
cx2-015w01_sT25 
SEQUENCE LISTING 

<110> 	Codexis, 	Inc. 
Alvizo, 	Oscar 
Collier, 	Steven 
Hennemann, 	Joerg 
Oh, 	Seong ho 
Zha, wenluan 

<120> 	KETOREDUCTASE POLYPEPTIDES FOR THE PREPARATION OF PHENYLEPHRINE 

<130> 	cx2-015w01 

<150> 	61/235,324 
<151> 	2009-08-19 

<160> 	34 

<170> 	Patentln version 3.5 

<210> 	1 
<211> 	756 
<212> 	DNA 
<213> 	Lactobacillus kefir 

<400> 	1 
atgactgatc gtttaaaagg caaagtagca attgtaactg gcggtacctt gggaattggc 60 

ttggcaatcg ctgataagtt tgttgaagaa ggcgcaaagg ttgttattac cggccgtcac 120 

gctgatgtag gtgaaaaagc tgccaaatca atcggcggca cagacgttat ccgttttgtc 180 

caacacgatg cttctgatga agccggctgg actaagttgt ttgatacgac tgaagaagca 240 

tttggcccag ttaccacggt tgtcaacaat gccggaattg cggtcagcaa gagtgttgaa 300 

gataccacaa ctgaagaatg gcgcaagctg ctctcagtta acttggatgg tgtcttcttc 360 

ggtacccgtc ttggaatcca acgtatgaag aataaaggac tcggagcatc aatcatcaat 420 

atgtcatcta tcgaaggttt tgttggtgat ccaactctgg gtgcatacaa cgcttcaaaa 480 

ggtgctgtca gaattatgtc taaatcagct gccttggatt gcgctttgaa ggactacgat 540 

gttcgggtta acactgttca tccaggttat atcaagacac cattggttga cgatcttgaa 600 

ggggcagaag aaatgatgtc acagcggacc aagacaccaa tgggtcatat cggtgaacct 660 

aacgatatcg cttggatctg tgtttacctg gcatctgacg aatctaaatt tgccactggt 720 

gcagaattcg ttgtcgatgg tggatacact gctcaa 

<210> 	2 
<211> 	252 
<212> 	PRT 
<213> 	Lactobacillus kefir 

<400> 	2 

met Thr Asp Arg Leu Lys Gly 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 
20 	 25 	 30 

756 
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CX2-015W01_ST2S 
Lys val Val 	Ile Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala 

35 	 40 45 

Lys Ser Ile Gly Gly Thr Asp Val 	Ile Arg Phe 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 Thr Thr val val Asn Asn Ala Gly Ile Ala val 	Ser 
85 	 90 95 

Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu 5er 
100 	 105 110 

Val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile Gln Arg 
115 	 120 125 

met Lys Asn Lys Gly Leu Gly Ala Ser Ile ile Asn Met Ser Ser Ile 
130 	 135 140 

Glu Gly Phe 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 Tyr Ile Lys 
1B0 	 185 190 

Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gln 
195 	 200 205 

Arg Thr Lys Thr Pro met Gly His Ile Gly Glu Pro Asn Asp Ile. Ala 
210 	 215 220 

Trp 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> 	3 
<211> 	756 
<212> 	DNA 
<213> 	Artificial sequence 

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

<400> 	3 
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggactct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 
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CX2-015W01_ST25 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttacgaccgt cgtgaacaat gcagggattg cagtttccaa aagcgttgaa ttcggcccgg 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggctgc atcaagaccc cgctggtcga tgatctggaa 600 

ggtgctgagg aaatgatgtc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtatacc gcacag 

<210> 	4 
<211> 	252 
<212> 	PRT 
<213> 	Artificial sequence 

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

<400> 	4 

Met Thr Asp Arg Leu Lys Gly 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 
20 	 25 	 30 

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

Lys Ser Ile Gly Gly Thr Asp Val Ile Arg Phe 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 Thr Thr Val Val Asn Asn Ala Gly Ile Ala val Ser 
85 	 90 	 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 Gln Arg 
115 	 120 	 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn met Ser Ser Ile 
130 	 135 	 140 
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CX2-015w01_ST25 

