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SF370.1 atiP site, 99 bp
ACGAAAGGAGGTCGTGAAATGGATAAAARAATACAGCETTITTCATGTACAACTATACTAGTTGTAGTGCCTAAATAATGCTTTTAAAACTTAAAAATA

X

CTTTTGCAAAALACTCTAGGCAGTTICCCTGAATCCCAAGCAGGCTIGTTCAGECTTACTATTTAGACGARAATGCCTCTCACCTECACAGTCAGTATTTA
Pseudo attB site on human chromosome 10

‘, Recombinase

ACGAAAGGAGGTCGTGAAATGGATAAAAAAATACACCEITTTTCATGTACAACTATACTATTTAGAGAAAATGCETCTGACCTGGAGAGTCAGTATTTA
Pseudo attR site afier integration of target plasmid

SPAc2 attP site, 99 bp

ACGECAGAGTAAGCTTCTTTTTITCCTTAGATATGTAGTAAGTATCTTAATATACAGCTTTATCTGTTTTTTARGATACTTACTACTTT TCTTAGTGGA

X

ATAAGCACAGGAACAAACTCATAAGAGCCTGCAATCAGATCATCAGTETCAAGCACTCATTATAGTCCTTGCCATACACCAAATCTTCAGGAGAGATCT
Pseudo attB site on human chromosome 15

% Recombinase

ACGGCAGAGTAAGCTTCTTITTTTTCGTTAGATATCTAGTAAGTATCT TAATATACAGCTTTATAGTCCTTEGGCATACACCAAATGTTCAGGAGAGATCT

Pseudo attR site after integration of target plasmid

Figure 14




<110>

<120>
<130>

<140>
<141>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400> 1
atggaactga

21

DNA

agaagcaggce
aaggaactca
atcggcageg
gaggagggea
tacagcgacg
ccctacaagg
ttcatggeca
tacgccgecc
aaaaccagca
atcttcctga
accaatctgc
gccatcctge
aaggacggcea
gcecectatca
ccecctgctye
agcaagtycy
ggcaccgaga
gtgcggtaca
aatgacagca
agcaacatga

aagaataagg

1
1638

Artificial

synthetic gene

agaacatcgt
aggacatgga
tgaacaagat
gcgagageat
agtaccaggc
ccggecagat
tgtacgaccc
gggaggagtt
agggcaagtg
agctggaccc
acgggctgaa
agatccctac
agaacgaggt
agcggaccat
tcgacaagga
ccaacaagga
gcgagectct
gcgtgtacca
acgacgtgga
ccctcacaaa
aaaccaagaa

agaacttcat

SEQUENCE LISTING

Intrexon Corporation

Not vet assigned
2005-02-08

patentIn version 3.3

gaacagctac
gagagagaag
cctcaccgec
cgacggcaga
catcgeegty
cgtgaacctg
cagaaacccc
cgagatgacc
gatcagcggc
cgtggaggac
cggcaaggac
ccceagegge
gtacatcggc
caggcctgag
gcagttccag
cgagttcgag
gagcaagtac
cgtgaagtcc
gaacgccatce
gcacatcaac
gcagatgagc

cttcgacaag

aacatcacca
cggaccggceyg
atcgagatcc
ccegtgttca
aaggagatca
ctgcagagca
gtcgacatgc
cgggagagaa
ctggcecect
gaggccaagg
tacagctaca
aagaagcggt
accgtgaagt
aaggagcaga
cagagccagyg
ctgagcgagce
gagagcaagce
ctcacctgea
ctggattacc
agcatgctct
gagcacctga
tacgagtceg

Page 1

acatcctgyg
aggacaccct
cctacgaget
aggagtgcect
ccaggctgag
agcggctcat
ggcagatccg
tgaccggcge
acggctacca
tggtgcagct
cagccatcge
ggaaccagta
acaaggtgcg
tcgtggtgea
‘tgaagatcge
tggccggagt
gcatccggaa
agaagaacaa
tgagcagcect
ccaagtacga
gccagaagga

gcatctactce

Site-sSpecific Serine Recombinases and Methods of Their uUse
SP8830A

ctacctgegg
caccgageag
gaagatggag
gaaggatctg
cagaggcagce
catcatcacc
gttcgagctg
caagtacacc
gctgaacaag
catcttcaac
cagccacctce
caccatcaag
ggagaaaacc
ggacgcccac
caacaaggtg
gtygcacctgce
gaacaaggat
gtgcacctac
gaacgacctg
ggacgacaac
gaaggagctt

cgacgagcetg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320




ttcctgaage

gagctgaatg

atcaacaaga

ctgcggatgg

cccgeccagt

accaacagct

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

<400>

2
5
P

45
RT

ggaaggeegce
gcctgcagga
tcatcgacca
tgctgaagga

tcgagatcac

tccactag

Bacillus

2

Met Glu Leu Lys
1

Gly

Gly

The

Glu

65

Glu

ser

Ser

Asn

Glu

145

Tyr

Gln

LYyS

Tyr

Glu

Ala

50

ser

Glu

Arg

Lys

Pro

130

Glu

Ala

Leu

val

Leu

Asp

35

Ile

Ile

Gly

Gly

Phe

Ala

Asn

val

Arg

20

Thr

Glu

ASp

Lys

ser

100

Leu

Asp

Glu

Gin

Lys

Gin

subtilis phage SPBc2

Asn
5
Arg
Leu
Ile
Gly
Tyr
85
Tyr
Ile

Met

Met

Leu

Ile

Ser

Thr

Pro

Arg

70

Gin

Ser

Ile

APg

Thr

150

Lys

Thr

Ile

cctggacgag gagttcaagy
tacccagagc gagatcgaca
gtaccacatc gagagcagca
cgtgatcgty aacatgaccc

