<110>

<120>
<130>
<141>

<150>
<150>

Jac
Bir

LIANG,
BORUP,

k
the

MITCHELL, Vesna
MUNDORFF, Emily

LALONDE,

James
HUISMAN, Gjalt

SEQUENCE

376247-018

LISTING

KETOREDUCTASE POLYPEPTIDES AND USES THEREOF

376247-018
2008-09-26
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<160>

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

139

1
762
DNA

<220>

<223> Codon

<400> 1

atgtctaacc
ttggcaatcg
tccgatgtag
cagcacgatt
ttcggeccyg
gaaactacca
ggcaccogte
atgagcagta
ggggcggtac
gtgcgtgtca
ggtgctgagy
aatgacatcg
tccgaattty

<210>
<Z211>
<212>

2
252
PRT

Optimized

gtctggatgg
ccacgaaatt

gtgaaaaggc
catccgatga
rtagcacctt
cggccgaatg
tgggcattca
ttgaggggtt
gtatcatgtc
acacagtaca
aagcgatgtc
catatatcty
tggtcgacgg

Artificia’l Sequence

L.

caaagtagec
tgtagaggag
cgccaaatca
agatggctgg
agtgaacaat
gcgtaaactg
gcgeatgaaa
cgtaggcgat
gaaaagcgca
tccgggctat
acagcgtacg
tgtgtacctg
cgggtatacc

<213> Artificial Sequence

<220>

<223> Translation of Codon Optimized L.

<400> 2
Met Ser
1

Leu

Asn

Gly I'le

val Met
35
val

Lys

ser
50
Asp

LYS
Ser Glu
65
Phe

Gly Pro

Arg

Gly
20
Ile

Leu
Thr
Gly Thr

ASp Gly

Leu Asp
5

Ala
Gly
Pro

Trp

70

vail ser

85

Thr

Gly Lys

Ile Ala
His
40

Gin

Arg

ASp
55
Thr Lys

Leu val

val
Thr
25

ser
Ile
Leu

Asn

Brevis Sequence

atcattaccg
ggtgcgaaag
gtaggcactc
acgaaactgt
gcagggattg
ctggecgtta
aataaaggct
ccgagectgg
gcgcrggatt
atcaagacce
aaaaccccta
gcatctaaty
gcacagtaat

Ala Ile
10
Lys Phe

Asp val

Gin Phe

Phe Asp
75
Asn Ala
90

Page 1

gcgggactct
taatgattac
cggatcagat
tcgacgecac
cagttaacaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgctggtcga
tgggccacat
aatcgaaatt

ga

Brevis Seqguence

Ite Thr Gly

Glu
30
Lys

val Glu
Glu
45
Gln

Gly

Phe His

60

Ala Thr Gluy

Gly 1le Ala

gggtatcggt
tggtcgteac
tcagttrrrt
cgagaaagca
aagcgttgaa
rgtrttttte
catcatcaat
cgcttccaag
ggactacgat
tgatctgcecy
tggegaaccy
tgcgacgggt

Gly Thr

Gly Ala

Ala Ala

Asp Ser
Ala
80
ASNH

LYS

val
95

60

120
180
240
300
360
420
480
540
600
660
720
762



376247-018

Lys Ser val Glu Glu Thr Thr Thr Ala Glu Trp Arg Lys Leu
100 105 110
val Asn Lteu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser
130 135 1490
Giu Gly pPhe val Gly Asp Pro Ser Leu Gly Ala Tyr Asn Ala
145 150 155
Gly ala val Arg Ilte met Ser Lys Ser Ala Ala Leu Asp Cys
165 170
Lys Asp Tyr Asp Vval Arg val Asn Thr val His Pro Gly Tyr
180 185 190
Thr Pro teu val Asp Asp Leu Pro Gly Ala Glu Glu Ala Met
1895 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp
210 215 220
Tyr I7e Cys Val Tyr Leu Ala Ser Asn Glu Ser Lys Phe Ala
225 230 235
Ser Glu Phe val val Asp Gly Gly Tyr Thr Ala Glin
245 250
<210> 3
<213i> 759
<212> DNA
<213> Artificial Sequence
<220>
<223> Codon Optimized L. Kefir Sequence
<400> 3
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gogggactet
ttggcaatcyg ccgataaatt tgtagaggag ggtacgaaag tagttattac
gcggatgtag gtgaaaagge cgccaaatca atcggeggea ctgatgttat
cagcacgatg catccgatga agcaggetgg acgaaactgt togacaccac
ttcggeccgg ttacgaccgt cgtgaacaat gcagggattg cagittccaa
gacactacca cggaggaatg gcgtaaacig ctgtccgtta atctggatgg
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgetag
atgagcagta ttgaggggit cgtaggcgat ccgacgetgy gggcatacaa
ggggcgatac gtatcatgtc gaaaagcegea gcgctggatt gocgcactgaa
gtgcgtgtca acacagtaca tccgggotat atcaagaccc cgetggtega
ggtgctgagg aaatgatgtc acagegtacg aaaaccccta tgggcecacat
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt
gcagaattty tggtcgacgg cgggtatacc gcacagtga
<210> 4
<211> 252
<212> PRT
<213> Artificial sequence
<220>
«223> Translation of Codon Optimized L. kefir Sequence
<400> 4
Met Thr Asp Arg %eu Lys Gly Lys val Aéa Ile val Thr Gly
1 1
Leuy Gly ITe Gly Leu Ala Ile Ala Asp Lys Phe val Giu Glu
20 25 : 30
Lys val val Ile Thr Gly Arg His Ala Asp val Gly Glu Lys
35 40 45
Lys Ser Ile Gly Gly Thr Asp val Ile Arg Phe val Gln His
50 53 60
ser Asp Glu Ala Gly Trp Thr iLys Leu Phe Asp Thr Thr Glu
65 70 75

Page 2

Leu
Glin
Ser
Ser
Ala
175
Ile
ser
I'le

Thr

gggtatcggt
tggrcgtcac
TcgcLttgic
cgaggaggca
aagcgttgaa
tgtttttite
catcatcaat
cgcrtecaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacgggt

Gly
15

Gly
Ala
Asp

Glu

Ala
Arg
Ile
Lys
160
Leu
Lys
Gin
Ala

Gly
240

Thr
Ala
Ala
Ala

Ala
80

60

120
180
240
300
360
420
480
540
600
660
720
759



376247-018

Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ile Ala
85 90
Lys ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu
106G 105 110
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile
115 120 125
Met Lys Asnh Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser
130 135 140
Glu Gly Phe val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala
145 150 155
Gly Ala val arg Ile Met Ser Lys Ser ?;8 Ala Leu Asp Cys
165
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Tyr
180 185 190
Thr Pro Leu val Asp Asp Leu Glu Gly Ala Glu Glu Met Met
195 200 205
Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp
210 215 220
Trp Iie Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala
225 230 235
Ala Glu Phe val val Asp Gly Gly Tyr Thr aAla Glin
245 250
<2i(> 5
<23il> 759
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of L. kefir
<400> 5
atgaccgatc gtctgaagca taaagtagce atcgtaaccyg gcgggacaat
ttggcaatcy ccaccaaata cgragaggag ggtgcgaaag tagttattac
gcggatgtag gtgaaaagge cgocaaatca atcggcgaca ctgatgtiat
cagcacgatg tctccgatga agcaggetgg acgaaactgt tcgacaccac
Ttcggcccgy ttacgaccgt cgigaacaat gcagggagtt gegttttgaa
gacactacca cggaggaatyg gcgtaaactg ctgtccgtta atctygatgg
ggcacccgec tgggcatica gcgcatgaaa aataaaggcet tgggcgcetag
atgagcagta titgaggggct cgtaggcgat ccgacgetgg gggcatacaa
ggggcggtac gratcatgtc gaaaagcgca gegetggatt gcgcactgaa
gtgcgtgtca acacagtaca tcogggocce atcaagaccc agcggetcga
ggttgggagg aaatgatgtc acagcgtacg gtaaccccta tgggccgeat
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt
gcagaatttg tggtcgacgyg tgggtatacc gcacagtga
<210> 6
<211> 252
<212> PRT
<213> Artificial Sequence
<220>
<223> variant of L. kefir
<400> 6 . .
Met Thr asp Arg %eu tys His tys val ala Ite val Thr Gly
1 10
Met Gly Ile ggy teu Ala Ile Ala Thr Lys Tyr val Glu géu
25
Lys val val Ile Thr Gly Arg His Ala Asp val Gly Glu Lys
35 40 45
Lys Ser Ile Gly Asp Thr Asp val Ile Arg Phe val GIn His
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu

- Page 3

val
g5
Leu

Ser
Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

ser Gln

Tle Ala

Thr Gly
240

gggtatcggt
tggtcgtcac
tcgerttgte
cgaggagacc
aagcgttaaa
tgrrrrtttc
catcatcaat
cgcttecaag
ggactacgat
tgagctggaa
tggcgaaccy
tgcgacgagt

Gly Thr
15

Gly Ala
Ala Ala
Asp val

Gglu Thr

60

120
180
240
300
360
420
480
540
600
660
720
759



65 70

Phe Gty Pro val ggr Thr val val

Lys %er val Lys 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

Glu Gly teu val Gly Asp Pro Thr

145 150

Gly Ala val Arg Ile Met Ser Lys

165
Lys Asp Tyr Agg vail arg val Asn
1

Thr Gin Arg Leu Asp Glu Leu Glu
195 200

Arg Thr val Thr Pro Met Gly Arg

210 215

Trp Ile Cys val Tyr Leu Ala Ser

225 230

Ala Giu Phe val val Asp Gly Gly

245

<210> 7

<211> 759

<212> DNA

<213> Artificial Ssequence

<220>

<223> variant of L. kefir

<400> 7

atgaccgatc gtctgaagca taaagtagec

ttggcaatcyg ccaccaaata cgtagaggag

gcggatgtag gtgaaaaggc cgccaaatca

cagcacgatg tctccgatga agcaggctgg

tteggecegg ttacgaccgt cgtgaacaat

gacactacca cggaggaatg gcgraaactg

ggcacccgcc tgggcatica gcgcatgaaa

atgagcagta ttgagyggct cgtaggcgat

ggggcggtac gtatcatgtc gaaaagcgca

gigcgtgica acacagtaca tccgggocce

ggttgggagy aaatgatgtc acagegtacy

aatgacatcg catggatctg tgtgtacctg

gcagaatttyg tggtcgacgg tgggtatacc

<210> 8

<211> 252

<212> PRT

<213> Artificial seguence

<220>

<223> variant of L. kefir

<400> 8

1

Met Gly Ile Gly teu Ala Iie Alla Thr Lys Tyr
20 25
Lys val val ITe Thr Gly Arg His Ala Asp val
35 40

Lys Ser Ile Gly Asp Thr Asp val Ile Arg Phe
55

50

376247-018

75 80
Asn Asn Ala Gly Ser Cys val Leu
90 95
Glu Giu Trp Arg Lys Leu Leu Ser
105 110
Gly Thr Arg Leu ggg Ile GIn Arg
ser Ile I7e Asn Mei Ser Ser Ile
140
Leu Gly Ala Tyr Asn Ala Ser Lys
155 160
Ser Ala Ala Leu Asp Cys Ala Leu
170 175
Thr val His Pro Gly Pro Ile Lys
185 130
Gly Trp Glu GTu Met Mer Ser Gin
205
Ile Gly Glu Pro Asn Asp Ile Ala
220
Asp Glu Ser Lys Phe Ala Thr Gly
235 240
Tyr Thr Ala Glin
250
atcgtaaccg gogggacaat gggratcggrt
ggtgcgaaag tagttattac tggtcgtcac
atcggegaca ctgatgttat tcgottitgtc
acgaaactgt tcgacgccac cgaggagace
gcagggagtt gcgttttgaa aagcgtiaaa
ctgtccgtta atctggatgy tgttitttte
aataaaggct tgggcgotag catcatcaat
ccgacgctgg gggcatacaa cgcettccaag
gcgctggatt gegeactgaa ggactacgat
atcaagaccc agcggctcga tgagotggaa
gtaaccccta tgggocgeat 1ggcgaaccy
gcatctgacg aatcgaaatt tgcgacggort
gcacagtga
val Thr

Met Thr Asp Arg Leu Lys His Lys val Ala Ile
5

10
val

60
Page 4

Glu

Gly Glu

45

val Gln

Glu
30

Lys

Gly Gly Thr
15

Gly Ala

Ala Ala

His Asp val

60
120
180
240
300
360
420
480
540
600
660
720
759



Ser Asp Glu Ala Gly Trp Thr Lys

65 70

Phe Gly Pro val Thr Thr val val
85

Lvs Ser val Lys 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

Glu Gly Leu val Gly Asp Pro Thr

145 150

Gly Ala val Arg Ile Met Ser Lys
165

Lys Asp Tyr Agg val Arg val Asn

1
Thr GIn Arg teu Asp Glu teu Glu
195 200
Arg Thr val Thr Pro Met Gly Arg
210 215

Trp Ile Cys val Tyr Leu Ala Ser

225 230

Ala Glu pPhe val val asp Gly Gly
245

<210> 9

<211> 759

<212> DNA

<213> Artificial Sequence

<220>

<223> variant of L. kefir

<400> 9

atgaccgatc gtctgaagca taaagtagec

ttggcaatcg ccgataaata cgtagaggag

gcggatgtag gtgaaaaggc cgccaaatca

cagcacgatg cgtccgatga agcaggetgg

ttcggcoegy ttacgaccgt cgtgaacaat

gacactacca cggaggaatg gcgiaaactg

ggcacccgtc tgggcattca gcgcatgaaa

atgagcagta tigaggggtt ggttggcgat

ggggcggtac gtatcatgtc gaaaagegca

gtgcgtgtca acacagtaca tccgggecec

gogttgggagg aaatgatgtc acagcgtacg

aatgacatcg catggatctg tgtgtacctg

gcagaatttg tggtcgacgg cgggtatacc

<210> 10

<211> 252

<212> PRT

<213> Artificial Sequence

<220>

<223> variant of L. kefir

<400> 10

Leu
AN
Glu
105
Gly
Ser
Leu
Ser
Thr
185
Gly
Ile
Asp

Tyr

atcgtaaccy
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggagtt
ctgtccgtia
aataaaggct
ccgacgetyy
gcgctggatt
atcaagacce
gtatctccta
gcatctgacg

376247-018

Phe Asp Ala
75

Asn Ala Gly
90 :
Glu Trp Arg

Thr Arg Leu

Ile Ile Asn
140
Gly Ala Tyr
155
Ala Ala Leu
170
val His Pro

Trp Glu Glu

Gly Glu Pro
220
Glu Ser Lys
235
Thr Ala GlIn
250

gcacagtga

Mmet Thr Asp Arg Leu Lys His Lys val Ala Ile val
1 5 10

mMet Gly Ile Gly Leu Ala Ile Ala Ssp Lys Tyr val
20 5

L.ys val val Ile Thr Gly Arg 285 Ala Asp val Gly

Lys Ser Ile Gly Gly Thr Asp val Ile Arg Phe val

Page 5

Thr
Ser
Lys
Gly
125
Met
Asn
ASD
Gly
Met
205
Asn

Phe

Thr
Glu
Giu
45

Gin

Glu
Cys
Leu
110
Ile
Ser
Ala
Cys
Pro
190
Met
Asp

Ala

gcgggacaat
tagttattac
ctgatgrtat
tcgacaccac
gegtttigaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgcggctcga
tgggccacat
aatcgaaatt

Glu
va'l
95

Leu
Glin
Ser
ser
Ala
175
Tle
Ser
Ile

Thr

gggtatcggt
tggtcgtcac
tegetttgte
cgaggagacc
aagcgttgaa
tgTCTELLLC
catcatcaat
cgettocaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacgggt

Thr
80

Leu
Ser
Arg
Ile
Lys
160
Leu
LYS
Gin
Ala

Gly
240

Gly Gly Thr
15

Glu Gly Ala
30

Lys Ala Ala

His Asp Ala

60

120
180
240
300
360
420
480
540
600
660
720
759



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
1
val Asn Leu Asp Gly val Phe Phe
115 120
Met Lys Asnh Lys Gly Leu Gly ala
130 135
Glu Gly Leu val Gly Asp Pro Thr
145 150
Gly Ala val Arg iég Met Ser Lys
Lys Asp Tyr Asp val Arg val Asn
180
Thr Pro Arg Leu Asp Asp Leu Glu
195 200
Arg Thr val Ser Pro Met Giy His
210 215
Trp Ile Cys val Tyr Leu Ala Ser
225 230
Ala GTu pPhe val val Asp Gliy Gly
245
<210> 11
<2311> 759
<212> DNA
<213> Artificial sequence
<220>
<223> variant of L. kefir
<400> 11
atgaccgatc gtctgaagea taaagtagec
ttggcaatcg ccgataaata cgtagaggag
gcggatgrag gtgaaaaggc cgocaaatca
cagcacgatg tetccgatga agcagyctog
ttCggcccgg ttacgaccgt cgtgaacaat
gacactacca cggaggaatg gcgtaaactg
ggcacccgic tgggcattca gcgcatgaaa
atgagcagta tigaggggct cgtaggcgat
ggggcggtac gtatcatgtc gaaaagegea
gtgcgtgica acacagtaca tccgggoccce
ggttgggagg aaatgatgtic acagcgtagg
aatgacaicg catggatctg tgtgtacctg
gcagaattitg tggtcgacgg cgggtatacc
<210> 12
<211> 252
<212> PRT
<213> artificial Sequence
<220
<223> variant of L. kefir
<400> 12

1

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

Tyr

atcgtaaccy
gotgcgaaag
atcggcggca
acgaaactgt
gcagggagtt
ctgtcecgtta
aataaaggcet
ccgacgctygy
gcgcetggatt
atcaagaccc
gtaaccccia
gcatctgacg

376247-018
60

Phe Asp Thr

75

Asn Ala

90

Glu Trp Arg

Thr Arg Leu

Ile 1le Asn

140

Ala
155
Ala

Gly Tyr

Ala Leu
170
val

His Pro

Trp Glu Glu

Gly Glu

Glu ser
235
Ala

Lys

Thr Gin

250

gcacagtga

Gly

Pro
220

Thr
Ser
LYys
Gly
125
Met
Asn
Asp
Gly
Met
205
Asn

Phe

Met Gly Ile Gly Leu Ala Ile Ala Asp Lys Tyr val Glu
20 25

Glu
Cys
Leu
110
Ile
Sar
Ala
cys
Pro
190
Mat
ASD

Ala

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gcgttrtgaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgcggetcga
tgggccacat
aatcgaaatt

30

thr
80
Leu

Glu

Val
95
Leu Ser

Gin Arg

Ser fle

ser Lys
160
Ala Leu
175
Ile Lys

Ser Glin

Ile Ala

Thr Gly
240

gggtatcggt
tggtcgtcac

rcgotttgtc
cgaggagacc
aagcgttaaa
cgtttttrte
catcatcaat
cgettecaag
ggactacgat
tgatctggaa
£0gcgaaccy
tgcgacgagt

smet Thr Asp Arg Leu Lys His Lys val Ala ITe val Thr Gly Gly Thr
5 10

15

Glu Gly Ala

Lys val val Ile Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala
40

35

Page 6

45

60

120
180
240
300
360
420
480
540
600
660
720
759



Lys
Ser
65

Phe
LyS
val
Met
Glu
145
Gly
Lys
Thr
Arg
Trp

225
Ala

<210>
<211
<212>
<213>

Ser
50

Asp
Gly
sSer
Ash
Lys
130
Gly
Ala
ASp
Pro
Arg
210
Ile

Glu

13
75

<220>

<223>

<400

i3

Ile
Glu
Pro
val
Leu
115
Asn
l.eu
val
Tyr
Arg
195
val
Cys

Phe

9

DNA_ o
artificial Seguence

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggcccyy
gacactacca
ggcacccgec
atgagcagta
ggggcggrac
gtgcgtgtca
ggttgggagg
aatgacatcg
gcagaattig

<210>
<211
<212>
<213

14
25

<220>

<223>

<400> 14

1

2

PRY
Artificial sequence

Gly
Ala
val
LYS
100
ASD
Lys
val
Arg
Asp
180
lLeu
Thr
val

val

Gly
Gly
Thr
85

ASp
Gly
Gly
Gly
Iie
165
val
ASp
Pro
Tyr

val
245

variant of L.

gtcrgaagcea
ccgataaata
gtgaaaaggc
tctccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttgagggyct
gtatcatgtic
acacagtaca
aaatgatgtc
catggatctg

tggtcgacyg

variant of L.

Thr
Trp
Thr
Thr
val
Leu
AsSp
159
Met
Arg
ASD
Met
Leu

230
ASD

Asp
55

Thr
val
Thr
rhe
Gly
135
Pro
Ser
val
Leu
Gly
215
Ala

Gly

kefir

kefir

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

Gly

taaagtagcc
cgtagaggag
cgccaaatca
agcaggcrgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
cgtaggcgat
gaaaagcgea
1CCgggecce
acagcgtacy
tgtgtaccty
tgggtatacc

Ile
L.eu
ASH
Glu
105
Gly
Ser
l.eu
Ser
Thr
i85
Gly
Ile
ASp

Tyr

atcgraaccy
ggtgcgaaag
atcggeggca
acgaaactgr
gcagggagtt
ctgtecgtta
aataaaggct
ccgacgctgg
gcgctggatt
atcaagaccc
gtaaccccta
gcatctgacy

376247-018
Arg pPhe val
60
Phe Asp Thr
75
Asn Ala
90

Glu

Gly

Tro Arg

Thr Arg Leu

ITe I1e Asn
140
Ala Tyr
155

Ata

Gly

Ala
170
val

Leu

His Pro

Tre Glu Giu

Gly Glu Pro

220

Glu Ser Lys

235
Ala

Thr Glin

250

gcacagtga

10

Glin
Thr
Ser
LYS
Gly
125
Met
ASn
Asp
Gly
Met
205
Asnh

Phe

Glu
Cys
Leu
1310
Ile
Sar
Ala
Cys
Pro
190
Met
Asp

Ala

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gcgttttgaa
arctggatyg
tgggcgetag
gggcatacaa
gcgcactgaa
agcggetcga
tgggccgeat
aatcgaaatt

Asp val
Thr
80
Leu

Glu

val
95
Leu Ser

Gln Arg

ser Ile

ser Lys
160
Ala Leu
175
Tle Lys

Ser Gln

Ile Ala

Thr Gly
240

gggratcggt
TggIcgtcac
tcgetttgtc
cgaggagacc
aagcgttaaa
tgtttttttc
catcatcaat
cgcttccaag
ggactacgat
Tcagctggaa
tggcgaaccy
tgcgacgggt

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

Met Gly Ile Gly Leu Ala Ile Ala Asp Lys Tyr val Glu Glu Gly Ala
20 25

30

Lys val val Ite Thr Giy Arg His Ala Asp val Gly Glu Lys Ala Ala

Page 7

60

120
180
240
300
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480
540
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660
720
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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 g?r Thr val val
Lys Ser val 358 Asp Thr thr Thr
val Asn Leu Asp Gly val Phe Phe
115 120
Met Lys Asn Lys Gly Leu Gly Ala
130 135
Glu Gly Leu 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 GIn Arg Leu Asp Gin Leu Glu
185 200
Arg Thr val Thr Pro Met Gly Arg
210 215
Trp Ite Cys val Tyr Leu Ala Ser
225 230
Ala Glu Phe val val Asp Gly Gly
245
<210> 15
<211> 759
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of L. kefir
<400> 15
atgaccgatc gtctgaagca taaagtagoc
ttggcaatcy ccgataaata cgtagaggag
gcggatgtag gtgaaaaggc cgcecaaatca
cagcacgatg tctccgatga agcaggetgg
ttcggcccgy ttacgaccgt cgtgaacaat
gacactacca cggaggaatg gcgtaaaciyg
gygcacccgee tgggeattca gcgcatgaaa
atgagcagta ttgaggggct cgtaggcgat
ggggcggtac gratcatgic gaaaagcgca
gtgcgtgtca acacagtaca tccgggecce
ggtitgggagg aaatgatgtc acagcgtacyg
aatgacatcg catggatctg tgtgracctyg
gcagaattty tggtcgacgg tggotatacc
<210> 16
<211> 252
<212> PRT
«213> artificial Seguence
<220>
<223> variant of L. kefir
<400> 16

1

Ile
tey
Asn
Glu
105
Gly
Ser
Leu
ser
Thr
185
Gly
Ile
Asp

Tyr

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggagtt
ctgtccgtia
aataaaggct
ccgacgetgg
gcgctggatt
atcaagaccc
gtaaccccta
gcatctgacy

376247-018

Arg Phe val
60
Phe Asp Thr
75
Asn Ala Gly
90
Glu Trp Arg

Thr Arg Leu

ITe Ile Asn
140
Gly Ala Tyr
155
Ala Ala Leu
170
val His Pro

Trp Glu Glu

Gly Glu Pro
220
Glu Ser Lys
235
Thr ala Gln
250

gcacagtga

10

Gin
Thr
Ser
Lys
Gly
125
Met
Asn
ASp
Gly
Met
205
ASN

Phe

His
clu
Cys
Leu
110
Ile
Ser
Ala
Cys
Pro
190
Met

ASp

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gcgttttgaa
atciggatgg
tgggcgctag
gggcatacaa
gcgeactgaa
agcggetcga
rgggccgeat
aatcgaaatt

AsSp
Glu
val
95

Leu
Gln
Ser
Ser
Ala
175
Ile
Ser
Ile

Thr

gggtatcggt
tggregtcac

tegetttgte
cgaggagacc
aagcgttaaa
tgttttitte
catcatcaat
cgcttccaag
ggactacgat
tgagctggaa
tggcgaaccg
tgcgacggyt

val
Thr
80

Leu
Ser
Arg
Ile
LysS
160
Leu
LYS

Gin

Gly
240

Met Thr Asp Arg Leu Lys His Lys val Ala Ile val Thr Gly Egy Thr
5

Met Gly Ile Gly teu Ala Ile Ala Asp Lys Tyr val Glu Glu Gly Ala
20 25

Page 8
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val
35
Ile

Lys val

Ser
56
ASD

Lys

Ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130

Glu Gly

145

Gly

Leu

Ala val

Lys Asp Tyr

Thr Gin Arg
195
Thr val
210

Ile

Arg

Trp
225
Ala

Cys

Glu Phe

«<210>
<211>
<212>
<213>

<22(>
<223>

17
759
DNA

<400> 17

atgaccgatc
ttggcaatcy
gcggatgrag
cagcacgatg
ttcggeeegg
gacactacca
ggcacccgcec
atgagcagta
ggggcggtac
gTgcgigtca
ggttgggagy
aatgacgtcg
gcagaatttg

<210> 18

<211>. 252
<212> PRT
<213>

<22(>

Ile
Gly
Ala
val
Lys
100
ASp
LYS
val
Arg
ASp
180
Leu
Thr
val

vai

Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
Ile
165
val
ASp
Pro
Tyr

val
245

gtctgaagca
ccgataaata
gtgaaaaggc
tctecgatga
ttacgaccgt
cggaggaatg
tgggcatica
ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatcty

tggtcgacgg

Gly
Thr
Trp
70

Thr
Thr
val
Leu
Asp
156
Met
Arg
Glu
Met
ey

230
Asp

Arg
Asp
Thr
val
Thr
Phe
Gly
135
Pro
Ser
val
Leu
Gly
215
Ala

Gly

Aartificial sequence

variant of L. kefir

Artificial Sequence

<223> variant of L. kefir

<400> 18

1

His
val
Lys
val
Thr
rphe
120
Ala
Thr
Lys
Asn
Glu
200
Arg
Ser

Gly

taaagtagcc
cgtagaggdag
cgccaaatca
agcaggetgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
tccgggeeee
acagcgtacy
tgtgtacctg
tgggtatacc

Ala
Ile
l.eu
Asn
Glu
105
Gly
Ser
l.au
Ser
Thr
185
Gly
Ile
AsSp

TYr

atcgtaaccg
ggtgcgaaag
atcggcggcea
acgaaactgt
gcagggagtt
ctgtccgtta
aataaaggct
ccgacgctygg
gcgctggatt
atcaagaccce
gtagtgccta
gcatctgacy

376247018
Asp vat Gly

val
60
Thr

Arg Phe

Phe Asp
75
Asn Ala
90
Glu

Gly

Trp Arg

Thr Arg Leu

ITe Ile Asn
140
Ala Tyr
155

Ala

Gly

Ala
i70
val

Leu

His Pro

Trp Glu Glu

Gly Glu Pro

220

Glu Ser Lys

235
Ala

Thr GIn

250

gcacagtga

10

Glu
Gln
Thr
Ser
Lys
Gly
125
Met
Asn
ASD
Gly
Met
205
ASD

Phe

Lys
His
Glu
Cys
Leu
110
Ile
Ser
Ala
Cys
Pro
190
Met
ASp

Ala

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gcgttttgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
agcggctcga
tgggcegeat
aatcgaaatt

Met Thr Asp Arg Leu Lys His Lys val Ala Ile val Thr Gly E
5

Ata
ASD
Giu
va'l
95

Leuy
Gin
Ser
Ser
Ala
175
Tle

Ser

Thr

gggtatcggt
tggtcgtcac
tcgetItgte
cgaggagacc
aagcgttaaa
tgtttttttc
catcatcaat
cgcttecaag
ggactacgat
tgagctggaa
£ggcgaaccy
tgcgacgggt

Ala
val
Thr
80

Leu
ser
Arg
Ile
LyS
160
Ley
Lys
Gln
Ala

Gly
240

Ty Thr
5

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

Page 9
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lys
Lys
Ser
Phe
Lys
val
Met
Glu
i45
Gly
Lys
Thr
Arg
Trn

225
Ala

<210
<211>
<212>
<213>

va'l
ser
50

ASD
Gly
Ser
Asn
Lys
130
Gly
Ala
ASp
Gin
Thr
210
Iie

Giu

19
75
DN

<220>

<223>

<400>

19

val
Ile
Glu
Pro
val
l.eu
115
Asn
Leu
val
TYr
Arg
195
val
Cys
Phe

9
A

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeccgy
gacactacca
ggcaccegec
atgagcagta
ggggcggtac
gtgcgtgtca
ggttyggagy
aatgacatcd
gcagaatttg

<210>
<21l
<21i2>
<213>

20
25

<220>

<223>

<400> 20

1 .

2

PRT _
Artificial Sequence

20
Ile

Giy
Ala
val
LyS
100
Asp
Lys
val
Arg
ASp
18C
Leu
val
val

val

Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
Ile
165
val
Asp
Pro
Tyr

val
245

variant of L.

gtctgaagea
ccgataaata
gtgaaaaggc
tctoccgatga
tracgaccgt
cggaggaatg
tgggcatica
ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctg
tggtcgacgg

variant of L.

