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Figure 4b 
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Figure 7a 

t-recE --- truncated rece (from 588 aa ---> end. 866 aa) 
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Figure 7b 

1 ATCGATGCATAATGTGCCTGTCAAATGGACGAAGCAGGGATTC 

44 TGCAAACCCTATGCTACTCCGTCAAGCCGTCAATTGTCTGATT 

87 CGTTACCAA TTA TGA CAA CTT GAC GGC TAC ATC 
293 to Ser Leu Lys Val AI a Val Asp 

120 ATT CAC TTT TTC TTC ACA ACC GGC ACG GAA CTC 
285 (Asn Va Lys Glu Glu Cys Gl y Ala Arg Phe Glu 
153 GCT CCG GCT GGC CCC GGT GCA ITT TIT AAA TAC 
274 (Ser Pro Ser Ala Gly Thr Cys Lys Lys Phe Val 
186 CCG CGA GAA ATA GAG TTG ATC GTC AAA ACC AAC 
263 Arg Ser Phe Tyr Leu Gin Asp Asp Phe Gly Val 
219 ATT GCG ACC GAC GGT GGC GAT AGG CAT CCG GGT 
252 (Asn Arg Gly Val Thr Al a i e Pro Met Arg Thr 
252 GGT GCT CAA AAG CAG CTT CGC CTG GCT GAT ACG 
241. Thr Ser Leu Lleu Lleu Lys At a Gln Ser e Arg 
285 TIG GTC CTC GCG CCA GCT TAA GAC GCT AAT CCC 
230 Gln Asp Glu Arg Trp Ser Leu Val Ser e Gly 
318 TAA CTG CTG GCG GAA AAG ATG TGA CAG ACG CGA 
219 (Leu Gin Gln Arg Phe Leu His Ser Leu Arg Ser 
351 CGG CGA CAA GCA AAC ATG CTG GC GAC GCT GGC 
208 Pro Ser Leu Cys Val His Gin Ala Val Ser At a 

ECORV 
384 GAT ALC AAA ATT GCT GTC TGC CAG GTG ATC GCT 
1974 e Asp Phe Asn Ser Asp A a Leu His Asp Ser 
417 GAT GIA CTG ACA AGC CTC GCG TAC CCG ATT ATC 
186 e Tyr Gln Cys A a Glu Arg Val Arg A Sn A Sp 
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Figure 7b (cont'd) 

450 CAT CGG TGG ATG GAG CGA CTC GTT AAT, CGC ITC 
175 Met Pro Pro His leu Ser Glu Asn e A a Giu 
483 CAT GCG CCG CAG TAA CAA TTG CTC AAG CAG AT 
164 Met Arg Arg leu Lleu Lleu Gin Glu leu Leu Asn 
516 TAT CGC CAG CAG CTC CGA, ATA GCG CCC TTC CCC 
153 e A a Leu Lleu Glu Ser Tyr Arg Gly Glu Gly 
549 TIG CCC GGC GTT AAT GAT TTG CCC AAA CAG GTC 
142 Gln Gly Ala Asn e i t e Gin Gly Phe Leu Asp 
582 GCT GAA. ATG CGG CTG GTG CGC TTC ATC CGG GCG 
131 (Ser Phe His Pro Gln His AI a Glu Asp Pro Arg 
615 AAA GAA CCC CGT ATT GGC AAA TA, TGA CGG CCA 
120 Phe Phe Gly Thr Asn A a Phe e Ser Pro Trp 
648 GTT AAG CCA TTC ATG CCA GTA GGC GCG CGG ACG 
109 (Asn Leu Trp Glu His Trp Tyr Ala Arg Pro Arg 
681 AAA GTA AAC CCA CG GTG ATA CCA TTC GCG AGC 
984 Phe Tyr Val Trp G in His Tyr Trp Gu Arg At a 

714. CTC CGG ATG ACG ACC GTA GTG ATG AAT CTC. TCC 
87 (Glu Pro His Arg Gly Tyr His His e Glu Gly 

747 TGG CGG GAA CAG CAA AAT ATC ACC CGG TCG GCA 
76 (Pro Pro Phe Leu Lleu ! I e Asp Gly Pro Arg Cys 

780 AAC AAA ITC TCG TCC CIG ATT TTT CAC CAC CCC 
654 Val Phe Glu Arg Gly Glin Asn Lys Val Va Gly 

813 CTG ACC GCG AAT GGT GAG ATT GAG AAT ATA ACC 
54 Gln Gly Arg e Thr Leu Asn Leu e Tyr Gly 

846 TTT CAT ICC CAG CGG TCG GTC GAT AAA AAA ATC 
43 ( Lys Met Gly Leu Pro Arg Asp e Phe Phe Asp 
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Figure 7b (cont'd) 
879 GAG ATA ACC GTT GGC CTC AAT CGG CGT TAA ACC 
32 Leu Tyr Gly Asn Ala Glu e Pro Thr Leu Gly 

912 CGC CAC CAG ATG GGC ATT AAA CGA GTA TCC CGG 
21 Ala Val 

Sheet 14 of 65 

Leu His Ala A Sn Phe Ser Tyr Gly Pro 
945 CAG CAG GGG ATC AT TIG CGC TTC AGC CAI 
10 Leu Lleu Pro Asp A Sn Gin Ala Glu Ala Met 

975 

1 O15 

1055 

1095 

135 

1175 

215 

1255 

1295 

1332 ATC GTA GAA GAC ATA GAG CCA 

5) I le Va 

16 Gly lie Ser Asn Glu Asn Tyr 
1398 GGT ATC AGT AAG TCT CAG CTC 

ACTTTTCATA CTCCCGCCAT 

CCATATICCA TCAGACATTG 

GGCTCTCTC GCTAACCAAA 

AAGCATTCTG TAACAAAGCG 

ACGCGTAACA AAAGTGTCTA 

ACATTGATTA TTTGCACGGC 

TCCATAAGAT 

AACTCTCTAC 
EcoR 

CAGGAGGAAT 

AGCATITIA 

TITIATCGC 
Nhe 

TITGGGCTAG 

Glu A Sp e Glu Pro 

1365 GGA AIT TOG AAT GAG AAT TAC 

TCAGAGAAGA AACCAATTGT 

CCGTCACTGC GTCTIITACT 

CCGGTAACCC CGCTTATTAA 

GGACCAAAGC CATGACAAAA 

TAATCACGGC AGAAAAGTCC 

GTCACACITI GCTATGCCAT 
Barn 

TAGCGGATCC TACCTGACGC 

TGITCTCCA TACCCGITT 
NCO 

TCACC ATG GAT CCC GTA 

1 Met Asp Pro Val 
GG ATI TAT TAC 

Gly le Tyr Tyr 
CAC GCG GGT CCC 

His A a Giy Pro 
GAI GAC ATT GCT 
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27 d Gly e 
1431 GAT ACT 

38) Asp Thr 
1464 GCC CCC 

49) A a Pro 

1497 GAT TTA 

60 Asp Leu 

1530 GAA CCG 

71) Glu Pro 

1563 GCA CCT 

82 PA a Pro 

1596 AAA GAA 

93) Lys Glu 
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1662 GAA GGC 
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Ser Lys Ser Gln Leu Asp Asp e A a 
CCG GCA CTA TAT TG TGG CGT AAA AAT 

Pro A a Leu Tyr Leu Trp Arg Lys Asn 
GTG GAC ACC ACA AAG 

Val Asp Thr Thr Lys 
GGA ACT GCT TTC CAC 

Gly Thr A a Phe His 
ECOR 

GAA GAA TTC AGT AAC 

Gu Gu Phe Ser A Sn 

GAA TT AAC CGC CGT 

Glu Phe Asn Arg Arg 
GAA GAG AAA GCG TTT 

Glu Glu Lys Ala Phe 
ACA GGA AAA ACG GTI 

Thr Giy Lys Thr Val 
CGG AAA ATT GAA CTC 

ACA AAA ACG 

Thr Lys Thr 
IGC CGG GTA 

Cys Arg Val 

CGC III ATC 

A rg Phe e 
ACA AAC GCC 

Thr Asn Al a 

CTG ATG GAA 

Leu Met Glu 

ATC ACT GCG 
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AG TAT CAA 

CIC 

Leu 

Leu 
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115) Glu Gly Arg Lys le Leu Met Tyr Gln Ser 



U.S. Patent Jun. 15, 2010 Sheet 16 of 65 US 7,736,851 B2 

Figure 7b (cont'd) 

1695 GTT ATG GCT TTG CCG CTG GGG CAA TGG CIT, GTI 

126 Val Met At a Leu Pro Leu Gi y Gin Trp Leu Val 
1728 GAA AGC GCC GGA CAC GCT GAA TCA TCA ATT IAC 

137 Glu Ser Ala Giy His Al a Glu Ser Ser e Tyr 
1761 TGG GAA GAT CCT GAA ACA GGA ATT TIG TGT CGG 

148 Trp Glu Asp Pro Glu Thr Gly i t e Leu Cys Arg 
1794 TGC CGT CCG GAC AAA ATT ATC CCT GAA TT CAC 

159 Cys Arg Pro Asp Lys e i le Pro Glu Phe His 
1827 TGG ATC ATG GAC GTG AAA ACT ACG GCG GAT ATI 

17O Trp e Met Asp Val Lys Thr Thr Ala Asp e 
1860 CAA CGA TTC AAA ACC GCT TAT TAC GAC TAC CGC 

181 Gln Arg Phe Lys Thr Al a Tyr Tyr Asp Tyr Arg 
1893 TAT CAC GT CAG GAT GCA TTC TAC AG GAC GGI 

192d Tyr His Val Gln Asp At a Phe Tyr Ser Asp Gly 
1926 TAT GAA GCA CAG TT GGA GTG CAG CCA ACT TIC 

203 y Tyr Glu Aa Gln Phe Gly Val Gin Pro Thr Phe 
1959 GTT T. CTG GTT GCC AGC ACA ACT ATT GAA TGC 

214 Val Phe Leu Vai Ala Ser Thr Thr le Glu Cys 
1992 GGA CGT TAT CCG GTT GAA ATT TTC ATG ATG GGC 
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Figure 7b (cont'd) 

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

236 Glu Glu At a Lys Leu Ala Gly Gln Gin Glu Tyr 
2058 CAC CGC AAT CTG CGA ACC CTG TCT, GAC TGC CTG 

247. His Arg A Sn Leu Arg Thr Leu Ser Asp cys Leu 
Bal 

2091 AAT ACC GAT GAA TGG CCA GCT ATT. AAG ACA ITA 

258 Asn Thr Asp Glu Trp Pro Ala II e Lys Thr Leu 
2124 TCA CTG CCC CGC TGG GCT. AAG GAA. TAT GCAA 

269 Ser Leu Pro Arg Trp A a Lys Glu Tyr Al aA 
2155 ATG ACT AAG CAA CCA CCA ATC GCA AAA GCC GAT 

1 Met Thr Lys Gin Pro Pro i t e A a Lys Ala Asp 
279) s nas po o o 

2188 CTG CAA AAA ACT CAG GGA AAC CGT GCA CCA GCA 
12 leu Gin Lys Thr Gin Gly Asn Arg Ala Pro Ala 

2221 GCA GTT AAA AAT AGC GAC GTG AT AGT TTT ATT 
23 A a Val Lys Asn Ser Asp Val e Ser Phe e 

2254 AAC CAG CCA TCA ATG AAA GAG CAA CTG GCA GCA 
34 Asn Gln Pro Ser Met Lys Glu Gln Leu Ala Al a 

Nde? 
2287 GCT. CTT CCA CGC CAT ATG ACG GCT GAA CGT ATG 

45 A a Leu Pro Arg His Met Thr AI a Glu Arg Met 
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232O ATC CGT ATC GCC ACC 
56 e Arg e Ala Thr 

2353 CCG GCG. A. GGA. AAC 
67 Pro Al a Leu Gly Asn 

2386 GTC 
78) Val 

2419 CIT 
89 Leu 

2452. A 
100 Leu 

2485 GGT 
111s Gly 
258 CGC 
122 Arg 

2551 CAA 
133) Gin 

AGT 
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GAG 
Gu 

CG 
Leu 

AAA AAG 
ly S 
GGC 
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ATC 

e 

GCG 
A a 

CCA 
Pro 

CCT 
PrO 

AG 
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GCC 
A a 

Lys Asn 

ATC 
e 

GGT 
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III 
Phe 

AAC 

GTA 
Va 

AGC 
Ser 

GGT 
Gly 
GIT 
Wa 

ATT GAT 
! I e A Sp 
AGC CTG 
Ser Leu 

2584 GAA 
144 Glu 

2617 GAT 
155 Asp Glu 

2650 GAA GAT 
166 Glu Asp 

2683 GCA AGA 

GGT 
Gly 
GAA 

GAG 
Glu 

TA 

GAC 
A Sp 
AAG 
Lys leu 
GCC CCG 
A a Pro 

CG AAA 

TTI 
Phe 

ATA 
e 

Gl 
Val 

GAC 
177 Ala Arg Leu Lys Asp 

2716 GTI AG 
188) Val 

ACG CGC AAA 
Met Thr Ard Lys 
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GIT 
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e Gly 
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A rg Ser 
GIT GTC 
Val Val 

III 
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TA 
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TAT 
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Gly 
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Figure 7b (cont'd) 
2749 AGC CTG 
199p Ser Leu 

2782 GTA ACT 

AGT AAA GCT GGT AAT AAC GGG CCG TGG 
Ser Lys Al a Gly Asn Asn Gly Pro Trp 
CAC TGG GAA GAA ATG GCA AAG AAA ACG 

210 Val Thr His Trp Glu Glu Met Ala Lys Lys Thr 
2815 GCT ATT CGT CGC CTG TTC AAA TAT TIG CCC GTA 
221 Ala e Arg Arg Leu Phe Lys Tyr Leu Pro Val 

2848 TCA ATT GAG ATC CAG CGT GCA GTA TCA AIG GAT 
232 Ser le Glu le Gin Arg AI a Val Ser Met Asp 

Pst 
GAA CCA CTG ACA ATC CCT GCA GAT 
Glu Pro Leu Thr Pro Ala Asp 

GTA TTA ACC GGG GAA TAC AGT, GTA AIC 
Val leu Thr Gly Glu Tyr Ser Val e 

Bgll Hind 

2881 GAA 
243 Glu 

2914 TCC 
254 Ser 

AAG 
Lys 
TCT 
Ser 

GAT 
le Asp 

2947 
265 Asp Asn 
2975 

3O15 

3O55 

3095 

3135 

31.75 

3215 

3255 

3295 

3335 

GAT AAT 
Ser 

GGCIGITTG 

Glu Gu o O O 

GCGGATGAGA 

AGATTAAATC AGAACGCAGA 

ITTGCCTGGC 

ATGCCGAACT 

GTGTGGGGTC 

ATCAAATAAA 

TCGILITATC 

AGGACAAATC 

AACGGCCCGG 

GCCAGGCAT 

GGCAGTAGCG 

CAGAAGTGAA 

TCCCCAGCG 

ACGAAAGGCT 

TGITGITIGT 

CGCCGGGAGC 

AGGGTGGCGG 

CAAATTAAGC 

GAAGATTTTC 

AGCGGTCTGA 

CGGTGGTCCC 

ACGCCGTAGC 

AGAGTAGGGA 

CAGTCGAAAG 

CGGTGAACGC 

GGATTTGAAC 

GCAGGACGCC 

AGAAGGCCAT 

TCA GAG GAA TAG ACTAAGCTT 

AGCCTGATAC 

TAAAACAGAA 

ACCTGACCCC 

GCCGATGGTA 

ACTGCCAGGC 

ACTGGGCCTT 

TCTCCTGAGT 

GTGCGAAGC 

CGCCATAAAC 

CCTGACGGAT 
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Figure 7b (cont'd) 

