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<210> 1
<211> 533
<212> PRT

<213> Aspergillus niger

<400> 1

Met Ala Ser Leu Thr
1 5

Val Ala Arg Thr Ala
20

Arg Leu Leu Ser Ser
35

Gln Thr Leu Thr Ser
50

Lys Met Ser Ser Ala
65

Glu Val Pro Ala Asp

Gly Asn Phe Asp Ile
100

Val Lys Ala Phe Gly
115

His

Val

Asn

Thr

Thr

70

Lys

Asn

Ile

Ala

Ala

Ser

Ser

55

Arg

Tyr

Gln

Leu

Ala

Phe

Arg

40

Ser

Ile

Trp

Pro

Lys
120

Ser

Thr

25

Pro

Lys

Glu

Gly

Gln

105

Gly

Arg

10

Pro

Val

Arg

Thr

Ala

90

Asp

Ala

Ala

Ala

Gln

Ala

Asp

75

Gln

Arg

Ala

Ser

Ser

His

Phe

60

Ala

Thr

Met

Ala

Ala

Phe

Phe

45

Gly

Phe

Gln

Pro

Glu
125

Ser

Ser

30

Pro

Thr

Gly

Arg

Glu

110

Val

Dicarboxylic acid production in a filamentous fungus

Pro

15

Cys

Arg

Thr

Glu

Ser

95

Pro

Asn

Ala

Arg

Leu

Val

Ile

80

Leu

Val

Met



Lys

Ala

145

Trp

Ile

Lys

Asp

Asn

225

Lys

Gln

Ala

Leu

Thr

305

Thr

Ala

Phe

130

Glu

Gln

Ser

Pro

Ser

210

Thr

Val

Asp

Gln

Arg

290

Phe

Gly

His

Gly

Val

Thr

Asn

Val

195

Phe

Leu

Glu

Ala

Leu

275

Tyr

Lys

Thr

Asp

Leu

Ala

Gly

Arg

180

His

Pro

Leu

Lys

Thr

260

Asp

Leu

Gly

Glu

Ser
340

Asp

Glu

Ser

165

Ala

Pro

Thr

Pro

Phe

245

Pro

Arg

Ala

Phe

Phe

325

Ile

Pro

Gly

150

Gly

Ile

Asn

Ala

Ser

230

Asp

Leu

Asn

Gln

Asp

310

Lys

Val

Lys

135

Lys

Thr

Glu

Asp

Met

215

Leu

Lys

Thr

Ile

Gly

295

Glu

Thr

Glu

Ile

Leu

Gln

Ile

His

200

His

Arg

Ile

Leu

Glu

280

Gly

Ala

Ala

Ala

Gly

Met

Ser

Leu

185

Val

Ile

Ser

Ile

Gly

265

Arg

Thr

Ile

Pro

Ser
345

Glu

Asp

Asn

170

Gly

Asn

Ala

Leu

Lys

250

Gln

Val

Ala

Ala

Asn

330

Gly

Ala

His

155

Met

Gly

Met

Ala

Arg

235

Ile

Glu

Glu

Val

Ala

315

Lys

Ala

Ile

140

Phe

Asn

Glu

Ser

Val

220

Asp

Gly

Phe

Thr

Gly

300

Glu

Phe

Leu

Lys

Pro

Ser

Lys

Ala

205

Val

Ala

Arg

Ser

Ser

285

Thr

Val

Glu

Asn

Gln

Leu

Asn

Gly

190

Ser

Glu

Leu

Thr

Gly

270

Ile

Gly

Thr

Val

Thr
350

Ala

Val

Glu

175

Ser

Ser

Leu

Gln

His

255

Tyr

Pro

Leu

Lys

Leu

335

Leu

Ala

Val

160

Val

Lys

Asn

Glu

Val

240

Leu

Val

His

Asn

Leu

320

Ala

Ala



Cys Ser Leu Phe Lys Ile Ala Gln Asp Ile Arg Tyr Leu Gly Ser Gly
355 360 365

Pro Arg Cys Gly Leu Gly Glu Leu Val Leu Pro Glu Asn Glu Pro Gly
370 375 380

Ser Ser Ile Met Pro Gly Lys Val Asn Pro Thr Gln Cys Glu Ser Leu
385 390 395 400

Thr Met Val Cys Ser Gln Val Met Gly Asn His Val Ala Ala Thr Val
405 410 415

Gly Gly Met Asn Gly Gln Phe Glu Leu Asn Val Phe Lys Pro Leu Met