Gly
Thr
Trp
70

Thr
Thr
val
Leu
ASD
150
Met
Arg
Glu
Met
Leu

230
ASD

Arg
Asp
55

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

Gly

Artificial Seguence

kefir

kefir

His
40

val
Lys
val
Thr
Phe
120
Ala
Thr
Lys
ASN
Glu
200
Arg
Ser

Gly

taaagtagec
cgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
cgtaggcgat
gaaaagcgea
tcecgggeccc
acagcgtacg
tgtgtacctg
tgggtatacc

25
Ala

Ile
Leu
Asn
Glu
105
Gly
ser
Leu
ser
Thr
185
Gly
Ile
Asp

Tyr

atcgtaaccg
ggtgcgaaag
atcggeggcea
acgaaactgt
gcagggagtt
ctgtccgtta
aataaaggct
ccgteectygyg
gcgctggatt
atcaagaccc
gtaaccccta
gcatctgacg

376247-018

asp val Gly
val
60

Thr

Arg Phe

Phe Asp
75
Asn Ala
90
Glu

Gly

Trp Arg

Thr Arg Leu

ITe Ile Asn
140
Ala Tvr
155

Ala

Gly

Ala
176
val

Ley

His Pro

Trp Glu Glu

Glu Pro
220

Lys

Gly
Glu ser
235
Ala

Thr Gin

250

gcacagtga

10
rage 10

Glu
Gin
Thr
Ser
Lys
Gly
125
MetT
ASn
ASD
Gly
Met
205
ASn

Phe

Lys
His
Glu
Cys
Leu
110
Ile
ser
Ala
Cys
Pro
190
Met
ASD

Ala

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gcgttttgaa
atctggatgg
tgggcgetag
gggcatacaa
gcgeactgaa
agcggetrcga
tgggccgcat
aatcgaaatt

Ala Ala

Asp val
Thr
80
Leu

Glu

vai
95
Leu Ser

Gin Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ite Lys

ser Gin

val
Thr

Gly
240

gggtatcggt
tggtegteac

tcgetitgtc
cgaggagacc
aagcgttaaa
tgttttittc
catcatcaat
cgcticcaag
ggactacgat
tcagctggaa
tggcgaaccg
tgcgacgagt

Met Thr Asp Arg Leu Lys His Lys val Ala Iie val Thr Gly g;y Thr
5
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mMet Gly 1le

Lys val val

Ser Ile
50

AsSp

Lys

Ser Glu

65

phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys ASn
130

Glu Gly
145

Gly

Leu

Ala val

Lys Asp Tyr

Thr GIn Arg
195
Thr val
210

Ile

Arg

Trp
225
Ala

Cys

Glu Phe

21
759
DNA

<210>
«<211>
<212>
<213>

<220>
<223>

<400> 21

atgaccgatc
ttggeraatcy
gcggatgtag
cagcacgatg
TLCggCccegy
gacactacca
ggcacccgtce
atgagcagta
ggggcggtac
gtgcgtgtea
ggttgggagg
aatgacatcy
gcagaatttg

<210
<211>
<212>
<213>

<220
<223>

22
252
PRT

<400> 22

Gly
20

Ile
Gly
Ala
val
Lys
100
Asn
Lys
val
Arg
Asp
180
Leu
Thr
val

val

Leu
Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
Ile
165
val
Asp
Pro
Tyr

va'l
245

variant of L.

gtcrgaagea
ccgataaata
gtgaaaaggc
tctccgatga
ttacgacegt
cggaggaatg
tgggcataca
ttgaggggct
gtatcatgtce
acacagtaca
aaatgatgtc
catggatctg
tggicgacgg

Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
ASD
150
Met
Arg
Gin
Met
Leu

230
ASp

Ile
Arg
ASp
55

Thr
val
Thr
Phe
Gly
135
Pro
Ser
va'l
Leu
Gly
215
Ala

Gly

Artificial Sequence

kefir

Artificial Seauence

variant of L. kefir

Ala
His
val
Lys
va’
Thr
Phe
120
Ala
Sar
LYS
Asn
Glu
200
Arg
sSer

Gly

taaagtagcec
cgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
tecegggeecc
acagcgtacg
tgtgtacctyg
cgggtatacc

Asp
25

Ala
Ile
Leu
Asn
Glu
105
Gly
Ser
tey
ser
Thr
185
Gly
Ile
ASp

Tyr

atcgtaaccg
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggagrt
ctgtccgtta
aataaaggct
cegacgetygy
gcgetggatt
atcaagaccc
gtaaccccta
gcatctgacg

376247-018
Lys Tyr val
val

ASD Gly

val
60

Arg Phe

Phe Asp
.75
Asn Ala
90
Glu

Gly

Trp Arg

Thr Arg Leu

Ile Ile Asn
140
Ala Tyr
155

Ala

Gly

Ala
170
val

Leu

His Pro

Tre Glu Glu

Gly Glu Pro

220

Glu Ser
235

Ala

Lys

Thr Gin

250

gcacagtga

Thr

Glu
Glu
45

GIn
Thr
Ser
Lys
Gly
125
Met
ASH
ASD
Gly
Met
205
Asn

Phe

Glu
30

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

Ala

gcgggacaat
tagttattac
ctgatgrtat
tcgacaccac
gcgttttgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgcyggctcga
tgggccacat
aatcgaaatt

Gly Ala

Ala Ala

Asp val
Thr
80
Leu

Glu

val
95
Leu Ser

Gln Arg

Ser Ile

ser Lys
160
Ala Leu
175
Iie Lys

Ser Gin

Ile Ala

Thr Gly
240

gggtatcggr
rggtogteac

tcgetitotc
cgaggagacc
aagcgttaaa
tgttttittc
catcatcaat
cgcttccaag
ggactacgat
tgatctggaa
tggcgaaccyg
tgcgacgggt

Met Thr Asp Arg Leu Lys His Lys val Ala Ile val Thr Gly Gly Thr
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Met
Lys
Lys
Ser
65

Phe
L.¥YS
va'l
Met
Glu
145
Gly
Lys
Thr
Arg
Trp

225
Ala

Gly
val
ser
50

Asp
Gly
ser
Asn
Lys
130
Gly
Ala
Asp
Pro
Thr
210
Ile

Giu

<210> 23
<211> 75
<212> DN

<213>

<220>

<223>

<400> 23
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggecegg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggttggyagy
aatgacatcg
gcagaatttg

<210> 24
<211> 25
<212> PR

<213>

<220>

<223>

<400> 24

Iie
val
35

ITe
Glu
Pro
val
Leu
115
ASH
teu
val
Tyr
Arg
195
va’l
Cys

Phe

9
A

2
T

Gly
20

Ile
Gly
Ala
val
LysS
100
Asp
Lys
val
Arg
ASp
180
ey
Thr
val

val

Leu
Thr
Gly
Gly
Thr
85

ASp
Gly
Gly
Galy
Ile
165
val
AsSp
Pro
Tyr

val
245

variant of L.

gtctgaagca
ccgataaata
gtgaaaaggc
tctecgatga
ttacgaccgt
cggaggaatg
tgggcattca
Ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctyg
tggtcgacgg

Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu
Asp
150
Met
Arg
Asp
Met
Leu

230
ASD

Ile
Arg
Asp
Thr
val
Thr
Phe
Gly
135
Pro
Ser
val
Leu
Gly
215
Ala

Gly

Artificial Sequence

kefir

Artificial Sequence

variant of t. kefir

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

Gly

taaagtagcc
cgtagaggag
cgecaaatca
agcaggctgy
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgea
tcegggecce
acagcgracg
tgtgtacctg
cgggtatacc

ASp
25

Ala
Ile
ey
ASn
Glu
105
Gly
Ser
Leu
Ser
Thr
185
Gly
Ile
Asp

Tyr

376247-018

10
Lys Tyr

Asp val
arg Phe

Phe Asp
75

Asn Ala

S0

Glu Trp

Thr Arg
Tie I'le

Gly Ala
155

Ala Ala

170

val His

Trp Glu
Gly Glu
Glu ser

235

Thr Ala
250

atcgtaaccy
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggagtt
ctgtccgtta
aataaaggct
ccgacgetgy
gegetggatt
atcaagacce
gtaaccccta
gcatctgacg
gcacagtga

Fage 12

val
Gly
val
60

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

Gin

Glu
Glu
45

Gln
Thr
ser
Lys
Gly
125
Met
ASN
Asp
Gty
Met
205
Asn

phe

Glu
30

Lys
His
Glu
Ccys
l.eu
110
The
Ser
Ala
Cys
Pro
190
Met
ASD

Ala

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gcgrtttgaa
atctggatgy
tgggcgctag
gggcatacaa
gcgcactgaa
cgcggetega
Tgggccacat
aatcgaaatt

15
Gly

Ala
Asp
Glu
val
95

Leu
GlIn
Ser
Ser
Ala
175
Ile
Ser
Ile

Thr

gggtatcggt
tggtcgtcac
tcgetttgtc
cgaggagacc
aagcgttaaa
tgtttittic
catcatcaat
cgertccaag
ggactacgat
tgatctggaa
tggcgaaccg
tgcgacgygt

Ala
Ala
val
Thr
80

Leu
Ser
Arg
Iie
Lys
160
Ley
Lys
Gln
Ala

Gly
240

60
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Met Thr Asp

Met Gly Ile
val
35

Ile

Lys val

ser
50
AsSp

LyYs

Ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130

Glu Gly
145

Gly

lLeu

Ala val

Lys Asp Tyr

Thr Pro Arg
195
Thr val
210

T'le

Arg

Trp
225
Ala

Cys

Glu phe

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

<220>
<223>

25
759
DNA

varia

<400> 25

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
tteggoeecyg
gacactacca
ggcaccecgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggttaggagg
aatgacatcg
gcagaatttg

<210
<211
<212>
<213>

<220>
<223>

26
252
PRT

varia

Arg Leu

Gly Leu

Ile Thr

Gly Gly

Ala Gly
Thr
85

AsSp

val

Lys
100
Asp Gly

Lys Gly

val Gly

LYS
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu

ASp

His Lvs

Ile Ala

Arg His

Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Iie
165
va'l

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
ASD
MetT

Leu

ser Lys

val Asn

Glu
200
His

Leu

Gly
215

Ala Sser

230

val
245

val

nt of L.

gtctgaagca
ccgataaata
gtgaaaaggc
tctccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tTgagggget
gtatcatgrc
acacagtaca
aaatgatgtc
catggatctg

tggtcgacgg

nt of L.

ASp

Gly Gly

Artificial sequence

kefir

taaagtagcec
cgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
fcecgggeece
acagcgtacg
tgtgtracctg
tgggtatacc

Artificial sequence

kefir

376247-018

Ala Ile
10

Lys

val

Asp
25
Ala

Tyr

Asp val

ITe Arg Phe

Leu Phe Asp
75
Asn Ala
a0

Glu

AsSh

Glu
105
Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Leu Gly
Ala
170
va'l

ser
Thr His
185
Gly

Trp Glu

Iie Gly Glu

Glu Ser
235
Ala

Asp

Thr
250

Tyr

atcgtaaccyg
ggtgcgaaag
atcggecggea
acgaaactgt
gcagggagtrt
ctgtccgtta
aataaaggcet
ccgacgetgg
gcgcrggatt
atcaagaccc
gtaaccccta
gcatctgacg
gcacagtga

Page 13

val Thr Gly
Glu
30

Lys

val Glu

Gly Glu

val GlIn His
60

Thr Thr Glu

Gty Ser Cys

Arg Leu
110
Iie

Lys
Leu Gly
125
ASh Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Gly Pro
190

Glu Met Met
205

Pro Ash

220

Lys

Asp

Phe Ala

GIn

gcgggacaat
tagttattac
ctgatgrtat
tcgacaccac
gcgtttigaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
agcggctcga
tgggccgeat
aatcgaaatt

Gly Thr
15
Gly ala

Ala Ala

Asp val
Thr
80
Ley

Glu

val
95
Leu Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala teu
175
Ile Lys

Ser Gin

Ile Ala

Thr Gly
240

gggtatcggt
tggtegtcac

tegetttgtc
cgaggaggea
aagcgttaaa
tgrtittitttc
catcatcaat
cgettecaag
ggactacgat
tgagctggaa
tggcgaaccy
tgcgacgggt

60
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240
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<400> 26

Met
Met
Lys
Lys
Ser
65

Phe
Lys
val
Met
Glu
145
Gly
LysS
Thr
Arg
Trp

225
Ala

Thr
Gly
val
Ser
50

ASD
Gly
ser
AsSn
Lvs
130
Gly
Ala
Asp
Gin
Thr
210
Ile

Glu

<210> 27
<211> 75
<212> DN

<213>

<220>
<223> variant of L.

<400> 27
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatyg
TtCggCccyy
gacactracca
ggcaccegcec
atgagcagta
ggggcggtac
gtgcgigtcea
ggtgggagy
aatgacatcg
gcagaatttg

<210> 28
<211> 25
<212> PR

<213>

<220>

<2Z23>

Asp
Iie
va't
35

Ile
Glu
Pro
val
l.eu
115
Ash
Leu
val
Tyr
Al

195
val
Cys

Phe

9
A

2
T

Arg
Gly
20

Ile
Gly
Ala
val
Lys
100
ASp
Lys
val
Arg

ASD
180

g Leu

Thr
val

val

Leu
Leu
Thr
Gly
Gly
thr
85

Asp
Gly
Gly
Gly
Ile
165
val
Asp
Pro
Tyr

val
245

gtctgaagea
ccgataaata
gtgaaaaggc
tctccgatga
ttacgaccgt
<ggaggaatg
tgggcattca
ttgaggggct
gtatcatgte
acacagtaca
aaatgatgtc
catggatctg
tggtcgacgg

variant of L.

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
ASp
150
Met
Arg
Glu
Met
Leu

230
ASp

Tle
Arg
ASp
55

Thr
val
Thr
Phe
Gly
i35
Pro
Ser
val
Leu
Gly
215
Ala

Gly

Aartificial seguence

kefir

Artificial sequence

kefir

LYS
Ala
His
val
Lys
val
Thr
Phe
120
Ala
Thr
LyS
Asn
Giu
200
Arg
ser

Gly

taaagragcec
cgtagaggag
cgccaaatca
agcaggctgyg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
tccgggcccce
acagcgtacyg
tgtgtacctg
cgggtatacc

val
ASD
25

Ala
Ile
Leu
Asn
Glu
105
Gly
Ser
Leu
Ser
Thr
i85
Gly
ITe
ASD

TYF

atcgtaaccy
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggagret
ctgtccgtta
aataaaggct
ccgacgetgg
gegetggatt
atcaagaccc
gtaaccccta
gcatctgacg

376247-018

Ala Ile val
10
tys Tyr val

Asp vVal Gly

Arg Phe val
60
Phe Asp Thr
75

Asn Ala Gly

g0

Giu Trp Arg

Thr Arg iteu

Ite Ile Asn
140
Gly ala Tyr
155
Ala Ala Leu
170
val His Pro

Trp Glu Glu

Gly Glu Pro
220

Glu Ser Lys
235

Thr Ala Gin

250

gcacagtga

Page 14

Thr
Glu
Glu
Gln
Thr
Ser
Lys
)
MetT
ASn
ASp
Gly
Met
205

Ash

Phe

Gly
Glu
30

Lys
His
Glu
cys
Leu
110
Ile
ser
Ala
Cys
Pro
190
Met
ASp

Ala

gcgggacaat
tagttattac
ctgatgtrat
tcgacaccac
gcgtittgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
agcggetcga
tgggccgeat
aatcgaaatt

Gly
15

Gly
Ala
ASD
Glu
val
g5

l.eu
Gln
ser
Ser
Ala
175
Tle
Ser
Ile

Thr

gggtatcggt
tggtcgtcac

rcgetttgte
cgaggaggca
aagcgttgaa
tgttittttec
catcatcaat
cgcttecaag
ggactacgat
tgatctggaa
tggcgaaccyg
tgcgacgggt

Thr
ala
Ala
val
Ala
80

Leu
Ser
Arg
Ile
LYS
160
Leu
Lys
Gln
Ala

Gly
240

60

120
180
240
300
360
420
480
540
600
660
720
759



<400> 28
Met Thr Asp

Met Gly Ile
val
35

Ile

Lys val

Ser
50
Asp

Lys

Ser Glu

Phe Gly Pro

Lys Ser val

val Asn ieu

115

Met Lys Asn
130

Glu Gly
145

Gly

Ley

Ala val

Lys Asp Tyr

Thr GlIn Arg
195
Thr val
210

Ile

Arg

Trp
225
Ala

Cys

Gly -Phe

<210> 29
<211» 759
<212> DNA

Arg
Gly
20

Ile
Gly
Ala
val
Glu
100
ASD
Lys
val
Arg
ASD
180
Leu
Thr
val

val

Leu
Leu
Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
Ile
165
val
Asp
Pro
Tyr

val
245

Lys
Ala
Gly
Thr
Trp
70

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

230
ASp

Ile
Arg
AsSp
55

Thr
val
Thr
Phe
Gly
135
Pro
ser
va'l
ieu
Gy
215
Ala

Gly

<233> artificial Sequence

<220>

<223> variant of L.

<400> 29

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeceyg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgigtca
ggttggyagy
aatgacatcg
gcagaattty

<210> 30
<211> 252
<212> PRT

gtctgaagca
ccgataaatt
gtgaaaagyc
tcteegatga
ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctg
tggtcgacag

kefir

<213> Artificial Seguence

<220>

<223> variant of L.

kefir

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

Gly

taaagtagcec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcegat
gaaaagcgea
tecegygeecec
acagcgtacg
tgtgtacctg
tgggtatacc

val
ASD
Ala
Tle
Leu
Asn
Glu
105
Gly
Ser
Leu
Ser
Thr
185
Gly
Ile
ASp

Tyr

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggagtt
ctgtccgtta
aataaaggct
ccgacgetgg
gcgetggatt
atcaagaccc
gtaaccccta
gcatctgacg

376247-018

Ala Ile val

Lys Tyr val

Asp val Gly
vai
60

Thr

Arg Phe

Phe Asp
75
Asn Ala
90

Glu

Gly

Trp Arg

Thr Arg Leu

ITe I1e Asn
140
Ala Tyr
155

Ala

Gly

Ala
170
val

Leu

His Pro

Trp Glu Glu

Gliu Pro
220

Lys

Gly
Glu ser
235
ala

Thr Glin

250

gcacagtyga

Page 15

Thr
Glu
Glu
45

Gln
Thr
Ser
Lys
Gly
125
Met
Asn
ASp
Gly
Met
205
Asn

Phe

Giy
Glu
30

Lys
His
Glu
Cys
Leu
110
Ile
sSer
Ala
Cys
Pro
190
Met
ASp

Ala

gcgggacaat
tagttattac
ctgatgttat
tcgacaccac
gcgitttgaa
atctggatyg
tgggcgctag
gggcatacaa
gcgcactgaa
cgcgactcga
tgggccgeat
aatcgaaatt

Gly
Gy
Ala
ASD
Glu
val
95

Leu
Gin
Ser
Ser
Ala
175
Iie
Ser
Ile

Thr

Thr
Ala
Ala
val
Ala
80

Ley
Ser
Arg
Ile
Lys
160
Leu
Lys
Gln
Ala

Gly
2490

gggtatcggt
tggtcgtcac

tcgctttgte
cgaggagacc
aagcgttaaa-
tgretttitc
catcatcaat
cgctteccaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacgggt

60
120
180
240
300
360
420
480
540
600
660
720
759



<400> 30

Met
Met
Lys
Lys
Ser
65

Phe
Lys
val
MetT
Glu
145
Gly
Lys
Thr
Arg
Trp

225
Ala

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

Thr
Gly
val
Ser
50

ASD
Gly
Ser
Asn
LVs
130
Gly
Ala
Asp
Pro
Thr
210
Ile

Glu

31
75
DN

<220>

<223>

<400>

31

ASD
Ile
val
35

Ile
Glu
Pro
val
Leu
115
AsSh
Leu
val
TYyr
Arg
195
val
Cys

Phe

g
A

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggecegg
gacactacca
ggcacccgte
atgagcagta
ggggcgattc
gtgcgtgtca
ggttgggagy
aatgacatcg
gcagaattcg

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

32
25

<220>

2

PRT_ o
Artificial seguence

Arg
Gly
20

Tie
Gly
Ala
va'l
Lys
100
ASp
Lys
val
Arg
ASD
180
Leu
Thr
val

val

Leu
Leu
Thr
Gly
Gly
Thr
85

ASp
Gly
Gly
Gly
Ile
165
val
Asp
Pro
Tyr

vai
245

variant of L.

gictgaagca
ccgataaatt
gtgaaaaggc
cgtecgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatcty
tggtcgacyg

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
AsSp
150
Met
Arg
Asp
Met
Leu

230
Asp

His
Ile
Arg
AsSp
Thr
val
Thr
Phe
Gly
135
Pro
Ser
val
Leu
Gly
215
Ala

Gly

Artificial sequence

kefir

Lys
Ala
His
val
Lys
val
Thr
rhe
120
Ata
Thr
Lvs
Asn
Glu
200
Arg

Ser

Gly

taaagtagcc
tgtagaggag
cgccaaatcea
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgea
teegggeeec
acagcgtacg
tgtgtacctg
cgggtatacc

376247-018

Ala Tie
10

Lys

val

ASD Phe
25
Ala

Asp val

Ile arg Phe

Leu Phe Asp
75
Ala

Asn Asnh

a0
Glu Glu
105
Gly

Tro

Thr Arg

Ser Tle 1le
Ala
155

Ala

Leu Gly
Ala
170
val

ser

Thr
185
Gly

His

Trp Glu

Ile Gly Glu

Asp Glu ser
235

Thr Ala

250

Tyr

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggagtt
ctgtccgtta
aataaaggct
ccgacgetgg
gcgctggatt
atcaagaccc
gtaaccccta
gcatctgacy
gcacagtga

val Thr

val Glu

Gly Glu

val GIn
60
Thr Thr

Gly ser

Arg Lys

Gly
Glu
30

Lys
His
Glu
Cys

Leu

Gly Thr
15
Gly Ala

Ata Ala

Asp val

Thr
80
ey

Glu

val
95

Leu Ser

110

Leu Gly
125
Asn Met
140
Tyr Asn

Ley Asp

Pro Gly

Ile
Ser
Ala
Cvys

Pro

Gln Arg

Ser Iie

Ser Lys
160
Ala Leu
175

Ite Lys

190

Glu Met
205
Pro Asn
220
Lys Phe

GlIn

gcgggacaat
tagttattac
ctgatgttgt
tcgacaccac
gcgttitgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgeactgaa
cgcggctega
tgggccacat
aatcgaaatt

Page 16

Met
ASp

Ala

ser Gin

Ile
Thr

Gly
240

gggtatcggt
tggtcgteac
gcgetttgte
cgaggagacc
aagcgttgaa
tgttrttitc
catcatcaat
cgettecaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacgggt

60

120
180
240
300
360
420
480
540
600
660
720
759



<223> variant of L.

<400> 32
Met Thr
1
Met

Asp

Gly Ile

Lys val val

Lys Ser Ile

50

Ser Asp Glu

65

Phe Gly Pro

i1ys Ser val

val Asn Leu

115

Met Lys Ash
130

Glu Gly

145

Gly

Leu

Ala Ile

Lys Asp Tyr

Thr Pro Arg
195
Thr val
210

ITe

Arg

TFp
225
Ala

Cys

Glu Phe

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

<220>
<223>

33
759
DNA

<400> 33

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
tteggceegg
gacactacca
ggcacccgtc
atgagcagtra
ggggcggrac
gtagcgtgtca
ggttgggagyg
aatgacatcg
gcagaatttg

<210> 34
<211> 252
<212> PRT

Arg
Gly
20

Ile
Gly
Ala
val
Glu
160
Asp
Lys
val
Arg
ASD
180
Leu
Thr
va'l

val

Leu
Le
Thr
Gly
Gly
Thr
&5

Asp
Gty
Gy
Gly
Iie
165
val
ASD
Pro
Tyr

val
245

gtctgaagea
ccgataaatt
gtgaaaaggc
cgiccgatga
ttacgaccgt
cggaggaatyg
tgggeattca
ttgaggggtt
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctg
tggtcgacyg

kefir

Lys
Ala
Gly
Thr
Trp
Thr
Thr
val
Leu
ASp
150
Met
Arg
ASD
Met
Leu

230
Asp

Ile
Arg
Asp
Thr
val
Thr
Phe
Gly
135
Pro
Sar
val
Leu
Gly
215
Ala

Gly

Artificial Sequence

variant of L. kefir

<213> Artificial sequence

Lys
Ala
His
40

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

Gly

taaagtagec
tgtagaggag
cgccaaatca
agragyctyg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
gattggcgat
gaaaagcgca
teegggeece
acagcgtacg
tgtgtacctg
cgggtatacc

val

ASD.

25
Ala

val
Leu
Asn
Glu
105
Gly
Ser
Leu
Ser
Thr
185
Gly
Ile
ASD

TY"r

atcgtaaccy
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggagrt
ctgtccgtta
aataaaggct
ccgacgetyg
gcgetggttt
atcaagaccc
traaccccta
gcatctgacy

376247-018

Ala ITe val

10
Lys

Phe val

asp val Gty
val
60

Thr

Arg pPhe

Phe Asp
75
Asn Ala
a0

Glu

Gly

Trp Arg

Thr Arg Leu

Ile Asn
140
Ala Tyr
155
Ala

Gly

Ala
170
val

Leu

His Pro

Trp Glu Glu

Gly Glu Pro

220

Glu Sser Lys

235
Ala

Thr Gln

250

gcacagtga

Page 17

Thr
Glu
Glu
Gin
Thr
Ser
Lys
72}
Met
Asn
ASD
Gly
Met
205

ASH

Phe

Gly
Glu

30
Lys

Glu
Cys
ey
110
Ile
Ser
Ala
Cys
Pro
190
Met
ASD

Ala

gcgggacaat
tagttattac
crgatgrtgt
tcgacaccac
gcgttitgaa
atctggatgg
tgggcgctag
gggcgtacaa
gcgcactgaa
cgcggetcega
tgggccacat
aatcgaaatt

Gly
15

Gly
Ala
ASD
Glu
val
95

l.ey
Gln
ser
Ser
Ala
175
Ile
Ser
Ile

Thr

gggtatcgyt
tggrcgrcac
gcgetttgte
cgaggaggca
aagcgttgaa
Tgttttrttce
catcatcaat
cgctrccaag
ggactacgat
tgatctggaa
tggcgaaccg
tgcgacggyt

Thr
Ala
Ala
Ala
Thr
80

Leu
ser
Arg
Ile
LYS
160
Leu
Lys
Gin
Ala

Gly
240

60

120
180
240
300
360
420
480
540
600
660
720
759



<220>
<223> variant of L.

<400> 34

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

Thr
Gly
val
ser
50

ASD
Gly
Ser
Asnh
Lys
130
Gly
Ala
ASp
Pro
Thr
210
Ile

Glu

<210> 35
<21l> 75
<212> DN

<213>

<220

<223>

<400> 35
atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttCggecoyy
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggttgggagy
aatgacatcg
gcagaatttg

<210> 36
<211> 25

<212>
<Z213>

Asp
Ile
val
35

Ile
Glu
Pro
vai
Ley
115
AsSn
Leu
val
Tyr
Arg
195
Leu
Cys

Phe

9
A

2

PRT
Artificial sequence

APrg
Gly
20

Tle
Gly
Ala
va'l
Giu
100
ASD
Lys
Tle
Arg
ASp
180
Ley
Thr
val

val

Leu
Leu
Thr
Gly
Gly
Thr
85

AsSp
Gly
Gly
Gly
Ile
165
val
ASD
Pro
Tyr

val
245

variant of L.

gtctgaagca
gcgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
Cggaggaatg
tgggcattca
ttgaggggts:
gtatcatgtc
acacagtaca
aaatgatgtc
catggatcty
tggtcgacgg

kefir

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
Asp
150
Met
Arg
ASp
Met
Leu

230
ASp

His

Arg
Asp
55

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

Gly

Artificial Seqguence

kefir

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

Gly

taaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactyg
gcgcatgaaa
ggttggcgat
gaaaagcgea
tccgggecce
acagcgracy
tgtgtaccig
cgggtatacc

val
Asp
25

Ala
va'tl
L.eu
Asn
Glu
105
Gly
Ser
ey
Ser
Thr
185
Gly
Ile
ASD

Tyt

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggagtt
ctgtccgita
aataaaggct
ccgacgetgg
gcgetggatt
atcaagaccc
gtaaccccra
gcatctgacg

376247-018

Ala Ile val
10
Lys Phe val

Asp val Gly

Arg Phe val
60
Phe Asp Thr
75
Asn Ala Gly

Glu Trp Arg
Thr Arg Leu

ITe IT1e Asn
140
Gly Ala Tyr
155
Ata Ala Leu
170
val His Pro

Trp Glu Glu

Gly Glu Pro
220
Glu Ser Lys
235
Thr Ala Gin
250

gcacagtga

Page 18

Thr
Glu
Glu
45

Gln
Thr
Sar
Lys
Gly
125
Met
Asn
val
Gly
Met
205
Asn

Phe

Gly
Glu
30

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

Ala

gcgggacaat
tagttattac
ctgatgttgt
tcgacaccac
gcgttttgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgeactgaa
cgcggctcga
tgggccacat
aatcgaaatt

Gly
15

Gly
Ala
Asp
Giu
val
95

Leu
Gin
Ser
Ser
Ala
175
Ile
Ser
Iie

Thr

gggtatcggt
tggtegteac
gegetttgte
cgaggaggcea
aagcgttgaa
tgttTtiitc
catcatcaat
cgcttccaag
ggactacgat
tgatctggaa
Tggcgaaccy
tgcgacgggt

Thr
Ala
Ala
Ala
Ala
80

Leu
Ser
Arg
Tla
LysS
160
Leu
Lys
GlIn
Ala

Gly
240

60
120
180
240
300
360
420
480
540
600
660
720
759



<220>
<223> variant of L.

<400> 36

Met
1
Met
L.ys
LyS
Ser
65
Phe
LyS
val
Met
Glu
145
Gly
Lys
Thr
Arg
Trp

225
Ala

Thr
Gly
val
ser
50

Asp
Gly
Ser
AsSn
Lys
130
Gly
Ala
Asp
Pro
Thr
210
Ile

Glu

ASD
ile
val
Ile
Glu
Pro
val
Leu
115
Asn
Leu
vai
Tyr
ATQ
195
val
Cys
Phe

Arg
Gly
20

Ile
Gly
Ala
val
Glu
100
ASD
Lys
val
Arg
ASD
180
Leu
Thr
val

vai

Leu
Ley
Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
Ile
165
val
AsD
Pro
Tyr

val

kefir

Lys
Ala
Gly
Thr
Trp
Thr
Thr
val
Leu
ASp
150
Met
Arg
ASP
Mat
Leu

230
ASD

His
Ile
Arg
Asp
Thr
val
Thr
Phe
Gly
135
Pro
Ser
val
Leu
Gly
215
Ala

Gly

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

Gly

val
Asp
25

Ala
val
Leu
Asn
Glu
105
Gly
Sar
Leu
Ser
Thr
185
Gly
Ile
ASD

Tyr

376247-018

Ala Ile
10
Lys Phe

Asp val

Arg Phe

Phe Asp

Asn Ala

Glu Trp

Thr Arg

Ile Ile
Ala
155
Ala

Gly

Ala
170
val His

Trp Giu

Gly Glu

Glu Ser
235

Thr aAla

val
val
Gly
val
60

Thr
Gly
Arg
Leuy
ASH
140
Tyr
Leu
Pro
Giu
Pro
220
Lys
Gin

Thr
Giu
Giu
45

Gin
Thr
ser
Lys
Gly
125
Met
Ash
ASD
Gly
Met
205
Asn

Phe

Gly
Glu
30

Lys
His
Giu
Ccys
Leu
110
Iie
sSer
Ala
Cys
Pro
190
Met
Asp

Ala

Gly
15

Gly
Ala
ASD
Glu
val
a5

Leu
GIn
Ser
ser
Ala
175
Ile
Sar
Ile

Thr

Thr
Ala
Ala
Ala
Ala
80

ieu
Ser
Arg
Tle
Lys
160
lLeu
Lys
Gln
Ala

Gly
240

<210> 37
<2il> 759
<212> DNA

245

<213> artificial Sequence

<220>

<223> variant of L.

