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CIOGAGACIC GGIGGAAGGG CCCTTAICIC GTACTITIGA CCACACCAAC 50 (SEQ ID NO: ) 

GGCIGIGAAA GICGAAGGAA TCTCCACCIG GAICCAIGCA TCCCACGTA 100 
AGCCGGCGCC ACCICCCGAT TCGGGGIGGA AAGCOGAAAA GACIGAAAAT 150 

CCCCTTAAGC TICGCCICCA TCGCGIGGTTCCTTACICIG TCAATAACCT 200 

CICAGACAA TGGATGCGC ATAGGAGACA GCCTGAACTC CCATAAACCC 250 

TIAICICICA CCIGGITAAT TACIGACIOC GGCACAGGIATTAATATCAA 300 

CAACACICAA. GGGGAGGCIC CTTAGGAAC CIGGIGGCCT GAICTATACG 350 

TTIGCCICAG AICAGTATT CCTAGICIGA CCICACCCCC AGATAIOCIC 400 
CAIGCTCACG GATTTTATGT TIGCCCAGGACCACCAAATAATGGAAAACA 450 

TIGCGGAAAT CCCAGAGATF TCTTGAA ACAATGGAAC GTGTAACCT 500 

CTAATGATGG AATGA TGGCCAACCT CCAGCAGGA AGGGAAGT 550 

TTTICITATG TCACACCTA TACCGCICT GACAATTIA ATTACCIGC 600 
CIGGATTAGA ACIGAAGCC CCAAGIGCTC TOCTICAGAC CTAGATTACC 650 
TAAAAATAAG TTICACIGAGAAAGGAAAACAAGAAAAIAT CCTA2AATGG 700 

GTAAAIGGTA TGICTIGGGG AAIGGTATAT TATGGAGGCT CGGGTAAACA 750 
ACCAGGCICC AITCTAACTATIOGCCICAA AATAAACCAG CIGGAGCCTC 800 

CAATGGCIAT AGACCAAAT ACGGICTTGA CGGGICAAAG ACCCCCAAcc 850 
CAGCCG GCCAICCC TACATACT TCIOGICAG ACCCCCIGA 900 
GICTAGCAGC ACGACTAAAA TGGGGGCAAA ACTTTTTAGC CICAICCAGG 950 

GAGCITTICA AGCICITAAC TOCACGACIC CAGAGGCAC CICTICTTGT 1000 
TGGCTATGCT TAGCTTGGG CCCACCTIAC TATGAAGGAA TGGCIAGAAG 1050 

AGGGAAATIC AATGIGACAA AAGAACATAG AGACCAAIGC ACAIGGGGAT 1100 

CCCAAAATAA GCTTACCCIT ACIGAGGTTT CIGGAAAAGG CACCIGCATA 1150 
Gingric coccacca occaccre TGiaccaca Cracott 1200 
TAATCAAICC TCIGAGIC AAATCGGT ACCIGFIAT GRCAGGIGGr 1250 

(GTAA TACIGGATTA ACCCCTTGIGTTTCCACCTTGGITITIAAC 300 
FIGURE I 
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CAAACTAAAG ATTTTIGCAT TATGGTCCAA ATTGTTCCCC-GAGIGTATTA 1350 (SEQ ID NO: 1) cont'd 

CTATCCOGAAAAAGCAATCC TGAIGAATA TCACTACAGAAATCATCGAC 400 

AAAAGAGAGA ACCCATATCT CIGACACTIG CIGIGAIGCT CGGACITGGA 1450 

GIGGCAGCAG GIGTAGGAAC AGGAACAGCT GOCCIGGTCA CGGGACCACA 1500 

GCAGCIAGAA ACAGGACITA GTAACCTACA TOGAATTGAACAGAAGATC 1550 

TCCAAGCOCT AGAAAAAICT GTCAGTAACC TGGAGGAATC OCTAACCTCC 1600 

TTAICTGAAG TAGICCTACA GAATAGAAGA. GGGTTAGATT TATIATTICT 1650 
AAAAGAAGGA GGATAGIG TAGCCTTGAA GGAGGAAIGC TGTTTTTATG 1700 

TGGATCATIC AGGGGCCATC AGAGACICCATGAACAAACTTAGAGAAAGG 1750 
TIGGAGAAGC GTCGAAGGGAAAAGGAAACT ACTCAAGGGT GGITGAGGG 1800 

AIGGTTCAAC AGGICICCIT GGTIGGCTAC CCTACITICT GCT(TAACAG 1850 
GACCCTTAAT AGICCICCIC CIGITACICA CAGTIGGGCC ATGTATIAIT 1900 

AACAAGITAA TIGCCTTCAT TAGAGAACGA AIAAGIGCAG ICCAGATCAT 1950 

GGTACTTAGA CAACAGTACC AAAGCCCGICTAGOAGGGAA GCTGGCCGCT 2000 

AGCCACCA GTICAAGAT TAGAACTATT. AACAAGAGAA GAAGGGGGA 2050 

AGAAAGGAT GAAAAACAA CCTAAGCTAATGAGAAGCTT. AAAATGITC 2100 

TGAATICOAG AGITIGTICC TATAGGIAA AAGATTAGGTTTTTIGCIGr 250 
TTTAAAATAT GOGGAAGAA AATAGGCCCI GAGACA GT CTCTAGGCAT 2200 

GRACTICT GAACTATTT GGRTACA GAAGGGGTTTCACG 2250 

CITGTFTAGCTICIGIAAAA CIGGFIGCGC CATAAAGAIG TIGAAAIGTP 2300 
GATACACATA TCTIGGIGAC AACAIGICIC CCCCACCCCG AAACAIGOGC 2350 

AAAIGIGIAA CICTAAAACAATTTAAATIA ATIGGICCAC GAAGOGOGGG. 2400 

CICICGAAGT TITAAATIGA CTGGTTTGIGATATTTTGAA AIGATIGGIT 2450 

TGTAACGC GGGCITIGCT GIGAAccoa TAAGCIGT COOGCIOCA 2500 
CACTCGGGGC CGCAGICCIC TACCCCIGCG TGGIGTACGA CIGIGGGCOC 2550 

FIGURE 1, CONT. 
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CAGCGCGCTT GGAATAAAAATCCICTIGCT GITIGCATCA AGACCGCTIC 2600 (SEQ ID NO: 1) coni'd 

ToGIGIGIGA TIAGGGGG TOGOCTITIC CGAGCCIGGA GTICTTTTT 2650 
GCIGICTA CATIGGGS closicos AICIGICGCG GCCCCCIA 2700 
ACACCCGAGA ACCGACITGG. AGAAAAAG GAICCCITT TIACGIGIA 2750 
TGCAIGIACC GGCCGGCGIC ICIGTICTGA GIGICIGITT TCAGIGGIGC 2800 

GCGCTTTCGGTTTGCAGCIG TCCTCTCAGG CCGTAAGGGC TGGGGGACTG 2850 

TGAICAGCAG ACGIGCTAGGAGGAICACAG GCIGCIGCCC TGGGGGACGC 2900 

CCCGGGAGGF GAGGAGAGCC AGGGACGCCT GGIGGICICC TACIGICGGT 2950 
CAGAGGACCG AATICIGITG CIGAAGCGAA AGCTTCCCCC TOCGCGACCG 3000 
TCCGACICTTTTGCCIGCTT GIGGAATACG TGGACGGGIC ACGIGIGICT 3050 
GGAICIGITG GITICIGITT TGIGIGICIT TGICTIGIGIGICCITGICT 3100 

ACAGTTTTAA TAIGGGACAG ACGGIGACGA cocciCTIG TTTGACICIC 3150 

GACCATIGGA CTGAAGTAA ATCCAGGGCT CAAATTGT CAGITCAGGT 3200 

TAAGAAGGGA CCTIGGCAGA CTTICIGIGI CICIGAATGG CCGACATTCG 3250 
ATGTIGGATG GCCATCAGAG. GGGACCTTA ATICIGAGAT TATCCTGGCT 3300 

GITAAAGCAA TTATTITICA GACIGACCC GGCICICAIC CCGAICAGGA 3350 
GCOCTATATC CTTACGIGGC AAGATTIGGC AGAGAICCT CCGCCATGGG 3400 
TTAAACCAIG GCIGAATAAG CCAAGAAAGC CAGGICCCCG AATTCTGGCT 3450 
CTIGGAGAGAAAAACAAACA CTCGGCIGAAAAAGICAAGC CCICICCICA 3500 

TATCTACCCC GAGATIGGG AACCAccosc TIGGOOGGAA CoCCAATCG 3550 
TICCCCCACCCCCITATCIG GCACAGGGIG COGOGAGGGG ACCGITIGCC 3600 

CCICCIGGAG CIOCGGOGGT GGAGGGACCTTCIGCAGGGA CTCGGAGCCG 3650 
GAGGGGCGCC ACCCCGGAGC GGACAGACGA GAICGOGACA TTACCGCIGC 3700 

GCACGTACGG CCCTCCCACA COGGGGGGCC AATIGCAGCC CCTCCAGAT 3750 

TGGCCCTTTT CTICTGCAGA TCICIAIAAT IGGAAAACTA AOCATCCCCC 3800 

FIGURE 1, CONT. 
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TTICICGGAG GAICCCCAAC GCCTCACGGG GTIGGIGGAGTCCCTTAIGT 3850 (SEQ ID NO: 1) cott'd 
TCTCCACCA GCCTACTTGG GATGATTGTC AACAGCIGCT GCAGACACTC 3900 

TICACAACCG AGGAGCGAGA GAGAACTA TTAGAGGCIA GAAAAAATGT 3950 
TCCIGGGGCC GACGGGOGAC COACGOGGIT GOAAAAIGAGATTGACAIGG 4000 
GATTTCCCIT AACTCGCCCC GGTTGGGACT ACAACACGGC TGAAGGAGG 4.050 

GAGAGCTTGAAAATCTATCG CCAGGCTCTG GIGGCGGGTCTCCGGGGCGC 4100 

CICAAGACGG CCCACAATTTGGCTAAGGT AAGAGAAGIGAIGCAGGGAC 4150 
CGAATGAACC CCCCICIGTTTTICTIGAGA GGCICTIGGA AGCCIICAGG 4200 

CGGIACACCC CTITIGATCC CACCICAGAG GCCCAAAAAG CCICAGIGGC 4250 
TGGCCITT ATAGGACAGT CAGCCTTGGA IATTAGAAAG AAGCTICAGA 4300 

GACIGGAAGGGTTACAGGAG GCIGAGTTAC GIGAICTAGF GAAGGAGGCA 4350 
GAGAAAGIAT ATTACAAAAG GGAGACAGAA GAAGAAAGGG AACAAAGAAA 4400 
AGAGAGAGAA AGAGAGGAAA GGGAGGAAAG ACGIAATAAA CGGCAAGAGA 4450 

AGAATTTGAC TAAGATCTIG GCIGCAGIGGTTGAAGGGAA AAGCAATACG 4500 
GAAAGAGAGA GAGATTTTAG GAAAAITAG TCAGGCOCTAGACAGICAGG 4550 

GAACCIGGGC AATAGGACCC CACTCGACAAGGACCAATGT GCATATIGIA 4600 
AAGAAAGAGG ACACIGGGCA AGGAACGCC CCAAGAAGGG AAACAAAGGA 4,650 

CCAAGGAICC TAGCICAGA AGAAGAAAA GATTAGGGGA GACGGGGTTC 4700 

GGACCCCCIC COCGAGCCCA GGGTAACTTT GAAGGIGGAG GGGOAACCAG 4750 

TIGAGTTCCT. GGTIGATACC GGAGCGAAAC ATICAGIGCT ACTACAGCCA 4800 

TAGGAAAACTAAAAGATAAAAAAICCIG GIGAIGGGIG CACAGGGCAA 4850 
CAACAGTATC CAIGGACTAC COGAAGACAGTIGACTIGGG AGIGGGACGG 4900 
GTAACCCACT CGTTTCTGGT CATACCIGAG GCCCAGCAC COCICITAGG 4950 

TAGAGACTTATTGACCAAGA TGGGAGCACA AATTICTTTT GAACAAGGGA 5000 
AACCAGAAGT GICTGOAAAT AACAAACCTA TCACGTGT, GACCCTCCAA 5050 

FIGURE 1, CONT. 
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TTAGATGACG AATACGACT AACTCTCCC CTAGAAAGC CTGACAAAA 

TATACAATTC TGGTIGGAAC AGTTTCCCCA AGCCTGGGCA GAAACOGCAG 

GGAGGGTTT GGCAAAGCAA GTCCCCCAC AAGITATICA ACIGAAGGCC 

AGGCCACAC CAGIGICAGF CAGACAGTAC CCCGAGTA AAGAAGCCA 

AGAAGGAATT CGGCCGCATG TCCAAAGAT. AAICCAACAG GGCAOCTAG 

TICCIGICCA ATCTCCCIGG AATACICOCC TGCTACOGGT TAGAAAGCCT 

GGGACTAATG ACTATCGACC AGTACAGGACTTGAGAGAGG TCAATAAACG 

GGIGCAGGAT ATACACCCAA CAGICCCGAA CCCITATAAC CTCTIGIGIG 
CICICCCACC CCAACGGAGC TGGIATACAGTATTGGACTT AAAGGATGCC 

TICTICIGCC TGAGATTACA CCCCACIAGCCAACCACITT TIGCCTTCGA 

ATGGAGAGAT COAGGTACGG GAAGAACOGG GCAGCICACC TGGACCCGAC 
IGCCCCAAGGGTTCAAGAAC TCCCCGACCA TCTTGACGA AGCCCACAC 

AGAGACCTGG CCAACTICAG GATCCAACAC CCICAGGIGA CCCICCICCA 

GTACGIGGAT GACCIGCTTC TGGCGGGAGCCACCAAACAG GACIGCTTAG 
AAGGCACGAA GGCACACIG CIGGRATIGT CIGAOCTAG CEACAGAGCC 
TCIGCTAAGA AGGCCCAGAT TIGCAGGAGA GAGGTAACAT ACTIGGGGA 

CAGITTACGG GACGGGCAGC GATGGCIGAC GGAGGCACGG AAGAAAACIG 
TAGICCAGAT ACCGGCCCCA ACCACAGCCA AACAAATGAG AGGTTTIG 
GGGACAGCIG GATTTIGCAG ACTGIGGAIC COGGGGTTTG CGACCTTAGC 

AGCCCCACTC TACCCGCTAA CCAAAGAAAAAGGGGAATIC TCCIGGGCIC 

CIGAGCACCA GAAGGCATTT GAIGCTATCA AAAAGGCCCT GCIGAGCGCA 
CCIGCICIGG CCCICCCTGA CGIAACTAAA CCCTTACCCTTTAIGIGGA 

TGAGCGTAAG GGAGTAGCCC GGGGAGITTT AACCCAAACC CTAGGACCAT 

GGAGAAGACC TGICGCCTAC CIGICAAAGA AGCIOGAICC TGIAGCCAGT 

GGTTGGCCCA TATGCCTGAA GGCTAICGCA GCIGIGGCCA TACIGGICAA 

FIGURE I, CONT. 
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GGACGCTGAC AAATTGACTI TGGGACAAGA ATATAACIGT AAIAGCCCCC 6350 (SEQID NO: 1) cont'd 

CAIGCATTGG AGAACATCGT TOGGCAGCCC CCAGACCGAT GGATGACCAA 6400 

CGCOCGCAIG ACCCACTATC AAAGCCIGCT TCICACAGAG. AGGGICACGT 6450 
TOGCTCCACC AACCGCICTC AACCCIGCCA CTCTICIGCC TGAAGAGACT 6500 

GATGAACCAGIGACICATGA TIGOCAICAA CTATTGATG AGGAGACGG 6550 

GGICOGCAAG GACCTTACAG ACATACCGCT GACTGGAGAA GIGCTAACCT 6600 

GGTTCACIGA CGGAAGCAGC TAIGIGIGG AAGGIAAGAG GATGGCIGGG 6650 
GCGGCGGIGG TGGACGGGAC CCGCACGAICTGGGOCAGCAGCCIGCCGGG 6700 
AGGAACTICA GCACAAAAGG CIGAGCICATGGCCCTCACG CAAGCTTIGC 6750 

GGCIGGCCGA AGGGAAATCC ATAAACAITT ATACGGACAG CAGGIAIGCC 6800 
TIGCGACTG CACACGTACA, TGGGGCCATC. TATAAACAAA. GGGGGTIGCT 6850 

TACCICAGOA. GGGAGGGAAATAAAGAACAA AGAGGAAATT CIAAGCCAT 6900 
TAGAAGCCGT ACATITACCAAAAAGGCTAG CTATIATACA. CIGICCIGGA 6950 

CATCAGAAAG CTAAAGAICT CATAICCAGA GGAAACCAGA TGGCIGACCG 7000 
GGTTGCCAAG CAGGCAGCCC AGGGIGITAA cricioect AAAAGAAA 7050 

TGOOCAAIGC cocCACCC AGACGCAGF ACACOCTAGA AGACIGGOAA 7100 
GAGATAAAAA AGATAGACCATICICIGAGA CIOCGGAAGG GACCIGCIAT 7150 
ACCICAGATG GGAAGAAATCCIGCOOCAC AAAGAAGGGTTAGAATATGT 7200 

CCACAAGAT ACAICGICA ACCCACCTAG GRACEAAACA CCIGCAGCG 7250 
TIGGICAGAA CATCCCCTTATCATGTTCTG AGGCLACCAG GAGGGCIGA 7300 

CIOGGIGGIC AAACATIGIGTGCCCIGCCA GCIGGTTAAT GCIAICCIT 7350 

CCAGAATGCCTCCAGGGAAG AGACTAAGGG GAAGCCACCC AGGCGCICAC 7400 
TGGRGIGG ACTICCIG, GIARGCCG GCIARIAIG GACAARIA 7450 
CCTATTGGTTTTTGTAGACA CCTTTICAGG ATGGGTAGAG GCITATCCTA 7500 

CTAAGAAAGA GACTTCAACC GGGTAGCTA AAAAAATACT GGAAGAAAIT 7550 

FIGURE I, CONT. 
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TTTCCAAGAT TIGGAATACC TAAGGTAATA GGGICAGACA AGGICCAGC 7600 (SEQID NO: 1) cont'd 

TTIGTIGCC CAGGTAAGIC AGGGACIGGC CAAGATATTG GGGATTGATT 76.50 

GARCIGCA TIGIOCATIC GCOCCAA GCICGCA GTGGGS 7700 
ATGAATAGAA CCATIAAAGA GACCCTTACT AAATTGACCG OGGAGACIGG 7750 

CGTAATGAT TGGRTAGCic TecsoccTT TGIGCTTTTT AGGGTTAGA 7800 
ACACCCCIGG ACAGTTIGGG CIGACCCCCT AIGAATTACT CLACGGGGGA 7850 

CCCCCCCCAT TGGIAGAAAT TGCTICIGIA CATAGIGCTG ATGIGCIGCT 7900 

TICCCAGCCT TIGTICICIA GGCICAAGGC ACTTGAGIGG GIGAGACAAC 7950 

GAGCGIGGAG GCAACTCCGG GAGGCCTACT CAGGAGGAGG AGACTIGCAG 8000 

AICCCACATC GTTTCCAAG GGGAGAICA GICACGTA GACGCCACCG 805O 

GCAGGAAAC 8060 

FIGURE I, CONT. 
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10 20 30 40. 50 60 (SEQ ID NO: 2) 
k t t 

CTACCCCTGC GTGGTGTACG ACTGIGGGCC CAGCGCGCI TGGAAAAAA ATCCTCTTGC 

70 80 90 100 110 20 
r r At r k tle ye y r 

GTIGCAC AAGACCGT CITGGAGGATTGGGGTG CGCCTCTTC OGAGCCCGGA 

130 140 150 60 70 80 
r * k r r y 

CGAGGGGGAT TGTCTTTIA CTGGCCITIC ATTIGGIGCG TTGGCCGGGAAATCCIGCGA 

90 200 210 220 230 240 
t s e r 

CCACCCCTTA CACCCGAGAA CCGACTTGGA GGAAAGGGA CCCCTGG AACAATGIG 

250 250 270 280 
r y 

290 300 
'k r r r 

TGIGIOGGOc GGCGICICIGTTCTGAGIGT CIGITTIOGGTGAIGCGCGC TTTCGGTTIG 

3SO 360 
y 

310 320 330 340 
Ar r s r r 

CAGCIGICCT CICAGACCGT AAGGACTGGA GGACGTGAT CAGCAGACGT GCTAGGAGGA 

370 380 
k k 

TASSCIG CCACCCTGGG GGACGCCCCG GGAGGIGGGG AGAGCCAGGG ACGCCIGGIG 

390 400 410 420 
ar e k r 

430 440 450 460 470 480 
k k r k r k r r 

GICTCCTACT GTOGGICAGA GGACOGAGTT CIGITGTIGA AGCGAAAGCT TCCCCCTOCG 
490 500 50 520 530 540 

y r k ar s: r A. y 

cGGCCGTCCG ACICITTIGC CIGCTIGIGG AAGACGCGGA CGGGICGCGT GIGICTGGAT 
550 S60 570 580 590 600 

y e r t r 

CIGITGGTTT CTGTTTCGIG TGICTTGAC TIGIGCGICC TIGICTACAG TTTTAAT ATG 
Mete 

610 620 630 640 
r y A. r r k r k 

GGA CAG ACA GTG ACT ACC CCC CT AG, TG AC CIC GAC CAT TGG ACT 
Giy Glin Thr Val Thir Thr Pro Leu Ser Lell. Thir Leu Asp His Trp Thr 

650 660 670 680 590 
y Air r t r 

GAA GTT AGA TCC AGG GCT. CAAAT TIG TCA GT CAG GITAAG AAG GGA 
Glu Val Arg Ser Arg Ala His Asn Leu Ser Val Glin Val Lys Lys Gly> 

700 70 720 730 740 
r w k 

CCTTGG CAG ACT TTC TGT, GCC TCT GAA TGG CCA ACA TTC GAT GTT GGA 
Pro Trip Gln Thr Phe Cys Ala Ser Glu Trp Pro Thr Phe Asp Val Gly> 

FIGURE 2 
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750 760 770 780 790 
st r y y t (SEQ ID NO: 2) cont'd 

TGG CCA TCA GAG GGG ACC TTT AAT TCT GAA ATT AIC CTG GCT GTT AAG 
Trp Pro Ser Glu Gly Thr Phe Asn. Ser Glu Ile Ile Leu. Ala Wall LysX 

800 8O 820 830 840 
r A. k r r r k 

GCA ATC AT TT CAG ACT CACCC GGC ICI CA, CCT GAT CAG GAG CCC 
Ala Ile Ile Phe Gln Thr Gly Pro Gly Ser His Pro Asp Glin Glu Pro 

wk 

850 860 870 880 
s t 

TATATC CTT ACG GG CAA. GAI TG GCA GAA GAT CCT COG CCA TGG GTI 
Tyr Ile Leu Thir Trp Glin Asp Leu Ala Glu Asp Pro Pro Pro Trp Valic 

r 

890 900 910 920 
r A. k A. t Ar t 

930 
f s w 

AAA CCA TGG CTA AATAAA CCAAGAAAG CCA GT CCC CGA AIC CIG GCT 
Llys Pro Trp Leu Asn Llys Pro Arg Lys Pro Gly Pro Arg Ile Leu Alae 

940 950 960 970 98O 
t r A. 

