<110>
<120>

<130>

<150>
<151>

<160>
<170>
<210>
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A microorganism having improved productivity of Tlactic acid and a
process for producing lactic acid using the same

OPA15034-PCT

KR10-2014-005865
2014-05-09

78

KopatentIn 2.0

1

32

DNA

Artificial Sequence

ADH1 upstream forward primer

1

cgggatccac tgtagcccta gacttgatag cc

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

<220>
<223>

<400>

2

44

DNA

Artificial Sequence

ADH1 upstream reverse primer

2

ataagaatgc ggccgctgta tatgagatag ttgattgtat gctt

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

<220>
<223>

<400>

3

37

DNA

Artificial Sequence

ADH1 downstream forward primer

3

gactagtgcg aatttcttat gatttatgat ttttatt

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

<220>
<223>

<400>

4
37

DNA

Artificial Sequence

ADH1 downstream reverse primer

4

acatgccatg gaagcatgca cgtatacact tgagtaa

<210>
<211>

5
35

OPA15034_sequence Listing.txt

32

44

37

37



<212>
<213>

<220>
<223>

<400>

Page 2
DNA
Artificial Sequence

PDC1 upstream forward primer

5

cgggatccat tatgtatgct cttctgactt ttcgt

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

<220>
<223>

<400>

6

44

DNA

Artificial Sequence

PDC1 upstream reverse primer

6

ataagaatgc ggccgctttg attgatttga ctgtgttatt ttgc

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

<220>
<223>

<400>

7

37

DNA

Artificial Sequence

PDC1 downstream forward primer

7

cgggatccgc gatttaatct ctaattatta gttaaag

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

<220>
<223>

<400>

8

44

DNA

Artificial Sequence

PDC1 downstream reverse primer

8

ataagaatgc ggccgctttc aatcattgga gcaatcattt taca

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

<220>
<223>

<400>

9

50

DNA

Artificial Sequence

DLD1-HIS3 upstream Tinking primer

9

gcgtagttgg ccccaactgg tgcagtaata cgttttaaga gcttggtgag

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

10

50

DNA

Artificial Sequence

OPA15034_sequence Listing.txt
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44
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50



Page 3

<220>

<223> DLD1-HIS3 downstream linking primer

<400> 10

cgtgaagggt gaaaaaggaa aatcagatac ctacataaga acacctttgg 50
<210> 11

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> F_PDC5_UP_676

<400> 11

gtcagcattg acacgttcga tt 22
<210> 12

<211> 39

<212> DNA

<213> Artificial Sequence

<220>

<223> R_KTURA3-PDC5_UP

<400> 12

tctacccaga atcacttctt tcgagagatt gtcataatc 39
<210> 13

<211> 38

<212> DNA

<213> Artificial Sequence

<220>

<223> F_PDC5_UP-AL_KTURA3

<400> 13

caatctctcg aaagaagtga ttctgggtag aagatcgg 38
<210> 14

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> R_AL_KTURA3

<400> 14

gagcaatgaa cccaataacg aaatctt 27
<210> 15

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> F_BR_KTURA3

OPA15034_sequence Listing.txt



<400> 15
cttgacgttc gttcgactga tgag

<210> 16

<211> 22

<212> DNA

<213> Artificial Sequence
<220>

<223> R_PDC5_DOWN_522

<400> 16
caagtcaacc aagttagctg gc

<210> 17

<211> 43

<212> DNA

<213> Artificial Sequence
<220>

<223> R_SCO1p-BR_KTURA3

<400> 17

Page 4

ctctcctaat agacgtggtg tcaccatgaa cgacaattct taa

<210> 18

<211> 38

<212> DNA

<213> Artificial Sequence
<220>

<223> F_SC01p_500

<400> 18

cgttcatggt gacaccacgt ctattaggag agccattc

<210> 19

<211> 41

<212> DNA

<213> Artificial Sequence
<220>

<223> R_PDC5_DOWN_500-SC01p

<400> 19

aaggttattt cagacatctt ttctacgttt gctgtttttt c

<210> 20

<211> 42

<212> DNA

<213> Artificial Sequence
<220>

<223> F_SCO1lp-PDC5_DOWN_500

<400> 20

cagcaaacgt agaaaagatg tctgaaataa ccttaggtaa at

OPA15034_sequence Listing.txt

24

22

43

38

41

42



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

<220>
<223>

<400>

Page 5

21

44

DNA

Artificial Sequence

R_SCO2p-BR_KTURA3

21

atcgaataag taacaagcgt gtcaccatga acgacaattc ttaa

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

<220>
<223>

<400>

22

38

DNA

Artificial Sequence

F_SC02p_500

22

cgttcatggt gacacgcttg ttacttattc gataacgc

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

<220>
<223>

<400>

23

40

DNA

Artificial Sequence

R_PDC5_DOWN_500-SC02p

23

aaggttattt cagacatttt actctcgctt cccaaattcc

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

<220>
<223>

<400>

24

40

DNA

Artificial Sequence

F_SCO2p-PDC5_DOWN_500

24

ggaagcgaga gtaaaatgtc tgaaataacc ttaggtaaat

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

<220>
<223>

<400>

25

47

DNA

Artificial Sequence

R_IDP2p-BR_KTURA3

25

taaaaataaa tagatagacg tgtgtcacca tgaacgacaa ttcttaa

<210>

26

OPA15034_sequence Listing.txt
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47



Page 6

<211> 42

<212> DNA

<213> Artificial Sequence
<220>

<223> F_IDP2p_500

<400> 26
cgttcatggt gacacacgtc tatctattta tttttataac tc

<210> 27

<211> 44

<212> DNA

<213> Artificial Sequence
<220>

<223> R_PDC5_DOWN_500-IDP2p

<400> 27
aaggttattt cagacattac gattttatat atatacgtac gtta

<210> 28

<211> 45

<212> DNA

<213> Artificial Sequence
<220>

<223> F_IDP2p-PDC5_DOWN_500

<400> 28
cgtatatata taaaatcgta atgtctgaaa taaccttagg taaat

<210> 29

<211> 43

<212> DNA

<213> Artificial Sequence
<220>

<223> R_ACS1p-BR_KTURA3

<400> 29
ctggacgtat gtgcacagtg tcaccatgaa cgacaattct taa

<210> 30

<211> 38

<212> DNA

<213> Artificial Sequence
<220>

<223> F_ACS1p_500

<400> 30
cgttcatggt gacactgtgc acatacgtcc agaatgat

<210> 31

<211> 39

<212> DNA

<213> Artificial Sequence

OPA15034_sequence Listing.txt
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<220>
<223>

<400>

Page 7

R_PDC5_DOWN_500-ACS1p

31

aaggttattt cagacatagc acagtgggca atgtctttc

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

<220>
<223>

<400>

32

41

DNA

Artificial Sequence

F_ACS1p-PDC5_DOWN_500

32

cattgcccac tgtgctatgt ctgaaataac cttaggtaaa t

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

<220>
<223>

<400>

33

45

DNA

Artificial Sequence

R_FBAlp-BR_KTURA3

33

ttatttacgt aatgacccag tgtcaccatg aacgacaatt cttaa

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

<220>
<223>

<400>

34

40

DNA

Artificial Sequence

F_FBAlp_500

34

cgttcatggt gacactgggt cattacgtaa ataatgatag

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

<220>
<223>

<400>

35

44

DNA

Artificial Sequence

R_PDC5_DOWN_500-FBAlp

35

aaggttattt cagacatttt gaatatgtat tacttggtta tggt

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

<220>
<223>

36

45

DNA

Artificial Sequence

F_FBAlp-PDC5_DOWN_500

OPA15034_sequence Listing.txt
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<400>

