Asp val

Ite Arg Phe

Leu Phe Asp
75
Ala

ASn Asn

90
Glu Glu
105

Gly

Trp

Ala Arg

Ser ITe 1le

Thr Ala
155
Ala

Gly

Ala
170
vai

sSer

Thr His

185

Gly Ala Glu

Ite Gly Glu

Page 17

Trp val Cys val Tyr iteu Ala Ser Asp Glu %gr Lys pPhe Ala Thr Gly
5

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cgatggttiaa
atctggatgg
tgggcgetag
gggcatactyg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

240

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtcgtegt
tcgetitgte
cgaggaagca
aagcgttgaa
tgttttttte
catcatcaat
tgeitccaag
ggactacgat
tagctatgaa
tggcegaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

val Thr Gly Gly Thr
15

Glu
30
Lys

val Glu
Glu
45

Gin

Gly
val His
60
Thr

Thr Glu

Gly 1le pPro

Arg Ley
110
Iie

Lys
Leu Gly
125
Asn Met
140

TYF

ser

Cys Ala

Leu Asp Cys

Pro Gly Pro

160

Glu Met pPhe
205

Pro Asn

220

ASD

Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

Met
95
Leu Ser

Gln Arg

Ser val

ser Lys
160
Ala teu
175
Ile Lys

Ser Glin

Ite Ala

60
120
180
240
300
360
420
480
540
600
660
720
756



Cx2-103w01_5T25

Tro val Cys val Tyr ;gu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

0

Ala Glu phe val Val Asp Gly Gly Tyr TEr ala Gln
245 7

225

<210>
<211>
<21Z2>
<213>

<220>
<223>

<400> 35

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeecgg
gacactacca
ggcacccgtc
atgagcagty
ggggcggtac
gtgcgtgtea
ggtgctgagy
aatgacatcg
gcagaatttg

35
756
DNA

<210>
<Z21l>
<212>
<213>

<220>
<223>

<400> 36
Met Thr Asp
1

36
252
PRT

Gin Gly Ile
vall
35

Ile

Lys val
ser
50
Asp

LYS
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115
ASNH

Asn

Met Lys

130
phe Gly ITe
145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp Cys

gtctgaagag
ccgataaatt
gtgaaaaggce
tatccgatga
ttacgaccgt
cggaggaaty
tgggcattca
tgttegyggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtcty

tggtcgacgg

Artificial Sequence

caaagtagec
tgtagaggag
cgccaaatcea
agcaggctgg
agtgaacaat
gcgtaaacty
gcgeatgaaa
tgtaggcgac
gaaaagcgca
tecgggeccee
acagcgtacg
tgtgtaccty
cgggttcacc

Arg
Gly
20

Ile
Gly
Ala
val
Glu
100
ASp
Lys
va'l
Arg
ASp
180
Met
Thr

val

Artificial Sequence

Leu Lys Gly
5

Leu Ala Ile

Thr Gly Arg

Gly Thr Asp

55

Gly Trp Pro

70
Thr

Thr val

85
ASp

Thr Thr

Gly val Phe

Gly Leu Gly

135

Gly Asp Pro
150

Ile Met

165

val

ser

Arg val

Asp Asp Tyr

Pro Met Gly

215
Ala

Tyr Leu

Lys
Ala
Arg
40

val
Lys
val
Thr
Ehe
120
Ala
Thr
Lys
Asn
Glu
200
His

Ser

235

L2

atcgtaaccg
ggtgcgaaag
atcggceggea
cctaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagacce
aaaaccccta
gcatctgacg
gcacag

aAla 1le
10
LyS

val

ASp Phe
25
Ala

Asp val

Tie Arg pPhe

Leu Phe Asp
75
Asn Ala
90

Glu

ASn

Glu
105%
Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly

Ala
170
val

Ser

Thr His

185

Gly Ala Glu

Tie Gly Glu

Asp Glu Ser

Page 18

gcgggacaca
tagttattac
ctgatgrtat
tcgacaccac
cggtggttaa
atctggatgg
tgggcgetag
gggcatactg
gcgeactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

240

Engineered variant of tactobacillus kefir ketoreductase

aggtatcggt
tggtogrogt
tcgotttgtc
cgaggaggcea
aagcgttgaa
tgtttitttc
catcatcaat
tgcttccaag
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir keroreductase

val Thr Gly Gly Thr
15

Glu Ala
30
Lys

val Glu Gly

Glu Ala Ala
45

GlIn

Gly

val His vai
60

Thr

Asp

Ala
80
val

Thr GTu Glu
val
95

l.eu

Gly Ile Pro
Leu
110

Ile

Arg Lys ser

Leu Gly Gln
125

Met

Arg

Asn Ser val
140

Tyr

ser

Cys Ala Ser Lys
160

Ala Leu

175
Ile

Leu Asp Cys

Pro Pro
190
Phe

Galy Lys

Glu Met Gin
205

Asn

ser

Pro ITe Ala
220

Lys

ASD

phe ala Thr Gly

60
120
180
240
300
360
420
480
540
600
660
720
756



CX2-103w0l_ST25
235

225 230 240
Ala Glu phe val val Asp Gly Gly Phe Thr Ala Gln
245 250
<210> 37
<211> 756
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 37
atgaccgatc gtctgaaggg caaagtagcec atcgtaaccg gcgggacaat gggtatcggt
ttggcaatcy ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcgt
gcggatgtag gtgaaaaggc cgccaaatca atcggcggea ctgatgttat tcgetttgtce
cagcacgatg tatccgatga agcaggctgg actaaactgt tcgacaccac cgaggaagea
ttcggeccgy ttacgacctt agtgaacaat gcagggattc cggttgttaa aagcgttgaa
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgttttrttc
ggcaccegtc tgggcatica gcgcatgaaa aataaaggcet tgggegetag catcatcaat
atgagcagtg tgttcgggat ggtaggcgac ccgactaccg gggcaractyg tgcttccaag
ggagcggtac gtatcatgtc gaaaagcgea gcgcetggatt gegcactgaa ggactacgat
gtgcgtgtca acacagtaca tccgggocce atcaagacce cgatgatgga tagccatgaa
ggtgctgagg aaatgitttc acagcgtacyg aaaaccccta tgggtcacat tggcgaaccy
aatgacatcg catgggtctg tygtgtacctg gcatctgacy aatcgaaatt tgcgacgggt
gcagaatttg tggtcgacgg cgggrtcacc gcacag
<210> 38
<211> 252
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of tactobacillus kefir ketoreductase
<400> 38
Met Thr Asp Arg Leu Lys Gly Lys val ?éa Ile val thr Gly Gly Thr
1 5 15
Met Gly Ile géy Leu Ala Ile Ala Agp tys Phe val Glu §1u Gly Ala
2 0
Lys val §a1 ITe Thr Gly Arg Arg Ala Asp val Gly Glu Lys Ala Ala
5 40 45
Lys Egr Ile Gly Gly Thr Asp val Ite Arg Phe ggW Gln His Asp val
55
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro val Thr Thr Leu val Asn Sgn Ala Gly Ile pro Vg! val
85 9
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
160 105 110
val Asn Leu Asp Gly val pPhe Phe Gly Thr Arg Leu Gly Ile G1n Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser val
130 135 140
Phe Gly Met val Gly Asp Pro Thr Thr G¢ly Ala Tyr Cys Ala Ser Lys
145 150 155 160
Gly Ala va'l Arg Ile Met Ser Lys Ser Ala Ala teu Asp Cys Ala Leu
165 170 175
Lys Asph Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Met Met Asp Ser His Glu Gly Ala Glu Glu Met Phe Ser Gln
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240

Page 19

60
120
180
240
300
360
420
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CX2-103w0l. 5725

Ala Glu Phe val val Asp Gly Gly Phe Thr Ala Gln
245 250

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

<220>
<223>

<400> 39
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggccegg
gacactacca
ggcaccegtce
atgagcagtg
ggagcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

39
756
DNA

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

<220>
<223>

<400>

40
252
PRT

40

gtctgaaggg
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgacctt
cggaggaatg
tgggcattca
tgttcgyggat
gtatcatgtc
acacagtaca
daatgtrtttc
catgggtctg

tggtcgacgy

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggetgg
agtgaacaat
gcgtaaactg
gcgeatgaaa
tgtaggctac
gaaaagcgca
tcegggeecc
acagcgtacy
tgtgtacctg
cgggtggacc

Artificial Sequence

atcgtaaccy
ggtgcgaaag
atcggeggea
actaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccg
gcgectggatt
atcaagaccg
aaaaccccta
gcatctgacg
gcacag

gcgggacacg
tagttattac

ctgatgitat
tcgacaccac
cggrtgttaa
atctggatyg
tgggcgctag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

Met
1
Arg
Lys
Lys
Ser
65
Phe
Lys
val
Met
Phe
145
Gly
Lys
Thr
Arg
Trp
225
Ala

Thr
Gly
val
Ser
50

ASD
Gly
Ser
AShi
Lys
130
Gly
Ala
Asp
Pro
Thr
210
val

Glu

AsSp
Ile
val
35

Ile
Glu
Pro
val
Leu
115
Asn
Ile
val
Tyr
Met
195
Lys
Cys
Phe

Arg
Gly
20

Ite
Gly
Ala
val
Glu
100
ASp
Lys
val
Arg
ASP
180
Met
Thr
val

val

Leu
5
Leu
Thr
Gly
Gly
Thr
85
Asp
Gly
Gly
Gly
Ile
165
val
Asp
Pro
Tyr

val

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
Tyr
150
Met
Arg
ser
Met
Leu

230
Asp

Gly
Ile
Arg
Asp
55

Thr
Ley
Thr
Phe
Gly
135
Pro
Ser
vai
Tyr
Gly
215
Ala

Gly

Lys
Ala
Arg
40

val
Lys
val
The
Phe
120
Ala
Thr
Lys
Ash
Glu
200
His
ser

Gly

val
AsSD
25

Ala
Tle
Leu
Ash
Glu
105
Gly
Ser
Thr
Ser
Thr
185
Gly
Ile
Asp

Trp

Ala
10

Lys
Asp
Arg
Phe
ASnh
g0

Glu
Thr
Ile
Gly
Ala
170
val
Ala
Gly
Glu

Thr

Page 20

Ite
Phe
val
phe
Asp
75

Ala
Trp
Arg
Ile
Ala
Ala
His
Glu
Glu
ser

235
ala

val
val
Gly
val
60

Thr
Gly
Arg
Leu
AST
140
Tyr
Leu
Pro
Glu
Pro
220
LYS

Glin

Thr
Glu
Glu
45

Gln
Thr
Ile
Lys
Gly
125
Met
Cys
ASp
Gly
Met
205
ASn

Phe

Gly
Glu
30

LYS
His
Glu
Pro
Leu
110
Ile
Ser
Ala
cys
Pro
180
Phe
Asp

Ala

Engineered variant of Lactobacilius kefir ketoreductase

cggtatcggt
taggtcgtcgt
tcgeotttygtc
cgaggaggca
aagcgtrgaa
tgrttttitc
catcatcaat
tgcttccaay
ggactacgat
tagctatgaa
tggcgaaccg
tgcgacggat

Engineered variant of tactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

val
a5
Leu ser

Gln Arg

Ser val

Ser Lys
160
Ala Leu
175
ITe Lys

ser Gin

Ile Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



<210>
<21l>
<212>
<213

<220
<223>

<400>
atgaccgatc
ttggcagtcg
gcggatgtag
cagcacgatg
ttcggeeegg
gacactacca
ggcacccgee
atgagcagtg
ggggcggtac
gtgcgtgtca
ggtgetgagy
aatgacatcg
gcagaatttg

b ¥l

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

<220>
<223>

<400>

Met
1
Gln
Lys
LyS
Ser
65
Phe
Lys
val
Met
Phe
145
Gly
Lys
Thr
Arg
Trp

225
Ala

Thr
Gly
val
ser
50

ASD
Gly
Ser
ASN
Lys
130
Gly
Ala
ASp
Pro
Thr
210
val

Glu

41
756
DNA

245

Artificial Sequence

CX2-103w01_8T25

250

Engineered variant of Lactobacilius kefir ketoreductase

41

42
252
PRT

gtctgaaggg
ccgataaatt

gtgaaaaggce
tatccgatga
ttacgacctt
cggaggaatg
tgggcattca
tgttcgggat
gtatcatgic
acacagtaca
aaatgtttic
catgggtcty
tggtcgacgg

artificial Sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggetyg
agtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggcgac
gaaaagcgea
tcegggeecc
acagcgtacg
tgtgtacctg
cgggttcacc

atcgtaaccg
ggtgcgaaag
atcggcggea
cctaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactggty
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cgatggttaa
atctggatgg
tgggcgetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

aggtatcogt
tggtcgtegt
tcgetttgtc
cgaggaggca
aagcgttgaa
rgrerttttc
catcatcaat
tgcttccaag
ggactacgat
tagctatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

47
AsSp

ile
val
35

Ite
Glu
Pro
val
Leu
115
Asn
Ile
vai
Tyr
Met
195
Lys
cys

Phe

Arg
Gly
20

Ile
Gly
Ala
val'l
Glu
100
ASp
Lys
val
Arg
AsSp
180
Met
Thr
val

va'l

Leu
5
Leu
Thr
Gly
Gly
Thr
85
ASp
Gly
Gly
Gly
Ile
165
val
ASp
Pro
Tyr

val
245

Lys
Ala
Gly
Thr
Trp
Thr
Thr
val
L.eu
ASp
150
Met
Arg
ser
Met
Leu

230
ASp

Gly
val
Arg
ASp
55

Pro
Leuy
Thr
Phe
Gly
135
Pro
ser
val
Tyr
Gly
215
Ala

Gly

Lys
Ala
Arg
40

val
Lys
val
Thr
Phe
120
Ala
Thr
Lys
Asn
Glu
200
His
Ser

Gly

Ala Ile
10
Lys

val

Asp phe
25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Ala

ASn Asn

90
Glu Glu
105

Gly

Trp

Thr Arg

Ser Tle rle
Ala
155

Ala

Gly Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Iie Gly Glu

Glu Sser
235
Ala

Asp

Thr
250

Phe

Page 21

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Gln

Gly
val His
60
Thr

Thr Glu

Gly Ile Pro
Leu
110

Ile

Arg Lys
Gly
125
Met

Leu

Asn
140
Tyr

ser

Cys ala

Leu Asp Cys

Pro Gly Pro
180

Glu Met Phe
205

Pro Asn

220

Lys

ASp
Phe Ala

Gln

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80

val

Ghu

Met
95
Leu Ser

GIn Arg

ser vail
Ser Lys
160
Ala Leu
i75
Ile Lys

Ser Gin

iTe Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



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

<220>
<223>

43
756
DNA

<400> 43

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatyg
ttcggeecgg
gacactacca
ggcacccgtc
atgagcagtg
ggggcggtrac
gtgcgtgtca
ggtgctgagy
aatgacatcg
gcagaatttg

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

<220>
<223>

<400>
Met Thr
1
Arg

44
252
PRT

44
ASp

Gly Ile
val
35
Ile

Lys val

ser
50
Asp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115
Asn

Asn
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu phe

gtctgaaggg
ccgataaatt

gtgaaaaggce
tatccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tgticgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggictg
tggtcgacgg

Arg %eu
Gly Leu
20
ITe Thr

Gly Gly

ATa Gly

Thr
85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu

Tyr

Artificial Sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctyg
agtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggctac
gaaaagcgca
tcegggeeee
acagcgtacy
tgtgtaccty
cgggtggacc

Artificial sequence

Gly Lys

ITe Ala

Arg Arg
40
Asp val
55
Pro Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180
Met ASp

Thr Pro

val Tyr

Met
Arg
Ser
Met

Leu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala Ser

230

val
245

val

ASp

Gly Gly

CX2-103W01_5T25

atcgtaaccg
ggtgcgaaag
atcggcggcea
cctaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccg
gcgctggatt
atcaagaccc
aaaaccccta
geatctgacy
gcacag

Ala Ile
10

LyS

val

ASp Phe

25
Ala

Asp Vval

Ile Arg Phe

Leu Phe Asp
75

Asn Asn Ala
a0

Glu Glu

105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

Asp

Thr
250

Trp

Page 22

gcgggacacy
tagttattac
ctgatgttat
tcgacacceac
cgatggttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Gin

Gly
val His
60
Thr

Thr Glu

Gly Ile pro
Leu
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

ser

asn Ala

Leu Asp Cys

Pro Pro
190
phe

Gly
Glu Met
205
Pro Asn
220

LYS

Asp
Phe Ala

Gin

Engineered variant of Lactobacillus kefir ketoreductase

cggtatcggt
tggtcgtcgt
tcgettigte
cgaggaggea
aagcgttgaa
Tgtrttrttc
catcatcaat
tgcticcaag
ggactacgat
tagctatgaa
tggcgaaceqg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

Met
95
Leu Ser

Gln Arg

Ser val

ser Lys
160
Ala Leu
175
Ite Lys

ser Gln

ITe Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



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

<220>
<223>

<400> 45

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeecgg
gacactacca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtea
ggtgctgagg
aatgacatcg
gcagaatitg

45
756
DNA

<210>
<211>
712>
<213>

46
252
PRT

<220>
<223>

<400>
Met Thr
1
Leu

46
ASp

Ggly Ile
val
35
Ile

Lys val

ser
50

LYysS

gtctgaaggg
ctgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaaty
tgggcatica
ttttcgggat
gtatcatgtc
acacagtaca
aaatgatgtc
catgggtctg
tggtcgacgg

Arg

5
Gly Leu
20
ITe Thr

Gly Gly

Leu Lys
Ala
Gly

Thr

Artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggetgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
ggtaggegat
gaaaagcgea
tocgggeocc
acagcgracg
tgtgtacctg
cgggtggacc

Artiticial Sequence

Gly Lys

ITe Ala

His
40
val

Arg

Asp
55

val
Asp
25

Ala

Ite

CX2-103W01_ST25

atcgtaaccy
ggtgcgaaag
atcggcggcea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccyg
gcgetggatt
atcaagaccc
aazaccccta
gecatctgacg
gcacag

Ala Ile
10
Lys Phe

Asp val

Arg Phe

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggtttataa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgcicga
tgggccacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Ghu
45

Gin

Gly

val His

60

gEngineered variant of Lactobaciilus kefir ketoreductase

gggtatcggt
tggtcgtcac

tcgetttgte
cgaggaggea
aagcgttyaa
tgtrtttttc
catcatcaat
cgcttccaag
ggactacgar
tgattatgaa
tggcgaaccy
tgcgacggot

Engineered variant of Lactobaciilus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala

Ser
65

Phe
Lys
vai
Met
Phe
145
Gly
Lys
Thr
Arg
Trp

225
Ala

ASD
Gly
Ser
AST
Lys
130
Gly
Ala
ASp
Pro

Thr
210

val

Glu

Glu
Pro
val
Leu
115
Asn
Met
val
Tyr
Met
195
Lys
Cys
Phe

aAla
val
Glu
100
ASp
LyS
val
Arg
ASp
180
l.eu

Thr

va)l

val

Gly
Thr
85

ASp
Gly
Gly
Gly
Ile
165
val
Asp

Pro

Tyr

val
245

Trp
70

Thr
Thr
val
Leu
AsD
150
Met
Arg
ASD
Met
Leu

230
ASD

Thr
val
Thr
Phe
Gly
135
Pro
Ser
val
Tyr

Gly
215

Ala

Gly

Lys
val
Thr
Phe
120
Ala
Thr
Lys
Asn
Glu
200
His
Ser

Gly

Ley
Asn
Glu
105
Gly
ser
Thr
Ser
Thr
185
Gly

Ile

Asp

Trp

Phe
Ash
90

Glu
Thr
Ile
Gly
Ala
170
val
Ala

Gly

Glu

Thr
250

Page 23

ASp
75
Ala
Trp
Arg
Ile
Ala
155
Ala
His
Glu
Glu
Ser

235
Ala

Thr
Gly
Arg
Leu
Asn
140
Tyr
Leu
Pro
Glu

Pro
220

Lys
Gin

Thr
Ile
Lys
Gly
125
Met
Asn
Asp
Gly
Met

205
Asn

Phe

Glu
Gly
Leu
110
Ile
Ser
Ala
Cys
Pro
190
Met

ASp

Ala

Glu
val
95

Leu
GlIn
Ser
Ser
Ala
175
Tle
Ser

Iie

Thr

Ala
80

Tyr
ser
Arg
Ile
LYS
160
Ley
Lys
Gin

Ala

Gly

60
120
180
240
300
360
420
480
540
600
660
720
7506



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

<220>
<223>

<400> 47
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
Ttcggeccyg
gacactacca
ggcacccgte
atgagcagta
ggggcggtac
gtgcgtgtea
ggtgctgagy
aatgacatcg
gcagaatttg

47
756
DNA

<210>
<Z211>
<£21Z>

<213>

<220>
<223>

48
252
PRT

<400> 48
Met Thr Asp
1
Leu Gly Itle
va'l
35
ile

Lys val

Ser
50
Asp

LYsS

ser Glu

65

phe Gly Pro

Lys Ser val

val Asn Leu
115
Met Lys Asn
130
Leu Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Thr Pro Met
185
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

gtctgaagag
ccgataaatt

gtgaaaagge
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttggggat
gtatcatgtc
acacagtaca
aaatgatgtc
catgggtctg

tggtcgacgg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys
; Ala
Gly
Thr
Trp
70

Thr
Thr
va'l
Leu

ASD

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctyg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
Tecgggeceo
acagcgtacyg
tgtgtacctg
cgggtggacc

Artificial sequence

Gly Lys

ITe Ala
His
40
val

Arg

ASp
55
Thr Lys

val val

Thr Thr

Phe Phe
120
Gly Ala
135

Pro Thr

150

Ile
165
val

Arg

Asp
180
Leu Asp

Thr Pro

vat Tyr

Met
Arg
ASp
Met

Leu

ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

ASp

Gly Gly

val
Asp
25

Ala
ITe
Leu
Asn
Glu
105
Gly
Ser
Thr
Ser
Thr
185
Gly
Ite
ASp

Trp

CX2-103wW01_sT25

atcgtaaccy
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggattg
ctgiccgtta
aataaaggct
ccgactaccg
gcgctggart
atcaagaccc
aaaaccecta
gcatctgacyg
gcacag

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala
90
Glu Trp

Thr Arg

Ile Ile
Ala
155
Ala

Gly

Ala
170
val His

Ala Glu

Gly Glu

Glu Ser
235
Thr ala

250

Page 24

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggrrtgttaa
atctggatgy
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgetcga
tggyccacat
aatcgaaatt

val Thr Gly

Glu GTu
30

Lys

val

Glu
45
Gin

Gly
va'l His
60

Thr

Thr Glu

Gly ITe Gly

Arg Leu
110
Ile

Lys
Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Gly Pro

190

Glu Met Met
205

Pro Asn
220

Lys

Asp
Phe Ala

Glin

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcac
tcgettrgtce
c€gaggaggca
aagcgttgaa
tgrtttttic
catcatcaat
cgctteccaag
ggactacgat
tgattatgaa
tggcgaaccy
tygcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly aAla

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ile Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



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

<220>
<Z223>

49
756
DNA

<400> 49
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggecogy
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgegtgtca
ggtgctgagy
aatgacatcyg
gcagaattitg

<210>
<211>
<21z7>

<213>

<220>
<223>

<400>
Met Thr
1
Leu

50
252
PRT

50
Ash

Gly Ite
val
35

Ile

Lys val

Ser
50
ASp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115
AsSh

Asn
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Thr Pro Gly
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

gtctyaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttticgggat
gtatcatgtc
acacagtaca
aaatgatgtc
catgggtctg
tggtcgacgg

Arg

Gly
20
Ile

Leu
The
Gly Giy
Ala Gly
Thr

85
Asp

val

Gly
100
Asp Gly

Lys Gly

val Gly

Leu Lys
; Ala Ile
Gly
Thr
™p
70
Thr
Thr
val
Leu

Asp

Artificial Sequence

caaagtagcec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgecatgaaa
ggtaggcgat
gaaaagcgea
tcecgggeccec
acagcgtacg
tgtgtacctg
cggytggacc

Artificial Sseguence

Gly Lys

Ala
His
40

val

Arg

ASp
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

pro Thr

150

Ile
165
val

APg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

ser Lys

val Asn

Glu
200
His

TYyr

Gly
215

Ala ser

230

val
245

val

AsSp

Gly Gly

CXZ2-103W01_ST25

atcgtaaccy
ggtgcgaaag
atcggoggca
acgaaactgt
gcagggattg
ctygtccgtta
aataaaggct
ccgactaccy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Tle
10

