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Pro

Gln

Arg

445

Lys

Lys

Tyr

270

Lys

Ile

Ile

Lys

Ala

350

Thr

Glu

Ser

Ser

Asn

430

Arg

Tyr

Lys

Ile

Asn

Ala

Gly

Leu

335

Leu

Ser

Phe

Ser

Phe

415

Val

Glu

Gly

Arg

Leu

Gly

Lys

Glu

320

Ser

Lys

Ser

Gly

Gln

400

Thr

Glu

Asn

Cys

Ala
480

12



Phe

Ile

Asp

Glu

Ser

545

Glu

Arg

Ile

Ile

Leu

625

Pro

Ile

Ala

Lys

Ser

Ile

Thr

Ile

Met

530

Pro

Ala

Ile

Pro

Thr

610

Thr

Arg

Glu

Leu

Asn

690

Asn

Val

Lys

Lys

515

Leu

Met

Glu

Cys

Thr

595

Asn

Pro

Lys

Ala

Arg

675

Gly

Ile

Thr

Val

500

Ser

Asn

Asp

Ile

Asn

580

Thr

Asp

Asn

Leu

Tyr

660

Ala

Thr

Ala

Asp

485

Leu

Asp

Phe

Ala

Glu

565

Phe

Ala

Glu

Met

Thr

645

Val

Ile

Asn

Gly

Lys

Asp

Pro

Glu

Ala

550

Asn

Pro

Gly

Thr

Ala

630

Ala

Ser

Lys

Asp

Met

Asp

Glu

Thr

Pro

535

Lys

Leu

Lys

Thr

Gly

615

Ile

Ala

Val

Met

Ile

695

Ala

Leu

Ile

Ile

520

Asp

Val

Ala

Leu

Gly

600

Met

Ile

Thr

Met

Ile

680

Glu

Phe

Phe

Asp

505

Asp

Thr

Met

Ile

Gly

585

Ser

Lys

Asp

Ala

665

Phe

Ala

Ala

Lys

490

Ile

Ser

Ile

His

Asn

570

Thr

Glu

Tyr

Thr

Ile

650

Thr

Lys

Arg

Asn

Leu

Lys

Val

Ile

Leu

555

Phe

Lys

Ala

Pro

Glu

635

Asp

Asp

Tyr

Glu

Ala

Gly

Tyr

Lys

Ser

540

Leu

Met

Ala

Thr

Leu

620

Leu

Ala

Tyr

Leu

Lys

700

Phe

Tyr

Ser

Lys

525

Ile

Tyr

Asp

Ile

Pro

605

Thr

Met

Leu

Thr

Pro

685

Met

Leu

Val

Ile

510

Gly

Gly

Glu

Ile

Ser

590

Phe

Ser

Leu

Val

Asp

670

Arg

Ala

Gly

Asn

495

Phe

Ala

Gly

Tyr

Arg

575

Val

Ala

Tyr

Asn

His

655

Glu

Ala

His

Val

Lys

Thr

Lys

Gly

Pro

560

Lys

Ala

Val

Glu

Met

640

Ala

Leu

Tyr

Ala

Cys

13



705

His

Ile

Asp

Ala

Thr

785

Leu

Asn

Phe

Glu

Ser

Ala

Cys

Lys

770

Ser

Lys

Lys

Asp

Leu
850

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

<400>

Met

Cys

Pro

755

Arg

Asp

Ile

Lys

Asp

835

Lys

20
390
PRT

Ala

Ala

740

Thr

Lys

Thr

Asp

Asp

820

Gln

Asp

His

725

Val

Lys

Tyr

Glu

Leu

805

Phe

Cys

Ile

710

Lys

Leu

Gln

Ala

Lys

790

Ser

Tyr

Thr

Tyr

Leu

Ile

Thr

Glu

775

Val

Ile

Asn

Thr

Ile
855

Gly

Glu

Ala

760

Ile

Thr

Pro

Thr

Ala

840

Lys

Ala

Glu

745

Phe

Ala

Ala

Gln

Leu

825

Asn

Ser

Clostridium acetobutylicum

20

Met Val Asp Phe Glu Tyr Ser Ile Pro

1

5

Asp Lys Ile Asn Val Leu Gly Arg Glu

