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(57) ABSTRACT 

The present invention provides compositions, including 
vectors, and methods for the rapid Subcloning of nucleic acid 
Sequences in Vivo and in Vitro. In particular, the invention 
provides vectors used to contain a gene of interest that 
comprise a Sequence-specific recombinase target Site. These 
vectors are used to rapidly transfer the gene or genes of 
interest into any vector that contains a Sequence-specific 
recombinase target Site located downstream of a regulatory 
element So that the gene of interest may be regulated. 
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FIGURE 2 
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GGA ATT CCC CGG GCT CGA GAA CAT ATG GCC ATG GGG ATC CGC GGC CGC 

HpaI - SalI - SacI 
AATTGTTAA CAG ATC CGT CGA CGAGCT CGCTA (530) 

  





US 2004/0203016 A1 

I Hureg / IeuIS/ I eqx / IHooE / IeuIX/I3ON/I? Så /IIT 58 : SOIN 

Patent Application Publication Oct. 14, 2004 Sheet 4 of 34 

  



US 2004/0203016 A1 

III gv/IÃOES/I 5eÐ/I4ON/II og / Ioux :SOW 

I 2?ONIIoux 
a? 

S GRIQ?IH 

Patent Application Publication Oct. 14, 2004 Sheet 5 of 34 

  



US 2004/0203016 A1 

I oes / II oes / I 525I/I ?oN/Ieds/Ieux / Ieu.IS/I2 S?/IeID/II es :SOWJ 
I QONIIoux 

.* 

:Xol-vlived ?o uomon||suoo 

9 GTHnÐIÐ 

Patent Application Publication Oct. 14, 2004 Sheet 6 of 34 

  



Patent Application Publication Oct. 14, 2004 Sheet 7 of 34 US 2004/0203016 A1 

FIGURE 7 
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FIGURE 9 
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FIGURE 10 
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FIGURE 11 

  



Patent Application Publication Oct. 14, 2004 Sheet 12 of 34 US 2004/0203016 A1 

FIGURE 12 
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FIGURE 13 

OXP: ATAACTTCGTATA GCATACAT TATACGAAGTTAT 
2 3 4 5 6 78 90123 1312110 9 8 7 6 5 4 3 2 1 

OXP2: ATAACTTCGTATA GCATACAT TATACGAAGTTAT 
1 2 3 4 5 6 789 10111213 131211109 8 7 6 5 4 3 2 

OXP3: ATAACTTCGTATA GCATACAT TATACGAACTTAT 
2 3 4 5 6 78 91023 131211109 8 7 6 5 4 3 2 1 

T. C. - 

OXP23 ATAACTTCGTATA GCATACAT TATA CGAAGTTAT 
2 3 4 5 6, 7 8 9011213 131211109 8 7 6 5 4 3 2 1 
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FIGURE 14 
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FIGURE 15 

GST-Cre number of Apr number of Knk Kn/Apr 
(Ig) transformants transformants (%) 
O 4.0 x 105 O 0 
0.02 3.0 x 105 231 0.1 
0.04 2.3 x 105 406 0.2 
0.06 2.4 x 105 868 0.4 
0.08 3.3 x 105 1336 0.4 
0.10 6.0 x 04 S94 1-0 
0.20 7.8 x 10 S80 0.7 
0.40 5.8 x 10 1910 3.3 
0.60 9.2 x 104 10,750 11.7 
0.80 3. x 105 28,660 9,2 
100 1.0 x 105 16,840 16.8 
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FIGURE 16 
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FIGURE 17 
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FIGURE 18 
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FIGURE 19 
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FIGURE 20 
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FIGURE 21 

Pyu II restriction analysis of recombinant 
plasmids made by one-step POT 
-pr 

MP P2 1 2 3 4 5 67 3 2 9   
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FIGURE 22 
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FIGURE 23 
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FIGURE 24 
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FIGURE 25 
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SEQUENCE DESCRIPTION: 

AATTCTGTCA 
60 

GCTTCTCAGT 
20 

AAAAGCCTTA 
18O 

TGCTGATTTA 
240 

CTTAGTACGT 
300 

TGAGAGCTTA 
360 

ACTATCAACA 
420 

TCGTATAGCA 
480 

- 

ATGGGGATCC 
540 

CTGTGCCTTC 
600 

TGGAAGGTGC 
660 

TGAGTAGGTG 
720 

GGGAAGACAA 
780 

AAGGAAGCTG 
840 

TCTAAACGGG 
9 OO 

GTGGGCGAAG 
960 

GAAAACGATT 
1020 

TGGCAGGTTG 
1080 

GCCGTTAAGT 

GCGITACATC 

TATATTCTTT 

TATTAATTTT 

TAGCCATGAG 

GTACGTTAAA 

GGTTGAACTG 

TACATTATAC 
GCGGCCGCAA 

TAGTTGCCAG 

CACTCCCACT 

TCATTCTATT 

TAGCAGGCAT 

AGTTGGCTGC 

TCTTGAGGGG 

AACTCCAGCA 

CCGAAGCCCA 

GGCGTCGCTT 

FIGURE 26A 

SEQ ID NO: 1: 

GTTCCTGTGT 

CCTGGCTTGT 

TTTTTCTTAT 

ATTGTTCAAA 

AGCTTAGTAC 

CATGAGAGCT 

CTGATCAACA 

GAAGTTATCT 

TTGTTAACAG 

CCATCTGTTG 

GTCCTTTCCT 

CTGGGGGGTG 

GCTGGGGATT 

TGCCACCGCT 

TTTTTTGCTG 

TGAGATCCCC 

ACCTTTCATA 

GGTCGGTCAT 

CACTGAAAAT 

TGTCCACAAC 

AAAACTTAAA 

CATGAGAGCT 

GTTAGCCATG 

TAGTACGTGA 

GATCCTCTAC 

GGAATTCCCC 

ACCGTCGAC 

TTTGCCCCTC 

AATAAAATGA 

GGGTGGGGCA 

CTAGAAGATC 

GAGCAATAAC 

AAAGGAGGAA 

GCGCTGGAGG 

GAAGGCGGCG 

TTCGAACCCC 
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TGCTTGAGA 

CGTTAAACCT 

ACCTTAGAGG 

TAGTACGTGA 

AGGGTTTAGT 

AACATGAGAG 

GCGGCCGCGG 

GGGCTCGAGA 

GAGCTCGCTA 

CCCCGTGCCT 

GGAAATTGCA 

GGACAGCAAG 

CGGCTGCTAA 

TAGCATAACC 

CTATATCCGG 

ATCATCCAGC 

GTGGAATCGA 

AGAGTCCCGC 

US 2004/0203016 A1 

GGCTCTAAGG 

TAAAAGCTTT 

CTATTTAAGT 

AACATGAGAG 

TCGTTAAACA 

CTTAGTACGT 

TACCATAACT 

ACATATGGCC 

TCAGCCTCGA 

TCCTTGACCC 

TCGCATTGTC 

GGGGAGGATT 

CAAAGCCCGA 

CCTTGGGGCC 

ATATCCCGGG 

CGGCGTCCCG 

AATCTCGTGA 

TCAGAAGAAC 



a TCGTCAAGAA 
ill 4 O 

ACGAGGAAGC 
12 OO 

GCTATGTCCT 
1260 

CGGCCATTTT 
1320 

TCGCCGTCGG 
38 O 

TGCTCTTCGT 
1440 

TCGATGCGAT 
SOO 

CGCCGCATTG 
1560 

AGATCCTGCC 
62O 

CGAGCACAG 
1680 

TCCTGCAGTT 
1740 

TGCGCTGACA 
8 OO 

TAGCCGAAA 
1860 

ATCATGCGAA 
1920 

ATCCITGGCG 
198O 

GGCGCCCCAG 
2O 40 

CGCCAGTAA 
21 OO 

GGCGATAGAA 

GGTCAGCCCA 

GATAGCGGTC 

CCACCATGAT 

GCATGCGCGC 

CCAGATCATC 

GTTTCGCTTG 

CATCAGCCAT 

CCGGCACTTC 

CTGCGCAAGG 

CATTCAGGGC 

GCCGGA ACAC 

GCCTCTCCAC 

ACGATCCTCA 

GCAAGAAAGC 

CTGGCAATTC 

GCCCACTGCA 

GGCGATGCGC 

TTCGCCGCCA 

CGCCACACCC 

ATTCGGCAAG 

CTTGAGCCTG 

CTGATCGACA 

GTGGTCGAAT 

GATGGATACT 

GCCCAATAGC 

AACGCCCGTC 

ACCGGACAGG 

GGCGGCATCA 

CCAAGCGGCC 

TCCTGTCTCT 

CATCCAGTTT 

cGGTTCGCTT 
AGCTACCTGC 
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TGCGAATCGG 

AGCTCTTCAG 

AGCCGGCCAC 

CAGGCATCGC 

GCGAACAGTT 

AGACCGGCTT 

GGGCAGGTAG 

TTCTCGGCAG 

AGCCAGTCCC 

GTGGCCAGCC 

TCGGTCTTGA 

GAGCAGCCGA 

GGAGAACCTG 

TGACAGATC 

ACTTTGCAGG 

GCTGTCCATA 

TTTCTCTTTG 

GAGCGGCGAT 

CAATATCACG 

AGTCGATGAA 

CATGGGTCAC 

CGGCTGGCGC 

CCATCCGAGT 

CCGGATCAAG 

GAGCAAGGTG 

TTCCCGCTTC 

ACGATAGCCG 

CAAAAAGAAC 

TTGTCTGTTG 

CGTGCAATCC 

TTGATCCCCT 

GCTTCCCAAC 

AAACCGCCCA 

CGCTTGCGTT 

US 2004/0203016 A1 

ACCGTAAAGC 

GGTAGCCAAC 

TCCAGAAAAG 

GACGAGATCC 

GAGCCCCTGA 

ACGTGCTCGC 

CGTAGCAGC 

AGATGACAGG 

AGTGACA ACG 

CGCTGCCTCG 

CGGGCGCCCC 

TGCCCAGTCA 

ATCTTGTTCA 

GCGCCATCAG 

CTTACCAGAG 

GTCTAGCTAT 

TTCCCTTGTC 
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CAGATAGCCC AGTAGCTGAC ATTCATCCGG GGTCAGCACC GTTTCTGCGG ACTGGCTTTC 
2160 

TACGTGTTCC GCTTCCTTTA GCAGCCCTTG CGCCCTGAGT GCTTGCGGCA GCGTGAAGCT 
2220 
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FIGURE 26B 

SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

ATG TCC CCT ATA CTA GGT TAT TGG AAA ATT. AAG GGC CTT GTG CAA CCC 
48 

Met Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val Glin Pro 
1. 5 . 10 15 

ACT CGA CTT CTT TTG GAA TAT CTT GAA GAA AAA TAT GAA GAG CAT TTG 
96 
Thr Arg Lieu Lleu Lieu. Glu Tyr Lieu. Glu Glu Lys Tyr Glu Glu. His Leu 

20 25 3 O 

TAT GAG CGC GAT GAA GGT GAT AAA TGG CGA. AAC AAA AAG TTT GAA TTG 
144 
Tyr Glu Arg Asp Glu Gly Asp Llys Trp Arg Asn Lys Llys Phe Glu Lieu 

35 40 45 

GGT TTG GAG TTT CCC AAT. CTT CCT TAT TAT ATT GAT GGT GAT GTT AAA 
192 

Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys 
50 55 60 

TTA ACA CAG TCT ATG GCC ATC ATA CGT TAT ATA GCT GAC AAG CAC AAC 
24 O 

Leu Thr Glin Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Llys His Asn 
65 70 75 8 O 

ATG TTG GGT GGT TGT CCA AAA GAG CGT GCA GAG ATT TCA ATG CTT GAA 
288 
Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu 

85 90 95 

GGA GCG GTT TTG GAT ATT AGA TAC GGT GTT TCG AGA ATT GCA TAT AGT 
336 

Gly Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser 
100 O5 110 

AAA GAC TTT GAA ACT CTC AAA GTT GAT TTT CTT AGC AAG CTA CCT GAA 
384 

Lys Asp Phe Glu Thr Lieu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu 
15 120 25 

ATG CTG AAA ATG TTC GAA GAT CGT TTA TGT CAT AAA ACA TAT TTA AAT 
432 
Met Leu Lys Met Phe Glu Asp Arg Lieu. Cys His Lys Thr Tyr Lieu. Asn 

13 O 35 14 O 

GGT GAT CAT GTA ACC CAT CCT GAC TTC ATG TTG TAT GAC GCT. CTT GAT 
480 . 

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp 
145 SO 155 16 O 
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GTT GTT TTA TAC ATG GAC CCA ATG TGC CTG GAT GCG TTC CCA AAA TTA 
528 
Val Val Leu Tyr Met Asp Pro Met Cys Lieu. Asp Ala Phe Pro Llys Lieu 

1.65 7 O 75 

GTT TGT TTT AAA AAA CGT ATT GAA GCT ATC CCA CAA ATT GAT AAG TAC 
S76 
Val Cys Phe Lys Lys Arg-Ile Glu Ala Ile Pro Glin Ile Asp Lys Tyr 

18O 185 19 O 

TTG AAA TCC AGC AAG TAT ATA GCA TGG CCT TTG CAG GGC TGG CAA GCC 
624 
Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Glin Gly Trp Glin Ala 

95 2OO 2 O 5 

ACG TTT GGT GGT GGC GAC CAT CCT CCA AAA TCG GAT CTG GTT CCG CGT 
672 
Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp Leu Val Pro Arg 

210 215 22 O 

GGA TCT CGT CGT GCA TCT GTT GGA TCG CAT ATG CCC ATG GCC AAT TTA 
720 
Gly Ser Arg Arg Ala Ser Val Gly Ser His Met Pro Met Ala Asn Leu 
225 230 23S 24 O 

CTG ACC GTA CAC CAA AAT TTG CCT GCA TTA CCG GTC GAT GCA ACG AGT 
768 
Leu Thr Val His Glin Asn Lieu Pro Ala Leu Pro Val Asp Ala Thr Ser 

245 - 250 . 255 

GAT GAG GTT CGC AAG AAC CTG ATG GAC ATG TTC AGG GAT CGC CAG GCG 
86 
Asp Glu Val Arg Lys Asn Lieu Met Asp Met Phe Arg Asp Arg Glin Ala 

26 O 265 27 O 

TTT TCT GAG CAT ACC TGG AAA ATG CTT CTG TCC GTT TGC CGG TCG TGG 
864 
Phe Ser Glu. His Thr Trp Lys Met Leu Lleu Ser Val Cys Arg Ser Trp 

275 28O 285 

GCG GCA TGG TGC AAG TTG AAT AAC ?eGG AAA TGG TTT CCC GCA GAA CCT 
912 
Ala Ala Trp Cys Lys Lieu. Asn. Asn Arg Lys Trp Phe Pro Ala Glu Pro 

29 O 295 3 O O 

GAA GAT GTT CGC GAT TAT CTT CTA TAT CTT CAG GCG CGC GGT CTG GCA 
960 - . 

Glu Asp Val Arg Asp Tyr Lieu Lleu Tyr Lieu. Glin Ala Arg Gly Lieu Ala 
3 O 5 310 315 320 

GTA AAA ACT ATC CAG CAA CAT TTG GGC CAG CTA AAC ATG CTT CAT CGT 
1008 Y 

Val Lys Thr Ile Gln Gln His Leu Gly Glin Leu Asn Met Leu. His Arg 
325 330 335 

CGG TCC GGG CTG CCA CGA CCA AGT GAC AGC AAT GCT GTT TCA CTG GTT 
1056 
Arg Ser Gly Leu Pro Arg Pro Ser Asp Ser ASIn Ala Val Ser Lieu Val 

34 O 345 35 O 
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ATG CGG CGG ATC CGA AAA GAA AAC GTT GAT GCC GGT GAA CGT GCA AAA 
104 

Met Arg Arg Ile Arg Lys Glu Asn Val Asp Ala Gly Glu Arg Ala Lys 
355 360 365 

CAG GCT. CTA GCG TTC GAA CGC ACT GAT TTC GAC CAG GTT CGT TCA CTC 
152 

Glin Ala Leu Ala Phe Glu Arg Thr Asp Phe Asp Glin Val Arg Ser Leu 
370 375 38O 

ATG GAA AAT AGC GAT CGC TGC CAG GAT ATA CGT AAT CTG GCA TTT CTG 
12 OO 

Met Glu Asn. Ser Asp Arg Cys Glin Asp Ile Arg Asn Lieu Ala Phe Leu 
385 390 395 4 OO 

GGG ATT GCT TAT AAC ACC CTG TTA CGT ATA GCC GAA ATT GCC AGG ATC 
248 
Gly Ile Ala Tyr Asn Thr Leu Leu Arg Ile Ala Glu Ile Ala Arg Ile 

405 41 O 45 

AGG GTT AAA GAT ATC TCA CGT ACT GAC GGT GGG AGA ATG TTA ATC CAT 
1296 
Arg Val Lys Asp Ile Ser Arg Thr Asp Gly Gly Arg Met Leu. Ile His 

420 425 43 O. 

ATT GGC AGA ACG AAA ACG CTG GTT AGC ACC GCA GGT GTA GAG AAG GCA 
1344 
Ile Gly Arg Thr Lys Thr Lieu Val Ser Thr Ala Gly. Val Glu Lys Ala 

435 440 - 445 

CTT AGC CTG GGG GTA ACT AAA CTG GTC GAG CGA TGG ATT TCC GTC TCT 
392 

Leu Ser Leu Gly Val Thr Lys Lieu Val Glu Arg Trp Ile Ser Val Ser 
450 45.5 460 

GGT GTA GCT GAT GAT CCG AAT AAC TAC CTG TTT TGC CGG GTC AGA AAA 
144 O 
Gly Val Ala Asp Asp Pro Asn Asn Tyr Lieu Phe Cys Arg Val Arg Lys 
465 470 475 480 

AAT GGT GTT GCC GCG CCA TCT GCC ACC AGC CAG CTA TCA ACT CGC GCC 
488 

Asn Gly Val Ala Ala Pro Ser Ala Thr Ser Gln Leu Ser Thr Arg Ala 
485 49 O 495 

CTG GAA GGG ATT TTT GAA GCA ACT CAT CGA TTG ATT TAC GGC GCT AAG 
1536 
Leu Glu Gly Ile Phe Glu Ala Thr His Arg Lieu. Ile Tyr Gly Ala Lys 

SOO 5 O5 SO 

GAT GAC TCT GGT CAG AGA TAC CTG GCC TGG TCT GGA CAC AGT GCC CGT 1584 
Asp Asp Ser Gly Glin Arg Tyr Lieu. Ala Trp Ser Gly His Ser Ala Arg 

515 S2O S25 

GTC GGA GCC GCG CGA. GAT ATG GCC CGC GCT GGA GTT TCA ATA CCG GAG 
1632 
Val Gly Ala Ala Arg Asp Met Ala Arg Ala Gly Val Ser Ile Pro Glu 

530 535 S4 O 
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ATC ATG CAA GCT GGT GGC TGG ACC AAT GTA AAT ATT GTC ATG AAC TAT 
1680 
Ile Met Glin Ala Gly Gly Trp Thr Asn Val Asin Ile Val Met Asn Tyr 
545 550 555 560 

ATC CGT AAC CTG GAT AGT GAA ACA GGG GCA ATG GTG CGC CTG CTG GAA 
1728 

Ile Arg Asn Lieu. Asp Ser Glu Thr Gly Ala Met Val Arg Leu Leu Glu 
565 57 O 575 

GAT GGC GAT TAG 
174. O 
Asp Gly Asp 
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FIGURE 26C 

SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Met Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Lieu Val Glin Pro 
l 5 O 5 

Thr Arg Lieu Lleu Lleu. Glu Tyr Lieu Glu Glu Lys Tyr Glu Glu His Leu 
2O 25 3 O 

Tyr Glu Arg Asp Glu Gly Asp Llys Trp Arg Asn Lys Llys Phe Glu Lieu 
35 4 O 45 

Gly Lieu. Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys 
5 O 55 60 

Leu. Thr Glin Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Llys His Asn 
65 70 75 8 O 

Met Lieu. Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Lieu Glu 
85 9 O 95 

Gly Ala Val Lieu. Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser 
OO O 5 O 

Lys Asp Phe Glu Thr Lieu Lys Val Asp Phe Leu Ser Lys Lieu Pro Glu 
5 120 125 

Met Leu Lys Met Phe Glu Asp Arg Lieu. Cys His Lys Thir Tyr Lieu. Asn 
3 O 135 14 O 

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Lieu. Asp 
145 5 O 55 160 

Val Val Leu Tyr Met Asp Pro Met Cys Lieu. Asp Alia Phe Pro Llys Lieu. 
65 17 O 75 

Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Glin Ile Asp Llys Tyr 
8 O 18S 19 O 

Lieu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Glin Gly Trp Glin Ala 
1.9S 200 2O5 

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp. Leu Val Pro Arg 
2O 25 22 O 

Gly Ser Arg Arg Ala Ser Val Gly Ser His Met Pro Met Ala Asn. Leu 
225 23 O 235 24 O 

. 

Lieu. Thr Val His Glin Asn Lieu Pro Ala Leu Pro Val Asp Ala Thr Ser 
245 25 O 255 

Asp Glu Val Arg Lys Asn Leu Met Asp Met Phe Arg Asp Arg Glin Ala 
26 O 265 27 O 

Phe Ser Glu His Thr Trp Llys Met Leu Leu Ser Val Cys Arg Ser Trp 
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275 28O 285 

Ala Ala Trp Cys Lys Leu Asn ASn Arg Llys Trp Phe Pro Ala Glu Pro 
29 O 295 3 O O 

Glu Asp Val Arg Asp Tyr Lieu Lleu Tyr Lieu. Glin Ala Arg Gly Lieu. Ala 
305 310 3S 320 

Val Lys Thr Ile Glin Gln His Leu Gly Glin Leu Asni Met Lieu. His Arg 
3 25 33 O 335 

Arg Ser Gly Leu Pro Arg Pro Ser Asp Ser Asn Ala Val Ser Leu Val 
34 O 345 350 

Met Arg Arg Ile Arg Lys Glu Asn Val Asp Ala Gly Glu Arg Ala Lys 
355 360 365 

Glin Ala Lieu Ala Phe Glu Arg Thr Asp Phe Asp Glin Val Arg Ser Lieu 
370 375 38 O 

Met Glu Asn. Ser Asp Arg Cys Glin Asp Ile Arg Asn Lieu Ala Phe Lieu 
385 39 O 395 4 OO 

Gly Ile Ala Tyr Asn. Thir Lieu Lleu Arg Ile Ala Glu Ile Ala Arg Ile 
405 410 415 

Arg Val Lys Asp Ile Ser Arg Thr Asp Gly Gly Arg Met Leu. Ile His 
42O 425 43 O. 

Ile Giy Arg Thr Lys Thr Lieu Val Ser Thr Ala Gly Val Glu Lys Ala 
435 440 445 

Leu Ser Leu Gly Val Thr Lys Lieu Val Glu Arg Trp Ile Ser Val Ser 
450 455 460 

Gly Val Ala Asp Asp Pro Asn. Asn Tyr Lieu Phe Cys Arg Val Arg Lys 
465 470 475 480 

Asn Gly Val Ala Ala Pro Ser Ala Thr Ser Glin Leu Ser Thr Arg Ala 
485 490 495 

Lieu. Glu Gly Ile Phe Glu Ala Thr His Arg Lieu Ile Tyr Gly Ala Lys 
500 SOS 510 

Asp Asp Ser Gly Glin Arg Tyr Lieu Ala Trp Ser Gly His Ser Ala Arg 
515 520 525 

Val Gly Ala Ala Arg Asp Met Ala Arg Ala Gly Val Ser Ile Pro Glu 
530 535 540 

Ile Met Glin Ala Gly Gly Trp Thr Asn Val Asn. Ile Val Met Asn Tyr 
545 550 - 555 560 

Ile Arg Asn Lieu. Asp Ser Glu Thr Gly Ala Met Val Arg Lieu. Leu Glu 
565 570 575 

Asp Gly Asp 
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RAPID SUBCLONING USING STE-SPECIFIC 
RECOMBINATION 

0001. This is a Continuation-In-Part Application of pend 
ing application Ser. No. 08/864,224, filed Feb. 28, 1997. 

FIELD OF THE INVENTION 

0002 The invention relates to recombinant DNA tech 
nology. In particular, the invention relates to compositions, 
including vectors, and methods for the rapid Subcloning of 
nucleic acid Sequences in Vivo and in vitro. 