Ala 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 Cys Ile Lys 
180 	 185 190 

Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gln 
195 200 205 

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

Trp 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> 	5 
<211> 	756 
<212> 	DNA 
<213> 	Artificial 	Sequence 

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

<400> 	5 
atgaccgatc gtctgaaggg atcgtaaccg gcgggactct gggtatcggt 60 caaagtagcc 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgagtaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggctgc atcaagaccc cgctggtcga tgatctggaa 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtatacc gcacag 756 

<210> 	6 
<211> 	252 
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cx2-015w0l_5T25 
<212> 	PRT 
<213> 	Artificial Sequence 

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

<400> 	6 

Met Thr Asp Arg Leu Lys Gly 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 
20 25 30 

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

Lys Ser Ile Gly Gly Thr Asp Val Ile Arg Phe 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 Thr Thr val val Asn Asn Ala Gly Ile Ala Met Ser 
85 90 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 Gln Arg 
115 120 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser ser Ile 
130 135 140 

Ala 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 Cys Ile Lys 
180 185 190 

Thr Pro Leu val Asp Asp Leu Glu Gly Phe Glu Glu Met Cys Ser Gln 
195 200 205 

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

Trp Ile Cys Val Tyr Leu Ala Ser Asp Glu Ser.  Lys Phe Ala Thr Gly 
225 230 235 240 
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Cx2-015wO1_ST25 
Ala Glu Phe val val Asp Gly Gly Tyr Thr Ala Gln 

245 250 

<210> 	7 
<211> 	756 
<212> 	DNA 
<213> 	Artificial sequence 

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

<400> 	7 
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggactct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgagtaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggcggt atcaagaccc cgctggtcga tgatctggaa 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtatacc gcacag 756 

<210> 	8 
<211> 	252 
<212> 	PRT 
<213> 	Artificial Sequence 

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

<400> 	8 

Met Thr Asp Arg Leu Lys Gly 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 
20 25 30 

Lys Val val 'le Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 
35 	 40 45 

Lys Ser Ile Gly Gly Thr Asp Val Ile Arg Phe 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 
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CX2-015W01_5T25 

Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ile Ala Met Ser 
85 	 90 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 Gln Arg 
115 	 120 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met ser ser Ile 
130 	 135 140 

Ala 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 Gly Ile Lys 
180 	 185 190 

Thr Pro Leu Val Asp Asp Leu Glu Gly Phe Glu Glu Met Cys ser Gln 
195 	 200 205 

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

Trp 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> 	9 
<211> 	756 
<212> 	DNA 
<213> 	Artificial 	Sequence 

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

<400> 	9 
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggactct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgctgaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 
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CX2-015w01_ST25 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa cgcttccaag 	480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 	540 

gtgcgtgtca acacagtaca tccgggcggt atcaagaccc cgctggtcga tgatctggaa 	600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 	660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 	720 

gcagaatttg tggtcgacgg cgggtttacc gcacag 756 

<210> 	10 
<211> 	252 
<212> 	PRT 
<213> 	Artificial 	Sequence 

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

<400> 	10 

met Thr Asp Arg Leu Lys Gly 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 
20 25 30 

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

Lys Ser Tie Gly Gly Thr Asp val Ile Arg Phe 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 Thr Thr val val Asn Asn Ala Gly Ile Ala Met Leu 
85 90 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 Gln Arg 
115 120 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile 
130 135 140 

Ala 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 
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CX2-015wO1_ST25 
Lys Asp Tyr ASp val Arg val Asn Thr val His Pro Gly Gly Ile Lys 

180 	 185 	 190 

Thr Pro Leu val Asp Asp Leu Glu Gly Phe Glu Glu Met cys Ser Gln 
195 	 200 	 205 

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

Trp 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 Phe Thr Ala Gln 
245 	 250 

<210> 	11 
<211> 	756 
<212> 	DNA 
<213> 	Artificial 	sequence 

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

<400> 	11 
atgtcagatc gtctgaaggg caaagtagcc atcgtaaccg gcgggacgct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacatcac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgctgaa aagcgttgaa 300 

