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Figure 3
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Figure 4b

123456 123456 123456

P1DNA digested hybridized witha hybridized with a
with EcoR | bla probe (Amp) Hoxa-3 probe

% S

Lane 1: 1 of P1-Hox clone in NS3145 original
bacterial strain (Kan resistance)

Lane 2-3: 2 of P1-Hox clones in JC9604 before
homologous recombination (Kan resistance)

Lane 4-6: 3 of P1-Hox clones in JC9604 after
homologous recombination (Amp resistance)
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Figure 5
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Figure 6
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Figure 7a
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Figure 7b

1 ATCGATGCATAATGTGCCTGTCAAATGGACGAAGCAGGGATTC

44 TGCAAACCCTATGCTACTCCGTCAAGCCGTCAATTGTCTGATT

87 CGTTACCAA TTA TGA CAA CIT GAC GGC TAC ATC
2934e e+ Ser Leu Lys Val Ala Val Asp

120 ATT CAC TTT TIC TIC ACA ACC GGC ACG GAA CTC
2854Asn Val Lys Glu Glu Cys Gly Ala Arg Phe Glu

153 GCT CGG GCT GGC CCC GGT cca TIT TIT AAA TAC
2744Ser Pro Ser Ala Gly Thr Cys Lys Lys Phe Val

186 CCG CGA GAA ATA GAG TTG ATC GIC AAA ACC AAC
2634Arg Ser Phe Tyr Leu Gin Asp Asp Phe Gly Val

219 ATT GCG ACC GAC GGT GGC GAT AGG CAT CCG GGT
2524Asn Arg Gly Vval Thr Ala lie Pro Met Arg Thr

252 GGT GCT Cax AAG CAG CIT CGC CIG GCT GAT ACG
2414 Thr Ser Leu Leu Leu Lys Ala GIn Ser tle Arg

285 TIG GIC CIC GCG CCA GCT TAA GAC GCT AAT CCC
2304GIn Asp Glu Arg Trp Ser Leu Val Ser lle Gly

318 TAA CTG CIGC GCG GaAA 2AAG ATG TGA CAG ACG CGA
2194Leu GIn Gln Arg Phe Leu His Ser Leu Arg Ser

351 COGG CGA CaA GCA AaAaC ATG CTG TGC GAC GCT GGC
2084Pro Ser Leu Cys Val His Gin Ala Val Ser Ala

EcoRV
384 GAT ATC AAA ATT GCT GIC TGC CAG GIG ATC GCT

197411e Asp Phe Asn Ser Asp Ala Leu His Asp Ser

417 GAT GTA CIG ACA AGC CTIC GCG TAC CCG ATT ATC
186411le Tyr Gin Cys Ala Glu Arg Val Arg Asn Asp
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Figure 7b {cont’d)

450 CAT CGG TGG ATG GAG CGA CTC GTT AAT CGC TIC
1754Met Pro Pro His Leu Ser Giu Asn Ille Ala Glu

483 CAT GCG CCG CAG TaA CAA TIG CTC AAG CAG ATT
1644Met Arg Arg Leu Leu Leu GIn Glu Leu Leu Asn

516 TAT CGC CAG CAG CTC CGA ATA GCG CCC TIC CCC
153411e Ala Leu Leu Glu Ser Tyr Arg Gly Glu Gly

543 TIG CCC GGC GTT AAT GAT TTG CCC AAA CAG GTC
1424GIn Giy Ala Asn lle lle Gln Gly Phe Leu Asp

582 GCT GAA ATG CGG CTG GTG CGC TIC ATC CGG GCG
1314Ser Phe His Pro Gln His Ala Glu Asp Pro Arg

615 AAA GAA CCC CGT ATT GGC AAA TAT TGA CGG CCA
1204Phe Phe Gly Thr Asn Ala Phe lle Ser Pro Trp

648 GTT AAG CCA TIC ATG CCA GTA GGC GCG CGG ACG
1094Asn Leu Trp Glu His Trp Tyr Ala Arg Pro Arg

681 AAA GTA AAC CCA CIG GIG ATA CCA TIC GCG AGC
984Phe Tyr Val Trp Gin His Tyr Trp Glu Arg Ala

714 CTC CGG ATG ACG ACC GTA GIG ATG AAT CTC TCC
874Glu Pro His Arg Gly Tyr His His Ile Glu Gly

747 TGG CGG GAA CAG CAA AAT ATC ACC CGG TCG GCaA
764Pro Pro Phe Leu Leu lle Asp Gly Pro Arg Cys

780 AAC AAA TIC TCG TCC CTIG ATT TIT CAC CAC CCC
654VvVal Phe Glu Arg Gly Gln Asn Lys Val Val Gly

813 CTIG ACC GCG AAT GGT GAG ATT GAG AAT ATA ACC
544GIn Gly Arg lle Thr Leu Asn Leu lle Tyr Gly

846 TIT CAT TCC CAG CGG TCG GTC GAT AAA AAA ATC
434Lys Met Gly Leu Pro Arg Asp |le Phe Phe Asp
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Figure 7b {cont’d)
879 GAG ATA ACC GTT GGC CTC AAT
324Leu Tyr Gly Asn Ala Glu lle

912 CGC CAC CAG ATG GGC ATT AaAa
214Ala Val Leu His Ala Asn Phe

845 CAG CAG GGG ATC ATT TIG CGC
104 Leu Leu Pro Asp Asn GIn Ala

CGG CGT TAA ACC
Pro Thr Leu Gly

CGa GTA TCC CGG
Ser Tyr Gly Pro

TTC AGC CAT
Glu Ala Met

975
1015
1055
1095
1135
1175

1215
1255

1295

1332 ATC GTA GAA GAC

SsPile Val
1365 GGA ATT TCG AAT

16»Gly lie Ser Asn
1398 GGT ATC AGT AAG

ACTTTTCATA
CCATATTGCA
GGCTCTTCTC
AAGCATTCTG
ACGCGTRAACA
ACATTGATTA

AGCATTTTTA

TTTTTATCGC
Nhel
TTTGGGCTAG

Glu Asp

CTCCCGCCAT
TCAGACATTG
GCTAACCAAA
TAACAAAGCG
AAAGTGTCTA
TTTGCACGGC

TCCATAAGAT

AACTCTCTAC
EcoR!
CAGGAGGAAT

TCAGAGAAGA
CCGTCACTGC
CCGGTAACCC
GGACCAAAGC
TAATCACGGC

GTCACACTTT
BamHl
TAGCGGATCC

TGTTICTCCA
Ncol

AACCAATTGT
GTCTTTTACT
CGCTTATTAA
CATGACAAAA
AGAAAAGTCC
GCTATGCCAT

TACCTGACGC
TACCCGTTTT

TCACC ATG GAT CCC GTA

1PMet Asp
ATA GAG CCA GGT aATT

lle Glu Pro Gly
GAG AAT TAC CAC GCG

Glu Asn Tyr His Ala
TCT CAG CTC GAT GAC

Val
TAC

Pro
TAT

Tyr
cCcC

Ile Tyr

GGT

Pro
GCT

Gly
ATT
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Figure 7b {cont’d)
27PGly lle Ser Lys Ser GIn Leu Asp Asp lle Ala

1431 GAT ACT CCG GCA CTA TAT TIG TGG CGT AAA AAT

38PAsp Thr Pro Ala Leu Tyr Leu Trp Arg Lys Asn
1464 GCC CCC GTG GAC ACC ACA AAG ACA AAA ACG CIC

49P»Ala Pro Val Asp Thr Thr Lys Thr Lys Thr Leu

1497 GAT TTA GGA ACT GCT TIC CAC TGC CGG GTA CTT

60PAsp Leu Gly Thr Ala Phe His Cys Arg Val Leu
EcoRl

1530 GAA CCG GARA GAA TIC AGT AAC CGC TIT ATC GTA

71®» Glu Pro Glu Glu Phe Ser Asn Arg Phe {le Val
1563 GCA CCT GAA TTIT AAC CGC CGT ACA AAC GCC G&A

g2PAla Pro Glu Phe Asn Arg Arg Thr Asn Ala Gly
1596 AAA GAA GAA GAG AAA GCG TIT CIG ATG GAA TGC

93P Lys Glu Glu Glu Lys Ala Phe Leu Met Glu Cys
1629 GCA AGC ACA GGA AAA ACG GIT ATC ACT GCG GAA

104»Ala Ser Thr Gly Lys Thr Val Ile Thr Ala Glu
1662 GAA GGC CGG AAA ATT GAA CTC ATG TAT CAA AGC

115P Glu Gly Arg Lys lle | Leu Met Tyr GIn Ser
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Figure 7b {cont'd)
1695 GIT ATG GCT TIG CCG CIG GGG CAA TGG CTT GTT

126* Val Met Ala Leu Pro Leu Gly Gin Trp Leu Val
1728 GAA AGC GCC GGA CAC GCT GAA TCA TCA ATT TAC

137P» Glu Ser Ala Gly His Ala Glu Ser Ser lle Tyr
1761 TGG GARA GAT CCT GAA ACA GGA ATT TIG TGT CGG

148» Trp Glu Asp Pro Glu Thr Gly Ile Leu Cys Arg
1794 TGC CGT CCG GAC AAA ATT ATC CCT GAA TTT CAC

159» Cys Arg Pro Asp Lys lle lle Pro Glu Phe His
1827 TGG ATC ATG GAC GTG AAA ACT ACG GCG GAT ATT

170»Trp lle Met Asp Val Lys Thr Thr Ala Asp lle
1860 CaA CGA TTIC AAA ACC GCT TAT TAC GAC TAC CGC

181» Gin Arg Phe Lys Thr Ala Tyr Tyr Asp Tyr Arg
1893 TAT CAC GIT CAG GAT GCA TIC TAC AGT GAC GGT

192P Tyr His Val GIn Asp Ala Phe Tyr Ser Asp Gly
1926 TAT GAA GCA CAG TIT GGA GTG CAG CCAa ACT TIC

203 Tyr Glu Ata Gln Phe Gly Val Gin Pro Thr Phe
1959 GTT TTIT CTG GIT GCC AGC ACA ACT ATT GAA TGC

214» Val Phe Leu Val Ala Ser Thr Thr Ile Glu Cys
1992 GGA CGT TAT CCG GTIT GAA ATT TIC ATG ATG GGC
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Figure 7b (cont‘d)

225PGly Arg Tyr Pro Val Glu Ile Phe Met Met Gly
2025 GAA GAA GCA AAA CTG GCA GGT CAA CAG GAA TAT

236»Glu Glu Ala Lys Leu Ala Gly Gln GIn Glu Tyr
2058 CAC CGC AAT CIG CGA ACC CTG TCT GAC TGC CTG

247»His Arg Asn Leu Arg Thr Leu Ser Asp Cys Leu
Bali
2091 AAT ACC GAT GAA TGG CCA GCT ATT AAG ACA TTA

258»Asn Thr Asp Glu Trp Pro Ala lle Lys Thr Leu
2124 TCA CIG CCC CGC TGG GCT AAG GAA TAT GCAA

269P Ser Leu Pro Arg Trp Ala Lys Glu Tyr AlaA

2155 ATG ACT AAG CAA CCA CCA ATC GCA ADA GCC GAT
1PMet Thr Lys GIn Pro Pro Ile Ala Lys Ala Asp
279P s nAs pe e e

2188 CTG CAA AARA ACT CAG GGA AAC CGT GCA CCA GCA
12PLeu GIn Lys Thr Gin Gly Asn Arg Ala Pro Ala

2221 GCA GTT AAA AAT AGC GAC GIG ATT AGT TIT ATT
23PAla Val Lys Asn Ser Asp Val lle Ser Phe lle

2254 AAC CAG CCA TCA ATG AAA GAG CaA CTG GCA GCaAa

34»Asn Gln Pro Ser Met Lys Giu GIn Leu Ala Ala
Ndel

2287 GCT CTT CCA CGC CAT ATG ACG GCT GAA CGT ATG

45»Ala Leu Pro Arg His Met Thr Ala Glu Arg Met
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Figure 7b (cont'd)

2320 ATC CGT ATC GCC ACC ACA GAA ATT CGT AAA GT7T
56Pile Arg tle Ala Thr Thr Glu Ile Arg Lys Val

2353 CCG GCG TTA GGA AAC TGT GAC ACT ATG AGT TIT
67» Pro Ala Leu Gly Asn Cys Asp Thr Met Ser Phe

2386 GTIC AGT GCG ATC GTA CAG TGT TCA CAG CTC GGA
78» Val Ser Ala Ile Val GIn Cys Ser Gin Leu Gly

2419 CTT GAG CCA GGT AGC GCC CTC GGT CAT GCA TAT
89PLeu Glu Pro Gly Ser Ala Leu Gly His Ala Tyr

2452 TTA CTG CCT TTT GGT AAT AAA AAC GAA AAG AGC
100 Leu Leu Pro Phe Gly Asn Lys Asn Glu Lys Ser

2485 GGT AaA AAG AAC GIT CAG CTA ATC ATT GGC TAT
111» Gly Lys Lys Asn Val Gin Leu Ile lle Gly Tyr

2518 CGC GGC ATG ATT GAT CTG GCT CGC CGT TCT GGT
122PArg Gly Met lle Asp Leu Ala Arg Arg Ser Gly

2551 CAA ATC GCC AGC CIG TCA GCC CGT GIT GTC CGET
133PGln lle Ala Ser Leu Ser Ala Arg Val Val Arg

2584 GAA GGT GAC GAG TTT AGC TIC GAA TTIT GGC CTIT
144P Glu Gly Asp Glu Phe Ser Phe Glu Phe Gly Leu

2617 GAT GAA AAG TTA ATA CAC CGC CCG GGA GAA AAC
155PAsp Glu Lys Leu lle His Arg Pro Gly Glu Asn

2650 GRA GAT GCC CCG GIT ACC CAC GTIC TAT GCT GTC
166P Glu Asp Ala Pro Val Thr His Val Tyr Ala Vval

2683 GCA AGA CTG AAA GAC GGA GGT ACT CaAG TIT GAA
177PAla Arg Leu Lys Asp Gly Gly Thr GlIn Phe Glu

2716 GTT ATG ACG CGC AAA CAG ATT GAG CIG GIG CGC
188» Val Met Thr Ara Lvs GIn Ile Glu Leu Val Arg
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Figure 7b (cont'd)

2749 AGC CIG
1990 Ser Leu

2782 GTA ACT
210P val Thr

2815 GCT ATT
221PAla lle

2848 TCA ATT
232P Ser lle

AGT
Ser

CAC
His
CcGT
Arg

GAG
Glu

AARD
Lys
TGG
Trp

CGC
Arg

ATC
lle

GGT AAT
Gly Asn

GAA ATG
Glu Met

TTC AAA
Phe Lys

CGT GCa
Arg Ala

AAC
Asn

GCa
Ala

TAT
Tyr

GTA
Val

GGG
Gly

AAG
Lys

TIG
Leu Pro Val

TCA ATG GAT
Ser Met Asp
Pstl

CCT GCA GAT
Pro Ala Asp

TAC AGT GTA ATC
Tyr Ser Val lle

CCG
Pro

AAA
Lys

ccC

TGG
Trp

ACG
Thr

GTA

Al a

Glu

CTG
Leu

Gln

cca
Pro

TTA
Leu

ACA
Thr lIle

GGG GAA
Gly Glu

GAT
Asp

GaA
Glu

GTA
Val

2881 GAA AAG ATC

243» Glu Lys

2914 TCC TCT
254P Ser Ser

Leu

ACC
Thr

2947

265PAsp Asn

2975
3015
3055
3095
3135
3175
3215
3255
3295
3335

GAT AAT TCA

Ser
GGCTGTITTG
AGATTAAATC
TTTGCCTGGC
ATGCCGAACT
GTGTGGGGTC
ATCARAATAAA
TCGTTTTATC
AGGACAAATC
AACGGCCCGG
TGCCAGGCAT

Bgl!!
TAG ATCTAAGCTT

GAG GAA
Glu Glu

GCGGATGAGA
AGAACGCAGA
GGCAGTAGCG
CAGAAGTGAA
TCCCCATGCG
ACGAAAGGCT
TGTTGTTTGT
CGCCGGGAGC
AGGGTGGCGG
CAAATTAAGC

Hindlll

GAAGATTTTC
AGCGGTCTGA
CGGTGGTCCC
ACGCCGTAGC
AGAGTAGGGA
CAGTCGAAAG
CGGTGAACGC
GGATTTGAAC
GCAGGACGCC
AGAAGGCCAT

AGCCTGATAC
TAAAACAGAA
ACCTGACCCC
GCCGATGGTA
ACTGCCAGGC
ACTGGGCCTT
TCTCCTGAGT
GTTGCGAAGC
CGCCATAAAC
CCTGACGGAT
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Figure 7b {cont’d)
3375 GGCCTTTTIG CGTTTCTACA AACTCTTTTG TTTATTTTIC

3415 TAAATACATT CAAATATGTA TCCGCTCATG AGACAATAAC

3455 CCTGATAAAT GCTTCAATAA TATTGAAAAA GGAAGAGT AT
1»Me

3495 G AGT ATT CAA CAT TIC CGT GIC GCC CTT ATT
1Pt Ser Jle GIln His Phe Arg Val Ala Leu lle

3526 CCC TTT TIT GCG GCA TTT TGC CTT CCT GIT TIT
12P Pro Phe Phe Ala Ala Phe Cys Leu Pro Val Phe

3559 GCT CAC CCA GAA ACG CIG GIG AAA GTA AAA GAT
23PAla His Pro Glu Thr Leu Val Lys Val Lys Asp

3592 GCT GAA GAT CAG TIG GGT GCA CGA GIG GGT TAC
34PAla Glu Asp GIin Leu Gly Ala Arg Val Gly Tyr

3625 ATC GAA CIG GAT CTC AAC AGC GGT AAG ATC CIT
45P ile Glu Leu Asp Leu Asn Ser Gly Lys lle Leu

3658 GAG AGT TTT CGC CCC GAA GAA CGT TIT CCA ATG
56» Giu Ser Phe Arg Pro Glu Glu Arg Phe Pro Met

3691 ATG AGC ACT TTT AAA GTIT CIG CTA TGT GGC GCG
67PMet Ser Thr Phe Lys Val Leu Leu Cys Gly Ala

3724 GTA TTA TCC CGT GIT GAC GCC GGG CAA GAG CAA
78» Val Leu Ser Arg Val Asp Ala Gly Gin Glu GIn

3757 CTIC GGT CGC CGC ATA CAC TAT TCT CAG AAT GAC
g9PLeu Gly Arg Arg Ile His Tyr Ser Gln Asn Asp

Scal
3790 TIG GTT GAG TAC TCA CCA GTC ACA GAA AAG CAT

100P® Leu Val Glu Tyr Ser Pro Val Thr Glu Lys His

3823 COTT ACG GAT GGC ATG ACA GTA AGA GAA TTA TGC
111» Leu Thr Asp Giy Met Thr Val Arg Glu Leu Cys
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Figure 7b {cont’d)
3856 AGT GCT GCC ATA ACC ATG AGT GAT AAC ACT GCG
122» Ser Ala Ala lle Thr Met Ser Asp Asn Thr Ala

3889 GCC AAC TTA CTT CTG ACA ACG ATC GGA GGA CCG
133PAla Asn Leu Leu Leu Thr Thr Ile Gly Gly Pro

3922 AAG GAG CTA ACC GCT TTIT TTIG CAC AAC ATG GGG
144Ptys Glu Leu Thr Ala Phe Leu His Asn Met Gly

3955 GAT CAT GTA ACT CGC CTIT GAT CGT TGG GAA CCG
155 Asp His Val Thr Arg Leu Asp Arg Trp Glu Pro

3988 GAG CIG 2AAT GAA GCC ATA CCA AAC GAC GAG CGT
166» Glu Leu Asn Glu Ala lle Pro Asn Asp Glu Arg

4021 GAC ACC ACG ATG CCT GTA GCA ATG GCA ACA ACG
177»Asp Thr Thr Met Pro Val Ala Met Ala Thr Thr

4054 TTG CGC AAA CTA TTA ACT GGC GAA CTA CIT ACT
188P Leu Arg Lys Leu Leu Thr Gly Glu Leu Leu Thr

4087 CTA GCT TCC CGG CAA CAA TTA ATA GAC TGG ATG
199P Leu Ala Ser Arg Gin GIn Leu Ile Asp Trp Met

4120 GAG GCG GAT AAA GTT GCA GGA CCA CTT CIG CGC
210P Glu Ala Asp Lys Val Ala Gly Pro Leu Leu Arg

4153 TCG GCC CTT CCG GCT GGC TGG TTT ATT GCT GAT
221» Ser Ala Leu Pro Ala Gly Trp Phe Ile Ala Asp

4186 AAA TCT GGA GCC GGT GAG CGT GGG TCT CGC GGT
2320 Lys Ser Gly Ala Gly Glu Arg Gly Ser Arg Gly

4219 ATC ATT GCA GCA CTG GGG CCA GAT GGT AAG CCC
243P 1le Ile Ala Ala Leu Gly Pro Asp Gly Lys Pro

4252 TCC CGT ATC GTA GTT ATC TAC ACG ACG GGG AGT
254» Ser Arg Ile Val Val lle Tyr Thr Thr Gly Ser
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4285 CAG GCA ACT ATG GAT GAA CGA AAT AGA CAG ATC
265PGIn Ala Thr Met Asp Glu Arg Asn Arg Gin Ile

4318 GCT GAG ATA GGT GCC TCA CIG ATT AAG CAT TGG

276»Ala Glu
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le Lys His Trp

4351 TAA CTGTCAGACC AAGTTTACTC ATATATACTT
287P e e

4384

4424
4464
4504
4544
4584
4624
4664
4704
4744
4784
4824
4864
4904
4944
4984
5024

TAGATTGATT
GCGGGTGTGG
CCAGCGCCCT
CTTTCTCGCC
AATCGGGGGC
GGCACCTCGA
ACGTAGTGGG
TTGACGTTGG
TCCAAACTTG
TTTIGATTTA
TTAAAAAATG
TTAACAAAAT
TGAAGATCCT
ACGTGAGTTT
AAGATCAAAG
TAATCTGCTG
GGTGGTTTGT

TACGCGCCCT
TGGTTACGCG
AGCGCCCGCT
ACGTTCGCCG
TCCCTTTAGG
CCCCAAARDD
CCATCGCCCT
AGTCCACGTT
AACAACACTC
TAAGGGATTT
AGCTGATTTA
ATTAACGTTT
TTTTGATAAT

TCGTTCCACT

GATCTTCTIG
CTTGCAAACA
TTGCCGGATC

GTAGCGGCGC
CAGCGTGACC
CCTTTCGCTT
GCTTTCCCCG
GTTCCGATTT
CTTGATTTIGG
GATAGACGGT
CTTTAATAGT
AACCCTATCT
TGCCGATTTC
ACAAAAATTT
ACAATTTAAA
CTCATGACCA
GAGCGTCAGA
AGATCCTTTIT
AAAAAACCAC
AAGAGCTACC

ATTAAGCGCG
GCTACACTTG
TCTTCCCTTC
TCAAGCTCTA
AGTGCTTTAC
GTGATGGTTC
TTTTCGCCCT
GGACTCTTGT
CGGGCTATTC
GGCCTATTGG
AACGCGAATT
AGGATCTAGG
AAATCCCTTA
CCCCGTAGAA
TTTCTGCGCG
CGCTACCAGC
AACTCTTTTT
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5064
5104
5144
5184
5224
5264
5304
5344
5384
5424
5464
5504
5544
5584
5624
5664
5704
5744
5784
5824
5864
5904
5944

CCGAAGGTAA
CTGTCCTTCT
GAACTCTGTA
CTGTTACCAG
TTACCGGGTT
GCAGCGGTCG
AGCTTGGAGC
AGCGTGAGCT
AAAGGCGGAC
GGAGAGCGCA
ATCTTTATAG
GCGTCGATTT
TGGAAAAACG
CCTTTTGCTG
ATCCCCTGAT
TGAGCTGATA
GCGAGTCAGT
GTATTTTCTC

ATAGGGTCAT

TGACGCGCCC
TACAGACAAG
AGAGGTTTTC
AGGAGATGGC
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GCCCAACAGT
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ATACCAAATA
ACCACTTCAA
TCTGCTAATC
AAGTCGTGTC
CGGATAAGGC
CACACAGCCC
AGATACCTAC
CCGAAGGGAG
GGTCGGAACA
AACGCCTGGT
TCTGACTTGA
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GCCTGATGCG
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CAACACCCGC
GGCATCCGCT
TGCATGTGTC
CGAGGCAGCA
CGGGGCCTGC
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Figure 7b (cont’d)

5984 CACCATACCC ACGCCGAAAC AAGCGCTCAT GAGCCCGAAG
6024 TGGCGAGCCC GATCTTCCCC ATCGGTGATG TCGGCGATAT
6064 AGGCGCCAGC AACCGCACCT GTGGCGCCGG TGATGCCGGC
6104 CACGATGCGT CCGGCGTAGA GGATCTGCTC ATGTITTGACA
6144 GCTTATC
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Figure 9a
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Figure 10a
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Figure 10
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Figure 11a
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Figure 13 a
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Figure 13b
1 ATCGATGCATAATGTGCCTGTCAAATGGACGAAGCAGGG

40 ATTCTGCAAACCCTATGCTACTCCGTCAAGCCGTCAATT

79 GTCTGATTCGTTACCAA TTA TGA CAA CTT GAC
2934 e Ser Leu Lys Val

111 GGC TAC ATC ATT CAC TTT TTC TIC ACA ACC
2884Ala Val Asp Asn Val Lys Glu Glu Cys Gly

141 GGC ACG GAA CTC GCT CGG GCT GGC CCC GGT
2784Ala Arg Phe Glu Ser Pro Ser Ala Gly Thr

171 GCA TTIT TTT AAA TAC CCG CGA GAA ATA GAG
2684Cys Lys Lys Phe Val Arg Ser Phe Tyr Leu

201 TIG ATC GTC AAA ACC AAC ATT GCG ACC GAC
2584 GIn Asp Asp Phe Gly Val Asn Arg Gly Val

231 GGT GGC GAT AGG CAT CCG GGT GGET GCT Caa
2484Thr Ala lle Pro Met Arg Thr Thr Ser Leu

261 AAG CAG CTIT CGC CIG GCT GAT ACG TTIG GTIC
2384Leu Leu Lys Ala Gin Ser lle Arg GIn Asp

291 CTC GCG CCA GCT TAA GAC GCT AAT CCC TaA
2284 Glu Arg Trp Ser Leu Val Ser lle Gly Leu

321 CIG CIG GCG GAA AAG ATG TGA CAG ACG CaA
2184GIin GIn Arg Phe Leu His Ser Leu Arg Ser

351 CGG CGA CaAa GCA AAC ATG CTG TGC GAC GCIT
2084Pro Ser Leu Cys Val His Gln Ala Val Ser

381 GGC GAT ATC AAA ATT GCT GIC TGC CAG GIC
1984Ala lle Asp Phe Asn Ser Asp Ala Leu His

411 ATC GCT GAT GTA CTG ACA AGC CTC GCG TAC



U.S. Patent Jun. 15, 2010 Sheet 37 of 65 US 7,736,851 B2

Figure 13b {cont’d)