CTT GGA GAG AAA AAC AAA CAC TCG GCC GAA AAA GTC GAG CCC TCT CCT 
Leu Gly Glu Lys Asn Lys His Ser Ala Glu Lys Val Glu Pro Ser Pro 

990 1000 1010 
k r 

CGT ATC TAC CCC GAG ATC GAG GAG CCG CCG ACT TOG CCG GAA CCC CAA 
Arg Ile Tyr Pro Glu Ile Glu Glu Pro Pro Thr Trp Pro Glu Pro Gline 

1020 1030 
k y r 

1040 1050 O60 1070 1080 
k r k A. r k t k 

CCT GT CCC CCA CCC CCT TAT CCA GCA CAG GG GCT GIGAGGGGA CCC 
Pro Val Pro Pro Pro Pro Tyr Pro Ala Gin Gly Ala Val Arg Gly Pro2 

090 1100 10 1120 
y: r r t k ... r r 

TCT GCC CCT CCT GGA GCT COG GIG GIG. GAG GGA COT GCT GCC GGG ACT 
Ser Ala Pro Pro Gly Ala Pro Val Val Glu Gly Pro Ala Ala Gly. Third 

1130 140 150 1160 
r r k 

70 
A. 

CGG AGC CGG AGA GGC GCC ACC CCG GAG CGG ACA GAC GAG AC GCG ATA 
Arg Ser Arg Arg Gly Ala Thr Pro Glu Arg Thr Asp Giu. Ile Ala Ilex 

1180 11.90 200 1210. 1220 
y y y r r t 

TTA CCG CIG ogc Acc TAT GGC CCT CCC AIG coA GGG GGC CAA TTG CAG 
Leu Pro Leu Arg Thr Tyr Gly Pro Pro Met Pro Gly Gly Glin Leu Gln) 

230 1240 250 260 1270 
y r t k r r k r k 

CCC CINC CAG TAT IGG CCC TTT TCT, TCT, GCA GAT CIC TAT AAT TGG AAA 
Pro Leu Glin Tyr Trp Pro Phe Ser Ser Ala Asp Leu Tyr Asn Trp Llys 

1280 290 300 1310 1320 
t A. r y r 

ACT AAC CAT CCC CCT TTC TCG GAG GAT CCC CAA CGC CTCACG GGG TIG 
Thr ASn His Pro Pro Phe Ser Glu Asp Pro Glin Arg Leu Thr Gly Leuc) 

FIGURE 2, CONT. 
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r r r 

GG GAG TCC CTT ATG TTC TCT CAC CAG CCT ACT TGG GAT GAT G CA 
Val Glu Ser Leu Met Phe Ser His Glin Pro Thr Trp Asp, Asp Cy's Glind 

1330 1349 1359 1369 (SEQID NO:2) cont'd 

1370 380 390 400 l410 
t A. yer 

CAG CTG CTG CAG ACA CTC TTCACA ACC GAG GAG CGA GAG AGA AT CIG 
Glin Leu Leu Glin Thr Leu Phe Thr Thr Glu Glu Arg Glu Arg Ile Leux 

1420 1430 1440 450 1460 
r r t 

TTA GAG GCT. AAA AAA AAT GTTCCT. GGG GCC GAC GGG CGA CCC ACG CAG 
Leu Glu Ala Lys Lys Asn Val Pro Gly Ala Asp Gly Arg Pro Thr Gln2 

470 480 1490 1500 150 
k k A. k y k . s A. 

G CAA AAT GAG AT GAC AG GGA CCCTTGACT CGC COC GT IGG 
Leu Glin Asn. Glu Ile Asp Met Gly Phe Pro Leu. Thr Arg Pro Gly Trp> 

1520 1530 1540 1550 
r A. 

560 
F . . k 

GAC TAC AAC ACG GCT GAA GGT AGG GAG AGCTTGAAAAIC TAT CGC CAG 
Asp Tyr Asn Thr Ala Glu Gly Arg Glu Ser Leu Lys Ile Tyr Arg Gln) 

1570 1580 
k k k 

GCT CIG GIG GCG GGT CIC CGG GGC GCC ICA AGA CGG CCC ACT AT TTG 
Ala Leu Val Ala Gly Leu. Arg Gly Ala Ser Arg Arg Pro Thr Asn. Leux 

1590 
A. A. -- 

600 

1610 1620 1630 1640 1650 
y k r r r r k r 

GCT. AAG GTA AGA GAG GIG ATG CAG GGA CCG AAC GAA CCT CCC TCG GA 
Ala Lys Val Arg Glu Wal Met Gin Gly Pro Asn Glu Pro Pro Ser Wal 

1660 1670 
k k 

1680 1690 1700 
y k r r y 

TT CIT GAG AGG CIC AIG GAA GCC TTC AGG OGG TIC ACC CCTTTT GAT 
Phe Leu Glu Arg Leu Met Glu Ala Phe Arg Arg Phe Thr Pro Phe Asp> 

1710 1720 1730 740 1750 
f s y r A. k 

CCT ACC TCA GAG GCC CAGAAA GCC TCA GTG GCC CG GCC TCAT. GGG 
Pro Thr Ser Glu Ala Glin Lys Ala Ser Val Ala Leu Ala Phe Ile Gly> 

1760 1770 1780 1790 1800 
k ir r 

CAG TCG GCT CG GAT AC AGG AAG AAA CT CAGAGA CTG GAA GGG TA 
Glin Ser Ala Leu Asp Ile Arg Lys Lys Leu Glin Arg Leu Giu Gly Leu 

180 820 1830 1840 
t r 

CAG GAG GCT GAG TTA CGT GA CIA GTG. AGA GAG GCA GAG AAG GIG TAT 
Glin Glu Ala Glu Leu Arg Asp Leu Val Arg Glu Ala Glu Lys Val Tyr 

1850 1860 870 
k 

1880 1890 
wr r 

TAC AGA AGG GAG ACA GAA GAG GAG AAG GAA CAGAGA AAA GAA AAG GAG 
Tyr Arg Arg Glu Thr Glu Glu Glu Lys Glu Glin Arg Lys Glu Lys Glu 

FIGURE 2, CONT. 
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k r r 

AGA GAA GAA AGG GAG GAA AGA CGT GAT AGA CGG CAA GAG AAG AAT TVG 
Arg Glu Glu Arg Glu Glu Arg Arg Asp Arg Arg Glin Glu Lys ASn Leuc) - 

1900 90 1920 1930 1940 (SEQID NO:2) cont'd 

1950 1960 1970 1980 1990 
w k y r 

ACT AAG ATC TG GCC GCA GTG GTT GAA. GGG AAG AGC AGC AGG GAG AGA 
Thr Lys Ile Leu Ala Ala Val Val Glu Gly Lys Ser Ser Arg Glu Arge 

2000 200 2020 2030 2040 
s e r y r r 

GAG AGA GATTTT AGG AAA AIT AGG TCA GGC CCT AGA CAG TCA GGG AAC 
Glu Arg Asp Phe Arg Lys Ile Arg Ser Gly Pro Arg Glin Ser Gly ASn> 

2050 2060 2070 2080 
r r r r r y 

CTG GGC AAT AGG ACC CCA CTC GAC AAG GAC CAG GT, GCG TATTGAAA 
Leu. Gly Asn Arg Thr Pro Leu Asp Lys Asp Gin Cys Ala Tyr Cys Lys 

2090 2100 2110 2120 21:30 
k r r A. r 

GAA AAA GGA CAC TGG GCA AGG AAC IGC CCC AAG AAG GGA. AAC AAA GGA 
Glu Lys Gly. His Trp Ala Arg Asn Cys Pro Llys Lys Gly Asn Lys Gly> 

240 250 2160 
s o i. y s 

2170 280 
k r k 

CCG AAG GIC CIA GCT CA GAA GAA GAT AAA GAT AGGGGAGACG 
Pro Llys Val Leu Ala Leu Glu Glu Asp Lys Asp> 

2200 
r k Ar r 

21.90 2210 2220 22.30 2240 
k r s 

GGGTTCGGAC CCCCTCCCCGAGCCCAGGGT AACTTTGAAG GIGGAGGGGC AACCAGTIGA 
s r 

2250 2260 2270 2280 2290 2300 
k r k . r k k se 

GTTCCTGGT GAACOGGAG CGGAGCATIC AGIGCGCTA CAACCATTAG GAAAACAAA 

230 2320 2330 2340 2350 
k y r r k 

AGAAAAAAAATCCGGGG ATG GGT GOC ACA GGG CAA CGG CAG AT CCA TGG 
Met Gly Ala Thr Gly Glin Arg Glin Tyr Pro Trp) 

2360 2370 2380 23.90 
k r A. r k 

2400 
k 

ACT ACC CGA AGA ACC GT GAC TTG GGA GTG (GGA CGG GTA ACC CAC CG 
Thr Thr Arg Arg Thr Val Asp Leu Gly Val Gly Arg Val Thr His Ser> 

2410 2420 
k 

TTT CIG GIC AC CCT GAG TGC CCA GTA COC CTI CA GGT AGA GAC TTA 
Phe Leu Val Ile Pro Giu. Cys Pro Val Pro Leu Leu Giy Arg Asp Leux 

2430 2440 
k k k A. 

2450 2460 2470 2480 24.90 
r y r k 

CIG ACC AAG AIG GGA GCT CAA ATT ICT TTT GAA CAA GGA AGA CCA GAA 
Leu Thir Lys Met Gly Ala Glin Ile Ser Phe Glu Glin Gly Arg Pro Glue 
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2500 2510 25.20 25.30 2540 (SEQID NO: ) cont'd 
'k r w y t r k 

GIG TO GIGAAT AACAAA CCC ATC ACT GIG TG ACC CTC CAA TTA GAT 
Val Ser Val Asn Asn Llys Pro Ile Thr Val. Leu Thr Leu Glin Leu Asp) 

2550 2560 2570 2580 2590 
y r ye r r r y A 

GAT GAA TAT CGA CIA. TAT ICT CCC CAAGAAAG CCT GAT CAA GAT ATA 
Asp Glu Tyr Arg Leu Tyr Ser Pro Glin Val Lys Pro Asp Glin Asp Ilex 

2500 26.10 2620 2630 2540 
r s y k t r r 

CAG ICC TGG TG GAG CAGTTT CCC CAA GCC GG GCA GAA ACC GCA GGG 
Glin Ser Trp Leu Glu Glin Phe Pro Glin Ala Trp Ala Glu Thr Ala Gly> 

2650 2560 2670 268O 
k t r s r r 

AIG GGT TIG GCA AAG CAA GT CXC CCA CAG GTT.A.T. CAA CGAAG GCC 
Met Gly Leu Ala Lys Glin Val Pro Pro Glin Wall lie Glin Leu Lys Ala) 

2690 2700 2710 27.20 2730 
t A. y r r 

AGT, GCT ACA CCA GTA CA GTC AGA CAG TAC CCC G AGT AGA GAG GCT 
Ser Ala Thr Pro Val Ser Val Arg Glin Tyr Pro Leu Ser Arg Glu Alax 

2740 2750 2760 2770 2780 
r r k 

JGA GAA GGA ATI TGG CCG CAE GT CAA AGATA ATC CAA CAG GGC ATC 
Arg Glu Gly Ile Trp Pro His Val Glin Arg Leu Ile Glin Glin Gly Ile 

2790 2800 280 2820 2830 
k t "k r r r k 

CTA GTT CCT GIC CAATCC CCT TGG AAT ACT CCC CIG CTA CCG GTT AGG 
Leu Val Pro Val Glin Ser Pro Trp Asn Thr Pro Leu Leu Pro Val Arg> 

2840 2850 28.60 2870 
r r s t r 

2880 
r 

AAG CC. GGG ACC AAT GA. TAT CGA CCA GTA CAG GAC TTG. AGA GAG GIC 
Llys Pro Gly. Thr Asn. Asp Tyr Arg Pro Val Glin Asp Leu. Arg Glu Val) 

2890 2900 2910 2920 
r s r r r 

AATAAA AGG GIG CAG GAC ATA CAC CCA ACG GIC CCG AAC CCT TAT AAC 
Asn Lys Arg Val Glin Asp Ile His Pro Thr Val Pro Asn. Pro Tyr Asn> 

2930 2940 . 2950 2960 2970 
r r s y Ar k 

Crc TTG AGC GCC CTC COG CCT GAA CGG AAC TGG ACACA GTATTG GAC 
Leu Leu Ser Ala Leu Pro Pro Glu Arg Asn Trp Tyr Thr Val Leu Asp> 

2.980 2990 3000 - 3010 3020 
sk ar Air y s 

TAAAA GAT GCC TC T C CGAGA A. CAC CCC ACT AGC CAA COA 
Leu Lys Asp Ala Phe Phe Cys Leu Arg Leu. His Pro Thr Ser Glin Pro 

3030 3040 30S) 3060 3.07.0 
s y r 

CITTTT ACC TIC GAA TGG AGA GAT CCA GGT ACG GGA AGA ACC GGG CAG 
Leu Phe Thr Phe Glu Trp Arg Asp Pro Gly. Thr Gly Arg Thr Gly Gln 
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3080 3090 3100 31.10 3120 (SEQID NO:2) cont'd 
y r 

CTC ACC TGG ACC CGA CTG CCC CAA. GGG TIC AAG AAC TCC CCG ACC ATC 
Leu Thir Trp Thr Arg Leu Pro Gin Gly Phe Lys Asn. Ser Pro Thr Ile 

330 31AO 3150 3160 
r r ar r 

TTT GAC GAA GCC CTA CAC AGG GAC CTG GCC AACTTC AGG ATC CAA CAC 
Phe Asp Glu Ala Leu. His Arg Asp Leu Ala Asn Phe Arg Ile Glin His> 

31.70 31.80 3.90 3200 3210 
r r A. y r w s 

CCT CAG GIG ACC CTC CTC CAG TAC GTG GAT GAC CTG CTT. CTG GCG GGA 
Pro Glin Val Thr Leu Leu Glin Tyr Val Asp Asp Leu. Leu Leu Ala Gly> 

3220 3230 3240 3250 3260 
ar 

GCC ACC AAA CAG GAC TGC TIA GAA GGT ACG AAG GCA CTA CIG CIG GAA 
Ala Thr Lys Glin Asp Cys Leu Glu Gly. Thr Lys Ala Leu Leu Leu Glud 

3270 328O 3290 3300 3310 
r y k s y r r 

TTG TCT GAC CTA GGC TAC AGA GCC TCT, GCT. AAG AAG GCC CAGATT IGC 
Leu Ser Asp Leu Gly Tyr Arg Ala Ser Ala Lys Lys Ala Glin Ile Cys> 

3320 3330 3340 3350 3360 
t d A: r ar sir 

AGG AGA GAG GTA ACA. TAC TTG. GGG TAC AGT TIG CGG GGC GGG CAG CG. 
Arg Arg Glu Val Thr Tyr Leu Giy Tyr Ser Leu Arg Gly Gly Glin Arge 

3390 3400 
k 

3370 3380 

TGG CG ACG GAG GCA CGG AAG AAA ACT GIA GTC CAG ATA CCG GCC CCA 
Trp Leu Thr Glu Ala Arg Lys Lys Thr Val Val Glin Ile Pro Ala ProX 

340 . 3420 3430 3440 3450 
r r r r y 

ACC ACA GCC AAA CAA GTG. AGA GAG T TTG GGG ACA GC GGATT IGC 
Thr Thr Ala Lys Glin Val Arg Glu Phe Leu Gly Thr Ala Gly Phe Cys> 

3460 3470 3480 3490 3500 
k y k t 

AGA CTG TGG ATC CCG GGG T GCG ACC TA GCA GCC CCA CTC TAC CCG 
Arg Leu Trp Ile Pro Gly Phe Ala Thr Leu Ala Ala Pro Leu Tyr ProX 

350 3520 3530 35AO 
r Ar y r 

CEA ACC AAA GAA AAA GGG GGT TGC TA CXCT CAG CAG GGA GGG AAA AAAG 
Leu Thr Lys Glu Lys Gly 

Lys Arg Gly Leu. Leu. Thir Ser Ala Gly Arg Glu le LySY 

3550 

3560 3570 
A. k k k 

AAC AAA GAG GAA ATT CTA AGC CTA TTA GAA GCC TTA CAT TIG CCA AAA 
ASn Lys Glu Glu Ile Leu Ser Leu Leu Glu Ala Leu. His Leu Pro Lys 

3580 3590 3600 

3610 3520 3630 3640 3650 
r r e ye t y ar 

AGG CTA GCT ATT ATA CAC TGT CCT GGA CAT CAG AAA GCC AAA GAT CTC 
Arg Leu Ala Ile Ile His Cys Pro Gly. His Glin Lys Ala Lys Asp Leux 
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3650 3670 
k r w 

ATA TCT AGA. GGG AAC CAG ATG GCT GAC CGG GTT GOC AAG CAG GCA GCC 
Ile Ser Arg Gly ASn Glin Met Ala Asp Arg Val Ala Lys Glin Ala Ala 

3680 3590 
r (SEQID NO: 2) cont'd r 

3700 3710 3720 3730 
sir r t r 

CAG GC GT AAC C CTG CCTATA ATA GAA ACG CCC AAA GCC CCA GAA 
Glin Ala Val Asn Leu Leu Pro Ile Ile Glu Thr Pro Lys Ala Pro Glue 

3740 
r r r 

3750 3760 3770 3780 3790 
s 

CCC AGA CGA CAG TAC ACC CTA GAA. GAC GG CAA. GAG ATA AAA AAG ATA 
Pro Arg Arg Glin Tyr Thr Leu Glu Asp Trp Glin Glu Ile Llys Lys Ilex 

3800 380 3820 
r t y A. 

GAC CAG TICTCT GAG ACT COG GAG GGG ACC TGc TAT ACC TATAT GGG 
Asp Glin Phe Ser Glu Thr Pro Glu Gly Thr Cys Tyr Thr Ser Tyr Gly> 

3830 3840 

3850 3860 3870 3880 3890 
r r r A. k t r 

AAG GAA ATC CTG CCC CAC AAA GAA. GGGTTA GAA TAT GIC CAA CAG ATA 
Lys Glu Ile Leu Pro His Lys Glu Gly Leu Glu Tyr Val Glin Glin Ile 

3900 390 3920 
r k r r r 

CAT CGT CTA ACC CAC CTA GCA ACT AAA CAC CTG CAG CAG TIG GIC AGA 
His Arg Leu Thr His Leu Gly Thr Lys His Leu Gin Glin Leu Val Arg> 

3930 

3940 3950 3960 3970 3980 
- r k w t 

ACA TCC CCT TAT CAT GT CIG AGG CIA CCA GGA GTG GCT GAC TCG GIG 
Thr Ser Pro Tyr His Val Leu Arg Leu Pro Gly Val Ala Asp Ser Val2 

3990 4000 400 4020 
y r k r yir se 

4030 
s 

GTC AAA CAT TGT GLG CCC TGC CAG CIGGTT AAT GCT. AAT CCTTCC AGA 
Val Lys His Cys Val Pro Cys Gln Leu, Val Asn Ala Asn Pro Ser Arge 

4040 4050 4060 4070 . 4080 
r ' r e s 

ATA CCT CCA GGA AAG AGA CTA AGG GGA AGC CAC CCA GGC GCT CAC TGG. 
Ile Pro Pro Gly Lys Arg Leu Arg Gly Ser His Pro Gly Ala His Trp> 

4090 4100 410 4120 
k s r 

GAA GIG GAC TIC ACT GAG GA AAG COG GCT AAA TAC GGA AAC AAA TAT 
Glu Val-Asp Phe Thr Glu Wai Lys Pro Ala Lys Tyr Gly. Asn Lys Tyrc) 

430 
e 

440 4150 4160 41.70 
- r k 

CTA TIG GIT TTT GTA GAC ACC TTT TOA GGA TGG GIA GAG GCT TAT CCT 
Leu Leu Val Phe Val Asp Thr Phe Ser Gly Trp Val Glu Ala Tyr Pro2 

480 4.90 4200 
r ar r y 

420 4220 
r Ar y 

ACT AAA AAA GAG ACT TCA ACC GTG GIG GCT. AAGAAAAA CG GAG GAA 
Thr Lys Lys. Glu Thr Ser Thr Val Val Ala Lys Lys Ile Leu Glu Glux 
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4230 4240 4250 4260 4270 (SEQ ID NO: 2) cont'd 
se r ar 

ATTTTT CCA AGA TTT GGA ATA CCT AAG GTA ATA GCG TCA GAC AAT GGT 
Ile Phe Pro Arg Phe Gly Ile Pro Llys Val Ile Gly Ser Asp ASn Gly> 

4290 4300 430 . 4320 
y 

4280 
r k 

CCA GCT TIC GT GCC CAG GIA AGT CAG GGA CG GCC AAG ATA TG GGG 
Pro Ala Phe Val Ala Glin Val Ser Glin Gly. Leu Ala Lys Ile Leu Gly> 

A330 4340 4350 4360 4370 4380 
t r r r k 

ATT GATTGAAAA CTG CAE GT GCA TAC AGA CCC CAA AGC ICA GGA CAG 
Ile Asp Lys Leu. His Cys Ala Tyr Arg Pro Glin Ser Ser Gly Glind 

A380 4390 A400 4410 
r r t r r k 

GA GAG AGG AIGAAT AGA ACC AT AAA GAG ACC CIT ACC AAA TG ACC 
Val Glu Arg Met Asn Arg Thr Ile. Lys Glu Thr Leu Thr Lys Leu Third 

44.30 4440 4450 4460 
k r t " 

4420 
r 

ACA GAG ACT Gec ATT. AAI GA, TGG AIG GCT. CTV CG CCC TTT GTG CIT 
Thr Glu Thr Gly Ile Asn Asp Trp Met Ala Leu Leu Pro Phe Val Leux 

A470 4480 
r w 

4490 4500 450 

TT AGG GIG AGG AAC ACC CCT GGA CAG TT GGG CTG ACC CCC TAT AAA 
Phe Arg Val Arg Asn. Thr Pro Gly Glin Phe Gly Leu Thr Pro Tyr Lys2 

4520 AS30 4540 
r se y 

TIG CTC TAC GGG GGA CCC CCC COG TIG GCA GAA ATT GCC TTT GCA CAT 
Leu Leu Tyr Gly Gly Pro Pro Pro Leu Ala Glu. Ile Ala Phe Ala His> 

4S50 4560 - 
A. 

4570 4580 4590 4600 
e r k k 

4610. 
r r r 

AGT GCT GAT GIG CTG CT TOC CAG CCT TIG TTC TCT AGG CIC AAG GCG 
Ser Ala. Asp Wall Leu. Leu Ser Glin Pro Leu Phe Ser Arg Leu Lys Ala) 

4620 46.30 4,640 - 46SO 
Ar k k . s r 

CC GAG TGG GIGAGG CAG CGA GCG TGG AAG CAG CTC CGG GAG GCC TAC 
Leu Glu Trp Wal Arg Glin Arg Ala Trp Lys Glin Leu Arg Glu Ala Tyrd 

4560 A670 4,680 4690 4700 
r y k r r ir re 

TCA GGA GGA GAC TIG CAA GTI CCA CAT CGCTTC CAA GTT GGA, GATTCA 
Ser Gly Gly Asp Leu Glin Val Pro His Arg Phe Glin Val Gly Asp Serd 

A710 4720 4730 4740 4750 
r e s t k y 

GEC AT GTTAGA CGC CAC CG GCA GGA AAC CTC GAG ACT CGG TAG AAG 
Val Tyr Val Arg Arg His Arg Ala Gly. Asn Leu Glu Thr Arg * * * Lyss 

y 

4760 4770 A780 4790 4800 
y s A. 