20

25

Val Leu Ile Val Tyr Gly Gly Gly Ser

35

40

Met

730

Val

Pro

Glu

Leu

Asn

810

Asp

Pro

Phe

715

His

Ile

Gln

Tyr

Ile

795

Ile

Lys

Arg

His

Lys

Tyr

Leu

780

Glu

Ser

Met

Tyr

Thr Arg Ile

10

Leu Lys Lys

Ile Lys Arg

Val Pro

Tyr Asn
750

Lys Ser
765

Asn Leu

Ala Ile

Ala Ala

Ser Glu

830

Pro Leu
845

Phe Phe

30

Asn Gly
45

His

735

Ala

Pro

Lys

Ser

Gly
815

Leu

Ile

Gly
15

Ser

Ile

720

Gly

Thr

Asn

Gly

Lys

800

Ile

Ala

Ser

Lys

Lys

Tyr

14



Asp

Leu

65

Val

Gly

Tyr

Arg

Glu

145

Leu

Pro

Ala

Thr

Ile

225

Arg

Thr

Lys

50

Ala

Lys

Gly

Asp

Val

130

Met

Ile

Thr

Asp

Ala

210

Lys

Ala

Tyr

Ala

Gly

Ile

Ser

Gly

115

Leu

Asp

Ala

Tyr

Ile

195

Tyr

Tyr

Asn

Gly

Val

Val

Cys

Ala

100

Asn

Pro

Thr

Ala

Thr

180

Met

Leu

Gly

Leu

Lys
260

Ser

Glu

Arg

85

Ile

Pro

Ile

Trp

His

165

Tyr

Ser

Gln

Gly

Met

245

Asp

Ile

Pro

70

Glu

Asp

Trp

Ala

Ala

150

Pro

Thr

His

Asp

Ile

230

Trp

Thr

Leu

55

Asn

Asn

Cys

Asp

Ser

135

Val

Asp

Val

Ile

Arg

215

Ala

Ala

Asn

Glu

Pro

Gly

Ala

Ile

120

Ile

Ile

Met

Pro

Phe

200

Met

Leu

Ser

Trp

Lys

Arg

Val

Lys

105

Val

Leu

Asn

Ala

Thr

185

Glu

Ala

Glu

Ser

Ser
265

Asn

Val

Glu

90

Val

Leu

Thr

Asn

Pro

170

Asn

Val

Glu

Lys

Leu

250

Val

Ser

Thr

75

Val

Ile

Asp

Ile

Met

155

Lys

Gln

Tyr

Ala

Pro

235

Ala

His

Ile

60

Thr

Val

Ala

Gly

Ala

140

Asp

Phe

Thr

Phe

Leu

220

Asp

Ile

Leu

Lys

Val

Leu

Ala

Ser

125

Ala

Thr

Ser

Ala

Ser

205

Leu

Asp

Asn

Met

Phe

Glu

Ala

Ala

110

Lys

Thr

Asn

Ile

Ala

190

Asn

Arg

Tyr

Gly

Glu
270

Tyr

Lys

Ile

95

Cys

Ile

Gly

Glu

Leu

175

Gly

Thr

Thr

Glu

Leu

255

His

Glu

Gly

80

Gly

Glu

Lys

Ser

Lys

160

Asp

Thr

Lys

Cys

Ala

240

Leu

Glu

15



Leu

Thr

Phe

305

His

Val

Glu

Gly

Ser

Pro

290

Val

Tyr

Asn

Glu

Thr

Ala

275

Asn

Glu

Asp

Val

Lys

355

Ile

Tyr

Trp

Tyr

Ile

Leu

340

Leu

Gly

Tyr

Met

Gly

Ala

325

Gly

Asp

Asn

Asp

Glu

Val

310

His

Leu

Ile

Leu

370

Ile
385

Phe

<210> 21
<211>
<212>
<213>

DNA
<220>
<223>

<400> 21
atgaaggtta

aagaagttcg
gctgctgceca
ttggttgaag
aagaacgaaa
gctgaaccaa
atcttcaaat

agagccaaga

Lys

2577

Lys Ser

Thr
280

Ile

Tyr Ile

295

Asn Val

Gln Ala

Ser

Pro

Ala
360

Met

Arg Pro

375

Val

390

ccaaccaaaa
ctacctacac
aggaacgtat
acaagatcat
agacctgtgg
tcggtattgt