3375 GGCCTTTTTG CGTTTCTACA AACTCTTTTG TITATIIIC 
3415 TAAATACATT CAAATATGTA TCCGCTCATG AGACAATAAC 
3455 CCTGATAAAT GCTTCAATAA TATTGAAAAA GGAAGAG AT 

1) Me 

3495 G. AGT ATT CAA CAT TIC CGT GTC GCC CT, ATI 
1 t Ser e Gin His Phe Arg Val A a Leu lie 

3526 CCC ITT TTT GCG GCA TTT TGC CTT CCT GIT III 
12 b Pro Phe Phe Ala A a Phe Cys Leu Pro Val Phe 

3559 GCT CAC CCA GAA. ACG CTG GTG AAA GTA AAA GAT 
23 Ala His Pro Glu Thr Leu Val Lys Val Lys Asp 

3592 GCT GAA GAT CAG TVG GGT GCA CGA GTG GGT TAC 
34. A a Glu Asp Gln lieu Gly Ala Arg Val Gly Tyr 

362.5 ATC GAA CTG GAT CTC AAC AGC GGT AAG ATC CTT 
45 I e Glu Leu Asp lieu Asn Ser Gly Lys e Leu 

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

3691 ATG AGC ACT TTT AAA GT CTG CTA TGI GGC GCG 
67 Met Ser Thr Phe Lys Val Leu Lleu Cys Gly Al a 

3724 GTA TTA. TCC CGT GT, GAC GCC GGG CAA. GAG CAA 
78) Val Leu Ser Arg Va Asp A a Gly Gin Glu Gln 

3757 CIC GGT CGC CGC ATA CAC TAT TCT CAG AAT GAC 
89 Leu Gly Arg Arg e His Tyr Ser Gln Asn Asp 

Scal 
3790 TTG GTI GAG TAC TCA CCA GTC ACA GAA AAG CAT 
100 Leu Val Glu Tyr Ser Pro Val Thr Gu Lys His 

3823 CTT ACG GAT GGC ATG ACA GTA AGA GAA TTA TGC 
111) Leu Thr Asp Gly 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 
122 Ser Ala Al a e Thr Met Ser Asp Asn 

ACT GCG 
Thr A a 

3889 GCC 
133A a 

3922 AAG 
144 Lys 

3955 GAI 
155 Asp 

3988 GAG 
166 Glu 

4021 GAC 
177). Asp 

4O54 TG 
188 Leu 

4087 CTA 
199) Leu 

4120 GAG 
210) Glu 

4153 TCG 
221 Ser 

4186 AAA 
232) Lys 

4219 ATC 
243 I e 

4252 TCC 
254) Ser 

AAC ITA CTI CTG 
Lleu Leu 

CTA ACC 
Leu Thr 

CAT GTA ACT 
HiS Val Thr 

CTG AAT GAA 
Leu A Sn Giu 

ACC ACG ATG 
Thr Thr Met 

CGC AAA CTA 
Arg Lys leu 
GC. TCC CGG 
A la Ser Arg 
GCG GAT AAA 
Ala Asp Lys 
GCC CTT CCG 
A a Leu Pro 

TCT GGA GCC 
Ser Gly. A a 
AT, GCA GCA 

e Ala A a 

CGT ATC GTA 
A rg e Va 

Asn 

GAG 
Glu 

Leu 

GCI 
A a 

CGC 
Arg 
GCC 
A a 

CCI 
Pro 

TTA 
Leu 

CAA 
Gin 

Gl 
Val 

GCT 
A a 

GGT 
Gly 
CIG 
Leu 

GIT 
Va 

ACA ACG ATC 
Thr Thr e 

TIT TIG CAC 
Phe Leu His 

CTT GAT CGI 
Leu Asp Arg 
ATA CCA. AAC 

e Pro Asn 

GTA GCA ATG 
Val A a Met 

ACT GGC GAA 
Thr Gly Glu 
CAA TTA ATA 
Gln Leu le 

GCA GGA CCA 
At a Gly Pro 
GGC TGG. T. 
Gly Trp Phe 
GAG CGT GGG 

Glu Arg Gly 
GGG CCA GAT 
Gly Pro Asp 
ATC TAC ACG 

e Tyr Thr 

GGA 
Gly 
AAC 
Asn 

TGG 
Trp 
GAC 
Asp 
GCA 
At a 

CIA 
Leu Leu 

GAC TGG 
Asp Trp 
CIT CIG 
Leu Leu 

ATI GCI 
e A a 

TCT, CGC 
Ser Arg 
GGT AAG 
Gly Lys 
ACG GGG 
Thr Gly 

GGA 
Gly 
ATG 
Met 

GAA 
Glu 

GAG 
Glu 

ACA 
Thr 

CIT 

CCG 
Pro 

Gly 
CCG 
Pro 

CGT 
Arg 
ACG 
Thr 

ACT 
Thr 

AG 
Met 

CGC 
Arg 
GAT 
A Sp 
GGT 
Gly 
CCC 
Pro 

AGT 
Ser 
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- higure /b (cont'd) 

4285 CAG GCA ACT ATG GAT GAA CGA AAT AGA CAG ATC 
265 Gin Ala Thr Met Asp Glu Arg Asn Arg Gin e 

4318 GCT GAG ATA GGT GCC TCA CTG ATT AAG CAT IGG 
276 Al a Glu e Gly Al a Ser Leu e Lys His Trp 

4351 TAA CTGTCAGACC AAGTTTACTC ATATATACTT 
287) o o o 

4384 

4424 

4464 

4504 

4544 

4584 

4624 

4664 

47 O4 

4744 

4784 

4824 

4864 

4904 

4.944 

4984 

5024 

TAGATTGATT 

GCGGGTGGG 

CCAGCGCCCT 

CITICTCGCC 

AATCGGGGGC 

GGCACCTCGA 

ACGTAGTGGG 

TTGACGTTGG 

TCCAAACTTG 

TTTTGATTTA 
TEAAAAAATG 

TTAACAAAAT 
TGAAGATCCT 

ACGTGAGTTT 

AAGATCAAAG 

TAACGCTG 

GGTGGTTTGT 

TACGCGCCCT 

TGGTTACGCG 

AGCGCCCGC 

ACGTCGCCG 

TCCCTTIAGG 

CCCCAAAAAA 

CCATCGCCC 

AGTCCACGTI 

AACAACACTC 

TAAGGGATT 

AGCTGATTTA 

ATAACGTTT 

TTITGATAAT 

TCGITCCACT 

GATCCTTG 

CTTGCAAACA 

TGCCGGATC 

GTAGCGGCGC 

CAGCGTGACC 

CCTTTCGCIT 

GCIIICCCCG 

GTTCCGATTT 

CTTGATTTGG 

GATAGACGGT 

CTTTAATAGT 
AACCCTATCT 

TGCCGATTC 

ACAAAAATTT 

ACAATTTAAA 

CTCATGACCA 

GAGCGTCAGA 

AGATCCTTT 

AAAAAACCAC 

AAGAGCTACC 

ATTAAGCGCG 

GCTACACTTG 

TCTCCCLIC 

TCAAGCTCIA 

AGTGCITAC 

GIGATGGTTC 

TITICGCCC 

GGACTCTIGT 

CGGGCTAITC 

GGCCTATTGG 

AACGCGAATT 

AGGATCTAGG 

AAATCCCTTA 

CCCCGTAGAA 

TTTCTGCGCG 

CGCTACCAGC 

AACTCTTTTT 
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Figure 7b (cont'd) 
5064 CCGAAGGTAA CTGGCTTCAG 

5104 

5144 

51.84 

5224 

5264 

53O4. 

5344 

53.84 

5424 

5464 
5504 

5544 

5584 

5624 

5564 

5704 

5744 

5784 

5824 

S864 

5904 

5944 

CTGICCTTCT 

GAACTCTGTA 
CTGTTACCAG 
ITACCGGGTT 

GCAGCGGTCG 
AGCTTGGAGC 

AGCGTGAGCT 

AAAGGCGGAC 

GGAGAGCGCA 

ATCTITATAG 

GCGTCGATTT 
TGGAAAAACG 

CCTTTTGCIG 

ATCCCCTGAT 

IGAGCTGATA 

GCGAGTCAGT 

GTATITICIC 

ATAGGGTCAT 
TGACGCGCCC 

TACAGACAAG 

AGAGGTTTTC 
AGGAGATGGC 
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AGTGTAGCCG 

GCACCGCCTA 

TGGCTGCTGC 

GGACTCAAGA 

GGCTGAACGG 

GAACGACCTA 

ATGAGAAAGC 

AGGTATCCGG 

CGAGGGAGCT 

TCCTGTCGGG 

TGTGATGCT 

CCAGCAACGC 

GCCITIGCL 

TCTGTGGATA 

cCGCTCGCCG 
GAGCGAGGAA 

CITACGCATC 

GGCTGCGCCC 

TGACGGGCT 

CTGTGACCGT 
ACCGTCATCA 

GCCCAACAGT 
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CAGAGCGCAG 

TAGTTAGGCC 

CATACCTCGC 

CAGTGGCGAT 

CGATAGITAC 

GGGGTTCGIG 

CACCGAACTG 

GCCACGCTTC 

TAAGCGGCAG 

TCCAGGGGGA 

TTTCGCCACC 

CGTCAGGGGG 

GGCCTITIA 

CACATGITCT 

ACCGTATTAC 

CAGCCGAACG 

GCGGAAGAGC 

TGTGCGGTAT 

CGACACCCGC 

GTCTGCTCCC 

CTCCGGGAGC 

CCGAAACGCG 

CCCCCGGCCA 
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ATACCAAATA 

ACCACITCAA 

TCTGCTAAC 

AAGTCGTGTC 

CGGATAAGGC 

CACACAGCCC 

AGATACCTAC 

CCGAAGGGAG 

GGTCGGAACA 

AACGCCTGGT 

TCTGACTTGA 

GCGGAGCCTA 

CGGTTCCTGG 

TTCCTGCGIT 

CGCCTTTGAG 

ACCGAGCGCA 

GCCTGAIGCG 

TTCACACCGC 

CAACACCCGC 

GGCATCCGCT 

IGCATGTGTC 

CGAGGCAGCA 

CGGGGCCTGC 
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Figure 7b (cont'd) 

5984 CACCATACCC ACGCCGAAAC AAGCGCTCAT GAGCCCGAAG 

6O24 TGGCGAGCCC GATCTTCCCC ATCGGTGATG TCGGCGATAT 

6O64 AGGCGCCAGC AACCGCACCT GTGGCGCCGG TGATGCCGGC 

6104 CACGATGCGT CCGGCGTAGA GGATCTGCTC ATGTTTGACA 

6144 GCTTATC 
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Figure 8 b 
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Figure 9a 
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Figure 10a 
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Figure 10 
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Figure 1 1 a 

Hoxa-P1 (>76 kb) 
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Figure 11 b 
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Figure 12 
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Figure 13 a 
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Figure 13b 
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1 ATCGATGCATAATGTGCCTGTCAAATGGACGAAGCAGGG 

40 ATTCTGCAAACCCTATGCTACTCCGTCAAGCCGTCAATT 

79 GTCTGATTCGTTACCAA TTA TGA CAA CTT GAC 

111. GGC TAC 
288 A a Val 

141 GGC ACG 
278 (Ala Arg 
171 GCA III 
268 Cys Lys 
2O1 TG ATC 
258 Gin Asp 
231 GGT GGC 
248 Thr A a 

261 AAG CAG 
238 Leu Leu 

291. CTC GCG 
228 Glu Arg 
321. CTG CTG 
218 Gin Gln 

351 CGG CGA 
2O8 ( Pro Ser 

381 GGC GAT 
198 (A a e 

411 ATC GCT 

293 (to o o Ser 

ATC ATT 
Asp Asn 
GAA CTC 
Phe Gu 

TTT AAA TAC 
Lys Phe Val 
GIC AAA ACC 
Asp Phe Gly 
GAT AGG CAT 

e Pro Met 

CIT, CGC CTG 
Lys A a Glin 
CCA GCT TAA 
Trp Ser Leu 
GCG GAA AAG 
Arg Phe Leu 
CAA GCA AAC 
Leu CyS Va 
ATC AAA ATT 
Asp Phe Asn 
GAT GTA CTG 

CAC 
Va 

GC 
Ser 

Lleu Lys Va 
TTT TIC ITC ACA ACC 
Lys Glu Gi u Cys Gly 
CGG 
Pro 

CCG 
Arg 

AAC 
Va 

CCG 

A rg 
GCI 
Ser 

GAC 
Va 

ATG 
HiS 

ATG 
Hi S 

GCT 
Ser Asp 
ACA 

GCT GGC CCC 

Ser Ala Gly 
CGA GAA ATA 
Ser Phe Tyr 
ATT GCG ACC 
Asn Arg Gly 
GGT GGT GCT 
Thr Thr Ser 

GAT ACG TTG 
e Arg Gln 

GCT AAT CCC 
Ser e Gly 
GA CAG ACG 

Ser Leu Arg 
CTG 
Gn 

GTC 

A a Wa 

CAG 
Leu 

GCG 

A a 

AGC CTC 

GGT 
Thr 

GAG 
Leu 

GAC 
Wa 

CAA 
Leu 

GTC 

A Sp 
TAA 
Leu 

CGA 
Ser 

GCT. 
Ser 

GTC 
Hi S 

TAC 
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Figure 13b (cont'd) 

188 Asp Ser II e Tyr Gln Cys Ala Glu Arg Val 
441 CCG ATI ATC CAT CGG, TGG AIG 
178 Arg Asn Asp Met Pro Pro His 

TTC CAT GCG CCG 
Glu Met Arg Arg 
CAG ATT TAT CGC 

471 GTT 

168 (Asn 
5O1 TTG 
158 ( Gn 

531 CGA 
148 (Ser 

561. AAT 
138 e 

591 CGG 
128 Pro 

621 CCC 
118 Gly 
651 AAG 

AAT CGC 
e A a 

CTC AAG 
Glu Lieu 

ATA GCG 
Tyr Arg 
GAI TG 

II e Gin Gly 
CIG GIG CGC 
Gln His Al a 

CGT ALT GGC 
Thr Asn Al a 

CCA TTC ATG 

Leu 

CCC 
Gly 
CCC 

108 Leu Trp Gu His 
681 AAA 
98 (Phe 

711 AGC 
88 (A a 

741. CTC 
78 (Glu 

771 CGG 

GTA AAC CCA 
Tyr Val Trp 
CTC CGG ATG 
Gi U Pro His 

TCC TGG CGG 
Gly Pro Pro 
TCG GCA AAC 

68 Pro Arg Cys Val 
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A Sn 

IIIC 
G u 

AAA 
Phe 

TTC 
Gli U 

AAA 
Phe 

CCA 
Trp 

CTG 
Glin 

ACG 
Arg 

GAA 
Phe 

Leu 

Leu 

CAG 
Leu 

CCC 
Gly 
GCT 

e A a 

CCC IIG 
Gly Gln 
CAG GTC 
Leu Asp Ser 
ATC CGG GCG 
Asp Pro Arg 
TAT TGA CGG 

e Ser PrO 

GTA GGC GCG 
Tyr Ala Arg 
GTG ATA CCA 
His Tyr Trp 
ACC GTA GTG 
Gl y Tyr His 
CAG CAA AAT 
Leu Lleu e 
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GAG CGA CTC 
Ser Gu 

CAG TAA CAA 
Leu Leu 

CAG CTC 
Leu Gi U 

GGC GTI 
A a Asn 

GAA. ATG 
Phe His 

AAA GAA 
Phe Phe 

CCA GTT 
Trp Asn 
CGG ACG 
Pro Arg 
TIC GCG 

Glu Arg 
ATG AAT. 
His e 

ATC ACC 
Asp Gly 

AAA TTC CG TCC CTG ATT 
Phe Glu Arg Gly Gln Asn 
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Figure 13b (cont'd) 
801 TTT CAC CAC 
58 Lys Val Va 