acccatcetyg cggttcaact

val Ash Ser

Arg

Glu

Ala

ASD

Ile

Gln

135

Arg

Trp

Ser

Phe

Gin

Glin

40

Glu

val

Ile

Ala

Thr

120

Ile

Glu

Ile

Lys

Asn

Asp
25

Lys
Leu
Phe
Aia
Gly
Pro
Arg
Arg

Ser

Leu
185

Tyr Ash Ile

Met Glu Arg

Glu Leu Met

Lys Met Glu
60

Lys Glu Cys
75

val Lys Glu
90

Gin Ile val

Tyr Lys val

Phe Glu Leu
140

Met Thr Gly
155

Gly Leu Ala
170

Asp Pro val

Phe Leu Asn
Page 2

Thr

Glu

Asn

45

Ile

Leu

Ile

Asnh

Tyr

125

phe

Ala

Pro

Glu

Gly

agctgcagaa
gcaacaccgt
gcgagaagaa
agaagcgeaa

ttatcttcga

Asn

Lys

Gly

Lys

Thr

Leu

110

Asp

Met

Lys

Tyr

ASp

Leu

cgccaagaac
gcggaacaac
gaatgagctg
gggccecatc

tetecaccgec

Ile

15

Arg

Ile

ser

Asp

Arg

95

Leu

Pro

Ala

Tyr

Asnh

Leu

Thr

Leu

Gly

Leu

80

Leu

Arg

Arg

Thr

160

Tyr

Ala

Gly

1380
1440
1500
1560
1620
1638




Lys

Ile

225

Ala

Arg

Gln

Phe

Asn

305

Ser

Lys

cys

Ala

Leu

385

Ser

Glu

ser

ASD

Leu
465

185

Asp

210

Pro

Ile

Glu

Ile

GlIn

290

Lys

Lys

Ash

Lys

Ile

370

Thr

Asn

Lys

Gly

Glu

450

Glin

Tyr

Thr

Leu

Lys

val

275

Gin

Asp

Cys

Lys

Leu

Lys

Met

Glu

Asp

ser

Pro

GIn

Thr

260

val

Ser

Glu

Gly

ASp

Asn

Asp

His

LYS

Leu

420

Tyr

Phe

Thr

Tyr

Ser

Asn

245

Lys

Gin

Gln

Phe

Glu

325

Gly

Lys

Tyr

Ile

Thr

405

Lys

Ser

Lys

Gin

Thr

Gly

Glu

Asp

Asp

val

Glu

310

Pro

Thr

Cys

Leu

Asn

390

Lys

Asn

Asp

Glu

Ser
470

Ala

215

Lys

val

Gly

Ala

Leu

Glu

Thr

Ser

375

Ser

Lys

Lys

Glu

Leu

455

Glu

200

Ile

Lys

Tyr

Lys

His

280

Ile

Ser

Ser

Ser

TYyr

360

Ser

Met

Gln

Glu

Leu

440

Gln

Ile

Ala

Arg

Ile

Arg

265

Ala

Ala

Glu

Lys

val

345

val

Leu

Leu

Met

Asn

425

Phe

Asn

AsSp

ser

Trp

Gly

Thr

Pro

Asn

Leu

Tyr

330

Tyr

Arg

Asn

Ser

ser

410

Phe

Leu

Ala

Ser

Page 3

His

Asn

235

Thr

Ile

Ile

Lys

Ala

315

Glu

His

Tyr

ASp

Ile

Lys

Lys

Asn
475

Leu

220

Gln

val

Arg

Ile

val

300

Gly

Ser

val

Asn

Leu

380

Tyr

His

Phe

Arg

Asn

460

Thr

205

Thr

Tyr

Lys

Pro

AsD

285

Pro

val

Lys

Lys

AsSp

365

Asn

Glu

Leu

ASpP

val

Asn

Thr

Tyr

Glu

270

Lys

Leu

Cys

Arg

Ser

350

val

ASp

Asp

Ser

Lys

430

Ala

Leu

Arg

Leu

Ile

Lys

255

Lys

Glu

Leu

Thr

Ile

Leu

Glu

ser

Asp

Gln

415

Tyr

Ala

Asnh

Asn

Lys

240

val

Glu

Gln

Pro

320

Arg

Thr

Asn

Thr

Asn

400

Lys

Glu

lL.eu

Gly

Asn
480




Ile Asn

Lys Asn

Thr Gln

Tle Leu
530

His
545

<210> 3
<211
<212>
<213>

<220>
223>

DNA

<400> 3
atgcggaagyg

agcatccagg
tacaagaact
gagttgatcg
cggctgagca
aacatccact
ttcctcacac
cagttcggcg
tacggctacc
aatgtgaggce
tacgeeeggg
gagaacgaga
caggccatca
gacaccaaga
tgcggetact
cggagacaga
aactacaaca
tacgtgatcg

aaggacgaca

Lys Ile Ile
Glu Leu Leu
Lys Arg Lys
515

Arg Phe Asn

1416

485

500

Artificial

synthetic gene

tggccatcta
gccagatcga
acagcgacge
aggacggcaa
gaaacgtgaa
tcgtgagect
tgctgagege
tgatgaacag
ggtacaacaa
agatgttcga
acaacttcgt
cctacéaagg
tcgacgaaaa
ccaacaccag
gtggcgeecc
cctacgtgtg
accagaagat
acgtgctgta

acatcatcga

Asp Gln

Arg Met

Gly Pro

phe Ile

520

535

cagcagggtg
ggccctcacc
cggettcage
gaacaacaag
ggacaccctg
gaaggagaac
aattgccgag
agccaagagce
ggacgagaaa
catgatcatc
gggcaacacc
cctggtgaag
gacctacaac
acccttccag
tctgaaggtg
cgtgaacaag
ctgcaacacc
taagctgcag