1884Asp Ser lle Tyr GIn Cys Ala Glu Arg Val

441 CCG ATT ATC CAT CGG TGG ATG GAG CGA CIC
1784Arg Asn Asp Met Pro Pro His Leu Ser Glu

471 GTT AAT CGC TIC CAT GCG CCG CAG TAA CAA
1684Asn Ile Ala Glu Met Arg Arg Leu Leu Leu

501 TTIG CTC AAG CAG ATT TAT CGC CAG CAG CTC
1584GIn Glu Leu Leu Asn lle Ala Leu Leu Glu

531 CGA ATA GCG CCC TTIC CCC TIG CCC GGC GTT
1484Ser Tyr Arg Gly Glu Gly GIn Gly Ala Asn

561 AAT GAT TITG CCC AAA CAG GTC GCT GAA ATG
138411le lle Gln Gly Phe Leu Asp Ser Phe His

591 CGG CTG GIG CGC TTC ATC CGG GCG AAA GAA
1284Pro Gin His Ala Glu Asp Pro Arg Phe Phe

621 CCC CGT ATT GGC AAA TAT TGA CGG CCA GTIT
1184Gly Thr Asn Ala Phe Ile Ser Pro Trp Asn

651 AAG CCA TTC ATG CCA GTA GGC GCG CGG ACG
1084Leu Trp Glu His Trp Tyr Ala Arg Pro Arg

681 AAA GTA AAC CCA CTG GTG ATA CCA TTIC GCG
984Phe Tyr Val Trp GIn His Tyr Trp Glu Arg

711 AGC CTC CGG ATG ACG ACC GTA GIG ATG AAT.
884Ala Glu Pro His Arg Gly Tyr His His lie

741 CTC TCC TGG CGG GAA CAG CAA AAT ATC ACC
784Glu Giy Pro Pro Phe Leu Leu Ile Asp Gly

771 CGG TCG GCA AAC AAA TTC TCG TCC CTIG ATT
684Pro Arg Cys Val Phe Glu Arg Gly Gln Asn
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Figure 13b {cont’d)
801 TTT CAC CAC CCC CTG ACC GCG AAT CGCGT GAG

584Lys Val Val Gly Gin Gly Arg Ile Thr Leu

831 ATT GAG AAT ATA ACC TIT CAT TCC CAC CCG
484Asn Leu lle Tyr Gly Lys Met Gly Leu Pro

861

TCG GTC GAT AAA AAA ATC GAG ATA ACC GTT

384Arg Asp lle Phe Phe Asp Leu Tyr Gly Asn

891

GGC CTC AAT CGG CGT TAA ACC CGC CAC CAG

284Ala Glu lle Pro Thr Leu Gly Ala Val Leu

921 ATG GGC ATT AAA CGA GTA TCC CGG CAG CAC
184His Ala Asn Phe Ser Tyr Gly Pro Leu Leu

951

GGG ATC ATT TIG CGC TIC AGC CAT ACTTTIC

84Pro Asp Asn GIn Ala Glu Ala Met
982 ATACTCCCGCCATTCAGAGAAGAAACCAATTGTCCATAT

1021

1060

1095

1138

1177

1216

TGCATCAGACATTGCCGTCACTGCGTCTTTTACTGGCTC

TTCTCGCTAACCAAACCGGTAACCCCGCTTATTAAAAGC

ATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACG

CGTAACAAAAGTGTCTATAATCACGGCAGAAAAGTCCAC

ATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATA

BamH!

GCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGC
-
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Figure 13b {cont’d)
1255 TTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTT

Nhel EcoRl Ncol BamHi
1294 TTTTGGGCTAGCAGGAGGAAT TCACC A0G GaT ccc
1»Met Asp Pro

1329 GTA ATC GTA GAA GAC ATA GAG CCA GGT ATT
4P»Vval lle Val Glu Asp Ile Glu Pro Gly lle

1359 TAT TAC GGA ATT TCG AAT GAG AAT TAC CAC
14 Tyr Tyr Gly lle Ser Asn Glu Asn Tyr His

1389 GCG GGT CCC GGT ATC AGT AAG TCT CcaG CTC
24PAla Gly Pro Gly Ile Ser Lys Ser Gin Leu

1419 GAT GAC ATT GCT GAT ACT CCG GCA CTA TAT
34PAsp Asp tle Ala Asp Thr Pro Ala Leu Tyr

1449 TTC TGG CGT AAA AAT GCC CCC GTG GAC ACC
44» Leu Trp Arg Lys Asn Ala Pro Val Asp Thr

1479 ACA AAG ACA AAA ACG CIC GAT TTA GGA ACT
S4P Thr Lys Thr Lys Thr Leu Asp Leu Gly Thr

1509 GCT TTC CAC TGC CGG GTA CTT GAA CCG GAA

64PAla Phe His Cys Arg Val Leu Glu Pro Glu
EcoRl

1539 GAA TTC AGT AAC CGC TIT ATC GTA GCA CCT

74P Glu Phe Ser Asn Arg Phe lle Val Ala Pro

1569 GAA TTT AAC CGC CGT ACA AAC GCC GGA AARA
84» Glu Phe Asn Arg Arg Thr Asn Ala Gly Lys

1599 GAA GAA GAG AAA GCG TTIT CIG ATG GAA TGC
94» Glu Glu Glu Lys Ala Phe Leu Met Glu Cys

1629 GCA AGC ACA GGA AAA ACG GTT ATC ACT GCG
104»Ala Ser Thr Gly Lys Thr Val 1le Thr Ala
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Figure 13b (cont’d)
1659 GAA GAA GGC CGG AaA ATT GAA CIC ATG TAT
114P Glu Glu Gly Arg Lys Ile Glu Leu Met Tyr

1689 CAA AGC GTT ATG GCT TIG CCG CTIG GGG CAA
124» Gin Ser Val Met Ala Leu Pro Leu Gly Gin

1719 TGG CTIT GTT GAA AGC GCC GGA CAC GCT GAA
134» Trp Leu Val Glu Ser Ala Gly His Ala Glu

1749 TCA TCA ATT TAC TGG GAA GAT CCT GAA ACA
144%» Ser Ser Ile Tyr Trp Glu Asp Pro Glu Thr

1779 GGA ATT TIG TGT CGG TGC CGT CCG GAC AAA
154P Gly tle Leu Cys Arg Cys Arg Pro Asp Lys

18089 ATT ATC CCT GAA TTT CAC TGG ATC ATG GAC
164P 1le Ile Pro Glu Phe His Trp |le Met Asp

1839 GTG AAA ACT ACG GCG GAT ATT CAA CGA TIC
174PVal Lys Thr Thr Ala Asp lle GIn Arg Phe

1869 AAA ACC GCT TAT TAC GAC TAC CGC TAT CAC
184» Lys Thr Ala Tyr Tyr Asp Tyr Arg Tyr His

1899 GTIT CAG GAT GCA TIC TAC AGT GAC GGT TAT
194» Val GIn Asp Ala Phe Tyr Ser Asp Gly Tyr

1929 GAA GCA CAG TTT GGA GIG CAG CCA ACT TIC
204» Glu Ala GIn Phe Gly Val Gin Pro Thr Phe

1959 CGTT TTT CIG GIT GCC AGC ACA ACT ATT GAA
214» Val Phe Leu Val Ala Ser Thr Thr lle Glu

1989 TGC GGA CGT TAT CCG GTT GAA ATT TIC ATG
224PCys Gly Arg Tyr Pro Val Glu Ile Phe Met

2019 ATG CGCC GAA GAA GCA AAA CIG GCA GGT CAA
234PMet Gly Glu Glu Ala Lys Leu Ala Gly GIn
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Figure 13b (cont’'d)
2049 CAG GAA TAT CAC CGC AAT CIG CGA ACC CTG
244»GIn Glu Tyr His Arg Asn Leu Arg Thr Leu

2079 TCT GAC TGC CTG AAT ACC GAT GAA TGG CCA
254» Ser Asp Cys Leu Asn Thr Asp Glu Trp Pro

2108 GCT ATT AAG ACA TTA TCA CTG CCC CGC TCG
264PAla lle Lys Thr Leu Ser Leu Pro Arg Trp

Xhol Kpnl
2139 GCT AAG GAA TAT GCA AAT GAC TAGATCTCGAG

274PAla Lys Glu Tyr Ala Asn Asp
2171 GTACCCGAGCACGTGTTGACAATTAATCATCGGCATAGT

2210 ATATCGGCATAGTATAATACGACAAGGTGAGGAACTAAA

Ncol
2249 CC ATG GCT AAG CAA CCA CCA ATC GCA AAA

1PMet Ala Lys Gln Pro Pro Ile Ala Lys

2278 GCC GAT CTG CAA AAA ACT CAG GGA AAC CGT
10PAla Asp Leu GIn Lys Thr Gln Gly Asn Arg

2308 GCA CCA GCA GCA GTT AAA AAT AGC GAC GIG
20PAla Pro Ala Ala Val Lys Asn Ser Asp Val

2338 ATT AGT TIT ATT AAC CAG CCA TCA ATG AAA
30PIle Ser Phe lle Asn Gln Pro Ser Met Lys

2368 GAG CAA CTG GCA GCA GCT CTT CCA CGC CAT
40P Glu GIn Leu Ala Ala Ala Leu Pro Arg His

2398 ATG ACG GCT GAA CGT ATG ATC CGT ATC GCC
S0PMet Thr Ala Glu Arg Met Ile Arg lle Ala

2428 ACC ACA GAA ATT CGT AAA GTT CCG GCG TTA
60P Thr Thr Glu Ile Arg Lys Val Pro Ala Leu
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Figure 13b (cont’'d)

2458 GGA AAC TGT GAC ACT ATG AGT TTT GTC AGT
70» Gly Asn Cys Asp Thr Met Ser Phe Val Ser

2488 GCG ATC GTA CAG TGT TCA CAG CTC GGA CIT
80PAla Ile Val GIn Cys Ser Gln Leu Gly Leu

2518 GAG CCA GGT AGC GCC CIC GGT CAT GCa TAT
90P Glu Pro Gly Ser Ala Leu Gly His Ala Tyr

2548 TTA CTIG CCT TTT GGT AAT 222 AAC GAA AAG
100P Leu Leu Pro Phe Gly Asn Lys Asn Glu Lys

2578 AGC GGT AAA AAG AAC GTT CAG CTA ATC ATT
110» Ser Gly Lys Lys Asn Val Gin Leu [le Ile

2608 GGC TAT CGC GGC ATG ATT GAT CTG GCT CGC
120» Gly Tyr Arg Gly Met Ile Asp Leu Ala Arg

2638 CGT TCT GGT CaA ATC GCC AGC CIG TCA GCC
130PArg Ser Gly GIn lle Ala Ser Leu Ser Ala

2668 CGT GIT GIC CGT GRA GGT GAC GAG TIT AGC
140»Arg Val Val Arg Glu Gly Asp Glu Phe Ser

2698 TTC GAA TTT GGC CTT GAT GAA AAG TTA ATA
150» Phe Glu Phe Gly Leu Asp Glu Lys Leu lle

2728 CAC CGC CCG GGA GAA AAC GAA GAT GCC CCG
160P His Arg Pro Gly Glu Asn Glu Asp Ala Pro

2758 GIT ACC CAC GTC TAT GCT GIC GCA AGA CIG
170» Vval Thr His Val Tyr Ala Val Ala Arg Leu

2788 AaA GAC GGA GGT ACT CAG TTT GAA GTT ATG
180PLys Asp Gly Gly Thr Gin Phe Glu Val Met

2818 ACG CGC AAA CAG ATT GAG CIG GTIG CGC AGC
190P Thr Arg Lys Gin Ile Glu Leu Val Arg Ser
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Figure 13b {cont’d)
2848 CTG AGT AAA GCT GGT AAT AAC GGG CCG TGG

200P Leu Ser Lys Ala Gly Asn Asn Gly Pro Trp

2878 GTA ACT CAC TGG GAA GAA ATG GCA AAG AAA
210PVval Thr His Trp Glu Glu Met Ala Lys Lys

2908 ACG GCT ATT CGT CGC CIG TIC AAA TAT TIG
220P Thr Ala lle Arg Arg Leu Phe Lys Tyr Leu

2938 CCC GTA TCA ATT GAG ATC CAG CGT GCA GTIA
230P» Pro Val Ser lle Glu lle GIn Arg Ala Val

2968 TCA ATG GAT GAA AAG GAA CCA CIG ACA ATC
240P Ser Met Asp Glu Lys Glu Pro Leu Thr lle

2998 GAT CCT GCA GAT TCC TCT GTA TTA ACC GGG
250PAsp Pro Ala Asp Ser Ser Val Leu Thr Gly

3028 GAA TAC AGT GTA ATC GAT AAT TCA GAG GAA
260P Glu Tyr Ser Val |le Asp Asn Ser Glu Glu

Bglll Hindlll
3058 TAG ATCTAAGCTTCCTGCTGAACATCAAAGGCAAGAAA

270b e
3096 ACATCTGTTGTCAAAGACAGCATCCTTGAACAAGGACAA

3135 TTAACAGTTAACAAATAAAAACGCAAAAGAAAATGCCGA

3174 TATCCTATTGGCATTTTCTTTTATTTCTTATCAACATAA

Xhol
3213 AGGTGAATCCCATACCTCGAGCTTCACGCTGCCGCAAGC

3252 ACTCAGGGCGCAAGGGCTGCTAAAAGGAAGCGGAACACG
3291 TAGAAAGCCAGTCCGCAGAAACGGTGCTGACCCCGGATG
3330 AATGTCAGCTACTGGGCTATCTGGACAAGGGAAAACGCA
3369 AGCGCAAAGAGAAAGCAGGTAGCTTGCAGTGGGCTTACA
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Figure 13b {cont’d)

3897 CGT GCG TIT GAT GAC GAT GIT GAG TIT CAG
104PArg Ala Phe Asp Asp Asp Val Glu Phe Gin

3927 GAG CGC ATG GCA GAA CAC ATC CGG TAC ATG
114»Glu Arg Met Ala Glu His lle Arg Tyr Met

3957 GIT GAA ACC ATT GCT CAC CAC CAG GTT GAT
124PVal Glu Thr Ile Ala His His Gln Val Asp

Hindlll
3987 ATT GAT TCA GAG GTA TAA AACGAGTAGA AGCT

134P1le Asp Ser Glu Val ees
4019 TGGCTGTTTTGGCGGATGAGAGAAGATITTCAGCCTGAT
4058 ACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACA
4097 GAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCACCTGA
4136 CCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGA
4175 TGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTG
4214 CCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACT
4253 GGGCCTTTCGTTTTATCTGTTGTTTIGTCGGTGAACGCTC
4292 TCCTGAGTAGGACAAATCCGCCGGGAGCGGATTTGAACG
4331 TTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGLCC
4370 CGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCA
4409 TCCTGACGGATGGCCTITTTGCGTTTCTACARAACTCTTIT
4448 TGTTTATTTITCTAAATACATTCAAATATGTATCCGCTC
4487 ATGAGACAATAACCCTGATAAATGCTTCAATAATATTIGA

4526 AAAAGGAAGAGT ATG AGT ATT CAA CAT TIC
1PMet Ser I|le Gln His Phe
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Figure 13b (cont’'d)

4556 CGT GTC GCC CTIT ATT CCC TTT TIT GCG GCA
7»Arg Val Ala Leu lle Pro Phe Phe Ala Ala

4586 TIT TGC CTT CCT GTT TTT GCT CAC CCA GAA
17» Phe Cys Leu Pro Val Phe Ala His Pro Glu

4616 ACG CIG GIG AAA GTA AAA GAT GCT GAA GAT
27" Thr Leu Val Lys Val Lys Asp Ala Glu Asp

4646 CAG TIG GGT GCA CGA GIG GGT TAC ATC GAA
370 GIn Leu Gly Ala Arg Val Gly Tyr lle Glu

4676 CIG GAT CTC AAC AGC GGT AAG ATC CTIT GAG
47» Leu Asp Leu Asn Ser Gly Lys lle Leu Glu

4706 AGT TIT CGC CCC GAA GAA CGT TTT CCA ATG
57» Ser Phe Arg Pro Glu Glu Arg Phe Pro Met

4736 ATG AGC ACT TIT AAA GIT CIG CTA TGT GGC
67PMet Ser Thr Phe Lys Val Leu Leu Cys Gly

4766 GCG GTA TTA TCC CGT GTT GAC GCC GGG Caa
77»Ala Val Leu Ser Arg Val Asp Ala Gly GIn

4796 GAG CaA CTC GGT CGC CGC ATA CAC TAT TCT

87PGlu GIn Leu Gly Arg Arg lle His Tyr Ser
Scal

4826 CAG AAT GAC TIG GTIT GAG TAC TCA CCA GIC

97» GIn Asn Asp Leu Val Glu Tyr Ser Pro Val

4856 ACA GAA AAG CAT CTT ACG GAT GGC ATG ACA
107» Thr Glu Lys His Leu Thr Asp Gly Met Thr

4886 GTA AGA GAA TTA TGC AGT GCT GCC ATA ACC
117»Val Arg Glu Leu Cys Ser Ala Ala Ile Thr

4916 ATG AGT GAT AAC ACT GCG GCC AAC TTA CIT
127PMet Ser Asp Asn Thr Ala Ala Asn Leu Leu
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Figure 13b (cont'd)

4946 CTG ACA ACG ATC GGA GGA CCG AAG GAG CTa
137PLeu Thr Thr lle Gly Gly Pro Lys Glu Leu

4976 ACC GCT TIT TIG CAC AAC ATG GGG GAT CAT
147» Thr Ala Phe Leu His Asn Met Gly Asp His

5006 GTA ACT CGC CIT GAT CGT TGG GAA CCG GAG
157P val Thr Arg Leu Asp Arg Trp Glu Pro Glu

5036 CIG AAT GAA GCC ATA CCA AAC GAC GAG CGT
167P Leu Asn Glu Ala lle Pro Asn Asp Glu Arg

5066 GAC ACC ACG ATG CCT GTA GCA ATG GCA ACA
177»Asp Thr Thr Met Pro Val Ala Met Ala Thr

5086 ACG TIG CGC AAA CTA TTA ACT GGC GAA CTA
187» Thr Leu Arg Lys Leu Leu Thr Gly Glu Leu

5126 CIT ACT CTA GCT TCC CGG CaA Caa TTA ATA
197»Leu Thr Leu Ala Ser Arg GIn GIn Leu lle

5156 GAC TGG ATG GAG GCG GAT AAA GTIT GCA GGA
207PAsp Trp Met Glu Ala Asp Lys Val Ala Gly

5186 CCA CTT CTIG CGC TCG GCC CTT CCG GCT GGC
217PPro Leu Leu Arg Ser Ala Leu Pro Ala Gly

5216 TGG TIT ATT GCT GAT AAA TCT GGA GCC GGT
227P Trp Phe |le Ala Asp Lys Ser Gly Ala Gly

5246 GAG CGT GGG TCT CGC GGT ATC ATT GCA GCA
237P Glu Arg Gly Ser Arg Gly lle lle Ala Ala

5276 CTG GGG CCA GAT GGT AAG CCC TCC CGT ATC
247P Leu Gly Pro Asp Gly Lys Pro Ser Arg lle

5306 GTA GTT ATC TAC ACG ACG GGG AGT CAG GCA
257P»Vval Val lle Tyr Thr Thr Gly Ser GIn Ala
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Figure 13b (cont’'d)
5336 ACT ATG GAT GAA CGA AAT AGA CAG ATC GCT
267» Thr Met Asp Glu Arg Asn Arg Gin lle Ala

5366 GAG ATA GGT GCC TCA CTIG ATT AAG CAT TGG
277" Glu Ile Gly Ala Ser Leu lle Lys His Trp

5396 TAA CTGTCAGACCAAGTTTACTCATATATACTTTAGAT
287h e e

5434 TCATTTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGG
5473 GTGCTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCA
5512 GCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCT
5551 TTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAA
5590 ATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTAC
5629 GGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTT
5668 CACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCC
5707 CTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCT
5746 TGTTCCAAACTTGAACAACACTCAACCCTATCTCGGGCT
5785 ATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCT
5824 ATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACG
5863 CGAATTTTAACAAAATATTAACGTTTACAATTTAAAAGG
5902 ATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAA
5941 ATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGAC
5980 CCCGTAGARAAGATCAAAGGATCTTCTTGAGATCCTTTT
6019 PTTCTGCGCGTAATCTGCTGCTTGCAAACAAAARAACCA
6058 CCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTA
6097 CCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGLG
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Figure 13b (cont'd)
6136 CAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTA

6175 GGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATAC
6214 CTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGT
6253 GGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGA
6292 TAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGG
6331 GGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTAC
6370 ACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGC
6409 GCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCG
6448 GTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAG
6487 CTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTC
6526 GGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGA
6565 TGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGC
6604 AACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCT
6643 TTTGCTCACATGTTCTITCCTGCGTTATCCCCTGATICT
6682 GTGGATAACCGTATTACCGCCTITGAGTGAGCTGATACC
6721 GCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTG
6760 AGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTC
6799 CTTACGCATCTGTGCGGTATTTCACACCGCATAGGGTCA
6838 TGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGC
6877 CCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGAC
6916 AAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGT
6955 TTTCACCGTCATCACCGAAACGCGCGAGGCAGCAAGGAG
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Figure 13b {cont'd)

6994 ATGGCGCCCAACAGTCCCCCGGCCACGGGGCCTGCCACC
7033 ATACCCACGCCGAAACAAGCGCTCATGAGCCCGAAGTGG
7072 CGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATATAG
7111 GCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCC
7150 ACGATGCGTCCGGC GTAGAGGATCTGCTCA‘IGTITGACA

7188 GCTTATC
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Figure 14b (cont’d)

801 TTT CAC CAC CCC CTG ACC GCG AAT GGT GAG
584Lys Val Val Gly Gin Gly Arg lle Thr Leu

831 ATT GAG AAT ATA ACC TTT CAT TCC CAG CGG
484Asn Leu lle Tyr Gly Lys Met Gly Leu Pro

861 TCG GTC GAT AAA AAA ATC GAG ATA ACC GIT
384Arg Asp lle Phe Phe Asp Leu Tyr Gly Asn

891 GGC CTC AAT CGG CGT TAA ACC CGC CAC CAG
284A1a Glu lle Pro Thr Leu Gly Ala Val Leu

921 ATG GGC ATT 2AA CGA GTA TCC CGG CAG CAG
184His Ala Asn Phe Ser Tyr Gly Pro Leu Leu

951 GGG ATC ATT TIG CGC TTC AGC CAT ACTTIIC
84Pro Asp Asn GIin Ala Glu Ala Met

982 ATACTCCCGCCATTCAGAGAAGAAACCAATTGTCCATAT
1021 TGCATCAGACATTGCCGTCACTGCGTCTTTTACTGGCTC
1060 TTCTCGCTAACCAAACCGGTAACCCCGCTTATTAAAAGC
1099 ATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACG
1138 CGTAACAAAAGTGTCTATAATCACGGCAGAAAAGTCCAC

1177 ATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATA

BamH!
1216 GCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGC

1255 TITTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTT

Nhel EcoRi
1294 TTTTGGGCTAGCAGGAGGAATTCACC ATG ACA CCG
1PMet Thr Pro

Pstl
1329 GAC ATT ATC CTG CAG CGT ACC GGG ATC GAT
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Figure 14b {(cont’d)
4PAsp lle lle Leu GIn Arg Thr Gly Ile Asp

1359 GIG AGA GCT GTC GAA CAG GGG GAT GAT GCG
14» Val Arg Ala Val Glu Gin Gly Asp Asp Ala

1389 TGG CAC AAA TTA CGG CTC GGC GTIC ATC ACC
24» Trp His Lys Leu Arg Leu Gly Val Ile Thr

1419 GCT TCA GAA GTT CAC AAC GTG ATA GCA AAA
34PAla Ser Glu Val His Asn Val lle Ala Lys

1449 CCC CGC TCC GGA AAG AAG TGG CCT GAC ATG
44P» Pro Arg Ser Gly Lys Lys Trp Pro Asp Met

1479 AAA ATG TCC TAC TTC CAC ACC CIG CTT GCT
54PLys Met Ser Tyr Phe His Thr Leu Leu Ala

1509 GAG GTT TGC ACC GGT GIG GCT CCG GAA GTT
64P» Glu Val Cys Thr Gly Val Ala Pro Glu Val

1539 AAC GCT AAA GCA CTG GCC TGG GGA AAA CAG
74P Asn Ala Lys Ala Leu Ala Trp Gly Lys GIn
EcoRl

1569 TAC GAG AAC GAC GCC AGA ACC CTG TIT GAA
84» Tyr Glu Asn Asp Ala Arg Thr Leu Phe Glu

1599 TIC ACT TCC GGC GTG AAT GTT ACT GaA TCC
94» Phe Thr Ser Gly Val Asn Val Thr Glu Ser

1629 CCG ATC ATC TAT CGC GAC GAA AGT ATG CGT
104»Pro lie Ile Tyr Arg Asp Glu Ser Met Arg

1659 ACC GCC TGC TCT CCC GAT GGT TTA TGC AGT
114» Thr Ala Cys Ser Pro Asp Gly Leu Cys Ser

1689 GAC GGC AAC GGC CTT GAA CTG AAA TGC CCG
124PAsp Gly Asn Gly Leu Glu Leu Lys Cys Pro
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Figure 14b (cont’'d)