Lys

val

AsSp Phe

25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Asn Ala
90

Glu

Asn

Glu
105
Gly

Trp

Thr Arg

ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu ser
235
Ala

ASp

Thr
250

Trp

Page 25

gcgggacact
tagttattac
ctgatgttat
tegacaccac
gggttyttaa
atctggatgy
tgggcgetag
gggcatacaa
gcgcactgaa
cggggctcga
tgggccacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45

Gln

Gly
val His
60

Thy

Thr Glu

Gly Ile Gly

Arg Leu
110

Iie

Lys
Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys
Pro
190

Met

Pro Gly

Glu Met
205
Pro Asn
220

LYS

AsSp
Phe ala

Glin

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcac
tcgetttgte
cgaggaggea
aagcgttgaa
tgttttttec
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of tactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Ley Ser

Glin Arg

ser Ile

Ser Lys
160
Ala Leu
175
Ite Lys

Ser Gln

Ile Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



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

<220>
<223>

<400> 51
atgaccgatc
ttggcaatceg
gcggatgtag
cagcacgatg
ttcggeccgy
gacactacca
ggcaccogtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

51
756
DNA

<210>
<21l>
<212>
<Z213>

52
252
PRT

<220>
<223>

<400>
Met Thr
1
Leu

52
ASp

Gly Ile
val
35

Ite

Lys val
ser
50
ASp

Lys
ser Glu
65
pPhe

Gly Pro

Lys Ser val

val Leu
115

Asn

Asn
Met Lys
130
phe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys
Gliu Phe

<210> 53

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
trtacgaccgt
cggaggaatg
tgggeattca
ttttcgggat
gratcatgtc
acacagtaca
aaatgtrrtgtc
catgggtcrg
tggtcgacgg

Arg Leu
5
Gly Leu
20

Ile Thr

Gly Gly

Ala Gly

Lys
Ala
Gly
Thr

Trp

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgecatgaaa
ggtaggcgat
gaaaagcgca
tcegggeecc
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Seguence

Gly Lys

Ile Ala

His
40
val

Arg

ASp
55

Thr Lys

70

Thr
85
ASp

val'l

Glu
100
Asp Gly

lys Gly

val Gly

Thr
Thr
val
Leu

ASp

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp
180

L.eu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

l.eu

ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

va'l

ASP

Gly Gly

CX2-103w0l_ST25

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggatty
ctgtccgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10
Lys

val

ASp Phe
25
Ala

Asp val

Ile Arg phe

i.eu Phe Asp
75
Ala

ASn ASn

S0
Glu Glu
105

Gly

Trp

Thr Arg

sar Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Gclu

ile Gly Glu

Glu ser
235
Ala

ASp

Thr
250

Trp

Page 26

gcgggacact
ragttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggeccacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45
Gin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys

teu Gly
125
Asn Met Ser
140
Tyr

Asn Ala

Leu Asp Cys
Pro
190

teu

pro Gly

Glu Met
205
Pro Asn
220

Lys

ASp
Phe Ala

Gln

Engineered varjant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcac

tcgetttgte
cgaggaggca
aagcgttgaa
tgttttttte
catcatcaat
cgetteccaag
ggactacgat
fgattatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gin Arg

ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ile Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



<211>
<212>
<213>

<220>
<223>

<400> 53

atgaccgatc
titggcaatcyg
gcggatgtrag
cagcacgatg
ttcygoocgg
gacactacca
ggcacccgtc
atgagcagta
ggggeggtrac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaattitg

756
DNA

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

<220>
<223>

54
252
PRT

<400> 54

gtctgaaggy
ccgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgatgrc
catgggtctg
tggtcgacgg

Artificial Seguence

caaagtagec
tgtagaggag
cgccaaatca
agcaggcrgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tcegggecee
acagcgtacg
tgtgtacctg
cgggtggacc

artificial Seguence

CX2-103wW01_ST25

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgrt
gcagggatty
ctgtccgtta
aataaaggct
ccgactaccy
gcgetggatt
atrcaagaccc
aaaaccccta
gcatctgacy
gcacag

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgeactgaa
cgatgctcga
tgggccacat
aatcgaaatt

Engineered variant of ractobacillus kefir ketoreductase

gggtatcggt
tggrcgteac

tcgettigte
cgaggaggca
aagcgtrtgaa
tgrtttttic
catcatcaat
cgcttccaag
ggactacgat
tgatcatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Met
1
Ley
LYS
Lys
Ser
65
Phe
Lys
val
Met
Phe
145
Gly
LyS
Thr
Arg
Trp

225
Ala

Thr
Gly
val
Ser
50

Asp
Gly
Ser
Asn
Lys
130
Gly
Ala
ASp
Pro
Thr
210
val

Glu

<210>
<211>

ASp
Ite
val
35

Ife
Glu
Pro
val
Leu
115
Asn
Met
val
Tyr
Met
195
Lys
Cys

Phe

55
756

Arg
Gly
20

Iie
Gly
Ala
val
Glu
100
Asp
LYS
val
Arg
ASD
180
Leu
Thr
val

val

Leu
5
Lau
Thr
Gly
Gly
Thr
85
ASp
Gly
Gly
Gly
Ile
165
val
ASD
Pro
Tyr

val
245

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
Asp
150
Met
Arg
ASp
Met
L.eu

230
ASp

Gly
Ile
Arg
ASp
35

Thr
val
Thr
Phe
Gly
135
Pro
Ser
val
His
Gly
215
Ala

Gly

Lys
Ala
His
40

val
Lys
val
Thr
Phe
120
Ala
Thr
Lys
Asn
Ghu
200
His
Ser

Gly

vail
Asp
25

Ala
Ile
Leu
Asnh
Glu
105
Gly
Ser
Thr
Ser
Thr
185
Gly
Ile
Asp

Trp

Ala
10

Lys
Asp
Arg
Phe
Asn
a0

Glu
Thr
Ite
Gly
Ala
170
va'l
Ala
Gly
Glu

Thr
250

Page 27

Ite
phe
val
Phe
ASp
75

Ala
Trp
Arg
Ile
Ala
155
Ala
His
Glu
Glu
Ser

235
Ala

val
va'l
Gly
val
60

Thr
Gly
Arg
Ley
ASRH
140
Tyr
Leu
Pro
Giu
Pro
220
Lys
Gln

Thr
Glu
Glu
45

Gln
Thr
ITe
LYS
Gly
125
Met
Asnh
Asp
Gly
Met
205
Asn

phe

Gly
Glu
30

Lys
His
Glu
Gly
l.eu
110
ite
ser
Atla
Cys
Pro
190
Metl
AsSpD

Ala

Gly
15

Gly
Ala
ASp
Glu
val
95

teu
Gin
Ser
Ser
Ala
175
Ile
Ser
Ile

Thr

Thr
Ala
Ala
Ala
Ala
80

val
ser
Arg
Ile
Lys
160
f.eu
Lys
Gin
ala

Gly
240

60
120
180
240
300
360
420
480
540
600
660
720
756



<212>
<213>

<220>
<223>

<400> 55

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatyg
ttcggcccyg
gacactacca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcyg
gcagaatttg

DNA

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

56
252
PRT

<220
<223>

<400> 56
Met Thr Asp
1
Gln Gly Ile
val
35

Ile

Lys val

Ser
50
AsSp

Lys
Ser Glu
65
Phe

Gly Pro

Lys Ser val

val Leu
115

Asn

Asn
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

LYs Asp Tyr

Thr Met
195
LyS

Pro

Thr
210
val

Arg

Trp Cys
225
Ala

Glu Phe

<210>
<211>
<212>

57
756
DNA

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtcegatga
ttacgaccgt
cggaggaaty
tgggcattca
ttttcoggat
gtatcatgte
acacagtaca
aaatgttttc
catgggtctg

tggtcgacgg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys
: Ala
Gly
Thr
Trp
70
Thr
Thr
va'l
Leu

AsSp

Artificial Sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctgy
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggeeee
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Seguence

Gly Lys

Ile Ala

Arg Arg
490
Asp val
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

lLeu

Ser Lys

val Asn

Glu
200
His

Tvr

Gly
215

Ala ser

230

val
245

val

ASp

Gly Gly

CX2-103w01_sT25

atcgtaaccyg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccy
gcgerggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10

Lys

val

ASp Phe

25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Ala

Asn Asn

90
Glu Glu
105

Gly

Trp

Thr Arg

Ser Ite Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu ser
235

Ala

ASp

Thr
250

Trp

Page 28

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatagg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
A5
Gin

Gly
val His
60
Thr

Thr Giu

Gly fle Gly
Leu
110

Ile

Arg Lys

teu Gly
125
Asn Met
140

Tyr

ser

Asn Ala

Leu Asp Cys

Ero Pro
190
Phe

Gly
Giu Met
205
Pro Asn
220

Lys

AsSp
Phe Ala

Gin

. Engineered variant of LactobaciTlus kefir ketoreductase

gggtatcggt
Tggtcgtegt
tcgerttgtc
cgaggaggca
aagcgttgaa
tgtrtttttce
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
175
ITe Lys

ser Gln

Ile Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



<213>

<220>
" <223

<400> 57
atgaccgatc
ttggecaatcg
gcggatgtag
cagcacgatg
ttcggeccyg
gacactacca
ggcacccgte
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgcrgagg
aatgacatcg
gcagaatttg

<210
211>
<212>
<213>

<220>
<223>

<400> 58
Met Thr Asp
1
Arg

58
252
PRT

Gly Ile
val
35

Ile

Lys val
ser
50
Asp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Ley
115
Asn

Asn
Met Lys
130
rhe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

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

59
756
DNA

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tittegggat
gratcatgtc
acacagtaca
aaatgtrttce
catgggtctg

tggtcgacgyg

Artificial Sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctgy

cgtgaacaat

gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tcocgageccec
acagcgtacyg
tgtgtacctg
cgggtggacc

CX2-103w01_ST25

atcgtaaccy
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccg
gegetggatt
atcaagaccc
aaaaccecta
gcatctgacy
gcacag

gcgggacacg
tagttattac

ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgcetcga
tgggtcacat
aatcgaaatt

Engineered variant of tactobacillus kefir ketoreductase

gggtatcggt
tggtegtegt
tcgeritgtc
¢gaggaggca
aagcgttgaa
rgrrtttite
catcatcaat
cgettccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Arg
Gly
20

Ile
Gly
Ata
va'l
Glu
100
Asp
Lys
val
Arg
ASD
180
Leu
Thr
val

val

Artificial Sequence

%eu Lys Gly

Leu Ala Ile

Thr Gly Arg

Gly Thr Asp

55

Gly Trp Thr

70
Thr

Thr val

85
Asp

Thr Thr

Gly val phe

Gly Leu Gly

135

Gly Asp Pro
150

ITe Met

165

val

ser

Arg val

Asp Asp Tyr

Pro Met Gly
215
Leu Ala
230

ASp

Tyyr

va'l
245

Gly

Artificial segquence

Lys
Ala
Arg
40

val
Lys
val
Thr
Phe
120
Ala
Thr
Lys
Ash
Glu
200
His
Ser

Gly

val
Asp
25

Ala
Ile
Leu
Asn
Glu
105
Gly
Ser
Thr
Ser
Thr
185
Gly
Ile
Asp

Trp

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala
90
Glu Trp

Thr Arg

ITe Ile

Ala
155
Ala

Gly

ala
170
val His

Ala Glu

Gly Glu

Glu Ser
235
Thr Ala

250

rPage 29

val Thr

val Glu
Glu
45
Gln

Gly

val
60
The Thr

Gly Ile

Arg Lys
Gly
125
Met

Leu

Ash
140
Tyr Asn

Leu Asp

Pro Gly

Glu Met
205
Pro Asn
220
Lys Phe

Gin

Gly
Glu
30

Lys
His
Glu
Gly
Leu
110
Ile
ser
Ala
Ccys
Pro
190
Phe
ASp

Ala

Gly
15

Gly
Ala
Asp
Glu
val
95

L.eu
Glin
ser
ser
Ata
175
Ile
ser
Ile

Thr

Engineered variant of Lactobacillus kefir ketoreductase

Thr
Ala
Ala
Ala
Ala
80

val
Ser
Arg
Ile
LyS
160
Leu
Lys
Gin
Ala

Gly
240

60
120
180
240
300
360
420
480
540
600
660
720
756



<220>
<223>

<400> 59
atgaccgatc
trggeaatcg
gcggatgtag
cagcacgatg
ttcggoeeyg
gacactacca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtoctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

<400> 60
get Thr Asp
l.eu

60
252
PRT

Gly Ile
Val
35
Ile

Lys val

ser
50
Asp

Lys

ser Glu

65

phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130

Phe Gly

145

Gly

Met

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

va'l

Arg

Trp
225
Ala

cys

Glu Phe

<210>
<211
<212>
<213>

61
756
DNA

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
rtacgaccgt
cggaggaatg
tgggcattca
ttttegggat
gtatcatgtc
acacagtaca
aaatgtiitc
catgggtctg
tggtcgacgg

Arg
Gly Leu
20
ITe Thr

Gly Gly

Ala Gly
Thr
85

Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys
5

Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu

ASp

caaagtagcc
tgtaggggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tecgggeecce
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Sequence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55
Pro Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Iie
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
ASp
Met

Leu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

ASD

Gly Gly

Artificial Sequence

CX2-103w01_ST25

atcgtaaccg
ggtgcgaaag
atcggcggca
cctaaactgt
gcagggattg
crgtecgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10
Lys

val

ASp Phe
25
Ala

Asp val

Ile Arg phe

Leu Phe Asp

75

Asn Asn Ala
90

Giu Glu

105

Gly

Trp

Thr Arg

ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
thr His
185
Gly

Ala Glu

Ile Gly Glu

alu ser
235
ala

ASp

Thr
250

Trp

Page 30

gcgggacact
tagttattac
ctgatgttat
£Cgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgeactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Gly
Glu
45
Glin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
lLeu
110

Ite

Arg Lys
Gly
125
et

Leu
Asn Ser
1490
Tyr

Asn Ala

Leu Asp Cys
Pro
190

Phe

pro Gly

Glu Met
205
Pro Asn
220

VS

Asp
Phe Ala

Gin

gEngineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgttrrttte
catcatcaat
cgcttecaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
L.eu Ser

GIn Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

ser Gin

Ile Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



<220>
<223>

<400> 61
atgaccgarc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeeegg
gacactacca
ggcaccogc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcyg
gcagaatttg

<210>
<21i>
<212>
<213>

<220>
<223>

62
252
PRT

<400> 62

?et Thr Asp
Leu Gly Ile
vai

35
Ile

Lys val

Ser
50
Asp

Lys

Ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130

Phe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Gly pPhe

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

<220>

63
756
DNA

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtcecgatga
ttacgaccgt
cggaggaaty
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgtrtte
catgggtctg
tggtcgacgg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys
5

Ala
Gly
Thr
Tre
70
Thr
Thr
val
Leu

Asp

caaagtagcc
tgtagaggag
cgccaaatca
agcaggcetgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
ggtaggcgat
gaaaagcgcea
tcegggeecc
acagcgtacg
tgtgtacctyg
cgggtggacc

ArtiTicial Sequence

Gly Lys

ITe Ala

Arg Arg
490
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ite
165
val

Arg

Asp
180
Leu AsSp

Thr Pro

val Tyr

Met
Arg
ASD
Met

Leu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala Ser

230

val
245

val

ASp

Gly Gly

Arvificial Sequence

val
ASp
25

Ala
Ile
Leu
Asn
Glu
105
Gly
Ser
Thr
Sep
Thr
185
Gly
Ile
ASp

Trp

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattyg
ctgtccgtta
aataaaggct
ccgactaccg
gcgctggatt
atcaagaccc
aaaaccecta
gcatctgacy
gcacag

Ala Ite
10
Lys Phe

Asp val

Arg Phe

phe Asp
75
Asn Ala
90
Glu Trp

Thr Arg

Ile Tle

Ala
155
Ala

Gly

Ala
170
val His

Ala Glu

Gly Glu

Glu Ser
235
Thr Ala

250

Page 31

CX2-103wW0l_sT725

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
ctgttgttaa
atctggatgg
tgggcgetag
gggcatracaa
gcgeactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45
GlIn

Gly
val His
60
Thr

Thr Glu

Gly Ile Ala
Leu
110

Ile

Arg Lys

Leu Gly
125
Asit Met
140

Tyr

sSer

Asn Ala

L.eu Asp Cys

Pro Gly Pro
190
Phe

Glu Met

205
Pro Asn
220

LYS

ASpP
Phe Ala

Gln

engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgetttgee
cgaggaggca
aagcgttgaa
tgttttttte
catcatcaat
cgcrtecaag
ggactacgat
tgattatgaa
tggegaaccg
tgcgacggyt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gin Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gin

ITe Ala

Thr Gly

240

60
120
180
240
300
360
420
480
540
600
660
720
756



<223>
<400> 63

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggcecgg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgigtca
ggtgctgagg
aatgacatcg
gcagaatttg

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

64
252
PRT

<220>
<223>

<400
Met Thr
1
Leu

64
ASp

Gly Ile
val
35

Ite

Lys val
ser
50
ASD

Lys

Ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met LysS Asn
130

Phe Gly

145

Gly

Met

Ala val

LyS Asp Tyr

Thr Met
195
Lys

Pro

The
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

65
756
DNA

gtctgaagyg
ccgataaatt
gtgaaaaggce
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttegggat
gtatcatgtc
acacagtaca
aaatgtttic
catgggtctg
tggtcgacgg

Arg Leu
S .
Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

va't

Glu
100
Asp Gly

Lys Gly

val Gly

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu

Asp

e

caaagtagcc
tgtagaggag
cgccaaatea
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggeccec
acagcgtacg
tgtgtacctyg
cgggtggacc

arvificial Sequence

Gly Lys

ITe Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
vali

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
ASD
Met

Leu

ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

ASp

Gly Gly

Aartificial Sequence

val
Asp
25

Ala
Ile
Leu
ASnh
Glu
185
Gly
Ser
Thr
Ser
Thr
185
Gly
Ile
Asp

Trp

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggatta
ctgtcegtta
aataaaggct
ccgactaceg
gcgcetggatt
atcaagacce
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala
90
Glu Trp

Thr Arg

Ile Iie
Ala
155
Ala

Gly

Ala
170
val His

Ala Glu

Gly Glu

Glu Ser
235
Thr aAla

250

Page 32

CX2-103wW01_ST25
Engineered variant of Lactobacillus kefir ketoreductase

gegggacact
tagttattac
ctgatgttat
tcgacaccac
gtgttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Gin

Gly
val His
60
Thr

Thr 6lu

Gly Ile Ser
Leu
110

Ile

Arg Lys

Leuy Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Pro
190
pPhe

Gly
Glu Met
205
Pro Asn
220

Lys

ASp
rPhe Ala

Gin

gggtatcggt
tggtcgtegt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgtritrttc
catcatcaat
cgettccaagy
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gln Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ite Ala

Thir Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

60
120
180
240
300
360
420
480
540
600
660
720
756



<400> 65

atgaccgatc
ttggcaatcg
gcgdatgtag
cagcacgatg
ttcggeoogg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgcrgagg
aatgacatcg
gcagaatttyg

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

66
252
PRT

<220>
<223>

<400> 66
Met Thr Asp
i

Leu Gly Ile
val
35
Ile

Lys val
Ser
50

Asp

Lys
ser Glu
65

Phe

Gly pro

Lys Ser val

va'l Ley
115
Ser

Ash
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

67
756
DNA

gtctgaaggg
ccgataaatt
gtgaaaaggc
cgtcegatga
ttacgaccgt
cggaggaatg
tgggcattea
ttttcgggat
gtatcatgtc
acacagtaca
aaatgttric
catgggtctg

tggtcgacgg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly
Ile
165
val

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

%eu LyS
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
AS

150
Met
Arg
ASp
Met

Leu

caaagtagcc
tagtagaggag
cgccaaatca
agcaggcetgg
cgtgaacaat
gcgtaaacty
gcgeatgaaa
ggtaggcgat
gaaaagcgca
tcogagecce
acagcgtacg
tgtgtaccty
cgggtggacc

artificial Sequence

Gly Lys

ITe Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

pPhe
120
Ala

rhe

Gly
135
p Pro Thr

ser Lys

val Asn
Giu
200
His

Tyr

Gly
215

Ala Ser

230

val
245

val

Asp

Gly Gly

artificial Sequence

CX2~103W01.5T25

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggatty
ctgtccgtta
agtaaaggct
ccgactaccy
gcgetggatt
atcaagacce
aaaaccecta
gcatctgacy
gcacag

Ala Ile
10
Lys

val

Asp Phe

25

Ala Asp val

Ile Aarg Phe

Leu Phe Asp

75

Asn Asn Ala
90

Glu Glu
105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

The Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ile Ggly Glu

Glu ser
235

Ala

ASp

Thr
250

Trp

rage 33

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
ggottgttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45

Glin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly

Arg Leu
110
Iie

Lys
Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Gly Pro

190

Glu Met Phe
205

Pro Asn

220

LYS

ASE
Phe Ala

Gln

gggtatcggt
tggtcgtegt
tcgetttgte
cgaggaggca
aagcgttgaa
tgtttrtite
catcatcaat
cgcttecaag
ggactacgat
tgattatgaa
tggcgaacey
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Glin Arg

ser Ile

Ser LysS
160
Ala Leu
175
Ile Lys

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

60
120
180
240
300
360
420
480
540
600
660
720
756



<400> 67

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeeeyg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

68
252
PRT

<400>
Met Thr
1

68
Asp

Leu Giy Tle
val

35
Ile

Lys val
Ser
50
Asp

Lys

Ser Glu

65

pPhe Gly Pro

Lys ser val

val Asn Leu

1315

Met Lys Asnh
130

Phe Gly

145

Gly

Met

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

<400>

69
756
DNA

69

gtctgaaggg
ccgataaatt

gtgaaaagagc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgtittc
catgggtctyg
tggtcgacgg

Arg
Gly
20

Ile

ieu
Thr
Gly Gly
Ala Gly
Thr

85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Alla
Gly
Thr
Trp
70

Thr
Thr
val
Leu

TYr

taaagtagcc
tgtagaggag
cgccaaatcea
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtagactat
gaaaagcgca
tcegggecec
acagcgtacyg
tgtgtacctg
cgggtggacc

Artificial sequence

Leu Lys Gly Lys
5

Iie Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

ITe
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Metl

Leu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

vatl
245

val

ASp

Gly Gly

Artificial Sequence

CX2-103w01l_ST25

atcgtaaccyg
ggtgcgaaag
atcggrgoca
acgaaactgt
gcagggattg
ctgtecgtta
aataaaggct
ccgactaccy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Tle
10
Lys

val
ASp Phe
25

Ala Asp val

Ile Arg phe

Leu Phe Asp
75
Asn Ala
90

Glu

Asn

Glu
105
Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
i70
val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

ASp

Thr
250

Trop

Page 34

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggrtgttaa
atctggatog
tgggcgcetag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

val Thr Gly

Giu Glu
30
Lys

val

Glu
45
Gin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg LYyS

Leu Gly
125

Asn Met Ser

140
Tyr

Asn Ala

Leu Asp Cys

Pro Gly Pro
190

Glu Met Phe
205

Pro Asn

220

Lys

ASD
rPhe Ala

Gln

gggtatcggt
tggtcgicgt
tecgettigic
cgaggaggca
aagcgttgaa
tgrtrttttc
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
L
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

va'l
95
Leu Ser

GIn Arg

ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

ser Gln

Ite Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

60
120
180
240
300
360
420
480
540
600
660
720
756



atgaccgatc gitctgaaggg caaagtagcc
ttggcaatcg ccgataaatt tgtagaggag
gcggatgtag gtgaaaaggc cgccaaatca
cagcacgatg cgtccgatga agcaggotgg
ttcggcoccgg ttacgaccgt cgtgaacaat
gacactacca cggaggaatg gcgtaaactg
ggcacccgtc tgggcattca gogeatgaaa
atgagcagta ttttcgggat ggtaggcgat
ggggcggtac gtatcatgtc gaaaagcgea
gtgcgtgtca acacagtaca tccgggecec
ggtgctgagg aaatgttttc acagcgtacg
aatgacatcg catgggtcty tgtgtacctg
gcagaatttg tggtcgacgd cgggtggacc
<210> 76
<211> 252
<212> PRT
<213> Artificial sequence
<220>
<223>
<400> 70
Met Thr Asp Arg Leu Lys Gly Lys
1 5
Leu Gly Ile Gly Leu Ala Ile Ala
20
Lys val val Ile Thr Gly Arg Arg
35 40
Lys ser Ile Gly Gly Thr Asp val
50 55
Ser Asp Glu Ala Gly Trp Thr Lys
65 70
Phe Gty Pro val Thr Thr val val
85
Lys Ser val gég Asp Thr Thr Thr
val Asn Leu Asp Gly val phe Phe
115 120
Met Lys Asn Lys Gly Leu Gly Ala
130 135
Phe Gly Met val Gly Asp Pro Gly
145 150
cly ala val Arg i%g Met Ser Lys
Lys Asp Tyr égg val Arg val Asn
Thr Pro Met Leu Asp Asp Tyr Glu
195 200
Arg Thr Lys Thr Pro Met Gly His
210 215
Trp val Cys val Tyr Leu Ala Ser
225 230
Ala Glu Phe val val asp Gly Gly
245
<210> 71
<211> 756
<212> DNA
<213 Artificial sequence
<220>
<223>
<400> 71