<400> 37

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggeccgy
gacactacca
ggcacccgee
atgagcagta
ggggcggtac
gtgcgtgtca
ggttgggagg
aatgacatcg
gcagaatttg

<210> 38
<211> 252
«212> PRT

gtctgaagea
ccgataaatt
gtgaaaaggc
cgtccgaaga
ttacgaccgt
cggaggaatg
tgggcatica
ttgagggget
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctyg

tggtcgacgg

kafir

Taaagtagcc
tgtagaggag
cgccaaatca
agcagyctyg
cgtgaacaat
gcgtaaacta
gcgcatgaaa
cgtaggcgat
gaaaagcgcea
tcegggeece
acagcgtacy
tgtgraccty
tgggtratacc

250

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggagtt
ctgtccgtta
aataaaggct
cecgacgctygy
gcgctggatt
atcaagacce
gtaaccccta
gcatctgacg
gcacagtga

Page 19

gcgggacact
tagttatcac
ctgatgttat
tcgacaccac
gcgttattaa
atcrggatyg
tgggcgetag
gggcatacaa
gcgcactgaa
agcggctcga
tggyregeat
aatcgaaatt

gggtatcggt
tggtegteac
tegetttgtc
cgaggaggca
aagcgttgaa
tgtttrtttc
catcatcaat
cgcttccaag
ggactacgat
tgagctggaa
tggcgaaccy
tgcgacgggt

60

120
180
240
300
360
420
480
540
500
660
720
759



<213> Artificial Sequence

<220>
<223> variant of L. kefir
<400> 38
Met Thr Asp Arg Leu Lys His Lys
i .
Leu Gly Ile %?y Leu Ala Ile Ala
0
Ltys vai val Ile Thr Gly Arg His
35 ' 40
1yvs Ser Ile Gly Gly Thr Asp val
50 55
Ser Giu Glu Ala Gly Trp Thr Lys
65 70
phe Gly pro val Thr Thr val 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
Glu Gly Leu 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 Gln Arg Leu Asp Giu Leu Glu
195 200
Arg Thr val Thr Pro Met Gly Arg
210 215
Trp Ile Cys val Tyr Leu Ala Ser
225 230
Ala Gtu rhe val val Asp Gly Gly
245
<210> 39
<211> 759
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of L. kefir
<400> 39
atgaccgatc gtctgaageca taaagtagcec
ttggeaatcg ccgataaatt tgtagaggag
gcggatgTag gtgaaaagge cgccaaatca
cagcacgatg cgtccgaaga agcaggotgg
ttcggecogg ttacgaccgt cgtgaacaat
gacactacca cggaggaatg gcgtaaactg
ggcacccgtce tgggeattca gcgcatgaaa
atgagcagta ttgagggoct cgtaggcgat
ggggcggtac gtatcatgtc gaaaagcgea
gtgcgtgtca acacagtaca tccgggtcecc
ggttgggagg aaatgatgtc acagcgtacy
aatgacaicg catggatctg tgtgtacciyg
gcagaatttg tggtcgacgg cgggtatacco
<210> 40
<211> 252

val
ASD
25

Ala
Ile
Leu
AsSn
Glu
105
Gly
Ser
Leu
Sar
Thr
185
Gly
Ile
ASp

Tyr

376247-018

Ala
10

Lys
AsSp
Arg
Phe
Asn
9¢

Glu
Thr
Ile
Gly
Ala
170
val
Trp
Gly
Glu

The
250

Phe
val
Phe
ASp
75

Ala
Trp
Arg
Ile
Ala
155
Ala
His
Glu
Glu
Ser

235
Ala

atcgtaaccy
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggagtt
ctgtccgtta
aataaagget
ccgacgctyo
gcgetggatt
atcaagaccc
gtaaccccta
gcatctgacy
gcacagtga

val Thr

val Glu

30
Glu
45
Glin

Gly
vat
Thr Thr
Gly Ser

Arg Lys

Gly
Glu
Lys
His
Glu
Cys

Leu

Gly Thr

Gly Ala

Ala Ala

Asp ala
Ala
80
Ile

Glu

val
95

Leu Ser

110

Gly
125
Met

Leu

AsSn
140
Tyr Asn

Leu Asp

Pro Giy

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

gcgggacact
tagttattac
ctgatgtcat
tegacaccac
gcgttattaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
agcggcetcga
tgggccacat
aatcgaaartt

Page 20

Met
Asp

Ala

Ser Gin

Ala
Thr

Gly
240

gggtatcggt
tggtcgtcac

tcgettigic
cgaggaggca
aagcgttrgaa
tgtttitttc
catcatcaat
cgcrtccaag
ggactacgat
tgagctggaa
tggcgaaccy
£gcaacgggt

60

120
180
2490
300
360
420
480
540
600
660
720
759



<212> PR

<213>

<220>

<223>

<400> 40

MetT
1
Leu
Lys
Lys
ser
65
Phe
Lys
val
Met
Glu
145
Gly
Lys
Thr
Arg
Trp

225
Ala

Thr
Gly
val
Ser
50

Glu
Gly
Ser
ASN
Lys
130
Gly
Ala
Asp
GIn
Thr
210
Ile

Glu

<210 41
<211> 75
<212> DN

<213>

<220>

<223>

<400> 41
atgaccgatc
ttggcaatcy
gcggatgrag
cagcacgatg
Ltcggeccgg
gacactacca
ggcacccgtc
atgagcagta
9gggcggtac
gtgcgtgtca
ggttgggagg
aatgacatcg
gcagaatttg

<210> 42

T

Asp
Tle
val
35

Ile
Giu
Pro
val
Leu
115
Asn
Leu
val
TYr
Arg
195
val
Cys

Phe

9
A

Arg
Gly
20

Iie
Gly
Ala
val
Glu
100
ASp
Lys
val
Arg
ASp
180
Leu
Thr
va'l

val

variant of L.

Leu

]

Leu
Thr
Gly
Gly
Thr
85

AsSp
Gly
Gly
Gly
Ile
165
val
ASD
Pro
Tyr

val
245

varjant of L.

gtctgaagea
ccgataaatt
gtgaaaaggc
catccgatga
Ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatcig

tggtcgacgg

Aartificial Sequence

kefir

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
ASp
150
Met
Arg
Glu
Met
Leu

230
Asp

His
Ile
Arg
ASp
55

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

Gly

Artiticial Seguence

kefir

Lys

Ala

His
40

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

Gly

taaagtagcec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
cgtaggcgat
gaaaagcgca
tcecgggeccec
acagcgtacy
tgtgtacctg
cgggtratacc

val

ASp

25
Ala

Tte
Leu
AsSn
Glu
105
Gly
Ser
Leu
Ser
Thr
185
Gly
Ile
Asp

Tyr

376247-018

Ala
10

Lys
ASD
Arg
Phe
Asn
90

Glu
Thr
Ile
Gly
Ala
170
val
Trp
Gly
Glu

Thr
250

Ile
Phe
val
Phe
ASD
75

Ala
Trp
Arg
Ile
Ala
155
Ala
His
Glu
Glu
Ser

235
Ala

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtrta
aataaaggcet
ccgacgetgg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg
gcacagtga

val
val
Gly
val
Thr
Gly
Arg
Leu
Asn
140
Tyr
Leu
Pro
Giu
Pro
220
Lys
Gin

Thr
Glu
Glu
45

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

Phe

Gly
Glu
30

Lys
His
Glu
Cys
L.eu
110
Ile
Ser
Ala
Cys
Pro
180
Met
Asp

Ala

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
cagttattaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgctgetega
tgggccacat
aatcgaaatt

Page 21

Gly
Gly
Ala
ASp
Glu
va't
as

Leu
Gin
ser
Ser
Ala
175
Ie

Ser

Thr

Thr
Ala

Ala

Ala
80

Iie
ser
Alrg
Ile
Lys
16G
Leu
LYS

Gin

Gly
240

gggtatcggt
tggtegtcac

tegetitgte
cgaggaggca
aagcgtigaa
togtrttittc
catcatcaat
cgcrtccaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacgggt

60

120
180
240
300
360
420
480
540
600
660
720
759



<211>
<21i2>
<213>

<220
<223>

252
PRT

<400> 42
Met Thr Asp
1 .
teu Gly 1le
val

35
Ile

Lys val

ser
50
Asp

Lys
ser Glu
65

Phe Gly Pro

Lys ser val

val Asn Leu
115
ASh

Met Lys

130
Glu Gly
145

Gly

Leu

Ala val

Lys ASp Tyr

Thr Pro Leu
195
Thr Lys
210

Ile

Arg

Tr‘p
225
Ala

Cys

Glu Phe

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

<220>
<223>

43
759
DNA

<400> 43

atgaccgatc
ttggcaatcy
gcggatgrag
cagcacgatg
ttcggecegg
gacactacca
ggcaccegtc
atgagcagta
ggagcggtac
gtgcgtgtca
ggttgggagg
aatgacatcg
gcagaattty

Arg
Gly
20

I7e
Gly
Ala
val
Glu
100
ASD
Lys
val
Arg
ASD
180
Leu
Thr
val

val

variant of L.

L.eu
Leu
Thr
Gly
Gly
Thr
85

ASp
Gly
Gly
Gly
Ile
val
AsSp
Pro
TYr

val
245

gtctgaagea
ccgataaatt
gtgaaaaggyc
catccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggct
gratcatgtc
acacagtaca
aaatgatgtc
catggatcty

tggtcgacygg

Artificial Sequence

kefir

LYyS
Ala
Gly
Thr
TrD
70

Thr
Thr
val
Leu
ASp
150
Met
Arg
ASp
Met
Leu

230
AsSp

His
Ile
Arg
AsSp
55

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

Gly

artificial sequence

variant of . kefir

LYysS
Ala
His
40

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

Gty

taaagtagcec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gegcatgaaa
cgtaggcgat
gaaaagcgea
tcogggeccec
acagcgtacg
tgtgtacctyg
cgggtatacc

val
ASD
Ala
Tie
Leu
Asn
Glu
105
Gly
Ser
Leu
ser
Thr
185
Gly
Ile
Asp

Tyr

atcgtaaccy
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgacgctygg
gcgetggatt
atcaagaccc
aaaaccecta
gcatctgacg

376247-018

Ala val
10
Lys

rhe Vai

Asp val Gly
val
60

Thr

Arg Phe

Phe Asp

Asn Ala
90

Glu

Gly

Trp Arg

Thr Arg Leu

Ile Ile Asn
140
Ala Tyr
155

Ala

Gly

Ala
170
val

Leu

His Pro

Tro Glu Giu

Gly Glu Pro

220
Lys

Glu ser

235
Ala

Thr Gln

250

gcacagtga

Page 22

Thr
Giu
Glu
45

Gln
Thr
Ile
L.ys
Gly
125
Met
AST
AsSp
Gly
Met
205
Asn

Phe

Gly
Glu
30

LVYS
His
Glu
Ala
Leu
110
Ile
ser
Ala
Cys
Pro
190
Met
ASp

Ala

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
cagttgtgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgcrgctcga
tgggccacat
aatcgaaatt

Gly
15

Gly
Ala
AsSp
Glu
val
95

Leu
Glin
Ser
Ser
Ala
i75
Ila
Ser
Ile

Thr

Thr
Ala
Ala
Ala
Ala
Ile
ser
Arg
Ile
Lys
160
Leu
LysS
Gin

Ala

Gly
240

gggtatcggt
Tggregtcac
tcgetttgtc
cgaggaggca
aagcgttgaa
tgttttttte
catcatcaat
cgcttecaag
ggactacgat
fgatctggaa
tggcgaacey
tgcgacgggt

60

120
130
240
300
360
420
480
540
600
660
720
759



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

44
25
PR

<220>

<2723>

<400>

Met
1
Ley
Lys
LyS
Ser
65
Phe
Lys
val
Met
Glu
145
Gly
Lys
Thr
Arg
Tro

225
Ala

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

44
Thr

Gly
val
Ser
50

Asp
Gly
Ser
ASh
LYS
130
Gly
Ala
Asp
Pro
Thr
210
Ile

Glu

45
75
DN

<220

<223>

<400>

45

2
I

ASp
Iie
val
35

Ile
Glu
Pro
va'l
Ley
115
Asn
Leu
val
Tyr
Leu
195
Lys
Cys

Phe

9
A

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
TTcggcccgy
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
grgcgtgrca
ggttgggagg
aatgacatcg
gcagaatttg

Arg
Gly
20

ITe
Gly
Ala
val
Glu
100
ASD
Lys
val
Arg
ASD
180
Leu
Thr
val

va'l

variant of L.

Leu
Leu
Thr
Gly
Gly
Thr
85

ASD
Gly
Gly
Gly
Iie
165
val
Asp
Pro
Tyr

val
245

variant of L.

gtctgaagca
ccgataaatt
gtgaaaaggce
catccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttgagoggct
gtatcatgrc
acacagtaca
aaatgatgtc
catggatctg

tggtcgacgg

Artificial Sequence

kefir

LYys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
Asp
150
Met
Arg
Asp
MetT
Leu

230
ASp

His
Iie
Arg
Asp
55

Thr
val
Thr
Phe
Gly
135
Pro
ser
vai
Leu
Gly
215
Ala

Gly

artificial Sequence

kefir

Lys
Ala
His
4G

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

Gly

taaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgea
tcecgggeecce
acagcgtacy
tgtgtacctg
cgggtatacc

val
Asp
Ala
Ile
Leu
Asn
Giu
105
Gly
Ser
leu
ser
Thr
185
Gly
Ile
Asp

Tyr

atcgraaccy
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtcegtta
aataaaggct
€Cgacgeigy
gcgctggatt
atcaagaccc
aaaaccecta
gcatctgacy

376247-018

Ala 1le val

10
Lys

Phe val

Asp val Gly
val
60

Thr

Arg Phe

Phe Asp

Asn Ala
90

Glu

Gly

Trp Arg

Thr Arg Leu

Ile Ile Asn
140
Ala Tyr
155

Ala

Gly

Ala
170
val

Leu

His Pro

Tre Glu Glu

Gly Glu Pro

220

Glu ser Lys

235
Ala

Thr GlIn

250

gcacagtga

Page 23

Thr
Giu
Glu
45

Glin
Thr
Ile
Lys
Gly
125
Met
Asn
Asp
Gly
Met
205
Asn

Fhe

Gly
Glu
30

Lys
His
Glu
Ala
Leu
110
Ile
ser
Ala
Cys
Pro
190
Met
ASp

Ata

gcgggacact
tagttattac
ctgatgrtat
tcgacaccac
cagttttaaa
atrctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cgctgetega
tgggccacat
aatcgaaatt

Gly Thr

Gly Ala
Ala
Asp Ala
Ala

80
val

Gilu

val
g5
Leu Ser

Gln Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

Ile Ala

Thr Gly
240

gggtatcggt
tggtegtcac

tcgetttgte
cgaggaggca
aagcgttgaa
Tgtttitttc
catcatcaat
cgcttocaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacggat

60

120
180
240
300
360
420
480
540
600
660
720
759



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

<220>
<223>

<400>

46
252
PRT

Artificial Sequence

variant of L.

46

Met Thr Asp

1

Leu Gly Ile

Lys val val

35

Lys Ser Ile
50
Ser Asp Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130
Glu Gly teu

145

Gly Ala val

Lys Asp Tyr

Thr Pro Leu

195

Arg Thr Lys
210
Trp Ile Cys

225

Ala Glu Phe

<210>
<211
<212>
<213>

<220>
<223>

<400>

47
759
DNA

APrg
Gly
20

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

val

Leu
Leu
Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
Ile
165
val
ASD
Pro
Tyr

val
245

kefir

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
ASD
150
Met
Arg
ASp
Met
Leu

230
Asp

His
Ile
Arg
Asp
55

Thr
val
Thr
Phe
Gly
135
Pro
Sar
val
Leu
Gly
215
Ala

Gly

Artificial Seguence

variant of L.

47

atgaccgatc
ttggeaatcy
gcggatgtag
cagcacgatg
ttcggecegg
gacactacca
ggcaceegtc
atgagcagra
ggggcggtac
gtgcgtgtca
ggttgggagy
aatgacatcg
gcagaattig

grctgaagea
ccgataaatt
gtgaaaaggc
catccgatga
ttacgaccgt
cggaggaatg
tgggcattca
tigaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatcig

tggtcgacgg

kefir

Lys
Ala
His
40

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

Gly

taaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaacty
gcgcatgaaa
cgtaggcgat
gaaaagcgca
tcecgggeccc
acagcgtacy
tgtgtacctg
cgggtatacc

val
ASpD
25

Ala
Ile
Ley
Asn
Glu
105
Gly
Ser
Leu
Sar
Thr
185
Gly
Tie
Asp

Tyr

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggatty
ctgtccgtra
aataaaggct
ccgacgctgg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacg

376247-018

Ala Ile val
10
Lys Phe val

Asp val Gly
Arg Phe val

Phe Asp Thr
75

Asn Ala Gly

80

Glu Trp Arg

Thr Arg Leu

ITe Iie Asn
140
Gly Ala Tyr
155
Ala Ala Leu
170
val His Pro

Trp Glu Glu

Gly Glu Pro
220
Glu Ser iys
235
Thr Aja Gin
250

gcacagtga

Page 24

Thr
Glu
Glu
45

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

Phe

Gly
Glu
30

Lys
His
Glu
Ala
Ley
110
Ile
Ser
Ala
Cys
Pro
120
Met
ASp

Ala

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gagtttccaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgctgetega
tgggccacat
aatcgaaatt

Gly
15

Gly
Ata
AsSp
Glu
vai
95

Leu
GIn
Ser
Ser
Ala
175
Ile
Ser
Ile

Thr

Thr
Ala
Ala
Atla
Ala
80

Leu
Ser
Arg
Ile
LYS
160
Lau
Lys
Gin
Ala

Gly
240

gggtatcggt
tggtcgtcac

tcgetttgic
cgaggaggca
aagcgttgaa
tgLTtttite
catcatcaat
cgcttccaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacgggt

60

120
180
240
300
360
420
480
540
600
660
720
759



<210> 48
<211> 252
<212> PRT

<213> Artificial Sequence

<220

<223> variant of L.

<400> 48
Met Thr Asp
1

Lteu Gty Ile

Lys val val
35
Lys Ser Ile
50
Ser Asp Glu
65
Phe Gly Pro

Lys Ser val

val Asn Leu
115
Met Lys Asn
130
Glu Gly Leu
145
Gly Ala val

Lys Asp Tyr

Thr Pro teu
185
Arg Thr Lys
210
Trp Tie Cys
225
Ala Giu Phe

<210> 49
<211> 759
<212> DNA

Arg
Gly
20

Ile
Gly
Ala
val
Glu
ioo
Asp
LYyS
val
Arg
Asp
180
l.eu
The
val

val

Leu
Leu
Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
Tle
165
val
Asp
Pro
Tyr

val
245

kefir

Lys His
Ala 1le
Gly Arg

Thr Asp
55

Trp Thr

70

Thr val

Thr Thr
val pPhe

Leu Gly
135

Asp Pro

150

Met Ser

Arg val
Asp Leu

Met Gly
215

Leu Ala

230

Asp Gly

<233> Artificial Sequence

<220>

<223> variant of L.

<400> 45

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeccgg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
grgcgtgtea

ggttgggagdg
aatgacatcg

gtctgaagca
ccgataaatt
gtgaaaaggc
catccgatga
ttacgaccgt
cggaggaatyg
tgggcartca
ttgaggggct
gtaacatgtc
acacagtaca
aaatgatgtc
catggatctg

kefir

L.ys
Ala
His
40

val
Lys
val
Thr
rhe
120
Ala
Thr
Lys
ASH
Giu
200
His
Ser

Gly

taaagtagce
tgtagaggag
cgccaaatca
agtgggctyg
cgtgaacaat
gcataaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
teegggeccc
acagcgtacy
tgtgtaccty

val
ASD
Ala
Itle
Leu
Asn
Glu
105
Gly
Ser
Leu
Ser
Thr
185
Gly
Ile
ASp

Tyr

376247-018

Ala 1le
10
Lys phe

Asp val
Arg Phe
phe Asp
Asn Ala
90
Glu Trp
Thr Arg
Ile 1Ile
Gly Ala
155
Ala Ala
170
val His
Trp Glu
Gly Glu
Glu ser
235

Thr Ala
250

atcgtaaccg
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggagtt
ctgtccgtta
aataaaggct
ccgacgctyg
gcgctggatt
atcaagacct
atcaccccta
gcatctgacg

Page 25

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

Gin

Thr
Glu
Glu
45

Gin
Thr
Iie
Lys
Gly
125
Met
AsSh
ASp
Gly
mMet
205
Asn

Phe

Gly
Giu

30
Lys

Glu
Gly

Leu
110

Ile

Ser
Ala
Cys
Pro
190
MeT
ASDP

Ala

gcgggacact
tagttattac
ctgatgttat
tegacaccac
gcgttttgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
ctcggetega
tgggccacat
aatcgaaatt

Gly
15

Gly
Ala
AsSp
Glu
va'l
G5

Leu
Glin
Ser
Ser
Ala
175
Ile

Ser

Thr

Thr
Ala
Ala
Ala
Ala
80

Ser
Ser
Arg
Ile
Lys
160
Leu
Lys
Gin
Ala

Gly
240

gggtatcggt
tggtegtcac
tcgetttytc
cgaggaggca
aagcgttgaa
tgttTttttc
catcatcaat
cgettecaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacggyt

60

120
180
240
300
360
420
480
540
600
660
720



376247-018
gcagaattcg tggtcgacgg cgggtatacc gcacagtga

<210> 50

<211> 252

<212> PRT

<213> Artificial Seqguence

<220>
<223> variant of L. kefir

<400> 50
Met Thr Asp Arg éeu Lys His Lys val gga Ile val
1
Leu Gly Ile ggy teu Ala Ile Ala %Ep Lys Phe val
Lys val val Ile Thr Gly Arg His Ala Asp vail Gly
35 40
Lys Ser Iie Gly Gly Thr Asp val Ile Arg Phe val
50 55 60
Ser Asp Glu val Gly Trp Thr Lys teu Phe Asp Thr
65 70 75
Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly
85 90
iys ser val Glu Asp Thr Thr Thr Glu Gliu Trp His
100 105
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu
115 120
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ite Asn
130 135 140
Glu Gly Leu val Gly Asp Pro Thr Leu Gly Ala Tyr
145 150 155
Gly Ala val Arg Asn Met Ser Lys Ser Ala Ala Leuy
165 170
Lys Asp Tyr aAsp val Arg val Asn Thr val His Pro
180 185
Thr Ser Arg Leu Asp Asp Leu Glu Giy Trp Giu Giu
195 200
Arg Thr ITle Thr Pro Met Gly His Ile Gly Glu Pro
210 215 220
Trp Ite Cys val Tyr Leu Ala Ser Asp Glu Ser Lys
225 230 235
Ala Glu phe val val aAsp Gly Gly Tyr Thr Ala Gin
245 250

<210> 51
<211> 759
<212> DNA
<213> Artificial sSeguence

<220
<223> variant of L. kefir

<400> 51

Thr
Glu
Glu
Gin
Thr
Ser
Lys
Gly
125
Met
Asn
ASp
Gy
Met
205

AsSn

Phe

Gly
Glu
30

Lys
His
Glu
Cys
Leu
110
Ile
ser
Ala
Cys
Pro
190
Met
ASp

Ala

atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gegggacact
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac
gcggatgtag gtgaaaagge cgccaaatca atcggcggea crgatgttat
cagcacgatg cgtccgaaga agcaggcetgg acgaaactgt tcgacaccac
ttcggeccgyg ttacgaccgt cgtgaacaat gcagggagtt gegagattaa
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg
ggcacccgee tgggcattca gcgcatgaaa aataaagget tgggcgetag
atgagcagta ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa
ggggcggtac gtatcatgte gaaaagcgca gogetggatt gcgcactgaa
gtgcgtgtca acacagtaca tccgggeccc atcaagacce ageggotcga
ggttgggagg aaatgatgtc acagcgtacg gtaaccccta tgggocgeat
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Gly
15

Gly
Ala
ASD
Glu
va'l
95

Leu
Gin
Ser
Ser
Ala
175
Ile
Ser
Ile

Thr

gggtatcggt
tggtcgtcac
tegetitgte
cgaggaggcea
aagcgttgaa
tgtrettitc
catcatcaat
cgcttccaag
ggactacgat
tgagctggaa
tggcgaaccy

Thr
Ala

Ala

Ala
80

Leu
ser
Arg
Ile
Lys
160
Leu
Lys
GIn
Ala

Gly
240

759

60

120
180
240
300
360
420
480
540
600
660



376247-018
aatgacatcg catggatctyg tgtgtacctg gecatctgacyg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg tgggiatacc gcacagtga 759

<210> 52

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> variant of L. kefir

<400> 52
Met Thr Asp Arg teu Lys His Lys val ala Ile val Thr Gly Gly Thr
1 > 10 15
Leu Gly Ile S%y tey Ala Iie Ala %gp Lys Phe val Glu géu Gly Ala
Lys val gaW ITe Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala
5 40 45
Lys ggr Ile Gty Gly Thr Aasp val Ile Arg Phe g%} Gin His Asp Ala
55
Ser Glu Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ser Cys Giu Ile
&5 90 95
Ltys ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn teu Asp Gty val phe Phe Gly Thr Arg Leu Gly Ile Gin Arg
115 120 125
Met Lys Asn Lys Gty Leu Giy Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
Glu Gly Leu val Gly Asp Pro Thr Leu 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
.ys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 - 185 ' 190
Thr GIn Arg Leu Asp GIu teu Glu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr val Thr Pro Met Gly Arg Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp Ile Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
ala GTu Phe val val Asp Gly Gly Tyr Thr Ala Glin
245 250

<210> 53

<211> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> variant of L. kefir

<400> 53

atgaccgatc gtctgaagca taaagtagcc atcgtaaccdg gcgggacact gggtatcggt 60

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
gcggatgtag gtgaaaaggc cgcecaaatca atcggeggea ctgatgttat tcgetttgte 180
cagcacgatg cgtccgaaga agcaggcigg acgaaactgt tcgacaccac cgaggaggca 240
ticggccocgg ttacgaccgt cgigaacaat gcagggagit gcgttattaa aagcegttgaa 300
gacactacca cggaggaatg gcgtaaactg ctatccgtta atctggatgg tgttittitc 360
ggcacccgee tgggcattca gcgcatgaaa aataaaggcet tgggegetag catcatcaat 420
atgagcagta trgaggggct cgtaggcgat gegacgctgg gggcatacaa cgcttccaag 480
ggagcggtac gtatcatgtc gaaaagcgea gcgetggati gcgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tCcgggoccc atcaagaccc agcggetcga tgagcetggaa 600
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376247-018
ggttgggagy aaatgatgtc acagcgtacg gtaaccccta tgggccgcat tggegaaccg 660
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcegacgggt 720
gcagaatttg tggtcgacgg tgggtatacce geacagtga 759

<210> 54

<211> 252

<212> PRT

<213> artificial Sequence

<220>
<223> variant of L. kefir

<400> 54
Met Thr Asp Arg Lteu Lys His Lys val Ala Ile val Thr Gly Gly Thr
1 5 10 15
iteu Gly Ile Gly Leu Ala Ite Ala Asp Lys Phe val Giu Glu Gly Ala
20 25 30
tys val val Ile Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala
35 40 45
tys Ser 1te Gly Gly Thr Asp val ile Arg Phe val Gln His Asp Ala
50 55 60
ser Glu Glu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr GTu Glu Ala
65 70 75 80
Phe Gly Pro val g?r Thr val val Asn ggn Ala Gly Ser Cys 521 Ile
Lys ser val Glu Asp Thr Thr Thr Gilu Giu Trp Arg Lys Leu teu Ser
100 105 110
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile GlIn Arg
115 120 125
Met Lys Ash Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
Glu Gty Leu val Gly Asp Ala Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala val Arg I'le 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 GIn Arg Leu Asp Glu Leu Glu Gly Trp Glu Glu Met Met Ser Gln
195 200 205
Arg Thr val Thr Pro Met Gly Arg Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp ITe Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala GTu Phe val val Asp Gly Gly Tyr Thr Ala Gln
245 250

<210> 55

<211i> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> variant of L. kefir

<400> 55

atgaccgatc gtcitgaagca taaagtagec atcgtaaccg gcgggacact gggtatcggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagtitattac tggtcgtcac 120
gcggatgtag gtgaaaagge cgoecaaatca atcggoggcea ctgatgttat tegeittgte 180
cagcacgatyg cgiccgaaga agcaggetgg acgaaactgt tcgacaccac cgaggaggca 240
ttcggeccgg ttacgaccgt cgtgaacaat gcagggagtt gegttattaa aagcgttgaa 300
gacaciacca cggaggaatg gcgtaaactyg ctgtccgita atctggatgg tgritttitc 360
ggcacceges tgggeattca gegcatgaaa aataaaggct tgggcgctag catcatcaat 420
atgagcagta ttgaggggct cgtaggcgat ccgacgcligg gggeatacaa cgettccaag 480
ggggcggtac gtatcatgic gaaaagegca gcgotggatt gegcactgaa ggactacgat 540
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376247-018
gtgcgtgtca acacagtaca tccgggeoccc atcaagaccce agoeggetcga tcagetggaa 600
ggttyggagg aaatgatgte acagegtacg gtaacccota tgggccgeat tggcgaaccg 660
aatgacatcg catggatctg tgtgtaccty goatctgacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg tgggtatacc gcacagtga 75

<210> 56
<211> 252
<212> PRT
<213> Artificial Sequence

<220> .
<223> variant of L. kefir

<400> 56
Met Thr Asp Arg geu Lvs His Lys val ﬁ%a Ile val Thr Gly g;y Thr
1
Leu Gly Ile géy Leu Ala Ite Ala ggp Lys Phe vat Glu ggu Gly Ala
Lys val val Ile thr Gly arg His Ala asp val Gly ¢lu Lys Ala Ala
35 40 45
Lys Ser Ile Giy Gly Thr asp val Ite Arg Phe val Gln His Asp Ala
50 55 60
Ser Glu Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
pPhe Gly Pro val ghr Thr val val Asn ggn Ala Gly ser Cys 521 Ile
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 Lvys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
Glu Gly teu val Gly Asp Pro Thr Leu Gly Ala Tvr 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 Iie Lys
180 185 190
Thr GIn Arg Leu Asp GIn Leu Giu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr val Thr Pro Met Gly Arg Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp Ile Cys val Tyr Leu Ala Ser Asp Glu Ser iys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe val val Asp Gly Gly Tyr Thr Ala GlIn
245 250

<210> 57

<211> 759

<212> DNA

<213> Artificial seguence

<220>
<223> variant of L. kefir

<400> 57

atgaccgatc gtctgaagca taaagtagec atcgtaaccyg gcgggacact gggtatcggt 60
ttggcaatcyg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
gecggatgtag gtgaaaagyc cgccaaatca atcggcggca ctgatgttat tcgetttgte 180
cagcacgatg cgtccgaaga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240
ttcggecegy ttacgaccgt cgtgaacaat gcagggagtt gegttattaa aagegitgaa 300
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgttttittc 360
ggcacccgec tgggcattca gegcatgaaa aataaagget tgggcgctag catcatcaat 420
atgagcagta ttgaggugct cgtaggcgat ccgacgetgg gggeatacaa cgetteocaag 480
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ggggcggrac
grgcgtgtca
ggttgggagg
aatgacatcyg
gragaatttyg

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

<220>
<223>

58 -
252
PRT

varia

<400> 58
Met Thr Asp
1

Ile

Leu Gly

va'
35
Ile

Lys val
Ser
50
Glu

Lys

ser Gilu

65

Phe Gly Pro

Lys Ser val

val Asn Leu
115
Asn

Met Lys

130
Glu Gly
145

Gly

Leu

Ala val

Lys Asp Tyr

Thr GIn Arg
195
Thr val
210

Ite

Arg

Trp
"225
Ala

Cys

Glu Phe

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

<220>
<223> varia

59
759
DNA

<400> 59

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
TECgYCCogy
gacactacca
ggcaccegec

nt of L.