831 ATT GAG AAT 
48 Asn Leu le 

861 TCG GTC GAT 
38 Arg Asp e 

891. GGC CTC AAT 
28 Ala Glu le 

921 ATG GGC ATT 
18 His Ala Asn 

951 GGG ATC AT 
8- Pro Asp Asn 

CCC CTG ACC GCG AAT GGT GAG 
Gly Gin Gly Arg e Thr Leu 
ATA ACC TTT CAT ICC CAG CGG 
Tyr Gly Lys Met Gly Leu Pro 
AAA AAA ATC GAG ATA ACC GTT 
Phe Phe Asp Leu Tyr Gly Asn 
CGG CGT TAA ACC CGC CAC CAG 
Pro Thr Leu Gly. A a Va Leu 
AAA CGA GTA TCC CGG CAG CAG 
Phe Ser Tyr Gly Pro Leu Leu 
TTG CGC TTC AGC CAI, ACIIITC 
Gin A a Glu A a Met 

982 ATACTCCCGCCATTCAGAGAAGAAACCAATTGTCCATAT 

1021 TGCATCAGACATICCCGTCACTGCGTCTITACTGGCTC 

1060 TTCTCGCTAACCAAACCGGTAACCCCGCTTATTAAAAGC 

1099 ATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACG 

1138 CGTAACAAAAGTGTCTATAATCACGGCAGAAAAGTCCAC 

1177 ATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATA 

Ban 
1216 GCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGC 
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Figure 13b (cont'd) 

1255 TTTTTATCGCAACTCTCTACTGTTTCTCCAEACCCGITT 
Nhe ECOR NCO BamH 

1294 TTTTGGGCTAGCAGGAGGAAT TCACC ATG GAT CCC 
1) Met Asp Pro 

1329 GTA ATC GTA GAA GAC ATA GAG CCA GGT ATT 
4 Val e Val Glu Asp e Glu Pro Gly e 

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

1389 GCG GGT CCC GG ATC AGT AAG TCT CAG CTC 
24. A a Gly Pro Gly e Ser Lys Ser Gln Leu 

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

1449 TTG TGG CGT AAA AAT GCC CCC GTG GAC ACC 
44 Leu Trp Arg Lys Asn. A? a Pro Val Asp Thr 

1479 ACA AAG ACA AAA ACG CIC GAT TIA GGA, ACT 
54 Thr Lys Thr Lys Thr Leu Asp Leu Giy Thr 

1509 GCT, TTC CAC TGC CGG GTA CTT GAA CCG GAA 
64) A a Phe His Cys Arg Val Leu Gu Pro Glu 

ECOR 
1539 GAA TTC AGT AAC CGC TTT ATC GTA GCA CCT 

74) Glu Phe Ser Asn Arg Phe e Val Al a Pro 
1569 GAA TIT AAC CGC CGT ACA AAC GCC GGA AAA 

84) Glu Phe Asn Arg Arg Thr Asn Ala Giy Lys 
1599 GAA GAA GAG AAA GCG TTT CTG ATG GAA TGC 

94) Glu Glu Glu Lys Al a Phe Leu Met Glu Cys 
1629 GCA AGC ACA GGA AAA ACG GTT ATC ACT GCG 
104) A a Ser Thr Gly Lys Thr Val e Thr Al a 
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Figure 13b (cont'd) 
1659 GAA GAA GGC CGG AAA ATT GAA CTC AIG TAT 
114 Glu Glu Gly Arg Lys e Giu Leu Met Tyr 

1689 CAA AGC GTT ATG GCT TIG CCG CIG GGG CAA 
124 Gln Ser Val Met Ala Leu Pro Leu Giy Gin 

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

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

1779 GGA ATT TIG IGT CGG TGC CGT CCG GAC AAA 
154 Gly e Leu Cys Arg Cys Arg Pro Asp Lys 

1809 ATT ATC CCT GAA TTT CAC TGG ATC AIG GAC 
164 e i le Pro Glu Phe His Trp lie Met Asp 

1839 GTG AAA ACT ACG GCG GAT ALT CAA CGA TTC 
174 Val Lys Thr Thr Ala Asp II e 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 GTT CAG GAT GCA TTC TAC AGT GAC GGT TAT 
1949 Val Glin Asp Al a Phe Tyr Ser Asp Gly Tyr 

1929 GAA GCA CAG TT GGA GTG CAG CCA ACT TTC 
204 Glu Aa Gln Phe Gly Vai Gln Pro Thr Phe 
1959 GTT TTT CIG GIT GCC AGC ACA ACT ATT GAA 
214 Val Phe Leu Val AI a Ser Thr Thr I e Glu 
1989 TGC GGA CGI TAI CCG GTT GAA ATT TTC ATG 
224 Cys Gly Arg Tyr Pro Val Glu lie Phe Met 

2019 ATG GGC GAA GAA GCA AAA CTG GCA GGT CAA 
234 Met Gly Glu Glu At a Lys Leu Ala Gly Gln 
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Figure 13b (cont'd) 

2049 CAG GAA TAT CAC CGC AAT CTG CGA ACC CTG 
244 Gln Glu Tyr His Arg Asn Leu Arg Thr Leu 

2O79 TCT GAC TGC CTG AAT ACC GAT GAA TGG CCA 
254 Ser Asp Cys Leu Asn Thr Asp Glu Trp Pro 

2109 GCT ATT. AAG ACA TTA. TCA CTG CCC CGC TGG 
264 Ala I le Lys Thr Leu Ser Leu Pro Arg Trip 

Xhol Kpni 
2139 GCT. AAG GAA TAT GCA AAT GAC TAGATCTCGAG 
274 Ala Lys Glu Tyr Ala Asn Asp 

2171 GTACCCGAGCACGTGTTGACAATTAATCATCGGCATAGT 
2210 ATATCGGCATAGTATAATACGACAAGGTGAGGAACTAAA 

NCO 
2249 CC ATG GCT. AAG CAA CCA CCA ATC GCA AAA 

1 Met Ala Lys Gln Pro Pro e At a Lys 
2278 GCC GAT. CTG CAA AAA ACT CAG GGA AAC CGT 

10 Ala Asp Leu Gln Lys Thr Gin Gly ASn Arg 
23O8 GCA CCA GCA GCA GT AAA AAT AGC GAC GTG 

20. At a Pro Ala Ala Wai Lys Asn Ser Asp Val 
2338 ATT AGT TT AIT AAC CAG CCA TCA ATG AAA 

3O) e Ser Phe e Asn Gln Pro Ser Met Lys 
2368 GAG CAA CTG GCA GCA GCT. CTT CCA CGC CAT 

40 Glu Gin Leu Ala Ala A a Leu Pro Arg His 
2398 ATG ACG GCT GAA CGT ATG ATC CGT ATC GCC 

50 Met Thr Ala Glu Arg Met e Arg le Al a 
2428 ACC ACA GAA ATT CGT AAA GTT CCG GCG TTA 

60) Thr Thr Glu e Arg Lys Val Pro Al a leu 
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Figure 13b (cont'd) 
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2458 GGA AAC TGT GAC ACT ATG AGT TTT GTC AGT 
Asp Thr Met Ser Phe Wa Ser 
CAG TGT TCA CAG CTC GGA CIT 

70 Gly Asn Cys 
2488 GCG ATC GTA 

80 A a e Val 

2518 GAG CCA GGT 
90 Glu Pro Gly 

2548 TTA CTG CCT 
100 Leu Lleu Pro 

2578 AGC GGT AAA 
110 Ser Gly Lys 

2608 GGC TAT CGC 
120 G y Tyr Arg 

2638 CGT TCT GGT 
130 Arg Ser Gly 

2668 CGT G T GTC 
140 Arg Val Val 

2698 TTC GAA TTT 
15O) Phe Glu Phe 

2728 CAC CGC CCG 
160 His Arg Pro 

2758 GTT ACC CAC 
17O) Val Thr His 

2788 AAA GAC GGA 
180) Lys Asp Gly 

2818 ACG CGC AAA 
190> Thr Arg Lys 

Gn 

AGC 
Ser 

Cys Ser Gln Leu Gly Leu 
GCC CTC GGT CAT GCA TAT 
A a Leu Gly His A a Tyr 

TTT GGT AAT AAA AAC GAA. AAG 
Phe 

AAG 
LyS 
GGC 
Gly 
CAA 
G n 

CGI 
Arg 

GGC 
Gly 
GGA 
Gly 
GTC 
Val 

GGT 
Gly 
CAG 
G n 

Gly Asn Lys Asn Glu Lys 
AAC GTT CAG CTA ATC ATT 
ASn Val 

AIG ATT 

Glin Leu e e 

GAI CTG GCT CGC 
Met e Asp Leu Ala Arg 
AC GCC AGC CTG TCA GCC 

e A a 

GAA GGT 

Ser Leu Ser A a 

GAC GAG TT AGC 
Glu Gly Asp Glu Phe Ser 
CIT GAI 
Leu A Sp 
GAA AAC 
Glu Asn 

TAT GCI 

Tyr Al a 
ACT CAG 
Thr Gin 

ATT GAG 
e Glu 

GAA AAG TA ATA 
Glu Lys Lleu le 
GAA GAT GCC CCG 
Glu Asp A a Pro 
GTC GCA AGA CTG 
Va A a Arg Leu 

TTT GAA GTT ATG 
Phe Gu Va Met 

CTG GTG CGC AGC 
Leu Val Arg Ser 
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Figure 13b (cont'd) 
2848 CTG AGT AAA GCT GGT AAT AAC GGG CCG TGG 
200 Leu Ser Lys At a Gly Asn Asn Gly Pro Trp 

2878 GTA ACT CAC TGG GAA GAA ATG GCA AAG AAA 
210 Val Thr His Trp Glu Glu Met A a Lys Lys 

2908 ACG GCT ATT CCT CGC CTG TTC AAA TAT TIG 
220) Thr Al a lie Arg Arg Leu Phe Lys Tyr Leu 

2938 CCC GTA TCA ATT GAG ATC CAG CGT GCA GTA 
230 Pro Val Ser I e Glu ! I e Gin Arg AI a Val 

2968 TCA ATG GAT GAA AAG GAA CCA CTG ACA ATC 
240 Ser Met Asp Glu Lys Glu Pro Leu Thr e 

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

3028 GAA. TAC AGT GTA ATC GAT AAT TCA GAG GAA 
260 Glu Tyr Ser Val e Asp Asn Ser Glu Glu 

Bgll HindIII 
3058 TAG ATCTAAGCTTCCTGCTGAACATCAAAGGCAAGAAA 
27O) O 

3096 ACATCTGTTGTCAAAGACAGCATCCTTGAACAAGGACAA 

3135 TTAACAGTTAACAAATAAAAACGCAAAAGAAAATGCCGA 

3174 TAICCTATTGGCATITTCTTTTATTTCTTATCAACATAA 
Xhol 

3213 AGGTGAATCCCATACCTCGAGCTTCACGCTGCCGCAAGC 
3252 ACTCAGGGCGCAAGGGCTGCTAAAAGGAAGCGGAACACG 

3291 TAGAAAGCCAGTCCGCAGAAACGGTGCTGACCCCGGATG 

3330 AATGTCAGCTACTGGGCTATCTGGACAAGGGAAAACGCA 

3369 AGCGCAAAGAGAAAGCAGGTAGCTTGCAGTGGGCTTACA 
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Figure 13b (cont'd) 
3408 TGGCGATAGCTAGACTGGGCGGTTTTATGGACAGCAAGC 

GAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTI 
GGGAAGCCCTGCAAAGTAAACTGGATGGCTTTCTTGCCG 

3.447 

34.86 

3525 

3564 

3597 AAT 
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Bgill 
CCAAGGATCTGATGGCGCAGGGGATCAAGATCTGATCAA 
GAGACAGGATGAGGATCGTTTCGC ATG GAT ALT 

1 Met Asp e 

4) Asn Thr 

3627 
14 Ser Leu 

3657 AGC 
24 Ser Pro 

3687 AGC TAT 
34) Ser Tyr 

377 TAT TAC 
44 Tyr Tyr 

3747 AGC TGG 
54 - Ser Trp 

3777 CGT GAA 
64 Arg Glu 

3807 GAC ATG 
74 Asp Met 

3837 TTT GAA 
84 Phe Glu 

3867 CGC CAC GGG GCC AGC AAA AAA 
94 Arg His 

ACT GAA ACT GAG ATC AAG CAA AAG CAT 
Glu Thr Glu II e Lys Gln Lys His 

TCA CTA ACC CCC TTT CCT, GTI ITC CIA ATC 
Thr Pro Phe Pro Val 

CCG GCA TTT CGC GGG CGA 
A a Phe Arg Gly Arg 
TTC AGG AGT ICA GCC 

Phe Leu e 

TAT TIT CAC 
Tyr Phe His 
AIG AAC GCT 

Phe Arg Ser Ser Ala Met Asn Al a 
ATT CAG GAT CGT 

e Glin Asp Arg 
GCG CGT CAC TAC 
Ala Arg His Tyr 
GAG AAA GAG GCA 
Glu Lys Glu A a 
GAA AAA GGC CTG 
Glu Lys Gl y Leu 
TCG CTA TGC ATC 

CII 
Leu 

CAG 
Gn 

GAA 
Glu 

CCC 
Pro 

GAT 

Ser Leu Cys e Asp 

Gly Al a Ser Lys Ely S 

GAG GCT CAG 
Glu A a Glin 

CAG CTC GCC 
Gin Leu A a 

CTG GCA GAC 
Leu Ala A Sp 
CAG CAC CTG 
Gln His Leu 

CAT TTG CAA 
His Leu Glin 

TCC ATT ACC 
Ser e Thr 
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Figure 13b (cont'd) 
3897 CGT GCG TTT GAT GAC GAT GTT GAG IIT CAG 
104 Arg Al a 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 II e Arg Tyr Met 

3957 GTT GAA ACC ATI GCT CAC CAC CAG GIT GAT 
124 Val Glu Thr e A a His His Gl in Val Asp 

Hind 
3987 ATT GAT TCA GAG GTA TAA AACGAGTAGA AGCT 
134 e Asp Ser Glu Wai o o o 

401.9 TGGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGAT 

4058 ACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACA 

4097 GAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCACCTGA 

4136 CCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGA 

4175 TGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTG 

4214 CCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACT 

4253. GGGCCTTTCGTITIATCTGTTGTITGICGGTGAACGCTC 

4292 TCCTGAGTAGGACAAATCCGCCGGGAGCGGATTTGAACG 

4331 TTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGCC 

4370 CGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCA 

44O9 TCCTGACGGATGGCCTTTTTGCGTTTCTACAAACTCTTT 

4448 TGTITATTTTTCTAAATACATTCAAAAIGIATCCGCTC 

4487 ATGAGACAATAACCCTGATAAATGCTTCAATAATATTGA 

4526 AAAAGGAAGAGT ATG AGT ATT CAA CAT TIC 
1 Met Ser e Gln His Phe 
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Figure 13b (cont'd) 

4556 CGT GTC GCC CIT ATT CCC TTT III GCG GCA 
7 Arg Val A a Leu ! I e Pro Phe Phe Ala Aa 

4586 TTT TGC CTT CCT GTT TTT GCT CAC CCA GAA 
17 Phe Cys Leu Pro Val Phe A a His Pro Glu 

4616 ACG CTG GTG AAA GTA AAA GAT GCT GAA GAT 
27 Thr Leu Val Lys Val Lys Asp AI a Glu Asp 

4646 CAG TTG GGT GCA CGA GTG GGT TAC ATC GAA 
37. Gin Leu Gly. At a Arg Val Gly Tyr I le Glu 

4676 CTG GAT CTC AAC AGC GGT AAG ATC CTT GAG 
47 Leu Asp Leu A Sn Ser Gly Lys II e Leu Glu 

47O6 AGT TIT CGC CCC GAA GAA CGT TTT CCA AIG 
57 Ser Phe Arg Pro Glu Glu Arg Phe Pro Met 