360 gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct gatcggcgat ccgacgctgg gggcatacaa cgcttccaag 460 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggcggt atcaagaccc cgctggtcga tgatctggaa 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

tggtcgacgg cgggtttacc gcacag gcagaatttg 756 

<210> 	12 
<211> 	252 
<212> 	PRT 
<213> 	Artificial Sequence 

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

<400> 	12 

met Ser Asp Arg Leu Lys Gly Lys Val Ala Ile Val Thr Gly Gly Thr 
1 	 5 	 10 	 15  
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cx2-015W01_5725 

Leu Gly Ile Gly Leu Ala Ile Ala Asp Lys Phe Val Glu Glu Gly Ala 
20 25 30 

Lys val val 	ile Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 
35 40 45 

Lys Ser Ile Gly Gly Thr Asp Val Ile Arg Phe Val Gln His Asp Ala 
50 55 60 

Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Ile Thr Glu Glu Ala 
65 70 75 80 

Phe Gly Pro val Thr Thr Val Val Asn Asn Ala Gly Ile Ala Met Leu 
85 90 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 Gln Arg 
115 120 125 

met Lys Asn Lys Gly Leu Gly Ala ser Ile Ile Asn Met Ser Ser Ile 
130 135 140 

Ala Gly Leu Ile 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 Gly Ile Lys 
180 185 190 

Thr Pro Leu val Asp Asp Leu Glu Gly Phe Glu Glu Met Cys Ser Gln 
195 200 205 

Arg Thr Lys Thr Pro met Gly His Ile Gly Glu Pro Asn Asp Ile Ala 
210 215 220 

Trp 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 Phe Thr Ala Gln 
245 250 

<210> 13 
<211> 756 
<212> DNA 
<213> Artificial 	Sequence 

<220> 
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CX2-015w01_5T25 
<223> variant of L. kefir ketoreductase 

<400> 	13 
atgactgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggacgct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacatcac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgctgaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct gatcggcgat ccggcaatgg gggcatacaa cgcttccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggcggt atcaagaccc cgctggtcga tgatctggaa 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtttacc gcacag 756 

<210> 	14 
<211> 	252 
<212> 	PRT 
<213> 	Artificial 	Sequence 

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

<400> 	14 

Met Thr Asp Arg Leu Lys Gly 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 
20 25 30 

Lys Val Val 	Ile Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 
35 	 40 45 

Lys Ser Ile Gly Gly Thr Asp Val Ile Arg Phe Val Gln His Asp Ala 
50 	 55 60 

ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Ile Thr Glu Glu Ala 
65 	 70 75 80 

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly Ile Ala Met Leu 
85 90 95 

Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu ser 
100 105 110 
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cX2-015W01_ST25 
val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg 

115 	 120 

met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile 
130 	 135 

Ala Gly Leu ile Gly Asp Pro Ala Met Gly Ala. 
145 	 150 	 155 

Gly Ala Val Arg Ile Met Ser Lys Ser Ala Ala 
165 	 170 

Lys Asp Tyr Asp Val Arg val Asn Thr Val His 
180 	 185 

Thr Pro Leu val Asp Asp Leu Glu Gly Phe Glu 
195 	 200 

Arg Thr Lys Thr Pro met Gly His Ile Gly Glu 
210 	 215 

Trp Ile Cys val Tyr Leu Ala Ser Asp Glu Ser 
225 	 230 	 235 

Ala Glu Phe val 	Asp Gly G1 	h 	Thr Ala 
24'5 	 250 

<210> 	15 
<211> 	756 
<212> 	DNA 
<213> 	Artificial Sequence 

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

<400> 	15 

Leu Gly Ile 
125 

Asn Met ser 
140 

Tyr Asn Ala 

Leu Asp Cys 

Pro Gly Gly 
190 

Glu met Cys 
205 

Pro Asn Asp 
220 

Lys Phe Ala 

Gln 

gcgggacgct 

Gln Arg 

Ser Ile 

Ser Lys 
160 

Ala Leu 
175 

Ile Lys 

Ser Gln 

Ile Ala 

Thr Gly 
240 

gggtatcggt 60 atgactgatc gtctgaaggg caaagtagcc atcgtaaccg 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg tatccgatga ggcaggctgg acgaaactgt tcgacatcac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgctgaa aagccttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcaCccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct gatcggcgat ccggcaatgg gggcatacaa cgctaccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggcggt atcaagaccc cgctggtcgc agatctgccg 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg 
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gcagaatttg tggtcgacgg cgggtttacc gcacag 