Arg Leu
Gly
20
Tle

Leu
Thr
Gly Gly

Ala Gly

Lys His
Ala
Gly
Thr

Trp

Artificial Sequence

kefir

Lys

Ile Ala

Arg His

Asp val
55

Thr Lys

70

Thr
85
Asp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Thr
Thr
val
ieu

Asp

val val

Thy Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Glu
Met

L.eu

ser Lys

val Asn

Glu
200
Arg

Ley

Gly
215

Ala ser

230

vai
245

val

nt of L.

gtctgaagca
ccgataaatt
gtgaaaaggce
cgtccgaaga
rtacgaccgt
cggaggaatg
tgggcattca

Asp

Gly Gly

Artificial Sequence

kefir

taaagtagec
tgtagagyag
cgccaaatrca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa

376247-018
gtatcatgtc gaaaagcgea gcgeiggatt gegcactgaa ggactacgat 540
acacagtaca tccgggcccce atcaagaccc ageggctcga tgagcetggaa 600
aaatgatgtc acagcgiacg graaccccta tgggecgeat tggegaaccg 660
catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720
rggtcgacgg tgggtatacc gcacagtga 75

Ala Ile
10

Lys

vai

ASD Phe

25

Ala Asp val

Iie Arg Phe

Leu Phe Asp

75
Asn Asn Ala

Glu Glu
105

Gly

Trp

Thr Arg

Ser Iie Ile
Ala
155

Ala

Leu Gly
Ala
170
va'l

Ser
Thr His
185
Gly

Trp Glu

Tle Gly Glu

Glu Ser
235

Ala

ASp

Thr
250

Tyr

atcgtaaccy
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggagtt
ctgrtccgtta
aataaaggct
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val Thr Gly
Glu
30

LYS

val Glu

Glu
45
Gin

Gly
val His
60
Thr

Thr Glu

Gly Ser Cys
L.eu
110

Iie

Arg Lys

Leu Gly
125
Asn Met
140

Tyt

Ser

Asn Ala

Leu Asp Cys

Pro Gly Pro
190

Glu Met Met
205

Pro Asn

220

Lys

ASD

rhe Ala

GIn

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gcgttattaa
atctggatgg

tgggcgctag

Giy Thr

Gly ala

Ala Ala

ASp

Glu Ala

val Ile
95
L.ely Ser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
175
Ile Lys

Ser Gin

Ile
Thr

Gly
240

gggtatcggt
tggtcgtcac
tcgotttgtc
£gaggaggca
aagcgttgaa
tgtitttttc
catcatcaat

60

1290
180
240
300
360
420



: 376247-018
atgagcagia ittgaggggct cgtaggcgat ccgtcictgg gggcatacaa cgcttccaag 480
ggggcggtac gtatcatgtc gaaaagcgca gogctggatt gcgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tccgggccce atcaagaccc ageggetcga tgagetggaa 600
ggttgggagyg aaatgatghtc acagcgtacg gtaaccccta tgggccgcat tggcgaaccg 660
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720
gcagaatttyg tggtcgacgg tgggtatacc gcacagtga 759

<210> 60

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> variant of L. kefir

<400> 60
Met Thr Asp Arg Leu Lys His tys val Ala Ile val Thr Gly Giy Thr
1 5 10 15
Leu Gily ITe Gly Leu Ala Ile Ala %sp Lys Phe val Glu géu Gly Ala
20 5
Lys val gg? Ile Thr Gly Arg 235 Ala Asp val Gly Glu Lys Ala Ala
45
Lys Ser Ile Giy Giy Thr Asp val fle Arg Phe val Gln His Asp aAla
50 55 60
Ser Glu Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro val ghr Thr val val Asn ggn Ala Gly ser Cys gé? Iie
5
Lys ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
val Asn iLeu Asp Gly val pPhe Phe Gly Thr Arg teu Gly ITe Gln Arg
135 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser ITe Ile Asn Met Ser Ser Ile
130 135 140
Glu Gly teu val Gly Asp Pro ser Leu Gly Ala Tyr Asn 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
180 185 190
Thr GIn Arg Leu Asp Glu Leu Glu Gly Trp Glu Glu Met Met Ser Gln
195 ‘ 200 205
Arg Thr val Thr Pro Met Gly Arg Ilte Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp Ile 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> 61
<23il> 759
<212> DNA
<213> Artificial Sequence

<220>
<223> variant of L. kefir

<400> 61

atgaccgatc gtctgaagca taaagtagoc atcgtaaccg gcgggacact gggtatcggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcegtcac 120
gcggatgiag gtgaaaaggc cgccaaatca atcggcggcea ctgatgttat tegetttgte 180
cagcacgatg cgtccgaaga agcaggctgg acgaaactgt tcgacaccac cgaggaggea 240
ttcggcccgy ttacgaccgt cgigaacaat gcagggagit gogttattca tagcgttgaa 300
gacactacca cggaggaatg gcgtasactg ctgtccgtia atctggatgg tgttttttte 360
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ggcacccgec
atgagcagta
ggggcagtac
gtgcgtgtca
ggtrgggagg
aatgacatcg
gcagaatttg

<210
<211>
<212>
<213>

62
252
PRT

<220
<223>

<400> 62
Met Thr
i

Leu

Asp

Gly Ile
val
35

Ile

Lys val
Ser
50
Giu

LYS
Ser Glu
65
Phe

Gly Pro

His Ser val

vai Leu
115
Ash

Ash
Met Lys
1390
Giu Gly
145

Gly

Leu

Ala val

Lys Asp Tyr

Thr GIn Arg
185
Thr val
210

Tle

Arg

Trp
225
Ala

Cys

Giu Phe

<210>
<Z21il>
<212
<213>

<220>
<223>

63
759
DNA

<400> 63

atgaccgatc
ttggcaatcy
gcggatgilag
cagcacgatg
ttcggocegy

variant of L.

tgggecattca
ttgagggget
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctyg
tggtcgacgg

Arg Leu

Gly Leu

Iie 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
val

Leu

AsSp

gcgcatgaaa
cgtaggcgat
gaaaagcgca
tccgggeccc
acagcgtacg
tgtgtaccig
tgggtatacc

Artificial Sequence

kefir

His Lys

Ite Ala

ATg His

Asp val

Thr Lys

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
val

Arg

ASD
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Glu
Met

Leu

ser Lys

val Asn

Glu
200
Arg

Leu

Gly
215

Ala Ser

230

val
245

val

gtctgaagca
ccgataaatt
gtgaaaaggc
cgtccgaaga
ttacgaccgt

ASp

Gly Gly

Artificial Sequence

variant of L. kefir

taaagtagcec
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat

376247-018

aataaaggct
ccgacgetgg
gcgetggatt
atcaagaccc
gtaaccccta
gcatctgacy
gcacagtga

Ala Ile
10

Lys

val

Asp Phe

25
Ala

Asp val

Iie Arg Phe

lL.eu Phe Asp
75
Ala

Asn Ash

Gilu Gilu
105
Gly

Trp

Thr Arg

ser Tle 1le
Ala
155
Ala

Leu Gly
Ala
170
val

ser
Thr His
185
Gly

Trp Glu

Ile Gly Gtlu

Glu ser
235
Ala

ASp

Thr
250

Tyr

atcgtaaccy
ggtgcgaaagy
atcggeggea
acgaaactgt

gcagggagtt
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tgggcgctag
gggcatacaa
gcgcactgaa
agcggcrcga
tgggccgeat
aatcgaaatt

val Thr Gly
Glu
30

LYsS

val Giu
Giu
45
Gin

Gly
val His
60
Thr

Thr Glu

Gty Ser Cys
L.ey
110

Ile

Arg Lys

Leu Gly
125

Asn Met Ser

140
TYyr

Asn Ala

Leu Asp Cys

Pro Pro
190
Met

Gly
Glu Met
205
Pro Asn
220

LYysS

Asp

Phe Ala

Gin

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gcgttttgaa

catcatcaat
cgcttccaag
ggactacgat
tgagcrggaa
tggcgaaccg
tgcgacgggt

Gly Thr

Gly Ala

ala Ala

Asp Ala

Glu Ala

val Ile
95
i.eu Ser

Glin Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser Gin

I'le Ala

The Gly
240

gggtatcggt
tggtcgtcac
tcgettigtc
cgaggaggca
aagcgttgaa

420
480
540
600
660
720
759

60

120
180
240
300



376247-018

gacactacca cggaggaatg gcgtaaactyg ctgtecgtta atctggatgg tgrtrtttte
ggcacccgtc tgggcattca gegcatgaaa aataaaggct tgggcgctag catcatcaat
atgagcagta ttcagggget cgtaggcgat ccgacgctgg gggcatacaa cgettccaag
ggggcggtac gtatcatgtc gaaaagcgca gegctggatt gcgcactgaa ggactacgat
gtgcygtgtca acacagtaca tCCgggeccc atcaagaccc cgcggcetcga tgatctggaa
ggttgggagg aaatgatgtc acagcgtacg graaccccta tgggecacat tggegaaccg
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt
gcagaatttg tggtcgacgg cgggtatacc gcacagtga

<210> 64

<211> 252

<212> PRT

<213> Artificial Seguence

<220>
<223> variant of L. kefir

<400> 64

Met Thr Asp Arg Leu Lys His Lys val Aéa ITe val Thr Gly g;y Thr
1 5 1

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

Lys val gg? Ile Thr Gly Arg zgs Ala Asp val aly Glu Lys Ala Ala
45
Lys Ser ITle Gly Gly Thyr Asp val Ile Arg Phe val GIn His Asp Ala
50 55 60
ser Glu 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 gan Ala Gly Ser Cys g§1 Leu
Lys ser val Glu Asp Thr Thr Thr Glu Giu 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
115 126 125
Met Lys Asn Lys Gly Leu Giy Ala Ser Ije Ile Asn Met Ser Ser Ile
130 135 140
Gln Gly Leu val Gly Asp Pro Thr teu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala va® Arg Ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 179 175
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Arg Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr val Thr Pro Met Gly His Ile Gly Glu Pro Asn asp Ile Ala
210 215 220 :
Trp TIie Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Giy
225 230 235 240
Ala Glu Phe val val Asp Gly Gly Tyr Thr Ala Gln
245 250

<210> 65

<211> 759

<Z212> DNA

<213> Artificial sequence

<220>
<223> variant of L. kefir

<400> 65

atgaccgatc gtctgaagca taaagtagec atcgtaaccg gegggacact gggtateggt

ttggcaatcg ccgataaatt tgtagaggag ggtgcegaaag tagttattac tggtcgtceac

gcggatgtag grgaaaagge cgccaaatca atcggcggca ctgatgttat togctttgre

cagcacgatg cgtccgaaga agcaggctgg acgaaacigt tcgacaccac cgaggaggca
Page 33

360
420
480
540
600
660
720
759

60

120
180
240



ttecggeocgg
gacactacca
ggcacccgte
atgagcagta
ggggcggrac
gtgcgtgtca
ggttgggagg
aatgacatcg
gcagaatttg

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

66
252
PRT

<220>
<223>

<400> 66
Met Thr
1
Leu

Asp

Gly Ile
val
35

1le

Lys val
ser
50
Glu

Lys
Ser Giu
65
Phe

Gly Pro

Lys ser val

val Leu
115
ASN

Asn
Met Lys
130
Glu Gty
145

Gly

Leu

Ala val

Lys AsSp Tyr

Thr Pro Arg
195
Thr val
210

Ile

Arg

Trp
225
Ala

Cys

Glu Phe

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

<220>
<223>

67
759
DNA

<400> 67

ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggct
gtatcatgte
acacagtaca
aaatgatgtc
catggatctg
tggTcgacyg

Arg Leu
Gly
20
Ile

Leu

Thr

-

Gly Gy

Ala Gly

val Thr

Glu
100
Asp

Asp
Gly
Lys Gly

val Gly

LYS
Ala
Giy
Thr
Trp
Thr
Thr
val
Ley

Asp

cgtgaacaat
gcgtaaacty
gcgeatgaaa
cgtaggegat
gaaaagcgea
TCCgggecee
acagcgtacg
tgtgtacctyg
cgggtatacc

Artificial Sequence

variant of i. kefir

His Lys

Iie Ala

His
40
va'l

Arg

ASp
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Tle
165
val

Arg

ASD
180
Leu ASp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

Ser Lys

val Asn

Glu
200
His

Ley

Gly
215

Ala ser

230

val
245

val

ASD

Gly Gly

Artificial Sseguence

variant of L. kefir

376247-018

gcagggattg
ctgteccgtta
aataaaggct
ccgacgetgg
gcgctggatt
atcaagaccc
gtaaccccta
gcatctgacg
gcacagtga

Ala Ile
10

LysS

val

AsSD Phe

25

Ala Asp val

Ile Arg pPhe

Leu Phe Asp

Asn Asn Ala
a0

Glu Glu

105

Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

teu Gly
Ala
179
val

Ser
Thr His
185
Gly

Trp Glu

Ile Gly Glu

Glu ser
235
Ala

Asp

Thr
250

Tyr

ggcttgtgaa
atctggatgy
tgggcgetag
gggcatacaa
gcgcactgaa
cgcggetcga
tTgggccacat
aatcgaaatt

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

Leu Gly
125
Asn Met
140

Tyr

Ser

Asn Ala

Leu Asp Cys

Pro Gly Pro

190

Giu Met Met
205

Pro Asn
220

Lys

Asp
Phe Ala

Gin

aagcgttgaa
tgttttitte
tatcatcaat
cgcttecaag
ggactacgat
tgatctggaa
tggcgaaccg
tgegacgggt

Gly Thr

Gly Ala

Ala Ala

Asp Ala

Glu Ala

Leu val
a5
Leu Ser

Gin Arg

ser Ile

Ser Lys
160
Ala Leu
175
Ite Lys

Ser Gin

Ile

Thr Gly

240

300
360
420
480
540
600
660
720
759

atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gecgggacact gggtatcggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
gcggatgtag gtgaaaagge cgecaaatica atcggoggea ctgatgttat tegetttgte 180
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cagcacgaty
ttcggeeeygy
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggttgggagy
aatgacateg
gcagaatttyg

«<210>
<211>
<212>
<213>

68
252
PRT

<220>

<223> varia

<400> 068
Met Thr Asp
1
Leu Gly Ile
val
35
Iie

Lys val

Lys Ser
50

Ser Glu Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130

GHu Gly
145

Gly

teu

Ala val

Lys Asp Tyr

Thr Pro Arg
195
Thr Leu
210

Ile

Arg

Trp
225
Ala

cys

Glu Phe

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

69
759
DNA

<220>
<223> varia

<400> &9

cgtccgaaga
ttacgaccgt
cggaggaaig
tgggcattca
tigaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctg
tggtcgacgg

nt of L. k

Arg Leu
Gly
20
Ile

Leu

Thr G

Gly Gly

Ala Gly

7
Thr
85
ASp

val

Glu
100
Asp Gly

Lys Gly

val Gty

LYS

Ala

Thr
Trp
Thr
Thr
val
ieu

ASp

agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
tcegggeccc
acagcgtacy
tgtgtacctg
cgggtatacc

Artificial sequence

efir

His Lys

Ile Ala

His
490
val

Ty Arg
ASp
55
Thr Lys
0

val val

Thr Thr

rhe
120
Ala

Phe

Gly
135

Pro Thr

150

e
165
vai

Arg

ASp
180
Leu Asp

Thr Pro

val L

2

TYr

val
245

val

nt of L. k

Met
Arg
Asp

Met

AsSp

ser Lys

val Asn

Glu
200
His

Leu

Gly
215
ey Ala Ser
30

Gly Gly

Artificial Seguence

etir

376247-018

acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgacgetgg
gcgcrggatt
atcaagaccc
ttaaccccta
gcatctgacg
gcacagtga

Ala Ile
10

Lys

val

ASp Phe

Ala Asp val

Arg Phe

Leu Phe Asp

Asn Ala
90
Glu

Asnh

Glu
105
Gy

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Leu Gly
Ala
170
va'l

Ser
Thr His
185
Gly

Trp Glu

Ile Gly Glu

Glu ser
235
Ata

ASD

Thr
250

TYyr

tegacaccac
gggttattaa
atctggatgg
Tgggcgetag
gggcatacaa
gcgcactgaa
cgcggetcga
tgggccacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

val Gy
Glu
45
Gin

Gly

val His

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 Gly Pro
190

Glu Met Met
205

Pro Asn

220

Lys

ASp
Phe Ala

Glin

cgaggaggca
aagcgrtgaa
tgritittic
catcatcaat
cgcttccaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacgggt

Gly Thr
15
Gly ala

Ala Ala

Asp Ala
Ala
80
Ile

Glu

va'l
g5
Leu Ser

Glin Arg

Ser
ser Lys
160
Ala Leu
175
ile Lys

Ser Gln

Ile Ala

Thr Gly

249

240
300
360
420
480
540
600
660
720
758

atgaccgatc gtctgaagca taaagtagcec atcgtaaccy gcgggacact gggtatcggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120

Fage 35



gcggatgtag
cagcacgaty
ttcggeecog
gacactacca
ggcacccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggttgggagg
aatgacatcg
gcagaatttg

<210>
<211
<212>
<213>

<220>
<223>

70
252
PRT

varia

<400> 70
Met Thr
1
l.eu

ASD

Gly Ile
va'l
35

Ile

Lys val
Ser
50
Ghu

Lys
ser Glu
65

Phe

Gly Pro

Lys Ser val

val Leu
115

Asn

Asn
Met Lys
130
Glu Gly
145

Gly

lLeu

Ala val

Lys Asp Tyr

Thr Pro Arg
195
Thr val
210

Ile

Arg

Trp
225
Ala

Cys

Glu Phe

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

71
759
DNA

<220>

<223> varia

<400> 71

gtgaaaaggc
cgtccgaaga
ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggcet
gratcatgtc
acacagtaca
aaatgatgtc
catggatcty
tggtcgacygg

nt of L.

Arg Leu

Gty Leu
20
Iie Thr

Gly Gly

Ala Gly

Lys
Ala
Gly
Thr

Trp

cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
tecgggecec
acagcgtacy
tgtgtaccty
cgggtatacc

Artificial seguence

kefir

His Lys

Ite Ala

His
40
val

Arg

ASp
55

Thr Lys

70

Thr
85
Asp

val

Glu
106
Asp Gly

Lys Gly

val Gly

Thr
Thr
val
Leu

ASp

val val

Thr Thr

Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ite
165
val

Arg

ASp
180
Leu Asp

Thr Pro

vat Tyr

Met
Arg
ASp
Met

Leu

ser Lys

val Asn

Glu
200
His

Leu

Gly
215

Ala Ser

230

val
245

va'l

nt of L.

Asp

Gly Gly

Artificial Sequence

kefir

376247-018

atcggcggea
acgaaactgt
gcagggattyg
ctgtccgtta
aataaaggct
ccgacgctyy
gcgetggatt
atcaagaccce
gtaaccccta
gcatctgacg
gcacagtga

Ala Ile
10

Lys

val

Asp phe

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

Leu Gly
Ala
170
val

Ser
Thr His
185
Gly

Trp Glu

Ile Gly Glu

Giu ser
235
Ala

ASp

Thr
250

Tyr

ctgatgttat
tcgacaccac
gggttgtgaa
atctggatgg
tgggcgcetag
gggcatacaa
gcgcactgaa
cgcggcetcga
tgggccacat
aatcgaaatt

val Thr

val Glu

30
Glu
45
Gln

Gly

va'l
&0
Thr Thr

Gly Ile

Arg Lys

Gly
Glu
LYS
His
Glu
Gly

Leu

tcgetttgte
cgaggaggca
aagcgttgaa
tgrttttttc
catcatcaat
cgcttccaag
ggactacgat
tgatctggaa
tggcgaaccg
tgcgacgggt

Gty Thr

Gly Ala

Ala Ala

ASp

Glu Ala

val val
95

Leu Ser

110

Leu Gly
125
Ash 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

Met
ASD

Ala

Ser Gln

I'le

Thr Gly

240

180
2490
300
360
420
480
540
600
660
720
759

atgaccgatc gtctgaagca taaagtagcc atcgtaaccyg gegggacact gggtatcggt 60
Page 36



ttggcaatcg
gcggatgrag
cagcacgatg
rtcggeccyg
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtcea
9gttgggagy
aatgacatcg
gcagaatttg

<210>
<2131>
<212>
<213>

72
252
PRT

<220>

<223> varia

<400>
Met
1

Leu

72
Thr Asp

Gly Ile
val
35
Ile

Lys val
ser
50
Glu

Lys

ser Glu

65

Phe Gly Pro

Lys Ser val

val Asn Leu

115

Met Lys Asn
130

Glu Gly

145

Gly

Leu

Ala val

Lys Asp Tyr

Thr Pro Arg
195
Thr val
210

Ile

Arg

Trp Cys
225
Ala

Glu Phe

<210>
<211
<212
<Z213>

<220>
«<223>

73
759
DNA

<400> 73

ccgataaatt
gtgaaaaggc
cgtccgaaga
ttacgaccgt
cggaggaaty
tgggcattca
ttgagggget
gtarcatg:tc
acacagtaca
agatgatgtc
catggatctg
tggtcgacyg

nt of L.

Arg iLeu

Gly Leu

Ile Thr

Gly Gly

Ala Gly
Thr
85

ASp

val

Glu
100
Asp Gly

Lys Gly

val Gly

Lys His
Ala
Gly
Thr
Trp
70
Thr
Thr
val
Leu

ASp

tgtagaggag
cgccaaatca
agcaggetyg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgraggcgat
gaaaagcgca
tccgggecec
acagcgtacyg
tgtgtacctg
cgggratacc

Artificial Seguence

kefir

Lys

Ile Ala

Arg His

Asp val
55
Thr Lys

val val

Thr Thr
Phe
1290
Ala

Phe

Gly
135

Pro ser

150

Ile
165
val

Arg

Asp
180
Leu ASp

Thr Pro

val Tyr

Met
AFg
ASp
Met

Ley

ser Lys

val Asn

Glu
200
His

Ley

Gly
215

Ala ser

230

val
245

val

AsSp

gly Gly

artificial sequence

variant of L. kefir

376247-018

ggtgcgaaag
atcgocggcea
acgaaactgr
gcagggattyg
ctgtccgtta
aataaaggct
ccgtcgetygy
gcgctggatt
atcaagaccc
gtaaccccta
gcatctgacg
gcacagtga

Ala
10
Lys

val

ASD Phe

25

Ala Asp val

ITe Arg Phe

Leu Phe Asp

Asn Asn Ala

Giu Glu
105

Gly

irp

Thr Arg

Ser Ile Ile
Ala
155

Ala

Ley Gly
Ala
170
val

sSer

Thr
185
Gty

Trp Glu

Ite Gly Glu

Asp Glu Trp
235
Thr Ala

250

Jyr

tagttattac
ctgatgttat
tcgacaccac
gggttgtgaa
atctggatgg
tgggcgcetag
gggcatacaa
gcgcactgaa
cgcggercga
tgggccacat
aatggaaatt

val Thr Gly
Glu
30

LYS

val Glu

Gly Glu

val Gln
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 Gly Pro

190

Glu Met Met
205

Pro Asnh
220

Lys

ASp
Phe Ala

Gin

page 37

tggtcgtcac
tegettigte
cgaggaggcea
aagcgttgaa
tgtttttttc
catcatcaat
cgettccaag
ggactacgat
tgatctggaa
tggcgaaccyg
tgcgacgggt

Giy Thr
15

Gly Ala

Ata Ala

Asp Ala
Ala
80
va'

Glu

val
a5
Leu Ser

Gin Arg

ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser Gln

ITe Ala

Thr Gly

240

120
180
240
300
360
420
480
540
600
660
720
759



376247-018

atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt 60

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
gcggatgtag gtgaaaaggc cgccaaatca atcggcggea ctgatgttat tcgoetttgte 180
cagcacgatg cgtccgaaga agcaggctigg acgaaactgt tcgacaccac cgaggaggtt 240
ttcgygcoccgy ttacgaccgt cgtgaacaat gcagggagtt gogttgtgaa aagocgttgaa 300
gacactacca cggaggaatg gcgtaaactg cigtccgita atctggatgg tgtttttite 360
ggcacccgtc tgggcattca gegcatgaaa aataaaggct tgggcogctag catcatcaat 420
atgagcagta ttgaggoggct cgtaggcgat ccgacgctgg gggcatacaa cgcettccaag 480
ggggcggtac gtatcatgtc gaaaagcegca gcgetggatt gogcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tCcgggeocce atcaagaccc cgcggctcga tgatctggaa 600
ggttgggagy aaatgatgic acagegtacg acaaccecta tgggcecacat tggcgaaccg 660
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggicgacgg cgggtatacc gcacagtga 759

<210> 74

<211> 252

<Z212> PRT

<213> Artificial seguence

<220>
<223> variant of L. kefir

<400> 74
ﬁet Thr Asp Arg %eu Lys His Lys val Ata Ile val Thr Gly ggy Thr
10
Leu Gly ITe Gly Leu Ala I'te Ala Asp Lys Phe val Glu Glu Gly Ala
20 25 30
Lys val val Iie Thr Gly Arg Hgs Ala Asp val Gly Ggu tys Ala Ala
35 4 4
Lys SSP Ile Gty Gly Thr ?gp val Ile Arg Phe val Glin His Asp Ala
5 60
ser Giu Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu val
65 70 75 80
Phe Gly Pro val Thr Thr val val Asn gsn Ala Gly Ser Cys 321 val
85 0
Lys Ser val Glu Asp Thr Thr Thr Glu Giu 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 i25
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
" Glu Gly Leu val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala val Arg Ile Met Ser tys 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 Arg Leu Asp Asp Leuw Glu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Thr Thr Pro Met Gly His ITe Gly Giu Pro Asn Asp Ile Ala
210 215 220
Trp Ile Cys val Tyr Leu Ala Ser Asp Glu Ser tys Phe Ala Thr Gly
225 230 235 240
Ala Glu phe val val Asp Gly Gly Tyr Thr Ala GlIn
245 250

<210> 75

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> varjant of L. kefir

Page 38



<400> 75

atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
ttegygeecgy
gacactacca
ggcacccygtce
atgagcagta
ggggcggtac
gtgcgtgtca
ggttgggagy
aatgacatcg
gcagaatttg

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

<220>
<223>

76
252
PRT

varia

<400> 76
Met Thr Asp
1
Leu Gly Ile
val
35
Ile

Lys vai
Ser
50
Glu

Lys
Ser Glu
65

Phe

Giy Pro

Lys Ser val

val ey
115
ASN

Asn
Met Lys
130
Glu Gly
145

Gly

Leu

Ala val

Lys Asp Tyr

Thr Pro Arg
195
Thr Leu
210

Ile

Arg

Trp
225
Ala

cys

Glu Phe

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

<220>
<223> varia

77
759
DRNA

gtctgaagca
ccgataaatt
gtgasaaggc
cgrccgaaga
ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgec
catggatctg

tggtcgacgg

nt of L.

Arg Leu

Gly Leu
20
Ile Thr

Gly Gly

Ala Gly
Thr
85

ASD

va'l

Ghu
100
Asp Gly

Lys Gly

val Gly

LysS
Ala
Gly
Thr
Try
70

Thr
Thr
val

Leu

ASD

taaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgea
tcegggeecc
acagcgtracy
tgtgtaccty
cgggtatacc

Artificial sequence

kefir

His Lvys

Tle Ala

Arg His

Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Tle
165
va'l

Arg

ASp
180
Leu Asp

Thr Pro

val Tyr

MeT
Arg
Asp
Met

Leu

ser Lys

val Asn

Glu
200
His

Leu

Gly
215

Ala ser

230

val
245

va't

nt of L.

AsSp

Gly Gly

Artificial Seqguence

kefir

376247-018

atcgtaaccg
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggattt
ctgtccgtta
aataaaggct
cecgacgetgg
gcgetggatt
atcaagaccc
ttaaccccta
gcatctgacg
gcacagtga

Ala Ile
10

Lys

val

ASD Phe

25

Ala asp val

ITe Arg Phe

Leu Phe Asp

75
Ala

ASn ASN

Giu Glu
105

Gly

Trp

Thr Arg

ser Ile Ile
Ala
155

Ala

Leu Gly
Ala
170
val

Ser
Thr His
185

Gly

Trp Giu

Ile Gly Giu

Giu ser
235

Ala

Asp

Thr
250

TYr

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
gcgtrttgaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgcggcetcga
tgggccacat
aatcgaaatt

val thr Gly

val Giu Glu
30
Ghu Lys
45

Gin

Gly
val His
60

Thr

Thr Glu

Gly Ile Cys
l.eu
110

Tle

Arg Lys

Leu Gly
125
Asn Met Ser
140
Ty

Asn Ala

Leu Asp Cys

Pro Pro
190
Met

Gly
Glu Met
205
Pro Asn
220

LYyS

AsSp
Phe Ala

Gln

Page 39

gggtatcggt
tggtegtcac

tcgetttgtc
cgaggaggtt
aagcgrtgaa
tgtttttrtc
catcatcaat
cgcttecaag
ggactacgat
tgatctggaa
tggcgaaccy
tgcgacgggt

Gly Thr
15
Gly ala

Ala Ala

Asp Ala
val
80
Ley

Glu

val
95
Leu Ser

Glin Arg

Ser Ile

ser Lys
160
Ala Leu
175
Ile Lys

Ser Glin

Ala

Thr Gly

240

60

120
180
240
300
360
420
480
540
600
660
720
759



376247-018

<400> 77

atgaccgatc gictgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt 60
ttggcaatcyg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
gecggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat togetttgtc 180
cagcacgatg cgtccgatga ageaggcigg acgaaactgt tcgacaccac cgaggaggcea 240
ttcggecocgg ttacgaccgt cgtgaacaat gcagggagtt gecgttttgaa aagcgttgaa 300
gacactacca cggaggaatg gcataaactg ctgtccgtta atctggatgg tgttttttic 360
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggegctag catcatcaat 420
atgagcagta tigaggygct cgtaggegat ccgacgctyg gggcatacaa cgcttccaag 480
ggggcggtac gtaacatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tCcgggoocc atcaagacce agcggetcga tgatctggaa 600
ggttgggagyg aaatgatgtc gcagcgtacg gtaaccccta tgggccacat tggcegaaccg 660
aatgacatcg catggatctg tgtgtacctg gcatctgacyg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg cgggtatace gcacagtga 759

<210> 78

<211> 252

<212> PRT

<213> artificial Seguence

<220>
<223> variant of L. kefir

<400> 78 .