ctttgatctc

agtccaccat

artificial sequence

AdhE codon pair optimised

ggaattgaag
tcaagaacaa
caacttggcc
caagaaccac
tatcatcgac
cgccgecatt
cttgaagacc

tgctgectgcece

His

Leu

Trp

Ile

Arg

345

Lys

Val

Gly

Asn

Gly

Gln

330

Leu

Glu

Asn

Val

Asn

Ile

315

Lys

Arg

Ser

Ala

Gly

Asp

300

Asp

Thr

Asp

Val

Ser

Leu

285

Thr

Lys

Arg

Val

Lys

365

Glu

Ala

Val

Glu

Asp

Gly

350

Leu

Val

Ile

Tyr

Lys

Tyr

335

Ile

Thr

Leu

Leu

Lys

Asn

320

Phe

Glu

Gly

Gln

for S.

caaaagttga
gttgacaaga
aagttggctg
ttcgctgetg
cacgatgact
gtcccaacca
agaaacgcta

aaattaatct

380

cerevisiae

acgaattgag
tcttcaagca
tcgaagaaac
aatacatcta
ctttgggtat
ctaacccaac
tcttcttcte

tggatgctgc

agaagctcaa
atgtgccatt
cggtattggt
caacaagtac
caccaaggtt
ttccactgece
cccacaccca

tgttaaggct

60

120

180

240

300

360

420

480

16



ggtgccccaa
ttgatgtctg
tactcttctg
gaatctgctg
ggtgtcatct
aaggaagaat
aaggaaacca
atcattgcca
gttcaatctg
atgtacaagg
ggtggttctg
aaggaattcg
ggtgcttctg
acctggggtg
tcecgttgetg
aaatacggtt
ttcatcgtta
ttggatgaaa
gactccgtca
attggtggtg
gaagctgaaa
ttcccaaagt
tctgaagcta
acctcttacg
ccaagaaagt
gtctcecgtta
ttcaagtact
atggctcacg

cactccatgg

agaacattat
aagctgatat
gtaagccagc
acattgacat
gtgcctctga
ttgttaagag
tgttcaagaa
agatggctgg
tcgaaaagtc
tcaaggattt
gtcacacctc
gtctagctat
gtgatttgta
gtaactctgt
aaagaagaga
gtttgagatt
ctgacaagga
ttgatatcaa
agaagggtgce
gttctccaat
tcgaaaactt
tgggtaccaa
ctccatttgce
aattgactcc
tgactgctge
tggccactga
tgccaagagc
cttccaacat

cccacaagtt

tggttggatc
catcttggcect
tattggtgtt
ggctgtctcece
acaatccatc
aggttcctac
cggtgccatc
tattgaagtt
tgaattattc
cgacgaagct
ttctctatac
gaagacttcc
caactttgcc
ttctcaaaac
aaacatgttg
tgctttgaag
tttgttcaaa
gtactccatc
taaggaaatg
ggatgctgcece
ggccatcaac
ggccatttct
tgtcatcacc
aaacatggcc
taccggtatt
ctacactgac
ttacaagaac
tgctggtatg

gggtgctatg

gatgaacctt
accggtggtc
ggtgctggta
tccattatct
ttggttatga
atcttaaacc
aacgctgaca
ccacaaacca
tctcacgaaa
ttgaagaagg
attgactctc
agaactttca
attgctccat
gttgaaccaa
tggttcaagg
gaattgaaag
ttgggttacg
ttcactgata
ttgaacttcg
aaggttatgc
ttcatggaca
gttgccattc
aacgacgaaa
atcattgaca
gacgctttag
gaattggcectt
ggtactaacg
gctttecgeta

caccacgttc

ccattgaatt
catccatggt
acactccagc
tgtccaagac
actctatcta
aaaatgaaat
ttgtcggtaa
ctaagatttt
agttgtctcc
ctcaaagatt
aaaacaacaa
tcaacatgcc
ctttcacttt
agcatttgcet
ttccacaaaa
atatgaacaa
ttaacaagat
tcaaatctga
aaccagatac
atttgttgta
tcagaaagag
caaccaccgce
ccggtatgaa
ctgaattgat
tccacgctat
tgagagctat
atatcgaagc
acgctttctt