GGA CCT TAT CTC GTA CTT TIG ACC ACA CCA ACG GCT GTG AAA GTC GAA 
Gly Pro Tyr Leu Val Leu. Leu Thr Thr Pro Thr Ala Wall Lys Val Glud 
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480 4820 4830 4840 4850 (SEQID NO: 2) cont'd 
r r k y r r tr k 

GGA ATC CCC TTA AGC TTC GCC TCC ATC GOG IGGTTC CIT ACT CTG TCA 
Gly Ile Pro Leu Ser Phe Ala Ser Ile Ala Trip Phe Leu Thr Leu Ser2 

A860 4870 488O 4890 
t y k 

ATA ACT CCT CAA GTT AAT GG AAA-CGC CT GTG GAC AGC CCG AAC TCC 
Ile Thr Pro Glin Val Asn Gly Lys Arg Leu Val Asp Ser Pro Asn Ser> 

4900 490 4920 
r - r r • 

4930 4940 
r k 

CAT AAA CCCTTA ICT CIC ACC TGGTTA CTTACT GAC TCC GGT ACA GGT 
His Lys Pro Leu Ser Leu Thr Trip Leu Leu Thr Asp Ser Gly. Thr Gly> 

4950 4960 4970 4980 
r y 

4990 
... " t k 

ATT AAT ATT AAC AGC ACT CAA. GGG GAG GCT occ TTG GGG ACC TGG TGG 
Ile Asn Ile Asn. Ser Thr Glin Gly Glu Ala Pro Leu Gly Thr Trp Trp) 

5000 5010 5020 5030 5040 
w k y e s 

CCT GAA TATA GTC TGC CTT, CGA TCA GTA ATC CCT GGT CTC AAT GAC 
Pro Glu. Leu Tyr Val Cys Leu Arg Ser Val Ile Pro Gly Leu Asn Asp> 

5050 5060 . 5070 SO.80 SO90 
r k k r y: y A. 

CAG GCC ACA COC CCC GAT GIA CTC CGT GCT TAC GGGTTT TAC GTTTCC 
Glin Ala Thr Pro Pro Asp Val Leu Arg Ala Tyr Gly Phe Tyr Val Cys> 

5100 510 520 5130 
sk, sk k s 

CCA GGA CCCCCAAAT AAT GAA GAA TAT TGT GGA AAT CCT CAG GAT TTC 
Pro Gly Pro Pro Asn Asn Glu Glu Tyr Cys Gly Asn Pro Glin Asp Phe 

5140 5150 S160 5170 S180 
A. k r e k k k yk, 

TTT TGC AAG CAA TGG AGC TGC ATA ACT, TCT AAT GAT GGG AAT TGG AAA 
Phe Cys Lys Glin Trp Ser Cys Ile Thr Ser ASn Asp Gly ASn Trp Lys2 

5190 5200 520 5220 5230 

TGG CCA GTC TCT CAG CAA GAC AGA GTA AGT TAC TCT TTT GTT AACAAT 
Trp Pro Val Ser Glin Glin Asp Arg Val Ser Tyr Ser Phe Val Asn. Asn 

5240 5250 5260 5270 5280 
r k y k k r 

CCT ACC AGT TAT. AAT CAA TTT AAT TAT GGC CAT GGG AGA TGG AAA GAT 
Pro Thr Ser Tyr Asin Glin Phe ASn Tyr Gly His Gly Arg Trp Lys Asp> 

5290 5300 5310 5320 5330 
s r r r r r "A" 

TGG CAA CAG CGG GTA CAA AAA GAT GIA can AATAAG CAA ATA AGC TGT 
Trp Glin Glin Arg Val Glin Lys Asp Val Arg Asn Lys Glin Ile Ser Cys 

r 

5340 5350 5360 5370 
r A. s r s t 

CAT TCG TA GAC CTA GAT TAC TTA AAA ATA AGT TIC ACT GAA AAA GGA 
His Ser Leu Asp Leu Asp Tyr Leu Lys Ile Ser Phe Thr Glu Lys Gly> 
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(SEQID NO: 2) cont'd S380 S390 5400 5410 5420 
k y Ar r r y r y 

AAA CAA GAA AAT ATT CAA AAG TGG GTA AAT GOGAA TCI TGG GGA, ATA 
Lys Glin Glu Asin Ile Glin Lys Trp Val Asn Gly Ile Ser Trp Gly Ile 

5430 5440 5450 54.60 5470 
r 

GG TAC TAT GGA GGC. TCT GGG AGA AAGAAA GGA TCT GT CIG ACT ATT 
Val Tyr Tyr Gly Gly Ser Gly Arg Lys Lys Gly Ser Val Leu Thr Iles 

SA80 5.490 5500 5510 5520 
y y r r k 

CGC CIC AGA ATA GAA ACT CAG ATG GAA CCF CCG GIT GCTATA GGA CCA 
Arg Leu Arg Ile Glu Thr Glin Met Glu Pro Pro Val Ala Ile Gly Prox 

55.30 5540 
y y 

AaT AAG GGTTTG GCC GAA CAA. GGA CCT CCA AIC CAA GAA CAG 
Asn Lys Gly Leu Ala Glu Glin Gly Pro Pro Ile Glin Glu Glind 

5550 5560 
r yar y 

5570 5580 S590 5600 5510 
y " k r t t s 

AGG CCA TCT CCT AAC CCC TCT GATTACAAT ACA ACC TCT GGA TCA GTC 
Arg Pro Ser Pro Asn Pro Ser Asp Tyr Asn Thr Thr Ser Gly Ser Wal 

5620 5630 5640 5550 5660 
r ir . r r k r r k 

CCC ACT GAG CCT AAC ATC ACT ATT AAA ACA GGG GCG AAA CTTTTT AGC 
Pro Thr Glu Pro Asn. Ile Thr Ile Llys Thr Gly Ala Lys Leu Phe Ser> 

5670 5680 5690 5700 
t r 

CTC ATC CAG GGA GCT TTT CAA GCT. CTT. AAC TCC ACG ACT COA GAG GCT 
Leu. Ile Glin Gly Ala Phe Glin Ala Leu Asn Ser Thr Thr Pro Glu Ala) 

5710 S720 5730 5740 5750 
r r r r t t r dr 

ACC TCT, TCI TGT TGG CTT ICTTA. GCI TCG GGC CCA OCT TAC AT GAG 

Thr Ser Ser Cys Trp Leucys Leu Ala Ser Gly Pro Pro Tyr Tyr Glud 
5760 5770 5780 5790 

k s 

5800 

GGA ATG GCT AGA. GGA GGG AAA TTC AAT GTG ACA AAG GAA CAT AGA GAC 
Gly Met Ala Arg Gly Gly Lys Phe Asin Val Thr Lys Glu. His Arg Asp> 

5810 5820 5830 5840 5850 
r "A A. A. r k k r . 

CAA TGT ACA TGG GGA Toc CAA AATAAG CTT ACC CFT ACT GAG GTTTCT 
Glin Cys Thr Trp Gly Ser Glin Asn Lys Leu Thr Leu Thr Glu Val Ser2 

5860 5870 - 588O 5890 5900 
r r 

GGA AAA GGC ACC TGC ATA GGG AIG GIT CCC CCA TCC CAC CAA CAC CTT 
Gly Lys Gly Thr Cys Ile Gly Met Val Pro Pro Ser His Glin His Leuc) 

5920 5930 5940 5910 
w 

TGT AAC CAC ACT GAA GCC TTT AAT CGA ACC TCT GAG AGT CAA TAF CTG 
Cys Asn His Thr Glu Ala Phe Asin Arg Thr Ser Glu Ser Glin Tyr Leuc, 
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5950 S960 5970 5.980 5990 (SEQID NO: 2) cont'd 
r k y 

GTA CCT GGT TAT GAC AGG TGG TGG GCA TGT AAT ACT GGA TTA ACC CCT 
Val Pro Gly Tyr Asp Arg Trp Trp Ala Cys Asn Thr Gly. Leu Thr Pro 

6000 
se 

600 6O20 6030 5040 
r y r t t 

TGT GIT TCC ACC TTG GHT TIC AAC CAA ACT AAA GAC TIT TGC GTT AIG 
cys Val Ser Thr Leu Val Phe Asn Glin Thr Lys Asp Phe Cys Val Mete 

6050 6060 6O70 6080 
k t y s r r Ar 

GTC CAAATT GIC CCC CGG GIG TAC TAC TAT CCC GAA AAA GCA GTC CTT 
Val Glin Ile Val Pro Arg Val Tyr Tyr Tyr Pro Giu Lys Ala Val Leux 

6090 

6100 610 6120 61.30 
r k 

GAT GAA TAT GAC TAT AGA TATAATCGG CCA AAA AGA GAG CCC ATA TCC 
Asp Glu Tyr Asp Tyr Arg Tyr Asn Arg Pro Lys Arg Glu Pro Ile Sere 

640 
ge 

6150 660 670 68O 
y s r " 

CTG ACA CTA GCT GTA AG CTC GGA TG GGA GG GC GCA GGC GIG GIGA 
Leu Thr Leu Ala Val Met Leu Gly Leu Gly Wall Ala Ala Gly Val Gly> 

6190 5200 621.0 6220 6230 
k r r t r r d r 

ACA GGA ACG GCT GCC CA AIC ACA GGA CCG CAA CAG CTG GAG AAA GGA 
. Thr Gly Thr Ala Ala Leu le Thr Gly Pro Glin Glin Leu Gu Lys Gly> 

6240 62.50 5260 6270 6280 
k k tr k ye A. 

CTTAG AAC CA CAT CGA AT GTA ACG GAA GAT CIC CAA GCC CTA GAA 
Leu Ser ASn Leu. His Arg Ile Val Thr Glu Asp Leu Glin Ala Leu Glud 

5290 6300 6,310 
r r e 

632O 6330 
r y A. " 

AAATCT GIC AGT AAC CTG GAG GAA TCC, CTA Acc Tcc TTA TCT GAA GIG 
Lys Ser Val Ser Asn Leu Glu Glu Ser Leu Thir Ser Leu Ser Glu Vald 

6340 6350 6360 6370 
r A. r r 

6,380 
k 

GTT CTA CAG AAC AGA AGG GGGTTAGAT CIG TTA TTT CTA AAA GAA GGA 
Wall Leu Glin ASIn Arg Arg Gly Leu Asp Leu. Leu Phe Lau Lys Glu Gly> 

6390 6400 640 6420 
k sk i k s 

GGGTTA TGT GTA GCC TPA AAA GAG GAA TGCTGc TTC TAT GTA GAT CAC 
Gly Leu. Cys Val Ala Leu Lys Glu Glu Cys Cys Phe Tyr Val Asp His> 

64.30 6440 6450 6460 6470 
y y ye r 

CA. GGA GCC ATC AGA GAC TCC AGAGC AAG CTTAGA GAA AGG TA GAG 
Ser Gly Ala Ile Arg Asp Ser Met Ser Lys Leu Arg Glu Arg Leu Glu 

6480 6490 6500 6510 6520 
Air r r A. r 

AGG CGT OGA AGG GAA AGA GAG GCT GAC CAG GGG TGG TT GAA GGA TGG 
Arg Arg Arg Arg Glu Arg Glu Ala Asp Glin Gly Trp Phe Glu Gly Trp> 
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65.30 6540 6550 5550 6570 (SEQID NO; 2) cont'd 
r r A. 

TIC AAC AGG TCT CCTTGG ATG ACC ACC CTG CIT TOT GCT. CTG ACG. GGG 
Phe Asn Arg Ser Pro Trp Met Thr Thr Leu Leu Ser Ala Leu Thr Gly> 

6580 6590 6500 660 562O 
r A. r r 

CCC CIA GTA GTC CTG CTC CIG TTA CT ACA GT GGG CCTTGC TTA ATT 
Pro Leu Val Val Leu Leu Leu Leu Leu Thr Val Gly Pro Cys Leu. Ilex 

66.30 6640 6550 6660 
k r 

AAT AGGTTT GT, GCC TTT GTT AGA GAA CGA GG AGT, GCA GTC CAG ATC 
Asn Arg Phe Val Ala Phe Val Arg Glu Arg Val Ser Ala Val Glin Ile-> 

A. y 

5670 6680 6690 6,700 6710 
r ir r r r , w 

AIG GIA CIT AGG CAA CAG TAC CAA. GGC CTT CIG AGC CAA GGA GAA ACT 
Met Val Leu Arg Glin Glin Tyr Glin Gly Leu Leu Ser Glin Gly Glu. Third 

6720 57.30 6740 67.50 6,760 6770 
k k 

GAC CTC TAGCCTTC CCAGTTCTAA GATTAGAACT ATTAACAAGA CAAGAAGIGG 
Asp Leu) 

6780 6790 6800 6810 
r 

GGAAGAAAG GATGAAAAIG CAACCTAACC CTCCCAGAAC CCAGGAAGF AATAAAAAGC 

6820 6830 
k : 

6840 6850 
r k 

6860 6870 6880 6890 

TCTAAAIGCC CCCGAATTCC AGACCCTGCT GGCGCCAGT AAATAGGTAG AAGGCACAC 
k r 

6900 6910 6920 
ar k t r 

TTCCTATTGT TOCAGGGCC GCTATCCTGG CCAAGTAAGAAACAGGAA AGAGIGAC 

5930 6940 6950 
k k y k 

6960 6970 
k r r r 

TAATCGCTTA TCTGGATICT GLAAAACTGA CTGGCACCAT AGAAGAATTGATTACACATT 

69BO 5990 7000 700 
t r 

7020 7030 7040 7050 
r ar k k 

7060 . . .7070 
r ir 

GACAGCCCDA GIGACCTATC TCAACIGCAA TCIGICACIC IGCCCAGGAG CCCACGCAGA 
7080 7090 7110 7120 7.30 

r w r r y r Ar 
700 

y 

TGCGGACCTC CGGAGCTAT TIAAAAIGAT TGGCCAOGG AGCGCGGGCT. CTCGATATIT 

71.40 71.50 760 7170 7180 71.90 
r Ar k 

TAAAATGATT GGICCATGGA GOGOGGGCTC TOGATATTTT AAAATGATTG GITTGIGACG 

7200 720 7220 7230 
tr 

7240 7250 
r A. 

CACAGGCITT GIGIGAACC CCAAAAAGC TOCOGATT CCGCACTCGGGGCCGCAGTC 
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7260 7270 7280 7290 
y t y r 

CCACCCCI GCGGGTGTA CGACTGTGGG CCCCAGCGCG CIGGAAAAAAATCCTCT 

7300 3. (SEQ ID NO: Y cont 
k u 

7320 7330 

GCGTTTGCA TCAAAAAAAAAAA 

FIGURE 2, CONT. 
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O 20 30 40 SO 60 (SEQID NO:3) 
... r t r r k r 

GCGTGGTGIA CGACTGIGGG CCCCAGOGCG CTIGGAATAA AAATCCTCTT GCTGTTIGC 

70 80 90 100 
y t r r 

TCAAGACCGC TVCTCGIGAG TGATTAAGGG GAGTCGCCIT TICOGAGCCT GGAGGTTCIT 

10 120 
- Air ye r 

30 140 150 
k 

TTIGCTGGICTTACATTIGGGGGCTCGICC GGGATCIGIC GOGGCCACCC CTAACACCCG 

60 170 80 
y w r 

190 200 210 220 
s r r r 

230 240 
r r s 

AGAACCGACT TGGAGGTAAA AAGGAICCTC.TTTTTAACGT GIATGCAIGT ACOGGCCGGC 
st 

250 260 

GICICIGIIc TGAGIGICIGTITICAGIGGTGcGCGCITT CGGTTTGCAG CIGICCTCTC 

270 28O 290 ... 300 
r Air r ye r sir 

30 320 330 340 350 360 
' r r "A k 

AGGCCGTAAG GGCTGGGGGA CIGIGATCAG CAGACGIGCT AGGAGGAICA CAGGCIGCTG 
k 

370 380 390 400 410 420 
r k k 

CCCTGGGGGA CGCCCCGGGA GGIGAGGAGA GCCAGGGACG CCTGGIGGICTCCTACTGIC 

430 440 A50 460 470 480 
Air r y y k r 

GGICAGAGGA CCGAATTCING TIGCGAAGC GAAAGCTTCC CCCTCCGCGA CCGICCGACT 
k 

490 500 50 520 530 540 
r r s r 

CITITGCCIG CTTGTGGAAG ACGTGGACGG GTCACGIGIG TCGGAICTG TTGGTTCTG 

550 560 
Air 

TTTIGIGIGI CITIGCTIG TGIGTCCTG TCTACAGTTT TAAT ATG GGA CAG ACG 
Met Gly Glin Thr 

570 58O 590 
r y s 

600 610 620 630 
r k r 

640 
r r 

GG ACG ACC CCT CTTAGTTTGAC CTC GAC CAT TGG ACT GAA GT AAA 
Val Thr Thr Pro Leu Ser Leu Thr Leu Asp His Trp Thr Glu Val LyS) 

650 660 670 680 690 
y r y A. A. r 

TCC AGG GCT CAAAT TIG TCA GT CAG GITAAG AAG GGA CCGG CAG 
Ser Arg Ala His ASn Leu Ser Val Glin Wall Lys Lys Gly Pro Trp Gln)- 

700 710 720 730 740 
k t 

ACT TTC TGT GTC TCT GAA TGG COG ACATIC GAT GTT GGA TGG CCA TCA 
Thr Phe Cys Val Ser Glu Trp Pro Thr Phe Asp Val Gly Trp Pro Ser 

FIGURE 3 
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750 760 770 780 (SEQ ID NO:3) cont'd 
t r y r t 

GAG. GGG ACC TTI AAT TCI GAG ATT ATC CTG GCT GT AAA GCA GTT ATT 
Glu Gly. Thr Phe Asn Ser Glu Ile Ile Leu Ala Val Lys Ala Val Ile 

790 800 810 82 83O 
t r r r k y 

TTT CAG ACT GGA occ GGC. TCT CAT occ GAT CAG GAG coc TATATc CIT 
Phe Glin Thr Gly Pro Gly Ser His Pro Asp Glin Glu Pro Tyr Ile Leux 

840 850 860 870 880 
r r r k k 

ACG TGG CAA GAT TIG GCA GAG GAT CCT CCG CCA GGGTT AAA CCA GG 
Thr Trp Gln Asp Leu Ala Glu Asp Pro Pro Pro Trp Val Lys Pro Trp> 

890 900 90 
t r r r ... At 

CIG AATAAG CCAAGAAAG CCA GGT COC CGA ATT. CTG GCT. C. GGA GAG 
Leu Asn Llys Pro Arg Lys Pro Gly Pro Arg Ile Leu Ala Leu Gly Glu2 

920 930 
r A. 

940 950 960 970 980 
A. r k A. r r 

AAA AAC AAA CAC TCG GCI GAA AAA GC AAG CCC TCI CCT CAATC TAC 
Lys Asn. Lys His Ser Ala Glu Lys Val Lys Pro Ser Pro His Ile Tyrd 

k 

1 
990 OOO rty 1020 

y k r -k r 

CCC GAG ATT GAG GAG CCA CCG GCT TGG CCG GAA CCC CAA TCT, GTT CCC 
Pro Glu Ile Glu Glu Pro Pro Ala Trp Pro Glu Pro Glin Ser Val Pro 

1030 1040 1050 
r ke sk 

1060 O70 
r s k 

CCA CCC CCT TAT CIG GCA CAG GGT GCC GCG AGG GGA CCC TT GCC CC 
Pro Pro Pro Tyr Leu Ala Gin Gly Ala Ala Arg Gly Pro Phe Ala Pro 

O80 090 
y 

1100 1110 1120 
y s r r r 

CC GGA GCI CCG GCG GTG GAG GGA cCT GCT GOA. GGG ACT CGG AGC CGG 
Pro Gly Ala Pro Ala Val Glu Gly Pro Ala Ala Gly Thr Arg Ser Arge 

1130 1140 150 1160 170 
k r r Ar e 

AGG GGC GCC ACC CCG GAG CGG ACA GAC GAG AC GOG ACA. TA CCG CTG 
Arg Gly Ala Thr Pro Glu Arg Thr Asp Glu Ile Ala Thr Leu Pro Leu) 

1,180 190 200 210 1220 
r r r Air r y 

CGC ACG TAC GGC CCT CCC ACA CCG GGG GGC CAA TIG CAG CCC CTC CAG 
Arg Thr Tyr Gly Pro Pro Thr Pro Gly Gly Glin Leu Glin Pro Leu Gln 

1250 1260 
r r 

1230 240 

TATTGG CCC TTT TCT, TCT, GCA GAT CIC TAT AAT TGG AAA ACT AAC CAT 
Tyr Trp Pro Phe Ser Ser Ala Asp Leu Tyr Asn Trp Lys Thr Asn His> 

1270 280 290 300 1310 
r r 

COC CCTTTC TCG GAG GAT CCC CAA CGC CTC ACG GGG TIG GIG GAG TCC 
Pro Pro Phe Ser Glu Asp Pro Glin Arg Leu Thr Gly Leu Val Glu Sere 

FIGURE 3,OONT. 
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1320 1339 340 1350 136 (SEQ ID NO: 3) cont'd 
r ' l t 

CTT ATG TTC TCT CAC CAG CCT ACT TOG GAT GAT TGT CAA CAG CTG CYG 
Leu Met Phe Ser His Glin Pro Thr Trp Asp Asp Cys Glin Glin Leu Leue 

1370 1380 1390 1400 1410 
w 

CAG ACA CTC TV ACA ACC GAG GAG CGA GAG AGA ATT CTA TTA GAG GCT 
Gin Thr Leu Phe Thr Thr Glu Glu Arg Giu. Arg Ile Let Leu Glu Ala) 

1420 1430 440 4SO 460 
r tr. r k r r r 

AGA AAA AAT GTT CCT GGG GCC GAC GGG CGA CCC ACG CGG TIG CAA AAT 
Arg Lys Asn Val Pro Gly Ala Asp Gly Arg Pro Thr Arg Leu Glin Asne 

470 480 490 1500 
r ye r sk k r 

GAGATT GAC AIG GGATTT CCCTTA ACT CGC CCC GGTTGG GAC TAC AAC 
Glu Ile Asp Met Gly Phe Pro Leu Thr Arg Pro Gly Trp Asp Tyr Asne 

50 1520 1530 1540 15S0 
t k A. r r r 

ACG GCE GAA. GGT AGG GAGAGCTTGAAAATC AT CGC CAG GCT CIG GIG 
Thr Ala Glu Gly Arg Glu Ser Leu Lys Ile Tyr Arg Glin Ala Leu Wal) 

560 1570 1580 1590 600 
p- wir k r sk 

GCGGGT CIC CGG GGC GCC TCA AGA CGG, CCC ACT AAT TIG GCTAAG GTA 
Ala Gly Leu Arg Gly Ala Ser Arg Arg Pro Thr Asn. Leu Ala Lys Vaid 

1610 1620 630 
'k r r t s 

1640 1650 
r r r sir 

AGA GAA GTG ATG CAG GGA CCG AAT GAA CCC CCC TOT GTTTTT CTTGAG 
Arg Glu Val Met Glin Gly Pro Asn Glu Pro Pro Ser Val Phe Leu Glu2 

1650 670 1680 1690 700 
y r ar r k s r 

AGG CIC TG GAA GCC TIC AGG CGG TAC ACC CCT. T. GAT CCC ACC TCA 
Arg Leu Leu Glu Ala Phe Arg Arg Tyr Thr Pro Phe Asp Pro Thr. Serd 

1710 1720 730 1740 
y r 

GAG GCC CAA AAA GCC TCA GIG GCT TIG Gcc TTT ATA GGA CAG TCA GCC 
Glu Ala Glin Lys Ala Ser Val Ala Leu Ala Phe Ile Gly Glin Ser Ala 

1750 1760 1770 1780 1790 
y k k k . Y s 

TTG GAT AT AGA AAG AAG CTT CAG AGA CTG GAA GGG TTA CAG GAG GCT 
Leu Asp Ile Arg Lys Lys Leu Glin Arg Leu. Glu Gly Leu Glin Glu Alas 

1800 1810 1820 830 1840 
w A. " r 

GAG TTA CGT GAT CTA GTG AAG GAG GCA GAG AAA GTA TAT TAC AAA AGG 
Glu Lieu. Arg Asp Leu Val Lys Glu Ala Glu Lys Val Tyr Tyr Lys Arge 

1850 1860 870 1880 890 
r r t k y r 

GAG ACA GAA GAA GAA AGG GAA CAA AGAAAA GAG AGA GAA AGA GAG GAA 
Glu Thr Glu Glu Glu Arg Glu Glin Arg Lys Glu Arg Glu Arg Glu Glu 

FIGURE 3,CONT. 
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(SEQ ID NO:3) cont'd 
900 190 1920 1930 1940 

r t t r 

AGG GAG GAA AGA CGT AAT AAA CGG CAA GAG AAG AAT TTS ACT AAG ATX: 
Arg Glu Glu Arg Arg Asn Lys Arg Glin Glu Lys ASn Leu Thr Lys Ilex 

1950 960 1970 980 
A. r r y r 

G GC GCA GTG GT, GAA. GGG AAA AGC AAT ACG GAA AGA GAG AGA GAT 

Leu Ala Ala Val Val Glu Gly Lys Ser ASn Thr Glu Arg Glu Arg Asp> 
d 

2000 2010 2020 1990 2030 
k r y 

TAGGAAAAT AGG TCA GGC OCTAGA CAGICA. GGG AAC CTG GGC AA 
Phe Arg Lys Ile Arg Ser Gly Pro Arg Glin Ser Gly. Asn Leu Gly. Asne 

2040 2OSO 2060 2070 
r r ir r 

2080 
k 

AGG ACC CCA CTC GAC AAG GAC CAA TGT, GCA AT TGT AAA GAA AGA GCGA 
Arg Thr Pro Leu Asp Lys Asp Glin Cys Ala Tyr Cys Lys. Glu Arg Gly> 

2090 2100 20 2120 230 
y r 'r r r 

CAC TGG GCA AGG AAC TGC CCC AAG AAG GGA AAC AAA GGA CCA AGG ATC 
His Trp Ala Arg Asn. Cys Pro Lys Lys Gly ASn Lys Gly Pro Arg Ilex. 

