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Nostoc punctiforme

acagaacata
tgtaggegat
ggtgcgetta
taacaatgca
ggcagatgtt
tctgaaatce
acgtgcaaat
tgaaactttc
tagcggcgat
ctttacagtt
tttgccaaag
catgacaggt
gggtgtacac
tattcatcag
gctgaaagat
agatctgata
tgatggggta
cccattgatt
tgtgggtgty
tgtgcagatt

tggtaatagc

acgcgrtett
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actgataatyg
gtcgaaacag
gtcatctctc
ggcgcaggaa
tcacatttgt
ctcaacgctg
ttggtgcecat
gacttcgacg
ttgcaattgc
attgcagcta
gccttageca
tgcaagccac
tcatctitag
caggatcgtt
tcagagatta
gatgtcgaga
acaatggatc
gcacticttyg
gatcgcaaag
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ggcaaatacc
caatcgacga
cagatgtcat
cacagccaat
gcgaacaagc
acaaattatc
atggtgcgtce
gcgtgacacc
tatcctacat
gtaaagaaat
aaccgaaaga
actgtgtgta
tecaaggttt
atccecggtcea
ttcgtgaaga
attctctceg
ccaagcaaat
accaagttag
gcctacgtta
tctegecaga

ttaatatggg

Compositions of prokaryotic phenylalanine ammonia-lyase and

tttcactaat
ggttgtaaat
tcggggtgrt
ttacggggtg
agcggaactt
gttagcagac
tggtatacga
ccatgtctat
tactggggea
ggatgcegtt
aggtttagca
cgatgcgaaa
atacggaacg
actatggaca
gittggatggt
ctgtctggea
cgaggtagaa
ttatcacggce
ttacataggg
gtttagcaac

actcaaaggt
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ttgcaaatca
gatcgorttc
tcegeaaatt
atgtttggag
cgtacatgcc
aagccactaa
catattgecec
catatttttt
<210> 2
<211l> 569
<Z212> PRT
<213>
<400> 2
Met Asn Ile
1

Thr

Pro phe

gtggaaactc
ctacccacgce
tgacacgtcg
ttcaagergt
tctecacceaa
cgtctgtgeg
ggatttcagce

tgagcttaaa

Thr
5

Asn Ser

20

Ile
35

tey Thr

teu Thr

50

Arg

ASp Ile

65

TYr

Thr ser Gly

Atla Ala Glu

Gly Asn

Ala Asn

130

Gln Ile

145

Arg

GTu Phe Gly

Ile Thr Gly

Asp Glu

Asp Asn

AsSn Asn

rhe Gly

85

Leu GIn

100

Leu Ser

His

Leuy

Glu Thr

ser Leu

Ser

val

Ala

Ala

70

Gly

Thr

Leu

TYr

Phe

gattatgeca
cgagcaattt
ttccgtagac
tgacctcege
tactgtgcag
tccatacatt
tgatatcgct

gtcaacgtaa

Nostoc punctiforme

Gin Gin

Asp Ser

val Asn

40

Asp val

55

val Glu

Met Ala
Asn Leu
Ala Asp
Ala

Leu Asn

150

Ite
165

Ser

Ala Leu

Gly

Ile

Ala ser

Gly Leu

ctgttgaget
aatcaaaata
atatttcaga
acatataaga
ttatacacag

tggaacgaca

ggtggtggre

ITe Thr

10

Asn

Ile val Thr

25

val Ala Arg

I1e Arg Gly

Gln
75

Thr Ala

val val

90

Asp

Ile Phe

105

Trp

val Arg Ala

Ser Gly Ile

val
155

Ala Gly

Gly Asp Leu

170

Asp Pro Ser
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tctatggaas
ttaacagcca
attatatggce
tgaaaggtca
cagtctgega
acgagcaatg

taattgtgea

Arg Ser Trp

val Gly Asp

30

His Gly Thr

45

val Gin Ala

60

Pro Ile Tyr

Ile ser Arg

Leu Seyr

110

Lys

Ala Met

125

L.eu

Arg Leu Glu

Thr Pro His

val Pro Leu

Phe Thr val

ttcectagec
aggctatatt
gatcgegttg
ttatgatgca
ggtagttgga
tttagatgag
agcagttgag

GTn
15

Arg Asn

Gin vai
Ser

cys

val
80

Gly

Glu GIn

95

Gly Ala

Leu Arg

Leu

val Tyr

160

ser
175

Tyr

Asp Phe

1320
1380
1440
1500
1560
1620
1680
1710



ASp

Pro

Thr

225

val

Leu

Pro

Lys

Ile

Giu

Gly

His

385

Gly

Gly

ser

Gln

Gly

LyS

ser

Leu

Tyr

His

290

Gly

Phe

Glu

Asn

val

370

ITe

l.eu

Leu

phe

Phe
450

val

Leu

Gly

Pro

275

Ser

Lys

Ite

val

Asp

Pro

Lys

Tyr

435

Asn

180

Glu
GIn
MetT
Ala
Thr
260
Gly
Ser
Asp
Gly
¢1u
340
val
Met
val
Pro
Gly

Gly

Gln

Met

Leu

Thr

Leu

245

Asnh

Gin

l.eu

Leu

Pro

325

Met

Ser

ASp

Gn

ser

405

Leu

Asn

Asn

AsSp

GlIn

Gly

Thr

Gin

Leu

val

Ile

310

Ile

AsSh

Tyr

Arg

Ile

390

Leu

Gln

Ser

Ile

Ala

Pro

215

Ile

Met

ser

Trp

Arg

295

Glin

vai

Ser

Leu

375

Ala

val

Ile

Leu

Asn
455

val

200

Lys

Ala

Gly

Phe

Thr

280

Glu

ASD

Asp

val

Gly

360

Arg

Leu

Gly

Ser

Ala

440

ser

185

Thr

Glu

Ala

val

His

265

Ala

Glu

Arg

Gly

Thr

345

Gly

Tyr

Leu

Asn

Gly

Asp

Gin

Ala

Gly

Asn

His

250

Pro

Asp

Leu

Tyr

val

330

ASp

AsSn

Tyr

val

Ser

410

Asn

Arg

Gly
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Leu
Ley
Cys
235
Ala
Phe
Gin
Asp
Ser
315
Ser
ASnh
Phe
Ile
Ser
395
Asp
Ser

Phe

Tyr

Ser

Ala

220

val

Leu

Ile

Met

Gly

Leu

Glu

Pro

Leu

Gly

Pro

Arg

Ile

Pro

Ile
460

Tyr

Ala

His

Phe

285

Lys

Arg

ITe

Leu

Gly

Leu

Glu

Lys

Met

Thr

445

Ser

190

Leu

Met

ASD

Ite

GIn

270

ser

His

Cys

Thr

Ile

350

GlIn

Leu

Phe

val

Pro

430

Ala

Gly

Asn

Ala

Cys

Leu

Glu

Leu

335

Asp

Tyr

Ala

Ser

Asn

415

Leu

Ala

ASh

Leu

Gly

LYS

240

Gly

Lys

Leu

Tyr

Ala

320

Gln

val

val

Lys

Asn

400

Met

Leu

Glu

l.eu



Thr
465

Arg Arg

Met Phe Gly

His Tyr Asp

val
515

Thr Ala

Ile
530

Tyr Trp

Ile Ala

545

ser

His Ile Phe

<210> 3

<21l> 1704
<212> DNA
<213>

<400> 3
atgaagacac

aattcttcty
gtagcgcgta
caggcatcett
acatctggrr
caaaccaact
gtgcgegeag
ttagaactta
gagtttggtt
ctgataggct
acagctetac
atgatgaacg
attttaactg
aatcaatcat
gcagatcaga
aaacacgatt