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

Leu Gly Tle Gly Leu Ala Ile Ala Asp Lys Phe val Glu Glu Gly ala

Lys val ga% Ile Thr Gly Arg 285 Ala Asp val Gly ggu Lys Ala Ala
5

Lys Ser Ile Gly Gly Thr Asp val Ile Arg rhe val Gln His Asp Ala
50 55 60

Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

65 70 75 80

Phe Gly Pro val ghr Thr val val Asn ggn Ala Gly ser Cys ;aW Leu

5 b
Lys Ser val Glu Asp Thr Thr Thr Glu Giu Trp His Lys Leu Leu Ser
100 105 110
val Asn rteu Asp Gly val Phe Phe 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
130 135 140

Glu Gly Leu val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala val Arg Asn Met Ser Lys Ser Ala Ala Leu Asp Cys Ala ieu

165 170 175
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Gin Arg Leu Asp Asp Leu GIU Gly Trp Glu Glu Met Met Ser Gin
195 200 205

Arg Thr val Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220

Trp Ile Ccys 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 Gin

245 250

<210> 79

<211> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> variant of L. kefir
rage 40



376247-018

<400> 79

atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gegggacact gggtatcggt 60
ttggraatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtegtcac 120
gcggatgtag gtgaaaaggc cgocaaatca atcggcggca ctgatgttat teogetttgte 180
cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggea 240
ttCgygcccygyg tracgaccgt cgtgaacaat gcagggagtt gegttttgaa aagcgttgaa 300
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360
ggcacccgtc tgggcattca gegcatgaaa aataaaggct tgggegctag catcatcaat 420
atgagcagta ttgaggggct cgtaggcgat ccgacgctgyg gggcatacaa cgcttccaag 480
ggggcggtac gtatcatgic gaaaagcgca gogotggatt gcgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tccgggcccc atcaagacce ageggcetega tgatctggaa 600
ggttgggagg aaatgatgtc acagcgtacg gtaaccccta tgggecacat tggcgaaccg 660
aatgacatcg catggacctg tgtgtacctg gcatcigacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759

<210> 80

<211> 252

<212> PRT

<213> artificial Sequence

<220>
<223> variant of L. kefir

<400> 80
Met Thr Asp Arg Leu Lys His Lys val Ala Ile val Thr Gly g;y Thr
1 5 10
Lteu Gly Ile Gly Leu Ala ITe Ala ggp Lys Phe val Glu géu Gly ala
20
Lys val val Ile Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala
35 40 45
Lys Egr Ile Gly Gly Thr asp val Ile Arg Phe g%1 Gln His Asp Ala
55
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
65 70 75 80
Phe Gly Pro val ghr Thr val val Asn Aén Afa Gly Ser Cys val Leu
5 g 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 Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
Glu Gly Leu val Gly Asp Pro Thr Leu 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
180 185 130
Thr GIn Arg Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met Ser Gln
195 200 205
Arg Thr val Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp Thr 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 Glin
245 250

<210> 81
<211> 759
<212> DNA
<213> Artificial Sequence

<220>
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376247018
<223> variant of L. kefir

<400> 81

atgaccgat¢ gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt 60
ttggcaatcg ccgataaatt tgtagaggay ggtgcgaaag tagttattac tggtecgtcac 120
gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgetttgte 180
cagcacgatg cgtccgatga agcaggetgg acgaaactgt tcgacaccac cgaggaggea 240
t1Cgyecegg ttacgaccgt cgtgaacaat gcagggagtt gcgttttgaa aagcgttgaa 300
gacactacca cggaggaatyg gcgtaaactg ctgtccgtta atctggatgg tgttittttc 360
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggegetag catcatcaat 420
atgagcagta tigagggygct cgtaggcgat ccgacgctgg gggcatacaa cgettccaag 480
gggocgotac gratcatgtc gaaaagegca gegctggatt gcgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tccgggeccc atcaagaccc ageggetcga tgatctggaa 600
ggttgggagy aaatgatgtc acagcgtacg gtaaccccta tgggccacat tggcgaaccg 660
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg cgggtatacc gcacagiga 759

<210> 82

<211> 252

<212> PRT

<23i3> Artificial Sequence

<220
<223> variant of L, kefir

<400> B2

Met Thr Asp Arg Leu Lys His Lys val éia Ile val Thr Gly Gly Thr

i3 5 0 15

Leu Gly Ite Gly Leu Ala Ile Ala Asp Lys Phe val Glu %U Gly Ala

20 25
Lys val gg] Ile Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala
40 45
Lys ggr Ile Gly Gly Thr Agp val Ile Arg Phe gaW 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 Thr Thr val val Asn ggn Ala Gly Ser Cys gg? Leu
85

Lys Ser val Glu Asp Thr Thr Thr Giu Giu 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 i25
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Tle
130 135 140

Glu Gly Leu val Gly Asp Pro Thr Leu Gly Ala Tyr Asn 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 Gin Arg Leu Asp Asp Leu Glu Gly Trp Giu Glu Met Met Ser Gin
195 200 205
arg Thr val Thr Pro Met Gly His Iie Gly Glu Pro Asn Asp Ile Ala
210 215 220

Trp Ile 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 aAla GlIn
245 250

<210> 83

<21i> 759

<212> DNA

<213> artificial Seguence
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376247-018
<220>
<223> variant of L. kefir

<400> 83

atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gegggacact gggtatcggt 60
tTrggcaatcy ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
gcggatgtag gtgaaaaggc cgccaaatca atcggcggea ctgatgttat tcgetttgtce 180
cagcacgatg cgtccgatga agcaggetgg acgaaactgt tcgacaccac cgaggaggca 240
ttcggcccgg ttacgaccgt cgtgaacaat gcagggagtt gogttitgaa aagegttgaa 300
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgttttttte 360
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgcetag catcatcaat 420
atgagcagra ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa cgettccaag 480
ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540
gtgcgrgtca acacagtaca tgcgggeoce atcaagaccc cgcggcetcga tgatctggaa 600
gottgggagy aaatgatgtc acagcgtacg gtaaccccta tgggccacat tggcgaaccy 660
aatgacatcyg catggatcty tgtgtacctg gcatctgacg aatcgaaatt tgcgacggagt 720
gcagaatttg tggtcgacgg cgggtatacce gcacagtga 759

<210> 84
<211> 252
<212> PRT
<213> Artificial Seguence

<220
<223> variant of L. kefir

<400> 84
Met Thr Asp Arg Leu Lys His Lys val Aia Ile val Thr Gly Gly Thr
1 5 10 15
Leu Gly Ile Giy Leu Ala ITe Ala Asp Lys Phe val Glu Glu Gly Ala
20 25 30
Lys val ggT Tle Thr Gly Arg His Ala Asp val Gly g?u Lys Ala Ala
40 5
Lys ser Ile Giy Gly Thr ggp val Ile Arg Phe g81 GlIn His Asp Ala
50
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 val val Asn Asn Ala Giy Ser Cys val Leu
85 :
Lys ser val Glu Asp Thr Thr Thr Glu Giu 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 Lvs Asn Lys Gly Leu Gly Ala Ser Ile Iie Asn Met Ser Ser Ile
130 135 140
Glu G6ly Leu val Gly Asp Pro Thr Leu 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 aArg vai asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Arg teu Asp Asp Leu Glu Giy Trp Glu Glu Met Met Ser Gin
195 200 205
arg Thr val Thr Pro Met Giy His Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp ITe Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu pPhe val val Asp Gly Gly Tyr Thr Ala GIn
245 250

<210> 85
<211> 759
<212> DNA
<213> Artificial Sequence
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376247-018

<220>
<223> variant of L. kefir

<400> 85

atgaccgatc gictgaagca taaagtagcec atcgtaaccg gcgggacact gggtatcggr 60
ttggcaatcy ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
grggatgtag gtgaaaagyc cgocaaatca atcggrggea ctgatgttat tcgetttgte 180
cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240
ttcggeccygy tiacgaccgt cgtgaacaat gcagggattg cagtrtacaaa aagegitgaa 300
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atciggatgyg tgtttttttc 360
ggcacccgtc tgggcattca gegcatgaaa aataaagget tgggcgctag catcatcaat 420
atgagcagia ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa cgettccaag 480
ggggcggtac gtatcatgtc gaaaagcgca gcgcetggatt gcgcactgaa ggactacgat 540
gtgcgtgica acacagtaca LCCgggccce atcaagaccc cgoggetcga tgatctggaa 600
ggttgggagg aaatgatgtc acagcgracg aaaaccccra tgggccacat tggcgaaccyg 660
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg cgggtatacc gceacagtga 759

<210> 86
<211> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> variant of L. kefir

<400> 86

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

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

Lys val §%1 Ile Thr Gly Arg ﬁés Ala Asp val Gly Glu Lys Ala Ala
45
Lys Sser Ile Gly Gly Thr aAsp va'l Ile Arg Phe val Gln His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr tys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ile Ala ga1 Thr
85 90 5
Lys ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu ieu 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 Iie
130 135 140
Glu Gly Leu val Gly Asp Pro Thr Leu 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 pPro Ile Lys
180 185 1980
Thr Pro Arg Leu Asp Asp Leu Glu Gly Trp Glu Glu Mmet Met Ser GlIn
195 200 2G5
Arg Thr Lys Thr Pro Met Gly #is Ile Gly Glu Pro Asn Asp Ile Ala
210 215 220
Trp Ile Cys val Tyr Leu Ala Ser Asp Glu Ser Lys pPhe Ala Thr Gly
225 230 235 240
Ala Giu Phe val val Asp Gly Gly Tyr Thr Ala Gln
245 250

<210> 87

<211> 759

- <212> DNA
: Page 44



<213> Artificial Sequence

<220>
<223> varia

<400> 87

atgaccgatce
ttggcaatcg
gcggatgtag
cagcacgatg
ttcggoocgg
gacactacca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggttgygagg
aatgacatcg
gcagaatttg

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

<220>
<223>

88
252
PRT

<400> 88
Met Thr Asp
1
Leu Gly Ile
vai
35

Ile

Lvs val

Ser
50
ASp

Lys
Ser Glu
65

Phe

Gly Pro

Lys ser val

val Leu
115

Asn

Asn
Met Lys
130
Glu Gly
145

Gly

Leu

Ala val

Lys Asp Tyr

Thr Pro Arg
195
Thr Ile
210

Ile

Arg

Trp
225
Ala

Cys
Glu Phe

<210 89
<211> 759

nt of L.

gtcrgaagca
ccgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttgaggygct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatcty

tggtcgacgg

APg Leu

Gly Leu
20
Ile Thr

Gly Gly

Ala Gly

val Thr
Glu
100
Asp

ASp
Gly
Lys Gly

val Gly

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val

Leu

Asp

kefir

taaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactyg
gcgcatgaaa
cgtaggcgat
gaaaagcgcea
tcegggeecc
acagcgtacyg
tgtgtacctg
cgggtatacc

Artificial Seguence

variant of L. kefir

His Lys

Ile Ala

Arg His

Asp val
55
Thr Lys

val val

Thr Thr
Phe
120
Ala

Phe

Gly
135

Pro Thr

150

Ile
165
va'l

Arg

Asp
180
Leu Asp

Thr Pro

val Tyr

Met
Arg
Asp
Met

Leu

ser Lys

val Asn

Glu
200
His

Leu

Gly
215

Ala Ser

230

val
245

val

ASp

Gly Gly

376247-018

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgita
aataaaggct
cecgacgctygy
gegetggatt
atcaagaccc
ataaccccta
gcatctgacg
gcacagtga

Ala Ide
10

Lys

val

Asp Phe

Ala Asp val

Ile Arg Phe

teu pPhe Asp

75
Ala

AsSn Asn

Glu Glu
105
Gly

Trp

Thr Arg

Ser Ile Ile
Ala
155

Ala

teu Gly
Ala
170
val

Ser
Thr His
185
Gly

Trp Glu

Tie Gly Glu

Glu Ser
235
Ala

Asp

Thr

Tyr
. 250

Page 45

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
cagttacaaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgcggetcga
tgggccacat
aatcgaaatt

val Thr Gly
Glu
30

Lys

va'l Glu

Gly Glu

val GIn His
60
Thr

Thr Glu

Gly Ala

Leu
110
Ile

Arg Lys
Gly
125
Met

Leu

Asn Ser

140
Tyr

Asn Ala

Leu Asp Cys

Pro Pro
190
Met

Gly
Glu Met
205
Pro Asn
220

Lys

ASp
Phe Ala

Gin

gggtatcggt
tggtcgtcac

tcgetttgte
cgaggaggea
aagcgttgaa
TgTTLLLLTC
catcatcaat
cgettecaag
ggactacgat
tgatctggaa
tggegaaccy
tgcgacgggt

Gly Thr
15

Gly Ala
Ala

Asp Ala
Ala
80
Thr

Glu
val

Leu Ser

GIn Arg

Ser Tle

ser Lys
160
Ala Leu
175
Ile Lys

ser Glin

Ile

Thr Gly

240

60

120
180
240
300
360
420
480
540
600
660
720
759



<212>
<213>

<220>
<223>

DNA

<400> 89

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
ttcggeccgy
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtcea
ggttgggagy
aatgacatcg
gcagaattty

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

<220>
<223>

90
252
PRT

<400> 90
Met Thr Asp
1
Leu Gly Ile
val
35
Ile

Lys val
Ser
50
Asp

Lys
Ser Glu
G5

Phe

Giy Pro

Lys ser val

val Leu
115

ASN

Asn
Met Lys
130
Glu Gly
145

Gly

Leu

Ala val

Lys Asp Typ

Thr Leu
195

Lys

Pro

Thr
210
TIle

ATg

Trp
225
- Ala

‘Glu . Phe

_<210> al

cys

Arg
Gly
20

Ile
Gly
Ala
val
Giu
100
Asp
Lys
val
Arg
Asp
180
l.eu
Thr
Va?

val

245

gtctgaagea
ccgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttgagggact
gtatcatgtc
acacagtaca
aaatgatgic
catggatctg

tggtcgacgy

variant of L.

teu
Leu
Thr
Gly
Gly
Thr
85

Asp
Gly
Gly
Gly
e
165
val
ASD
Pro
Tyr

véf

Artificial sequence

variant of L. kefir

Artificial sequence

kefir

Lys
Ala
Gly
Thr
Tro
70

Thr
Thr
val
Leu
Asp
150
Met
Arg
Asp
Met
Leu

230
ASp

His
Ile
Arg
AsSp
Thr
val
Thr
Phe
Gly
135
Pro
ser
val
Leu
Gly
215
Ala

Gly

taaagtagcc
tgtagaggag
cgccaaatca
agcaggctyy
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgcea
tccgggeece
acagcgtacg
tgtgtacctg
cgggtatacc

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

Gly

atcgtaaccg
ggtgcgaaag
atcggeggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgacgctyy
gcgerggatt
atcaagaccc
aaaaccccra
gcatctgacyg

376247-018

gcacagtga

val
ASD
25

Ala
Ile
Leu
Asn
Glu
105
Gly
Ser
Leu
Ser
Thr
185
Gly
Iie
ASD

Tyr

Ala Ile val
10
Lys

Phe val

Asp val

val
60

Arg Phe

Phe Asp

75

Asn Ala

Glu Trp

Thr Arg Leu

Ile I'le Asn

140
Tyr

Ala
155
Ala

Gly

Ala
170
val

Lau
His

Trp Glu Glu

Gly Glu

Glu Ser
. 235
Thr Ala
250

Page 46

Gly

Thr
Gly
Arg

Pro

Pro
220
Lys

Thr
Glu
Glu
45

Gln

Thr

L.YS
Gly
125
Met
Ash
Asp
Gly
Met
2035
ASh

Phe

Gin .

gcgggacact
tagttattac
ctgatgttat
Tcgacaccac
cagttacaaa
atctggatgg
tgggcgctag
gggcatacaa
gcgcactgaa
cgctgctcga
tgggccacat
aatcgaaatt

Gly
Glu
30

Lys
His
Giu
Ala
Ley
110
Ile
ser
Ala
Cys
Pro
190
Met
ASp

Ala

gggtatcggt
tggtegtcac

tcgctttgte
cgaggaggca
aagcgttgaa
tgttittttc
catcatcaat
cgcttccaag
ggactracgat
tgatctggaa
tggcgaaccg
tgcgacgggt

Gly
Gly
Ala
ASD
Gluy
val
95

Leu
Gln
Ser
Ser
Ala
175
Ile
ser

Iie

Thr

Thr

Ata
Ala
Ala
Thr
Ser
Arg
Iie
LYS
160
Leu
Lys
Gin
Ala

Gly

- 240

60

120
180
240
300
360
420
480
540
600
660
720
759



<211> 75
<212> DN

<213>

<220>

<223>

<400>

9
A

91

atgaccgatc
ttggcaatcy
gcggatgtag
cagcacgatg
TTCgyeccyy
gacactacca
ggcacccgtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggttgggagy
aatgacatcg
gcagaatttg

<210> 92
<211= 25

<212>
<213>

<220>

<2?23>

<400> 92

Met
1
Leu
Lys
Lys
ser
65
Phe
Lys
val
Met
Glu
145
Gly
Lys
Thr
Arg
Trp

225
Ada

Thr
Gly
val
Ser
50

Asp
Gly
Ser
ASH
LvsS
130
Gly
Ala
Asp
Pro

Thr
210

Ile

Glu

2

PRT
Artificial Sequence

ASD
Ile
va’l
35

Ile
Glu
Pro
val
Leu
115
Ash
Ley
val
Tyr
Leu
195
Lys
Cys

Phe

Arg
Gly
20

Ile
Gly
Ala
va'
Glu
100
ASp
Lys
val
Arg
AsSp
180
Leu

Thr

-ya?

va'

gtrctgaagea
ccgataaatt
gtgaaaaggc
cgtecgatga
ttacgaccgt
cggaggaaty
tgggcattca
ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctg

rTggrcgacgg

Leu
5
Leu
Thr
Gly
Gly
Thr
85
AsSp
Gly
Gly
Gly

Ile
165

vai

Asp

Pro

Tyr

val
245

LyS
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
ASD
159
Mel
Arg
Asp
Met

Leu

230

ASp

artificial Seguence

variant of L. kefir

variant of L. kefir

Ile
Arg
Asp
55

Thr
val
Thr
Phe
Gly
135
Pro
sSer
val
Leu
Gly
215
Ala

Gly

taaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
tcegggecee
acagcgtacy
tgtgtaccty
cgggtggacc

Lys
Ala
His
40

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

Gly

atcgtaaccy
ggtgcgaaag
atcggcggea
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgacgcetygy
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacg

376247-018

gcacagtga

val
Asp

Ala

Leu
Asn
Glu
105
Gly
Ser
Leu
ser
Thr

185
Gly

ASp

Trp

Ala The val
10
Lys Phe val

Asp val Gly
Arg Phe val
Phe Asp Thr

Asn Ala Gly
a0
Glu Trp Arg

Thr Arg Leu

Ile Ile Asn
140
Gly Ala Tyr
155
Ala Ala Leu
170
val His Pro

Trp Glu Giu

Gly Glu Pro
220
Glu Ser Lys
235
Thr Ala GIn
250

Page 47

Thr
Glu
Glu
45

Gin
Thr
Iie
Lys
Gly
125
Met
Asn
Asp
Gly
Met
205
ASN

Phe

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
cagttacaaa
atctggatgg
tgggegetag
gggcatacaa
gcgcactgaa
cgctgetega
tgggeeacat
aatcgaaatt

Gly
Glu
30

Lys
His
Glu
Ala
Leu
110
Ile
Ser
Ala
Cys
Pro
190
Met
ASD

Ala

gggratcggt
tggtcgtcac
tcgettrtgtc
cgaggaggcea
aagcgttgaa
tgrttittitc
catcatcaat
cgcticcaag
ggactacgat
tgatrctggaa
tggcgaaccy
tgegacgggt

Gly
15

Gly
Ala
Asp
Glu
val
95

l.eu
Glin
Ser
Ser
Ala
175
Ile
ser
Iie

Thr

Thr
Ala

Ala

Ala
80

Thr
Sepr
Arg
Iie
Lys
160
Leu
Lys
Glin

Ala

Gly.

240

60

120
180
240
300
360
420
480
540
600
660
720
759



376247-018

<210> 93
<211> 759
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of L. kefir
<400> 93
argaccgatc gtctgaagca taaagtagec atcgtaaccg gcgggacact
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac
gcggatgtag gtgaaaaggc cgccaaatca atcggeggca ctgatgttat
cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac
ttcggecocgg tracgaccgt cgtgaacaat gcagggattig cagtiacaaa
gacacracca cggaggaatg gcgtaaactg ctgtccgtta atctygatgg
ggcacccgtc tgggcatrca gcgcatgaaa aataaagget tgggcgetag
atgagcagta ttgagggget cgtaggcgat ccgacgctgg gggcatacaa
ggggcgatac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa
gtgcgtgtca acacagtaca tCcgggccce atcaagacce cgergotega
ggttgggagg aaatgatgtc acagcgtacg gttaccccta tgggccacat
aatgacatcg catggatctg tgtgtacctg gcatcigacyg aatcgaaatt
gcagaatttg tggtcgacgg cgggtatacc gcacagtga
<210= 94
<211> 252
<212> PRT
<213> Artificial Sequence
<220>
<223> variant of L. kefir
<400> 94
Met Thr Asp Arg Leu Lys His Lys val Ala Ile val Thr Gly
1 5 10
Leu Gly Ile Gly Leu Ala ITe Ala Asp Lys Phe val Glu Glu
20 25 30
tys val val Ile Thr Gly Arg His Ala Asp val Gly Glu Lys
35 40 45
Lys Ser Ile Gly Gly Thr asp val I'le Arg Phe val Gln His
50 55 60
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe é\gp Thr Thr Glu
65 70
Phe Gty Pro val Thr Thr val val Asn Asn Ala Gly Ile Ala
85 90
Lys Ser val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu
106 ' 105 110
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser
130 135 140
Glu Gly Leu val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala
145 150 155
Gly Ala val Arg Ite Met Ser Lys Ser Ala Ala Leu Asp Cys
165 170
Lys Asp Tyr Asp Val Arg val Asn Thr val His Pro Gly Pro
180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met
195 _ 200 205
Arg Thr val Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp
- 210 215 220 '
Trp Ile Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala
225 230 235
Ala Glu Phe val val Asp Gly Gly Tyr Thr Ala GlIn
245 250

Page 48

gggtatcagt
tggtcgtcac

tcgetttgte
cgaggaggea
aagcgttgaa
tgttrrtttc
catcatcaat
cgcttecaag
ggactracgat
tgatctggaa
tggcgaaccg
tgcgacgggt

Gly
15

Gly
Ala
ASp
Glu
va'l
95

Ley
Gin
Ser
ser
Ala
175
Ile
Ser
Ile

Thr

Thr
Ala
Ala
Ala
Ala
80

Thr
ser
Arg
Tle
LyS
160
Leuy
iys

GIn

A?a'

Gly
240

60
120
180
240
300
360
420

720
759



<210> 95
<211> 75

<212>
<213>

<220

<223>

<400> 95
atgaccgatc
ttggcaatcg
gcggatgtag
cagcacgatg
£TCggCceyg
gacactacca
ggcaccegtc
atgagcagta
ggggcgetac
gtgcgtotca
ggttgggagy
aatgacatcg
gcagaattig

<210> 96
<21il> 25
«<212> PR

<213>

<220>

<223>

<400> 96

Met
1
Ley
Lys
Lys
ser
65
Phe
Lys
val
Met
Glu
145
Gly
Lys

Thr

Arg

TPp
225
Ala

Thr
Gly
vai
Ser
50

Asp
Gly
Ser
Asn
Lys
130
Gly
Ala
Asp
Pro
Thr
210
I'le

Glu

9

DNA
artificial sequence

2
T

ASp
Ile
val
35

Ile
Glu
Pro
val
Leu
115
Asn
Leu
val
Tyr
ASD
195
LYS
cys

Phe

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

val

gtctgaagca
ccgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
trgggcattca
ttgaggggct
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctg
tggtcgacgg

Leu
Leu
Thr
Gly
Gly
Thr
85

ASD
Gly
Gly
Gly
Ile
165
val
ASD
Pro
Tyr

val
245

Lys
Ala
Gly
Thr
Trp
70

Thr
Thr
val
Leu
ASD
150
Met
Arg
Asp
Met
Leu

230
Asp

variant of L. kefir

Artificial Sequence

variant of L. kefir

His
Ile
Arg
AsSp
55

Thr
vat
Thr
Phe
Gly
135
Pro
Ser
val
Leu
Gly
215
Ala

Gly

taaagtagec
tgtagaggag
cgccaaatca
agcaggctygg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggcgat
gaaaagcgca
TCCgygecee
acagcgtacg
tgtgtacctg
cgggtatacc

Lys
Ala
His
40

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

Gly

376247-018

atcgtaaccy
ggrgcgaaag
atcggcggea
acgaaactgt
gcagggatig
ctgtccgtta
aataaaggct
ccgacgctyg
gcgetggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacagtga

val
AsSp
25

Ala
Ile
Leu
AsSh
Giu
105
Gly
Ser
Leuy
Ser
Thr
185
Gly
Ile
Asp

TY T

Ala Ile
10
Lys Phe

Asp val
Arg Phe

Phe Asp
75

Asn Ala

90

Glu Trp

Thr Arg
Ile Ile

Gly Ala
155

Ala ala

170

val His

Trp Glu
Gly Glu
Glu ser

235

Thr ala
250

gcgggacact
Tagttattac
ctgatgttat
tegacaccac
cagttacaaa
atctggatgg
tgggcgetag
gggcatacaa
gcgcactgaa
cggatetega
tgggecacat
aatcgaaatt

val
val
Gly
vai
Thr
Gly
Arg
Leu
Asn
140
Tyr
Leu
Pro
Glu
Pro
220
L.YS
Gln
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Thr
Giu
Glu
45

Gin
Thr
Ile
Lys
Gly
125
Met
Asn
Asp
Gly
Met
205
ASnN

Phe

Gly
Glu
30

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

Ala

gggtatcggt
tggtcgtcac

tcgetttgte
cgaggaggcea
aagcgttgaa
tgtTttiTTtc
catcatcaat
cgcttccaag
ggactacgat
tgatctyggaa
Tggcgaaccy
tgcgacgggt

Gly
15

Gly
Ala
ASp
Glu
val
g5

Leu
Gin
Ser
Ser
Ala

175
Ile

ser

Ile
Thr

Thr
Ala
Ala
Ala
Ala
80

Thr
Ser
Arg
iie
Lys
160
Leu
LYS

Gln

Ala

Gly
240

60

120
180
240
300
360
420
480
540
600
660
720
759



<210> 97
<211> 75
<212> DN

<213>

<220>

<223>

<400> 97
atgaccgatc
ttggcaatcyg
gcggatgtag
cagcacgatg
ttcggeecgg
gacactacca
ggcaccegtc
atgagcagta
ggggcggtac
gtgcgtgtca
ggttyggaqayg
aatgacatcg
gcagaatttg

<210> 98
<211> 25

<212>
<213>

<220>
<223> variant of L.

<400> 98

Met
1
l.eu
LYS
Lys
ser
65
Phe
Lys
vai
Met
Glu
145
Gly
Lys
Thr
Arg
Trp

225
ala

Thr
Gly
val
Ser
50

Asp
Gly
Ser
Ash
Lys
130
Gly
Ala
AsSp
Leu
Thr
210
Ile

Glu

9
A

2

PRT
Artificial Sequence

ASp
Ile
val
35

Ile
Glu
Pro
val
Leu
115
Asn
Leu
val
Tyr
Arg
195
Lys
Cys

Phe

variant of L.

gtctgaagca
ccgataaatt
gtgaaaaggc
cgtccgatga
ttacgaccgt
cggaggaatg
tgggcattca
ttgaggggcet
gtatcatgtc
acacagtaca
aaatgatgtc
catggatctg

tggrcgacgg

Artificial Seguence

kefir

kefir

Arg Leu Lys
5

Gly
20

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

val

Leuy
Thr
Gly
Gly
Thr
85

ASD
Gly
Gly
Gly
Ile
165
va'l
Asp
Pro

Tyr

Ala

Gly
Thr
Tro
70

Thr
Thr
val
Leu
ASD
150
Met
Arg
ASp
MetT

Ley

- 230

val

ASp

His
Ile
Arg
ASp
55

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

Gly

faaagtagcc
tgtagaggag
cgccaaatca
agcaggctgg
cgtgaacaat
gcgtaaactg
gcgcatgaaa
cgtaggegat
gaaaagcgca
tccgggeoce
acagcgracg
tgtgtacctyg
cgggtratacc

Lys
Ala
His
40

val
Lys
val
Thy
Phe
120
Ala
Thr
LYS

AsSn

Glu

200

His
Ser

Gly

376247-018

atcgtaaccg
ggtgcgaaag
atcggcggca
acgaaactgt
gcagggattg
ctgtccgtta
aataaaggct
ccgacgetgg
gcgctggatt
atcaagaccc
aaaaccccta
gcatctgacy
gcacagtga

val
ASD
25

Ala
Ile
Leu
Ash
Glu
105
Gly
Ser
Leu
ser
Thr
185
Gly
Iie
Asp

Tyr

Ala I1le
10
Lys Phe

Asp val
Arg Phe
Phe Asp
Asn Ala
90

Glu Trp

Thr Arg

Gly Ala
155

Ala Ala

170

val His

Trp Glu
Gly Glu
Glu ser

235
Thr Ala

gcgggacact
tagttattac
ctgatgttat
tcgacaccac
cagttacaaa
atctggatgg
tgggcactag
gggcatacaa
gcgcactgaa
Tgcggctcga
tgggccacat
aatcgaaatt

val
val
Gly
val
60

Thr
Gly
ATG
Leu
AST
140
TV
Leu
Pro
Glu
Pro

220
Lys

Gln
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Thr
Glu
Glu
45

G'hin
Thr
Ile
LYS
Giy
125
Met
AsSn
AsSp
Gly
Met
205
Asnh

Phe

Gly
Glu
30

LyS
His
Glu
Ala
Leu
110
Ile
Sep
Ala

Cys

Pro

190
Met

Asp

Ala

gggtatcggt
tggtcgtcac
tcgetttgtc
cgaggaggca
aagcgttgaa
tgttettotc
catcatcaat
cgcertecaag
ggactacgat
tgaictggaa
tggcgaaccy
£gcgacgggt

Gly
Gly
Ala
ASD
Glu
val
95

Leu
Gin
Ser
ser
Ala
175
Ile
ser
Tie

Thr

Thr

Ala
80

Thr
Ser
Arg
Ile
Lys
160
Leu
Lys
Gln
Ala

Gly
240

60

120
180
2440
300
360
420
480
540
600
660
720
759



376247-018

245 250
<210> 99
<211> 759
<212> DNA
<213> Artificial Seguence
<220>

<223» variant of L. kefir

<400> 99

atgaccgatc gtctgaagca taaagtagec atcgtaaccy gcgggacact gggtatcggt 60
vrggeaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
gcggatgtag gtgaaaaggc cgecaaatca atcggcggea ctgatgttat tcegetttgrc 180
cagcacgatg cgtccgatga agcaggcigg acgaaactgt tcgacaccac cgaggaggca 240
ttCggeccgg ttacgaccgt cgtgaacaat gcagggatte cagttacaaa aagcegtitgaa 300
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgttitttic 360
ggcacccgte tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420
atgagcagta ttitggggct cgtaggcgat ccgacgctgy gggcatacaa cgcttccaag 480
gggocggtac gtatcatgtc gaaaagcgca gegctggatt gcgcactgaa ggactacgat 540
gtgcgtgtca acacagtaca tccQggcCcc atcaagaccc cgctgetcga tgatctggaa 600
ggtrgggagg aaatgatgtc acagcgtacg aaaaccccta tgggcecacat tggcogaaccyg 660
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720
_gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759

<210> 100
<211> 252
<Z212> PRT
<213> artificial Sequence

<220>
<223> variant of L. kefir

<400> 100
Met Thr Asp Arg Eeu Lys His Lys val Ala Ile val Thr Gly %%y Thr
1 10
Leu Gty Ile Gly Leu Ala ITe Ala Asp Lys Phe val Glu Giu Gly Ala
20 25 30
Lys val g%1 Ite Thr Gly Arg Hés Ala Asp val Gly G;u ilys Ala Ala
4 4
Lys Ser Ile Gly Gly Thr Asp val Ile arg Phe val GIn His Asp Ala
50 33 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr GJu Glu Ala
65 70 75 80
Phe Gly Pro val Thr Thr val val Asn gén Ala Gty Ile ala val 7Thr
85 95
Lys ser val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu 3er
100 105 11
val Asn Leuy 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 Iie Ile Asn Met Ser Ser Iie
130 135 140
Lteu Gly Leu val Gly Asp Pro Thr ieu Giy 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
: : 86 . - 185 : 190 - .
Thr  Pro Leu Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met 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 ITe Cys val Tyr Leu Ala Ser Asp Glu Ser tys Phe Ala Thr Gly
225 230 235 240
Page 51



376247-018
Ala GTu phe val val Asp Gly Gly Tyr Thr Ala Gln
245 250

<210> 101
<211> 759
<212> DNA
<213> Artificial Sequence

<220>
<223> variant of L. kefir

<400> 101

atgaccgatc gtctgaagca taaagtagce atcgtaaccy gcgggacact
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac
gcggatgtag gtgaaaaggc cgccaaatca atcggcggea ctgatgttat
cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac
ttcggcccgyg ttacgaccgt cgtgaacaat gcagggattg cagttacaaa
gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg
ggcacccgte tgggcatica gcgcatgaaa aataaaggct tgggtgctag
atgagcagta ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa
ggggcggtac gtatcatgtc gaaaagcegcea gegetggatt gcgcactgaa
gtgcgtgtca acacagtaca tcCgggcecce atcaagacce cgctgcotcga
ggrtgggagg aaatgatgtc acagcgtacg attaccccta tgggccacat
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt

gcagaatttg tggtcgacgg cgggtatacc gcacagtga

<210> 102
<211> 252
<212> PRT
<213> Artificial Sequence

<220
<223> variant of L. kefir

<40(0> 102
Met Thr Asp Arg %eu Lys His Lys val Aga Tie val
1 1
Leu Gly Ile Gly Leu Ala Ile Ala §§p Lys Phe val
20
Lys val val I7e Thr Gly Arg Hgs Ala Asp val Gly
35 4
Lys Ser Ile Gly Gly Thr Asp val Ite Arg Phe val
50 55 60
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr
65 70 75
Phe Gly Pro val ghr Thr val val Asn Agn Ala Gly
5 9
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg
100 105
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu
115 120
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn
130 135 1490
Glu Gly teu val Gly Asp Pro Thr Leu Gly Ala Tyr
145 150 155
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu
165 ' 170
Lys Asp Tyr Asp val Arg val Asn Thr val His Pro
180 185 '
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Glu Giu
195 ' 200
Arg Thr Iie Thr Pro Met Gly His Ile Gly Glu Pro
210 215 220
Trp ITe Cys val Tyr Leu Ala Ser Asp Glu Ser Lys
Page 52

Thr
Glu
Glu
45

Gln
Thr
Ile
Lys
Gly
125
Met
Asn
Asp
Gly
Met
205
Asn

Phe

Gly
Glu
30

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

Ala

gggratcggt
tggtcgicac
tcgetttgtc
cgaggaggca
aagcgtigaa
tgtetttrtc
catcatcaat
cgcttccaag
ggactacgat
tgatctggaa
tggcgaaccg
tgegacgggt