1719 TTT ACC TCC CGG GAT TIC ATG AAG TIC CGG
134» Phe Thr Ser Arg Asp Phe Met Lys Phe Arg

1749 CTC GGT GGT TIC GAG GCC ATA AAG TCA GCT
144PLeu Gly Gly Phe Glu Ala lle Lys Ser Ala

1778 TAC ATG GCC CAG GTG CAG TAC AGC ATG TGG
154» Tyr Met Ala GIn Val Gin Tyr Ser Met Trp

1809 GTG ACG CGA AaAx AAT GCC TGG TAC TTT GCC
164» Val Thr Arg Lys Asn Ala Trp Tyr Phe Ala

1839 AAC TAT GAC CCG CGT ATG AAG CGT GAA GCC
174PAsn Tyr Asp Pro Arg Met Lys Arg Glu Gly

1869 CTIG CAT TAT GIC GTG ATT GAG CGG GAT Gaa
184P Leu His Tyr Val Val lle Glu Arg Asp Glu

1899 AAG TAC ATG GCG AGT TIT GAC GAG ATC GTIG
194P» Lys Tyr Met Ala Ser Phe Asp Glu lle Val

1928 CCG GAG TIC ATC GAA AAA ATG GAC GAG GCA
204»Pro Glu Phe lle Glu Lys Met Asp Glu Ala

1959 CTG GCT GAA ATT GGT TTT GTA TIT GGG GAG

214» Leu Ala Giu lle Gly Phe Val Phe Gly Glu
Kpn}

1989 CaA TGG CGA TAGATCCGGTACCCGAGCACGTGTTIGA

224» GIn Trp Arg e

2025 CAATTAATCATCGGCATAGTATATCGGCATAGTATAATA

2064 CGACAAGGTGAGGAACTAAACC ATG AGT ACT GCa
1»Met Ser Thr Ala

2098 CTC GCA ACG CIG GCT GGG AAG CTG GCT GAA
5P Leu Ala Thr Leu Ala Gly Lys Leu Ala Glu
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Figure 14b {cont’d)
Sall

2128 CGT GTC GGC ATG GAT TCT GIC GAC CCAa CAG
15PArg Val Gly Met Asp Ser Val Asp Pro GIn

2158 GAA CTG ATC ACC ACT CTT CGC CAG ACG GCA
25P Glu Leu lle Thr Thr Leu Arg GIn Thr Ala

2188 TTIT AAA GGT GAT GCC AGC GAT GCG CAG TIC
35P Phe Lys Gly Asp Ala Ser Asp Ala GlIn Phe

2218 ATC GCA TTA CTIG ATC GTIT GCC AAC CAG TAC
45P | le Ala Leu Leu Ile Val Ala Asn GIn Tyr

2248 GGC CTT AAT CCG TGG ACG AAA GAA ATT TAC
55P Gly Leu Asn Pro Trp Thr Lys Glu lle Tyr

2278 GCC TTT CCT GAT AAG CAG AAT GGC ATC GTIT
65PAla Phe Pro Asp Lys GIn Asn Gly lle Val

2308 CCG GIG GTIG GGC GTT GAT GGC TGG TCC CGC
75P Pro Val Val Gly Val Asp Gly Trp Ser Arg

2338 ATC ATC AAT GAA AAC CAG CAG TIT GAT GGC
85P 1le Ile Asn Glu Asn Gln Gin PhHe Asp Gly

2368 ATG GAC TTIT GAG CAG GAC AAT GAA TCC TGT
95PMet Asp Phe Glu GIn Asp Asn Glu Ser Cys

2398 ACA TGC CGG ATT TAC CGC AAG GAC CGT AAT
105» Thr Cys Arg lle Tyr Arg Lys Asp Arg Asn

2428 CAT CCG ATC TGC GTIT ACC GaA TGG ATG GAT
115PHis Pro lle Cys Val Thr Giu Trp Met Asp

2458 GAA TGC CGC CGC GAA CCA TTC AAA ACT CGC
125P Glu Cys Arg Arg Glu Pro Phe Lys Thr Arg

2488 GAA GGC AGA GAA ATC ACG GGG CCG TGG CAG
135P Glu Gly Arg Glu Ile Thr Gly Pro Trp GIn
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Figure 14b (cont’'d)

2518 TCG CAT CCC AAA CGG ATG TTA CGT CAT AAA
145P Ser His Pro Lys Arg Met Leu Arg His Lys

2548 GCC ATG ATT CAG TGT GCC CGT CTG GCC TIC
155PAla Met tle GIn Cys Ala Arg Leu Ala Phe

2578 GGA TTIT GCT GGT ATC TAT GAC AAG GAT GAA
165» Gly Phe Ala Gly Ile Tyr Asp Lys Asp Glu

2608 GCC GAG CGC ATT GTC GAA AAT ACT GCA TAC
175PAla Glu Arg lle Val Glu Asn Thr Ala Tyr

Psti ‘
2638 ACT GCA GAA CGT CAG CCG GAA CGC GAC ATC

185P Thr Ala Glu Arg Gln Pro Glu Arg Asp |le

2668 ACT CCG GTIT AAC GAT GAA ACC ATG CAG GAG
195 Thr Pro Val Asn Asp Glu Thr Met Glin Glu

2698 ATT AAC ACT CTG CTG ATC GCC CTG GAT AAA
205P 11e Asn Thr Leu Leu lle Ala Leu Asp Lys.

2728 ACA TGG GAT GAC GAC TTA TIG CCG CTC TGT
215» Thr Trp Asp Asp Asp Leu Leu Pro Leu Cys

2758 TCC CAG ATA TTT CGC CGC GAC ATT CGT GCA
225PSer Gin |le Phe Arg Arg Asp lle Arg Ala

2788 TCG TC2A GAA CTIG ACA CAG GCC GAA GCA GTA
235» Ser Ser Glu Leu Thr Gin Ala Glu Ala Val

2818 AAA GCT CTT GGA TIC CTG AAA CAG AAA GCC
245P Lys Ala Leu Gly Phe Leu Lys GIn Lys Ala
Bglll Xhol
2848 GCA GAG CAG AAG GTG GCA GCA TAGATCTCGAG
255PAla Glu Gln Lys Val Ala Ala -+
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Figure 14b (cont’d)
Hindlll
2880 AAGCTTCCTGCTGAACATCAAAGGCAAGAAAACATCTGT

2919 TGTCAAAGACAGCATCCTTGAACAAGGACAATTAACAGT
2958 TAACAAATAAAAACGCAAAAGAAAATGCCGATATCCTAT

2997 TGGCATTTTCTTITATTTCTTATCAACATAAAGGTGAAT

Xhol
3036 CCCATACCTCGAGCTTCACGCTGCCGCAAGCACTCAGGG

3075 CGCAAGGGCTGCTAAAAGGAAGCGGAACACGTAGAAAGC
3114 CAGTCCGCAGAAACGGTGCTGACCCCGGATGAATGTCAG
3153 CTACTGGGCTATCTGGACAAGGGAAAACGCAAGCGCAAA
3192 GAGAAAGCAGGTAGCTTGCAGTGGGCTTACATGGCGATA

3231 GCTAGACTGGGCGGTTTTATGGACAGCAAGCGAACCGGA

Pvull _
3270 ATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCC

3309 CTGCAAAGTAAACTGGATGGCTTTCTTGCCGCCAAGGAT
Bglll
3348 CTGATGGCGCAGGGGATCAAGATCTGATCAAGAGACAGG

3387 ATGAGGATCGTTTCGC ATG GAT ATT AAT ACT
1»Met Asp lie Asn Thr

3418 GAA ACT GAG ATC AAG CAA AAG CAT TCA CTA
6» Glu Thr Glu lle Lys GIin Lys His Ser Leu

3448 ACC CCC TIT CCT GTIT TIC CTA ATC AGC CCG
16® Thr Pro Phe Pro Val Phe Leu lle Ser Pro

3478 GCA TIT CGC GGG CGA TAT TTT CAC AGC TAT
26»Ala Phe Arg Gly Arg Tyr Phe His Ser Tyr

3508 TTC AGG AGT TCA GCC ATG AAC GCT TAT TAC
36» Phe Arg Ser Ser Ala Met Asn Ala Tyr Tyr
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Figure 14b (cont'd)

3538 ATT CAG GAT CGT CTT GAG GCT CAG AGC TGG
46» 1le GIn Asp Arg Leu Glu Ala GIn Ser Trp

3568 GCG CGT CAC TAC CAG CAG CIC GCC CGT GAA
56»Ala Arg His Tyr Gln Gln Leu Ala Arg Glu

3598 GAG AAA GAG GCA GAA CTG GCA GAC GAC ATG
66» Glu Lys Glu Ala Glu Leu Ala Asp Asp Met

3628 GAA AAA GGC CIG CCC CAG CaC CTG TIT GAA
76» Glu Lys Gly Leu Pro Gln His Leu Phe Glu

3658 TCG CTA TGC ATC GAT CAT TIG CAA CGC CAC
86» Ser Leu Cys lle Asp His Leu Gln Arg His

3688 GGG GCC AGC AAA AAA TCC ATT ACC CGT GCG
96» Gly Ala Ser Lys Lys Ser lle Thr Arg Ala

3718 TITT GAT GAC GAT GTT GAG TTT CAG GAG CGC
106» Phe Asp Asp Asp Val Glu Phe Gln Glu Arg

3748 ATG GCA GAA CAC ATC CGG TAC ATG GTIT GAA
116»Met Ala Glu His lle Arg Tyr Met Val Glu

3778 ACC ATT GCT CAC CAC CAG GIT GAT ATT GAT

126" Thr 1le Ala His His Gin Val Asp lle Asp
Hindlll

3808 TCA GAG GTA TAA AACGAGTAGA AGC TG GCT

136» Ser Glu Val ==

3839 GTT TIC GCG GAT GAG AGA AGA TTT TCA GCC
3869 TGA TACAGATTAAATCAGAACGCAGAAGCGGTCTGATA
3907 AAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCA
3946 CCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGC
3985 GCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGG
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4024 AACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGAA
4063 AGACTGGGCCTTTCCTTTTATCTGTTGTTTGTCGGTGAA
4102 CGCTCTCCTGAGTAGGACAAATCCGCCGGGAGCGGATTT
4141 GAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGG
4180 ACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAA
4219 GGCCATCCTGACGGATGGCCTTTTTGCGTTTCTACAAAC
4258 TCTTTTGTTTATTTTTCTAAATACATTCAAATATGTATC
4297 CGCTCATGAGACAATAACCCTGATAAATGCTTCAATAAT
4336 ATTGAAAAAGGAAGAGT ATG AGT ATT CAA CAT

4368 TTC CGT
6P Phe Arg

4398 GCA TIT
16»Ala Phe

4428 GAA ACG
26P Glu Thr

4458 GAT CAG
36PAsp GIn

4488 GAA CTG
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Figure 14b {cont’d)

4968 ATA GAC TGG ATG GAG GCG GAT AAA GTT GCAa
206P Ile Asp Trp Met Glu Ala Asp Lys Val Ala

4998 GGA CCA CIT CIG CGC TCG GCC CIT CCG GCT
216» Gly Pro Leu Leu Arg Ser Ala Leu Pro Ala

5028 GGC TGG TIT ATT GCT GAT AAA TCT GGA GCC
226PGly Trp Phe lle Ala Asp Lys Ser Giy Ala

5058 GGT GAG CGT GGG TCT CGC GGT ATC ATT GCA
236PGly Glu Arg Gly Ser Arg Gly Ile lle Ala

5088 GCA CTG GGG CCA GAT GGT AAG CCC TCC CGT
246PAla Leu Gly Pro Asp Gly Lys Pro Ser Arg

5118 ATC GTA GTT ATC TAC ACG ACG GGG AGT CAG
256» 1le Val Val lle Tyr Thr Thr Gly Ser GIn

5148 GCA ACT ATG GAT GAA CGA AAT AGA CAG ATC
266PAla Thr Met Asp Glu Arg Asn Arg GIn lle

5178 GCT GAG ATA GGT GCC TCA CTG ATT AAG CAT
276PAla Glu ile Gly Ala Ser Leu lle Lys His

5208 TGG TAA CTGTCAGACCAAGTTTACTCATATATACTIT
286» Trp oo

5245 AGATTGATTTACGCGCCCTGTAGCGGCGCATTAAGCGCG
5284 GCGGGTCTGGTGGTTACGCGCAGCGTGACCGCTACACTT
5323 GCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCT
5362 TCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCT
5401 CTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCT
5440 TTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGAT
5479 GGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTT
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Figure 14b (cont'd)

5518 CGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGA
5557 CTCTTGTTCCAAACTTGAACAACACTCAACCCTATCTCG
5596 GGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCG
5635 GCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTT
5674 AACGCGAATTTTAACAAAATATTAACGTTTACAATTTAA
5713 AAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGAC
5752 CAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTC
5791 AGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCC
5830 TTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAA
5869 ACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGA
5908 GCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAG
5947 AGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTA
5986 GTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTAC
6025 ATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGC
6064 CAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAG
6103 ACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAAC
6142 GCGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGAC
6181 CTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGA
6220 AAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTA
6259 TCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAG
6298 GGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCC
6337 TGTCGGETTTCGCCACCTCTGACTTGAGCGTCGATTTTT
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Figure 14b (cont’d)

6376 GTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGC
6415 CAGCAACGCGGCCTTTTITACGGTTCCTGGCCTTTTGCTG
6454 GCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGA
6493 TTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGA
6532 TACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTC
6571 AGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTIT
6610 TCTCCTTACGCATCTGTGCGGTATTTCACACCGCATAGG
6649 GTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGAC
6688 GCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTAC
6727 AGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAG
6766 AGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCAA
6805 GGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGCCTGC
6844 CACCATACCCACGCCGAAACAAGCGCTCATGAGCCCGAA
6883 GTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGAT
6922 ATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCC
6961 GGCCACGATGCGTCCGGCGTAGAGGATCTGCTCATGTTT
7000 GACAGCTTATC
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DNA CLONING METHOD

This application is a divisional of U.S. Ser. No. 10/231,013,
filed Aug. 30, 2002, and issued as U.S. Pat. No. 6,787,316 on
Sep. 7,2004, which is a divisional application of U.S. Ser. No.
09/555,510, filed Jun. 5, 2000 and issued as U.S. Pat. No.
6,509,156 on Jan. 21, 2003, which is a 371 of PCT/EP98/
07945 filed Dec. 7, 1998, which claims priority of EP 98 118
756.0 filed Oct. 5, 1998 and EP 97 121 462.2 filed Dec. 5,
1997. The disclosure of the prior application(s) is hereby
incorporated by reference herein in their entirety.

DESCRIPTION

The invention refers to a novel method for cloning DNA
molecules using a homologous recombination mechanism
between at least two DNA molecules. Further, novel reagent
kits suitable for DNA cloning are provided.

Current methods for cloning foreign DNA in bacterial cells
usually comprise the steps of providing a suitable bacterial
vector, cleaving said vector with a restriction enzyme and in
vitro-inserting a foreign DNA fragment in said vector. The
resulting recombinant vectors are then used to transform bac-
teria. Although such cloning methods have been used suc-
cessfully for about 20 years they suffer from several draw-
backs. These drawbacks are, in particular, that the in vitro
steps required for inserting foreign DNA in a vector are often
very complicated and time-consuming, if no suitable restric-
tion sites are available on the foreign DNA or the vector.

Furthermore, current methods usually rely on the presence
of' suitable restriction enzyme cleavage sites in the vector into
which the foreign DNA fragment is placed. This imposes two
limitations on the final cloning product. First, the foreign
DNA fragment can usually only be inserted into the vector at
the position of such a restriction site or sites. Thus, the cloning
product is limited by the disposition of suitable restriction
sites and cloning into regions of the vector where there is no
suitable restriction site, is difficult and often imprecise. Sec-
ond, since restriction sites are typically 4 to 8 base pairs in
length, they occur a multiple number of times as the size of the
DNA molecules being used increases. This represents a prac-
tical limitation to the size of the DNA molecules that can be
manipulated by most current cloning techniques. In particu-
lar, the larger sizes of DNA cloned into vectors such as
cosmids, BACs, PACs and P1 s are such that it is usually
impractical to manipulate them directly by restriction enzyme
based techniques. Therefore, there is a need for providing a
new cloning method, from which the drawbacks of the prior
art have at least partly been eliminated.

According to the present invention it was found that an
efficient homologous recombination mechanism between
two DNA molecules occurs at usable frequencies in a bacte-
rial host cell which is capable of expressing the products of
the recE and recT genes or functionally related genes such as
the reda and redf genes, or the phage P22 recombination
system (Kolodner et al., Mol. Microbiol. 11(1994) 23-30;
Fenton, A. C. and Poteete, A. R., Virology 134 (1984)148-
160; Poteete, A. R. and Fenton, A. C., Virology 134 (1984)
161-167). This novel method of cloning DNA fragments is
termed “ET cloning”.

The identification and characterization of the . coli RecE
and RecT proteins is described Gillen et al. (J. Bacteriol. 145
(1981), 521-532) and Hall et al. (J. Bacteriol. 175 (1993),
277-287). Hall and Kolodner (Proc. Natl. Acad. Sci. USA 91
(1994),3205-3209) disclose in vitro homologous pairing and
strand exchange of linear double-stranded DNA and homolo-
gous circular single-stranded DNA promoted by the RecT
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protein. Any references to the use of this method for the
cloning of DNA molecules in cells cannot be found therein.

The recET pathway of genetic recombination in E. coli is
known (Hall and Kolodner (1994), supra; Gillen et al. (1981),
supra). This pathway requires the expression of two genes,
recE and recT. The DNA sequence of these genes has been
published (Hall et al., supra). The RecE protein is similar to
bacteriophage proteins, such as A exo orA Reda (Gillen etal.,
J. Mol. Biol. 113 (1977), 27-41; Little, J. Biol. Chem. 242
(1967), 679-686; Radding and Carter, J. Biol. Chem. 246
(1971), 2513-2518; Joseph and Kolodner, J. Biol. Chem. 258
(1983), 10418-10424). The RecT protein is similar to bacte-
riophage proteins, such as A -protein or A Redff (Hall et al.
(1993), supra; Muniyappa and Radding, J. Biol. Chem. 261
(1986),7472-7478; Kmiec and Hollomon, J. Biol. Chem. 256
(1981), 12636-12639). The content of the above-cited docu-
ments is incorporated herein by reference.

Oliner et al. (Nucl. Acids Res. 21 (1993), 5192-5197)
describe in vivo cloning of PCR products in £. coli by inter-
molecular homologous recombination between a linear PCR
product and a linearized plasmid vector. Other previous
attempts to develop new cloning methods based on homolo-
gous recombination in prokaryotes, too, relied on the use of
restriction enzymes to linearise the vector (Bubeck et al.,
Nucleic Acids Res. 21 (1993), 3601-3602; Oliner et al.,
Nucleic Acids Res. 21 (1993), 5192-5197; Degryse, Gene
170 (1996), 45-50) or on the host-specific recA-dependent
recombination system (Hamilton et al., J. Bacteriol. 171
(1989), 4617-4622; Yang et al., Nature Biotech. 15 (1997),
859-865; Dabert and Smith, Genetics 145 (1997), 877-889).
These methods are of very limited applicability and are hardly
used in practice.

The novel method of cloning DNA according to the present
invention does not require in vitro treatments with restriction
enzymes or DNA ligases and is therefore fundamentally dis-
tinct from the standard methodologies of DNA cloning. The
method relies on a pathway of homologous recombination in
E. coli involving the recE and recT gene products, or the reda
and redf} gene products, or functionally equivalent gene prod-
ucts. The method covalently combines one preferably linear
and preferably extrachromosomal DNA fragment, the DNA
fragment to be cloned, with one second preferably circular
DNA vector molecule, either an episome or the endogenous
host chromosome or chromosomes. It is therefore distinct
from previous descriptions of cloning in £. coli by homolo-
gous recombination which either rely on the use of two linear
DNA fragments or different recombination pathways.

The present invention provides a flexible way to use
homologous recombination to engineer large DNA mol-
ecules including an intact >76 kb plasmid and the E. coli
chromosome. Thus, there is practically no limitation of target
choice either according to size or site. Therefore, any recipi-
ent DNA in ahost cell, from high copy plasmid to the genome,
is amenable to precise alteration. In addition to engineering
large DNA molecules, the invention outlines new, restriction
enzyme-independent approaches to DNA design. For
example, deletions between any two chosen base pairs in a
target episome can be made by choice of oligonucleotide
homology arms. Similarly, chosen DNA sequences can be
inserted at a chosen base pair to create, for example, altered
protein reading frames. Concerted combinations of insertions
and deletions, as well as point mutations, are also possible.
The application of these strategies is particularly relevant to
complex or difficult DNA constructions, for example, those
intended for homologous recombinations in eukaryotic cells,
e.g. mouse embryonic stem cells. Further, the present inven-
tion provides a simple way to position site specific recombi-
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nation target sites exactly where desired. This will simplify
applications of site specific recombination in other living
systems, such as plants and mice.

A subject matter of the present invention is a method for
cloning DNA molecules in cells comprising the steps:

a) providing a host cell capable of performing homologous

recombination,

b) contacting in said host cell a first DNA molecule which

is capable of being replicated in said host cell with a
second DNA molecule comprising at least two regions
of sequence homology to regions on the first DNA mol-
ecule, under conditions which favour homologous
recombination between said first and second DNA mol-
ecules and

¢) selecting a host cell in which homologous recombina-

tion between said first and second DNA molecules has
occurred.

In the method of the present invention the homologous
recombination preferably occurs via the recET mechanism,
i.e. the homologous recombination is mediated by the gene
products of the recE and the recT genes which are preferably
selected from the F. coli genes recE and recT or functionally
related genes such as the phage A reda and redf} genes.

The host cell suitable for the method of the present inven-
tion preferably is a bacterial cell, e.g. a gram-negative bacte-
rial cell. More preferably, the host cell is an enterobacterial
cell, such as Salmonella, Klebsiella or Escherichia. Most
preferably the host cell is an Escherichia coli cell. It should be
noted, however, that the cloning method of the present inven-
tionis also suitable for eukaryotic cells, such as fungi, plant or
animal cells.

Preferably, the host cell used for homologous recombina-
tion and propagation of the cloned. DNA can be any cell, e.g.
a bacterial strain in which the products of the recE and recT,
or reda. and redf}, genes are expressed. The host cell may
comprise the recE and recT genes located on the host cell
chromosome or on non-chromosomal DNA, preferably on a
vector, e.g. a plasmid. In a preferred case, the RecE and RecT,
or Reda and Redf, gene products are expressed from two
different regulatable promoters, such as the arabinose-induc-
ible BAD promoter or the lac promoter or from non-regulat-
able promoters. Alternatively, the recE and recT, or reda and
redf, genes are expressed on a polycistronic mRNA from a
single regulatable or non-regulatable promoter. Preferably
the expression is controlled by regulatable promoters.

Especially preferred is also an embodiment, wherein the
recE or reda gene is expressed by a regulatable promoter.
Thus, the recombinogenic potential of the system is only
elicited when required and, at other times, possible undesired
recombination reactions are limited. The recT or redf gene,
on the other hand, is preferably overexpressed with respect to
recE or reda. This may be accomplished by using a strong
constitutive promoter, e.g. the

EM7 promoter and/or by using a higher copy number of
recT, or redf, versus recE, or redc, genes.

For the purpose of the present invention any recE and recT
genes are suitable insofar as they allow a homologous recom-
bination of first and second DNA molecules with sufficient
efficiency to give rise to recombination products in more than
1 in 10° cells transfected with DNA. The recE and recT genes
may be derived from any bacterial strain or from bacterioph-
ages or may be mutants and variants thereof. Preferred are
recE and recT genes which are derived from E. coli or from E.
coli bacteriophages, such as the reda. and redff genes from
lambdoid phages, e.g. bacteriophage A.

More preferably, the recE or reda gene is selected from a
nucleic acid molecule comprising(a) the nucleic acid
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sequence from position 1320 (ATG) to 2159 (GAC) as
depicted in FIG. 7B or SEQ ID No. 2,
(b) the nucleic acid sequence from position 1320 (ATG) to

1998 (CGA) as depicted in FIG. 14B or SEQ ID No. 11,
(c) a nucleic acid encoding the same polypeptide within the

degeneracy of the genetic code and/or
(d) a nucleic acid sequence which hybridizes under stringent

conditions with the nucleic acid sequence from (a), (b)

and/or (c).

More preferably, the recT or redf gene is selected from a
nucleic acid molecule comprising
(a) the nucleic acid sequence from position 2155 (ATG) to

2961 (GAA) as depicted in FIG. 7B or SEQ ID No. 4,

(b) the nucleic acid sequence from position 2086 (ATG) to

2868 (GCA) as depicted in FIG. 14B or SEQ ID No. 11,
(c) a nucleic acid encoding the same polypeptide within the

degeneracy of the genetic code and/or
(d) a nucleic acid sequence which hybridizes under stringent

conditions with the nucleic acid sequences from (a), (b)

and/or (c).

It should be noted that the present invention also encom-
passes mutants and variants of the given sequences, e.g. natu-
rally occurring mutants and variants or mutants and variants
obtained by genetic engineering. Further it should be noted
that the recE gene depicted in FIG. 7B is an already truncated
gene encoding amino acids 588-866 of the native protein.
Mutants and variants preferably have a nucleotide sequence
identity of at least 60%, preferably of at least 70% and more
preferably of at least 80% of the recE and recT sequences
depicted in FIGS. 7B and 13B, and of the reda and redf
sequences depicted in FIG. 14B.

According to the present invention hybridization under
stringent conditions preferably is defined according to Sam-
brook et al. (1989), infra, and comprises a detectable hybrid-
ization signal after washing for 30 min in 0.1xSSC, 0.5%
SDS at 55° C., preferably at 62° C. and more preferably at 68°
C.

In a preferred case the recE and recT genes are derived
from the corresponding endogenous genes present in the E.
coli K12 strain and its derivatives or from bacteriophages. in
particular, strains that carry the sbcA mutation are suitable.
Examples of such strains are JC8679 and JC 9604 (Gillen et
al. (1981), supra). Alternatively, the corresponding genes may
also be obtained from other coliphages such as lambdoid
phages or phage P22.

The genotype of JC 8679 and JC 9604 is Sex (Hfr, F+, F—,
or F"): F-.JC 8679 comprises the mutations: recBC 21, recC
22, sbcA 23, thr-1, ara-14, leu B 6, DE (gpt-proA) 62, lacY1,
tsx-33, gluV44 (AS), galK2 (Oc), LAM-, his-60, relA 1, rps
L31 (strR), xyl AS, mtl-1, argE3 (Oc) and thi-1. JC 9604
comprises the same mutations and further the mutation recA
56.