<210> 	16 
<211> 	252 
<212> 	PRT 
<213> 	Artificial Sequence 

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

<400> 	16 

Met Thr Asp Arg Leu Lys Gly 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 
20 25 30 

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

Lys Ser Ile Gly Gly Thr Asp val fie Arg Phe Val Gin His Asp val 
50 55 60 

ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Ile Thr Glu Glu Ala 
70 75 80 

Phe Gly Pro val Thr Thr Val Val Asn Asn Ala Gly Ile Ala Met Leu 
85 90 95 

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

val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly Ile Gln Arg 
115 120 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile 
130 135 140 

Ala Gly Leu Ile Gly Asp Pro Ala Met Gly Ala Tyr Asn Ala Thr Lys 
145 150 155 160 

Gly Ala val Arg Ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Lev 
165 170 175 

Lys Asp Tyr Asp val Arg Val Asn Thr Val His Pro Gly Gly Ile Lys 
180 185 190 

Thr Pro Leu Val Ala Asp Leu Pro Gly Phe Glu Glu Met cys Ser Gln 
195 200 205 

Arg Thr Lys Thr Pro Met Gly His Ile Gly Glu Pro Asn Asp Ile Ala 
210 215 220 
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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 Phe Thr Ala Gln 
245 250 

<210> 	17 
<211> 	756 
<212> 	DNA 
<213> 	Artificial 	Sequence 

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

<400> 	17 
atgactgatc gtctgaaggg caaagtagcc ctggtaaccg gcgggacgct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gtgaaaaggc cgccaaatca gcggatgtag atcggcggca ctgatgttat tc9ctttgtc 180 

cagcacgatg tatccgatga ggcaggctgg acgaaactgt tcgacatcac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgctgaa aagccttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgageagta ttgcggggct gatcggcgat ccggcaatgg gggcatacaa cgctaccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggcggt atcaagaccc cgctggtcgc agatctgccg 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtttacc gcacag 756 

<210> 	18 
<211> 	252 
<212> 	PRT 
<213> 	Artificial Sequence 

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

<400> 	18 

met Thr Asp Arg.  Leu Lys Gly Lys Val Ala Leu val Thr Gly Gly Thr 
1 	 5 10 15 

Lea Gly Ile Gly Leu Ala Ile Ala Asp Lys Phe Val Glu Glu Gly Ala 
20 25 30 

Lys val val 	Ile Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 
35 	 40 45 
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Lys ser Ile Gly Gly Thr Asp val Ile Arg Phe val Gln His Asp Val 

50 	 55 	 60 

Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Ile Thr Glu Glu Ala 
65 	 70 	 75 80 

Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly Ile Ala Met Leu 
85 	 90 95 

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

val Asn Leu Asp Gly val 	Phe Phe Gly Thr Arg Leu Gly Ile Gln Arg 
115 	 120 	 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile 
130 	 135 	 140 

Ala Gly Leu Ile Gly Asp Pro Ala Met Gly Ala Tyr Asn Ala Thr 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 Gly Ile Lys 
180 	 185 	 190 

Thr Pro Leu val Ala Asp Leu Pro Gly Phe Glu Glu Met Cys ser Gln 
195 	 200 	 205 

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

Trp 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 Phe Thr Ala Gln 
245 	 250 

<210> 	19 
<211> 	756 
<212> 	DNA 
<213> 	Artificial Sequence 

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

<400> 	19 
atgactgatc gtctgaaggg caaagtagcc ctggtaaccg gcgggacgct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg tatccgatga ggcaggctgg acgaaactgt tcgacatcac cgaggaggca 240 
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ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgctgaa aagccttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggat catcggcgat ccggcaatgg gggcatacaa cgctaccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggcggt atcaagaccc cgctggtcgc agatctgccg 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtttacc gcacag 