240 2150 2160 270 218O 
k s s s k 

CIA GCT CTA GAA GAA GAT AAA GAT TAGGGGAGACGGGGTTCGGACCCC 
Leu Ala Leu Glu Glu Asp Lys Asp) 

2230 22AO 
r 

290 2200 220 2220 
r t 

CICCCCGAGC CCAGGGAACTTGAAGGG GAGGGGCAAC CAGTTGAGT CCGGTTGAT 
s 

22SO 2260 2270 2280 2290 23OO 
r r ... r k r k A. 

ACCGGAGCGA AACATTCAG GCACTACAG CCATAGGAA AACTAAAAGA TAAAAAATCC 

2310 2320 2330 2BAO 2350 
r k it r r y 

GGGG AG GG, GCC ACA GGG CAA CAA CAG TAT CCA TGG ACT ACC CXGA AGA 
Met Gly Ala Thr Gly Glin Gln Glin Tyr Pro Trp Thr Thr Arg Arg 

2360 2370 2380 23.90 
A. r tr r 

ACA GTT GAC TIGGGA GIG GGA CGG GIA Acc cAC TCG TTT CIG GIC ATA 
Thr Val Asp Leu Gly Val Gly Arg Val Thr His Ser Phe Leu Val Iled 

2400 2410 2420 2430 2440 
r s t r y A. 

CCT GAG IGC CCA GCA CCC CTC TTA. GGT AGA GAC TTA TG ACC AAG ATG 
Pro Glu. Cys Pro Ala Pro Leu Leu Giy Arg Asp Leu Leu. Thr Lys Met) 

2450 2460 2470 24.80 2490 
r r r y y s 

GGA GCA CAA ATT TOT TTT GAA CAA. GGG AAA CCA GAA GTG TCT, GCA AAT 
Gly Ala Glin Ile Ser Phe Glu Glin Gly Lys Pro Glu Val Ser Ala ASn> 

FIGURE 3,CONT. 
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25.30 2540 2500 2510 2520 
A. y Air y 

AAC AAA CCT ATC ACT GTG TG ACC CTC CAA TTA GAT GAC GAA TAT CGA 
Asn Lys Pro Ile Thr Val Leu Thr Leu Gln Leu Asp Asp Glu Tyr Arg> 

2560 2570 2580 2590 
k 

CIA. TAC TCT COC CTA GTA AAG CCT GAT CAA AAT ATA CAA TTC TGG TIG 
Leu Tyr Ser Pro Leu Val Lys Pro Asp Gln Asn. Ile Glin Phe Trp Leux 

2500 250 2620 26.30 
r r y k r 

GAA CAG TTT CCC CAA GCC TGG GCA GAA ACC GCA GGG ATG GGTTTG GCA 
Glu Glin Phe Pro Gin Ala Trp Ala Glu Thr Ala Gly Met Gly Leu Alad 

2640 2650 2650 2670 26BO 
st r k ar 

AAG CAA GTT coc CCA CAA GTT ATT CAA CIG AAG GCC AGT GCC ACA CCA 
Lys Glin Val Pro Pro Glin Val Ile Glin Leu Lys Ala Ser Ala Thr Pro) 

2690 2700 270 2720 2730 
Yr t k y 

GEG TCA GTC AGA CAG TAC CCC TG AGT AAA GAA GCT CAA GAA GGA ATF 
Val Ser Val Arg Glin Tyr Pro Leu Ser Lys Glu Ala Glin Glu Gly Ile 

2740 2750 2760 2770 
r k r k r 

2780 
e 

CGG CCG CAT GIC CAA AGATTA AIC CAA CAG GGC ATC CTA GT CCT GIC 
Arg Pro His Val Glin Arg Leu. Ile Glin Glin Gly Ile Leu Val Pro Vald 

2790 2800 
k 1k k 

CAA TCI CCC GG AAT ACT CCC CTG CTA CCG GT AGA AAG CCT GGG ACT 
Glin Ser Pro Trp Asn. Thr Pro Leu Leu Pro Wal Arg Llys Pro Gly. Third 

281.0 2820 2830 
r A. ar r 

284 O 2850 2860 2870 
f e k 

AAT GAC AT CGA CCA GTA CAG GAC TG AGA GAG GIC AATAAA CGG GIG 
ASn Asp Tyr Arg Pro Val Glin Asp Leu Arg Glu val Asn Lys Arg, Val 

2880 2890 2900 290 292O 
t k 1A r 

CAG GAT ATA CAC CCA ACA GIC CCG AAC CCT TAT. AAC CTC LIG TGI, GCT. 
Glin Asp Ilie His Pro Thr Val Pro Asn Pro Tyr ASn Leu. Leu. Cys Alax 

29.30 2940 2950 2960 2970 
Ar r s e r k 

CTC CCA CCC CAA CGG AGC TGG TAT ACA GTATTG GAC TTA AAG GAT GCC 
Leu Pro Pro Glin Arg Ser Trp Tyr Thr Val Leu Asp Leu Lys Asp Ala 

2.980 2990 3000 300 
A. r r Air 

3020 
r s 

TTC TTC TGC CTG AGATTACAC CCC ACT AGC CAA CCA CTTTTT GOC TTC 
Phe Phe Cys Leu Arg Leu. His Pro Thr Ser Glin Pro Leu Phe Ala Phe 

3030 3040 3050 3060 
r r r 

GAA TGG AGA GAT CCA GGT ACG GGA AGA ACC GGG CAG CTC ACC TGG ACC 
Glu Trp Arg Asp Pro Gly. Thr Gly Arg Thr Gly Glin Leu Thr Trp Third 

FIGURE 3,CONT. 
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3090 3100 3110 (SEQID NO. 3) cont's 
Ar r r 

CGA CIG CCC CAA. GGGTTC AAG AAC TCC COG ACC ATC TTT GAC GAA GCC 
Arg Leu Pro Glin Gly Phe Lys Asn Ser Pro The Ilie Phe Asp Glu Ala) 

320 3130 340 • 350 360 
k r s r r y 

CTA CAC AGAGAC CTG GCC AAC TTC AGG ATC CAA CAC CCT CAG GIG Acc 
Leu. His Arg Asp Leu Ala Asn Phe Arg Ilie Gln His Pro Glin Val Third 

3170 380 3.90 
r 

3200 3210 
r y r 

CTC CTC CAG TAC GTG GAT GAC CTG CTT. CTG GCG GGA GCC ACC AAA CAG 
Leu Lleu Glin Tyr Val Asp Asp Leu Leu Leu Ala Gly Ala Thr Lys Glind 

3220 32.30 3240 32.50 
ar r 

3260 
r r 

GAC IGCTA GAA. GGC ACG AAG GCA CA CTG. CG GAA TG TCT GAC CA 
Asp Cys Leu Glu Gly. Thr Lys Ala Leu Leu Leu Glu. Leu Ser Asp Leux 

3290 3300 3310 
k t A. r 

3270 3280 
r A. 

GGC TAC AGA GCC CT GCTAAG AAG GCC CAG AT TGc AGG AGA GAG GTA 
Gly Tyr Arg Ala Ser Ala Lys Lys Ala Glin Ile Cys Arg Arg Glu Wals 

3320 3330 3340 3350 
t r 

ACA TAC TG GGG TAC AGT TG CGG GAC GGG CAG CGA TGG CIG ACG GAG 
Thr Tyr Leu Gly Tyr Ser Leu Arg Asp Gly Glin Arg Trp Leu Thr Glud 

3400 3360 3370 3380 3390 
A. r r t k 

. GCA CGG AAG AAA ACT GIA GTC CAG ATA CCG GCC CCA ACC ACA GCC AAA 
Ala Arg Lys Lys Thr Val Val Glin Ile Pro Ala Pro Thr. Thr Ala Lys 

340 3420 3430 3440 3450 
r w y r A. 

CAAATGAGA GAG TTT T.G. GGG ACA GCT GGA TTGC AGA CTG GG AC 
Glin Met Arg Glu Phe Leu Gly Thr Ala Gly Phe Cys Arg Leu Trp Ile 

3460 3470 3480 
k t r 

CCG GGGTTT GCG ACC TTA GOA GCC CCA CTC TAC COG CTA ACC AAA GAA 
Pro Gly Phe Ala Thr. Leu Ala Ala Pro Leu Tyr Pro Leu Thr Lys Glud 

3490 3500 
s k k 

3510 3520 3530 3540 3550 
y r r r r r 

AAA GGG GAA TICTCC TGG GCTCCT GAG CAC CAG AAG GCA TTT GAT GCT 
Lys Gly Glu Phe Ser Trp Ala Pro Glu. His Glin Lys Ala Phe Asp Ala 

e 

3560 3570 3580 3590 
e. t t wr 

ATC AAA AAG GCC CTG CTG AGC GCA CCT GCT. CTG GCC CTC CCT GAC GTA 
Ile Lys Lys Ala Leu. Leu Ser Ala Pro Ala Leu Ala Leu Pro Asp Val) 

3600 360 3620 36.30 
r A. 

3640 
k t 

ACT AAA CCC TTT ACC CTT TAT GIG GAT GAG CGT AAG GGA GTA GCC CGG 
Thr Lys Pro Phe Thr Leu Tyr Val Asp Glu Arg Lys Gly Val Ala Arg> 

FIGURE 3,OONT. 
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(SEQID NO: 3) cont's 3650 3660 3670 358O 3690 
r y A. y r r r 

GGA GT TTA ACC CAA ACC CA. GGA CCA TGG AGA AGA CCT GTC GCC TAC 
Gly Wall Leu Thr Gln Thr Leu Gly Pro Trp Arg Arg Pro Val Ala Tyre 

3730 3740 
r r 

3700 370 3.720 
Ar 

CTG TCA AAG AAG CTC GA, CCT GTA GOC AGT, GCGT TGG CCC ATA TGC CIG 
Leu Ser Lys Lys Leu Asp Pro Val Ala Ser Gly Trip Pro Ile Cys. Leud 

3750 3760 3770 3780 3790 
r r r r Ar 

AAG GCT ATC GCA GCT GTG GCC ATA CTG GTC AAG GAC GCT GAC AAA TG 
Lys Ala Ile Ala Ala Val Ala Ile Leu Val Lys Asp Ala Asp Llys Teud 

3800 3810 3820 38:30 
k r r r r 

ACT TIG GIGA CAG AAT ATA ACT GTA ATA GCC CCC CAT GCA TG GAG AAC 
Thr Leu Gly Glin Asn. Ile Thr Val Ile Ala Pro His Ala Leu Glu Asnc. 

3840 3850 
r 

ATC GT CGG CAG CCC CCA GAC CGA TGG ATG ACC AAC GCC CGC ATG ACC 
Ile Val Arg Gln Pro Pro Asp Arg Trp Met Thr Asn Ala Arg Met Thrd 

3860 3870 3880 
r k r s 

3890 3900 390 392O 
s e k r 

CAC TAT CAA AGC CTG CTT CIC ACA GAG AGG GTCACG TTC GCT CCA CCA 
His Tyr Glin Ser Leu Leu Leu. Thr Glu Arg Val Thr Phe Ala Pro Pro 

3930 
y r 

3980 
k 

3940 3950 3960 3970 
k k k k r 

GCC GCT CIC, AAC CCT GOC ACT CIT CIG CCT GAA GAG ACT GAT GAA CCA 
Ala Ala Leu. Asn Pro Ala Thr Leu Leu Pro Glu Glu Thr Asp Glu Pro) 

3990 4OOO A010 4020 4030 
r t r r r . 

GG ACT CAT GAT TGC CA CAA CIA GAT AG GAG AC GCG GIC CC 
Val Thr His Asp Cys His Glin Leu. Leu I?le Glu Glu Thr Gly Val Arg> 

r 

4040 4.050 4060 4070 
k t A. k 

AAG GAC CT ACA GAC AIA CCG CGAC GGA GAA GTG CTA ACC TGG TTC 
Lys Asp Leu. Thr Asp Ile Pro Leu Thr Gly Glu Val Leu. Thr Trp Phel 

yar r 

4080 4090 4100 410 420 
r k s r y 

ACT GAC GGA, AGC AGC TAT GIG GIG GAA GGTAAG AGG ATG GCT. GGG GCG 
Thr Asp Gly Ser Ser Tyr Val Val Glu Gly Lys Arg Met Ala Gly Alad 

4130 4140 450 460 470 
r k r k s 

GCG GIG GIG GAC GGG ACC CGC ACG ATC TGG GCC AGC AGC CTG COG GAA 
Ala Val Val Asp Gly. Thr Arg Thr Ile Trp Ala Ser Ser Leu Pro Glud 

480 4190 
r 

4200 4210 4220 
k 

GGA ACT TOA GCA CAA AAG GCT GAG CIC ATG GCC CTC ACG CAA GCT TTG 
Gly Thr. Ser Ala Gln Lys Ala Glu Leu Met Ala Leu Thr Glin Ala Leus 

FIGURE 3,CONT. 
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427 (SEQ ID NO: 3) cont'd 
sk 

4230 4240 4250 4260 
k r 

CGG CTG GCC GAA GGG AAA ICC ATA AAC AT TAT ACG GAC AGC AGG TAT 
Arg Leu Ala Glu Gly Lys Ser Ile ASn Ile Tyr Thr Asp Ser Arg Tyr 

4290 4300 430 
t k r r k 

4280 
r t 

GCC TTT GCG ACT GCA CAC GTA CA. GGG GCC ATC TATAAA CAA AGG GGG 
Ala Phe Ala Thr Ala His Val His Gly Ala Ile Tyr Lys Glin Arg Gly> 

4320 A330 4.340 A350 
vir r r r 

4360 
r r 

TIG CTT ACC TCA GCA GGG AGG GAA ATA AAG AAC AAA GAG GAA ATT CIA 
Leu Leu Thr Ser Ala Gly Arg Glu Ile Lys Asn Lys Glu Glu Ile Leud 

4370 4380 4390 4400 4.410 
s r 

AGC CTA TTA GAA GCC GA CAT TA CCAAAA AGG CTA GCT ATT AIA CAC 
Ser Leu Leu Glu Ala Wal His Leu Pro Lys Arg Leu Ala Ile Ile His> 

4420 4430 4440 4450 
r r r y 

4460 
r r 

TGT CCT GGA CAT CAG AAA GCT. AAA GAT CTC ATA TCC AGA GGA AAC CAG 
Cys Pro Gly His Glin Lys Ala Lys Asp Leu. Ile Ser Arg Gly Asn Glind 

A470 A480 4490. 4500 
r k s t 

4510 
t t 

AG GC GAC CGG GTT GCC AAG CAG GCA GCC CAG GGT GIT AAC CT. CTG 
Met Ala Asp Arg Val Ala Lys Glin Ala Ala Glin Gly Val ASn Leu Leuc) 

4520 4530 
A. e r "A 

. CCT ATA ATA GAA AIG CCC AAA GCC CCA GAA CCC AGA CGA CAG TAC ACC 
Pro Ile Ile Glu Met Pro Lys Ala Pro Glu Pro Arg Arg, Glin Tyr Thr 

4540 4550 
k r k 

4560 4570 4580 
r 

CTA GAA GAC TGG CAA GAG ATA AAA AAG ATA GAC CAG TTC TCT GAG ACT 
Leu Glu Asp Trp Glin Glu Ile Llys Lys Ile Asp Glin Phe Ser Glu Third 

4590 4600 
Ar k k 

460 4620 4630 4640 46.50 
k k 

CCG GAA GGG ACC TGC TAT ACC TCA GAT GGG AAG GAA ATC CTG CCC CAC 
Pro Glu Gly Thr Cys Tyr Thr Ser Asp Gly Lys Glu Ile Leu Pro His> 

4660 A670 4680 4690 A700 
r r A. k y y 

AAA GAA. GGG TA GAA TA GTC CAA CAG ATA CAT CGT CIA ACC CAC CA 
Lys Glu Gly Leu. Glu Tyr Val 'Gin Glin Ile His Arg Leu. Thr His Leu 

471) 4720 4730 . 4740 
e s r r r 

GGA ACT AAA CAC CTG CAG CAG TIG GIC AGA ACA TCC CCT TAT CAT GTT 
Gly. Thr Lys His Leu Glin Gln Leu Val Arg Thr Ser Pro Tyr His Val 

4750 
e 

4760 4770 4780 4790 
y wk r r r 

CTG AGG CTA CCA GGA GTG GCT GAC TCG GIG GIC AAA CAT TGT GTG CCC 
Leu Arg Leu Pro Gly Val Ala Asp Ser Val Val Lys His Cys Val Pros 

FIGURE 3,CONT. 
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4800 480 4820 , 4830 4840 (SEQID NO:3) conta 
r r t k y 

TGC CAG CTG GTT AAT GCT. AAT CCT TOC AGA ATG CCT CCA GGG AAG AGA 
Cys Gln Leu Val Asn Ala Asn Pro Ser Arg Met Pro Pro Gly Lys Arg> 

4850 4860 4870 488O 4890 
k k y 

CTA AGG GGA AGC CAC CCA GGC GCT CAC IGG GAA GG GAC TTC ACT GAG 
Leu Arg Gly Ser His Pro Gly Ala His Trp Glu Val Asp Phe Thr Gluc 

4900 490 4920 4930 4.940 
k r y e Ar r k k 

GTA AAG CCG GCT AAA TAC GGAAACAAA TAC CTA TG GTTTT GIA GAC 
Val Llys Pro Ala Lys Tyr Gly Asn Lys Tyr Leu Leu Val Phe Val Asp> 

4950 4960 4970 4980 4990 
r k se t 

ACC TTT ICA GGA TGG GIA GAG GCT TAT CCT ACT AAG AAA GAG ACT TCA 
Thr Phe Ser Gly Trp Val Glu Ala Tyr Pro Thr Lys Lys Glu Thr Ser> 

SOOO 5010 5020 5030 
r sir k r s 

ACC GTG GTG GCI AAA AAA ATA CTG GAA GAA. A. T CCA AGA TT GGA 
Thr Val Val Ala Lys Lys Ile Leu Glu Glu Ile Phe Pro Arg Phe Gly> 

5040 5050 5060 5070 5080 
r k r w e 

ATA CCT AAG GTA ATA GGG TCA GACAAT GGT CCA GCT TTT GTT (CC CAC 
Ile Pro Llys Val Ile Gly Ser Asp ASI Gly Pro Ala Phe Wall Ala Glind 

5090 5100 510 5120 5130 
t k r 

GTA AGT CAG GGA CTG GCC AAG ATA TTG GGG ATT GAT TGG AAA CIG CAT 
Val Ser Gln Gly Leu Ala Lys Ile Leu Gly Ile Asp Trp Lys Leu. His> 

S40 550 560 S70 580 
k k r r r y 

IGT GCA TAC AGA CCC CAA AGC ICA GGA CAG GTA GAG AGG ATG AAT AGA 
Cys Ala Tyr Arg Pro Glin Ser Ser Gly Glin Val Glu Arg Met Asn Arge 

51.90 5200 5210 5220 5230 
t s t t 

ACC ATT. AAA GAG ACC CTT ACT AAA G ACC GCG GAG ACT GCC GTT AAT 
Thr Ile Lys Glu Thir Leu. Thir Lys Leu. Thr Ala Glu Thr Gly Val ASn> 

5240 5250 
s k A. 

GAT TGG ATA GCT CIC CIG CCC TTT GIG CTTTTT AGG GIT AGG AAC ACC 
Asp Trp Ile Ala Leu Leu Pro Phe Val Leu Phe Arg Val Arg Asn Thr 

Air 
S260 5270 

A. 

5280 5290 5300 5310 
r r r 

5320 
yr . r 

CCT GGA CAG TTT GGG CTG ACC CCC TAT GAA TTA CTC TAC GGG GGA CCC 
Pro Gly Glin Phe Gly Leu Thr Pro Tyr Glu Leu Leu Tyr Gly Gly Pro 

5330 5340 5350 5360 5370 
s y y 

CCC CCA TIG GIA GAA ATT GCT TOT GTA CAT AGT, GCT GAC GTG CTG CT 
Pro Pro Leu Val Glu Ile Ala Ser Val His Ser Ala Asp Wall Leu Leu) 

FIGURE 3,CONT. 
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538O 5390 S400 5410 542O (SEQID NO:3) cont'd 
r r s - y s 

TCC CAG CCT TIG TTC TCT AGG CTC AAG GCA CTT GAG TGG GTG. AGA CAA 
Ser Gln Pro Leu Phe Ser Arg Leu Lys-Ala Leu Glu Trp Val Arg Glin 

5A30 5440 5450 54.60 
r k 

5470 
s r 

CGA GCG IGG AGG CAA CTC CGG GAG GCC TAC ICA GGA GGA GGA GAC TIG 
Arg Ala Trp Arg Gln Leu Arg Glu Ala Tyr Ser Gly Gly Gly Asp Leux 

548O 5490 5500 5510 
r : k k 

CAG ATC CCA CAT CGT TTC CAA GTG GGA GATTCA GIC TAC GTT AGA CGC 
Glin Ile Pro His Arg Phe Glin Val Gly Asp Ser Val Tyr Val Arg Arge 

5520 SS30 5540 5550 5560 
r r le 

CAC CGI, GCA GGA. AAC CTC GAG ACT CGG GG AAG GGC OCTA CTC GTA 
His Arg Ala Gly. Asn Leu. Glu Thr Arg Trp Lys Gly Pro Tyr Leu Vals 

5570 SS80 5590 
e 

5500 560 
s 

C. IG ACC ACA CCA ACG GC GG AAA GC GAA GOA. ATC. TCC ACC GG 
Leu Leu Thr Thr Pro Thr Ala Val Lys Val Glu Gly Ile Ser Thr Trp 

5620 5630 5640 5550 S650 
w s 4. 

