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<160> 82

<170> KoPatentin 3.0

<210> 1

<211> 2829

<212> DNA

<213> Yarrowia lipolytica

<400> 1

atggccgttc cttctgetge catcaaggct tccggagtgg atatggggga cctcaagaag 60

agacatgaca ccaagcttga cgtggaggag agtgtgattg acgagaagat caatgagaat 120

gaaagcgacg aaaagctgac cgaaaagctg accgaaaagc tgaccgaaaa getgactgaa 180

aagacctcca ccgagcccat tgcttacgtt ggcaagtgtc ctgatggaac gacttttatt 240

gtgccagaga cggaggatat gttgaccaac ctgtttgatc ctcgaatcac aaagtcgctg 300



acggacgtga tcatcgtatc gattctggtc acattcatgg gactcttttt tgtcgtccec 360

aagtcctgga gagtacctct ctatctgttt ctgtttgccg catggegtct ggectacaac 420
ggaggaatcg gctggetact tcacaaccag tccaactace acaaactcac caagtggget 480
ctcaaataca aggtgtttga caaggacaac aagacgtggt ggcaccagct gattaagcgg 540
gagtttgaga cccggttcca gaaccagccc aactactcgt tctacgaggt acccgtcgag 600
ttcaacacct ggattctttt ccgacatgtg gtcgatctga ttctcatgtc agactttacc 660
tgctacttca tgctggectg gtectgegcet ctgtcegtga gaaccaacca gecctggtgg 720
cttgttattg gacgatggct cgccggagct ctaatgctag ccttcaacct gtgggctaag 780
actgacgccc accgagtcgt caaggattat gectggtact ggggagactt cttcttecte 840
aaggacatgg agttgacttt tgatggtgtc tttgagatgg cccctcatce catgtactcc 900
attggatacg ctggtttcta cgccgcctct ctcatggect gttcctacac cetgttectg 960
gcctetetgg ccggecacgce tgeccagttt gtgttectat ccatcgttga gaatcctcac 1020
attgaaaaga cttacaaccc ccatcagccc aagcagcgac gaaaggcttc tcacgtccga 1080
gaccgatctt ccatccagct ggggctcgat cagaaacaga aggatgagct gtctgctatt 1140



gttgagggcg acgagtccgt ttctattgec tctactceca tttctactac ttttgacgag 1200

ccggagactg tccagaaaca ctcccttcct ccgttggttg tgtttagcaa cttccagatc 1260
actcgagtca cagatatcat gactgtggga gctgcagtct atacaatgct gctctacttc 1320
ctccctgeca accgtctgtg gtacactgtg acttttttca tggctctgtc tgctcgtctt 1380
ttccacactc tgggtcttgg agtcatactg cgacgacagt ccgagcgacg atccttcacc 1440
aagaccttcc tcaagtttgg aatctacccc tttgaggcat acgagcagtg gcaagtgtgg 1500
tacaacgtct ccaccgtgtt gtcctacacc acatttggtc tcttttgcct gcgacagtgg 1560
agagctcctt ccaccgatcc tetgtggecce cttaagtaca ttcttggegce tetacttatt 1620
gctctgcatg gctggacatc gaagtccatc catgactctc ttgggcattt tggatggttc 1680
tacggtgact tcttccttga ccgaaagcag aacctcactt actccggcat ttacagatac 1740
ctcaacaacc cagagcgatt tttcggtatt gctggcatct ggggtcttgce tctgatgacc 1800
aactctccag gtgttggtat tttggccttc ttgtggactc tggagggtat ggcattcate 1860
aagttcgtcg agcagceccca catgcagcga atctacggta ccagtatccg acacgatgct 1920
ggtgtgacca agaccattaa gaactctctc aagttgcctt ctcccttiga gaaacgggtt 1980
cgacagttcc agggatccgt tgacaaggtt atcaacgata ctctgactgt ggtcgaggag 2040



ttcattggac ttgccaagcc tactctcaac gaagttgtca acgactccaa gatcctgttg 2100

cgacagtacc ctgccaaact tacccttact cgaatgctgg atgttcccga aaacattgac 2160
actgccgatt actctgtgaa gctcgtgggc ggcgagaagt gtgccgatic caaccgaatt 2220
tcgtacgcct ttggaacccc cattcatgtc aagtggcagg cttctcccaa cagatcggca 2280
aaggactgga tcggtctgta ccgagtgcac gacaacactt cccctgaggt gacttctctt 2340
ccctccaagg gecgatggte tggaatcgac gagactggec atgagtcgea tctcgacggt 2400
attgtgtcgt cttctaagac caatggagaa gttgttttcc gaggggacac actcttctgg 2460
gagtgtggag tctacgagtt cagataccac catgctggca agcacactgt gctcagcacc 2520
tcggaacctt tcgagattgt ggctcctaag attgatctat ctggagaggt ggatgcaaag 2580
actctggctc ttgagatcct ccccatcgtc cagcgatgct tctctctate tatggagtte 2640
cctcctgagg aagtggacga ctactgggct cttgaggaac ccaaggtgat caacagagtg 2700
caggctgccg ttcaggcgta tttcaacgtt gagctggege aggaggtgct tcaatcggat 2760
gagtctgtgg agaatttggc tgagcgactg ctcagaatta gagacgccct taaaggtctt 2820
actgtataa 2829