tatcaccccc

Tyr His Ile Glu

490

val Leu Lys Asp
505
Ile Pro Ala Gln

Phe Asp Leu Thr

agcaccatca
aagtactgcg
ggcggcaage
ttcgacacca
tacctggtga
atcgacacca
ttcgageggy
ggcaagacca
accctgageg
agcggetgea
tggacccacy
taccgggage
aaggcccaga
ggcaagtaca
tgcaccggea
accgagagcec
ggccggtacg
cacgacaagg

ctgaagaagg

Page 4

Ser ser Ser Glu Lys

495

val Ile val Asn Met
510

Phe Glu Ile Thr Pro

525

Ala Thr Asn Ser pPhe

240

atcaggccga
aggccatgga
tggagagacc
tcctggtgta
aggacgtgtt
gcagcgeeat
agcagatcaa
ccgcctggaa
tgaacgagct
gcatcatgag
tgaaggtgaa
agacctttag
tcgeectgye
tgctgageca
gggccaagaa
tggccagaag
agaagaagca
agtacctgaa

agatcgagat

ggagggctac
gtggaagatc
cgccatcacc
caagctggac
caccgecaac
gggcaatctg
ggaacggatg
aacccctcca
ggaggccgcec

catcaccaac

gcggatccty

cggcgatcac
ccacagaacc
catcgccaag
tgacggcacc
gagcgtgaac
catcgagaag
gaagatcaag

catcgacaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140




aagatta
aaagaca
tacctgg
aagagca

accatgg

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

<400>

Met Arg
1

Glu Glu
Cys Glu
Phe ser

50

Asp Gly
65

Arg Leu
pPhe Thr
Thr Ser
Ala Glu

130

Met Asn
145
TYr Gly

Leu Glu

Cys ser

acc
tcy
aca
gct

aca

4
471
PRT
Puta

4

Lys

Gly

Ala

35

Lys

Ser

Ala

ser

115

Phe

Arg

Tyr

Ala

Ile
195

ggctgaacga cctgtacatc aacgacctca tcgacctgcc caagctgaad
aggagctgaa ccacctgaag gacgactaca ataaggccat caagctgaac
agaagaacga ggacagcctg ggcatgctca tggacaacct ggacatccge