<210> 	20 
<211> 	252 
<212> 	PRT 
<213> 	Artificial sequence 

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

<400> 	20 

Met Thr Asp Arg Leu Lys Gly Lys val Ala Leu 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 val 	tie Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala 
35 	 40 	 45 

Lys ser Tie Gly Gly Thr Asp Val 	Ile Arg Phe val Gln His Asp val 
50 	 55 	 60 

Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Ile Thr Glu Glu Ala 
65 	 70 	 75 	 80 

Phe Gly Pro val Thr Thr val Val Asn Asn Ala Gly Ile Ala Met Leu 
85 	 90 	 95 

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

Val Asn Leu Asp Gly val 	Phe Phe Gly Thr Arg Leu Gly Ile Gln Arg 
115 	 120 	 125 

Met Lys Asn Lys Gly Leu Gly Ala ser Ile Ile Asn met Ser Ser Ile 
130 	 135 	 140 

Ala Gly Ile Ile Gly Asp Pro Ala Met Gly Ala Tyr Asn Ala Thr Lys 
145 	 150 	 155 	 160 
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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 Gly Ile Lys 
180 	 185 190 

Thr Pro Leu Val Ala Asp Leu Pro Gly Phe Glu Glu Met Cys ser Gln 
195 	 200 205 

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

Trp 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 Phe Thr Ala Gln 
245 	 250 

<210> 	21 
<211> 	756 
<212> 	DNA 
<213> 	Artificial sequence 

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

<400> 	21 
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggactct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgagtaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggctgc atcaagaccc cgctggtcga tgatctggaa 600 

ggtgctgagg aaatgatgtc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtatacc gcacag 756 

<210> 	22 
<211> 	252 
<212> 	PRT 
<213> 	Artificial 	sequence 

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

<400> 	22 

Met Thr Asp Arg Leu Lys Gly 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 
20 25 30 

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

Lys Ser Ile Gly Gly Thr Asp val Ile Arg Phe 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 Thr Thr val Val Asn Asn Ala Gly Ile Ala Met Ser 
85 90 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 Gln Arg 
115 120 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile 
130 135 140 

Ala 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 Cys Ile Lys 
180 185 190 

Thr Pro Leu val Asp Asp Leu clu Gly Ala Glu Glu Met Met Ser Gln 
195 200 205 

Arg.Thr Lys Thr Pro met Gly His Ile Gly Glu Pro Asn Asp Ile Ala 
210 215 220 

Trp 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 
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<210> 23 
<211> 756 
<212> DNA 
<213> Artificial sequence 

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

<400> 	23 
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggactct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg cagtttccaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggctgc atcaagaccc cgctggtcga tgatctggaa 600 

ggtgctgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtatacc gcacag 

<210> 	24 
<211> 	252 
<212> 	PRT 
<213> 	Artificial sequence 

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

<400> 	24 

met Thr Asp Arg Leu Lys Gly 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 
20 	 25 	 30 

Lys Val Val 	Ile Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 
35 	 40 	 45 

Lys ser Ile Gly Gly Thr Asp val 	Ile Arg Phe 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 Thr Thr Val Val Asn Asr Ala Gly Ile Ala val ser 
85 	 90 	 95 
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Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser 
100 	 105 110 

Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly Ile Gln Arg 
115 	 120 125 

met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile 
130 	 135 140 

Ala 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 Cys Ile Lys 
180 	 185 190 

Thr Pro Leu val Asp Asp Leu Glu Gly Ala Glu Glu Met Cys ser Gln 
195 	 200 205 

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

Trp 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> 	25 
<211> 	756 
<212> 	DNA 
<213> 	Artificial sequence 

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

<400> 	25 
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggactct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcaegatg catccgatga ggcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg cagtttccaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa 480 cgcttccaag 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 
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gtgcgtgtca acacagtaca tccgggctgc atcaagaccc cgctggtcga tgatctggaa 	600 

ggttttgagg aaatgatgtc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 	660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 	720 

gcagaatttg tggtcgacgg cgggtatacc gcacag 756 

<210> 	26 
<211> 	252 
<212> 	PRT 
<213> 	Artificial 	sequence 

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

<400> 	26 

Met Thr Asp Arg Leu Lys Gly 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 
20 25 30 