<210> 2
<211> 942
<212> PRT

<213> Yarrowia lipolytica

<400> 2

Met Ala Val Pro Ser Ala Ala lle Lys Ala Ser Gly Val Asp Met Gly

1 5 10 15

Asp Leu Lys Lys Arg His Asp Thr Lys Leu Asp Val Glu Glu Ser Val

20 25 30

lle Asp Glu Lys lle Asn Glu Asn Glu Ser Asp Glu Lys Leu Thr Glu

35 40 45

Lys Leu Thr Glu Lys Leu Thr Glu Lys Leu Thr Glu Lys Thr Ser Thr

50 55 60

Glu Pro lle Ala Tyr Val Gly Lys Cys Pro Asp Gly Thr Thr Phe lle

65 70 75

Val Pro Glu Thr Glu Asp Met Leu Thr Asn Leu Phe Asp Pro Arg lle

85 90 95

Thr Lys Ser Leu Thr Asp Val lle lle Val Ser lle Leu Val Thr Phe

100 105 110

Met Gly Leu Phe Phe Val Val Pro Lys Ser Trp Arg Val Pro Leu Tyr

80



115 120 125

Leu Phe Leu Phe Ala Ala Trp Arg Leu Ala Tyr Asn Gly Gly lle Gly

130 135 140

Trp Leu Leu His Asn GIn Ser Asn Tyr His Lys Leu Thr Lys Trp Ala

145 150 155 160

Leu Lys Tyr Lys Val Phe Asp Lys Asp Asn Lys Thr Trp Trp His GIn

165 170 175

Leu lle Lys Arg Glu Phe Glu Thr Arg Phe GIn Asn GIn Pro Asn Tyr

180 185 190

Ser Phe Tyr Glu Val Pro Val Glu Phe Asn Thr Trp lle Leu Phe Arg

195 200 205

His Val Val Asp Leu lle Leu Met Ser Asp Phe Thr Cys Tyr Phe Met

210 215 220

Leu Ala Trp Ser Cys Ala Leu Ser Val Arg Thr Asn GIn Pro Trp Trp

225 230 235 240

Leu Val lle Gly Arg Trp Leu Ala Gly Ala Leu Met Leu Ala Phe Asn

245 250 255

Leu Trp Ala Lys Thr Asp Ala His Arg Val Val Lys Asp Tyr Ala Trp

260 265 270



Tyr Trp Gly Asp Phe Phe Phe Leu Lys Asp Met Glu Leu Thr Phe Asp

275 280 285

Gly Val Phe Glu Met Ala Pro His Pro Met Tyr Ser lle Gly Tyr Ala

290 295 300

Gly Phe Tyr Ala Ala Ser Leu Met Ala Cys Ser Tyr Thr Leu Phe Leu

305 310 315 320

Ala Ser Leu Ala Gly His Ala Ala GIn Phe Val Phe Leu Ser lle Val

325 330 335

Glu Asn Pro His lle Glu Lys Thr Tyr Asn Pro His GIn Pro Lys GIn

340 345 350

Arg Arg Lys Ala Ser His Val Arg Asp Arg Ser Ser lle Gin Leu Gly

355 360 365

Leu Asp GIn Lys GIn Lys Asp Glu Leu Ser Ala lle Val Glu Gly Asp

370 375 380

Glu Ser Val Ser lle Ala Ser Thr Pro lle Ser Thr Thr Phe Asp Glu

385 390 395 400

Pro Glu Thr Val GIn Lys His Ser Leu Pro Pro Leu Val Val Phe Ser

405 410 415

Asn Phe GIn lle Thr Arg Val Thr Asp lle Met Thr Val Gly Ala Ala

420 425 430



Val Tyr Thr Met Leu Leu Tyr Phe Leu Pro Ala Asn Arg Leu Trp Tyr

435 440 445

Thr Val Thr Phe Phe Met Ala Leu Ser Ala Arg Leu Phe His Thr Leu

450 455 460

Gly Leu Gly Val lle Leu Arg Arg GIn Ser Glu Arg Arg Ser Phe Thr

465 470 475

Lys Thr Phe Leu Lys Phe Gly lle Tyr Pro Phe Glu Ala Tyr Glu GIn

485 490 495

Trp GIn Val Trp Tyr Asn Val Ser Thr Val Leu Ser Tyr Thr Thr Phe

500 505 510

Gly Leu Phe Cys Leu Arg GIn Trp Arg Ala Pro Ser Thr Asp Pro Leu

515 520 525

Trp Pro Leu Lys Tyr lle Leu Gly Ala Leu Leu lle Ala Leu His Gly

530 535 540

Trp Thr Ser Lys Ser lle His Asp Ser Leu Gly His Phe Gly Trp Phe

545 550 555

Tyr Gly Asp Phe Phe Leu Asp Arg Lys GIn Asn Leu Thr Tyr Ser Gly

565 570 575

lle Tyr Arg Tyr Leu Asn Asn Pro Glu Arg Phe Phe Gly lle Ala Gly

480

560



580 585 590

lle Trp Gly Leu Ala Leu Met Thr Asn Ser Pro Gly Val Gly lle Leu

595 600 605

Ala Phe Leu Trp Thr Leu Glu Gly Met Ala Phe lle Lys Phe Val Glu

610 615 620

GIn Pro His Met GIn Arg lle Tyr Gly Thr Ser lle Arg His Asp Ala

625 630 635 640

Gly Val Thr Lys Thr lle Lys Asn Ser Leu Lys Leu Pro Ser Pro Phe

645 650 655

Glu Lys Arg Val Arg GIn Phe GIn Gly Ser Val Asp Lys Val lle Asn

660 665 670

Asp Thr Leu Thr Val Val Glu Glu Phe lle Gly Leu Ala Lys Pro Thr

675 680 685

Leu Asn Glu Val Val Asn Asp Ser Lys lle Leu Leu Arg GIn Tyr Pro

690 695 700

Ala Lys Leu Thr Leu Thr Arg Met Leu Asp Val Pro Glu Asn lle Asp

705 710 715 720

Thr Ala Asp Tyr Ser Val Lys Leu Val Gly Gly Glu Lys Cys Ala Asp

725 730 735



Ser Asn Arg lle Ser Tyr Ala Phe Gly Thr Pro lle His Val Lys Trp

740 745 750

GIn Ala Ser Pro Asn Arg Ser Ala Lys Asp Trp lle Gly Leu Tyr Arg

755 760 765

Val His Asp Asn Thr Ser Pro Glu Val Thr Ser Leu Pro Ser Lys Gly

770 775 780

Arg Trp Ser Gly lle Asp Glu Thr Gly His Glu Ser His Leu Asp Gly

785 790 795 800

lle Val Ser Ser Ser Lys Thr Asn Gly Glu Val Val Phe Arg Gly Asp

805 810 815

Thr Leu Phe Trp Glu Cys Gly Val Tyr Glu Phe Arg Tyr His His Ala

820 825 830

Gly Lys His Thr Val Leu Ser Thr Ser Glu Pro Phe Glu lle Val Ala

835 840 845

Pro Lys lle Asp Leu Ser Gly Glu Val Asp Ala Lys Thr Leu Ala Leu

850 855 860

Glu lle Leu Pro lle Val GIn Arg Cys Phe Ser Leu Ser Met Glu Phe

865 870 875 880

Pro Pro Glu Glu Val Asp Asp Tyr Trp Ala Leu Glu Glu Pro Lys Val

885 890 895

10



lle Asn Arg Val GIn Ala Ala Val GIn Ala Tyr Phe Asn Val Glu Leu

900 905 910

Ala GIn Glu Val Leu GIn Ser Asp Glu Ser Val Glu Asn Leu Ala Glu

915 920 925

Arg Leu Leu Arg lle Arg Asp Ala Leu Lys Gly Leu Thr Val

930 935 940
<210> 3
<211> 40
<212> DNA

<213> Artificial Sequence

<220>

<223> CHO2_5 For

<400> 3

gtacccgggg atcctctaga gtcatccgca aacacaacac

<210> 4
<211> 40

<212> DNA

11



<213>

<220>

<223>

<400>

gcaatgacga gtcagacagg ggtgtttgtg gaagctggtg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

Artificial Sequence

CHO2_5_Rev

4

5
40
DNA

Artificial Sequence

CHO2_URA_For

5

caccagcttc cacaaacacc cctgtctgac tcgtcattge

<210>

<211>

<212>

<213>

<220>

6
40
DNA

Artificial Sequence

12

40

40



<223>

<400>

CHO2_URA_Rev

6

cgcattctge gtacattttg ctggtggtat tgtgactggg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

;
40
DNA

Artificial Sequence

CHO2_5RP_For

7

cccagtcaca ataccaccag caaaatgtac gcagaatgeg

<210>

<211>

<212>

<213>

<220>

<223>

8
40
DNA

Artificial Sequence

CHO2_5RP_Rev

13

40

40



<400>

8

cagatatgct ctctgcaaac gotgtttgtg gaagctggtg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

9
40
DNA

Artificial Sequence

CHO2_3 For

9

caccagcttc cacaaacacc gtttgcagag agcatatctg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

10
40
DNA

Artificial Sequence

CHO2_3 Rev

10

gcaggtcgac tctagagaga ggtctgttca caacatcggc

14

40

40

40



<210> 11

<211> 627
<212> DNA
<213> Yarrowia lipolytica

<400> 11

atgtcctttc ctgacaagat tgttgccgac ttcaacgtgg attacgacca gaagagcctc

tggatcgtcc tgggctccat cgecttcaac cecatctttt ggaacattgt tgctcgagec

gagtacaaca cccactttct gactaagctg gctggaggag ccaagaccgg atgctatctg

ctggccatca ccattttctc getcggtate ttccgagact acctttacca ccaggctctt

gagcagcagc ccacctccat tetgetgtcg gtcacttacg ttgacattgt caagcctctg

gccattgtge tgtttgetgt tggcaacgtg ctggtectta cctccatgta cgecctggge

gtcaccggaa cctacctcgg cgactacttt ggcattctca tgaacgagceg agtcaccgge

ttccccttca atgtgtccaa caaccccatg taccacggcet ccactctgtg tttectggcet

tccgetetgt ggtacgccaa geccgeagge ctgctcatca cegectttgt gtcgceteatg

tactccattg ctctcaagtt cgaggaaccc ttcaccggtg agatctacge taagcgagac

cgggagctcg ctgccaagca gaagtaa

15

60

120

180

240

300

360

420

480

540

600

627



<210> 12
<211> 208
<212> PRT

<213> Yarrowia lipolytica

<400> 12

Met Ser Phe Pro Asp Lys lle Val Ala Asp Phe Asn Val Asp Tyr Asp

1 5 10 15

GIn Lys Ser Leu Trp lle Val Leu Gly Ser lle Ala Phe Asn Pro lle

20 25 30

Phe Trp Asn lle Val Ala Arg Ala Glu Tyr Asn Thr His Phe Leu Thr

35 40 45

Lys Leu Ala Gly Gly Ala Lys Thr Gly Cys Tyr Leu Leu Ala lle Thr

50 55 60

lle Phe Ser Leu Gly lle Phe Arg Asp Tyr Leu Tyr His GIn Ala Leu

65 70 75 80

Glu GIn GIn Pro Thr Ser lle Leu Leu Ser Val Thr Tyr Val Asp lle

85 90 95

Val Lys Pro Leu Ala lle Val Leu Phe Ala Val Gly Asn Val Leu Val

100 105 110

Leu Thr Ser Met Tyr Ala Leu Gly Val Thr Gly Thr Tyr Leu Gly Asp

16



115 120 125

Tyr Phe Gly lle Leu Met Asn Glu Arg Val Thr Gly Phe Pro Phe Asn

130 135 140

Val Ser Asn Asn Pro Met Tyr His Gly Ser Thr Leu Cys Phe Leu Ala

145 150 155 160

Ser Ala Leu Trp Tyr Ala Lys Pro Ala Gly Leu Leu lle Thr Ala Phe

165 170 175

Val Ser Leu Met Tyr Ser lle Ala Leu Lys Phe Glu Glu Pro Phe Thr

180 185 190

Gly Glu lle Tyr Ala Lys Arg Asp Arg Glu Leu Ala Ala Lys GIn Lys

195 200 205
<210> 13
<211> 40
<212> DNA

<213> Artificial Sequence

<220>

<223>  OPI3_5_For

17



<400>

13

gtacccgggg atcctctaga caccaacatt cgacatggac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

14
40
DNA

Artificial Sequence

OPI3_5 Rev

14

gcaatgacga gtcagacagg gagttttcca gagagccaac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

15
40
DNA

Artificial Sequence

OPI3_URA_For

15

gttggctctc tggaaaactc cctgtctgac tcgtcattge

18

40

40

40



<210>

<211>

<212>

<213>

<220>

<223>

<400>

16
40
DNA

Artificial Sequence

OPI3_URA_Rev

16

cagtccttaa tcaacggtgg ctggtggtat tgtgactggg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