cagtatttgg

Ser val

ITe Phe

470

GIn
485

val

Ala
560

Arg
Cys Glu
Asn

AsSp

Asp Ile

Ala

Thr

val

Asn

Ala

val Asp

Cys Leu

val Gly

Glu Gln

535

Gly Gly

350

ser
565

Ser

tatcrcaage
ccaatgtaat
atggcacctt
gtgattacat
ttggcggtat
tagtttggtt
ctatgectett
tcaagecgrat
caattggtgc
tagatcccag
gtcaactgaa
gcacttcagt
cgatcgctat
tecatecatt
tgatttcitt
atcgtgatca

ggccaatcgt

Leu

Lys Ser

Anabaena variabilis

acaaagcaaa
tattggtaat
agtgtcttta
taataatgct
ggccaatgtt
cctgaaaaca
gcgtgcaaac
ggagatttte
aagtggtgat
ttttaaggtt
tttgtcacce
catgacaggt
gggcgttcac
tatccataat
gttagccaat
cgagttgatt
tgatggaatt

GIn Asn Tyr

475

l.eu Arg Thr

490

Ser
505

Pro Asn

LYS Pro Leu

Cys Leu Asp

Ile
555

Gly Leu

Thr

acctcatctc
cagaaactca
accaataaca
gttgaatctyg
gccatatcce
ggtgcaggga
tctcatatge
cttaacgctg
ttagtgccac
gacticaacg
ttgacattgt
attgcagcaa
gctectagata
tccaaaccac
tcccagttag
caagatcgtt

tcccagattg
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Met Ala Ile

Tyr Lys Met

Gin
510

Thr val

Thr ser val

525

Glu His Ile

540

val GIn Ala

aacaattttc
caatcaatga
ctgatatttt
gggaaccaat
gtgaacaagc
acaaattace
gcggtgeatc
gtgtcacacc
tatcctacat
gtaaagaaat
tgccgaagga
actgcgtcta
tccaagettt
atcctggtca
ticgtgatga
actcactceceg

ccaaacaaat

Ala Leu

480
Gly
Tyr
Arg Pro
Ala

Arg

Glu
560

val

ttttactgga
tgttgcaagg
gcagggtatt
ttatggagtg
atctgaactc
cttggcggat
tggcatcaga
atatgtgtat
tactggttca
ggatgcgeca
aggcttggcy
cgatactcaa
aaacggaacc
atrtatgggca
gttagatggt
atgecttecec

tgaaatcgaa

60
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200
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1020



atcaactcag
ggaaatftcc
ttattggcta
ggactaccac
ctgcaaatat
gatcgctttc
tcagcgactc
atgtttggag
cgcgeetgte
Caddadccaa
catattgccc
gatatcttac
<210>
<211>
<212>
<213>
<400> 4

4
567
PRT
Anab

Met Lys Thr
1

ser pPhe Thr

Ile
35

Leu Thr

Ser Leu Thr

50

ASD Ile

65

TYr

Thr ser Gly

Ala ser Glu

Gly Asn

Ala Asn

130

tcaccgataa
tcggacagta
aacacctaga
catctttatt
gcggtaactc
ctacccatge
tagcccgecg
tccaagetgt
tatcaccrgc
cttcagatcg
ggatttctgce

cectgettgea

aeha

Leu

Gly Asn

20

Asn Asp

Asn Asn

AsSn Asn

Phe Gly

85

Leu Gin

100

Leu Pro

His Met

Ser GIn
5

Sar
val
Thr
Ala
70
Gly
Thr

Leu

Arg

cccactaatt
cgtgggtatg
tgtgcagatt
aggcaaccga
aattatgcca
agaacaattt
ttctgtggat
tgaccteege
aactgagegce
cccatatatt
tgatatcgcet

ttaa

variabilis

Ala Gln

Ser Ala

Ala Arg

40

Asp Ile

55

vat Gtu

Met Ala

Asn Leu

Ala Asp

120

Gly Ala

gatgttgata
ggaatggatc
gceeteeteg
gaacgtaaag
ctgttgacct
aatcagaaca
atcttccaga
acatataaaa
ttatattcag
tggaatgata
gcrggtggtg

Ser Lys Thr

10

Asn val Ile

25

val Ala Arg

Leu Gln Gly

Glu
75

Ser Gly

val Ala

90

Asn

va'l Phe

105

Trp

val Arg Ala

ser Gly Ile
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accaagctag
acctgegtta
ccteaccaga
tcaatatggg
tctatggaaa
tcaacagtca
attatgtggc
agactggtca
cagtccgeca
atgagcaagg

tgattgtgca

Ser Ser GIn

Ile Ash

30

Gly

Asn Gly Thr

45

Ile GIn Ala

60

Pro Ile Tyr

Ile ser Arg

Thr
110

Leu Lys

Ala Met

125

Leuy

Leu Glu

ctatcatgga
ctatattggg
gtttagcaat
actcaaaggrt
ttcecatcgec
aggatacact
gatcgctcty
ttacgatgca
cgtagttgga
actggatgag

agcagttcaa

GIn pPhe

15

GlIn Lys

Lteu val
ser

cys

val
80

Gly

Glu GIn

95

Gly Ala

Leu

Arg

Leu Ile

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1704



Lys

145

Glu

Ile

Asn

Ser

Thr

225

Ile

Leu

Pro

Ala

Ile

Asp

Gly

His

385

Gly

Arg

Phe

Thr

Gly

Pro

210

ser

Leu

Asn

His

AsSn

290

Asp

Tyr

Glu

Asn

Met

370

Leu

Leu

Leu

Met

Gly

Gly

val

Thr

Gly

Pro

275

sSer

His

l.eu

Asp

Pro

Lys

Glu

Ser

ser

180

Glu

Thr

Met

Ala

Thr

260

Gly

Gln

Glu

Gly

Glu

340

Ala

Met

va'l

Pro

Gly

Itle

Ile

165

Leu

Met

Leu

Thr

Ile

245

Ash

Gln

Leu

Leu

Pro

325

ser

Asp

GlIn

Ser

405

Leu

Phe

150

Gly

Ile

Asp

l.eu

Gly

Ala

Gln

L.eu

val

Ile

310

Ile

Asn

Tyr

His

Ile

390

teu

GIn

Leu
Ala
Gly
Ala
Pro
215
Ile
Met
Ser
Trp
Ar

295
Gln
val
Ser
His
l.eu
375
Ala

Leu

Ile

ASN

Ser

Leu

Pro

200

Lys

Ala

Gly

Phe

Ala
280

g Asp

Asp

Asp

val

Gly

360

Arg

Leu

Gly

Cys

Ala

Gly

ASD

185

Thr

Glu

Ala

val

His

265

Ala

Glu

Arg

Gly

Thr

345

Gly

Tyr

l.eu

Asn

Gly

Gly

Asp

Pro

Ala

Gly

Asn

His

250

Pro

ASp

Leu

Tyr

Ile

330

ASp

Asn

Tyr

Ala

Arg
410

val

155

Leu

Ser

Leu

Leu

Cys

235

Ala

phe

Gln

Asp

sSer

315

Ser

Asn

Phe

Ile

Ser

395

Glu

Thr

val

Phe

Arg

Ala

220

val

Leu

Ile

Met

Gly

360

Leu

Gln

Pro

Leu

Arg

Asn Ser Ile
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Pro

Pro

Lys

Gln

205

Met

Tyr

ASp

His

Ile

285

Lys

Arg

Ile

Leu

Gly

L.eu

Glu

Lys

Met

TyYr

Leu

val

190

Leu

Met

Asp

Ile

Asn

270

Ser

His

cys

Ala

Ile

350

Gin

L.ey

Phe

val

Pro

val

Ser

175

Asp

Asn

Asn

Thr

Glin

255

Ser

Leu

Asp

Leu

Tyr

Ala

ser

Asn

415

Leu

Tyr

160

Tyr

Phe

Leu

Gly

Gln

2490

Ala

Lys

Leu

Tyr

Pro

320

Gin

val

va'l

LyS

Asn

460

Met

Leu



Thr

GIn

Ala

465

Met

His

ser

TY"