Gly
15

Gly
Ala
Asp
Glu
val
95

Leu
GIn
Ser
Ser
Ala
175
Ile
Ser
ITe

Thr

Thr
Ala
Ala
Ala
Ala
8C

Thr
Ser
Arg
ile
LYs
160
Leu
LYS

Gin

Gly

60

120
180
240
300
360
420
480
540
600
660
720
759



376247-018
225 230 235
Ala glu Phe val val Asp Gly Gly Tyr Thr aAla Gln
245 250

<210> 103
<211> 759
<212> DNA
<213> Artificial sequence

<220
<223> variant of L. kefir

<400> 103

atgaccgatc gtctgaagca taaagtagcc atcgtaaccyg gcgggacact
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac
geggatgtag grgaaaaggc cgccaaatca atcggcggea ctgatgttat
cagcacgatg cgtccgatga agcaggetgg acgaaactgt tcgacaccac
ttcggceccygg ttacgaccgt cgtgaacaat gcagggattt gogtiattaa
gacactacca cggaggaatg gcgtaaactg ctgtccgita atctggatgg
gycacccgte tgggcattca gcgcatgaaa aataaaggcet tgggegetag
atgagcagta t1gaggogct Cgtaggcgat ccgacgctgg gggcatacaa
ggggcggtac gtatcatgtc gaaaagcgca gcgotggatt gogeactgaa
gtgcgtgtca acacagtaca tccgggcecce atcaagacce cgcggetoga
ggttgggagg aaatgatgic acagcgtacyg acaaccccta tgggcecacat
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt

gcagaatityg tggtcgacgg cgggtaracc gcacagtga

<210> 104
<211> 252
<212> PRT
<213> Artificial Sseguence

<220
<223> variant of L. kefir

<400> 104
Met Thr Asp Arg Leu Lys His Lys val iga Ile val
1 5
Leu Gly 1le g%y Leu Ala Ile ala égp Lys Phe val
Lys val val I7e Thr Gly Arg His Ala Asp val Gly
35 40
Lys ser Ite Gly Gly Thr Asp val Ile Aarg Phe val
50 55 60
ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr
65 70 75
Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly
85 a0
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg
100 105
val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu
115 120
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn
130 135 140
Glu Gly teu val Gly Asp Pro Thr Leu Gly Ala Tyr
145 150 155
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu
165 ' 170 _
Lys ‘Asp Tyr Asp val Arg val Asn Thr val His Pro
: 180 185
© Thr Pro Arg ieu Asp Asp Leu Glu Gly Trp Glu Glu
195 200 o
Arg Thr Thr Thr Pro Met Gly His Ile Gly Glu Pro
210 215 220
rage 53

Thr
Glu
Glu
45

GIn
Thr
Ile
Lys
Gly
125
MetT
Asn
Asp
Gly
Met

205
ASn

Gly
Glu

30
Lys

Glu
Cys
Leu
110
Ile
sar
Ala
Cys
Pro
190
Met

ASP

240

gggtatcggt
TggrcgIcac
tcgetttgte
cgaggaggca
aagcgrtgaa
tgtitttttc
catcatcaat
cgettecaag
ggactacgat
tgatctggaa
tggcgaaccyg
tgcgacgggt

Gly Thr
Gly Ala
Ala Ala
Asp Ala
Glu Ala
80
val Ile
95
Leu Ser
Gln Arg
Ser Ile
ser Lys
160
Ala Leu
175
Iie Lys
ser Gln

Ile Ala

60

120
180
240
300
360
420
489
540
600
660
720
759



376247-018
Trp ITe 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 GIn
245 250
<210> 105
<21ls 759
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of L. kefir
<400> 105
atgaccgatc gtcrgaagca taaagtagcc atcgraaccg gcgggacact gggratcggt
ttggcaatcg ccgataaatt tgtagaggag gorgcgaaag tagttattac tggtcgtcac
gcggatgtag gtgaaaaggc cgccaaatca atcggoggea ctgatgtrat tcgotttgtce
cagcacgaty cgtccgatga agcaggcotgy acgaaacitgt tegacaccac cgaggaggtt
TLCggeccgg ttacgaccygt cgtgaacaat geagggatrtg cggtgtgtaa aagegttgaa
gacactacca cggaggaatyg gcgtaaactg crgltccgtta atctggatgg tgrrtttttce
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcegctag catcatcaat
atgagcagta ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa cgcticcaag
ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gocgcactgaa ggactacgat
gtgcgtgica acacagtaca tcegggocee atcaagaccc cgogtctcga tgatctggaa
ggttgggagy aaatgatQtc acagegtacyg gtaaccccta tgggecacat tggegaaccg
aatgacatcg catggatctg tgtgtacctg gcatctgacy aatcgaaatt tgcgacgggt
gcagaatitg tggtcgacgg cgggtatacC gcacagtga
<210> 106
<211> 252
<212> PRT
<213> Aartificial Sseguence
<22(>
<223> variant of L. kefir
<400> 106
Met Thr Asp Arg Leu Lys His Lys val Ala Ite val Thr Gly Gly Thr
1 5 10 15
Leu Gly Ile Gly Leu Ala Ile Ala Asp Lys Phe val Glu Glu Gly Ala
20 25 30
Lys val §a1 Ite Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala
5 40 45
Lys ggr Ile Gly Gly Thr égp vai Ife Arg phe ég] Gin His Asp Ala
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu val
65 70 75 80
Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ile Ala val Cys
85 90 95
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Terp 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 Giy Ala Ser Ile Ile Asn Met Ser Ser Ile
130 135 140
Glu Gly Leu val Gly Asp Pro Thr Leu 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 Arg Leu Asp Asp Leu Giu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr val Thr pPro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala
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210 215 220
Trp Ite 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 Gin

245 250

<210> 107
<211> 739
<212> DNA
<213> Artificial Sequence
<220>

<223> variant of L. kefir

<400> 107

atgaccgatc gtctgaagea taaagtages atcgtaaccs gogggacact gggtatcggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
gcggatgtag gtgaaaaggc cgecaaatca atcggceggea ctgatgttat tcgettigtce 180G
cagcacgatg cgtccgatga agtggyctgg acgaaactgt tcgacaccac cgaggaggca 240
ttcggeecygg tracgaccgt cgtgaacaat gcagggagtt gegttttaaa aagcegttgaa 300
gacactacca cggaggaatg gcataaactg ctgtccgtta atcrggatgg tgttttttte 360
ggcacccgtc tgggeattca gcgcatrgaaa aataaagget tgggcgctag catcatcaat 420
atgagcagta ttgaggggct Tgtaggcgat ccgacgotgyg gggcatacaa cgcettccaag 480
ggggcggtac gtatcatgtc gaaaagcgca gegetggatt gcgcactgaa ggactitgat 540
gtgcgtgtca acacagtaca tccgggoccc atcaagaccc cgcggetcga tgagcetggaa 600
gottgggagg aaatgatgte acagcegtacg gtaaccccta tgggecacat tggcegaaccg 660
aatgacatcg catggatctyg tgtgtacctg gcatctgacg aatcgaaatt tgegacgggt 720
gcagaattty tggtcgacgg cgggtatacc gcacagtga 759

<210> 108
<211> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> variant of L. kefir

<400> 108
mMet Thr Asp Arg %eu Lys His Lys val A%a Iie val Thr Gly Gly Thr
i 1 15
Leu Gly Ile géy Leu Ala Ile Ala ggp Ltys Phe val Glu ggu Gly Ala
Lys val val ITe Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala
35 40 45
Lys ger Tle Gly Gly Thr asp val Ile Arg Phe val Gin His Asp Ala
G .
ser Asp Glu val Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ser Cys val Leu
85 90 a5
Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp His Lys Leu Leu Ser
100 105 110
val Asnh Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile Gln Arg
115 120 125
Met Lys Asn Lys Gly teu Gly Ala Ser Ile ITe Asn Met Ser ser Ile
130 135 140
Glu.Gly Leu val Gly Asp Pro Thr Leu 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 ieu
165 _ 170 , 175
Lys Asp Phe Asp val arg val Asn Thr val His Pro Gly Pro Ile Lys
180 185 190
Thr Pro Arg Leu Asp Glu Leu Glu Gly Trp GIlu Glu Met Met Ser Gin
195 200 205
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Arg Thr val Thr Pro Met Gly His Ile Gly Giu Pro Asn Asp Ile Ala
220

210 215
Trp Ile Cys val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala GTu Phe val val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 109

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> variant of L. kefir

<400> 109

atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggratcggt
ttggcaatcyg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac
gcggatgtag gtgaaaaggc cgccaaatca atcggceggca ctgatgttat tcgctitgic
cagcacgatg tcrccgatga agcaggctgg acgaaactgt tcgacaccac <gaggagacc
ttcggeecgg ttacgaccgt cgtgaacaat gcagggagtt gogitttgaa aagogttaaa
gacactacca <ggaggaatg gcgtaaacig ctgtccgita atctggatygg tguttttrtc
ggcacccgtc tgggeattca gogcatgaaa aataaaggct tgggegcetag catcatcaat
atgagcagta ttgaggggct cgtaggcgat ccgacgctgyg gggcatacaa cgcttcecaag
ggggcggtac gtatcatgte gaaaagcgca gegciggatt gocgcacigaa ggactacgat
gtgcgtgtca acacagtaca tCcgggecce atcaagaccce ageggotcga tgagetggaa
ggttaggagg aaatgatgic acagcgtacg gtaaccccta tgggecgeat tggogaacay
aatgacatcg catggatctg tgtgtaccig gcatctgacg aatcgaaatt tgcgacgygt
gcagaatttg tggtcgacgg tgggtatacc gcacagtga

<210> 110
<21i> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> variant of L. kefir

<400> 110

Met Thr Asp Arg Leu tys His Lys val Ala Ile val Thr Gly G;y Thr

1 5 10 1

teu Gly rlte Gly Leu Ala Ile Ala ésp Lys Phe val Giu Giu Gly Ala
20 5 30

Lys val val Ile Thr Gly Arg 22‘)5 Ala Asp val Gly Ggu Lys Ala Ala

35 4
Lys ggr Ile Gly Gly Thr Asp val Ile Arg Phe val Gln His Asp val
55 60

Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe asp Thr Thr Glu Glu Thr

65 70 75 80

phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ser Cys val Leu

g5 90 95

Lys Ser val Lys Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110

val Asn Leu Asp Gly val pPhe pPhe Gly Thr Arg Leu Gly Ile Gln Arg

115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser ITe Ile Asn Met Ser Ser Ile
130 135 140 :

Glu Gly Leu val Gly Asp Pro Thr Leu 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 GIn Arg Leu Asp Glu teu Glu Gly Trp Glu Glu Met Met Ser Gln
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195 200 205

Arg Thr val Thr Pro Met Gly Arg Ile Gly Glu Pro Asn Asp Ile Ala

210 215 220
Trp Ile 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 Gin

245 250

<210> 111
<211> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> Engineered Ketoreductase Sequence Formuia with L. brevis backbone
<223> synthetic Construct

<220>

<221> MISC_FEATURE

«<222=(7)..(7)

<223> Xaa 1s a constrained or non-polar residue

<220>

<221> MISC_FEATURE

<222>(17)..(17)

<223> Xaa is a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(25)..(25)

<223> Xaa 1is a poiar or acidic residue

<220>

<221> MISC_FEATURE
<222>(273..0273

<223> Xaa 1s an aromatic residue

<220>

<221> MISC_FEATURE

<222>(41)..(41)

<223> Xaa is a polar, aliphatic, or non-polar residue

<220>

<Z221l> MISC_FEATURE

<222>(53)..(53) )

<223> Xaa is a polar, non-polar, or acidic residue

<220>

<221> MISC_FEATURE

<222>(57) .. (57)

<223> Xaa 1is a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

«222>(64)..(64)

<223> Xaa is a polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE
<222>(66)..(66)

<223> Xaa is an acidic residue

<220>

" <221> MISC_FEATURE

<222>(6R)..(68)

<223> Xaa is a polar, acidic, aliphatic, or non-polar residue
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<220>
«223> MISC_FEATURE
<222=(72)..(72)
<223> Xaa is a basic residue

<220>

<221> MISC_FEATURE

<222>(76)..(76)

<223> Xaa is anh aliphatic, non-polar, or polar residue

<220>

<221> MISC_FEATURE

<222>(80)..(80)

<223> Xaa is5 an aliphatic, non-polar, or polar residue

<220>

<Z221> MISC_FEATURE

<222>(93)..(93) i

<223> Xaa is5 is a poiar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(94) .. (84)

<223> Xaa is a cysteine, aliphatic, or non-polar residue

<220>

<221> MISC _FEATURE

<222>(95)..(95)

<223> Xaa is an aliphatic, non-polar, or acidic residue

<220>

<221> MISC_FEATURE

<222>(96>..(96)

«223> Xaa is is a c¢yteine, polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(97)..(97>

<223> Xaa is a constrained or polar residue

<220>

<221> MISC_FEATURE -

<222>(100)..(300) .

<223> Xaa s a basic, acidic, polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(308)..(108)

<223> Xaa is a basic or constrained residue

<220

<221> MISC_FEATURE

<222-(111). . (111

<223> Xaa is a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(139)..(139)

<223> Xaa is a non-polar or aliphatic residue

<220> :

<221> MISC_FEATURE

<222>(145)..(145) ,
<223> Xaa is an acidic, aliphatic, or non-polar residue

<220>
<221> MISC_FEATURE
<222>(147).. (147>
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<223> Xaa 1% an aromatic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(151)..(150)

<223> Xaa is a constrained, non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(352)..(152)

<223> Xaa is a polar, aromatic, aliphatic, or nen-polar residue

<220>

<221> MISC_FEATURE

<222>(163)..(1863)

<223> Xaa is a non-peolar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(165)..(165)

<223> Xaa is a polar, non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(173)..(173)

<223> Xaa is an acidic, non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

«222>(179)..(179)

<223> Xaa is an aromatic, basic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE
<222>(190) .. (190}

<223> Xaa s a constrained residue

<220>

<221> MISC_FEATURE

<222>(194)..(194)

<223> Xaa is a constrained, polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(1985)..(195)

<223> Xaa 15 a basic, acidic, non-polar, or polar residue

<220

<221> MISC_FEATURE

<222>(196)..(296)

<223> Xaa 1s a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE
<222>(197)..(197)

<223> Xaa 115 an acidic residue

<220>

<Z221> MISC_FEATURE

<222>(198)..{198)

<223> Xaa is an acidic or polar residue

<220> :

<221> MISC_FEATURE
<222>0202) .. (202

<223> Xaa is an aromatic residue

<220>
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<221> MISC_FEATURE
<222>(210)..(210}
<223> Xaa s a polar or basic residue

<220>

<221> MISC_FEATURE

«222>(211)..211)

<223> Xaa is 1s a basic, aliphatic, non-polar, acidic, or polar residue

<220>

<221> MISC..FEATURE

<222>(212)..(0212)

<223> Xaa is a pelar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(216)..(216)

<223> Xaa 15 a constrained or basic residue

<220>

<221> MISC_FEATURE

<222>(223)..(223)

<223> Xaa 15 a non-polar or aliphatic residue

<Z220>

<221> MISC_FEATURE

<222>(226)..(226)

<223> Xaa is a non-polar or polar residue

<220>

<221> MISC_FEATURE

<222>(233)..(233)

<223> Xaa is a polar or acidic residue

<220>

<221> MISC_FEATURE

<222>(235)..(235)

<223> Xaa is a polar or aromatic residue

<220>

<221> MISC_FEATURE

<222>(248)..(248)

<223> Xaa is a nor-polar or aromatic residue

<220>

<2231> MISC_FEATURE
<222>(249)..(249)

<223> Xaa is an aromatic residue

<400> 111

Met Ser Asn Arg Leu Asp Xaa Lys val Aéa Ile Ile Thr Gly Gly Thr
1 5 1 15

xaa Gly Ile Gly Leu Ala Ile Ala Xaa Lys Xaa val Glu Giu Gly Ala

Lys val Met Ile Thr Gly Arg His Xaa Asp val Gly Glu Lys Ala Ala
35 40 45
Lys Ser val Gly Xaa Pro Asp Gln Xaa Gln Phe ghe GIn His Asp Xaa
50 55 ¢
Ser Xaa Glu Xaa Gly Trp Thr Xaa Lel Phe Asp Xaa Thr Glu Lys Xaa
65 70 75 .80
Phe Gly Pro val ser Thr teu val Asn Asn Ala Gly Xaa Xaa gaa Xaa
» 85 90 5
Xaa Ser val Xaa Glu Thr Thr Thr Ala Glu Trp Xaa Lys Leu Xaa Ala
100 105 110
‘val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile Glin Arg
115 120 125
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Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Xaa Ash Met Ser

130 135 140

Xaa Gly Xaa Xaa Gly Asp Xaa Xaa Leu Gly Ala Tyr Asn Ala

145 150 155

Gly Ala Xaa Arg Xaa Met Ser Lys Ser Ala Ala Leu Xaa Cys

165 170

Lys Asp Xaa Asp val Arg val Asn Thr val His Pro Gly Xaa
180 185 180
Thr Xaa Xaa Xaa Asp Xaa Leu Pro Gty Xaa Gliu Glu Ala Met

195 200 205

Arg Xaa Xaa Xaa Pro Met Gly Xaa Iie Gly Glu Pro Asn Asp

2190 215 220
Tyr Xaa Cys val Tyr Leu Ala Ser Xaa Glu Xaa Lys Phe Ala
225 230 235
ser Glu Phe val val Asp Gly Xaa Xaa Thr ala Gln

245 250

<210> 112
<211> 252
<212> PRT

<213> Artificial Sequence

<220>

<223> Engineered Ketoreductase Seguence Formula with L.

<223> synthetic Construct

<220>

<221> MISC_FEATURE

<222>(7) .. (7

<223%> Xaa is a constrained or non-polar residue

<220>

<221> MISC_FEATURE

<222>(373.. (17

<223> Xaa is a non-polar or aliphatic residue

<220>

<2231> MISC_FEATURE

<222>(25)..02%)

<223> Xaa is a polar or acidic residue

<220>

<221> MISC_FEATURE
<222-(27).. 027

<223> Xaa 1is an aromatic residue

<220>

<Z2231> MISC..FEATURE

<222>(41)..(41D)

<223> Xaa 1is a polar, atiphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>{53)..(53)

<223> Xaa is a polar, non-polar, or acidic residue

<220>

<221> MISC_FEATURE

«222>(57)..(57)

<223> Xaa 1s a non-polar or atiphatic residue

<220>

<221> MISC_FEATURE

<222>(64)..(64)

<223> Xaa i1s a polar, aliphatic, or non-potiar residue
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<220>

<221> MISC_FEATURE
<222>(66)..{66)

<223> Xaa is an acidic residue

<220>

<221> MISC_FEATURE

<222-(68)..{68)

<223> Xaa is a polar, acidic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE
<222>(72)..(72)

<223> Xaa 1s & basic residue

<220>

<221> MISC_FEATURE

<222>(76)..(76)

<223> Xaa is an aliphatic, non-polar, or polar residue

<220>

<221> MISC_FEATURE

<222>(80)..(80)

<223> Xaa is an aliphatic, non-polar, or polar residue

<220>

<221> MISC_FEATURE

<2272>(93)..(93)

<223> Xaa is is a polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(94)..(94)

<223> Xaa is & cysteine, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(95)..(95)

<223> Xaa is an aliphatic, non-polar, or acidic residue

<220>

<221> MISC_FEATURE

<222>(96)..(96)

<223> Xaa is is a cyteine, polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(973..(97)

<223> Xaa is a constrained or polar residue

<220>

<221> MISC_FEATURE

<222>(100) .. (100)

<223> Xaa is a basic, acidic, polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(108)..(108)

<223> Xaa 1s a basic or conszrained residue

<220>

<221> MISC_FEATURE

<222>(1113..(11D

<223> Xaa 1s & non-polar or aliphatic residue

<220>
<221> MISC_FEATURE
Page 62



376247-018
«222>(139)..(139)
<223> Xaa is a non-polar or aliphatic residue

<220

<221> MISC_FEATURE

<222>(145)..(145)

<223> Xaa 15 an acidic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>{(147)..(147)

<223> Xaa is an aromatic, aliphatic, or non-polar residue

<220>

<223> MISC_FEATURE

<222>(151)..(151)

<223> Xaa 1s a constrained, non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>({152)..(152)

<223> Xaa 1is a polar, aromatic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(163)..(163)

<223> Xaa is a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(165)..{165)

<223> Xaa is a polar, non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(173)..{173)

<223> Xaa is an acidic, non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222-(179)..(179)

<223> Xaa is an aromatic, basic, aliphatic, or non-poiar residue

<220>

<221> MISC_FEATURE

<222>(190).. (130

<223> Xaa is a constrained residue

<220>

<221> MISC_FEATURE

<222>(194)..(194)

<223> Xaa 1is a constrained, polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(195)..(195)

<223> Xaa is a basic, acidic, non-poiar, or polar restidue

<220>

. <221> MISC.FEATURE

<222>(196)..(196)

<223> Xaa is. a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE
<222>(197)..(397)

«223> Xaa is an acidic residue
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<220>
<221> MISC_FEATURE
<222>(198)..(198)
<223> Xaa is an acidic or polar residue

<220>

<221> MISC_FEATURE
<222>(202)..(202)

<223> Xaa 15 an aromatic residue

<220>

<Z221> MISC_FEATURE

<222>(210)..(210)

<223> Xaa is a polar or basic residue

<220>

<221> MISC_FEATURE

<222>(211) .. (211D

<223> Xaa is is a basic, aliphatic, non-polar, acidic, or polar residue

<220>

<221> MISC_FEATURE

<222>(212)..(212)

<223> Xaa is a polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

«222>(216)..(216)

<223> Xaa 1is a constrained or basic residue

<220>

«221> MISC_FEATURE

<222>(2233..(223)

<223> Xaa is a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

«222>(226)..(226)

<223> Xaa 1s a non-poiar or polar residue

<220>

<221> MISC_FEATURE

<222>(233)..(233)

<223> Xaa is a polar or acidic residue

<220>

<221> MISC_FEATURE

<222>(235)..(23%)

<223> Xaa is a polar or aromatic residue

<220>

<221> MISC_FEATURE

<222>(248)..(248)

<223> Xaa is a non-polar or aromatic residue

<220>

<221> MISC_FEATURE
<222>(249)..(249)

<223> Xaa is an aromatic residue

<400> 112
Met Thr Asp Arg Leu Lys Xaa Lys val Ala Ile val Thr Gliy Gly Thr
i 5 10 L5

Xaa Gly Ile Gly Leu Ala Iie Ala Xaa Lys Xaa val Glu Glu Gly Ala
20 25

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

xaa

Lys

Ser Glu

Phe Gly Pro

Xaa ser val

val Asn Leu

135

Met Lys Asn
130

Xaa Gly

145

Gly

Xaa

Ala Xaa

Lys Asp Xaa

Thr Xaa Xaa
195
Xaa Xaa
210

Xaa

Arg

Trp
225
Ala

Cys

Glu Phe

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

<400> 113
atgaccgatc
ttggcaatcy
‘gctgatgrag
caacacgatg
tttggcccag
gataccacaa
ggtacccgte
atgtcaicta
ggtgctgtca
gttcgggtta
gagggcagadg
aacgatatcg
gcagaattcg

113
759
DNA

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

114
252
PRT

<400> 114

Met Thr
L

Leu

ASD

Gly Ile
val
35

Ile

Lys vatl

ser
50
ASp

Arg
ser Glu
65

Phe

Gly Pro

Giy Xaa

Xaa Gly
Thr
85

ASD

val

Xaa
100
Asp Gly

Lys Gly

Xaa Gly

Thr
Trp
70

Thr
Thr
val

Ley

ASD

Asp val
55
Thr Xaa

val val

Thr Thr
phe
120
Ala

Phe

Gly
135

Xaa Xaa

150

Arg Xaa
165
Asp val
180

Xaa Xaa

Xaa Pro

val Tyr

Met
Arg
Xaa
Met

l.eu

ser Lys

val Asn

Glu
200
Xaa

Leu

Gly
215

Ala Ser

230

va'l
245

val

ggttgaaggg
ctgataagtt

gtgaaaaage
cttctgatga
ttaccacggt
ctgaagaatg
ttggaatcca
tcgaaggttt
gaattatgtc
acactgtica
aaatgatgtc
cttggatctyg
ttgtcgacygg

Arg Leu
Gly
20
Ile

Leu
Thr
Gly G1y
Thr Gly

val Thr

ASp

LYS
Ala
Gly
Thr
Trp

70
Thr

Gly Xaa

ractobacitlus Minor

gaaagtagca
tgttgaagaa
fgccagatca
aaccggcigg
tgtcaacaat
gcgcaagetyg
acgratgaag
tgttggtgat
taaatcagct
tccaggttat
acagcggacc
tgtttacctg
agggtacacc

Lactobacilius Minor

Gly Lys

Ile Ala

His
40
val

Arg

Asp
25
Thr Lys

val val

val

Asp

Asn

376247-018

Xaa Arg Phe

Leu Phe Asp
75
Ala

ASn ASn

a0
Glu Glu
105

Gly

Trp

Thr Arg

ser Ile Xaa
Ala
155

Ala

Leu Gly
Ala
170
val

Ser

Thr His

185

Gly Xaa Glu

Ile Gly Glu

Xaa Glu Xaa
235
Thr ala

250

Xaa

attgtaactg
ggcgcaaagg
atcggeggca
actaagttgt
gccggaatty
ctcrcagtta
aataaaggac
ccagetctgg
gccttggatt
atcaagacac
aagacaccaa
geatctgacy
gcccaatag

Ala Ile

10

Lys Phe

Ala Asp val

Ile Arg Phe

Leu Phe Asp

75

Asn Ala

val GlIn His
60

Xaa Thr Glu

Gly Xaa Xaa

Xaa Leu
110
Ile

Lys
Leu Gly
125

Asn Met Ser

140

Tyr Asn Ala

Let Xaa Cys

Pro Gly Xaa

190

Glu Met Met
205

Pro Asn
220

Lys

AsSp

Phe Ala

Gin

gcggtacctt
ttgttattac
cagacgttat
ttgatacgac
cggtcagcaa
acttggatgg
tcggagcatc
gtgcatacaa
gcgctttgaa
cattggttga
tgggtcatat
aatctaaatt

val Thr Gly
Glu
30

LysS

val Glu
Glu
45
Gln

Gly

val His

Thr Thr Gly

Gly Ile Ala

Page 65

Asp Xaa

Glu Xaa
80
Xaa Xaa
a5
Xaa Sser

Gln Arg

Ser Ile

Ser Lys
160
Ala Leu
i75
Tie Lys

ser Gin

Xaa Ala

Thr Gly
240

gggaattggc
cggeegtcac
cegrtttgtc
tgaagaagca
gagtgtigaa
tgtcttctte
aatcatcaat
cgcttcaaaa
ggactacgat
cgarcttgaa
cggtgaacct
tgccactggt

Gly Thr
15

Gly
Ala
Asp
Glu

val

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



Lys
val
Mat
Glu
145
Gly
Lys
Thr
Arg
Trp

225
Ala

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

ser
Ash
Lys
130
Gly
Ala
ASp
Pro
Thr
210
Ile

Glu

<220>

<223>
<400>

val
Leu
115
ASh
Phe
val
Tyr
Leu
195
LYS
Cys

Phe

115
1050
DNA
Aartificial Sequence

atgtctattc
tacaaacaga
tctggigtyt
argccactgq
actgagttcg
tgcgagrtct
actgtagatg
ccgaaaaacy
aagggectga
ggtggtctgg
attgatggcg
gactttacca
ggcgcgeatg
tatgtcagec
ccggtgttta
caggacggey
accgctecte
ggrcgetacy

<210>
<213
<Z212>
<213>

<220>

<223>

<400>

116
349
PRT
Arrificial seguence

116

Glu
100
AsSp
Lys
val
Arg
ASD
180
val
Thr
val

val

85
ASD

Gly
Gly
Gly
Ile
165
val
AsSp
Pro
Tyr

val
245

cggaaatgca
ttceggttee
gccacacgga
tgggtggcea
aaattggtga
gtaaacaggc
gtactttcca
tgeetetgga
aagaaagcygg
gctccctgac
gtgaagagaa
aaacgcaaga
cggtaattct
gtggtacggt
acactgtggt
ttgaggcagt
tgcaagatct
ttcrggaaat

Thr
val
Leu
Asp
150
Met
Arg
Asp
Met
Leu

230
Asp

Thr
Phe
Gly
135
Pro
Ser
val
Leu
Gly
215
Ala

Gly

Thr
Phe
120
Ala
Ala
Lys
Asn
Glu
200
His
Ser

Gly

Codon optimized version of

115
atgggctcaa
gaaaccygggyc
tctgcacgoy
tgagggcgeg
ccatgctgoc
tgacgaaccqg
gcagtatgec
tgeegtggca
tgttcgtect
gctgeagtac
acaagcgaty
tctggtagea
gctggcggtc
ggttgccatt
tcgtatgatt
ggacttcttc
gccgaaaarc
cccggaatga

Glu
105
Gly
Ser
Leu
Ser
Thr
185
Gly
Iie
ASD

TYr

gtagcggage
ccggacgaaa
ctgaaaggty
ggtgttgtcg
ctgaaatggce
ctgtgcccta
attggcaaag
ccggttetgt
ggccaaaccy
gcgaaagcta
tgtgaacagce
gatgttaagg
gccgaaaaac
ggtctgeegy
aacattaagg
gcgegeggec
ttcgaactga

376247-018
90
Glu Trp Arg

Thr Arg Leu

Ile 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 Gin

250

The adh from Aspergilius flavus

Lys
Gly
i25
Met
ASN
ASD
Gly
Met
205
Asnh

Phe

Lay
110
Ile
Ser
Ala
Cys
Tyr
190
Met
ASD

Ala

agaaaggcoy
tcctggtaaa
actggccact
tcgctcegtgy
tgaacggtag
acgcgagect
ccaccecatge
gcgcgggeat
rrgegategt
£gggtattcy
tgggcgeaga
ccgccaceec
catttcagca
cgggegeatt
gtagctacgt
tgatcaaagc
tggaacaagg

95
Leu Ser

GIn Arg

ser Ile

ser Lys
160
Ala Leu
175
ITe Lys

Ser Gln

I'le Ala

Thr Gly
240

tcegetgatt
agrgcgttac
gcctgtgaaa
cgatctggtt
ctgcctggea
gtctggttat
gagcaagcty
taccgtatac
aggtgcgggt
cgtggtggey
agcctacgtt
tgaaggtcty
ggcggeegaa
cctgcgegey
tggcaaccge
gccgrtcaaa
taagattgca

Met Ser Ile Pro Glu Met Gln Trp Ala Gin val Ala Glu Gln tys Gly

1

5

190

15

Giy Pro teu Ile Tyr Lys Gln I'le Pro val Pro Lys Pro Gly Pro Asp
20 30

2
Glu Ile Leu val Lys val Arg Tyr Ser Gly val Cys His Thr Asp Leu
35 40 45

Page ©6

the adh gene from Aspergillus flavus

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1050



376247-018
His ?éa Leu Lys Gly Asp grp Pro Leu Pro val E%s Met Pro Leu val
5
Gly Gly His GTu Gly Aja Gly val val val Ala Arg Gly Asp Leu val
65 70 75 80
Thr Glu Phe Glu Ite Gly Asp His Ala ngy Leu Lys Trp Leu gsn Gly
85 5
ser Cys Leu Ala Cys Glu Phe Cys Lys Glin Ala Asp Glu Pro Leu Cys
100 105 110
Pro Asn Ala Ser Leu Ser Gly Tyr Thr val Asp Gly Thr Phe Gin Gln
115 120 125
Tyr Ala I'le Gly Lys Ala Thr His Ala Ser Lys Leu Pro Lys Asn val
130 135 140
Pro Leu Asp Ala val Ala Pro val teu Cys Ala Gly Ile Thr val Tyr
145 150 155 160
Lys Gly Leu Lys Glu Ser Gly val Arg Pro Gly GIn Thr val Ala Ile
165 170 175
val G¢ly Ala Gly Gly Gly Leu Gly Ser teu Ala teu Gin Tyr Ala Lys
180 185 190
Ala Met Gly Ile Arg val val ala Ile Asp Gly Gly Glu Giu Lys Gin
195 200 205
Ala Met Cys Glu Gin Leu Giy Ala Gilu Ala Tyr val Asp Phe Thr Lys
210 215 220 :
Thr GIn asp Leu val Ala Asp val Lys Ala Ala Thr Pro Glu Gly Leu
225 230 235 240
Gly Ala His Ala val Ile Leu Leu Ala val Ala Glu Lys Pro Phe Gln
245 250 255
Gln ala Ala Glu Tyr val Ser Arg Gly Thr val val Ala Ile Gly Leu
260 265 270
pro Ala Gly ala phe Leu Arg Ala Pro val Phe Asn Thr val val Arg
275 280 285
Met Ile Asn Ile Lys Gly Ser Tyr val Gly Asn Arg Gln Asp Gly val
290 295 300
Glu Ala val asp phe pPhe Ala Arg Gly Leu Ile iys Ala Pro Phe Lys
305 310 315 320
Thr Ala Pro Leu GIn Asp Leu Pro Lys Ile Phe Glu Leu Met Glu Gln
325 330 335
Gly Lys Tle Ala Gly Arg Tyr val Leu Glu Ile Pro Gilu
340 345