Page 8

36

Ccaagtaata catattcaaa atgtctgaaa taaccttagg taaat

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

<220>
<223>

<400>

37

41

DNA

Artificial Sequence

F-ALPDC5-BamHI

37

gagctcggat ccaaggaaat aaagcaaata acaataacac c

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

<220>
<223>

<400>

38

43

DNA

Artificial Sequence

R-ALPDC5-NotI

38

accatggcgg ccgctttgtt cttcttgtta ttgtattgtg ttg

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

<220>
<223>

<400>

39

42

DNA

Artificial Sequence

F-BRPDC5-Spel

39

ggatccacta gtgctaatta acataaaact catgattcaa cg

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

<220>
<223>

<400>

40

42

DNA

Artificial Sequence

R-BRPDC5-NcoI

40

cagctgccat ggtattctaa ataagatgta aggccttgta at

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

<220>
<223>

<400>

41

38

DNA

Artificial Sequence

F_PDC1

41
OPA15034_sequence Listing.txt
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41

43

42

42



Page 9

ataactagta tgtctgaaat tactttgggt aaatattt

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

<220>
<223>

<400>

caaaggaaaa ggggcctgtt tattgcttag cgttggtagc agca

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

<220>
<223>

<400>

42

44

DNA

Artificial Sequence

R_PDC1

42

43

43

DNA

Artificial Sequence

F_CYClt

43

taccaacgct aagcaataaa caggcccctt ttcctttgtc gat

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

<220>
<223>

<400>

44
33

DNA

Artificial Sequence

R_CYClt

44

atactcgagg caaattaaag ccttcgagcg tcc

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

<220>
<223>

<400>

45

33

DNA

Artificial Sequence

F_PDClp

45

aaagagctcc atgcgactgg gtgagcatat gtt

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

<220>
<223>

<400>

46

37

DNA

Artificial Sequence

R_PDC1p

46

ataactagtt ttgattgatt tgactgtgtt attttgc

OPA15034_sequence Listing.txt

38
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43
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33