420 425 430

Ile Arg Asn Leu Leu His Ser Val Arg Ile Leu Ala Asp Gly Met Ala
435 440 445

Ser Phe Glu Lys Asn Leu Val His Gly Leu Glu Ala Asn Glu Pro Arg
450 455 460

Ile Asn Ser Leu Leu His Glu Ser Leu Met Leu Val Thr Cys Leu Asn
465 470 475 480

Pro Val Ile Gly Tyr Asp Met Ala Ser Lys Val Ala Lys Asn Ala His
485 490 495

Lys Lys Gly Leu Thr Leu Lys Gln Ser Ala Met Glu Leu Lys Ala Leu
500 505 510

Ser Glu Glu Asp Phe Asp Lys Tyr Val Arg Pro Glu Leu Met Leu Ser
515 520 525

Pro Lys Glu Lys Lys
530

<210> 2

<211> 1601

<212> DNA

<213> Aspergillus niger

<400> 2
atggcctcct tgacacatgc tgcatctcga gcttcggcectt cccccgcagt tgcccgcact 60

gccgtcgett tcacccccge ctcecgttcagt tgccgtcecgtce ttctgagectc caatagccga 120



cctgttcaac
ggcaccaccg
gaggtccccg
atcaaccagc
ggtgctgctg
aagcaggctg
tggcagaccg
gccattgaga
gtcaacatgt
gtggagctgg
aaggttgaga
cctctcaccce
cgtgtcgaga
actggtctga
accggcaccg
attgtcgagg
gacatccgtt
aacgagcctg
accatggtct
ggtcagttcg
cgcatcctgg
aacgagcccc
cccgtcattg
actctgaagc
tccgecceccgga
<210> 3

<211> 467

<212> PRT
<213>

acttcccceccg
tcaagatgtc
ccgacaagta
cccaggaccg
ctgaagtgaa
ccgccgaggt
gttccggtac
tcctgggcgyg
ccgcctcectce
agaacaccct
agttcgacaa
tcggtcagga
ctagcatccc
acaccttcaa
agttcaagac
cttccggtgce
accttggatc
gctcttccat
gctcccaggt
agctcaacgt
ccgatggcat
gcatcaactc
gctacgacat
agagtgctat

gctgatgctg

tcttcagacc
ttcggctacc
ctggggtgcc
catgcctgag
catgaagttc
tgcggaggge
ccagtccaac
cgagaagggc
caatgactcc
cctgccttcece
gatcatcaag
gttctccggce
ccacctccgce
gggcttcgac
tgcccccaac
cctgaacacc
cggtcccegce
catgcccggce
catgggtaac
gttcaagccc
ggccagcttc
tctecctecac
ggcctccaag
ggagctgaag

agccccaagg

Artificial sequence

ttgacttcca
cgcattgaga
cagacccagc
cccgttgtca
ggccttgacc
aagctgatgg
atgaactcga
tccaagaagc
ttcccgaccyg
ctgaggagcc
atcggtcgta
tacgtcgctc
tacctggctc
gaggctatcg
aagttcgagg
ctggcctgcet
tgcggtcttyg
aaggttaacc
cacgtcgctg
ctcatgatcc
gagaagaacc
gagagtctga
gtcgccaaga
gctctgagcg

agaagaaata

cctccagcaa
ccgatgcctt
gctccctggg
aggctttcgg
ccaagatcgg
accacttccc
acgaggtcat
ccgtccaccc
ctatgcacat
tgcgcgatgce
ctcacctgca
agctcgaccg
agggtggtac
ctgctgaggt
ttctggccgce
ctctgttcaa
gtgaactggt
ccactcagtg
ccactgtcgg
gcaacctgct
tggtgcacgg
tgttggtcac
acgcccacaa
aggaggattt

a

gagagccttt
cggtgagatc
caacttcgac
tatcctcaag
cgaggccatc
cctcgtcgtce
ctccaaccgc
caacgaccac
tgctgccgtt
tctccaggtce
ggacgccacc
caacattgag
cgccgteggt
caccaagttg
ccacgactcg
gattgcccag
cctccecgag
cgagtccctt
cggcatgaac
gcacagcgtg
tctggaggcec
ctgcctgaac
gaagggcctc

gacaagtacg

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1601



<220>
<223>

<400>

mEFUM A.