CX2-103w0l_8T25

atcgtaaccg
ggtgcgaaag
atcggcggea
acgasacrgt
gcagggatty
ctgtccgtta
aataaaggct
ccggggacceg
gcgotggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Tle
10
Lys

val

Asp Phe

25
Ala

Asp val

Ile Arg pPhe

Leu Phe Asp
75
Ata

Asn Asn

90
Glu Glu
105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly

ser Ala

170

Thr val His
185
Gly

Ala Glu

ITe Gly Glu

Asp Glu Ser
235
Thr ala

250

Trp

gcgggacact
tagttattac
ctgatgttat
trgacaccac
gggttgttaa
atctggatygg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctecga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Gin

Gly
val His
60

Thr

Thr Glu

Gly Ile Gly
ieu
110

Ife

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

ser

Asn Ala

lLeu Asp Cys

Pro Gly Pro

190

Giu Met Phe
205

Pro Asn

220
LYS

Gln

Asp

Phe Ala

gggtatcggt
Tggtcgtegt
tcgerttgte
cgaggaggea
aagcgttgaa
tgttrttite
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gin Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

ser Glin

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggacact gggtatcggt

Page 35

60
120

180
240

<

300
360
420
480
540
600
660
720
756

60



ttggcaatcg
gcggatgrag
cagcacgatg
ttcgaccegg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgcrgagg
aatgacatcg
gcagaatttg

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

<220>
<Z223>

72
252
PRT

<400>
- Met Thr
1

72
Asp

Leu Gly Ite
val
35

Ile

Lys vai

ser
50
ASp

Lys
Ser Glu
65

Phe

Gly pPro

Lys Ser val

val Leu
115
ASH

Asn
Met Lys
130
Phe Gly
145

Gly

Met

Ala val

LYS ASp Tyr

Thr pPro Met
195
Thr Lys
210

va'l

Arg

TPp
225
Ala

cys

Glu Phe

<210
<211>
<212>
<213>

<220>
<223>

73
756
DNA

<400> 73

ccgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgtrttc
catgggtctry
tggtcgacgg

tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggeecce
acagcgtacg
tgtgtacctg
cgggtggacc

ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactacceg
gegetggatt
atcaagaccc
aaaacccceta
gcatctgacg
gcacag

Arg
Gly
20

Ile
Gly
Ala
val
Glu
100
AsSD
LYyS
val
Arg
ASp
180
teu
Thr
val

val

Leu
5
Leu
Thr
Gly
Gly
Thr
85
ASp
Gly
Gly
Gly
Ile
165
val
ASp
Pro
Tyr

val
245

Artificial Sequence

Lys Gly Lys

Ala Ile Ala

Gly Arg Arg

40

Thr Asp val
55

Trp Thr

70

Thr

Lys

val val

Thr Thr Thr
Phe
120

Ala

val pPhe

Leu Gly
135
Asp Pro Thr
150
Met

ser Lys

Arg val Asn
Glu
200

His

ASp Tyr

Met Gly

215

Leu Ala ser

230
ASp

Gly Gly

Artificial Seguence

Ala 1le
10
Lys

val

AsSp Phe

25

Ala Asp val

Ile Arg Phe

Leu Phe Asp
75
Asn Ala
90

Glu

Ash

Glu
105
Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly Glu

Ile Gly Glu

Glu Ser
235
ala

ASp

Thi
250

Trp

CX2-103w0l_sST25

tagttattac
ctgatgttat
tcgacaccac

gagtitgttaa
atcrggatgyg
tgggcgetag
gggcatacty
gcgcactgaa
cgatgctega
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45

Gln

Gly
val His
60

Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg LysS

Leu Gly
125
AsSn Met
140

TYF

Ser

Ccys Ala

Leu Asp Cys
Bro
180

Phe

Pre Gly

Glu Met
205
EPro Asn
220

LYS

ASp
Phe Ala

Glin

tggtcgtegt
tegerttgte
cgaggaggcea
aagcgrigaa
tgttttrite
catcatcaat
tgcttccaag
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
30
val

Glu

val
95
Leu ser

Gin Arg

ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ite Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

atgaccgatc gtctgaaggg caaagtagcec atcgtaaccg gcgggacact gggtatcggt
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcgt
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CX2-103w0l1_sT25

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgrtat tcgctitgic 180
cagcacgatg cgtccgatga agcaggetgg acgaaactgi tcgacaccac cgaggaggcea 240
ttcggeccgg ttacgaccgt cgtgaacaat gcagggattg ggottgttaa aagcgttgaa 300
gacactacca cggaggaatg gegtaaacty ctgtocgtia atctggatgg TotTUTLTTc 360
ggcacccgte tgggcattca gcgeatgaaa aataaaggcet tgggcgctag catcatcaat 420
atgagcagta ttticgggat ggtaggegat ccgactaccg gggcatacaa cgcticcaag 480
ggggcggtac gtatcatgtc gaaaagcgcea gegotggatt gcegcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tccgggecce atcaagaccc cgggtcetcga tgattatgaa 600
ggtgctgagg aaatgttttc acagcgtacg aaaaccccta tgggtcacat tggcgaaccg 660
aatgacatcg catgggtctyg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgy cgggtggacc gcacag 756
<210> 74
<211> 252
<212> PRT
<213> Artificial sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 74
Met Thr Asp Arg Leu Lys Gly Lys val ,%(‘i)a The val Thr Gly %y Thr
1 5
Leu Gly ITe Gly Leu Ala lle Ala égp Lys Phe val Giu ggu Gly Ala
20
Lys val v?1 Ile Thr Gly Arg Agg Ala asp val Gly ggu Lvs Ala Ala
3 4
Lys Ser Ile Gly Gly Thr égp val 1le Arg Phe gg? Gln His Asp Ala
50
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
pPhe Gly pro vai g?r Thr val val Asn ggn Ala Gly 1le Gly Vg? val
9
Lys ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn Leu Asp Gly val pPhe Phe Gly Thr Arg Leu Gly Ile Glin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile ITe Asn Met Ser Ser Ile
130 135 140
phe Gly Met val Gly Asp Pro Thr Thr Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Gly Leu Asp Asp Tyr Glu Giy Ala Glu Glu Met Phe Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu phe val val asp Gly Gly Trp Thr Ala Glin
245 250
<210> 75
<211> 756
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 75
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcegggacact gggtateggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtegt 120
gcggatgtag gtgaaaagge cgccaaatca atcggcggca ctgatgitat tcgetttgte 180
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cagcacgatg cgtccgatga agcaggotgg
ttcggeccgg ttacgaccgt cgtgaacaat
gacactacca cggaggaatg gcgtaaactg
ggcacccgrc tgggcattca gegeatgaaa
atgagcagta ttttcgggat ggtaggcgat
ggggcogtac gtatcatgtc gaaaagcgea
gtgcgtgtca acacagtaca tccgggeccce
ggtgctrgagg aaatgttttc acagcgtacy
aatgacatcg catgggtctg tgtgtacctg
gcagaatttg tggtcgacgg cgggtggacc
<210> 76
<211> 252
<212> PRT
<213> Artificial Seguence
<220>
<223>
<400> 70
%et Thr Asp Arg Leu Lys Gly Lys
5
Leu Gly Ile Ggy Leu Ala Ile Ala
2
Lys val val Ile Thr Gly Arg Arg
35 40
iys Ser Ile Gly Gly Thr Asp val
50 55
Ser Asp Glu Ala Gly Trp Thr Lys
65 70
rhe Gly Pro val g?r Thr val val
Lys Ser val %&8 Asp Thr Thr Thr
ITe Ash Leu Asp Gly val Phe Phe
115 120
Met Lys Asn Lys Gly Leu Gly Ala
130 135
phe Gly Met val Gly Asp Pro Thr
145 150
Gly Ala val Arg Iée Met Ser Lys
165
Lys Asp Tyr Agg val Arg val Asn
1
Thr Pro Met Leu Asp Asp Tyr Glu
195 200
Arg Thr Lys Thr Pro Met Gly His
210 215
Trp val Cys val Tyr Leu Ala Ser
225 230
Ala Glu phe val val Asp Gly Gly
245
<210> 77
<211l> 756
<212> DNA
<213> artificial seguence
<220>
<223>
<400> 77
atgaccgatc gtctgaaggo

ttggcaatcg ccgataaatt
gcggatgtag gtgaaaaggce
cagcacgatg cgtccgatga

CX2-103w01_sT25

acgaaactgt
gcagggattg
ctgtccatta
aataaagget
ccgactaccg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Tle
10
Lys

val

Asp Phe

25
Ala

Asp val

Tie Arg Phe

Leu Phe Asp
75
Asn Ala
90

Glu

Asn

Glu
105
Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
The His
185
Gly

Ala Glu

1Te Gly Glu

Glu Sser
235
Ala

ASp

Thr
250

Trp

tegacaccac
gggttgttaa
atctggatgg
tgggcgotag
gggcatacaa
gcgcactgaa
cgatgcttga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30
LysS

val Glu
Glu
45

GIn

Gly
val His
60
Thr

Thr Glu

Gly Tle Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
Ash Met Ser
140
Tyr

Asn Ala

Leu Asp Cys

Gly Pro
190
Phe

Pro
Glu Met
205
Pro Asn
220

Lys

ASp
rPhe Ala

Glin

cgaggaggca
aagcgttgaa
tgttttttte
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaacceyg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Ghu

val
95
Leu Ser

Gln Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser Gin

ITe Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

caaagtagce atcgtaaccg gcgggacact gggtatcggt
tgtagaggag ggtgcgaaag tagttattac tggtcgtcgt
cgccaaatca atcggeggea ctgatgttat tcgetttgic
agcaggctgg acgaaactgt tcgacaccac cgaggaggca
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ttcggeeoyy
gacactacca
ggcaccegtc
atgagcagta
ggggcggrac
gtgcgtgtca
ggtgcrgagg
aatgacatcy
gcagaatttg

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

<220>
<223>

<400>
Met Thr
1
Leu

78
252
PRT

78
Asp

Gly 1le
val
35

Ile

Lys val

Ser
50
Asp

Lys
ser Glu
65

Phe

Gly Pro

Lys Ser val
Leu
115

Asn

val Asn

Met LysS
130
phe Gly
145

Gly

Met

ATa val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp Cys
225
Ala

Glu Phe

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

<220>
<223>

<400> 79
atgaccgatc
ttggcaatcg
gcggatgtag

79
756
DNA

cagcacgatg cgtccgatga

ttcggeceyg

ttacgacegt
cggaggaatg
tgggcattca
ttticgggat
gtatcatgtc
acacagtaca
aaatgtttrc
catgggtctg

tggtcgacgg

Arg
Gly Leu
20
Ite Thr

Gly Gly

Ala Gly

Leu Lys
; Ala
Gly
Thr

Trp

cgtgaacaat
gcgtaaacty
gcgcatgaaa

ggtaggcgat

gaaaagcgca
tcegggeece
acagcgtacy
tgtgtacctg
cgggtggacc

Artificial Seguence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55

Thr Lys

70

Thr
85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Thr
Thr
val
Leuy

Asp

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp
180
Met Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggce

ttacgaccgt

Asp

Gly Gly

Artificial Seguence

CX2-103w01_5T725

gcagggattg
ctgtccgtta

aataaaggct

ccgactacceg

gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala I'e
10
Lys

val

ASD phe
25
Ala

Asp Val

Ite Arg Phe

Leu Phe Asp
75
Ala

AsSn Asn

90
Glu Glu
105

Gly

Trp

Thr Arg

Ser Ile Tle
Ala
155

Ala

Thr Gly
Ala
170
val

ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu ser
235
Ala

Asp

Thr
250

Trp

gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45

Gin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Ley
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Gty Pro

190

Glu Met Phe
205

Pro Asn
220

LYyS

ASp
phe Ala

Gin

caaagtagece atcgtaaccg gcgggacact
tgtagaggag ggtgcgaaag tagttattac
cgccaaatca atcggcggea ctgatgttat
agcaggetgg acgaaactgt tcgacaccac
cgtgaacaat gcagggattg gggttgttaa
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aagcgrtgaa
tgttittttc
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
a5
Leu Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala lLeu
175
Ile Lys

Ser Gn

Ile Ala

Thr Gly

240

Engineered variant of tactobacilius kefir ketoreductase

gggtatcggt
tggtegtogt
tcgetttgtc
cgaggaggca
aagcgttgaa

300
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atctggatgg
tgggcgetag
gggcatacaa
gcgeactgaa
cgatgctcga
tgagtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Gin

Gly
val His
60

Thr

Thr Glu

Gly 1le Gly
Leu

110

Arg Lys

teu Gly ITe

125
Met

Asn Ser

1490

Tyr Asn Ala

Leu Asp Cys

Pro Gly Pro

190

Giu Met Phe
205

Pro Ash

220

LyS

ASp
Phe Ala

Gln

tgtttttttc
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala

Glu Ala

val val
a5
Ley Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
175
ITe Lys

Ser Gln

Ile Ala

Thr Gly
240

gggtatcggrt
tggtcgtegt
tcgetttgtc
cgaggaggca
aagcgttgaa

gacactacca cggaggaatg gcgraaactg ctgrecgtta
ggcacccgte tgggcattca gcgeatrgaaa aataaagget
atgagcagta ttttcgggat ggtaggcgat ccgactaccg
gaggcggtac gratcatgtc gaaaagogea gogotggatt
gtgcgtgtca acacagtaca tCcgggecce atcaagaccec
ggtgctgags asatgttttc acagcgtacg azaaccccta
aatgacatcg catgggtctg tgtgtacctg gcatctgacg
gcagaattig tggicgacgyg cgggggtacc gcacag
<210> 80
<211> 252
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 80
ﬁet Thr Asp Arg %eu Lys Gly Lys val Aéa Ile
1
Leu Gly Ile Géy teu Ala Ile Ala gsp Lys Phe
2 5
Lys val VgT Ile Thr Gly Arg Agg Ala Asp val
3 4
Lys Ser Ite Gly Gly Thr gﬁp val Tle Arg Phe
50
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp
65 70 75
Phe Gly pro val Tgr Thr val val Asn ggn Ala
8
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp
100 105
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg
115 120
Met Lys Ash Lys Gily Leu Gly Ala Ser Ile Ile
130 135
phe Gly Met val Gly Asp Pro Thr Thr Gly aAla
145 150 155
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala
165 170
" Lys Asp Tyr Asp val Arg val Asn Thr val His
180 185
Thr Pro Met Leu Asp Asp Tyr Glu Gly Ala Glu
195 200
Arg Thr Lys Thr pro Met Gly His Ile Gly Glu
210 215
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser
225 230 235
Ala GTu pPhe val val Asp Gly Gly Gly Thr Ala
245 250
<210> 81
<211> 756
<Z212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobaciilus kefir ketoreductase
<400> 81
atgaccgatc gtctgaaggg caaagtagec atcgtaaccg gogggacaat
ttggcaatcy ccgataaatt tgtagaggay ggtgcgaaag tagttattac
gcggatgtag grtgaaaaggc cgccaaatca atcggeggca ctgatgttat
cagcacgatg tttccgatga agcaggcetgg acgaaactgt tcgacaccac
ttcggeccgg ttacgacctt agtgaacaat geagggattg gggtttacaa

360
420
480
540
600
660
720
756

60
120
180
240
300
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atctggatgg
tgggcgctag
gggcatacaa
gcgoactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

tgttttttec
catcatcaat
cgctrrccaag
ggactatgat
tgatcatgaa
tggcgaaccy
tgcgacgggt

val
val
Gly
val
60

Thr
Gly
Arg
Leu
AsSh
140
Tyr
Ley
Pro
Glu
Pro
220
Lys

Gln

gcgggacaat

Thr
Glu
Glu
45

Gln
Thr
Ile
Lys
Gly
125
Met
Ash
ASD
Gly
Met
205
Asn

Phe

Gly Gly Thr
15

Glu Ala

30

Lys

Gly

Ala Ala

His Asp val
Ala
80

Tyr

Glu Glu

val
95
Leu

Gly

Leu Ser

110

ITe GIn Arg

Ser Ser Ile

Ala Sser Lys
160
Ala Leu
175

Ile

Cys

Pro
190
Phe

Lys

Ser Gln

Asp Ile Ala

Ala Thr Gly

240

gggtatcggt

Page 41

tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg

gacactacca cggaggaatg gcgtaaactg ctgtccgttra
ggcacccgte tgggcattca gegcatgaaa aataaaggcet
atgagcagta tittcgggct ggtaggcgat ccgactaccg
ggggocgotac gtatcatgtc gaaaagegea gogotggatt
gtgcgtgtca acacagtaca tccgggeccc atcaagaccee
ggtgetgagg aaatgttttc acagcgtacg aaaaccccta
aatgacatcg catgggtcig tgtgtacctg gcatctgacg
gcagaatttg tggtcgacgg agggtggacc gcacag
<210> 82
<211> 252
<212> PRT
<213> Artificial Seguence
<Z2Z20>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 82
Met Thr Asp Arg geu Lys Gly Lys val iga Ile
1
Met Gly Ile g]y Leu Ala 1le Ala Agp Lys phe
0 2
Lys val §%1 Ile Thr Gly Arg Agg Ala Asp val
4
LyS Sgr Ile Gly Gly Thr §§p val Ile Arg Phe
5
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp
65 70 75
phe Gly Pro val Thr Thr Leu val Asn ggn Ala
85
Ltys Ser val Glu Asp Thr Thr Thr Glu Glu Trp
100 105
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg
115 120
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile
136 135
phe Gly Leu val Gly Asp Pro Thr Thr Gly Ala
145 150 155
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala
165 170
Lys Asp Tyr Asp val Arg vatl Asn Thr val His
180 185
Thr Pro Met Leu Asp Asp His Glu Gly Ala Glu
195 200
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu
210 215
Trep val Cys val Tyr Leu Ala Ser Asp Glu Ser
225 230 235
- ala GTu phe val val asp Gly Gly Trp Thr Ala
245 250
<210> 83
<211> 756
<212> DNA
<213> Artificial seguence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 83
atgaccygatc gtctgaaggg caaagtagce atcgtaaccg
ttggcaatcg ccgataaatt tgtagaggag ggtygcgaaag
gcggatgtag gtygaaaaggc cgccaaatca atcggeggea
cagcacgatg cgtccgatga agcaggctgyg acgasactgt
ttcggecegy ttacgacctt agtgaacaat gcagggattg
gacactacca cggaggaatg gcgtaaactg ctgtccgtta

tggtcgtegt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgtrrtttte

360
420
480
540
600
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ggcaccegtce
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

<400> 84
Metr Thr Asp
1
Met

84
252
PRT

Gly Ile
val
35

Ite

Lys val

Ser
50
Asp

Lys
ser Glu
65
Phe

Gly Pro

Lys Ser val

val Leu
115

AsSn

ASn
Met Lys
130
vthe Gly
145

Gly

Leu

Ala val

Lys Asp Tyr

Thr Met
195
LysS

Pro

Thr
210
va'l

Arg
Trp Cys
225
Ala

Glu Phe

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

<220>
<223>

<400> 85

atgaccgatc
Ttggcaatcg
gcggatgtag
cagcacgatg
ttcggcccag
gacactacca
ggcacccgtce

85
756
DNA

tgggcattca
ttttcgggct
gtatcatgtc
acacagtaca
aaatgtittc
catgggtctg
tggtcgacgg

Leu
5
Leuy

Arg

Gly
20
ITe Thr

Gly Gly

Ala Gly

Lys
Ala
Gly
Thr

Irp

gcgeatgaaa
ggtaggcgat
gaaaagcgea
teecgggecee
acagcgtacg
Lgtgtaccty
cgggtggacc

Artificial Sequence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55

Thr Lys

70

Thr
85
Asp

va'l

Glu
100
Asp Gly

Lys Gly

val Gly

Thr
The
val
Leu

ASD

Leu val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

Ser Lys

val Asn

Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaaggy
ccgataaatt

gtgaaaaggc
tttccgatga
ttacgacctt
cggaggaatg
tgggcattca

ASp

Gly Gly

Artificial Sequence

caaagtagcec
tgtagaggag
cgccaaatca
agcaggetgg
agtgaacaat
gcgtaaactg
gcgeatgaaa

val
Asp
25

Ala
ITe
Leuy
Asn
Glu
105
Gly
Ser
Thr
ser
Thr
185
Gly
Ile
ASp

Trp

aataaaggct
ccgactaccy
gcgetgttat
atcaagacce
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
asn Ala
a0
Glu Trp

Thr Arg

Ile 1le
Ala
155
Ala

Gly

Ala
170
val His

Ala Glu

Gly Glu

Glu ser
235
Thr Ala

250

atcgtaaccy
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggattg
ctgtcegtta
aataaaggct

Page 42
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tgggcgetag
gggcatacaa
gcgeactgaa
cgatgcrcga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Gin

Gly

va'l His

60

Thr Thr Glu

Gly 1le Gly

Arg Lys Leu
110

Leu Gly Ile
125

Asn Met

140

Tyr

Ser

Asn Ala

Leu Leu Cys
Pro
190

Phe

Pro Gly

Glu Met
205
Pro Asn
220

LyS

Asp

pPhe Ala

GIn

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgy
tgggcgetag

catcatcaat
cgcttccaag
ggactacgat
tgatcatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80

val

Glu

val
95
Leu Ser

GIn Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser GlIn

Ile ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcegt
tegetttgte
cgaggaggca
aagcgttgaa
tgtttttite
catcatcaat

42

480
540
600
660
720
756

60
120
180
240
300
360
420



atgagcagta ttttegggca ggtaggegat
ggggcggtac gtatcatgtc gaaaagcgca
gtgcgtgtca acacagtaca tcCgggecoco
ggtgctgagg aaatgitttc acagogtacg
aatgacatcg catgggtctg tgtgtacctg
gcagaatttyg tggicgacgg cgggtggacc
<210> 86
<211> 252
<212> PRT
<213> Artificial Sequence
<220>
<223>
<400> 86
Met Thr Asp Arg Leu Lys Gly Lys
1 5
Met Gly Ile Gly Leu Ala Ile Ala
20
Lys val val Ile Thr Giy Arg Arg
35 40
Lys Ser Ile Gly Gly Thr Asp val
50 55
Ser asp Glu Ala Gly Trp Thr Lys
65 70
Phe Gly Pro val Thr Thr Leu val
85
Lys Ser val Glu Asp Thr Thr Thr
100
val Asn Leu Asp Gly val Phe phe
115 120
Met Lys Asn Lys Gly Leu Gly Ala
130 135
Phe Gly GIn val Gly Asp Pro Thr
145 150
Gly Ala val Arg Ile Met Ser Lys
165
Lys Asp Tyr Asp val Arg val Asn
180
Thr Pro Met Leu Asp Asp His Glu
195 200
Arg Thr Lys Thr Pro Met Gly His
210 215
Trp Val Cys val Tyr Leu Ala Ser
225 230
Ata Glu Phe val val Asp Gly Gly
245
<210> 87
<211> 756
<212> DNA
<213> Artificial seguence
<220>
<223>
<400> 87
atgaccgatc gtctgaaggg caaagtagcc
ttggcaatcg ccgataaatt tgtagaggag
gcggatgtag gtgaaaagge cgccaaatca
cagcacgatg cgtccgatga agcaggctyg
ttcggeccgg ttacgacctt agtgaacaat
gacactacca cggaggaatg gecgtaaactg
ggcacccgtc tgggcattca gegcatgaaa