37



Page 10

<210> 47

<211> 37

<212> DNA

<213> Artificial Sequence
<220>

<223> F_IDP2p

<400> 47

aaagagctca cgtctatcta tttattttta taactcc 37
<210> 48

<211> 37

<212> DNA

<213> Artificial Sequence

<220>

<223> R_IDP2p

<400> 48

ataactagtt acgattttat atatatacgt acgttac 37
<210> 49

<211> 35

<212> DNA

<213> Artificial Sequence

<220>

<223> F_BamHI-PDC5_UP

<400> 49

cgggatccag gccaaggaaa taaagcaaat aacaa 35
<210> 50

<211> 44

<212> DNA

<213> Artificial Sequence

<220>

<223> R_NOtI-PDC5_UP

<400> 50

ataagaatgc ggccgctttg ttcttcttgt tattgtattg tgtt 44
<210> 51

<211> 36

<212> DNA

<213> Artificial Sequence

<220>

<223> F_BamHI-PDC5_DOWN

<400> 51
cgggatccgc taattaacat aaaactcatg attcaa 36
<210> 52
<211> 44

<212> DNA
OPA15034_sequence Listing.txt



Page 11
<213> Artificial Sequence

<220>
<223> R_NotI-PDC5_DOWN

<400> 52
ataagaatgc ggccgctatt ctaaataaga tgtaaggcct tgta

<210> 53

<211> 27

<212> DNA

<213> Artificial Sequence
<220>

<223> F_PDC5_UP

<400> 53

aggccaagga aataaagcaa ataacaa

<210> 54

<211> 27

<212> DNA

<213> Artificial Sequence
<220>

<223> R_AL_KTURA3

<400> 54
gagcaatgaa cccaataacg aaatctt

<210> 55

<211> 24

<212> DNA

<213> Artificial Sequence
<220>

<223> F_BR_KTURA3

<400> 55

cttgacgttc gttcgactga tgag

<210> 56

<211> 28

<212> DNA

<213> Artificial Sequence
<220>

<223> R_PDC5_DOWN

<400> 56
tattctaaat aagatgtaag gccttgta

<210> 57

<211> 35

<212> DNA

<213> Artificial Sequence
<220>

OPA15034_sequence Listing.txt

44

27

27

24

28



Page 12
<223> F_BamHI-PDC6_UP

<400> 57
cgggatcctg ttatagagtt cacaccttat tcaca

<210> 58

<211> 45

<212> DNA

<213> Artificial Sequence
<220>

<223> R_NOtI-PDC6_UP

<400> 58
ataagaatgc ggccgctttg ttggcaatat gtttttgcta tatta

<210> 59

<211> 34

<212> DNA

<213> Artificial Sequence
<220>

<223> F_BamHI-PDC6_DOWN

<400> 59
cgggatccgc cattagtagt gtactcaaac gaat

<210> 60

<211> 43

<212> DNA

<213> Artificial Sequence
<220>

<223> R_NOtI-PDC6_DOWN

<400> 60
ataagaatgc ggccgcgatg cagaatgagc acttgttatt tat

<210> 61

<211> 27

<212> DNA

<213> Artificial Sequence
<220>

<223> F_PDC6_UP

<400> 61
tgttatagag ttcacacctt attcaca

<210> 62

<211> 27

<212> DNA

<213> Artificial Sequence
<220>

<223> R_AL_KTURA3

OPA15034_sequence Listing.txt

35

45

34

43

27



<400>

Page 13
62

gagcaatgaa cccaataacg aaatctt

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

<220>
<223>

<400>

63
24
DNA

Artificial Sequence

F_BR_KTURA3

63

cttgacgttc gttcgactga tgag

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

<220>
<223>

<400>

64
27
DNA

Artificial Sequence

R_PDC6_DOWN

64

gatgcagaat gagcacttgt tatttat

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

<220>
<223>

<400>

65
50
DNA

Artificial Sequence

F_SpeI_ALD2

65

caagctggcc gctctagaac tagtatgcct accttgtata ctgatatcga

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

<220>
<223>

<400>

66
50
DNA

Artificial Sequence

R_XhoI_ALD2

66

acataactaa ttacatgact cgagttagtt gtccaaagag agatttatgt

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

<220>
<223>

<400>

67
50
DNA

Artificial Sequence

F_SpeI_ALD3

67

caagctggcc gctctagaac tagtatgcct accttgtata ctgatatcga

OPA15034_sequence Listing.txt

27

24

27

50

50

50



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

<220>
<223>

<400>

68
50
DNA

Artificial Sequence

R_XhoI_ALD3

68

Page 14

acataactaa ttacatgact cgagttattt atccaatgaa agatccacat

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

<220>
<223>

<400>

69
46
DNA

Artificial Sequence

F_SpeI_ACS1

69

tccaagctgg ccgctctaga actagtatgt cgccctctgc cgtaca

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

<220>
<223>

<400>

70
50
DNA

Artificial Sequence

R_ECORI_ACS1

70

tatcgataag cttgatatcg aattcttaca acttgaccga

<210>

<211>

<212>

<213>

<400>

Met Ser
1

val Asn
Leu Leu
Ala Asn

50

Lys Gly
65

Ala Leu

His val

Leu His

71
563
PRT

Saccharomyces cerevisiae PDCL

71
Glu

val

Asp

35

Glu

Met

Asn

val

His

Ile Thr Leu Gly Lys Tyr Leu Phe
5 10

Asn

20
Lys
Leu
Ser
Gly
Gly

100

Thr

Thr

Ile

Asn

Cys

Ile

85

val

Leu

val
Tyr
Ala
Ile

70
Ala

Pro

Gly

Phe Gly

Glu val

40

Ala Tyr
55

Ile Thr

Gly Ser

Ser Ile

Asn Gly

Leu

25
Glu
Ala
Thr
Tyr
Ser

105

Asp

Pro Gly
Gly Met
Ala Asp
Phe Gly

75

Ala Glu
90

Ala Gln

Phe Thr

0PA15034_Sequence

atcaattaga

Glu
Asp
Arg
Gly

60
val
His
Ala

val

Arg
Phe
Trp

45
Tyr
Gly
val

Lys

Phe

Listing

Leu
Asn

30
Ala
Ala
Glu
Gly
Gln

110

His
Ltxt

Lys

15
Leu
Gly
Arg
Leu
val

95

Leu

Arg

GlIn

Ser

Asn

Ser
80
Leu

Leu

Met

50

46

50



Ser

Ala

145

Arg

Pro

Asp

Lys

His

225

Pro

Pro

Lys

Leu

Asn

305

Phe

Ile

Thr

Trp

Ile

385

Pro

Phe

Asp

Leu

Tyr
465

Ala
130
Pro
Pro
Ala
Ala
Asp
210
Asp
Ala
Arg
Glu
Ser
290
Ile
Pro
Ala
Pro
Met
370
Ala
ASn
Thr
Pro
Thr

450

Leu

115

Asn
Ala
val
Lys
Glu
195
Ala
val
Phe
Tyr
Ala
275
Asp
val
Gly
Asp
Ala
355
Trp
Glu
Asn
Thr
Lys
435

val

Phe

Ile
Glu
Tyr
Leu
180
Ser
Lys
Lys
val
Gly
260
val
Phe
Glu
val
Ala
340
Asn
Asn
Thr
Thr
Gly
420
Lys

Gln

val

Ser
Ile
Leu
165
Leu
Glu
Asn
Ala
Thr
245
Gly
Glu
Asn
Phe
Gln
325
Ala
Ala
Gln
Gly
Tyr
405
Ala
Arg

Glu

Leu

Glu
Asp
150
Gly
Gln
Lys
Pro
Glu
230
Pro
val
Ser
Thr
His
310
Met
Lys
Ala
Leu
Thr
390
Gly
Thr
val

Ile

Asn
470

Thr
135
Arg
Leu
Thr
Glu
val
215
Thr
Met
Tyr
Ala
Gly
295
Ser
Lys
Gly
val
Gly
375
Ser
Ile
Leu
Ile
Ser

455

Asn

120
Thr

Cys
Pro
Pro
val
200
Ile
Lys
Gly
val
Asp
280
Ser
Asp
Phe
Tyr
Pro
360
Asn
Ala
Ser
Gly
Leu
440

Thr

Asp

Page 15

Ala Met

Ile Arg

Ala Asn
170

Ile Asp
185

ITle Asp

Leu Ala

Lys Leu

Lys Gly
250

Gly Thr
265

Leu Ile
Phe Ser
His Met
val Leu

330

Lys Pro
345

Ala ser
Phe Leu
Phe Gly
Gln val

410
Ala Ala
425
Phe Ile

Met Ile

Gly Tyr

Ile
Thr
155
Leu
Met
Thr
Asp
Ile
235
Ser
Leu
Leu
Tyr
Lys
315
Gln
val
Thr
GlIn
Ile
395
Leu
Phe
Gly

Arg

Thr
475

0PA15034_Sequence

Thr
140
Thr

val

Ser

Ala
220
Asp
Ile
Ser
Ser
ser
300
Ile
Lys
Ala
Pro
Glu
380
Asn
Trp
Ala
Asp
Trp

460

Ile

Listing.

125

Asp
Tyr
Asp
Leu
Leu
205
Cys
Leu
Asp
Lys
val
285
Tyr
Arg
Leu
val
Leu
365
Gly
Gln
Gly
Ala
Gly
445

Gly

Glu

Ile
val
Leu
Lys
190
Ala
cys
Thr
Glu
Pro
270
Gly
Lys
Asn
Leu
Pro
350
Lys
Asp
Thr
Ser
Glu
430
Ser
Leu

Lys

™t

Ala
Thr
Asn
175
Pro
Leu
Ser
Gln
Gln
255
Glu
Ala
Thr
Ala
Thr
335
Ala
Gln
val
Thr
Ile
415
Glu
Leu

Lys

Leu

Thr
Gln
160
val
Asn
val
Arg
Phe
240
His
val
Leu
Lys
Thr
320
Thr
Arg
Glu
val
Phe
400
Gly
Ile
Gln

Pro

Ile
480



His Gly
Ser Leu
Ala Thr
Asp Ash

530

Ala Pro
545

Ala Lys

<210>

<211>

<212>

<213>

<400>

Met Ser
1

val Asn

Leu Leu

Ala Asn
50

Lys Gly
65

Ala Leu
His val
Leu His
Ser Ala

130

Ala Pro
145

Arg Pro
Pro Ala
Asp Ala
Lys Asp

210

His Asp

Page 16
Pro Lys Ala Gln Tyr Asn Glu ITle GIn Gly

485 490

Leu Pro Thr Phe Gly Ala Lys Asp
500 505

Thr Gly Glu Trp Asp Lys Leu Thr
515 520

Ser Lys Ile Arg Met Ile Glu Ile
535

GIn Asn Leu val Glu Gln Ala Lys
550

72

563

PRT

Saccharomyces cerevisiae PDC5

72

Glu I1e Thr Leu Gly Lys Tyr Leu
5 10

Cys Asn Thr val Phe Gly Leu Pro
20 25

Asp Lys Leu Tyr Glu val Lys Gly
35 40

Glu Leu Asn Ala Ala Tyr Ala Ala
55

Met Ser Cys Ile Ile Thr Thr Phe
70

Asn Gly Ile Ala Gly Ser Tyr Ala
85 90

val Gly val Pro Ser Ile Ser Ser
100 105

His Thr Leu Gly Asn Gly Asp Phe
115 120

Asn Ile Ser Glu Thr Thr Ala Met
135

Ala Glu Ile Asp Arg Cys Ile Arg
150

val Tyr Leu Gly Leu Pro Ala Asn
165 170

Lys Leu Leu Glu Thr Pro ITe Asp
180 185

Glu Ala Glu Ala Glu val val Arg
195 200

Ala Lys Asn Pro val Ile Leu Ala
215

val Lys Ala Glu Thr Lys Lys Leu

Tyr

GlIn

Met

Leu
555

Phe
Gly
Met
Asp
Gly

75
Glu
Gln
Thr
Ile
Thr
155
Leu
Leu
Thr

Asp

Met

0PA15034_Sequence

Glu
Asp
Leu

540

Thr

Glu
Asp
Arg
Gly

60
val
His
Ala
val
Thr
140
Thr
val
Ser
val
Ala

220

Asp

Trp

Thr

Lys

Pro

Ala

Arg
Phe
Trp

45
Tyr
Gly
val
Lys
Phe
125
Asp
Tyr
Asp
Leu
val
205

Cys

Leu

Listing

Asp
His
510
Ser

val

Ala

Leu
Asn

30
Ala
Ala
Glu
Gly
Gln
110
His
Ile
Thr
Leu
Lys
190
Glu

Ala

Thr
. EXT

His
495
Arg
Phe

Phe

Thr

Ser

15
Leu
Gly
Arg
Leu
val

95
Leu
Arg
Ala
Thr
Asn
175
Pro
Leu

Ser

GlIn

Leu

val

Asn

Asp

Asn
560

Gln

Ser

Asn

Ile

Ser

80

Leu

Leu

Met

Asn

Gln

160

val

Asn

Arg

Phe



225

Pro

Pro

Lys

Leu

Asn

305

Phe

Ile

val

Trp

Ile

385

Pro

Phe

Asp

Leu

Tyr

465

His

Ala

Ala

Asp

Ala

545

Ala

val
Arg
Lys
Ser
290
Ile
Pro
Pro
Pro
Met
370
Ala
Thr
Thr
Pro
Thr
450
Ile
Gly
Leu
Thr
Asn
530