BACKGROUND OF THE INVENTION 

0.003 Molecular biotechnology has revolutionized the 
production of protein and polypeptide compounds of phar 
macological importance. The advent of recombinant DNA 
technology permitted for the first time the production of 
proteins on a large Scale in a recombinant host cell rather 
than by the laborious and expensive isolation of the protein 
from tissueS which may only contain minute quantities of 
the desired protein (e.g., isolation of human growth hormone 
from cadaver pituitary). The production of proteins, includ 
ing human proteins, on a large Scale in a heterologous host 
requires the ability to express the protein of interest in the 
heterologous host. This process typically involves isolation 
or cloning of the gene encoding the protein of interest 
followed by transfer of the coding region into an expression 
vector that contains elements (e.g., promoters) which direct 
the expression of the desired protein in the heterologous host 
cell. The most commonly used means of transferring or 
Subcloning a coding region into an expression vector 
involves the in vitro use of restriction endonucleases and 
DNA ligases. Restriction endonucleases are enzymes which 
generally recognize and cleave a specific DNA sequence in 
a double-stranded DNA molecule. Restriction enzymes are 
used to excise the coding region from the cloning vector and 
the excised DNA fragment is then joined using DNA ligase 
to a Suitably cleaved expression vector in Such a manner that 
a functional protein may be expressed. 
0004. The ability to transfer the desired coding region to 
an expression vector is often limited by the availability or 
Suitability of restriction enzyme recognition sites. Often 
multiple restriction enzymes must be employed for the 
removal of the desired coding region and the reaction 
conditions used for each enzyme may differ Such that it is 
necessary to perform the excision reactions in Separate StepS. 
In addition, it may be necessary to remove a particular 
enzyme used in an initial restriction enzyme reaction prior to 
completing all restriction enzyme digestions; this requires a 
time-consuming purification of the Subcloning intermediate. 
Ideal methods for the subcloning of DNA molecules would 
permit the rapid transfer of the target DNA molecule from 
one vector to another in vitro or in vivo without the need to 
rely upon restriction enzyme digestions. 

SUMMARY OF THE INVENTION 

0005 The present invention provides reagents and meth 
ods which comprise a System for the rapid Subcloning of 
nucleic acid Sequences in Vivo and in vitro without the need 
to use restriction enzymes. 
0006 The present invention provides a method for the 
recombination of nucleic acid constructs, comprising: pro 
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Viding a first nucleic acid construct comprising, in operable 
order, an origin of replication, a first Sequence-specific 
recombinase target Site, and a nucleic acid of interest, a 
Second nucleic acid construct comprising, in operable order, 
an origin of replication, a regulatory element and a Second 
Sequence-specific recombinase target Site adjacent to and 
downstream from the regulatory element, and a site-specific 
recombinase; contacting the first and the Second nucleic acid 
constructs with the Site-specific recombinase under condi 
tions Such that the first and Second nucleic acid constructs 
are recombined to form a third nucleic acid construct, 
wherein the nucleic acid of interest is operably linked to the 
regulatory element. The present invention contemplates the 
use of any type of regulatory element. In Some embodiments 
of the present invention, the regulatory element comprises a 
promoter element, a fusion peptide (e.g., an affinity domain), 
or an epitope tag. In preferred embodiments, the nucleic acid 
of interest comprises a gene. 
0007. In some embodiments, the first nucleic acid con 
Struct further comprises a Selectable marker. In other 
embodiments, the Second nucleic acid construct further 
comprises a Selectable marker. The present invention con 
templates that the first and Second nucleic acid constructs 
both comprise Selectable markers. In preferred embodiments 
the Selectable markers of the first and Second nucleic acid 
constructs are different from one another. Selectable markers 
include, but are not limited to a kanamycin resistance gene, 
an amplicillin resistance gene, a tetracycline resistance gene, 
a chloramphenicol resistance gene, a Streptomycin resis 
tance gene, a Spectinomycin resistance gene, the aadA gene, 
the dX174E gene, the Stra gene, and the SacB gene. 
0008. In preferred embodiments, the first nucleic acid 
construct further comprises a prokaryotic termination 
Sequence. Prokaryotic termination Sequences include, but 
are not limited to the T7 termination Sequence. In other 
preferred embodiments, the first nucleic acid construct fur 
ther comprises a eukaryotic polyadenylation Sequence. Poly 
adenylation Sequences include, but are not limited to, the 
bovine growth hormone polyadenylation Sequence, the Sim 
ian virus 40 polyadenylation Sequence, and the Herpes 
Simplex virus thymidine kinase polyadenylation Sequence. 
In yet other preferred embodiments, the first nucleic acid 
construct further comprises a conditional origin of replica 
tion. 

0009. In preferred embodiments of the present invention, 
the first and Second Sequence-specific recombinase target 
Sites are Selected from the group consisting of loxP, loxP2, 
loxP3, loxP23, loxP511, loxB, loXC2, loxL, loxR, loXA86, 
loXA117, frt, dif, loxH and att. The present invention con 
templates that the first and Second Sequence-specific recom 
binase target Sites may comprise the same Sequence or may 
comprise different Sequences. 

0010. In yet other embodiments of the present invention, 
the first nucleic acid construct further comprises a 
polylinker. 

0011. The present invention contemplates that the recom 
bination methods can be used in Vitro and in Vivo. In Some 
in Vivo embodiments, the Site-specific recombinase is pro 
Vided by a host cell expressing the site-specific recombinase. 
In Some in Vivo methods, the contacting of the first and the 
Second nucleic acid constructs with the Site-specific recom 
binase comprises introducing the first and Said Second 
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nucleic acid constructs into a host cell under conditions Such 
that the third nucleic acid construct is capable of replicating 
in the host cell. 

0012. The present invention further provides methods for 
precise transfer of nucleic acid molecules by recombination. 
In Some embodiments, the first nucleic acid construct further 
comprises a third Sequence-specific recombinase target Site 
and Said Second nucleic acid constructs further comprises a 
fourth Sequence-specific recombinase target Site. In pre 
ferred embodiments, the first Sequence-specific recombinase 
and the third Sequence-specific recombinase in the first 
nucleic acid construct are located on opposite Sides of the 
nucleic acid of interest. It is contemplated that the first and 
third Sequence-specific recombinase target Sites are contigu 
ous with, adjacent to, or distant from the nucleic acid of 
interest. In particularly preferred embodiments the third and 
fourth Sequence-specific recombinase target Sites are 
Selected from the group consisting of RS Sites and Res sites, 
although other target Sites are contemplated by the present 
invention. In Some embodiments of the this method of the 
present invention, the first nucleic acid construct further 
comprises a third Sequence-specific recombinase target Site 
and the Second nucleic acid constructs further comprises a 
fourth Sequence-specific recombinase target Site, wherein 
the method further comprises providing a Second Site 
Specific recombinase and the Step of contacting the third 
nucleic acid construct with the Second Site-specific recom 
binase under conditions Such that the third nucleic acid 
construct is recombined to form a fourth and a fifth nucleic 
acid construct. 

0013 The present invention also provides a recombined 
nucleic acid construct prepared according to any of the 
above methods. 

0.014. The present invention further provides a method 
for the recombination of nucleic acid constructs, compris 
ing: providing a vector, a linear nucleic acid molecule 
comprising a Sequence complementary to at least a portion 
of Said vector, and an E. coli host cell, wherein Said host cell 
comprises an endogenous recombination System, a loss of 
function rec mutation, a Suppressor, and a loSS of function 
endogenous restriction modification System mutation; and 
introducing the vector and the linear nucleic acid molecule 
into the host cell under conditions Such that the linear 
nucleic acid molecule and the vector are recombined to form 
a recombinant nucleic acid construct. In preferred embodi 
ments the loss of function rec mutation is Selected from the 
group consisting of recBC and rec). In other preferred 
embodiments, the Suppressor comprises sbc. In yet other 
preferred embodiments, the loSS of function endogenous 
restriction modification System mutation comprises hSdR. 

0.015 The present invention further provides a method 
for generating a nucleic acid fusion on the 3' end of the 
nucleic acid of interest in the first nucleic acid construct 
from above, comprising: providing a tagged linear nucleic 
acid Sample comprising a tag to be added to the 3' end of the 
nucleic acid of interest, and a Sequence complementary to a 
region of the first nucleic acid construct that is 3' of the 
nucleic acid of interest, and a host cell capable of endog 
enous homologous recombination of complementary nucleic 
acid molecules, and introducing the tagged linear nucleic 
acid Sample and the first nucleic acid construct into the host 
cell under conditions Such that the tagged linear nucleic acid 
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Sample and the first nucleic acid construct are recombined to 
form a tagged nucleic acid construct. 

0016. The present invention further provides a method 
for the cloning of nucleic acid libraries, comprising: pro 
Viding a plurality of first nucleic acid constructs comprising, 
in operable order, an origin of replication, a first Sequence 
Specific recombinase target Site, and a nucleic acid member 
from a nucleic acid library, a plurality of Second nucleic acid 
construct comprising, in operable order, an origin of repli 
cation, a regulatory element and a Second Sequence-specific 
recombinase target Site adjacent to and downstream from the 
regulatory element, and a Site-specific recombinase, con 
tacting the plurality of first and Second nucleic acid con 
Structs with the Site-specific recombinase under conditions 
Such that the plurality of first and Second nucleic acid 
constructs are recombined to form a plurality of third nucleic 
acid constructs, wherein the nucleic acid members from the 
nucleic acid library are operably linked to the regulatory 
elements. The present invention further provides a nucleic 
acid library prepared according to the above method. 

0017. The present invention also provides a method for 
the directional cloning of a nucleic acid molecule, compris 
ing: providing first and Second portions of a regulatory 
element, a first nucleic acid molecule comprising the first 
portion of the regulatory element; and a Second nucleic acid 
molecule comprising the Second portion of the regulatory 
element; and combining the first and the Second nucleic acid 
molecules to produce a third nucleic acid molecule under 
conditions whereby an intact regulatory element is produced 
from the combination of the first and the second portions of 
the regulatory element, wherein the presence of the intact 
regulatory element in the third nucleic acid molecule indi 
cates a direction of cloning of the first nucleic acid molecule 
with respect to the Second nucleic acid molecule. 
0018. The present invention also provides a method for 
the directional cloning of a nucleic acid molecule, compris 
ing providing: the nucleic acid molecule to be cloned, a first 
primer comprising Sequence complementary to the nucleic 
acid molecule, a Second primer comprising Sequence 
complementary to the nucleic acid molecule and Sequence 
corresponding to a first portion of a lacO Site, amplification 
means, and a target nucleic acid molecule comprising a 
Second portion of the lacO Site, amplifying the nucleic acid 
molecule with the first and Second primers to produce a 
modified nucleic acid molecule comprising the first portion 
of a lacO site; and ligating the modified nucleic acid 
molecule into the target nucleic acid Such that, when cloned 
in the desired direction, an intact lacO site is produced. In 
Some embodiments, the method further comprises the Step 
of detecting the intact lacO site. In particularly preferred 
embodiments, the target nucleic acid molecule comprises 
pUNI-30. 

0019. The present invention further provides a method 
for regulated recombination in host cells that constitutively 
express a recombinase, comprising: providing a host cell 
expressing a recombinase, a first nucleic acid construct 
comprising an origin of replication, a first site-specific 
recombinase site, a Second Site-specific recombinase site 
that differs in Sequence from the first Site-specific recombi 
nase site Such that the recombinase will not initiate recom 
bination between the first and Second Site-specific recombi 
nase Sites, and a Selectable marker gene between the first and 
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Second Site-specific recombinase sites, and a Second nucleic 
acid construct comprising an origin of replication, a third 
Site-specific recombinase target Site, and a fourth Site-spe 
cific recombinase target Site that differs in Sequence from the 
third site-specific recombinase site Such that the recombi 
nase will not initiate recombination between the third and 
fourth Site-specific recombinase sites, and introducing the 
first and Second nucleic acid constructs into the host cell 
under conditions Such that the first and Second nucleic acid 
constructs are recombined. In Some embodiments, the 
method further comprises the Step of Selecting for a desired 
recombinant nucleic acid molecule using the Selectable 
marker. In preferred embodiments, the first nucleic acid 
construct is a Univector. In alternative preferred embodi 
ments, the Second nucleic acid construct is a Univector. 

0020. The present invention also provides, a nucleic acid 
construct comprising, in operable order: a conditional origin 
of replication; a Sequence-specific recombinase target Site 
having a 5' and a 3' end; and a unique restriction enzyme site, 
Said restriction enzyme Site located adjacent to the 3' end of 
the Sequence-specific recombinase target Site. In Some 
embodiments, the construct further comprises a prokaryotic 
termination Sequence. In yet other embodiments, the con 
Struct further comprises a eukaryotic polyadenylation 
Sequence. The present invention contemplates the use of any 
prokaryotic termination Sequence and any eukaryotic poly 
adenylation Sequence. In preferred embodiments, the con 
Struct further comprises one or more Selectable marker 
genes. Selectable marker genes include, but are not limited 
to the kanamycin resistance gene, the amplicillin resistance 
gene, the tetracycline resistance gene, the chloramphenicol 
resistance gene, the Streptomycin resistance gene, the Stra 
gene, and the SacB gene. In preferred embodiments, the 
Sequence-specific recombinase target Site is Selected from 
the group consisting of loxP, loxP2, loxP3, loxP23, loxP511, 
loxB, loxC2, loxL, loxR, loXA86, loXA117, frt, dif, loxH and 
att. 

0021. In some embodiments the construct further com 
prises a gene of interest inserted into the unique restriction 
enzyme site. In particular embodiments, the construct has 
the nucleotide sequence set forth in SEQ ID NO:1 (FIG. 
26A). In other embodiments, the construct further comprises 
a Second Sequence-specific recombinase target Site. In pre 
ferred embodiments, the Second Sequence-specific recombi 
nase target Site is Selected from the group consisting of RS 
Site and a Res site. In yet other embodiments, the construct 
further comprises a polylinker. 

0022. The present invention further provides a nucleic 
acid construct comprising in 5' to 3' operable order: an origin 
of replication; a promoter element having a 5' and a 3 end; 
and a Sequence-specific recombinase target Site having a 5' 
and a 3' end. In Some embodiments, the construct further 
comprises a Selectable marker gene. 

0023 The present invention also provides a nucleic acid 
construct comprising in operable order: a promoter element 
having a 5' and a 3' end; a first Sequence-specific recombi 
nase target Site having a 5' and a 3' end, wherein the 3' end 
of the promoter element is located upstream of the 5' end of 
the Sequence-specific recombinase target Site, a gene of 
interest joined to the 3' end of the Sequence-specific recom 
binase target Site Such that a functional translational reading 
frame is created; a conditional origin of replication; a first 
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Selectable marker gene; a Second Sequence-specific recom 
binase target Site, and an origin of replication. In Some 
embodiments, the construct further comprises a Second 
Selectable marker gene. 
0024. The present invention also provides a method for 
the recombination of nucleic acid constructs, comprising: 
providing a first nucleic acid construct comprising a loxH 
Site, a Second nucleic acid construct comprising a loxH Site, 
and a site-specific recombinase; and contacting the first and 
the Second nucleic acid constructs with the Site-specific 
recombinase under conditions Such that the first and Second 
nucleic acid constructs are recombined. The present inven 
tion also provides a recombined nucleic acid construct 
prepared according to the above method. 

DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 provides a schematic illustrating certain 
elements of the puNI vectors and the Univector Fusion 
System. 

0026 FIG.2A provides a schematic map of the pUNI-10 
vector; the locations of Selected restriction enzyme Sites are 
indicated and unique Sites are indicated by the use of bold 
type. 

0027 FIG. 2B shows the DNA sequence of the loxP site 
and the polylinkers contained within puNI-10 (i.e., nucle 
otides 401-530 of SEQ ID NO:1). 
0028 FIG. 3A shows the oligonucleotides (SEQ ID 
NOS:4 and 5) which were annealed to insert a loxPsite into 
the polylinker of pCEX-2TKcs to create pGst-lox. 

0029 FIG. 3B provides a schematic map of pCEX 
2TKCS which includes an enlargement of the multiple clon 
ing site (MCS). 
0030 FIG. 4A shows the oligonucleotides (SEQ ID 
NOS:6 and 7) which were annealed to insert a loxPsite into 
the polylinker of pVL1392 to create pVL1392-lox. 

0031 FIG. 4B provides a schematic map of pVL1392 
which includes an enlargement of the multiple cloning site 
(MCS); the amplicillin resistance gene (Ap) and the tac 
promoter (P) are indicated. 
0.032 FIG. 5A shows the oligonucleotides (SEQ ID 
NOS:8 and 9) which were annealed to insert a loxPsite into 
the polylinker of pCAP24 to create pGAP24-lox. 

0033 FIG. 5B provides a schematic map of pCAP24 
which includes an enlargement of the multiple cloning site 
(MCS); the amplicillin resistance gene (Ap), the GAP 
promoter (PA), the origin from the 2 um circle (2 u) and 
the TRP1 gene, encoding N-(5-phosphoribosyl)-anthra 
nilate synthetase, (TRP1) are indicated. 
0034 FIG. 6A shows the oligonucleotides (SEQ ID 
NOS:8 and 9) which were annealed to insert a loxPsite into 
the polylinker of pCAL14 to create pGAL14-lox. 

0035 FIG. 6B provides a schematic map of pCAL14 
which includes an enlargement of the multiple cloning site 
(MCS); the amplicillin resistance gene (Ap), the GAL 
promoter (PA), the yeast centromeric sequences (CEN), 
yeast autonomous replication sequences (ARS) and the 
TRP1 gene (TRP1) are indicated. 
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0036 FIG. 7 shows a Coomassie blue-stained SDS 
PAGE gel showing the purification of Gst-Cre from E. coli 
cells containing pCL123. 
0037 FIG. 8 provides a schematic showing the strategy 
employed for the in vitro recombination of a puNI vector 
(“pA.” pUNI-5) with a pHOST vector (“pB,” pGL103) to 
create a fused construct (“pAB”). The relevant markers on 
each construct are indicated, as are Selected restriction 
enzyme Sites. 
0.038 FIG. 9A provides a schematic showing the starting 
constructs (pUNI-Skp1 and pGst-lox) and the predicted 
fusion construct (pCist-Skp1) generated by an in vitro fusion 
reaction. 

0039 FIG.9B provides an ethidium bromide-stained gel 
showing the Separation of restriction fragments generated by 
the digestion of puNI-Skp1, p.Gst-lox and pCist-Skp1. 

0040 FIG. 10A shows a Coomassie blue-stained SDS 
PAGE gel showing the expression of the Gst-Skp1 protein 
from E. coli cells containing pGst-Skp1. 

0041 FIG. 10B shows a Western blot of an SDS-PAGE 
gel containing extracts prepared from E. coli cells contain 
ing pGst-Skp1 which was probed using an anti-Skp1 anti 
body. 

0042 FIG. 11 shows a Western blot of an SDS-PAGE gel 
containing extracts prepared from E. coli cells (QLB4) 
containing either a conventionally constructed Gst-Skp1 
plasmid or pGst-Skp1 (produced by an in vitro fusion 
reaction). 
0.043 FIG. 12 provides a schematic illustrating the in 
Vivo gene trap method for the recombination of loX-con 
taining vectors in a host cell constitutively expressing the 
Cre protein. 
0044 FIG. 13 provides the nucleotide sequence of the 
wild-type loxP site (SEQID NO:12), the loxP2 site (SEQ ID 
NO:13), the loxP3 site (SEQ ID NO:14) and the loxP23 site 
(SEQ ID NO:15). 
004.5 FIG. 14 shows a schematic for one embodiment of 
Cre-mediated plasmid fusion. 
0.046 FIG. 15 shows data demonstrating the efficiency of 
Gst-Cre recombinase activity as measured by UPS. 
0047 FIG. 16 shows the protein expression of UPS 
generated fusion proteins containing loXP following Sepa 
ration by SDS-PAGE and (A) staining with Coomassie blue, 
and (B) immunoblotting with anti-Skp1 antibodies. 
0.048 FIG. 17 shows a comparison of expression levels 
between loXP and loxH containing constructs. 
0049 FIG. 18 shows the expression of UPS-derived 
baculovirus expression constructs in insect cells. 
0050 FIG. 19 shows immunblotting with anti-HA anti 
bodies of Hela cells expressing Myc-tagged F-box protein 
under the control of the CMV promoter. 
0051 FIG. 20 shows a schematic representation of the 
POT reaction. 

0.052 FIG. 21 shows restriction digestion assays of 
sample that underwent POT with SKP1 replacing the E gene 
in paS2-E. 
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0053 FIG.22 shows a schematic of a method for direc 
tional Subcloning of nucleic acid Samples into a Univector. 
0054 FIG.23 provides a schematic map of the puNI-10, 
UNI-20, and pUNI-30 vectors. 
0055 FIG. 24 shows a schematic of a method for pro 
ducing a tagged recombinant protein. 
0056 FIG. 25 shows a schematic of a gap repair scheme 
for modification of the 3' end of coding regions using 
homologous recombination. 
0057 FIG. 26 shows the sequence for: A) SEQ ID NO:1; 
B) SEQ ID NO:10; and C) SEQ ID NO:11. 

DEFINITIONS 

0058 To facilitate understanding of the invention, a num 
ber of terms are defined below. 

0059 AS used herein, “a conditional origin of replica 
tion” refers to an origin of replication that requires the 
presence of a functional trans-acting factor (e.g., a replica 
tion factor) in a prokaryotic host cell. Conditional origins of 
replication include, but are not limited to, temperature 
sensitive replicons such as rep pSC101'. 
0060 AS used herein, the term “origin of replication” 
refers to an origin of replication that is functional in a broad 
range of prokaryotic host cells (i.e., a normal or non 
conditional origin of replication Such as the Col. 1 origin 
and its derivatives). 
0061 The terms “sequence-specific recombinase” and 
“site-specific recombinase' refer to enzymes that recognize 
and bind to a short nucleic acid Site or Sequence and catalyze 
the recombination of nucleic acid in relation to these sites. 

0062) The terms “sequence-specific recombinase target 
Site” and “Site-specific recombinase target Site” refer to a 
Short nucleic acid Site or Sequence which is recognized by a 
Sequence- or Site-specific recombinase and which become 
the croSSOver regions during the Site-specific recombination 
event. Examples of Sequence-specific recombinase target 
Sites include, but are not limited to, lox Sites, frt Sites, att 
Sites and dif Sites. 

0063. The term “lox site' as used herein refers to a 
nucleotide Sequence at which the product of the cre gene of 
bacteriophage P1, Cre recombinase, can catalyze a site 
Specific recombination. A variety of lox sites are known to 
the art including the naturally occurring loxP (the Sequence 
found in the P1 genome), loxB, loxL and loxR (these are 
found in the E. coli chromosome) as well as a number of 
mutant or variant lox sites such as loxP511, loxA86, 
loXA117, loxC2, loXP2, loxP3, loxP23, loXS, and loxH. 
0064. The term “frt site” as used herein refers to a 
nucleotide sequence at which the product of the FLP gene of 
the yeast 2 um plasmid, FLP recombinase, can catalyze a 
Site-specific recombination. 
0065. The term “unique restriction enzyme site' indicates 
that the recognition Sequence for a given restriction enzyme 
appears once within a nucleic acid molecule. For example, 
the EcoRI site is a unique restriction enzyme site within the 
plasmid pUNI-10 (SEQ ID NO:1). 
0066. A restriction enzyme site is said to be located 
“adjacent to the 3' end of a sequence-specific recombinase 
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target Site” if the restriction enzyme recognition site is 
located downstream of the 3' end of the Sequence-specific 
recombinase target Site. The adjacent restriction enzyme site 
may, but need not, be contiguous with the last or 3' nucle 
otide comprising the Sequence-specific recombinase target 
site. For example, the EcoRI site of puNI-10 is located 
adjacent (within 3 nucleotides) to the 3' end of the loxPsite 
(see FIG. 2B); the XhoI, NdeI, and NcoI sites are also 
adjacent (i.e., within about 10-150 nucleotides) to the loxP 
site but these sites are not contiguous with the 3' end of the 
loxP site in puNI-10. 

0067. The terms “polylinker” or “multiple cloning site” 
refer to a cluster of restriction enzyme Sites on a nucleic acid 
construct which are utilized for the insertion and/or excision 
of nucleic acid Sequences Such as the coding region of a 
gene, loX Sites, etc. 
0068 The term “prokaryotic termination sequence” 
refers to a nucleic acid Sequence which is recognized by the 
RNA polymerase of a prokaryotic host cell and results in the 
termination of transcription. Prokaryotic termination 
Sequences commonly comprise a GC-rich region that has a 
twofold symmetry followed by an AT-rich sequence Stryer, 
Supra). A commonly used prokaryotic termination sequence 
is the T7 termination Sequence. A variety of termination 
Sequences are known to the art and may be employed in the 
nucleic acid constructs of the present invention including, 
but not limited to, the TNT, TL1, T2, TL3, TR1, TR2, Tss 
termination signals derived from the bacteriophage lambda 
Lambda II, Hendrix et al. Eds., Supra and termination 
Signals derived from bacterial genes Such as the trp gene of 
E. coli Stryer, Supra). 
0069. The term “eukaryotic polyadenylation sequence” 
(also referred to as a "poly A site' or “poly A sequence') as 
used herein denotes a DNA sequence which directs both the 
termination and polyadenylation of the nascent RNA tran 
Script. Efficient polyadenylation of the recombinant tran 
Script is desirable as transcripts lacking a poly A tail are 
unstable and are rapidly degraded. The poly A Signal utilized 
in an expression vector may be "heterologous' or “endog 
enous.” An endogenous poly A Signal is one that is found 
naturally at the 3' end of the coding region of a given gene 
in the genome. A heterologous poly A Signal is one which is 
isolated from one gene and placed 3' of another gene. A 
commonly used heterologous poly A Signal is the SV40 poly 
A signal. The SV40 poly A signal is contained on a 237 bp 
BamHI/BclI restriction fragment and directs both termina 
tion and polyadenylation J. Sambrook, Supra, at 16.6-16.7; 
numerous vectors contain the SV40 poly A Signal e.g., 
pCEP4, pREP4, pEBVHis (Invitrogen). Another commonly 
used heterologous poly A Signal is derived from the bovine 
growth hormone (BGH) gene; the BGH poly A signal is 
available on a number of commercially available vectors 
e.g., pcDNA3.1, pZeoSV2, pSecTag (Invitrogen). The 
poly A Signal from the Herpes simplex virus thymidine 
kinase (HSV th) gene is also often used as a poly A signal 
on expression vectors. Vectors containing the HSV tk poly 
A signal include the pBK-CMV, pBK-RSV, and pCP13CAT 
vectors from Stratagene. 