acgacgtgca gagccggatc gtgaagcage tcatcgacag ggtggaggtg

atatcgacat catcttcaag ttctag

tive
val
Tyr
20
Met
Gly
Asn
Arg
Ash
100
Ala
Glu
Ala
Arg
Ala

180

Met

recombinase

Ala

5

Ser

Glu

Lys

Asnh

Asn

85

Asn

Met

Arg

Lys

sSer

Ile

Ile

Trp

Leu

Lys

val

Ile

Gly

Glu

Ser

150

Asnh

val

Ile

Tyr

GIn

Lys

Glu

55

Phe

LYS

His

Asn

Gin

135

Gly

Lys

Arg

Thr

of bacteriophage $F370.1

Ser Arg X81 Ser Thr Ile Asn

Gly

Ile

40

Arg

Asp

ASp

Phe

Leu

120

Ile

Lys

ASp

Gln

Asn
200

GIn

25

Tyr

Pro

Thr

Thr

val

105

Phe

Lys

Thr

Glu

Met

185

Tyr

Ile

LysS

Ala

Ile

Leu

90

Ser

Leu

Glu

Thr

Lys

170

Phe

Gliu

Asn

Ile

Leu

75

Tyr

Leu

Thr

Arg

Ala

155

Thr

ASp

Ala

Tyr

Thr

60

val

Leu

Lys

Leu

Met

140

Trp

Leu

Met

Ala Arg Asp

Page 5

Leu

Ser

45

Glu

Tyr

val

Glu

Leu

125

Gln

Lys

ser

Ile

Asn
205

Thr

30

Asp

Leu

Lys

Lys

Asn

110

Ser

Phe

Thr

val

Ile

190

Phe

Gln

15

Lys

Ala

ITe

Leu

ASp

95

Ile

Ala

Gly

Pro

Asn

175

Ser

val

Ala

Tyr

Gly

Glu

Asp

80

val

ASp

Ile

val

Pro

160

Gly

Gly

1200
1260
1320
1380
1416




Asn

Tyr

225

Glin

Ala

Tyr

Lys

Tyr

305

Asn

His

Lys

Thr

Leu

385

Lys

Ile

Leu

Arg

Ile
465

Thr

210

Lys

Ala

His

Met

val

290

val

Tyr

Ile

Glu

Pro

370

Asn

ASp

Lys

Met

Ile

450

Asp

Trp

Gly

Ile

Arg

Leu

275

Cys

Cys

Asn

Glu

Tyr

355

Leu

Asp

Ile

Leu

ASp

val

Ile

Thr

Leu

Ile

Thr

260

sSer

Thr

vai

Asn

LysS

Leu

Glu

Asn

420

Asn

Lys

Ile

His

val

245

Asp

His

Gly

Asn

Gln

325

Tyr

Lys

Lys

Tyr

Glu

405

Tyr

Leu

Gin

Phe

val

Thr

Ile

Arg

Lys

val

Lys

Glu

Ile

390

Leu

Leu

Asp

Leu

Lys

Lys

Tyr

Lys

Lys

Ala

Ala

295

Thr

Ile

Ile

Ile

Ile

375

Asn

Asn

ASp

Ile

Ile

455

Phe

val

Arg

Thr

Thr

Lys

280

Lys

Glu

Cys

Asp

Lys

360

Glu

Asp

His

Lys

Lys

Glu

Tyr

AsSn

265

Cys

Asn

Ser

Asn

val

345

Lys

Tle

Leu

Leu

Lys

425

Lys

Arg

Arg

Gln

Asn

250

Thr

Gly

Asp

Leu

Thr

330

Leu

Asp

Ile

Ile

Lys

410

Asn

Ser

val

Page 6

Ile

Thr

235

Lys

Arg

Tyr

Gly

Ala

315

Gly

Tyr

ASD

Asp

Asp

395

ASp

Glu

Ser

Glu

Leu
220
Phe
Ala
Pro
Cys
Thr
300
Arg
Arg
Lys
ASn
Lys
Leu
Asp
ASp

Tyr

val
460

Glu

sSer

Gin

Phe

Gly

Arg

Arg

Tyr

Leu

Ile

365

LysS

Pro

Tyr

Ser

Asp

Thr

Asn

Gly

Ile

Gln

270

Ala

Arg

Ser

Glu

GlIn

350

Ile

Ile

Lys

Asn

Leu

430

val

Met

Glu

Asp

Ala

255

Gly

Pro

GlIn

val

Asp

Asnh

Leu

Lys

Gly

Gln

Asp

Thr

His

240

Leu

Lys

Leu

Thr

Asn

320

Lys

ASp

Ile

Arg

Lvs

Ala

Met

Ser

Asn




<210> 5
<211>
<212>
<213>

<400> 5
atgcgggete

DNA

agacagctagg
gcecgaggatc
ctggccagat
gacaggctga
aagaaactgg
gtggtgatcg
aatcggtety
tggggctacc
agggagagaa
gtggcccacg
cagggcagag
agcgaggeca
gceectetgg
gaactggtga
gtgctgttct
cacceceeggt
gccatggecg
gagaggctgg
aatgctgaac
cctcagagag
gagggactgg
gattggtgga
aggctgacct
gagtatgagc
tag

<210> 6
D17 par
<213>
<400> 6

1503

Synthetic gene

tggtggtgat
agagctgeca
tggatgtgag
ggctggectt
ccecggageat
tggtgagcgc
ccectgatggg
ccgeccactt
tgcccacaag
tcctggaagt
acctgaatag
agcctcaggg
tgctgggceta
tgagagccga
aaaccagcag
gtgccgtgtg
acagatgtag
aatgggacgc
agaaagtgtg
tggtggacct
aagcectgga
aggccagacc
gggagcagga
tcgacgtgag

agcacctgag

caggctgage
gcagetgtgt
cggageegtg
tgaggagcag
tagacacctc
cacagaggcc
cacagtggcc
caatatcagg
agtggatggc
gtatcaccgc
gagaggcgtg
Cagagagtgg
cgccacccty
gcceatectg
agccaagect
tggcgagect
gagcatgggc
cttttgcgag
ggtggccgga
gaccagcctg
cgccagaatt
ttctggetgg
taccgecgec
aggcggeetg
actgggaagc

agagtgaccyg
gcccagagag
gacccctteg
ccettegaty
cagcagetgg
cacttcgata
cagatggagce
gccggcaagt
gagtggagac
gtggtggaca
ctgtccceca
tctgecaccey
aatggcaaga
acaagggaac
gcegtgagea
gcctacaagt
ticcctaage
gagcaagtygc
tccgattety
atcggcagcc
gcecgeeetgy
gagtggagag
aagaacacct

accagaacca

gtggtggaga

atgccaccac
gatgggacgt
acagaaagcyg
tgatcgtggc
tgcactgggce
ccaccacccec
tggaggccat
acagaggaag
tggtgectga
atcacgagcc
aggattactt
ccctgaaaag
ccgtgaggga
agctggaggc
cacctagcect
ttgccggegy
actgcggcaa
tggatctget
ccgtggaact
ctgcctatag
ccgecagaca
agaccggeca
ggctgecggag
tcgacttegg

gactgcacac

putative recombinase of mycobacteriophage Bxbl

aagccctogag
ggtgggagty
gagacccaac
ctacagagty
cgaggaccac
ctttgctgea
Caaggagagy
cectgectect
ccetgtgeag
tctgcaccty
cgcccagcetc
atctatgatc
tgatgatgga
tctgagagec
gctgctgaga
aggcagaaag
tggcaccgtyg
gggagatgcec
ggccgaagtg