4736 ATG AGC ACT TTT AAA GTT CTG CTA TGT GGC 
67 Met Ser Thr Phe Lys Val Leu Lleu Cys Gly 

4766 GCG GTA TTA. TCC CGT GTT GAC GCC GGG CAA 
77 Ala Wa Leu Ser Arg Val Asp A a Gly Gln 

4796 GAG CAA CTC GGT CGC CGC ATA CAC TAT TCT 
87 Glu Gin Leu Gly Arg Arg e His Tyr Ser 

Scal 
4826 CAG AAT GAC TTG GTT GAG TAC TCA CCA GTC 

97 Gln Asn Asp Leu Val Glu Tyr Ser Pro Val 
4856 ACA GAA AAG CAT CTT ACG GAT GGC ATG ACA 
107 Thr Gu 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 A a le Thr 

4916 ATG AGT GAT AAC ACT GCG GCC AAC TTA. CTT 
127 Met Ser Asp Asn Thr Ala Ala A Sn Leu Leu 
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4946 CTG ACA ACG ATC GGA GGA CCG AAG GAG CTA 
le Gly Gly Pro 

4976 ACC GCT TIT TIG CAC AAC 
147 Thr Al a Phe Leu His Asn 

CIT GAT CGI 

Leu A Sp Arg 

137 Leu Thr Thr 

5 OO6 GTA ACT CCC 
157° Val Thr Arg 

5036 CTG AAT GAA 
167 Leu Asn Glu 

5066 GAC ACC ACG 
177). Asp Thr Thr 

5096 ACG TTG CGC 
1878 Thr Leu Arg 

5126 CTT ACT CTA 
197 Leu Thr Leu 

5156 GAC TGG ATG 
2O7· Asp Trp Met 

51.86 CCA CTT CTG 
217 Pro Leu lieu 

5216 TGG III ATT 
227) Trp Phe e 

5246 GAG CGT GGG 
237 Glu Arg Gly 
5276 CTG GGG CCA 

257 - Val Va 

GCC 
A 1 a 

AIG 
Met 

AAA 
LyS 

GCT 
A a 

GAG 

ATA CCA 
e PrO 

CCT GTA 
Pro Va 

CTA TIA 
Leu Leu 

TCC CGG 
Ser Arg 
GCG GAT 

Glu Aa A Sp 
CGC 
Arg 
GCT 

TCG GCC 
Ser A a 

GAT AAA 
Ala Asp Lys 
ICT CGC GGT 
Ser Arg Gly 
GAT GGT AAG 

247 Leu Giy Pro Asp Giy Lys 
5306 GTA GTT ATC TAC ACG ACG 

I le Tyr Thr Thr 

ATG 
Met 

TGG 
Trp 
AAC 
ASn 

GCA 
A a 

ACT 
Thr 

CAA 
Gn 

AAA 
LyS 
CII 
Leu 

ICI 
Ser 

ATC 
e 

CCC 
Pro 

GGG 
Gly 

LyS Glu Lieu 
GGG GAT CAT 
Gly Asp His 
GAA CCG GAG 
Gu Pro Gu 

GAC GAG CGT 
Asp Glu Arg 
ATG GCA ACA 
Met A a Thr 

GGC GAA CTA 
Gly Glu Leu 
CAA TTA ATA 
Gln Leu e 

GTT GCA. GGA 
Val Ala Gly 
CCG GCT GGC 
Pro Ala Gly 
GGA GCC GGT 
Gly Ala Gly 
ATT GCA GCA 

e Ala Al a 

TCC CGT ATC 
Ser Arg e 
AGT CAG GCA 
Ser Gin A a 
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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 Gln e Ala 
5366 GAG ATA GGT GCC TCA CTG ATT. AAG CAT TGG 
277 Glu I e Gly Ala Ser Leu ! I e Lys His Trp 
5396 TAA CTGTCAGACCAAGTTTACTCATATATACTTTAGAT 
287 o o a 

5434 TGATTTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGG 
54.73 GTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCA 
5512 GCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCT 
5551 TTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAA 
5590 ATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTAC 
5629 GGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTT 
5668 CACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCC 
5707 CTITGACGTTGGAGTCCACGTTCTTIAATAGTGGACTCT 
5746 TGTTCCAAACTTGAACAACACTCAACCCTATCTCGGGCT 
5785 ATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCT 
5824 ATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACG 
5863 CGAATTTTAACAAAATATTAACGTTTACAATTTAAAAGG 
5902 ATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAA 
5941 ATCCCTTAACGTGAGTTTCGTTCCACTGAGCGTCAGAC 
598 O CCCGTAGAAAAGATCAAAGGACTICTTGAGATCCTTTT 
6O19 TTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCA 
6058 CCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTA 
6097 COAACCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCG 
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Figure 13b (cont'd) 

61.36 CAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGITA 

6175 GGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATAC 

6214 CTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGT 

62.53 GGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGA 

6292 TAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGG 
6331. GGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTAC 

637O ACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGC 

64O9 GCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCG 

6448 GTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAG 

6487 CTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTC 

6526 GGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGA 

6565 TGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGC 

66O4 AACGCGGCCITTTTACGGTTCCTGGCCTTTTGCTGGCCT 

6643 ITIGCICACATGTTCTTTCCTGCGITATCCCCTGATTCT 

6682 GTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACC 

6721 GCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTG 

676 O AGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTC 

6799 CTTACGCATCTGTGCGGTATTTCACACCGCATAGGGTCA 

6838 TGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGC 

6877 CCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGAC 

6916 AAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGT 

6955 ITTCACCGTCATCACCGAAACGCGCGAGGCAGCAAGGAG 
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Figure 13b (cont'd) 

6994 ATGGCGCCCAACAGTCCCCCGGCCACGGGGCCTGCCACC 
7033 ATACCCACGCCGAAACAAGCGCTCATGAGCCCGAAGTGG 

7072 CGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATATAG 

71.11 GCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCC 

715 O ACGATGCGTCCGGCGTAGAGGATCTGCTCATGTTTGACA 

71.89 GCTIATC 
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Figure 14 a 

Hind 
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Figure 14b 
Nsi 

1 ATCGATGCATAATGTGCCTGTCAAATGGACGAAGCAGGG 
40 ATTCTGCAAACCCTATGCTACTCCGTCAAGCCGTCAATT 
79 GTCTGATTCGTTACCAA TTA TGA CAA CTI GAC 

293 to e o Ser Leu Lys Val 
111 GGC TAC ATC ATT CAC TTI TTC TIC ACA ACC 
288 Ala Val Asp Asn Val Lys Glu Glu Cys Gly 
141 GGC ACG GAA CTC GCT CCG GCT GGC CCC GGT 
278 Ala Arg Phe Glu Ser Pro Ser Aa Gly Thr 
171 GCA TT TTT AAA TAC CCG CGA GAA ATA GAG 
268 Cys Lys Lys Phe Val Arg Ser Phe Tyr Leu 
201 TTG ATC GTC AAA ACC AAC ATT GCG ACC GAC 
258 Gln Asp Asp Phe Gly Val Asn Arg Gly Val 
231 GGT GGC GAT AGG CAT CCG GGT GGT GCT CAA 
248 (Thr Ala I le Pro Met Arg Thr Thr Ser Leu 
261 AAG CAG CTT, CGC CTG GCT GAT ACG TLG GTC 
238 Leu Lleu Lys A a Gln Ser II e Arg Gl in A Sp 
291. CTC GCG CCA GCT TAA GAC GCT. AAT CCC TAA 
228. Glu Arg Trp Ser Leu Val Ser II e Gly Leu 
321. CTG CTG GCG GAA AAG ATG TGA CAG ACG CGA 
218 Gin Gln Arg Phe Leu His Ser Leu Arg Ser 
351 CGG CGA CAA GCA AAC ATG CTG TGC GAC GCT 
208 Pro Ser Leu Cys Val His Gin Ala Val Ser 

ECORV 
381 GGC GAT ATC AAA ATT GCT GTC TGC CAG GTG 
198A a e Asp Phe Asn Ser Asp A a Leu Hi S 
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Figure 14b (cont'd) 

411 ATC GCT GAT GTA CTG ACA AGC CTC GCG 
I le Tyr Gln Cys Ala Glu Arg 

CAT CGG TGG ATG 

188 Asp 
441 CCG 
178 (Arg 
471 GIT 
168 (Asn 

5O1 TTG 
158 (Gln 

531 CGA 
148 (Ser 

561 AAT 
138 e 
591 CGG 
28 Pro 

621. CCC 
118 (Gly 
651 AAG 
108 Leu 

681 AAA 
98 (Phe 

711 AGC 
88 (A a 

741. CTC 
78 (Glu 

771 CGG 
68 (Pro 

Ser 

AI AIC 
Asn Asp 

AAT CGC 
e A a 

CTC AAG 
Glu Lieu 

ATA GCG 
Tyr Arg 
GAT TIG 

e Glin 

CTG GIG 
G in His 

CGI AIT 
Thr AS in 

CCA TTC 
Trp Glu 
GTA AAC 
Tyr Val 
CTC CGG 
G u Pro 

ICC TGG 
Gly Pro 
TCG GCA 
A rg Cys 

Met 

TTC CAT GCG CCG 
Glu Met Arg Arg 
CAG ATI TAT CGC 
Leu 

CCC 
Gly 
CCC 
Gly 
CGC 
A a 

GGC 
A a 

ATG 
Hi S 

CCA 
Trp 
ATG 
Hi S 

CGG 
Pro 

AAC 
Va 

Sheet 53 of 65 

Pro Pro 

As n e 

TTC CCC 
Glu Gly 
AAA CAG 
Phe Leu 

TIC AIC 
Glu Asp 
AAA TAT 
Phe e 

CCA GTA 
Trp Tyr 
CTG GTG 
Gln His 

ACG ACC 
Arg Gly 
GAA CAG 
Phe Leu 

AAA TTC 
Phe 

GAG 
Leu 

CAG 
Leu 

CAG 
Leu 

CCC 
Gly 
GCT 

HiS 

A a 

TIG 
G n 

GTC 
Asp Ser 
CGG GCG 
Pro Arg 
TGA CGG 
Ser PrO 

GGC GCG 
A a Arg 
ATA CCA 
Tyr Trp 
GTA GTG 
Tyr His 
CAA AAT 
Leu e 

TCG TCC 

US 7,736,851 B2 

TAC 
Val 

CIC 
Glu 

CAA 
Leu 

CGA 
Ser 

TAA 
Leu 

CAG CTC 
Leu Glu 

GGC GTT 
A la ASn 

GAA ATG 
Phe His 

AAA GAA 
Phe Phe 

CCA GTI 
Trp Asn 
CGG ACG 
Pro Arg 
ITC GCG 
Glu Arg 
AIG AAT 
His e 

ATC ACC 
Asp Gly 
CIG ATI 

Glu Arg Gly Glin Asn 
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Figure 14b (cont'd) 

801 TTT CAC CAC CCC CTG ACC GCG AAT GGT CAG 
58 Lys Val Val Gly Gln Gly Arg e Thr Leu 

831 ATT GAG AAT ATA ACC TTT CAT TCC CAG CGG 
48 ASn Leu e Tyr Gly Lys Met Gly Leu Pro 

861 TCG GTC GAT AAA AAA ATC GAG ATA ACC GTI 
38 Arg Asp e Phe Phe Asp Leu Tyr Gly Asn 

891. GGC CTC AAT CGG CGT TAA ACC CCC CAC CAG 
28 A a Glu e Pro Thr Leu Giy Ala Wai Leu 

92 ATG GGC AT AAA CGA GTA TCC CGG CAG CAG 
18 His Ala Asn Phe Ser Tyr Gly Pro Leu Leu 

951 GGG ATC ATT TIG CGC TTC AGC CAT ACTTC 
8 Pro Asp Asn Gin Ala Glu Ala Met 

982 

1021 

106O 

1099 

1138 

1177 

1216 

1255 

1294 

1329 

ATACTCCCGCCATTCAGAGAAGAAACCAATTGTCCATAT 

TGCATCAGACAITGCCGTCACTGCGTCTTTTACTGGCTC 

TTCTCGCTAACCAAACCGGTAACCCCGCTTATAAAAGC 

ATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACG 

CGTAACAAAAGTGTCTATAATCACGGCAGAAAAGTCCAC 

ATTGAITATTGCACGGCGTCACACTTIGCTATGCCATA 
Bam H. 

GCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGC 

TTTTTATCGCAACTCTCTACTGITTCTCCATACCCGTTT 
Nhe ECOR 

TTTTGGGCTAGCAGGAGGAATTCACC ATG ACA CCG 
1) Met Thr Pro 

P.St. 
GAC AT ATC CTG CAG CGT ACC GGG ATC GAT 
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Figure 14b (cont'd) 

4 Asp e e Leu Gin Arg Thr Gly e Asp 
1359 GTG. AGA GCT GTC GAA CAG GGG GAT GAT. GCG 

14 Val Arg AI a Val Glu Gin Gly Asp Asp A a 
1389 TGG CAC AAA TIA CGG CTC GGC GTC AIC ACC 

24 Trp His Lys Leu Arg Leu Giy Val I le Thr 
1419 GCT TCA GAA GTT CAC AAC GTG ATA GCA AAA 

34 At a Ser Glu Val His Asn Val e A a Lys 
1449 CCC CGC TCC GGA AAG AAG TGG CCT GAC AIG 

44 Pro Arg Ser Gly Lys Lys Trp Pro Asp Met 
1479 AAA AIG TCC TAC TTC CAC ACC CTG CTI GCI 

54 Lys Met Ser Tyr Phe His Thr Leu Lleu Ala 
1509 GAG GTT TGC ACC GGT GTG GCT CCG GAA GTT 

64 Glu Val Cys Thr Gly Val AI a Pro Glu Val 
1539 AAC GCT AAA GCA CTG GCC TGG GGA AAA CAG 

74 Asn Al a Lys A a Leu Ala Trp Gly Lys Gln 
EcoR 

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

1599 TTC 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 e i le Tyr Arg Asp Glu Ser Met Arg 

1659 ACC GCC TGC TCT CCC GAT GGI TA TGC AGT 
114) Thr Al a Cys Ser Pro Asp Gly Leu CyS Ser 
1689 GAC GGC AAC GGC CTT GAA CTG AAA TGC CCG 
124 Asp Gly Asn Gly Leu Glu Lleu Lys Cys Pro 
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Figure 14b (cont'd) 

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

1749 CTC GGT GGT TTC GAG GCC ATA AAG ICA GCI 
144 Leu Gly Gly Phe Glu A a e Lys Ser A) a 

1779 TAC ATG GCC CAG GTG CAG TAC AGC ATG TGG. 
154 Tyr Met A a Glin Val Gin Tyr Ser Met Trp 

1809 GTG ACG CGA AAA AAT GCC TGG TAC III GCC 
164 Val Thr Arg Lys Asn Ala Trp Tyr Phe A a 

1839 AAC TAT GAC CCG CGT ATG AAG CGT GAA. GGC 
174 Asn Tyr Asp Pro Arg Met Lys Arg Glu Gly 

1869 CTG CAT TAT GTC GTG ATT GAG CGG GAT GAA 
184 Leu His Tyr Val Va I e Glu Arg Asp Glu 

1899 AAG TAC ATG GCG AGT TTT GAC GAG ATC GTG 
194 Lys Tyr Met Al a Ser Phe Asp Gu e Val 

1929 CCG GAG TTC ATC GAA AAA ATG GAC GAG GCA 
204 Pro Glu Phe I e Gu Lys Met Asp Glu Ala 
1959 CTG GCT GAA ATT GGT TT GTA TTT GGG GAG 
214) Leu Ala Glu e Gly Phe Val Phe Giy Glu 