<210= 117
<211> 729
<212> DNA
<213> Artificial Seguence

<220>
<223> Codon optimized version of the adh gene from Genococcus oceni

<400> 117

atgtttgatc gcctgaagyg taaggrtggceg atcgtcaccg geggtaatag cggtattggt 60
aaggcaatcyg cggcagactt catcgccgag ggcgcgaaag tagtgattac cggtcgcaac 120
caagagaagg gtcgccagac tgcgctggaa atcgecggtg acattetgtt cattcagcag 180
gacgtgagcC aggaggcgga ctggcagaaa grtatcicca aaaccatcga gaagttcggt 240
aagtttogata ttctogitaa caacgetgge gtcggcggeg tgggtaagec actggcagaa 300
atgiccctgt ctgaattcaa ttggacccaa tccattaatc tgtccggtaa cttcctgggt 360
attcacttcg cgctgaacaa aatgaccgaa cctggtagca ttattgacgt aagcagegeg 420
gctggoctyc gtggtittoo gggegeagee gattatageg cttccaaagg tggtacgegt 480
ctgctgacge ¢gogccgogge gctggaageg ctgcaaatgg gtaaaaagat ccgtgtaaac 540
tctattcacc caggtiggat tgataccgat atcgtaccaa aagatatgcg tgagcaggtt 600
atrcgcgatga cccctatgea tcacctggge caaccgaaag atattgecaa getggegacg 660
tatctggcat ctgacgagtc cgagtatact acgggcetccg aactggcage cgacggeggt 720
ctgatgoca 729

<210> 118
<211> 243
<Z12> PRT
Page 67



<213> Artificial sequence

<220>

<223> The adh from Oenococcus oeni

<400> 118
Met Phe Asp
1
Ser Gly Ile
val
35
Ile

Lys val
Ghu
50
Ala

Leu

Glu
65
LysS

ASD

Phe Asp

Pro Leu Ala
Ser
115

Pro

Asn Leu
Giu
130
Phe

Thr

Gly
145
Leu

Pro

Leu Thr

I1le Arg val

Pro Lys Asp
195
Leu Gly Glin
210
Asp Glu Ser
225
ey

Met Ala

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

119
768
DNA

«<220>
<223>

<400> 119
atgcagggca
cgtcgectgg
cacgcgacgy
gtgacccagg
ctggargtac
actgaggart
cacggtctgg
gcgatttgcg
ctgagcaagt
ctgcacccgg
accgcrgacyg
cgcggeacce
tatgitactg

<210> 120
<211> 256

Arg
Gly
20

Ile
Ala
Trp
Ile
Glu
100
Gly
Gy
Gly
Arg
Asn
180
Met
Pro

Glu

Leu
Lys
Thr
Gly
Glin
teu
85

Met
Asn
ser
Ala
Ala
165
Ser
Arg
Lys

Tyr

aaattgcact
cccaagaagyg
aaagcgagcet
aaaacgactg
tggtgaataa
ttgatcgcac
ctctgatgaa
gcgaacctgt
ctgttgeect
gttacattga
aggtaaccgc

gtactgagct

Lys
Ala
Gly
ASp
LyS
70

val
ser
Phe
Ile
Ala
150
Ala
Ile
Glu
ASp

Thr
230

Gly
Ile
Arg
Ile
55

val
Asnh
Leu
l.ey
Ile
135
Asp
Ala
His
Gln
Ile

215
Thr

Artificial Sequence

Lys
Ala
Asn
40

teu
Iie
ASh
Serp
Gly
120
ASD
Tyr
Leu
Pro
val
200
Ala

Gly

Codon optimized version of

ggrtacgggc
cgracgtgtt
gcagggtget
gctgeaegtce
tgccggeatt
gctgaatgtt
acagaagggt
ggcgctggeg
gecattytycy
tacceccgetg
gagcegtgta
cggacgaagt tgcaggegeg
ggtaattgat

val
Ala
25

Gin
Phe
Ser
Ala
Glu
105
Ile
val
Ser
Glu
Gly
185
Ile
Lys

Ser

376247-018

Ala ITe val
10
Asp

Phe Ile

Glu Lys
GIn
60

Ile

ITe G1In

Lys Thr

Gly val Gly

Phe Asn Trp

His Phe Ala

Ser Ser

Ala Ser
155

Leu

Lys
Ala GIn
170
Trp Ile

Ala met Thr
Thi
220

Ala

Leu Ala

Glu Leu

235

Gly

Ala
140

ASD

Thr
Ala
Arg
45

ASp
Glu
Gly
Thr
Leu
125
ala
Gly
Met
Thr
Pro
205
Tyr

Ala

Gly
Glu
Gin
val
Lys
val
Gin
110
Asn
Gly
Gly
Gly
AsSp
120
Met

Leu

AsSp

Gly
15

Gly
Thr
ser
Phe
Gly
a3

ser
Lys
Leu
Thr
Lys
175
Iie
His
Ala
Gly

AsSnh
Ala
Ala
Gin
Gly
80

LYS
Itle
Met
Arg
Arg
160
Lys
val
His
Ser

Gly
240

the adh gene from Ralstonia eutropha

ggtgcgtety
tacttcaccy
ggtctggegg
ctggaacata
gcgatticte
aacctgaagt
ggcagcatca
tatagcgcta
gagaagggct
crggcaggea
cgtattggcy
gtrtctgtacc
ggcggctacy

Page 68

gtatgggtct
acattaacgg
tcgtaticct
ttggegctgt
acaacattga
ccgrgtrtct
ttaacgttag
gcaaagccgg
acgccatccg
gcaacgeggg
gtgaaattcc
tggctagega
catgtcat

ggccttcacc
cgeegegogt
gcgtcatgac
Tgacggtegce
gacttgtact
gggctgcaaa
ctctatcacc
cgtecegtttt
tgrtaacagc
tggctooctg
gctgaaacgt
tgaatccacc

60

120
180
240
300
360
420
480
540
600
660
720
768



<212>
<213>

PRT

<220>
<223>

<400> 120
Met Gln Gly
1

Leu Ala Phe

Ile
35
Gly

Thr Asp

Ala
50
ASD

Gly

Asn
65
Leu

Trp

Asp val

Glu Thr Cys
val
115

Gly

Lys Ser
Gly
130
Pro

Lys
Glu val
145
Leu

Ser Lys

Arg val Asn

Gly Ser Asn
195
val Arg
210

Glu

Arg
Asp val
225
Tyr

val Thr

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

<220
<223>

<400> 121
atgtctritc
atcatcggca
agtctggttg
gcggagattt
cgtaacgcga
gcggacggte
ttacattccc
gatatrggagc
gtggaagacc
gagtictcic
gatatcctgg
gacagccaac
gceccagatca
aagcctcage
gttgataaaa
ttgtatggea

121
939
DNA

Lys

5
Thr Arg
20
Asn Gly

Leu Ala

Leu Arg

Ile Ala
Arg
Ala
val

val

Artificial seguence

teu val

Ley Ala

Ala Gly
40
val phe
55

Leu Glu

70

val
85
Thr

Leu

Thr
100
Phe Leu

Ser Ile

Ala Leu

Ash
Glu
Gly
Tle

Ala

asn Ala

Asp Phe

Cys Lys
120
Asn val
135

Tyr Ser

150

val
165
Ley

Ser

Ser
180
Ala Gly

Ile Gly

Ala Gly

Ala
His
Gly
Gly

Ala

Leu His

Pro Gly

Ser Leu
200
Giu Ile
215

val Leu

230

Thr
245

Gly

accaacagtt
ctggtacacg
aacaaatcgt
atcgcaccta
tttttctgac
tggatttage
cgtttgttIc
agttatacaa
tgcaacgtat
cgttcctgea
tggaagcata
cattttttga
rcctgegety
gcattagcga
tcacggagcet
aatataacta

Giu

Leu val

Artificial Sequence

YbL ADH from Saccharomyces

Tttcacgcty
ttggtataaa
gtatgcgttyg
cceggaagty
ggataaatat
attgaagaaa
gaaggaagtg
aagtggtaaa
cctgaaagtc
aaaccaaaca
ttecteegetg
gtacgtcaaa
ggtcactaaa
tgctcagaac

gggtctggaa
cgcegeccag

376247-018

The adh from Ralstonia eutropha

Thr Gly
0

Giu

Gly

Gin
25
His

Gly

Ala Thr

Leu Arg His

His Ile Gly
75
I'le Ala
90

Arg

Gly

Asp Thr

105
His Gly Leu

ser Ser Ile

Ala ser Lys
155
Ala Glu
170

Ile

Cys

Tyr
185
Thr

ASp

ata Asp

Pro Leu Lvs
Ala
235

Gly

Tyr Leu

Ile Asp
250

cervisiae

aacaacggca
aatgaagaaa
aaactgcegy
ggtaaagcac
tctccgeaga
atgggtacag
aatggcttaa
gctaaaaaca
gctgaagtta
ccaggeattt
ggccecgetge
gaattgagcg
cgcggtgtgc
ctgttttcct
catgaaccgce
aaagtgtaa

Page 69

Ala ser Gly
val
30

Glu

Ala Arg

Glu ser

Asp val
60
Ala

val Asp

Ile ser
vai
110
Met

Leu Asn

Ala Leu

125

Thr Ala Ile

140
Ala

Gly val

Lys Gly Tyr

Thr Pro Leu
190
va'l Thr
205

Arg

Glu
Arg Gly
220
Ser

Asp Glu

Gly Tyr Ala

ataaaatccc
ctgacgcgac
ggattatcca
tgtccctgac
ttaaaatgag
attatgtiga
gcttagaaga
tcggggttte
aacctcaggt
ataaattctg
agaagaaaac
aaaaatacat
tgccagttac
tcgacctgac
tgcgectgta

Thr

Met
15
Tyr

Gly
Phe

Leu Gln

Gin Glu

Gly Arg
80
Asn Ile
95
Asn Leu

Lys GIn

Cys Gly
Phe
160
Ilea

Arg

Ala
175
Leu ATa

Ala ser

Thr Pro

Thr
240
His

Ser

Cys
255

ggcgattgcec
cttetecaat
catcgacgec
cgaaaagcct
tgactccect
tttatatctg
ggcttggaaa
caatttcgca
caaccagatt
tcaggageac
cgcgcaggat
caaatccgag
cacctcttca
agcggaagag
ctggaataaa

60

120
180
240
300
360
420
480
540
600
660
720
780
340
900
939



<210>
<Z211>
<21i2>
<213>

<220>

<223>
<400

Met
1
Pro
Glu
Ala
Arg
65
Arg
Ser
Thr
Glu
l.ey
145
va'l
val
Ile
Pro
Phe
225
Ala
Thr
Ser
Leu

Tyr
305

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

Ser
Ala
Thr
Leu
5Q

Thr
Asn
ASp
Asp
val
130
Tyr
Glu
Asn
Tyr
Leu
210
Phe
GIn
Thr
Pha
Glu

290
Asn

<220>

<223>
<400>

122
312
PRT
Artificial Sequence

Phe
Ile
Asp
35

LysS
Tyr
Ala
Ser
Tyr
115
AShH
Lys
Asp
Gin
LYS
1G5
Gly
Glu
Ile
Ser
Asp
275
His

Tyr

123
1047
DNA
Aartificial Seguence

atgaaagcca
ccggaaccgg
gatgatttca
ggtcatgaag
ggcaccaatg
ggcctggaga
gcteeggyggg

His
Ala
20

Ala
Leu
Pro
Ile
Pro
100
val
Gly
ser
l.ey
Ile
180
Phe
Pro
Tyr
Ile
Ser
260
Leu
Glu

Ala

GIn
5
Ile
Thr
Pro
Glu
Phe
g5
Ala
Asp
Leu
Gly
Gin
165
Glu
Cys
Leu
val
l.eu
245
Lys
Thr
Pro

Ala

ttcagtacac
gcccgggega
ttatgtctet
gtgctggtaa
Tggrtgtgta
actattgctc
ctttggcaga

Gln
Ile
Phe
Gly
val
70

Leu
ASp
Leu
ser
Lys
150
Arg
Phe
Gin
Glin
Lys
230
Arg
Pro
Ala
l.eu

Gln
310

Phe
Gly
ser
Ile
Gly
Thr
Gly
Tyr
Leu
135
Ala
Ile
Ser
Glu
Lys
215
Glu
Try
Gln
Glu
Arg

295
LYyS

Phe
Thr
Asn
40

Ile
Lys
ASp
Leu
Leu
120
Glu
Lys
Leu
Pro
His
200
Lys
Leu
val
Arg
Glu
280
Leu

va'l

tcgtatcggt
agtactgcty
gccggaagaa
agtrtgecgea
cggcccatygg
ccgtgegeag
atttatgatt

Thr
Gly
25

Ser
His
Ala
Lys
ASD
105
Leu
Glu
Asn
Lys
Phe
185
Asp
Thr
Ser
Thr
Ile
265
val

Tyr

gcggaaccag
gaagtcacgg
cagtacacct
gttggcgaag
ggttgtggca
gaactgggta
gtcgactcac

376247-018

YDL ADH from Saccharomyces cervisiae

122

Leut Asn Asn
10

Thr Arg Trp

Leu val Glu

Ile asp Ala

60
lL.eu Ser Leu
75
Tyr Ser Pro

a0
Leu Ala Leu

His Ser Pro

Ala Trp Lys

140

I'le Ggly val
155

val Ala Glu

170

l.eu GIn Asn

ITe Leu val

Ala Gin Asp
220
Glu Lys Tyr

235

Lys Arg Gly

250

Ser Asp Ala

Asp Lys Ile

Trp Asn Lys

300

ADH from Rhodococcus erythropolis

123

Page 70

Gly
Tyr
Gln
Ala
Thr
Gln
Lys
Phe
125
ASp
Ser
val
Gln
Glu
205
Asp
Ile
val
Glin
Thr

285
Leu

ASnH
Lys
30

Ile
Glu

Glu

Lys
110
val
Met
Asn
1ys
Thr
190
Ala
Ser
L.ys
Leu
Asn
270
Glu

Tyr

aactgactga
cagetggegt
acggccrygcc
gtgttgaagyg
actgttggca
ttaacccgec
cacgtcattt

Lys
15

Asn
val
Ile
Lys
Lys
95

Met
Ser
Glu
Phe
Pro
175
Pro
Tyr
GIn
Ser
Pro
255
Leu
l.ey

Gly

aatcecgaag
gtgccattec
gctgacccty
gttggatatt
ttgcagtcag
tggrctgggt
ggtcccgatt

Ile
Glu
Tyr
Tyr
Pro
80

Met
Gly
LYS
Gin
Ala
160
Gln
Gly
Ser
Pro
Glu
240
val
Phe
Gly

Lys

60

120
180
240
300
360
420



ggcgatttay
gcaatcaaac
ggtggcctyy
gccttggacg
gtcctgtctg
getttggtot
ggcgrggget
ggtrtcttec
gaactgatcyg
ttctotttygy

cgtgcggtag

124
348
PRT

<210>
<21il>
<212>
<213>

<220
<223>

<400>
Met Lys
1

Glu

124
Ala

Ile Pro
Ala
35

Glin

Thr Ala

Glu
50
Gly

Glu

Ala
b5
Gly

LYyS

Thr Asnh

His Cys Ser

Gly Ile Asn
115
ITe val
130

val

Met

Pro
145
Ala

Lys

Ile Lys

val Iie Gly

HiS ser
195
Leu

Ley

Glu
210
Asp

Leu
Lys Ala
225
Ala

teu val

Met Ala val
Gln
275

val

Asp Gly

Ala ser
290
Ley Ile
305
Phe

AsSp

Ser Leu

Thr Ley Ser

accctgitaa
gcteocrgec
gccacgtgoc
tttctgoecga
ataaagatgc
tggatttigt
ctgacgtcac
agagtcctta
aattgatrcga
ataatggtgc
tcgtoccggyg

Gin
5
Pro

Ile

L.YS
20
Gly val

Tyr Thr

val Ala

Tyr
Ghu
cys
Tyr

Ala

aactgtteccy
gaaactgcge
tatccaactg
taaactggaa
agcggagaat
gggcratcag
cattgttggt
tgaggcatcg
tctggegeat
agaggcctat
cctgtaa

Artificial Sequence

Thr Arg

Pro Gly

His Ser
40
Gly Leu
55

val Gly

70

va'l
85
Gly

val

Glin
106
Pro Pro

Asp Ser

Thr val

val
Leu
Gly
Pro

Pro

Tyr Gly

Glu Asn

teu Gly
120
Arg His
135

Leu Thr

150

Ser
165
Gly

Arg

Thr
180
Ala Ala

Ala Thr

Ala Glu

Leu
Gly
Thr
Lys

ASN

Pro Lys

Leu Gly
Ile
200
Gly

val

val
215

val Arg

230

Leu Asp
245
Ala Gly
260
Ala His

Thr val

Ley Ala

Phe
val
Ala
Pro

His

val Gly

Gly Ser
val
280
Trp

Lys

Tyr
295

Ala aGly

310

AsSp Asn
325
Gly Arg

340

Gly

Ala

Ala Glu

vai val

376247-018

ttgactgatg
ggcggctcett
ctgcgtcatt
ctggctacea
gtgcgtaaaa
cctaccattyg
atcggtgatg
gttacggtac
gctggtattt
cgtcgecotgg

ADH from Rhodococcus erythropolis

Ile Gly Ala

10
pro Gly Glu
25
Asp

Asp Phe

Pro Leu Thr
val
75

Gly

Glu Gly

Prg Trp

90
Cys

Tyr ser

105

Ala Pro Gly

teu val Pro

Asp Ala Gly

155

Leu Arg Gly
170

His val ala

185

Ala

Leu ASp

Ala His Glu
Thr
235

Pro

Lys Ile
Glin
250
val

Tyr
Asp Thr
265
Gly

Phe Phe

Gly Ala Arg

Ile Phe Asp

315
Ala Tyr Arg
330
val Pro

345

Gly

cgggcctgac
atgcagtagt
tatctgetge
aagtcggege
ttactggtag
acaccgceat
gccaggcaca
cttattgggy
tcgacattge
ctgegygeac

Glu Pro Glu

val Leu lLeu

30
Ile Met Ser
45
teu Gly His
60
Giu

Gly Leu

Cys Gly Asn
Gin
110

Ala

Arg Ala

Ala Leu
125
Ile Gly
140

Leu

Asp

Thr Pro

Gly Sser Tyr

Ite Gln Leu

190
val ser Ala
205
val val

220

Gly

Leu

ser G1In

Thr Ile asp

Ile val Gly
270
Pro

Gin ser

285
Asn Glu
300

Ile

Leu
Ata val

Arg Leu Ala

Leu

Page 71

cccataccat
gatcggtacg
aacggtgatc
acatgaagta
ccaaggtgea
ggcagtggcg
tgcgaaagtt
cgctcgraat
cgttgagacc
actgtcagge

Leu Thr
i5
Glu val

Leu Pro

Glu Gly
Ile
80
Trp

Asp
Cys
Glu Leu
Giu Phe
Leu Asp
His
160
val

Tyr

Ala
175
Leu Arg

Asp Lys

ser Asp
Ala
240
Ala

Gly

Thr
255
ITe Gly

Tyr Glu

Ile Glu
Thr
320
Gly

Giu

Ala
335

480
540
600
660
720
780
840
a00
960
1020
1047



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

<220>
<223>

125
1047
DNA

<400> 125

atgaccacgg
gtggtagaty
aaaaatgacg
gaagatattg
aaagtggtcc
ttactgatcc
gcagacaccy
gatatgaaag
tcgtgtcagg
gcgtgggact
ccaggctteg
agcagtgcga
agcggeccgt
cctgaatgcy
ctggacattc
ggcagcggct
aactigctgg
ttgctggaag

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

<220>
<223>

126
348
PRT

<400> 126
Met Thr Thr
1
Ile

Ala Leu

ITe Gly Ser
35

Phe Lys Ser
50

Ala Pro

65

Lys

Asn

val val

Phe Glu Lys
Ala
115

Ser

Leu Glu

Thr
130
ser

Tle
Thr Phe
145
Ser

Cys Gln

Ala Glu Lys
Thr
195

Ala

Lys Phe
Phe
210
Ala

Leu

Ile
225

Asn

aaaaaaccgt
acctgctgaa
gtttgctgaa
cggcaccaaa
tgcatatcgce
cggeggtaaa
tggaaaaagt
ataccagctrt
cgaatgctgt
tcttggaaga
trtttggtee
ttattgcgaa
ttatcgacyt
ccggtcagey
tgaacgaaga
cgaccttect
gcttccagtt
tgcaaagcaa

Glu Lys
5

His val
20
Gly Arg

Asn Pro

Ala Phe

His
85
Leu

Leu

AsSD
100
Iie Lys

Ser val

val val

Thr val
val
Ser
Asn
ASp
70
Ile
L.eu
Asn

Ala

Asn

Aartificial Seguence

yGL ADH from Saccharomyces

agtgttcgty
aactggttac
gaagttcaag
cgccttegat
gtceeeggtce
cggtaccaaa
ggttattact
cgtggttaac
gtccgettat
aaaccagagc
gcagctgttc
cctggtgrey
ccgtgacgtt
cctgtttctg
atttccacag
gactaaaaat
caacaaattc
aagctaa

Artificial Sequence

val

ASp Asp

Glu
40
Ser

Gln

Leu
55
Lys val

Ala Ser

Ile Pro

Ala
120
Lay

Tyr

Ala
135

Glu Glu

150

Ala Asn
165
Thr Ala
180
Leu Ser

Asp ser

Leu val

Ala
Trp
Thr
Leu

ser

val ser

Asp Phe

Ile Asn
200
Arg Asn
215

Tyr Lys

230

376247~018

cervisiae

tcaggcgega
aaagtaattg
tceaaccega
aaagtattcc
cattrcaaca
tctattitgg
Tcatctgtig
gaagaatcct
tgcggttcta
agcattaaat
gccgactect
tataaattag
tccaaagetc
tgcgaggata
ctgaagggca
tgttgcaaat
cgecgactgea

YGL ADH from Saccharomyces cervisiae

val
i0
Leu

Phe Ser

Leu
25
Lys

Lvs

Asn Asp

Met Glu Ile

Phe Gln Lys
75
val His
90

va'l

Pro

Ala
105
Ala

Asn

Asp Thr

Ala Ser Pro
ASn
155

Cys

Ser Trp

Ala Tyr

170

teu Glu Glu

185

Pro Gly Phe

Gly Ile Asn

teu Gly Asp

235

Page 72

ccggtrtttat
gttceggteg
atctgagcat
agaaacatgg
ctaccgattt
dagcaattaa
ccgegttggce
ggaataaaga
daaaattcgc
tractctgtc
tgcgcaatgg
gggataactt
atctgcetgge
tgttctgttc
agatcgcaac
gcgacaatcg
ttgtcgatac

Gly Ala Thr

Thr Gly Tyr
30
teu Leu
45

Glu

Gly

val
60
His

Asp

Gly Lys

Phe Asn Thr

Gty Thr Lys
110
Glu Lys
125

ASp

val

Gly
140
Lys

Met

Asp Thr

Gly Ser Lys

Asn Gln Ser
190
Phe Gly
205

Ser-

va'l

Ser ser

220
Asn

Phe Tyr

tgctetgeac
ttctcaggaa
ggaaattgtg
raaagaaatt
cgaaaaagac
gaactatgcc
ctetecggyt
cacctgggaa
agagaaaacg
cacgattaac
tattaactct
ctacaattat
atttgagaaa
ccaggaagec
gggcgaacct
taaaactaaa
rgegteccag

Gly Phe
15
Lys val

Lys Lys

Ile Ala

Ile
80
Asp

Gly

Thr
g5
Ser Ile

val val

Lys ASp
Giu
160
Phe

Irp

LYyS
175

Ser Ile

Pro
Ala Tle

Asn Tyr
240

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1047



376247-018

ser Gly Pro Phe Ile Asp val Arg Asp val Ser
245 250

Ala pPhe Glu Lys Pro Glu Cys Ala Gly Gln Arg
260 265

AsSp Met Phe Cys Ser Gin Glu Ala Leu Asp Ile

275 280
Pro Gln teu Lys Gly Lys Ile Ala Thr Gly Glu
290 295

Thr Phe Leu Thr Lys Asn Cys Cys Lys Cys Asp

305 310 315

Asn Leu lLeu Gly Phe GIn Phe Asn. Lys Phe Arg

325 330

Thr Ala Ser Gln Leu Leu Glu val GlIn Ser Lys
340 345

<210> 127

<211> 939

<212> DNA

<213> ArtifTicial seguence

<220>

<223> YPR ADH from Saccharomyces cervisiae

<400> 127

atgccggeaa cgitaaaaaza cagcagtgetr accttaaaat

cctgtcctgg ggttcggeac ctggegetct gtcgataaca

gcggegetga aageggggta ccogtcatatc gatgetgegg

gaagtcgycc gtgcgatcaa ggactccgygt gtitcctcgtg

aaactgtygg gcaccgaaca acgogatcca gaagragecc

ctgggtctgg actatgtgga <cigtatctg atgcactgge

cgtgtaactg acggtaacgt ccigtgcatc ccgacccigyg

gataccaaag agtggaattit tattaaaacc tgggaactga

ggtaagacca aagecgtegg tgtgtccaat ttttccatca

gaatcgecaa ataacaagglt cgttccagca accaatcaga

ccgcaggatg aattaatcge ¢Ltttgtaaa gaaaaaggca

ccattcggct ccgetaacge €ccgctgetg aaagaacagg

aagcacggcy tcgaaccgge gcaactgatt atcagetggt

gtattggcca agtccgtaaa tccggagogt atcgtgtcga

ccagaggatg atitcaaaac catctctaac ctgagcaaag

gttgacatga aatggyycte atttccgatt tttcaataa

<210> 128

<211> 312

<212> PRT

<213> Artificial sequence

<220>

<223> ¥YPR ADH from Saccharomyces cervisiae

<400> 128

Met Pro Ala Thr teu Lys Asn Ser Ser Ala Thr

1 5 10

Gly Ala ser gge Pro val Leu Gly g?e Gly Thr

ASn Asnh g%y Tyr His Ser val ﬁée Ala Ala Leu

His ITe asp Ala Ala Ala ITe Tyr teu Asn Glu

50 55

Ala Ile Lys Asp Ser Gly val Pro Arg Glu Glu

65 70 75

l.ys Leu Trp Gly g?r Glu GIn Arg Asp ggo Glu

Ser Leu Lys Arg Leu Gly Leu Asp Tyr val Asp
100 105

Trp Pro val Pro Leu Lys Thr Asp arg val Thr

115 120

Page 73

Lys Ala His

Leu Phe Leu

270

Leu Asn Glu
285

Pro Gty
300

Asn

ser

Arg Lys

Asp Cys I'e

Ser

taaacacagg
acggctatca
ccatctatct
aagaaatttt
tgaacaaatc
cggtccctct
aagatggcac
tgcaggaatt
acaatatcaa
tcgagattca
ttgtggtcga
cgattatcga
cgattcageg
actttaagat
tgcacggtac

Leu Lys Leu

Trp Arg Ser
30
Ala Gly
45

Glu

LYyS

Glu val

60

Ile Phe Ile

Ala ala Leu

Leu Tyr Leu

110
Asn

Asp Gly

125

Leu
255
Cys

L.eu
Glu

Glu Phe

Gly ser

Thr Lys
320
val Asp
335

tgcgageatt
tagtgtaatt
gaargaagaa
tattaccacc
tctgaaacgt
gaaaacagac
cgtggacatc
gccgaaaact
agaactgctg
TCcgttocty
agcatatagc
tatggccaaa
cggttatgty
ttttaccctg
caaacygrgrtc

Asn Thr

val Asp

Tyr Arg

Gly Arg

Thr
80
Lys

Thr

ASnN
95
Met His

val Leu

60

120
180
240
300
360
420
480
540
600
660
720
/80
840
900
939



Ile
130
ASH

Cys Pro

Trp Phe
145
Gly

Lys Thr

Lys Glu Leu

Ile Glu
195
Giu

Gln
Cys LyS
210
Ala Asn Ala
225
Lys His Gly

Arg Gly Tyr
Phe
275

teu

Ser Asn

ser Asn
290
Trp Gly

305

Ser

<210> 129
<21l> 1029
<212> DNA

Thr Leu

Ile Lys

Gluy

Thr

Asp Gly
135

Trp Glu

150

Ala
165
Glu

Lys

Leu
180
Ile

Lys Gly

Pro Leu

val
Ser
Pro
1le

Leu

Gly val

Pro Asn

Leu Leu
200
val val
215

tys Glu

230

Gly
245
val

val

val
260
Lys Ite

ser Lys

Phe Pro

Pro
Leu
Phe
val

Ile

Ala Gln

Ala Lys

Ther Leu
280
His Gly
295

Phe Gln

310

<213> Artificial seguence

<220>

<223> GRE ADH from Saccharomyces

<400> 129
atgtctgtgt
ctgaaagaag
accgaagect
ctggatgcct
accgcgtece
gtaaacggtg
cgcgtggttc
agcctgacct
ccggtgaacg
gaagaaaacc
ggtcecgcaga
aactctctga
gacgtcegig
cagcgectga
gaagacrttc
cataatactc
ttccgtaatc
cgcatttaa

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

130
342
PRT

<220>
<223>
- <400> 130

1

tcgrgtcagy
attacaaagt
tcggtaacaa
tcgatcatgt
cgttttgttt
tcaaaggtat
tgacticatc
tcaacgaaga
citattgcgy
gtgatagcgt
tgttcgataa
tgcatctgag
acgttgcgaa
tcgtgtcgga
cagtactgaa
tgggcgecac
tgaaagagac

cgcgaatggt
aattggticc
cccgaaattt
attccagaaa
cgatattacc
tttgcacagt
ttacgecycy
atcctggaat
ttctaaaaaa
gaaatttgag
agatgttaaa
ccctgaagat
agctcatctyg
ggcacgtttc
gggcaatatc
cctggacaat
tattgacgat

artificial seguence

GRE ADH from Saccharomyces

376247018

Thr val Asp
Gln
155

Phe

Leu Met

S5er Asn

170
Asn Lys Val
185
Pro

Gln Asp

Giu Ala Tyr
Ile
235

Iie

Gln Ala

Iie
250
val

Leu

Ser
265
Pro

Asn

Glu Asp

Thr Lys Arg

cervisiae

rttattgcte
gcacgttete
agcatggaag
catggtaaag
gattccgaac
attaagaaat
gtatttgata
ccggegacct
ttcgeagaga
ctgacagegg
aaacactrga
aaaattccgg
gttgcatttc
acgatgcagg
ccggteggea
aaaaaaagca
actgegtecc

cervisiae

10

Ile Thr
140

Glu

ASp

Leu Pro

Ser Ile Asn
Ala
190

Ile

val Pro

Glu Leu

205

Ser Pro Phe

220

ITe Asp Met

Ser Trp Ser

Pro Glu Arg
270
Phe Lys
285

val

AsSp

va'l
300

Asp

agcacatcgt
aggaaaaagc
tggtgectga
atattaaaat
gtgacttact
atgccgeaga
tggcgaagga
gggaatcgtg
aagcagcgrg
tcaacccagt
acaccagcig
aactgtttgg
agaaacgtga
acgttctgga
agcctggcag
aaaaattgct
agatcctgaa