CX2-103w01_ST25

ccgactaccg
gcgctgttat
atcaagaccc
aaaagccecta
gcatctgacy
gcacag

Ala tle
10
Lys

val

Asp Phe

25
Ala

Asp val

ITe Arg Phe

Leu Phe Asp
75
Asn Ala
90

Glu

Asn

Glu
105
Gly

Trp

Thr Arg

Ser Ile Tle
Ala
155

Ala

Thr Gly
Ala
170
val

ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

Asp

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtcegtta
aataaaggct
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gygcatacaa
gcgcactgaa
cgatgctcga
tgggteacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45
Gln

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys
Gly
125
Met

Leu

Asn
140
TYr

Ser

Asn Ala

Leu Leu Cys

Pro Gly Pro

180

Glu Met Phe
205

Pro Asn
220

Lys

ASD

Phe Ala

Gln

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttctgaa
atctggatgg
tgggcgctag

cgcttccaag
ggactacgat
tgatcatgaa
tggcgaaccy

tgcgacggyt

Engineered variant of Lactobacillius kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val

Ala
80
val

Glu

val
95
lL.eu Ser

Gln Arg

Ser JTle

ser Lys
160
Ala Leu
175
Ile Lys

ser Gin

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgettigtce
cgaggaggea
aagcgttgaa
tgrtttttLc
catcatcaat

480
540
600

&6

720
756

60
120
180
240
300
360
420



CX2-103w01_ST25

gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

cgcttccaag
ggactacgat
tgatcatgaa
tggcgaaceg
tgcgacgggt

val
val
Gly
val
&0

Thr
Gly
Arg
Leuy
Asn
140
Tyr
Leu
Pro
Glu
Pro
220
Lys

Gin

Thr
Glu
Glu
45

GIn
Thr
Ile
Lys
Gly
125
Met
Asn
ASp
Gly
Met
205
Asn

Phe

Gly
Glu
30

Lys
His
Glu
Gly
Leu
110
Ije
Ser
Ala
Cys
Pro
190
Phe
AsD

Ala

Gly
15

Gly
Ala
ASp
Glu
val
95

Leu
Glin
Ser
Ser
Ala
175
Ile
Ser
Ite

Thr

Thr
Ala
Ala
Ala
Ala
80

Leu
Ser
Arg
Ile
LYS
160
Leu
Lys
Gin
Ala

Gly
240

atgagcagta ttttcgggat ggtaggcgat ccgactaccy
ggggcggtac gtatcatgtc gaaaagcgca gcgetggatt
gtgcgtgtca acacagtaca tocgggcecce atcaagaccc
gogtactgagg aaatgiittc acagogracg aaaaccoeta
aatgacatcg catgggtctg tgtgtacctg gcatctgacg
gcagaattlg tggtcgacgg cgggtggacc geacag
<210> 88
<211> 252
<212> PRT
<213> Artificial Seguence
<220(>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 88
Met Thr Asp Arg %eu Lys Gly Lys val Aéa Ile
1 1
Met Gly Ile ggy teu Ala Ile Ala gsp Lys Phe
5
Lys val val Ile Thr Gly Arg Agg Ala Asp val
35 4
Lys ggr Tle Gly Gly Thr §§p val Ile Arg Phe
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp
65 70 75
phe Gly Pro val g?r Thr Leu val Asn ggn Ala
Lys ser val Glu Asp Thr Thr Thr Glu Glu Trp
100 105
val Asn Leu Asp Gly val pPhe Phe Gly Thr Arg
115 120
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile
1390 135
Phe Gly Met val Gly Asp Pro Thr Thr Gly Ala
145 150 155
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala
165 170
Lys Asp Tyr Asp val Arg val asn Thr val His
180 185
Thr Pro Met Leu Asp Asp His Glu Gly Ala Glu
195 200
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu
210 215
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser
225 230 235
ala Glu rphe val val asp Gly Gly Trp Thr Ala
245 250
<210> 89
<211> 756
<212> DNA
<213> Artificial seguence
<220>
<223> Engineered variant of tactobacillus kefir ketoreductase
<400> 89
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag
gcggatgtag gtgaaaagge cgccaaatca atcggeggea
cagcacgatg cgtctgatga agcaggctgy acgaaactgt
ttcggeccgg ttacgaccgt cgtgaacaat geagggattg
gacactacca cggaggaatg gcgtaaactg ctgtccgtta
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct
atgagcagta ttttcgggca ggtaggcgat ccgactaccg
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gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttctgaa
atctggatgg
tgggcgetag
gggcatacaa

gggtatcggt
tggtcgtegt
tcgetttgte
cgaggaggca
aagcgttgaa
tgtrttittc
catcatcaat
cgcttccaag

480
>40
600
660
720
756

60
120
180
240
300
360
420
480



ggggcggtac
gtgcgtgtca
ggtgcrgagg
aatgacatcg
gcagaatttg

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

90
252
PRT

<220>
<223>

<400>
Met Thr
1
Met

50
Asp

Gly Ile
val
35
Ile

Lys val

Ser
50
Asp

Lys
Ser Glu
65
Phe

Gly Pro

Lys Ser val

val Leu
115
Asn

Asn

Met Lys

130
Gly

Phe Gin

145
Gly

Ala val

.ys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

<400> 91
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggceegy
gacactacca
ggcaccegtce
atgagcagta
ggggcggtrac

91
756
DNA

gtatcatgtc
acacagtaca
aaatgtitetc
catgggtetg
tggtcgacyg

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys
5

Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu

ASD

gaaaagcgea
tccgggeccc
acagcgracg
tgtgtacetyg

cqugtggacc

Artificial Seguence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

ATg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
¢ccgataaatt

gtgaaaaggc
tttccgatga
ttacgacctt
cggaggaatg
tgggcattca
ttttcgggea
gtatcatgtc

ASp

Gly Gly

artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgcea

CX2-103w01_ST25

gegetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Itle
10

Lys

val

Asp Phe
25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Asn Ala
90

Glu

ASn

Glu
105
Gly

Trp

Thr Arg

Ser Iie Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu ser
235
Ala

Asp

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccg
gcgctggatt

Page 45

gcgcactgaa
cgatgctcga
tgggtcacat

aatrcgaaat:

val Thr

val Glu

30
Glu
45
Gin

Gly

val
60
Thr Thr

Gly Ile

Arg Lys

Gly
Glu
Lys
His
Glu
Gly

Leu

ggactacgat

tgattatgaa

tggcgaaccg
tgegacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala

Ala
80
Leu

Glu

val
95

Leu Ser

110

Leu Gly
125
Asn Met
140
Tyr Asn

Leu Asp

Pro Gly

Ile
ser
Ala
Cys

Pro

GIn Arg

Ser Ile

ser Lys
160
Ala Leu
175

Ile Lys

190

Glu Met
205
Pro Asn
220
Lys Phe

GIn

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggtttacaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa

Phe
ASp

Ada

ser GIn

Ile Ala

Thr Gly

240

engineered variant of Lactebacillus kefir ketoreductase

gggtatcggt
tggtcgtcgt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgtrtttttc
catcatcaat
cgcttccaag
ggactacgatr

540
600
660

790

756

60
120
180
240
300
360
420
480
540



gtgcgtgteca
ggtgctgagg
aatgacatcg
gcagaatttg

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

92
252
PRT

<220>
<223>

<400> 92

Met Thr Asp
1

Met Gly Ile
val
35
Ile

Lys val
Ser
50
ASp

LYS

ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn

130
Phe Gly Glin
145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
LYS

Pro

Thr
210
va'l

Arg

Trp
225
Ala

Cys

Glu Phe

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

93
756
DNA

<220>
<223>

<400> 93

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeecygyg
gacactacca
ggcaccogtce
atgagcagtra
ggggcggtac
gtgcgtgtca

acacagtaca
aaatgttttc
catgggtetg
tgogtcgacgg

Arg
Gly Leu
20
Ite Thr

Gly Gly

Ala Gly

Leu Lys
5

Ala
Gly
Thr

Trp

tTCCygggeece atcaagaccc cgatgetcga tgatcatgaa

CX2-103wW01_5T25

acagcgtacy aaaaccccca tgggtcacat tggegaaccg
tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt

cgggtggacc

Artificial sequence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55

Tht Lys

70

Thr
85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Thr
Thr
val
Leu

Asp

Leu val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

Ser Lys

val Asn

Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgacctt
cggaggaatg
tgggcattca
ttttcgggca
gtatcatgtc
acacagtaca

ASp

Gly Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatea
agcaggctgy
agtgaacaat
gcgtaaactg
gcgecatgaaa
ggtaggcgat
gaaaagcgca
tccgggeccec

gcacag

Ala Iie
10
Lys

val

Asp Phe

25

Ala Asp val

ITe Arg Phe

Leu Phe Asp

75

Asn Asn Ala
90

Glu Glu

105

Gly

Trp

Thr Arg

ser Ile Ile
Ala
155

ala

Thr Gly
Alta
170
val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

Asp

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtecgrta
aataaaggct
ccgactaccg
gcgetggatt
atcaagaccc

Page 46

Thr

Glu

val Gly
Glu
30
Lys

val

Glu
45
Gln

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Ser

Ash Ala

Leu Asp Cys

pro Gly Pro
180

Glu Met pPhe
205

Pro Asn

220

Lys

ASD

Phe Ala

Gin

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttctgaa
atctggatgg
tgggcgcetag
gggcatacaa
gcgcactgaa
cgatgetcga

Engineered variant of Lactobacilius kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80
Tyr

Glu

val
95
Leu Ser

GIn Arg

ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser GlIn

Ile Ala

Thr Gly

240

Engineered variant of tactobacillus kefir ketoreductase

gggtatcggt
tggtegtegt
tcgcttigtc
cgaggaggca
aagcgttgaa
tgttttttte
catcatcaat
cgcttccaag
ggactacgat
tgatcatgaa

600
660

720
756

K

60
120
180
240
300
360
420
480
540
600



CX2-103W0L. 5T25

gotgctgagyg aaatgttttc acagcgtacg aaaaccecta tgggtcacat tggcgaacceg 660
aatgacatcg catgggtctg tgtgtacctg geatctgacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg cgggtggacc gcacag 756
<210> 94
<211> 2532
<212> PRT
<213> Artificial Seguence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 94
Met Thr Asp Arg Leu Lys Gly Lys val Aga Ite val thr Gly Gly Thr
1 5 1 15
Met Gly Ile Géy Leu Ala Ile Ala égp Lys Phe val Glu géu Gly Ala
2
Lys val gg? Ile thr Gly Arg Agg Ala Asp vatl Gly giu Lys Ala Ala
4 5
Lys ggr Iie Gly Gly Thr Agp val Ile Arg Phe gg? GIn His Asp Ala
5
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 30
Phe Gly Pro val ghr Thr Leu val Asn gén Ala Gly 1le Gly Vg? Leu
5 9
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn Leu asp Gly val phe Phe Gly Thr Arg tLeu Gly Ile GIn Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
Phe Gly GIn val Gly Asp Pro Thr Thr Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Met Leu Asp Asp His Glu Gly Ala Glu Glu Met Phe Ser GlIn
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
ala Glu phe val val Asp Gly Gly Trp Thr aAla GIn
245 250
<210> 95
<211> 756
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 95
atgaccgatc gtctgaaggg caaagtagcec atcgtaaccg gcgggacact gggtatcggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtegtegt 120
gcggatgtag gtgaaaagge cgccaaatca atcggcggea ctgatgttat tcgetttgtc 180
cagcacgatg cgtccgatga agcaggetgg acgaaactgt tcgacaccac cgaggaggea 240
Ttcggecegyg ttacgaccgt cgtgaacaat gcagggattg gggtrictgaa aagcgttgaa 300
gacactacca cggaggaaty gcgtaaactg ctgtccgtta atctggatgg tgrttittic 360
ggcacccgtc tgggcattca gcgcatgaaa aataaagget tgggcgcetag catcatcaat 420
atgagcagta ttttcgggca agtaggcgat ccgactaccyg gggcatacaa cgcttccaag 480
gggycggtac gtatcatgtc gaaaagcgca gcgcetgttat gcgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tccgggecce atcaagacce cgatgctcga tgattatgaa 600
ggtgctgagy aaatgttttc acagcgtacg aaaaccccta tgggtcacat tggcgaaccg 660
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CX2-103w0l1_ST25

aatgacatcg catgggtctg tgtgtaccty gcatctgacg aatcgaaatt tgegacgggt 720
gcagaatitg tggtcgacgg cgggtggace gcacag 756
<210> 96
<211> 252
<212> PRT
<213> Artificial Sequence
<220> _
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 96
Met Thr Asp Arg Leu Lys Gly Lys val Aga ¥le val Thr Gly g?y Thr
1 5 1 5
Leu Gly I'le Ggy Leu Ala 1le Ala %?p Lys pPhe val Glu gWu Gly Ala
2 0
Lys val val Ile Thr Gly Arg Arg Ala Asp val Gly gTu Lys Ala Ala
35 40 5
Lys Sgr Ite Gly Gly Thr ??p val Ile Arg Phe ga? Gln His Asp Ala
5 0
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro val ggr Thr val val Asn gsn Ala Gly 1le Gly Vgi Leu
0 9
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn Leu Asp Gly val Phe pPhe Gly Thr Arg Leu Gly Ile Gin Arg
115 120 125
Met Lys Asn Lys Gly teu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 149
phe Gly Gin val Gly Asp Pro Thr Thr Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu Leu Cys Ala Leu
165 170 175
Lys Asp Tyr Asp val arg val Asn Thr val HWis Pro Gly Pro Ile Lys
180 185 190
Thr Pro Met Leu Asp Asp Tyr Glu Gly Ala Glu Glu Met Phe Ser Gln
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu phe val val Asp Gly Gly Trp Thr Ala Gln
245 250
<210> 97
<211> 756
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 97
atgaccgatc gtctgaaggg caaagtagec atcgtaaccg gegggacact gggtatcggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtegr 120
gcggatgtag gtgaaaaggc cgccaaatca atcggeggca ctgatgttat tcegetttgte 180
cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggea 240
ttcggeccgg ttacgaccgt cgtgaacaat gcagggatig gggttgttaa aagegrtgaa 300
gacactacca cggaggaatg gcgtaaactg ctgtccgtita atctggatgg tgtttttitc 360
ggcacccgtc tgggcattca gcgcatgaaa aataaagget tgggegcetag catcatcaat 420
atgagcagta ttttcgggat ggtaggcgat ccgactaccy gggcatacaa cgcttccaag 480
ggggcggtac gtatcatgtc gaaaagcgca gegetggatt gcgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tccgggceccc atcaagacce cgatgetcga tgatcacgaa 600
ggtgctgagy aaatgttttc acagcgtacg aaaaccccta tgggtcacat tggcgaaccg 660
aatgacatcg catgggtctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720
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210>
<21il>
<212>
<213>

<220>
<223>

<400>

Met
1
Leu
Lys
LyS
sSer
65
Phe
Lys
val
Met
Phe
145
Gly
LyS
Thr
Arg
Trp

225
Ala

Thr
Gly
val
Ser
50

ASD
Gly
Ser
Asn
Lvys
130
Gly
Ala
ASp
Pro
Thr
210
val

Glu

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

<220>
<223>

<400>

98
252
PRT

Artificial Seguence

CX2~-103w0l_ST25
gcagaatttg tggtcgacgg cgggtggacc gcacag

Engineered variant of Lactobacillus kefir ketoreductase

98
ASp

Ile
val
35

Ile
Glu
Pro
val
t.eu
115
Asn
Met
vali
YU
Met
195
Lys
cys

Phe

g9
756
DNA

ATy
Gly
20

Ile
Gly
Ala
val
Glu
100
Asp
LYS
val
Arg
Asp
180
Leu
Thr
val

val

Ley
5
Ley
Thr
Gly
Gly
Thr
85
Asp
Gly
Gly
Gly
Ite
165
val
Asp
Pro
Tyr

val
245

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
AsSp
150
Met
Arg
ASp
Met
Leu

230
ASp

Gly
Ile
Arg
ASp
55

Thr
val
Thr
Phe
Gly
135
Pro
sar
val
His
Gly
215
Ala

Gly

artificial Sequence

Lys
Ala
Arg
40

val
Lys
val
Thr
Phe
120
Ala
Thr
Lys
Asn
Glu
200
His
ser

Gly

val
Asp
25

Ala
ITe
Leu
Asn
Glu
105
Gly
ser
Thr
Ser
Thr
185
Gly
Ile
Asp

Trp

Ala
10

LYyS
Asp
Arg
Phe
Asn
90

Glu
Thr
Ile
Gly
Ala
170
val
Ala
Gly
Glu

Thr
250

Ile
Phe
val
Phe
Asp
75

Ala
Trp
Arg
Ile
Ala
Ala
His
Glu
Glu
Ser

235
Ala

val Thr Gly
Glu
30

Lys

val Glu

Glu
45
Gln

Gly
val His
60

Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys
Pro
190

Phe

Pro Gly

Glu Met
205
Pro Asn
220

Lys

Asp
rhe Ala

Gin

Gly Thr
15

Gly Ala

Ala Ala

Asp Ala
Afa
80
val

Glu

val
95
Leu Ser

GlIn Arg

ser Ile

Ser Lys
160
Ala Leuy
175
Ile Lys

ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

99

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggcccgyg
gacactacca
ggcacccgic
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgcrgagg
aatgacatcg
gcagaatltg

gtctgaaggyg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgacctt
cggaggaatg
tgggcattca
ttttcgggea
gtatcatgte
acacagtaca
aaatgttttc
catgggtctg
tggtcgacgg

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgy
agtgaacaat
gcgtaaactyg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tcecgggeccce
acagcgtacg
tgtgtacctg
cgggtggacc

atcgtaaccy
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggatty
ctgtccgtta
aataaaggct
ccgactaccg
gcgetgtrtat
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Page 49

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatygg
tgggcgetag
gggcatacaa
gcgeactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

gggtatcggt
tggtecgtegt
tcgetttgtc
cgaggaggcea
aagcgttgaa
tgtttrttte
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

756

60
120
180
240
300
360
420
480
540
600
660
720
756



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

<220>
<223>

<400>
Met Thr Asp Arg

1

100
252
PRT

Artificial Sequence

CX2-103w01_ST25

Engineered variant of tactobacillus kefir ketoreductase

160

Leu Gly Ile Gly

Lys
Lys
Ser
65

Phe
LysS
val
Met
Phe
145
Gly
Lys
Thr
Arg
Trp

225
Ala

val
Ser
30

Asp
Gly
Ser
Asn
LVsS
130
Gly
Ala
Asp
Pro
Thr
210
val

Glu

val
35

Ile
Glu
Pro
val
Leu
115
Asn
GIn
val
Tyr
Met
195
Lys
Ccys

Phe

20
Ile

Gly
Ala
val
Glu
100
Asp
Lys
val
Arg
ASp
180
Leu
Thr
val

val

Leu Lys Gly Lys
5

Leu
Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
Ile
165
val
ASp
Pro
Tyr

val

Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
Asp
150
Met
Arg
AsSp
Met
Ley

230
Asp

Ile
Arg
Asp
55

Thr
L.eu
Thr
Phe
Gly
135
Pro
Ser
val
Tyr
Gly
215
Ala

Gly

Ala
Arg
40

val
LYS
val
Thr
Phe
120
Ala
Thr
Lys
Asn
Glu
200
His
Ser

Gly

val
Asp
25

Ala
Ile
Leuy
ASnh
Glu
105
Gly
sSer
Thr
sSer
Thr
185
Gly
Ile
ASp

Trp

Ala
10

LYS
Asp
Arg
Phe
AsSn
30

Glu
Thr
Ile
Gly
Ala
170
val
Ala
Gly
Glu

Thr
250

Ile
Phe
val
Phe
ASp
75

Ala
Trp
Arg
Tle
Ala
Ala
His
Glu
Glu
Ser

235
Ala

val
val
Gly
val
60

Thr
Gly
Arg
Leu
Asn
140
Tyr
Leu
Pro
Glu
Pro
220
LYS

Gin

Thr
Glu
Glu
45

Gin
Thr

Ile

Lys

Gly
125
Met
Asn
Leu
Gly
Met
205
ASh

Phe

Gly
Glu
30

Lys
His
Glu
Gly
Leu
110
Ile
Ser
Ala
Cys
Pro
190
Phe
Asp

Ala

<210>
<211>
<Z12>
<213>

<220>
<223>

<400> 101
atgaccgatc
ttggcaatcyg
gcggatgrag
cagcacgatg
ttcggcccgg
gacactacca
ggcaceccgte
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

101
756
DNA

245

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggea
gtatcatgte
acacagtaca
aaatgttrtc
catgggtctg

tggtcgacgg

Artificial sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tcegggecece
acagcgtacg
tgtgtacctg
cgggtggacc

atcgtaaccy
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccg
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacyg
gracag

Page 50

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gogttgttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgeactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

Gly Thr
15

Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
85
Leu Ser

Gin Arg

Ser Ile

Sser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcgt
tegetttgtc
cgaggaggca
aagcgttgaa
tgtttrtttc
catcatcaat
cgcttecaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

60
120
180
240
300
360
420
480
540
600
660
720
756



102
252
PRT

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

<220>
<223>

<400>
Met Thr
1

102
ASp

Leu Gly Ile
val
35

Ile

Lys val

Ser
50
Asp

Lys
Ser Glu
65

rhe

Gly Pro

Lys Ser val

val Leu
115

Ash

Asn

Met Lys
130
Gly

Phe Gln

145
Gly

Ala val

LYS AsSp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Giu Phe

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

<220>
<223>

<400> 103
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgaty
ttcggecegg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
grtgcgtgtca
ggrgctgagg
aatgacatcg
gcagaatttyg

103
756
DNA

Arg
Gly teu
20
Ile Thr

Gly Gly

Ala Gly

Thr
85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys Gly
; Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu

AsSD

Artificial Sequence

Lys

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
Asp val
180

Leu

Arg

ASp
Thr Pro

val Tyr

Met
Arg
ASp
Met

Leu

ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala Sser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgacctt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacgy

ASD

Gly Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggetgg
agtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgca
tccgggeccec
acagcgtacg
tgtgtacctg
cgggtggacc

CX2-103w0l_ST25

Ala Ile
10
LYs

val

AsSp Phe

25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Asn Ala
90

Giu

Ash

Glu
105
Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

ser
Thr His
185
Gly

Ala Glu

Ite Gly Glu
Ser
235

Ala

Asp Giu

Thr
250

Trp

atcgtaaccy
ggtgcgaaag
atcggeggca
acgaaactgt
gcagggattg
ctgtcegtta
aataaaggct
ccgactaccg
gcgctgttat
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Page 51

val Thr Gly
Glu
30
Lys

val Glu

Glu
45
Gin

Gly

va'l
60
Thr

His

Thr Glu

Giy 1le Gly
Leuy
110

Ile

Arg Lys

Leu Gly
125
Asn Met Ser
140
Tyr

Asn Ala

Leu ASp Cys
Pro
190

Phe

Pro Gly

Glu Met
205
Pro Asn
220

Lys

Asp

Phe Ala

Gln

gcygggacaat
tagttattac
ctgatgttat
tcgacaccac
gggtttacaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgetcga
tgggtcacat
aatcgaaatt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
95
Leu Ser

Gin Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Tle Lys

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of tactobacilius kefir ketoreductase

gggratcggt
tggtegtegt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgtttttite
catcatcaat
cgcttecaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

60
120
180
240
300
360
420
480
540
600
660
720
756



<Z210>
<211
<212>
<213>

<220>
<223>

<400>
Met Thr

104
252
PRT

104
Asp

Met Gly Ile
val
35

Ile

i.ys val

ser
50
AsSp

Lys

sSer Glu

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn

130
Giy

[ ] oy [y
I ML

145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ata

Cys

Glu Phe

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

<220>
<223>

<400> 105
atgaccgatc
Ttgocaatcy
gcggatgtag
cagcacgatg
ttcggccogg
gacactacca
ggcaccegte
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagyg
agtgacatcg
gcagaatttg

105
756
DNA

<210> 106

Arg

Gly
20
Tie

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

L B el
vai Gi{y

Leu Lys
5

Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu

ASp

Artificial Seguence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys .

Leu val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Iile
165
val

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

Ser Lys

val Asn

Gluy
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
tttccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgtttte
catgggtctg
tggtcgacgg

Asp

Gly Gly

Artificial Sequence

caaagtagcce
tgtagaggay
cgccaaatca
agcaggctgg
cgtgaacaat
gCgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tccgggeece
acagcgtacg
tgtgtacctg
cgggtggacc

CX2-103w01_5T25

Ala 1le
10
Lys

val
Asp Phe
25
Ala

Asp val

Ile Arg Phe

pPhe Asp
75
Asn Ala
90
Giu Trp

Thr Arg

ITe Ile
Ala
155
Ala

Thr Gly

Ala
i70
val His

Ala Glu

Gly Glu

Glu Ser
235
Thr Ala

250

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattyg
ctgtccgtta
aataaaggct
ccgactacceg
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Page 52

val Thr Gly
Glu
30

Lys

val Glu

Gly Glu
45
val Gln His
60
Thr

Thr Glu

Gly tle Gly
L.eu
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Leu

ser

Asn Ala

Leu Cys

Pro
190
Phe

Pro Gly

Glu Met
205
Pro Asn
220

Lys

Asp

rPhe Ala

Gln

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttgitaa
atcrggatgg
tgggcgctag
gygcatacaa
gcgeactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

Engineered variant of Lactobacillus kefir ketoreductase

Gty Thr
15
Gly Ala

Ala Ala

Asp Ala

Ala
80
Tyr

Glu

val
g5
Leu Ser

GlIn Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ite Lys

Ser GlIn

Ite Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtegtegt
tcgetrtrtgtce
cgaggaggca
aagcgttgaa
tgttttttic
catcatcaat
cgcticcaag
ggactacgat
tgatcatgaa
tggcgaaccg
tgcgacgggt

60
120
180
240
300
360
420
480
540
600
660
720
756



<211>
<212>
<213>

<220>
<223>

<400>
Met Thr

252
PRT

106
ASp

Met Gly 1le

val
35
Ile

Lys val
Ser
50
Asp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115
Met Lys Ashn
130
Gly

ASH

Phe Met
145
Gly

Ala val

Lys Asp Tyr

Thr Met
185
lLys

Pro

Thr
210
val

Arg

Trp
225
Ala

cys

Glu phe

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

<220>
<223>

107
756
DNA

<400> 107
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeccgg
gacactacca
ggcaccegtc
atgagcagta
ggagcggtac
gtgcgigrea
ggtgctgagy
aatgacatcg
gcagaatttg

Arg
Gly Leu
20
Ite Thr

Gly Gly

Ala Gly

Thr
85
AsDp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Ala
Gly
Thr
Trp
70

Thr
Thr
vai
Leu

Asp

Artificial sequence

l.eu Lys Gly Lys
5

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

rhe
120
Ala

Phe

Gly
135

Pro Thr

150

Tle
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
ASp
Met

Leu

Ser Lys

val Ash

Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtcegatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacgg

ASP

Gly Gly

Artificial Sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggetgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tccgggeece
acagcgtacg
tgtgtacctg
cgggtggacc

CX2-103W01,.5T25

Ala Ile
10
LYS

val

ASp Phe
25
Ala

Asp val

1le Arg Phe

Leu Phe Asp
75
Ala

Asn Asn

30
Giu Glu
105
Gly

Trp

Thr Arg

Ser Ile 1le
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala GTu

Ile Gly Glu

Glu ser
235
Ala

ASD

Thr
250

Tro

atcgtaaccy
ggtycgaaag
atcggcoggca
acgaaactgt
gcagggatty
ctgtccgtta
aataaagyct
ccgactaccyg
gcgcetggatt
atcaagaccc
aaaaccccta
gcatctgacyg
gcacag

<2310>
<211>

108
252

Page 53

val thr Gly

Glu
30
Lys

val Giu
Glu
45

Gin

Gly
val His
60

Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys
Gly
125
Met

Leu

Asn
140
Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Gly Pro
190
Phe

Glu Met

205
Pro Ser
220

LysS

Asp

phe Ala

Gin

gcgoggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

val
a5
l.eu Ser

GlIn Arg

ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser Gin

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcgt
tcgetttgtce
cgaggaggcea
aagcgttgaa
tgtttttitc
catcatcaat
cgcticcaag
ggactacgat
tgattatgaa
tggcgaaccyg
tgcgacgggt

60
120
180
240
300
360
420
480
540
600
660
720
756



<212>
<213>

<220>
<223>

<400>

Met
Met
Lys
Lys
Ser
65

Phe
Lvs
val
Met
Phe

145
Gly

Thr
Gly
val
Ser
50

ASp
Gly
Ser
Asn
Lys
130
Gly

.
Ala

PRT

Artificial seguence

CX2-103W01_ST25

Engineered variant of Lactobacillus kefir ketoreductase

108
Asp

Ile
val
35

Ite
Glu
Pro
val
l.eu
115
Asn
MeT

val

Arg
Gly
20

Ile
Gly
Ala
val
Glu
100
Asp
Lys
val

Arg

Leuy
5
Leu
Thr
Gly
Gly
Thr
85
ASp
Gly
Gly
Gly

Ile

L.ys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
ASp

150
Met

Gly
Ile
Arg
Asp
55

Thr
val
Thr
Phe
Gly
135
Pro

Ser

LYS
Ala
Arg
40

val
Lys
val
Thr
Phe
120
Ala
Thr

Lys

val
ASp
25

Ala
Ile
Leu
Asn
Glu
105
Gly
Ser
Thr

Ser

Ala
10

Lys
ASp
Arg
Phe
Asn
90

Glu
Thr
Ile
Gly

Ala

Ile
Phe
val
Phe
Asp
Ala
Trp
Arg
Ile
Ala

155
Ala

val
val
Gly
val
60

Thr
Gly
Arg
Leu
AsSn
140
Tyr

Leuy

Thr
Glu
Glu
45

GIn
Thr
Ile
Lys
Gly
125
Met
Asn

ASp

Gly
Glu
30

Lys
His
Giu
Gly
=13
110
Ile
Ser

Ala

Gly
15

Gly
Ala
Asp
Glu
vai
95

Leu
Gln
Ser

Ser

Ala

Thr
Ala
Ala
Ala
Ala
Var
Ser
Arg
Ile
Lys

160
Leu

Lys Asp Tyr

Thr Pro Met
185
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

109
756
DNA

<400> 109
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggcccgg
gacactacca
ggcaccegic
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
adatgacatcg
gcagaatttg

<210> 110

165
Asp val
180
Leu Asp

Thr Pro

val Tyr

Arg
Asp
Met

Leu

val Asn

Gtu
200
His

Tyr

Gly
215

Ala Ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaagygc
tttccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgtrrtc
catgggtctg
tggtcgacag

Asp

Gly Gly

Artificial Sequence

caaagtagcc
tgtagaggag
Cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggcgat
gaaaagcgea
tcegggecec
acagcgtacy
tgtgtacctg
cgggrggacc

Thr
185
Gly
Ile
ASp

Trp

170
val His

Ala Glu

Gly Glu

Glu ser
235
Thr Ala

250

atcgtraaccy
ggtgcgaaag
atcggceggca
acgaaactgt
gcagggattg
ctgtcegtta
aataaaggct
ccgactaccyg
gcgetgttat
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Cys
Pro Pro
190
Phe

Gly
Giu Met
205
Pro Asn
220

Lys

ASp

Phe Ala

Gln

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggtttacaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgetcga
tgggtcacat
aatcgaaatt

175
Ile Lys

Ser GlIn

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggrarcggt
tggtcgtegt
tcgetttgte
cgaggaggcea
aagegttgaa
tgttttttte
catcatcaat
cgcrtccaag
ggactacgat
tgatcatgaa
tggcgaaccyg
tgcgacgggt

<211>
<212>

252
PRT
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<213>

<220>
<223>

<400>
Met Thr
1
Met

110
ASp

Gly Ile
val
35
Ile

Lys val
Ser
50
Asp

Lys

Ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115
Met Lys Asn
130
Phe Gly Ile
145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu pPhe

<210>
<211>
<212>
<213

<220>
<223>

<400> 111
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
trcggeeegy
gacactacea
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

111
756
DNA

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

112
252
PRT

Leu
5
Leu

Arg

Gly
20
Ile Thr

Gly Gly

Ala Gly
Thr
85

Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
va'l
Leu

ASD

Artificial Sequence

Gly Lys

Ilte Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

I'le
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
ASp
Met

Leu

ser Lys

val Asn

Glu
200
His

His

Gly
215

Ala Ser

230

val
245

val

gtctgaagyg
ccgataaatt
gtgaaaaggce
cgiccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tittcgggea
gtatcatgtc
acacagtaca
aaatgttitc
catgggtctg

tggtcgacgg

ASD

Gly Gly

Artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcargaaa
ggtaggcgat
gaaaagcgca
tcegggecec
acagcgtacg
tgtgtacctg
cgggtacacc

Artificial sequence

val
Asp
25

Ala
Ile
Leu
Asn
Glu
105
Gly
ser
Thr
ser
Thr
185
Gly
Ile
ASD

Trp

CX2-103w0l_sT125

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala
%0
Glu Trp

Thr Arg

Ile Ile
Ala
155
Ala

Gly

Ala
170
val His

Ala Glu

Gly Glu

Glu Ser
235
Thr Ala

250

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Page 55

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Glin

Gly
val His
60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Leu Cys

Pro Pro
190
rhe

Gly
GTu Met
205
Pro Asn
220

Lys

Asp

phe Ala

Glin

gcgggacaat
tagttattac
ctgatgttat
tCgacaccac
ggottctgaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacar
aatcgaaatt

Engineered variant of Lactobacillus kefir ketoreductase

Ala
Ala
val

Ala
80
Tyr

Leu Ser

GIn Arg

Ser Ile

ser Lys
160
Ala Leu
175
ITe Lys

ser Gin

Ile Ala

Thr Gly

240

Engineered variant of Lactobaciilus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgetttgrc
cgaggaggea
aagcgitgaa
tgrttttttc
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgggt

60
120
180
240
300
360
420
480
540
600
660
720
756



CX2~103w01_ST25

<220>
<223> Engineered variant of tactobaciltlus kefir ketoreductase
<400> 112
get Thr Asp Arg Leu Lys Gly Lys val Ala Ile val Thr Gly Gly Thr
5 10 15
Met Gly Ile (2;1y Leu Ata Ile ala Asp Lys phe val Glu Glu Gly Ala
0 25 30
Lys val §a1 Iie Thr Gly Arg Arg Ala Asp val Gly Glu Lys Ala Ala
5 40 45
Lys Sgr ITe Gly Gily Thr Asp val Ile Arg Phe val Gln His Asp Ala
5 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu pPhe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ile Gly val Leu
85 20 93
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn Leu Asp Gly val phe Phe Gly Thr Arg Leu Gly Ile Gln Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
Phe Gly Gln val Gly Asp Pro Thr Thr Gly Ala Tyr Asn Ala Ser Lys
145 - 150 155 160
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Met Leu Asp Asp Tyr Glu Gly Ala Glu Glu Met pPhe Ser Gln
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu phe val val Asp Gly Gly Tyr Thr Ala Gln
245 250
<210> 113
<211> 756
<212> DNA
<213> aArtificial Seguence
<220>
<223> Engineered variant of Lactchbacillus kefir ketoreductase
<400 113
atgaccgatc gtctgaaggg caaagiagec atcgtaaccg gogggacaat gggtatcggt 60
ttggcaatcg cegataaatt tgtagaggag ggtgcgaaag tagttattac tggtegtogt 120
gcggatgrag gtgaaaaggc cgccaaatca atcggcggea ctgatgttat tcogcttigtc 180
cagcacgatg tttccgatga agcaggcetgg acgaaactgt tcgacaccac cgaggaggea 240
ttcggeeegg ttacgaccgt cgtgaacaat gcagggattg gggttgttaa aagegttgaa 300
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgy tgtttttttc 360
ggcacccgtc tgggeattca gcgcatgaaa aataaaggct tgggcgetag catcatcaat 420
atgagcagta ttttcgggca ggtaggcgat ccgactaccy gggcatacaa cgoticcaay 480
ggggcggtac gtatcatgtc gaaaagcgca gcgcetgttat gocgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tccgggecce atcaagaccc cgatgctcga tgatcatgaa 600
ggrgctgagg aaatgtttic acagcgtacg aaaaccccta tgggtcacat tggogaacog 660
datgacatcg catgggtctg tgtgtacctg geatctgacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg cgggtggacc gcacag 756
<210> 114
<211> 252
<212> PRT
<213> aArtificial Ssequence
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CX2-103W01_8T125

<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 114
Met Thr Asp Arg geu Lys Gly Lys val Ala Ile val Thr Gly G;y Thr
1 10 1
Met Gly ITe Gly Leu Ala Ile Ala Asp Lys Phe val Glu giu Gly Ala
20 25 0
Lys val ggT ITe Thr Gly Arg Arg Ala Asp val Gly Glu Lys Ala Ala
40 45
Lys gSr Ile Gly Gly Thr Asp val Ile Arg Phe gg] Gln His Asp val
55
ser Asp Glu Ala Gly Trp Thr Lys Leu pPhe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly pro val Thr Thr val val Asn Asn Ala Gly Ile Gly ga] val
85 90 5
Lys ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn Leu Asp Gly val phe Phe Gly Thr Arg Leu Gly Ile GIn Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
Phe Gly GlIn val Gly Asp Pro Thr Thr Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala vai Arg Iie Met Ser Lys Ser Ala Ala Leu Leu Cys Ala Leu
165 170 175
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Met Leu Asp Asp His Glu Gly Ala Glu Glu Met Phe Ser GlIn
195 200 205
Arg Thr Lys Thr Pro Met Gly His ITe Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu $er Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu phe val val asp Gly Gly Trp Thr ala 6ln
245 250
<210> 115
<211> 756
<212> DNA
<213> Artificial Sequence
<220
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 115
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggacaat gggtatcggt
ttggcaatcy ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcgt
gcggatgtag gtgaaaagge cgccaaatca atcggcggea ctgatgrtat tcgetttgte
cagcacgatg tttccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggca
ttcggeecgg ttacgacctt agtgaacaat gcagggattg gggtttacaa aagcgttgaa
gacactacca cggaggaatyg gcgtaaactg ctgtccgtta atctggatgg tgttittitc
ggcacccgte tgggcattca gcgcatgaaa aataaagget tgggcgctrag catcatcaat
atgagcagta ttttcgggat tgtaggcgat ccgactaccg gggcatacaa cgcttccaag
ggggcggtac gtatcatgtc gaaaagcgca gegcetgttat gcgcactgaa ggactacgat
gtgcgtgtca acacagtaca tccgggeccc atcaagacce cgatgetcga tgattatgaa
ggtgctgagg aaatgttttc acagegtacg aaaaccccta tgggtcacat tggcgaaceg
aatgacatcg catgggtctg tgtgtacctg gecatctgacg aatcgaaatt tgcgacgggt
gcagaatttg tggtcgacgg cgggtggacc gcacag
<210> 116
<211> 252
<212> PRT
<213> Artificial sequence
<220
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<223>

<400> 116
get Thr Asp
Met Gly Ile
val
35
Ile

Lys val

Ser
50
Asp

LYS

Ser Glu

Phe Gly Pro

Ser val

Asn Leu
115
Lys Asn
130
Gly Ile

Ala val

ASp Tyr
Met
195
Lys

PIro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

<400> 117
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatyg
ttcggeecgg
gacactacca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttyg

117
756
DNA

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

<220>
<223>

118
252
PRT

Arg
Gly
20

Ile
Gly
Ala
val
Glu
100
Asp
Lys
val
Arg
ASp
180
Leu
Thr
val

val

%eu Lys Gly

Leu Ala Ile

Thr Gly Arg

Gly Thr Asp
55

Gly Trp Thr
70

Thr Thr

85

Asp

Leu

Thr Thr

Gly val phe

Gly Leu Gly

135

Gly Asp Pro
150

Ite Met

165

val

Ser

Arg val

Asp ASD Tyr

Pro Met Gly
215
Leu Ala
230

Asp

Tyr

val
245

Gly

Artificial Seguence

CX2-103W01_ST25

Lys val
10

Ala Asp Lys Phe

25
Arg Ala val
40

val

Asp

Ile Arg Phe

Lys Leu Phe Asp

75
val Asn Asn Ala
390
Glu Glu

105

Gly

Thr Trp

Phe Thr
120
Ala

Arg

ser Ile Ile
Ala
155

Ala

Thr Thr Gly
Ala
170

val

Lys Ser

Thr His
185
Gly

AsnN

Glu Ala Glu

200

His Ile Gly Glu

ser Glu Ser
235

Ala

ASp

Thr
250

Gly Trp

gtctgaaggg
ccgataaatt
gtgaaaaggc
tttccgatga
ttacgacctt
cggaggaatg
tgggcattca
tittecgggea
gtatcatgtce
acacagtaca
aaatgttttc
catgggtctyg
tggtcgacgg

caaagtagcc
tgtagaggag
cgccaaatca
agcaggcrgg
agtgaacaat
gcgtaaacty
gcgecatgaaa
ggtaggcgat
gaaaagcgea
tcegggeece
acagcgtacg
tgtgtacctg
cgggtacacc

artificial sequence

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccy
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Glu
30
Lys

val Glu
Glu
45
Gin

Gly
val His
60
Thr

Thr Glu

Gly ITe Gly
Leu
1106

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu lLeu Cys

Pro Gly Pro
190

Giu Met phe
205

Pro Asn

220

LYS

ASp

rhe Ala

Gln

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggtttacaa
atctggatog
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

Engineered variant of Lactobacillus kefir ketoreductase

Ala Tle val Thr Gly Gly Thr

15
Gly Ala

Ala Ala

Asp val
Ala
80
Tyr

Glu

val
a5
Leu Ser

Gin Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtegtcgt
tcgetttgte
cgaggaggca
aagcgttgaa
tgtttttttc
catcatcaat
cgcttccaag
ggactacgat
tgatcatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase
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<400> 118
Met Thr Asp
1

Leu Gly Ile
val
35

Ile

Ltys val
Ser
50
ASp

Lys

Ser Glu

65

Phe Gly Pro

Lys ser val

va'l Asn Leu

115

Met LysS Ash

130
Phe Gly GlIn
145
Gly

Ala val

Lys Asp Tyr

Thr Met
185
LyS

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

<400> 119
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeeeyg
gacacracca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

119
756
DNA

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

<220>
<223>

120
252
PRT

Arg Leu

Gly lLeu
20
Ile Thr

Gly Gly

Ala Gly
Thr
85

Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Lys
Ala
Gly
Thr
Trp
Thr
Thr
val
Leu

Asp

Gly Lys

Ile Ala

Arg Arg

Asp val

Thr Lys

Leu val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp
180
Leu Asp

Thr Pro

va'l Tyr

Met
Arg
Asp
Met

Leu

ser Lys

val Asn

Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggce
tttccgatga
ttacgaccygt
c¢ggaggaaty
tgggeatica
ttttcgggea
gtatcatgtc
acacagtaca
aaatgttttc
catgggtcty

tggtcgacgg

ASp

Gly Gly

artificial Sequence

caaagtagcec
tgtagaggag
cgccaaatca
agcaggctyy
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tccgggeccec
acagcgtacyg
tgtgtacctg
cgggttecacc

Artificial Sequence

CX2-103w01_

Ala Ile
10
LyS

val

Asp Phe

25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp

75

Asn Asn Ala
80

Glu Glu
105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ite Gly Glu

Glu ser
235

Ala

AsSp

Thr
250

Tyr

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggatty
ctgtccgtra
aataaaggct
ccgactaccg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Page 59

ST25

val thr Gly
Glu
30

LYys

val Glu

Gly Glu

val GIn His

60
Thr

Thr Glu

Gly 1le Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
ASh Met Ser
140
Tyr

Asn Ala

Leu Asp Cys
Pro
190

Phe

Pro Gly

Glu Met
205
Prao Asn
220

LyS

ASp

Phe Ala

Gin

gcgggacaat
tagttattac
ctgatgttat
tTcgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

Gly Thr

Gly Ala

Ala Ala

Asp val
Ala
80
Tyr

Glu

va'l
95
Leu Ser

GIn Arg

ser Ile

ser Lys
160
Ala Leu
175
Ite Lys

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggratcggt
tggtegtogt
tcgeittgtc
cgaggaggca
aagcgttgaa
tgrrrtritic
catcatcaat
cgcttecaag
ggactacgat
tgatcatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase
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756



<400> 120
%et Thr asp
Met Gly Ile
val
35
Ile

Lys val

Lys Ser
50

Ser Asp Glu

65

phe Gly Pro

Lys Ser val

val Asn Leu

115
Met Lys Asn
130
Gly

Phe Gln

145
Gly

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

<400> 121
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
tteggeecgy
gacactacca
ggcacccgtc
atgagcagta
ggggceggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttyg

121
756
DNA

<210>
<211
<212
<213>

<220>
<223>

<400>

122
252
PRT

122

Arg Leu
Gly
20

Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Lys
Ala
Gly
Thr
Trp
Thr
Thr
val
Leu

ASp

Gly Lys

Ile Ala

Arg Arg

Asp val
55
Thr Lys

va'l val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

ser Lys

val Asn

Giu
200
His

His

Gly
215

Ala ser

230

val val

245

gtctgaadgg
ccgataaatt

gtgaaaaggc
tttccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttttcgggea
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg
tggtcgacgg

AsSp

Gly Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggcetgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tccgggeccece
acagcgtacg
tgtgtacctg
c€gggtggacc

Artificial Sequence

CX2-103wol_

val Ala ITe
10

Asp Lys Phe

25

Ala

Asp val

Ile Arg Phe

l.eu Phe Asp

75

Asn Asn Ala
90

Glu Glu

105

Gly

Tfp
Thr Arg

Ser Ile Tle
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ite Gly Glu

Glu Ser
235
Ala

ASD
Phe Thr
250

atcgtaaccyg
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggattg
ctgtcegtta
aataaaggcet
ccgactaccg
gcgctgttat
atcaagaccc
aaaaccecta
gcatctgacg
gcacag

Page 60

ST25

val Thr Gly
Glu
30

Lys

val Glu

Gly Glu

val Gin His

60
Thr

Thr Glu

Gly Ile Gly
Leuy
110

Ile

Arg Lys

Leu Gly

125
Met

Asn Ser

140

Tyr Asn Ala

Leu Asp Cys

Pro Gly Pro
190

Glu Met Phe
205

Pro Asn

220

Lys

AsSp

Phe Ala

Gln

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgecactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

Gly Thr

Gly Ala
Ala Ala
Asp val
Glu Ala
val
Ser
Arg
Ile
Lys
160
Leu
Lys
Gln
Ala

Gly
240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcgt
tegetttgte
cgaggaggca
aagcgttgaa
tgtttttttce
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

60
120
180
240
300
360
420
480
540
600
660
720
756



Met Thr Asp

Met Gly Ile

Lys val val

Ser Ile
50

ASp

LYS

Ser Glu

Phe Gly Pro

Lys Ser val

val Leu
115

Asn

Asn

Met Lys

130
phe Gly Gln
145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

123
756
DNA

<400> 123
atgaccgatc
ttggcaatey
gcggatgtag
cagcacgatyg
ttcggecegg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtea
ggtgctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

<400>

124
252
PRT

124

Arg Leu
Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Lys
Ala
Gly
Thr
Trp
Thr
Thr
val
Leu

ASp

Gly Lys

I'le Ala

Arg Arg

Asp val
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Tle
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

gtctgaaggy
ccgataaatt
gtgaaaaggc
tticcgatga
ttacgaccegt
cggaggaatg
tgggcattca
ttttcgggea
gtatcatgtc
acacagtaca
aaatgtrttc
catgggtcetyg

tggtcgacgyg

Asp

Gly Gly

Artificial Ssequence

caaagtagcc
tgtagaggag
cgccaaatcea
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggcgat
gaaaagcgea
tcecgggeccee
acagcgracy
tgtgtaccty
cgggtggacc

Artificial sequence

Cx2-103w01_sT25

val Ala Ile
10

Asp Lys Phe

25

Ala

Asp val

Ile Arg Phe

Leu Phe Asp

75

Asn Asn Ala
90

Glu Glu

105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ite Gly Glu

Glu Ser
235
Ala

ASP

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgactaccg
gcgctgttat
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

val Thr Gly
Glu
30

Lys

val Glu

Gly Glu

val Gln His

60
Thr

Thr Glu

Gly Ile Gly
Leu
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Leu Cys

Pro Gly Pro
180
Phe

Glu Met

205
Pro Asn
220

Lys

Asp

Phe Ala

Gin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgetcga
tgggtcacat
aatcgaaatt