Further, it should be noted that the recE and recT, or reda
and redf}, genes can be isolated from a first donor source, e.g.
a donor bacterial cell and transformed into a second receptor
source, e.g. a receptor bacterial or eukaryotic cell in which
they are expressed by recombinant DNA means.

In one embodiment of the invention, the host cell used is a
bacterial strain having an sbcA mutation, e.g. one of E. coli
strains JC 8679 and JC 9604 mentioned above. However, the
method of the invention is not limited to host cells having an
sbcA mutation or analogous cells. Surprisingly, it has been
found that the cloning method of the invention also works in
cells without shc A mutation, whether recBC+ orrecBC—, e.g.
also in prokaryotic recBC+ host cells, e.g. in E. coli recBC+
cells. In that case preferably those host cells are used in which
the product of a recBC type exonuclease inhibitor gene is
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expressed. Preferably, the exonuclease inhibitor is capable of
inhibiting the host recBC system or an equivalent thereof. A
suitable example of such exonuclease inhibitor gene is the A
redy gene (Murphy, J. Bacteriol. 173 (1991), 5808-5821) and
functional equivalents thereof, respectively, which, for
example, can be obtained from other coliphages such as from
phage P22 (Murphy, J. Biol. Chem. 269 (1994), 22507-
22516).

More preferably, the exonuclease inhibitor gene is selected
from a nucleic acid molecule comprising
(a) the nucleic acid sequence from position 3588 (ATG) to

4002 (GTA) as depicted in FIG. 13B or SEQ ID No. 10 or

11,

(b) a nucleic acid encoding the same polypeptide within the
degeneracy of the genetic code and/or

(c) a nucleic acid sequence which hybridizes under strin-
gent conditions as defined above with the nucleic acid
sequence from (a) and/or (b).

Surprisingly, it has been found that the expression of an
exonuclease inhibitor gene in both recBC+ and recBC-
strains leads to significant improvement of cloning efficiency.

The cloning method according to the present invention
employs a homologous recombination between a first DNA
molecule and a second DNA molecule. The first DNA mol-
ecule can be any DNA molecule that carries an origin of
replication which is operative in the host cell, e.g. an E. coli
replication origin. Further, the first DNA molecule is present
in a form which is capable of being replicated in the host cell.
The first DNA molecule, i.e. the vector, can be any extrach-
romosomal DNA molecule containing an origin of replica-
tion which is operative in said host cell, e.g. a plasmid includ-
ing single, low, medium or high copy plasmids or other
extrachromosomal circular DNA molecules based on cosmid,
P1,BAC or PAC vector technology. Examples of such vectors
are described, for example, by Sambrook et al. (Molecular
Cloning, Laboratory Manual, 2nd Edition (1989), Cold
Spring Harbor Laboratory Press) and loannou et al. (Nature
Genet. 6 (1994), 84-89) or references cited therein. The first
DNA molecule can also be a host cell chromosome, particu-
larly the E. coli chromosome. Preferably, the first DNA mol-
ecule is a double-stranded DNA molecule.

The second DNA molecule is preferably a linear DNA
molecule and comprises at least two regions of sequence
homology, preferably of sequence identity to regions on the
first DNA molecule. These homology or identity regions are
preferably at least 15 nucleotides each, more preferably at
least 20 nucleotides and, most preferably, at least 30 nucle-
otides each. Especially good results were obtained when
using sequence homology regions having a length of about 40
or more nucleotides, e.g. 60 or more nucleotides. The two
sequence homology regions can be located on the linear DNA
fragment so that one is at one end and the other is at the other
end, however they may also be located internally. Preferably,
also the second DNA molecule is a double-stranded DNA
molecule.

The two sequence homology regions are chosen according
to the experimental design. There are no limitations on which
regions of the first DNA molecule can be chosen for the two
sequence homology regions located on the second DNA mol-
ecule, except that the homologous recombination event can-
not delete the origin of replication of the first DNA molecule.
The sequence homology regions can be interrupted by non-
identical sequence regions as long as sufficient sequence
homology is retained for the homologous recombination
reaction. By using sequence homology arms having non-
identical sequence regions compared to the target site muta-
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tions such as substitutions, e.g. point mutations, insertions
and/or deletions may be introduced into the target site by ET
cloning.

The second foreign DNA molecule which is to be cloned in
the bacterial cell may be derived from any source. For
example, the second DNA molecule may be synthesized by a
nucleic acid amplification reaction such as a PCR where both
of'the DNA oligonucleotides used to prime the amplification
contain in addition to sequences at the 3'-ends that serve as a
primer for the amplification, one or the other of the two
homology regions. Using oligonucleotides of this design, the
DNA product of the amplification can be any DNA sequence
suitable for amplification and will additionally have a
sequence homology region at each end.

A specific example of the generation of the second DNA
molecule is the amplification of a gene that serves to convey
a phenotypic difference to the bacterial host cells, in particu-
lar, antibiotic resistance. A simple variation of this procedure
involves the use of oligonucleotides that include other
sequences in addition to the PCR primer sequence and the
sequence homology region. A further simple variation is the
use of more than two amplification primers to generate the
amplification product. A further simple variation is the use of
more than one amplification reaction to generate the ampli-
fication product. A further variation is the use of DNA frag-
ments obtained by methods other than PCR, for example, by
endonuclease or restriction enzyme cleavage to linearize
fragments from any source of DNA.

It should be noted that the second DNA molecule is not
necessarily a single species of DNA molecule. It is of course
possible to use a heterogenous population of second DNA
molecules, e.g. to generate a DNA library, such as a genomic
or cDNA library.

The method of the present invention may comprise the
contacting of the first and second DNA molecules in vivo. In
one embodiment of the present invention the second DNA
fragment is transformed into a bacterial strain that already
harbors the first vector DNA molecule. In a different embodi-
ment, the second DNA molecule and the first DNA molecule
are mixed together in vitro before co-transformation in the
bacterial host cell. These two embodiments of the present
invention are schematically depicted in FIG. 1. The method of
transformation can be any method known in the art (e.g.
Sambrook et al. supra). The preferred method of transforma-
tion or co-transformation, however, is electroporation.

After contacting the first and second DNA molecules under
conditions which favour homologous recombination between
first and second DNA molecules via the ET cloning mecha-
nism a host cell is selected, in which homologous recombi-
nation between said first and second DNA molecules has
occurred. This selection procedure can be carried out by
several different methods. In the following three preferred
selection methods are depicted in FIG. 2 and described in
detail below.

In a first selection method a second DNA fragment is
employed which carries a gene for a marker placed between
the two regions of sequence homology wherein homologous
recombination is detectable by expression of the marker gene.
The marker gene may be a gene for a phenotypic marker
which is not expressed in the host or from the first DNA
molecule. Upon recombination by ET cloning, the change in
phenotype of the host strain conveyed by the stable acquisi-
tion of the second DNA fragment identifies the ET cloning
product.

In a preferred case, the phenotypic marker is a gene that
conveys resistance to an antibiotic, in particular, genes that
convey resistance to kanamycin, ampillicin, chlorampheni-
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col, tetracyclin or any other substance that shows bacterio-
cidal or bacteriostatic effects on the bacterial strain
employed.

A simple variation is the use of a gene that complements a
deficiency present within the bacterial host strain employed.
For example, the host strain may be mutated so that it is
incapable of growth without a metabolic supplement. In the
absence of this supplement, a gene on the second DNA frag-
ment can complement the mutational defect thus permitting
growth. Only those cells which contain the episome carrying
the intended DNA rearrangement caused by the ET cloning
step will grow.

In another example, the host strain carries a phenotypic
marker gene which is mutated so that one of its codons is a
stop codon that truncates the open reading frame. Expression
of the full length protein from this phenotypic marker gene
requires the introduction of a suppressor tRNA gene which,
once expressed, recognizes the stop codon and permits trans-
lation of the full open reading frame. The suppressor tRNA
gene is introduced by the ET cloning step and successful
recombinants identified by selection for, or identification of,
the expression of the phenotypic marker gene. In these cases,
only those cells which contain the intended DNA rearrange-
ment caused by the ET cloning step will grow.

A further simple variation is the use of a reporter gene that
conveys a readily detectable change in colony colour or mor-
phology. In a preferred case, the green fluorescence protein
(GFP) can be used and colonies carrying the ET cloning
product identified by the fluorescence emissions of GFP. In
another preferred case, the lacZ gene can be used and colonies
carrying the ET cloning product identified by a blue colony
colour when X-gal is added to the culture medium.

In a second selection method the insertion of the second
DNA fragment into the first DNA molecule by ET cloning
alters the expression of a marker present on the first DNA
molecule. In this embodiment the first DNA molecule con-
tains at least one marker gene between the two regions of
sequence homology and homologous recombination may be
detected by an altered expression, e.g. lack of expression of
the marker gene.

In a preferred application, the marker present on the first
DNA molecule is a counter-selectable gene product, such as
the sacB, ccdB or tetracycline-resistance genes. In these
cases, bacterial cells that carry the first DNA molecule
unmodified by the ET cloning step after transformation with
the second DNA fragment, or co-transformation with the
second DNA fragment and the first DNA molecule, are plated
onto a medium so the expression of the counter-selectable
marker conveys a toxic or bacteriostatic effect on the host.
Only those bacterial cells which contain the first DNA mol-
ecule carrying the intended DNA rearrangement caused by
the ET cloning step will grow.

In another preferred application, the first DNA molecule
carries a reporter gene that conveys a readily detectable
change in colony colour or morphology. In a preferred case,
the green fluorescence protein (GFP) can be present on the
first DNA molecule and colonies carrying the first DNA mol-
ecule with or without the ET cloning product can be distin-
guished by differences in the fluorescence emissions of GFP.
In another preferred case, the lacZ gene can be present on the
first DNA molecule and colonies carrying the first DNA mol-
ecule with or without the ET cloning product identified by a
blue or white colony colour when X-gal is added to the culture
medium.

In a third selection method the integration of the second
DNA fragment into the first DNA molecule by ET cloning
removes a target site for a site specific recombinase, termed

20

25

30

35

40

45

50

55

60

65

8

here an RT (for recombinase target) present on the first DNA
molecule between the two regions of sequence homology. A
homologous recombination event may be detected by
removal of the target site.

In the absence of the ET cloning product, the RT is avail-
able for use by the corresponding site specific recombinase.
The difference between the presence or not of this RT is the
basis for selection of the ET cloning product. In the presence
of this RT and the corresponding. site specific recombinase,
the site specific recombinase mediates recombination at this
RT and changes the phenotype of the host so that it is either
not able to grow or presents a readily observable phenotype.
In the absence of this RT, the corresponding site specific
recombinase is not able to mediate recombination.

In a preferred case, the first DNA molecule to which the
second DNA fragment is directed, contains two RTs, one of
which is adjacent to, but not part of, an antibiotic resistance
gene. The second DNA fragment is directed, by design, to
remove this RT. Upon exposure to the corresponding site
specific recombinase, those first DNA molecules that do not
carry the ET cloning product will be subject to a site specific
recombination reaction between the RT's that remove the anti-
biotic resistance gene and therefore the first DNA molecule
fails to convey resistance to the corresponding antibiotic.
Only those first DNA molecules that contain the ET cloning
product, or have failed to be site specifically recombined for
some other reason, will convey resistance to the antibiotic.

In another preferred case, the RT to be removed by ET
cloning of the second DNA fragment is adjacent to a gene that
complements a deficiency present within the host strain
employed. In another preferred case, the RT to be removed by
ET cloning of the second DNA fragment is adjacent to a
reporter gene that conveys a readily detectable change in
colony colour or morphology.

In another preferred case, the RT to be removed by ET
cloning of the second DNA fragment is anywhere on a first
episomal DNA molecule and the episome carries an origin of
replication incompatible with survival of the bacterial host
cellifitis integrated into the host genome. In this case the host
genome carries a second RT, which may or may not be a
mutated RT so that the corresponding site specific recombi-
nase can integrate the episome, via its RT, into the RT sited in
the host genome. Other preferred. RTs include RTs for site
specific recombinases of the resolvase/transposase class. RTs
include those described from existing examples of site spe-
cific recombination as well as natural or mutated variations
thereof.

The preferred site specific recombinases include Cre, FLP,
Kw or any site specific recombinase of the integrase class.
Other preferred site specific recombinases include site spe-
cific recombinases of the resolvase/transposase class.

There are no limitations on the method of expression of the
site specific recombinase in the host cell. In a preferred
method, the expression of the site specific recombinase is
regulated so that expression can be induced and quenched
according to the optimisation of the ET cloning efficiency. In
this case, the site specific recombinase gene can be either
integrated into the host genome or carried on an episome. In
another preferred case, the site specific recombinase is
expressed from an episome that carries a conditional origin of
replication so that it can be eliminated from the host cell.

In another preferred case, at least two of the above three
selection methods are combined. A particularly preferred
case involves a two-step use of the first selection method
above, followed by use of the second selection method. This
combined use requires, most simply, that the DNA fragment
to be cloned includes a gene, or genes that permits the iden-
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tification, in the first step, of correct ET cloning products by
the acquisition of a phenotypic change. In a second step,
expression of the gene or genes introduced in the first step is
altered so that a second round of ET cloning products can be
identified. In a preferred example, the gene employed is the
tetracycline resistance gene and the first step ET cloning
products are identified by the acquisition oftetracycline resis-
tance. In the second step, loss of expression of the tetracycline
gene is identified by loss of sensitivity to nickel chloride,
fusaric acid or any other agent that is toxic to the host cell
when the tetracycline gene is expressed. This two-step pro-
cedure permits the identification of ET cloning products by
first the integration of a gene that conveys a phenotypic
change on the host, and second by the loss of a related phe-
notypic change, most simply by removal of some of the DNA
sequences integrated in the first step. Thereby the genes used
to identify ET cloning products can be inserted and then
removed to leave ET cloning products that are free of these
genes.

In a further embodiment of the present invention the ET
cloning may also be used for a recombination method com-
prising the steps of

a) providing a source of RecE and RecT, or Reda and
Redp, proteins,

b) contacting a first DNA molecule which is capable of
being replicated in a suitable host cell with a second DNA
molecule comprising at least two regions of sequence homol-
ogy to regions on the first DNA molecule, under conditions
which favour homologous recombination between said first
and second DNA molecules and

c¢) selecting DNA molecules in which a homologous
recombination between said first and second DNA molecules
has occurred.

The source of RecE and RecT, or Reda and Red, proteins
may be either purified or partially purified RecE and RecT, or
Reda and Redf, proteins or cell extracts comprising RecE
and RecT, or Reda and Redf, proteins.

The homologous recombination event in this embodiment
may occur in vitro, e.g. when providing a cell extract contain-
ing further components required for homologous recombina-
tion. The homologous recombination event, however, may
also occur in vivo, e.g. by introducing RecE and RecT, or
Reda and Redp, proteins or the extract in a host cell (which
may be recET positive or not, or reda.f positive or not) and
contacting the DNA molecules in the host cell. When the
recombination occurs in vitro the selection of DNA mol-
ecules may be accomplished by transforming the recombina-
tion mixture in a suitable host cell and selecting for positive
clones as described above. When the recombination occurs in
vivo the selection methods as described above may directly be
applied.

A further subject matter of the invention is the use of cells,
preferably bacterial cells, most preferably, £. coli cells
capable of expressing the recE and recT, or reda and redp,
genes as a host cell for a cloning method involving homolo-
gous recombination.

Still a further subject matter of the invention is a vector
system capable of expressing recE and recT, or redo. and redf,
genes in a host cell and its use for a cloning method involving
homologous recombination. Preferably, the vector system is
also capable of expressing an exonuclease inhibitor gene as
defined above, e.g. the A redy gene. The vector system may
comprise at least one vector. The recE and recT, or redo and
redf, genes are preferably located on a single vector and more
preferably under control of a regulatable promoter which may
be the same for both genes or a single promoter for each gene.
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Especially preferred is a vector system which is capable of
overexpressing the recT, or redf}, gene versus the recE, or
redf, gene.

Still a further subject matter of the invention is the use of a
source of RecE and RecT, or Reda and Redf, proteins for a
cloning method involving homologous recombination.

A still further subject matter of the invention is a reagent kit
for cloning comprising

(a) a host cell, preferably a bacterial host cell,

(b) means of expressing recE and recT, or reda and redp,

genes in said host cell, e.g. comprising a vector system,
and

(c) a recipient cloning vehicle, e.g. a vector, capable of
being replicated in said cell.

On the one hand, the recipient cloning vehicle which cor-
responds to the first DNA molecule of the process of the
invention can already be present in the bacterial cell. On the
other hand, it can be present separated from the bacterial cell.

In a further embodiment the reagent kit comprises

(a) a source for RecE and RecT, or Reda and Redp, pro-
teins and

(b) arecipient cloning vehicle capable of being propagated
in a host cell and

(c) optionally a host cell suitable for propagating said
recipient cloning vehicle.

The reagentkit furthermore contains, preferably, means for
expressing a site specific recombinase in said host cell, in
particular, when the recipient ET cloning product contains at
least one site specific recombinase target site. Moreover, the
reagent kit can also contain DNA molecules suitable for use
as a source of linear DNA fragments used for ET cloning,
preferably by serving as templates for PCR generation of the
linear fragment, also as specifically designed DNA vectors
from which the linear DNA fragment is released by restriction
enzyme cleavage, or as prepared linear fragments included in
the kit for use as positive controls. or other tasks. Moreover,
the reagent kit can also contain nucleic acid amplification
primers comprising a region of homology to said vector.
Preferably, this region of homology is located at the 5'-end of
the nucleic acid amplification primer.

The invention is further illustrated by the following
Sequence listings, Figures and Examples.

SEQ ID NO. 1: shows the nucleic acid sequence of the plas-

mid pBAD24-rec ET (FIG. 7).

SEQ ID NOs 2/3: show the nucleic acid and amino acid
sequences of the truncated recE gene (t-recE) present on
pBAD24-recET at positions 1320-2162.

SEQ ID NOs 4/5: show the nucleic acid and amino acid
sequences of the recT gene present on pBAD24-recET at
position 2155-2972.

SEQ ID NOs 6/7: show the nucleic acid and amino acid
sequences of the araC gene present on the complementary
stand to the one shown of pBAD24-recET at positions
974-996.

SEQ ID NOs 8/9: show the nucleic acid an amino acid
sequences of the bla gene present on pBAD24-recET at
positions 3493-4353.

SEQ ID NO 10: shows the nucleic acid sequence of the
plasmid pPBAD-ETy (FIG. 13).

SEQ ID No 11: shows the nucleic acid sequence of the plas-
mid pBAD-afy (FIG. 14) as well as the coding regions for
the genes reda (1320-200), redfy (2086-2871) and redy
(3403-3819).
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SEQ ID NOs 12-14: show the amino acid sequences of the
Reda, Redp and Redy proteins, respectively. The redy
sequence is present on each of pBAD-ETy (FIG. 13) and
pBAD-afy (FIG. 14).

FIG.1
A preferred method for ET cloning is shown by diagram.

The linear DNA fragment to be cloned is synthesized by PCR

using oligonucleotide primers that contain a left homology

arm chosen to match sequences in the recipient episome and

a sequence. for priming in the PCR reaction, and a right

homology arm chosen to match another sequence in the

recipient episome and a sequence for priming in the PCR
reaction. The product of the PCR reaction, here a selectable
marker gene (sml), is consequently flanked by the left and
right homology arms and can be mixed together in vitro with

the episome before co-transformation, or transformed into a

host cell harboring the target episome. The host cell contains

the products of the recE and recT genes. ET cloning products
are identified by the combination of two selectable markers,
sml and sm2 on the recipient episome.

FIG. 2

Three ways to identify ET cloning products are depicted.

The first, (on the left of the figure), shows the acquisition, by

ET cloning, of a gene that conveys a phenotypic difference to

the host, here a selectable marker gene (sm). The second (in

the centre of the figure) shows the loss, by ET cloning, of a

gene that conveys a phenotypic difference to the host, here a

counter selectable marker gene (counter-sm). The third shows

the loss of a target site (RT, shown as triangles on the circular
episome) for a site specific recombinase (SSR), by ET clon-
ing. In this case, the correct ET cloning product deletes one of
the target sites required by the SSR to delete a selectable
marker gene (sm). The failure of the SSR to delete the sm gene
identifies the correct ET cloning product.

FIG.3

A simple example of ET cloning is presented. (a) Top
panel-PCR products (left lane) synthesized from oligonucle-

otides designed as described in FIG. 1 to amplify by PCR a

kanamycin resistance gene and to be flanked by homology

arms present in the recipient vector, were mixed in vitro with

the recipient vector (2nd lane) and cotransformed into a

recET+E. colihost. The recipient vector carried an ampillicin

resistance gene. (b) Transformation of the sbcA E. coli strain

JC9604 with either the PCR product alone (0.2 pg) or the

vector alone (0.3 pg) did not convey resistance to double

selection with ampicillin and kanamycin (amp+kan), how-
ever cotransformation of both the PCR product and the vector
produced double resistant colonies. More than 95% of these
colonies contained the correct ET cloning product where the
kanamycin gene had precisely integrated into the recipient
vector according to the choice of homology arms. The two
lanes on the right of (a) show Pvu II restriction enzyme
digestion of the recipient vector before and after ET cloning.
(c) As for b, except that six PCR products (0.2 pg each) were
cotransformed with pSVpaZ11 (0.3 pg each) into JC9604 and
plated onto Amp+Kan plates or Amp plates. Results are plot-
ted as Amp+Kan-resistant colonies, representing recombina-
tion products, divided by Amp-resistant colonies, represent-
ing the plasmid transformation efficiency of the competent
cell preparation, x10°. The PCR products were equivalent to
the a-b PCR product except that homology arm lengths were
varied. Results are from five experiments that used the same
batches of competent cells and DNAs. Error bars represent
standard deviation. (d) Eight products flanked by 50 bp
homology arms were cotransformed with pSVpaZ 11 into

JC9604. All eight PCR products contained the same left

homology arm and amplified neo gene. The right homology
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arms were chosen from the pSVpaZ11 sequence to be adja-
cent to (0), or at increasing distances (7-3100 bp), from the
left. Results are from four experiments.

FIGS. 4(a) and (b)

ET cloning in an approximately 100 kb P1 vector to
exchange the selectable marker.

A P1 clone which uses a kanamycin resistance gene as
selectable marker and which contains at least 70 kb of the
mouse Hox a gene cluster was used. Before ET cloning, this
episome conveys kanamycin resistance (top panel, upper left)
to its host E. coli which are ampillicin sensitive (top panel,
upper right). A linear DNA fragment designed to replace the
kanamycin resistance gene with an ampillicin resistance gene
was made by PCR as outlined in FIG. 1 and transformed into
E. colihost cells in which the recipient Hox a/P1 vector was
resident. ET cloning resulted in the deletion of the kanamycin
resistance gene, and restoration of kanamyecin sensitivity (top
panel, lower left) and the acquisition of ampillicin resistance
(top panel, lower right). Precise DNA recombination was
verified by restriction digestion and Southern blotting analy-
ses of isolated DNA before and after ET cloning (lower
panel).

FIGS. 5(a) and (b)

ET cloning to remove a counter selectable marker A PCR
fragment (upper panel, left, third lane) made as outlined in
FIGS. 1 and 2 to contain the kanamycin resistance gene was
directed by its chosen homology arms to delete the counter
selectable ccdB gene present in the vector, pZero-2.1. The
PCR product and the pZero vector were mixed in vitro (upper
panel, left, 1 st lane) before cotransformation into a recE/
recT+E. coli host. Transformation of pZero-2.1 alone and
plating onto kanamycin selection medium resulted in little
colony growth (lower panel, left). Cotransformation of
pZero-2.1 and the PCR product presented ET cloning prod-
ucts (lower panel, right) which showed the intended molecu-
lar event as visualized by Pvu Il digestion (upper panel, right).

FIG. 6

ET cloning mediated by inducible expression of recE and
recT from an episome.

RecE/RecT mediate homologous recombination between
linear and circular DNA molecules. (a) The plasmid
pBAD24-recET was transformed into E. coli JC5547, and
then batches of competent cells were prepared after induction
of RecE/RecT expression by addition of [.-arabinose for the
times indicated before harvesting. A PCR product, made
using oligonucleotides e and f'to contain the chloramphenicol
resistance gene (cm) of pMAK705 and 50 bp homology arms
chosen to flank the ampicililin resistance gene (bla) of
pBAD24-recET, was then transformed and recombinants
identified on chloramphenicol plates. (b) Arabinose was
added to cultures of pBAD24-recET transformed JC5547
fordifferenttimes immediately before harvesting for compe-
tent cell preparation. Total protein expression was analyzed
by SDS-PAGE and Coomassie blue staining. (¢) The number
of chloramphenicol resistant colonies per jig of PCR product
was normalized against a control for transformation effi-
ciency, determined by including 5 pg pZero2.1, conveying
kanamycin resistance, in the transformation and plating an
aliquot onto Kan plates.
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FIG.7A

The plasmid pBAD24-recET is shown by diagram. The
plasmid contains the genes recE (in a truncated form) and
recT under control of the inducible BAD promoter (Pz, )
The plasmid further contains an ampillicin resistance gene
(Amp") and an araC gene.

FIG. 7B

The nucleic acid sequence and the protein coding portions
of pBAD24-recET are depicted.