ATC CAT GCA TCC CAC GT AAA CCG GCG CCA CCT COC GAT TCG GGG IGG 
Met His Pro Thr Leu Asin Arg Arg His Leu Pro Ile Arg Gly Gly> 

e His Ala Ser His Val Lys Pro Ala Pro Pro Pro Asp Ser Gly Trps 

S670 5680 

AAA GCC GAA AAG ACT GAA AAT CCC CTTAAG CTT CGC CTC CAT CGC GTG 
Llys Pro Lys Arg Leu Lys Ile Pro Leu Ser Phe Ala Ser Ile Ala Trp 

5690 5700 571O 
r r * k 

Lys Ala Glu Lys Thr Glu Asn Pro Leu Lys Leu Arg Leu His Arg Wai 

5720 5730 
r k t 

GTT CCTTAC TCT GIC AAT AAC CTCTCA GAC T AAT GGT AIG CGC ATA GGA 
Phe Leu Thr Leu Ser Ile Thr Ser Glin Thr Asn Gly Met Arg Ile Gly> 

5740 5750 5760 
y s s 

Val Pro Tyr Ser Val Asn Asn Leu Ser Asp> 

5770 5780 5790 5800 
s t r " 

GAC AGC CIG AAC TCC CAT AAA CCCTTATCT CIC ACC TGG TTA ATT ACT 
Asp Ser Leu Asn Ser His Llys Pro Leu Ser Leu. Thr Trp Leu Ile Thr) 

580 S82O SB30 584 5850 
s s 

GAC TCC GGC ACA GT ATT AAT ATC AAC AAC ACT CAA. GGG GAG GCT CCT 
Asp Ser Gly. Thr Gly Ile Asn Ile Asn Asn Thr Gln Gly Giu Ala Pro2 

FIGURE 3CONT. 
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S860 5870 5880 5890 
y 590 (SEQID NO:3) cont'd 

TTA GGA ACC TGG TGG CCT GAT CIA. TAC GTI TGC CTC AGA TCA GIT ATT 
Leu Gly Thr Trp Trp Pro Asp Leu Tyr Val Cys Leu Ag Ser Val Ile 

y 

590 5920 5930 59AO 5950 
r k k 

CCT AGT CTG ACC TCA CCC CCA GAT ATC CTC CAT GCT CAC GGA TTT TAT 
Pro Ser Leu Thir Ser Pro Pro Asp Ile Leu His Ala His Gly Phe Tyre 

S960 5970 598O 599D 6OOO 
s t k 

GIT TGC CCA GGA CCA CCA AAT AAT GGA AAA CAT IGC GGA AAT CCC AGA 
Val Cys Pro Gly Pro Pro Asn Asn Gly Lys His Cys Gly ASn Pro Arge 

6O10 6O20 6OBO 5040 
y k k k . . 

GATTTC TTT TGT AAA CAA TGG AAC TGT GTA ACC TCT AAT GAT GGA TAT . . . 
Asp Phe Phe Cys Lys Glin Trp Asn. Cys Val Thr Ser Asn. Asp Gly Tyr 

6O50 5060 5070 608O 6090 

IGG AAA TGG CCA ACC TCT CAG CAG GAT AGG GEA AG TF, TCT TAT GIC 
Trp Llys Trp Pro Thr Ser Glin Gin Asp Arg Val Ser Phe Ser Tyr Val 

500 6110 6120 630 6140 
r 

F.C ACC TAI ACC AGC TCT GGA CAA TTT AAT TAC CTG ACC TGG AT AGA 
Asia. Thir Tyr Thr Ser Ser Gly Glin Phe Asn. Tyr Leu. Thir Trp Ile Arge 

6150 560 670 18O 690 
s y 

ACT GGA AGC CCC AAG GC ICF CCT TCA. GAC CTA GA. TAC CTA AAA ATA 
Thr Gly Ser Pro Lys Cys Ser Pro Ser Asp Leu. Asp Tyr Leu Lys Iles 

62OO 62O 6220 6230 
y 

5240 
t 

AGTTTC ACT GAG AAA GGA AAA CAA GAA AAT ATC CTA AAA TGG GTA AAI 
Ser Phe Thr Glu Lys Gly Lys Glin Glu ASn Ile Leu Lys Trp Val Asne 

5250 6260 6270 628O 
k 

GG ATG CT. IGGGGA AG GAA. A. GGA. GGC NG GG AAA CAA CCA 
Gly Met Ser Trp Gly Met Val Tyr Tyr Gly Gly Ser Gly Lys Glin Pro 

629O. 6300 630 
' 

632O 6330 
4. r 

GGC TCC ATT CTA ACT ATT CGC CIC AAA ATA AAC CAG CIG GAG CCT COA 
Gly Ser Ile Leu Thir Ile Arg Leu Lys Ile Asn Glin Leu Glu Pro Pro 

6340 5350 6360 6370 638O 
t g s s t 

AIG GCT ATA GOGA CCAAAT ACG GTC TIG ACG GGE CAA AGA CCC CCA ACC 
Met Ala Ile Gly Pro Asn Thr Val Leu Thr Gly Glin Arg Pro Pro Thre 

6390 600 6AO 
' r 

CAA. GGA CCA GGA CCA TCC TCT AAC ATA ACT TCT GGA TCA GAC CCC ACT 
Glin Gly. Pro Gly Pro Ser Ser Asn Ile Thr Ser Gly Ser Asp Pro Third 

642O 64.30 
y : 

FIGURE 3CONT. 
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6440 6450 54.60 6470 6480 
r R r k yk k 

GAG TC AAC AGC ACG ACT AAAAIG GGG GCA AAA CT TTT AGC CTC ATC 
Glu Ser Asn Ser Thr Thr Lys Met Gly Ala Lys Leu Phe Ser Leu Ile 

y y 

6490 6500 650 652O 
y y y - 

CAG GGA GCT TTT CAA GCT. CTT. AAC TCC ACG ACT CCA GAG GCT ACC TCT 
Glin Gly Ala Phe Glin Ala Leu Asn Ser Thr Thr Pro Glu Ala Thr Sere 

65.30 6540 6550 6560 6570 
s st t y r r r Ar 

TCT TGT TGG CIA TGC TIA GCT TOG GGC CCA CCT TAC TAT GAA GGA ATG 
Ser. Cys Trp Leu Cys Leu Ala Ser Gly Pro Pro Tyr Tyr Glu Gly Metz 

6580 6590 6600 6610 662O 
s 

GCT AGA AGA. GGG AAA TTC AAT GIG ACA AAA. GAA CAT AGA GAC CAA TGC 
Ala Arg Arg Gly Lys Phe ASIn Val Thr Lys Glu. His Arg Asp Glin Cys> 

6630 6640 56.50 6660 6670 
k k k k y - 

ACA TGG GGA TCC CAA AATAAG CIT ACC CTT ACT GAG GTTTCT GGA AAA 
Thr Trp Gly Ser Glin Asn Lys Leu Thr Leu Thr Glu Val Ser Gly Lys-> 

6680 6690 6700 6710 6720 
k k k k r 

GGC ACC IGC AIA GGA AAG GTT CCC CCA TCC CAC CAA CAC CT TGT AAC 
Gly Thr Cys Ile Gly Lys Val Pro Pro Ser His Glin His Leu. Cys Asn 

6730 6740 6750 6760 
t t r k Y. 

CAC ACT GAA GCC TTT AAT CAA ACC TCT GAG AGT CAA TAT CTG GTA CCT 
His Thr Gu Ala Phe ASn Gin Thr Ser Glu Ser Glin Tyr Leu Val ProX 

6770 678O 6790 6800 
s r y r 

6810 

GGT TAT GAC AGGGG TGG GCA TGT AAT ACT GGAA ACC CCT GT GTT 
Gly Tyr Asp Arg Trp Trp Ala Cys Asn Thr Gly Leu Thr Pro Cys Val 

5820 6830 6840 6850. 6860 
r r 

TCC ACC TG GTTTTT AAC CAA ACT AAA GAT TIT TGC AIT AIG GIC CAA 
Ser Thr Leu Val Phe Asin Gln Thr Lys Asp Phe Cys Ile Met Val Gln 

6870 6880 6890 6900 690 
r # y y 

ATT GTT CCC CGA GIG TAT TAC TAT CCC GAA AAA GCA ATC CTT GAT GAA 
Ile Val Pro Arg Val Tyr Tyr Tyr Pro Glu Lys Ala Ile Leu Asp Glu 

6920 6930 6940 6950 6960 
A. y r k k r y 

TAT GAC TAC AGA AAT CAT CGA CAA AAG AGA GAA CCC ATA TCT CTG ACA 
Tyr Asp Tyr Arg Asn His Arg Gln Lys Arg Glu Pro Ile Ser Leu Third 

6970 6980 6990 7000 
y k k r 

CT GCT GIGAG CTC GGA CT GGA GTG GCA GCA GGT GTA GGA ACA GGA 
Leu Ala Val Met Leu Gly Leu Gly Val Ala Ala Gly Val Gly. Thr Gly> 

r r 

FIGURE 3,OONT. 
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700 7020 7030 7040 7050 
t r k 

ACA GCT, GCC CTG GIC ACG GGA CCA CAG CAG CTA GAA ACA GGA CTTAGT 
Thr Ala Ala Leu Val Thr Gly Pro Glin Glin Leu Glu Thr Gly Leu Sere 

7060 7070 7080 7090 
ar y y k 

7100 
w sk 

AAC CTA CAT CGA, ATT GTA ACA GAA GAT CTC CAA GCC CTA GAA AAA TCT 
Asn Leu. His Arg Ile Val Thr Glu Asp Leu Glin Ala Leu Glu Lys Sere 

7110 7.20 7.30 740 750 
t r r r r r k 

GIC AGT AAC CTG GAG GAA TCC CTA ACC ICC TA ICT GAA GTA GTC CTA 
Val Ser Asn Leu Glu Glu Ser Leu Thir Ser Lell Ser Glu Val Val Leux 

760 7170 780 71.90 7200 
s se t 

CAG AAT AGA AGA. GGG TTA GAT TTA ITA TTT CIA. AAA GAA GGA GGA TIA 
Glin ASn Arg Arg Gly Leu Asp Leu Leu Phe Leu Lys Glu Gly Gly Leux 

7220 7230 7240 7210 
r y 

TGT GTA GCCTTGAAG GAG GAA TGC TGT TTT TAT GTG GAT CAT TCA. GGG 

t 

. Cys Val Ala Leu Lys Glu Glu Cys Cys Phe Tyr Val Asp His Ser Gly> 

7250 7260 7270 
y 

GCC ATC AGA GAC TCC AG AACAAG CE AGA GAA AGG TG GAC AAG CGT 
Ala Ile Arg Asp Ser Met Asn Lys Leu Arg Glu Arg Leu Glu Lys Arg> 

7280 7290 
t y 

7.300 7310 7320 7330 7.340 
r k A. r r r se 

CGA AGG GAA AAG GAA ACT ACT CAA. GGG TGGTTT GAG GGA TGG TIC AAC 
Arg Arg Glu Lys Glu Thr Thr Glin Gly Trp Phe Glu Gly Trp Phe ASn> 

7350 , 7360 7370 7380 7390 
k y r t t r 

AGG TCT CIT TGG TIG GCT ACC CA CTT, TCT, GCT, TTA ACA GGA CCC TTA 
Arg Ser Leu Trp Leu Ala Thr Leu Leu Ser Ala Leu Thr Gly Pro Leu) 

7400 740 742O 7430 7440 
s r 

ATA GTC CTC CTC CTG TTA. CIC ACA GTT GGG CCA TG AT ATT. AAC AAG 
Ile Wall Leu Leu Leu Leu Leu Thr Val Gly Pro Cys Ile Ile ASn Lys) 

7450 7460 7470 7480 
r A: Air r ar A. 

TTA ATI GCC TIC ATT AGA GAA CGA ATA AGT, GCA GTC CAG AC AIG GIA 
Leu. Ile Ala Phe Ile Arg Glu Arg Ile Ser Ala Val Glin Ile Met Wald 

r 

7490 7500 7510 7520 75.30 
r y 

CTTAGA CAA CAG TAC CAA AGC COG TCT AGC AGG GAA GCT GGC CGC 
Leul Arg Glin Gln Tyr Glin Ser Pro Ser Ser Arg Glu Ala Gly Arg> 

7540 7550 7560 7570 
r A. y 

7580 7.590 
r r t s 

TAGCTCT ACCAGTTCTA AGATTAGAACTATTAACAAG AGAAGAAGTG GGGAATGAAA 

FIGURE 3,CONT. 
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7600 760 752O 7630 7640 76.50 (SEQID NO: 3) cont 
s y r r r r 

GGATGAAAAT ACAACCTAAG CTAATGAGAA GCTAAAATT GTICTGAATT CCAGAGTTTG 

7660 7670 7680 7690 7700 7710 
r r t r r r r f f 

TCCTTATAG GTAAAAGATT AGGTTTTTTG CTGTTTTAAA ATAIGCGGAA GTAAAATAGG 

7720 7730 77A0 7750 7750 7770 
r re A. s r t 

CCCIGAGTAC ATGTCTCTAG GCATGAAACT TOTTGAAACT ATTTGAGATA ACAAGAAAAG 

7780 7790 7800 7810 7820 
s r r Ar r A. 

GGAGTTTCTA ACTGCTTGIT TAGCTTCTGT AAAACTGGTT GCGCCATAAA GATGTTGAAA 

78.30 
r 

7840 7850 7860 7870 7880 7890 
r k r y Ar k 

TGTIGATACA CATATCTTGG TGACAACATG TCTCCCCCAC CCOGAAACAT. GCGCAAATGT 

7900 7910 7920 7930 7940 795.0 
A. k A s 

GPAACICTAA AACAATTTAA ATTAATIGGT COACGAAGCG CGGGCTCTCG AAGTTTTAAA 
7960 7970 7980 7990 8000 

k r r y k 
8010 

k t r 

TIGACTGGTTTGIGATATITTGAAAIGATT GGTTTGTAAA GCGCGGGCTT TGTIGIGAAc 
8O20 8030 8040 8050 806O 8070 

r k r 

CCCATAAAAG CTGTCCCGAC CCACACTCG GGGCCGCAGT CCCTACCCC TGCGTGGGT 

8090 800 8110 82O 830 
y r 

ACGACIGIGG GCCCCAGCGC GCITGGAATAAAAAICCTCT TGCTGITIGC ATCAAAAAAA 

AA 

FIGURE 3,CONT. 
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MOLECULAR SEQUENCE OF SWINE 
RETROVIRUS AND METHODS OF USE 

0001. This application is a continuation of U.S. Ser. No. 
10/723,552, filed Nov. 26, 2003, which is a divisional of U.S. 
Ser. No. 09/661,858, filedon Sep. 14, 2000, now U.S. Pat. No. 
6,699,663, which is a divisional of U.S. Ser. No. 08/766,528, 
filed on Dec. 13, 1996, now U.S. Pat. No. 6,190,861, which is 
a continuation-in-part of U.S. Ser. No. 08/572,645, filed on 
Dec. 14, 1995, the entire contents of which are hereby incor 
porated by reference. 

FIELD OF THE INVENTION 

0002 The invention relates to porcine retroviral 
sequences, peptides encoded by porcine retroviral sequences, 
and methods of using the porcine retroviral nucleic acids and 
peptides. 

BACKGROUND OF THE INVENTION 

0003 Advances in solid organ transplantation and a 
chronic shortage of Suitable organ donors have made 
Xenotransplantation an attractive alternative to the use of 
human allografts. However, the potential for introduction of a 
new group of infectious diseases from donor animals into the 
human population is a concern with the use of these methods. 
0004. The term applied to the natural acquisition by 
humans of infectious agents carried by other species is Zoono 
sis. The transplantation of infection from nonhuman species 
into humans is best termed “direct Zoonosis” or "xenosis.” 

0005. Nonhuman primates and Swine have been consid 
ered the main potential sources of organs for Xenotransplan 
tation (Niekrasz et al. (1992) Transplant Proc 24:625; Starzl 
et al. (1993) Lancet 341:65; Murphy et al. (1970) Trans Proc 
4:546; Brede and Murphy (1972) Primates Med7:18: Cooper 
et al. In Xenotransplantation. The Transplantation of Organs 
and Tissues between Species, eds. Cooper et al. (1991) p. 457; 
RY Calne (1970) Transplant Proc 2:550; H. Auchincloss, Jr. 
(1988) Transplantation 46:1; and Chiche et al. (1993) Trans 
plantation 6:1418). The infectious disease issues for primates 
and Swine are similar to those of human donors. The preven 
tion of infection depends on the ability to predict, to recog 
nize, and to prevent common infections in the immunocom 
promised transplantation recipient (Rubin et al. (1993) 
Antimicrob Agents Chemother 37:619). Because of the poten 
tial carriage by nonhuman primates of pathogens easily 
adopted to humans, ethical concerns, and the cost of main 
taining large colonies of primates, other species have received 
consideration as organ donors (Brede and Murphy (1972) 
Primates Med 7:18; Van Der Riet et al. (1987) Transplant 
Proc 19:4069; Katler In Xenotransplantation. The Trans 
plantation of Organs and Tissues between Species, eds. Coo 
per et al. (1991) p. 457; Metzger et al. (1981) J Immunol 
127:769; McClure et al. (1987) Nature 330:487; Letvin et al. 
(1987) J Infect Dis 156:406; Castro et al. (1991) Virology 
184:219; Benveniste and Todaro (1973) Proc Natl Acad Sci 
USA 70:3316; and Teich, in RNA Tumor viruses, eds. Weisset. 
al. (1985) p. 25). The economic importance of swine and 
experience in studies of transplantation in the miniature 
Swine model have allowed some of the potential pathogens 
associated with these animals to be defined (Niekrasz et al. 
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(1992) Transplant Proc 24:625; Cooper et al. In Xenotrans 
plantation. The Transplantation of Organs and Tissues 
between Species, eds. 
Cooper et al. (1991) p. 457; and Leman et al. (1992) Diseases 
of Swine, 7th ed. Ames, Iowa:Iowa State University). Minia 
ture Swine have received consideration as organ donors 
because of a number of features of the species. The structure 
and function of the main pig organs are comparable to those 
of man. Swine attain body weights and organ sizes adequate 
to the provision of organs for human use. Lastly, veterinarians 
and commercial breeders have developed approaches to cre 
ation of specific-pathogen-free (SPF) swine with the ability to 
eliminate known pathogens from breeding colonies (Alex 
ander et al. (1980) Proc 6th Int Congr Pig Vet Soc, Copen 
hagen: Betts (1961) Wet Rec. 73:1349; Betts et al. (1960) Vet 
Rec 72:461; Caldwell et al. (1959) J Am Vet Med Assoc 
135:504; and Yong (1964) Adv. Vet Sci 9:61). 
0006 Concern exists over the transfer of porcine retrovi 
ruses by xenotransplantation (Smith (1993) N Engl J Med 
328:141). Many of the unique properties of the retroviruses 
are due to the synthesis of a complementary DNA copy from 
the RNA template (by reverse transcriptase), and integration 
of this DNA into the host genome. The integrated retroviral 
copy (which is referred to as an endogenous copy or “provi 
rus') can be transmitted via the germ line. 

SUMMARY OF THE INVENTION 

0007. In general, the invention features a purified swine or 
miniature swine retroviral nucleic acid, e.g., a Tsukuba 
nucleic acid, a purified miniature Swine retroviral nucleic acid 
sequence of SEQID NO:1 or its complement, SEQID NO:2 
or its complement, or SEQID NO:3 or its complement, and 
methods of their use in detecting the presence of porcine, e.g., 
miniature Swine, retroviral sequences. 
0008. In another aspect, the invention features a purified 
nucleic acid, e.g., a probe or primer, which can specifically 
hybridize with a purified swine or miniature Swine retroviral 
genome, e.g., a Tsukuba genome, the sequence of SEQ ID 
NO:1 or its complement, SEQID NO:2 or its complement, or 
SEQ ID NO:3 or its complement. 
0009. In preferred embodiments the nucleic acid is other 
than the entire retroviral genome of SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement, e.g., it is at least 1 nucleotide longer, 
or at least 1 nucleotide shorter, or differs in sequence at least 
one position, e.g., the nucleic acid is a fragment of the 
sequence of SEQID NO:1 or its complement SEQID NO:2 
or its complement, or SEQID NO:3 or its complement, or it 
includes sequence additional to that of SEQID NO:1, or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0010. In preferred embodiments, the nucleic acid has at 
least 60%, 70%, 72%, more preferably at least 85%, more 
preferably at least 90%, more preferably at least 95%, most 
preferably at least 98%, 99% or 100% sequence identity or 
homology with a sequence from SEQID NO:1 or its comple 
ment, SEQID NO:2 or its complement, or SEQID NO:3 or its 
complement. 
0011. In other embodiments: the sequence of the nucleic 
acid differs from the corresponding sequence of SEQID NO: 
1 or its complement, SEQID NO:2 or its complement, or SEQ 
ID NO:3 or its complement, by 1, 2, 3, 4, or 5 base pairs; the 
sequence of the nucleic acid differs from the corresponding 
sequence of SEQID NO: 1 or its complement, SEQID NO:2 
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or its complement, or SEQID NO:3 or its complement, by at 
least 1, 2, 3, 4, or 5 base pairs but less than 6,7,8,9, or 10 base 
pairs. 
0012. In other preferred embodiments: the nucleic acid is 
at least 10, more preferably at least 15, more preferably at 
least 20, most preferably at least 25, 30, 50, 100, 1000, 2000, 
4000, 6000, or 8060 nucleotides in length; the nucleic acid is 
less than 15, more preferably less than 20, most preferably 
less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 8060 
nucleotides in length. 
0013 Inyet other preferred embodiments: the nucleic acid 
can specifically hybridize with a translatable region of a min 
iature Swine retroviral genome, e.g., the retroviral genome of 
SEQ ID NO: 1, or its complement, SEQ ID NO:2 or its 
complement, or SEQ ID NO:3 or its complement, e.g., a 
region from the gag, pol, or envgene; the probe or primer can 
specifically hybridize with an untranslated region of a minia 
ture Swine retroviral genome, e.g., the retroviral genome of 
SEQ ID NO: 1, or its complement SEQ ID NO:2 or its 
complement, or SEQID NO:3 or its complement; the probe 
or primer can specifically hybridize with a non-conserved 
region of a miniature Swine retroviral genome, e.g., the ret 
roviral genome of SEQID NO: 1, or its complement, SEQID 
NO:2 or its complement, or SEQID NO:3 or its complement; 
the probe or primer can specifically hybridize with the highly 
conserved regions of a miniature Swine retroviral genome, 
e.g., the retroviral genome of SEQID NO: 1, or its comple 
ment, SEQID NO:2 or its complement, or SEQID NO:3 or its 
complement. 
0014. In preferred embodiments, the primer is selected 
from the group consisting of SEQID NOs:4-74. 
0015. In preferred embodiments, hybridization of the 
probe to retroviral sequences can be detected by standard 
methods, e.g., by radiolabeled probes or by probes bearing 
nonradioactive markers such as enzymes or antibody binding 
sites. For example, a probe can be conjugated with an enzyme 
Such as horseradish peroxidase, where the enzymatic activity 
of the conjugated enzyme is used as a signal for hybridization. 
Alternatively, the probe can be coupled to an epitope recog 
nized by an antibody, e.g., an antibody conjugated to an 
enzyme or another marker. 
0016. In another aspect, the invention features a reaction 
mixture which includes a target nucleic acid, e.g., a human, 
Swine, or a miniature Swine nucleic acid, and a purified sec 
ond nucleic acid, e.g., a probe or primer, as, e.g., is described 
herein, which specifically hybridizes with the sequence of 
SEQ ID NO:1 or its complement, SEQ ID NO:2 or its 
complement, or SEQID NO:3 or its complement, a swine or 
a miniature Swine retroviral nucleic acid, e.g., a Tsukuba 
nucleic acid. 
0017. In preferred embodiments, the target nucleic acid: 
includes RNA; or includes DNA. 
0018. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a miniature Swine; 
RNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a miniature Swine; DNA, RNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ, e.g., a kidney; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture swine potential donor organ; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ which has been transplanted into a organ 
recipient, e.g., a Xenogeneic recipient, e.g., a primate, e.g., a 
human. 
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0019. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a swine; RNA or 
cDNA, e.g., cDNA made from an RNA template, isolated 
from a swine; DNA, RNA or cDNA, e.g., cDNA made from 
an RNA template, isolated from a Swine organ, e.g., a kidney; 
RNA, DNA or cDNA, e.g., cDNA made from an RNA tem 
plate, isolated from a Swine potential donor organ; RNA, 
DNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a Swine organ which has been transplanted into 
a organ recipient, e.g., a Xenogeneic recipient, e.g., a primate, 
e.g., a human. 
0020. In a preferred embodiment: the second nucleic acid 