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

Lys Ser Ile Gly Gly Thr Asp val Ile Arg Phe 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 	Thr Thr val val Asr Asn Ala Gly Ile Ala val Ser 
85 90 95 

Lys Ser val 	Glu Asp Thr Thr Thr G10 Glu Trp Arg Lys Leu Leu Ser 
100 105 110 

Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly Ile Gln Arg 
115 120 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile 
130 135 140 

Ala Gly Leu val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys 
145 150 155 160 

Gly Ala val Arg Ile 
165 

Met Ser Lys Ser Ala 
170 

Ala Le U, Asp Cys Ala 
175 

Leu 

Lys Asp Tyr Asp Val Arg val Asn Thr val His Pro Gly cys Ile Lys 
180 185 190 
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Lys Val Val Ile Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 
35 	 40 	 45 

Lys Ser Ile Gly Gly Thr Asp val Ile Arg Phe 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 Thr Thr val val Asn Asn Ala Gly Ile Ala Met Ser 
85 	 90 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 Gln Arg 
115 	 120 	 125 

met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile 
130 	 135 	 140 

Ala 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 Cys Ile Lys 
180 	 185 	 190 

Thr Pro Leu val Asp Asp Leu Glu Gly Phe Glu Glu Met met Ser Gln 
195 	 200 	 205 

Arg Thr Lys Thr Pro met Gly His 	le Gly Glu Pro Asn Asp le 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> 	29 
<211> 	756 
<212> 	DNA 
<213> 	Artificial 	sequence 

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

<400> 	29 
atgaccgatc gtctgaaggg caaagtagcc atcgtaaccg gcgggactct gggtatcggt 60 
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ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgagtaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggctgc atcaagaccc cgctggtcga tgatctggaa 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtttacc gcacag 756 

<210> 	30 
<211> 	252 
<212> 	PRT 
<213> 	Artificial sequence 

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

<400> 	30 

Met Thr Asp Arg Leu Lys Gly 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 
20 25 30 

Lys Val Val Ile Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 
35 	 40 45 

Lys Ser Ile Gly Gly Thr Asp Val Ile Arg Phe Val Gln Hi5 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 Thr Thr Val Val Asn Asn Ala Gly Ile Ala Met ser 
85 90 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 Gln Arg 
115 	 120 125 
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SZ Doed 

95Z 6EDED6 DDE111656D 66DE67166 6111ee6eD6 

OZZ 	;666De6D61 lq.PEE6D1PE 6DV64D1276 6;DDP6;61 61D;e661ED 6)4eDe61ey 

099 	6opep50661 ;epapp6661 R;DOODEEEP 6DP1676eD2 Dllblb;Pre 66E6141455 

009 	ve661D4e64 2671664)6) DDDREPPDTE 1667666771 UDe16EDUDE ED161.6361.6 

0175 	1e6DE1DE66 EE6loe76D6 11.E661i6D6 ED6D0EEEE6 D;6;ED;E16 DE46.606066 

0817 	6BEDD1.1D5D VP7P1P7666 661)6DE5DD 1u0D66-e166 1p6656D6i; e1eep6u61e 

OZt 	1.-EED1e71PJ 6P17676661 1D652E21.E•R upp61eD6D6 En1vD6661. )1.6Dpoep56 

092 	DI.m11;6; 661E66131e E116DD161D 61Depel6J6 61Ee66e667 EDDP4DPOU6 

002 	Te6146D6Ee P-216e6;PED 611E.666e76 zeepeeeq.6D 167pe67u11 66DDD660;1 

OVZ 	PAET56e6D DEDDEDP6D1 a61DEVE602 661766P)66 P51R67D1RD 6E6DE76E7 

08T 	71e114D6D 	.21,161261D ED66065p1E PD1EPEDAD D66g2UP616 6eab1p66D6 

07T 	pap1bp1664 DEliEladEl. 6apE676166 6e66e6E161 11eee1E6JJ 674PE7661.7. 