Ile

545

Asp

Phe

Phe

450

Arg

Phe

Tyr

Ala

Ile

530

Ser

Ile

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

<400>

Tyr
435
Asn
Arg
Gly
ASp
val
515
Trp

Ala

Leu

5
523
PRT

420

Gly

Gln

Ser

val

Ala

500

Arg

Asn

Asp

Pro

Asnh

ASh

val

Gln

485

Arg

His

ASp

Ile

Cys
565

Streptomyces

5

Met Thr Phe
1

Glu

Arg

Asp

Asp

65

Ile

Asp

Ser

Glu

50

His

Ash

Ala

Arg

35

Arg

Leu

Ala

val

Ala

20

val

val

val

val

Ile

5

Arg

Arg

Ile

Pro

Ala
85

Ser

Ile

Asp

Ala

Ala

val

Asn

Ala

550

Leu

Ile

Asn

455

Ile

val

Cys

val

Glu

535

Ala

His

Ala
440
ser
Phe

ASD

Leu

Gly

maritimus

Glu

GIn

Ala

Tyr

val
70

Thh

Leu
Arg
Ser
Gly
55

ser

Asn

Asp

Thr

Arg

40

val

GIn

val

425

Asp

Gin

Gln

l.eu

Ser

505

GlIn

Gly

Gly

MeT

Pro

25

Asp

Asn

Ala

Gly

Arg

Gly

Asn

LYyS

Leu

val

Asn

i0

val

val

Thr

Arg

Ala
30
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Phe

Tyr

Tyr

475

Thr

Ala

Pro

Asp

Tle

val

Glu

Leu

ser

Glin

75

Tyr

Pro

Thr

460

val

Tyr

Thr

Thr

Glu

540

val

Thr

Leu

val

Met

60

Leu

Leu

Thr

445

Ser

Ala

LysS

Glu

ser

525

His

GIn

Leu

Ser

LYsS

45

Gly

Gin

AsSp

430

His

Ala

Ite

Lys

Arg

510

Asp

Ile

Ala

ASp

Ala

30

Phe

Gly

Glu

ASp

Ala

Thr

Ala

Thr

495

Leu

Arg

Ala

val

Gln

15

Pro

val

Phe

Asn

Thr
95

Glu

Leu

Leu

480

Gly

Tyr

Pro

ATg

Gln
560

Leu

val

GlIn

val

Leu

80

Thr



Ala

Ser

Ala

Trp

Ser

Ala

Leu

Leu

223

val

Leu

Thr

Ser

Leuy

305

ASp

Ala

Ala

Arg

Ala

Asp

Lys

Glu

Leu

Gin

210

sSer

His

Trp

Glu

Leu

290

Gly

Glu

Glu

Met

Thr

Ile

115

Ile

Leu

Ala

Ala

Ile

195

Ala

val

Gly

Glu

Gin

275

Ala

Pro

Leu

val

Ile

100

Thr

val

Gly

Arg

Gly

Asn

Ala

Glu

val

Gly

Thr

Ile

val

Asn

Phe

340

His

Met

Pro

Pro

Pro

Tyr

165

val

Gly

Arg

Gly

Leu

Glu

val

Ser

325

His

Leu

Leu

Ala

Cys

Leu

150

Asn

Glu

Thr

Arg

Leu

230

Pro

Ala

Ala

Asp

310

Ser

Asn

Asn

sSer

Asn

Ile

135

Ala

Gly

Pro

Ser

Leu

215

Ala

His

ASp

Gly

Ala

295

val

Asn

Gly

Met

Arg

Leu

120

Pro

Ala

Gin

Met

Gly

200

val

Gly

Arg

ser

Glu

280

Tyr

Leu

Asp

His

Ala
360

Ile

105

ASp

Glu

Ite

Ile

GTu

185

Met

AsSp

Met

Gly

His

265

Met

Ser

Asp

AsSnh

Phe

345

Leu

val

Lys

Lys

Ala

Met

170

Leu

val

Arg

Thr

GIn

250

Leu

Gly

Ile

Arg

Pro

330

His

Ala
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Ser

Leu

Gly

L.eu

1535

Pro

SQ!"