3

Met Ser Ala

1

Pro

Phe

Ala

Gly

65

Val

Thr

Asn

Val

Phe

145

Leu

Glu

Ala

Ala

Asp

Phe

50

Leu

Ala

Gly

Arg

His

130

Pro

Leu

Lys

Thr

Asp

Ile

35

Gly

Asp

Glu

Ser

Ala

115

Pro

Thr

Pro

Phe

Pro
195

Thr

Lys

20

Asn

Ile

Pro

Gly

Gly

100

Ile

Asn

Ala

Ser

Asp

180

Leu

niger minus 67 aa targeting signal

Arg

Tyr

Gln

Leu

Lys

Lys

85

Thr

Glu

Asp

Met

Leu

165

Lys

Thr

Ile

Trp

Pro

Lys

Ile

70

Leu

Gln

Ile

His

His

150

Arg

Ile

Leu

Glu

Gly

Gln

Gly

55

Gly

Met

Ser

Leu

Val

135

Ile

Ser

Ile

Gly

Thr

Ala

Asp

40

Ala

Glu

Asp

Asn

Gly

120

Asn

Ala

Leu

Lys

Gln
200

Asp

Gln

25

Arg

Ala

Ala

His

Met

105

Gly

Met

Ala

Arg

Ile

185

Glu

Ala

10

Thr

Met

Ala

Ile

Phe

90

Asn

Glu

Ser

Val

Asp

170

Gly

Phe

Phe

Gln

Pro

Glu

Lys

75

Pro

Ser

Lys

Ala

Val

155

Ala

Arg

Ser

Gly

Arg

Glu

Val

60

Gln

Leu

Asn

Gly

Ser

140

Glu

Leu

Thr

Gly

Glu

Ser

Pro

45

Asn

Ala

Val

Glu

Ser

125

Ser

Leu

Gln

His

Tyr
205

Ile

Leu

30

Val

Met

Ala

Val

Val

110

Lys

Asn

Glu

Val

Leu

190

Val

Glu

15

Gly

Val

Lys

Ala

Trp

95

Ile

Lys

Asp

Asn

Lys

175

Gln

Ala

Val

Asn

Lys

Phe

Glu

80

Gln

Ser

Pro

Ser

Thr

160

Val

Asp

Gln



Leu

Tyr

225

Lys

Thr

Asp

Leu

Cys

305

Ile

Val

Met

Asn

Glu

385

Ser

Ile

Gly

Asp

210

Leu

Gly

Glu

Ser

Phe

290

Gly

Met

Cys

Asn

Leu

370

Lys

Leu

Gly

Leu

Arg

Ala

Phe

Phe

Ile

275

Lys

Leu

Pro

Ser

Gly

355

Leu

Asn

Leu

Tyr

Thr

Asn

Gln

Asp

Lys

260

Val

Ile

Gly

Gly

Gln

340

Gln

His

Leu

His

Asp

420

Leu

Ile

Gly

Glu

245

Thr

Glu

Ala

Glu

Lys

325

Val

Phe

Ser

Val

Glu

405

Met

Lys

Glu

Gly

230

Ala

Ala

Ala

Gln

Leu

310

Val

Met

Glu

Val

His

390

Ser

Ala

Gln

Arg

215

Thr

Ile

Pro

Ser

Asp

295

Val

Asn

Gly

Leu

Arg

375

Gly

Leu

Ser

Ser

Val

Ala

Ala

Asn

Gly

280

Ile

Leu

Pro

Asn

Asn

360

Ile

Leu

Met

Lys

Ala

Glu

Val

Ala

Lys

265

Ala

Arg

Pro

Thr

His

345

Val

Leu

Glu

Leu

Val

425

Met

Thr

Gly

Glu

250

Phe

Leu

Tyr

Glu

Gln

330

Val

Phe

Ala

Ala

Val

410

Ala

Glu

Ser

Thr

235

Val

Glu

Asn

Leu

Asn

315

Cys

Ala

Lys

Asp

Asn

395

Thr

Lys

Leu

Ile

220

Gly

Thr

Val

Thr

Gly

300

Glu

Glu

Ala

Pro

Gly

380

Glu

Cys

Asn

Lys

Pro

Leu

Lys

Leu

Leu

285

Ser

Pro

Ser

Thr

Leu

365

Met

Pro

Leu

Ala

Ala

His

Asn

Leu

Ala

270

Ala

Gly

Gly

Leu

Val

350

Met

Ala

Arg

Asn

His

430

Leu

Leu

Thr

Thr

255

Ala

Cys

Pro

Ser

Thr

335

Gly

Ile

Ser

Ile

Pro

415

Lys

Ser

Arg

Phe

240

Gly

His

Ser

Arg

Ser

320

Met

Gly

Arg

Phe

Asn

400

Val

Lys

Glu



435

440

445

Glu Asp Phe Asp Lys Tyr Val Arg Pro Glu Leu Met Leu Ser Pro Lys

450

Glu Lys Lys

465

<210> 4
<211>
<212>
<213>

<220>
<223>

<400> 4
atgtcggcta

tactggggtyg
cgcatgcctg
aacatgaagt
gttgcggagg
acccagtcca
ggcgagaagg
tccaatgact
ctcctgectt
aagatcatca
gagttctccg
ccccacctcce
aagggcttcg
actgccccca
gccctgaaca
tccggtcecccce
atcatgcccg
gtcatgggta