Kpni 
1989 CAA TGG CGA TAGATCCGGTACCCGAGCACGTGTTGA 
224 Gln Trp Arg e o o 

2025 CAATTAATCATCGGCATAGTATATCGGCATAGTATAATA 

2064 CGACAAGGTGAGGAACTAAACC ATG AGT ACT GCA 
1) Met Ser Thr A a 

2098 CTC GCA ACG CTG GCT. GGG AAG CTG GCT GAA 
5 Leu Ala Thr Leu Ala Gly Lys leu A a Glu 
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Figure 14b (cont'd) 
Sall 

2128 CGT GTC GGC ATG GAT TCT GTC GAC CCA CAG 
15 Arg Val Gly Met Asp Ser Val Asp Pro Gin 

21.58 GAA CTG ATC ACC ACT CTT CGC CAG ACG GCA 
25 Glu leu i le Thr Thr Leu Arg Gin Thr Al a 

2188 TTT AAA GGT GAT GCC AGC GAT GCG CAG TTC 
35 Phe Lys Gly Asp At a Ser Asp AI a Gln Phe 

2218 ATC GCA TTA. CTG ATC GTT GCC AAC CAG TAC 
45 lie A a Leu Lleu e Val Ala Asn Gln Tyr 

2248 GGC CTI AAT CCG TGG ACG AAA GAA AIT TAC 
55 Gly Leu Asn Pro Trp Thr Lys Glu II e Tyr 

2278 GCC TTT CCT GAT AAG CAG AAT GGC ATC GTT 
65 A a Phe Pro Asp Lys Gin Asn Gly lie Val 

23O8 CCG GTG GTG GGC GTT GAT GGC TGG TCC CGC 
75 Pro Val Val Gly Val Asp Gly Trip Ser Arg 

2338 ATC ATC AAT GAA AAC CAG CAG TTT GAT GGC 
85 e I le Asn Glu Asn Gin G in Phe Asp Gly 

2368 ATG GAC TTT GAG CAG GAC AAT GAA TCC TGT 
95 Met Asp Phe Glu Gln Asp Asn Glu Ser Cys 

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

2428 CAT CCG ATC TGC GTT ACC GAA TGG ATG GAT 
115. His Pro II e Cys Val Thr Glu Trp Met Asp 

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

2488 GAA. GGC AGA GAA. ATC ACG GGG CCG TGG CAG 
135) Glu Giy Arg Glu e Thr Gly Pro Trp Gln 
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Figure 14b (cont'd) 

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

2548 GCC ATG ATT CAG TGT, GCC CCT CTG GCC IIC 
155 Ala Met II e Gin Cys Ala Arg Leu A a Phe 

2578 GGA TTT GCT GGT ATC TAT GAC AAG GAT GAA 
165 Gly Phe Ala Gly e Tyr Asp Lys Asp Glu 

2608 GCC GAG CGC ATT GTC GAA AAT ACT GCA TAC 
175 Ala Glu Arg 1 le Val Glu Asn Thr Al a Tyr 

PSt 
2638 ACT GCA GAA CGT CAG CCG GAA CGC GAC ATC 
185). Thr Ala Glu Arg Gln Pro Glu Arg Asp e 

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

2698 ATT. AAC ACT CTG CTG ATC GCC CTG GAT AAA 
205 e Asn Thr Leu Lleu e A a Leu Asp Lys. 

2728 ACA TGG GAT GAC GAC TTA TG CCG CTC TGT 
215) Thr Trp Asp Asp Asp Leu Lleu Pro Leu Cys 

2758 TCC CAG ATA TTI CGC CGC GAC ATT CGT GCA 
225 Ser Gln e Phe Arg Arg Asp II e Arg A a 

2788 TCG TCA GAA CTC ACA CAG GCC GAA GCA GTA 
235 Ser Ser Gu Leu Thr Gin A a Glu Ala Val 

288 AAA GCT. CTT GGA TTC CTG AAA CAG AAA GCC 
245 Lys A a Leu Gly Phe Leu Lys Gln Lys Al a 

Bgll Xhol 
2848 GCA GAG CAG AAG GTG GCA GCA TAGATCTCGAG 
255 A a Glu Gln Lys Val Ala Al a 
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Figure 14b (cont'd) 
Hind 

2880 AAGCTTCCTGCTGAACATCAAAGGCAAGAAAACATCTGT 
2919 TGTCAAAGACAGCATCCTTGAACAAGGACAATTAACAGT 
2958 TAACAAATAAAAACGCAAAAGAAAATGCCGATATCCTAT 
2.997 TGGCATTTTCTTTTATITCTTATCAACAAAAGGIGAAI 

Xho 
3O36 CCCATACCTCGAGCTTCACGCTGCCGCAAGCACTCAGGG 
3O75 CGCAAGGGCTGCTAAAAGGAAGCGGAACACGTAGAAAGC 

3114 CAGTCCGCAGAAACGGTGCTGACCCCGGATGAATGTCAG 

3153 CTACTGGGCTATCTGGACAAGGGAAAACGCAAGCGCAAA 

31.92 GAGAAAGCAGGTAGCTTGCAGTGGGCTTACATGGCGATA 

3231 GCTAGACTGGGCGGTTTTATGGACAGCAAGCGAACCGGA 
PVul 

3270 ATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCC 

3309 CTGCAAAGTAAACTGGATGGCTTTCTTGCCGCCAAGGAT 
Bgill 

3348 CTGATGGCGCAGGGGATCAAGATCTGATCAAGAGACAGG 
3387 ATGAGGATCGTTTCGC ATG GAT ATT. AAT ACT 

1) Met Asp le Asn Thr 
341.8 GAA ACT GAG ATC AAG CAA AAG CAT TCA CTA 

6) Glu Thr Glu e Lys Gin Lys His Ser Leu 
3448 ACC CCC TTT CCI GT TIC CTA ATC AGC CCG 

16- Thr Pro Phe Pro Val Phe Leu e Ser Pro 

34.78 GCA TT CGC GGG CGA TAT TTT CAC AGC TAT 
26). A a Phe Arg Gly Arg Tyr Phe His Ser Tyr 

3508 TLC AGG AGT TO A GCC ATG AAC GCT TAT TAC 
36) Phe Arg Ser Ser Ala Met Asn Al a Tyr Tyr 
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Figure 14b (cont'd) 

3.538 ATT CAG GAT CGT CTT GAG GCT CAG AGC IGG 
46 I e Gin Asp Arg Leu Glu Ala Gin Ser Trp 

3568 GCG CGT CAC TAC CAG CAG CTC GCC CGT GAA 
56 Ala Arg His Tyr Gln Gln Leu Ala Arg Giu 

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

3628 GAA AAA GGC CTG CCC CAG CAC CTG TTT GAA 
76 Glu Lys Gly Leu Pro Gln His Leu Phe Glu 

3658 TCG CTA TGC ATC GAT CAT TTG CAA CGC CAC 
86 Ser Leu Cys II e Asp His Leu Gln Arg His 

3688 GGG GCC AGC AAA AAA TCC ATT ACC CGT GCG 
96 Gly Ala Ser Lys Lys Ser lie Thr Arg Ai a 

3718 TTT 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 GTT GAA 
116 Met AI a Glu His II e Arg Tyr Met Val Glu 

3778 ACC ATI GCT CAC CAC CAG GTT GAT ATT GAT 
126 Thr e A a His His Gln Val Asp l l e Asp 

38O8 
Hind 

TCA GAG GTA TAA AACGAGTAGA AGC TTG GCT 
136 Ser Gu Val o o o 

3839 

3869 

3907 

3946 

3985 

GT TIG GCG GAT GAG AGA AGA TTT TCA GCC 

TGA TACAGATTAAATCAGAACGCAGAAGCGGTCTGATA 
AAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCA 
CCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGC 
GCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGG 
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Figure 14b (cont'd) 

4024 AACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGAA 

4O63 AGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGIGAA 

4102 CGCTCTCCTGAGTAGGACAAATCCGCCGGGAGCGGATTT 

4141 GAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGG 

4180 ACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAA 

421.9 GGCCATCCTGACGGATGGCCTTTTTGCGTTTCTACAAAC 

A258 TCTTTTGTTTATTTTTCTAAAACATTCAAATATGTATC 

4297 CGCTCATGAGACAATAACCCTGATAAATGCTTCAATAAT 

4336 ATTGAAAAAGGAAGAGT ATG AG ATT CAA CAT 
1 Met Ser e Gin His 

4368 TTC CGI GTC GCC CTT ATI CCC TTT TTT GCG 
6 Phe Arg Val Ala Leu II e Pro Phe Phe AI a 

4398 GCA III TGC CTT CCT GIT TIT GCT CAC CCA 
16). At a Phe Cys Leu Pro Val Phe Ala His Pro 

4428 GAA ACG CTG GTG AAA GTA AAA GAT GCT GAA 
26) Glu Thr Leu Val Lys Val Lys Asp A a Glu 

4458 GAT CAG TIG GGT GCA CGA GTG GGT TAC ATC 
36) Asp G in Leu Gly Ala Arg Val Gly Tyr e 

4488 GAA CTG GAT CTC AAC AGC GGT AAG ATC CTT 
46) Glu lieu Asp Leu Asn Ser Gly lys lie Leu 

4518 GAG AGT TT CGC CCC GAA GAA CGT TTT CCA 
56) Glu Ser Phe Arg Pro Glu Glu Arg Phe Pro 

4548 ATG ATG AGC ACT TTT AAA GTT CTG CTA TGT 
66) Met Met Ser Thr Phe Lys Val Leu Lleu Cys 
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Figure 14b (cont'd) 
4578 GGC GCG GTA TTA TCC CGT GTT GAC GCC GGG 

76 Gly AI a Val Leu Ser Arg Val Asp A a Gly 
4608 CAA GAG CAA CTC GGT CGC CGC ATA CAC TAT 

86 Gln Glu Gln Leu Gly Arg Arg II e His Tyr 
Scal 

46.38 TCT CAG AAT GAC TIG GTT GAG TAC TCA CCA 
96 Ser Gln Asn Asp Leu Val Glu Tyr Ser Pro 

4668 GTC ACA GAA AAG CAT CTT ACG GAT GGC ATG 
106 Val Thr Glu Lys His Leu Thr Asp Gly Met 

4698 ACA GTA AGA GAA TTA TGC AGT, GCT GCC ATA 
116 Thr Val Arg Glu Leu Cys Ser Ala Al a lie 

4728 ACC ATG AGT GAT AAC ACT GCG GCC AAC TTA 
126p Thr Met Ser Asp Asn Thr Ala Ala Asn Leu 

4758 CTT CTG ACA ACG ATC GGA GGA CCG AAG GAG 
136 Leu Lleu Thr Thr I e Gly Gly Pro Lys Glu 

4788 CTA ACC GCT TTT TTG CAC AAC ATG GGG GAT 
146 Leu Thr A a Phe Leu His Asn Met Gly Asp 

4818 CAT GIA ACT CGC CTT GAT CGT TCG GAA CCG 
156. His Val Thr Arg Leu Asp Arg Trp Glu Pro 
4848 GAG CTG AAT GAA GCC ATA CCA. AAC GAC GAG 
166 Glu Leu Asn Glu At a le Pro Asn Asp Glu 

4878 CGT GAC ACC ACG ATG CCT GTA GCA ATG GCA 
176 Arg Asp Thr Thr Met Pro Val Ala Met A a 

4908 ACA ACG TTG CGC AAA CTA TTA ACT GGC GAA 
186 Thr Thr Leu Arg Lys Leu Lleu Thr Gly Glu 
4938 CTA CTT ACT CTA GCT TOC CGG CAA CAA TTA. 
196) Leu Lleu Thr Leu Ala Ser Arg Gln Gln Leu 
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Figure 14b (cont'd) 
4968 ATA GAC TGG ATG GAG GCG GAT AAA GTI, GCA 
206 e Asp Trp Met Glu A a Asp Lys Wa Aa 

4998 GGA CCA CTT CTG CGC TCG GCC CTI CCG GCT 
216 Gly Pro Leu Lleu Arg Ser Al a Leu Pro Ala 

5028 GGC TGG TTT ATT GCT GAT AAA TCT GGA GCC 
226 Gly Trp Phe e Ala Asp Lys Ser Gly. At a 
5058 GGT GAG CGT GGG TCT CCC GGT ATC ATT GCA 
236 Gly Glu Arg Gly Ser Arg Gly e ] I e Ala 
5088 GCA CTG GGG CCA GAT GGT AAG CCC. TCC CGT 
246 A a Leu Giy Pro Asp Gly Lys Pro Ser Arg 
5118 ATC GTA GTT ATC TAC ACG ACG GGG AGT CAG 
256 le Val Val lie Tyr Thr Thr Gly Ser Gln 
5148 GCA ACT ATG GAT GAA CGA AAT AGA CAG ATC 
266 Ala Thr Met Asp Glu Arg Asn Arg Gln l l e 

51.78 GCT GAG ATA GGT GCC TCA CTG ATT. AAG CAT 
276 Al a Glu e Gly Ala Ser Leu e Lys His 
52O8 TGG TAA CTGTCAGACCAAGTTTACTCATATATACTTT 
286) Trp o o o 
5245 AGATTGATTTACGCGCCCTGTAGCGGCGCATTAAGCGCG 

5284. GCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTT 
5323 GCCAGCGCCCTAGCGCCCGCTCCITTCGCTTTCTTCCCT 

5362 TCCITICTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCT 

54O1 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 CAAAATCCCTTAACGTGAGTTTTCGTCCACIGAGCGTC 

5791. AGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCC 
583 O TTTTTTTCTGCGCGTAATCTGCTGCITGCAAACAAAAAA 

5869 ACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGA 
5908 GCTACCAACTCTTTTTCCGAAGGTAACTGGCTICAGCAG 

5947 AGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTA 

5986 GTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTAC 

6O25 ATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGC 

6064 CAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAG 

6103 ACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAAC 

6142 GGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGAC 

6181 CTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGA 

6220 AAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTA 

6259 TCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAG 
6298 GGAGCTICCAGGGGGAAACGCCTGGTATCTTTATAGTCC 

6337 IGCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTT 



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

Figure 14b (cont'd) 

6376 GTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGC 

6415 CAGCAACGCGGCCTTTTTACGGTTCCTGGCCITTIGCTG 

6454 GCCTTTTGCTCACATGTTCTTTCCTGCGTTAICCCCTGA 

6493 TTCTGTGGATAACCGTATTACCGCCTTGAGTGAGCTGA 

6532 TACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTC 

6571 AGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTT 

661O TCTCCTTACGCATCTGTGCGGTATTTCACACCGCATAGG 

6649 GTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGAC 

6688 GCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTAC 

6727 AGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAG 

6766 AGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCAA 

68.05 GGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGCCTGC 

6844 CACCATACCCACGCCGAAACAAGCGCTCATGAGCCCGAA 

6883 GTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGAT 
6922 ATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCC 

6961. GGCCACGATGCGTCCGGCGTAGAGGATCTGCTCATGTTT 
7OOO 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 EP98 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 occura 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 redo, and red? 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 E. 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. USA91 
(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 recT 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 weXo or Redo. (Gillen et al., 
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 W B-protein or w Red? (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 E. 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 redo. 
and red? 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 E. 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 a host 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 

c) 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 E. coli genes recE and recT or functionally 
related genes Such as the phage W redo, and red 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 
tion is 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 redo, and red, 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 Redo, and Red?3.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 redo. and 
red, 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 redo, 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 red? gene, 
on the other hand, is preferably overexpressed with respect to 
recE or redo. 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 red, versus recE. or redo, genes. 
For the purpose of the present invention any rec 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 redo, and red? genes from 
lambdoid phages, e.g. bacteriophage W. 
More preferably, the recE or redo. 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 SEQID No. 2, 
(b) the nucleic acid sequence from position 1320 (ATG) to 

1998 (CGA) as depicted in FIG. 14B or SEQID 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 red?3.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 SEQID No. 4, 
(b) the nucleic acid sequence from position 2086 (ATG) to 
2868 (GCA) as depicted in FIG. 14B or SEQID 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 rec 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 redo. and red? 
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 0.1 xSSC, 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 JC9604 (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 JC8679 and JC9604 is Sex (Hfr, F+, F 

or F"): F-.JC 8679 comprises the mutations: recBC 21, recC 
22, sbcA 23, thr-1, ara-14, leu B6, DE (gpt-proA) 62, lacY 1. 
tSX-33, gluV44 (AS), galK2 (Oc), LAM-, his-60, relA 1 rps 
L31 (strR), xyl A5, mtl-1, argE3 (Oc) and thi-1. JC 96.04 
comprises the same mutations and further the mutation recA 
56. 