17
40
DNA

Artificial Sequence

OPI3_5RP_For

17

cccagtcaca ataccaccag ccaccgttga ttaaggactg

<210>

<211>

18

40

19

40

40



<212>

<213>

<220>

<223>

<400>

DNA

Artificial Sequence

OPI3_5RP_Rev

18

cgtaggccgt tttctgttge gagttttcca gagagecaac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

19
40
DNA

Artificial Sequence

OPI3_3_For

19

gttggctctc tggaaaactc gcaacagaaa acggcctacg

<210>

<211>

<212>

<213>

20
40
DNA

Artificial Sequence

20

40

40



<220>

<223>  OPI3_3 Rev

<400> 20

gcaggtcgac tctagagagt gccgtctcga ttgtcacagg

<210> 21
<211> 2103
<212> DNA

<213> Yarrowia lipolytica

<400> 21

atgaacccca acaacactgg caccattgaa atcaacggta aggagtacaa caccttcacc

gagccccccg tggecatgge tcaggagega gecaagacct ccttcceegt gcgagagatg

acctacttcc tcgacggtgg cgagaagaac accctcaaaa acgagcagat catggaggag

attgagcgag accctctttt caacaacgac aactactacg atctcaacaa ggagcagatc

cgagagctca ccatggagcg agtcgccaag ctgtctctgt ttgtgegtga tcageccgag

gacgacatca agaagcgatt tgctctcatt ggtatcgccg atatgggaac ctacacccga

cttggtgtcc actacggcct cttetttgge gecgtecgag gtaccggaac tgccgageag

tttggccact ggatctccaa gggagccgga gacctgcgaa agttctacgg atgtttctce

21

40

60

120

180

240

300

360

420

480



atgaccgagc tgggccatgg ctccaacctg getggtctcg agaccaccgc catctacgat

gaggagaccg acgagttcat catcaacacc cctcacattg ccgccaccaa gtggtggatt

ggaggagccg cccacaccgce cacccacact gtcgtgttcg cccgactcat tgtcaaggge

aaggactacg gtgtcaagac ctttgttgtc cagctgcgaa acatcaacga ccacagcctc

aaggtcggta tctctattgg tgatatcgga aagaagatgg gccgagacgg tatcgataac

ggatggatcc agttcaccaa cgtgcgaatc ccccgacaga acctgctcat gaagtacaca

aaggtcgacc gagagggtaa cgtgacccag cctcctctgg ctcagettac ctacggttct

cttatcactg gtcgagtctc catggcctct gattctcacc aggtcggaaa gcgattcatc

accattgctc tgcgatacgc ctgcattcga cgacagttct ccaccacccc cggecagece

gagaccaaga tcatcgacta cccctaccat cagcgacgac ttctgectct tctggectat

gtctatgctc ttaagatgac tgccgatgag gttggagctc tettctcccg aaccatgcett

aagatggacg acctcaagcc cgacgacaag gccggectca atgaggttgt ttccgacgte

aaggagctct tctcegtcte cgecggtete aaggecttct ccacctgggc ttgtgecgac

gtcattgaca agacccgaca ggcttgcggt ggccacggtt actctggata caacggtttc

22

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



ggccaggcct acgccgactg ggttgtccag tgcacctggg agggtgacaa caacattctc

accctttctg ccggecgagc tcttatccag tetgeegttg ctctgcgaaa gggegagect

gttggtaacg ccgtttctta cctgaagcga tacaaggatc tggccaacgc taagctcaat

ggccgatctc tcaccgaccc caaggtectc gtcgaggect gggaggttge tgccggtaac

atcatcaacc gagccaccga ccagtacgag aagctcattg gcgagggtct taacgccgac

caggcctttg aggttctgtc tcagcagcga ttccaggcecg ccaaggtcca cacacgacga

cacctcattg ccgctttctt ctcccgaatt gacaccgagg ctggcgagge catcaageag

ccectgctta acctggcetct getgtttgee ctgtggtcca tcgaagagga ctetggtetg

ttcctgcgag agggcttect cgageccaag gatatcgaca cegtcaccga getcgtcaac

aagtactgca ccactgtgcg agaggaggtc attggctaca ccgatgcctt caacctgtcc

gactacttca tcaacgctcc tattggatgc tacgatggtg acgcttaccg acactacttc

cagaaggtca acgagcagaa ccctgcccga gacccccgac ctecttacta cgectctact

ctcaagccct tccttttccg agaggaggag gatgatgaca tttgcgagct tgatgaggaa

tag

23

138

1440

1500

0

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2103



<210> 22
<211> 700
<212> PRT

<213> Yarrowia lipolytica

<400> 22

Met Asn Pro Asn Asn Thr Gly Thr lle Glu lle Asn Gly Lys Glu Tyr

1 5 10 15

Asn Thr Phe Thr Glu Pro Pro Val Ala Met Ala GIn Glu Arg Ala Lys

20 25 30

Thr Ser Phe Pro Val Arg Glu Met Thr Tyr Phe Leu Asp Gly Gly Glu

35 40 45

Lys Asn Thr Leu Lys Asn Glu GIn lle Met Glu Glu lle Glu Arg Asp

50 55 60

Pro Leu Phe Asn Asn Asp Asn Tyr Tyr Asp Leu Asn Lys Glu Gin lle

65 70 75

Arg Glu Leu Thr Met Glu Arg Val Ala Lys Leu Ser Leu Phe Val Arg

85 90 95

Asp GIn Pro Glu Asp Asp lle Lys Lys Arg Phe Ala Leu lle Gly lle

100 105 110

Ala Asp Met Gly Thr Tyr Thr Arg Leu Gly Val His Tyr Gly Leu Phe

115 120 125

24

80



Phe Gly Ala Val Arg Gly Thr Gly Thr Ala Glu GIn Phe Gly His Trp

130 135 140

lle Ser Lys Gly Ala Gly Asp Leu Arg Lys Phe Tyr Gly Cys Phe Ser

145 150 155 160

Met Thr Glu Leu Gly His Gly Ser Asn Leu Ala Gly Leu Glu Thr Thr

165 170 175

Ala lle Tyr Asp Glu Glu Thr Asp Glu Phe lle lle Asn Thr Pro His

180 185 190

lle Ala Ala Thr Lys Trp Trp lle Gly Gly Ala Ala His Thr Ala Thr

195 200 205

His Thr Val Val Phe Ala Arg Leu lle Val Lys Gly Lys Asp Tyr Gly

210 215 220

Val Lys Thr Phe Val Val GIn Leu Arg Asn lle Asn Asp His Ser Leu

225 230 235 240

Lys Val Gly lle Ser lle Gly Asp lle Gly Lys Lys Met Gly Arg Asp

245 250 255

Gly lle Asp Asn Gly Trp lle GIn Phe Thr Asn Val Arg lle Pro Arg

260 265 270

GIn Asn Leu Leu Met Lys Tyr Thr Lys Val Asp Arg Glu Gly Asn Val

25



275 280 285

Thr GIn Pro Pro Leu Ala GIn Leu Thr Tyr Gly Ser Leu lle Thr Gly

290 295 300

Arg Val Ser Met Ala Ser Asp Ser His GIn Val Gly Lys Arg Phe lle

305 310 315 320

Thr lle Ala Leu Arg Tyr Ala Cys lle Arg Arg GIn Phe Ser Thr Thr

325 330 335

Pro Gly GIn Pro Glu Thr Lys lle lle Asp Tyr Pro Tyr His GIn Arg

340 345 350

Arg Leu Leu Pro Leu Leu Ala Tyr Val Tyr Ala Leu Lys Met Thr Ala

355 360 365

Asp Glu Val Gly Ala Leu Phe Ser Arg Thr Met Leu Lys Met Asp Asp

370 375 380

Leu Lys Pro Asp Asp Lys Ala Gly Leu Asn Glu Val Val Ser Asp Val

385 390 395 400

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

405 410 415

Ala Cys Ala Asp Val lle Asp Lys Thr Arg GIn Ala Cys Gly Gly His

420 425 430

26



Gly Tyr Ser Gly Tyr Asn Gly Phe Gly GIn Ala Tyr Ala Asp Trp Val

435 440 445

Val GIn Cys Thr Trp Glu Gly Asp Asn Asn lle Leu Thr Leu Ser Ala

450 455 460

Gly Arg Ala Leu lle GIn Ser Ala Val Ala Leu Arg Lys Gly Glu Pro

465 470 475

Val Gly Asn Ala Val Ser Tyr Leu Lys Arg Tyr Lys Asp Leu Ala Asn

485 490 495

Ala Lys Leu Asn Gly Arg Ser Leu Thr Asp Pro Lys Val Leu Val Glu

500 505 510

Ala Trp Glu Val Ala Ala Gly Asn lle lle Asn Arg Ala Thr Asp Gin

515 520 525

Tyr Glu Lys Leu lle Gly Glu Gly Leu Asn Ala Asp GIn Ala Phe Glu

530 535 540

Val Leu Ser GIn GIn Arg Phe GIn Ala Ala Lys Val His Thr Arg Arg

545 550 555

His Leu lle Ala Ala Phe Phe Ser Arg lle Asp Thr Glu Ala Gly Glu

565 570 575

Ala lle Lys GIn Pro Leu Leu Asn Leu Ala Leu Leu Phe Ala Leu Trp

580 585 590

27
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Ser lle Glu Glu Asp Ser Gly Leu Phe Leu Arg Glu Gly Phe Leu Glu