Lys Glu
Thr
160
Ile

Lys

ASn
175
Thr Asn

Ala Phe

Gly ser

Ala Lys
240
Ile Glin
255
Ile val

Thr Ite

Met Lys

agatctgcty
tgaaaatttg
tattagcaaa
cgtcctgeat
gatcccggeg
cagcgtggaa
aaacgataag
tcagagtgat
ggaattcttyg
ttacgttttt
cgaactggtg
cggttacatc
aacaatcggt
cattctgaac
cggcgecacc
gggcticaaa
attcgaaggt

Met Ser val phe val ser Gly Ala Asn Gly Phe Ile Ala Gln His Ile
5

i5

val Asp Leu Leu Leu Lys Glu Asp Tyr Lys val Ile Gly ggr Ala Arg
20

25

Page 74

60
120
180
240
300
360
420
480
540
600
660
720
780
8§40
900
960
1020
1029



Glu
35
Ser

Ser Glin

Phe
50
His

LYS
Asp val
65

Thr

Ala ser

Leu Pro

Ala
115
val

Lys Tyr
Ala
130
Giu

Ala

Ash Glu

145

Pro val Asn

Trp Glu Phe

Ala val Asn

195

val Lys Lys

210
His Leu Ser
225
Asp

val Arg

Glu Thr Ile
val
275

Pro

GIn Asp
ile
290
Ala

Asn
Gly Thr
305
Phe

Arg Asn

Lys Phe Glu

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

131
1032
DNA

<220>
<223> Codon

<400> 1331
atggcaaaga
aacggcetttg
ggcactgetc
ccrggtcgrt
gttattaaag
tatgatgagg
gcracgectt
aaacctaacg
aaggctaaaa
aaaacggaag
ctgaatgccg
ggttccactt
ctgatgccge
ctggttctge
aacaccgttc
ccggatcagg
tccctgggec

Lys Ala

Met Glu

Phe Gin

Phe
85
val

Pro

Ala
100
Ala Asp

Phe Asp

Ser Trp

Gilu

val
LysS
70

Cys
Ash
Ser
Met

ASn

Asn Leu
40
val Pro
55
His Gly

Phe Asp

Gly val

Thr

376247-018
Giu Ala phe

Gly

Asn

Asp
Lys
Ile

LYS

Ile ser

Ile
75
AsD

ASD

Thr
90

Gly 1le

105

Glu
120
Eys

val

Ala
135

Pro Ala

150

Ala Tyr
165
Leu Glu
180

Pro val

His Leu

Pro Glu

Cys
Glu
Tyr
Asn

AsSp

Gly ser

Asn Arg

Arg
Glu
Thr
Lys
Asp

val val

AsShn AsSp
Ghu
155
rhe

Trp

Lys
170

Ser val

185

Phe
200
Ser

val

Thr
215

tys Ile

230

val
245
Gin

ASp

Gly
260
Leu Asp

val Gly

L.eu Asp

Ala

Arg

Lys

Asn

Lys Ala

Leu Ile

Gly
Cys
Pro
His

vai

Pro Gln

Glu Leu

Glu Leu
235
teu val
250

Ser Glu

265

Asn
280
Gly

Leu

Pro
295

LYyS Lys

310

Leu Lys
325
Gly Arg

340

optimized

tcgacaacgce
tcgetageca
gctergoectc
tcgagactge
gcgaggaagg
tggtaactcc
ccgtgaaacy
tcgaaggtat
ccctgectga
cggaactggce
ttctgecaaa
ccggctggat
cgcagtacta
cgcaaatcga
tggcgacctt
gccaggatct
gceetgygcty

Glu

Thr fle

Ile

Artificial Seguence

AaDH from s.

agttctgecg
tgtggtcgaa
caaactggcg
cgttgttgaa
fgtcgeccac
tgcgatcggt
tttigtgcty
ttatctggat
atctgatccy
tgcctggaaa
ctacactatc
gatgtctctg
tgtctetgea
acgccgtegt
ccgtaaactg
gtccaaattt
gcgtageatc

Glu
Ser
Ser

ASp

Asp Phe

Gly Ala

Lys Lys
315
Asp Thr
330

salmonicol

gagggtictce
caactgctgy
aacctgcaga
gacatgctga
atcgcgtccg
ggcacgctga
accagcagca
gagaagagct
cagaaaagcce
ttcatggacg
ggtaccattt
ttcaatggcy
gttgatatcg
gtttacggca
tatccgteca
gataccgeec
gaggaatcta

Page 75

45
Lys Leu
60

LYsS

AsSp

Ile val

ser Glu Arg
Ser
116

Ser

Leu His
Thr
125
sSer

Leu

LyS
140
Ser

Leu

Cys Gln

Ala Glu Lys
Giu
190

ASp

Lys Phe
Phe
205
Asn

Met

val
220
Phe

Ser

Gly Gly

Ala Phe Gln
Phe
270

Leu

Ala Arg
val
285
His

Pro
Thr Asn
300
Leu

teu Gly

Ala ser Gln

or

tggtyctggt
aacacggcta
aacgttggga
agcagggtgc
tggtcagett
atgeectgey
ctgtttctgc
ggaacctgga
tgtgggtcta
aaaacaaacc
ttgacccaga
aagtatctcc
grctgctgea
ccgcaggeac
agacgticcc
cgagcetgga
tcaaagatct

Asn Pro

Ala phe

His
80
Leu

lL.eu

Asp
93
Ile Lys

ser Tyr

Thr Phe

Ser Asp
160
Ala Ala
175
i.eu Thr

Lys Asp

Leu Met

Ile
240
Arg

Tyr

LYS
255
Thr Met

Lys Gly

Thr Leu

Phe Lys
320
Ile teu

335

caccggcgey
taaggtgcgc
cgccaaatac
atatgatgaa
ttctaacaaa
tgccgeaget
actgatrtcca
aagcattgat
cgccgeaage
gcactttact
aacccaatce
ggcactggeyg
cctgggttgt
ctitgattgg
ggctgacttt
gattctgaaa

ggtgggricc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
00
960
1020



gagaccgect aa

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

<220>

<223>
<400>

132
343
PRT
Artificial Seguence

132

Met Ala Lvs
1

val
Leu
Leu
Glu
65

val
- Pha
Leu
val
Glu
145
Lys
Tyr
ASp
Thr
Gly
225
L.eu
His
Gly
l.ys
Gin
305
Ser

Ley

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

Thr
Glu
Ala
50

Thi
Ite
Ser
Asn
Leuy
130
Gly
Ala
Ala
Glu
Ile
210
Trp
Met
Leu
Thr
lLeu
290
ASp
Lay

val

<220>

<223>
<400

Gly
His
35

Asn
Ala
Lys
Asn
Ala
115
Thr
Ile
Lys
Ala
Asn
195
Gly
Met
Pro
Gly
Ala
275
Tyr
Leu

Gly
Gly

133
1041
DNA
Artificial Sequence

ADH from S.

Ile
Ala
20

Gly
Leu
val
Gly
Lys
100
Leu
Ser
Tyr
Thr
Ser
180
Lys
Thr
Met
Pro
Cys
260
Gly
Pro
Ser

Arg

Ser
340

Asp
5
Asnh
Tyr
Glin
val
Ala
85
Tyr
Arg
ser
Leu
Leu
165
Lys
Pro
Ile
Ser
GIn
245
Leu
Thr
Sar
Lys
Pro

325
Glu

Asn
Gly
Lys
Lys
Glu
70

Ala
ASp
Ala
Thr
Asp
150
Pro

Thr

Phe
Leu
230
TYr
val
Phe
LyS
Phe
310
Gly

Thr

Ala
Phe
val
Alg
55

ASD
Gly
Glu
Ala
va'l
135
Glu
Giu
Glu
Phe
AsD
215
Phe
Tyr
teu
ASD
Thr
295
Asp
Trp

Ala

salmonicolor

val
val
Arg
40

Trp
Met
val
val
Ala
120
Ser
Lys
Ser
Ala
Thr
200
Pro
Ash
val
Pro
Trp
280
Phe
Thr

ATg

Ley
Ala
Gly
Asp
ey
Ala
vai
105
Ala
Ala
Ser
ASD
Ghu
185
Leu
Glu
Gly
sSer
Glin
265
Asn

Pro

ser

376247-018

Pro
10

Ser
Thr
Ala
Lys
His
90

The
Thr
Leu
Trp
Pro
170
Lau
Asn
Thr
Glu
Ala
250
Ile
Thr
Ala
Pro

Ile
330

Glu

Ala
Lys
GIn
Ile
Pro
Pro
Ile
Asn
155
Gin
Ala
Ala
Gin
val
v
Glu
val
Asp
Ser

315
Glu

Codon optimized ADH from S. coelicelor

133

Gly
val
Arg
TYP
Gly
Ala
Ala
Ser
Pro
140
Leu
Lys
Ala
val
ser
220
Ser
ASD
Arg
Leu
Phe
360

l.eu

Glu

Ser
val
ser
45

Pro
Ala
Ser
Ile
val
125
Lys
Glu
sar
Trp
lL.eu
205
Gly
Pro
Ile
Arg
Ala
285
Pro
Glu

Ser

Leu
Glu
30

Ala
Gly
Tyr
val
Gly
110
Lys
Pro
Ser
Leu
Lys
180
Pro
Ser
Ala
Gly
Arg
270
Thr
ASD
Ile

Tle

val
G1n
Ser
ATg
AsSp
val
95

Gly
Aryg
ASn
Ile
Trp
175
Phe
Asn
Thr
Leu
l.eu
255
val
Phe
GIn
Leu

Lys
335

Leu
Leu
1ys
Phe
Glu
80

ser
Thr
Phe
vai
ASp
160
val
Met
Tyr
Ser
ala
240
Leu
Tyr
Arg
Gly
Lys
320
ASD

1032

atgaaggeac tgcagtaccg caccatcgge gocccgoccyg aggtogtcac cgtcccggac 60
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ccggagecgy
gacatcgcgy
ggccacgagy
ggcgacgeyg
ggcaaggaga
cgteecgoagt
gacgggctcg
gcgatcaagc
ggtggtctcy
gcectggacy
gtgctgtcgg
gaggccegtgt
gccgtegagy
ggcatgcrgc
accgaggtgc
ctggacgacyg
gtgatcctgc

134
346
PRT

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

<220
<223> ADH f

<400> 134
Met Lys Ala
1
Thr val Pro
Ala
35

Gly

Thr Ala
Glu
50

Gly

Ala

val Thr

65
Gly

Asp Ala

Lys Cys Ala

Gty Ile arg
115
Leu Ile
130

val

Leu
Pro Ala
145
Ala

Iie Lys

val 1le Gly
The
195

L.eu

Ala Leuy

teu Arg

210

Ala Lys Ala

225

Glu Ala val

Gly Ala val

Gly Gly ser

275

val Asn Ala

290
Leu

Asn Ala

305

gccccggeca
tgatgagctg
gcgtcggeac
tegeegtgta
actactgect
ccatggecga
accecggtcgce
ggtcgetgec
gccacgtege
tcagcgagga
acgcgaaggc
tcgacttegt
gcgatgtcac
cgttcgaggt
tgaacctgge
ccecegetege
ccecacggety

rom S.

l.eu

5
Asp Pro
20
Gly val

Phe Pro

val ala

Ala
85
Gly

val

Glu
106
Pro Pro

ASp ASp

Ala val

Gln Tyr
Glu
Cys
Tyr
Ala
70
val
Lys
Gly

Pro

Pro

ggtgcrgttg
gccecgeegag
cgtggeegeg
cgggeectyg
gcgegecgac
gtacctgcryg
ggcggrgeeg
caagctggtc
catccagctg
gaagctgege
cgcggacygcy
cggcgtggeg
cctggtcgac
gtcggtcaac
ccgctcecgat
ctacgagcgg
a

Artificial sequence

coelicolor

Arg Thr

Pro Gly

ser
40
Leu

His

Glu
55
Leu Gly

Tyr Gly

Glu Asn

tey Gly
120
Arg His
135

ey Thr

150

ser
165
Gly

Arg

Thr
180
Ser Ala

Ala Arg

Ala Asp

teu
Gly
Arg
Ala

Ala

Pro Lys

Leu Gly
val
200
Gly

val

val
215

val Arg

230

Phe Asp
245
Ala Ala
260

Leu Pro

Pro Tyr

Arg ser

Phe
val
val
Trp
Gly

val Gly

Glu Gly
Phe
280
Ser

Gly

Gly
295

Ala val

310

376247018

aaggtgaccg
ggcttecegt
cteggegecy
ggctgeggea
gagctgggca
atcgacgace
ctcaccgacg
cccggeteca
ctgcgegecc
ctegecegty
gtgcgcgaga
cccaccgtgce
atcggeggeg
gcccectact
gccgtgtegg
crgcacgagg

ile Gly Ala

Pro Gln
25

ASD

Gly

Ile Ala

Pro Leu Thr

Ala Gly val

Pro Trp Gly

90
Tyr Cys Leu
105
Arg

Pro Gly

Leu val Pro

Ala Gly
155
Pro

ASD

val
170
val

Leu
His Ala
185
Ala

Leu Asp

Ala His G'lu
Thr
235

Pro

Glu Ile

Ala
250
va'l

val

Asp Thr

265
Gly

Met Leu

Arg Ser Glu
His
315

Ser val

cggeeggagt
acgagctgec
99gtgacygg
cctgcgecaa
tcegtecgec
ccecggeaccet
ccggactgac
ccgogotgge
tgacgteege
cggtgggege
£Caccgycyy
agaccgccgg
gatcgctgec
ggggcagecy
tgcacaccga
gcagggtcaa

Pro Pro Glu

val Leu
30

Ser

Leu

val Met

45
teu Gly His

60

Thr Gly Leu

Cys Gly Thr

Arg Ala Asp

110

ser Met Ala

125

Leu Asp Gly

140

teu Thr Pro

Gly Ser Thr

Ile Gin Leu

1980
val ser Glu
205
Ala val

220

Gly

Leu

Gly Leu

Thr val Gin

Leuy val Gly
270
Phe Glu
285

Thr

Pro

lL.eu Glu

300
Thr

Giu Thr

Page 77

ctgccactcc
gctcaccetc
gctcgecgag
gtgcgcggag
ggggctcggg
ggtcccgetg
gccgtaccac
catcggeacc

cegggtggte
gcacgaggcg
tctegetgece
agccgtegeg
cgtcggcttc
cagcgagetg
gacgtactcc
cggccgcycey

val val
15
Lys val

Trp Pro

Glu Gly
Glu
80
Ala

Ala

Cys
95
Glu Leu

Glu Tyr

L.eu AsSp
His
160
val

Tyr

Ala
175
Leu Arg

Glu Lys

Ser .Asp
Ala
240
Ala

Gly

Thr
255
Ile Gly

val ser

val Leu

ser
320

Tyr

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1041



376247-018
Leu Asp Asp Ala Pro Leu Ala Tyr Glu Arg Leu His Glu Gly Arg val
335

325 330

Asn Gly Arg Ala val Ite Leu Pro His Gly
340 345

<210> 135
<211> 1056
<212> DNA
<213> Artificial seguence
<220>
<223> Codon optimized ADH-TB from T brockii
<400> 135

atgaaaggct tcgccatget gagcatcgge aaagtgggtt ggattgaaaa agaaaaaccg 60

gcgocaggec cgttcgatge aattgtgoge cctctggcag tagcgecgtg taccagcgat 120
attcatactg tgtttgaagg tgccatiggc gagcgtcaca atatgattct gggccatgaa 180
gcegttggtg aagttgttga ggttggcage gaagtgaagg atttcaaacc gggcgatcge 240
gttgtcgttc cagcgattac cccggattgg cygcaccagcy aagtccageg cggctaccat 300
cagcactctg gcggcatget ggeocggeigg aaattcagca atgtaaagga tggtgtgtte 360

ggtgaatttt ttcacgttaa cgacgcagac atgaatctgg cgcacctgce gaaagaaatc 420

ccgctggaag cagceggttat gaticcggat atgatgacca cgggttttca cggcegcagag 480
ctggcggaca ttgaactggg cgctacggta gecgtactgg geatcggtec ggtgggectg 540
atggcagttg caggcgcetaa gctgogeggce gcaggtcegta ttattgecgr tggttctege 600
ccggtgtgtg tggacgccgo taagtattat ggtgcaacgg acattgtcaa ttacaaggac 660
ggcccaattg aatctcagat catgaaccty acggaaggta aaggegttga cgccgegatt 720
atcgctggog gcaacgcecga catcatggeg accgcagita aaatcgtcaa gocaggtggt 780
actattgcta acgtcaacta cttcggcgaa ggtgaggtcc tgectgtcec acgtctggaa 840
tggggttgcy gtatggcaca taaaaccatt aaaggtggcec tgtgcccagg cggecgrcetg 900

cgtatggaac gcctgatcga tctggtcttc tacaaacgcg tggatcctag caaactggtg 960

actcacgttt tccgcggcett tgataacatc gaaaaagett ttatgetgat gaaagataaa 1020
ccgaaagate tgattaaacc ggttgtcatc ctgget 1056

<210> 136
<211> 35¢
<212> PRT
<213> Artificial Sequence

<220>
<223> ADH-TB from T brockii

<400> 136

Met Lys Gly Phe Ala met Leu Ser Ile Gly Lys val Gly Trp %}e Glu

1 5 10

Lys Glu Lys Pro Ala Pro Gly Pro Phe asp Ala Ile val érg Pro Leu
20 25 0

ala val Ala Pro Cys Thr Ser Asp Ile His Thr val Phe Glu Gly Ajla

35 40 45
ITe Gly Glu Arg His Asn Met Ile Lteu Gly His Glu Ala val Gly Glu
50 55 60

val val Glu val Gly Ser Glu val Lys Asp Phe Lys Pro Gly Asp Arg

65 70 75 80

val val val Pro Ala Ile Thr Pro Asp Trp Arg Thr ser Glu val Gln

85 90 95

Arg Gly Tyr His Gln His Ser Gly Gly Met Leu Ala Gly Trp Lys Phe
100 105 110

ser Asn val Lys Asp Gly val Phe Gly Giu Phe Phe His val Asn Asp

115 120 125
Ala Asp Met Asn Leu Ala His Leu Pro Lys Glu Ile Pro Leu Glu Ala
130 135 140

Ala val Met Ile Pro Asp Met Met Thr Thr Gly Phe His Gly aAla Glu

145 150 155 160

Leu Ala Asp Ile Glu Leu Gly Ala Thr val Ala val Leu Gly Ile Gly

165 170 175

Pro val Gly Leu Met Ala val Ala Giy Ala Lys teu Arg Gly aAla Gly

180 185 190
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Ile
195
Gly

Arg Ite

Tyr Tyr
210

Ser Gin Ile

225

Ile Ala Gly

Lys Pro Gly

val Leu Pro
275
ITe Lys
290

Ile

Thr

Leu
305
Thr

Asp

His val

Met Lys Asp

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

137
1125
DNA

<220>
<Z223>

<400 137

atgagcacag
ccatittcca
atggrggeca
cctergecty
gtcactacag
tgccgtgttt
cgtgggacca
ttectgggea
atcgatgeygg
tatgggtctyg
€tgg999999g
attggggtyg
tgtgtcaacc
gggggcygtyg
tcatgetgtc
aatctgtcta
ggrggttrta
ttrgcactyy
gacctgetge

<210> 138
<Z211> 375
<Z212> PRT
<213>

<220
<223>

<400> 138
Met Ser Thr
1

Glu Glu Lys

Lys Ala His
35
Ser Asp Asp

Ala wval

Ala Thr

Met Ash

Gly
Asp

Ley

ser Arg
200
Ile val
215

Thr Glu

230

Gly Asn
245
Gly Thr
260

val Pro

Gly Gly

Leu val

-Ala
ile
Arg
L.ed

Phe

Asp Ile

Ala Asn

Glu
280
Pro

Leu

Cys
295

Tyr Lys

310

Phe Arg
325
Lys Pro

340

cagggaaagt
vtgaggaggt
cagggatctg
tgatcgcagg
tacgtccagg
gtaaacacce
tgcaggatgg
ccagcacctt
ccrcaccget
cagtcaaggt
tgggcctgtc
acatcaacaa
ctcaggacta
atitttcatt
aagaagcata
tgaatcctat
agagtaaaga
atccittaat
gctctgggga

ADH from Horse Liver,

Ala Gly Lys val
5

Lys Pro Phe Ser

20

Glu val Arg 1le

His val val ser

Gly
Lys

Phe Asp

AsSp Leu

Artificial Sequence

aattaaatgc
ggaggtcgea
tcgctcagat
ccatgaggca
tgataaagtc
tgaaggcaac
taccagecgt
ctcccagtac
ggagaaagtc
tgccaaggtc
tgttatcaty
agacaagttt
caagaaacct
tgaagtcatt
tggtgtgage
gttgctgcty
ttctgtcect
cacccatgtt
gagtatccgt

Artificial Seguence

E fo

376247-018

Pro val Cys

Asn Tyr Lys

Gly Lys Gly
235
Ata Thr
250

Asn

MetT

val
265
Trp

Tyr

Gly Cys

Gly Gly Arg

Arg val Asp
315
Ile Glu
330

Lys

ASH

Ile
345

Pro

Codon optimized ADH from Horse Liver,

aaagcagetg
cctccgaagg
gaccacgtgg
gctggeatty
atcccactgt
ttcetgottga
ttcacctgeo
accgtggrgg
tgtctgattg
acccagggct
ggctgtaaag
gcaaaggcca
atccaggagg
ggrcgrctgg
gtcatcgtag
agtgggcgta
aaactggtyg
ttaccttttg
accatcctga

rm

ITe Lys Cys Lys Ala
10

Ile Glu Glu val Glu

25

Ltys Met val Ala Thr
40

Gly Thr Leu val Thr
Page 79

val Asp Ala
205

Asp Gly

220

val

Pro

Asp Ala

Ala val Lys
Glu
270

Ala

Phe Gly

Gly Met
285
Leu Arg
300

Pro

Met

Ser Lys

Lys Ala Phe
Ile

350

val va'

E form

tgctgtggga
cccatgaagrt
ttagtgggac
tggagagcat
tractcctea
aaaatgatct
gtgggaagec
acgagatctc
gctgtrgggtt
ccacctgtge
cagceggggc
aagaagtggg
Lgctgacaga
acaccatggt
gggtacctcc
cctggaaagy
ccgatttiat
aaaaaattaa
cgttt

Ala val

val Ala
30

Gly Ile

45

Pro Leu

Ala Lys

Ile Glu
Ite
240
val

Ala

Ile
255
Gly Glu

His Lys

Glu Arg
val
320
Ley

Leu

Met
335

Leu Ala

ggaaaagaaa
ccgtattaag
cctggtcaca
cgyggaaggc
grgtgggaaa
gagcatgect
tatccaccac
agtggccaay
ttctactggt
cgtgtttggc
ggccegtate
tgccactgag
aatgagcaat
gactgccttg
tgattcccaa
ggctattttt
ggctaaaaag
tgaagggttt

Leu
15
Pro

Trp
Pro
Cys Arg

pro val

60
120
180
240
300
360
420
480
540
600
660
720
780
840
3900
960
1020
1080
1125



376247018
50 55 60
Ile Ala Gly His Glu Ala Ala Gly Ile val Glu ser ITe Gly Glu Gly
65 70 75 80
val Thr Thr val érg Pro Gly Asp Lys 531 I7e Pro teu Phe ggr Pro
5
Gln Cys Gly Lys Cys Arg val Cys Lys His Pro Glu Gly Asn Phe Cys
100 105 110
Leu Lys Asn AsSp Leu Ser Met Pro Arg Gly Thr Met Gln Asp Gly Thr
115 120 125
Ser Arg Phe Thr Cys Arg Gly Lys Pro Ile His His Phe Leu Gly Thr
130 135 140
Ser Thr Phe Ser GIn Tyr Thr vai val Asp Giu Ile ser val Ala Lys
145 150 155 160
Ile Asp Ala Ala Ser Pro Leu Glu Lys val Cys Leu Ile Gly Cys Gly
165 170 175
phe ser Thr Gly Tyr Gly Ser Ala val Lys val Ala Lys val Thr GlIn
180 185 190
Gly ser Thr Cys Ala val pPhe Gly Leu Gly Gly val Gly Leu Ser val
195 200 205
Ile Met Gly Cys Lys Ala Ala Gly Ala Ala Arg Ile 1le Giy val Asp
210 215 220
I1e Asn Lys Asp Lys Phe Ala Lys Ala Lys Glu val Gly Ala Thr Glu
225 230 235 240
Cys val Asn Pro Gla Asp Tyr Lys Lys Pro Ile Gln Glu val Leu Thr
245 250 255
Giu Met Ser Asn Gly Gly val Asp Phe Ser Phe Giu val Ile Gly Arg
260 265 270
Leu Asp Thr Met val Thr Ala Leu Ser Cys Cys Gin Glu Ala Tyr Gly
275 280 285
val ser val Ile val Gly val Pro Pro Asp Ser Gin Asn Leu Ser Met
290 255 300
Asn Pro Met Leu Leu Leu Ser Gly Arg Thr Trp Lys Gly Ala Ile Phe
305 310 315 320
Gly Gly Phe Lys Ser Lys Asp Ser val Pro rLys teu val Ala Asp Phe
325 330 335
Met Ala Lys Lys Phe Ala Leu Asp Pro Leu Ile Thr His val ifeu Pro
340 345 350
Phe Glu Lys Ile Asn Glu Gly Phe Asp Leu Leu Arg Ser Gly Glu Ser
355 360 365
Ile arg Thr Ile Leu Thr Phe
370 375

<210> 139
<211> 252
<212> PRT
<213> Artificial Seguence

<220>
<223> Engineered Ketoreductase Sequence Formula with L. minor backbone
<223> Synthetic Construct

<220>

<221> MISC_FEATURE

<222>(7) .. (7

<223> Xaa is a constrained or non-poiar residue

<220>

<221> MISC_FEATURE

<222>{17}..(17)

<223> Xaa is a non-poiar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(25)..(25)

<223> Xaa is a polar or acidic residue
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376247-018
<220>
<221> MISC_FEATURE
<222>(27)..(27)
<223> Xaa is an aromatic residue

<220>

<221> MISC_FEATURE

<222>(41)..(41)

<223> Xaa is a polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(53)..(53)

<223> Xaa is a polar, non-polar, or acidic residue

«<220>

<221> MISC_FEATURE

<222>(57)..(57)

<223> Xaa is a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(64)..(64)

<223> Xaa is a polar, aliphatic, or non-polar residue

<220

<221> MISC_FEATURE
<222>(66)..(66)

<223> Xaa is an acidic residue

<220>

<221> MISC_FEATURE

<222>(68)..({68)

<223> Xaa is a polar, acidic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE
<222>(72..(72)

<223> Xaa is a basic residue

<220>

<221> MISC_FEATURE

<222>(763..(76)

<223> Xaa 1is an aliphatic, non-polar, or polar residue

<220>

<221> MISC_FEATURE

<222>(80)..(80)

<223> Xaa is an aliphatic, non-polar, or polar residue

<220>

<221> MISC_FEATURE

<222>(933..(93)

<223> Xaa s 1is a polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(94)..(94)

<223> Xaa is a cysteine, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(95)..(95)

<223> Xaa is an aliphatic, non-polar, or acidic residue

<220
<221> MISC_FEATURE
<222>(96)..(96)
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376247-018
<223> Xaa is is a cyteine, poiar, aliphatic, or non-polar residue

<220> ,

<221> MISC_FEATURE

<222>(97>..(97)

<223> Xaa is a constrained or poiar residue

<220>

<221> MISC. FEATURE

<222>(100)..(100)

<223> Xaa is a basic, acidic, polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(108)..(108)

<223> Xaa is a basic or constrained residue

<220>

<221> MISC_FEATURE

<222-(111)..(111)

<223> Xaa is a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(139)..{139)

<223> Xaa is a non-polar or aliphatic residue

<220

<221> MISC_FEATURE

<222>(145)..(345)

<223> Xaa is an acidic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(147)..(147)

<223> Xaa is an aromatic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(151)..(15D)

<223> Xaa is a constrained, non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(152)..(152)

<223> Xaa is a polar, aromatic, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(163)..(163)

<223> Xaa is a non-poiar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(165) .. (165)

<223> Xaa is a polar, non-polar or aliphatic residue

<220>

<Z221> MISC_FEATURE

<222>(173)..(173>

<223%> Xaa is an acidic, non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(1795..{179)

<223> Xaa 1s an aromatic, bhasic, aliphatic, or non-polar residue

<220>
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376247-018
<221> MISC_FEATURE
<222>(190)..(190)
<223> Xaa 1s a constrained residue

<220>

<221> MISC_FEATURE

<222>(194)..(194)

<223> Xaa is a constrained, polar, aliphatic, or non-polar residue

<220>

«<221> MISC_FEATURE

<222>(195)..(3195)

<223> Xaa is a basic, acidic, non-polar, or polar residue

<220>

<221> MISC_FEATURE

<222>(196) .. (196}

<223> Xaa 1s a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE
<222>(197)..(197)

<223> Xaa. is an acidic residue

<220>

<221> MISC_FEATURE

<222>(198)..(198)

<223> Xaa 1s an acidic or polar residue

<220>

<221> MISC_FEATURE
<222>C202)..0202)

<223> Xaa is an aromatic residue

<220>

<223i> MISC_FEATURE

<222>(210)..(210)

<223> Xaa is a polar or basic residue

<220>

<221> MISC_FEATURE

<222>(211)..(210)

<223> Xaa is is a basic, aliphatic, non-polar, acidic, or polar residue

<220>

<221> MISC_FEATURE

<222-(212)..(212)

<223> Xaa s a polar, aliphatic, or non-polar residue

<220>

<221> MISC_FEATURE

<222>(216)..(216)

<223> Xaa is a constrained or basic residue

<220>

<Z221> MISC_FEATURE

<222>(223)..0223)

<273> Xaa is a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222>(226)..(226)

<223> Xaa 1s a non-polar or polar residue

<220>
<221> MISC_FEATURE
<222>(233)..(233)
<223> Xaa is a polar or acidic residue
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376247-018

<220>

<221> MISC_FEATURE

«222>(235)..(235)

<223> Xaa is a polar or aromatic residue

<220>

<221> MISC_FEATURE

<222>(248)..(248)

<223> Xaa 1is a non-polar or aromatic residue

<220>

<221> MISC._FEATURE
<222>(249)..(249)

<223> Xaa is an aromatic residue

<400> 139
Met Thr Asp Arg Leu Lys Xaa itys val Aga ITe val Thr Gly
1 5 i
Leu Gly Ile Gly Leu Ala Ile Ala Asp tys Phe val Glu Giu
20 25 30
tys val val Ile Thr Gly Arg His Xaa Asp val Gly Glu Lys
35 40 45
Arg SSP ITe Gly Xaa Thr ?gp val Ile Arg Phe géi GlIn His
5
Ser Asp Glu Xaa Gly Trp Thr Lys Leu Phe Asp Xaa Thr Glu
65 70 75
phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Xaa Xaa
85 90
Xaa Ser val Xaa Asp Thr Thr Thr Glu Glu Trp Xaa Lys Leu
100 105 110
val Asn Leu Asp Gly val Phe Phe Giy Thr Arg Leu Gty Ile
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser
130 135 140
Xaa Gly Xaa val Gly Asp Pro Xaa Leu Gly Ala Tyr Asn Ala
145 150 155
Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu Asp Cys
165 170
Lys Asp Xaa Asp val Arg val asn Thr val His Pro Gly Xaa
180 185 190
Thr xXaa Xaa val Asp Xaa Leu Glu Gly Xaa Glu Glu Met Met
195 200 205
Arg Xaa Xaa Xaa Pro Met Gly Xaa Ile Gly Glu Pro Asn Asp
210 215 220
Trp Ile Cys val Tyr Leu Ala Ser Xaa Glu Xaa Lys Phe Ala
225 230 235
Ala Glu phe val val asp Gly Xaa Tyr Thr Ala Gln
245 250
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Gly
Gly
Ala
Asp
Glu
Xaa
95

l.ey
GIn
Ser
Ser
Ala
175
Ite
Ser
Ile

Thr

Thr
Ala
Ala
Xaa
Xaa
80

Xaa
ser
Arg
Ile
Lys
160
Ley
Lys
Glin
Ala

Gly
240