is a porcine retroviral sequence, probe or primer, e.g., as 
described herein, e.g., a Tsukuba-1 retroviral sequence the 
second nucleic acid is a sequence of SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement, or a fragment of the sequence or 
complement at least 10, 20, or 30, basepairs in length. 
0021. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0022. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0023. In preferred embodiments the second nucleic acid 

is: a nucleic acid of at least 10 consecutive nucleotides of 
sense or antisense sequence which encodes a gag protein; a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence from nucleotides 2452-4839 (e.g. from 
nucleotides 3112-4683) of SEQ ID NO:1, nucleotides 598 
2169 (e.g., from nucleotides 598-2169) of SEQID NO:2, or 
nucleotides 585-2156 (e.g., from nucleotides 585-2156) of 
SEQID NO:3, or naturally occurring mutants thereof; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence which encodes a pol protein; a nucleic 
acid of at least 10 consecutive nucleotides of sense or anti 
sense sequence from nucleotides 4871-8060 of SEQ ID 
NO:1, nucleotides 2320-4737 of SEQ ID NO:2, or nucle 
otides 2307-5741 of SEQ ID NO:3, or naturally occurring 
mutants thereof, a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence which encodes a 
env protein; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence from nucleotides 
2-1999 (e.g., from nucleotides 86-1999) of SEQ ID NO:1, 
nucleotides 4738-6722 (e.g. from nucleotides 4738-6722) of 
SEQID NO:2, or nucleotides 5620-7533 of SEQID NO:3, or 
naturally occurring mutants thereof. 
0024. In another aspect, the invention features a method 
for screening a cell or a tissue, e.g., a cellular or tissue trans 
plant, e.g., a Xenograft, for the presence or expression of a 
Swine or a miniature Swine retrovirus or retroviral sequence, 
e.g., an endogenous miniature Swine retrovirus. The method 
includes: 
0025 contacting a target nucleic acid from the tissue with 
a second sequence chosen from the group of a sequence 
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which can specifically hybridize to a porcine retroviral 
sequence; a sequence which can specifically hybridize to the 
sequence of SEQ ID NO:1 or its complement; a sequence 
which can specifically hybridize to the sequence of SEQID 
NO:2 or its complement; a sequence which can specifically 
hybridize to the sequence of SEQID NO:3 or its complement; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence which encodes a gag protein: a nucleic 
acid of at least 10 consecutive nucleotides of sense or anti 
sense sequence from nucleotides 2452-4839 (e.g., from nucle 
otides 3112-4683) of SEQ ID NO:1, nucleotides 598-2169 
(e.g., from nucleotides 598-2169) of SEQID NO:2, or nucle 
otides 585-2156 (e.g., from nucleotides 585-2156) of SEQID 
NO:3, or naturally occurring mutants thereof; a nucleic acid 
of at least 10 consecutive nucleotides of sense or antisense 
sequence which encodes a pol protein; a nucleic acid of at 
least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 4871-8060 of SEQ ID NO:1, 
nucleotides 2320-4737 of SEQ ID NO:2, or nucleotides 
2307-5741 of SEQID NO:3, or naturally occurring mutants 
thereof a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a env protein; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence from nucleotides 2-1999 (e.g. from 
nucleotides 86-1999) of SEQ ID NO:1, nucleotides 4738 
6722 (e.g., from nucleotides 4738-6722) of SEQID NO:2, or 
nucleotides 5620-7533 of SEQID NO:3, or naturally occur 
ring mutants thereof: a Swine or miniature Swine retroviral 
nucleic acid; or a Tsukuba nucleic acid under conditions in 
which hybridization can occur, hybridization being indicative 
of the presence or expression of an endogenous miniature 
Swine retrovirus or retroviral sequence in the tissue or an 
endogenous Swine retrovirus in the tissue. 
0026. In preferred embodiments, the method further 
includes amplifying the target nucleic acid with primers 
which specifically hybridize to the sequence of SEQID NO:1 
or its complement, SEQID NO:2 or its complement, or SEQ 
ID NO:3 or its complement. 
0027. In preferred embodiments, the tissue or cellular 
transplant is selected from the group consisting of heart, 
lung, liver, bone marrow, kidney, brain cells, neural tissue, 
pancreas or pancreatic cells, thymus, or intestinal tissue. 
0028. In other preferred embodiments, the target nucleic 
acid is: DNA, RNA; or cDNA. 
0029. In other preferred embodiments, the target nucleic 
acid is taken from: a tissue sample, or a blood sample, e.g., a 
tissue biopsy sample, e.g., a tissue sample Suitable for in situ 
hybridization or immunohistochemistry. 
0030. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a miniature Swine; 
RNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a miniature Swine; DNA, RNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ, e.g., a kidney; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture swine potential donor organ; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ which has been transplanted into a organ 
recipient, e.g., a Xenogeneic recipient, e.g., a primate, e.g., a 
human. 
0031. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a swine; RNA or 
cDNA, e.g., cDNA made from an RNA template, isolated 
from a swine; DNA, RNA or cDNA, e.g., cDNA made from 
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an RNA template, isolated from a Swine organ, e.g., a kidney; 
RNA, DNA or cDNA, e.g., cDNA made from an RNA tem 
plate, isolated from a Swine potential donor organ; RNA, 
DNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a Swine organ which has been transplanted into 
a organ recipient, e.g., a recipient Swine or a Xenogeneic 
recipient, e.g., a primate, e.g., a human. 
0032. In a preferred embodiment the target nucleic acid is 
RNA, or a nucleic acid amplified from RNA in the tissue, and 
hybridization is correlated with expression of an endogenous 
miniature Swine retrovirus or retroviral sequence oran endog 
enous Swine retrovirus. 
0033. In a preferred embodiment the target nucleic acid is 
DNA, or a nucleic acid amplified from DNA in the tissue, and 
hybridization is correlated with the presence of an endog 
enous miniature Swine retrovirus or an endogenous Swine 
retrovirus. 
0034. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0035. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0036. In another aspect, the invention features a method of 
screening a porcine derived cell or tissue for the presence of 
an activatable porcine retrovirus, e.g., an activatable porcine 
provirus. The method includes: 
0037 stimulating a porcine derived cell or tissue with a 
treatment which can activate a retrovirus; 
0038 contacting a target nucleic acid from the porcine 
derived cell or tissue with a second sequence chosen from the 
group of a sequence which can specifically hybridize to a 
porcine retroviral sequence; a sequence which can specifi 
cally hybridize to the sequence of SEQ ID NO:1 or its 
complement; a sequence which can specifically hybridize to 
the sequence of SEQID NO:2 or its complement; a sequence 
which can specifically hybridize to the sequence of SEQID 
NO:3 or its complement; a nucleic acid of at least 10 con 
secutive nucleotides of sense or antisense sequence which 
encodes a gag protein; a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence from nucleotides 
2452-4839 (e.g., from nucleotides 3112-4683) of SEQ ID 
NO:1, nucleotides 598-2169 (e.g., from nucleotides 598 
2169) of SEQID NO:2, or nucleotides 585-2156 (e.g., from 
nucleotides 585-2156) of SEQID NO:3, or naturally occur 
ring mutants thereof a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence which encodes a 
pol protein; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence from nucleotides 4871 
8060 of SEQ ID NO:1, nucleotides 2320-4737 of SEQ ID 
NO:2, or nucleotides 2307-5741 of SEQ ID NO:3, or natu 
rally occurring mutants thereof a nucleic acid of at least 10 
consecutive nucleotides of sense orantisense sequence which 
encodes a env protein; a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence from nucleotides 
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2-1999 (e.g., from nucleotides 86-1999) of SEQ ID NO:1, 
nucleotides 4738-6722 (e.g., from nucleotides 4738-6722) of 
SEQID NO:2, or nucleotides 5620-7533 of SEQID NO:3, or 
naturally occurring mutants thereof a Swine or miniature 
Swine retroviral nucleic acid, or a Tsukuba nucleic acid 
hybridization being indicative of the presence of an activat 
able porcine provirus in the porcine derived cell or tissue. 
0039. In preferred embodiments the treatment is: contact 
with a drug, e.g., a steroid or a cytotoxic agent, infection or 
contact with a virus, the induction of stress, e.g., nutritional 
stress or immunologic stress, e.g., contact with a T-cell, e.g., 
a reactive T-cell. 

0040. In preferred embodiments, the method further 
includes amplifying the target nucleic acid with primers 
which specifically hybridize to the sequence of SEQID NO:1 
or its complement, SEQID NO:2 or its complement, or SEQ 
ID NO:3 or its complement. 
0041. In other preferred embodiments, the target nucleic 
acid is taken from: a tissue sample, or a blood sample, e.g., a 
tissue biopsy sample, e.g., a tissue sample Suitable for in situ 
hybridization or immunohistochemistry. 
0042. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a miniature Swine; 
RNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a miniature Swine; DNA, RNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ, e.g., a kidney; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture swine potential donor organ; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ which has been transplanted into a organ 
recipient, e.g., a Xenogeneic recipient, e.g., a primate, e.g., a 
human. 

0043. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a swine; RNA or 
cDNA, e.g., cDNA made from an RNA template, isolated 
from a swine; DNA, RNA or cDNA, e.g., cDNA made from 
an RNA template, isolated from a Swine organ, e.g., a kidney; 
RNA, DNA or cDNA, e.g., cDNA made from an RNA tem 
plate, isolated from a Swine potential donor organ; RNA, 
DNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a Swine organ which has been transplanted into 
a organ recipient, e.g., a recipient Swine or a Xenogeneic 
recipient, e.g., a primate, e.g., a human. 
0044. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0045. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0046. In another aspect, the invention features a method 
for screening a miniature Swine genome or a Swine genome 
for the presence of a porcine retrovirus or retroviral sequence, 
e.g., an endogenous porcine retrovirus. The method includes: 
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0047 contacting the miniature swine (or swine) genomic 
DNA with a second sequence chosen from the group of a 
sequence which can specifically hybridize to a porcine retro 
viral sequence; a sequence which can specifically hybridize 
to the sequence of SEQ ID NO:1 or its complement; a 
sequence which can specifically hybridize to the sequence of 
SEQ ID NO:2 or its complement; a sequence which can 
specifically hybridize to the sequence of SEQID NO:3 or its 
complement; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence which encodes a gag 
protein; a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence from nucleotides 2452-4839 
(e.g., from nucleotides 31 12-4683) of SEQID NO:1, nucle 
otides 598-2169 (e.g., from nucleotides 598-2169) of SEQID 
NO:2, or nucleotides 585-2156 (e.g. from nucleotides 585 
2156) of SEQ ID NO:3, or naturally occurring mutants 
thereof, a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a pol protein; a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence from nucleotides 4871-8060 of SEQ ID 
NO:1, nucleotides 2320-4737 of SEQ ID NO:2, or nucle 
otides 2307-5741 of SEQ ID NO:3, or naturally occurring 
mutants thereof, a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence which encodes a 
env protein; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence from nucleotides 
2-1999 (e.g., from nucleotides 86-1999) of SEQ ID NO:1, 
nucleotides 4738-6722 (e.g. from nucleotides 4738-6722) of 
SEQID NO:2, or nucleotides 5620-7533 of SEQID NO:3, or 
naturally occurring mutants thereof a Swine or miniature 
Swine retroviral nucleic acid; or a Tsukuba nucleic acid under 
conditions in which the sequences can hybridize, hybridiza 
tion being indicative of the presence of the endogenous por 
cine retrovirus or retroviral sequence in the miniature Swine 
(or Swine) genome. 
0048. In preferred embodiments, the method further 
includes amplifying all or a portion of the miniature Swine (or 
swine) genome with primers which specifically hybridize to 
the sequence of SEQ ID NO:1 or its complement, SEQ ID 
NO:2 or its complement, or SEQID NO:3 or its complement. 
0049. In a preferred embodiment: the second nucleic acid 

is a porcine retroviral sequence, probe or primer, e.g., as 
described herein, e.g., a Tsukuba-1 retroviral sequence; the 
second nucleic acid is a sequence of SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement, or a fragment of the sequence or 
complement at least 10, 20, or 30, basepairs in length. 
0050. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0051. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0052. In another aspect, the invention features a method 
for screening a genetically modified miniature Swine or a 



US 2009/0162834 A1 

genetically modified Swine for the presence or expression of 
a miniature Swine or Swine retrovirus or retroviral sequence, 
e.g., an endogenous miniature Swine retrovirus. The method 
includes: 
0053 contacting a target nucleic acid from the genetically 
modified miniature Swine or Swine with a second sequence 
chosen from the group of a sequence which can specifically 
hybridize to a porcine retroviral sequence; a sequence which 
can specifically hybridize to the sequence of SEQID NO:1 or 
its complement; a sequence which can specifically hybridize 
to the sequence of SEQ ID NO:2 or its complement; a 
sequence which can specifically hybridize to the sequence of 
SEQID NO:3 or its complement; a nucleic acid of at least 10 
consecutive nucleotides of sense orantisense sequence which 
encodes a gag protein; a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence from nucleotides 
2452-4839 (e.g., from nucleotides 3112-4683) of SEQ ID 
NO:1, nucleotides 598-2169 (e.g., from nucleotides 598 
2169) of SEQID NO:2, or nucleotides 585-2156 (e.g., from 
nucleotides 585-2156) of SEQID NO:3, or naturally occur 
ring mutants thereof. 
0054 a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes apol protein; a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence from nucleotides 4871-8060 of SEQ ID 
NO:1, nucleotides 2320-4737 of SEQ ID NO:2, or nucle 
otides 2307-5741 of SEQ ID NO:3, or naturally occurring 
mutants thereof, a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence which encodes a 
env protein; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence from nucleotides 
2-1999 (e.g., from nucleotides 86-1999) of SEQ ID NO:1, 
nucleotides 4738-6722 (e.g., from nucleotides 4738-6722) of 
SEQID NO:2, or nucleotides 5620-7533 of SEQID NO:3, or 
naturally occurring mutants thereof a Swine or miniature 
Swine retroviral nucleic acid; or a Tsukuba nucleic acid under 
conditions in which hybridization can occur, hybridization 
being indicative of the presence or expression of an endog 
enous miniature Swine retrovirus or retroviral sequence or 
Swine retrovirus or retroviral sequence in the genetically 
modified miniature Swine or Swine. 
0055. In preferred embodiments, the method further 
includes amplifying the target nucleic acid with primers 
which specifically hybridize to the sequence of SEQID NO:1 
or its complement, SEQID NO:2 or its complement, or SEQ 
ID NO:3 or its complement. 
0056. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a miniature Swine; 
RNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a miniature Swine; DNA, RNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ, e.g., a kidney; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture swine potential donor organ; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ which has been transplanted into a organ 
recipient, e.g., a Xenogeneic recipient, e.g., a primate, e.g., a 
human. 

0057. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a swine; RNA or 
cDNA, e.g., cDNA made from an RNA template, isolated 
from a swine; DNA, RNA or cDNA, e.g., cDNA made from 
an RNA template, isolated from a Swine organ, e.g., a kidney; 
RNA, DNA or cDNA, e.g., cDNA made from an RNA tem 
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plate, isolated from a Swine potential donor organ; RNA, 
DNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a Swine organ which has been transplanted into 
a organ recipient, e.g., a recipient Swine or a Xenogeneic 
recipient, e.g., a primate, e.g., a human. 
0058. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0059. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0060. In another aspect, the invention features a method of 
assessing the potential risk associated with the transplanta 
tion of a graft from a donor miniature Swine or Swine into a 
recipient animal, e.g., a miniature Swine or Swine, a non 
human primate, or a human. The method includes: 
0061 contacting a target nucleic acid from the donor, 
recipient or the graft, with a second sequence chosen from the 
group of a nucleic acid sequence which specifically hybrid 
izes a sequence which can specifically hybridize to a porcine 
retroviral sequence; a sequence which can specifically 
hybridize to the sequence of SEQID NO:1 or its complement; 
a sequence which can specifically hybridize to the sequence 
of SEQ ID NO:2 or its complement; a sequence which can 
specifically hybridize to the sequence of SEQID NO:3 or its 
complement; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence which encodes a gag 
protein; a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence from nucleotides 2452-4839 
(e.g., from nucleotides 31 12-4683) of SEQID NO:1, nucle 
otides 598-2169 (e.g., from nucleotides 598-2169) of SEQID 
NO:2, or nucleotides 585-2156 (e.g. from nucleotides 585 
2156) of SEQ ID NO:3, or naturally occurring mutants 
thereof; 
0062 a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a pol protein; a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence from nucleotides 4871-8060 of SEQ ID 
NO:1, nucleotides 2320-4737 of SEQ ID NO:2, or nucle 
otides 2307-5741 of SEQ ID NO:3, or naturally occurring 
mutants thereof; 
0063 a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a env protein; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence from nucleotides 2-1999 (e.g., from 
nucleotides 86-1999) of SEQ ID NO:1, nucleotides 4738 
6722 (e.g., from nucleotides 4738-6722) of SEQID NO:2, or 
nucleotides 5620-7533 of SEQID NO:3, or naturally occur 
ring mutants thereof a Swine or miniature Swine retroviral 
nucleic acid; or a Tsukuba nucleic acid under conditions in 
which the sequences can hybridize, hybridization being 
indicative of a risk associated with the transplantation. 
0064. In a preferred embodiment: the second nucleic acid 

is a Tsukuba-1 retroviral sequence, probe or primer, e.g., as 
described herein; the second nucleic acid is a porcine retro 
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viral sequence, probe or primer, e.g., as described herein; the 
second nucleic acid is the sequence of SEQID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement, or a fragment of the sequence or 
complement at least 10, 20, or 30, basepairs in length. 
0065. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a miniature Swine; 
RNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a miniature Swine; DNA, RNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ, e.g., a kidney; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture swine potential donor organ; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ which has been transplanted into a organ 
recipient, e.g., a Xenogeneic recipient, e.g., a primate, e.g., a 
human. 
0066. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a swine; RNA or 
cDNA, e.g., cDNA made from an RNA template, isolated 
from a swine; DNA, RNA or cDNA, e.g., cDNA made from 
an RNA template, isolated from a Swine organ, e.g., a kidney; 
RNA, DNA or cDNA, e.g., cDNA made from an RNA tem 
plate, isolated from a Swine potential donor organ; RNA, 
DNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a Swine organ which has been transplanted into 
a organ recipient, e.g., a recipient Swine or a Xenogeneic 
recipient, e.g., a primate, e.g., a human. 
0067. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0068. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0069. In another aspect, the invention features a method of 
determining if an endogenous miniature Swine or Swine ret 
rovirus or retroviral sequence genome includes a mutation 
which modulates its expression, e.g., results in misexpres 
sion. The method includes: 
0070 determining the structure of the endogenous retro 
viral genome, and 
0071 comparing the structure of the endogenous retrovi 

ral genome with the retroviral sequence of SEQID NO:1 or 
its complement, SEQID NO:2 or its complement, or SEQID 
NO:3 or its complement, a difference being predictive of a 
mutation. 
0072. In preferred embodiments the method includes 
sequencing the endogenous genome and comparing it with a 
sequence from SEQ ID NO:1 or its complement, SEQ ID 
NO:2 or its complement, or SEQID NO:3 or its complement. 
0073. In preferred embodiments, the method includes 
using primers to amplify, e.g., by PCR, LCR (ligase chain 
reaction), or other amplification methods, a region of the 
endogenous retroviral genome, and comparing the structure 
of the amplification product to the sequence of SEQID NO:1 
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or its complement, SEQID NO:2 or its complement, or SEQ 
ID NO:3 or its complement to determine if there is difference 
in sequence between retroviral genome and SEQID NO:1 or 
its complement, SEQID NO:2 or its complement, or SEQID 
NO:3 or its complement. The method further includes deter 
mining if one or more restriction sites exist in the endogenous 
retroviral genome, and determining if the sites exist in SEQ 
ID NO:1 or its complement, SEQID NO:2 or its complement, 
or SEQID NO:3 or its complement. 
0074. In preferred embodiments, the mutation is a gross 
defect, e.g., an insertion, inversion, translocation or a dele 
tion, of all or part of the retroviral genome. 
0075. In preferred embodiments, detecting the mutation 
can include: (i) providing a labeled PCR probe amplified from 
DNA (e.g., SEQID NO: 1, SEQID NO:2, or SEQID NO:3) 
containing a porcine retroviral nucleotide sequence which 
hybridizes to a sense or antisense sequence from the porcine 
retroviral genome(e.g., SEQ ID NO: 1, SEQ ID NO: 2, or 
SEQID NO:3), or naturally occurring mutants thereof; (ii) 
exposing the probe?primer to nucleic acid of the tissue (e.g., 
genomic DNA) digested with a restriction endonuclease; and 
(iii) detecting by in situ hybridization of the probe?primer to 
the nucleic acid, the presence or absence of the genetic lesion. 
Alternatively, direct PCR analysis, using primers specific for 
porcine retroviral genes (e.g., genes comprising the nucle 
otide sequence shown in SEQID NO: 1, SEQID NO: 2, or 
SEQID NO:3), can be used to detect the presence or absence 
of the genetic lesion in the porcine retroviral genome by 
comparing the products amplified. 
0076. In another aspect, the invention features a method of 
providing a miniature Swine or a Swine free of an endogenous 
retrovirus or retroviral sequence, e.g., activatable retrovirus, 
insertion at a preselected site. The method includes: 
0077 performing a breeding cross between a first minia 
ture Swine (or Swine) having a retroviral insertion at the 
preselected site and a second miniature Swine (or Swine) not 
having a retroviral insertion at a preselected site, e.g., the 
same site, and recovering a progeny miniature Swine (or 
Swine), not having the insertion, wherein the presence or 
absence of the retroviral insertion is determined by contacting 
the genome of a miniature Swine(or Swine) with a sequence 
which can specifically hybridize to a porcine retroviral 
sequence; a sequence which can specifically hybridize to the 
sequence of SEQ ID NO:1 or its complement; a sequence 
which can specifically hybridize to the sequence of SEQID 
NO:2 or its complement; a sequence which can specifically 
hybridize to the sequence of SEQID NO:3 or its complement; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence which encodes a gag protein; a nucleic 
acid of at least 10 consecutive nucleotides of sense or anti 
sense sequence from nucleotides 2452-4839 (e.g., from nucle 
otides 3112-4683) of SEQ ID NO:1, nucleotides 598-2169 
(e.g., from nucleotides 598-2169) of SEQID NO:2, or nucle 
otides 585-2156 (e.g., from nucleotides 585-2156) of SEQID 
NO:3, or naturally occurring mutants thereof; 
0078 a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a pol protein; a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence from nucleotides 4871-8060 of SEQ ID 
NO:1, nucleotides 23204737 of SEQID NO:2, or nucleotides 
2307-5741 of SEQID NO:3, or naturally occurring mutants 
thereof, a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a env protein; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
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or antisense sequence from nucleotides 2-1999 (e.g. from 
nucleotides 86-1999) of SEQ ID NO:1, nucleotides 4738 
6722 (e.g., from nucleotides 4738-6722) of SEQID NO:2, or 
nucleotides 5620-7533 of SEQID NO:3, or naturally occur 
ring mutants thereof: a Swine or miniature Swine retroviral 
nucleic acid; or a Tsukuba nucleic acid. 
0079. In preferred embodiments, the nucleic acid is 
hybridized to nucleic acid, e.g., DNA from the genome, of the 
first animal or one of its ancestors. 
0080. In preferred embodiments, the nucleic acid is 
hybridized to nucleic acid, e.g., DNA from the genome, of the 
second animal or one of its ancestors. 
0081. In preferred embodiments, the nucleic acid is 
hybridized to nucleic acid, e.g., DNA from the genome, of the 
progeny animal or one of its descendants. 
0082 In preferred embodiments, the nucleic acid has at 
least 60%, 70%, 72%, more preferably at least 85%, more 
preferably at least 90%, more preferably at least 95%, most 
preferably at least 98%, 99% or 100% sequence identity or 
homology with a sequence from SEQID NO:1 or its comple 
ment, SEQID NO:2 or its complement, or SEQID NO:3 or its 
complement. 
0083. In other preferred embodiments: the nucleic acid is 
at least 10, more preferably at least 15, more preferably at 
least 20, most preferably at least 25, 30, 50, 100, 1000, 2000, 
4000, 6000, or 8060 nucleotides in length; the nucleic acid is 
less than 15, more preferably less than 20, most preferably 
less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 8060 
nucleotides in length; the nucleic acid is a full length retrovi 
ral genome. 
0084. In another aspect, the invention features a method of 
evaluating a treatment, e.g., an immunosuppressive treat 
ment, for the ability to activate a retrovirus, e.g., an endog 
enous porcine retrovirus. The method includes: 
0085 administering a treatment to a subject, e.g., a min 
iature Swine (or a Swine), having an endogenous porcine 
retrovirus; and 
I0086 detecting expression of the porcine retrovirus with a 
purified nucleic acid sequence which specifically hybridizes 
to the sequence of SEQID NO:1 or its complement, SEQID 
NO:2 or its complement, or SEQID NO:3 or its complement. 
0087. In preferred embodiments, the immunosuppresive 
treatment includes radiation, chemotherapy or drug treat 
ment. 