Further, it should be noted that the recE and recT, or redo. 
and red, 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 96.04 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 sbcA mutation, whether recBC+ or recBC-, 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 w 
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 SEQID 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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6 
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 lacZgene 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 lac7 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 
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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 notable 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 RTs 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 
cell if it is 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 of tetracycline 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 RecB and RecT, or Redo. and 
Redf, 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 RecB and RecT, or Redo. and Red?3, proteins 
may be either purified or partially purified RecB and RecT, or 
RedC. and Red?3, proteins or cell extracts comprising RecB. 
and RecT, or Redo. and Red?3, 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 
RedC. and Red?3, proteins or the extract in a host cell (which 
may be recET positive or not, or redo.f3 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, E. coli cells 
capable of expressing the recE and recT, or redo, and red, 
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 red, 
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 w redy gene. The vector system may 
comprise at least one vector. The recE and recT, or redo. and 
red, 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 red, gene versus the recE, or 
red?, gene. 

Still a further subject matter of the invention is the use of a 
source of RecE and RecT, or Redo. and Red?3, 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 redo, and red, 

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 RecB and RecT, or Redo. and RedB, pro 

teins and 
(b) a recipient cloning vehicle capable of being propagated 

in a host cell and 

(c) optionally a host cell Suitable for propagating said 
recipient cloning vehicle. 
The reagent kit 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. 
SEQID 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-recTat 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 p3AD24-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-recT at 
positions 3493-4353. 

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

SEQID No 11: shows the nucleic acid sequence of the plas 
mid pl3AD-CfBy (FIG. 14) as well as the coding regions for 
the genes redo (1320-200), red B (2086-2871) and redy 
(3403-3819). 
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SEQ ID NOs 12-14: show the amino acid sequences of the 
Redo, RedB and Redy proteins, respectively. The redy 
sequence is present on each of p3AD-ETY (FIG. 13) and 
pBAD-C. By (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, 
Sm1 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. coli host. 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 g) or the 
vector alone (0.3 ug) 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 forb, except that six PCR products (0.2 g each) were 
cotransformed with pSVpaZ11 (0.3 g 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 neogene. The right homology 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
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. coli host 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 kanamycin 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 codB 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 II 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 L-arabinose for the 
times indicated before harvesting. A PCR product, made 
using oligonucleotides e and fito contain the chloramphenicol 
resistance gene (cm) of pMAK705 and 50 bp homology arms 
chosen to flank the amplicililin 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 
fordifferent times immediately before harvesting for compe 
tent cell preparation. Total protein expression was analyzed 
by SDS-PAGE and Coomassie blue staining. (c) The number 
of chloramphenicol resistant colonies perug 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. 



US 7,736,851 B2 
13 

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 (P) 
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 neogene 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 neogene 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. 8b (upper panel): ethidium 
bromide stained agarose gel showing EcoR1 digestions of P1 
DNA preparations from three independent colonies for each 
step. FIG. 8b (middle panel): a Southern blot of the upper 
panel hybridized with a neogene probe. FIG. 8b (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-neogene 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 neogene 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 neogene, 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 neogene reducing the 4.5 kb 
band to 2.3 kb. 

FIG.9 
Manipulation of the E. coli chromosome. FIG. 9a 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 neogene 
flanked by homology arms and k, and loXP sites, as depicted. 
Integration of the neogene 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 neogene 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 
neogene by Cre recombinase reduces the 3277 band to 2111 
bp. FIG.9b shows B-galactosidase expression evaluated by 
streaking colonies on X-Gal plates. The top row of three 
streaks show B-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 B-galactosi 
dase expression indicative of the intended recombination 
event. FIG.9c shows the results from Southern analysis of E. 
coli chromosomal DNA digested with Ava I using a random 
primed probe made from the entire lac7, coding region; lanes 
1.2, w.t.: lanes 3-6, four independent white colonies after 
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integration of the j-k neogene; 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. 10a 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-neogene cassette, synthesized by PCR to pIB279 and 
flanked by land 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. 10b shows that B-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. 10c shows Ethidium 
bromide stained agarose gels of BamH1 digested DNA pre 
pared from independent colonies taken after counter selection 
with Sucrose. All B-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 BamH1 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. pl3AD-ETY is based 
on pBAD24 and includes (i) the truncated recE gene (t-rec.) 
under the arabinose-inducible P. promoter, (ii) the recT 
gene under the EM7 promoter; and (iii) the redy gene under 
the Tn5 promoter. It was transformed into NS3145, a recA 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 phomology arms. nand 
p were chosen to recombine with a segment of the P1 vector. 
FIG. 11b 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 redo/red? genes in pRAD-CfBy. 
The plasmids pBAD-ETY or pBAD-C. By, depicted, were 

transformed into the E. coli recA-, recBC+ strain, DK1 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 pBAD-ETY is shown by diagram. 
FIG. 13B 
The nucleic acid sequence and the protein coding portions 

of pBAD-ETY are depicted. 
FIG. 14A 
The plasmid p3AD-CfBY 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 
redo, and red? genes. 

FIG. 14B 
The nucleic acid sequence and the protein coding portions 

of pBAD-C. By 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-neogene from plP5603 (Penfold and Pemberton, 

Gene 118 (1992), 145-146) was amplified by using oligo 
pairs afb 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 effand n/p. The Tn5-neogene flanked by FRT or loxP 
sites was amplified from pKaZ or pKaX (http://www.embl 
heidelberg.de/ExternalInfo/stewart) using oligo pairs i/h, g/h 
andj/k. The sacB-neo cassette from plB279 (Blomfield et al., 
Mol. Microbiol. 5 (1991), 1447-1457) was amplified by using 
oligo pair 1/m. The lacz gene fragment from pSVpaZ11 
(Buchholz et al., Nucleic Acids Res. 24 (1996), 4256-4262) 
was amplified using oligo pair l/m. PCR products were 
purified using the QIAGEN PCR Purification Kit and eluted 
with H2O, followed by digestion of any residual template 
DNA with Dpn I. After digestion, PCR products were 
extracted once with Phenol:CHCl, ethanol precipitated and 
resuspended in H2O at approximately 0.5 ug/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 ul DNA solution 
(containing, for co-transformation, 0.3 ugplasmid and 0.2 ug 
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-recT was cultured overnight in LB 
medium plus 0.2% glucose, 100 ug/ml amplicillin. 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 at 37°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 ul was removed 
for analysis on a 10% SDS-polyacrylamide gel. E. 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), 31 18 
3119), based on the pSC101 temperature sensitive origin, 
were transformed into rubidium chloride competent bacterial 
cells. Cells were spread on 25ug/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 g/ml amplicillin, 50 
ug/ml kanamycin plates, pSVpaX-sacB-neo plasmids were 
isolated and cotransformed into fresh JC9604lac7, cells with 
a PCR fragment amplified from pSVpaX1 using primers 
1/m. Oligo m' carried a silent point mutation which gener 
ated a BamH1 site. Cells were plated on 7% sucrose, 100 
ug/ml amplicillin, 40 ug/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 
S1S. 

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 
Tn5 neogene (PvulI), Hoxa3 gene (both HindIII fragments), 
lacz genes (EcoR1 and BamH1 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 E. coli hosts. 
Homologous recombination was only detected in sbcA E. coli 
hosts. More than 95% of double amplicillin/kanamycin resis 
tant colonies (FIG. 3b) 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 neogene, 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. 3c). 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 (O) 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 E. 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 withJC8691. Notably no recombination prod 
ucts were observed in JC9387 suggesting that the sbcBC 
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 recT 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 RecB/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 pFBAD24-recET plasmid (FIG. 6c). Without 
induction of RecE/RecT, no recombinant products were 
found, whereas recombination increased in approximate con 
cordance with increased RecB/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 recBCE. 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 neogene 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. 8b, lanes 2, 3 and 5) showing that the two rounds of ET 
cloning took place in this large E. 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 E. coli chromosome (FIG. 9a). 
The B-galactosidase (lacZ) gene of JC9604 was chosen so 
that the ratio between correct and incorrect recombinants 
could be determined by evaluating B-galactosidase expres 
sion. Standard conditions (0.2 Lug PCR fragment; 50 ulcom 
petent cells), produced 24 primary colonies, 20 of which were 
correct as determined by B-galactosidase expression (FIG. 
9b), 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 
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different ways to use a further recombination step to remove 
this limitation were developed. In the first way, site specific 
recombination mediated by either FIp or Cre recombinase 
was employed. In the experiments of FIGS. 8 and 9, either FIp 
recombination target sites (FRTs) or Cre recombination target 
sites (loxPs) were included to flank the neogene in the linear 
substrates. Recombination between the FRTs or loxPs was 
accomplished by FIp 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 FIp 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 34bp 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 3-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. 
10b), 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 BamH1 restriction site. Approximately one quarter of 
Sucrose resistant colonies expressed B-galactosidase, and all 
analyzed (17 of 17: FIG. 10c) carried the repaired lacZ gene 
with the BamH1 point mutation. The remaining three quarters 
of sucrose resistant colonies did not express B-galactosidase, 
and all analyzed (17 of 17: FIG. 10c) 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 lac7 gene, no disturbances of B-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. coli hosts since the sbcA 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-CfBy (FIGS. 13 and 14). 5 
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. 

nogenic potential of RecE/RecT, or Redo/RedB, was regu 
lated by placing recE or redo. under an inducible promoter. 
Consequently ET cloning can be induced when required and 
undesired recombination events which are restricted at other 
times. Third, we observed that ET cloning efficiencies are 15 
enhanced when RecT, or RedB, but not RecE. or Redo, is 
overexpressed. Therefore we placed recT, or red?, under the 
strong, constitutive, EM7 promoter. 
pBAD-ETY was transformed into NS3145 E. coli harbor 

ing the original Hoxa P1 episome (FIG.11a). A region in the 20 
P1 vector backbone was targeted by PCR amplification of the 
chloramphenicol resistance gene (cm) flanked by n and p 
homology arms. As described above for positively selected 
ET cloning reactions, most (>90%) chloramphenicol resis 
tant colonies were correct. Notably, the overall efficiency of 25 
ET cloning, in terms of linear DNA transformed, was nearly 
three times better using pBAD-ETY than with similar experi 
ments based on targeting the same episome in the sbcA host, 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 14 

<21 Os SEQ ID NO 1 
&211s LENGTH: 6150 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (6150 
<223> OTHER INFORMATION: plasmid pBAD24-rec ET 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: (96) ... (974) 
<223> OTHER INFORMATION: product = arac" 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: (1320) ... (216.2) 
<223> OTHER INFORMATION: product = it-recE" 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: (2155) ... (2972) 
<223> OTHER INFORMATION: product = recT" 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: (3493) ... (4353) 
<223> OTHER INFORMATION: product = bla" 

<4 OOs SEQUENCE: 1 

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 RecB/RecT, expressed from p3AD-ETY, and Redo/RedB, 
expressed from pBAD-CfBY was made in the recA-, recBC+E. 
coli strain, DK1 (FIG. 12). After transformation of E. coli 
DK1 with either pBAD-ETY or pBAD-CfBY, the same experi 
ment as described in FIG. 6a,c, to replace the bla gene of the 

173 (1991), 5808-5821), was included. Second, the recombi- 10 pBAD Vector with a chloramphenicol gene was performed. 
Both pBAD-ETY or p3AD-CfBy presented similar ET cloning 
efficiencies interms of responsiveness to arabinose induction 
of RecE and Redo, and number of targeted events. 

E. coi 
Strains 

JC86.79 
JC96O4 
JC8691 
JC5547 
JC5519 
JC15329 
JC9387 
JC8111 
JC9366 
JC13031 

atcgatgcat aatgtgcctg. tcaaatggac galagcaggga ttctgcaaac cctatgctac 

to cqt caagc cqtcaattgt ctdatticgtt acca attatg acaacttgac ggctacat ca 

tt cactttitt citt caca acc ggcacggaac togct cqggc tiggcc.ccggit gcatttittta 

aat accc.gcg agaaatagag ttgat cqtca aalaccalacat togaccgac ggtggcgata 

ggcatc.cggg togtgct caa aagcagott C gcctggctga tacgttggit C ct cqcgc.cag 

Cttalagacgc taatcCctaa citgctggcgg aaaagatgtg acagacgcga C9gcgacaag 

TABLE 1 

Amp X 
Genotypes Amp + Kan 10 ug 

recBC sbcA 3.18 2.30 
recA recBC sbcA 114 O.30 
recBC sbcArec O 0.37 

recA recBC O 0.37 
recC O 18O 

recA recBC sbcBC O O.O3 
recBC sbcBC O 2.20 

recBCsbcBC recP O 2.40 
recA O 0.37 
rec O O.45 

60 

12O 

18O 

24 O 

3 OO 

360 
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- Continued 

1OO 105 11 O 

gcg gala gala ggc cqg aaa att gala Ct c atg tat caa agc gtt atg gCt 384 
Ala Glu Glu Gly Arg Lys Ile Glu Lieu Met Tyr Glin Ser Val Met Ala 

115 12 O 125 

ttg ccg Ctgggg caa tig citt gtt gala agc gcc gga cac got gala to a 432 
Lieu Pro Lieu. Gly Glin Trp Lieu Val Glu Ser Ala Gly His Ala Glu Ser 

13 O 135 14 O 

tca att tac tog gaa gat cct gala aca gga att ttgtt cqg tdc ct 48O 
Ser Ile Tyr Trp Glu Asp Pro Glu Thr Gly Ile Lieu. Cys Arg Cys Arg 
145 150 155 160 

ccg gac aaa att atc cct gaa titt cac togg atc atg gac gitg aaa act 528 
Pro Asp Lys Ile Ile Pro Glu Phe His Trp Ile Met Asp Val Lys Thr 

1.65 17O 17s 

acg gog gat att caa cqa ttcaaa acc gct tat tac gac tac cqc tat 576 
Thir Ala Asp Ile Glin Arg Phe Llys Thr Ala Tyr Tyr Asp Tyr Arg Tyr 

18O 185 19 O 

cac gtt cag gat gca ttc tac agt gac ggit tat gaa gCa cag titt gga 624 
His Val Glin Asp Ala Phe Tyr Ser Asp Gly Tyr Glu Ala Glin Phe Gly 

195 2OO 2O5 

gtg cag cca act titc gtt titt ctd gtt goc agc aca act att gala tdc 672 
Val Glin Pro Thr Phe Val Phe Leu Val Ala Ser Thr Thr Ile Glu. Cys 

21 O 215 22O 

gga cqt tat cog gtt gala att tt C atg atg ggc gala gaa gCa aaa citg 72 O 
Gly Arg Tyr Pro Val Glu Ile Phe Met Met Gly Glu Glu Ala Lys Lieu. 
225 23 O 235 24 O 

gca ggit caa cag gala tat cac cqc aat Ctg cga acc Ctg tct gac tic 768 
Ala Gly Glin Gln Glu Tyr His Arg ASn Lieu. Arg Thr Lieu. Ser Asp Cys 

245 250 255 

ctgaat acc gat gaa tdg cca gct att aag aca tta t ca citg ccc cqc 816 
Lieu. Asn. Thir Asp Glu Trp Pro Ala Ile Llys Thr Lieu. Ser Lieu Pro Arg 

26 O 265 27 O 

tgg gct aag gala tat gca aat gac taa 843 
Trp Ala Lys Glu Tyr Ala Asn Asp * 

27s 28O 

<210s, SEQ ID NO 3 
&211s LENGTH: 28O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) ... (280) 
<223> OTHER INFORMATION: t-recE on plasmid pBAD24-recET at 1320-2162 