FIG. 8

Manipulation of a large E. coli episome by multiple recom-
bination steps. FIG. 8a depicts the scheme of the recombina-
tion reactions. A P1 clone of the Mouse Hoxa complex, resi-
dent in JC9604, was modified by recombination with PCR
products that contained the neo gene and two Flp recombina-
tion targets (FRTs). The two PCR products were identical
except that one was flanked by g and h homology arms (inser-
tion), and the other was flanked by i and h homology arms
(deletion). In a second step, the neo gene was removed by Flp
recombination between the FRTs by transient transformation
of a Flp expression plasmid based on the pSC101 tempera-
ture-sensitive origin (ts ori). FIG. 85 (upper panel): ethidium
bromide stained agarose gel showing EcoR1 digestions of P1
DNA preparations from three independent colonies for each
step. FIG. 85 (middle panel): a Southern blot of the upper
panel hybridized with a neo gene probe. FIG. 856 (lower
panel): a Southern blot of the upper panel hybridized with a
Hoxa3 probe to visualize the site of recombination. Lane 1 in
each of the panels shows the original Hoxa3 P1 clone grown
in E. coli strain NS3145. Lane 2 in each of the panels shows
that replacement of the Tn903 kanamycin resistance gene in
the P1 vector with an ampicillin resistance gene, increased the
8.1 kb band (lane 1) to 9.0 kb. Lane 3 in each of the panels
shows that insertion of the Tn5-neo gene with g-h homology
arms upstream of Hoxa3, increased the 6.7 kb band (lanes
1,2) to 9.0 kb. Lane 4 in each of the panels shows that Flp
recombinase deleted the g-h neo gene reducing the 9.0 kb
band (lane 3) back to 6.7 kb. Lane 5 in each of the panels
shows that deletion of 6 kb of Hoxa3-4 intergenic DNA by
replacement with the i-h neo gene, decreased the 6.7 kb band
(lane 2) to 4.5 kb. Lane 6 in each of the panels shows that Flp
recombinase deleted the i-h neo gene reducing the 4.5 kb
band to 2.3 kb.

FIG. 9

Manipulation of the E. coli chromosome. FIG. 94 depicts
the scheme of the recombination reactions. The endogenous
lacZ gene of JC9604 at 7.8' of the E. coli chromosome, shown
in expanded form with relevant Ava I sites and coordinates,
was targeted by a PCR fragment that contained the neo gene
flanked by homology arms j and k, and loxP sites, as depicted.
Integration of the neo gene removed most of the lacZ gene
including an Ava I site to alter the 1443 and 3027 bp bands
into a 3277 bp band. In a second step, the neo gene was
removed by Cre recombination between the loxPs by tran-
sient transformation of a Cre expression plasmid based on the
pSC101 temperature-sensitive origin (ts ori). Removal of the
neo gene by Cre recombinase reduces the 3277 band to 2111
bp. FIG. 95 shows [-galactosidase expression evaluated by
streaking colonies on X-Gal plates. The top row of three
streaks show f3-galactosidase expression in the host JC9604
strain (w.t.), the lower three rows (Km) show 24 independent
primary colonies, 20 of which display a loss of -galactosi-
dase expression indicative of the intended recombination
event. FIG. 9¢ shows the results from Southern analysis of .
coli chromosomal DNA digested with Ava I using a random
primed probe made from the entire lacZ coding region; lanes
1,2, wit.; lanes 3-6, four independent white colonies after
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integration of the j-k neo gene; lanes 7-10; the same four
colonies after transient transformation with the Cre expres-
sion plasmid.

FIG. 10

Two rounds of ET cloning to introduce a point mutation.
FIG. 104 depicts the scheme of the recombination reactions.
The lacZ gene of pSVpaX1 was disrupted in JC9604lacZ, a
strain made by the experiment of FIG. 9 to ablate endogenous
lacZ expression and remove competitive sequences, by a
sacB-neo gene cassette, synthesized by PCR to pIB279 and
flanked by 1and m homology arms. The recombinants, termed
pSV-sacB-neo, were selected on Amp+Kan plates. The lacZ
gene of pSV-sacB-neo was then repaired by a PCR fragment
made from the intact lacZ gene using 1* and m* homology
arms. The m* homology arm included a silent C to G change
that created a BamH1 site. The recombinants, termed pSV-
paX1*, were identified by counter selection against the sacB
gene using 7% sucrose. FIG. 105 shows that [3-galactosidase
expression from pSVpaX1 was disrupted in pSV-sacB-neo
and restored in pSVpaX1*. Expression was analyzed on
X-gal plates. Three independent colonies of each pSV-sacB-
neo and pSVpaX1* are shown. FIG. 10¢ shows Ethidium
bromide stained agarose gels of BamH1 digested DNA pre-
pared from independent colonies taken after counter selection
with sucrose. All f-galactosidase expressing colonies (blue)
contained the introduced BamH1 restriction site (upper
panel). All white colonies displayed large rearrangements and
no product carried the diagnostic 1.5 kb BamH]1 restriction
fragment (lower panel).

FIG. 11

Transferance of ET cloning into a recBC+ host to modify a
large episome. FIG. 11a depicts the plasmid, pBAD-ETy,
which carries the mobile ET system, and the strategy
employed to target the Hoxa P1 episome. pBAD-ETy is based
on pBAD24 and includes (i) the truncated recE gene (t-recE)
under the arabinose-inducible Py, promoter; (ii) the recT
gene under the EM7 promoter; and (iii) the redy gene under
the TnS promoter. It was transformed into NS3145, arecA E.
coli strain which contained the Hoxa P1 episome. After ara-
binose induction, competent cells were prepared and trans-
formed with a PCR product carrying the chloramphenicol
resistance gene (cm) flanked by n and p homology arms. nand
p were chosen to recombine with a segment of the P1 vector.
FIG. 115 shows the results from Southern blots of Pvu II
digested DNAs hybridized with a probe made from the P1
vector to visualize the recombination target site (upper panel)
and a probe made from the chloramphenicol resistance gene
(lower panel). Lane 1, DNA prepared from cells harboring the
Hoxa P1 episome before ET cloning. Lanes 2-17, DNA pre-
pared from 16 independent chloramphenicol resistant colo-
nies.

FIG.12

Comparison of ET cloning using the recE/recT genes in
pBAD-ETy with reda/redf genes in pPBAD-afy.

The plasmids pBAD-ETy or pBAD-afly, depicted, were
transformed into the E. coli recA—, recBC+ strain, DK 1 and
targeted by a chloramphenicol gene as described in FIG. 6 to
evaluate ET cloning efficiencies. Arabinose induction of pro-
tein expression was for 1 hour.

FIG.13A

The plasmid pPBAD-ETYy is shown by diagram.

FIG.13B

The nucleic acid sequence and the protein coding portions
of pBAD-ETy are depicted.

FIG. 14A

The plasmid pBAD-afy is shown by diagram. This plas-
mid substantially corresponds to the plasmid shown in FIG.
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13 except that the recE and recT genes are substituted by the
reda and redf} genes.

FIG. 14B

The nucleic acid sequence and the protein coding portions
of pBAD-afy are depicted.

1. Methods

1.1 Preparation of Linear Fragments
Standard PCR reaction condition were used to amplify
linear DNA fragments.

Table 1

The Tn5-neo gene from pJP5603 (Penfold and Pemberton,
Gene 118 (1992), 145-146) was amplified by using oligo
pairs a/b and c¢/d. The chloramphenicol (cm) resistant gene
from pMAK705 (Hashimoto-Gotoh and Sekiguchi, J. Bacte-
riol. 131 (1977), 405-412) was amplified by using primer
pairs e/f and n/p. The Tn5-neo gene flanked by FRT or loxP
sites was amplified from pKaZ or pKaX (http://www.embl-
heidelberg.de/Externallnfo/stewart) using oligo pairs i/h, g/h
and j/k. The sacB-neo cassette from plB279 (Blomfield et al.,
Mol. Microbiol. 5(1991), 1447-1457) was amplified by using
oligo pair I/m. The lacZ gene fragment from pSVpaZll
(Buchholz et al., Nucleic Acids Res. 24 (1996), 4256-4262)
was amplified using oligo pair 1*/m*. PCR products were
purified using the QIAGEN PCR Purification Kit and eluted
with H,O,, followed by digestion of any residual template
DNA with Dpn 1. After digestion, PCR products were
extracted once with Phenol: CHCl;, ethanol precipitated and
resuspended in H,O at approximately 0.5 pg/ul.

1.2 Preparation of Competent Cells and Electroporation

Saturated overnight cultures were diluted 50 fold into LB
medium, grown to an OD600 of 0.5, following by chilling on
ice for 15 min. Bacterial cells were centrifuged at 7,000 rpm
for 10 min at 0° C. The pellet was resuspended in ice-cold
10% glycerol and centrifuged again (7,000 rpm, -5° C., 10
min). This was repeated twice more and the cell pellet was
suspended in an equal volume of ice-cold 10% glycerol.
Aliquots of 50 ul were frozen in liquid nitrogen and stored at
-80° C. Cells were thawed on ice and 1 pl DNA solution
(containing, for co-transformation, 0.3 pg plasmid and 0.2 pug
PCR products; or, for transformation, 0.2 ug PCR products)
was added. Electroporation was performed using ice-cold
cuvettes and a Bio-Rad Gene Pulser set to 25 uFD, 2.3 kV
with Pulse Controller set at 200 ohms. LB medium (1 ml) was
added after electroporation. The cells were incubated at 37°
C. for 1 hour with shaking and then spread on antibiotic
plates.

1.3 Induction of RecE and RecT Expression E. coli JC5547
carrying pBAD24-recET was cultured overnight in LB
medium plus 0.2% glucose, 100 pg/ml ampicillin. Five par-
allel LB cultures, one of which (0) included 0.2% glucose,
were started by a 1/100 inoculation. The cultures were incu-
bated at37° C. with shaking for 4 hours and 0.1% L-arabinose
was added 3, 2, 1 or 1/2 hour before harvesting and processing
as above. Immediately before harvesting, 100 pl was removed
for analysis on a 10% SDS-polyacrylamide gel. . coli
NS3145 carrying Hoxa-P1 and pBAD-ETy was induced by
0.1% L-arabinose for 90 min before harvesting.

1.4 Transient Transformation of FLP and Cre Expression
Plasmids

The FLP and Cre expression plasmids, 705-Cre and 705-
FLP (Buchholz et al, Nucleic Acids Res. 24 (1996), 3118-
3119), based on the pSC101 temperature sensitive origin,
were transformed into rubidium chloride competent bacterial
cells. Cells were spread on 25 pug/ml chloramphenicol plates,
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and grown for 2 days at 30° C., whereupon colonies were
picked, replated on L-agar plates without any antibiotics and
incubated at 40° C. overnight. Single colonies were analyzed
on various antibiotic plates and all showed the expected loss
of chloramphenicol and kanamycin resistance.

1.5 Sucrose Counter Selection of SacB Expression

The E. coli JC9604lacZ strain, generated as described in
FIG. 11, was cotransformed with a sacB-neo PCR fragment
and pSVpaX1 (Buchholz et al, Nucleic Acids Res. 24 (1996),
4256-4262). After selection on 100 pg/ml ampicillin, 50
ng/ml kanamycin plates, pSVpaX-sacB-neo plasmids were
isolated and cotransformed into fresh JC9604lacZ cells with
a PCR fragment amplified from pSVpaX1 using primers
I*/m*. Oligo m* carried a silent point mutation which gener-
ated a BamH] site. Cells were plated on 7% sucrose, 100
pg/ml ampicillin, 40 pg/ml X-gal plates and incubated at 28°
C. for 2 days. The blue and white colonies grown on sucrose
plates were counted and further checked by restriction analy-
sis.

1.6 Other Methods

DNA preparation and Southern analysis were performed
according to standard procedures. Hybridization probes were
generated by random priming of fragments isolated from the
TnS5 neo gene (Pvull), Hoxa3 gene (both HindIII fragments),
lacZ genes (EcoR1 and BamH]1 fragments from pSVpaX1),
cm gene (BstB1 fragments from pMAK705) and P1 vector
fragments (2.2 kb EcoR1 fragments from P1 vector).

2. Results

2.1 Identification of Recombination Events in E. coli

To identify a flexible homologous recombination reaction
in E. coli, an assay based on recombination between linear
and circular DNAs was designed (FIG. 1, FIG. 3). Linear
DNA carrying the Tn5 kanamycin resistance gene (neo) was
made by PCR (FIG. 3a). Initially, the oligonucleotides used
for PCR amplification of neo were 60 mers consisting of 42
nucleotides at their 5' ends identical to chosen regions in the
plasmid and, at the 3' ends, 18 nucleotides to serve as PCR
primers. Linear and circular DNAs were mixed in equimolar
proportions and co-transformed into a variety of £. co/i hosts.
Homologous recombination was only detected in sbcA E. coli
hosts. More than 95% of double ampicillin/kanamycin resis-
tant colonies (FIG. 35) contained the expected homologously
recombined plasmid as determined by restriction digestion
and sequencing. Only a low background of kanamycin resis-
tance, due to genomic integration of the neo gene, was appar-
ent (not shown).

The linear plus circular recombination reaction was char-
acterized in two ways. The relationship betweeen homology
arm length and recombination efficiency was simple, with
longer arms recombining more efficiently (FIG. 3¢). Effi-
ciency increased within the range tested, up to 60 bp. The
effect of distance between the two chosen homology sites in
the recipient plasmid was examined (FIG. 3d). A set of eight
PCR fragments was generated by use of a constant left homol-
ogy arm with differing right homology arms. The right
homology arms were chosen from the plasmid sequence to be
0-3100 bp from the left. Correct products were readily
obtained from all, with less than 4 fold difference between
them, although the insertional product (0) was least efficient.
Correct products also depended on the presence of both
homology arms, since PCR fragments containing only one
arm failed to work.
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2.2 Involvement of RecE and RecT

The relationship between host genotype and this homolo-
gous recombination reaction was more systemically exam-
ined using a panel of £. coli strains deficient in various recom-
bination components (Table 1)

Only the two sbcA strains, JC8679 and JC9604 presented
the intended recombination products and RecA was not
required. In sbcA strains, expression of RecE and RecT is
activated. Dependence on recE can be inferred from compari-
son of JC8679 with JC8691. Notably no recombination prod-
ucts were observed in JC9387 suggesting that the sbeBC
background is not capable of supporting homologous recom-
bination based on 50 nucleotide homology arms.

To demonstrate that RecE and RecT are involved, part of
the recET operon was cloned into an inducible expression
vector to create pBAD24-recET (FIG. 6a). the recE gene was
truncated at its N-terminal end, as the first 588 a.a.s of RecE
are dispensable. The recBC strain, JC5547, was transformed
with pBAD24-recET and a time course of RecE/RecT induc-
tion performed by adding arabinose to the culture media at
various times before harvesting for competent cells. The
batches of harvested competent cells were evaluated for pro-
tein expression by gel electrophoresis (FIG. 6b) and for
recombination between a linear DNA fragment and the
endogenous pBAD24-recET plasmid (FIG. 6¢). Without
induction of RecE/RecT, no recombinant products were
found, whereas recombination increased in approximate con-
cordance with increased RecE/RecT expression. This experi-
ment also shows that co-transformation of linear and circular
DNAs is not essential and the circular recipient can be endog-
enous in the host. From the results shown in FIGS. 3, 6 and
Table 2, we conclude that RecE and RecT mediate a very
useful homologous recombination reaction in recBC E. coli at
workable frequencies. Since RecE and RecT are involved, we
refer to this way of recombining linear and circular DNA
fragments as “ET cloning”.

2.3 Application of ET Cloning to Large Target DNAs

To show that large DNA episomes could be manipulated in
E. coli, a>76 kb P1 clone that contains at least 59 kb of the
intact mouse Hoxa complex, (confirmed by DNA sequencing
and Southern blotting), was transferred to an E. coli strain
having an sbcA background (JC9604) and subjected to two
rounds of ET cloning. In the first round, the Tn903 kanamycin
resistance gene resident in the P1 vector was replaced by an
ampicillin resistance gene (FIG. 4). In the second round, the
interval between the Hoxa3 and a4 genes was targeted either
by inserting the neo gene between two base pairs upstream of
the Hoxa3 proximal promoter, or by deleting 6203 bp
between the Hoxa3 and a4 genes (FIG. 8a). Both insertional
and deletional ET cloning products were readily obtained
(FIG. 84, lanes 2, 3 and 5) showing that the two rounds of ET
cloning took place in this large . coli episome with precision
and no apparent unintended recombination.

The general applicability of ET cloning was further exam-
ined by targeting a gene in the £. coli chromosome (FIG. 9a).
The p-galactosidase (lacZ) gene of JC9604 was chosen so
that the ratio between correct and incorrect recombinants
could be determined by evaluating [-galactosidase expres-
sion. Standard conditions (0.2 g PCR fragment; 50 ul com-
petent cells), produced 24 primary colonies, 20 of which were
correct as determined by [-galactosidase expression (FIG.
95b), and DNA analysis (FIG. 9c, lanes 3-6).

2.4 Secondary Recombination Reactions to Remove Opera-
tional Sequences

The products of ET cloning as described above are limited
by the necessary inclusion of selectable marker genes. Two

20

25

30

35

45

55

65

18

different ways to use a further recombination step to remove
this limitation were developed. In the first way, site specific
recombination mediated by either Flp or Cre recombinase
was employed. In the experiments of FIGS. 8 and 9, either Flp
recombination target sites (FRTs) or Cre recombination target
sites (loxPs) were included to flank the neo gene in the linear
substrates. Recombination between the FRTs or loxPs was
accomplished by Flp or Cre, respectively, expressed from
plasmids with the pSC101 temperature sensitive replication
origin (Hashimoto-Gotoh and Sekiguchi, J. Bacteriol. 131
(1977), 405-412) to permit simple elimination of these plas-
mids after site specific recombination by temperature shift.
The precisely recombined Hoxa P1 vector was recovered
after both ET and Flp recombination with no other recombi-
nation products apparent (FIG. 8, lanes 4 and 6). Similarly,
Cre recombinase precisely recombined the targeted lacZ
allele (FIG. 9, lanes 7-10). Thus site specific recombination
can be readily coupled with ET cloning to remove operational
sequences and leave a 34 bp site specific recombination target
site at the point of DNA manipulation.

In the second way to remove the selectable marker gene,
two rounds of ET cloning, combining positive and counter
selection steps, were used to leave the DNA product free of
any operational sequences (FIG. 10a).

Additionally this experiment was designed to evaluate, by
a functional test based on [-galactosidase activity, whether
ET cloning promoted small mutations such as frame shift or
point mutations within the region being manipulated. In the
first round, the lacZ gene of pSVpaX1 was disrupted with a
3.3 kb PCR fragment carrying the neo and B. subtilis sacB
(Blomfield et al., Mol. Microbiol. 5 (1991), 1447-1457)
genes, by selection for kanamycin resistance (FIG. 10a). As
shown above for other positively selected recombination
products, virtually all selected colonies were white (FIG.
105), indicative of successful lacZ disruption, and 17 of 17
were confirmed as correct recombinants by DNA analysis. In
the second round, a 1.5 kb PCR fragment designed to repair
lacZ was introduced by counter selection against the sacB
gene. Repair of lacZ included a silent point mutation to create
a BamH] restriction site. Approximately one quarter of
sucrose resistant colonies expressed f§-galactosidase, and all
analyzed (17 of 17; FIG. 10c) carried the repaired lacZ gene
with the BamHI point mutation. The remaining three quarters
of sucrose resistant colonies did not express §-galactosidase,
and all analyzed (17 of 17; FIG. 10¢) had undergone a variety
of large mutational events, none of which resembled the ET
cloning product. Thus, in two rounds of ET cloning directed
at the lacZ gene, no disturbances of §-galactosidase activity
by small mutations were observed, indicating the RecE/RecT
recombination works with high fidelity. The significant pres-
ence of incorrect products observed in the counter selection
step is an inherent limitation of the use of counter selection,
since any mutation that ablates expression of the counter
selection gene will be selected. Notably, all incorrect prod-
ucts were large mutations and therefore easily distinguished
from the correct ET product by DNA analysis. In a different
experiment (FIG. 5), we observed that ET cloning into
pZero2.1 (InVitroGen) by counter selection against the ccdB
gene gave a lower background of incorrect products (8%),
indicating that the counter selection background is variable
according to parameters that differ from those that influence
ET cloning efficiencies.

2.5 Transference of ET Cloning between E. coli Hosts

The experiments shown above were performed in recBC-
E. colihosts since the sbc A mutation had been identified as a
suppressor of recBC (Barbour et al., Proc. Natl. Acad. Sci.
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USA 67 (1970), 128-135; Clark, Genetics 78 (1974), 259-
271). However, many useful E. coli strains are recBC+,
including strains commonly used for propagation of P1, BAC
or PAC episomes. To transfer ET cloning into recBC+ strains,
we developed pBAD-ETy and pBAD-afy (FIGS. 13 and 14).
These plasmids incorporate three features important to the
mobility of ET cloning. First, RecBC is the major E. coli
exonuclease and degrades introduced linear fragments.
Therefore the RecBC inhibitor, Redy (Murphy, J. Bacteriol.
173 (1991), 5808-5821), was included. Second, the recombi-
nogenic potential of RecE/RecT, or Reda/Redf3, was regu-
lated by placing recE or reda under an inducible promoter.
Consequently ET cloning can be induced when required and
undesired recombination events which are restricted at other

20

JC9604. This is consistent with our observation that overex-
pression of RecT improves ET cloning efficiencies.

A comparison between ET cloning efficiencies mediated
by RecE/RecT, expressed from pBAD-ETy, and Reda/Redf,
expressed from pBAD-cfy was made in the recA—, recBC+E.
coli strain, DK1 (FIG. 12). After transformation of E. coli
DK1 with either pBAD-ETy or pBAD-a.fy, the same experi-
ment as described in FIG. 64,c, to replace the bla gene of the
pBAD vector with a chloramphenicol gene was performed.
Both pPBAD-ETy or pPBAD-a.fy presented similar ET cloning
efficiencies in terms of responsiveness to arabinose induction
of RecE and Reda, and number of targeted events.

times. Third, we observed that ET cloning efficiencies are 15 TABLE 1
enhanced when RecT, or Redf, but not RecE, or Reda, is
overexpressed. Therefore we placed recT, or redf3, under the E. coli Ammp X
s Strains Genotypes Amp + Kan 10%/ug
strong, constitutive, EM7 promoter.
pBAD-ETy was transformed into NS3145 E. coli harbor- JC8679 recBC sbcA 318 2.30
ing the original Hoxa P1 episome (FIG. 11a). A region in the 20 7C9604 recA recfc sbeA 114 0.30
P1 vector backbone was targeted by PCR amplification of the igggi; recheccAs rgﬁ;ch 8 8?;
chloramphenicol resistance gene (cm) flanked by n and p JC5519 16cBC 0 1.80
homology arms. As described above for positively selected 1C15329 recA recBC sbeBC 0 0.03
ET cloning reactions, most (>90%) chloramphenicol resis- JC9387 1ecBC sbeBC 0 2.20
. . JCg111 recBC sbeBC recF 0 2.40
tant colonies were correct. Notably, the overall efficiency of 25 100366 reoh 0 037
ET cloning, in terms of linear DNA transformed, was nearly JC13031 rec] 0 0.45
three times better using pPBAD-ETy than with similar experi-
ments based on targeting the same episome in the sbcA host,
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 14
<210> SEQ ID NO 1
<211> LENGTH: 6150
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(6150)
<223> OTHER INFORMATION: plasmid pBAD24-rec ET
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (96)..(974)
<223> OTHER INFORMATION: product = “araC”
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1320)..(2162)
<223> OTHER INFORMATION: product = “t-recE”
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2155)..(2972)
<223> OTHER INFORMATION: product = “recT”
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3493)..(4353)
<223> OTHER INFORMATION: product = “bla”
<400> SEQUENCE: 1
atcgatgcat aatgtgectg tcaaatggac gaagcaggga ttcetgcaaac cctatgcetac 60
tcegtcaage cgtcaattgt ctgattegtt accaattatyg acaacttgac ggctacatca 120
ttcacttttt cttcacaacc ggcacggaac tegeteggge tggecceggt geatttttta 180
aataccegeg agaaatagag ttgatcgtca aaaccaacat tgegaccgac ggtggegata 240
ggcatceggy tggtgctcaa aagcagette gectggetga tacgttggte ctegegecag 300
cttaagacge taatccctaa ctygctggegyg aaaagatgtyg acagacgcega cggegacaag 360
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caaacatgct gtgcgacgct ggcgatatca aaattgetgt ctgccaggtyg atcgetgatg 420
tactgacaag cctecgegtac ccgattatce atcggtggat ggagcgactce gttaatcget 480
tccatgegee gcagtaacaa ttgctcaage agatttateg ccagcagcetce cgaatagcge 540
cctteccett geoceggegtt aatgatttge ccaaacaggt cgctgaaatyg cggetggtge 600
gettcateceyg ggcgaaagaa ccccegtattg gcaaatattg acggccagtt aagcecattca 660
tgccagtagg cgcgeggacg aaagtaaacc cactggtgat accattcgeg agcectccgga 720
tgacgaccgt agtgatgaat ctctcectgge gggaacagca aaatatcacc cggtcggcaa 780
acaaattcte gtcectgatt tttcaccacce cectgacege gaatggtgag attgagaata 840
taacctttca ttcccagegg tcggtcgata aaaaaatcga gataaccgtt ggcectcaate 900
ggcgttaaac ccgecaccag atgggcatta aacgagtatce ccggcagcag gggatcattt 960
tgcgcttcag ccatactttt catactcccg ccattcagag aagaaaccaa ttgtccatat 1020
tgcatcagac attgccgtca ctgcgtettt tactggetcet tectcegctaac caaaccggta 1080
accccgcetta ttaaaagcat tcectgtaacaa agcgggacca aagccatgac aaaaacgcegt 1140
aacaaaagtg tctataatca cggcagaaaa gtccacattg attatttgca cggcgtcaca 1200
ctttgctatg ccatagcatt tttatccata agattagcgg atcctacctg acgcttttta 1260
tcgcaactcect ctactgttte tecataccceg tttttttggg ctagcaggag gaattcacca 1320
tggatcccgt aatcgtagaa gacatagagc caggtattta ttacggaatt tcgaatgaga 1380
attaccacgc gggtcccggt atcagtaagt ctcagctcecga tgacattget gatactccecgg 1440
cactatattt gtggcgtaaa aatgcccccg tggacaccac aaagacaaaa acgctcgatt 1500
taggaactgc tttccactge cgggtacttg aaccggaaga attcagtaac cgctttatcg 1560
tagcacctga atttaaccgc cgtacaaacg ccggaaaaga agaagagaaa gcgtttctga 1620
tggaatgcge aagcacagga aaaacggtta tcactgcgga agaaggccgyg aaaattgaac 1680
tcatgtatca aagcgttatg gcectttgccge tggggcaatg gecttgttgaa agcgccggac 1740
acgctgaatc atcaatttac tgggaagatc ctgaaacagg aattttgtgt cggtgccgtce 1800
cggacaaaat tatccctgaa tttcactgga tcatggacgt gaaaactacg gcggatattce 1860
aacgattcaa aaccgcttat tacgactacc gctatcacgt tcaggatgca ttctacagtg 1920
acggttatga agcacagttt ggagtgcagc caactttegt ttttectggtt gecagcacaa 1980
ctattgaatg cggacgttat ccggttgaaa ttttcatgat gggcgaagaa gcaaaactgg 2040
caggtcaaca ggaatatcac cgcaatctgc gaaccctgtce tgactgcctg aataccgatg 2100
aatggccagce tattaagaca ttatcactgc ccecgctgggce taaggaatat gcaaatgact 2160
aagcaaccac caatcgcaaa agccgatctg caaaaaactce agggaaaccyg tgcaccagca 2220
gcagttaaaa atagcgacgt gattagtttt attaaccagc catcaatgaa agagcaactg 2280
gcagcagcte ttccacgcca tatgacggct gaacgtatga tcecgtatcgce caccacagaa 2340
attcgtaaag ttccggcecgtt aggaaactgt gacactatga gttttgtcag tgcgatcgta 2400
cagtgttcac agctcggact tgagccaggt agcgcccteg gtcatgcata tttactgect 2460
tttggtaata aaaacgaaaa gagcggtaaa aagaacgttc agctaatcat tggctatcgce 2520
ggcatgattg atctggctcg ccgttectggt caaatcgcca gectgtcage ccgtgttgte 2580
cgtgaaggtg acgagtttag cttcgaattt ggccttgatg aaaagttaat acaccgcccg 2640
ggagaaaacyg aagatgccce ggttacccac gtctatgetg tegcaagact gaaagacgga 2700
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ggtactcagt