Pro

Lys

<210>
<211>

Tyr
Tyr
Ala
275
Asp
val
Gly
Glu
Ile
355
Trp
Glu
Asp
val
Lys
435
val
Phe
Pro
Leu
Thr
515

Ser

GlIn

73

563

val
Gly
260
val
Phe
Glu
val
val
340
Thr
Asn
Thr
val
Gly
420
Lys
Gln
val
His
Pro
500
Gly

Lys

Asn

Thr
245
Gly
Glu
Asn
Phe
Gln
325
val
Lys
His
Gly
Tyr
405
Ala
Arg
Glu
Leu
Ala
485
Thr
Glu

Ile

Leu

230

Pro

val

Ser

Thr

His

310

Met

Lys

Ser

Leu

Thr

390

Ala

Leu

val

Ile

Asn

470

Glu

Phe

Trp

Arg

val
550

Met
Tyr
Ala
Gly
295
Ser
Lys
Asp
Thr
Gly
375
Ser
Ile
Leu
Ile
Ser
455
Asn
Tyr
Gly
Glu
Met

535

Lys

Gly
val
Asp
280
Ser
Asp
Phe
Tyr
Pro
360
Asn
Ala
val
Gly
Leu
440
Thr
Asn
Asn
Ala
Lys
520

Ile

Gln

Lys
Gly
265
Leu
Phe
His
Ala
Lys
345
Ala
Phe
Phe
Gln
Ala
425
Phe
Met
Gly
Glu
Arg
505
Leu

Glu

Ala

Page 17
235

Gly Ala
250

Thr Leu

Ile Leu

ser Tyr

Ile Lys
315

Leu Gln
330

Pro val
Asn Thr
Leu Arg
Gly Ile

395

val Leu
410

Thr Met
Ile Gly
Ile Arg
Tyr Thr

475

Ile Gln
490

Asn Tyr
Thr Gln

val Met

GIln Leu
555

0PA15034_Sequence

Ile
ser
Ser
Ser
300
Ile
Lys
Ala
Pro
Glu
380
Asn
Trp
Ala
Asp
Trp
460
Ile
Gly
Glu
Asp
Leu

540
Thr

Listing.

Asp
Arg
Ile
285
Tyr
Arg
Leu
val
Met
365
Gly
Gln
Gly
Ala
Gly
445
Gly
Glu
Trp
Thr
Lys

Pro

Ala

Glu
Pro
270
Gly
Lys
Asn
Leu
Pro
350
Lys
Asp
Thr
Ser
Glu
430
Ser
Leu
Lys
Asp
His
510
Asp

val

Ala

™t

Gln
255
Glu
Ala
Thr
Ala
Asp
335
Ala
Gln
Ile
Thr
Ile
415
Glu
Leu
Lys
Leu
His
495
Arg
Phe

Phe

Thr

240
His
val
Leu
Lys
Thr
320
Arg
Glu
val
Phe
400
Gly
Leu
Gln
Pro
Ile
480
Leu
val
Gln

Asp

Asn
560



<212>
<213>

<400>

Met
1
val
Leu
Ala
Lys
65
Ala
His
Leu
Ser
Ala
145
Arg
Pro
Asp
Gln
His
225
Pro
Pro
Lys
Leu
Asn
305