0088. In preferred embodiments: the treatment is one 
which can induce immunological tolerance; the treatment is 
one which can introduce new genetic material, e.g., introduce 
new genetic material into a miniature Swine genome (or a 
Swine genome) or into the genome of a host which receives a 
Swine or a miniature Swine graft, e.g., the treatment is one 
which introduces a new genetic material via retroviral medi 
ated transfer. 
0089. In a preferred embodiment: the purified nucleic acid 

is a Tsukuba-1 retroviral sequence, probe or primer, e.g., as 
described herein; the purified nucleic acid is a porcine retro 
viral sequence, probe or primer, e.g., as described herein; the 
purified nucleic acid is the sequence of SEQID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement, or a fragment of Such sequence or 
complement at least 10, 20, or 30, basepairs in length. 
0090. In preferred embodiments, the purified nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
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or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0091. In other preferred embodiments: the purified nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the purified nucleic acid is a full 
length retroviral genome. 
0092. In preferred embodiments the second nucleic acid 

is: a nucleic acid of at least 10 consecutive nucleotides of 
sense or antisense sequence which encodes a gag protein; a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence from nucleotides 2452-4839 (e.g. from 
nucleotides 3112-4683) of SEQ ID NO:1, nucleotides 598 
2169 (e.g., from nucleotides 598-2169) of SEQID NO:2, or 
nucleotides 585-2156 (e.g., from nucleotides 585-2156) of 
SEQ ID NO:3, or naturally occurring mutants thereof a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence which encodes a pol protein; a nucleic 
acid of at least 10 consecutive nucleotides of sense or anti 
sense sequence from nucleotides 4871-8060 of SEQ ID 
NO:1, nucleotides 2320-4737 of SEQ ID NO:2, or nucle 
otides 2307-5741 of SEQ ID NO:3, or naturally occurring 
mutants thereof, a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence which encodes a 
env protein; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence from nucleotides 
2-1999 (e.g., from nucleotides 86-1999) of SEQ ID NO:1, 
nucleotides 4738-6722 (e.g. from nucleotides 4738-6722) of 
SEQID NO:2, or nucleotides 5620-7533 of SEQID NO:3, or 
naturally occurring mutants thereof. 
0093. In another aspect, the invention features a method of 
localizing the origin of a porcine retroviral infection. The 
method includes: 

0094 contacting a target nucleic acid from the graft with a 
second sequence chosen from the group of a sequence which 
can specifically hybridize to a porcine retroviral sequence; a 
sequence which can specifically hybridize to the sequence of 
SEQ ID NO:1 or its complement; a sequence which can 
specifically hybridize to the sequence of SEQID NO:2 or its 
complement; a sequence which can specifically hybridize to 
the sequence of SEQID NO:3 or its complement; a nucleic 
acid of at least 10 consecutive nucleotides of sense or anti 
sense sequence which encodes a gag protein; a nucleic acid of 
at least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 2452-4839 (e.g., from nucleotides 
3112-4683) of SEQ ID NO:1, nucleotides 598-2169 (e.g., 
from nucleotides 598-2169) of SEQID NO:2, or nucleotides 
585-2156 (e.g., from nucleotides 585-2156) of SEQID NO:3, 
or naturally occurring mutants thereof a nucleic acid of at 
least 10 consecutive nucleotides of sense or antisense 
sequence which encodes a pol protein; a nucleic acid of at 
least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 4871-8060 of SEQ ID NO:1, 
nucleotides 2320-4737 of SEQ ID NO:2, or nucleotides 
2307-5741 of SEQID NO:3, or naturally occurring mutants 
thereof; 
0.095 a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a env protein; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence from nucleotides 2-1999 (e.g., from 
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nucleotides 86-1999) of SEQ ID NO:1, nucleotides 4738 
6722 (e.g., from nucleotides 4738-6722) of SEQID NO:2, or 
nucleotides 5620-7533 of SEQID NO:3, or naturally occur 
ring mutants thereof: a Swine or miniature Swine retroviral 
nucleic acid; or a Tsukuba nucleic acid contacting a target 
nucleic acid from the recipient with a second sequence cho 
Sen from the group of a sequence which can specifically 
hybridize to a porcine retroviral sequence; a sequence which 
can specifically hybridize to the sequence of SEQID NO:1 or 
its complement; a sequence which can specifically hybridize 
to the sequence of SEQ ID NO:2 or its complement; a 
sequence which can specifically hybridize to the sequence of 
SEQID NO:3 or its complement; a nucleic acid of at least 10 
consecutive nucleotides of sense orantisense sequence which 
encodes a gag protein; a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence from nucleotides 
2452-4839 (e.g., from nucleotides 3112-4683) of SEQ ID 
NO:1, nucleotides 598-2169 (e.g., from nucleotides 598 
2169) of SEQID NO:2, or nucleotides 585-2156 (e.g., from 
nucleotides 585-2156) of SEQID NO:3, or naturally occur 
ring mutants thereof a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence which encodes a 
pol protein; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence from nucleotides 4871 
8060 of SEQ ID NO:1, nucleotides 2320-4737 of SEQ ID 
NO:2, or nucleotides 2307-5741 of SEQ ID NO:3, or natu 
rally occurring mutants thereof; a nucleic acid of at least 10 
consecutive nucleotides of sense orantisense sequence which 
encodes a env protein; a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence from nucleotides 
2-1999 (e.g., from nucleotides 86-1999) of SEQ ID NO:1, 
nucleotides 4738-6722 (e.g., from nucleotides 4738-6722) of 
SEQID NO:2, or nucleotides 5620-7533 of SEQID NO:3, or 
naturally occurring mutants thereof a Swine or miniature 
Swine retroviral nucleic acid; or a Tsukuba nucleic acid; 
hybridization to the nucleic acid from the graft correlates with 
the porcine retroviral infection in the graft; and hybridization 
to the nucleic acid from the recipient correlates with the 
porcine retroviral infection in the recipient. 
0096. In preferred embodiments, the target nucleic acid 
includes: genomic DNA, RNA or cDNA, e.g., cDNA made 
from an RNA template. 
0097. In a preferred embodiment: the second nucleic acid 

is a porcine retroviral sequence, probe or primer, e.g., as 
described herein, e.g., a Tsukuba-1 retroviral sequence; the 
second nucleic acid is a sequence of SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement, or a fragment of the sequence or 
complement at least 10, 20, or 30, basepairs in length. 
0098. In preferred embodiments, the recipient is an ani 
mal, e.g., a miniature Swine, a Swine, a non-human primate, or 
a human. 
0099. In preferred embodiments, the graft is selected from 
the group consisting of heart, lung, liver, bone marrow or 
kidney. 
0100. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0101. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
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at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0102. In another aspect, the invention features a method of 
screening a cell, e.g., a cell having a disorder, e.g., a prolif 
erative disorder, e.g., a tumor cell, e.g., a cancer cell, e.g., a 
lymphoma or a hepatocellular carcinoma, developing in a 
graft recipient, e.g., a Xenograft, for the presence or expres 
sion of a porcine retrovirus or retroviral sequence. The 
method includes: 

0103 contacting a target nucleic acid from a tumor cell 
with a second sequence chosen from the group of a sequence 
which can specifically hybridize to a porcine retroviral 
sequence; a sequence which can specifically hybridize to the 
sequence of SEQ ID NO:1 or its complement; a sequence 
which can specifically hybridize to the sequence of SEQID 
NO:2 or its complement; a sequence which can specifically 
hybridize to the sequence of SEQID NO:3 or its complement; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence which encodes a gag protein; a nucleic 
acid of at least 10 consecutive nucleotides of sense or anti 
sense sequence from nucleotides 2452-4839 (e.g., from nucle 
otides 3112-4683) of SEQ ID NO:1, nucleotides 598-2169 
(e.g., from nucleotides 598-2169) of SEQID NO:2, or nucle 
otides 585-2156 (e.g., from nucleotides 585-2156) of SEQID 
NO:3, or naturally occurring mutants thereof; a nucleic acid 
of at least 10 consecutive nucleotides of sense or antisense 
sequence which encodes a pol protein; a nucleic acid of at 
least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 4871-8060 of SEQ ID NO:1, 
nucleotides 2320-4737 of SEQ ID NO:2, or nucleotides 
2307-5741 of SEQID NO:3, or naturally occurring mutants 
thereof, a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a env protein; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence from nucleotides 2-1999 (e.g., from 
nucleotides 86-1999) of SEQ ID NO:1, nucleotides 4738 
6722 (e.g., from nucleotides 4738-6722) of SEQID NO:2, or 
nucleotides 5620-7533 of SEQID NO:3, or naturally occur 
ring mutants thereof a Swine or miniature Swine retroviral 
nucleic acid; or a Tsukuba nucleic acid, under conditions in 
which the sample and the nucleic acid sequence can hybrid 
ize, hybridization being indicative of the presence of the 
endogenous porcine retrovirus or retroviral sequence in the 
tumor cell. 

0104. In preferred embodiments, the target nucleic acid 
from a tumor cell includes: genomic DNA, RNA or cDNA, 
e.g., cDNA made from an RNA template. 
0105. In a preferred embodiment: the second nucleic acid 

is a porcine retroviral sequence, probe or primer, e.g., as 
described herein, e.g., a Tsukuba-1 retroviral sequence; the 
second nucleic acid is a sequence of SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement, or a fragment of the sequence or 
complement at least 10, 20, or 30, basepairs in length. 
0106. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
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or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0107. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0108. In another aspect, the invention features a method of 
screening a human Subject for the presence or expression of 
an endogenous porcine retrovirus or retroviral sequence com 
prising: 
0109 contacting a target nucleic acid derived from the 
human Subject with a second sequence chosen from the group 
of a sequence which can specifically hybridize to a porcine 
retroviral sequence; a sequence which can specifically 
hybridize to the sequence of SEQID NO:1 or its complement; 
a sequence which can specifically hybridize to the sequence 
of SEQ ID NO:2 or its complement; a sequence which can 
specifically hybridize to the sequence of SEQID NO:3 or its 
complement; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence which encodes a gag 
protein; a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence from nucleotides 2452-4839 
(e.g. from nucleotides 31 12-4683) of SEQID NO:1, nucle 
otides 598-2169 (e.g., from nucleotides 598-21.69) of SEQID 
NO:2, or nucleotides 585-2156 (e.g. from nucleotides 585 
2156) of SEQ ID NO:3, or naturally occurring mutants 
thereof a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes apol protein; a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence from nucleotides 4871-8060 of SEQ ID 
NO:1, nucleotides 2320-4737 of SEQ ID NO:2, or nucle 
otides 2307-5741 of SEQ ID NO:3, or naturally occurring 
mutants thereof, a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence which encodes a 
env protein; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence from nucleotides 
2-1999 (e.g., from nucleotides 86-1999) of SEQ ID NO:1, 
nucleotides 4738-6722 (e.g., from nucleotides 4738-6722) of 
SEQID NO:2, or nucleotides 5620-7533 of SEQID NO:3, or 
naturally occurring mutants thereof a Swine or miniature 
Swine retroviral nucleic acid; or a Tsukuba nucleic acid under 
conditions in which the sequences can hybridize, hybridiza 
tion being indicative of the presence of the endogenous por 
cine retrovirus or retroviral sequence in the human Subject. 
0110. In preferred embodiments, the target nucleic acid 
derived from a human subject is DNA, RNA or cDNA 
sample, nucleic acid from a blood sample or a tissue sample, 
e.g., a tissue biopsy sample. 
0111. In preferred embodiments, the human subject is a 
miniature Swine or Swine Xenograft recipient, or a person who 
has come into contact with a miniature Swine or Swine 
Xenograft recipient. 
0112. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
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0113. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0114. In preferred embodiments: the recipient is tested for 
the presence of porcine retroviral sequences prior to implan 
tation of Swine or miniature Swine tissue. 
0.115. In another aspect, the invention features a method of 
screening for viral mutations which modulate, e.g., increase 
or decrease, Susceptibility of a porcine retrovirus to an anti 
viral agent, e.g., an antiviral antibiotic. The method includes: 
0116 administering a treatment, e.g., an antiviral agent, 
e.g., an antiviral antibiotic; 
0117 isolating a putative mutant porcine retroviral strain; 
0118 determining a structure of the putative mutant ret 
roviral strain; and 
0119 comparing the structure to SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
I0120 In another aspect, the invention features a method of 
screening for viral mutations which modulate, e.g., increase 
or decrease, Susceptibility of a porcine retrovirus to an anti 
viral agent, e.g., an antiviral antibiotic. The method includes: 
0121 growing the porcine retrovirus in a presence of a 
treatment, e.g., an antiviral agent, e.g., an antiviral antibiotic; 
and 

0.122 determine the amount of porcine retroviral DNA 
synthesized by hybridizing the porcine retroviral DNA to a 
second sequence chosen from the group of a sequence which 
can specifically hybridize to a porcine retroviral sequence; a 
sequence which can specifically hybridize to the sequence of 
SEQ ID NO:1 or its complement; a sequence which can 
specifically hybridize to the sequence of SEQID NO:2 or its 
complement; a sequence which can specifically hybridize to 
the sequence of SEQID NO:3 or its complement; a nucleic 
acid of at least 10 consecutive nucleotides of sense or anti 
sense sequence which encodes a gag protein; a nucleic acid of 
at least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 2452-4839 (e.g., from nucleotides 
3112-4683) of SEQ ID NO:1, nucleotides 598-2169 (e.g., 
from nucleotides 598-2169) of SEQID NO:2, or nucleotides 
585-2156 (e.g., from nucleotides 585-2156) of SEQID NO:3, 
or naturally occurring mutants thereof a nucleic acid of at 
least 10 consecutive nucleotides of sense or antisense 
sequence which encodes a pol protein; a nucleic acid of at 
least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 4871-8060 of SEQ ID NO:1, 
nucleotides 2320-4737 of SEQ ID NO:2, or nucleotides 
2307-5741 of SEQID NO:3, or naturally occurring mutants 
thereof, a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a env protein; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence from nucleotides 2-1999 (e.g., from 
nucleotides 86-1999) of SEQ ID NO:1, nucleotides 4738 
6722 (e.g., from nucleotides 4738-6722) of SEQID NO:2, or 
nucleotides 5620-7533 of SEQID NO:3, or naturally occur 
ring mutants thereof a Swine or miniature Swine retroviral 
nucleic acid; or a Tsukuba nucleic acid. 
I0123. In preferred embodiments, the method further 
includes amplifying the porcine retroviral nucleic acid with 
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primers which specifically hybridize to the sequence of SEQ 
ID NO:1 or its complement, SEQID NO:2 or its complement, 
or SEQID NO:3 or its complement, e.g., by polymerase chain 
reaction quantitative DNA testing (PDQ). 
0.124. In a preferred embodiment: the second nucleic acid 

is a Tsukuba-1 retroviral sequence, probe or primer, e.g., as 
described herein; the second nucleic acid is a porcine retro 
viral sequence, probe or primer, e.g., as described herein; the 
second nucleic acid is the sequence of SEQID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0.125. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0126. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0127. In another aspect, the invention features a method 
for screening a porcine-derived product for the presence or 
expression of a Swine or miniature swine retrovirus or retro 
viral sequence, e.g., an endogenous miniature Swine retrovi 
rus. The method includes: 
0128 contacting a target nucleic acid from the porcine 
derived product with a second sequence chosen from the 
group of a sequence which can specifically hybridize to a 
porcine retroviral sequence; a sequence which can specifi 
cally hybridize to the sequence of SEQ ID NO:1 or its 
complement; a sequence which can specifically hybridize to 
the sequence of SEQID NO:2 or its complement; a sequence 
which can specifically hybridize to the sequence of SEQID 
NO:3 or its complement; a nucleic acid of at least 10 con 
secutive nucleotides of sense or antisense sequence which 
encodes a gag protein; a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence from nucleotides 
2452-4839 (e.g., from nucleotides 3112-4683) of SEQ ID 
NO:1, nucleotides 598-2169 (e.g., from nucleotides 598 
2169) of SEQID NO:2, or nucleotides 585-2156 (e.g., from 
nucleotides 585-2156) of SEQID NO:3, or naturally occur 
ring mutants thereof a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence which encodes a 
pol protein; a nucleic acid of at least 10 consecutive nucle 
otides of sense or antisense sequence from nucleotides 4871 
8060 of SEQ ID NO:1, nucleotides 2320-4737 of SEQ ID 
NO:2, or nucleotides 2307-5741 of SEQ ID NO:3, or natu 
rally occurring mutants thereof; a nucleic acid of at least 10 
consecutive nucleotides of sense orantisense sequence which 
encodes a env protein; a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence from nucleotides 
2-1999 (e.g., from nucleotides 86-1999) of SEQ ID NO:1, 
nucleotides 4738-6722 (e.g., from nucleotides 4738-6722) of 
SEQID NO:2, or nucleotides 5620-7533 of SEQID NO:3, or 
naturally occurring mutants thereof a Swine or miniature 
Swine retroviral nucleic acid; or a Tsukuba nucleic acid, under 
conditions in which hybridization can occur, hybridization 
being indicative of the presence or expression of an endog 

Jun. 25, 2009 

enous miniature Swine or swine retrovirus or retroviral 
sequences in the porcine-derived product. 
I0129. In preferred embodiments the product is: a protein 
product, e.g., insulin; a food product; or a cellular transplant, 
e.g., a Swine or miniature Swine cell which is to be trans 
planted into a host, e.g., a Swine or miniature Swine cell which 
is genetically engineered to express a desired product, 
0.130. In preferred embodiments, the method further 
includes amplifying the target nucleic acid with primers 
which specifically hybridize to the sequence of SEQID NO:1 
or its complement, SEQID NO:2 or its complement, or SEQ 
ID NO:3 or its complement. 
I0131. In other preferred embodiments, the target nucleic 
acid is: DNA, RNA; or cDNA. 
0.132. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
I0133. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0.134. In another aspect, the invention features a transgenic 
miniature Swine or Swine having a transgenic element, e.g., a 
base change, e.g., a change from A to G, or an insertion or a 
deletion of one or more nucleotides at an endogenous porcine 
retroviral insertion site, e.g., a retroviral insertion which cor 
responds to the retroviral genome of SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
I0135) In preferred embodiments, the transgenic element is 
a knockout, e.g., a deletion, insertion or a translocation, of one 
or more nucleic acids, which alters the activity of the endog 
enous porcine retrovirus. 
0.136. In another aspect, the invention features a method of 
inhibiting expression of an endogenous porcine retrovirus, 
including: inserting a mutation, e.g. a deletion into the endog 
enous retrovirus. 
0.137 In preferred embodiments, the endogenous porcine 
retrovirus is inactivated. 
0.138. In preferred embodiments, the mutation can be a 
point mutation, an inversion, translocation or a deletion of 
one or more nucleotides of SEQID NO:1 or its complement, 
SEQ ID NO:2 or its complement, or SEQ ID NO:3 or its 
complement. 
0.139. In another aspect, the invention features a method of 
detecting a recombinant virus or other pathogen, e.g., a pro 
tozoa or fungi. The method includes: 
0140 providing a pathogen having porcine retroviral 
sequence; and 
0141 determining if the pathogen includes non-porcine 
retroviral sequence, the presence of non-porcine retroviral 
sequence being indicative of viral recombination. 
0142. In preferred embodiments, the method further 
includes determining the structure of a retrovirus by compar 
ing the retrovirus sequence with sequence of SEQID NO:1 or 
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its complement, SEQID NO:2 or its complement, or SEQID 
NO:3 or its complement, a difference being indicative of viral 
recombination. 
0143. In preferred embodiments, the method further 
includes comparing the structure of the retrovirus with a 
human retroviral sequence, e.g., HTLV1, HIV1, or HIV2, a 
similarity instructure being indicative of viral recombination. 
0144. In another aspect, the invention features a method of 
determining the copy number, size, or completeness of a 
porcine retrovirus or retroviral sequence, e.g., in the genome 
of a donor, recipient or a graft. The method includes: 
0145 contacting a target nucleic acid from the donor, 
recipient or a graft, with a second sequence chosen from the 
group of a sequence which can specifically hybridize to a 
porcine retroviral sequence; a sequence which can specifi 
cally hybridize to the sequence of SEQ ID NO:1 or its 
complement; a sequence which can specifically hybridize to 
the sequence of SEQID NO:2 or its complement; a sequence 
which can specifically hybridize to the sequence of SEQID 
NO:3 or its complement; a nucleic acid of at least 10 con 
secutive nucleotides of sense or antisense sequence which 
encodes a gag protein; a nucleic acid of at least 10 consecutive 
nucleotides of sense or antisense sequence from nucleotides 
2452-4839 (e.g., from nucleotides 3112-4683) of SEQ ID 
NO:1, nucleotides 598-2169 (e.g., from nucleotides 598 
2169) of SEQID NO:2, or nucleotides 585-2156 (e.g., from 
nucleotides 585-2156) of SEQID NO:3, or naturally occur 
ring mutants thereof. 
0146 a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes apol protein; a 
nucleic acid of at least 10 consecutive nucleotides of sense or 
antisense sequence from nucleotides 4871-8060 of SEQ ID 
NO:1, nucleotides 2320-4737 of SEQ ID NO:2, or nucle 
otides 2307-5741 of SEQ ID NO:3, or naturally occurring 
mutants thereof; 
0147 a nucleic acid of at least 10 consecutive nucleotides 
of sense or antisense sequence which encodes a env protein; 
a nucleic acid of at least 10 consecutive nucleotides of sense 
or antisense sequence from nucleotides 2-1999 (e.g. from 
nucleotides 86-1999) of SEQ ID NO:1, nucleotides 4738 
6722 (e.g., from nucleotides 4738-6722) of SEQID NO:2, or 
nucleotides 5620-7533 of SEQID NO:3, or naturally occur 
ring mutants thereof: a Swine or miniature Swine retroviral 
nucleic acid; or a Tsukuba nucleic acid. 
0148. In preferred embodiments, the method further 
includes amplifying the porcine retroviral nucleic acid with 
primers which specifically hybridize to the sequence of SEQ 
ID NO:1 or its complement, SEQID NO:2 or its complement, 
or SEQID NO:3 or its complement, e.g., by polymerase chain 
reaction quantitative DNA testing (PDQ) or nested PCR. 
0149. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a miniature Swine; 
RNA or cDNA, e.g., cDNA made from an RNA template, 
isolated from a miniature Swine; DNA, RNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ, e.g., a kidney; RNA, DNA or cDNA, e.g., 
cDNA made from an RNA template, isolated from a minia 
ture Swine organ which has been transplanted into a organ 
recipient, e.g., a Xenogeneic recipient, e.g., a primate, e.g., a 
human. 
0150. In preferred embodiments, the target nucleic acid 
includes: genomic DNA isolated from a swine; RNA or 
cDNA, e.g., cDNA made from an RNA template, isolated 
from a swine; DNA, RNA or cDNA, e.g., cDNA made from 
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an RNA template, isolated from a Swine organ, e.g., a kidney; 
RNA, DNA or cDNA, e.g., cDNA made from an RNA tem 
plate, isolated from a Swine organ which has been trans 
planted into a organ recipient, e.g., a Xenogeneic recipient, 
e.g., a primate, e.g., a human. 
0151. In preferred embodiments, the second nucleic acid 
has at least 60%, 70%, 72%, more preferably at least 85%, 
more preferably at least 90%, more preferably at least 95%, 
most preferably at least 98%, 99% or 100% sequence identity 
or homology with a sequence from SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0152. In other preferred embodiments: the second nucleic 
acid is at least 10, more preferably at least 15, more preferably 
at least 20, most preferably at least 25, 30, 50, 100, 1000, 
2000, 4000, 6000, or 8060 nucleotides in length; the nucleic 
acid is less than 15, more preferably less than 20, most pref 
erably less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 
8060 nucleotides in length; the second nucleic acid is a full 
length retroviral genome. 
0153. In another aspect, the invention features a method 
for Screening a tissue, e.g., a cellular or tissue transplant, e.g., 
a Xenograft, or a tissue from a graft recipient, for the presence 
or expression of a Swine or a miniature Swine retroviral 
sequence, e.g., an endogenous miniature Swine retrovirus. 
The method includes: contacting a tissue sample with an 
antibody specific for a retroviral protein, e.g., an anti-gag, pol, 
or env antibody, and thereby determining if the sequence is 
present or expressed. 
0154) In preferred embodiments the protein is encoded by 
a sequence from: the sequence of SEQID NO:1 or its comple 
ment, SEQID NO:2 or its complement, or SEQID NO:3 or its 
complement. 
0.155. In preferred embodiments, the tissue is selected 
from the group consisting of heart, lung, liver, bone marrow, 
kidney, brain cells, neural tissue, pancreas or pancreatic cells, 
thymus, or intestinal tissue. 
0156. A “purified preparation' or a “substantially pure 
preparation' of a polypeptide as used herein, means a 
polypeptide which is free from one or more other proteins, 
lipids, and nucleic acids with which it naturally occurs. Pref 
erably, the polypeptide, is also separated from Substances 
which are used to purify it, e.g., antibodies or gel matrix. Such 
as polyacrylamide. Preferably, the polypeptide constitutes at 
least 10, 20, 5070, 80 or 95% dry weight of the purified 
preparation. Preferably, the preparation contains: Sufficient 
polypeptide to allow protein sequencing; at least 1, 10, or 100 
ug of the polypeptide; at least 1, 10, or 100 mg of the polypep 
tide. 
0157 Specifically hybridize, as used herein, means that a 
nucleic acid hybridizes to a target sequence with Substantially 
greater degree than it does to other sequences in a reaction 
mixture. By substantially greater means a difference suffi 
cient to determine if the target sequence is present in the 
mixture. 