595 600 605

Pro Lys Asp lle Asp Thr Val Thr Glu Leu Val Asn Lys Tyr Cys Thr

610 615 620

Thr Val Arg Glu Glu Val lle Gly Tyr Thr Asp Ala Phe Asn Leu Ser

625 630 635

Asp Tyr Phe lle Asn Ala Pro lle Gly Cys Tyr Asp Gly Asp Ala Tyr

645 650 655

Arg His Tyr Phe GIn Lys Val Asn Glu GIn Asn Pro Ala Arg Asp Pro

660 665 670

Arg Pro Pro Tyr Tyr Ala Ser Thr Leu Lys Pro Phe Leu Phe Arg Glu

675 680 685

Glu Glu Asp Asp Asp lle Cys Glu Leu Asp Glu Glu

690 695 700
<210> 23
<211> 2706
<212> DNA

<213> Yarrowia lipolytica

<400> 23

28

640



atgtctggag aactaagata cgacggaaag gtcgtcattg ttaccggtge cggtggegat

ctcggtaagg catacgccect tttctacggc tctcgaggag cctetgttgt tgtcaacgat

cttggtggceg acttcaaggg cgacggtgec caggetggea gtggcaageg agttgecgat

gttgtcgtcg acgagattgt ttccaaggga ggcaaggctg ttgctaacta cgactctgte

gagaacggtg acaagattgt cgagactgcc gtcaaggctt ttggctccgt ccacattgtc

atcaacaacg ccggtattct ccgagatatt tccttcaaga agatgaccga caaggactgg

gatcttgtct acaaggtcca cgttttcggt gcctacaagg ttacccgagce tgectggect

tacttccgaa agcagaagta cggtcgagtt atctctacct cttccgctge tggtctttac

ggaaacttcg gccagaccaa ctactccgcet gccaageteg ccctggttgg titcggtgag

actctcgcca aggagggtge caagtacaac attacttcca acgtcatcgce tcctettget

gcttcccgaa tgaccgagac agtcatgcce gaggatatce tcaagcetcct caagectgag

tacgttgttc ctctggtcgg ctacctcacc cacgactctg tcaccgagte ttatggtatt

tacgaggtcg gtgctggtta catggctaaa atccgatggg agcgaggcaa cggtgcetgtt

ttcaagggcg acgacacttt caccccgtct getattctga agcgatggga tgaggtcacc

tcttttgaga gccccaccta ccctaacgge cctgetgact tettcaaata cgetgaggag

29
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360
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tctgttaagc gacccgagaa cccccaggga cccaccgtct cettcaagga cecaggttgte 960

attgtcactg gagccggtgc tggcattggc cgagcttact ctcacctcct tgctaagctt 1020
ggtgccaagg tcgttgttaa cgatttcggt aaccctcaga aggttgtcga tgaaattaag 1080
gccctcggtg gtatcgecgt cgctgacaag aacaacgtca tccacggtga gaaggttgtt 1140
cagaccgcta tcgacgcctt cggtgctgtc cacgcecgttg tcaacaacgc tggtattctc 1200
cgagacaagt ctttcgccaa catggatgat gagatgtggc agctgatctt tgatgtccac 1260
ctcaacggta cttactccgt taccaaggcc gcgtggceccc acttccttaa gcagaagtac 1320
ggccgtgtca tcaacaccac ctcaacttct ggtatctacg gtaacttcgg ccaggcecaac 1380
tactctgccg ccaaggcetgg tatcctcggt tictcccgag ctettgetcg agagggtgag 1440
aagtacaaca ttcttgtcaa caccattgcc cctaacgctg gtactgccat gactgcttct 1500
gtcttcactg aggagatgct cgagctcttc aagcccgatt tcatcgcacc catcaccgtc 1560
ctgcttgctt ccgatcaggc tccegtcace ggtgatctgt ttgagactgg ttetgettgg 1620
atcggacaga ctcgatggca gcgagctggt ggtaaggcct tcaacaccaa gaagggtgtc 1680
acccccgaaa tggttcgaga cagctgggct aagatcgtcg acttcgatga tggtaactcc 1740

30



acccatccca ccactccctc cgagtctact actcagattc ttgagaacat cttcaacgtg 1800

cctgatgagg aggttgagga gactgctctc gttgctggtc ccggtggtcc cggtatcctc 1860
aacaaggagg gcgaaccttt cgactacact tacacttacc gagacctcat tctttacaac 1920
cttggtctcg gtgccaaggc taatgagctc aagtatgtct tcgagggtga tgatgacttc 1980
cagaccgtgc ccactttcgg tgttatccct tacatgggtg gcctcatcac taccaactat 2040
ggcgacttcg ttcctaactt caaccctatg atgcttctcc acggtgagcea gtaccttgaa 2100
atccgacagt ggcctattcc taccaatgct acattggaga acaaggctaa ggtcatcgat 2160
gtcgttgaca agggcaaggc tgccctectt gtcactgcta ccaccaccac gaacaaggag 2220
actggtgagg aggttticta caacgagtct tctctcttca tccgaggctc tggtggtttc 2280
ggtggtaagt ctaccggtac tgaccgtggce gctgecactg ctgccaacaa geeccctget 2340
cgagctcctg acttcgttaa ggagatcaag atccaggagg accaggctgc catttaccga 2400
ctttctggtg attacaaccc tcttcacatc gaccctgctt ttgctgetgt tggtaacttt 2460
gaccgaccta ttctccacgg tctetgetct tttggtgtct ccggtaaggc tetttacgat 2520
cagtttggtc ctttcaagaa cgctaaggtc cgatttgctg gtcacgtctt ccctggtgag 2580
accctgaagg ttgagggctg gaaggagggc aacaaggtca ttttccagac caaggttgtt 2640

31



gagcgaggta ctaccgccat cagcaatgece gecattgagce tcttccccaa ggatgctaag

ctctaa

<210> 24
<211> 901
<212> PRT

<213> Yarrowia lipolytica

<400> 24

Met Ser Gly Glu Leu Arg Tyr Asp Gly Lys Val Val lle Val Thr Gly

1 5 10 15

Ala Gly Gly Gly Leu Gly Lys Ala Tyr Ala Leu Phe Tyr Gly Ser Arg

20 25 30

Gly Ala Ser Val Val Val Asn Asp Leu Gly Gly Asp Phe Lys Gly Asp

35 40 45

Gly Ala GIn Ala Gly Ser Gly Lys Arg Val Ala Asp Val Val Val Asp

50 55 60

Glu lle Val Ser Lys Gly Gly Lys Ala Val Ala Asn Tyr Asp Ser Val

65 70 75

Glu Asn Gly Asp Lys lle Val Glu Thr Ala Val Lys Ala Phe Gly Ser

85 90 95

32
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Val His lle Val lle Asn Asn Ala Gly lle Leu Arg Asp lle Ser Phe