0070 AS used herein, the terms “selectable marker” or 
"Selectable marker gene’ refers to the use of a gene which 
encodes an enzymatic activity that confers the ability to 
grow in medium lacking what would otherwise be an 
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essential nutrient (e.g., the TRP1 gene in yeast cells). In 
addition, a Selectable marker may confer resistance to an 
antibiotic or drug upon the cell in which the Selectable 
marker is expressed. A Selectable marker may be used to 
confer a particular phenotype upon a host cell. When a host 
cell must express a Selectable marker to grow in Selective 
medium, the marker is said to be a positive Selectable marker 
(e.g., antibiotic resistance genes which confer the ability to 
grow in the presence of the appropriate antibiotic). Select 
able markers can also be used to Select against host cells 
containing a particular gene (e.g., the SacB gene which, if 
expressed, kills the bacterial host cells grown in medium 
containing 5% sucrose and the dX174E gene). Selectable 
markers used in this manner are referred to as negative 
Selectable markers or counter-Selectable markers. 

0071 AS used herein, the term “vector” is used in refer 
ence to nucleic acid molecules that transfer DNA segment(s) 
from one cell to another. The term "vehicle' is sometimes 
used interchangeably with “vector.” A “vector” is a type of 
“nucleic acid construct.” The term “nucleic acid construct” 
includes circular nucleic acid constructs Such as plasmid 
constructs, phagemid constructs, coSmid vectors, etc. as well 
as linear nucleic acid constructs (e.g., w phage constructs and 
PCR products). The nucleic acid construct may comprise 
expression signals such as a promoter and/or an enhancer (in 
Such a case it is referred to as an expression vector). 
0072 The term “expression vector” as used herein refers 
to a recombinant DNA molecule containing a desired coding 
Sequence and appropriate nucleic acid Sequences necessary 
for the expression of the operably linked coding Sequence in 
a particular host organism. Nucleic acid Sequences neces 
Sary for expression in prokaryotes usually include a pro 
moter, an operator (optional), and a ribosome binding site, 
often along with other Sequences. Eukaryotic cells are 
known to utilize promoters, enhancers, and termination and 
polyadenylation Signals. 
0073. The terms “in operable combination,”“in operable 
order,” and “operably linked” as used herein refer to the 
linkage of nucleic acid Sequences in Such a manner that a 
nucleic acid molecule capable of directing the transcription 
of a given gene and/or the Synthesis of a desired protein 
molecule is produced. The term also refers to the linkage of 
amino acid Sequences in Such a manner So that a functional 
protein is produced. 

0074 The terms “transformation” and “transfection” as 
used herein refer to the introduction of foreign DNA into 
prokaryotic or eukaryotic cells. Transformation of prokary 
otic cells may be accomplished by a variety of means known 
to the art including the treatment of host cells with CaCl to 
make competent cells, electroporation, etc. Transfection of 
eukaryotic cells may be accomplished by a variety of means 
known to the art including calcium phosphate-DNA co 
precipitation, DEAE-dextran-mediated transfection, poly 
brene-mediated transfection, electroporation, microinjec 
tion, liposome fusion, lipofection, protoplast fusion, 
retroviral infection, and biolistics, among other means. 
0075 AS used herein, the terms “restriction endonu 
cleases” and “restriction enzymes' refer to bacterial 
enzymes, each of which cut double-stranded DNA at or near 
a specific nucleotide Sequence. 
0076. As used herein, the term “recombinant DNA mol 
ecule” as used herein refers to a DNA molecule that com 
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prises Segments of DNA joined together by means of 
molecular biological techniques. 

0077. The term “recombinant protein” or “recombinant 
polypeptide' as used herein refers to a protein molecule that 
is expressed from a recombinant DNA molecule. 

0078 DNA molecules are said to have “5' ends” and “3' 
ends' because mononucleotides are reacted to make oligo 
nucleotides in a manner Such that the 5' phosphate of one 
mononucleotide pentose ring is attached to the 3' oxygen of 
its neighbor in one direction via a phosphodiester linkage. 
Therefore, an end of an oligonucleotides is referred to as the 
“5' end” if its 5' phosphate is not linked to the 3' oxygen of 
a mononucleotide pentose ring and as the “3' end” if its 3' 
oxygen is not linked to a 5" phosphate of a Subsequent 
mononucleotide pentose ring. AS used herein, a nucleic acid 
Sequence, even if internal to a larger oligonucleotide, also 
may be said to have 5' and 3' ends. In either a linear or 
circular DNA molecule, discrete elements are referred to as 
being "upstream” or 5' of the “downstream” or 3' elements. 
This terminology reflects the fact that transcription proceeds 
in a 5' to 3' fashion along the DNA strand. The promoter and 
enhancer elements that direct transcription of a linked gene 
are generally located 5' or upstream of the coding region. 
However, enhancer elements can exert their effect even 
when located 3' of the promoter element and the coding 
region. Transcription termination and polyadenylation Sig 
nals are located 3' or downstream of the coding region. 

007.9 The 3' end of a promoter element is said to be 
located upstream of the 5' end of a Sequence-specific recom 
binase target Site when (moving in a 5' to 3’ direction along 
the nucleic acid molecule) the 3' terminus of a promoter 
element (the transcription start site is taken as the 3' end of 
a promoter element) precedes the 5' end of the Sequence 
Specific recombinase target Site. The 3' end of the promoter 
element may be located adjacent (generally within about 0 
to 500 bp) to the 5' end of the sequence-specific recombinase 
target Site. Such an arrangement is used when the pHOST 
vector is not intended to permit the expression of a trans 
lational fusion with the gene of interest donated by a puNI 
vector. Alternatively, when the pHOST vector is intended to 
permit the expression of a translational fusion, the 3' end of 
the promoter element is located upstream of both the 
Sequences encoding the amino-terminus of a fusion protein 
and the 5' end of the Sequence-specific recombinase target 
Site. In this case, the 5' end of the Sequence-specific recom 
binase target Site is located within the coding region of the 
fusion protein (e.g., located downstream of both the pro 
moter element and the Sequences encoding the affinity 
domain, Such as Gst). 
0080. As used herein, the phrase “an oligonucleotide 
having a nucleotide Sequence encoding a gene’ refers to a 
nucleic acid Sequence comprising the coding region of a 
gene or, in other words, the nucleic acid Sequence that 
encodes a gene product. The coding region may be present 
in either a cDNA, genomic DNA, or RNA form. When 
present in a DNA form, the oligonucleotide may be single 
Stranded (i.e., the Sense Strand) or double-stranded. Suitable 
control elements Such as enhancers/promoters, Splice junc 
tions, polyadenylation Signals, etc. may be placed in close 
proximity to the coding region of the gene if needed to 
permit proper initiation of transcription and/or correct pro 
cessing of the primary RNA transcript. Alternatively, the 
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coding region utilized in the Vectors of the present invention 
may contain endogenous enhancers/promoters, Splice junc 
tions, intervening Sequences, polyadenylation signals, etc. or 
a combination of both endogenous and exogenous control 
elements. 

0081. As used herein, the term “regulatory element” 
refers to a genetic element that controls Some aspect of the 
expression of nucleic acid Sequences. For example, a pro 
moter is a regulatory element that facilitates the initiation of 
transcription of an operably linked coding region. Other 
regulatory elements are splicing Signals, polyadenylation 
Signals, termination signals, etc. (defined infra). 
0082 Transcriptional control signals in eukaryotes com 
prise “promoter” and “enhancer' elements. Promoters and 
enhancers consist of Short arrays of DNA sequences that 
interact specifically with cellular proteins involved in tran 
scription Maniatis, T. et al., Science 236:1237 (1987). 
Promoter and enhancer elements have been isolated from a 
variety of eukaryotic Sources including genes in yeast, 
insect, and mammalian cells and viruses (analogous control 
elements, i.e., promoters, are also found in prokaryotes). The 
Selection of a particular promoter and enhancer depends on 
what cell type is to be used to express the protein of interest. 
Some eukaryotic promoters and enhancers have a broad host 
range while others are functional in a limited Subset of cell 
types for review, see Voss, S.D. et al., Trends Biochem. Sci., 
11:287 (1986) and Maniatis, T. et al., supra (1987). For 
example, the SV40 early gene enhancer is very active in a 
wide variety of cell types from many mammalian Species 
and has been widely used for the expression of proteins in 
mammalian cells Dikema, R. et al., EMBO J. 4:761 
(1985). Two other examples of promoter/enhancer elements 
active in a broad range of mammalian cell types are those 
from the human elongation factor 1C.. gene Uetsuki, T. et al., 
J. Biol. Chem., 264:5791 (1989), Kim, D. W. et al., Gene 
91:217 (1990) and Mizushima, S. and Nagata, S., Nuc. 
Acids. Res., 18:5322 (1990) and the long terminal repeats of 
the Rous sarcoma virus Gorman, C. M. et al., Proc. Natl. 
Acad. Sci. USA 79:6777 (1982) and the human cytomega 
lovirus Boshart, M. et al., Cell 41:521 (1985)). 
0083. As used herein, the term “promoter/enhancer' 
denotes a Segment of DNA that contains Sequences capable 
of providing both promoter and enhancer functions (i.e., the 
functions provided by a promoter element and an enhancer 
element, See above for a discussion of these functions). For 
example, the long terminal repeats of retroviruses contain 
both promoter and enhancer functions. The enhancer/pro 
moter may be "endogenous” or “exogenous” or "heterolo 
gous.” An "endogenous' enhancer/promoter is one which is 
naturally linked with a given gene in the genome. An 
“exogenous” or "heterologous' enhancer/promoter is one 
which is placed in juxtaposition to a gene by means of 
genetic manipulation (i.e., molecular biological techniques) 
Such that transcription of that gene is directed by the linked 
enhancer/promoter. 

0084. The presence of “splicing signals' on an expression 
vector often results in higher levels of expression of the 
recombinant transcript. Splicing Signals mediate the removal 
of introns from the primary RNA transcript and consist of a 
splice donor and acceptor Site Sambrook, J. et al., Molecu 
lar Cloning. A Laboratory Manual, 2nd ed., Cold Spring 
Harbor Laboratory Press, New York (1989) pp. 16.7-16.8). 
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A commonly used Splice donor and acceptor Site is the Splice 
junction from the 16S RNA of SV40. 
0085 Eukaryotic expression vectors may also contain 
“viral replicons” or “viral origins of replication.” Viral 
replicons are viral DNA sequences that allow for the extra 
chromosomal replication of a vector in a host cell expressing 
the appropriate replication factors. Vectors that contain 
either the SV40 or polyoma virus origin of replication 
replicate to high copy number (up to 10 copies/cell) in cells 
that express the appropriate viral T antigen. Vectors that 
contain the replicons from bovine papillomavirus or 
Epstein-Barr virus replicate extrachromosomally at low 
copy number (~100 copies/cell). 
0.086 As used herein, the terms “nucleic acid molecule 
encoding,”“DNA sequence encoding,” and “DNA encod 
ing” refer to the order or Sequence of deoxyribonucleotides 
along a Strand of deoxyribonucleic acid. The order of these 
deoxyribonucleotides determines the order of amino acids 
along the polypeptide (protein) chain. The DNA sequence 
thus codes for the amino acid Sequence. 
0.087 As used herein, the term “gene” means the deox 
yribonucleotide Sequences comprising the coding region of 
a structural gene and the including Sequences located adja 
cent to the coding region on both the 5' and 3' ends such that 
the gene corresponds to the length of the full-length mRNA. 
The Sequences that are located 5' of the coding region and 
which are present on the mRNA are referred to as 5' 
non-translated sequences. The sequences that are located 3' 
or downstream of the coding region and which are present 
on the mRNA are referred to as 3' non-translated Sequences. 
The term “gene' encompasses both cDNA and genomic 
forms of a gene. A genomic form or clone of a gene contains 
the coding region interrupted with non-coding Sequences 
termed "introns' or “intervening regions' or “intervening 
Sequences.” Introns are Segments of a gene that are tran 
scribed into nuclear RNA (mRNA); introns may contain 
regulatory elements Such as enhancers. Introns are removed 
or “spliced out from the nuclear or primary transcript. 
Introns therefore are absent in the messenger RNA (mRNA) 
transcript. The mRNA functions during translation to 
Specify the Sequence or order of amino acids in a nascent 
polypeptide. When a gene is altered Such that its product is 
no longer biologically active in a wild-type fashion, the 
mutation is referred to as a "loSS-of-function' mutation. 
When a gene is altered Such that a portion or the entirety of 
the gene is deleted or replaced, the mutation is referred to as 
a “knockout' mutation. 

0088. In addition to containing introns, genomic forms of 
a gene may also include Sequences located on both the 5' and 
3' end of the sequences that are present on the RNA 
transcript. These Sequences are referred to as “flanking” 
Sequences or regions (these flanking Sequences are located 5' 
or 3' to the non-translated Sequences present on the mRNA 
transcript). The 5' flanking region may contain regulatory 
Sequences Such as promoters and enhancers that control or 
influence the transcription of the gene. The 3' flanking region 
may contain Sequences that direct the termination of tran 
Scription, post-transcriptional cleavage, and polyadenyla 
tion. 

0089. As used herein, the term “purified” or “to purify” 
refers to the removal of contaminants from a Sample. For 
example, recombinant Cre polypeptides are expressed in 
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bacterial host cells (e.g., as a Gst-Crefusion protein) and the 
Cre polypeptides are purified by the removal of at least a 
portion of the host cell proteins, the percent of recombinant 
Cre polypeptides is thereby increased in the Sample. 
0090 The term “native protein' is used herein to indicate 
that a protein does not contain amino acid residues encoded 
by vector Sequences, that is the native protein contains only 
those amino acids found in the protein as it occurs in nature. 
A native protein may be produced by recombinant means or 
may be isolated from a naturally occurring Source. 
0091 AS used herein the term “portion” when in refer 
ence to a protein (as in “a portion of a given protein') refers 
to fragments of that protein. The fragments may range in size 
from four amino acid residues to the entire amino acid 
Sequence minus one amino acid. 
0092. As used herein, the term “fusion protein” refers to 
a chimeric protein containing the protein of interest (e.g., the 
Cre protein) joined to an exogenous protein fragment (e.g., 
the fusion partner which consists of non-Cre protein 
Sequences). The fusion partner may enhance Solubility of the 
protein of interest as expressed in a host cell, may provide 
an affinity tag to allow purification of the recombinant fusion 
protein from the host cell or culture Supernatant, or both, 
among other desired characteristics. If desired, the fusion 
protein may be removed from the protein of interest by a 
variety of enzymatic or chemical means known to the art. 

DESCRIPTION OF THE INVENTION 

0093. The present invention provides compositions and 
methods that comprise a System for the rapid Subcloning of 
nucleic acid Sequences in Vivo and in vitro without the need 
to use restriction enzymes. This System is referred to as the 
Univector Fusion System or Univector Plasmid-fusion Sys 
tem (UPS). The UPS employs site-specific recombination to 
catalyze plasmid fusion between a Univector (i.e., a plasmid 
containing a gene of interest) and host vectors containing 
regulatory information. In Some embodiments of the present 
invention, plasmid fusion events are genetically Selected and 
result in placement of the gene of interest under the control 
of novel regulatory elements. A second UPS-related method 
of the present invention allows for the precise transfer of 
coding Sequences alone from a Univector into a host vector. 
UPS further provides means for the subcloning of entire 
nucleic acid libraries and the directional cloning of linear 
nucleic acid molecules (e.g., PCR products). 
0094. The UPS offers many advantages over previously 
available technologies for the manipulation of genes. For 
example, for a routine analysis of a new gene, it may be 
desirable to express it in bacteria as a glutathione-S-trans 
ferase (Gst) or polyhistidine fusion for purification and 
antibody production, to fuse it to the DNA-binding domain 
of GAL4 or lexA for two hybrid analysis, to express it from 
the T7 promoter to allow generation of a riboprobe or 
mRNA for in vitro transcription and translation, and express 
it in baculovirus, all in the course of a Single Study. One 
might also wish to express the gene under the regulation of 
different promoters in a variety of organisms or to mark it 
with different epitope tags to facilitate Subsequent biochemi 
cal or immunological analysis. All of these manipulations 
consume Significant amounts of time and energy using 
previous available technologies for two reasons. First, each 
of the different vectors required for these studies were, for 
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the most part, developed independently and thus contain 
different Sequences and restriction sites for insertion of 
genes. Therefore, genes must be individually tailored to 
adapt to each of these vectorS. Secondly, the DNA sequence 
of any given gene varies and can contain internal restriction 
Sites that make it incompatible with particular vectors, 
thereby complicating manipulation. The advent of the poly 
merase chain reaction (PCR) has greatly facilitated the 
alteration of gene Sequences and creation of compatible 
restriction sites for Subcloning purposes. However, the high 
error rate of thermostable polymerases requires the Sequence 
of each PCR-derived DNA fragment to be verified, a time 
consuming process. 
0.095 The availability of whole genome sequences now 
provides the opportunity to analyze large Sets of genes for 
both genetic and biochemical properties. The need to per 
form parallel processing of large gene Sets exponentially 
amplifies the current defects associated with conventional 
cloning methods. The methods and compositions of the 
present invention provide a Series of recombination-based 
approaches that Significantly reduce the time and effort 
involved in generating multiple transcriptional and transla 
tional fusions for gene analysis and cDNA library construc 
tion. The present invention provides a System whereby a 
gene can be placed under the control of any of a variety of 
promoters or fused in frame to other proteins or peptides 
without the use of restriction enzymes. AS discussed above, 
the UPS uses site-specific recombination to fuse two plas 
mids at a unique Sequence adjacent to both a regulatory 
region and the 5' end of the gene or interest, thereby placing 
the gene under new regulation. This System, together with 
the other methods and compositions of the present invention 
discussed herein, provide a multifaceted approach for the 
rapid and efficient generation and manipulation of recom 
binant DNA, thus making possible parallel processing of 
whole genome Sets of coding Sequences. 

0096) The basis of the UPS is a vector termed the 
“Univector” or the “pUNI' vector into which sequences 
encoding a gene of interest (cDNA or genomic) are inserted. 
The pUNI Vector has a Sequence-specific recombinase target 
Site, Such as a loxPSite, preceding the insertion Site for the 
gene of interest, a Selectable marker gene (this feature is 
optional) and a conditional origin of replication that is active 
only in host cells expressing the requisite trans-acting rep 
lication factor (this feature is optional). The pUNI vectors 
are designed to contain a gene of interest but lack a promoter 
for the expression of the gene of interest. The gene of 
interest may be cloned directly into the pUNI vector (i.e., the 
pUNI Vector may be used as a cloning vector, particularly 
for the cloning of cDNA libraries) or a previously cloned 
gene of interest may be inserted (i.e., Subcloned) into the 
pUNI vector. 
0097. Using a sequence-specific recombinase (e.g., Cre 
recombinase), a precise fusion of the pUNI vector into a 
Second vector containing another Sequence-specific recom 
binase target Site is catalyzed. The Second vector, referred to 
generically as a “PHOST" vector, is a vector (e.g., expres 
Sion vector) that contains the Sequence-specific recombinase 
target site downstream of regulatory element (e.g., a pro 
moter) contained within the pHOST vector. Following the 
Site-specific recombination event which occurs between the 
Single Sequence-specific recombinase target Sites located on 
each vector (e.g., the pUNI vector and the pHOST vector), 
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the two vectors are stably fused in a manner that places the 
gene of interest under the control of the regulatory element 
contained within the pHOST vector. When used for transfer 
into an expression vector, this fusion event also occurs in a 
manner that retains the proper translational reading frame of 
the gene of interest. 

0098. In some embodiment of the present invention, the 
fusion or recombination event can be Selected for by Select 
ing for the ability of host cells, which do not express a 
trans-acting replication factor required for replication of a 
conditional origin contained on the pUNI Vector, to acquire 
a Selectable phenotype conferred by the Selectable marker 
gene (if present) on the puNI vector. In these embodiments, 
the pUNI Vector cannot replicate in cells that do not express 
the trans-acting replication factor and therefore, unless the 
pUNI vector has integrated into the second vector that 
contains a non-conditional origin of replication, pluNI will 
be lost from the host cell. 

0099] The Univector Fusion System allows any number 
of expression or fusion constructs containing the gene of 
interest present on the pUNI vector to be made rapidly (e.g., 
within a single day). Using conventional cloning or Sub 
cloning techniques which employ restriction enzyme diges 
tion(s), the production of a single expression vector con 
taining a gene of interest can take Several days (i.e., for the 
design and construction of each expression vector). In 
contrast, with the methods and compositions of the present 
invention, once a battery of expression vectors modified to 
contain the appropriate Sequence-specific recombinase tar 
get Site is made, a gene of interest can be transferred to any 
number of expression vectors in an afternoon using the 
Univector Fusion System. For example, FIG. 1 provides a 
Schematic illustrating the Straightforward recombination 
methods of the puNI vectors and the Univector Fusion 
System. 

0100. The present invention further provides methods 
and compositions for directional Subcloning of PCR frag 
ments and other nucleic acid molecules into Univectors or 
other vectors and methods and compositions for generation 
of epitope tags and other fusions at the 3' end of open 
reading frames using homologous recombination. 

0101. In general, UPS can be used to fuse any coding 
region of interest either with a specific promoter to gain 
novel transcriptional regulation, with another coding 
Sequence to produce a fusion protein with novel properties 
(e.g., an epitope tag for immunological detection or a DNA 
binding domain or transcriptional activation domain for two 
hybrid analysis), or with any other desired regulatory ele 
ment. As discussed above, the UPS eliminates the need for 
restriction enzymes, DNA ligases, and many in Vitro 
manipulations required for Subcloning. This relieves the 
constraints on cloning vectors with respect to DNA sequence 
and size since the UPS reaction is independent of vector size 
or Sequence. Furthermore, the time-consuming processed 
inherent in conventional cloning Such as the identification of 
a Suitable vector, designing a cloning Strategy, restriction 
endonuclease digestion, agarose gel electrophoresis, isola 
tion of DNA fragments, and the ligation reaction is short 
ened to a 20 minute UPS reaction. Due to the uniform nature 
of the UPS reaction and its simplicity, dozens of constructs 
can be made Simultaneously by Simply using different 
recipient vectors. In addition, in contrast to restriction 
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enzymes and DNA ligases, recombinases (e.g., Gst-Cre) can 
be made inexpensively in large quantities. These features 
will Save investigators significant amounts of time and 
expense. 

0102) Together, these methods constitute a comprehen 
Sive recombinational Strategy for the generation and 
manipulation of recombinant DNA that can be used for the 
parallel processing of gene Sets, an ability required for 
genomic analyses. 

0103) a) Conditional Origins of Replication and Suitable 
Host Cells 

0104. In some embodiments of the present invention, the 
pUNI Vector comprises a conditional origin of replication. 
Conditional origins of replication are origins that require the 
presence or expression of a trans-acting factor in the host 
cell for replication. A variety of conditional origins of 
replication functional in prokaryotic hosts (e.g., E. coli) are 
known to the art. The present invention is illustrated with, 
but not limited by, the use of the R6KY origin, oriR, from the 
plasmid R6K. The R6KY origin requires a trans-acting 
factor, the II protein Supplied by the pir gene Metcalf et al. 
(1996) Plasmid 35:1). E. coli strains containing the pir gene 
will Support replication of R6KY origins to medium copy 
number. A Strain containing a mutant allele of pir, pir-116, 
will allow an even higher copy number of constructs con 
taining the R6KY origin (ie., 15 copies per cell for the wild 
type versus 250 copies per cell for the mutant). This property 
may be useful when potentially toxic genes are manipulated, 
although the chances of expression of a toxic gene are low 
because, in preferred embodiments of the present invention, 
the Univector either contains no promoter or contains a 
promoter driving the neogene which is transcribed in the 
opposite direction from the gene of interest. 
0105 E. coli strains that express the pir or pir-116 gene 
product include BW18815 (ATCC 47079;this strain contains 
the pir-116 gene), BW 19094 (ATCC 47080; this strain 
contains the pri gene), BW20978 (this strain contains the 
pir-116 gene), BW20979 (this strain contains the pir gene), 
BW21037 (this strain contains the pir-116 gene) and 
BW21038 (this strain contains the pir gene) (Metcalf et al., 
Supra). 
0106 Other conditional origins of replication Suitable for 
use on the puNI vectors of the present invention include, 
but are not limited to: 

0107 1) the RK2 oriV from the plasmid RK2 
(ATCC 37125). The RK2 oriVrequires a trans-acting 
protein encoded by the trfA gene Ayres et al. (1993) 
J. Mol. Biol. 230:174); 

0108) 2) the bacteriophage P1 ori which requires the 
repA protein for replication Palet al. (1986).J. Mol. 
Biol. 192:275); 

0109) 3) the origin of replication of the plasmid 
pSC101 (ATCC 37032) which requires a plasmid 
encoded protein, repA, for replication Sugiura et al. 
(1992).J. Bacteriol. 175:5993). The pSC101 orialso 
requires IHF, an E. coli protein. E. coli strains 
carrying the him.A and himD (hip) mutants (the him 
and hip genes encode Subunits of IHF) cannot Sup 
port pSC101 replication Stenzel et al. (1987) Cell 
49:709); 
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0110 4) the bacteriophage lambda ori which 
requires the lambda O and P proteins Lambda II, 
Hendrix et al. Eds., Cold Spring Harbor Press, Cold 
Spring Harbor, N.Y. (1983)); 

0111 5) pBR322 and other ColE1 derivatives will 
not replicate in polA mutants of E. coli and therefore, 
these origins of replication can be used in a condi 
tional manner Grindley and Kelley (1976) Mol. 
Gen. Genet. 143:311); and 

0112) 6) replication-thermosensitive plasmids such 
pSU739 or pSU300 which contain a thermosensitive 
replicon derived from plasmid pSC101, rep pSC101 
which comprises oriV Mendiola and de la Cruz 
(1989) Mol. Microbiol. 3:979 and Francia and Lobo 
(1996) J. Bact. 178:894). pSU739 and pSU300 are 
stably maintained in E. coli strain DH5O. (Gibco 
BRL) at a growth temperature of 30° C. (42°C. is 
non-permissive for replication of this replicon). 