Gly

Tyr

235

Arg

Ala

Thr

Arg

Ile

315

1le

Gly

Thr

Leu

val

ser

140

val

Gly

Ty

L.eu

Leu

220

Pro

Gin

val

val

300

Gly

va't

Gin

val

Ala

Ala

125

Leu

Cys

Arg

Lys

Gly

Gin

Phe

val

Asn

Ala

285

Thr

Ala

Leu

Tyr

Thr
365

Arg

val

Gly

Ala

Gin

ASp

190

Thr

. val

ASp

Ala

Glu

270

Lys

Pro

Thr

Pro

val

350

Asn

Gly

Leu

Thr

Gly

Ala

175

Gly

Met

Ser

Pro

ser

255

Leu

Ala

Gin

Leu

Glu

335

Ala

Leu

Asn

Asn

Ser

Gln

160

Leu

Leu

val

Ala

Asp

Gly

Ile

Gln

320

Glu

Met

Ala



Asn

Pro

385

Gly

Thr

Asp

Leu

Gln

465

Pro

Glu

Gly

Ile

Thr

450

Ala

Leu

Thr

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

<400>

Arg

Phe

Gln

Pro

val

435

Asn

val

Tyr

Ile

Pro

515

6
510
PRT

val

Leu

Phe

Met

420

Ser

Ala

Asp

Glu

Thr

500

val

Asp

Cys

Met

405

Ser

Phe

Ala

Ile

ASp

Arg

Arg

390

Thr

val

Gly

Tyr

Arg

Thr

Tyr

Ala

Phe

375

Glu

Ala

GIn

Phe

val

455

Gly

Arg

val

Ala

Pseudomonas putida

6

Met Thr Glu

1

Arg

Ala

Glu

Ser

65

val

Ala
Pra
Asp
50

Thr

Leu

Ile

ala

35

Arg

Arg

Ser

Leu

His

20

Ila

Thr

Ile

His

Thr

5

Ala

ASp

Ala

Ala

Ala
85

Leu

Ala

Ala

Tyr

Ser

70

Ala

Lys

Pro

ser

Gly

55

His

Gly

Leu

Asp

Ser

Ser

val

440

vai

Ala

LysS

Glu

val
520

Pro

val

val

40

Tie

Asp

ITe

ASD

Pro

Iie

Leu

425

Ala

Ala

ASp

Gly

Arg

25

Ala

Asn

Leu

Gly

Lys

Gly

Thr

410

Thr

Ala

rhe

Lys

val

490

Leu

Ala

Thr
10

Leu
Cys

Thr

Glu

ser

Leu

395

Ala

Ser

Arg

Glu

Leu

475

Pro

Ala

His

L.eu

Gln

val

Gly

Asn
75

Asn

380

Arg

Glu

Thr

Arg

Leu

460

Ser

Phe

Ala

Thr

Leu

Glu

phe

60

Leu

Ala Pro Leu

90

Page 9

Ser

Leu

Thr

Ala

Ala

445

Leu

Ser

Phe

ASD

l.eu

Asp

Gln

45

Gly

Gin

ASp

Asn

Gly

Arg

Asp

Arg

cys

Phe

ASD

Leu
510

Ala

Ala

30

Ile

Leu

Arg

ASD

Gly

Leu

Thr

415

Phe

Glu

Ala

Thr

Glin

15

ser

tle

Leu

Ser

ASp
a5

Leu

Met

400

Leu

Gln

val

cys

Asp

Ala

Leu

Ala

Ala

Ala

Leu

80

l.eu



val

Ser

Ala

Ala

Ala

Leu

Leu

225

rhe

Asn

val

Met

ser

Arg

Gly

Glu

130

ASp

Lys

val

Leu

Phe

210

Ser

His

Arg

cys

Met

290

Ile

Gly

Ala

Glu

Leu

Ile

115

val

Leu

Ala

Ala

Leu

195

Tyr

val

Glu

Asp

ASp

275

Gly

Glu

Asp

Ala

Arg

Ile

100

Arg

Tyr

Ala

Arg

Ala

clu

Ala

Leu

260

LYS

Ala

Ala

val

Met

Arg

Pro

Pro

Tyr

165

Leuy

Gly

Glu

Ala

val

Lys

His

Leu

150

Lys

Glu

Thr

ASp

val

230

Arg

ey

val

Cys

Asn

Ile

325

Asn

ITe

Gly

Gly

Gln

Leu

Ala

310

Ser

Leu

ser

Leu

val

Ile

135

Ala

Gly

Pro

Gin

Leu

215

Leu

GIn

Asp

Asp

Thr

295

val

Gly

Ala

Leu

Lys

Ile

120

Pro

Thr

GIn

L.eu

Ala

200

Tyr

Gly

Arg

Ser

Pro

280

Gin

Ser

Gly

Leu

Met
360

Ile

105

ASp

Leu

Met

Trp

Thr

185

Ser

Ala

Ser

Gly

Ser

265

TYr

Leu

Asp

Asn

Ala

345

Met

Asn

Ala

LYS

ser-

Leu

170

Leu

Thr

Ala

Arg

GIn

250

Glu

Ser

Arg

ASn

Phe

330

Ile

ASp

ser

Leu

Gly

Leu

155

Ser

Ala

Ala

Ala

ser

235

Ile

val

Leu

Gin

Pro

315

His

Ala

Lys

Leu

Ile

ser

140

val

Ala

Ala

Tyr

e

220

Pro

Asp

Ser

Arg

Ala

300

Leu

Glu

His

Page 10

ser

Ala

125

val

Leu

Thr

Lys

Ala

205

Ala

Phe

Thr

Leu

cys

285

Ala

val

Glu

Ile

Met
365

Arg

116

Leuy

Gly

Leu

Glu

Glu

190

Leu

Cys

Asp

Ala

Ser

270

Gin

Glu

Phe

Pro

Gly

val

Ala

Gly

Ala

175

Gly

Arg

Gly

Ala

Ala

255

His

Pro

val

Ala

val

335

Ser

Gln

Phe

Asnh

Ser

Glu

160

Leu

Leu

Gly

Gly

LYS

Gln

Leu

Ala

320

Ala

Leu

Leu



Pro Pro Phe Leu val Glu Asn Gly Gly val Asn Ser Gly Phe Met Ile
370 375 380

Ala GIn val Thr Ala Ala Ala Leu Ala Ser Glu Asn Lys Ala Leu Ser
385 390 395 400

His Pro His Ser val Asp Ser Leu Pro Thr Ser Ala Asn Gin Glu Asp
405 410 415

His val Ser Met Ala Pro Ala Ala Gly Lys Arg Leu Trp Glu Met Ala
420 425 430

Glu Asn Thr Arg Gly val Pro Ala Ile Glu Trp Leu Gly Ala Cys Gln
435 440 445

Gly Leu Asp Leu Arg Lys Gly Leu Lys Thr Ser Ala Lys Leu Glu Lys
450 455 460

Ala Arg GIn Ala Leu Arg Ser Glu val Ala His Tyr Asp Arg Asp Arg
465 470 475 480

phe Phe Ala Pro Asp Ile Glu Lys Ala val Glu Leu Leu Ala tys Gly
485 490 495

Ser Leu Thr Gly Leu Leu Pro Ala Gly val Leu Pro Ser Leu

500 505 510
<210> 7
<211> 567
<212> PRT
<213> Artificial
<220>

<223> Cysteine to serine substitution at position 64 in Anabaena
variabilis PAL

<400> 7
Met Lys Thr Leu Ser Gin Ala GlIn Ser Lys Thr Ser ser GIn GIn Phe
1 5 10 15