100 105 110

Lys Lys Met Thr Asp Lys Asp Trp Asp Leu Val Tyr Lys Val His Val

115 120 125

Phe Gly Ala Tyr Lys Val Thr Arg Ala Ala Trp Pro Tyr Phe Arg Lys

130 135 140

GIn Lys Tyr Gly Arg Val lle Ser Thr Ser Ser Ala Ala Gly Leu Tyr

145 150 155 160

Gly Asn Phe Gly GIn Thr Asn Tyr Ser Ala Ala Lys Leu Ala Leu Val

165 170 175

Gly Phe Gly Glu Thr Leu Ala Lys Glu Gly Ala Lys Tyr Asn lle Thr

180 185 190

Ser Asn Val lle Ala Pro Leu Ala Ala Ser Arg Met Thr Glu Thr Val

195 200 205

Met Pro Glu Asp lle Leu Lys Leu Leu Lys Pro Glu Tyr Val Val Pro

210 215 220

Leu Val Gly Tyr Leu Thr His Asp Ser Val Thr Glu Ser Tyr Gly lle

225 230 235 240

Tyr Glu Val Gly Ala Gly Tyr Met Ala Lys lle Arg Trp Glu Arg Gly

33



245 250 255

Asn Gly Ala Val Phe Lys Gly Asp Asp Thr Phe Thr Pro Ser Ala lle

260 265 270

Leu Lys Arg Trp Asp Glu Val Thr Ser Phe Glu Ser Pro Thr Tyr Pro

275 280 285

Asn Gly Pro Ala Asp Phe Phe Lys Tyr Ala Glu Glu Ser Val Lys Arg

290 295 300

Pro Glu Asn Pro GIn Gly Pro Thr Val Ser Phe Lys Asp GIn Val Val

305 310 315 320

lle Val Thr Gly Ala Gly Ala Gly lle Gly Arg Ala Tyr Ser His Leu

325 330 335

Leu Ala Lys Leu Gly Ala Lys Val Val Val Asn Asp Phe Gly Asn Pro

340 345 350

GIn Lys Val Val Asp Glu lle Lys Ala Leu Gly Gly lle Ala Val Ala

355 360 365

Asp Lys Asn Asn Val lle His Gly Glu Lys Val Val GIn Thr Ala lle

370 375 380

Asp Ala Phe Gly Ala Val His Ala Val Val Asn Asn Ala Gly lle Leu

385 390 395 400

34



Arg Asp Lys Ser Phe Ala Asn Met Asp Asp Glu Met Trp GIn Leu lle

405 410 415

Phe Asp Val His Leu Asn Gly Thr Tyr Ser Val Thr Lys Ala Ala Trp

420 425 430

Pro His Phe Leu Lys GIn Lys Tyr Gly Arg Val lle Asn Thr Thr Ser

435 440 445

Thr Ser Gly lle Tyr Gly Asn Phe Gly GIn Ala Asn Tyr Ser Ala Ala

450 455 460

Lys Ala Gly lle Leu Gly Phe Ser Arg Ala Leu Ala Arg Glu Gly Glu

465 470 475

Lys Tyr Asn lle Leu Val Asn Thr lle Ala Pro Asn Ala Gly Thr Ala

485 490

Met Thr Ala Ser Val Phe Thr Glu Glu Met Leu Glu Leu Phe Lys Pro

500 505 510

Asp Phe lle Ala Pro lle Thr Val Leu Leu Ala Ser Asp GIn Ala Pro

515 520 525

Val Thr Gly Asp Leu Phe Glu Thr Gly Ser Ala Trp lle Gly GIn Thr

530 535 540

Arg Trp GIn Arg Ala Gly Gly Lys Ala Phe Asn Thr Lys Lys Gly Val

545 550 555
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Thr Pro Glu Met Val Arg Asp Ser Trp Ala Lys lle Val Asp Phe Asp

565 570 575

Asp Gly Asn Ser Thr His Pro Thr Thr Pro Ser Glu Ser Thr Thr GIn

580 585 590

lle Leu Glu Asn lle Phe Asn Val Pro Asp Glu Glu Val Glu Glu Thr

595 600 605

Ala Leu Val Ala Gly Pro Gly Gly Pro Gly lle Leu Asn Lys Glu Gly

610 615 620

Glu Pro Phe Asp Tyr Thr Tyr Thr Tyr Arg Asp Leu lle Leu Tyr Asn

625 630 635 640

Leu Gly Leu Gly Ala Lys Ala Asn Glu Leu Lys Tyr Val Phe Glu Gly

645 650 655

Asp Asp Asp Phe GIn Thr Val Pro Thr Phe Gly Val lle Pro Tyr Met

660 665 670

Gly Gly Leu lle Thr Thr Asn Tyr Gly Asp Phe Val Pro Asn Phe Asn

675 680 685

Pro Met Met Leu Leu His Gly Glu GIn Tyr Leu Glu lle Arg GIn Trp

690 695 700

Pro lle Pro Thr Asn Ala Thr Leu Glu Asn Lys Ala Lys Val lle Asp

36



705 710 715 720

Val Val Asp Lys Gly Lys Ala Ala Leu Leu Val Thr Ala Thr Thr Thr

725 730 735

Thr Asn Lys Glu Thr Gly Glu Glu Val Phe Tyr Asn Glu Ser Ser Leu

740 745 750

Phe lle Arg Gly Ser Gly Gly Phe Gly Gly Lys Ser Thr Gly Thr Asp

755 760 765

Arg Gly Ala Ala Thr Ala Ala Asn Lys Pro Pro Ala Arg Ala Pro Asp

770 775 780

Phe Val Lys Glu lle Lys lle GIn Glu Asp GIn Ala Ala lle Tyr Arg

785 790 795 800

Leu Ser Gly Asp Tyr Asn Pro Leu His lle Asp Pro Ala Phe Ala Ala

805 810 815

Val Gly Asn Phe Asp Arg Pro lle Leu His Gly Leu Cys Ser Phe Gly

820 825 830

Val Ser Gly Lys Ala Leu Tyr Asp GIn Phe Gly Pro Phe Lys Asn Ala

835 840 845

Lys Val Arg Phe Ala Gly His Val Phe Pro Gly Glu Thr Leu Lys Val

850 855 860
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Glu Gly Trp Lys Glu Gly Asn Lys Val lle Phe GIn Thr Lys Val Val

865 870 875 880

Glu Arg Gly Thr Thr Ala lle Ser Asn Ala Ala lle Glu Leu Phe Pro

885 890 895

Lys Asp Ala Lys Leu

900
<210> 25
<211> 1134
<212> DNA

<213> Yarrowia lipolytica

<400> 25

atgtggggaa gttcacatgc attcgctggt gaatctgatce tgacactaca actacacacc 60
aggtccaaca tgagcgacaa tacgacaatc aaaaagccga tccgacccaa accgatcegg 120
acggaacgcc tgecttacge tggggecgea gaaatcatcc gagccaacca gaaagaccac 180
tactttgagt ccgtgcttga acagcatctc gtcacgtttc tgcagaaatg gaagggagta 240
cgatttatcc accagtacaa ggaggagctg gagacggegt ccaagtttge atatctcggt 300
ttgtgtacgc ttgtgggctc caagactctc ggagaagagt acaccaatct catgtacact 360
atcagagacc gaacagctct accgggggtg gtgagacggt ttggctacgt gctttccaac 420