0113. Other conditional origins of replication, including 
other temperature Sensitive replicons, are known to the art 
and may be employed in the vectors and methods of the 
present invention. 
0114 b) Sequence-Specific Recombinases and Target 
Recognition Sites 
0115 The precise fusion between the puNI vector and 
the expression vector is catalyzed by a site-specific recom 
binase. Site-specific recombinases are enzymes that recog 
nize a specific DNA site or Sequence (referred to herein 
generically as a "sequence-specific recombinase target site') 
and catalyze the recombination of DNA in relation to these 
Sites. Site-specific recombinases are employed for the 
recombination of DNA in both prokaryotes and eukaryotes. 
Examples of Site-specific recombination include, but are not 
limited to: 1) chromosomal rearrangements that occur in 
Salmonella typhimurium during phase variation, inversion 
of the FLP Sequence during the replication of the yeast 2 um 
circle, and in the rearrangement of immunoglobulin and T 
cell receptor genes in vertebrates, 2) integration of bacte 
riophages into the chromosome of prokaryotic host cells to 
form a lysogen, and 3) transposition of mobile genetic 
elements (e.g., transposons) in both prokaryotes and eukary 
otes. The term “site-specific recombinase” refers to enzymes 
that recognize Short DNA sequences that become the croSS 
over regions during the recombination event and includes 
recombinases, transposases, and integrases. 
0116. The present invention is illustrated with, but not 
limited by, the use of vectors containing lox sites (e.g., loxP 
Sites) and the recombination of these vectors using the Cre 
recombinase of bacteriophage P1. The Cre protein catalyzes 
recombination of DNA between two loxP sites and is 
involved in the resolution of P1 dimers generated by repli 
cation of circular lysogens Sternberg et al. (1981) Cold 
Spring Harbor Symp. Quant. Biol. 45:297). Cre can function 
in vitro and in Vivo in many organisms including, but not 
limited to, bacteria, fungi, and mammals Abremski et al. 
(1983) Cell 32:1301;Sauer (1987) Mol. Cell. Biol. 7:2087; 
and Orban et al. (1992) Proc. Natl. Acad. Sci. 89:6861). A 
Schematic for one embodiment of Cre-mediated plasmid 
fusion is shown in FIG. 14. In this figure, the Univector, 
pUNI, is the plasmid into which the gene of interest is 
inserted and pHOST represents the recipient vector that 
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contains the appropriate transcriptional and/or translational 
regulatory Sequences that will eventually control the expres 
Sion of the gene of interest. A recombinant expression 
construct is made through Cre-loXP-mediated Site-specific 
recombination that fuses these two plasmids. This in vitro 
reaction generates a dimeric recombinant plasmid in which 
the gene of interest from puNI is placed downstream of the 
promoter present on the host vector. In this example, the 
recombinant plasmid in FIG. 14 can be selected in a pir 
bacterial Strain by Selecting Kn". 

0117 The loxP sites may be present on the same DNA 
molecule or they may be present on different DNA mol 
ecules, the DNA molecules may be linear or circular or a 
combination of both. The loxP site consists of a double 
stranded 34 bp sequence (SEQ ID NO:12) which comprises 
two 13 bp inverted repeat Sequences Separated by an 8 bp 
spacer region Hoess et al. (1982) Proc. Natl. Acad. Sci. USA 
79:3398 and U.S. Pat. No. 4,959,317, the disclosure of 
which is herein incorporated by reference). The internal 
Spacer Sequence of the loXP Site is asymmetrical and thus, 
two loxP sites can exhibit directionality relative to one 
another Hoess et al. (1984) Proc. Natl. Acad Sci. USA 
81:1026). When two loxP sites on the same DNA molecule 
are in a directly repeated orientation, Cre excises the DNA 
between these two Sites leaving a Single loXP Site on the 
DNA molecule Abremski et al. (1983) Cell32: 1301). If two 
loXP Sites are in opposite orientation on a Single DNA 
molecule, Cre inverts the DNA sequence between these two 
sites rather than removing the sequence. Two circular DNA 
molecules each containing a single loXP Site will recombine 
with one another to form a mixture of monomer, dimer, 
trimer, etc. circles. The concentration of the DNA circles in 
the reaction can be used to favor the formation of monomer 
(lower concentration) or multimeric circles (higher concen 
tration). 
0118 Circular DNA molecules having a single loxP site 
will recombine with a linear molecule having a single loXP 
Site to produce a larger linear molecule. Cre interacts with a 
linear molecule containing two directly repeating loXPSites 
to produce a circle containing the Sequences between the 
loXP Sites and a single loXP Site and a linear molecule 
containing a single loXP Site at the Site of the deletion. 
0119) The Cre protein has been purified to homogeneity 
Abremski et al. (1984) J. Mol. Biol. 259:1509) and the cre 
gene has been cloned and expressed in a variety of host cells 
Abremski et al. (1983), Supra). Purified Cre protein is 
available from a number of Suppliers (e.g., Novagen and 
New England Nuclear/DuPont). 
0120) The Cre protein also recognizes a number of vari 
ant or mutant lox sites (variant relative to the loxP 
Sequence), including the loxB, loxL and loxR sites which are 
found in the E. coli chromosome Hoess et al. (1982), Supra). 
Other variant lox sites include loxP511 5'-ATAACTTCG 
TATAGTATACATTATACGAAGTTAT3' (SEQ ID NO:16); 
Spacer region underlined; HoeSS et al. (1986), Supra, and 
loxC2 5'-ACAAC TTCGTATAATGTATGCTATAC 
GAAGTTAT3' (SEQ ID NO:17); spacer region underlined; 
U.S. Pat. No. 4,959,317). Cre catalyzes the cleavage of the 
lox Site within the Spacer region and creates a six base-pair 
staggered cut Hoess and Abremski (1985) J. Mol. Biol. 
181:351). The two 13 bp inverted repeat domains of the lox 
site represent binding sites for the Cre protein. If two lox 
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Sites differ in their spacer regions in Such a manner that the 
overhanging ends of the cleaved DNA cannot reanneal with 
one another, Cre cannot efficiently catalyze a recombination 
event using the two different lox sites. For example, it has 
been reported that Cre cannot recombine (at least not 
efficiently) a loxPsite and a loxP511 site; these two lox sites 
differ in the spacer region. Two lox sites which differ due to 
variations in the binding sites (i.e., the 13 bp inverted 
repeats) may be recombined by Cre provided that Cre can 
bind to each of the variant binding sites. The efficiency of the 
reaction between two different lox sites (varying in the 
binding sites) may be less efficient that between two lox sites 
having the same Sequence (the efficiency will depend on the 
degree and the location of the variations in the binding sites). 
For example, the loxC2 site can be efficiently recombined 
with the loxP site, as these two lox sites differ by a single 
nucleotide in the left binding site. 
0121 A variety of other site-specific recombinases may 
be employed in the methods of the present invention in place 
of the Cre recombinase. Alternative site-specific recombi 
nases include, but are not limited to: 

0122) 1) the FLP recombinase of the 2u plasmid of 
Saccharomyces cerevisiae Cox (1983) Proc. Natl. 
Acad. Sci. USA 80:4223 which recognizes the frt 
site. Like the loxP site, the frt site comprises two 13 
bp inverted repeats Separated by an 8 bp Spacer 
5'-GAAGTTCCTATTCTCTAGAAAGTATAG 
GAACTTC-3' (SEQ ID NO:18); spacer underlined). 
The FLP gene has been cloned and expressed in E. 
coli (Cox, Supra) and in mammalian cells (PCT 
International Patent Application PCT/US92/01899, 
Publication No.: WO 92/15694, the disclosure of 
which is herein incorporated by reference) and has 
been purified Meyer-Lean et al. (1987) Nucleic 
Acids Res. 15:6469; Babineau et al. (1985) J. Biol. 
Chem. 260:12313; and Gronostajski and Sadowski 
(1985) J. Biol. Chem. 260:12328); 

0123 2) the Int recombinase of bacteriophage 
lambda (with or without Xis) which recognizes att 
Sites (Weisberg et al. In: Lambda II, Supra, pp. 
211-250); 

0124 3) the xerC and xerD recombinases of E. coli 
which together form a recombinase that recognizes 
the 28 bp dif site Leslie and Sherratt (1995) EMBO 
J. 14:1561): 

0125 4) the Int protein from the conjugative trans 
poson Tn916 Lu and Churchward (1994) EMBO J. 
13:1541); 

0126 5) TpnI and the B-lactamase transposons 
Levesque (1990).J. Bacteriol. 172:3745); 

0127. 6) the Tn3 resolvase Flanagan et al. (1989).J. 
Mol. Biol. 206:295 and Stark et al. (1989) Cell 
58;779); 

0128 7) the SpoIVC recombinase of Bacillus sub 
tilis Sato et al. (1990).J. Bacteriol. 172:1092); 

0129) 8) the Hin recombinase Galsgow et al. (1989) 
J. Biol. Chem. 264:10072); 

0130 9) the Cin recombinase Hafter et al. (1988) 
EMBO J. 7:3991); and 
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0131 10) the immunoglobulin recombinases Ma 
lynn et al. Cell (1988) 54:453). 

0132) 
0.133 AS discussed above, puNI vectors are used to 
transfer a gene of interest into a Suitably modified vector via 
Site-specific recombination. The modified vectors or host 
vectors used in the Univector Fusion System are referred to 
as pHOST vectors. pHOST vectors are generally expression 
vectors (e.g., plasmids) which have been modified by the 
insertion of a sequence-specific recombinase target site (e.g., 
a lox site). However, the pHOST can comprise any regula 
tory Sequence desired for manipulation of nucleic acids. The 
presence of the Sequence-specific recombinase target Site on 
the pHOST plasmid permits the rapid subcloning or inser 
tion of the gene interest contained within a puNI vector to 
generate an expression vector capable of expressing the gene 
of interest. In Some embodiments of the present invention, 
the pHOST Vector may encode a protein domain Such as an 
affinity domain including, but not limited to, glutathione-S- 
transferase (Gst), maltose binding protein (MBP), a portion 
of Staphylococcal protein A (SPA), a polyhistidine tract, etc. 
A variety of commercially available expression vectors 
encoding Such affinity domains are known to the art. The 
affinity domain may be located at either the amino- or 
carboxy-terminus of the fusion protein. When the pHOST 
plasmid contains a vector-encoded affinity domain, a fusion 
protein comprising the vector-encoded affinity domain and 
the protein of interest is generated when the puNI and 
pHOST vectors are recombined. 

c) Modification of Expression Vectors 

0134) To generate expression vectors intended to gener 
ate transcriptional fusions (i.e., pHOST does not contain a 
vector-encoded protein domain), a sequence-specific recom 
binase target Site is placed after (i.e., downstream of) the 
Start of transcription in the host vector. This is easily 
accomplished using Synthetic oligonucleotides comprising 
the desired Sequence-specific recombinase target Site. In 
designing the oligonucleotide comprising the Sequence 
Specific recombinase target Site, care is taken to avoid 
introducing an ATG or start codon that might initiate trans 
lation inappropriately. 
0135) To generate expression vectors intended to gener 
ate a fusion protein between a vector-encoded protein 
domain located at the amino-terminus of the fusion protein 
and the protein of interest (encoded by the gene of interest 
contained within the puNI vector) (i.e., a translational 
fusion), care is taken to place the Sequence-specific recom 
binase target site in the correct reading frame Such that: 1) 
an open reading frame is maintained through the Sequence 
Specific recombinase target site on pHOST, and 2) the open 
reading frame in the Sequence-specific recombinase target 
site on pHOST is in frame with the open reading frame 
found on the Sequence-specific recombinase target Site con 
tained within the puNI vector. In addition, the oligonucle 
otide comprising the Sequence-specific recombinase target 
site on pHOST is designed to avoid the introduction of 
in-frame Stop codons. The gene of interest contained within 
the pUNI Vector is cloned in a particular reading frame So as 
to facilitate the creation of the desired fusion protein. 
0.136 The modification of several expression vectors is 
provided in the examples below to illustrate the creation of 
suitable pHOST vectors. At present, approximately 40 
pHOST vectors have been generated, including GST expres 
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Sion vectors, yeast GAL1 expression vectors, mammalian 
CMV expression vectors, and baculovirus expression vec 
tors. In each case, expression was at or near the levels 
achieved by conventional cloning. A general Strategy for 
generating any pHOST of interest involves the generation of 
a linker containing the desired Sequence-specific recombi 
nase target site (e.g., a lox site Such as loxP or loxH) by 
annealing two complementary oligonucleotides. The 
annealed oligonucleotides form a linker having Sticky ends 
that are compatible with ends generated by restriction 
enzymes whose sites are conveniently located in the parental 
expression vector (e.g., within a polylinker of the parental 
expression vector). Thus, any vector can be easily adapted 
for use with the UPS method. 

0137 d) In Vitro Recombination 
0138. The fusion of a pUNI vector and a pHOST vector 
is accomplished in vitro using a purified preparation of a 
Site-specific recombinase (e.g., Cre recombinase). The pUNI 
vector and the pHOST vector are placed in reaction vessel 
(e.g., a microcentrifuge tube) in a buffer compatible with the 
Site-specific recombinase to be used. For example, when a 
Cre recombinase (native or a fusion protein form) is 
employed, the reaction buffer may comprise 50 mM Tris 
HCl (pH 7.5), 10 mM MgCl, 30 mM NaCl and 1 mg/ml 
BSA. When a FLP recombinase is employed, the reaction 
buffer may comprise 50 mM Tris-HCl (pH 7.4), 10 MM 
MgCl, 100 tug/ml BSA Gronostajski and Sadowski, Supra). 
The concentration of the puNI vector and the pHOST vector 
may vary between 100 ng to 1.0 ug of each vector per 20 ul 
reaction volume with about 0.1 lug of each nucleic acid 
construct (0.2 ug total) per 20 ul reaction being preferred. 
The concentration of the site-specific recombinase may be 
titered under a Standard Set of reaction conditions to find the 
optimal concentration of enzyme to be used as described in 
Example 4. 
0.139. Following the in vitro fusion reaction, a portion of 
the reaction mixture is used to transform a Suitable host cell 
to permit the recovery and propagation of the fused vectors. 
In Some embodiments of the present invention, the host cell 
employed will not express the trans-acting factor required 
for replication of the conditional origin of replication con 
tained within the pUNI vector (or alternatively the host cell 
will be grown at a temperature which is non-permissive for 
replication of a temperature Sensitive replicon contained 
within the puNI vector). The host cells will be grown under 
conditions that Select for the presence of the Selectable 
marker contained within the pUNI Vector (e.g., growth in the 
presence of kanamycin when the pUNI Vector contains a 
kanamycin resistance gene). Plasmid or non-chromosomal 
DNA is isolated from host cells which display the desired 
phenotype and Subjected to restriction enzyme digestion to 
confirm that the desired fusion event has occurred. 

0140 
0141. The fusion of a pUNI vector and a pHOST vector 
may be accomplished in Vivo using a host cell that expresses 
the appropriate site-specific recombinase (e.g., Cre recom 
binase). The host cell may express the recombinase as part 
of its genome or may be Supplied with means for expressing 
the recombinase (e.g., a recombinase expression vector). In 
embodiments of the present invention that employ a puNI 
vector with a conditional origin of replication, the host cell 
employed lack the ability to express the trans-acting factor 

e) Recombination in Prokaryotic Host Cells 



US 2004/020301.6 A1 

required for replication of the conditional origin of replica 
tion (or alternatively the host cell will be grown at a 
temperature which is non-permissive for replication of a 
temperature sensitive replicon contained within the puNI 
vector). 
0142. The puNI vector and the pHOST vector are 
cotransformed into the host cell using a variety of methods 
known to the art (e.g., transformation of cells made com 
petent by treatment with CaCl2, electroporation, etc.). The 
cotransformed host cells are grown under conditions that 
Select for the presence of the Selectable marker contained 
within the puNI Vector (e.g., growth in the presence of 
kanamycin when the pUNI Vector contains the kanamycin 
resistance gene). Plasmid or non-chromosomal DNA is 
isolated from host cells which display the desired phenotype 
and Subjected to restriction enzyme digestion to confirm that 
the desired fusion event has occurred. 

0143 f) Precise ORF Transfer (POT) 
0144) UPS results in the fusion of two plasmids and is 
Suitable for the vast majority of expression needs. In rare 
cases where the size of the recombinant molecule is limiting 
(e.g., in the generation of retrovirus or adeno-associated 
Viral AAV expression constructs), it might be desirable to 
transfer only the gene of interest and not the approximately 
2 kb remainder of the Univector. To accomplish this, a 
Second recombination event is utilized. In Some embodi 
ments of the present invention, this Second recombination is 
catalyzed by the R recombinase Araki et al. (1992).J. Mol. 
Biol. 225:25 that allows a resolution of the UPS generated 
heterodimer as described in Example 9, although a variety of 
Second recombinases will find use with the present invention 
(e.g., the Res system). POT function in vivo and in vitro. It 
is recommended that POT only be used in those cases where 
Size is a limitation. 

0145. In some embodiments of the present invention, a 
standard UPS method is utilized to generate a dimer con 
taining the entire puNI and PHOST vectors, followed by a 
reaction with the Second recombinase that excises the 
unwanted portions of the Univector. Alternatively, host cells 
or reaction conditions can be applied that allow both recom 
bination reactions to occur in a single step (See Example 9). 
Cells containing the desired recombinant product can be 
Selected for by using Selectable markers, and/or conditional 
origins of replication. 
0146 g) Generation of 3' Gene Fusions on the Univector 
0147 While UPS greatly facilitates the generation of 
fusion proteins at the N-terminus of the protein of interest, 
it is often necessary to modify proteins on the C-terminus 
(e.g., to add an epitope tag). To facilitate this class of 
modification, the present invention takes advantage of E. 
coli's endogenous homologous recombination System. It has 
been shown Winans et al. (1985) J. Bacteriol. 161:1219) 
that E. coli Strains mutant for recBC, but containing a 
Suppressor Sbc, could take up linear DNA and recombine it 
onto the E. coli chromosome or resident plasmids, much as 
has been shown for S. cerevisiae. recD mutants have been 
shown to behave in a similar manner Russell et al. (1989) 
J. Bacteriol. 171:2609). However, such systems have not 
been used for recombinant cloning in E. coli. In fact, these 
Systems are incompatible with many cloning protocols, as 
the endogenous restriction modification Systems of the cell 
would digest the Samples to be cloned. 
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0.148. The present invention provides means to overcome 
these problems and to provide for effective cloning and 
recombination (e.g., with the UPS). To facilitate recombi 
nation onto Univector plasmids, the present invention pro 
vides BUN10, a recBCsbcBhsdR strain expressing pir-116. 
The hSdR mutation prevents restriction of nucleic acid (e.g., 
PCR amplified DNA) by the endogenous restriction modi 
fication system of E. coli. In one embodiment of the present 
invention, this System was tested using a 3xMYC epitope 
tag and the SKP1 gene in puNI-10 as the recipient. pML74, 
which is puNI-Amp containing a triple (3x) MYC epitope 
tag followed by a stop codon, was used as template DNA for 
PCR amplification with two primers, A and B. Primer A 
(SEQ ID NO:30) is 71 nt long, the first 50 nt of which 
correspond to the last 50 nt of the SKP1 coding region and 
the last 21 nt, the 3' end of the primer, correspond to the first 
21 nt of the DNA encoding the 3xMYC tag. The reading 
frames of SKP1 and the 3xMYC tag are in register. Primer 
B (SEQ ID NO:31) is 22 nt long and recognizes a site on 
pML74 common to puNI vectors that begins 367 bp from 
the polylinker region. Amplification using primerS A and B 
and pML74 as a template generated a fragment of DNA with 
50 bp homology to the Univector. This amplification product 
was co-transformed with BamH1-Sac1-cleaved puNI-SKP1 
into BUN10 cells and Kn' transformants were selected and 
analyzed by restriction mapping. Homologous recombina 
tion events are Selected because they allow the recircular 
ization of the linearized vector. A Schematic representation 
of this method is provided in FIG. 25. Ten percent of Kn' 
transformants resulted in homologous recombination at the 
C-terminus of the SKP1 gene to generate a SKP1-3xMYC 
tag. This experiment demonstrates that homologous recom 
bination in E. coli can be used to alter the Sequence of genes 
in 3' regions adjacent to restriction Sites. 

0149 Furthermore, it is clear that this method is gener 
ally applicable to broader cloning Strategies. Although the 
example above describes the use of an amplification product 
for recombination into the puNI vector, any nucleic acid 
Sample with Sufficient Sequence complementarity can be 
used. Thus, the sample to be inserted could be artificially 
Synthesized or prepared by any other means. Additionally, 
the recombination event can be designed to occur at any 
desired location on any desired recipient vector (i.e., is not 
limited to the production of 3' gene fusions). 
0150 h) Method for Directional Subcloning Into puNI 
Vectors 