agccggaagce

~9gaggaactg

gagattcgge
catgaacgtg
cgacctccag

aggecatgtece

Met Arg Ala Leu val val ITe Arg Leu igr Arg val Thr Asp Ala Thr
1 5 15

page 7

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1503




Thr
Arg
Ala
Leu
65

AsSp
Ala
Asp
val
Ala
145
Trp
AsSp
Asp
Gly
Pro
225
Ser

AsSp

Glu

sSer

Gly

val

50

Ala

Arg

Glu

Thr

Ala

130

His

Gly

Pro

Asn

val'l

210

Glin

Glu

Asp

Glin

Pro

Trp

35

Asp

Phe

Leu

Asp

Thr

115

GIn

Phe

Tyr

val

His

195

Leu

Gly

Ala

ASp

Leu
275

Glu

20

ASp

Pro

Glu

Thr

His

100

Thr

Met

Asn

Leu

Gln

180

Glu

Ser

Arg

Met

Gly

Glu

Arg

val

Phe

Glu

A[’g

85

Lys

Pro

Glu

Ile

Pro

165

Arg

Pro

Pro

Glu

Leu

245

Ala

Ala

Gln

val

Asp

GlIn

70

Ser

Lys

Phe

Leu

Arg

150

Thr

Glu

Leu

Lys

Trp

Gly

Pro

Leu

Leu

Gly

Arg

55

Pro

Ile

Leu

Ala

Arg

Arg

His

215

Ser

TYyr

Leu

Arg

Glu

val

40

Lys

Phe

Arg

val

Ala

120

Ala

Gly

val

Ile

Leu

200

Tyr

Ala

Ala

val

Ala
280

ser

25

Ala

Arg

Asp

His

val

105

val

Ile

Lys

ASp

Leu

185

val

Phe

Thr

Thr

Arg

265

Glu

Cys

Glu

Arg

val

Leu

90

Ser

val

Lys

Tyr

Gly

Glu

Ala

Ala

Ala

Leu

250

Ala

Page 8

Glin

Asp

Pro

Ile

75

Glin

Ala

Ile

Glu

val

His

Glin

Leu

235

Asn

Glu

val

Gln

Leu

Asn

60

val

Gln

Thr

Ala

Arg

Gly

Trp

Tyr

Asp

Leu

220

Lys

Gly

Pro

Leu

ASp

45

Leu

Ala

Leu

Glu

Leu

125

Asn

Ser

Arg

His

Leu

205

Gin

Arg

Lys

Ile

Thr
285

Cys

30

val

Ala

Tyr

val

Ala

110

Met

Arg

Leu

Leu

Arg

AsSn

Gly

Ser

Thr

Leu

270

Ser

Ala

Ser

Arg

Arg

His

95

His

Gly

Ser

Pro

val

175

val

Arg

Arg

Met

val

255

Thr

Arg

Gln

Gly

Trp

val

80

Trp

Phe

Thr

Ala

Pro

160

Pro

val

Arg

Glu

Ile

240

Arg




Lys

Ala

305

His

Asn

val

Ala

val

385

Pro

Glin

Arg

Ala

Thr

Pro

290

val

Pro

Gly

Leu

Gly

Asp

Gln

Glu

Glu

Ala

450

val

Tyr

Gly

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

<400>
atgaaggccg ccatctacat cagagtgagc acccaggage

Ala

Cys

Arg

Thr

ASp

355

Ser

Leu

Arg

Glu

Thr

435

Lys

Arg

Glu

Met

7
1359

D

NA

val

Gly

Tyr

val

340

Leu

Asp

Thr

Glu

Leu

420

Gly

Asn

Gly

Gin

Ser
500

ser

Glu

Arg

325

Ala

Leu

Ser

Ser

Ala

405

Glu

Glin

Thr

Gly

His
485

Thr

Pro

310

Cys

Met

Gly

Ala

Leu

390

Leu

Gly

Arg

Trp

Leu

470

Leu

synthetic gene

7

Pro

295

Ala

Arg

Ala

Asp

val

375

Ile

Asp

Leu

Phe

Leu

455

Thr

Arg

sSer

Tyr

ser

Glu

Ala

360

Glu

Gly

Ala

Glu

Gly

Arg

Arg

Leu

Leu

Lys

Met

Trp

Glu

Leu

Ser

Arg

Ala

425

AsSp

Ser

Thr

Gly

Leu

Phe

ASp

Arg

Ala

Pro

Ile

410

Arg

Trp

Met

Ile

Ser
490

Leu

Ala

315

Phe

Ala

Leu

Glu

Ala

395

Ala

Pro

Trp

Ash

caggcccaga ccgagaagct caccgecectg tgcagaagcea

atcttcatcg acggcggcta cageggcage aacatgaaca

ctgagcaagc tgcacgagat cgatgccgtg gtggtgtaca

Page 9

Arg val Leu Phe Cys
300

Gly Gly Gly Arg Lys

Pro Lys His Cys Gly
335

Phe Cys Glu Glu G1In

Glu Lys val Trp val

va'l Asn Ala Glu Leu
380

Tyr Arg Ala Gly ser
400

Ala Leu Ala Ala Arg
415

Ser Gly Trp Glu Trp

Arg Glu Gin Asp Thr
445

val Arg Leu Thr Phe
460

Phe Gly Asp Leu GlIn
480

val Glu Arg Leu His
495

aggtggagaa ctacagcatc
aggactggga cgtgtacgac
gacccgecct gaacgagatg

ggctggacag gctgagcaga

60
120
180
240




agccagaggg
gtgagcctga
ctgagegtgt
atcaagagga
gacgtgatcg
tacgatatct
ggcttcaagg
ggctacgtga
gaggagcagt
aaccgggaca
ttegtgeaca
agctgeaaga
gcecgacaagce
aacgtggata
aagaagaagc
tccatgatga
gaggagctga
ttcgacagcec
tacatcgacg
<210>

<211>
<212> PRT

8
452

acaccatcac
gcgagaccect
tcgcccaget
tcgaggecyg
acaccaagct
tcgaggagga
tgcggaccta
gctacaagga
tctaccggyt
gcgccagect
ggagaaagga
cctacaagca
tggaggagtt
aggaggacga
gcctgttega
acgacatcga
agaagaacaa
tggagttcag

gggagcaggt

ccteatcgag
ggacaccagc
cgagagagag
cctgececte
gtacatcaac
gcagagcatc
caaccggtac
caaggtgcac
gcaggagatc
gctgaacaat
caccatgagc
cacccacgag
gatcatcaac
gctggacagc
cctgtacatt
cgceccagate
gaagatccag
ggagaagcag

gaccatcgag

gagtacttcc
agccectteg
accatccggy
accaccgceca,
gaggaggagg
accttectge
aacaactggc
gtgaagggga
ttcaccegea
ctggtggtgt
€ggggcaaga
ctggagaagt
cgggtgaaca
ctgaatgaga
aacggcagct
aactactacg
gagaacctgg
ctgtacctga
tggctgtag

tgaagaacaa
gcagagccat
acaggatggt
agggcagaac
ccaagcagct
agaagcggct
tcaccaacga
tccacgagec
tgggcaagaa
gcagcaagtg
agtaccacta
gcggcaacaa
actacagctt
agcttaagat
acgaggtgag
agagccagat
ccgacctgge