Ser Phe Thr géy Asn Ser ser Ala égn val ITe Ile Gly Asn GIn Lys
30

Leu Thr Ile Asn Asp val Ala Arg val Ala Arg Asn Gly Thr Leu val
35 40 45

Ser Leu Thr Asn Asn Thr Asp Ile Leu GIn Gly Ile GIn Ala Ser Ser
50 55 60

Asp Tyr Ile Asn Asn Ala val Glu Ser Gly Glu Pro Ile Tyr Gly val
65 70 75 80

Thr Ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu Gln
Page 11



Ala

Ile

Asn

Ser

Thr

225

Ile

Leu

Pro

Ala

305

Gln

Ile

ASp

Ser

Asn

Asnh

130

Arg

Phe

Thr

Gly

Pro

210

ser

Leu

Asn

Asn

290

ASp

Tyr

Glu

Asn

Glu

Met

Gly

Gly

Lys

195

Leu

val

Thr

Gly

Pro

275

Ser

His

Leu

Ile

Gln
355

Leu

100

Leu

His

Glu

ser

Ser

180

Glu

Thr

Met

Ala

Thr

260

Gly

Gln

Glu

Gly

Glu
340

Ala

85

Glin

Pro

Met

Ile

Ile

165

Leu

Met

Leu

Thr

Ile

245

Asn

Gin

Leu

Leu

Pro

325

Ile

ser

Thr

Leu

Arg

Phe

150

Gly

Ile

ASp

Leu

Gln

Leuy

val

Ile

310

Ile

Asn

Tyr

Asn

Ala

Ala

Gly

Ala

Pro

215

Ile

Met

Ser

Trp

Arg

295

Gln

val

Ser

His

Leu

Asp

Ala

Asn

ser

Leu

Pro

200

Lys

Ala

Gly

phe

Ala

280

Asp

ASD

Asp

val

val

105

val

Ser

Ala

Gly

Asp

185

Thr

Glu

Ala

val

His

265

Ala

Glu

Arg

Gly

Thr

345

Gly

%0

Trp

Arg

Gly

Gly

Ala

Gly

Asn

His

250

Pro

Asp

Leu

TYr

Ile

330

Asp

Phe

Ala

Ile

val

155

Leu

Ser

l.ey

Leu

235

Ala

Phe

Glin

Asp

sear

315

ser

Asn

Leu

Ala

val

Phe

Arg

Ala

220

val

Leu

Ile

Met

Gly

l.eu

GIn

Pro

Asn Phe Leu

Page 12

Lys

Met

125

Leu

Pro

Pro

Lys

Gln

205

Met

Tyr

AsSp

His

Ile

285

Lys

Arg

Ile

Leu

Gly

Thr

110

Leu

Glu

Tyr

Leu

val

190

Leu

Met

ASD

Ite

Asn

270

ser

His

Cys

Ala

Ile

350

Gin

95

Gly

Leu

Ley

val

Ser

175

Asp

Asn

Asn

Thr

Glin

Ser

Leu

Asp

Leu

Asp

Tyr

ala

Arg

Ile

Tyr

160

Tyr

Phe

leu

Gly

Gin

240

Ala

Lys

Leu

Tyr

Pro

320

Gln

val

val



Gly Met Gly Met Asp His Leu Arg Tyr Tyr Ile Gly Leu Leu Ala LVYS
370 375 380

His Leu Asp val Gin Ile Ala Leu Leu Ala Ser Pro Glu Phe Ser Asn
385 390 395 400

Gly Leu Pro Pro Ser Leu Leu Gly Asn Arg Glu Arg Lys val Asn Met
405 410 415

Gly Leu Lys Gly Leu Gin Ile Cys Gly Asn Ser Ile Met Pro Leu Leu
420 425 430

Thr Phe Tyr Gly Asn Ser Ile Ala Asp Arg Phe Pro Thr His Ala Glu
435 440 445

GIn phe Asn Gln Asn I1e Asn Ser Gln Gly Tyr Thr Ser Ala Thr Leu
450 455 460

ATa Arg Arg Ser val Asp ITe Phe GIn Asn Tyr val Ala Ile Ala Leu
465 470 475 480

met phe Gly val Gin Ala va'l Asp Leu Arg Thr Tyr Lys Lys Thr Gly
485 490 495

His Tyr Asp Ala arg Ala Cys Leu Ser Pro Ala Thr Glu Arg Leu Tyr
500 505 510

Ser Ala val Arg His val val Gly GIn Lys Pro Thr Ser Asp Arg Pro
515 520 525

Tyr Ile Trp Ash Asp Asn Glu GIn Gly Leu Asp Glu His Ile Ala Arg
530 535 540

Ile Ser Ala Asp Ile Ala Ala Gly Gly val Ile val GIn Ala val GlIn
545 550 555 560

Asp Ile Leu Pro Cys Leu His
565

<210> 8

<211> 567

<212> PRT

<213> Artificial

<220>

<223> Cysteine to serine substitution at position 318 1in Anabaena
variabilis paL

<400> 8

met Lys Thr Leu Ser GIn Ala GIn Ser Lys Thr Ser Ser Gln &ln Phe

1 5 10 15

pPage 13



ser

Leu

Ser

AsSD

65

Thr

Ala

Gly

Ala

LYS

145

Glu

Ile

Asn

sSer

Thr

225

Leu

Pro

Ala

Phe

Thr

Leu

50

TY I

ser

Ser

Asnh

Asn

130

Arg

rhe

Thr

Gly

Pro

210

Ser

Leu

Asn

His

Asn

Thr

Ile

35

Thr

Ile

Gly

Glu

LyS

115

Ser

Met

Gly

Gly

Lys

195

L.eu

val

Thr

Gly

Pro

275

ser

Gly

20

Asn

Ash

Asn

Phe

Leu

100

lLey

His

Glu

Ser

Ser

180

Glu

Thr

Met

Ala

Thr

260

Gly

Gln

Asn

Asp

ASn

ASn

Gly

85

Gln

Pro

Met

Ile

Ile

165

Leu

Met

Leu

Thr

Ile

245

Asn

Glin

Leu

ser
val
Thr
Ala
?O

Gly
Thr
Leu
Arg
Phe
150
Gly
Ile
Asp
Leu
Gly
Ala
GIn

Leu

val

Ser

Ala

ASp

55

val

Met

Asn

Ala

Ala

Gly

Ala

Pro

215

Ile

Met

Ser

Trp

Arg

Ala

Arg

40

Ile

Glu

Ala

Leu

Asp

Ala

Asn

Ser

Leu

Pro

200

Lys

Ala.