0151. When cloning blunt ended nucleic acid molecules, 
Such as those generated by thermostable polymerases, it is 
desirable to have a way of identifying desired recombinant 
molecules (e.g., vectors containing the insert in a desired 
orientation). This is of great relevance to the UPS because 
the initial cloning of genes into puNI will often utilize PCR 
amplified material. To facilitate this process, the present 
invention provides a method for directional Subcloning into 
vectors (e.g., puNI derivatives) that relies upon the genera 
tion of a reconstituted regulatory element from two partial 
Sites located on the fragment to be cloned and the recipient 
vector, respectively. For example, a linear nucleic acid 
molecule to be inserted into a vector can be designed with 
a portion of a promoter at its 3' or 5' ends. The recipient 
vector is then designed with the remainder of the promoter, 
arranged Such that, when the cloned fragment is inserted in 
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the desired direction, an intact promoter is reconstituted and 
provides a means of detecting the Successful directional 
cloning event. 
0152. It is clear that a variety of reconstituted regulatory 
elements can be employed to achieve detectable directional 
cloning. For example, reconstituted regulatory elements that 
find use with the present invention include, but are not 
limited to, promoters, repressors, operators, enhancers, 
enzyme recognitions Sites, Selectable markers, and condi 
tional origins of replication, among others. It is also con 
templated that the reconstituted regulatory element may 
comprise a negative Selection capability, Such that fragments 
cloned in an undesired orientation reconstitute the regulatory 
element and are Selected against. One skilled in the art will 
recognize the wide range of regulatory elements and appli 
cations that can be applied to this System. 
0153. To demonstrate the effectiveness of the above 
approach, the lac operator was employed to direct direc 
tional Subcloning events. Luria and colleagueS observed in 
the early 1960s that phage carrying the binding Site for the 
lac repressor, lacO, could induce the expression of the 
endogenous lac7 gene by titrating out a limited number of 
repressor proteins Miller and Reznikoff, Eds. (1978) The 
Operon, Cold Spring Harbor Laboratory, Cold Spring Har 
bor, N.Y. and this was shown to be true when lacO was 
present on high copy number plasmids Marians et al. (1976) 
Nature 263:744; and Heyneker et al. (1976) Nature 
263:748), as illustrated in FIG. 22A. FIG. 22A shows a 
Schematic representation of normal conditions in the 
absence of inducer (left diagram) where lacR is bound to the 
lac operator Sites in front of lac7, and represses transcription. 
In the presence of high copy number plasmid containing the 
lacO sequence (right diagram), LacR repressors are titrated 
out by binding to plasmid borne lacO Sites and the endog 
enous lacZ gene is expressed. 
0154) This observation was taken advantage of by the 
methods of the present invention, whereby the 3' half of a 
lacO site was placed on a puNI vector (i.e., pUNI-30). The 
lacO derivative used was a symmetrical 20 bp site that has 
a Eco47III site at the center. To utilize this method for 
cloning PCR derived material, primers were made corre 
sponding to the SKP1 gene. A 10 bp Sequence corresponding 
to the 5' half of the symmetrical lacO sequence (shown in 
FIG.22B) was added to the 5' end of the 3' primer. FIG.22B 
shows this strategy, whereby primer A (5) and B (3') are 
used to amplify the gene of interest. The 5' end of primer B 
contains a half lacO site which Subsequently becomes the 
3-end of the PCR fragment indicated in the Figure. After 
ligating the PCR fragment into linearized puNI-30 contain 
ing the other half of lacO, an intact lacOSite is reconstituted 
and, in Lac" cells, results in induction of endogenous 
B-galactosidase and production of blue colonies in the 
presence of X-Gal. The PCR fragment was ligated into 
Eco47III-cleaved pUNI-30 and transformed into BUN10, a 
Lac E. coli Strain, and Kn' colonies were Selected on plates 
containing X-gal. Plasmids containing SKP1 in the proper 
orientation were identified by their dark blue color (shown 
by arrows in FIG. 22C). Reclosure of the vector without 
insert as well as the presence of the PCR fragment in the 
incorrectorientation result in the production of white or pale 
blue colonies. Ten out of 10 dark blue colonies contained 
SKP1 in the correct orientation. In particularly preferred 
embodiments, phosphorylated PCR primers are used. In 
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other preferred embodiments, Taq polymerase is used, and 
the material is preferably treated briefly with T4 polymerase 
and dNTPs to remove the 3' overhangs generated. 
0.155) i) Library Transfer Using UPS 
0156. In addition to permitting the rapid transfer of a 
gene of interest from a particular puNI Vector containing a 
gene of interest into a pHOST vector, the Univector Fusion 
System permits the rapid exchange of an entire cDNA 
library to a variety of expression vectors. This capability to 
essentially transform one library into many libraries is one 
of the most significant advances made possible by the UPS 
methods provided by the present invention. The high effi 
ciency of the in vitro UPS reaction (i.e., a minimum of 
16.8%) coupled with the extremely high efficiency of mod 
ern transformation methods makes possible the conversion 
of whole cDNA libraries constructed in the Univector into 
expression libraries without loSS of representation. Thus, it 
is contemplated that single cDNA libraries will be converted 
into any of a number of different expression libraries Such as 
those used in the two hybrid systems. Durfee et al. (1993) 
Gene. & Dev 7:55; and Aronheim et al. (1997) Mol. Cell. 
Biol. 17:3094), for complementation cloning in yeast 
Elledge et al. (1991) Proc. Natl. Acad Sci. 88:1731), 
mammalian expression Systems Okayama and Berg (1982) 
Mol. Cell. Biol. 2:161), etc. Thus, the present invention 
provides methods Such that libraries made for one purpose 
will no longer need to be remade from Scratch when needed 
in a different context; clones isolated from these libraries are 
easily converted back into Simple Univector plasmids com 
patible with other pHOST vectors for future analysis. 
O157. In these methods, the cDNA library is generated 
using a puNI vector as the cloning vector (a puNI library). 
The entire library may then be transferred (using either an in 
vitro or an in Vivo recombination reaction) into any expres 
Sion vector modified to contain a Sequence-specific recom 
binase target site (e.g., a lox site) (i.e., into a pHOST vector). 
This Solves an existing problem in the art, in that there is no 
way, using existing vector Systems, to exchange the inserts 
in a library made in one expression vector en masse (i.e., as 
an entire library) to a different expression vector. Example 
10 provides an illustration of Such capabilities using meth 
ods of the present invention. 
0158. In addition, the sequences contained within a puNI 
library can be used to recombine with linear w constructs 
(which can then be used to isolate specific genes by comple 
mentation of appropriate host cell Such as E. coli or S. 
cerevisiae mutant cells). For example, UPS is compatible 
with the YES series of lambda cloning vectors that use 
cre-lox recombination to convert phage clones into plas 
mids. These vectors are capable of making extremely large 
cDNA libraries (i.e., greater than 10 recombinants per 100 
ng of cDNA) and, unlike plasmid libraries, can be propa 
gated with minimal loSS of representation. Further as 
described in Example 7, the in Vivo gene trap method, a 
variation of the Univector Fusion System, can be used to 
transfer linear DNA fragments that lack a Selectable marker, 
Such as a PCR product, into a variety of expression vectors. 
0159. An extremely important application of the UPS 
method is in the manipulation of whole genome Sets of 
coding regions. For organisms whose genomes have been 
sequenced, a complete set of identified ORFS, or “Unigene” 
Set, can be constructed in the Univector and be Systemati 
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cally converted by UPS into any kind of expression library. 
Also, the simplicity and uniformity of the UPS reaction 
makes it readily amenable to automation for Systematic 
conversion of arrayed clones. This greatly expedites the 
functional characterization of whole genomes and help 
further the progression of genome projects into proteome 
projects. 

Experimental 

0160 The following examples serve to illustrate certain 
preferred embodiments and aspects of the present invention 
and are not to be construed as limiting the Scope thereof. 
0.161 In the experimental disclosure which follows, the 
following abbreviations apply: C. (degrees Centigrade); g 
(gravitational field); vol (volume); DNA (deoxyribonucleic 
acid); RNA (ribonucleic acid); kdal or kD (kilodaltons); OD 
(optical density); EDTA (ethylene diamine tetra-acetic acid); 
E. coli (Escherichia coli); SDS (sodium dodecyl sulfate); 
PAGE (polyacrylamide gel electrophoresis); tS (temperature 
Sensitive); p (plasmid); LB (Luria-Bertani medium: per liter: 
10 g Bacto-tryptone, 5 g yeast extract, 10 g NaCl, pH to 7.5 
with NaOH); ml (milliliter); ul (microliter); M (Molar); mM 
(millimolar); uM (microMolar); g (gram); ug (microgram); 
ng (nanogram); U (units), mu (milliunits); min. (minutes); 
Sec. (Seconds); % (percent); bp (base pair); kb (kilobase); 
PCR (polymerase chain reaction); Tris (tris(hydroxym 
ethyl)-aminomethane); PMSF (phenylmethylsulfonylfluo 
ride); BSA (bovine serum albumin); IPTG (isopropyl-f-D- 
thiogalactoside); ORF (open reading frame); ATCC 
(American Type Culture Collection, Rockville, Md.); Bio 
Rad (Bio-Rad Corp., Hercules, Calif); Invitrogen (Invitro 
gen, Corp., San Diego, Calif.); New England Nuclear/Du 
Pont (Boston, Mass.); Novagen (Novagen, Inc., Madison, 
Wis.); Pharmacia or Pharmacia Biotech (Pharmacia Biotech, 
Piscataway, N.J.); Pharmingen (PharMingen, San Diegi, 
Calif.); Gibco BRL (Gaithersburg, Md.); and Stratagene 
(Stratagene Cloning Systems, La Jolla, Calif.). 

EXAMPLE 1. 

Construction of Univector Constructs 

0162. In this example, illustrative Univector constructs 
are provided. The map for several Univectors is shown in 
FIG. 23, showing puNI-10, puNI-20, and pUNI-30. In this 
figure, nucleotide positions (in parentheses) of unique 
restriction enzyme cleavage sites are shown. Functional 
Sequences are shown as filled boxes and are labeled inside 
of the circle. Boxes with arrows are genes transcribed in the 
direction of the arrow. Below each map is the Sequence of 
the polylinker region displayed as coding triplets in frame 
with the open reading frame of loxP Unique restriction 
enzyme cleavage Sites are in bold. General features of these 
Univectors include a loxP site placed adjacent to the 5' end 
of a polylinker for insertion of cDNAS. loxP has a single 
open reading frame that is in frame with the ATG of the Nde 
and NcoI sites of the polylinker. This facilitates the Subse 
quent generation of protein fusions as noted below. Follow 
ing the polylinker are bacterial and eukaryotic transcrip 
tional terminators to facilitate 3' end formation of 
transcripts. The UnivectorS also comprise a conditional 
origin or replication derived from R6KY that allows their 
propagation only in bacterial hosts expressing the pir gene 
originally from R6KYMetcalf et al. (1994) Gene 138:1). 
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The Univectors also have the neo gene from Tn5 for 
Selection in bacteria (e.g., Selection of recombinant products 
of UPS is achieved by selecting for kanamycin resistance 
after transformation into a pir Strain because the neogene 
on the pUNI can only be propagated when covalently linked 
to an origin or replication that is functional in a pir 
background). pUNI-20 contains additional Site specific 
recombination sites, such as RS, that facilitate precise ORF 
transfer (POT), as described below. 
0163) One Univector construct, the puNI-10 vector, con 
tains a loxP site, a kanamycin resistance gene (Kn') and the 
R6KY conditional origin of replication (OriRrok). The 
OriRrok is functional only in E. coli strains expressing the 
II replication protein (i.e., the product of the pir gene). A 
gene of interest is placed within pUNI-10 (either as a result 
of constructing a library in puNI-10 or by subcloning a 
previously cloned gene of interest). Once the gene of interest 
is contained within puNI-10, any number of plasmid 
expression constructs containing this gene of interest can be 
constructed rapidly (e.g., within a single day). The expres 
Sion constructs will contain an antibiotic resistance gene 
other than kanamycin (e.g., amplicillin). Using the site 
Specific recombinase, Cre, a precise fusion between the 
pUNI vector and any other loxP site-containing vector 
comprising the desired expression Signals adjacent to the 
loXPSite is catalyzed. The Site-specific recombination event 
which occurs between the Single loXP Sites located on each 
plasmid (e.g., puNI and the expression vector) results in the 
stable fusion of these two plasmids in Such a manner as to 
place the expression of the gene of interest under the control 
of the expression signals contained within the expression 
vector. This Subcloning event occurs without the need to use 
restriction enzymes. The fusion of puNI-10 and the expres 
sion vector is selected for by selecting for the ability of E. 
coli cells that do not express the II protein to grow in the 
presence of kanamycin. pUNI cannot replicate in E. coli 
cells that do not express the II protein unless puNI has fused 
or integrated into another plasmid that contains a normal 
(i.e., not a conditional) origin of replication (e.g., the Col E1 
origin). In this case, puNI will be replicated (as part of the 
fusion plasmid) and kanamycin resistance will be conferred 
on the host cell. 

0164) a) Generation of pUNI-10 
0165 FIG.2A provides a schematic map of the pUNI-10 
vector; the locations of Selected restriction enzyme Sites are 
indicated (with the exception of Not, all sites shown are 
unique). FIG. 2B shows the DNA sequence of the loxP site 
and the polylinkers contained within puNI-10 (i.e., nucle 
otides 401-530 of SEQ ID NO:1). 
0166 Nucleotides 1-400 of pUNI-10 contain the condi 
tional origin of replication from R6KY (OriRres); the 
OriRrok was derived from the plasmid R6K (ATCC 37120) 
Metcalf et al. (1996) Plasmid 35:1); nucleotides 401–414 
comprise a Not-KpnI polylinker that facilitates the 
exchange of lox sites; puNI-10 contains a wild-type loxP 
Site (as discussed above, puNI Vectors containing modified 
lox sites may be employed). Nucleotides 415-448 comprise 
the wild-type loXP site; nucleotides 449-527 comprise a 
polylinker used for the insertion of the gene of interest 
(genomic or cDNA sequences). Nucleotides 528-750 con 
tain the polyA addition Sequence from bovine growth hor 
mone (BGH) (the BGH polyA sequence is available on a 
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number of commercially available vectors including 
pcDNA3.1 (Invitrogen)); the BGH polyA sequence provides 
a 3' end for transcripts expressed in mammalian and other 
eukaryotic cells. The art is aware of other eukaryotic polyA 
Sequences that may be used in place of the BGH polyA 
Sequence (e.g., the SV40 poly A sequence, the TK polyA 
sequence, etc.). Nucleotides 751-890 contain the T7 termi 
nator Sequence which is used to terminate transcription in 
prokaryotic hosts (numerous prokaryotic termination signals 
are known to the art and may be employed in place of the T7 
terminator sequence). Nucleotides 890-895 comprise an 
EcoRV restriction enzyme recognition site and nucleotides 
896-2220 comprise the kanamycin resistance gene (Kan or 
Kn") from Tn5 which provides a positive selectable marker. 
The Kn' gene found on puNI-10 was modified using 
Site-directed mutagenesis to remove the naturally occurring 
NcoI site such that puNI-10 contains a unique Ncol site in 
the polylinker region located at nucleotides 449-527. pUNI 
vectors need not contain a Kn' gene (modified or wild-type); 
other selectable genes may be used in place of the Kn' gene 
(e.g., amplicillin resistance gene, tetracycline resistance 
gene, Zeocin' resistance gene, etc.). The pUNI vector need 
not contain a Selectable marker, although the use of a 
selectable marker is preferred. When a selectable marker is 
present on the puNI vector, this marker is preferably a 
different selectable marker than that present on the pHOST 
vector. The nucleotide sequence of puNI-10 is provided in 
SEO ID NO:1. 

EXAMPLE 2 

Construction of Host Plasmids for Use in the 
Univector Plasmid-Fusion System 

0167 Host plasmids used in the Univector plasmid 
fusion system are referred to as pHOST plasmids. pHOST 
plasmids or vectors are generally expression vectors that 
have been modified by the insertion of a site-specific recom 
bination site, Such as a lox Site. The presence of the loX site 
on the pHOST plasmid permits the rapid subcloning or 
insertion of the gene interest contained within a puNI vector 
to generate an expression vector capable of expressing the 
gene of interest. The pHOST vector may encode a protein 
domain Such as an affinity domain including, but not limited 
to, glutathione-S-transferase (Gst), maltose binding protein 
(MBP), a portion of staphylococcal protein A (SPA), a 
polyhistidine tract, etc. A variety of commercially available 
expression vectors encoding Such affinity domains are 
known to the art. When the pHOST plasmid contains a 
vector-encoded affinity domain, a fusion protein comprising 
the vector-encoded affinity domain and the protein of inter 
est is generated when the puNI and pHOST vectors are 
recombined. 

0.168. In some embodiments of the present invention, the 
host vector features include the Col E1 origin of replication 
and the bla gene for propagation and Selection in bacteria, a 
loXP Site for plasmid fusions and a specific promoter resid 
ing upstream of, and adjacent to, the loXP Site. Host vectors 
may also comprise Sequences responsible for propagation, 
Selection, and maintenance in organisms other than E. coli. 
0169. To generate expression vectors intended to gener 
ate transcriptional fusions (i.e., pHOST does not contain a 
vector-encoded protein domain), a lox site is placed after 
(i.e., downstream of) the start of transcription in the host 
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vector. This is easily accomplished using Synthetic oligo 
nucleotides comprising the desired lox Site. In designing the 
oligonucleotide comprising the loX site, care is taken to 
avoid introducing an ATG or start codon that might initiate 
translation inappropriately. 
0170 To generate expression vectors intended to gener 
ate a fusion protein between a vector-encoded protein 
domain and the protein of interest (encoded by the gene of 
interest contained within the puNI vector), care is taken to 
place the lox site in the correct reading frame Such that 1) an 
open reading frame is maintained through the lox site on 
pHOST and 2) the open reading frame in the lox site on 
pHOST is in frame with the open reading frame found on the 
lox site contained within the puNI vector. In addition, the 
oligonucleotide comprising the loX site on pHOST is 
designed to avoid the introduction of in-frame Stop codons. 
The gene of interest contained within the puNI vector is 
cloned in a particular reading frame So as to facilitate the 
creation of the desired fusion protein. 
0171 The modification of several expression vectors is 
provided below to illustrate the creation of Suitable pHOST 
vectors. In each case, the general Strategy involved the 
generation of a linker containing a lox site by annealing two 
complementary oligonucleotides. The annealed oligonucle 
otides form a linker having Sticky ends that are compatible 
with ends generated by restriction enzymes whose Sites are 
conveniently located in the parental expression vector (e.g., 
within the polylinker of the parental expression vector). 
0172) a) Modification of the pGEX-2TKcs Prokaryotic 
Expression Vector 
0173 pCEX-2TKcs is an expression vector active in E. 
coli cells which is designed for inducible, intracellular 
expression of genes or gene fragments as fusions with GSt. 
pGEX-2TKcs contains the IPTG-inducible tac promoter 
(P) and was derived from pCEX-2TK (Pharmacia Bio 
tech) as follows. The polylinker sequence of pCEX-2TK, 
5'-GGATCCCCGGGAATTC-3' (SEQ ID NO:2), was 
replaced with the following sequence: 5'-GGATCGCATAT 
GCCCATGGCTCGAGGATCCGAATTC-3' (SEQ ID 
NO:3) to generate the pGEX-2TKcs vector. 
0.174. A linker containing a loxP site was generated by 
annealing the following oligonucleotides: 5'-CATGGC 
TATAACTTCGTATAGCATACATTATACGAA GTTATG 
3' (SEQ ID NO:4) and 5'-GATCCATAACTTCGTATAAT 
GTATGC TATACGAAGTTATAGC-3' (SEQ ID NO:5). 
When annealed, these two oligonucleotides form a double 
stranded linker having a 5' end compatible with an Nicol 
sticky end and a 3' end compatible with a BamHI sticky end 
(FIG. 3A). pGEX-2TKcs was digested with NcoI and 
BamHI (FIG.3B) and the annealed loxPlinker was inserted 
to form pGst-lox. 

0175 b) Modification of the pVL1392 Baculovirus 
Expression Vector 
0176 pVL1392 is an expression vector that contains the 
polyhedrin promoter which is active in insect cells (Pharm 
ingen). A linker containing a loxP site was generated by 
annealing the following oligonucleotides: 5'-GGCCG 
GACGTCATAACTTCGTAT AGCATACATTATAC 

GAAGTTATG-3' (SEQ ID NO:6) and 5'-GATCCAT. 
AACTTC 
GTATAATGTATGCTATACGAAGTTATGACGTCC-3' 
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(SEQ ID NO:7). When annealed, these two oligonucleotides 
form a double-stranded linker having a 5' end compatible 
with a Not sticky end and a 3' end compatible with a BamHI 
sticky end (FIG. 4A). pVL1392 was digested with NotI and 
BamHI (FIG. 4B) and the annealed loxP linker was inserted 
to form pVL1392-lox. 
0177) c) Modification of the pGAP24 Yeast Expression 
Vector 

0.178 pCAP24 is an expression vector that is based on 
the yeast 2 um circle and contains the constitutive GAP 
(glyceraldehyde 3-phosphate dehydrogenase) promoter 
(PAP) which is active in yeast cells and the TRP1 gene 
(used a selectable marker when the cells are grown in 
medium lacking tryptophan) the GAP promoter is available 
on pAB23; Schilds (1990) Proc. Natl. Acad. Sci. USA 
87:2916). A linker containing a loxP site was generated by 
annealing the following oligonucleotides: 5'-TCGAGAC 
GTCATAACTTCGTATAGCATACAT. 

TATACGAAGTTATGC-3' (SEQID NO:8) and 5'-GGCCG 
CATAACTTCGTATAATGTATGCTATAC 

GAAGTTATGACGTC-3' (SEQ ID NO:9). When annealed, 
these two oligonucleotides form a double-Stranded linker 
having a 5' end compatible with a XhoI sticky end and a 3 
end compatible with a NotI sticky end (FIG. 5A). pGAP24 
was digested with XhoI and Not (FIG. 5B) and the 
annealed loxP linker was inserted to form pGAP24-lox. 
0179 d) Modification of the pGAL14 Yeast Expression 
Vector 

0180 pGAL14 is a yeast centromeric expression vector 
that contains the GAL promoter (PA), which is induced by 
the presence of galactose in the medium, and the TRP1 gene. 
A linker containing a loxP Site was generated by annealing 
together the oligonucleotides listed in SEQID NOS:8 and 9. 
When annealed, these two oligonucleotides form a double 
stranded linker having a 5' end compatible with a XhoI 
sticky end and a 3' end compatible with a Not sticky end 
(FIG. 6A). pGAL14 was digested with XhoI and NotI (FIG. 
6B) and the annealed loxP linker was inserted to form 
pGAL14-lox. 

EXAMPLE 3 

Expression and Purification of a Gst-Cre Fusion 
Protein 

0181. In order to provide a source of purified Cre recom 
binase for the in Vitro recombination of plasmids, the cre 
gene was inserted into a Gst expression vector Such that a 
fusion protein comprising Gst at the amino-terminal end and 
Cre recombinase at the carboxy-terminal end was produced. 
The Gst-Cre fusion protein was purified by chromatography 
using Glutathione Sepharose 4B (Pharmacia). Purified Gst 
Cre can be stored at -80 C., -20° C., or 4 C. for several 
months without Significant loss of activity. 
0182 To simplify Cre purification, a plasmid expressing 
a GST-cre fusion protein was constructed, pGL123. The cre 
gene was isolated by polymerase chain reaction (PCR) 
amplification using the plasmid pBS39 (U.S. Pat. No. 4,959, 
317). U.S. Pat. Nos. 4,683,195, 4,683.202 and 4,965,188 
describe PCR methodology and are incorporated herein by 
reference. The primers used in the PCR were designed to 
introduce an Ncol site at the first ATG in the cre open 
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reading frame. The PCR product was cloned into a TA 
cloning vector (pCRII.1, Invitrogen) and then was Sub 
cloned as an Nco-EcoRI fragment into pGEX-2TKcs 
(Example 2) to generate pCOL123. The ligation products 
were used to transform DH5O. cells and the desired recom 
binant was isolated and used to transform BL21 (DE3) cells 
(Invitrogen). 
0183 The nucleotide sequence of the Gst-Cre coding 
region within pCL123 is listed in SEQ ID NO:10 (FIG. 
26B). The amino acid sequence of the fusion protein 
expressed by pCL123 is listed in SEQ ID NO:11 (FIG. 
26C). 
0184) To express the Gst-Crefusion protein, BL21 (DE3) 
cells containing the pGL123 plasmid were grown at 37 C. 
in LB containing 100 ug/ml amplicillin until the ODoo 
reached 0.6. Expression of the fusion protein was then 
induced by the addition of IPTG to a final concentration of 
0.4 mM and the cells were allowed to grow overnight at 25 
C. Following induction, the bacterial cells were pelleted by 
centrifugation at 5,000xg at 4 C. and the Supernatant was 
discarded. A cell lysate was prepared as followS. Cells 
harvested from 0.5 liter of culture were suspended in 35 ml 
of a solution containing 20 mM Tris-HCl, pH 8.0, 0.1 M 
NaCl, 1 mM EDTA, 0.5% Nonidet P-40, 5 lug/ml of each of 
leupeptin, antipain, aprotinin and 1 mM PMSF at 4 C. The 
cells were incubated for 10 min on ice and then disrupted by 
Sonication (3x15 Sec bursts) using a Sonicator (Ultrasonic 
Heat Systems Model 200R) at full power. The lysate was 
then clarified by centrifugation at 12,000 rpm using a SS34 
rotor (Sorvall). 
0185. The Gst-Cre fusion protein was affinity purified 
from the cell lysate by chromatography on Glutathione 
Sepharose 4B (Pharmacia) according to the manufacturers 
instructions. The protein concentration of Gst-Cre was deter 
mined by Bradford analysis (BioPad). 
0186 Aliquots of the cell lysate before and after chro 
matography on Glutathione Sepharose 4B were applied to an 
SDS-PAGE gel. Following electrophoresis, the gel was 
Stained with Coomassie blue. The Stained gel is shown in 
FIG. 7. In FIG. 7, lanes 1 and 2 contain the cell lysate before 
and after chromatography, respectively. The arrowhead indi 
cates the Gst-Cre fusion protein. The migration of the 
molecular weight protein markers is indicated to the left of 
lane 1. The results shown in FIG. 7 demonstrate the puri 
fication of the Gst-Cre fusion protein. This fusion protein 
was shown to be functional (i.e., capable of mediating 
recombination between lox sites) in the in vitro recombina 
tion assay described below. 
0187 Gst-Cre retained high recombinase activity as mea 
sured by UPS. The efficiency of this reaction reached up to 
16.8% as shown in FIG. 15, similar to that for native Cre 
(Abremski et al., Supra). In this figure, the indicated amounts 
of Gst-Cre were incubated with puNI-10 and pCL103 
plasmid DNA as described below. Percentage of recombi 
nants were calculated by measuring the ratio of total kana 
mycin resistant transformants (fusion events between puNI 
10 and pGL103) relative to total amplicillin resistant 
transformants (pOL103 alone and puNI-10-pCL103 
fusions). The efficiency of Gst-Cre was examined in a 
Second reaction producing a tagged recombinant protein as 
diagrammed in FIG. 24, fusing a Gst tag to Skp1. Recom 
binant plasmids isolated from Kn' transformants were shown 
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by restriction analysis to be correct fusion products between 
the Univector and the host vector via the loXP sites. In this 
case, 10 of 12 Kn' transformants were the correct het 
erodimer (FIG. 9) and 2 were trimers (FIG. 9, lanes 8 and 
10) with two copies of puNI fused to a host vector. It should 
be noted that trimeric plasmids also have a correct fusion 
junction that places the gene of interest adjacent to the 
desired regulatory Sequences and are fully functional for 
most needs. However, the isolation of trimeric plasmids can 
be nearly eliminated if gel purified monomeric Supercoiled 
host DNA is used. This method is highly efficient and 
typically requires only one or two minipreps to identify the 
desired construct. 

EXAMPLE 4 

In Vitro Recombination Using the Univector 
Plasmid Fusion System 

0188 The Univector Plasmid Fusion System permits the 
in vitro recombination of two plasmids. FIG. 8 provides a 
Schematic showing the Strategy employed for in vitro recom 
bination. p.A represents a generic pUNI Vector that contains 
a loXPSite, a kanamycin resistance gene and the conditional 
R6K origin that is only functional in E. coli Strains express 
ing the II protein (e.g., E. coli strains BW18815, BW 19094, 
BW20978, BW20979, BW21037, BW21038). pB represents 
a generic pHOST vector that contains a loxP site, an 
ampicillin resistance gene and a Col E1 origin of replication. 
pAB represents the fused plasmid which results from the 
Cre-mediated fusion of pa and pB. 