getggtaata

cgtegectgt

gaaaaggaac

gtaatcgata

tttcagectyg

tggcggcagt

tagcgecgat

taaaacgaaa

acgctetect

ccggagggtyg

ccatcetgac

cattcaaata

aaaaggaaga

ttttgectte

cagttgggtg

agttttegee

geggtattat

cagaatgact

gtaagagaat

ctgacaacga

gtaactcgee

gacaccacga

cttactctag

ccacttetge

gagcgtgggt

gtagttatct

gagataggtg

ctttagattg

gegecagegtyg

ttcectttete

agggttccga

ttcacgtagt

gttctttaat

ttcttttgat

ttaacaaaaa

aggtgaagat

actgagegte

gegtaatetyg

atcaagagct

ttgaagttat

anggCCgtg

tcaaatattt

cactgacaat

attcagagga

atacagatta

agcgeggtgg

ggtagtgtgg

ggctcagteyg

gagtaggaca

dcgggceagga

ggatggecett

tgtatceget

gtatgagtat

ctgtttttge

cacgagtggg

ccgaagaacyg

ccegtgttga

tggttgagta

tatgcagtge

tcggaggace

ttgatcgtty

tgcctgtage

cttececeggea

geteggeect

ctcgeggtat

acacgacggg

cctecactgat

atttacgege

accgctacac

gecacgtteg

tttagtgett

gggccatege

agtggactct

ttataaggga

tttaacgcga

cctttttgat

agacccegta

ctgcttgeaa

accaactctt

gacgcgcaaa

ggtaactcac

gecegtatca

cgatcctgea

atagatctaa

aatcagaacg

tcccacctga

ggtcteccca

aaagactggg

aatccgeegyg

cgceccgecat

tttgegttte

catgagacaa

tcaacatttc

tcacccagaa

ttacatcgaa

ttttccaatg

cgcegggcaa

ctcaccagte

tgccataacc

gaaggagcta

ggaaccggag

aatggcaaca

acaattaata

tceggetgge

cattgcagca

gagtcaggca

taagcattgg

cctgtagegy

ttgccagege

ceggetttee

tacggcacct

cctgatagac

tgttccaaac

ttttgcegat

attttaacaa

aatctcatga

gaaaagatca

acaaaaaaac

tttccgaagy

cagattgagc

tgggaagaaa

attgagatcc

gattcctety

gettggetgt

cagaagcggt

ccccatgecey

tgcgagagta

cctttegttt

gageggattt

aaactgccag

tacaaactct

taaccctgat

cgtgtegece

acgctggtga

ctggatctca

atgagcactt

gagcaactcyg

acagaaaagc

atgagtgata

accgettttt

ctgaatgaag

acgttgcgea

gactggatgg

tggtttattg

ctggggccag

actatggatg

taactgtcag

cgcattaage

cctagegece

ccgtcaaget

cgaccccaaa

ggtttttege

ttgaacaaca

ttcggectat

aatattaacg

ccaaaatccce

aaggatctte

caccgcetace

taactggett

tggtgcgcag cctgagtaaa

tggcaaagaa aacggctatt

agcgtgcagt atcaatggat

tattaaccgg ggaatacagt

tttggcggat gagagaagat

ctgataaaac agaatttgce

aactcagaag tgaaacgccg

gggaactgce aggcatcaaa

tatctgttgt ttgtcggtga

gaacgttgeg aagcaacggce

gcatcaaatt aagcagaagg

tttgtttatt tttctaaata

aaatgcttca ataatattga

ttattccctt ttttgcggea

aagtaaaaga tgctgaagat

acagcggtaa gatccttgag

ttaaagttct gctatgtgge

gtcgeegeat acactattcet

atcttacgga tggcatgaca

acactgcgge caacttactt

tgcacaacat gggggatcat

ccataccaaa cgacgagcegt

aactattaac tggcgaacta

aggcggataa agttgcagga

ctgataaatc tggagccggt

atggtaagcce ctccegtatce

aacgaaatag acagatcgcet

accaagttta ctcatatata

geggegggtyg tggtggttac

getecttteg ctttettece

ctaaatcggg ggctcecttt

aaacttgatt tgggtgatgg

cctttgacgt tggagtccac

ctcaacccta tctegggeta

tggttaaaaa atgagctgat

tttacaattt aaaaggatct

ttaacgtgag ttttecgttee

ttgagatcct ttttttetge

agcggtggtt tgtttgccgyg

cagcagagcg cagataccaa

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100
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atactgtecct

ctacatacct

gtcttacegyg

cggggggtte

tacagcgtga

cggtaagcgg

ggtatcttta

getegtcagyg

tggcctttty

ataaccgtat

gcagcgagte

atctgtgegyg

cgctgacgeg

cgtetecgygy

gcaaggagat

aacaagcgct

tataggcgec

agaggatctg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

atg
Met
1

att
Ile

cte
Leu

gece
Ala

tte
Phe
65

gta
Val

aaa
Lys

gat
Asp

tcg
Ser

gat
Asp

cce
Pro
50

cac

His

gca
Ala

gecg
Ala

tctagtgtag ccgtagttag

cgctetgeta atcctgttac

gttggactca agacgatagt

gtgcacacag cccagettgg

getatgagaa agcgccacge

cagggtcgga acaggagage

tagtcctgte gggtttegee

ggggeggage ctatggaaaa

ctggectttt gctcacatgt

taccgecttt gagtgagetg

agtgagcgag gaagcggaag

tatttcacac cgcatagggt

cecctgacggyg cttgtetget

agctgcatgt gtcagaggtt

ggcgeccaac agtccceegyg

catgagcceg aagtggcgag

agcaaccgca cctgtggege

ctcatgtttyg acagcttatce

SEQ ID NO 2

LENGTH: 843

TYPE: DNA

ORGANISM: Artificial Seque

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1) ..(843)

OTHER INFORMATION: t-recE

FEATURE:

NAME/KEY: CDS

LOCATION: (1) ..(843)

OTHER INFORMATION: t-recE

SEQUENCE: 2

ate

Ile
5

cce
Pro

gta
Val

gta
Val

gaa
Glu

gac
Asp

tac
Tyr

aat
Asn

aat
Asn

cac
His

gag
Glu
20

gecg
Ala

att
Ile

act
Thr

gac
Asp
35

get
Ala

gat
Asp

ccg
Pro

acce
Thr

aca
Thr

aca
Thr

gtg
Val

gac
Asp

aag
Lys
55

ctt
Leu
70

tgce
Cys

gta
Val

cgg
Arg

gaa
Glu

ccg
Pro

ttt
Phe
85

cct
Pro

gaa
Glu

aac
Asn

cge
Arg

cgt
Arg

ttt
Phe

ctyg
Leu

atg
Met

tgc
Cys

gaa
Glu

gca
Ala

gccaccactt

cagtggetge

taccggataa

agcgaacgac

ttcccgaagy

gcacgaggga

acctctgact

acgccagcaa

tetttectge

ataccgeteg

agcgectgat

catggcetgeg

cceggeatee

ttcaccgtca

ccacggggec

cccgatette

cggtgatgec

nce

on plasmid pBAD24-recET

ata
Ile

cca
Pro

gag
Glu
10

cce
Pro

ggt
Gly

ggt
Gly
25

tat
Tyr

cta
Leu

gca
Ala

cte
Leu

aaa
Lys

acg
Thr

tte
Phe
75

gaa
Glu

gaa
Glu

aca
Thr

aac
Asn
90

gee
Ala

aca
Thr

agc
Ser

gga
Gly

caagaactct gtagcaccge
tgccagtgge gataagtegt
ggcgcagegyg tegggcetgaa
ctacaccgaa ctgagatacc
gagaaaggcg gacaggtatce
gettecaggg ggaaacgect
tgagcgtega tttttgtgat
cgceggecttt ttacggttee
gttatccect gattcetgtgg
ccgecagecga acgaccgage
geggtatttt ctecttacge
cccegacace cgccaacace
gcttacagac aagctgtgac
tcaccgaaac gcgcgaggca
tgccaccata cccacgccga
cccateggtyg atgteggega

ggccacgatyg cgtceggegt

at 1320-2162

att
Ile

tat
Tyr

tac
Tyr
15

ggt
Gly

gga
Gly

tct
Ser

ate
Ile

agt
Ser

aag
Lys
30

cag
Gln

aat
Asn

ttg
Leu

cgt
Arg

aaa
Lys

tgg
Trp
45

tta
Leu

act
Thr

gat
Asp
60

get
Ala

gga
Gly

ttt
Phe

ate
Ile
80

agt
Ser

aac
Asn

cge
Arg

aaa
Lys

gga
Gly

gaa
Glu

gaa
Glu

gag
Glu

act
Thr

ate
Ile

aaa
Lys

gtt
Val

acg
Thr

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6150

48

96

144

192

240

288

336
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-continued

28

gecg
Ala

ttg
Leu

tca
Ser
145

ceg
Pro

acg
Thr

cac
His

gtg
Val

gga
Gly
225

gca

Ala

ctyg
Leu

tgg
Trp

100

gaa gaa ggc cgg aaa att gaa
Glu Glu Gly Arg Lys Ile Glu
115 120

ccg ctg ggyg caa tgg ctt gtt
Pro Leu Gly Gln Trp Leu Val
130 135

att tac tgg gaa gat cct gaa
Ile Tyr Trp Glu Asp Pro Glu
150

gac aaa att atc cct gaa ttt
Asp Lys Ile Ile Pro Glu Phe
165

gcg gat att caa cga ttc aaa
Ala Asp Ile Gln Arg Phe Lys
180

gtt cag gat gca ttc tac agt
Val Gln Asp Ala Phe Tyr Ser
195 200

cag cca act ttc gtt ttt ctg
Gln Pro Thr Phe Val Phe Leu
210 215

cgt tat ccg gtt gaa att ttc
Arg Tyr Pro Val Glu Ile Phe
230

ggt caa cag gaa tat cac cgc
Gly Gln Gln Glu Tyr His Arg
245

aat acc gat gaa tgg cca gct
Asn Thr Asp Glu Trp Pro Ala
260

gct aag gaa tat gca aat gac
Ala Lys Glu Tyr Ala Asn Asp
275 280

<210> SEQ ID NO 3
<211> LENGTH: 280
<212> TYPE: PRT

<213>

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(280)
<223> OTHER INFORMATION: t-recE

<400> SEQUENCE: 3

Met

1

Ile

Leu

Ala

Phe

65

Val

Lys

Asp Pro Val Ile Val Glu Asp
5

Ser Asn Glu Asn Tyr His Ala
20

Asp Asp Ile Ala Asp Thr Pro
35 40

Pro Val Asp Thr Thr Lys Thr
50 55

His Cys Arg Val Leu Glu Pro
70

Ala Pro Glu Phe Asn Arg Arg
85

Ala Phe Leu Met Glu Cys Ala
100

105

cte
Leu

gaa
Glu

aca
Thr

cac
His

ace
Thr
185

gac

Asp

gtt
Val

atg
Met

aat
Asn

att
Ile
265

taa

ORGANISM: Artificial Sequence

atg
Met

agc
Ser

gga
Gly

tgg
Trp
170

get
Ala

ggt
Gly

gece
Ala

atg
Met

ctyg
Leu
250

aag
Lys

tat
Tyr

gee
Ala

att
Ile
155

ate
Ile

tat
Tyr

tat
Tyr

agc
Ser

gge
Gly
235

cga

Arg

aca
Thr

caa
Gln

gga
Gly
140

ttg
Leu

atg
Met

tac
Tyr

gaa
Glu

aca
Thr
220

gaa
Glu

acce
Thr

tta
Leu

agc
Ser
125

cac
His

tgt
Cys

gac
Asp

gac
Asp

gca
Ala
205

act

Thr

gaa
Glu

ctyg
Leu

tca
Ser

110

gtt
Val

get
Ala

cgg
Arg

gtg
Val

tac
Tyr
190

cag
Gln

att
Ile

gca
Ala

tct
Ser

ctyg
Leu
270

on plasmid pBAD24-recET

Ile

Gly

25

Ala

Lys

Glu

Thr

Ser
105

Glu

10

Pro

Leu

Thr

Glu

Asn

90

Thr

Pro

Gly

Tyr

Leu

Phe

75

Ala

Gly

Gly

Ile

Leu

Asp

60

Ser

Gly

Lys

Ile

Ser

Trp

45

Leu

Asn

Lys

Thr

Tyr

Lys

30

Arg

Gly

Arg

Glu

Val
110

atg
Met

gaa
Glu

tgce
Cys

aaa
Lys
175

cge
Arg

ttt
Phe

gaa
Glu

aaa
Lys

gac
Asp
255

cce
Pro

at 1320-2162

Tyr

15

Ser

Lys

Thr

Phe

Glu

95

Ile

get
Ala

tca
Ser

cgt
Arg
160

act
Thr

tat
Tyr

gga
Gly

tgce
Cys

ctyg
Leu
240

tgce

Cys

cge
Arg

Gly

Gln

Asn

Ala

Ile

80

Glu

Thr

384

432

480

528

576

624

672

720

768

816

843
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29

-continued

30

Ala Glu Glu Gly Arg Lys Ile Glu Leu Met Tyr Gln

115 120

Leu Pro Leu Gly Gln Trp Leu Val Glu Ser Ala Gly
130 135 140

Ser Ile Tyr Trp Glu Asp Pro Glu Thr Gly Ile Leu

145

150 155

Pro Asp Lys Ile Ile Pro Glu Phe His Trp Ile Met

165 170

Thr Ala Asp Ile Gln Arg Phe Lys Thr Ala Tyr Tyr

180 185

His Val Gln Asp Ala Phe Tyr Ser Asp Gly Tyr Glu

195 200

Val Gln Pro Thr Phe Val Phe Leu Val Ala Ser Thr
210 215 220

Gly Arg Tyr Pro Val Glu Ile Phe Met Met Gly Glu

225

230 235

Ala Gly Gln Gln Glu Tyr His Arg Asn Leu Arg Thr

245 250

Leu Asn Thr Asp Glu Trp Pro Ala Ile Lys Thr Leu

260 265

Trp Ala Lys Glu Tyr Ala Asn Asp

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

275 280

SEQ ID NO 4
LENGTH: 810

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(810)

OTHER INFORMATION: recT on plasmid pBAD24-recET at 2155-2972
FEATURE:

NAME/KEY: CDS

LOCATION: (1)..(810)

OTHER INFORMATION: recT

SEQUENCE: 4

atg act aag caa cca cca atc gca aaa gcc gat ctg
Met Thr Lys Gln Pro Pro Ile Ala Lys Ala Asp Leu

285 290

gga aac cgt gca cca gca gca dgtt aaa aat agc gac
Gly Asn Arg Ala Pro Ala Ala Val Lys Asn Ser Asp

300 305

att aac cag cca tca atg aaa gag caa ctg gca gca
Ile Asn Gln Pro Ser Met Lys Glu Gln Leu Ala Ala
315 320 325

cat atg acg gct gaa cgt atg atc cgt atc gee acc
His Met Thr Ala Glu Arg Met Ile Arg Ile Ala Thr

330

335 340

aaa gtt ccg geg tta gga aac tgt gac act atg agt
Lys Val Pro Ala Leu Gly Asn Cys Asp Thr Met Ser

350 355

atc gta cag tgt tca cag ctc gga ctt gag cca ggt
Ile Val Gln Cys Ser Gln Leu Gly Leu Glu Pro Gly

365 370

cat gca tat tta ctg cct ttt ggt aat aaa aac gaa
His Ala Tyr Leu Leu Pro Phe Gly Asn Lys Asn Glu

380 385

aag aac gtt cag cta atc att ggc tat cgc gge atg
Lys Asn Val Gln Leu Ile Ile Gly Tyr Arg Gly Met

Ser
125

His

Cys

Asp

Asp

Ala
205

Thr

Glu

Leu

Ser

caa
Gln

gtg
Val
310

get
Ala

aca
Thr

ttt
Phe

agc
Ser

aag
Lys
390

att
Ile

Val

Ala

Arg

Val

Tyr
190

Gln

Ile

Ala

Ser

Leu
270

aaa
Lys
295

att
Ile

ctt
Leu

gaa
Glu

gte
Val

gece
Ala
375

age

Ser

gat
Asp

Met

Glu

Cys

Lys

175

Arg

Phe

Glu

Lys

Asp

255

Pro

act
Thr

agt
Ser

cca
Pro

att
Ile

agt
Ser
360

cte

Leu

ggt
Gly

ctyg
Leu

Ala

Ser

Arg

160

Thr

Tyr

Gly

Cys

Leu

240

Cys

Arg

cag
Gln

ttt
Phe

cge
Arg

cgt
Arg
345

gecg
Ala

ggt
Gly

aaa
Lys

get
Ala

48

96

144

192

240

288

336

384
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-continued

32

cge
Arg
410

ggt
Gly

cge
Arg

gca
Ala

cag
Gln

tgg
Trp
490

ctyg

Leu

atg
Met

tta
Leu

395 400

cgt tet ggt caa atc gee age ctg
Arg Ser Gly Gln Ile Ala Ser Leu
415

gac gag ttt age ttc gaa ttt ggc
Asp Glu Phe Ser Phe Glu Phe Gly
430

ccg gga gaa aac gaa gat gec ccg
Pro Gly Glu Asn Glu Asp Ala Pro
445 450

aga ctg aaa gac gga ggt act cag
Arg Leu Lys Asp Gly Gly Thr Gln
460 465

att gag ctg gtg cgc age ctg agt
Ile Glu Leu Val Arg Ser Leu Ser
475 480

gta act cac tgg gaa gaa atg gca
Val Thr His Trp Glu Glu Met Ala
495

ttc aaa tat ttg ccc gta tca att
Phe Lys Tyr Leu Pro Val Ser Ile
510

gat gaa aag gaa cca ctg aca atc
Asp Glu Lys Glu Pro Leu Thr Ile
525 530

acc ggg gaa tac agt gta atc gat
Thr Gly Glu Tyr Ser Val Ile Asp
540 545

<210> SEQ ID NO 5

<211> LENGTH: 269

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(269)

<223> OTHER INFORMATION: recT on plasmid pBAD24-recET at 2155-2972

<400> SEQUENCE: 5

Met
1
Gly

Ile

Lys
65

Ile

Lys

Arg

Gly
145

Thr Lys Gln Pro Pro Ile Ala Lys
5

Asn Arg Ala Pro Ala Ala Val Lys
20 25

Asn Gln Pro Ser Met Lys Glu Gln
35 40

Met Thr Ala Glu Arg Met Ile Arg
50 55

Val Pro Ala Leu Gly Asn Cys Asp
70

Val Gln Cys Ser Gln Leu Gly Leu
85

Ala Tyr Leu Leu Pro Phe Gly Asn
100 105

Asn Val Gln Leu Ile Ile Gly Tyr
115 120

Arg Ser Gly Gln Ile Ala Ser Leu
130 135

Asp Glu Phe Ser Phe Glu Phe Gly
150

tca
Ser

ctt
Leu
435

gtt
Val

ttt
Phe

aaa
Lys

aag
Lys

gag
Glu
515

gat

Asp

aat
Asn

Ala

Asn

Leu

Ile

Thr

Glu

90

Lys

Arg

Ser

Leu

gee
Ala
420

gat
Asp

Thr

gaa
Glu

get
Ala

aaa
Lys
500

atc

Ile

cct
Pro

tca
Ser

Asp

Ser

Ala

Ala

Met

75

Pro

Asn

Gly

Ala

Asp
155

405
cgt gtt

Arg Val

gaa aag
Glu Lys

cac gtc
His Val

gtt atg
Val Met
470
ggt aat
Gly Asn
485
acg gct
Thr Ala

cag cgt
Gln Arg

gca gat
Ala Asp

gag gaa
Glu Glu
550

Leu Gln

Asp Val

Ala Ala

45

Thr Thr
60

Ser Phe

Gly Ser

Glu Lys

Met Ile
125

Arg Val
140

Glu Lys

gte
Val

tta
Leu

tat
Tyr
455

acg
Thr

aac
Asn

att
Ile

gca
Ala

tce
Ser
535

tag

Lys

Ile

30

Leu

Glu

Val

Ala

Ser

110

Asp

Val

Leu

cgt
Arg

ata
Ile
440
gct
Ala

cge
Arg

999
Gly

cgt
Arg

gta
Val
520

tct
Ser

Thr

15

Ser

Pro

Ile

Ser

Leu

95

Gly

Leu

Arg

Ile

gaa
Glu
425

cac

His

gte
Val

aaa
Lys

ccg
Pro

cge
Arg
505

tca

Ser

gta
Val

Gln

Phe

Arg

Arg

Ala

Gly

Lys

Ala

Glu

His
160

432

480

528

576

624

672

720

768

810
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-continued

34

Arg

Ala

Gln

Trp

Leu

225

Met

Leu

Pro Gly Glu Asn Glu Asp Ala
165

Arg Leu Lys Asp Gly Gly Thr
180

Ile Glu Leu Val Arg Ser Leu
195 200

Val Thr His Trp Glu Glu Met
210 215

Phe Lys Tyr Leu Pro Val Ser
230

Asp Glu Lys Glu Pro Leu Thr
245

Thr Gly Glu Tyr Ser Val Ile
260

<210> SEQ ID NO 6

<211> LENGTH: 876

<212> TYPE: DNA

<213> ORGANISM: Artificial Seque
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(876)

<223> OTHER INFORMATION: araC on
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(876)

<223> OTHER INFORMATION: aracC

<400> SEQUENCE: 6

tgacaacttg acggctacat cattcacttt

getggeceeg gtgcattttt taaatacceg

attgcgaccg acggtggega taggcatceg

gatacgttgg tcctegegee agcttaagac

tgacagacge gacggcgaca agcaaacatg

gtctgecagg tgatcgetga tgtactgaca

atggagcgac tcgttaateg cttecatgeg

cgccagcage tccgaatage geecttecee

gtcgctgaaa tgeggctggt gegettcate

tgacggccag ttaagecatt catgecagta

ataccattcg cgagecteeg gatgacgace

caaaatatca ccecggtegge aaacaaatte

gcgaatggtyg agattgagaa tataaccttt

gagataaccg ttggcctcaa tcggcegttaa

tcceggecage aggggatcat tttgegette

<210> SEQ ID NO 7

<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: Artificial Seque
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(292)

<223> OTHER INFORMATION: araC on plasmid pBAD24-recET at 974-996

<400> SEQUENCE: 7

Pro

Gln

185

Ser

Ala

Ile

Ile

Asp
265

nce

Val

170

Phe

Lys

Lys

Glu

Asp

250

Asn

Thr His

Glu Val

Ala Gly

Lys Thr

220

Ile Gln
235

Pro Ala

Ser Glu

Val

Met

Asn

205

Ala

Arg

Asp

Glu

Tyr

Thr

190

Asn

Ile

Ala

Ser

Ala Val
175

Arg Lys

Gly Pro

Arg Arg

Val Ser

240

Ser Val
255

plasmid pBAD24-recET at 974-996

ttcttcacaa

cgagaaatag

ggtggtgctc

gctaatcect

ctgtgegacy

agcctegegt

ccgcagtaac

ttgcceggeyg

cgggcgaaag

dgcgcegegga

gtagtgatga

tcgteectga

cattcccage

acccgccacce

agccat

nce

ccggcacgga

agttgatcgt

aaaagcagct

aactgctgge

ctggcgatat

acccgattat

aattgctcaa

ttaatgattt

aacccegtat

cgaaagtaaa

atctctectyg

tttttcacca

ggtcggtcga

agatgggcat

actecgetegyg
caaaaccaac
tegectgget
ggaaaagatg
caaaattgct
ccatcggtygy
gcagatttat
gcccaaacag
tggcaaatat
cccactggty
gegggaacag
ccecectgace
taaaaaaatc

taaacgagta

60

120

180

240

300

360

420

480

540

600

660

720

780

840

876
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35

-continued

36

Met

Ala

Asp

Leu

Val

65

Tyr

Ile

Gly

145

Leu

Asn

Ser

Ser

Ser

225

Thr

Asp

Pro

Val

Ala Glu Ala Gln Asn Asp Pro Leu Leu Pro Gly Tyr

His Leu Val Ala Gly Leu Thr Pro Ile Glu Ala Asn

Phe Phe Ile Asp Arg Pro Leu Gly Met Lys Gly Tyr

35 40 45

Thr Ile Arg Gly Gln Gly Val Val Lys Asn Gln Gly
50 55 60

Cys Arg Pro Gly Asp Ile Leu Leu Phe Pro Pro Gly
70 75

Tyr Gly Arg His Pro Glu Ala Arg Glu Trp Tyr His
Phe Arg Pro Arg Ala Tyr Trp His Glu Trp Leu Asn
100 105