Phe

Ile

Ser
Asn
Leu
Asnh

50
Gly
Leu
val
His
Ala
130
Pro
Pro
Gly
Pro
Asn
210
Asnh
Ala
Arg
Gln
Ser
290
val

Leu

Pro

PRT
Saccharomyces cerevisiae PDC6

73
Glu

val
Asp

35
Glu
Leu
Asn
val
His
115
Asn
Ser
Ser
Ser
Glu
195
Ser
val
Phe
Tyr
Ala
275
Asp
val

Gly

Asp

ITe Thr Leu

Asn

20
Lys
Leu
Ser
Gly
Gly
100
Thr
Ile
Glu
Tyr
Leu
180
Ala
Lys
Lys
val
Gly
260
val
Phe
Glu

val

val

5

Thr
Ile
Asn
val
Ile

85
val

Leu

Ser

Leu
165
Leu
Glu
Asn
Lys
Thr
245
Gly
Glu
Asn
Phe
Gln

325

val

Ile
Tyr
Ala
Leu

70
Ala
Pro
Gly
Glu
Asp
150
Gly
Glu
Lys
Pro
Glu
230
Pro
val
Ser
Thr
His
310

Met

Lys

Gly
Phe
Glu
Ala

55
val
Gly
Ser
Asn
Thr
135
Arg
Leu
Lys
Glu
val
215
Thr
Leu
Tyr
Ala
Gly
295

Ser

Lys

Lys
Gly
val

40
Tyr
Thr
Ser
Ile
Gly
120
Thr
Leu
Pro
Pro
val
200
Ile
Gln
Gly
val
Asp
280
Ser

Asp

Phe

Tyr
Leu

25
Asp
Ala
Thr
Tyr
Ser
105
Asp
Ser
Ile
Ala
Ile
185
Ile
Leu
Lys
Lys
Gly
265
Leu
Phe

Tyr

Ala

Gly Tyr Lys
0PA15034_Sequence

Page 18

Leu

10
Pro
Gly
Ala
Phe
Ala

90
Ala
Phe
Met
Arg
Asn
170
Asp
Asp
Ser
Leu
Gly
250
Thr
Ile
Ser
val
Leu

330

Ser

Phe
Gly
Leu
Asp
Gly

75
Glu
GlIn
Thr
Ile
Thr
155
Leu
Leu
Thr
Asp
Ile
235
Ser
Leu
Leu
Tyr
Lys
315

GlIn

val

Glu
Asp
Arg
Gly

60
val
His
Ala
val
Thr
140
Thr
val
Ser
val
Ala
220
Asp
Ile
Ser
Ser
Ser
300
val

Asn

Pro

Arg
Phe
Trp

45
Tyr
Gly
val
Lys
Phe
125
Asp
Phe
Asp
Leu
Leu
205
cys
Leu
Asp
Lys
val
285
Tyr
Lys

Leu

val

Listing

Leu
Asn

30
Ala
Ala
Glu
Gly
Gln
110
His
Ile
Ile
Leu
Lys
190
Glu
Ala
Thr
Glu
Gln
270
Gly
Lys
Asn

Leu

Pro
L EXt

Lys

15
Leu
Gly
Arg
Leu
val

95
Leu
Arg
Ala
Thr
Lys
175
Pro
Leu
Ser
Gln
Gln
255
Asp
Ala
Thr
Ala
Lys

335

Thr

Gln

Ser

Asn

Ser

80

Leu

Leu

Met

Thr

Gln

160

val

Asn

Ile

Arg

Phe

240

val

Leu

Lys

Thr

320

val

Lys



Thr Pro
Trp Leu
370

Ile Ser
385

Pro Lys

Phe Thr

Asp Pro

Leu Thr
450

Tyr Leu
465

His Gly
Ala Leu
Ala Thr
Lys Asnh

530

Ala Pro
545

Ala Lys

<210>
<211>
<212>
<213>
<400>
Met Pro
Leu Lys
Ser Asp
Ile Thr
50

Lys Ala
65

Glu GIn

Ala
355
Trp
Glu
Asp
Thr
Asn
435
val
Phe
Pro
Leu
Thr
515
Ser

Glu

GlIn

74
506

340

Asn
Asn
Thr
Ala
Gly
420
Lys
Gln
val
His
Pro
500
Gly

val

Ser

PRT
Saccharomyces cerevisiae ALD2

74
Thr

Gln
Gly

35
Ser

Ala

Arg

Lys Gly

Glu Leu

Gly Thr
390

Tyr Gly
405

Ala Thr
Arg val
Glu Ile
Leu Asn

470

Ala Glu
485

Ala Phe
Glu Trp

Ile Arg

Leu Ile
550

val
Ser
375
Ser
Ile
Leu
Ile
Ser
455
Asn
Tyr
Gly
Asp
Leu

535

Lys

Pro
360
Lys
Ala
Ser
Gly
Leu
440
Thr
Asp
Asn
Ala
Ala
520

Ile

GlIn

Leu Tyr Thr Asp Ile
5

Pro

20
Lys
Phe

Arg

Gly

Leu Gly Leu Phe

Thr IT1e Glu Thr

40

GIn Ala Ala Asn

Ala Ala Phe Asp
70

Ile Tyr Leu Ser
85

345

Ala
Phe
Phe
Gln
Ala
425
Phe
Met
Gly
Glu
Lys
505
Leu

Glu

Ala

Glu
Ile

25
val
Glu

Asn

Asn

Page 19

Ser Thr Pro

Leu
Gly
val
410
Ala
Ile
Ile
Tyr
Ile
490
Lys
Thr

Leu

GlIn

Ile

10
Ash
Ash
Lys

val

Leu
90

Gln
Ile
395
Leu
Phe
Gly
Arg
Thr
475
Gln
Tyr
Thr

Lys

Leu
555

Pro
Asn
Pro
Asp
Trp

75

Leu

0PA15034_Sequence

Glu
380
Asn
Trp
Ala
Asp
Trp
460
Ile
Thr
Glu
Asp
Leu

540

Thr

GIn
Glu
Ala
val

60

Ser

Lys

Listing.

Leu
365
Gly
Gln
Gly
Ala
Gly
445
Gly
Glu
Trp
Asn
Ser
525

Pro

Ala

Leu
Phe
Thr

45
Asp

Lys

Leu

350

Lys
Asp
Thr
Ser
Glu
430
Ser
Leu
Lys
Asp
His
510
Glu

val

Ala

Lys
Cys

30
Gly

Lys

Thr

™t

Gln

val

Ile

Ile

415

Glu

Leu

Lys

Leu

His

495

Lys

Phe

Phe

Thr

Ile

15
Pro
Glu
Ala

Ser

Glu
95

Glu
Ile
Phe
400
Gly
Ile
Gln
Pro
Ile
480
Leu
Ile
Gln

Asp

Asn
560

Ser
Ser
Pro
val
Ser

80

Glu



Glu
Tyr
Arg
Pro
145
val
Trp
Pro
Lys
Gly
225
Ile
Ser
Ser
Trp
Asn
305
Lys
Asp
Gln
Lys
Gly
385
Lys
Phe

Gly

Phe

Gln
His
Tyr
130
Leu
val
Lys
Ala
Lys
210
Ser
Ser
Gly
Pro
Ile
290
Ser
Phe
Pro
Tyr
Leu
370
Tyr
Leu
Thr

Leu

Ala

Asp
Ser
115
Phe
Thr
Ala
Leu
Glu
195
Ala
Leu
Phe
Gln
Ala
275
Ala
Arg
Lys
Phe
Asp
355
Asp
Phe
Leu
Asn
Ala

435

Arg

Thr
100
Asn
Ala
Phe
Gln
Gln
180
Asn
Gly
val
Thr
Ser
260
Leu
Ala
val
Glu
Asp
340
Arg
Met
Ile
Gln
Tyr
420

Ser

Asp

Leu
Ala
Gly
Asn
Ile
165
Gly
Thr
Phe
Gly
Gly
245
Asn
val
Gly
Tyr
Thr

325
Glu

Phe
Pro
Asp
405

Asp

Ala

Ala
Lys
Ser
Lys
150
val
Ala
Ser
Pro
Gln
230
Ser
Leu
Phe
Ile
val
310
Ala
Lys
Lys
Gln
Pro
390
Glu
Asp

val

Lys

Ala Leu
Gly Asp
120

Ala Asp
135

Phe Ala

Pro Trp

Leu Ala

Leu Ser
200

Pro Gly
215

Ala Leu

Thr Lys

Lys Asp

Glu Asp
280

Phe Tyr
295

Gln Ser
Lys Lys
Cys Ile
Ser Tyr

360

Thr Ser
375

Thr Ile
Ile Phe
Ala Leu
Phe Thr

440
Ala Gly

Glu
105
Leu
Lys
Tyr
Asnh
Ala
185
Leu
val
Ala
val
val
265
Ala
Asnh
Ser
Glu
val
345
Ile
Glu
Phe
Gly
Lys

425

Lys

Page 20

Thr Leu Asp

Ala
Phe
Thr
Tyr
170
Gly
Leu
val
Ser
Gly
250
Thr
Asp
Ser
Ile
Trp
330
Gly
Glu
Phe
Thr
Pro
410

Leu

Asp

Gln
Asp
Leu
155
Pro
Ash
Tyr
Asn
His
235
Gly
Leu
Leu
Gly
Tyr
315
Asp
Pro
Arg
Pro
Asp
395
val

Ala

val

Thr val Trp
0PA15034_Sequence

Ile
Lys
140
Lys
Leu
Thr
Phe
Ile
220
Met
Phe
Glu
Asp
Gln
300
Asp
val
val
Gly
Ile
380
val
val
Asn

Lys

Ile

Ala
Leu
125
Gly
val
Ala
val
Ala
205
val
Asp
val
Cys
Lys
285
Asn
Lys
Ala
Ile
Lys
365
Gly
Pro
val
Asp
Lys

445

Asn

Listing

Gly
110
Gln
Ala
Pro
Met
Ile
190
Thr
Pro
Ile
Leu
Gly
270
Ala
Cys
Phe
Gly
Ser
350
Arg
Gly
Gln
val
Thr
430

Ala

Ser
L EXt

Lys
Leu
Thr
Phe
Ala
175
Ile
Leu
Gly
Asp
Glu
255
Gly
Ile
Thr
val
Lys
335
Ser
Glu
Ala
Thr
Ser
415
Cys
His