gtgttcaagc

1404
DNA
Artificial sequence

cccgcattga
cccagaccca
agcccgttgt
tcggceccttga
gcaagctgat
acatgaactc
gctccaagaa
ccttcccgac
ccctgaggag
agatcggtcg
gctacgtcgc
gctacctggc
acgaggctat
acaagttcga
ccctggectg
gctgcggtct
gcaaggttaa
accacgtcgc

ccctcatgat

455

gactgatgcc
gcgctccecctg
caaggctttc
ccccaagatc
ggaccacttc
gaacgaggtc
gcccgtcecac
cgctatgcac
cctgcgcgat
tactcacctg
tcagctcgac
tcagggtggt
cgctgctgag
ggttctggcc
ctctctgttc
tggtgaactg
ccccactcag
tgccactgtc

ccgcaacctg

ttcggtgaga
ggcaacttcg
ggtatcctca
ggcgaggccea
cccctegteg
atctccaacc
cccaacgacc
attgctgccg
gctctccagg
caggacgcca
cgcaacattg
accgccgtcg
gtcaccaagt
gcccacgact
aagattgccc
gtccteceeccg
tgcgagtccc
ggcggcatga

ctgcacagcg

460

nt mFUM minus putative targeting signal

tcgaggtccc
acatcaacca
agggtgctge
tcaagcaggc
tctggcagac
gcgccattga
acgtcaacat
ttgtggagct
tcaaggttga
cceccectcecteac
agcgtgtcga
gtactggtct
tgaccggcac
cgattgtcga
aggacatccg
agaacgagcc
ttaccatggt
acggtcagtt

tgcgcatcct

cgccgacaag
gccccaggac
tgctgaagtg
tgccgecgag
cggttccggt
gatcctgggce
gtccgcectcece
ggagaacacc
gaagttcgac
cctcggtcag
gactagcatc
gaacaccttc
cgagttcaag
ggcttccggt
ttaccttgga
tggttcttcc
ctgctcccag

cgagctcaac

ggccgatggce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



atggccagct
tctctectee
atggcctcca
atggagctga
ctgagcccca
<210> 5

<211> 898
<212> DNA

<213>

<220>
<223>

<400> 5
tcagcgtcca

ggacggtcgce
aggtgcagtg
ctggtgtgcc
gaatcaccgg
tagcatgcca
gagatagtac
gcccatcecgg
gaaaccggaa
gtcgacccat
ctttgcceccg
aacatttgtt
tttcccatct
actttgctac

agctttccca

tcgagaagaa
acgagagtct
aggtcgccaa
aggctctgag

aggagaagaa

GPDA promotor

attcgagctc
agagaggagg
gatgattatt
cctcgttgac
cagtaagcga
ttaacctagg
cttctccgaa
catctgtagg
aggccgctca
ccggtgcectct
tctgtccgec
gccatatttt
tcagtatatt
atccatactc

cttcatcgca

cctggtgcac
gatgttggtc
gaacgcccac
cgaggaggac

ataa

Artificial sequence

tgtacagtga
gctgagtaat
aatccgggac
caagaatcta
aggagaatgt
tacagaagtc
gtaggtagag
gcgtccaaat
ggagctggcce
gcactcgacc
cggtgtgtcg
cctgctctcc
catcttccca
catccttccc

gcttgactaa

ggtctggagg
acctgcctga
aagaagggcc

tttgacaagt

ccggtgactc
aagcgcactc
cggccgceccce
ttgcatcatc
gaagccaggg
caattgcttc
cgagtacccg
atcgtgcecctc
agcggcgcag
tgctgaggtc
gcggggttga
ccaccagctg
tccaagaacc
atcccttatt

cagctacccc

ccaacgagcc
accccgtcat
tcactctgaa

acgtccgccc

tttctggcat
atgtcagctc
tccgcececcga
ggagaatatg
gtgtatagcc
cgatctggta
gcgcgtaagce
tcctgcetttg
accgggaaca
cctcagtccc
caaggtcgtt
ctcttttctt
tttatttccc
cctttgaacc

gcttgagcca

ccgcatcaac
tggctacgac
gcagagtgct

ggagctgatg

gcggagacac
tggcgctctg
agtggaaagg
gagcttcatc
gtcggcgaaa
aaagattcac
tccctaattg
cccggtgtat
caagctggca
tggtaggcag
gcgtcagtcc
ttctctttct
ctaagtaagt
tttcagttcg

ccgtcaaa

1200

1260

1320

1380

1404

60

120

180

240

300

360

420

480

540

600

660

720

780

840

898