ctcacggtat

gtctcaagac
caaggccgcect
tatcatcgat
ttatgacaac
cgaaaaggtc
tgccaagatc
atctgcttac
gatcggtgaa
agtcttggcet
aattgaatta
ggacaaggtc
atcttctcaa
aggttgtggt
aaacatcaag
gatctacttc
gaagcgtgcet
cactaaggtt
cccaaccatt
cattatctcc
cgaataccca
aatctgtaac
tggtaccggt
gtacccattg
gttgaacatg
cgaagcttac
caagatgatc
tcgtgaaaag
gggtgtttgt

tgcttgtgcet

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

17



gttttgattg
ttcccacaat
aacttgaaag
ttgaagattg
ttctacaaca
aacccaagat
<210> 22

<211>
<212>

<213>

<220>
<223>

<400> 22
ctaacacttt

acccttettg
ggaagcacca
gtcgaatttc
aatcaaatcc
gaaaggaccg
ggccaatggce
agcacagtcg
tggtttcaac
gacaacggtt
accagatttg
ttctectggag
gttgaaagcg
tctgtaaccc
accagcaatg
tctcaaacca

agccttgaaa

1179
DNA
Artificial sequence

aagaagtcat
acaagtctcc
gtacttctga
acttatctat
ctttagacaa

acccattgat

tccaataaga
gcatcacgcet
attgggtgac
aagtccttgg
aattcgtcaa
taacccatga
ttgacaccca
ttcaaaccgg
ttggccaaac
tcaccctttc
atggcttctt
atgttccatc
tcccataaac
catctagcat
atgacatcag
gaaccacaaa

gaagcttgac

caagtacaac
aaacgccaag
cactgaaaag
tcctcaaaac
gatgtccgaa

ctctgaattg

tggcagtacc
tttgcatage
ccaaagcaat
caacagccaa
cggtccaacc
tggctgggtce
attccttgge
aagcgttacc
cttcaatggt
tacccttgat
cagccttcett
tttcagcaat
cgtcagtgat
tgttagccaa
cgtcaccagce
ccttgttgat

gagctgggtt

gctactgact
agaaagtacg
gtcactgcectt
atctctgctg
ttggctttcg

aaggatatct

Thil gene counterclockwise CPO for S.

ttgaccacca
gtggactaaa
ggcaccaccg
agattgagca
agccttttecg
aacaccagca
cttttcagca
agcagtgacg
ggaaccgaat
gacaactggg
ttgagaagcc
gttttcagceca
catttcatcg
gtatggagct
cttgatgatt
ggtcatggct

ttgacctaaa

gtccaaccaa
ctgaaattgc
taatcgaagc
ctggtattaa
atgaccaatg

acatcaagtc

cerevisiae

ccgatacata
gtaaccaaga
ttaacgttga
gcgaaagctt
atagcagcct
gaaccgtagg
gacatgataa
gtaccatcct
cttgggtgtt
acaatttcgt
aaagcaaatt
gtgataccca
acgaacttgg
ctggacatgt
tgagcagcca
ggaatttcaa

ccagcttgceca

gcaaactgct
tgaatacttg
tatctccaag
caagaaggac
taccaccgcet

cttttaa

gagtagccaa
ttctggcacc
ccttgttcat
cgttggattc
tggtagcgta
agacaatctt
ccaaaacagc
tcttgaaagce
catcggtgtce
ccttgaattg
catcttgttc
tgtggtagtc
cgttacccat
tttccatacc
aagaaacagt
ctggcaaacc

aaacgttacc

2280

2340

2400

2460

2520

2577

60

120

180

240

300

360

420

480

540

600

660

720

780

840

300

960

1020

18



taagataact tcgttaacat cttctggctt gataccagcc ttcttgacag cttceccecttgat

ggcggtagca cccaagtcga cagctgggac gtccttcaaa gacttaccgt aagaaccaat

ggcagttctg acagcagaag caataacaac ttccttcat

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

23
849
DNA

<220>
<223>

<400> 23
atgaagaagg

gctgccaagg
ttggatttca
accaaggtcg
tgtgatttgg
gatttggaca
atcactgaag
aacccagctc
actttcgatg
gaagctccag
attttggctg
aaccacccaa
atcatggatg
aagaagtacg
tccaaatag

<210>
<211>

<212>
<213>

24
1173
DNA

<220>

<223>

<400> 24

hbd gene cpo for S.

tttgtgtcat
gtttcgaagt
tcaacaagaa
aaatcttgac
tcattgaagc
acatctgtaa
ttgcttctge
cagtcatgaa
ctgtcaagga
gtttcgttgt
aaggtattgce
tgggtccatt
tcttatactc

ttagagctgg

bdhB gene cpo for S.