Phe Ala Asn Thr Gly Phe Phe Arg Pro Asp Glu Ala
115 120 125

Phe Ser Asp Leu Phe Gly Gln Ile Ile Asn Ala Gly
130 135 140

Arg Tyr Ser Glu Leu Leu Ala Ile Asn Leu Leu Glu
150 155

Arg Arg Met Glu Ala Ile Asn Glu Ser Leu His Pro
165 170

Arg Val Arg Glu Ala Cys Gln Tyr Ile Ser Asp His
180 185

Asn Phe Asp Ile Ala Ser Val Ala Gln His Val Cys
195 200 205

Arg Leu Ser His Leu Phe Arg Gln Gln Leu Gly Ile
210 215 220

Trp Arg Glu Asp Gln Arg Ile Ser Gln Ala Lys Leu
230 235

Thr Arg Met Pro Ile Ala Thr Val Gly Arg Asn Val
245 250

Gln Leu Tyr Phe Ser Arg Val Phe Lys Lys Cys Thr
260 265

Ser Glu Phe Arg Ala Gly Cys Glu Glu Lys Val Asn
275 280 285

Lys Leu Ser
290

<210> SEQ ID NO 8

<211> LENGTH: 861

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(861)

<223>

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(861)
<223> OTHER INFORMATION: bla

<400> SEQUENCE: 8

atg
Met

ttt

Ser

Gly

30

Ile

Arg

Glu

Gln

Trp

110

His

Gln

Gln

Pro

Leu

190

Leu

Ser

Leu

Gly

Gly

270

Asp

Phe

15

Tyr

Leu

Glu

Ile

Trp

95

Pro

Gln

Gly

Leu

Met

175

Ala

Ser

Val

Leu

Phe

255

Ala

Val

Asn

Leu

Asn

Phe

His

80

Val

Ser

Pro

Glu

Leu

160

Asp

Asp

Pro

Leu

Ser

240

Asp

Ser

Ala

OTHER INFORMATION: bla gene on plasmid pBAD24-recET at 3493-4353

agt att caa cat ttc cgt gtc gee ctt att cece ttt ttt geg gea
Ser Ile Gln His Phe Arg Val Ala Leu Ile Pro Phe Phe Ala Ala

295 300 305

tgc ctt cct gtt ttt get cac cca gaa acg ctg gtg aaa gta aaa
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-continued

38

Phe

gat
Asp
325

cte
Leu

cca
Pro

cgt
Arg

cag
Gln

gat
Asp
405

gat
Asp

gag
Glu

gat
Asp

gac
Asp

act
Thr
485

atg
Met

get
Ala

cge
Arg

gta
Val

aga
Arg
565

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

Cys
310

get
Ala

aac
Asn

atg
Met

gtt
Val

aat
Asn
390

gge
Gly

aac
Asn

cta
Leu

cgt
Arg

ace
Thr
470

gge
Gly

gag
Glu

gge
Gly

ggt
Gly

gtt
Val
550

cag
Gln

Leu

gaa
Glu

agc
Ser

atg
Met

gac
Asp
375

gac
Asp

atg
Met

act
Thr

ace
Thr

tgg
Trp
455

acg
Thr

gaa
Glu

gecg
Ala

tgg
Trp

ate
Ile
535

atc

Ile

ate
Ile

Pro

gat
Asp

ggt
Gly

agc
Ser
360

gece
Ala

ttg
Leu

aca
Thr

gecg
Ala

get
Ala
440

gaa

Glu

atg
Met

cta
Leu

gat
Asp

ttt
Phe
520

att
Ile

tac
Tyr

get
Ala

PRT

SEQUENCE :

Val

cag
Gln

aag
Lys
345

act
Thr

999
Gly

gtt
Val

gta
Val

gece
Ala
425

ttt
Phe

ceg
Pro

cct
Pro

ctt
Leu

aaa
Lys
505

att

Ile

gca
Ala

acg
Thr

gag
Glu

SEQ ID NO 9
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
NAME/KEY: DOMAIN
LOCATION:

286

Phe

ttg
Leu
330

ate
Ile

ttt
Phe

caa
Gln

gag
Glu

aga
Arg
410

aac
Asn

ttg
Leu

gag
Glu

gta
Val

act
Thr
490

gtt
Val

get
Ala

gca
Ala

acg
Thr

ata
Ile
570

Ala
315

ggt
Gly

ctt
Leu

aaa
Lys

gag
Glu

tac
Tyr
395

gaa
Glu

tta
Leu

cac
His

ctyg
Leu

gca
Ala
475

cta
Leu

gca
Ala

gat
Asp

ctyg
Leu

999
Gly
555

ggt
Gly

(1) ..(286)

9

His

gca
Ala

gag
Glu

gtt
Val

caa
Gln
380

tca
Ser

tta
Leu

ctt
Leu

aac
Asn

aat
Asn
460

atg
Met

get
Ala

gga
Gly

aaa
Lys

999
Gly
540

agt

Ser

gece
Ala

Pro

cga
Arg

agt
Ser

ctyg
Leu
365

cte
Leu

cca
Pro

tgce
Cys

ctyg
Leu

atg
Met
445

gaa
Glu

gca
Ala

tce
Ser

cca
Pro

tct
Ser
525

cca

Pro

cag
Gln

tca
Ser

Glu

gtg
Val

ttt
Phe
350

cta
Leu

ggt
Gly

gte
Val

agt
Ser

aca
Thr
430

999
Gly

gece
Ala

aca
Thr

cgg
Arg

ctt
Leu
510

gga
Gly

gat
Asp

gca
Ala

ctyg
Leu

Thr

ggt
Gly
335

cge
Arg

tgt
Cys

cge
Arg

aca
Thr

get
Ala
415

acyg
Thr

gat
Asp

ata
Ile

acyg
Thr

caa
Gln
495

ctg
Leu

gee
Ala

ggt
Gly

act
Thr

att
Ile
575

Leu
320

tac
Tyr

cece
Pro

gge
Gly

cge
Arg

gaa
Glu
400

gece
Ala

ate
Ile

cat
His

cca
Pro

ttg
Leu
480

caa
Gln

cge
Arg

ggt
Gly

aag
Lys

atg
Met
560

aag
Lys

Val Lys Val

ate
Ile

gaa
Glu

gecg
Ala

ata
Ile
385

aag
Lys

ata
Ile

gga
Gly

gta
Val

aac
Asn
465

cge
Arg

tta
Leu

teg
Ser

gag
Glu

cece
Pro
545

gat

Asp

cat
His

gaa
Glu

gaa
Glu

gta
Val
370

cac
His

cat
His

ace
Thr

gga
Gly

act
Thr
450

gac
Asp

aaa
Lys

ata
Ile

gece
Ala

cgt
Arg
530

tce

Ser

gaa
Glu

tgg
Trp

ctyg
Leu

cgt
Arg
355

tta
Leu

tat
Tyr

ctt
Leu

atg
Met

ccg
Pro
435

cge

Arg

gag
Glu

cta
Leu

gac
Asp

ctt
Leu
515

999
Gly

cgt
Arg

cga
Arg

taa

Lys

gat
Asp
340

ttt
Phe

tce
Ser

tct
Ser

acg
Thr

agt
Ser
420

aag
Lys

ctt
Leu

cgt
Arg

tta
Leu

tgg
Trp
500

ceg

Pro

tct
Ser

ate
Ile

aat
Asn

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

861

OTHER INFORMATION: bla gene on plasmid pBAD24-recET at 3493-4353
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40

Met

Phe

Asp

Leu

Pro

65

Arg

Gln

Asp

Asp

Glu

145

Asp

Asp

Thr

Met

Ala

225

Arg

Val

Arg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

Ser

Cys

Ala

Asn

50

Met

Val

Asn

Gly

Asn

130

Leu

Arg

Thr

Gly

Glu

210

Gly

Gly

Val

Gln

Ile

Leu

Glu

35

Ser

Met

Asp

Asp

Met

115

Thr

Thr

Trp

Thr

Glu

195

Ala

Trp

Ile

Ile

Ile
275

LOCATION:

Gln His Phe Arg Val

Pro Val Phe Ala His

20

Asp Gln Leu Gly Ala

40

Gly Lys Ile Leu Glu

55

Ser Thr Phe Lys Val

70

Ala Gly Gln Glu Gln

85

Leu Val Glu Tyr Ser

100

Thr Val Arg Glu Leu

120

Ala Ala Asn Leu Leu

135

Ala Phe Leu His Asn
150

Glu Pro Glu Leu Asn

165

Met Pro Val Ala Met

180

Leu Leu Thr Leu Ala

200

Asp Lys Val Ala Gly

215

Phe Ile Ala Asp Lys
230

Ile Ala Ala Leu Gly

245

Tyr Thr Thr Gly Ser

260

Ala Glu Ile Gly Ala

SEQ ID NO 10
LENGTH: 7195
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
NAME/KEY: misc_feature
(1) ..(7195)
OTHER INFORMATION: plasmid pBAD-ET-gamma
FEATURE:
NAME/KEY: CDS
LOCATION:

<400> SEQUENCE: 10

atcgatgcat aatgtgectg

tcegtcaage

ttcacttttt

aatacccgeg

ggcatccggg

cgtcaattgt

cttcacaacc

agaaatagag

tggtgctcaa

280

(1) ..(7195)
OTHER INFORMATION: red gam

tcaaatggac

ctgattegtt

ggcacggaac

ttgatcgtca

aagcagctte

Ala Leu Ile
10

Pro Glu Thr
25

Arg Val Gly

Ser Phe Arg

Leu Leu Cys

75

Leu Gly Arg
90

Pro Val Thr
105

Cys Ser Ala

Leu Thr Thr

Met Gly Asp

155

Glu Ala Ile
170

Ala Thr Thr
185

Ser Arg Gln

Pro Leu Leu

Ser Gly Ala

235

Pro Asp Gly
250

Gln Ala Thr
265

Ser Leu Ile

ma

gaagcaggga
accaattatg
tegeteggge

aaaccaacat

gectggetga

Pro Phe Phe Ala Ala

Leu

Tyr

Pro

60

Gly

Arg

Glu

Ala

Ile

140

His

Pro

Leu

Gln

Arg

220

Gly

Lys

Met

Lys

Val

Ile

45

Glu

Ala

Ile

Lys

Ile

125

Gly

Val

Asn

Arg

Leu

205

Ser

Glu

Pro

Asp

His
285

Lys

30

Glu

Glu

Val

His

His

110

Thr

Gly

Thr

Asp

Lys

190

Ile

Ala

Arg

Ser

Glu

270

Trp

ttctgcaaac

acaacttgac

tggcceceggt

tgcgaccgac

tacgttggte

15

Val Lys

Leu Asp

Arg Phe

Leu Ser
80

Tyr Ser
95

Leu Thr

Met Ser

Pro Lys

Arg Leu
160

Glu Arg
175

Leu Leu

Asp Trp

Leu Pro

Gly Ser

240

Arg Ile
255

Arg Asn

cctatgetac
ggctacatca
gcatttttta
ggtggegata

ctegegecag

60

120

180

240

300
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-continued
cttaagacgce taatccctaa ctgctggegg aaaagatgtyg acagacgcga cggcgacaag 360
caaacatgct gtgcgacgct ggcgatatca aaattgetgt ctgccaggtyg atcgetgatg 420
tactgacaag cctecgegtac ccgattatce atcggtggat ggagcgactce gttaatcget 480
tccatgegee gcagtaacaa ttgctcaage agatttateg ccagcagcetce cgaatagcge 540
cctteccett geoceggegtt aatgatttge ccaaacaggt cgctgaaatyg cggetggtge 600
gettcateceyg ggcgaaagaa ccccegtattg gcaaatattg acggccagtt aagcecattca 660
tgccagtagg cgcgeggacg aaagtaaacc cactggtgat accattcgeg agcectccgga 720
tgacgaccgt agtgatgaat ctctcectgge gggaacagca aaatatcacc cggtcggcaa 780
acaaattcte gtcectgatt tttcaccacce cectgacege gaatggtgag attgagaata 840
taacctttca ttcccagegg tcggtcgata aaaaaatcga gataaccgtt ggcectcaate 900
ggcgttaaac ccgecaccag atgggcatta aacgagtatce ccggcagcag gggatcattt 960
tgcgcttcag ccatactttt catactcccg ccattcagag aagaaaccaa ttgtccatat 1020
tgcatcagac attgccgtca ctgcgtettt tactggetcet tectcegctaac caaaccggta 1080
accccgcetta ttaaaagcat tcectgtaacaa agcgggacca aagccatgac aaaaacgcegt 1140
aacaaaagtg tctataatca cggcagaaaa gtccacattg attatttgca cggcgtcaca 1200
ctttgctatg ccatagcatt tttatccata agattagcgg atcctacctg acgcttttta 1260
tcgcaactcect ctactgttte tecataccceg tttttttggg ctagcaggag gaattcacca 1320
tggatcccgt aatcgtagaa gacatagagc caggtattta ttacggaatt tcgaatgaga 1380
attaccacgc gggtcccggt atcagtaagt ctcagctcecga tgacattget gatactccecgg 1440
cactatattt gtggcgtaaa aatgcccccg tggacaccac aaagacaaaa acgctcgatt 1500
taggaactgc tttccactge cgggtacttg aaccggaaga attcagtaac cgctttatcg 1560
tagcacctga atttaaccgc cgtacaaacg ccggaaaaga agaagagaaa gcgtttctga 1620
tggaatgcge aagcacagga aaaacggtta tcactgcgga agaaggccgyg aaaattgaac 1680
tcatgtatca aagcgttatg gcectttgccge tggggcaatg gecttgttgaa agcgccggac 1740
acgctgaatc atcaatttac tgggaagatc ctgaaacagg aattttgtgt cggtgccgtce 1800
cggacaaaat tatccctgaa tttcactgga tcatggacgt gaaaactacg gcggatattce 1860
aacgattcaa aaccgcttat tacgactacc gctatcacgt tcaggatgca ttctacagtg 1920
acggttatga agcacagttt ggagtgcagc caactttegt ttttectggtt gecagcacaa 1980
ctattgaatg cggacgttat ccggttgaaa ttttcatgat gggcgaagaa gcaaaactgg 2040
caggtcaaca ggaatatcac cgcaatctgc gaaccctgtce tgactgcctg aataccgatg 2100
aatggccagce tattaagaca ttatcactgc ccecgctgggce taaggaatat gcaaatgact 2160
agatctcgag gtacccgagce acgtgttgac aattaatcat cggcatagta tatcggcata 2220
gtataatacyg acaaggtgag gaactaaacc atggctaagc aaccaccaat cgcaaaagcc 2280
gatctgcaaa aaactcaggg aaaccgtgca ccagcagcag ttaaaaatag cgacgtgatt 2340
agttttatta accagccatc aatgaaagag caactggcag cagctcttcecce acgccatatg 2400
acggctgaac gtatgatccg tatcgccacce acagaaattc gtaaagttcce ggcgttagga 2460
aactgtgaca ctatgagttt tgtcagtgcg atcgtacagt gttcacagct cggacttgag 2520
ccaggtagcg cccteggtceca tgcatattta ctgccttttg gtaataaaaa cgaaaagagc 2580
ggtaaaaaga acgttcagct aatcattggc tatcgcggca tgattgatct ggctcecgecgt 2640
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tctggtcaaa

gaatttggce

acccacgtet

cgcaaacaga

actcactggg

gtatcaattg

cctgcagatt

atctaagett

ttgaacaagg

ttggcatttt

ctgccgcaag

gtcegcagaa

aaaacgcaag

actgggcggt

aggttgggaa

gcaggggatc

ctgaaactga

cggcattteg

acattcagga

aagagaaaga

aatcgetatg

cgtttgatga

aaaccattge

getgttttgg

geggtetgat

tgccgaacte

gagtagggaa

cgttttatct

gatttgaacyg

gccaggcate

actcttttgt

ctgataaatg

cgcecttatt

ggtgaaagta

tctcaacage

cacttttaaa

actcggtege

aaagcatctt

tgataacact

ttttttgcac

tcgecagect

ttgatgaaaa

atgctgtege

ttgagctggt

aagaaatggc

agatccageg

cctetgtatt

cctgetgaac

acaattaaca

cttttattte

cactcaggge

acggtgctga

cgcaaagaga

tttatggaca

gecctgcaaa

aagatctgat

gatcaagcaa

cgggcgatat

tcgtettgag

ggcagaactyg

catcgatcat

cgatgttgag

tcaccaccag

cggatgagag

aaaacagaat

agaagtgaaa

ctgccaggea

gttgtttgte

ttgcgaagca

aaattaagca

ttatttttet

cttcaataat

cecotttttty

aaagatgctg

ggtaagatce

gttctgetat

cgcatacact

acggatggca

geggecaact

aacatggggg

gtcageccegt

gttaatacac

aagactgaaa

gegeagecty

aaagaaaacg

tgcagtatca

aaccggggaa

atcaaaggca

gttaacaaat

ttatcaacat

gcaagggctg

ccceggatga

aagcaggtag

gcaagcgaac

gtaaactgga

caagagacag

aagcattcac

tttcacagct

gctcagaget

gcagacgaca

ttgcaacgce

tttcaggage

gttgatattg

aagattttca

ttgcctggeyg

cgcegtageg

tcaaataaaa

ggtgaacgct

acggcccgga

gaaggccatce

aaatacattc

attgaaaaag

cggcattttyg

aagatcagtt

ttgagagttt

gtggecgeggt

attctcagaa

tgacagtaag

tacttctgac

atcatgtaac

gttgtcegty

cgcccgggayg

gacggaggta

agtaaagctg

gcetattegte

atggatgaaa

tacagtgtaa

agaaaacatc

aaaaacgcaa

aaaggtgaat

ctaaaaggaa

atgtcagcta

cttgcagtygyg

cggaattgec

tggctttett

gatgaggatc

taaccccectt

atttcaggag

gggcgcgtca

tggaaaaagg

acggggccag

gecatggcaga

attcagaggt

gectgataca

gcagtagege

ccgatggtag

cgaaaggcete

ctcctgagta

gggtggcggy

ctgacggatg

aaatatgtat

gaagagtatg

ccttectgtt

gggtgcacga

tcgecccgaa

attatccegt

tgacttggtt

agaattatgc

aacgatcgga

tcgecttgat

aaggtgacga gtttagcttce

aaaacgaaga tgccccggtt

ctcagtttga agttatgacg

gtaataacgg gccgtgggta

gectgttcaa atatttgece

aggaaccact gacaatcgat

tcgataatte agaggaatag

tgttgtcaaa gacagcatcc

aagaaaatgc cgatatccta

cccataccte gagettcacy

geggaacacg tagaaagcca

ctgggctate tggacaaggyg

gettacatgg cgatagctag

agctggggeyg ccctetggta

geegecaagg atctgatgge

gtttcgcatyg gatattaata

tcctgtttte ctaatcagec

ttcagccatyg aacgcttatt

ctaccagcag ctegecegtyg

cctgecccag cacctgttty

caaaaaatcc attacccgtyg

acacatccgg tacatggttg

ataaaacgag tagaagcttg

gattaaatca gaacgcagaa

ggtggtceca cctgacccca

tgtggggtct ccccatgega

agtcgaaaga ctgggecttt

ggacaaatce gccgggageg

caggacgcce gccataaact

gectttttge gtttctacaa

ccgetcatga gacaataacce

agtattcaac atttcecgtgt

tttgctcace cagaaacgct

gtgggttaca tcgaactgga

gaacgtttte caatgatgag

gttgacgecg ggcaagagca

gagtactcac cagtcacaga

agtgctgcca taaccatgag

ggaccgaagg agctaaccgce

cgttgggaac cggagctgaa

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040
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tgaagccata

gcgcaaacta

gatggaggcg

tattgctgat

gccagatggt

ggatgaacga

gtcagaccaa

taagcgegge

cgeeegetea

aagctctaaa

ccaaaaaact

ttegecettt

caacactcaa

cctattggtt

taacgtttac

atcccttaac

tcttettgag

ctaccagegyg

ggcttcagca

cacttcaaga

getgetgeca

gataaggcge

acgacctaca

gaagggagaa

agggagctte

tgacttgage

agcaacgcgg

cctgegttat

getegecgea

ctgatgeggt

ctgegecceyg

catccgetta

cgtcatcace

gggcctgeca

tctteccecat

atgccggeca

ccaaacgacyg

ttaactggeg

gataaagttyg

aaatctggag

aagcecctece

aatagacaga

gtttactcat

gggtgtggtyg

tttegettte

thggggCtC

tgatttgggt

gacgttggag

ccctateteg

aaaaaatgag

aatttaaaag

gtgagtttte

atcctttttt

tggtttgttt

gagcgcagat

actctgtage

gtggcgataa

agcggtcggg

ccgaactgag

aggcggacag

cagggggaaa

gtcgattttt

cctttttacy

ccectgatte

gccgaacgac

attttctect

acacccgcca

cagacaagct

gaaacgcgceyg

ccatacccac

cggtgatgte

cgatgegtec

<210> SEQ ID NO 11
<211> LENGTH: 7010

<212> TYPE:

DNA

agcgtgacac

aactacttac

caggaccact

ccggtgagcg

gtatcgtagt

tcgetgagat

atatacttta

gttacgcgca

ttcececttect

cctttagggt

gatggttcac

tccacgttet

ggctattett

ctgatttaac

gatctaggtyg

gttccactga

tctgegegta

gecggatcaa

accaaatact

accgectaca

gtegtgtett

ctgaacgggg

atacctacag

gtatcceggta

cgectggtat

gtgatgcteg

gttectggee

tgtggataac

cgagcgcage

tacgcatctg

acaccegetyg

gtgaccgtet

aggcagcaag

gccgaaacaa

ggcgatatag

ggcgtagagg

cacgatgect

tctagettee

tctgegeteg

tgggtctege

tatctacacg

aggtgectca

gattgattta

gegtgacege

ttctegecac

tccgatttag

gtagtgggcc

ttaatagtgg

ttgatttata

aaaaatttaa

aagatccttt

gegtcagace

atctgetget

gagctaccaa

gtcettetag

tacctegete

accgggttgg

ggttcegtgea

cgtgagetat

agceggcaggy

ctttatagtce

tecaggggggce

ttttgctgge

cgtattaccyg

gagtcagtga

tgcggtattt

acgcgeectyg

ccgggagctg

gagatggcge

gegetcatga

gegecagcaa

atctgceteat

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

gtagcaatgg caacaacgtt

cggcaacaat taatagactg

gecetteegyg ctggetggtt

ggtatcattyg cagcactggg

acggggagtc aggcaactat

ctgattaagc attggtaact

cgecgeectgt ageggegeat

tacacttgce agcgccctag

gttegecgge ttteccegte

tgctttacgg cacctcgace

atcgcecctga tagacggttt

actcttgtte caaacttgaa

agggattttyg ccgatttegg

cgcgaatttt aacaaaatat

ttgataatct catgaccaaa

ccgtagaaaa gatcaaagga

tgcaaacaaa aaaaccaccg

ctctttttee gaaggtaact

tgtagccgta gttaggccac

tgctaatcct gttaccagtyg

actcaagacg atagttaccg

cacagcccag cttggagega

gagaaagege cacgcttcece

tcggaacagg agagcgcacg

ctgtegggtt tegecaccte

ggagcctatyg gaaaaacgcce

cttttgctca catgttettt

cctttgagtyg agctgatace

dcgaggaagce ggaagagegce

cacaccgcat agggtcatgg

acgggcettgt ctgetecegyg

catgtgtcag aggttttcac

ccaacagtce cceggecacg

gecegaagtyg gegageccga

ccgecacctgt ggegeeggty

gtttgacage ttatc

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7195
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<221> NAME/KEY: misc_feature
ION: (1)..(7010)
<223> OTHER INFORMATION: plasmid pBAD-alpha-beta-gamma

<222> LOCAT

<220> FEATU
<221> NAME/
<222> LOCAT

<220> FEATU
<221> NAME/
<222> LOCAT

<220> FEATU
<221> NAME/
<222> LOCAT

RE:
KEY: CDS

ION: (1320)..(2000
<223> OTHER INFORMATION: red alp

RE:
KEY: CDS

ION: (2086)..(2871
<223> OTHER INFORMATION: red bet

RE:
KEY: CDS

ION: (3403)..(3819
<223> OTHER INFORMATION: red gam

<400> SEQUENCE: 11

atcgatgcat
tececgtcaage
ttcacttttt
aatacccgceg
ggcatccggg
cttaagacgc
caaacatgct
tactgacaag
teccatgegec
cctteccett
gcttcatcceg
tgccagtagg
tgacgaccgt
acaaattctc
taacctttca
ggcgttaaac
tgcgcttcag
tgcatcagac
acccegcetta
aacaaaagtg
ctttgctatg
tecgcaactct
atg aca ccg
Met Thr Pro
290
gtc gaa cag
Val Glu Gln
305
acc gct tca
Thr Ala Ser
320
aag tgg cct