Gly

Phe

Ala

280

Asp

Asn

25

val

Leu

Ser

Asn

val

105

val

Ser

Ala

Gly

Glu

Ala

val

His

265

Ala

Glu

val

Ala

Gln

Gly

val

90

Trp

Arg

Gly

Gly

ASp

Pro

Ala

Gly

Asnhn

His

250

Pro

Asp

Ile

Arg

Gly

Glu

75

Ala

Phe

ala

Ile

val

155

Leu

Ser

Leu

leu

Cys

235

Ala

Phe

Gln

Ile

Asn

ITe

60

Pro

Ile

Leu

Ala

ATg

Thr

val

Phe

Arg

Ala

220

val

Leu

Ite

Met

Leu Asp Gly
Page 14

Gly

Gly

45

Gln

Ile

Ser

LYyS

Met

125

Leu

Pro

Pro

Lys

Glin

205

Met

Tyr

Asp

His

Ile

285

Lys

Asn

30

Thr

Ala

Tyr

Arg

Thr

110

Leu

Glu

Tyr

Leu

val

190

Leu

Met

Asp

Ile

Asn

270

Ser

His

Gln

l.ey

Ser

Gly

Glu

95

Gly

Leu

‘Leu

val

Ser

175

Asp

Asn

Asn

Thr

Gin

255

Ser

Leu

Asp

Lys

val

Cys

val

80

GIn

Ala

Arg

Ile

Tyr

160

Tyr

Phe

Leu

Gly

Gln

240

Ala

Lys

Leu

Tyr



305

Gn

Ile

Asp

Gly

His

385

Gly

Thr

Glin

Ala

465

Met

His

ser

Tyr

Ile

545

Asp

290

ASD

Tyr

Glu

Asn

Met

370

Leu

Leu

Leu

Phe

Phe

450

Arg

Phe

Tyr

Ala

Ile

530

Ser

Ile

His

Leu

Ile

GIn

355

Gly

Asp

Pro

Lys

Tyr

Asn

Arg

Gly

ASp

val

515

Trp

Ala

Leu

Glu

Gly

Glu

340

Ala

Met

val

Pro

Gly

Gly

Glin

Ser

val

Ala

500

Arg

Asi

Asp

Pro

Leu

Pro

325

Ile

Ser

Asp

Gn

Ser

405

Leu

AsSn

Asn

val

Gin

485

Arg

His

Asp

Ile

Cys
565

Ile

310

Ile

Ash

Tyr

His

Ile

390

Leu

Gln

Ser

Ile

Ala

val

Asn

Ala

550

Leu

295

GlIn

val

Ser

His

Leud

375

Ala

Leu

Ile

Ile

Asn

455

Ile

val

Cys

va’l

Glu

535

Ala

His

ASp

Asp

val

Gly

360

Arg

Leu

Gly

cys

Ala

440

Ser

Phe

Asp

Leu

Gly

Arg

Gly

Thr

345

Gly

Tyr

Leu

Asn

Gly

ASD

Gin

Gin

Leu

ser

505

Gin

Gly

Gly

Tyr

Ile

330

ASDp

Asn

Tyr

Ala

Arg

Gly

Asn

Arg

Pro

Lys

Leu

val

Ser

315

Ser

Asn

Phe

Ile

Ser

395

Glu

Ser

rhe

Tyr

Tyr

475

Thr

Ala

Pro

ASp

Ile
555

300

Leu

Gin

Pro

Leu

Gly

Pro

Arg

Ile

Pro

Thy

460

val

Tyr

Thr

Thr

“Glu

540

val

Page 15

Arg

Ile

Leu

Glu

Lys

Met

Thr

445

Ser

Ala

Lys

Glu

ser
525

“His

Gin

ser

Ala

Ile

350

Gin

Leu

Phe

val

°ro

430

His

Ala

Ile

Lys

Asp

Ile

Ala

Leu

335

Asp

Tyr

Ala

Ser

Asn

415

Leu

Ala

Thr

Ala

Thr

495

l.eu

Arg

Ala

val

Pro

320

Gin

val

val

Lys

Asn

400

Met

Leu

Glu

Leu

t.eu

480

Gly

Tyr

Pro

Arg

Gln
560



<210> 9

<211> 567

<212> PRT

<213> aArtificial
<220>

<223> Cysteine to serine substitution at position 503 in Anabaena
variabilis PAL

<400> 9

Met Lys Thr Leu Ser Gin Ala Gln Ser E%s Thr Ser Ser Gln Gln Phe
i 5 15

Ser Phe Thr Ggy Asn Ser Ser Ala Asn val Ile Ile Gly Asn GIn Lys
2 25 30

l.eu Thr gge Asn Asp val Ala ﬁgg val Ala Arg Asn Gly Thr Leu val
45

Ser Leu Thr Asn Asn Thr Asp Ile Leu GIn Gly Ile GIn Ala Ser Cys
50 55 60

Asp Tyr Ile Asn Asn Ala val Giu Ser Gly Glu Pro ITe Tyr Gly val
65 70 75 80

Thr ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu GIn
85 90 95

Ala ser Glu Leu Gin Thr Asn Leu val Trp Phe Leu Lys Thr Gly Ala
100 105 110

Gly Asn Lys Leu Pro Leu Ala Asp val Arg Ala Ala Met Leu lLeu Arg
115 120 125

Ala Asn Ser His Met Arg Gly Ala Ser Gly Ile Arg Leu Glu Leu ITe
130 135 140

Lys Arg Met Glu Ile Phe Leu Asn Ala Gly val Thr Pro Tyr val Tyr
145 150 155 160

Glu Phe Gly Ser rle Gly Ala Ser Gly Asp Leu val Pro Leu Ser Tyr
165 170 175

ITe Thr Gly Ser Leu Ile Gly Leu Asp Pro Ser Phe Lys val Asp Phe
180 185 190

Asn Gly Lys Glu Met Asp Ala Pro Thr Ala Leu Arg GIn Leu Ash Leu
195 200 205

Ser Pro Leu Thr Leu Leu Pro Lys Glu Gly Leu Ala Met Met Asn Gly
210 215 220

Page 16



Thr
225
Ile
Leu

Pro

Ala

Ile

ASp

Gly

His

385

Gly

Gly

Thr

Gin

Ala

465

Met

His

Ser

Leu

Asn

His

Asn

290

ASD

Tyr

Glu

Asn

Met

370

Leu

Leu

Leu

Phe

Phe

450

Arg

Phe

Tyr

val

Thr

Gly

Pro

275

Ser

His

Leu

Ile

GIn

355

Gly

Asp

Pro

Lys

Tyr

Asn

Arg

Gly

ASpP

Met

Ala

Thr

260

Gly

Gln

Glu

Gly

Glu

340

Ala

Met

val

Pro

Gly

GIn

Ser

val

Ala

Thr

Ile

245

Asn

Gin

Leu

Leu

Pro

325

Ile

Ser

ASp

Gln

Ser

405

Leu

Asn

Asn

val

Gln

485

Arg

Gin

Leu

val

Ile

310

Tle

Asn

Tyr

His

Ile

390

Leu

Glin

Ser

Ite

AsSp

Ala

Ala

Ile

Met

Ser

Trp

Arg

GIn

val

ser

Leu

375

Ala

Leu

Ile

Ile

Asn

455

Ile

vai

Ser

Ala

Gly

Phe

Ala

280

ASp

Asp

Asp

va'l

Gly

Arg

Leu

Gly

Cys

Ala

440

Ser

Phe

Asp

Leu

Ala
val
His
265
Ala
Glu
Arg
Gly
Thr
345
Gly
Tyr
Leu
Asn
Gly
Asp
Glin
G1n

Leu

ser

Asn
Hisg
250
Pro
Asp
Leu
Tyr
Ile
330
Asp
Asn
Tyr
Ala
Arg
Asn
Arg
cly

Asn

Arg
490

235

Ala

Phe

Gln

ASp

Ser

315

ser

Asn

Phe

Ile

Ser

395

Glu

Ser

Phe

Tyr

Tyr

475

Thr

val

Leu

Ile

Met

Gly

300

Leu

Gin

Pro

L.eu

Arg

1le

Pro

Thr

460

val

Tyr

Pro Ala Thr
Page 17

Tyr

AsSp

His

Ile

285

LYS

Arg

Leu

Gly

Leu

Glu

Lys

Met

Thr

445

Ser

Ala

Lys

Glu

Asp

ITe

Asn

270

Ser

His

Cys

Ala

Ile

350

Glin

Leu

rhe

val

Pro

430

His

Ala

Ile

Lys

Arg

Thr

Gin

255

Ser

Leu

ASp

Leu

335

AsD

Tyr

Ala

Ser

Asn

415

Leu

Ala

Thr

Ala

Thr

495

Leu

Gin

240

Ala

LYs

Leu

Tyr

Pro

320

GIn

val

val

Lys

Asnh

400

Met

Leu

Glu

Leu

Leu

480

Gly

Tyr



500 505 510

Ser Ala val Arg His val val Gly Gln Lys Pro Thr Ser Asp Arg Pro
515 520 525

Tyr Tle Trp Asn Asp Asn Glu GIn Gly Leu Asp Glu His Ile Ala Arg
530 535 540

Ile Ser Ala Asp Ile Ala Ala Gly Gly val Ile val Gln Ala val Gln

545 550 555 560
Asp Ile Leu Pro Cys Leu His
565
<210> 10
<211> 567
<212> PRT

<213> artificial

<220>

<223> Cysteine to serine substition at position 565 in Anabaena
variabilis PAL

<400> 10

-Met Lys Thr Leu Ser Gin Ala Gln Ser Lys Thr Ser Ser Gln &1n Phe

i 5 10 15

Ser Phe Thr Gly Asn Ser Ser Ala Asn val ITe Ile Gly Asn GIn Lys
20 25 30

Leu Thr Ile Asn Asp vVal Ala Arg val Ala Arg Asn Gly Thr Leu val
35 40 45

Ser Leu Thr Asn Asn Thr Asp'IWe Leu GIn Gly Ile Gln Ala Ser Cys
50 55 60

Asp Tyr Ite Asn Asn Ala val Glu Ser Gly Glu Pro Ile Tyr Gly val
65 70 75 80

Thr Ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu GlIn
85 90 95

Ala Ser Glu Leu GIn Thr Asn Leu val Trp Phe Leu Lys Thr Gly Ala
100 105 110

Gly Asn Lys Leu Pro Leu Ala Asp val Arg Ala Ala Met Leu Leu Arg
115 120 125

Ala Asn Ser His Met Arg Gly Ala Ser Gly Ile Arg Leu Glu Leu Ile
130 135 140

Lys Arg Met Glu Ile pPhe Leu Asn Ala Gly val Thr Pro Tyr val Tyr
145 150 155 160
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Glu