Artificial sequence

tggtgccggt
tgttttgaga
cttgtccaag
cagaatctcc
tgccgttgaa
gccagaaacc
taccaagaga
gttggtcgaa
aacttccatt
caacagaatc
ttctgttgaa
ggaattaggt
tgaaaccggt

ttggttaggt

Artificial sequence

cerevisiae

accatgggtt
gatatcaagg
ttggtcaaga
ggtactgttg
agaatggaca
attttggcett
ccagacaagg
gtcatcagag
gccattggta
ttgattccaa
gatatcgaca
gacttcatcg
gactctaagt

agaaagtctg

cerevisiae

ctggtattgce
acgaattcgt
agggtaagat
acttgaacat
tcaagaagca
ccaacacttc
ttatcggtat
gtattgccac
aggacccagt
tgatcaacga
aggccatgaa
gtttggatat
acagacctca

gtaagggttt

tcaagctttc
tgaccgtggt
tgaagaagct
ggctgctgac
aatctttgcet
ttectttgtcce
gcacttcttc
ctctcaagaa
tgaagttgcet
agctgtcggt
attgggtgct
ctgtttggcece
cactttattg

ctacgactac

atggtcgatt tcgaatactc tatcccaacc agaatcttct tcggtaagga caagatcaac

1080

1140

1179

60

120

180

240

300

360

420

480

540

600

660

720

780

840

849

60



gttttgggta
tccatcaaga
aaattctacg
gtcaagatct
attgactgtg
gtcttggatg
gctactggtt
ttgattgctg
tacactgttc
gaagtttact
ttaagaacct
agagctaact
gacaccaact
cacggtgtcg
actgtctaca
cactacgaca
ggtttaccat
aaggaatctg
gaagttttgce
<210> 25

<211> 789
<212>
<213>

<220>
<223>

<400> 25
tcatcacctg

cttttggtcet
gtcgatatca

agcgttggag

DNA
Artificial sequence

gagaattgaa
gaaacggtat
aattggctgg
gtcgtgaaaa
ccaaggtcat
gttctaagat
ctgaaatgga
ctcacccaga
caaccaacca
tctccaacac
gtatcaagta
tgatgtgggc
ggtccgttca
gtttggccat
agttcgtcga
ttgctcacca
ccagattaag
tcaaattgac

aaatcttcaa

ttcttgaaac
tcagtggaga
cattgcatac

acgatcttgt

gaaatacggt
ctacgacaag
tgttgaacca
cggtgttgaa
tgctgetgece
caagcgtgtc
cacctgggcet
tatggcccca
aactgctgcect
caagaccgcet
cggtggtatt
ttcctetttg
tttgatggaa
cttgactcca
atacggtgtt
agccatccaa
agatgttggt
tggtggtacc

gaaatctgtt

crt gene counterclockwise

cttcaatctt
aacattcacc
ctctgttgat

tagcaatttc

tccaaggttt
gctgtctcca
aacccaagag
gttgttttgg
tgtgaatacg
ttaccaattg
gttatcaaca
aagttctcta
ggtactgctg
tacttgcaag
gctttggaaa
gctatcaacg
cacgaattgt
aactggatgg
aacgtctggg
aagaccagag
attgaagaag
attggtaact

tag

CPO for S.

tctectttteg
gaaagcttca
ggcttgcttg

cttggcagtg

tgattgtcta
ttttggaaaa
ttaccaccgt
ccatcggtgg
atggtaaccc
cttccatctt
acatggacac
ttttggaccc
atatcatgtc
acagaatggc
agccagatga
gtttattgac
ctgcttacta
aatacatttt
gtattgacaa
actatttcgt
aaaaattgga

tgagacctgt

cerevisiae

atgaaagcgg
gattcaaagg
gacaatttga

ttcatcaatt

cggtggtggt
gaactctatc
cgaaaagggt
tggttctgcece
atgggacatt
gactatcgct
taacgaaaag
aacctacact
tcacatcttt
tgaagctcta
ctacgaagcc
ttacggtaag
cgatatcact
gaacaacgac
ggaaaagaac
caacgttttg
tatcatggct

taacgcttcet

tcatagcatc
ccaaagcggt
cagcaactgg

cagatggttc

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1173

60

120

180

240

20



aacaaccttg
gaagatcaat
gaaacctgga
aattctgatg
agcagcaatg
accgaacttt
aacgaaagac
aatttcacca
ctttggtctg
caattccat