Lys Trp Pro

gtt tgc acc

aatgtgectyg

cgtcaattgt

cttcacaacc

agaaatagag

tggtgctcaa

taatccctaa

gtgcgacgcet

cctegegtac

gcagtaacaa

geceggegtt

ggcgaaagaa

¢gegeggacy

agtgatgaat

gtcectgatt

ttcccagegy

ccgecaccag

ccatactttt

attgcegtca

ttaaaagcat

tctataatca

ccatagcatt

ctactgttte

tcaaatggac
ctgattegtt
ggcacggaac
ttgatcgtca
aagcagctte
ctgctggegg
ggcgatatca
ccgattatee
ttgctcaage
aatgatttge
ccecegtattyg
aaagtaaacc
ctectectgge
tttcaccacc
tcggtegata
atgggcatta
catactceceg
ctgegtettt
tctgtaacaa
cggcagaaaa
tttatccata

tccatacceg

gac att atc ctg cag
Asp Ile Ile Leu Gln

295

ggg gat gat gcg tgg
Gly Asp Asp Ala Trp

310

gaa gtt cac aac gtg
Glu Val His Asn Val
325

gac atg aaa atg tcc
Asp Met Lys Met Ser

340

ggt gtg gct ceg gaa

ha

a

ma

gaagcaggga
accaattatg
tegeteggge
aaaccaacat
gectggetga
aaaagatgtg
aaattgctgt
atcggtggat
agatttatcg
ccaaacaggt
gcaaatattyg
cactggtgat
gggaacagca
cecctgacege
aaaaaatcga
aacgagtatc
ccattcagag
tactggctet
agcgggacca
gtccacattyg
agattagcgg
tttttttggg

cgt acc ggg
Arg Thr Gly

cac aaa tta
His Lys Leu

ata gca aaa
Ile Ala Lys
330

tac ttc cac
Tyr Phe His
345

gtt aac gct

ttctgcaaac

acaacttgac

tggcceceggt

tgcgaccgac

tacgttggte

acagacgcga

ctgccaggty

ggagcgacte

ccagcagete

cgctgaaatyg

acggccagtt

accattcgeg

aaatatcacc

gaatggtgag

gataaccgtt

ceggcageag

aagaaaccaa

tctegetaac

aagccatgac

attatttgca

atcctacctyg

cctatgetac
ggctacatca
gcatttttta
ggtggcgata
ctegegecag
cggcgacaag
atcgctgatg
gttaatcgcet
cgaatagege
cggctggtge
aagccattca
agcctecgga
cggteggceaa
attgagaata
ggcctcaate
gggatcattt
ttgtccatat
caaaccggta
aaaaacgcgt
cggegtcaca

acgcttttta

ctagcaggag gaattcacc

ate
Ile

cgg
Arg
315

cece
Pro

acce
Thr

aaa

gat
Asp
300

cte
Leu

cge
Arg

ctyg
Leu

gca

gtg
Val

gge
Gly

tce
Ser

ctt
Leu

ctyg

aga gct
Arg Ala

gtc atc
Val Ile

gga aag
Gly Lys
335

gct gag
Ala Glu
350

gcc tgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1319

1367

1415

1463

1511

1559
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Val Cys Thr Gly Val Ala Pro Glu Val Asn Ala Lys Ala Leu Ala Trp
355 360 365
gga aaa cag tac gag aac gac gcc aga acc ctg ttt gaa ttc act tcecce 1607
Gly Lys Gln Tyr Glu Asn Asp Ala Arg Thr Leu Phe Glu Phe Thr Ser
370 375 380
ggc gtg aat gtt act gaa tcc ccg atc atc tat cgc gac gaa agt atg 1655
Gly Val Asn Val Thr Glu Ser Pro Ile Ile Tyr Arg Asp Glu Ser Met
385 390 395
cgt acc gcc tgce tcet cce gat ggt tta tgc agt gac ggc aac ggc ctt 1703
Arg Thr Ala Cys Ser Pro Asp Gly Leu Cys Ser Asp Gly Asn Gly Leu
400 405 410 415
gaa ctg aaa tgc ccg ttt acc tece cgg gat ttc atg aag ttc cgg cte 1751
Glu Leu Lys Cys Pro Phe Thr Ser Arg Asp Phe Met Lys Phe Arg Leu
420 425 430
ggt ggt ttc gag gcc ata aag tca gct tac atg gec cag gtg cag tac 1799
Gly Gly Phe Glu Ala Ile Lys Ser Ala Tyr Met Ala Gln Val Gln Tyr
435 440 445
agc atg tgg gtg acg cga aaa aat gcc tgg tac ttt gecc aac tat gac 1847
Ser Met Trp Val Thr Arg Lys Asn Ala Trp Tyr Phe Ala Asn Tyr Asp
450 455 460
ccg cgt atg aag cgt gaa ggc ctg cat tat gtc gtg att gag cgg gat 1895
Pro Arg Met Lys Arg Glu Gly Leu His Tyr Val Val Ile Glu Arg Asp
465 470 475
gaa aag tac atg gcg agt ttt gac gag atc gtg ccg gag ttc atc gaa 1943
Glu Lys Tyr Met Ala Ser Phe Asp Glu Ile Val Pro Glu Phe Ile Glu
480 485 490 495
aaa atg gac gag gca ctg gct gaa att ggt ttt gta ttt ggg gag caa 1991
Lys Met Asp Glu Ala Leu Ala Glu Ile Gly Phe Val Phe Gly Glu Gln
500 505 510
tgg cga tag atccggtacc cgagcacgtg ttgacaatta atcatcggca 2040
Trp Arg *
tagtatatcg gcatagtata atacgacaag gtgaggaact aaacc atg agt act 2094
Met Ser Thr
1
gca ctc gca acg ctg gct ggg aag ctg gct gaa cgt gte ggce atg gat 2142
Ala Leu Ala Thr Leu Ala Gly Lys Leu Ala Glu Arg Val Gly Met Asp
5 10 15
tct gte gac cca cag gaa ctg atc acc act ctt cgc cag acg gca ttt 2190
Ser Val Asp Pro Gln Glu Leu Ile Thr Thr Leu Arg Gln Thr Ala Phe
20 25 30 35
aaa ggt gat gcc age gat gcg cag ttc atc gca tta ctg atc gtt gec 2238
Lys Gly Asp Ala Ser Asp Ala Gln Phe Ile Ala Leu Leu Ile Val Ala
40 45 50
aac cag tac ggc ctt aat ccg tgg acg aaa gaa att tac gcc ttt cct 2286
Asn Gln Tyr Gly Leu Asn Pro Trp Thr Lys Glu Ile Tyr Ala Phe Pro
55 60 65
gat aag cag aat ggc atc gtt ccg gtg gtg ggc gtt gat ggc tgg tcce 2334
Asp Lys Gln Asn Gly Ile Val Pro Val Val Gly Val Asp Gly Trp Ser
70 75 80
cge atc atc aat gaa aac cag cag ttt gat ggc atg gac ttt gag cag 2382
Arg Ile Ile Asn Glu Asn Gln Gln Phe Asp Gly Met Asp Phe Glu Gln
85 90 95
gac aat gaa tcc tgt aca tgc cgg att tac cgc aag gac cgt aat cat 2430
Asp Asn Glu Ser Cys Thr Cys Arg Ile Tyr Arg Lys Asp Arg Asn His
100 105 110 115
ccg ate tge gtt acc gaa tgg atg gat gaa tgc cgc cgc gaa cca ttc 2478
Pro Ile Cys Val Thr Glu Trp Met Asp Glu Cys Arg Arg Glu Pro Phe
120 125 130
aaa act cgc gaa ggc aga gaa atc acg ggg ccg tgg cag tcg cat ccc 2526
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Lys

aaa
Lys

tte
Phe

gaa
Glu
180

ceg
Pro

ctyg
Leu

ttt
Phe

gta
Val

gca
Ala
260

Thr

cgg
Arg

gga
Gly
165

aat
Asn

gtt
Val

gat
Asp

cge
Arg

aaa
Lys
245

gca
Ala

Arg

atg
Met
150

ttt
Phe

act
Thr

aac
Asn

aaa
Lys

cge
Arg
230

get
Ala

tag

catctgttgt

gcaaaagaaa

gaatcccata

ggaagcggaa

gctactggge

gtgggcttac

tgccagetygyg

tecttgeegee

Glu Gly Arg Glu Ile

135

tta cgt cat aaa gcc
Leu Arg His Lys Ala

155

get ggt ate tat gac
Ala Gly Ile Tyr Asp

170

gca tac act gca gaa
Ala Tyr Thr Ala Glu
185

gat gaa acc atg cag
Asp Glu Thr Met Gln

200

aca tgg gat gac gac
Thr Trp Asp Asp Asp

215

gac att cgt gca tcg
Asp Ile Arg Ala Ser

235

ctt gga tte ctg aaa
Leu Gly Phe Leu Lys

250

Thr Gly Pro
140

atg att cag
Met Ile Gln

aag gat gaa
Lys Asp Glu

cgt cag ccg
Arg Gln Pro
190

gag att aac
Glu Ile Asn
205

tta ttg ccg
Leu Leu Pro
220

tca gaa ctg
Ser Glu Leu

cag aaa gcc
Gln Lys Ala

Trp Gln Ser His Pro
145

tgt gcc cgt ctg gee
Cys Ala Arg Leu Ala
160

gee gag cgc att gte
Ala Glu Arg Ile Val
175

gaa cgc gac atc act
Glu Arg Asp Ile Thr
195

act ctg ctg atc gcc
Thr Leu Leu Ile Ala
210

cte tgt tec cag ata
Leu Cys Ser Gln Ile
225

aca cag gcc gaa gca
Thr Gln Ala Glu Ala
240

gca gag cag aag gtg
Ala Glu Gln Lys Val
255

atctcgagaa gcttectget gaacatcaaa ggcaagaaaa

caaagacagc

atgccgatat

cctegagett

cacgtagaaa

tatctggaca

atggcgatag

ggcgeectet

aaggatctga

atccttgaac

cctattggea

cacgctgeeyg

gecagteege

agggaaaacg

ctagactggyg

ggtaaggttg

tggcgcaggg

gatcgttteg ¢ atg gat att aat act
Met Asp Ile Asn Thr

tca
Ser

cga
Arg
30

att
Ile

cte
Leu

gge
Gly

cge

cta
Leu
15

tat
Tyr

cag
Gln

gece
Ala

ctyg
Leu

cac
His
95

ace
Thr

ttt
Phe

gat
Asp

cgt
Arg

cce
Pro
80

999
Gly

1

5

cce ttt cect gtt tte
Pro Phe Pro Val Phe

20

cac agce tat tte agg
His Ser Tyr Phe Arg

35

cgt ctt gag gct cag
Arg Leu Glu Ala Gln

50

gaa gag aaa gag gca
Glu Glu Lys Glu Ala

65

cag cac ctg ttt gaa
Gln His Leu Phe Glu

gce agce aaa aaa tcc
Ala Ser Lys Lys Ser

100

aaggacaatt

ttttctttta

caagcactca

agaaacggtyg

caagcgcaaa

cggttttatg

ggaagcccty

gatcaagatc

aacagttaac aaataaaaac

tttcttatca acataaaggt

gggegcaagg gctgctaaaa

ctgacccegg atgaatgtca

gagaaagcag gtagcttgca

gacagcaagce gaaccggaat

caaagtaaac tggatggcett

tgatcaagag acaggatgag

gaa act gag atc aag caa aag cat
Glu Thr Glu Ile Lys Gln Lys His

cta atc agc
Leu Ile Ser

agt tca gcc
Ser Ser Ala
40

agc tgg gecg
Ser Trp Ala
55

gaa ctg gca
Glu Leu Ala
70

teg cta tge

Ser Leu Cys

att acc cgt
Ile Thr Arg

10

ceg gea ttt cge ggg
Pro Ala Phe Arg Gly
25

atg aac gct tat tac
Met Asn Ala Tyr Tyr
45

cgt cac tac cag cag
Arg His Tyr Gln Gln
60

gac gac atg gaa aaa
Asp Asp Met Glu Lys
75

atc gat cat ttg caa
Ile Asp His Leu Gln
90

geg ttt gat gac gat
Ala Phe Asp Asp Asp
105

2574

2622

2670

2718

2766

2814

2862

2911

2971

3031

3091

3151

3211

3271

3331

3391

3441

3489

3537

3585

3633

3681

3729
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gtt
Val
110

acce
Thr

gag ttt
Glu Phe

att gct
Ile Ala

aacgagtaga

aaatcagaac

gtcccaccety

gggtcteccce

gaaagactgg

aaatccgecyg

acgceegeca

ttttgegttt

tcatgagaca

ttcaacattt

ctcacccaga

gttacatcga

gttttccaat

acgcegggea

actcaccagt

ctgccataac

cgaaggagct

gggaaccgga

caatggcaac

aacaattaat

ttceggetygyg

tcattgcage

ggagtcagge

ttaagcattg

cectgtageg

cttgecageg

geeggettte

ttacggcacc

ccctgataga

ttgttccaaa

attttgccga

aattttaaca

taatctcatg

agaaaagatc

aacaaaaaaa

ttttccgaag

cag gag cgc atg gca
Gln Glu Arg Met Ala
115

cac cac cag dgtt gat
His His Gln Val Asp

130

agcttggetyg

gcagaagegy

accccatgec

atgcgagagt

gectttegtt

ggagcggatt

taaactgcca

ctacaaactc

ataaccctga

cegtgtegec

aacgctggtyg

actggatctce

gatgagcact

agagcaactc

cacagaaaag

catgagtgat

aaccgetttt

gctgaatgaa

aacgttgege

agactggatg

ctggtttatt

actggggeca

aactatggat

gtaactgtca

gegecattaag

cecctagegec

ccegtcaage

tcgaccccaa

cggttttteg

cttgaacaac

ttteggecta

aaatattaac

accaaaatcc

aaaggatctt

ccaccgetac

gtaactggcet

ttttggcgga

tctgataaaa

gaactcagaa

agggaactgc

ttatctgtty

tgaacgttge

ggcatcaaat

ttttgtttat

taaatgctte

cttattccect

aaagtaaaag

aacagcggta

tttaaagttc

ggtegecgcea

catcttacgg

aacactgegg

ttgcacaaca

gccataccaa

aaactattaa

gaggcggata

gctgataaat

gatggtaagce

gaacgaaata

gaccaagttt

cgcggeggge

cgctecttte

tctaaatcgyg

aaaacttgat

cecctttgacy

actcaaccct

ttggttaaaa

gtttacaatt

cttaacgtga

cttgagatce

cagcggtggt

tcagcagage

gaa cac
Glu His

att gat
Ile Asp
135

ate
Ile
120

tca
Ser

tgagagaaga

cagaatttge

gtgaaacgce

caggcatcaa

tttgtcggty

gaagcaacgg

taagcagaag

ttttctaaat

aataatattg

tttttgegge

atgctgaaga

agatccttga

tgctatgtygyg

tacactattc

atggcatgac

ccaacttact

tgggggatca

acgacgageg

ctggcgaact

aagttgcagg

ctggagcegg

cctecegtat

gacagatcge

actcatatat

gtggtggtta

getttettee

gggcetecett

ttgggtgatg

ttggagtcca

atctcggget

aatgagctga

taaaaggatc

gttttegtte

tttttttcty

ttgtttgeey

gcagatacca

cgg tac atg gtt gaa
Arg Tyr Met Val Glu

gag gta taa

Glu Val ~*

ttttcagect

ctggcggcag

gtagcgcega

ataaaacgaa

aacgctctee

cccggagggt

gccatectga

acattcaaat

aaaaaggaag

attttgectt

tcagttgggt

gagttttege

cgcggtatta

tcagaatgac

agtaagagaa

tctgacaacy

tgtaactcge

tgacaccacyg

acttactcta

accacttctyg

tgagcgtggg

cgtagttatce

tgagataggt

actttagatt

cgcegcagegt

cttectttet

tagggttceg

gttcacgtag

cgttctttaa

attcttttga

tttaacaaaa

taggtgaaga

cactgagegt

cgcgtaatet

gatcaagagc

aatactgtcc

125

gatacagatt

tagcgeggtyg

tggtagtgtg

aggctcagte

tgagtaggac

dgcgggeagg

cggatggect

atgtatccge

agtatgagta

cctgtttttyg

gcacgagtgg

cccgaagaac

tccegtgtty

ttggttgagt

ttatgcagtyg

atcggaggac

cttgategtt

atgcctgtag

gettecegge

cgcteggece

tctegeggta

tacacgacgg

gectcactga

gatttacgceg

gaccgctaca

cgccacgtte

atttagtgcet

tgggccateg

tagtggactc

tttataaggyg

atttaacgcg

tcotttttga

cagacccegt

getgettgea

taccaactct

ttctagtgta

3777

3819

3879

3939

3999

4059

4119

4179

4239

4299

4359

4419

4479

4539

4599

4659

4719

4779

4839

4899

4959

5019

5079

5139

5199

5259

5319

5379

5439

5499

5559

5619

5679

5739

5799

5859

5919

5979
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gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc tcgectctget 6039
aatcctgtta ccagtggetg ctgccagtgg cgataagtceg tgtcttaccg ggttggactce 6099
aagacgatag ttaccggata aggcgcagceg gtecgggctga acggggggtt cgtgcacaca 6159
geecagettyg gagcgaacga cctacaccga actgagatac ctacagegtg agctatgaga 6219
aagcgecacg ctteccgaag ggagaaagge ggacaggtat ceggtaageyg gcagggtcegg 6279
aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt 6339
cgggtttege cacctctgac ttgagegtceg atttttgtga tgctecgtcag gggggcggag 6399
cctatggaaa aacgccagca acgcggcectt tttacggttce ctggecctttt getggcecttt 6459
tgctcacatg ttctttcecetyg cgttatcccece tgattctgtg gataaccgta ttaccgectt 6519
tgagtgagct gataccgctce gecgcagecg aacgaccgag cgcagcgagt cagtgagcga 6579
ggaagcggaa gagcgcctga tgcggtattt tcectcecttacg catctgtgeg gtatttcaca 6639
ccgeataggg tcatggetge gecccgacac cegecaacac ccegetgacge gcecectgacgg 6699
gcttgtectge tececggcate cgcttacaga caagctgtga cegtcectececgg gagetgcatg 6759
tgtcagaggt tttcaccgtc atcaccgaaa cgcgcgagge agcaaggaga tggcgeccaa 6819
cagtcccceg gcecacgggge ctgccaccat acccacgecyg aaacaagcgce tcatgagcce 6879
gaagtggcga gcccgatctt cceccateggt gatgteggeg atataggcgce cagcaaccgce 6939
acctgtggeg cecggtgatge cggccacgat gcgtccggeg tagaggatct getcatgttt 6999
gacagcttat ¢ 7010
<210> SEQ ID NO 12
<211> LENGTH: 226
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<221> NAME/KEY: DOMAIN
<222> LOCATION: (1)..(226)
<223> OTHER INFORMATION: Red-alpha from plasmid pBAD-alpha-beta-gamma
<400> SEQUENCE: 12
Met Thr Pro Asp Ile Ile Leu Gln Arg Thr Gly Ile Asp Val Arg Ala
1 5 10 15
Val Glu Gln Gly Asp Asp Ala Trp His Lys Leu Arg Leu Gly Val Ile
20 25 30
Thr Ala Ser Glu Val His Asn Val Ile Ala Lys Pro Arg Ser Gly Lys
35 40 45
Lys Trp Pro Asp Met Lys Met Ser Tyr Phe His Thr Leu Leu Ala Glu
50 55 60
Val Cys Thr Gly Val Ala Pro Glu Val Asn Ala Lys Ala Leu Ala Trp
65 70 75 80
Gly Lys Gln Tyr Glu Asn Asp Ala Arg Thr Leu Phe Glu Phe Thr Ser
85 90 95
Gly Val Asn Val Thr Glu Ser Pro Ile Ile Tyr Arg Asp Glu Ser Met
100 105 110
Arg Thr Ala Cys Ser Pro Asp Gly Leu Cys Ser Asp Gly Asn Gly Leu
115 120 125
Glu Leu Lys Cys Pro Phe Thr Ser Arg Asp Phe Met Lys Phe Arg Leu
130 135 140
Gly Gly Phe Glu Ala Ile Lys Ser Ala Tyr Met Ala Gln Val Gln Tyr
145 150 155 160
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Ser Met Trp Val Thr Arg Lys Asn Ala Trp Tyr Phe Ala Asn Tyr Asp
165 170 175

Pro Arg Met Lys Arg Glu Gly Leu His Tyr Val Val Ile Glu Arg Asp
180 185 190

Glu Lys Tyr Met Ala Ser Phe Asp Glu Ile Val Pro Glu Phe Ile Glu
195 200 205

Lys Met Asp Glu Ala Leu Ala Glu Ile Gly Phe Val Phe Gly Glu Gln
210 215 220

Trp Arg
225

<210> SEQ ID NO 13

<211> LENGTH: 261

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: DOMAIN

<222> LOCATION: (1)..(261)

<223> OTHER INFORMATION: Red-beta from plasmid pBAD-alpha-beta-gamma

<400> SEQUENCE: 13

Met Ser Thr Ala Leu Ala Thr Leu Ala Gly Lys Leu Ala Glu Arg Val
1 5 10 15

Gly Met Asp Ser Val Asp Pro Gln Glu Leu Ile Thr Thr Leu Arg Gln
20 25 30

Thr Ala Phe Lys Gly Asp Ala Ser Asp Ala Gln Phe Ile Ala Leu Leu
35 40 45

Ile Val Ala Asn Gln Tyr Gly Leu Asn Pro Trp Thr Lys Glu Ile Tyr
50 55 60

Ala Phe Pro Asp Lys Gln Asn Gly Ile Val Pro Val Val Gly Val Asp
65 70 75 80

Gly Trp Ser Arg Ile Ile Asn Glu Asn Gln Gln Phe Asp Gly Met Asp
85 90 95

Phe Glu Gln Asp Asn Glu Ser Cys Thr Cys Arg Ile Tyr Arg Lys Asp
100 105 110

Arg Asn His Pro Ile Cys Val Thr Glu Trp Met Asp Glu Cys Arg Arg
115 120 125

Glu Pro Phe Lys Thr Arg Glu Gly Arg Glu Ile Thr Gly Pro Trp Gln
130 135 140

Ser His Pro Lys Arg Met Leu Arg His Lys Ala Met Ile Gln Cys Ala
145 150 155 160

Arg Leu Ala Phe Gly Phe Ala Gly Ile Tyr Asp Lys Asp Glu Ala Glu
165 170 175

Arg Ile Val Glu Asn Thr Ala Tyr Thr Ala Glu Arg Gln Pro Glu Arg
180 185 190

Asp Ile Thr Pro Val Asn Asp Glu Thr Met Gln Glu Ile Asn Thr Leu
195 200 205

Leu Ile Ala Leu Asp Lys Thr Trp Asp Asp Asp Leu Leu Pro Leu Cys
210 215 220

Ser Gln Ile Phe Arg Arg Asp Ile Arg Ala Ser Ser Glu Leu Thr Gln
225 230 235 240

Ala Glu Ala Val Lys Ala Leu Gly Phe Leu Lys Gln Lys Ala Ala Glu
245 250 255

Gln Lys Val Ala Ala
260
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-continued

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 14

LENGTH: 138

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

NAME/KEY: DOMAIN

LOCATION: (1)..(138)

OTHER INFORMATION: Red-gamma from
and plasmid pBAD-ET-gamma

plasmid

<400> SEQUENCE: 14

Met Asp Ile Asn Thr Glu Thr Glu Ile Gln His

1

Lys
10

Lys

Pro Phe Pro Val Phe Leu Ile Ser Pro Ala Phe Arg Gly

Phe Ala

40

Ser Tyr Ser Ser Met Asn Ala

35

Arg Tyr Tyr

45

Glu Ala Gln Ala Gln

60

Leu Ser His Gln

50

Arg Trp

55

Arg Tyr

Glu
65

Glu Glu Ala Glu

70

Ala Met

75

Lys Leu Asp Asp Glu Lys

Gln His Leu Phe Glu Ser Leu Cys Ile Asp His Leu Gln

90
Ala Ile

Thr Ala

105

Ser Lys Lys Ser Phe

100

Arg Asp Asp Asp

Gln Glu Met Ala Glu Ile

120

Met Val Glu

125

Arg His

115

Arg Tyr

His Gln Val Ile Ser Glu Val

130

Asp Asp

135

Ser

Arg

30

Ile

Leu

Gly

Arg

Val

110

Thr

PBAD-alpha-beta-gamma

Leu Thr

15

Tyr Phe

Gln Asp
Ala Arg

Pro
80

Leu
His Gly
Glu Phe

Ile Ala

The invention claimed is:

1. A method for cloning DNA molecules in procaryotic
cells comprising the steps of:

a) providing a procaryotic host cell capable of performing
RecET homologous recombination, wherein the host
cell expresses reda and redf} genes,

b) contacting in said host cell a circular first DNA molecule
which is capable of being replicated in said host cell with
a linear second DNA molecule comprising at least two
regions of sequence homology to regions on the first
DNA molecule and further comprising a DNA fragment
to be cloned under conditions which favour homologous
recombination between said first and second DNA mol-
ecules and

¢) selecting a host cell in which homologous recombina-
tion between said first and second DNA molecules has
occurred,

wherein a second DNA molecule is introduced into the host
cell in a form which allows recombination without fur-
ther modification; and

wherein when said RecET homologous recombination
occurs, it is mediated by gene products of said redc and
redf} genes.

2. The method according to claim 1 wherein the host cell is
transformed with at least one vector capable of expressing
reda and/or redf} genes.

3. The method of claim 1 wherein the expression of the
reda. and/or redf} genes is under control of a regulatable
promoter.

4. The method of claim 2 wherein the redf} gene is overex-
pressed versus the reda gene.
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5. The method according to claim 1 wherein the host cell is
a gram-negative bacterial cell.

6. The method according to claim 5 wherein the host cell is
an Escherichia coli cell.

7. The method according to claim 6 wherein the host cell is
an Escherichia coli K12 strain.

8. The method according to claim 7 wherein the E. coli
strain is selected from JC 8679 and JC 9604.

9. The method according to claim 1 wherein the host cell
further expresses a redy inhibitor gene.

10. The method according to claim 9 wherein the host cell
is transformed with a vector expressing the redy inhibitor
gene.

11. The method according to claim 1 wherein the first DNA
molecule is an extra chromosomal DNA molecule containing
an origin of replication which is operative in the host cell.

12. The method according to claim 11 wherein the first
DNA molecule is selected from plasmids, cosmids, P1 vec-
tors, BAC vectors and PAC vectors.

13. The method according to claim 1 wherein the first DNA
molecule is a host cell chromosome.

14. The method according to claim 1 wherein the regions of
sequence homology are at least 15 nucleotides each.

15. The method according to claim 1 wherein the second
DNA molecule is obtained by an amplification reaction.

16. The method according claim 1 wherein the first and/or
second DNA molecules are introduced into the host cells by
transformation.

17. The method according to claim 16 wherein the trans-
formation method is electroporation.
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18. The method according to claim 1 wherein the first and
second DNA molecules are introduced into the host cell
simultaneously by co-transformation.

19. The method according to claim 1 wherein the second
DNA molecule is introduced into a host cell in which the first
DNA molecule is already present.

20. The method according to claim 1 wherein the second
DNA molecule contains at least one marker gene placed
between the two regions of sequence homology and wherein

homologous recombination is detected by expression of said 10

marker gene.

21. The method according to claim 20 wherein the marker
gene is selected from antibiotic resistance genes, deficiency
complementation genes and reporter genes.
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22. The method of claim 1 wherein the first DNA molecule
contains at least one marker gene between the two regions of
sequence homology and wherein homologous recombination
is detected by lack of expression of said marker gene.

23. The method of any claim 1 wherein said marker gene is
selected from genes which, under selected conditions, convey
atoxic or bacteriostatic effect on the cell, and reporter genes.

24. A method according to claim 1 wherein the first DNA
molecule contains at least one target site for a site specific
recombinase between the two regions of sequence homology
and wherein homologous recombination is detected by
removal of said target site.
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