Gly Thr

Gly Ala

Ala Ala

Asp val

Glu Ala

val val
95
Leu Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser GIn

Tle Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtegt
tecgetttgte
cgaggaggea
aagcgttgaa
tgtttitttc
catcatcaat
cgcttccaag
ggactacgat
tgatcatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Met Thr Asp Arg Leu Lys Gly Lys val Ala Ile val Thr Gly Gly Thr
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CX2-103w01_sT25
10

1 5 15
Leu Gly ile gly Leu Ala Ile Ala ggp Lys Phe val Glu Ggu Gly Ala
0 3
Lys val val 1le Thr Gly Arg Agg Ala asp val Gly Ggu Lvs aAla Ala
35 4 4
Lys Ser Ile Gly Gly Thr Asp val 1le Arg Phe \ég? Gln His Asp val
50 55
Sser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr GTu Glu Ala
65 70 75 80
Phe Gly Pro val Thr Thr val val Asn ggn Ala Gly Ile Gly V§T val
85 g
Lys ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn Leu Asp Gly val phe pPhe Gly Thr Arg teu Gly Ile GIn Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala sSer Ile Ile Asn Met Ser Ser Ile
130 135 140
Phe Gly GIn val Gly Asp Pro Thr Thr Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu Leu Cys Ala Leu
165 170 175 .
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 180
Thr Pro Met Leu Asp Asp His Glu 6ly Ala Glu Glu Met Phe ser Gln
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Giu Ser Lys phe Ala Thr Gly
225 230 235 240
Ala Glu phe val val Asp Gly Gly Trp Thr Ala Gln
245 250
<210> 125
<211l> 7536
<212> DNA
<213> Artificial sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 125
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggacaat gggtatcggt
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtegtcgt
gcggatgtag gtgaaaaggc cgccaaatca atcggeggea ctgatgttat tcgetttgic
cagcacgatg tttccgatga agcaggetgg acgaaactgt tcgacaccac cgaggaggea
ttcggeccgy ttacgaccgt cgtgaacaat gcagggattyg gggttgttaa aagcgttgaa
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttite
ggcacccgte tgggcattca gcgcatgaaa aataaagget tgggegcetag catcatcaat
atgagcagta ttttcgggct ggtaggcgat ccgactaccg gggcatacaa cgcettccaag
ggggcggtac gtatcatgtc gaaaagcgca gcgetggatt gcgcactgaa ggactacgat
gtgcgtgtca acacagtaca tccgggecce atcaagacce cgatgetcga tgattatgaa
ggtgctgagg aaatgttttc acagcgtacg aaaaccccta tgggtcacat tggcgaaccg
aatgacatcg catrgggtctg tgtgtacctg gcatctgacy aatcgaaatt tgcgacgggt
gcagaatttg tggtcgacgg cgggtggacc gcacag
<210> 126
<21l> 257
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 126

Met Thr Asp Arg Leu Lys Gly Lys val Ala Ile val Thr Gly
1 5

10
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Met
Lys
Lys
Ser
65

Phe
LysS
val
Met
Phe
145
Gly
Lys
Thr
Arg
Trp

225
Ala

Gly ITe Gly Leu
20

val 17e Thr

35

Ile

val

Ser
50
Asp

Gly Gly

Glu Ala Gly
Thr
85

Asp

Gly Pro val
Glu
100

ASD

Ser val

Asn Leu
115

Asn

Gly
Lys Gly
130
Gly

Lys

Lteu val Gly
Ile
165

val

Ala val Arg

Asp Tyr Asp
180
Met Leu
195

LysS

Pro Asp

Thr Thr
210

val

Pro

Cys val Tyr

Giu Phe val val

Ala Ile

Gly Arg

Thr Asp
55
Trp Thr

Thr val

Thr Thr

val pPhe

Leu Gly
135
Asp Pro
150
Met Ser
Arg val

ASp Tyr

Met Gly
215
teu Ala
230

Asp Gly

Ala
Arg
val
Lys
val
Thr
Phe
120
Ala
Thr
Lys
AsSn
Glu
200
His
Ser

Gly

CX2-103wW01_ST25

ASp
25

ala
Ile
{.ey
ASh
Glu
105
Gly
ser
Thr
Ser
Thr
185
Gly
Ile
ASp

Trp

L.ys Phe val

Asp val Gly
val
60
Thr

Arg Phe

Phe Asp
75
Asn Ala
90

Glu

Gly

Trp Arg

Thr Arg Leu

Ile ITe Asn
140
Ala Tyr
155

Ala

Gly

Ala
170
val

Leu

His Pro

Ala Glu Glu

Gly Glu Pro

220

Glu Ser Lys

235
Ala

Thr Gln

Glu
Glu
45

Gin
Thr
Ile
Lys
Gly
125
Met
ASh
ASp
Gly
Met
205
Asn

Phe

Glu
30

Lys
His
Glu
Gly
Leu
110
Ile
Ser
Ala
Cys
Pro
190
Phe
AsSp

Ala

Gly
Ala
Asp
Glu
val
95

l.eu
GIn
Ser
ser
Ala
175
Ile
ser
Ile

Thr

Ala
Ala
val
Ala
val
Ser
Arg
Ile
LyS
160
Leu
Lys
GIn
Ala

Gly
240

127
756
DNA

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

<220>
<223>

<400> 127
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeccyg
gacactacca
ggcacccgte
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagyg
aatgacatcg
gcagaatttg

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

128
252
PRT

<220>
<223>

<400> 128

245

gtctgaaggyg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgacctt
cggaggaatg
tgggcatteca
ttttcgggea
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg
tggtcgacyg

Artificial Seguence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaacty
gcgceatgaaa
ggtaggcgat
gaaaagcgea
teccgggecce
acagcgtacy
tgtgtacctg
cgggtggacc

Arrificial Sequence

250

atcgtaaccg
ggtgcgaaag
atcggceggca
acgaaactgt
gcagggattg
ctgtececgtta
aataaaggct
ccgactaceg
gcgetggatt
atcaagaccce
aaaaccccta
gcatctgacy
gcacag

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggegetag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgetttgte
cgaggaggca
aagcgttgaa
rgtrttittc
catcatcaat
cgcttecaag
ggactacgat
tgatcatgaa
tggcgaaccey
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

¥Et Thr Asp Arg %eu Lys Gly Lys val Ala Ile val Thr &ly Gly Thr
10 15

Met Gly Ile Gly Leu Ala Ile Ala Asp Lys Phe val Glu Glu Gly Ala
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Lys val val

Ser Ile
50

ASp

Lvs
ser Glu
65

rPhe

Gly Pro

Lys Ser val

val Leu
115

AsSn

Asn

Met Lys
130
Phe Gly GIn
145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

<400> 129
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggccegg
gacactacca
ggcacccgtc
atgagcagta
ggggeggtac
gtgcgtgtea
ggtgctgagg
aatgacatcg
gcagaatttg

129
756
DNA

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

<220>
<223>

<400>

130
252
PRT

130
1

20
Ile Thr

Gly Gly

Ala Gly
Thr
85

Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Gly
Thr
Trp
Thr
Thr
val
Leu

Asp

Arg Arg

Asp val
55
Thr Lys

Leu val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

ser Lys

val Asn

Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt
gtgaaaaggc
trtccgatga
ttacgaccgt
cggaggaaty
tgggcattca
ttttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtcty

tggtcgacgy

ASp

Gly Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggetgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggcgat
gaaaagcgca
tccgggeccc
acagcgtacg
tgtgtaccig
cgggtggacc

Artificial Sequence

Ala
Ile
Leu
Asn
Glu
105
Gly
Saer
Thr
Ser
Thr
185
Gly
Ile
Asp

Trp

CX2-103w01_ST25
25

Asp val

Arg Phe

Phe Asp
75
Asn Ala
90
Glu Trp

Thr Arg

Ile Iie
Ala
155
Alta

Gty

Ala
170
val His

Ala Glu
Gly Glu
Glu

Thr
250

ser
235
Ala

atcgtaaccg
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggattg
ctgtcegtta
dataaaggct
ccgactaccg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

30
Gly Glu Lys
45
val GlIn

60

Thr Thr Glu

Gly Ile Gly

Arg Lys Leu

110

Leu Gly Ile
125

Asn Met

140

Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Gly Pro
190

Glu Met Phe
205

Pro Asn

220

Lys

Asp

Phe Ala

Gin

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gggttctgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgatgctcga
tgggtcacat
aatcgaaatt

His A

Ala Ala

Ala

Glu Ala

val val
95
L.eu Ser

Gln Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobaciilus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgetttgtc
€gaggaggca
aagcgttgaa
tgttrtrtic
catcatcaat
cgcttecaag
ggactacgat
tgatcatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Met Thr Asp Arg Leu Lys Gly Lys val Ala Ile val Thr Gly Gly Thr
5 10 15

Met Gly Ile Gly Leu Ala ITe Ala ggp Lys Phe val Glu Glu Gly Ala
20 30
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vai
35
Ile

Lys val

Ser
50
ASD

LYS
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115
Asn

Asn

Met Lys
130
Phe Gly Ile
145
Gly

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu phe

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

<220>
<223>

<400> 131
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeecgg
gacactacca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatecg
gcagaatttg

131
756
DNA

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

<220>
<223>

<400

132
252
PRT

132

ITe Thr

Gly Giy

Ala Gly

Thr
85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Gty
Thr
Trp
Thr
Thr
val
Leu

ASp

Arg Arg

Asp Vval
55
Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ite
165
val

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

Ser Lys

val Asn
Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaagag
ccgataaatrt
gtgaaaaggc
tgtccgatga
ttacgaccgt
cggaggaatg
tgggecattcy
ttttcgggat
gtatcatgtc
acacagtaca
aaatgtittc
catgggtctg
tgatcgacgg

Asp

Gly Gly

Artificial Seguence

caaagtagcc
tgtagaggag
cgccasatca
agcaggergg
cgtgaacaat
gcgtaaactyg
ccgcatgaaa
ggtaggcgat
gaaaagcgca
tccygggecec
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Seguence

Thr

Thr

CX2-103w0l_

Ala Asp val

Ile Arg pPhe

Leu Phe Asp

75

Asn Asn Ala
90

Glu Glu

105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Gly

Ala
170
val

Ser

His
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

ASp

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgrtcegtta
aataaaggct
ccgactaccy
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

ST25

Gly Glu
45
Gin

Lys
val His
60
Thr

Thr Glu

Gly Ile Gly
Ley
110

Ile

Arg Lys

Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Ley Asp Cys

Pro Gly Pro
190

Glu Met Phe
205

Pro Ashn

220

Lys

ASp

rPhe Ala

Gin

gcgggacact
Tagttattac
ctgatgttat
tcgacaccac
gggttgttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgctega
tgggtcgtat
aatcgaaatt

Ala Ala

Asp val
Ala
80
Leu

Glu

val
95
lL.eu Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

ser Gin

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcgt
tcgetttatc
£gaggaggca
daagcgttgaa
tgtrttttte
catcatcaat
cgcttccaag
ggactacgat
tgattatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Met Thr Asp Arg Leu Lys Ser Lys val Ala Ile val Thr Gly Gly Thr
1 5 10 15

Leu Gly Ile Gly Leu Ala ITe Ala Asp Lys pPhe val Glu Glu Gly Ala
20 25 30

Lys val val Ile Thr Gly Arg Arg Ala Asp val Gly Glu Lys Ala Ala
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35
Ser Ile
50

ASp

LYS
ser Glu
65

Phe

Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130

Phe Gly
145

Gly

Met

ala val

LYS Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu pPhe

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

133
756
DNA

<220>
<223>

<400> 133
atgaccgatc
ttggcaatcyg
gcggatgtag
cagcacgatg
ttcggccegg
gacactacca
ggcacccgic
atgagcagtg
ggggcggtac
gtgcgtgtcea
ggtgctyagyg
aatgacatcg
gcagaatctyg

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

<220>
<223>

<400>

134
252
PRT

134

Gly Gly

Ala Gly
Thr
85

ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Thr
Trp
Thr
Thr
va'l
Leu

ASp

40
Asp val
55
Thr Lys

val val

Thr Thr
rhe
120
Ala

phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180
l.eu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

ser Lys

val Asn

Glu
200
Arg

Tyr

Gly
215

Ala Sser

230

Ile
245

val

gtctgaaggy
ccgataaatt
gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaaty
tgggcatica
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacgg

Asp

Gly Gly

Artificial sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggcgac
gaaaagcgea
tccgggeccee
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Seguence

Ile
Leu
Asn
Glu
105
Gly
Ser
Thr
Ser
Thr
185
Gly
Ile
ASp

Trp

CX2-103wW01_sT25
45

Arg phe

phe Asp
75
Asn Ala
80
Glu Trp

Thr Arg

Ile Tle
Ala
155
Ala

Gly

Ata
170
val His

Ala Glu

Gly Glu

Glu Ser
235
Thr Ala

250

atcgtaaccg
ggtgcgaaag
atcggcggea
cctaaactgt
gcagggatte
ctgtccgtta
aataaaggct
ccgactaccg
gcgctggatt
atcaagaccc
azaaccccta
gcatctgacyg
gcacag

Ile GIn His

60
Thr

Thr Glu

Gly 1le Gly
Leu
116

Ile

Arg Lys

Leu Gly
125
ASn Met
140

Tyr

ser

Asn Ala

Leu Asp Cys

Pro Pro
190

Phe

Gly
Glu Met
205
Pro Asn
220

Lys

Asp

Phe Ala

Gin

gcgggacacyg
tagttattac

ctgatgttat
tcgacaccac
cggtggttaa
atctggatgg
tgggcgetag
gggcatactg
gcgeactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

Asp val

Glu Ala

val val
95
Leu Ser

Arg Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

I'le Ala

Thr Gly

240

Engineered variant of tactobacillus kefir ketoreductase

cggratcggt
tggtcgtcgt
tcgotttgtce
cgaggaggca
aagcgttgaa
tgtrttttte
catcatcaat
Tgcttccaag
ggactacgat
tagctatgaa
tggcgaaccg
tgcgacgggt

gngineered variant of tactobacillus kefir ketoreductase

?et Thr Asp Arg %eu Lys Gly Lys val Ala Ile val Thr Gly Gly Thr

i0

15

Arg Gly Ile Gly Leu Ala Ite Ala Asp Lys phe val Glu Glu Gly Ala
20 25 30

Lys val val Ile Thr Gly Arg Agg Ala Asp val Gly 6lu Lys Ala Ala
4 45

35
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CX2-103wol_sT725

Lys ggr Ite Gly Gly Thr Asp val I7e Arg Phe val Gln His Asp val
55 60
ser Asp Glu Ala Gly Trp Pro Lvys teu Phe asp Thr Thr Glu Glu Ala
65 70 75 80
rhe Gly Pro val ghr Thr val val Asn Sgn Ala Gly 1le Pro ;a? val
5 5
Lys Ser val Glu Asp Thr Thr Thr Glu Gilu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn Leu Asp Gly val phe Phe Gly Thr Arg Leu Gly Ile GIn Arg
115 120 125

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser val

130 135 140
Phe Gly Ile val Gly Asp Pro Thr Thr Gly Ala Tyr Cys Ala Ser Lys
145 150 155 160
Gly Ala val Arg Ile met Ser Lys Ser Ala Ala teu Asp Cys Ala Leu

165 170 175
Lys Asp Tyr Asp val Arg val asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Met Met Asp Ser Tyr Glu Gly Ala Glu Glu Met Phe Ser Gln
195 200 205

Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala

210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser bLys Phe Ala Thr Gly
225 230 235 240
Ala Glu ser val val Asp Gly Gly Trp Thr Ala Gln

245 250

<210> 135
<211> 756
<212> DNA
<213> Artificial Seguence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 135
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggacacyg cggtatcggt
ttggcaateg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtegt
gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat togetttgtc
cagcacgatg tatccgatga agcaggctgg cctaaactgt tcgacaccac cgaggaggea
ttcggeccgg ttacgacctt agtgaacaat gcagggattc cggtggttaa aagcgttgaa
gacactracca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgetag catcatcaat
atgagcagtg tgttcgggat tgtaggctac ccgactaccg gggcatactg tgcttccaag
ggagcggtac gtatcatgtc gaaaagcgca gogctggatt gcgcactgaa ggactacgat
gtgcgtgtca acacagtaca tccgggeccc atcaagacce cgatgatgga tagctatgaa
ggtgctgagg aaatgttttc acagcgtacg aaaaccccta tgggtcacat tggcgaaceg
aatgacatcg catgggtctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgygt
gcagaatrttg tggicgacgg cgggtggace gcacag
<210> 136
<211> 252
<212> PRY
<213> Artificial Sequence
«220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 136

1

Met Thr Asp Arg Leu Lys Gly Lys val Aéa Ile val Thr Gly Gly Thr
5 1

15

Arg Gly ITe Gly Leu Ala Ile Ala égp Lys Phe val Glu géu Gly Ala
20

Lys val val Ile Thr Gly Arg Arg Ala Asp val Gly Glu Lys Ala Ala
35 40 45

Lys ser Ile Gly Gly Thr Asp val Ile Arg Phe val Gin His Asp val
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50

Asp Glu

Gly Pro

Ser val

Leu
115
Asn

Asn

Lys
130
Gly Ile

Ala val

ASp Tyr

Met
185
Lys

Pro

Thr
210
val Cys

Glu Phe

<Z210>
<211>
«212>
<213>

<220>
<2Z23>

137
756
DNA

<400> 137
atgaccgatc
ttggcaatcyg
gcggatgtag
cagcacgatg
ttcggeccyg
gacactacca
ggcaccegtce
atgagcagtg
goggcggtac
gtgcgtgtca
ggtgctgagyg
aatgacatcg
gcagaatttg

<210>
<211>
«212>
<213>

<220>
«<2723>

<400>

138
252
PRT

138

Ala Gly

Thr
85
Asp

va'l

Glu
100
Asp Gly

Lys Gly

val Gly

Trp
Thr
Thr
val
Leu

Tyr

55
Pro Lys

Leu val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180
Met Asp

Tht Pro

val Tyr

Met
Arg
Ser
Met

Leu

ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggce
tatccgatga
ttacgacctt
cggaggaatg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaargtitic
catgggtcty

tggtcgacgg

Asp

Gly Gly

Artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggctac
gaaaagcgea
tcecgggeecc
acagcgtacg
tgtgtacctyg
cgggtggacc

Artificial Seguence

Asn
Glu
Gly
ser

Thr

Thr
Gly

ASp

Trp

CX2-103wW01_5T25

Leu Phe Asp
75

asn Ala

0

Gtu Trp

105

Thr Arg

Ite TIle
Ala
155
Ala

Gly

Ala
170
val

Ser

His
185
Ala Glu

Ile Gly Glu

Glu ser
235
Thr Ala

250

atcgtaaccy
ggtgcgaaag
atcggcggea
actaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Asn
140
TYr
Leu
Pro
Glu Met
205
Pro Asn
220
Lys Phe

Gin

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cgatggttaa
atctggatgg
tgggcgetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

Glu
val v
95

Leu
Glin
Ser
ser
Ala
175
Tle
Ser
Ile

Thr

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtcgtcgt
tcgetttgte
cgaggaggca
aagcgttgaa
tgtttttttc
catcatcaat
tgcttccaag
ggactacgat
tagctatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

get Thr Asp Arg %eu Lys Gly Lys val Ala Ile val Thr Gly Gly Thr
15

10

Gln Gly Ile Gly Leu Ala Ile Ala Agp Lys Phe val ¢lu Glu Gly Ala
2

Lys val val Ile Thr Gly Arg Arg Ala Asp val Gly Ggu Lys Ala Ala
40 4

35

Lys Ser Ile Gly Gly Thr Asp val Ite Arg Phe val Gln His Asp val
55 60

50
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CX2-103w01_sT25

Ser asp Glu Ala Gly Trp Thr Lys Leu pPhe Asp Thr Thr Glu G6lu Ala
65 70 75 80
Phe Gly Pro val ghr Thr Leu val Asn gsn Ala Gly Ile Pro Met val
5 10 95
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile GIn Arg
115 120 125
Met Lys Ash Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser val
130 135 140
phe Gly Ile val Gly Tyr Pro Thr Thr Gly Ala Tyr Cys Ala Ser Lys
145 150 155 160
Gly Ala val Arg ITe Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 180
Thr Pro Met Met Asp Ser Tyr Glu Gly Ala Glu Glu Met Phe Ser Gln
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser Lys phe Ala Thr Gly
225 230 235 240
Ala Glu Phe val val Asp Gly Gly Trp Thr Ala GlIn
245 250
<210>= 139
<21l> 756
<212> DNA
<213> Artificial Sequence
<220>
<223> Engineered variant of Lacteobacillus kefir ketoreductase
<400> 139
atgaccgatc gtctgaaggg caaagtagec atcgtaaccg gogggacacyg cggtatcggt
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcgt
gcggatgtag gtgaaaaggc cgccaaatca atcggcggea ctgatgttat tegetttgtce
cagcacgatg tatccgatga agcaggctgg actaaactgt tcgacaccac cgaggaggea
ttcggeccgg ttacgacctt agtgaacaat gcagggattc cggttgttaa aagcgttgaa
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgttittitc
ggcacccgte tgggcattca gcgcatgaaa aataaaggcet tgggcgetag catcatcaat
atgagcagtg tgttcgggat tgtaggctac ccgactaccg gggcatactg tgcttccaag
ggggcggtac gtatcatgtc gaaaagcgeca gcgctggatt gcgcactgaa ggactacgat
gtgcgtgtea acacagtaca tccgggeeee atcaagacce cgatgatgga tagetatgaa
ggtgctgagg aaatgttttc acggcgtacg aaaaccccta tgggtcacat tggcgaaccg
aatgacatcg catgggtctg tgtgtacctg geatctgacg aatcgaaatt tgcgacgggt
gcagaatttg tggtcgacgg cgggtggacc gcacag
<210> 140
<211> 252
<212> PRT
<213> Artificial Sequence
<220>
<223> Engineered variant of Lactobacillus kefir ketoreductase
<400> 140
Met Thr Asp Arg geu Lys Gly Lys val Ala 1le val Thr Gly g;y Thr
1 1
Arg Gly Ile ggy Led Ala Ile Ala égp Lys Phe val Glu ggu Gly ala
Lys val ga? Ile Thr Gly Arg Arg Ala Asp val Gly Glu Lys Ala Ala
5 40 45
Lys ggr Ile Gly Gly Thr Asp val 1le Arg Phe gg? Gln His Asp val
35
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
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65

Phe Gly Pro

S5er val

val Asn Leu

115

Met Lys Asn

130
Gly

Phe Tte

145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

cys

Gliu Phe

141
756
PNA

<210>
<211>
<Z21Z2>
<Z213>

<220>
<223>

<400> 141
atgaccgatc
ttggcaatcyg
gcggatgtag
cagcacgatg
ttcggcecyy
gacactacca
ggcaccegtc
atgagcagtg
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

<210>
<Z211>
<212>
<Z13>

<220>
<223>

<400>

142
252
PRT

142

?et Thr Asp Arg Leu Lys Gly Lys val
5
GIn Gly 1le Gly Leu Ala Ile Ala Asp
20 25
Lys val val tle vhr Gly Arg Arg Ala
35 40

Lys Ser Ile Gly Gly Thr égp val Ile

50

Ser Asp Glu Ala Gly Trp Thr Lys Leu
65 70

70
Thr

Thr
85
AsSD

val

Glu
100
Asp Gly

Lys Gly

val Gly

Thr
val
Leu

Tyr

Leu val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASp
180
Met Asp

Thr Pro

va'l Tyr

Met
Arg
Ser
Met

Leu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala ser

230

val
245

val

gtctgaagyg
ccgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtcto

tggtcgacgg

Asp

Gly Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaactg
gcgcatygaaa
tgtaggcgac
gaaaagcgca
tcegggococc
acagcgtacg
tgigtacctyg
cgggtacacc

Artificial Seguence

Asn
Glu
105
Gly
ser
Thr
Ser
Thr
185
Gly
Ile
ASp

Trp

CX2-103w01_5725
75

Asn Ala
30

Glu Trp

Thr Arg

Ile Ile

Ala
155
Ala

Gly

Ala
170
val His

Ala Glu

Gly Glu

Giu Ser
235
Thr Ala

250

atcgtraaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccyg
gcgctggatt
atcaagaccce
aaaaccccta
gcatctgacg
gcacag