agtccctecat

<213> Putative
<400> 8

ﬁet Lys Ala Ala

ser Ile
20

Asn Tyr

ser Lys Asp Trp

35

Gly Ser Asnh Met

50

His Glu

65

Ile Asp

Ser Gln Arg Asp

recombinase

§1e Tyr Ile Arg

Gin Ala GIn Thr

Asp val Tyr Asp

40

Pro Ala

55

Asn Arg

val val val

70

Ala

Thr Ile Thr

85

Leu

val ser Thr Glin
10

Glu
25

Lys Leu Thr
Ile pPhe Ile Asp

Asn Glu Met
60

Leu

Tyr Arg Leu Asp
75

tle Glu Glu Tyr
90

page 10

of bacteriophage AllS8

Glu

Ala

Gly

45

Leu

Arg

Phe

Gln

Leu

30

Gly

Ser

Leu

Leu

cgtggagttc
gatcggecatc
gatgggcaag
cttecggetac
gcagctcatc
gaagaagctg
cctgtactge
catcatcage
ccccaacatg
cggcctggge
ccggtactac
gatctggadg
cgcecagecgg
cgagcacgcec
cgagctggac
cgaggccaac
caccgtggat

caataagatc

val
15

Cys Arg

TYr Ser

Lys Leu

ser Arg

80

Lys Asnh

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080

©1140

1200
1260
1320
1359




Asn

Phe

Arg

Glu

145

Asp

Leu

Leu

Arg

Tyr

225

Glu

Asn

val

Met

Tyr

305

Ala

Phe

Glu

val
Gly
Glu
130
Ala
val
Gln
Gln
Tyr
210
Lys
Glu
Pro
Cys
Ser
290
Lys
ASp

Ala

LyS

Glu

Gly

Ile

Leu

Lys

195

Asn

Asp

Gln

Asn

Ser

275

Arg

His

Lys

ser

Leu
355

Phe

100

Ala

Ile

Leu

ASp

Ile

val

Met

Arg

Pro

Thr

165

Tyr

180

Arg

Asn

Lys

Phe

Met

260

LYS

Gly

Thr

Leu

340

Lys

Leu

Trp

val

TYyr

245

Asn

Cys

LYyS

His

Glu

325

Asn

Ile

Ser

Ile

ASp

Leu

150

Lys

Asp

Lys

Leu

His

230

Arg

Arg

Gly

Lys

Glu

310

Glu

val

Glu

Leu

Gly

Leu

Ile

LYyS

Thr

215

val

val

Asp

Leu

Tyr

295

Ley

Leu

Asp

His

Ser

Ile

120

Met

Thr

Tyr

Phe

Leu

200

Asn

LysS

Gln

Ser

Gly

His

Glu

Ile

Lys

Ala
360

Glu

105

Leu

val

Ala

Ile

Glu

185

Gly

Asp

Gly

Glu

Ala

265

Phe

Tyr

Lys

Ile

Glu

345

Lys

Thr

ser

Met

Lys

Asn

170

Glu

Phe

teu

Ile

Ile

250

ser

val

Arg

cys

Asn

330

ASp

Leu

val

Gly

Glu

Lys

TYyr

His

235

Phe

Leu

His

TYr

Arg

Glu

Asp

Phe

Lys

Arg

Glu

Gin

val

cys

220

Glu

Thr

Leu

Arg

Tyr

360

ASn

val

Leu

Lys Lys Arg

page 11

Thr

Ala

125

Ile

Thr

Glu

ser

Arg

Gly

Pro

Arg

Asn

Arg

ser

Lys

Asn

ASp

Ley
365

Ser

110

GlIn

Lys

Phe

Ala

Ile

190

Thr

Tyr

Ile

Met

ASn

270

Lys

Cys

Ile

Ash

ser

350

Phe

Ser

Leu

Arg

Gly

Lys

Thr

Tyr

val

Ile

Gly

Leu

Asp

Lys

Trp

Tyr

Leu

Asp

Pro

Glu

Ile

TYr

160

Gln

Phe

Asn

Ser

ser

240

Lys

val

Thr

Thr

Arg

ser

Asn

Leu




Tyr

ASp

385

Glu

Ala

Leu

Ile

Ile

370

Ile

Glu

Thr

Lys

Glu

Asn

Asp

Leu

val

Ser

435

Trp

450

<210> 9
<211>
<212>
<213>

DNA
<400> 9

atgcggtaca
ggcgagceagce
aagtgggtgc
ccegectacy
tgggacctgg
gatgagaaaa
ggcagactgg
gccagacage
gcetteggct
gtgaagcagg
tggaatgacg
aagttcctgce
cccgtegaca
accttctggy
gtgcggagac
ggcagctaca
attctggeceg
ccecgacgeeg

agactcgagc

1410

Gly Ser

Ala Gln

Tyr

Ile

Glu val

375

Asn Tyr

390

Lys Lys

405

Asp Phe

420

Leu Ile

Leu

synthetic gene

ccacccecegt
tgggcgtgge
ccgtggagta
agcagatgct
ataggctgcea
gactggccct
tggccagact
ggagagccgce
acctgectgy
cctacgecga
ccggagectt
ggaagcccag
gagatgccat
ccgetcagge
acctgctcac
gaaccgatgg
acaacatcga
tggatctgcet

tggaaaccct

Asnh

ASp

ASh

Lys Lys

ser Leu

Lys
440

gagagccgee
cagacagaga
cctggacaac
ggccgacate
caggagaccc
ggccaccgtg
taagggcage
cagacagaag
ccccaacgge
catcctggec
caccatcacc
aaacgccgge
cgtgggcaag
cgtgctggac
cggectggec
gcaggtggty
gcccatecty
gaggagggag
gtacggcgag