<210> 26

<211> 1140
<212> DNA

<213>

<220>

<223> bcd

<400> 26
atggacttca

gaaaacgaag
aacgtcaaga
ggtgctggtg
ggtaccactg
cacggtactg
ggtgcctacg
gcecgttttgg
ggtgttgctg
atctctgcett
aagttgggta
gttgaaaaca
ggtggtagaa

gctagagcectt

ttgactaaac
tgcttggcca
gtgataccta
tcacaggaca
actggectttt
ctaccttcaa
ttttcaccgg
atgacgtagt

ttgatggtga

cpo for S.

acttgaccag
ttaagccaat
agatgggtca
gtgacgtctt
gtgtcatctt
aagaacaaaa
gtttgactga
aaggtgacca
acacctttgt
tcattattga
tcagagcttc
tgatcggtaa
ttggtattgce

acatgaagga

caattctcaa
tacccatacc
gaccgacttc
tggcaatttc
ccaacaattc
tggtgttcat
caccggtcaa
ccatttcctt

caacggcaac

Artificial sequence

cerevisiae

agaacaagaa
tgctgctgaa
atacggtatg
gtcttacatc
atctgctcac
gcaaaagtac
accaaacgct
ctacgtcatc
catcttcgcet
aaagggtttc
ctctaccact
ggaaggtaag
tgctcaaget

aagaaagcaa

agcttcgtca
aaccaatctg
tggttgaccg
acaaccacca
caatcttctg
ttccttcatt
gatgacagcc
caaagtgtca

cttaccttcc

ttggtcagac
atcgatgaaa
atgggtattc
attgctgtcg
acttctctat
ttggttccat
ggtactgact
aacggttcca
atgaccgatc
aagggtttct
gaattggttt
ggtttcccaa
ttgggtattg

ttcggtagat

gccttgatgt
gataatcttt
aaacgagcgt
cccaaagcga
aaaaccttgt
tcagagatat
aaaacttcag
gagttcaaag

ttttccaaga

aaatggttag
ctgaaagatt
cattctctaa
aagaattgtc
gtgcctccett
tggccaaggg
ctggtgctca
agatcttcat
gtaccaaggg
ccatcggtaa
tcgaagacat
ttgccatgaa
ctgaaggtgce

ctttggacaa

tttgagcggt
gagtaccacc
tagaagaagc
aaccgttgac
tacctaagat
cagcaccagce
aatcgttttc
cattcaaagc

taacgttgtt

agaatttgct
cccaatggaa
ggaatacggt
caaggtttgt
gatcaacgaa
tgaaaagatt
acaaactgtt
caccaacggt
taccaagggt
ggtcgaacaa
gattgttcca
gactttagat
cttcaacgaa

attccaaggt

300

360

420

480

540

600

660

720

780

789

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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ttggcttgga
aaggctgctt
ttgcacgctg
tacggttaca
atctacgaag
<210> 27