38



actctgtttc catacctgtt tgtgcgctac atgggcaagt tgcgecgecaa actgatgcege 480

gagtatcccc atctggtgga gtacgacgaa gatgagcctg tgcccagece ggaaacatgg 540

aaggagcggg tcatcaagac gtttgtgaac aagtttgaca agttcacggc gctggagggg 600

tttaccgcga tccacttgge gattttctac gtctacggct cgtactacca getcagtaag 660

cggatctggg gcatgcegtta tgtatttgga caccgactgg acaagaatga gectcgaatce 720

ggttacgaga tgctcggtct getgattttc gcceggtttg ccacgtcatt tgtgcagacg 780

ggaagagagt acctcggagc gctgctggaa aagagegtgg agaaagaggc aggggagaag 840

gaagatgaaa aggaagcggt tgtgccgaaa aagaagtcgt caattccgtt cattgaggat 900

acagaagggg agacggaaga caagatcgat ctggaggacc ctcgacagct caagttcatt 960

cctgaggcgt ccagagcegtg cactetgtgt ctgtcataca ttagtgcgec ggcatgtacg 1020

ccatgtggac actttttctg ttgggactgt atttccgaat gggtgagaga gaagcccgag 1080

tgtccettgt gtcggcaggg tgtgagagag cagaacttgt tgcctatcag ataa 1134

<210> 26

<211> 377

<212> PRT

39



<213> Yarrowia lipolytica

<400> 26

Met Trp Gly Ser Ser His Ala Phe Ala Gly Glu Ser Asp Leu Thr Leu

1 5 10 15

GIn Leu His Thr Arg Ser Asn Met Ser Asp Asn Thr Thr lle Lys Lys

20 25 30

Pro lle Arg Pro Lys Pro lle Arg Thr Glu Arg Leu Pro Tyr Ala Gly

35 40 45

Ala Ala Glu lle lle Arg Ala Asn GIn Lys Asp His Tyr Phe Glu Ser

50 55 60

Val Leu Glu GIn His Leu Val Thr Phe Leu GIn Lys Trp Lys Gly Val

65 70 75

Arg Phe lle His GIn Tyr Lys Glu Glu Leu Glu Thr Ala Ser Lys Phe

85 90 95

Ala Tyr Leu Gly Leu Cys Thr Leu Val Gly Ser Lys Thr Leu Gly Glu

100 105 110

Glu Tyr Thr Asn Leu Met Tyr Thr lle Arg Asp Arg Thr Ala Leu Pro

115 120 125

Gly Val Val Arg Arg Phe Gly Tyr Val Leu Ser Asn Thr Leu Phe Pro

130 135 140

40

80



Tyr Leu Phe Val Arg Tyr Met Gly Lys Leu Arg Ala Lys Leu Met Arg

145 150 155 160

Glu Tyr Pro His Leu Val Glu Tyr Asp Glu Asp Glu Pro Val Pro Ser

165 170 175

Pro Glu Thr Trp Lys Glu Arg Val lle Lys Thr Phe Val Asn Lys Phe

180 185 190

Asp Lys Phe Thr Ala Leu Glu Gly Phe Thr Ala lle His Leu Ala lle

195 200 205

Phe Tyr Val Tyr Gly Ser Tyr Tyr GIn Leu Ser Lys Arg lle Trp Gly

210 215 220

Met Arg Tyr Val Phe Gly His Arg Leu Asp Lys Asn Glu Pro Arg lle

225 230 235 240

Gly Tyr Glu Met Leu Gly Leu Leu lle Phe Ala Arg Phe Ala Thr Ser

245 250 255

Phe Val GIn Thr Gly Arg Glu Tyr Leu Gly Ala Leu Leu Glu Lys Ser

260 265 270

Val Glu Lys Glu Ala Gly Glu Lys Glu Asp Glu Lys Glu Ala Val Val

275 280 285

Pro Lys Lys Lys Ser Ser lle Pro Phe lle Glu Asp Thr Glu Gly Glu

41



290 295 300

Thr Glu Asp Lys lle Asp Leu Glu Asp Pro Arg GIn Leu Lys Phe lle

305 310 315 320

Pro Glu Ala Ser Arg Ala Cys Thr Leu Cys Leu Ser Tyr lle Ser Ala

325 330 335

Pro Ala Cys Thr Pro Cys Gly His Phe Phe Cys Trp Asp Cys lle Ser

340 345 350

Glu Trp Val Arg Glu Lys Pro Glu Cys Pro Leu Cys Arg GIn Gly Val

355 360 365

Arg Glu GIn Asn Leu Leu Pro lle Arg

370 375
<210> 27
<211> 1245
<212> DNA

<213> Yarrowia lipolytica

<400> 27

atggaccgac ttaacaacct cgccacccag ctcgagcaga accccgecaa gggectcgac

gctatcacct ccaagaaccc cgatgacgtt gtcatcaccg ccgectaccg aactgccecac

accaagggag gcaagggtct gttcaaggac acctcttctt ccgagctgct cgectctctg

42
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ctggagggcc tcgtcaagga gtccaagatc gaccccaagc tcatcggtga tgtegtetge

gggaacgttc tcgetgeegg tgecggtgec actgagcace gagetgectg cettgttgec

ggcatccccg agaccgttce cttegtegcet ctcaaccgac agtgctecte tggtctgatg

gccgtcaacg acgttgccaa caagatccga geccggecaga ttgacattgg tatcggetgt

ggtgtcgagt ccatgtccaa ccagtacggt cccaactceg tcaccecctt ctccaacaag

ttccagaaca acgaggaggc taagaagtgc ctgatcccca tgggtatcac ttccgagaac

gttgccgeca agtacaacgt gtcccgaaag geccaggacg cctttgetge caagtcctac

gagaaggccg ccgetgecca ggecgecgge aagttcgace aggagatcect ccccatcaag

accactgttc tcgatgatga tgacaacgag aaggaggtta ccgtcaacaa ggacgacggt

atccgacctg gtgtcaccgce cgagaagctc ggcaagctca agcctgcttt ctccgecgag

ggaaccaccc acgctggtaa cgcctctcag atctccgacg gtgecggagce cgtteteete

atgcgacgat ctgttgccga gaagcttgge cagcccatce ttgccaagtt tgtccactge

aagaccgtcg gtgttcccee cgagctcatg ggaattggec ccgcttacgce cattcetget

gtccttgagg accttggtct gaccgtcaac gacgttgacg ttttcgagat caacgaggct

43

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



ttcgcttccc aggctcetgtt ctccatccag cattgtggaa tcgacgagtc caaggtcaac 1080

ccccgaggtg gtgccattgce tattggccac cctctgggag ccaccggtge tcgacagttt 1140
gccactctgc tctccgagct taaggagtct ggcaagaagg tcggtgtcac ctccatgtgce 1200
attggtaccg gtatgggtgc cgcttctctg gttgttgccg agtaa 1245
<210> 28

<211> 414

<212> PRT

<213> Yarrowia lipolytica

<400> 28

Met Asp Arg Leu Asn Asn Leu Ala Thr GIn Leu Glu GIn Asn Pro Ala

1 5 10 15

Lys Gly Leu Asp Ala lle Thr Ser Lys Asn Pro Asp Asp Val Val lle

20 25 30

Thr Ala Ala Tyr Arg Thr Ala His Thr Lys Gly Gly Lys Gly Leu Phe

35 40 45

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

50 55 60

Val Lys Glu Ser Lys lle Asp Pro Lys Leu lle Gly Asp Val Val Cys

65 70 75 80
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Gly Asn Val Leu Ala Ala Gly Ala Gly Ala Thr Glu His Arg Ala Ala

85 90 95

Cys Leu Val Ala Gly lle Pro Glu Thr Val Pro Phe Val Ala Leu Asn

100 105 110

Arg GIn Cys Ser Ser Gly Leu Met Ala Val Asn Asp Val Ala Asn Lys

115 120 125

lle Arg Ala Gly GIn lle Asp lle Gly lle Gly Cys Gly Val Glu Ser

130 135 140

Met Ser Asn GIn Tyr Gly Pro Asn Ser Val Thr Pro Phe Ser Asn Lys

145 150 155

Phe GIn Asn Asn Glu Glu Ala Lys Lys Cys Leu lle Pro Met Gly lle

165 170 175

Thr Ser Glu Asn Val Ala Ala Lys Tyr Asn Val Ser Arg Lys Ala GIn

180 185 190

Asp Ala Phe Ala Ala Lys Ser Tyr Glu Lys Ala Ala Ala Ala GiIn Ala

195 200 205

Ala Gly Lys Phe Asp GIn Glu lle Leu Pro lle Lys Thr Thr Val Leu

210 215 220

Asp Asp Asp Asp Asn Glu Lys Glu Val Thr Val Asn Lys Asp Asp Gly

45
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225 230 235 240

lle Arg Pro Gly Val Thr Ala Glu Lys Leu Gly Lys Leu Lys Pro Ala

245 250 255

Phe Ser Ala Glu Gly Thr Thr His Ala Gly Asn Ala Ser GIn lle Ser

260 265 270

Asp Gly Ala Gly Ala Val Leu Leu Met Arg Arg Ser Val Ala Glu Lys

275 280 285

Leu Gly GIn Pro lle Leu Ala Lys Phe Val His Cys Lys Thr Val Gly

290 295 300

Val Pro Pro Glu Leu Met Gly lle Gly Pro Ala Tyr Ala lle Pro Ala

305 310 315 320

Val Leu Glu Asp Leu Gly Leu Thr Val Asn Asp Val Asp Val Phe Glu

325 330 335

lle Asn Glu Ala Phe Ala Ser GIn Ala Leu Phe Ser lle GIn His Cys

340 345 350

Gly lle Asp Glu Ser Lys Val Asn Pro Arg Gly Gly Ala lle Ala lle

355 360 365

Gly His Pro Leu Gly Ala Thr Gly Ala Arg GIn Phe Ala Thr Leu Leu

370 375 380
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Ser Glu Leu Lys Glu Ser Gly Lys Lys Val Gly Val Thr Ser Met Cys

385 390 395 400

lle Gly Thr Gly Met Gly Ala Ala Ser Leu Val Val Ala Glu

405 410

<210> 29
<211> 858
<212> DNA

<213> Yarrowia lipolytica

<400> 29

atggacctcg aattggaaat tcccgtcttg cattccatgg actcgcacca ccaggtggtg

gactcccaca gactggcaca gcaacagttc cagtaccagc agatccacat gctgcagcag

acgctgtcac agcagtaccc ccacacccca tccaccacac cccccattta catgctgtcg

cctgcggact acgagaagga cgccgtttce atctcaccgg taatgctgtg geceeccteg

gcccactcce aggcctctta ccattacgag atgcccteceg ttatctcgec atctecttet

cccactagat ccttctgtaa tccgagagag ctggaggttc aggacgagct cgagcagctt

gaacagcagc ccgcecgctct ctcegtcgaa catctgtttg acattgagaa ctcatcgatc

gagtatgcac acgacgagct gcatgacacc tcttcgtgct ccgactcgea gtcgagcttt
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tccectcage agtceectge cteceecggcec tecacttact cgectctcga ggacgagtit

ctcaacttgg ctggatccga gttgaagagc gagcccageg cggacgacga gaaggatgat

gtggacacgg agcttcccca gcageccgag atcatcatce ctgtgtcgtg ccgaggecga

aagccgtcca tcgacgactc caaaaagact tttgtctgca cccactgcca gegtcggttc

cggcgecagg agcatctcaa gegacatttc cgatcectac acactcgaga gaagcctttc

aactgcgaca cgtgcggcaa gaagttttct cggtcggaca atctcgecca geatatgegt

acgcatcctc gggactag

<210>

<211>

<212>

<213>

<400>

30
285
PRT

Yarrowia lipolytica

30

Met Asp Leu Glu Leu Glu lle Pro Val Leu His Ser Met Asp Ser His

1

5 10 15

His GIn Val Val Asp Ser His Arg Leu Ala GIn GIn GIn Phe GIn Tyr

20 25 30

GIn GIn lle His Met Leu GIn GIn Thr Leu Ser GIn GIn Tyr Pro His

35 40 45
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600

660

720

780
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Thr Pro Ser Thr Thr Pro Pro lle Tyr Met Leu Ser Pro Ala Asp Tyr