10

page 70

Gly Pro
Leu
110
Ile

Arg Lys
Leu
Asn

140
Tyr

Ser
Ala

Leu Cys

Pro Pro

190

Giu Met rhe
205

Pro Asn

220

Lys

Asp

Phe Ala

Glin

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cggtggttaa
atctggatgg
tgggcgetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

45
60

80
val val
95
Ley Ser

Gln Arg

Ser val

Ser Lys
160
Ala Leu
175
Ile Lys

ser Arg

ITe Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtcgtcgt
tcgctrtgte
cgaggaggca
aagcgttgaa
tgtttttite
catcatcaat
tgcttccaag
ggactacgat
tagctatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Ala ITe val The Gly Gly Thr
Lys Phe val Glu Glu é%y Ala
Asp val Gly Glu Egs Ala Ala
Arg Phe val GIn His Asp Ala
phe égp Thr Thr ¢lu Glu Ala

60
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Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn

130
Phe Gly Ile
145
Gly

Ala val

Lys Asp Tyr

Thr Met
195
LYS

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu pPhe

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

<220>
<223>

143
756
DNA

<400> 143
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeccag
gacactacca
ggcacccgic
atgagcagty
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

<400> 144
Met Thr Asp

144
252
PRT

1
Met Gly Ile
tys val val
35
Lys Ser Ile
50
ser Asp Glu

65
pPhe Gly Pro

Thr Th
85

ASp

val

Glu Th
100
ASp

Gly va

Lys Gly Le

val Gly As
15
Ite Me
165

val

Arg
ASD Ar
180
Met

Asp Se

Thr Pro Me

val Le
23

AS

Tyr

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtcty

tggtcgacgg

Arg Leu Ly
5

Gly Al
20

Ile

Leu

Thr G1

Gly Gly Th

Ala Gly Tr

70
Th

val Thr

r val val

r Thr Thr

1 Phe Phe

120

u Gly Ala
135

p Pro

0

t Ser

Thr
Lys
g val Asn
Glu

200
His

roTyr

t Gly

215
u Ala
0

p Gly

Ser

Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggetgg
agtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggcgac
gaaaagcgea
tcegggeccec
acagcgtacy
tgtgtacctg
cgggracacc

Aartificial Ssequence

s Gly Lys

a Ile Ala

y Arg

r Asp
55
p Pro

Arg
40
val

Lys

r val val

Thr

Gly

Tyr

CX2-103wW0l_sT25

Asn Asn Ala
90

Glu Glu Trp

105

Gly

Thr Arg

ser Ile Ile
Ala
155

Ala

Thr Gly
Ala
170
val

Ser

His
185
Ala Glu

Iie Gly Glu

Glu Ser
235
Ala

ASp

Thr
250

atcgtaaceg
ggtgcgaaag
atcggcggea
cctaaactat
gcagggattc
ctgtccgtta
aataaaggct
ccgactacceq
gcgetggatt
atcaagaccc
aaaacccceta
gcatctgacg
gcacag

Ala Ie
10
Lys

val
ASp Phe
25

Ala

Asp val

Ile Phe
ey

Asn

Gly Ile Pro

Leu
110
Ile

Arg Lys

Leu Gly
125
Asn Met Ser
140
Tyr

Cys Ala

Leu Asp Cys

Pro Pro
190
Phe

Gly
Giu Met
205
Pro Asn
220

LyS

ASD

rhe Ala

Gin

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
cggtggttaa
atctggatgg
tgggcgetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly

val Glu Glu
30
Glu Lys
45

GIn

Gly
va'l His
Thr Glu

Ile Pro

val val
95
Leu Ser

GIn Arg

ser val

ser Lys
160
Ala Leu
175
Ile Lys

ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtcgt
tcgetttgte
cgaggaggca
aagcgttgaa
tgttttettc
catcatcaat
tgcttccaag
ggactacgat
tagctatgaa
tggcgaacceyg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala
Ala Ala
Asp val
Glu Ala

80
val val
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Lys
val
Met
Phe
145
Gly
Lys
Thr
Arg
Trp

225
Ala

Ser
ASn
Lys
130
Gly
Ala
ASD
Pro
Thr
210
val

Giu

val
Leu
115
ASN
ITe
val
Tyr
Met
195
Lys
Cys

Phe

Giu
100
AsSp
LYS
val
Arg
ASp
180
Met
Thr
val

val

85
ASp

Gly
Gly
Gly
Ile
165
val
AsSp
Pro
Tyr

val

Thr
val
Ley
AsSp
150
Met
Arg
Ser
Met
Leu

230
Asp

Thr
Phe
Gly
135
Pro
Ser
val
Tyr
Gly
215
Ala

Gly

Thr
Phe
120
Ala
Thr
Lys
Asn
Glu
200
His
Ser

Gly

CX2-103wW01_ST25
90

Glu
105
Gly
Ser
Thr
Ser
Thr
185
Gly
Ile
Asp

Tyr

Glu Trp Arg

Thr Arg Leu

ITe Ile Asn
140
Ala Tyr
155

Ala

Gly

Ala
170
val

Leu

His Pro

Ala Glu Glu

Gly Glu Pro

220

Glu Ser Lys

235
Ala

Thr Glin

Lys
Gly
125
Met
Cys
ASD
Gly
Met
205
Ash

Phe

Leu
110
Ile
Ser
Ala
Cys
Pro
190
Phe
ASp

Ala

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

<220>
<223>

<400> 145
atgaccgatc
ttggcaatcyg
gcggatgtag
cagcacgatg
trcggeocgg
gacactacca
ggcacccgte
atgagcagtg
ggggcggtac
gtgcgtgtea
ggtgctgagg
aatgacatcg
gcagaatttg

145
756
DNA

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

<220>
<223>

<400> 146
Met Thr Asp
1

146
252
PRT

Gin Gly Ile
Lys val val
35
Lys Ser Ile
50
Ser Asp Glu

65
phe Gly Pro

245

gtctgaaggy
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaatg
tgggcattea
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttrtce
catgggtctyg

tggtcgacgg

Arg Leu Lys
5

Gly Leu
20

Ile Thr
Gly Gly
Ala Gly

val Thr
85

Ala
Gly
Thr
Trp
7

Thr

Artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaacty
gcgceatgaaa
tgtaggcgac
gaaaagcgca
teccgggeccee
acagcgtacg
tgtgtacctg
cgggrggacc

Artificial Seguence

Gly Lys

ITe Ala

Arg Arg
40
Asp val
55
Pro Lys

val val

val
ASp
25

Ala
Ile
Leu

Asn

250

atcgraaccy
ggtgcgaaag
atcggcggea
cctaaactgt
gcagggattec
ctgtccgtta
aataaaggct
ccgactaccy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Tle
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala

90
Page 72

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cgatggttaa
atctggatgg
tgggcgetag
gggeatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30
Lys

val Glu
Glu
45

Gin

Gly

val His

60

Thr Thr Glu

Gly Ile Pro

95
Leu Ser

Gln Arg

Ser val
Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ilte ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtcgtcgt
tegetttgtc
cgaggaggca
aagcgttgaa
tgrerttttce
catcatcaat
tgcticcaag
ggactacgat
tgactatgaa
tggcgaaccg
Tgcgacgggt

Engineered variant of Lactobaciilus kefir ketoreductase

Gly Thr
15

Giy Ala

Ala Ala

Asp val
Ala
80
val

Glu

Met
95
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Lys
val
Met
Phe
145
Gly
Lys
Thr
Arg
Trp

225
Ala

Ser
ASnh
Lys
130
Gly
Ala
ASp
Pro
Thr
210
val

Glu

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

<220>
<223>

<400>

vai
Leu
115
Asn
Ile
val
Tyr
Met
195
LYS
Cys

Phe

147
756
DNA

Glu
100
Asp
LYS
val
Arg
Asp
180
Met
Thr
va'l

val

Asp
Gly
Gly
Gly
Ile
165
val
Asp
Pro
Tyr

va'l
245

Thr
val
Leu
Asp
150
Met
Arg
ASP
Met
Leu

230
Asp

Thr
Phe
Gly
135
Pro
Ser
val
Tyr
Gly
215
Ala

Gly

Artificial Ssequence

Thr
Phe
120
Ala
Thr
lLys
Asn
Glu
200
His
Ser

Gly

CX2-103w01_ST25

Glu
105
Gly
Ser
Thr
ser
Thr
185
Gly
Ile
AsD

Trp

Glu
Thr
Ile
Gly
Ala
val
Ala
Gly
Glu

Thr
250

Trp
Arg
Ile
Ala
155
Ala
His
Glu
GHu
Ser

235
Ala

Arg
Leu
ASnh
140
Tyr
ey
Pro
Glu
Pro
220
Lys

Gin

Lys

Gly
125

s o

Met
Cys
ASD
Gly
Met
205
Asn

Phe

Leu
110
Ile
Ser
Ala
Cys
Pro
190
Phe
Asp

Ala

Leu
Glin
Ser
Ser
Ala
175
e
Ser

Ile

Thr

Ser
Arg
val
Lys
160
Leu
Lys
Gin
Ala

Gly
240

engineered variant of Lactobacillus kefir ketoreductase

147

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttCQgcecyg
gacactacca
ggcaccegtce
atgagcagty
ggggcggtac
gtgegtgtea
ggtgctgagg
aatgacatcg
gcagaatttg

<210>
<211>
212>
<213>

<220>
<223>

<400> 148
Met Thr Asp
1

148
252
PRT

gtctgaaggy
ccgataaatt
gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tgttcgggea
gtatcatgtc
acacagtaca
aaatgttttce
catgggtctg

tggtcgacgy

Arg

caaagtagcc
tgtagaggag
cgccaaatca
agcaggetgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
agtaggctac
gaaaagcgca
tcecgggeeec
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial sequence

Leu Lys Gly Lys val
5

atrcgtaaccg
ggtgcgaaag
atcggcggea
actaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactacceg
gcgetggatt
atcaagacce
aaaaccecta
gcatctgacy
gcacag

Ala Ile
10

gcgggacacy
tagttattac

ctgatgttat
tcgacaccac
cggtggttaa
atctggatgg
tgggegcetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly

cggtatcggt
tggtcgtegt
tegetttgtce
cgaggaggca
aagcgitgaa
tgtttrtttc
catcatcaat
tgcttccaag
ggactacgat
tgactatgaa
tggcgaaccy
tgcgacgggt

engineered variant of Lactobacillius kefir ketoreductase

Gly Thr
15

Arg
LYys
Lys
sSar
65

Phe

LYys

Gly
val
ser
50

ASp
Gly

Ser

Ile
val
35

Ile
Glu
Pro

val

Gly
20

Ile
Gly
Ala
va'l

Glu

Leu
Thr
Gly
Gly
Thr

85
Asp

Ala
Gly
Thr
Trp
70

Thr

Thr

ITe
Arg
Asp
55

Thr
val

Thr

Ala
Arg
40

val
Lys
val

Thr

AsSp
25

Ala
Ile
Leu
Asn

Glu

Lys
Asp
Arg
Phe
Asn

a0
clu

Page 73

rhe
val
Phe
ASp
75

Ala

Trp

val
Gly
val
60

Thr
Gly

Arg

Glu
Gluy
45

Gin
The
Ile

Lys

Glu
30

Lys
His
Ghu
Pro

Leu

Gly
Ala
Asp
Glu
val

95
Leu

Ala
Ala
val
Ala
80

val

ser

60
120
180
240
300
360
420
480
540
600
660
720
756



vai Leu
115

Ash

AsSn

Met Lys

130
Gly

Phe Glin

145
Gly

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

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

149
756
DNA

<220>
<223>

<400> 149
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
treggeccog
gacactacca
ggcacccgtce
atgagcagtg
ggggcggtac
gtgcgtgtca
ggrgctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

<400>
Met Thr
1
Met

150
252
PRT

150
ASp

Gly Ile
val
35

Ile

Lys vall
ser
50
Asp

Lys

Ser Glu

65

Phe Gly Pro

L.ys Ser val

100

Asp Gly va

Lys Gly Le

val Gly Ty
15

Ile Me

165
val

Arg
AsSp Ar
180
Met

ASp AS

Thr Pro Me

val Le
23
AS

Tyt

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaatyg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacgg

Arg Leu Ly

Gly Al
20
Ile

Leu

Thr G1

Gly Gly Th

Ala Gly Tr
70
Thr Th
85

AsSpP

val

GHu Th

100

1 phe Phe
120
u Gly Ala

135
r Pro
0

t Ser

Thr
Lys
g val Asn
Glu

200
His

p Tyr

t Gly

215
u Ala
0

p Gly

Ser

Gly

Artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaacty
gcgcatgaaa
tgtaggcegac
gaaaagcgca
teegggeecc
acagcgtacg
tgtgtaccty
cgggtggacc

Artificial sequence

s Gly Lys

a Ile Ala

y Arg Arg
40
r Asp val
55
p Pro Lys

r val val

r Thr Thr

ASD

Trp

CX2-103w0l_5T25

105
Gly Thr Arg

Ser Ile Ile
Ala
155
Ala

Thr Gly
Ala
170
val

ser
Thr His
185
Gly

Ala Glu

ITe Gly Glu

Glu ser
235
Thr Ala

250

atcgtaaccg
ggtgcgaaag
atcggcggea
cCctaaactgt
gcagggarttc
ctgtccgtta
aataaaggct
cecgactaccg
gcgctggatt
atcaagaccc
aaaaccccra
gcatctgacg
gcacag

Ala Tle
10
Lys

val

Asp Phe

25
Ala

Asp val

Ile arg Phe

Leu Phe Asp

75

Asnh Asn Ala
90

Glu Glu

105

Trp

Page 74

Leu Gly Ile
125

Asn Met

140

Tyr

ser

Cys Ala

Leu AsSp Cys

Pro Gly Pro

180

Glu Met pPhe
205

Pro Asn
220

LYs

Asp

Phe Ala

Gln

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
cggtggttaa
atctggatgg
tgggcgcetag
dggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

LYS

val Glu
Glu
45
Glin

Gly
val His
60
Thr

Thr Glu

Gly Ile Pro
Leu

110

Arg Lys

GIn Arg

ser val

ser Lys
160
Ala Leu
175
Ite Lys

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtegt
tcgetttgte
€gaggaggca
aagcgttgaa
tgtititrtc
catcatcaat
tgcttccaag
ggactacgat
tagctatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

val
95

lLeu Ser

60
120
180
240
300
360
420
480
540
600
660
720
756



val Asn Leu

115

Met LyS Asn

130
Phe Gly Ile
145
Gly

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

va’l

Arg

Trp
225
Ala

cys

Glu pPhe

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

<220>
<223>

<400> 151
atgaccgatce
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggcocqgg
gacactacca
ggraccegte
atgagcagtg
ggggcggrac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

151
756
DNA

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

152
252
PRT

<220>
<223>

<400>
ﬁet Thr

Arg

152
ASp

Gly 1le
val
35

Ile

Ltys val

ser
50
Asp

Lys

Ser Glu

65

phe Gly Pro

Lys Ser val

val Asn Leu

Asp
Lys
val
Arg
Asp
180
Met
Thr
val

val

Gly
Gly
Gly
Ile
val
Asp
Pro
Tyr

val
245

val
Leu
ASp
150
Met
Arg
Ser
Met
Leu

230
Asp

Phe
Gly
135
Pro
Ser
val
Tyr
Gly
215
Ala

Gly

Artificial sequence

Phe
120
Ala
Thr
Lys
Asn
Glu
200
His
sSer

Gly

gtctgaagag
¢ccgataaatt

gtgaaaaggc
catccgatga
ttacgacctt
cggaggaatg
tgggcattca
tgttegggat
gtatcatgtc
acacagtaca
aaatgrtrtc
catgggtcty

tggtCcgacgg

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggctac
gaaaagcgca
tcegggecct
acagcgtacy
tgtgtaccty
cgggtggacc

Artificial Sequence

Arg
Gly
20

Ile
Gly
Ala
val
Glu

100
Asp

Leu
5
Ley
Thr
Gly
Gly
Thr
85
ASp

Gly

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr

val

Gly
Ile
Arg
Asp
55

Pro
Leu
Thr

Phe

LVS
Ala
Arg
40

val
LYS
val
Thr

Phe

CX2-103wW01_sT25

Gly Thr Arg

Ser TIle Tle
Ala
155
Ala

Thr Gly
Ala
170
val

ser
Thr HMis
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

ASpD

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggeggea
cctaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccy
gcgetggatt
atcaagacce
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys

va'l

ASD Phe
25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp

75

Asn Asn Ala
90

Glu Glu
105

Gly

Trp

Thr Arg

Page 75

l.eu
AsSn
140
Tyr
Ley
Pro
Glu
Pro
220
Lys

Gn

Gly
125
Met
Cys
Asp
Gly
Met
205
Asn

Phe

Ile
ser
ala
Cys
Pro
190
Phe
Asp

Ala

gcgggacacyg
tagttattac

ctgatgttat
tcgacaccac
cggttgttaa
atctggatgg
tgggcgetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val
val
Gly
val
60

Thr
Gly
Arg

Leu

Thr
Glu
Glu
45

Gln
Thr
Ile
Lys
Gly

Gly
Glu
30

LyS
His
Glu
Pro
Leu

110
rle

Gin Arg

Sar val

Ser Lys
160
Ala Leu
175
Iie Lys

Ser Gln

ITe Ala

Thr Gly

240

gngineered variant of Lactobacillus kefir ketoreductase

cggtatcggt
tggtcgtegt
tCgetttgtc
cgaggaggca
aagcgttgaa
tgttttttte
catcatcaat
tgcttccaag
ggactacgat
tgactatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Giu

val
85
Leu Ser

Gln Arg

60
120
180
240
300
360
420
480
540
600
660
720
756



115

Met Lys Asn
130

phe Gly Tle

145
Gly

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

cys

Giu Phe

<210>
<211>
212>
<213>

<220>
<223>

<400> 153
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeccgg
gacactacca
ggcacecgte
atgagcagty
ggggcggtac
gtgcgtgrca
ggtgctgagy
aatgacatcg
gcagaatttg

153
756
DNA

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

<220
<223>

154
252
PRT

<400>
Met Thr
1
Met

154
Asp

Gly 1le
val
35
Ile

Lys val

ser
50
ASp

Lys

sSer Glu

65

Phe Gly Pro

Lys Ser val

val Ash Leu

115

Lys Gly

val Gly

Leu

Tyr
i

120
Gly Ala
135

Pro Thr

150

Arg
ASD
180
Met
Thr

val

Met
Arg
AsSp
Met

Leu

ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala Ser

230

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
tatccgatga
tracgaccgt
cgggggaatg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg
tggtcgacyg

Leu
>
Leu

Arg

Gly
20
Ile Thr

Gly Gly

Ala Gly
Thr
85

Asp

val

Glu
100

Asp Gly

ASp

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr

val

Gly Gly

Artificial seguence

caaagtagcec
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaactyg
gcgcatgaaa
tgtaggctac
gaaaagcgca
tCCgygecec
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Sequence

Gly Lys

Ile ala

Arg Arg
40
Asp val
55
Pro Lys

val val

Thr Thr

Phe
120

Phe

Asp

CX2-103w0l _ST25

Ser Ile Ile

Thr Ala
155

Ala

Gly

Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu ser
235
Thr Ala

250

Trp

atcgtaaccg
ggtgcgaaag
atcggcggea
cctaaactgr
gcggggattce
ctgtccgtta
aataaaggct
ccgactaccyg
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys

val

ASp Phe

25
Ala

Asp val

Ile Arg Phe

Leu pPhe Asp
75
Ala

Ash Asn

90
Gly Glu
105

Gly

Trp

Thr Arg

Page 76

125

AsSn Met Ser

140

Tyr cys Ala

Leu Asp Cys

Pro Pro
190
Phe

Gly
Glu met
205
Pro Asn
220

Lys

ASp

rhe Ala

Gln

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
cggtggttaa
atctggatgg
tgggcgetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Gly
30
LYsS

val Glu
Glu
45
GIn

Gly
val His
60
Thr

Thr Glu

Gly 1Te Pro
Leu
110

Ile

Arg Lys

Leu Gly

125

val
LyS
160
et
Lys
Gin
Ala

Gly
240

Engineered variant of Lactobacillus kefir ketoreductase

gggtatcggt
tggtcgtogt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgrttttttc
catcatcaat
tgcttecaag
ggactacgat
tgaccatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly ala

Ala Ala

Asp vall
Ala
80

val

Glu

val
95
Leu Ser

Gln Arg

60
120
180
240
300
360
420
480
540
600
660
720
756



Met Lys Ash

130
phe Gly Ile
145
Gly

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

<400> 155
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
tTicggeccgy
gacactacca
ggcacccgtt
atgagcagtg
ggggcggtac
gtgcgrgtca
ggtgctgagyg
aatgacatcg
gcagaatttyg

155
756
DNA

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

156
252
PRT

<220>
<223>

<400> 156
Met Thr Asp
1

Arg Gly Ile
val

35
Ile

Lys val

Ser
50
ASp

Lys

Ser Giu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115
Asn

Met Lys

Lys Gly

val Gly

Leu

Tyr

Gly Ala
135

Pro Thr

150

Ile
165
val

Arg

ASD
180
Met Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

Ser Lys

val Asn

Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcatteca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacyg

Arg
Gly Leu
20
Ite Thr

Gly Gly

Ala Gly

Thr
85
Asp

val

Glu
100
Asp Gly

Lys Gly

ASp

Ala
Gly
Thr
Trp
70

Thr
Thr
val

Leu

Gly Giy

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggetgg
cgtgaacaat
gcgtaaactg
gcgecatgaaa
tgtaggcgac
gaaaagcgca
tccgggecee
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial Sequence

Leu Lys Gly Lys
5

ITe Ala

Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly

CX2-103wol_sT25

Sar Ile Ile

Ala
155

Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu Ser
235
Ala

ASp

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggcggea
actaaactgr
gcagggattc
ctgtccgtta
aataaaggct
ccgactaceg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

val Ala Ile
10

Asp Lys Phe

25

Ala Asp val

Ile arg Phe

Leu Phe Asp
75
Ala

Ash Asn

a0
Glu Glu
105

Gly

Trp

Thr Arg

ser Ile Ile

Page 77

Asn
140
Tyr

Met Ser

Cys Ala

Leu Asp Cys

Pro Pro
180
Phe

Gly
Glu Met
205
Pro Asn
220

Lys

Asp

Phe Ala

Gln

gcgggacacg
Tagttattac
ctgatgttat
tcgacaccac
cggtggtraa
atctggatgg
tgggcgetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45

Gln

Gly
val His
60
Thr

Thr Glu

Gly Ile Pro
Leu
110

Ile

Arg Lys

Leu Gly
125
Met

Asn Ser

ser val

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

cggtatcggt
tggtogtegt
tcgetttgte
cgaggaggca
aagcgtrtgaa
tgtttttttc
catcatcaat
tgcttecaag
ggactacgat
tagccatgaa
tggcgaaccy
tgcgacggyt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
val

Glu

val
935
Leu Ser

GIn Arg

Ser val

60
120
180
240
300
360
420
480
540
600
660
720
756



130

Phe Gly Ile

145
Gly

Ala val

Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Gku Phe

<210>
211>
<212>
<213>

157
756
DNA

<220>
<223>

<400> 157
atgaccgatc
ttggcaatcy
gcggatgtay
cagcacgatg
ticggecegy
gacactacca
ggcaccogtce
atgagcagtg
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

<400>
Met Thr
1
Arg

158
252
PRT

158
Asp

Gly Ile
val
35

Ile

Lys val

ser
50
ASp

Lys

Ser Glu

65

phe Gly Pro

Lys Ser val

val Ash Leu

115
Asn

Met Lys

130

val Gly

Asp

150

Ile

165
val

Arg

Asp
180
Met Asp

Thr Pro

val Tyr

Met
Arg
Ser
Met

Leu

230

val
245

Val

gtctgaaggy
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaaty
tgggcattca
tgttcgggat
gtatcatgtc
acacagraca
aaatgttte
catgggtcty
tggtcgacgg