Ser

Pro
Thr
Ile
Gly
160
Cys
Lys
Ile
Tyr
Lys
240
Ala
Lys
Asp
Ala
Glu
320
Phe
Thr
Glu
Lys
Ser
400
Lys
Tyr

Met

Asn



450

Asp Glu
465

Gly Arg

Ala val

<210>
<211>
<212>
<213>
<400>
Met Pro
Leu Lys
Ser Asp
Ile Thr
50

Lys Ala
65

Glu G1n

Glu GIn

Phe His

Arg Tyr
130

Pro Leu
145

val val
Arg Lys
Pro Ala
Lys Lys

210

Gly Ser
225

Ile Ser

Ser Gly

Page 21

455

460

Asp val Thr val Pro Phe Gly Gly Phe Lys Met Ser Gly Ile

470

475

480

Glu Leu Gly Gln Ser Gly val Asp Thr Tyr Leu Gln Thr Lys

485 490

His ITe Asn Leu Ser Leu Asp Asn
500 505

75

506

PRT

Saccharomyces cerevisiae ALD3

75
Thr Leu Tyr Thr Asp Ile Glu Ile
5 10

GIn Pro Leu Gly Leu Phe Ile Asn
20 25

Gly Lys Thr Ile Glu Thr val Asn
35 40

Ser Phe GIn Ala Ala Asn Glu Lys
55

Ala Arg Ala Ala Phe Asp Asn val
70

Arg Gly Ile Tyr Leu Ser Asn Leu
85 90

Asp Thr Leu Ala Ala Leu Glu Thr
100 105

Ser Asn Ala Lys Gln Asp Leu Ala
115 120

Tyr Ala Gly Ala val Asp Lys Phe
135

Thr Phe Asn Lys Phe Ala Tyr Thr
150

Ala Gln ITe val Pro Trp Asn Tyr
165 170

Met GIn Gly Ala Leu Ala Ala Gly
180 185

Glu Asn Thr Ser Leu Ser Leu Leu
195 200

Ala Gly Phe Pro Pro Gly val val
215

val val Gly Lys Ala Leu Gly Thr
230

Phe Thr Gly Ser Thr Lys val Gly
245 250

Gln Ser Asn Leu Lys Asp Ile Thr
260 265

Pro
Asn
Pro
Asp
Trp

75
Leu
Leu
Gln
Asn
Leu
155
Pro
Asn
Tyr
Asn
His
235

Gly

Leu

0PA15034_Sequence

Gln Leu
Glu Phe

Ala Thr
45

val Asp
60

ser Lys
Lys Leu
Asp Ala

Ile Ile
125

Met Gly
140

Lys val
Leu Ala
Thr val
Phe Ala

205

val 1Ile
220

Met Asp

Ser val

Glu Cys

Listing

Lys
cys

30
Gly
Lys
Thr
Ile
Gly
110
Glu
Glu
Pro
Met
Ile
190
Thr
Pro
Ile

Leu

Gly
270
L IXt

495

Ile

15
Pro
Glu
Ala
Ser
Glu

95
Lys
Leu
Thr
Phe
Ala
175
Ile
Leu
Gly
Asp
Glu

255
Gly

ser
Ser
Pro
val
ser

80
Pro
Thr
Ile
Gly
160
cys
Lys
Ile
Tyr
Lys
240

Ala

Lys



Ser Pro

Trp val
290

Asn Ser
305

Lys Phe
Asp Pro
Gln Tyr

Lys Leu
370

Gly Tyr
385

Lys Leu
Phe Thr
Gly Leu

Phe Ala
450

GIn Glu
465

Gly Arg

Ser val

<210>
<211>
<212>
<213>
<400>
Met Ser
1
Glu Ile
Gln Gln
val Pro
50

His Tyr
65

Ala
275
Ala
Arg
Lys
Phe
Asp
355
Asp
Phe
Leu
Asn
Ala
435
Arg
Glu

Glu

His

76
713

Leu

Asn

val

Glu

Asp

340

Arg

Met

Ile

Arg

Tyr

420

Ser

Asp

Ala

Ser

val
500

PRT
Saccharomyces cerevisiae ACS1

76

Pro Ser Ala val Gln Ser Ser Lys
5

Asp
Lys

35
GlIn

Ser

Lys

20
Lys
Arg

Pro

val
Gly
Tyr
Thr
325
Glu
Ile
Phe
Pro
Asp
405
Asp
Ala
Ile
Lys
Gly

485

Asp

Phe
Ile
val
310
Ala
Lys
Lys
Gln
Pro
390
Glu
Asp
val
Lys
val
470

Asp

Leu

Glu
Phe
295
Gln
Lys
Cys
Ser
Thr
375
Thr
Ile
Ala
Phe
Ala
455
Pro

Thr

Ser

Asp
280
Phe
Ser
Lys
Ile
Tyr
360
Ser
Ile
Phe
Leu
Thr
440
Gly
Phe

Gly

Leu

Ala
Asn
Ser
Glu
val
345
Ile
Glu
Phe
Gly
Lys
425
Lys
Thr

Gly

val

Page 22

Asp Leu Asp

Ser
Ile
Trp
330
Gly
Glu
Phe
Thr
Pro
410
Leu
Asp
val
Gly
Asp

490

Lys

10

Leu Lys Ala Lys Met Ser
25

Glu His Glu Tyr Glu
40

Pro Ile Ser Asp Arg
55

His

Leu

Gly
Tyr
315
Asp
Pro
Arg
Pro
Asp
395
val
Ala
val
Trp
Phe

475

Asn

Leu

Gln

Leu

GlIn

His Leu Asp Gly Leu GIn Asp
70 75

0PA15034_Sequence

Gln
300
Asp
val
val
Gly
Ile
380
val
val
Asn
Lys
Ile
460

Lys

Tyr

Glu
Ser
Thr
Pro

60

Tyr

Listing.

Lys
285
Ile
Lys
Ala
Ile
Lys
365
Gly
Pro
val
Asp
Lys
445
Asn

Met

Leu

Glu
Ala
Ser

45

Ala

Gln

Ala
Cys
Phe
Gly
Ser
350
Lys
Gly
Glu
val
Thr
430
Ala
Gln

Ser

GlIn

Gln
Ala

30
val
Ile

Arg

™t

Ile
Thr
val
Lys
335
Ser
Glu
Ala
Thr
Ser
415
Cys
His
Thr
Gly

Ile
495

Ser

15
Thr
Lys

Ala

Leu

Glu
Ala
Glu
320
Phe
Thr
Glu
Lys
Ser
400
Lys
Tyr
Met
Asn
Ile

480

Lys

Ser

Ala

Ile

Thr

His
80



Lys
Gln
Pro
Gly
Thr
145
Gly
Ala
Ala
Ile
Ser
225
Ile
Arg
Leu
Arg
Pro
305
Ser
Tyr
Gln
His
val
385
Ile

Leu

Leu

Glu
Phe
Lys
Gln
130
Pro
Tyr
Gln
val
Ser
210
Asn
Thr
Ile
val
Asp
290
cys
Gly
Leu
Glu
Thr
370
Phe
Ile

Arg

Lys

Ser
Leu
Thr
115
Leu
Asn
Ser
val
Tyr
195
Arg
Ser
Thr
val
Tyr
275
Leu
Thr
Ser
Leu
Asp
355
Tyr
Glu
Asp