50 55 60

Glu Lys Asp Ala Val Ser lle Ser Pro Val Met Leu Trp Pro Pro Ser

65 70 75 80

Ala His Ser GIn Ala Ser Tyr His Tyr Glu Met Pro Ser Val lle Ser

85 90 95

Pro Ser Pro Ser Pro Thr Arg Ser Phe Cys Asn Pro Arg Glu Leu Glu

100 105 110

Val GIn Asp Glu Leu Glu GIn Leu Glu GIn GIn Pro Ala Ala Leu Ser

115 120 125

Val Glu His Leu Phe Asp lle Glu Asn Ser Ser lle Glu Tyr Ala His

130 135 140

Asp Glu Leu His Asp Thr Ser Ser Cys Ser Asp Ser GIn Ser Ser Phe

145 150 155 160

Ser Pro GIn GIn Ser Pro Ala Ser Pro Ala Ser Thr Tyr Ser Pro Leu

165 170 175

Glu Asp Glu Phe Leu Asn Leu Ala Gly Ser Glu Leu Lys Ser Glu Pro

180 185 190

Ser Ala Asp Asp Glu Lys Asp Asp Val Asp Thr Glu Leu Pro GIn Gin

49



195 200 205

Pro Glu lle lle lle Pro Val Ser Cys Arg Gly Arg Lys Pro Ser lle

210 215 220

Asp Asp Ser Lys Lys Thr Phe Val Cys Thr His Cys GIn Arg Arg Phe

225 230 235

Arg Arg GIn Glu His Leu Lys Arg His Phe Arg Ser Leu His Thr Arg

245 250 255

Glu Lys Pro Phe Asn Cys Asp Thr Cys Gly Lys Lys Phe Ser Arg Ser

260 265 270

Asp Asn Leu Ala GIn His Met Arg Thr His Pro Arg Asp

275 280 285
<210> 31
<211> 40
<212> DNA

<213> Artificial Sequence

<220>

<223> POX2_5 For

<400> 31

gtacccgggg atcctctaga gattccgeca agtgagactg

50

40



<210>

<211>

<212>

<213>

<220>

<223>

<400>

32
40
DNA

Artificial Sequence

POX2_5_Rev

32

gcaatgacga gtcagacagg cgttgcttgt gtgatttttg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

33
40
DNA

Artificial Sequence

POX2_URA_For

33

caaaaatcac acaagcaacg cctgtctgac tcgtcattge

<210>

34

51

40

40



<211>

<212>

<213>

<220>

<223>

<400>

40
DNA

Artificial Sequence

POX2_URA_Rev

34

cgcttgtcca gtatgaatag ctggtggtat tgtgactggg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

35
40
DNA

Artificial Sequence

POX2_5RP_For

35

cccagtcaca ataccaccag ctattcatac tggacaagcg

<210>

<211>

<212>

<213>

36
39
DNA

Artificial Sequence

52

40

40



<220>

<223>

<400>

POX2_5RP_Rev

36

caataaatac ccgcttgtcc gttgcttgtg tgatttttg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

37
39
DNA

Artificial Sequence

POX2_3_For

37

caaaaatcac acaagcaacg gacaagcggg tatttattg

<210>

<211>

<212>

<213>

<220>

<223>

38
36
DNA

Artificial Sequence

POX2_3_Rev

53

39

39



<400>

38

gcaggtcgac tctagaccaa acaaagctga tgacac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

39
40
DNA

Artificial Sequence

MFE1_5_For

39

gtacccgggg atcctctaga caagccaaag agatgttgac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

40
40
DNA

Artificial Sequence

MFE1_5_Rev

40

54

36

40



gcaatgacga gtcagacagg gttaataacg tatcttctac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

41
40
DNA

Artificial Sequence

MFE1_URA_For

41

gtagaagata cgttattaac cctgtctgac tcgtcattgc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

42
40
DNA

Artificial Sequence

MFE1_URA Rev

42

caaatcagcc gttggcctge ctggtggtat tgtgactggg

55

40

40

40



<210>

<211>

<212>

<213>

<220>

<223>

<400>

cccagtcaca ataccaccag gcaggccaac ggctgatttg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

43
40
DNA

Artificial Sequence

MFE1_5RP_For

43

44
39
DNA

Artificial Sequence

MFE1_5RP_Rev

44

cacttggtca gataatagcg ttaataacgt atcttctac

<210>

<211>

<212>

45

39

DNA

56

39



<213>

<220>

<223>

<400>

Artificial Sequence

MFE1_3_For

45

gtagaagata cgttattaac gctattatct gaccaagtg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

46
38
DNA

Artificial Sequence

MFE1_3_Rev

46

gcaggtcgac tctagatgct tgaaggcata tgtgactg

<210>

<211>

<212>

<213>

<220>

47
40
DNA

Artificial Sequence

57

39

38



<223>

<400>

PEX10_5_For

47

gtacccgggg atcctctaga gttttcgtct tagegtcatg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

48
40
DNA

Artificial Sequence

PEX10_5_Rev

48

gcaatgacga gtcagacagg gccgaggcag atttgggttg

<210>

<211>

<212>

<213>

<220>

<223>

49
40
DNA

Artificial Sequence

PEX10_URA_For

58

40

40



<400>

49

caacccaaat ctgcctcggc cctgtctgac tcgtcattge

<210>

<211>

<212>

<213>

<220>

<223>

<400>

50
40
DNA

Artificial Sequence

PEX10_URA_Rev

50

gagtccagta attctttccg ctggtggtat tgtgactggg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

51
40
DNA

Artificial Sequence

PEX10_5RP_For

51

cccagtcaca ataccaccag cggaaagaat tactggactc

59

40

40

40



<210> 52
<211> 40
<212> DNA

<213> Artificial Sequence

<220>

<223>  PEX10_5RP_Rev

<400> 52

ccttccatcc agacctcgtc gccgaggeag atttgggttg

<210> 53
<211> 40
<212> DNA

<213> Artificial Sequence

<220>

<223>  PEX10_3_For

<400> 53

caacccaaat ctgcctcgge gacgaggtct ggatggaagg

<210> 54

<211> 40

60

40

40



<212>

<213>

<220>

<223>

<400>

DNA

Artificial Sequence

PEX10_3_Rev

54

gcaggtcgac tctagagctg acctatacca gatcagacgc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

55
40
DNA

Artificial Sequence

POT1_5_For

55

gtacccgggg atcctctaga cacaataccc cacagtgtge

<210>

<211>

<212>

<213>

56
40
DNA

Artificial Sequence

61

40

40



<220>

<223>

<400>

gcaatgacga gtcagacagg gtgtgtcttg gttggatgag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

POT1_5_Rev

56

57
40
DNA

Artificial Sequence

POT1_URA_For

57

ctcatccaac caagacacac cctgtctgac tcgtcattge

<210>

<211>

<212>

<213>

<220>

<223>

58
40
DNA

Artificial Sequence

POT1_URA_Rev

62

40

40



<400>

58

caggcgctcc cccattggeg ctggtggtat tgtgactggg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

59
40
DNA

Artificial Sequence

POT1_5RP_For

59

cccagtcaca ataccaccag cgccaatggg ggagcgcectg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

60
40
DNA

Artificial Sequence

POT1 5RP_Rev

60

gttcgatcgc gattcatttc gtgtgtcttg gttggatgag

63

40

40

40



<210>

<211>

<212>

<213>

<220>

<223>

<400>

61
40
DNA

Artificial Sequence

POT1_3 For

61

ctcatccaac caagacacac gaaatgaatc gcgatcgaac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

62
40
DNA

Artificial Sequence

POT1_3 Rev

62

gcaggtcgac tctagagagg agtgctaaaa ttagccctge

<210>

63

64

40

40



<211>

<212>

<213>

<220>

<223>

<400>

39
DNA

Artificial Sequence

MHY1_5 For

63

gtacccgggg atcctctaga tgtcagcgaa agctcaaag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

64
40
DNA

Artificial Sequence

MHY1_5_Rev

64

gcaatgacga gtcagacagg caattcgagg tccattttgg

<210>

<211>

<212>

<213>

65
40
DNA

Artificial Sequence

65

39

40



<220>

<223>

<400>

MHY1_URA_For

65

ccaaaatgga cctcgaattg cctgtctgac tcgtcattge

<210>

<211>

<212>

<213>

<220>

<223>

<400>

66
40
DNA

Artificial Sequence

MHY1_URA Rev

66

gtggtgcttt tgtacttgtc ctggtggtat tgtgactggg

<210>

<211>

<212>

<213>

<220>

<223>

67
40
DNA

Artificial Sequence

MHY1_5RP_For

66

40

40



<400>

67

cccagtcaca ataccaccag gacaagtaca aaagcaccac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

68
40
DNA

Artificial Sequence

MHY1_5RP_Rev

68

gaaggcgctc tacctctagt ccaattcgag gtccattttg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

69
40
DNA

Artificial Sequence

MHY1_3_For

69

67

40

40



caaaatggac ctcgaattgg actagaggta gagcgccttc 40

<210> 70
<211> 40
<212> DNA

<213> Artificial Sequence

<220>

<223>  MHY1 3 Rev

<400> 70

gcaggtcgac tctagactgt gtttgattag ctcttctcag 40
<210> 71

<211> 1545

<212> DNA

<213> Yarrowia lipolytica

<400> 71

atgactatcg actcacaata ctacaagtcg cgagacaaaa acgacacggc acccaaaatc 60
gcgggaatcc gatatgcccce getatcgaca ccattactca accgatgtga gaccttctct 120
ctggtctgge acattttcag cattcccact ttcctcacaa ttttcatgcet atgctgegea 180
attccactgc tctggccatt tgtgattgcg tatgtagtgt acgctgttaa agacgactcc 240