<4 OOs, SEQUENCE: 3 

Met Asp Pro Val Ile Val Glu Asp Ile Glu Pro Gly Ile Tyr Tyr Gly 
1. 5 1O 15 

Ile Ser Asn Glu Asn Tyr His Ala Gly Pro Gly Ile Ser Lys Ser Glin 
2O 25 3 O 

Lieu. Asp Asp Ile Ala Asp Thr Pro Ala Lieu. Tyr Lieu. Trp Arg Lys Asn 
35 4 O 45 

Ala Pro Val Asp Thir Thr Llys Thir Lys Thr Lieu. Asp Lieu. Gly. Thir Ala 
SO 55 60 

Phe His Cys Arg Val Lieu. Glu Pro Glu Glu Phe Ser Asn Arg Phe Ile 
65 70 7s 8O 

Val Ala Pro Glu Phe Asn Arg Arg Thr Asn Ala Gly Lys Glu Glu Glu 
85 90 95 

Lys Ala Phe Leu Met Glu. Cys Ala Ser Thr Gly Lys Thr Val Ile Thr 
1OO 105 11 O 

28 
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- Continued 

Ala Glu Glu Gly Arg Lys Ile Glu Lieu Met Tyr Glin Ser Val Met Ala 
115 12 O 125 

Lieu Pro Lieu. Gly Glin Trp Lieu Val Glu Ser Ala Gly His Ala Glu Ser 
13 O 135 14 O 

Ser Ile Tyr Trp Glu Asp Pro Glu Thr Gly Ile Lieu. Cys Arg Cys Arg 
145 150 155 160 

Pro Asp Lys Ile Ile Pro Glu Phe His Trp Ile Met Asp Val Lys Thr 
1.65 17O 17s 

Thir Ala Asp Ile Glin Arg Phe Llys Thr Ala Tyr Tyr Asp Tyr Arg Tyr 
18O 185 19 O 

His Val Glin Asp Ala Phe Tyr Ser Asp Gly Tyr Glu Ala Glin Phe Gly 
195 2OO 2O5 

Val Glin Pro Thr Phe Val Phe Leu Val Ala Ser Thr Thr Ile Glu. Cys 
21 O 215 22O 

Gly Arg Tyr Pro Val Glu Ile Phe Met Met Gly Glu Glu Ala Lys Lieu. 
225 23 O 235 24 O 

Ala Gly Glin Glin Glu Tyr His Arg Asn Lieu. Arg Thr Lieu. Ser Asp Cys 
245 250 255 

Lieu. Asn. Thir Asp Glu Trp Pro Ala Ile Llys Thr Lieu. Ser Lieu Pro Arg 
26 O 265 27 O 

Trp Ala Lys Glu Tyr Ala Asn Asp 
27s 28O 

<210s, SEQ ID NO 4 
&211s LENGTH: 810 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) ... (810) 
<223> OTHER INFORMATION: recT on plasmid pBAD24-recET at 2155-2972 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (810) 
223 OTHER INFORMATION: recT 

<4 OOs, SEQUENCE: 4 

atg act aag caa cca cca atc gca aaa goc gat citg caa aaa act cag 48 
Met Thir Lys Glin Pro Pro Ile Ala Lys Ala Asp Lieu Gln Lys Thr Glin 

285 29 O 295 

gga aac cqt gca cca gca gca gtt aaa aat agc gac gitg att agt titt 96 
Gly Asn Arg Ala Pro Ala Ala Val Lys Asn. Ser Asp Val Ile Ser Phe 

3OO 305 310 

att aac cag cca toa atgaaa gag caa citg goa gca gct citt coa cqc 144 
Ile Asin Glin Pro Ser Met Lys Glu Glin Lieu Ala Ala Ala Lieu Pro Arg 

315 32O 3.25 

cat atg acg got gaa cqt atg atc cqt atc gcc acc aca gaa att cqt 192 
His Met Thr Ala Glu Arg Met Ile Arg Ile Ala Thr Thr Glu Ile Arg 
330 335 34 O 345 

aaa gtt CC g gCd tta gga aac tit gac act atg agt titt gt C agt gcg 24 O 
Llys Val Pro Ala Lieu. Gly Asn Cys Asp Thr Met Ser Phe Val Ser Ala 

350 355 360 

atc gta cag tet t ca cag Ctic gga citt gag cca ggit agc gcc ct c ggit 288 
Ile Val Glin Cys Ser Glin Lieu. Gly Lieu. Glu Pro Gly Ser Ala Lieu. Gly 

365 37 O 37s 

cat go a tat tta citg cct titt ggit aat aaa aac gaa aag agc ggit aaa 336 
His Ala Tyr Lieu Lleu Pro Phe Gly Asn Lys Asn. Glu Lys Ser Gly Lys 

38O 385 390 

aag aac gtt cag Cta atc att ggc tat cqc ggc atg att gat ctg gct 384 
Lys Asn Val Glin Lieu. Ile Ile Gly Tyr Arg Gly Met Ile Asp Lieu Ala 

30 
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395 4 OO 4 OS 

cgc cgt tot ggit caa atc gcc agc ctg. tca gcc cqt gtt gtc. cdt gala 432 
Arg Arg Ser Gly Glin Ile Ala Ser Lieu. Ser Ala Arg Val Val Arg Glu 
410 415 42O 425 

ggt gaC gag titt agc titc gaa titt ggc Ctt gat gala aag tta at a cac 48O 
Gly Asp Glu Phe Ser Phe Glu Phe Gly Lieu. Asp Glu Lys Lieu. Ile His 

43 O 435 44 O 

cgc ccg gga gala aac gaa gat gcc ccg gtt acc cac gtc. tat gct gt C 528 
Arg Pro Gly Glu Asn. Glu Asp Ala Pro Val Thr His Val Tyr Ala Val 

445 450 45.5 

gca aga. Ctg aaa gac gga ggt act cag titt gaa gtt atg acg cgc aaa. 576 
Ala Arg Lieu Lys Asp Gly Gly Thr Glin Phe Glu Wal Met Thr Arg Llys 

460 465 470 

Cag att gag ctg gtg cgc agc ctg agt aaa gCt ggit aat aac ggg cc.g 624 
Glin Ile Glu Lieu Val Arg Ser Lieu. Ser Lys Ala Gly Asn. Asn Gly Pro 

47s 48O 485 

tgg gta act cac tig gaa gaa atg gca aag aaa acg gct att cqt CC 672 
Trp Val Thr His Trp Glu Glu Met Ala Lys Llys Thr Ala Ile Arg Arg 
490 495 5 OO 505 

citg ttcaaa tat ttg ccc gta toa att gag atc cag cqt gca gta to a 72 O 
Lieu. Phe Llys Tyr Lieu Pro Val Ser Ile Glu Ile Glin Arg Ala Val Ser 

510 515 52O 

atg gat gala aag gaa cca citg aca at c gat cot gca gat to C tot gta 768 
Met Asp Glu Lys Glu Pro Lieu. Thir Ile Asp Pro Ala Asp Ser Ser Val 

525 53 O 535 

tta acc ggg gala tac agt gta at C gat aat tca gag gaa tag 810 
Lieu. Thr Gly Glu Tyr Ser Val Ile Asp Asn Ser Glu Glu 

54 O 545 550 

<210s, SEQ ID NO 5 
&211s LENGTH: 269 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) ... (269) 
<223> OTHER INFORMATION: recT on plasmid pBAD24-recET at 2155-2972 

<4 OOs, SEQUENCE: 5 

Met Thir Lys Glin Pro Pro Ile Ala Lys Ala Asp Lieu Gln Lys Thr Glin 
1. 5 1O 15 

Gly Asn Arg Ala Pro Ala Ala Val Lys Asn. Ser Asp Val Ile Ser Phe 
2O 25 3 O 

Ile Asin Glin Pro Ser Met Lys Glu Glin Lieu Ala Ala Ala Lieu Pro Arg 
35 4 O 45 

His Met Thr Ala Glu Arg Met Ile Arg Ile Ala Thr Thr Glu Ile Arg 
SO 55 60 

Llys Val Pro Ala Lieu. Gly Asn Cys Asp Thr Met Ser Phe Val Ser Ala 
65 70 7s 8O 

Ile Val Glin Cys Ser Glin Lieu. Gly Lieu. Glu Pro Gly Ser Ala Lieu. Gly 
85 90 95 

His Ala Tyr Lieu Lleu Pro Phe Gly Asn Lys Asn. Glu Lys Ser Gly Lys 
1OO 105 11 O 

Lys Asn Val Glin Lieu. Ile Ile Gly Tyr Arg Gly Met Ile Asp Lieu Ala 
115 12 O 125 

Arg Arg Ser Gly Glin Ile Ala Ser Lieu. Ser Ala Arg Val Val Arg Glu 
13 O 135 14 O 

Gly Asp Glu Phe Ser Phe Glu Phe Gly Lieu. Asp Glu Lys Lieu. Ile His 
145 150 155 160 



Arg 

Ala 

Glin 

Trp 

Lell 
225 

Met 

Lell 

Pro 

Arg 

Ile 

Wall 
21 O 

Phe 

Asp 

Thir 

Gly 

Luell 

Glu 
195 

Thir 

Glu 

Gly 

Glu Asn 
1.65 

Lys Asp 
18O 

Lieu Wall 

His Trp 

Tyr Lieu. 

Lys Glu 
245 

Glu Tyr 
26 O 

SEQ ID NO 6 
LENGTH: 876 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: 
OTHER INFORMATION: araC on 
FEATURE: 

NAME/KEY: CDS 
LOCATION: 
OTHER INFORMATION: araC 

<4 OOs, SEQUENCE: 6 

(1) . 

(1) . 

33 

Glu Asp Ala 

Gly Gly Thr 

Arg Ser Lieu. 
2OO 

Glu Glu Met 
215 

Pro Wal Ser 
23 O 

Pro Leu. Thir 

Ser Wall Ile 

(876) 

(876) 

tgacaactitg acggctacat catt cactitt 

attgcgaccg 

gatacgttgg 

tgacagacgc 

gtctgcCagg 

atggagcgac 

cgc.ca.gcagc 

gtc.gctgaaa 

tgacggc.cag 

ataccatt cq 

Caaaat at Ca 

gcgaatggtg 

gagata accg 

tcc.cggcagc 

gtgcatttitt taaat accc.g 

acggtggcga taggcatc.cg 

t cct cqcgcc agcttaagac 

gacggcgaca agcaaacatg 

tgatcgctga tigtactgaca 

tcqttaatcg citt coatgcg 

tcc gaatago gocct tcc cc 

tgcggctggit gcgct tcatc 

ttaa.gc.catt catgc.cagta 

cgagcctic cq gatgacgacc 

cc.cggit cqgc aaacaaattic 

agattgagaa tataacctitt 

ttggcct caa ticggcgittaa 

aggggatcat tittgcgct tc 

SEO ID NO 7 
LENGTH: 292 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: 
OTHER INFORMATION: 

PRT 

SEQUENCE: 7 

(1) . . (292) 

Pro 

Glin 
185 

Ser 

Ala 

Ile 

Ile 

Asp 
265 

Wall 
17O 

Phe 

Glu 

Asp 
250 

Asn 

Thir 

Glu 

Ala 

Ile 
235 

Pro 

Ser 
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His 

Wall 

Gly 

Thir 
22O 

Glin 

Ala 

Glu 

Wall 

Met 

Asn 

Ala 

Arg 

Asp 

Glu 

Tyr 

Thir 
19 O 

Asn 

Ile 

Ala 

Ser 

Ala Wall 
17s 

Arg Llys 

Gly Pro 

Arg Arg 

Wall Ser 
24 O 

Ser Wall 
255 

plasmid pBAD24-recET at 974-996 

ttctt Cacala 

cgagaaatag 

ggtggtgctic 

gctaatc cct 

Ctgtgcgacg 

agcct cqcgt. 

cc.gcagtaac 

cgggcgaaag 

gtagtgatga 

tcqtc cctoga 

catt.cccago 

accc.gccacc 

agc cat 

ccggcacgga 

agttgat cqt 

aaaag.ca.gct 

aactgctggc 

Ctggcgatat 

acccgattat 

aattgct caa 

ttaatgattit 

aac ccc.gitat 

cgaaagtaaa 

atc to tcctg 

titt tt cacca 

agatgggcat 

act cotcgg 

Caaaac Caac 

tcgc.ctggct 

ggaaaagatg 

caaaattgct 

c catcggtgg 

gcagattitat 

gcc caaacag 

tggcaaatat 

CCC actggtg 

gC9ggalacag 

c cc cctdacc 

taaaaaaatc. 

taaacgagta 

araC on plasmid pBAD24-recET at 974-996 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

876 

34 
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Met Ala Glu Ala Glin Asn Asp Pro Lieu. Lieu Pro Gly Tyr Ser Phe Asn 

Ala His Lieu Val Ala Gly Lieu. Thr Pro Ile Glu Ala Asn Gly Tyr Lieu 
2O 25 3 O 

Asp Phe Phe Ile Asp Arg Pro Lieu. Gly Met Lys Gly Tyr Ile Lieu. Asn 
35 4 O 45 

Lieu. Thir Ile Arg Gly Glin Gly Val Val Lys Asn. Glin Gly Arg Glu Phe 
SO 55 60 

Val Cys Arg Pro Gly Asp Ile Leu Lleu Phe Pro Pro Gly Glu Ile His 
65 70 7s 8O 

His Tyr Gly Arg His Pro Glu Ala Arg Glu Trp Tyr His Glin Trp Val 
85 90 95 

Tyr Phe Arg Pro Arg Ala Tyr Trp His Glu Trp Lieu. Asn Trp Pro Ser 
1OO 105 11 O 

Ile Phe Ala Asn Thr Gly Phe Phe Arg Pro Asp Glu Ala His Gln Pro 
115 12 O 125 

His Phe Ser Asp Lieu. Phe Gly Glin Ile Ile Asn Ala Gly Glin Gly Glu 
13 O 135 14 O 

Gly Arg Tyr Ser Glu Lieu. Lieu Ala Ile Asn Lieu. Lieu. Glu Glin Lieu. Lieu. 
145 150 155 160 

Lieu. Arg Arg Met Glu Ala Ile Asin Glu Ser Lieu. His Pro Pro Met Asp 
1.65 17O 17s 

Asn Arg Val Arg Glu Ala Cys Glin Tyr Ile Ser Asp His Lieu Ala Asp 
18O 185 19 O 

Ser Asn. Phe Asp Ile Ala Ser Val Ala Gln His Val Cys Lieu. Ser Pro 
195 2OO 2O5 

Ser Arg Lieu. Ser His Lieu. Phe Arg Glin Glin Lieu. Gly Ile Ser Val Lieu. 
21 O 215 22O 

Ser Trp Arg Glu Asp Glin Arg Ile Ser Glin Ala Lys Lieu. Lieu. Lieu. Ser 
225 23 O 235 24 O 

Thir Thr Arg Met Pro Ile Ala Thr Val Gly Arg Asn Val Gly Phe Asp 
245 250 255 

Asp Gln Lieu. Tyr Phe Ser Arg Val Phe Llys Lys Cys Thr Gly Ala Ser 
26 O 265 27 O 

Pro Ser Glu Phe Arg Ala Gly Cys Glu Glu Lys Val Asn Asp Val Ala 
27s 28O 285 

Val Llys Lieu. Ser 
29 O 

<210s, SEQ ID NO 8 
&211s LENGTH: 861 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) ... (861) 
<223> OTHER INFORMATION: bla gene on plasmid pBAD24-recET at 3493-4353 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (861) 
223 OTHER INFORMATION: a 

<4 OOs, SEQUENCE: 8 

atgagt att caa cat titc cqt gtc gcc citt att ccc titt titt gcg goa 
Met Ser Ile Gln His Phe Arg Val Ala Lieu. Ile Pro Phe Phe Ala Ala 

295 3OO 3. OS 

titt togc citt colt gtt titt gct cac cca gala acg citg gtgaaa gta aaa 

36 



Phe 

gat 
Asp 
3.25 

citc. 
Lell 

C Ca 

Pro 

cgt 
Arg 

Cag 
Glin 

gat 
Asp 
4 OS 

gat 
Asp 

gag 
Glu 

gat 
Asp 

gac 
Asp 

act 
Thir 
485 

atg 
Met 

gct 
Ala 

cgc 
Arg 

gta 
Wall 

aga 
Arg 
565 

Cys 
31 O 

gct 
Ala 

aac 

Asn 

atg 
Met 

gtt 
Wall 

aat 
Asn 
390 

ggc 
Gly 

aac 

Asn 

Cta 
Luell 

cgt. 
Arg 

acc 

Thir 
47 O 

ggc 
Gly 

gag 
Glu 

ggc 
Gly 

ggt 
Gly 

gtt 
Wall 
550 

cag 
Glin 

Luell 

gala 
Glu 

agc 
Ser 

atg 
Met 

gac 
Asp 
375 

gac 
Asp 

atg 
Met 

act 
Thir 

acc 

Thir 

tgg 
Trp 
45.5 

acg 
Thir 

gala 
Glu 

gcg 
Ala 

tgg 
Trp 

at C 
Ile 
535 

at C 
Ile 

at C 
Ile 

Pro 

gat 
Asp 

ggt 
Gly 

agc 
Ser 
360 

gcc 
Ala 

ttg 
Luell 

aca 

Thir 

gcg 
Ala 

gct 
Ala 
44 O 

gaa 
Glu 

atg 
Met 

Cta 
Luell 

gat 
Asp 

titt 
Phe 
52O 

att 
Ile 

tac 

gct 
Ala 

PRT 

SEQUENCE: 

Wall 

Cag 
Glin 

aag 
Lys 
345 

act 
Thir 

999 
Gly 

gtt 
Wall 

gta 
Wall 

gcc 
Ala 
425 

titt 
Phe 

citt 
Lel 

a.a.a. 