Ile

Asn

Ser

Thr

225

Ile

Leu

Pro

Ala

305

Gin

Ile

Asp

Gly

His

385

Gly

Phe

Thr

Gly

Pro

210

Ser

Leu

Asn

His

Asn

290

ASp

Tyr

Glu

Asn

MetT

370

Leu

Leu

Leu

Gly

Gly

Lys

195

Leu

val

Thr

Gly

Pro

275

Ser

His

Leu

Ile

Gin

355

Gly

ASp

Pro

Lys

Ser

Ser

180

Glu

Thr

Met

Ala

Thr

260

Gly

Gln

Glu

Gly

Glu

340

Ala

Met

val

Pro

Gly

Ile

165

l.eu

Met

ey

Thr

Ile

245

ASnh

Gn

Leu

Leu

Pro

325

Ile

Ser

Asp

Gin

Ser

405

Leu

Gly

Ile

Asp

leu

Gly

Ala

Gin

Leu

val

Ile

310

Ile

ASn

Tyr

His

Ile

390

Leu

Glin

Ala

Gly

Ala

Pro

215

Ile

Met

Ser

Trp

Arg

Gin

val

Ser

His

Leu

375

Ala

Ley

Ite

ser

Leu

Pro

200

Lys

Ala

Gly

Phe

Ala

280

Asp

Asp

ASp

val

Leu

Gly

Cys

Gly

ASp

185

Thr

Glu

Ala

val

His

265

Ala

Glu

Arg

Gly

Thr

345

Gly

Tyr

l.eu

Asn

Gly

ASp

170

Pro

Ala

Gly

Asn

His

250

Pro

ASP

Leu

Tyr

Ile

330

Asp

Asnh

Tyr

Ala

Arg

410

Asn

Leu

ser

Leu

Leu

Cys

235

Ala

Phe

GlIn

Asp

Ser

315

Ser

Ash

Phe

Tle

sar

385

Glu

ser

val

Phe

Arg

Ala

220

val

Leu

Ile

Met

Gly

300

Leu

Gln

Pro

Leu

Arg

Ile
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Pro

Lys

Gin

205

Met

Tyr

Asp

His

Ile

285

Lys

Arg

Ile

Leu

Gly

Leu

Glu

Lys

Met

Leu

val

190

Leu

Met

Asp

Ile

Asn

270

ser

Cys

Ala

Ile

350

GIn

Leuy

Phe

val

Pro
430

Ser

175

ASp

Asn

AsSn

Thr

Ser

Leu

Asp

Leu

335

Asp

Tyr

Ala

ser

Asn

415

Leu

Tyr

Phe

Leu

Gly

Gin

240

Ala

Lys

l.eu

Tyr

Pro

320

Glin

val

val

Lys

ASn

400

Met

Leu



Thr Phe Tyr Gly Asn Ser Ile Ala Asp Arg Phe Pro Thr His Ala Glu
435 440 445

GIn Phe Asn GIn Asn Ile Asn Ser Gln Gly Tyr Thr Ser Ala Thr Leu
450 455 460

Ala Arg Arg Ser val Asp Ile phe GIn Asn Tyr val Ala Ile Ala Leu
465 470 475 480

Met Phe Giy val Gln Ala val Asp Leu Arg Thr Tyr Lys Lys Thr Gly
485 490 495

His Tyr Asp Ala Arg Ala Cys Leu Ser Pro Ala Thr Glu Arg Leu Tyr
500 505 510

Ser Ala val Arg His val val Gly GIn Lys Pro Thr Ser Asp Arg Pro
515 520 5253

Tyr Ile Trp Asn Asp Asn Glu Gln Gly Leu Asp Glu His Ile Ala Arg
530 535 540

ITe Ser Ala Asp Ile Ala Ala Gly Gly val Ile val Gin Ala val Gln
545 550 555 560

Asp ITe Leu Pro Ser Leu His

565
<210> 11
<Z211> 567
<Z212> PRT
<213> Artificial
<220>

<223> Cysteine to serine substitutions at positions 565 and 503 in
Anabaena variabilis PAL

<400> 11

Met Lys Thr Leu Ser GlIn Ala GlIn Ser Lys Thr Ser Ser Gln Glin Phe
1 5 10 15

ser Phe Thr Gly Asn Ser Ser Ala Asn val Ile Ile Gly Asn Gin Lys
20 25 30

Leu Thr Ile Asn Asp val Ala Agg val Ala Arg Asn Gly Thr Leu val
4 45

Ser Leu Thr Asn Asn Thr Asp Ile teu GIn Gly Ile Gin Ala Ser Cys
50 55 60

Asp Tyr Ile Asn Asn Ala val Glu Ser Gly Glu Pro Tle Tyr Gly val
65 70 75 80

Thr ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu Gln
85 90 G35
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Ala