68



ccgtccaacyg gaggagtggt caagcegatac tcgcectattt caagaaactt cttcatctgg

aagctctttg gccgcetactt ccccataact ctgcacaaga cggtggatct ggageccacg

cacacatact accctctgga cgtccaggag tatcacctga ttgctgagag atactggecg

cagaacaagt acctccgagc aatcatctcc accatcgagt actttctgee cgecttcatg

aaacggtctc tttctatcaa cgagcaggag cagcctgccg agcegagatec tctectgtct

ccegtttcte ccagctetce gggttctcaa cctgacaagt ggattaacca cgacagcaga

tatagccgtg gagaatcatc tggctccaac ggecacgcect cgggcetccga acttaacgge

aacggcaaca atggcaccac taaccgacga cctttgtcgt ccgectctge tggctccact

gcatctgatt ccacgcttct taacgggtcc ctcaactcct acgccaacca gatcattgge

gaaaacgacc cacagctgtc gcccacaaaa ctcaagccca ctggcagaaa atacatcttc

ggctaccacc cccacggcat tatcggcatg ggagcctttg gtggaattge caccgaggga

gctggatggt ccaagctett tccgggeate cctgtttete ttatgactct caccaacaac

ttccgagtge ctctctacag agagtacctc atgagtctgg gagtcgctte tgtctccaag

aagtcctgca aggcecctcct caagcgaaac cagtctatct geattgtegt tggtggagea

69

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



caggaaagtc ttctggccag acccggtgtc atggacctgg tgctactcaa gcgaaagggt 1140

tttgttcgac ttggtatgga ggtcggaaat gtcgcccttg ttcccatcat ggcectttggt 1200

gagaacgacc tctatgacca ggttagcaac gacaagtcgt ccaagctgta ccgattccag 1260

cagtttgtca agaacttcct tggattcacc cttcctttga tgcatgcccg aggcgtcttc 1320

aactacgatg tcggtcttgt cccctacagg cgacccgtca acattgtggt tggttccccc 1380

attgacttgc cttatctccc acaccccacc gacgaagaag tgtccgaata ccacgaccga 1440

tacatcgccg agctgcagceg aatctacaac gagcacaagg atgaatattt catcgattgg 1500

accgaggagg gcaaaggagc cccagagttc cgaatgattg agtaa 1545

<210> 72

<211> 514

<212> PRT

<213> Yarrowia lipolytica

<400> 72

Met Thr lle Asp Ser GIn Tyr Tyr Lys Ser Arg Asp Lys Asn Asp Thr

1 5 10 15

Ala Pro Lys lle Ala Gly lle Arg Tyr Ala Pro Leu Ser Thr Pro Leu

20 25 30

70



Leu Asn Arg Cys Glu Thr Phe Ser Leu Val Trp His lle Phe Ser lle

35 40 45

Pro Thr Phe Leu Thr lle Phe Met Leu Cys Cys Ala lle Pro Leu Leu

50 55 60

Trp Pro Phe Val lle Ala Tyr Val Val Tyr Ala Val Lys Asp Asp Ser

65 70 75 80

Pro Ser Asn Gly Gly Val Val Lys Arg Tyr Ser Pro lle Ser Arg Asn

85 90 95

Phe Phe lle Trp Lys Leu Phe Gly Arg Tyr Phe Pro lle Thr Leu His

100 105 110

Lys Thr Val Asp Leu Glu Pro Thr His Thr Tyr Tyr Pro Leu Asp Val

115 120 125

GIn Glu Tyr His Leu lle Ala Glu Arg Tyr Trp Pro GIn Asn Lys Tyr

130 135 140

Leu Arg Ala lle lle Ser Thr lle Glu Tyr Phe Leu Pro Ala Phe Met

145 150 155 160

Lys Arg Ser Leu Ser lle Asn Glu GIn Glu GIn Pro Ala Glu Arg Asp

165 170 175

Pro Leu Leu Ser Pro Val Ser Pro Ser Ser Pro Gly Ser GIn Pro Asp

180 185 190

71



Lys Trp lle Asn His Asp Ser Arg Tyr Ser Arg Gly Glu Ser Ser Gly

195 200 205

Ser Asn Gly His Ala Ser Gly Ser Glu Leu Asn Gly Asn Gly Asn Asn

210 215 220

Gly Thr Thr Asn Arg Arg Pro Leu Ser Ser Ala Ser Ala Gly Ser Thr

225 230 235 240

Ala Ser Asp Ser Thr Leu Leu Asn Gly Ser Leu Asn Ser Tyr Ala Asn

245 250 255

GIn lle lle Gly Glu Asn Asp Pro GIn Leu Ser Pro Thr Lys Leu Lys

260 265 270

Pro Thr Gly Arg Lys Tyr lle Phe Gly Tyr His Pro His Gly lle lle

275 280 285

Gly Met Gly Ala Phe Gly Gly lle Ala Thr Glu Gly Ala Gly Trp Ser

290 295 300

Lys Leu Phe Pro Gly lle Pro Val Ser Leu Met Thr Leu Thr Asn Asn

305 310 315 320

Phe Arg Val Pro Leu Tyr Arg Glu Tyr Leu Met Ser Leu Gly Val Ala

325 330 335

Ser Val Ser Lys Lys Ser Cys Lys Ala Leu Leu Lys Arg Asn GIn Ser

72



340 345 350

lle Cys lle Val Val Gly Gly Ala GIn Glu Ser Leu Leu Ala Arg Pro

355 360 365

Gly Val Met Asp Leu Val Leu Leu Lys Arg Lys Gly Phe Val Arg Leu

370 375 380

Gly Met Glu Val Gly Asn Val Ala Leu Val Pro lle Met Ala Phe Gly

385 390 395 400

Glu Asn Asp Leu Tyr Asp GIn Val Ser Asn Asp Lys Ser Ser Lys Leu

405 410 415

Tyr Arg Phe GIn GIn Phe Val Lys Asn Phe Leu Gly Phe Thr Leu Pro

420 425 430

Leu Met His Ala Arg Gly Val Phe Asn Tyr Asp Val Gly Leu Val Pro

435 440 445

Tyr Arg Arg Pro Val Asn lle Val Val Gly Ser Pro lle Asp Leu Pro

450 455 460

Tyr Leu Pro His Pro Thr Asp Glu Glu Val Ser Glu Tyr His Asp Arg

465 470 475 480

Tyr lle Ala Glu Leu GIn Arg lle Tyr Asn Glu His Lys Asp Glu Tyr

485 490 495

73



Phe lle Asp Trp Thr Glu Glu Gly Lys Gly Ala Pro Glu Phe Arg Met

lle Glu

<210>

<211>

<212>

<213>

<220>

<223>

<400>

500 505

73
40
DNA

Artificial Sequence

DGA1_5_For

73

gtacccgggg atcctctaga gacgagaaac aaatcatgtg

<210>

<211>

<212>

<213>

<220>

<223>

74
41
DNA

Artificial Sequence

DGA1_5_Rev

74

510

40



<400>

74

cgccgcecaac ccggtcteta gettttgttt tgtgtgactt g

<210>

<211>

<212>

<213>

<220>

<223>

<400>

75
41
DNA

Artificial Sequence

DGA1_TEF1_For

75

caagtcacac aaaacaaaag ctagagaccg ggttggcggc g

<210>

<211>

<212>

<213>

<220>

<223>

<400>

76
42
DNA

Artificial Sequence

DGA1_TEF1_Rev

76

gacgagtcag acaggaggca ctgcggttag tactgcaaaa ag

75

41

41

42



<210>

<211>

<212>

<213>

<220>

<223>

<400>

77
42
DNA

Artificial Sequence

DGA1_URA_For

77

ctttttgcag tactaaccgc agtgcctect gtctgactcg tc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

78
38
DNA

Artificial Sequence

DGA1_URA_Rev

78

cgccgcecaac cecggtctctt ggtggtattg tgactggg

<210>

<211>

79

38

76

42

38



<212>

<213>

<220>

<223>

<400>

DNA

Artificial Sequence

DGA1_TEF2_For

79

cccagtcaca ataccaccaa gagaccgggt tggcggeg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

80
43
DNA

Artificial Sequence

DGA1_TEF2_Rev

80

gtagtattgt gagtcgatag tctgcggtta gtactgcaaa aag

<210>

<211>

<212>

<213>

81
43
DNA

Artificial Sequence

77

43

38



<220>

<223>

<400>

ctttttgcag tactaaccgc agactatcga ctcacaatac tac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

DGA1_dgal For

81

82
41
DNA

Artificial Sequence

DGA1_dgal_Rev

82

gcctgcaggt cgactctaga ttactcaatc attcggaact ¢

78

43

41