Ser

TYr

Ile

Glu

425

ITe Ty

Glu Leu

Glu ser

395

Gln Glu

410

Phe Arg

r Ile Asp

gtgtacctga
gaggactgec
gatgtgagcg
accgccggea
atcgagctgg
gccggegacg
gtggeccgecce
gccgagagag
ccecgageecg
ggagccagec
ggcagaccct
ctgagagcct
gccecagtgga
gcecctggea
ggctgeggea
tacgtgtgca
taccacatcg
atccacgacg

ctggacagac

Asp ser

380

Gln Ile

Asn Leu
Glu Lys

Glu
445

Gly

gaatcagcga
tgaagctygtg
ccagcaccgyg
agatcgecegce
aggectteat
tggacctgyc
acgagaccga
gccaccecaa
accctagaac
tgggcgacgt
ggaccaccac
acaagggcege
gececeetggt
gagccccagyg
agtgceggcaa
aggcctgeca
tggccgagag
ccgeegagyce

tggcecgtgga

Page 12

Met

Glu

Ala

Gln

430

Gln

Met Asn

Ala Asn

400

Leu
415

Leu Tyr

val Thr

ggacagaagc
cggccagaga
caagaggaga
cgtggtggcc
gagcctggec
caccceccag
gcacaagaag
ctggagcaag
cgceectcty
gtgcagacag
caccctgage
cagatacggc
ggacgaggcc
cagaaagagc
ccacctggec
cggcgtggec
actggccatg
cgagaccatc