Lys 
5 OS 

att 
Ile 

gca 
Ala 

acg 
Thir 

gag 
Glu 

SEO ID NO 9 
LENGTH: 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

NAME/KEY: DOMAIN 
LOCATION: 

286 

Phe 

ttg 
Lell 
330 

atc. 
Ile 

titt 
Phe 

Cala 

Glin 

gag 
Glu 

aga 
Arg 
410 

aac 

Asn 

ttg 
Lell 

gag 
Glu 

gta 
Wall 

act 
Thir 
490 

gtt 
Wall 

gct 
Ala 

gca 
Ala 

acg 
Thir 

ata 
Ile 
st O 

37 

Ala 
315 

ggit 
Gly 

citt 
Lell 

a.a.a. 

gag 
Glu 

tac 

Tyr 
395 

gaa 
Glu 

tta 
Lell 

CaC 

His 

Ctg 
Lell 

gca 
Ala 
47s 

Cta 
Lell 

gca 
Ala 

gat 
Asp 

Ctg 
Lell 

999 
Gly 
555 

ggit 
Gly 

(1) ... (286) 

9 

His 

gca 
Ala 

gag 
Glu 

gtt 
Wall 

Cala 

Glin 
38O 

to a 
Ser 

tta 
Luell 

citt 
Luell 

aac 

Asn 

aat 

Asn 
460 

atg 
Met 

gct 
Ala 

gga 
Gly 

a.a.a. 

999 
Gly 
54 O 

agt 
Ser 

gcc 
Ala 

Pro 

cga 
Arg 

agt 
Ser 

Ctg 
Luell 
365 

citc. 
Luell 

CC a 

Pro 

tgc 
Cys 

Ctg 
Luell 

atg 
Met 
445 

gaa 
Glu 

gca 
Ala 

to c 
Ser 

CC a 

Pro 

tot 
Ser 
525 

CC a 

Pro 

cag 
Glin 

to a 
Ser 

Glu 

gtg 
Wall 

titt 
Phe 
350 

Cta 
Luell 

ggt 
Gly 

gt C 
Wall 

agt 
Ser 

aca 

Thir 
43 O 

999 
Gly 

gcc 
Ala 

aca 

Thir 

cgg 
Arg 

citt 
Luell 
510 

gga 
Gly 

gat 
Asp 

gca 
Ala 

Ctg 
Luell 

Thir 

ggt 
Gly 
335 

cgc 
Arg 

tgt 
Cys 

cgc 
Arg 

aca 

Thir 

gct 
Ala 
415 

acg 
Thir 

gat 
Asp 

ata 

Ile 

acg 
Thir 

Cala 

Glin 
495 

Ctg 
Luell 

gcc 
Ala 

ggt 
Gly 

act 
Thir 

att 
Ile 
sfs 
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Lell 
32O 

tac 

Tyr 

c cc 

Pro 

ggc 
Gly 

cgc 
Arg 

gaa 
Glu 
4 OO 

gcc 
Ala 

atc. 
Ile 

Cat 
His 

C Ca 

Pro 

ttg 
Lell 
48O 

Cala 

Glin 

cgc 
Arg 

ggit 
Gly 

aag 
Lys 

atg 
Met 
560 

aag 
Lys 

Val Llys Val 

atc. 
Ile 

gaa 
Glu 

gcg 
Ala 

ata 
Ile 
385 

aag 
Lys 

ata 
Ile 

gga 
Gly 

gta 
Wall 

aac 

Asn 
465 

cgc 
Arg 

tta 
Lell 

tcg 
Ser 

gag 
Glu 

c cc 

Pro 
5.45 

gat 
Asp 

Cat 
His 

gala 
Glu 

gala 
Glu 

gta 
Wall 
37 O 

CaC 

His 

Cat 
His 

acc 

Thir 

gga 
Gly 

act 
Thir 
45 O 

gac 
Asp 

a.a.a. 

at a 
Ile 

gcc 
Ala 

cgt. 
Arg 
53 O 

to c 
Ser 

gala 
Glu 

tgg 
Trp 

Ctg 
Luell 

cgt 
Arg 
355 

tta 
Luell 

tat 

citt 
Luell 

atg 
Met 

cc.g 
Pro 
435 

Arg 

gag 
Glu 

Cta 
Luell 

gac 
Asp 

citt 
Luell 
515 

999 
Gly 

cgt 
Arg 

cga 
Arg 

taa 

gat 
Asp 
34 O 

titt 
Phe 

to c 
Ser 

tot 
Ser 

acg 
Thir 

agt 
Ser 
42O 

aag 
Lys 

citt 
Luell 

cgt. 
Arg 

tta 
Luell 

tgg 
Trp 
SOO 

cc.g 
Pro 

tot 
Ser 

at C 
Ile 

aat 
Asn 

144 

192 

24 O 

288 

336 

384 

432 

528 

576 

624 

672 

72 O 

768 

816 

861 

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

38 



Met 

Phe 

Asp 

Lell 

Pro 
65 

Arg 

Glin 

Asp 

Asp 

Glu 
145 

Asp 

Asp 

Thir 

Met 

Ala 
225 

Arg 

Wall 

Arg 

Ser 

Ala 

Asn 
SO 

Met 

Wall 

Asn 

Gly 

Asn 
13 O 

Luell 

Arg 

Thir 

Gly 

Glu 
21 O 

Gly 

Gly 

Wall 

Glin 

Ile 

Luell 

Glu 
35 

Ser 

Met 

Asp 

Asp 

Met 
15 

rp 

Glu 
95 

Ala 

Trp 

Ile 

Ile 

Ile 
27s 

LOCATION: 

39 

Gln His Phe Arg Val 

Pro Wall Phe Ala His 

Asp Gln Lieu. Gly Ala 
4 O 

Gly Lys Ile Lieu. Glu 
55 

Ser Thr Phe Llys Val 
70 

Ala Gly Glin Glu Glin 
85 

Leu Val Glu Tyr Ser 

Thr Val Arg Glu Lieu 
12 O 

Ala Ala Asn Lieu. Lieu. 
135 

Ala Phe Lieu. His Asn 
150 

Glu Pro Glu Lieu. Asn 
1.65 

Met Pro Wall Ala Met 
18O 

Lieu. Lieu. Thir Lieu Ala 

Asp Llys Val Ala Gly 
215 

Phe Ile Ala Asp Llys 
23 O 

Ile Ala Ala Lieu. Gly 
245 

Tyr Thr Thr Gly ser 
26 O 

Ala Glu Ile Gly Ala 

SEQ ID NO 10 
LENGTH: 71.95 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

NAMEAKEY: misc feature 
(1) . . (71.95) 

OTHER INFORMATION: plasmid pBAD-ET-gamma 
FEATURE: 

NAME/KEY: CDS 
LOCATION: 

<4 OOs, SEQUENCE: 10 

atcgatgcat aatgtgcctg 

tt cact titt t 

aataccc.gcg 

ggcatc.cggg 

cgt caattgt 

Ctt Cacalacc 

agaaatagag 

tggtgct Caa 

(1) . . (71.95) 
OTHER INFORMATION: red gam 

tcaaatggac 

citgatt.cgtt 

ggcacggaac 

ttgat cqtca 

aag cagottc 

Ala Lieu. Ile 
1O 

Pro Glu Thir 
25 

Arg Val Gly 

Ser Phe Arg 

Lieu. Lieu. Cys 
7s 

Lieu. Gly Arg 
90 

Pro Wall. Thir 
105 

Cys Ser Ala 

Lieu. Thir Thr 

Met Gly Asp 
155 

Glu Ala Ile 
17O 

Ala Thir Thr 
185 

Ser Arg Glin 

Pro Luell Luell 

Ser Gly Ala 
235 

Pro Asp Gly 
250 

Glin Ala Thr 
265 

Ser Lieu. Ile 

la 

galagcaggga 

accaattatg 

aalaccalaCat 

gcc tdgctga 
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Pro Phe Phe 

Lieu Val Lys 
3 O 

Tyr Ile Glu 
45 

Pro Glu Glu 
60 

Gly Ala Val 

Arg Ile His 

Glu Lys His 
11 O 

Ala Ile Thr 
125 

Ile Gly Gly 
14 O 

His Wall Thr 

Pro Asn Asp 

Lieu. Arg Llys 
19 O 

Gln Lieu. Ile 
2O5 

Arg Ser Ala 
22O 

Gly Glu Arg 

Llys Pro Ser 

Met Asp Glu 
27 O 

285 

ttctgcaaac 

acaacttgac 

tggcc.ccggit 

tgc gaccgac 

tacgttggit c 

Ala Ala 
15 

Val Lys 

Lieu. Asp 

Arg Phe 

Luell Ser 
8O 

Tyr Ser 
95 

Lieu. Thir 

Met Ser 

Pro Llys 

Arg Lieu. 
160 

Glu Arg 
17s 

Lieu. Luell 

Asp Trp 

Leul Pro 

Gly Ser 
24 O 

Arg Ile 
255 

Arg Asn 

cctatgctac 

ggcta catca 

gcatttittta 

ggtgg.cgata 

6 O 

12 O 

18O 

24 O 

3OO 

40 
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Ser Met Trp Val Thr Arg Lys Asn Ala Trp Tyr Phe Ala Asn Tyr Asp 
1.65 17O 17s 

Pro Arg Met Lys Arg Glu Gly Lieu. His Tyr Val Val Ile Glu Arg Asp 
18O 185 19 O 

Glu Lys Tyr Met Ala Ser Phe Asp Glu Ile Val Pro Glu Phe Ile Glu 
195 2OO 2O5 

Llys Met Asp Glu Ala Lieu Ala Glu Ile Gly Phe Val Phe Gly Glu Glin 
21 O 215 22O 

Trp Arg 
225 

<210s, SEQ ID NO 13 
&211s LENGTH: 261 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: DOMAIN 
<222s. LOCATION: (1) ... (261) 
<223> OTHER INFORMATION: Red-beta from plasmid pBAD-alpha-beta-gamma 

<4 OOs, SEQUENCE: 13 

Met Ser Thr Ala Lieu Ala Thr Lieu Ala Gly Lys Lieu Ala Glu Arg Val 
1. 5 1O 15 

Gly Met Asp Ser Val Asp Pro Glin Glu Lieu. Ile Thir Thr Lieu. Arg Glin 
2O 25 3 O 

Thir Ala Phe Lys Gly Asp Ala Ser Asp Ala Glin Phe Ile Ala Lieu. Lieu. 
35 4 O 45 

Ile Val Ala Asn Glin Tyr Gly Lieu. Asn Pro Trp Thr Lys Glu Ile Tyr 
SO 55 60 

Ala Phe Pro Asp Llys Glin Asn Gly Ile Val Pro Val Val Gly Val Asp 
65 70 7s 8O 

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

Phe Glu Glin Asp Asn. Glu Ser Cys Thr Cys Arg Ile Tyr Arg Lys Asp 
1OO 105 11 O 

Arg Asn His Pro Ile Cys Val Thr Glu Trp Met Asp Glu. Cys Arg Arg 
115 12 O 125 

Glu Pro Phe Llys Thr Arg Glu Gly Arg Glu Ile Thr Gly Pro Trp Glin 
13 O 135 14 O 

Ser His Pro Lys Arg Met Lieu. Arg His Lys Ala Met Ile Glin Cys Ala 
145 150 155 160 

Arg Lieu Ala Phe Gly Phe Ala Gly Ile Tyr Asp Lys Asp Glu Ala Glu 
1.65 17O 17s 

Arg Ile Val Glu Asn. Thir Ala Tyr Thr Ala Glu Arg Glin Pro Glu Arg 
18O 185 19 O 

Asp Ile Thr Pro Val Asn Asp Glu Thr Met Glin Glu Ile Asn Thr Lieu. 
195 2OO 2O5 

Lieu. Ile Ala Lieu. Asp Llys Thir Trp Asp Asp Asp Lieu Lleu Pro Lieu. Cys 
21 O 215 22O 

Ser Glin Ile Phe Arg Arg Asp Ile Arg Ala Ser Ser Glu Lieu. Thr Glin 
225 23 O 235 24 O 

Ala Glu Ala Val Lys Ala Lieu. Gly Phe Lieu Lys Gln Lys Ala Ala Glu 
245 250 255 

Glin Llys Val Ala Ala 
26 O 
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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 

<4 OOs, SEQUENCE: 14 

Thir Thir Glu Ile Glin His 
5 

Met Asp Ile Asn Glu 
1. 

Lys 
1O 

Phe Wall Ile Ala Phe Phe Pro 
25 

Pro Pro Lell Ser Gly 

Ala 
4 O 

His Ser Tyr Phe Ser Ser Met Asn Ala 
35 

Arg Tyr 
45 

Ala Glin 
60 

Lieu. Glu Ala Glin Ser His Glin 
SO 

Arg Trp 
55 

Arg 

Glu Ala Glu 
65 

Glu Glu Ala Glu 
70 

Met 
7s 

Lell Asp Asp 

Glin Phe Glu Ile His Lieu. Glin 
85 

His Lieu. Ser Luell Asp 
90 

Thir Ala 
105 

Ala Ser Llys Ser Ile Phe Asp Asp Asp 

Ile 
12 O 

Met Wall Glu 
125 

Glin Glu Arg Met Ala Glu. His 
115 

Arg 

His Glin Wall Ile Ser Glu Wall 
13 O 

His Asp Asp 
135 

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 redo, and red 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 

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

whereina 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 redo, and 
red? genes. 

2. The method according to claim 1 wherein the host cell is 
transformed with at least one vector capable of expressing 
redo, and/or red? genes. 

3. The method of claim 1 wherein the expression of the 
redo, and/or red? genes is under control of a regulatable 
promoter. 

4. The method of claim 2 wherein the red? gene is overex 
pressed versus the redo, 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 86.79 and JC9604. 

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 whereinhomologous 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 
a toxic 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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