0189 To illustrate the in vitro recombination reaction, 
pUNI-5 (a pUNI vector which differs from pUNI-10 only in 
that puNI-5 retains the NcoI site in the Kn' gene and 
contains a different polylinker) was employed as pa and 
pOL103, an amplicillin-resistant plasmid containing a loxP 
Site and the Col. 1 origin, was employed as p3. In a total 
reaction volume of 20 ul, 0.2 tug of each puNI-5 (pA) and 
pOL103 (pb) were mixed in a buffer containing 50 mM 
Tris-HCl (pH 7.5), 10 mM MgCl, 30 mM NaCl and 1 
mg/ml BSA. The amount of purified Gst-Cre. (Example 3) 
was varied from 0 to 1.0 lug. The reactions were incubated 
at 37 C. for 20 minutes and then the reactions were placed 
at 70° C. for 5 min. to inactivate the Gst-Cre protein. Five 
microliters of each reaction mixture were used directly to 
transform competent DH5C. cells (CaCl treated). The trans 
formed cells were plated onto LB/Amp (100 tug/ml amp) and 
LB/Kan (40 ug/ml kan) plates and the number of amplicillin 
resistant (Ap) and kanamycin-resistant (Kn') colonies 
were counted. The results are Summarized in Table 1. 

TABLE 1. 

Gst-Cre 
(ug/reaction) Ap' Colonies Kn' Colonies % of Total Kn/Ap' 

O 2.6 x 10 O O 
O.O1 1.9 x 10 571 3 
O.OS 1.1 x 10' 682 6.2 
O.1 1.5 x 10 502 3.3 
0.5 O.3 x 10 104 3.4 
1.O O.3 x 10 52 1.7 

0190. The results shown in Table 1 demonstrate, that 
under these reaction conditions 0.05 ug purified GSt-Creper 
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20 ul reaction yields the most efficient rate of plasmid fusion. 
Plasmid DNA was isolated from individual kanamycin 
resistant colonies (using standard mini-prep plasmid DNA 
isolation protocols) and Subjected to restriction enzyme 
digestion to determine the Structure of the fused plasmids. 
This analysis revealed that plasmid DNA isolated from the 
kanamycin-resistant colonies represented a dimer created by 
the desired fusion of puNI-5 and pCL103 via the loxP sites. 
These results demonstrate that the Univector Plasmid Fusion 
System can be used to rapidly fuse two plasmids together in 
vitro. 

EXAMPLE 5 

In Vitro Fusion Between a pUNI Vectors 
Containing Genes of Interest and LOX-Containing 

Expression Vectors Produces Fused Vectors 
Capable of Expressing the Gene of Interest 

0191 In Example 4 it was demonstrated that the Univec 
tor Plasmid Fusion System can be used to rapidly fuse two 
plasmid constructs together in vitro. In this example, the 
ability of the Univector Plasmid Fusion System to fuse two 
plasmids together in a manner that places the gene of interest 
contained on the puNI vector under the transcriptional 
control of a promoter contained on the pHOST or expression 
vector in Such a manner that a functional protein of interest 
is expressed from the fused construct. A Series of expression 
plasmids were made by UPS and tested for expression in 
several contexts. 

0192) 
Vector 

0193 The cDNA encoding the wild-type yeast Skp1 
protein Bai et al. (1996) Cell 86:263) was cloned into the 
pUNI-10 vector between the NdeI and BamHI sites to 
generate puNI-Skp1; the yeast SKP1 cDNA sequence is 
available as GenBank Accession No. U61764. Skp1 is an 
essential protein involved in the regulation of the cell cycle 
in yeast. Yeast cells containing a temperature Sensitive 
mutant of Skp1 cannot grow at the non-permissive tempera 
ture (37° C). 

a) Insertion of a Gene of Interest Into the pUNI-10 

0194 b) In Vitro Fusion Reactions and Complementation 
ASSayS 

0195 pUNI-Skp1 was recombined with pCAP24-lox 
(Example 2) and pCAL14-lox (Example 2) using the in vitro 
reaction described in Example 4; 0.2 tug of Gst-Cre was used 
per 20 ul reaction. The resulting plasmid fusions were 
termed pCAP24-Skp1 and pCAL14-Skp1... pGAP24-Skp1 
and pGAL14-Skp1 were then transformed into the tempera 
ture sensitive (ts) skp1-11 mutant yeast strain Y555 (Bai et 
al., Supra) and the transformed yeast cells were plated onto 
SC-tryptophan plates (to select for the expression of the 
selectable marker TRP1) and incubated at either a permis 
sive (25 C.) or non-permissive temperature (37° C). The 
plates which received yeast cells transformed with pGAL14 
Skp1 contained galactose. The ability of the transformed 
cells to grow at the non-permissive temperature is dependent 
upon the expression of the wild-type Skp1 gene encoded by 
a properly fused pUNI-Skp1/expression vector construct. AS 
a control, the yeast SKP1 genomic clone contained in a 
URA3 CEN vector (produced by conventional cloning tech 
niques) was used to transform the tS Skp1-11 mutant yeast 
strain Y555 and the transformed cells were also plated at 25 
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C. and 37 C. In each case, an expression vector (e.g., 
pRS414 or pRS415; Bai et al., Supra) lacking the SKP1 gene 
but containing the same Selectable marker (i.e., TRP1) as 
either pGAP24-Skp1, p.GAL14-Skp1 or URA3 CEN-Skp1 
was used to transform Y555 cells as a control capable of 
permitting the growth of transformed Y555 cells on selective 
medium at the permissive temperature. 
0196) The results demonstrated that the URA3 CEN 
SKP1 construct produced by conventional cloning tech 
niques produced a functional Skp1 protein which was 
capable of complementing the lethality of the Skp1-11 ts 
mutation. More importantly, the results demonstrated that 
the in vitro fusion reaction that created pGAP24-Skp1 and 
pGAL14-Skp1 produced constructs capable of producing 
functional Skp1; that is, Y555 cells transformed with either 
pGAP24-Skp1 or pGAL14-Skp1 were capable of growth at 
37 C., a temperature at which the ts Skp1-11 protein 
produced by the host Strain is non-functional. Expression 
vectors lacking the SKP1 cDNA were incapable of comple 
menting the lethality of the Skp1-11 tS mutation. 
0197) c) Restriction Analysis, SDS-PAGE Analysis and 
Western Blot Analysis of in Vitro Fusion Reactions 
0198 pUNI-Skp1 was recombined with pCist-lox 
(Example 2) using the in vitro reaction described in Example 
4; 0.2 tug of Gst-Cre was used per 20 ul reaction. The 
resulting plasmid fusion was termed pCST-Skp1. FIG. 9A 
provides a Schematic showing the Starting constructs and the 
predicted fusion construct. Five microliters of the fusion 
reaction mixture was used transform DH5O. cells as 
described in Example 4. The transformed cells were plated 
onto LB/Amp/Kan plates and plasmid DNA was isolated 
from individual Ap'Kn' colonies. The plasmid DNAs were 
digested with Pst followed by electrophoresis on agarose 
gels to examine the Structure of the fused plasmids. A 
representative ethidium bromide-stained gel is shown in 
FIG.9B. In FIG.9B, lane “M” contains DNA size markers, 
lanes puNI-Skp1 and pCist-lox contain the Starting plasmids 
digested with Pst and lanes 1-12 contain plasmid DNA from 
individual Ap'Kn' colonies digested with PstI. Lanes 
marked with an “*” indicate that these colonies contained a 
trimeric fusion plasmid that resulted from the fusion of two 
Gst-lox plasmids and one puNI-Skp1 plasmid. The sizes of 
the two Pst fragments which result from the fusion of 
pUNI-Skp1 and pGst-lox in kb are indicated (5.8 and 2.0 
kb). The results shown in FIG. 9B demonstrate that the in 
Vitro fusion reaction resulted in the production of the desired 
fused construct with high efficiency (about 83% of the 
plasmids in the Ap'Kn' colonies comprised the fusion of 
one puNI-Skp1 vector with one pGst-lox vector). 
0199 Three individual Ap'Kn colonies were picked 
and grown in liquid cultures which were induced with IPTG 
to examine whether the fused construct (pGst-Skp1) could 
produce the desired Gst-Skp1 fusion protein. The cultures 
were grown, induced and cell extracts were prepared as 
described in Example 6. An aliquot of the cell lysates 
prepared from induced and uninduced cells were electro 
phoresed on an SDS-PAGE gel and the gel was either 
stained with Coomaise blue or transferred to nitrocellulose 
to generate a Western blot. The Western blot was probed 
using an anti-Skp1 polyclonal antibody (the antibody was 
raised against the yeast Skp1 using conventional methods). 
The resulting Coomassie-Stained gel and Western blot are 
shown in FIGS. 10A and 10B, respectively. 
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0200. In FIG. 10A, lane “M” contains protein molecular 
weight markers (size in kd is indicated). Lanes marked “C” 
contain extracts prepared from E. coli containing a GST 
SKP1 construct made by conventional cloning (i.e., the 
SKP1 cDNA was excised using restriction enzymes and 
inserted into pGEX-2TKcs (Example 2)). Lanes 1-3 contain 
extracts from Ap'Kn' cells transformed with in vitro fusion 
reaction mixtures. Extracts prepared from uninduced cells 
and IPTG induced cells are indicated by “-” and “+”, 
respectively. The arrowheads indicate the location of the 
Gst-Skp1 fusion proteins. The Gst-Skp1 fusion product 
generated from the pGST-SKP1 fusion construct contains 15 
additional amino acids which are located between the Gst 
domain and the Skp1 protein Sequences relative to the 
Gst-Skp1 fusion protein expressed from the conventionally 
constructed GST-SKP1 plasmid (the additional 15 amino 
acids are encoded by the linker comprising the loXPSite, See 
FIG. 3). In FIG. 10B, the lane designations are the same as 
described for FIG. 10A. This Western blot confirms that the 
bands indicated by the arrowheads in FIG. 10A represent 
Gst-Skp1 fusion proteins. 

0201 The results shown in FIGS. 10A and 10B demon 
strate that the Univector Fusion System can be used to create 
an expression vector that maintains the proper translational 
reading frame and permits the expression of a fusion protein 
comprising the expression vector-encoded affinity tag and 
the protein of interest. 
0202) The above results demonstrate that the Univector 
Fusion System can be used to recombine two plasmids, one 
containing a gene of interest but no promoter (this vector 
may optionally contain expression Signals. Such as termina 
tion signals and/or polyadenylation signals) and the other 
containing a promoter and optionally other expression Sig 
nals (e.g., splicing signals, translation initiation codons) (and 
optionally Sequences encoding an affinity domain) but lack 
ing a gene of interest, in Vitro in Such a manner that the 
proper translational reading frame is maintained permitting 
the expression of a functional protein from the fused plas 
mids in the host cell. 

0203 d) Additional Examples 
0204) The S. cerevisiae SKP1 ORF (Bai et al., Supra) in 
pUNI-10 was fused to the pGST-lox host vector pHB2-GST 
by UPS to create a bacterial Gst-lox-Skp1 fusion protein 
expressed under the control of the E. coli tac promoter. A 
Similar Gst-Skp1 expression plasmid lacking loxP (i.e., 
pCB149) made by conventional cloning, was used as a 
control. Approximately equal amounts of the two fusion 
proteins were expressed as shown in FIGS. 16A and B, 
indicating that the presence of loxP did not significantly 
affect either the transcription or translation of the fusion 
protein. In this figure, proteins were Separated by SDS 
PAGE and stained with Coomassie blue (FIG. 16A) or 
immunoblotted (FIG. 16B) with anti-Skp1 antibodies. Pro 
tein from a control GST-Skp1 expression plasmid lacking 
loxP (lanes 1 and 2) and three independent transformants of 
UPS-derived Gst-lox-Skp1 expression constructs (lanes 3-8) 
are shown. The asterisk denotes a degradation product. 
0205. In another example, to measure the effect of the 
loXP Sequence upon eukaryotic expression in the context of 
transcriptional fusions, the SKP1 ORF was placed under the 
control of the S. cerevisiae GAL1 promoter both by con 
ventional means and by UPS. In this case, it was observed 
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that the relative expression level of the UPS-derived plasmid 
was slightly lower. This reduction in expression might be 
explained by the ability of loxP RNA to form a 13 bp 
stem-loop, as secondary structures formed within the 5' UTR 
of an mRNA can interfere with the initiation of translation 
Kozak (1989) Mol. Cell. Biol. 9:5134), although an under 
Standing of the mechanism is not required to practice the 
present invention, and the present invention is not limited to 
any particular mechanistic explanation. To test this hypoth 
esis, a Series of lox Sites were made containing mutations 
designed to reduce the Stability of the Stem-loop, as 
described in Example 8. 
0206. In yet other examples, multiple genes have been 
tested using UPS and expressed in Several different organ 
isms. In addition to Gst-Skp1 expression in bacteria, Myc 
Rnr4 and Myc-RadS3 have been expressed in S. cervisiae as 
shown in FIG. 17, showing a comparison of expression 
levels between loxP and loxH containing constructs. Protein 
extracts were prepared from Y80 cells grown in SC-ura plus 
galactose containing the following plasmids: Vector alone 
(lane 1), pMH176 (GAL-MYC3-RNR4) made by conven 
tional cloning lacking a lox Sequence (lane 2), UPS-derived 
GAL-lox-MYC3-RNR4 constructs with either loxP (lane 3) 
or loxH(lane 4) present between the GAL1 promoter and the 
MYC3-RNR4 gene, vector alone (lane 5), and UPS-derived 
GAL1-MYC3-lox-RAD53 construct (lane 6). The recipient 
vector for RAD53 was pHY314-MYC3. 
0207 Furthermore, many baculovirus expression con 
structs have been made by UPS and tested. Shown in FIG. 
18, as illustrative examples, are Gst-RadS3, Myc-RadS3, 
and HA-RadS3. For RadS3, the UPS-derived constructs 
express at the same level as Gst-RadS3 made by conven 
tional methods (FIG. 18, compare lanes 1 and 2). FIG. 18 
shows the expression of the UPS-derived baculovirus 
expression constructs in insect cells. UPS reactions were 
performed between puNI-10-RAD53 clones and baculovi 
rus expression vectors in pVL1392 backbones engineered to 
contain loX sites and epitope tags. Host insect expression 
vectors used were pHI100-GST, pHI100-MYC3, and 
pHI100-HA3 and the resulting fusion plasmids were crossed 
onto Baculogold (Pharmingen) by standard methods. GST 
affinity purified protein from lysates from 1 million cells 
infected with baculovirus expressing either GST-RAD53 
made by conventional cloning (lane 1) or UPS (lane 2) were 
fractionated on a SDS-PAGE and Coomassie stained. West 
ern blots of protein prepared from cells infected with the 
baculoviruses containing vector alone (lane 3), UPS-derived 
MYC3-lox-RAD53 (lane 4), vector alone (lane 5), or UPS 
derived HA3-lox-RAD53 (lane 6) were probed with anti 
Myc (lanes 3-4) or anti-HA (lane 5-6) monoclonal antibod 
CS. 

0208. In yet other examples, in mammals, the present 
invention demonstrated expression of a Myc-tagged F-box 
protein under the control of the CMV promoter when 
transfected into Hela cells as shown in FIG. 19. This figure 
shows immunoblotting of whole cell lysates with anti-HA 
antibodies. The cells used were Hela cells transfected by the 
calcium phosphate method with the CMV expression vec 
tors pHM200-HA3 or pHM200-HA3-F3, expressing an HA 
tagged F-box protein. In all, over 200 UPS derived con 
Structs have been made and tested, showing expression 
Success rates indistinguishable from those of conventional 
cloning methods. 
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EXAMPLE 6 

Construction of an E. coli Strain that Inducibly 
Expresses Cre Recombinase 

0209 An E. coli strain containing a cre gene under the 
control of an inducible promoter, termed the QLB4 strain, 
was constructed as follows. The cre gene was placed under 
the transcriptional control of the inducible lac promoter by 
inserting the cre ORF into a derivative of pNN'02 Elledge 
et al. (1991) Proc. Natl. Acad. Sci. USA 88:1731); pNN402 
was modified to contain a lac promoter. This construct was 
then crossed onto lambda phage (e.g., gt11) using conven 
tional techniques. The recombinant lambda phage carrying 
the lac-cre gene was integrated into the chromosome of E. 
coli strain JM107 to generate the QLB4 strain. 
0210 Expression of Cre recombinase was induced by 
growing QLB4 cells at 37 C. until an ODoo of 0.6 was 
reached. The culture was then split into 2 parts and IPTG 
was added to one part to a final concentration of 0.4 mM. AS 
a control, the BNN132 strain (ATCC 47059; Elledge et al. 
(1991), Supra which contains the cre gene under the tran 
Scriptional control of the endogenous cre promoter was 
treated as described for the QLB4 strain. Cell extracts (total 
protein) were prepared from all four samples (QLB4+IPTG 
and BNN132+IPTG) and examined for expression of Cre 
recombinase by Western blotting analysis. The Western blot 
was probed using a rabbit polyclonal anti-Cre antibody 
(Novagen) as the primary antibody and a goat anti-rabbit 
IgG horseradish peroxidase conjugate (AmerSham) as the 
Secondary antibody according to the manufacturers instruc 
tions. FIG. 11 shows a Western blot containing extracts 
prepared from (shown left to right) BNN123 cells grown in 
the absence of IPTG (“C”) and QLB4 cells grown in the 
absence (“QLB4-”) and presence of IPTG (“QLB4+"), 
respectively. The location of the Cre recombinase band is 
indicated by the arrowhead. The additional bands seen on 
this Wesrtern blot are due to cross-reactivity of the crude 
(i.e., not affinity purified) rabbit anti-Cre antibody with 
bacterial proteins. 
0211 Western blot analysis demonstrated that Cre protein 
could not be detected in BNN123 cells grown in the pres 
ence or absence of IPTG. Cre protein was detected in QLB4 
cells grown in the presence of IPTG, but not in the absence 
of IPTG, by Western blot analysis. Therefore, the expression 
of Cre recombinase in QLB4 cells is greatly induced by the 
presence of IPTG in the growth medium. By this analysis, 
the expression of Cre recombinase in QLB4 cells is depen 
dent upon the induction of the lac-cre gene by IPTG. 
However, more Sensitive functional assays indicate that the 
Cre protein was expressed constitutively at very low levels 
in both BNN132 cells and OLB4 cells in the absence of 
IPTG. In these functional assays, a puNI vector (Kn') and 
a pHOST vector (Ap') were cotransformed into QLB4 cells 
and the transformed cells were grown on plates containing 
kanamycin to select for the presence of the puNI-pHOST 
fusion plasmid. Plasmid DNA was isolated from individual 
kanamycin-resistant colonies and Subjected to restriction 
enzyme digestion to examine the Structure of the plasmid 
DNA. This analysis revealed that multiple isoforms of the 
plasmid fusion product were present in the plasmid DNA 
isolated from any Single kanamycin-resistant colony. While 
not limiting the present invention to any particular mecha 
nism, it is believed that low level constitutive expression of 
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Cre recombinase leads to multiple fusion events between the 
pUNI and pHOST vectors resulting in the production of 
multimeric forms (i.e., trimer, tetramer, etc.) of the fused 
plasmid (the desired fused plasmid is a dimer formed by 
fusion of puNI and PHOST). The multimeric plasmid fusion 
products would be expected to be unstable due to the fact 
that the Cre protein is constitutively expressed in QLB4 
cells. 

0212 To overcome the potential problems that low level 
constitutive expression of the cre gene in the host cell may 
cause, the expression of cre can be more tightly controlled 
as described below. In addition to the approaches described 
below, the puNI and pHOST vectors can be modified as 
described in Example 7 and these modified vectors can be 
fused using a host cell that constitutively expresses the Cre 
protein. 

0213 The expression of Cre recombinase can be more 
tightly controlled by a variety of means. For example, the 
expression of the cre gene can be made conditional when 
expressing cre under the control of the lac promoter by 
growing the host cells in medium containing glucose. The 
presence of 0.2% glucose in the growth medium Virtually 
shuts down transcription from the lac promoter. In addition, 
the lac promoter can be modified to insert additional opera 
tor (o) sites which bind the lac repressor. Other tightly 
controlled promoters are known to the art (e.g., the T7 
promoter which requires the expression of T7 RNA poly 
merase; these promoters are available on the pe.T vectors 
(Novagen)) and may be employed to control the expression 
of the cre gene. 

0214. In addition to placing the cre ORF under the 
control of a tightly controlled promoter, Cre expression can 
be tightly controlled by placing the cre gene on a plasmid 
containing a temperature-sensitive (ts) replicon (e.g., rep 
pSC101'). When the cre gene is carried on a ts replication 
plasmid, Cre will be expressed during the transformation of 
the host cell (because the host cell containing the ts plasmid 
containing the cre gene was maintained at the permissive 
temperature) but will be absent following recombination of 
the puNI and pHOST vectors when the host cell is grown at 
a temperature non-permissive for replication of the tS rep 
licon. 

EXAMPLE 7 

In Vivo Recombination in Prokaryotic Hosts. Using 
the Univector Fusion System 

0215. As discussed above, Cre-loxP-mediated plasmid 
fusion can occur in Vivo, although the reverse reaction, 
resolution of heterodimers, might decrease its utility. Ideally, 
it would be desirable to have Cre present only transiently to 
catalyze the initial fusion event, then absent to allow the 
Stable propagation of the recombinant products. Therefore, 
a model was tested whereby UPS was explored in vivo in the 
E. coli stain BUN13 that conditionally expresses Cre recom 
binase under lac control and in a Second Strain carrying cre 
on a plasmid, pCOL269, with a TS origin of replication 
derived from pSC101. Experiments using BUN13 and co 
transformation of puNI-10 and pCL103, an Ap'loxP con 
taining plasmid, showed that the UPS reaction occurred 
efficiently, but many colonies had a mixture of plasmids that 
required retransformation into non-cre-expressing Strain to 
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stabilize. However, results with the Ts plasmid were better. 
Competent cells were prepared from JM107/pOL269 cells 
grown at 42 C. for several hours to cause loss of pCL269. 
Co-transformation of puNI-10 and pCL103 into these cells 
followed by selection on kanamycin plates at 42 C. 
revealed that 25% contained the desired single puNI-10 
pOL103 co-integrant. These two experiments demonstrated 
that UPS can be used to generate plasmid fusions in vivo and 
provide an alternative to the in vitro reaction when Gst-Cre 
is not available. 