09 	466D;E1666 2D1De666)6 6Doeu26DaE DD6E16EPED 6662264716 flE677P61.2 
TE 	<00t> 

asElDnpaJolal J1.4aN 	—1 4o 1LJUI.J2A 	<Ezz> 
<OZZ> 

aDuanbas LEI.D4p..Jv 	<ETZ> 
VNO 	<ZTZ> 
9SL 	<TIZ> 
TE 	<OW> 

OSZ Stl 
uLD ELv J141 ayd ALD ALo dsv LEA LEA aqd nL0 ELY 

OtZ SEZ OEZ SZZ 
AID Jql vud ;Lid ski Jas 	flLO dsv Jas Ely nai JAI LEA sib aLI dJ1 

OZZ STZ OTZ 
ELY aLI dsv usv oJd flLD ALo aLI SLH ALo law oJd Jql sAi J141 6Jv 

SU 00Z 	 S6T 
uLD JaS SAD law nLo nLo aqd ALo nLo nal dsv dsv LEA nai oJd JLAI 

06T 58T 09T 
sAi aLI sAj ALo OJd S!-H 	LEA Jul USY LEA  6JY  LEA dsv JAI dsv sAi 

SZT OLT 59T 
nai ELv sAD dsv nai Ely ELv Jas sAi Jas 1DIN aLI &iv LEA ELY ALo 

09T SST OST StT 
ski Jas ELY usv JAI ELY ALD nai Jul OJd dsv ALo LEA nai ALo ELY 

O SET OET 
aLI JaS JOS law USV

tt  
aLi aLi Jas pLv ALD na7 AL9 sAi usv ski law 

sus-TomSTO-Do 



Cx2-015wo1_5T25 
<210> 	32 
<211> 	252 
<212> 	PRT 
<213> 	Artificial sequence 

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

<400> 	32 

Met Thr Asp Arg Leu Lys Gly Lys val Ala Tie 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 val 	Ile Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 
35 40 45 

Lys Ser Ile Gly Gly Thr Asp Val Ile Arg Phe 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 Thr Thr val val Asn Asn Ala Gly Ile Ala Met Ser 
85 90 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 Gln Arg 
115 120 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met ser ser Ile 
130 135 140 

Ala 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 Gly Ile Lys 
180 185 190 

Thr Pro Leu val Asp Asp Leu Glu Gly Phe Glu Glu met Cys Ser Gln 
195 200 205 

Arg Thr Lys Thr Pro met Gly His Ile Gly Glu Pro Asn Asp Ile Ala 
210 215 220 

Trp Ile. Cys Val 	Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 
225 230 235 240 
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Ala Glu Phe val val Asp Gly Gly Phe Thr Ala Gln 
245 250 

<210> 	33 
<211> 	756 
<212> 	DNA 
<213> 	Artificial 	sequence 

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

<400> 	33 
atgtcagatc gtctgaaggg caaagtagcc atcgtaaccg gcgggactct gggtatcggt 60 

ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 

gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgctttgtc 180 

cagcacgatg catccgatga ggcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 

ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg caatgagtaa aagcgttgaa 300 

gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 

ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 

atgagcagta ttgcggggct ggtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 

ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 

gtgcgtgtca acacagtaca tccgggcggt atcaagaccc cgctggtcga tgatctggaa 600 

ggttttgagg aaatgtgttc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 

gcagaatttg tggtcgacgg cgggtatacc gcacag 756 

<210> 	34 
<21i> 	252 
<212> 	PRT 
<213> 	Artificial 	sequence 

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

<400> 	34 

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

Leu Gly Ile Gly Leu Ala Ile Ala AS 	Lys Phe val Glu Glu Gly Ala 
20 25 30 

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

Lys Ser Ile Gly Gly Thr Asp val Ile Arg Phe Val 	Gln His Asp Ala 
50 	 55 60 
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cx2-015W01_5T25 
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 Gly Ile Ala Met Ser 
85 90 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 Gln Arg 
115 120 125 

Met Lys Asn Lys Gly Leu Gly Ala Ser Ile Ile Asn Met Ser Ser Ile 
130 135 140 

Ala 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 Gly Ile Lys 
180 185 190 

Thr Pro Leu val Asp Asp Leu Glu Gly Phe Glu Glu Met Cys ser Gln 
195 200 205 

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

Trp 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 
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