Leu

Ser
435

Ile
Asn
100
Gly

Asn

Lys

Leu
180
Met
Ile
Leu
Asp
Asp
260
Arg
Asp
Pro
Thr
Gly
340
val
val
Gly
Glu
Leu

420

Leu

Glu

85
Trp
Arg
Ala
Lys
Thr
165
Thr
Pro
Gly
Arg
Glu
245
Asp
Lys
Trp
val
Gly
325
Ala
Phe
val
Thr
His
405

Lys

Arg

Asp
Ser
Pro
Cys
Ala
150
Tyr
Tyr
Met
Ala
Asp
230
Ser
Ala
Thr
Ala
Asp
310
Ala
Leu
Phe
Tyr
Pro
390
Lys

Arg

Cys

Pro Ala
Lys Pro

Ser Phe
120

Tyr Asn
135

Ile Ile
Lys Glu
Ser Met

val Pro
200

Ile His
215

Arg Ile
Asn Arg
Leu Arg
Asn Asn

280

Thr Glu
295

Ser Glu
Pro Lys
Leu Thr
Thr Ala

360

Gly Pro
375

Ala Tyr
val Thr

Ala Gly

Leu Gly
440

Lys
Phe
105
Gln
Cys
Phe
Leu
Gly
185
Glu
Ser
Asn
Gly
Glu
265
Pro
Lys
Asp
Gly
Met
345
Gly
Leu
Pro
Gln
Asp

425

Ser

Page 23

Phe Phe Gly
90

Asp
Asn
val
Glu
Leu
170
val
Ala
val
Asp
Gly
250
Thr
Ser
Lys
Pro
val
330
Arg
ASp
Leu
Asn
Phe
410

Ser

val

Lys
Asn
Asp
Gly
155
Glu
Arg
Ile
val
Gly
235
Lys
Pro
val
Lys
Leu
315
Gln
Tyr
Ile
Tyr
Tyr
395
Tyr

Tyr

Gly

0PA15034_Sequence

val
Ala
Arg
140
Asp
Glu
Lys
Ile
Phe
220
Asp
val
Gly
Ala
Tyr
300
Phe
His
Thr
Gly
Gly
380
Ser
val

Ile

Glu

Listing.

Ser
Phe
Tr

125
His
Glu
val
Gly
Thr
205
Ala
Ser
Ile
val
Phe
285
Lys
Leu
Ser
Phe
Trp
365
Ccys
Arg
Ala

Glu

Pro
445

Lys

Ile
110

p Phe

Ala
Pro
cys
Asp
190
Leu
Gly
Lys
Glu
Arg
270
His
Thr
Leu
Thr
Asp
350
Ile
Ala
Tyr
Pro
Asn
430

Ile

™t

Ala

95
Pro
Leu
Leu
Gly
Gln
175
Thr
Leu
Phe
val
Thr
255
His
Ala
Tyr
Tyr
Ala
335
Thr
Thr
Thr
Trp
Thr
415
His

Ala

Thr
Asp
Asn
Lys
Gln
160
val
val
Ala
Ser
val
240
Lys
val
Pro
Tyr
Thr
320
Gly
His
Gly
Leu
Asp
400
Ala

Ser

Ala



Page 24

Glu val Trp Glu Trp Tyr Ser Glu Lys ITle Gly Lys Asn Glu Ile Pro
450 455 460

ITe val Asp Thr Tyr Trp Gln Thr Glu Ser Gly Ser His Leu val Thr
465 470 475 480

Pro Leu Ala Gly Gly val Thr Pro Met Lys Pro Gly Ser Ala Ser Phe
485 490 495

Pro Phe Phe Gly ITe Asp Ala val val Leu Asp Pro Asn Thr Gly Glu
500 505 510

Glu Leu Asn Thr Ser His Ala Glu Gly val Leu Ala val Lys Ala Ala
515 520 525

Trp Pro Ser Phe Ala Arg Thr Ile Trp Lys Asn His Asp Arg Tyr Leu
530 535 540

Asp Thr Tyr Leu Asn Pro Tyr Pro Gly Tyr Tyr Phe Thr Gly Asp Gly
545 550 555 560

Ala Ala Lys Asp Lys Asp Gly Tyr Ile Trp Ile Leu Gly Arg val Asp
565 570 575

Asp val val Asn val Ser Gly His Arg Leu Ser Thr Ala Glu Ile Glu
580 585 590

Ala Ala Ile Ile Glu Asp Pro ITle val Ala Glu Cys Ala val val Gly
595 600 605

Phe Asn Asp Asp Leu Thr Gly GIn Ala val Ala Ala Phe val val Leu
610 615 620

Lys Asn Lys Ser Ser Trp Ser Thr Ala Thr Asp Asp Glu Leu GIn Asp
625 630 635 640

Ile Lys Lys His Leu val Phe Thr val Arg Lys Asp Ile Gly Pro Phe
645 650 655

Ala Ala Pro Lys Leu Ile ITe Leu val Asp Asp Leu Pro Lys Thr Arg
660 665 670

Ser Gly Lys ITe Met Arg Arg Ile Leu Arg Lys Ile Leu Ala Gly Glu
675 680 685

Ser Asp GIn Leu Gly Asp val Ser Thr Leu Ser Asn Pro Gly Ile val
690 695 700

Arg His Leu ITe Asp Ser val Lys Leu
705 710

<210> 77

<211> 348

<212> PRT

<213> Saccharomyces cerevisiae ADHL

<400> 77
Met Ser ITe Pro Glu Thr GIn Lys Gly val Ile Phe Tyr Glu Ser His
1 5 10 15