0216. As described in Example 6 and the experiments 
above, cotransformation of E. coli cells expressing Cre 
protein (e.g., QLB4, BNN132) with a pUNI construct and a 
pHOST construct (each construct containing a single lox 
site) results in the fusion of these two constructs in vivo. If 
the host cell used for the recombination reaction constitu 
tively expresses the Cre protein, multimeric forms of the 
fused constructs are generated. In addition to the methods 
outlined above for tightly regulating the expression of the 
cre gene in the host cell, cells constitutively producing Cre 
protein can be employed with modified puNI and pHOST 
vectors as described in this example. The puNI construct is 
modified such that two different lox sites flank the kanamy 
cin resistance gene (the modified puNI construct is termed 
pUNI-D). The two lox sites differ in their spacer regions by 
one or two nucleotides and for the Sake of discussion the two 
different lox sites are referred to as “loxA” and “loxB” (e.g., 
loXP and loxP511; “loxB' is used in this discussion to 
distinguish it from the first lox site termed “loxA and does 
not indicate the use of the loxB sequence found in the E. coli 
chromosome). Cre cannot efficiently catalyze a recombina 
tion event between a loxA site and a loxB due to the 
Sequence changes located in the Spacer regions between the 
Cre binding Sites; however Cre can efficiently catalyze the 
recombination between two loxA sites or two loxB sites 
Hoess et al. (1986) Nucleic Acids Res. 14:2287). The 
pHOST construct is modified such that one loxA site and one 
loxB site flank the selectable marker gene (the modified 
pHOST construct is termed pHOST-D). In this example, 
pHOST contains the sacB gene as the selectable marker (a 
negative Selectable marker). The presence of the SacB gene 
on pHOST-D provides a means of counter-selection as cells 
expressing the SacB gene are killed when the cell is grown 
in medium containing 5% sucrose Gay et al. (1985) J. 
Bacteriol. 164:918 and (1983) J. Bacteriol. 153: 1424). 
0217 FIG. 12 provides a schematic showing the strategy 
for in Vivo recombination in a Cre-expressing host cell (e.g., 
QLB4 cells) using the pUNI-D and pHOSTD constructs. 
Arrows are used to indicate the direction of transcription of 
various genes or gene segments in FIG. 12. In FIG. 12, the 
following abbreviations are used: Ap' (ampicillin resistance 
gene); Kn' (kanamycin resistance gene); Ori (non-condi 
tional plasmid origin of replication); Ori' (the R6KY con 
ditional origin of replication); Cre (Cre recombinase); 
GENEX (gene of interest). The strategy outlined in FIG. 12 
is referred to as the “in vivo gene-trap.” FIG. 12 illustrates 
that the second lox site (loxB) in puNI-D (relative to the 
design of the puNI-10 vector) is inserted between the 
kanamycin resistance gene and the R6KY conditional origin 
of replication. 
0218. To generate a pHOST-D construct, a commercially 
available expression vector containing the desired promoter 
(and optionally enhancer) is modified as described in 
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Example 2 to insert the loXA Site downstream of the pro 
moter. However, it is not necessary that a commercially 
available expression vector be employed as the art is well 
aware of methods for the generation of expression vectors. 
Sequences encoding the SacB gene Gay et al. (1983) J. 
Bacteriol. 153:1424; GenBank Accession Nos. XO2730 and 
KO1987 and the second lox site (loxB) are inserted down 
stream of the first lox site (loxA). 
0219. The pUNI-D and pHOSTD constructs are cotrans 
formed into QLB4 cells (Example 6) and the transformed 
cells are plated onto LB/Ap/Kn plates containing 5% 
Sucrose to select for the desired recombinant. FIG. 12 
illustrates the recombination events that will occur in the 
presence of Cre in the QLB4 cells. First puNI-D and 
pHOST-D will fuse to form two dimers in which two 
possible double croSS-Over events can occur. These two 
double cross-over events are diagrammed in FIG. 12. The 
double croSS-Over events will-result in the exchange of the 
DNA segments that are flanked by loxA and loxB to produce 
the plasmids labelled “A” and “B.” All plasmids that contain 
the sacB gene (the pHOST-D, the fused plasmids and 
plasmid B) will be selected against by the presence of 
sucrose in the growth medium. The pUNI-D construct will 
not be able to replicate in QLB4 cells as these cells do not 
express the II protein required for replication of the R6KY 
origin. Therefore, the only construct that will be maintained 
in QLB4 cells selected on LB/Kn containing sucrose is the 
desired plasmid A in which the gene of interest from 
pUNI-D has been placed under the transcriptional control of 
the promoter located on pHOST-D. 
0220 To illustrate this method, puNI-10 was modified to 
place a Second lox Site, comprising the loXP511 Sequence 
(SEQ ID NO:16) between the kanamycin resistance gene 
and the R6KY conditional origin of replication to create 
pUNI-10-D. A second lox site, comprising the loxP511 site, 
was inserted onto a loxP-containing expression plasmid (i.e., 
a pHOST vector) to create a pHOST-D vector. One-half of 
one microgram of each plasmid was cotransformed into 
competent QLB4 cells and an aliquot of the transformed 
cells were plated onto LB/Ap plates and onto LB/Ap/Kn 
plates containing 5%. Sucrose and the number of colonies on 
each type of plate were counted. The percentage of Ap'Kn' 
colonies which grew on Sucrose-containing plates relative to 
the number of AP colonies was 1% (1x10/1x10). Restric 
tion enzyme digestion of plasmid DNA isolated from indi 
vidual Ap'Kn' colonies which grew on Sucrose-containing 
plates confirmed that the desired fusions had been generated. 
These results indicate that the in Vivo gene trap method can 
be used to recombine a gene of interest carried on a puNI-D 
vector into an expression vector using host cells that con 
Stitutively express the Cre protein. 
0221) In addition to providing a means for recombining a 
gene of interest carried on a pUNI-D vector into an expres 
Sion vector using host cells that constitutively express the 
Cre protein, the in Vivo gene trap method provides a means 
to transfer a gene of interest contained on a linear DNA 
molecule (e.g., a PCR product) that lacks a selectable marker 
into an expression vector(s). The desired PCR product is 
amplified using two primers, each of which encode a dif 
ferent lox site (a “loxA” and “loxB” site such as a loxP and 
loxP511 site). A puNI vector is constructed that contains (5' 
to 3') a loxA site, a counter-selectable marker Such as the 
SacB gene and a loxB site (i.e., the two different lox sites 
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flank the counter-selectable marker). This puNI vector also 
contains a conditional origin of replication and an antibiotic 
resistance gene as described above and in Example 1. The 
PCR product (loxA-amplified sequence-loxB) is recom 
bined with the modified puNI vector (which comprises 
loXA-counter-selectable marker-loxB) to create a puNI vec 
tor containing the PCR product which now lacks the 
counter-Selectable marker. This recombination event is 
Selected for by growing the host cells in medium that kills 
the host if the counter-selectable gene is expressed. The PCR 
product in the puNI vector (containing 2 lox sites) can then 
be placed under the control of the desired promoter element 
by recombining the puNI/PCR product construct with the 
appropriate pHOST-D vector. 

EXAMPLE 8 

The Use of Modified LOXP Sites to Increase 
Expression of the Protein of Interest 

0222. The pUNI and pHOST constructs employed in the 
Univector Plasmid Fusion System were designed such that 
plasmid fusion resulted in the introduction of a lox site 
between the promoter and the gene of interest. LOXP Sites 
consist of two 13 bp inverted repeats separated by an 8 bp 
spacer region Hoess et al. (1982) Proc. Natl. Acad. Sci. USA 
79:3398 and U.S. Pat. No. 4,959,317). Transcripts of the 
gene of interest produced from a pUNI-pHOST fusion 
construct comprising a loXPSite may have two 13 nucleotide 
perfect inverted repeats within the 5' untranslated region 
(UTR) that have the potential to form a stem-loop structure 
(this will occur in those cases where pHOST does not 
encode an affinity domain at the amino-terminus of the 
fusion protein). It is currently believed that the ribosome 
Scanning mechanism is the most commonly used mecha 
nism for initiation of translation in eukaryotes (e.g., yeast 
and mammalian cells). Using this mechanism, the ribosome 
binds to the 5' cap structure of the mRNA transcript and 
scans downstream along the 5' UTR searching for the first 
ATG or translation start codon. Without limiting the present 
invention to any particular mechanism, it is possible that a 
stem-loop structure formed by the presence of a loxP 
sequence on the 5' UTR of the mRNA encoding the protein 
of interest would block or reduce the efficiency of ribosome 
Scanning and thus the translation initiation Step could be 
impaired. There is evidence that Stem-loop Structures in the 
5' UTR of particular mRNAS reduce the efficiency of 
translation in eukaryotes See, e.g., Donahue et al. (1988) 
Mol. Cell. Biol. 8:2964 and Yoon et al. Genes and Dev. 
(1992) 6:2463). It is noted that no evidence suggests that the 
presence of a stem-loop structure in the coding region (as 
opposed to the 5' UTR) of a transcript negatively affects its 
ability to be translated. It is likely that the energy of protein 
Synthesis is Sufficient to overcome Secondary Structures 
present in mRNAS. Indeed the data presented in Example 5 
shows that a GST-SKP1 fusion construct produced using the 
Univector Fusion System (i.e., the construct contains a loxP 
Site between the Sequences encoding the Gst and Skp1 
domains) produced the same level of fusion protein as did a 
conventional construct encoding a Gst-Skp1 fusion protein 
which lacks the loXP Sequence. Therefore, concerns over the 
presence of a Stem-loop Structure caused by the presence of 
a lox sequence in a transcript encoded by a pUNI-pHOST 
fusion construct are limited to those constructs that do not 
generate fusion proteins. 
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0223) If low levels of expression are observed when a 
gene of interest is expressed from a puNI-pHOST fusion 
constructs comprising loX Sequences that comprise perfect 
13 bp inverted repeats (e.g., loxP), puNI and pHOST 
constructs containing mutated loxP Sequences are employed. 
The mutated loxP Sequences comprise point mutations that 
create mismatches between the two 13 bp inverted repeat 
sequences within the loxP site that disrupt the formation of 
or reduce the Stability of a stem loop Structure. Specifically, 
two modified loxPsites were designed that have mismatches 
at different positions in the inverted repeats located within a 
loxPsite. The 13 bp inverted repeats are binding sites for the 
Cre protein; thus, each loXP Site has two binding sites for 
Cre. For the purpose of discussion, these two binding Sites 
are referred to as Land R (left and right). The wild-type loxP 
site is designed L(0)-R(0) wherein “0” indicates the absence 
of a mutation (i.e., the wild-type sequence). Two derivatives 
of the wild-type loxP Sequence were designed and termed 
loxP2 and loxP3. The sequence of loxP2 (SEQ ID NO:13), 
loxP3 (SEQ ID NO:14), as well as the wild-type loxP 
sequence (SEQ ID NO:12) are shown in FIG. 13. LoxP2 is 
placed on the puNI-10 construct (in place of the wild-type 
loxP site) and loxP3 is placed on the pHOST construct. 
0224 LoxP2 has repeats designated L(3,6)-R(0) which 
indicates that the third and sixth nucleotides of the left repeat 
are mutated; thus, a mismatch is introduced at the third and 
sixth positions between the Land R repeats of the loxP2 site. 
LoxP3 has repeats designated L(0)-R(9) which indicates that 
the ninth nucleotide on the right repeat Sequence is mutated 
to introduce a mismatch at the ninth position between the L 
and R repeats of the loxP3 site. Fusion between the loxP2 
site on the pUNI construct and the loxP3 site on the pHOST 
construct will generate a hybrid loxP23 site L(3,6)-R(9) 
located between the promoter and the gene of interest and a 
wild-type IoxP site L(0)-R(O) at the distal junction. Thus, 
the loxP23 site (SEQ ID NO:15) in the 5' UTR will have 
three mismatches distributed at positions 3, 6 and 9 between 
the 13 nucleotide inverted repeats which are expected to 
Strongly destabilize the formation of the Stem-loop Structure. 
Other mutated loxP sequences suitable for disruption of the 
Stem-loop Structure will be apparent to those skilled in the 
art; therefore, the present invention is not limited to the use 
of the loxP2 and loxP3 sequences for the purpose of dis 
rupting stem-loop formation on the 5' UTR of transcripts 
produced from puNI-pHOST fusion constructs. The Suit 
ability of any pair of mutated lox Sites for use in the 
Univector Fusion System may be tested by placing one 
member of the pair on a puNI vector and the other member 
on a pHOST construct. The two modified vectors are then 
recombined in vitro as described in Example 4 and the 
fusion reaction mixture is used to transform E. coli cells and 
the transformed cells are plated on Selective medium (e.g., 
on LB/Amp and LB/Kan plates) in order to determine the 
efficiency of recombination between the two mutated lox 
sites (Example 4). The efficiency of recombination between 
the two mutated lox Sites is compared to the efficiency of 
recombination between two wild-type loxPsites. Any pair of 
two different mutant lox Sites that recombines at a rate that 
is about 5% or greater than that observed using two loxP 
Sites is a useful pair of mutated lox sites for use in avoiding 
the formation of a stem-loop structure on the 5' UTR of the 
mRNA transcribed from the puNI/pHOST fusion construct. 
0225. A strategy as described above was employed to 
determine if the reduced expression observed with the SKP1 
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ORF under control of the GAL1 promoter as described in 
Example 5 could be improved with mutated lox sites. A 
Series of lox Sites designed to reduce the Stability of the 
Stem-loop were employed. These, together with a control 
scrambled site, loxS, were placed between the GAL1 pro 
moter and the lac7, reporter gene and B-galactosidase 
expression was measured. Mutations that decreased Stem 
loop Stability tended to express better and one mutant, 
loxP'', did not display any inhibitory effects. This mutant 
also retained 25% of the wild-type recombination efficiency 
and has been designated loxH (i.e., for host). The oligo 
nucleotides used to generate the loxH Site are based on the 
loxH sequence 5'-ATTACCTCATATAGCATACATTATAC 
GAAGTTAT3' (SEQ ID NO:32). LoxH was further tested 
by using it to place MYC-RNR4 under GAL1 control and 
showed no translational interference, as shown in FIG. 17 
(compare lanes 2, 3, and 4). LoxH's 25% recombinational 
efficiency is well within the range useful for UPS-mediated 
plasmid constructions. Thus, it is recommended that loXH be 
used in pHOST recipient vectors intended for transcriptional 
fusions to maximize expression, while loxP should be used 
for all other applications because of its higher recombination 
efficiency. 

0226. It will be apparent to those skilled in the art that a 
Similar Strategy can be employed for the modification of frt 
sites when the FLP recombinase is employed for the recom 
bination event. The frt site, like lox sites, contains two 13 bp 
inverted repeats Separated by an 8bp Spacer region. 

EXAMPLE 9 

Precise ORF Transfer (POT) 
0227. In order to transfer only the gene of interest from 
the Univector to the Host vector, the present invention 
provides a Second recombination event that allows a reso 
lution of the UPS generated heterodimer. A schematic rep 
resentation of the POT reaction is shown in FIG. 20. In one 
embodiment of the present invention, a R-recombination 
Site, RS, was placed after the cloning site in pUNI (i.e., 
pUNI-20) such that any gene inserted into puNI-20 would 
be flanked on the 5' side by loxP and on the 3' side by RS, 
although the present invention contemplates the use of any 
other Second recombination System (e.g., the Res System). 
Host recipient vectors must also contain loX and RS ele 
ments in the correct order. The initial fusion event is 
catalyzed by Cre by UPS. The second reaction can be 
catalyzed in vitro by incubation with purified R-recombinase 
(Araki et al., Supra) or in Vivo by transformation into a strain 
(e.g., BUN15) expressing the R-recombinase under tac 
control on a TS replication plasmid (e.g., pML66) that is lost 
when cells are plated at 42 C. POT works efficiently as a 
two step reaction in vivo or in vitro. Efficient resolution in 
vivo without a selection for the second recombination event 
requires incubation in LB plus IPTG after transformation 
prior to plating on Selective media. An incubation of 1 h and 
4 h gave 3% and 15% recombinants, respectively, which 
showed complete loss of the pUNI backbone through recom 
bination between RS sequences. In vitro recombination 
catalyzed by the R recombinase achieved 30% recombi 
nantS. 

0228. The efficiency of recovering plasmids that have 
undergone POT can be greatly enhanced through the use of 
a recipient vector in which a counter-Selectable marker is 
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placed between the loxP and RS sites. For this purpose, the 
present invention utilized the dX174E gene which is toxic 
when expressed in E. coli unless the host cell lacks the slyl) 
gene Maratea et al. (1985) Gene 40:39). p-AS2-E, a two 
hybrid bait vector derived from pAS2Durfee et al. (1994) 
Gene. & Dev. 7:555 which contains in a 5' to 3' order loxP, 
E under control of the tac promoter, and an RS Site, was 
fused with puNI-20, containing the SKP1 gene and the 
co-integrant was selected by transformation into CX1 (slyD 
). This co-integrant was then transformed into BUN15 cells 
expressing the R recombinase and resolution events were 
isolated by selecting for Ap' in the presence of IPTG to 
induce the E protein. Since BUN 15 is sly)", paS2-E alone 
cannot Survive in it because of toxicity due to E expression. 
However, when paS2-E is fused to puNI-20 derivatives, it 
can transform that Strain because Subsequent R-dependent 
site-specific recombination between RS sites will eliminate 
both the puNI backbone and E. This results in the replace 
ment of E with the corresponding region from puNI. One 
hundred percent (24 of 24) Ap' transformants resulting from 
the transformation of the paS2-E-pUNI-20-SKP1 fusion 
plasmid showed precise transfer of the SKP1 gene from 
pUNI-20 into paS2-E with only 1 hr incubation prior to 
plating on Selective media. 
0229 Transformation of a heterodimeric plasmid with E 
flanked by RS sites into BUN15 gave a transformation 
Several orders of magnitude greater than transformation of 
the paS2-E plasmid itself. This demonstrated that POT can 
be achieved in a single step by direct transformation of a 
UPS reaction into BUN15 (i.e., rather than a two-step 
process). pUNI-20-SKP1 and paS2-E were incubated with 
Gst-Cre in a standard UPS reaction and the reaction mixture 
was transformed directly into BUN15 and AP transformants 
were selected at 42 C. after an hour incubation. One 
hundred percent (20 of 20) of Ap' transformants were found 
to have undergone POT with SKP1 replacing the E gene in 
pAS2-E as determined by restriction digestion with Pvul, as 
shown in FIG. 21. The sample shown in FIG. 21 was 
generated from plasmid DNA isolated from 10 different Ap' 
transformants, digested as described above along with two 
parental plasmids, P1 (pUNI-20-SKP1) and P2 (pAS2-E) 
and I (the UPS generated pUNI-20-SKP1-pAS2-E recom 
bination intermediate). Precise ORF transfer resulted in the 
generation of a novel 800 bp PvulI fragment indicated by the 
arrowhead. 

0230. For POT assays, BUN15 cells were grown over 
night in LB containing spectinomycin (50 ug/ml) at 30° C. 
BUN15 cells were diluted 1 to 100 in fresh media LB/Spec 
media containing 0.3 mM IPTG and grown to OD of 0.5. 
Electrocompetent cells were prepared as recommended 
(Biorad). Forty ul of competent cells were used in each 
transformation. After the electrotransformation, cells were 
incubated in LB plus IPTG for 1-8 hr for recovery before 
being plated on LB/Amp/IPTG 1 mM and incubated at 42 
C. 

EXAMPLE 10 

Library Transfer Using UPS 
0231. The ability to use the methods and compositions of 
the present invention for generating and Subcloning entire 
nucleic acid libraries is demonstrated in this Example. A 
random shear S. cerevisiae genomic library was made in 
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pUNI-10 using the XhoI-adaptor strategy Elledge et al. 
(1991) Proc. Natl. Acad. Sci. 88:1731). This library had 
5x10 recombinants with 80% inserts ranging from 3 kb to 
8 kb. This library was fused to pRS425-lox, a URA3 2it 
plasmid, using UPS and 1.6x10" recombinant fusion plas 
mids were recovered. This library was used to transform an 
S. cerevisiae cdc4-1 mutant strain Y543 and Ura transfor 
mants were Selected at 34 C., the non-permissive tempera 
ture of cdc4-1. Of 31 plasmids capable of conferring growth 
at 34° C., three classes were recovered. One class was CDC4 
as expected, the second was SKP1, and the third was CLB3. 
SKP1 and CLB4, a cyclin closely related to CLB3, had been 
previously shown to SuppreSS cdc4-1 mutants when over 
expressed from the GAL promoter Bai et al. (1994) EMBO 
J. 3:6087; and Bai et al., Supra). These experiments dem 
onstrate the feasibility of library transfer using UPS. In cases 
where a cDNA expression library is created, such as for the 
two hybrid System, once clones have been isolated, they can 
be rapidly converted back into simple Univector clones by 
Cre recombination in vivo. Using UPS, these plasmids can 
now be rapidly fused with any of a series of pHOST 
expression vectors for future analytical needs. 

EXAMPLE 11 

General Material and Methods 

0232 This Example provides general materials and 
methods used throughout the experiments discussed above 
and below. 

0233 
0234 For drug selections, LB plates or liquid media were 
Supplemented with either kanamycin (40 ug/ml) or ampi 
cillin (100 ug/ml). When necessary, isopropyl f-D-thioga 
lactoside (IPTG) was added to a final concentration of 0.3 
mM and X-Gal (Sigma) was used at 80 ug/ml. Yeast growth 
media and plates were made according to Rose et al. Rose 
et al. (1990) Laboratory course manual for methods in yeast 
genetics, Cold Spring Harbor, N.Y., Cold Spring Harbor 
Laboratory Press. Restriction endonucleases, large (kle 
now) fragment of E. coli DNA polymerase I, T4 polynucle 
otide kinase, T4 DNA polymerase, T4 DNA ligase were 
purchased from New England Biolabs. Drugs were pur 
chased from Sigma if not otherwise Specified. 
0235) 
0236 E. coli BW23474 Alac-169, robA1, crec510, 
hsdR514, uidA(AMlul)::pir-116, endA, recA1 and 
BW23473 Alac-169, robA1, creC510, hsdR514, 
uidA(AMlul)::pir", endA, recA1 (Metcalf et al., Supra) was 
a gift of B. Wanner and was used as host for propagation of 
all Univector based plasmids. BUN10 hisG4 thr-1 leuB6 t 
lacY1 kdgK51 A(gpt-proA)62 rpsL31 tsX33 supE44 recB21 
recC22 sbcA23 hsdR::cat-pir-116(CmR) was used for 
homologous recombination experiments. BUN13 which has 
cre under the control of the lac promoter is JM107 lysog 
enized with J (aadA lac-cre). BUN15 is XL1 blue con 
taining pML66(tac-R, SP) and was used for the in vivo RS 
recombination assays. E. coli JM107 or DH5OSambrook et 
al. (1989) Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Lab., Cold Spring Harbor, N.Y., 2nd Ed. 
were the transformation recipients for all other plasmid 
construction, including those made by UPS. E. coli BL21 
was used as the host for bacterial expression Studies. CX1 

I. Media, Enzymes, and Chemicals 

II. Bacterial and Yeast Strains 
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(ara leu purEgal trp his argG rpsL thi-1 Supe, lac'slyD1) 
was used for propagation of E expression clones. S. cerevi 
siae Y80 Zhou and Elledge (1992) Genetics 131:851) was 
used for yeast expression studies and Y543 (as Y80 but 
cdc4-1) was used for cdc4 Suppression (Bai et al., 1994, 
Supra). 
0237) 
0238. The construction of several of the plasmids used in 
the examples of the present invention are provided below. 
These examples are provided to illustrate Strategies and 
general methods used in making plasmids for use in the 
UPS. However, these specific plasmids and methods of 
construction are not required to practice the present inven 
tion. 

0239 For the Gst-Cre expression construct, pGL123, the 
cre ORF was amplified by PCR and an Nicol site placed at 
the first ATG using primers 5'-CCATGGCCAATTTACT 
GACCGTACAC-3' (SEQ ID NO:21) and 
5'-CCCGGGCTAATCGCCATCTTCCAGC-3' (SEQ ID 
NO:20). The PCR product was cloned into pCRTMII (Invit 
rogen) and subcloned as a NcoI-EcoRI fragment into NcoI 
EcoRI digested pGEX-2Tkcs to create pCL123. 
0240. The pHOST plasmid pCOL103 was made by delet 
ing one loxP site from pSE 1086, which contains a XhoI 
loxP-Not-loxP-SalI cassette, by digestion with Not and 
SalI, filling in the ends with klenow and religation. The 590 
bp Nco-BamHI fragment containing the S. cerevisiae SKP1 
ORF was subcloned from pCB149 into NcoI-BamHI-cut 
pUNI-10 to create pGL130(pUNI-SKP1). 
0241) A second subclone of SKP1 is pML73 which 
contains the same 5' end of SKP1 but an additional 800 bp 
of genomic DNA to the next BamHI site at the 3' end cloned 
into puNI-20. pML73 was used for the POT experiments. 
An oligo linker containing loxP and flanked by NcoI and 
BamHI Overhangs was made by annealing two oligos 
5'-CATGGCTATAACTTCGTATAGCATACAT. 
TATACGAAGTTATG-3' (SEQ ID NO:22) and 5'-GATC 
CATAACTTCGTATAATGTATGCTATACGAAGTTAT3' 
(SEQ ID NO:23), and then ligating into NcoI and BamHI 
digested pCEX-2TKcs to create pHB2-GST. The MYC 
RNR4 gene was subcloned from pMH1 76 Huang and 
Eledge (1997) Mol. Cell. Biol. 17:6105 as a XhoI-SacI 
fragment into XhoI-SacI-cleaved puNI-10 to create 
pOL248, or into SalI-SacI digested pBAD104, a GAL1 
expression vector to create the control lacking loXP. Two 
pBAD104 derived recipient vectors, pOL138 and pCL193, 
were constructed by insertion of either a wild type loxP of 
loxP' sequence into the polylinker using primer pairs: 

0242 5' -TCGAGACGTCATAACTTCGTATAG 
CATACATTATACGAAGTTATGC-3' (SEQ ID 
NO:24) and 

0243 5'-GCCGCATAACTTCGTATAATGTATGC 
TATACGATGTTATGACGTC-3' (SEQ ID NO:25) 
(pOL138), or 

0244 5'-CATGGCTATAACTTCGTATAGCATA 
CATTATACGAAGTTATG-3' (SEQ ID NO:26) and 

0245) 5'-GATCCATAACTTCGTATAATGTATGC 
TATACGAAGTTATAGC-3' (SEQ ID NO:27) 
(pOL193). Two GAL1:MYC-RNR4 constructs 
were made by UPS between pOL248 and pCOL138 or 
pOL193. 

III. Plasmid Construction 
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0246 For the construction of pCL269 (lac-cre aadA on a 
Ts. pSC101 ori), the EcoRI-PvulI fragment from pCL 114 
containing aadA and the lac-cre gene fusion was ligated to 
a BglI (made blunt by T4 polymerase)-EcoRI fragment from 
pINT-ts Hasan et al. (1994) Gene 150:51 containing the Ts 
replication origin and transformants were screened for Sp' 
and Ts growth at 42 C. A plasmid with those properties was 
designated pCL269. 
0247 pML66 was constructed by ligating the EcoRI-Sall 
(blunt) fragment containing the tac promoter driving the R 
recombinase from pNN115 (Araki et al., Supra) into EcoRI 
PstI (blunt) cleaved pCL269. This spectinomycin resistant 
plasmid expresses R protein in the presence of IPTG and is 
lost from cells grown at 42 C. because of a temperature 
Sensitive replication mutation. 
0248 pUNI-Amp was made by placing the bla gene from 
pUC19 in place of the neogene on puNI-20 by generating 
a PCR product of bla and ligating that into Mlul-Nhe 
(blunt) cleaved pUNI-20. The subcloning of the triple MYC 
tag into puNI-Amp was accomplished by PCR amplifica 
tion of the 3xMYC tag present of p3N48 by the primers 
MZL154, 5'-AAATTTCTCGAGGCTCTGAG 
CAAAAGCTCAT-3' (SEQ ID NO:28) and MZL155, 
5'-TATATATAGCGGCCGCTTAATTAAGATC 
CTCCTCGGATA-3' (SEQ ID NO:29), followed by cleav 
age of the PCR product with XhoI and Not and ligation into 
XhoI-Not cleaved puNI-Amp to generate pML74. 
Sequence of the PCR primers used to amplify the 3xMYC 
tag from pML74 for tagging the C-terminus of SKP1 by 
homologous recombination were primer A (MZL160) 5' 
-CCAGAGGAGGAGGCTGCCATTAGGCGT 
GAAAATGAATGGGCTGAAGACCG TCTGAG 
CAAAAGCTCATTTC-3' (SEQ ID NO:30) and primer B 
(MZL161) 5'-GGATATAGTTCCTCCTTTCAGC (SEQ ID 
NO:31). 
0249 paS2-E was constructed by first placing a synthetic 
loxP site between the NcoI-SalI sites of paS2 to make 
pAS2-lox, and then generating a E-containing fragment with 
the following features: 5' XhoI site, tac promoter driving E, 
Spel site 3' and ligated the XhoI-Spel fragment together with 
a Spel-PstI synthetic RS fragment into XhoI-Pst cleaved 
pAS2-lox to make paS2-E (pML71). 
0250) 
0251 Yeast cells expressing the GAL1:lacZ reporter con 
Structs containing different loXP Sequences were grown at 
30° C. to mid-log phase (OD=0.5-0.6) in SC-Ura media 
containing 2% raffinose, galactose was added to 2% final, 
and cells were incubated at 30° C. for two hours. B-galac 
tosidase activities were measured as described by Zhou and 
Elledge (Zhou and Elledge, Supra). 