<211> 332
<212> DNA

<213>

<220>

<223> Gal

<400> 27
aataaagatt

ggccccacaa
agttttttag
acagatatat
tttgtattac
ctatacttta
<210> 28

<211> 347
<212> DNA

<213>

<220>
<223>

<400> 28
gtatacttct

tagcatcaca
caactactta
caaactttaa
cctattcttg

atcatatgtc

<210> 29

tgatggctga
acttgaagca
ccaacgttgce
ccaaggacta

gtacttctga

1 promotor

ctacaatact
accttcaaat
ccttatttcet
aaatggaaaa
ttcttattca

acgtcaagga

tttttttact
aaatacgcaa
ataaatgatt
aacacaggga
acatgatatg

aaagtcattt

catggacgtt
agctggtttg
catggatgtc
cccagttgaa

agttcaaaag

Artificial sequence

agcttttatg
taacgaatca
ggggtaatta
gctgcataac
aatgtcataa

gaaaaaacta

Artificial sequence

Gal 1 terminator

ttgttcagaa
taataacgag
gtatgataat
caaaattctt
actaccattt

gcgaagttct

gccatcgaat
ccatacaccg
accaccaagg
agaatgatga

ttggttatct

gttatgaaga
aattaacaac
atcagcgaag
cactttaact
aagtatcaac

ta

caacttctca
tagtaacact
gttttcaatg
gatatgcttt
tgttattgta

tggcaagttg

ctgctcgtta
tcgatgcetge
ctgtccaatt
gagatgctaa

ccggtaagat

ggaaaaattg
cataggatga
cgatgatttt
aatactttca

aaaaaattgt

tttttttcecta
tttatagttc
taagagattt
caaccgctgce
cgtggggcag

ccaactg

cttggtctac
cagagctaag
attcggtggt
gatcactgaa

cttcagatag

gcagtaacct
taatgcgatt
tgatctatta
acattttcag

taatatacct

ctcataactt
atacatgctt
cgattatcca
gttttggata

ttgacgtctt

900

960

1020

1080

1140

60

120

180

240

300

332

60

120

180

240

300

347
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<211> 290
<212> DNA
<213>
<220>
<223>
<400> 29
tccectatact
cttaacccaa
cgaaggactg
ttcagttagt
atgcagagca
<210> 30
<211> 348
<212> DNA
<213>
<220>
<223>
<400> 30
aaagaaagtg
aattttttat
atgacatcat
tttccataaa
aaaatctgga
atttatgttg
<210> 31
<211> 336
<212> DNA
<213>
<220>
<223>
<400> 31
ttatattgaa
atcatattac
tggaaatgta

taatacgctt

Gal7 promotor

tcggagcact
aaataaggga
gctatacagt
ttggctagca

tcaacatgat

Gal7 terminator

gaatattcat
tggttgtcga
tatctgtaaa
aaaaaaaaaa
atattcatat

aaaatatgtg

Gall0 promotor

ttttcaaaaa
atggcattac
aagagcccca

aactgctcat

Artificial sequence

gttgagcgaa
aagggtccaa
gttcacaaaa
aagatataaa

aaaaaaaaac

Artificial sequence

tcatatcata
cttgaacgga
tctgattcett
aagaaaaaag
cgccacaact

tcacaaataa

Artificial sequence

ggctcattag
aaagcgcetcg
tagccaagct
agcaggtcgg

agttgaatat

ttttttctat
gtgacaatat
aatgctattc
aattttagga
tcttatgcett

agaaactgtg

counterclockwise

ttcttacttt
caccatatac
ttatcttage

tgctatattg

ttttttggat
atatccatat
ctaaaaaaac

aagtacggat

atatattttc
gacaactgtt
gaaaataatg
aaatatttat

tcccectcaaaa

taactgcctg
atatatatat
tagttatgta
atacaatgca
ataaaagcac

acatctgg

ggacgcaaag
ctaatcttac
cttctcectttg

tagaagccgce

tgtcattttc
gaccgtgatc
tgtagctatg

gggcattatt

gtttctttta
atatttaata
agagtggtcc
gcttgtaagt

taatgcctga

aagtttaata
ttatatgttg

gaactttcag

cgagcgggcyg

60

120

180

240

290

60

120

180

240

300

348

60

120

180

240
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acagccctce gacggaagac tctccectcececgt gegtcecctcecgt cttcaccggt cgegttcectg

aaacgcagat gtgcctcgceg ccgcactget ccgaac

<210> 32
<211> 356
<212> DNA
<213>
<220>
<223>
<400> 32
cgcgccecaat
gttgtgagtg
ctaccgtcca
acttgtaaac
actccaaatt

agaactaaaa

aatatttaca
atatcaaaag
tatctttcca
aattcggtcc
taaaaaatag

gatatagagt

Artificial sequence

acttttcctt
taacgaaatg
tagattttca
ctacatgtga
cataaaattc

gcatattttc

Gall0 terminator counterclockwise

atgatttttt
aactccgcgg
atttttgatg
ggaaattcgc
gttatacagc

aagaaggata

cactgaagcg
ctcgtgctat
tctccatggt
tgtgacactt
aaatctatgt

gtaagctggce

cttcgcaata
attcttgttyg
ggtacagaga
ttatcactga
gttgcaatta

aaatca

300

336

60

120

180

240

300

356