Gly Lys Leu Glu Tyr Lys Asp Ile Pro val Pro Lys Pro Lys Ala Asn
20 25 30

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

OPA15034_sequence Listing.txt



His
Gly

65
Lys
Ser
Pro
Tyr
Asp
145
Lys
Ser
Ala
Glu
Glu
225
His
Thr
Ala
Ile
Ala
305

val

Gln

Ala

50
Gly
Gly
Cys
His
Ala
130
Leu
Ala
Gly
Met
Leu
210
Lys
Gly
Arg
Gly
Ser
290
Leu

Gly

Ile

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

<400>

Met
1

Pro

Leu

Arg

Trp
His
Trp
Met
Ala
115
Thr
Ala
Leu
Ala
Gly
195
Phe
Asp
val
Tyr
Ala
275
Ile
Asp

Leu

val

78
587

His
Glu
Lys
Ala
100
Asp
Ala
Gln
Lys
Ala
180
Tyr
Arg
Ile
Ile
val
260
Lys
val
Phe

Ser

Gly

PRT
Saccharomyces cerevisiae DLD1

78

Gly
Gly
Ile

85
Cys
Leu
Asp
val
Ser
165
Gly
Arg
Ser
val
Asn
245
Arg
Cys
Gly
Phe
Thr

325

Arg

Asp
Ala

70
Gly
Glu
Ser
Ala
Ala
150
Ala
Gly
val
Ile
Gly
230
val
Ala
cys
Ser
Ala
310

Leu

TYyr

Trp

55
Gly
Asp
Tyr
Gly
val
135
Pro
Asn
Leu
Leu
Gly
215
Ala
Ser
Asn
Ser
Tyr
295
Arg

Pro

val

Pro
val
Tyr
cys
Tyr

120
GlIn

Leu
Gly
Gly
200
Gly
val
val
Gly
Asp
280
val
Gly

Glu

val

Leu
val
Ala
Glu
105
Thr
Ala
Leu
Met
Ser
185
Ile
Glu
Leu
Ser
Thr
265
val
Gly

Leu

Ile

Page 25

Pro val Lys

val
Gly

90
Leu
His
Ala
cys
Ala
170
Leu
Asp
val
Lys
Glu
250
Thr
Phe
Asn
val
Tyr

330

Thr

Trp Lys Arg Thr Cys Thr Arg Leu
5 10

Gly

75
Ile
Gly
Asp
His
Ala
155
Gly
Ala
Gly
Phe
Ala
235
Ala
val
Asn
Arg
Lys
315

Glu

Ser

Ile

Gly Arg Leu val Arg Arg Ser Cys Tyr
0PA15034_Sequence

60

Met
Lys
Asn
Gly
Ile
140
Gly
His
val
Gly
Ile
220
Thr
Ala
Leu
Gln
Ala
300
Ser

Lys

Lys

Leu
Gly
Trp
Glu
Ser
125
Pro
Ile
Trp
GlIn
Glu
205
Asp
Asp
Ile
val
val
285
Asp

Pro

Met

Pro
Glu
Leu
Ser
110
Phe
Gln
Thr
val
Tyr
190
Gly
Phe
Gly
Glu
Gly
270
val
Thr

Ile

Glu

Leu
Asn
Asn

95
Asn
Gln
Gly
val
Ala
175
Ala
Lys
Thr
Gly
Ala
255
Met
Lys
Arg

Lys

Lys

val
val

80
Gly
Cys
Gln
Thr
Tyr
160
Lys
Glu
Lys
Ala
240
Ser
Pro
Ser
Glu
val

320
Gly

Lys Pro Ile Ala Gln

Arg Tyr Ala Ser Thr
Listing.txt



Gly
Ile
Tyr

65
Lys
Ser
Asp
Lys
Pro
145
Glu

val

Thr

Glu
Lys
Gly
305
Thr
Ser

Gln

Met

Thr
Ala

50
Ser
Lys
Pro
Leu
Ser
130
Ser
Glu
val
Arg
val
210
Leu
Phe
Ash
Asn
Thr
290
Leu
val

Phe

Ser

Gly

Ser

Arg

Asp
Lys
115
Asp
Pro
val
Pro
Ile
195
val
Pro
Gly
Ser
Ile
275
Lys
Phe
Lys
Asp
Gly

355

Leu

20

Ser
sSer
Glu
Asp
Tyr
100
Gln
Leu
Glu
Ser
Phe
180
Gly
Lys
Trp
Cys
cys
260
Ile
Lys
val
Cys
Thr

340

Ile

Thr
Ala
Thr
Pro

85
Leu
val
Asp
Gln
Lys
165
Ser
Asp
Phe
Glu
Asp
245
Ser
Asn
Arg
Gly
His
325
Ile
His

Asn

Asp
Thr
Lys

70
val
His
Leu
Ala
Arg
150
Ile
Gly
Thr
Asp
Asp
230
Pro
Gly
Met
Pro
Ser
310
val
Lys

Leu

Ala

Ser
Leu

55
Glu
Asn
Asp
Gly
His
135
Pro
Leu
Gly
Ile
Lys
215
Leu
Gly
Thr
Thr
Arg
295
Glu
Lys
Asp

Asn

Ser
375

Ser

40
Phe
Asp
Ser
Pro
Asn
120
Ser
Arg
Lys
Thr
Thr
200
Leu
Asn
Pro
Asn
Ile
280
Lys
Gly
Pro
Ala
Ala

360

Glu

25

Ser
Gly
Leu
Thr
val
105
Lys
Asp
Ile
Ile
Ser
185
val
Asp
Asp
Gly
Ala
265
val
Ser
Thr
Lys
Ala

345

Met
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GIln Trp Leu

Tyr
Ile
Leu

90
Lys
Pro
Thr
Ile
Cys
170
Leu
Asp
Leu
Tyr
Ala
250
Tyr
Leu
Ser
Leu
Ala
330

Ala

Glu

Leu
Glu

75
Lys
Ile
Glu
Tyr
Leu
155
His
Glu
Leu
Asp
Leu
235
Gln
Arg
Pro
Ala
Gly
315
Glu

cys

Leu

Ser Thr Asp

0PA15034_Sequence

Phe

60
Lys
Leu
Asp
Asn
Phe
140
Phe
Asp
Gly
ser
Ile
220
Ser
Ile
Tyr
Asp
Gly
300
Ile
Thr
Ala

Leu

Arg
380

Listing.

Lys

45
Ala
Leu
Ser
LysS
Tyr
125
Asn
Pro
Asn
His
Lys
205
Thr
Asp
Gly
Gly
Gly
285
Tyr
val
val
Ser
Asp

365
Cys

30

Tyr
Lys
Glu
Ser
val
110
Ser
Thr
His
Asn
Phe
190
Phe
val
His
Gly
Thr
270
Thr
Asn
Thr
Ala
Asn
350
Glu

Asp

™t

Ser
Asn
Met
Leu

95
val
Asp
His
Thr
Met
175
Leu
Met
Gln
Gly
Ccys
255
Met
Ile
Leu
Glu
val
335
Leu

Asn

Trp

val
Leu
val

80

Asp

Glu

His
Thr
160
Pro

Pro

Asn

Leu
240
Ile
Lys
val
Asn
Ala
320
val
Thr

Met

val



Glu
385
val
Cys
Trp
Ser
val
465
Ala
Phe
Ser
Thr
Leu
545

Leu

Thr

Lys

Asn

Asn

Glu

Lys

450

Ser

Ser

His

Gln

Cys

530

Glu

Ala

Asp

Pro

Ala

Ser

Ala

435

Asp

GlIn

Lys

Ala

Leu

515

Thr

Glu

Ile

Pro

Thr
Leu
Phe
420
Arg
Lys
Phe
Leu
Phe
500
val
Gly
Leu

Asp

Asn
580

Met
val
405
Gln
Lys
Ser
Asp
Ile
485
Ile
Asp
Glu
Gly
Pro

565
Glu

Phe
390
Asp
Phe
val
Ala
Lys
470
Asn
val
Arg
His
Glu
550

Lys

Pro

Phe
Glu
Ala
Ala
Lys
455
val
Ala
Tyr
Met
Gly
535
Ala

Arg

Ala

Lys

val

Arg
val
520
val
Pro

Ile

Asn

Ile
Lys
Asp
425
Trp
Trp
His
val
Thr
505
Lys
Gly

val

Met

Page 27

Gly Gly Arg

Ala
410
Asp
Ser
Thr
Glu
Gly
490
Pro
Arg
Ile
Asp
Asn

570

Tyr

395

val
Asp
val
Thr
Thr
475
His
Glu
Ala
Gly
Leu
555

Pro

Arg

Ala
Glu
Leu
Asp
460
Lys
Ala
Glu
Leu
Lys
540

Met

Asp

Ser
Gln
Lys
Asp
445
val
Lys
Gly
His
Asn
525
Arg

Arg

Lys

Pro

Leu

Leu

430

Ala

Ala

Asp

Asp

Glu

510

Ala

Glu

Lys

Ile

OPA15034_sequence Listing.txt

Asn
Asn
415
Glu
Asp
val
Met
Gly
495
Thr
Glu
Tyr

Ile

Phe
575

Ile
400
His
Leu
Lys
Pro
Gln
480
Ash
cys
Gly
Leu
Lys

560

Lys