gagagccgag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140




ggcctgetca
aagctgcagyg
ggcacccctce
ctggatgtgc

cCcgageggy

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

<400>

10
469
PRT
Puta

10
Met Arg Tyr
1

Glu

Asp Arg

Cys Leu

AsSp Asn

50

Asp

Gln
65

Met Leu

Trp Asp Leu

Met Ser Leu

Asp val

Gly ser

130

Ala Ala

Phe Gly

Thr Ala Pro

Ser Leu Gly

cagccagaca ggtgaagatc agcaccgaca tcgtgaacgc

ccaggcagca ggaccaggag aggctgagag tgttcgacgg

aggtggccgg catgattgce gagctgagee ccgatagatt

tggccgaggt ggtggtgeag cccgtgggca agageggeag
tgcaggtgaa ctggagatag

tive

Thr

Ser

20

Leu

val

Ala

AsSp

Ala

100

Leu

Ala

Arg

Tyr

Leu

180

ASp

recombinase

Ehr Pro val

Gly Glu Gln

Cys Gly Gln

Ser Ala Ser

55

Ile Thr

70

ASp

Arg Leu His

85

Asp GTu Lys

Ala Thr Pro

Glu
135

Ala His

Gin Ala

Leu

Gly
165

val Lys GIn

val Cys Arg

of bacteriophage PhiRvl

Arg Ala Ala val Tyr Leu
10

Leu Gly val Ala Gln

Arg
25

val
45

Arg val

40

Lys Trp Pro

Thr Gly Lys Arg Arg Pro

60

Ile Ala Ala

75

Ala Gly Lys

Pro Ile Glu

90

Arg Arg Leu

Leu
105

Arg Ala Leu Ala Thr

Gin
120

Ala
125

Gly Arg Leu val

Thr Glu His Lys Lys Ala

140

His Pro

155

Glu Arg Gly Asn

Pro Asn Gly Pro Glu Pro

170

Ala Tyr Ala Ile

As
185 P

Leu

-

Gin
200

Trp Asn Asp Ala Gly

Page 13

Arg

Arg

30

Glu

Ala

val

Glu

val

110

Arg

Arg

Trp

Asp

Ala

190

Ala

caagatcacc
catcccectg
cagggctgtg
aatcttcaac

Ile
15

Ser
Glu Asp
Tyr Leu
Tyr Glu

Ala
80

val

Ala Phe

95

Ala Gly

Leu Lys
Gln Arg
Ser

Lys

Pro
175

Arg
Ala

Gly

pPhe Thr

1200
1260
1320
1380
1410




Ile

Lys

225

Pro

val

Gly

Leu

Thr

305

Ile

Arg

Asp

Gly

Ala

385

Lys

Gly

Ser

val

Glin
465

Thr

210

Pro

val

Asp

Arg

Ala

290

Asp

Leu

Leu

Ala

Glu

370

Arg

Leu

Ile

Pro

Gln

450

val

Gly
Arg
Asp
Glu
Ala
275
Gly
Gly
Ala
ATa
Ala
Leu
Gin

Glin

Pro

Asn

Arg

AsSn

Arg

Ala

260

Pro

Cys

Gln

Asp

Met

340

Glu

ASp

val

Ala

Leu

420

Arg

val

Trp

Pro

Ala

ASp

Thr

Gly

Gly

val

Asn

325

Pro

Ala

Arg

Lys

Gly

Phe

Gly

Arg

Trp

Gly

Ala

Phe

Arg

Lys

val

310

Ile

ASD

Glu

Leu

Ile

390

Gln

Thr

Arg

Lys

Thr

215

Leu

Ile

Trp

Lys

Tyr

Glu

Ala

Thr

Ala

375

Ser

Gln

Pro

Ala

Ser
455

Thr

Arg

val

Ala

Ser

280

val

Pro

val

Ile

360

val

Thr

ASp

Glin

val

440

Gly

Thr

Ala

Gly

Ala

265

val

Asn

cys

Ile

345

Arg

Glu

Asp

Gln

val

425

Leu

Arg

Thr

Tyr

Lys

250

Gln

Arg

His

Lys

Leu

330

Leu

Leu

Arg

Ile

Glu

410

Ala

ASp

Ile

Leu

Lys

235

Ala

Ala

Arg

Leu

Ala

315

Tyr

Leu

Glu

Ala

val

395

Arg

Gly

val

Phe

ser

220

Gly

Gln

val

His

Ala

300

cys

His

Arg

Leu

Glu

380

Asn

Leu

Met

Leu

AsSn
460
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Lys

Ala

Trp

Leu

Leu

285

Gly

His

Ile

Arg

Glu

365

Gly

Ala

Arg

Ile

Ala

445

Pro

Phe

Arg

ser

ASp

270

Leu

Ser

Gly

val

Glu

350

Thr

Leu

Lys

val

Ala

430

Glu

Glu

Leu

TYr

Pro

255

Ala

Thr

Tyr

val

Ala

Ile

Leu

Leu

Ile

Phe

415

Glu

val

Arg

Arg

Gly

Leu

Pro

Gly

Arg

Ala

320

Glu

TYr

Thr

Thr

400

Asp

Leu

val

val




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

<220>
<223>

<400>

11
99
DNA

11

Artificial

SPBC2 attP site

acggcagagt aagcttcttt ttttcgttag atatgtagta agtatcttaa tatacagett

tatctgtttt ttaagatact tactactttt cttagtgga

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

<220>
<223>

<400> 12
aagcttactt

12

DNA

cacaactaga
atttgtaacc
gtttcaggtt
tggtatggct
cctttacaaa
actctatgee
cttataaagg
tttgtggtgt
aaacttagca
ggagtagaat
caaaacaggt
gttggaatct
aattttatat
ccacagaagt
ggaacggdaa
gaaaagcatt
acaacaacga
ataacatgag
gcttctttag
acggtggcag

cagctccaag

<210> 13

1315

Artificial

STOP sequence

accatgtcag
atgcagtgaa
attataagct
cagggggagy
gattatgatc
ttaaaaagcet
tgtgtggagt
ttacagaata
aaatagcaaa
attctgaagg
gttgagagtc
tttccteatt
aaaatacaca
ttaccttaga
aaggttcctt
aaagttagtt
tcatattaty
gaatggttat
caactacaat
caacaaccgt
cagatctaac

aaacgaaaag

atccagacat
aaaaatgcectt
gcaataaaca
tgtgggaggt
tctagtcaag
aaaggtacac
aagaaaaaac
ttrttccata
gcaagcaaga
aaagtccttg
agcagtagec
aaaggcattc
aacaattaga
gctttaaatc
cacaaagatc
gtggtgatag
gctgaactga
gttcctectce
aacaacaacg
cgtggtggtt
ggccgttctg
gccgagatcg

gataagatac
tatttgtgaa
agttaacaac
tttttaaagc
gcactataca
aatttttgag
agtatgttat
attttctigt
gttctattac
gggtcttc{a
tcatcatcac
caccactget
atcagtagtt
tctgtaggta
cctcgagaaa
gtggcaagtg
gcgaacaagt
acttaagagg
gcggctacaa
acggcaacgg
gtggtagatg
ccatatttgg
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attgatgagt
atttgtgatg
aacaattgca
aagtaaaacc
tcaaatattc
catagttatt
gattataact
atagcagtgce
taaacacagce
cctttetett
tagatggcat
ccecatteatce
taacacatta
gtttgtccaa
aaaaatataa
gtattccgta
gcaaaattta
aaaaccaaga
cggtggeegt
tggtttcttc
gatcgatggc
tgtcceegag

ttggacaaac
ctattgcttt
ttcattttat
tctacaaatg
cttattaacc
aatagcagac
gttatgecta
agctttttec
atgactcaaa
ctrttttygga
ttcttctgag
agttccatag
tacacttaaa
ttatgtcaca
aagagatgga
agaacaacaa
agcatcaacy
agtgccagaa
ggcggtggca
ggtggaaaca
aaacatgtcc

gatcc

60
99

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1315




<211>
<212>
<213>

<220>
<223>

<400>

96
DNA_ L.
Artificial

SPBCZ attB site

13

tcagataaca gcttggtgge acccattgtg ttcacaggag atacagcttt atctgtactg

atattaatga catgctgcac tcggtgtgaa agggea

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

<220>
<223>

<400>

14

99

DNA
Artificial

SF370.1 attP site

14

acgaaaggag gtcgtgaaat ggataaaaaa atacagcgtt tttcatgtac aactatacta

gttgtagtgc ctaaataatg cttttaaaac ttaaaaata

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

<220>
<223>

<400>

15

96

DNA
Artificial

$F370.1 attB site

15

taaaagggat aataacgttt

ggtaaaaagg catcttatga

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

<220>
<223>

<400>

16

52

DNA
Artificial

Bxbl attP site
16

gtggtttgtc tggtcaacca

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

<220>
<223>

<400>

i7

46

DNA
Artificial

Bxbl attB site
17

ggccggettg tegacgacgg

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

18

99

DNA
Artificial

gtaaaggaga ctgataatgg catgtacaac tatactcgtc

tggctcaacce atggtt

ccgeggtete agtggtgtac ggtacaaacc ca

cggtctecegt cgtcaggatc atccgg
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60
96

60
99

60
96

52

46




<220>
<223>

<400>

All18 attP site
18

acgctagtag cttgtttatt tagattgttt agttcctcgt tttctctcgt tggaagaaga

agaaacgaga aactaaaatt atasataada agtaaccta

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

<220>
<223>

<400>

19

96

DNA
Artificial

All8 attB site
19

ttgagctaat taaaaccagc tgtaactttt tcggatcaag ctatgaagga cgcaaagagg

gaactaaaca cttaattggt gttacccata agccac

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

<220>
<223>

<400>

20

99

DNA
Artificial

phiRvl attP site
20

acgagacagc agcacgcaca ggtgtagtgt atctcacagg tccacggttg gccgtggact

gctgaagaac attccacgec aggagatcaa ccatgacca

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

<220>
<223>

<400>

21

96

DNA
Artificial

PhiRvl attB site
21

tggcgtagca gettotegty gtggtggaag gtgttggtyc ggggttggec gtggtcgagy
tggggtggtyg gtagccattc ggtgtggecg tgggtg
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60
99

60
96

60
99

60
96