Arg
Gly Leu
20
Ile Thr

Gly Gly

Ala Gly
Thr
85

ASD

val

Glu
100
Asp Gly

Lys Gly

ASp

Ala
Gly
Thr
Trp
70

Thr
Thr
val

Leu

Artificial sequence

caaagtagec
tgtagaggag
cgccaaatca
agcaggetygy
cgtgaacaat
gcgtaaactg
gcgcatgaaa
ggtaggctac
gaaaagcgca
tcegggecece
acagcgtacyg
tgtgtacctg
cgggtacacc

Artificial Sequence

Leu Lys Gly Lys
5

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

va'l val

Thr Thr

rhe
120
Ala

Phe

Gly
135

CX2-103wW01_sT725

Ala

155
Ala

Thr Gly

Ala
170
val

ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu ser
235
Ala

ASp

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggeggea
actaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagacce
aaaaccecta
gcatctgacyg
gcacag

Ala Ile
10
Lys

val

Asp Phe

25
Ala

Asp val

Ile Arg pPhe

Leu Phe Asp
75
Ala

ASn Asn

a0
Glu Glu
105

Gly

Trp

Thr Arg

Ser Ile Ile

Page 78

140
Tyr

Leu Asp Cys
Pro
Glu

Pro
220
Lys

Gin

gcgggacacg
tagttattac
ctgatgttat
tcgacaccac
cgatggttaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Gly
30

Lys

val Glu
Glu
45

Gin

Gly
val His
60
Thr

Thr Glu

Gly Ile Pro

Arg Leu
110
Ile

Lys
Leu Gly
125
Met

AsSnh S5eyr

140

ser
Ala
175
Ile
Ser
Ile

Thr

Engineered variant of Lactobacillus kefir ketoreductase

cggtatcggt
tggtcgtcgt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgttttettc
catcatcaat
tgcttccaag
ggactacgat
tgattatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

Met
95
Leu ser

GIn Arg

Ser val

60
120
180
246
300
360
420
480
540
600
660
720
756



Phe
145
Gly

Gly Met

Ala val

Lys Asp Tyr

Thr Mmet
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220
<223>

<400> 159
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttecggcecegg
gacactacca
ggcaccegtc
atgagcagtg
ggggcggtac
gtgcgtgtea
ggtgctgagy
aatgacatcg
gcagaatttg

159
756
DNA

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

<220>
<223>

<400
Met Thr
1
Gin

160
252
PRT

160

Gly 1le

val
35

Lys val

Ser
50
Asp

Lys
Ser Glu
65

Phe Gly

Lys Ser val

val Asn

115
Met Ly
130

phe Gly

ASp

Ile

Pro

Ley

5 Asn

Gin

val

Gly Ty

r Pro Thr

150

Ile
165
val

Arg

ASp
180
Met Asp

Thr Pro

val Tyr

MeT
Arg
ASp
Met

Leu

Ser Lys

val Asn

Glu
200
His

Tyr

Gly
215

Ala Ser

230

val
245

val

gtctgaagyy
ccgataaatt
gtgaaaagyc
catccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tgttcgggca
gtatcatgtc
acacagtaca
aaatgtttte
catgggtctyg

tggtcgacyg

Arg

Gly
20
tle

Leu
Thr
Gly Gly
Ala Gly
Thr

85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Asp

Leu Lys
; Ala
Gly
Thr
Trp
70

Thr
Thr
val

Leu

ASD

Gly Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgtaaactg
gcgcatgaaa
agtaggcgac
gaaaagcgca
teccgggeece
acagcgtacyg
tgtgtaccty
cgggttcacc

Artificial Sequence

Gly Lys

Ite Ala

Arg Arg
40
Asp val
55
Thr Lys

vai val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

CX2-103W01_ST25

Ala
155
Ala

Thr Gly
Ala
170
val

Ser
Thr His
185
Gly

Ala Glu

Ile Gly Glu

Glu ser
235
Ala

Asp

Thr
250

Tyr

atcgtaaccg
ggtgcgaaag
atcggcggea
actaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccy
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10

Lys

val

Asp Phe
25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Ala

Asn Asn

S0
Glu Glu
105

Gly

Trp

Thr Arg

Ser Ile Ile

Thr Gly Ala

page 79

Tyr Asn Ala

Leu Asp Cys

Pro Gly Pro
190

Glu Met Phe
205

Pro Asn

220

Lys

Asp

phe Ala

GlIn

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cgatggttaa
atctggatgg
tgggegetag
gggcatacaa
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

LyS

val Glu
Glu
45
Gln

Gly
val His
&0
Thr

Thr Glu

Gly ITe Pro
Leu
110

Ile

Arg Lys

Ley Gly
125

Asn Met Ser

140
Tyr

Asn Ala

ser Lys
160
Ala Leu
175
ITe Lys

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtegtegt
tcgetttgtce
cgaggaggca
aagcgttgaa
tgtttrttte
catcatcaat
tgettecaag
ggactacgat
tagccatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala
Ala
80
va'l

Glu

Met
95
Leu Ser

Gln Arg

Ser val

Sser Lys

60
120
180
240
300
360
420
480
540
600
660
720
756



145
Gly Ala val

LYS Asp Tyr

Thr Pro Met
1985
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu Phe

<210>
<21i>
<212>
<Z213>

<220
<223>

<400> 161
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeccgg
gacactacca
ggcaccegte
atgagcagtg
ggggcggtac
gtgcgtgtca
ggtgctgagy
aatgacatcg
gcagaatttg

161
756
DNA

<210>
<Z211>
«<212>
<213>

<220>
<223>

<400>
Met Thr
1

162
252
PRT

162
Asp

GIn Gly 1le
val
35

Ile

Lys val
ser
50
Asp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

va'l Leu
115

Asn

Asn
Met Lys
130
Gly

Phe Ije

145

150

Ile
165
val

Arg

ASp
180
Met Asp

Thr Pro

val Tyr

Met

Ser
Met

Leu

ser Lys

g val Asn

Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgacctt
cggaggaatg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggicgacgg

Arg

Gly
20
Tle

L.eiy
Thr

Gly Gly

Ala Gly

val Thr
85

Glu Asp
100
Asp Gly

Lys Gly

val Gly

AsSp

Leu Lys
; Ala
Gly
Thr
Trp

70
Thr

Gly Gly

Artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgy
agtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggcgac
gaaaagcgca
tccgggeecc
acagcgtacg
tgtgtacctg
cgggtggacc

Artificial sequence

Gly Lys

Ile Ala

Arg Arg
40
Asp val
55
Thr Lys

Leu val

Ser Ala
Thr
185
Gly
Ile
ASp

Phe

val
ASp
25

Ala
Ile
Leu

Asn

CX2-103wol1_sT25

155
Ala
170
val His

Ala Glu

Gly Glu

Glu Ser
235
Thr Ala

250

atcgtaaccy
ggtgcgaaag
atcggeggcea
actaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccg
gcgetggatt
atcaagacce
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala

90

Thr
val
Leu

ASp
150

Glu Glu
105

Gly

Thr Thr Trp

Phe Thr
120
Ala

Phe Arg

Gly Ser Ile Ile

135
Pro

Thr Ala

155

Thr Gly

Page 80

Leu Asp Cys

Gly

=

Pro Pro

120

Gilu Met Phe
205

Pro Asn
220

Lys

AsSp

Phe Ala

GIn

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cggttgttaa
atctggatgg
tgggcgctag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

LYS

val Glu
Glu
45

Gln

Gly

va'l
60
Thr

His

Thr Glu

Gly Ile Pro

Arg Leu

110

LyS
Leu Gly
125
Asn Met
140

Tvyr

Ser

Cys Ala

Ile:

160
Ala Leu
175
Tle L

Ser Gln

Ile Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtegtegt
tegetttgic
cgaggaggea
aagcgttgaa
tgtitttttc
catcatcaat
tgcttccaag
ggactacgat
tagccatgaa
tggcgaaccd
tgcgacgyggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

val
95
Leu Ser

GIn Arg

Ser val

ser Lys

160

60
120
180
240
300
360
420
480
540
600
660
720
756



Gly Ala val

Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

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

163
756
DNA

<220>
<223>

<400> 1863
atgaccgatc
ttggcaatcg
gcggatgtrag
cagcacgatg
tteggoccegg
gacactacca
ggcaccegtc
atgagcagtg
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

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

<220>
<223>

<400> 164
Met Thr Asp
1

164
252
PRT

Gin Gly 1le
val
35

Ile

Lys val

ser
50
Asp

Lys
ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115

Asn

Asn

Met Lys

130
Gly

Phe Ile

145
Gly

Ala val

Ile
165
val

Arg

Asp
180
Met Asp

Thr Pro

val Tyr

Met
Arg
Ser
Met

l.eu

ser Lys

val Asn

Glu
200
His

His

Gly
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaact

gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaaty
tgggcatica
tgttcggogat
gtatcatgtc
acacagtaca
aaatgtttte
catgggtctg
tggtcgacgg

Arg

Gly
20
Ile

Lauy
Thr

Gly Gly

Ala Gly

val Thr
85

Glu Asp
100
Asp Gly

Lys Gly

val Gly

Asp

Leu Lys
; Ala
Gly
Thr
Trp
70

Thr
Thr
val

Ley

Asp

Gly Gly

artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gecgeatgaaa
tgtaggcgac
gaaaagcgca
tccgggoeec
acagcgtacg
tgtgtacctg
cgggtacacc

Artificial Sequence

Gly Lys

Ite Ala

Arg Arg
40
Asp val
55
Pro Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Arg Ile

Met

ser Lys

CX2-103W01_ST25

Ser Ala Ala
170

Thr val His

185

Gly

Ala Glu

ITe Gly Glu

Glu ser
235
Ala

Asp

Thr
250

Trp

atcgtaaccg
ggtgcgaaag
atcggeggea
cctaaactgt
gcagggattc
ctgtccgita
aataaaggct
ccgactaccg
gcgetggatt
atcaagacce
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10
Lys

val

Asp Leu

25

Ala Asp val

Ite Arg pPhe

Leu Phe Asp
75
Ala

Asn Asn

90
Glu Glu
105

Gly

Trp

Thr Arg

Ser Iie Ile
Ala
155

Ala

Thr Gty

Ser Ala

Page 81

Leu Asp Cys
Pro
190

Phe

Pro Gly

Glu Met
205
Pro Asn
220

LYS

Asp

Phe Ala

Gin

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cgatggrtaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45
Gln

Gly
val His
60
Thr

Thr Glu

Gly Ile Pro
ey
110

Ile

Arg Lys

Leu Gly

125

Asn Met Ser

140

Tyr Asn Ala

Leu Asp Cys

Ala
175
Ile

Leu
Lys
Ser Gln
Tle Ala

Thr Gly

240

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtegtegt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgtitttttc
catcatcaat
tgcttccaag
ggactacgat
tagctatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80
val

Giu

Met
95
Leu Ser

GIn Arg

Ser val

Ser Lys
160

Ala Leu

60
120
180
240
300
360
420
480
540
600
660
720
756



Lys Asp Tyr

Thr Pro Met
195
Thr Lys
210

val

Arg

Trp
225
Ala

Cys

Glu phe

<Z210>
<211>
«<212>
<213>

<220>
<223>

<400> 165
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggecegg
gacactacca
ggcaccegtc
atgagcagtyg
ggggcygtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaattitg

165
756
DNA

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

166
252
PRT

<220>
<223>

<400> 166
Met Thr Asp
i

Gln Gly Ile
val
35

Ile

Lys val

Ser
50
Asp

Lys
Ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115
Asn

ASh
Met Lys
130
rPhe Gly
145

Gly

Met

ATa val

165
Asp val
180
Met Asp

Thr Pro

val Tyr

Met

Leu

val Asn
cluy
200
Gly His
215

Ala ser

230

val
245

val

gtctgaaggg
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgtrttc
catgggtctg

tggtcgacgg

Arg

Gly
20
TIle

leu
Thr
Gly Gly
Ala Gly
Thr

85
ASp

val

Giu
100
Asp Gly

Lys Gly

val Gly

ASp

Leu Lys Gly
; Ala
Gly
Thr
Trp
70
thr
Thr
val
teu

Asp

Gly Gly

Artificial Sequence

caaagtagcec
tgtagaggag
cgecaaatca
agcaggctgyg
cgtgaacaat
gcgtaaactg
gcgeatgaaa
ggtaggcgat
gaaaagcgca
tcegggeece
acagcgtacyg
tgtgtacctg
cgggtacacc

Artificial Sequence

Lys

ITe Ala

Arg Arg
40
Asp val
55
Pro Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Iie
165

Arg

Met

sar Lys

val

Thr

CX2-103w01_sT25

170
Thr val
185

Gly Ala

Ile Gly
Asp Glu

Thr
250

Tyr

atcgtaaccg
ggtgcgaaag
atcggegyca
cctaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccy
gcgctggatt
atcaagacce
aaaaccccta
gcatrctgacg
gcacag

Ala Tie
10

Asp Lys Phe

25
Ala

Asp val

Ile Arg Phe

teu Phe Asp

75

Asn Asn Ala
90

Glu Glu

105

Gly

Trp

Thr Arg

ser Ile Ile
Ala
155

Ala

Gly

Ala
170

Ser

Page 82

Gly Pro

190
Met phe
205
Asn

Pro
clu
Pro

220
Lys

ASp

phe Ala

Glin

gcgggacaca
tagttattac
ctgatgttat
tcgacaccac
cggrtgttaa
atctggatgg
tgggcgetag
gggcatactg
gcgeactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30
Lys

val Glu
Glu
45

GIn

Gly
val His
60
Thr

Thr Glu

Gly ITe pro

Arg L.eu
110
1le

Lvs
Ley Gly
125
Asn Met
140

Tyr

Ser

Cys Ala

Leu Asp Cys

Thr

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtegtegt
tcgcrttgte
cgaggaggca
aagcgttgaa
tgtttttttc
catcatcaat
tgcttecaag
ggactacgat
tgactatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobaciltlus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80
val

Giu

vail
95
Leu Ser

Gln Arg

Ser val
ser Lys
160
Ala Leu

175

60
120
180
240
300
360
420
480
540
600
660
720
756



Lys Asp Tyr

Thr Met
195
Lys

Pro

Thr
210
val

Arg

Trp
225
Ala

Cys

Glu Phe

<210>
<21l>
<212>
<213>

<220
<223>

<400> 167
atgaccgatc
tiggcaatcg
gcggatgtag
cagcacgatg
ttcggcocegg
gacactacca
ggcacccgte
atgagcagtg
ggggcggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

167
756
DNA

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

<220>
<223>

<400>
Met Thr
1
Arg

168
252
PRT

168
Asp

Gly Ile
val
35
Ile

Lys val
Ser
50
ASD

Lys
Ser Glu
65
Phe

Gly Pro

Lys Ser val

vai Leu
115

Asn

Asn

Met Lys

130

Phe Gly Ile

145

Gly Ala val

Lys Asp Tyr

Asp val
180
Met Asp

Thr Pro

val Tyr

Arg
Asp
Met

Leu

val Asn

Glu
200

His

Tyr

Gly
215

Ala Sser

230

val
245

val

gtctgaaggy
ccgataaatt

gtgaaaaggc
catccgatga
ttacgacctt
cggaggaatg
tgggcattca
tgttcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg
tggtcgacgg

Leu
5
Leu

Arg

Gly
20
ITe Thr

Gly Gly

Ala Gly

Thr
85
ASp

va'l

Giu
100
Asp Gly

Lys Gly

val Gly

Asp

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu

ASp

Gly Gly

artificial Sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
agtgaacaat
gcgraaactg
gcgcatgaaa
tgtaggcgac
gaaaagcgca
tcecgggeecc
acagcgtacg
tgtgtacctg
cgggttcacc

Artificial Sequence

Gly Lys

ITe Ala

Arg Arg
40
Asp val
55
Pro Lys

Leu val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp

Met

Arg

Ser Lys

val Asn

Thr
185
Gly
ITe
ASD

Tyr

val
ASp
25

Ala
Ile
Leu
Asn
Glu
105
Gly
ser
Thr
Ser

Thr

CX2-103w01_ST25

val His

Ala Glu

Gly Glu

Glu Ser
235
Thr Ala

250

atcgtaaccg
ggtgcgaaag
atcggcggca
cctaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccyg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacag

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp
75
Asn Ala
a0
Glu Trp

Thr Arg

Ile Ie

Ala
155
Ala

Gly

Ala
170
val His

Page 83

Pro Gly Pro
190

Glu Met Phe
205

Pro Asn Asp

220

Lys Phe Ala

Gln

gcgggacacg
tagttattac

ctgatgttat
tcgacaccac
cggtggttaa
atctggatag
tgggcgetag
gggcatactg
gcgecactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

LYS

val Glu
Glu
45
Gln

Gly
val His
60
Thr

Thy Glu

Gly Ite Pro
f.eu
110

Ile

Arg Lys

Leu Gly

125

Asn Met Ser

140

Tyr Cys Ala

Leu Asp Cys

Pro Gly Pro

Ile Lys
Ser Gln
Ile Ala

Thr Gly
240

Engineered variant of Lactobaciilus kefir ketoreductase

cggtatcggt
tggtcgtegt
tcgettrtgte
cgaggaggca
aagcgttgaa
tgtrtttttc
catcatcaat
tgcttecaag
ggactacgat
tgactatgaa
tggcgaaccg
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp Ala

Glu Ala
80
val val
95
Leu Ser

Ggln Arg

Ser val

Ser Lys
160
Ala teu
175

Ite Lys

60
120
180
240
300
360
420
480
540
600
660
720
756



Thr Pro Met
195
Arg Thr Lys

210
Trp val
225

Ala Glu

Cys
Phe

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

<220>
<223>

<400> 169
atgaccgatc
rtggcaatcg
gcggatgtag
cagcacgatg
ttcggeceyg
gacactacca
ggcacccgic
atgagcagtg
ggggcyggtac
gtgcgtgtca
ggtgctgagg
aatgacatcg
gcagaatttg

169
756
DNA

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

<220>
<223>

<400>
Met Thr
1

170
252
PRT

170
ASp

GIn Gly 1Ile
val
35
Ile

Lys val

ser
50
ASp

LYyS

Ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn

130

Phe Gly Ile

145

Gly Ala val

Lys Asp Tyr

180
Met

Thr

val

215

230

val
245

gtctgaaggg
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaatyg
tgggcattca
tgticgggat
gratcatgtc
acacagtaca
aaatgttttc
catgggtctg

tggtcgacag

Arg

Gly
20
Ile

Leu
Thr
Gly Gly
Ala Gly
Thr

85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Leu Lys Gly
; Ala
Gly
Thr
Trp
70
Thr
Thr
val'l
Leu

Asp

Artificial sequence

caaagtagcee
tgtagaggag
cgccaaatca
agcaggctygy
cgtgaacaat
gcgtaaactg
gcgcatgaaa
tgtaggcgac
gaaaagcgca
tccgggeccee
acagcgtacyg
tgtgtacctg
cgggtggacc

Artificial Seguence

Lys

Ile Ala

Arg Arg
40
Asp val
55
Pro Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp
180

Met

Arg

ser Lys

val Asn

CX2-103wel_sT25

185

Asp Asp Tyr Glu Gly Ala Glu
200
Pro Met Gly His Tle Gly Glu

Tyr Leu Ala Ser Asp Glu Ser

235

val Asp Gly Gly Phe Thr Ala

250

atcgtaaccg
ggtgcgaaag
atcggeggcea
cCctaaactgt
gcagggattc
ctgtecgtta
aataaaggct
ccgactaccyg
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacyg
gcacag

Ala Ile
10

Lys

val

Asp Phe
25
Ala

Asp val

Ile Arg Phe

Leu Phe Asp
75
Ala

Asn Asn

30
Glu Glu
105

Gly

Trp

Thr Arg

Ser Ile TIle
Ala
155

Ala

Thr Gly
Ala
170
val

ser

Thr His

185

Page 84

190
Glu mMet Phe
205
Pro Asn Asp
220
Lys Phe Ala

GlIn

gcgggacaca
tagttattac
ctgatgtrat
tcgacaccac
cggtrtgttaa
atctggatgg
tgggcgetag
gggcatataa
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Glu
Glu
45
Gln

Gly
val His
60
Thr

Thr Glu

Gly Ile Pro
Leu
110

Ile

Arg Lys

teu Gly
5

12

Asn Met Ser

140
Tyr

Asn Ala

Leu Asp Cys
Pro

190

Pro Gly

Ser Gin

Thr Gly
240

Engineered variant of Lactobacillus kefir ketoreductase

aggtatcggt
tggtegtegt
tcgetttgte
cgaggaggca
aagcgttgaa
tgtttttttc
catcatcaat
tgcttccaag
ggactacgat
tagctatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15
Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

val
95
Leu Ser

Gln Arg

ser val

ser Lys
160
Ala Leu
175

Ile Lys

60
120
180
240
300
360
420
480
540
600
660
720
756



Thr
195

Thr Lys

210

val Cys

Arg

Trp
225

Ala Glu Phe

<210>
<211>
<212>
213>

<220>
<223>

<400> 171
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
trcggecegg
gacactacca
ggcacccgte
atgagcagtyg
ggggcggtac
gtgcgtgtca
ggtyctgagg
aatgacatcg
gcagaatttg

171
756
PNA

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

<220>
<223>

172
252
PRT

<400> 172
get Thr Asp
arg Gly Ile
val val
35
Ile

Lys

Ser
50
Asp

LYS

ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Ash
130

phe Gly

145

Gly

Met

Ala val

Lys Asp Tyr

Thr Pro Met

CX2-103wol_sT125
Glu Met phe Ser Gln

Pro Met Met Asp Ser Tyr 383 Gly Ala Glu

Thr Pro Met Gly His Ile Gly Glu

215

val Tyr Lgu Ala Ser Asp Glu Ser

230 _

val val Asp Gly Gly Trp Thr Ala
250

245

gtctgaaggg
ccgataaatt

gtgaaaaggc
tatccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tgrtcgggat
gtatcatgtc
acacagtaca
aaatgttttc
catgggtctg
tggtcgacyg

Arg
Gly Leu
20
Ile Thr

Gly Gly

Ala Gly

Thr
85
ASD

val

Glu
100
Asp Gly

Lys Gly

val Gly

Ala Ile
Gly
Thr
Trp
70

Thr
Thr
val
Leu

AsSp

artificial sequence

caaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
ggtaggcgac
gaaaagcgea
tccgggeccc
acagcgtacg
tgtgtaccty
cgggttcacc

Artificial seguence

Leu Lys Gly Lys
5

Ala
Arg Arg
40
Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp
180

Met Asp

Met
Arg

Asp

ser Lys

val Asn

His Glu

val
Asp
25

Ala
Ile
Ley
Asn
Glu
105
Gly
Ser
Thr
Ser
Thr

185
Gly

235

atcgtaaccg
ggtgcgaaag
atcggcggea
actaaactgt
gcagggattc
ctgtccgtta
aataaaggct
ccgactaccg
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacag

Ala Ile
10
Lys Phe

Asp val

Arg pPhe

Phe Asp
75
Asn Ala
90
Giu Trp

Thr Arg

Iie Ile
Ala
155
Ala

Gly

Ala
170

val His

ala Glu
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205

Pro Asn Asp Ile Ala

220
Lys Phe Ala

GIn

gcgggacacyg
tagttrattac

ctgatgttat
tcgacaccac
cgatggttaa
atctggatgg
tgggcgetag
gggcatactg
gcgcactgaa
cgatgatgga
tgggtcacat
aatcgaaatt

val Thr Gly

Glu
30
Lys

val Glu
Glu
45

GIn

Gly
val His
60
Thr

Thr Glu

Gly Ile Pro
Leu
110

Ile

Arg Lys

Leu Gly

125

Asn Met Ser

140

Tyr Cys Ala

Leu Asp Cys

Pro Gly Pro

190
Phe

Glu Met

Thr Gly
240

Engineered variant of lLactobacillus kefir ketoreductase

cggtatcggt
tggtegtogt
tcgetttgtc
cgaggaggca
aagcgttgaa
tgrtrtrttte
catcatcaat
tgcttccaag
ggactacgat
tgaccatgaa
tggcgaaccy
tgcgacgggt

Engineered variant of Lactobacillus kefir ketoreductase

Gly Thr
15

Gly Ala

Ala Ala

Asp val
Ala
80
val

Glu

Met
95
Leu ser

Gin Arg

Ser val

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Glin

60
120
180
240
300
360
420
480
540
600
660
720
756



CX2-103w0l_sT25
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp val Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe aAla Thr gly
225 230 235 240
Ala Glu Phe val val asp Gly Gly Phe Thr Ala Gin
245 250
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