EXAMPLE 12 

Construction of BUN13 

0252) This Example describes the construction of 
BUN13, a lambda lysogen with cre under lac control. 
pSE356 contains a cassette consisting of the Tn5 neogene, 
the lac promoter, and a polylinker Sequence Surrounded by 
stretches of DNA sequence. pCL 114, the plasmid used to 
recombine the cre gene into w, was constructed in two StepS. 
First, the BamHI-HindIII (made blunt by T4 DNA poly 
merase) fragment containing the spectinomycin resistance 
gene aadA from pdPT270 Taylor and Cohen (1979) J. 

IV. B-galactosidase ASSayS 
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Bacteriol 137:92) was subcloned into BamHI-Sphl (made 
blunt by T4 DNA polymerase digested pSE356) to create 
pOL102.replacing neo with aadA. Secondly, a Not Site was 
engineered at the 5' end of the ribosomal binding site of the 
cre gene by PCR using primers 5'-GCGGCCGCTGAGT 
GTTAAATGTCCAATT-3' (SEQ ID NO:19) and 
5'-CCCGGGCTAATCGCCATCTTCCAGC-3' (SEQ ID 
NO:20). The PCR product was cloned into pCRTMII and 
subcloned as a Not-EcoRI fragment into Not-EcoRI 
digested pCOL102 to create pCOL114, placing cre under lac 
control adjacent to aadA and flanked by . DNA sequence. 

(Elledge et al., Supra) was amplified on JM107 contain 
ing pCL114 and the resulting phage lysate containing the 
desired recombinant we phage was used to infect JM107. 
SpKn lysogens were Selected and tested for Cre expression 
and the ability to perform UPS. One strain with those 
properties was designated BUN13. 
0253) It is clear from the above that the present invention 
provides methods for the Subcloning of nucleic acid mol 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 32 

<210> SEQ ID NO 1 
<211& LENGTH 2220 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
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ecules that permit the rapid transfer of a target nucleic acid 
Sequence (e.g., a gene of interest) from nucleic acid mol 
ecule to another in vitro or in vivo without the need to rely 
upon restriction enzyme digestions. 

0254 All publications and patents mentioned in the 
above Specification are herein incorporated by reference. 
Various modifications and variations of the described 

method and System of the invention will be apparent to those 
skilled in the art without departing from the Scope and Spirit 
of the invention. Although the invention has been described 
in connection with Specific preferred embodiments, it should 
be understood that the invention as claimed should not be 

unduly limited to Such specific embodiments. Indeed, vari 
ouS modifications of the described modes for carrying out 
the invention which are obvious to those skilled in molecular 
biology or related fields are intended to be within the scope 
of the following claims. 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 1 

aattctgtca gcc.gittaagt gttcc totgt cactgaaaat toctittgaga ggctictaagg 60 

gcttctdagt gcgttacatc cotggcttgttgtccacaac cqttaaacct taaaagctitt 120 

aaaag.ccitta tatattottt tttittctitat aaaacttaaa accittagagg ctatttaagt 18O 

tgctgattta tattaattitt attgttcaaa catgaga.gct tagtacgtga aa catgagag 240 

cittagtacgt tagcc at gag agcttagtac gttagc.cat gagggitttagt to gttaaa.ca 3OO 

tgaga.gctta gtacgittaala catgaga.gct tagtacgtga aa catgagag cittagtacgt. 360 

actatocaa.ca ggttgaact g citigatcaa.ca gatccitctac goggcc.gc.gg taccataact 420 

togtatago a tacattatac gaagttatct ggaattic coc gggcto gaga acatatggcc 480 

atggggatcc gciggcc.gcaa ttgttaa.cag atcc.gtogac gagctogcta to agcc toga 540 

ctgtgcctitc tagttgccag coatctgttg tttgcccctc cccc.gtgcct tccttgacco 600 

tggaaggtoc cactc.ccact gtc.ctitt.cct aataaaatga ggaaattgca to go attgtc. 660 

tgagtaggtg to attctatt Ctggggggtg gggtggggca ggacagcaag ggggaggatt 720 

gggaagacaa tag cagg cat gctggggatt citagaagat.c cqgctgctaa caaag.ccc.ga 78O 

aaggaagct g agttggctgc toccaccgct gagcaataac tag catalacc ccttggggcc 840 

totaaacggg to ttgagggg ttttittgct g aaaggaggaa citat atcc.gg at atc.ccggg 9 OO 

gtggg.cgaag aactc.ca.gca toagatc.ccc gcgctggagg atcatc.ca.gc cqgcgtc.ccg 96.O 

gaaaacgatt cogaag.ccca acctttcata galagg.cggc g g toggaatcga aatctogtga 1020 

tgg caggttg gg.cgtc.gctt ggtoggtoat titcgaac coc agagtc.ccgc to agaagaac 1080 

togto: aagaa gqcgatagala gg.cgatgcgc ticgaatcgg gag.cgg.cgat accgtaaag.c 1140 
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-continued 

acgaggaagc ggtoagcc.ca titcgcc.gc.ca agctottcag caatatoac g g g tagccaac 200 

gctatotcct gatagogg to C gocacaccc agc.cggccac agtic gatgaa toc agaaaag 260 

cggc cattitt coaccatgat attcggcaag caggcatc.gc catgggtoac gacgagatcc 320 

togcc.gtogg gcatgcgc.gc cittgagcctg gcgaacagtt cqgctgg.cgc gag coccitga 38O 

tgct cittcgt coagatcatc. citgatcgaca aga.ccggctt coatc.cgagt acgtgctcgc 4 40 

to gatgcg at gtttc.gcttg gtggtogaat ggg caggtag ccggatcaag cqtatgcago 5 OO 

cgcc.gcattg catcago cat gatggatact ttctogg cag gag caaggtg agatgacagg 560 

agatcc tocc ccgg cactitc gcc caatago agc.ca.gtccc titc.ccgcttic agtgacaacg. 62O 

to gag cacag citgc.gcaagg aacgc.ccg to gtggc.cagoc acgatagoc g c gctgccitcg 680 

to citgcagtt cattcagggc accggacagg toggtottga caaaaagaac cqggcgc.ccc 740 

tgcgctgaca gcc.ggalacac gg.cgg catca gag cago.cga ttgtctgttg tocccagtca 800 

tagcc.gaata gcc totccac ccaag.cggcc ggaga acctg. c.gtgcaatcc atcttgttca 860 

atcatgcgaa acgatcctica toctotcitct to atcagatc ttgatcc cct gcgc.catcag 920 

atcc ttgg.cg gcaagaaagc catccagttt actittgcagg gctitc.ccaac cittaccagag 98O 

ggcgc.cccag citggcaattic cq gttc.gctt gctgtccata aaa.ccgc.cca gttctagotat 20 40 

cgc.catgitaa goccactgca agctacctgc tittctotttg cgcttgcgtt titcccttgtc 2100 

cagatagocc agtagctgac attcatcc.gg g g to agc acc gtttctg.cgg actggctttc 216 O 

tacgtgttcc gct tcc titta gcagoccittg cqc cotgagt gcttgcggca gcgtgaagct 2220 

<210> SEQ ID NO 2 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 2 

ggat.ccc.cgg gaattic 16 

<210> SEQ ID NO 3 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 3 

ggat.cgcata tocccatggc ticgaggatcc gaattic 36 

<210> SEQ ID NO 4 
<211& LENGTH 42 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 4 

catggctata actitcgtata gcatacatta tacgaagtta to 42 

<210 SEQ ID NO 5 
<211& LENGTH 42 
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<400 

27 

-continued 

TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

SEQUENCE: 5 

gatccataac titcgtataat gtatgctata cqaagttata gc 

<400 

SEQ ID NO 6 
LENGTH 46 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

SEQUENCE: 6 

ggcc.ggacgt catalactitcg tatagoatac attatacgaa gttatg 

<400 

SEQ ID NO 7 
LENGTH 46 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

SEQUENCE: 7 

gatccataac titcgtataat gtatgctata cqaagttato acgtoc 

<400 

SEQ ID NO 8 
LENGTH 46 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

SEQUENCE: 8 

to gagacg to atalactitcgt atago ataca ttatacgaag titatgc 

<400 

SEQ ID NO 9 
LENGTH 46 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

SEQUENCE: 9 

ggcc.gcataa citt.cgtataa totatgctat acgaagittat gacgto 

<400 

SEQ ID NO 10 
LENGTH 1740 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

SEQUENCE: 10 

Synthetic 

42 

Synthetic 

46 

Synthetic 

46 

Synthetic 

46 

Synthetic 

46 

Synthetic 

atgtc.cccita tactaggitta ttggaaaatt aaggg ccttg togcaa.cccac togacttctt 60 

ttggaatato ttgaagaaaa atatgaagag catttgtatg agcgc gatga aggtgataaa 120 

tggc gaaa.ca aaaagtttga attgg gtttg gagtttcc.ca atcitt cotta ttatattgat 18O 

ggtgatgtta aattalacaca gtctatogcc atcatacgtt atatagotga caag cacaac 240 

atgttgggtg gttgtc.caaa agagcgtgca gagatttcaa togcttgaagg agcggittittg 3OO 

Oct. 14, 2004 
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-continued 

Gly Ala Val Lieu. Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser 
100 105 110 

Lys Asp Phe Glu Thir Lieu Lys Val Asp Phe Leu Ser Lys Lieu Pro Glu 
115 120 125 

Met Leu Lys Met Phe Glu Asp Arg Lieu. Cys His Lys Thr Tyr Lieu. Asn 
130 135 1 4 0 

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Lieu. Asp 
145 15 O 155 160 

Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Llys Leu 
1.65 170 175 

Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Glin Ile Asp Llys Tyr 
18O 185 19 O 

Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Glin Gly Trp Glin Ala 
195 200 2O5 

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp Lieu Val Pro Arg 
210 215 220 

Gly Ser Arg Arg Ala Ser Val Gly Ser His Met Pro Met Ala Asn Leu 
225 230 235 240 

Leu Thr Val His Glin Asn Leu Pro Ala Leu Pro Val Asp Ala Thr Ser 
245 250 255 

Asp Glu Val Arg Lys Asn Lieu Met Asp Met Phe Arg Asp Arg Glin Ala 
260 265 27 O 

Phe Ser Glu His Thr Trp Lys Met Leu Leu Ser Val Cys Arg Ser Trp 
275 280 285 

Ala Ala Trp Cys Lys Lieu. Asn. Asn Arg Lys Trp Phe Pro Ala Glu Pro 
29 O 295 3OO 

Glu Asp Val Arg Asp Tyr Lieu Lleu Tyr Lieu Glin Ala Arg Gly Lieu Ala 
305 310 315 320 

Wall Lys Thir Ile Glin Gln His Leu Gly Glin Lieu. Asn Met Lieu. His Arg 
325 330 335 

Arg Ser Gly Lieu Pro Arg Pro Ser Asp Ser Asn Ala Wal Ser Lieu Val 
340 345 35 O 

Met Arg Arg Ile Arg Lys Glu Asn. Wall Asp Ala Gly Glu Arg Ala Lys 
355 360 365 

Glin Ala Lieu Ala Phe Glu Arg Thr Asp Phe Asp Glin Val Arg Ser Lieu 
370 375 38O 

Met Glu Asn. Ser Asp Arg Cys Glin Asp Ile Arg Asn Lieu Ala Phe Lieu 
385 390 395 400 

Gly Ile Ala Tyr Asn. Thir Lieu Lieu Arg Ile Ala Glu Ile Ala Arg Ile 
405 410 415 

Arg Val Lys Asp Ile Ser Arg Thr Asp Gly Gly Arg Met Lieu. Ile His 
420 425 43 O 

Ile Gly Arg Thr Lys Thr Leu Val Ser Thr Ala Gly Val Glu Lys Ala 
435 4 40 4 45 

Leu Ser Leu Gly Val Thr Lys Leu Val Glu Arg Trp Ile Ser Val Ser 
450 455 460 

Gly Val Ala Asp Asp Pro Asn. Asn Tyr Lieu Phe Cys Arg Val Arg Lys 
465 470 475 480 

Asn Gly Val Ala Ala Pro Ser Ala Thr Ser Gln Leu Ser Thr Arg Ala 
485 490 495 
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Leu Glu Gly Ile Phe Glu Ala Thr His Arg Lieu. Ile Tyr Gly Ala Lys 
5 OO 505 51O. 

Asp Asp Ser Gly Glin Arg Tyr Lieu Ala Trp Ser Gly. His Ser Ala Arg 
515 52O 525 

Val Gly Ala Ala Arg Asp Met Ala Arg Ala Gly Val Ser Ile Pro Glu 
530 535 540 

Ile Met Glin Ala Gly Gly Trp Thr Asn Val Asn Ile Val Met Asn Tyr 
545 550 555 560 

Ile Arg Asn Lieu. Asp Ser Glu Thr Gly Ala Met Val Arg Lieu Lieu Glu 
565 570 575 

Asp Gly Asp 

<210> SEQ ID NO 12 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 12 

ataactitcgt. atagoataca ttatacgaag titat 34 

<210> SEQ ID NO 13 
&2 11s LENGTH 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 13 

attacctogt atagdataca ttatacgaag titat 34 

<210> SEQ ID NO 14 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 14 

ataactitcgt atagdataca ttatatgaag titat 34 

<210 SEQ ID NO 15 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 15 

attacctogt atagdataca ttatatgaag titat 34 

<210> SEQ ID NO 16 
&2 11s LENGTH 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

<400 SEQUENCE: 16 

ataactitcgt atagtataca ttatacgaag titat 34 
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<210 SEQ ID NO 17 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 17 

acaactitcgt. ataatgtatgctatacgaag titat 

<210> SEQ ID NO 18 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 18 

gaagttccita ttctotagaa agtataggaa cittc 

<210 SEQ ID NO 19 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 19 

gc ggcc.gctg agtgttaaat gtc.ca att 

<210> SEQ ID NO 20 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 20 

cc.cgggctaa togccatctt coagc 

<210> SEQ ID NO 21 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 21 

ccatggccaa tttact gacc gtacac 

<210> SEQ ID NO 22 
<211& LENGTH 42 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 22 

catggctata actitcgtata gcatacatta tacgaagtta to 

<210> SEQ ID NO 23 
&2 11s LENGTH 39 

Synthetic 

34 

Synthetic 

34 

Synthetic 

28 

Synthetic 

25 

Synthetic 

26 

Synthetic 

42 
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&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 23 

gatccataac titcgtataat gtatgctata cqaagttat 

<210> SEQ ID NO 24 
&2 11s LENGTH 46 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 24 

to gagacg to atalactitcgt atago ataca ttatacgaag titatgc 

<210> SEQ ID NO 25 
&2 11s LENGTH 45 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 25 

gcc.gcataac titcgtataat gtatgctata cqatgttato acgto 

<210> SEQ ID NO 26 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 26 

catggctata actitcgtata gcatacatta tacgaagtta to 

<210 SEQ ID NO 27 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 27 

gatccataac titcgtataat gtatgctata cqaagttata gc 

<210> SEQ ID NO 28 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 28 

aaatttcticg aggctotgag caaaagctica t 

<210 SEQ ID NO 29 
&2 11s LENGTH 39 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

39 

Synthetic 

46 

Synthetic 

45 

Synthetic 

42 

Synthetic 

42 

Synthetic 

31 

Synthetic 
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-continued 

<400 SEQUENCE: 29 

tatatatago gg.ccgcttaa ttaagatcct cotcggata 

SEQ ID NO 30 
LENGTH TO 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

<400 SEQUENCE: 30 

ccagaggagg aggctgcc at tagg.cgtgaa aatgaatggg citgaag accg totgagcaaa 

agctcatttc 

SEQ ID NO 31 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

<400 SEQUENCE: 31 

ggatatagitt cotcctttca gc 

SEQ ID NO 32 
LENGTH 34 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

<400 SEQUENCE: 32 

attacctdat atagdataca ttatacgaag titat 

We claim: 
1. A method for the recombination of nucleic acid con 

Structs, comprising: 

a) providing: 

i) a first nucleic acid construct comprising, in operable 
order, an origin of replication, a first Sequence 
Specific recombinase target Site, and a nucleic acid of 
interest; 

ii) a second nucleic acid construct comprising, in 
operable order, an origin of replication, a regulatory 
element and a Second Sequence-specific recombinase 
target Site adjacent to and downstream from Said 
regulatory element; and 

iii) a site-specific recombinase; 
b) contacting said first and said Second nucleic acid 

constructs with Said Site-specific recombinase under 
conditions Such that Said first and Second nucleic acid 
constructs are recombined to form a third nucleic acid 
construct, wherein Said nucleic acid of interest is oper 
ably linked to Said regulatory element. 

2. The method of claim 1, wherein Said regulatory element 
comprises a promoter element. 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

39 

Synthetic 

60 

70 

Synthetic 

22 

Synthetic 

34 

3. The method of claim 1, wherein said regulatory element 
comprises a fusion peptide. 

4. The method of claim 3, wherein said fusion peptide 
comprises an affinity domain. 

5. The method of claim 3, wherein said fusion peptide 
comprises an epitope tag. 

6. The method of claim 1, wherein said nucleic acid of 
interest comprises a gene. 

7. The method of claim 1, wherein said first nucleic acid 
construct further comprises a Selectable marker. 

8. The method of claim 1, wherein said second nucleic 
acid construct further comprises a Selectable marker. 

9. The method of claim 1, wherein said first nucleic acid 
construct further comprises a prokaryotic termination 
Sequence. 

10. The method of claim 1, wherein said first nucleic acid 
construct further comprises a eukaryotic polyadenylation 
Sequence. 

11. The method of claim 1, wherein said first nucleic acid 
construct further comprises a conditional origin of replica 
tion. 

12. The method of claim 1, wherein Said first Sequence 
Specific recombinase target Site is Selected from the group 
consisting of loxP, loxP2, loxP3, loxP23, loxP511, loxB, 
loXC2, loXL, loxR, loXA86, loxA117, frt, dif, loxH and att. 
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13. The method of claim 1, wherein Said Second Sequence 
Specific recombinase target Site is Selected from the group 
consisting of loxP, loxP2, loxP3, loxP23, loxP511, loxB, 
loXC2, loXL, loxR, loXA86, loXA117, frt, dif, loxH and att. 

14. The method of claim 1, wherein said first nucleic acid 
construct further comprises a polylinker. 

15. The method of claim 1, wherein said contacting said 
first and Said Second nucleic acid constructs with Said 
Site-specific recombinase comprises introducing Said first 
and Said Second nucleic acid constructs into a host cell under 
conditions Such that Said third nucleic acid construct is 
capable of replicating in Said host cell. 

16. The method of claim 15, wherein said site-specific 
recombinase is encoded by Said host cell. 

17. The method of claim 1, wherein said first nucleic acid 
construct further comprises a third Sequence-specific recom 
binase target Site and Said Second nucleic acid constructs 
further comprises a fourth Sequence-specific recombinase 
target Site. 

18. The method of claim 17, wherein said first sequence 
Specific recombinase target Site and Said third Sequence 
Specific recombinase target Site in Said first nucleic acid 
construct are located on opposite sides of Said nucleic acid 
of interest. 

19. The method of claim 17, wherein in said third and 
fourth Sequence-specific recombinase target Sites are 
Selected from the group consisting of RS Sites and Res sites. 

20. The method of claim 1, wherein said first nucleic acid 
construct further comprises a third Sequence-specific recom 
binase target Site and Said Second nucleic acid constructs 
further comprises a fourth Sequence-specific recombinase 
target Site, wherein the method further comprises providing 
a Second site-specific recombinase and step c) contacting 
Said third nucleic acid construct with Said Second Site 
Specific recombinase under conditions Such that Said third 
nucleic acid construct is recombined to form a fourth and a 
fifth nucleic acid construct. 

21. A recombined nucleic acid construct prepared accord 
ing to the method of claim 1. 

22. A method for the recombination of nucleic acid 
constructs, comprising: 

a) providing: 

i) a vector; 
ii) a linear nucleic acid molecule comprising a 

Sequence complementary to at least a portion of Said 
vector; and 

iii) an E. coli host cell, wherein Said host cell comprises 
an endogenous recombination System, a loSS of func 
tion rec mutation, a Suppressor, and a loSS of function 
endogenous restriction modification System muta 
tion; and 

b) introducing said vector and said linear nucleic acid 
molecule into Said host cell under conditions Such that 
Said linear nucleic acid molecule and Said vector are 
recombined to form a recombinant nucleic acid con 
Struct. 

23. The method of claim 22, wherein said loss of function 
rec mutation is Selected from the group consisting of recBC 
and rec). 

24. The method of claim 22, wherein said suppressor 
comprises sbc. 
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25. The method of claim 22, wherein said loss of function 
endogenous restriction modification System mutation com 
prises hsdR. 

26. A method for the cloning of nucleic acid libraries, 
comprising: 

a) providing: 
i) a plurality of first nucleic acid constructs comprising, 

in operable order, an origin of replication, a first 
Sequence-specific recombinase target Site, and a 
nucleic acid member from a nucleic acid library; 

ii) a plurality of Second nucleic acid constructs com 
prising, in operable order, an origin of replication, a 
regulatory element and a Second Sequence-specific 
recombinase target site adjacent to and downstream 
from Said regulatory element; and 

iii) a site-specific recombinase; 
b) contacting said plurality of first and Second nucleic acid 

constructs with Said Site-specific recombinase under 
conditions Such that Said plurality of first and Second 
nucleic acid constructs are recombined to form a plu 
rality of third nucleic acid constructs, wherein Said 
nucleic acid members from Said nucleic acid library are 
operably linked to Said regulatory elements. 

27. A nucleic acid library prepared according to the 
method of claim 26. 

28. A method for the directional cloning of a nucleic acid 
molecule, comprising: 

a) providing: 
i) first and Second portions of a regulatory element; 
ii) a first nucleic acid molecule comprising Said first 

portion of Said regulatory element; and 
iii) a second nucleic acid molecule comprising said 

Second portion of Said regulatory element; and 
b) combining said first and said Second nucleic acid 

molecules to produce a third nucleic acid molecule 
under conditions whereby an intact regulatory element 
is produced from the combination of Said first and Said 
Second portions of Said regulatory element, wherein the 
presence of Said intact regulatory element in Said third 
nucleic acid molecule indicates a direction of cloning 
of Said first nucleic acid molecule with respect to Said 
Second nucleic acid molecule. 

29. The method of claim 28, wherein said regulatory 
element comprises a lacO site. 

30. A method for regulated recombination in host cells 
that constitutively express a recombinase, comprising: 

a) providing: 
i) a host cell expressing a recombinase; 
ii) a first nucleic acid construct comprising an origin of 

replication, a first Site-specific recombinase site, a 
Second Site-specific recombinase site that differs in 
Sequence from Said first Site-specific recombinase 
Site Such that Said recombinase will not initiate 
recombination between Said first and Second Site 
Specific recombinase Sites, and a Selectable marker 
gene between Said first and Second site-specific 
recombinase sites, and 



US 2004/020301.6 A1 

iii) a second nucleic acid construct comprising an 
origin of replication, a third site-specific recombi 
nase target Site, and a fourth Site-specific recombi 
nase target Site that differs in Sequence from Said 
third Site-specific recombinase Site Such that Said 
recombinase will not initiate recombination between 
Said third and fourth Site-specific recombinase Sites, 
and 

b) introducing said first and Second nucleic acid con 
Structs into Said host cell under conditions Such that 
Said first and Second nucleic acid constructs are recom 
bined. 

31. The method of claim 30, further comprising the step 
of Selecting for a desired recombinant nucleic acid molecule 
using Said Selectable marker. 

32. The method of claim 30, wherein said first nucleic 
acid construct is a Univector. 

33. The method of claim 30, wherein said second nucleic 
acid construct is a Univector. 

34. A host cell expressing a recombinant nucleic acid 
construct prepared according to the method of claim 30, 
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wherein Said host cell constitutively expresses a recombi 
Sc. 

35. A method for the recombination of nucleic acid 
constructs, comprising: 

a) providing: 

i) a first nucleic acid construct comprising a loxH site; 

ii) a second nucleic acid construct comprising a loxH 
Site, and 

iii) a site-specific recombinase; and 
b) contacting said first and said Second nucleic acid 

constructs with Said Site-specific recombinase under 
conditions Such that Said first and Second nucleic acid 
constructs are recombined. 

36. A recombined nucleic acid construct prepared accord 
ing to the method of claim 35. 