Gly

Ala

Ile

Asn

Ser

Thr

225

Ile

Leu

Pro

Ala

305

Gin

Ile

Asp

Ser

Asn

Asn

130

Arg

Phe

Thr

Gly

Pro

210

Ser

Leu

Asn

His

Asn

290

Asp

Tyr

Glu

ASn

Glu

Lys

115

ser

Met

Gly

Gly

val

Thr

Gly

Pro

275

Ser

His

Leu

Ile

GIn
355

Leu

100

Leu

His

Glu

ser

Ser

180

Glu

Thr

Met

Ala

Thr

260

Gly

GIn

Glu

Gly

Glu

340

Ala

Gin

Pro

MetT

Ile

Ile

165

Leu

Met

Leu

Thr

Ile

245

AsSnh

Gin

lLeu

Leu

Pro

325

Ile

Ser

Thr

Leu

Arg

Phe

156

Gly

Ile

Asp

L.eu

Gly

Ala

Gln

Leu

val

Ile

310

Ile

Asn

Tyr

Asn

Ala

Ala

Gly

Ala

Pro

215

Ile

Met

Ser

Trp

val

Ser

His

Leu

AsSh

Ser

Leu

Pro

200

Lys

Ala

Gly

Phe

Ala

280

Asp

Asp

ASp

val

val

105

val

Ser

Ala

Gly

Glu

Ala

val

His

265

Ala

Glu

Arg

Gly

Thr

345

Gly

Trp

Arg

Gly

Gly

Asp

Pro

Ala

Gly

Asn

His

250

Pro

Asp

Leu

TYr

Ile

330

Asp

Asn

Phe

Ala

Ite

val

155

Leu

Ser

Leu

Leu

cys

235

Ala

Phe

GIn

ASp

Ser

315

Ser

Asn

Phe

Leu

Ala

val

Phe

Arg

Ala

220

val

L.eu

Met

Gly

300

Ley

GlIn

Pro

Leu
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Lys

Met

125

Leu

Pro

pPro

Lys

Gln

205

Met

Tyr

Asp

His

ITe

285

Lys

Arg

Ile

Leu

Thr

110

Leu

Glu

Tyr

Leu

val

190

Leu

Met

Asp

Ite

Ash

270

Ser

His

Cys

Ala

Ile

350

Glin

Gly

Leu

Leu

val

ser

175

Asp

Asn

Asn

Thr

Glin

255

Ser

Leu

Asp

l.eu

Asp

Tyr

Ala

Arg

ITe

Tyr

160

Tyr

Phe

L.eu

Gly

Gin

240

Ala

Lys

Leu

Tyr

Pro

320

Gin

val

val



Gly

His

385

Gly

Gly

Thr

Gln

Ala

465

Met

His

ser

Tyr

ITe

545

Asp

Met

370

Leu

Leu

Leu

Phe

Phe

450

Arg

Phe

TYr

Ala

Ile

530

Ser

Ile

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

<220>
<223>

<400>
cactgtcata tgaatataac atctctacaa cagaacat

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

Gly

ASD

Pro

Lys

Arg

Gly

ASp

val

515

Trp

Ala

Leu

12
38
DNA

Met

val

Pro

Gly

Gly

Gln

Ser

val

Ala

500

Arg

Asn

AsSp

Pro

Asp

Gin

ser

405

Leu

Asn

Asn

val

Gin

485

Arg

His

Asp

Ile

ser
565

Artificial

Nostoc punctiforme PAL primer 1 (forward)

12

13
45
DNA

Artificial

Ile

390

Leu

GIn

Ser

Ile

Ala

val

Asn

Ala

550

Leu

Leu

375

Ala

Leu

Ile

Ile

Asn

455

Ile

val

Ser

val

Glu

535

Ala

Arg

Leu

Gly

Ccys

Ala

440

Ser

Phe

Asp

Leu

Gly

Tyr

Leu

Asn

Gly

ASD

Gin

Gln

Leu

Ser

505

Gin

Gly

Gly

Tyr

Ala

Arg

Gly

Asn

Arg

Pro

Lys

Leu

val

Ile

Ser

395

Glu

Ser

Phe

Tyr

Tyr

475

Thr

Ala

Pro

ASp

Gly

Pro

Arg

Ile

Pro

Thr

460

val

Tvyr

Thr

Thr

Glu

540

val
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Leu

Glu

Lys

Met

Thr

445

ser

Ala

Lys

Glu

ser

525

His

Gin

Leu

Phe

val

Pro

430

His

Ala

Ile

Lys

Arg

510

Asp

Ile

Ala

Ala

sSer

Asn

415

Leu

Ala

Thr

Ala

Thr

495

Leu

Arg

Ala

val

LyS

AsSn

400

Met

Leu

Glu

Leu

Leu

480

Gly

Tyr

Pro

Arg

GlIn
560



<220>
<223> MNostoc punctiforme PAL primer 2 (reverse)

<400> 13

gacagtggcg gccgetcacg ttgactttaa getcgaaaaa atatg 45
<210> 14

<211> 38

<212> DNA

<213> Artificial

<220>

<223> Anabaena variabilis pAL primer 1 (forward, N-terminal fragment)
<400> 14

cactgigcia gcatgaagac actatctcaa gcacaaag 38
<210> 15

<211> 49

<Z212> DNA

<213> Artificial

<220> R _ )

<223> Anabaena variabilis pPaAL primer 2 (reverse, N-terminal fragment)
<400> 15

ggaaatttcc tccatgatag ctggcttggt tatcaacatc aattagtgg 49
<210> 16

<211> 49

<212> DNA

<213> Artificial

<220>

<223> Anabaena variabilis PAL primer 3 (forward, C-terminal fragment)
<400> 16

ccactaattg atgttgataa ccaagccagc tatcatggag gaaatttcc 49
<210> 17

<211> 41

<212> DNA

<213> Artvificial

<220>

<223> Anabaena variabilis PAL primer 4 (reverse, C-terminal fragment)
<400> 17

cactgtgcgg ccgcttaatg caagcagggt aagatatcit g 41
<210> 18

<211> 35

<212> DNA

<213> Artificial

<220>

<223> Anabaena variabilis patL forward primer

<400> 18

cactgtcata tgaagacact atctcaagca caaag 35
<210> 19
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<211> 36

<212> DNA

<213> Artificial-

<220>

<223> Anabaena variabilis PAL reverse primer

<400> 19

cactgtctcg agatgcaagce agggtaagat atcttg 36

<210> 20

<211> 38

<212> DNA

<213> artificial

<220>

<223> Anabaena variabilis PAL primer to create 5' Nhel site and delete
internal NheI site (forward, N-terminal)

<400> 20

cactgtgcta gcatgaagac actatctcaa gcacaaag 38

<210> 21

<211> 49

<212> DNA

<213> Artificial

<220>

<223> Anabaena variabilis PAL primer to create 5' NheI site and delete
internal NheI site (reverse, N-terminal )

<400> 21

ggaaattice tccatgatag ctggeitggt tatcaacatc aattagtgg 49

<210> 22

<211> 49

<212> DNA

<213> Artificial

<220>

<223> Anabaena variabilis PAL primer to create 5' NheI site and delete
internal NheI site (forward, C-terminal fragment)

<400> 22

ccactaattg atgttgataa ccaagccagce tatcatggag gaaatttcce 49

<210> 23

<211> 41

<212> DNA

<213> Artificial

<220> ) )

<223> Anabaena variabilis PAL primer to create 5' Nhel site and delete
internal Nhel site (reverse, C-terminal fragment)

<400> 23

acagtggcgg ccgottaaty caagcagggt aagatatctt g 41

<210> 24

<211> 38

<212> DNA

<213> Artificial

<220>
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<223>

<400>

Anabaena variabilis PAL primer to create 5' NheI site and 37 Smal

site (forward)

24

cactgtgaat tcatgaagac actatctcaa gcacaaag

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

<220>
<223>

<400>

25

37

PNA
Aartificial

38

Anabaena variabilis PAL primer to create 5' nNhel site and 3" smal

site (reverse)
25

cactgtcccg ggttaatgca agcagggtaa gatatct

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

<220>
<223>

<400>

26

41

DNA
Artificial

Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 503 (forward)

26

gtcattacga tgcacgegee tctctatcac ctgcaactga ¢

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

<220>
<223>

<400>

27

41

DNA
Artificial

Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 503 (reverse)

27

ctcagttgca ggtgatagag aggcgegtge atcgtaatga ¢

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

<220>
<223>

<400>

28

42

DNA
arvificial

Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 565 (forward)

28

cagttcaaga tatcttaccc tcctigcatt aacccgggct go

<210
<211>
<212>
<213>

<220>
<223>

<400>

29

42

DNA
Artificial

Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 565 (reverse)

29
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37

4]

41

42



gcageceggg ttaatgcaag gagggtaaga tatcttgaac tg

<210> 30

<211> 44

<212> DNA

<213> Artificial
<220>

<223> Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 64 (forward)

<400> 30
gcagggtatt caggcatctt ctgattacat taataatgct gttg

<210> 31

<211l> 44

<212> DNA

<213> Artificial
<220>

<223> Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 64 (reverse)

<400> 31
caacagcatt attaatgtaa tcagaagatg cctgaatacc ctgce

<210> 32
<211> 43
<212> DNA

<213> Artificial

<220>
<223> Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 318 (forward)

<400> 32
caagatcgtt actcactccg atcccticce cagtatttgg gge

<210> 33

<211> 43

<212> DNA

<213> Artificial
<220>

<223> Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 318 (reverse)

<400> 33
gccccaaata ctggggaagg gatcggagtg agtaacgate ttg
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