0158. A “treatment’, as used herein, includes any thera 
peutic treatment, e.g., the administration of a therapeutic 
agent or Substance, e.g., a drug or irradiation. 
0159. A “purified preparation of nucleic acid', is a nucleic 
acid which is one or both of not immediately contiguous with 
one or both of the coding sequences with which it is imme 
diately contiguous (i.e., one at the 5' end and one at the 3' end) 
in the naturally-occurring genome of the organism from 
which the nucleic acid is derived; or which is substantially 
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free of a nucleic acid sequence or protein with which it occurs 
in the organism from which the nucleic acid is derived. The 
term includes, for example, a recombinant DNA which is 
incorporated into a vector, e.g., into an autonomously repli 
cating plasmid or virus, or into the genomic DNA of a 
prokaryote or eukaryote, or which exists as a separate mol 
ecule (e.g., a cDNA or a genomic DNA fragment produced by 
PCR or restriction endonuclease treatment) independent of 
other DNA sequences. Substantially pure DNA also includes 
a recombinant DNA which is part of a hybrid gene encoding 
additional sequences. A purified retroviral genome is a 
nucleic acid which is substantially free of host nucleic acid or 
viral protein. 
0160 "Homologous', as used herein, refers to the 
sequence similarity between two polypeptide molecules or 
between two nucleic acid molecules. When a position in both 
of the two compared sequences is occupied by the same 
amino acid or base monomer Subunit, e.g., if a position in 
each of two DNA molecules is occupied by adenine, then the 
molecules are homologous at that position. The percent of 
homology between two sequences is a function of the number 
of matching or homologous positions shared by the two 
sequences divided by the number of positions comparedx 
100. For example, if 6 of 10, of the positions in two sequences 
are matched or homologous then the two sequences are 60% 
homologous. By way of example, the DNA sequences 
ATTGCC and TATGGC share 50% homology. Generally, a 
comparison is made when two sequences are aligned to give 
maximum homology. The term sequence identity has sub 
stantially the same meaning. 
0161 The term “provirus' or “endogenous retrovirus, as 
used herein, refers to an integrated form of the retrovirus. 
0162 The terms “peptides”, “proteins, and “polypep 
tides’ are used interchangeably herein. 
0163 As used herein, the term “transgenic element' 
means a nucleic acid sequence, which is partly or entirely 
heterologous, i.e., foreign, to the animal or cell into which it 
is introduced but which is designed to be inserted, or is 
inserted, into the animal's genome in Such away as to alter the 
genome of the cell into which it is inserted. The term includes 
elements which cause a change in the sequence, or in the 
ability to be activated, of an endogenous retroviral sequence. 
Examples of transgenic elements include those which result 
in changes, e.g., Substitutions (e.g., A for G), insertions or 
deletions of an endogenous retroviral sequence (or flanking 
regions) which result in inhibition of activation or misexpres 
sion of a retroviral product. 
0164. As used herein, the term “transgenic cell” refers to a 
cell containing a transgenic element. 
0.165. As used herein, a “transgenic animal' is any animal 
in which one or more, and preferably essentially all, of the 
cells of the animal includes a transgenic element. The trans 
genic element can be introduced into the cell, directly or 
indirectly by introduction into a precursor of the cell, by way 
of deliberate genetic manipulation, such as by microinjection. 
This molecule may be integrated within a chromosome, or it 
may be extrachromosomally replicating DNA. 
0166 As described herein, one aspect of the invention 
features a pure (or recombinant) nucleic acid which includes 
a miniature Swine (or Swine) retroviral genome or fragment 
thereof, e.g., nucleotide sequence encoding a gag-pol or env 
polypeptide, and/or equivalents of Such nucleic acids. The 
term “nucleic acid', as used herein, can include fragments 
and equivalents. The term “equivalent” refers to nucleotide 
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sequences encoding functionally equivalent polypeptides or 
functionally equivalent polypeptides which, for example, 
retain the ability to react with an antibody specific for a 
gag-pol or env polypeptide. Equivalent nucleotide sequences 
will include sequences that differ by one or more nucleotide 
Substitutions, additions or deletions, such as allelic variants, 
and will, therefore, include sequences that differ from the 
nucleotide sequence of gag, pol, or enV shown inherein due to 
the degeneracy of the genetic code. 
0.167 "Misexpression', as used herein, refers to a non 
wild type pattern of gene expression, e.g., porcine retroviral, 
e.g., Tsukuba-1 gene expression, e.g., gag, pol or enV gene 
expression. It includes: expression at non-wild type levels, 
i.e., over or under expression; a pattern of expression that 
differs from wild type in terms of the time or stage at which 
the gene is expressed, e.g., increased or decreased expression 
(as compared with wild type) at a predetermined develop 
mental period or stage; a pattern of expression that differs 
from wildtype interms of decreased expression (as compared 
with wild type) in a predetermined cell type or tissue type; a 
pattern of expression that differs from wild type in terms of 
the splicing, size, amino acid sequence, post-translational 
modification, stability, or biological activity of the expressed, 
porcine retroviral, e.g., Tsukuba-1, polypeptides; a pattern of 
expression that differs from wild type in terms of the effect of 
an environmental stimulus or extracellular stimulus on 
expression of the porcine retroviral, e.g., Tsukuba-1 genes, 
e.g., a pattern of increased or decreased expression (as com 
pared with wild type) in the presence of an increase or 
decrease in the strength of the stimulus. 
(0168 Methods of the invention can be used with Swine or 
miniature Swine. 

0169. Endogenous retrovirus is a potential source of infec 
tion not always Susceptible to conventional breeding prac 
tices. Many proviruses are defective and unable to replicate. 
Provirus, if intact, can be activated by certain stimuli and then 
initiate viral replication using the host's cellular mechanisms. 
Retroviral infection will often not harm the host cell. How 
ever, replication of virus may result in Viremia, malignant 
transformation (e.g., via insertion of retroviral oncogenes), 
degeneration, or other insertional effects (e.g., gene inactiva 
tion). The effects of such infection may not emerge for many 
years. The spectrum of behavior of active lentiviral infection 
in humans is well described relative to HIV. These include 
AIDS, unusual infections and tumors, recombinant and other 
viruses, and antigenic variation which may prevent the gen 
eration of protective immunity by the infected host. 
0170 Screening of animals will allow elimination of 
donors with active replication of known viruses. Inactive 
proviruses can be detected with genetic probes and removed 
or inactivated. These novel approaches will allow the identi 
fication and elimination of potential human pathogens 
derived from swine in a manner not possible in the outbred 
human organ donor population and, thus, will be important to 
the development of human Xenotransplantation. 
0171 The porcine retroviral sequences of the invention 
are also useful as diagnostic probes to detect activation of 
endogenous porcine retroviruses following transplantation 
and Xenotransplantation of organs derived from Swine or 
miniature Swine. The porcine retroviral sequences of the 
invention also provide diagnostic tools necessary to assess the 
risks associated with transplantation of organs from Swine or 
miniature Swine into human recipients. These sequences are 
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also useful for the longitudinal evaluation of retroviral acti 
Vation in the human recipient of miniature Swine-derived 
Organs. 
0172. The practice of the present invention will employ, 
unless otherwise indicated, conventional techniques of cell 
biology, cell culture, molecular biology, transgenic biology, 
microbiology, recombinant DNA, and immunology, which 
are within the skill of the art. Such techniques are described in 
the literature. See, for example, Molecular Cloning A Labo 
ratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Mania 
tis (Cold Spring Harbor Laboratory Press: 1989); DNA Clon 
ing, Volumes I and II (D. N. Glover ed., 1985); 
Oligonucleotide Synthesis (M. J. Gait ed., 1984); Mullis et al. 
U.S. Pat. No. 4,683,195, Nucleic Acid Hybridization (B. D. 
Hames & S. J. Higgins eds. 1984); Transcription And Trans 
lation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of 
Animal Cells (R.I. Freshney, Alan R. Liss, Inc., 1987); Immo 
bilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A 
Practical Guide To Molecular Cloning (1984); the treatise, 
Methods. In Enzymology (Academic Press, Inc., N.Y.); Gene 
Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. 
Calos eds., 1987, Cold Spring Harbor Laboratory); Methods 
In Enzymology, Vols. 154 and 155 (Wu et al. eds.), Immu 
nochemical Methods. In Cell And Molecular Biology (Mayer 
and Walker, eds. Academic Press, London, 1987); Handbook 
Of Experimental Immunology, Volumes I-IV (D. M. Weir and 
C. C. Blackwell, eds., 1986); Manipulating the Mouse 
Embryo, (Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y., 1986). 
0173 Although methods and materials similar or equiva 
lent to those described herein can be used in the practice or 
testing of the present invention, the preferred methods and 
materials are described below. All publications mentioned 
herein are incorporated by reference. In addition, the materi 
als, methods, and examples are illustrative only and not 
intended to be limiting. 

DETAILED DESCRIPTION OF THE DRAWINGS 

(0174 FIG. 1 is the nucleotide sequence (SEQID NO: 1) of 
the Tsukuba-1 cDNA. 
(0175 FIG. 2 is the nucleotide sequence (SEQID NO:2) of 
a defective retroviral genome isolated from the retrovirus 
from the PK-15 cell line. 
(0176 FIG.3 is the nucleotide sequence (SEQID NO:3) of 
a retrovirus found in miniature Swine. 

DETAILED DESCRIPTION 

Miniature Swine Retroviruses 

0177 Transplantation may increase the likelihood of ret 
roviral activation, if intact and infectious proviruses are 
present. Many phenomena associated with transplantation, 
e.g., immune Suppression, graft rejection, graft-Versus-host 
disease, viral co-infection, cytotoxic therapies, radiation 
therapy or drug treatment, can promote activation of retrovi 
ral expression. 
0.178 Many species are thought to carry retroviral 
sequences in their genomic DNA. The number of intact (com 
plete) retroviral elements that could be activated is often 
unknown. Once activated, Swine-derived viruses would 
require the appropriate receptor on human tissues to spread 
beyond the transplanted organ. Most intact endogenous 
proviruses (usually types B and C), once activated, are not 
pathogenic. However, coinfection with other viruses, recom 
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bination with other endogenous viruses, or modification of 
viral behavior in the foreign human environment may alter 
the pathogenicity, organ specificity or replication of the ret 
roviruses or other infectious agents. 
0179 The lack of sequence data on pig viruses has 
impeded efforts to assess the number of porcine sequences, or 
porcine retroviral sequences, that have incorporated into the 
human genome or the frequency of incorporation. 
0180. The inventor, by showing that the Tsukuba-1 retro 
virus is found in miniature Swine, and by providing the entire 
sequence of the porcine retroviral (Tsukuba-1) genome, has 
allowed assessment of the risk of endogenous retroviruses in 
general clinical practice and more importantly in Xenotrans 
plantation. 
0181. The porcine retroviral sequences of the invention 
can be used to determine the level (e.g., copy number) of 
intact (i.e., potentially replicating) porcine provirus 
sequences in a strain of xenograft transplantation donors. For 
example, the copy number of the miniature Swine retroviral 
sequences can be determined by the Polymerase Chain Reac 
tion DNA Quantitation (PDQ) method, described herein, or 
by other methods known to those skilled in the art. This 
quantitation technique will allow for the selection of animal 
donors, e.g., miniature Swine donors, without an intact por 
cine retroviral sequence or with a lower copy number of viral 
elements. 
0182. The porcine retroviral sequences of the invention 
can be used to determine if mutations, e.g., inversions, trans 
locations, insertions or deletions, have occurred in the endog 
enous porcine retroviral sequence. Mutated viral genomes 
may be expression-deficient. For example, genetic lesions 
can be identified by exposing a probe?primer derived from 
porcine retrovirus sequence to nucleic acid of the tissue (e.g., 
genomic DNA) digested with a restriction endonucleases or 
by in situ hybridization of the probe?primer derived from the 
porcine retroviral sequence to the nucleic acid derived from 
donor, e.g., miniature Swine, tissue. Alternatively, direct PCR 
analysis, using primers specific for porcine retroviral genes 
(e.g., genes comprising the nucleotide sequence shown in 
SEQID NO: 1, 2, or 3), can be used to detect the presence or 
absence of the genetic lesion in the porcine retroviral genome. 
0183 Miniature Swine retroviral sequences of the inven 
tion can also be use to detect viral recombinants within the 
genome, or in the circulation, cells, or transplanted tissue, 
between the porcine retrovirus and other endogenous human 
viruses or opportunistic pathogens (e.g. cytomegalovirus) of 
the immunocompromised transplant recipient. For example, 
pieces of the viral genome can be detected via PCR or via 
hybridization, e.g., Southern or Northern blot hybridization, 
using sequences derived from SEQ ID NO: 1, 2, or 3 as 
primers for amplification or probes for hybridization. 
0.184 Miniature Swine retroviral sequences of the inven 
tion, e.g., PCR primers, allow quantitation of activated virus. 
Sequences of the invention also allow histologic localization 
(e.g., by in situ hybridization) of activated retrovirus. Local 
ization allows clinicians to determine whether a graft should 
be removed as a source of potential retroviral infection of the 
human host or whether the retroviral infection was localized 
outside the graft. 
0185. Sequences of the invention, e.g., PCR primers, 
allow the detection of actively replicating virus, e.g., by using 
reverse transcribed PCR techniques known in the art. Stan 
dard techniques for reverse transcriptase measurements are 
often complicated, species-specific, and are of low sensitivity 
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and specificity, and false positive results may develop using 
full-length probes for Southern and Northern molecular blot 
ting. Sequences of the invention allow for sensitive and spe 
cific assays for the activation of virus and this will allow 
performance of a wide variety of tests, some of which are 
outlined below. 

0186 The invention provides for the testing and develop 
ment of donor animals having reduced numbers of intact 
proviral insertions. It also provides for the testing of immu 
nosuppressive regimens less likely to provide the conditions 
for active replication of retrovirus. Conditions likely to acti 
vate one retrovirus are generally more likely to activate other 
viruses including unknown retroviruses and known human 
pathogens including cytomegalovirus, hepatitis B and C 
viruses, Human Immunodeficiency Viruses (I and II). Given 
the availability of preventative therapies for these infections, 
these therapies could be used prophylactically in patients 
known to be susceptible to the activation of porcine retrovi 
US 

0187. The miniature Swine retroviral sequences of the 
invention can be used to measure the response of the minia 
ture Swine retroviral infection in humans to therapy, e.g., 
immunomodulatory orantiviraltherapy, e.g., antiviral agents, 
e.g., antiviral antibiotics. With HIV, susceptibility to antiviral 
antibiotics is determined by the genetic sequence of the 
reverse transcriptase gene (RT pol region) and other genes. 
The ability to determine the exact sequence of the retroviral 
genes will allow the detection of mutations occurring during 
infection which would then confer resistance of this virus to 
antiviral agents. Primers, e.g., for the RT-pol region, of the 
invention can be used to detect and to sequence clinical viral 
isolates from patients which have developed mutations by 
PDQ method described herein. The primers of the invention 
can also be used to determine whether tumor cells, e.g., can 
cer cells, e.g. lymphoma or hepatocellular carcinoma, devel 
oping in Xenograft recipients contain porcine retroviral ele 
mentS. 

0188 The porcine retroviral sequences of the invention 
can also be used to detect other homologous retroviruses and 
to determine whether these are the same or different as com 
pared to the Tusukuba-1 retroviral sequences. For example, 
within a species, the polymerase genes are highly conserved. 
PCR assays aimed at the gag-pol region followed by sequence 
analysis allow for this detection of homologous viruses. The 
appropriate regions of the Tsukuba-1 virus can be determined 
by using sequences derived from SEQ ID NO:1, described 
herein, to identify additional 5' and 3' viral genomic 
sequences. AS is discussed elsewhere herein, the sequences 
from SEQID NO: 1 were used to obtain the sequence of the 
PK-15 retroviral insert (SEQ ID NO:2) and of a retroviral 
insertion in a miniature Swine (SEQ ID NO:3). 
0189 Miniature Swine retroviral sequences of the inven 
tion can be used to Screen donor animals and Xenograft recipi 
ents after transplantation both for infection, and as a measure 
of the appropriate level of immune Suppression, regarding 
susceptibility to infection. Physicians, medical staff, family, 
or individuals who come into contact with graft recipients, 
and others, can be screened for infection with virus derived 
from the xenograft recipient. Members of the population in 
general can also be screened. Such screening can be used for 
broad epidemiologic Studies of the community. These meth 
ods can help in meeting the requirements of the F.D.A. 
regarding enhancing the safety of the recipients and of the 
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community to exposure to new viruses introduced into the 
community by Xenograft transplantation. 
0190. As is shown in Suzuka et al., 1986, FEBS 198:339, 
the Swine retroviruses Such as the Tsukuba-1 genome can 
exist as a circular molecule. Upon cloning the circular mol 
ecule is generally cleaved to yield a linear molecule. As will 
be understood by one skilled in the art, the start point and end 
point of the resulting linear molecule, and the relative subre 
gions of the viral sequence will of course vary with the point 
of cleavage. For example, in the Suzuka et al. reference the 
LTR is shown to be in an internal fragment. This is indicated 
herein in that the order of gag, pol, env in SEQID NO 1 is 
shown as env, gag, pol, while elsewhere herein the order of 
these regions is given as the naturally occurring gag, pol, env 
order. 
Primers Derived from the Porcine Retroviral (Tsukuba-1) 
Genome Sequence 
0191) A number of different primers useful in the methods 
of the invention have been described herein. One skilled in the 
art can identify additional primers from the viral sequence of 
SEQ ID NO:1 by using methods known in the art. For 
example, when trying to identify potentially useful primers 
one skilled in the art would look for sequences (sequences 
should be between about 15 and 30 nucleotides in length) 
which hybridize to SEQID NO:1 with high melting tempera 
ture, have a balanced distribution of nucleotides, e.g., a bal 
anced distribution of A, T, C and Gs; have a terminal C or G; 
do not self-hybridize or internally complement. 
Use of Primers Derived from the Porcine Retroviral 
(Tsukuba-1) Genome-Sequence 
0.192 I. Testing of Organs or Cells Prior to Transplantation 
0193 Potential donor animals can be screened for active 
retroviral replication prior to being used in transplantation. 
This allows avoidance of animals undergoing active viral 
replication. Replicating virus is often infectious in 100% of 
recipients, while nonreplicating, latent provirus generally 
causes infection in 5 to 25% of recipients. 
0194 II. Testing of Recipients 
0.195 Serial samples, e.g., of white blood cells, can be 
obtained from a graft recipient monthly, e.g., for the first 
month and every three months thereafter. Tissue biopsies 
obtained for evaluation of graft function can be used to evalu 
ate the activation of retroviral sequences or of the expression 
retroviral sequences in graft tissue. Samples can be screened 
for the presence of retrovirus infection both specifically for 
the homologous virus, for viral recombinants containing por 
tions of the viral genome, and for other retroviruses, using, 
e.g., PCR primers for the pol region of the virus, which is the 
region most likely to be conserved. If virus is detected, quan 
titative PCR can be used to determine the relative stability of 
viral production. Cells isolated from Xenograft recipients can 
be tested by cocultivation with permissive human and porcine 
(e.g., pig fallopian tube, pig macrophage, or pig testis) cell 
lines known to contain endogenous viruses. Isolated virus 
will be tested for homology with the parental strain and for 
mutations which might affect susceptibility to antiviral 
agents, e.g., antiviral antibiotics. 
0.196 III. Testing of Surgical and Medical Personnel and 
Family Members of Graft Recipient 
0.197 Samples, e.g., white blood cells, can be banked (ar 
chived) from the Surgical and medical personnel and from 
family members of the recipient prior to transplantation and at 
three months intervals for the first year and at least annually 
thereafter. Epidemiologic studies can be performed on these 
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samples as well. These samples can be tested if the recipient 
becomes viremic or if unusual clinical manifestations are 
noted in these individuals. 
(0198 IV. Testing of Tumor Cells 
0199 Tumor cells which develop from a graft, or a graft 
recipient, can be tested for the presence of active retrovirus 
and for proviruses. 
(0200 V. Testing of Patients 
0201 Patients can be retested for any significant change in 
clinical condition or for increased immune Suppression of 
graft rejection which may be associated with an increased risk 
of viral activation. 

Sequencing of the Porcine Retroviral (Tsukuba-1) Genome 
(0202. A clone (P.8.8) containing the 8060 bp XhoI por 
cine retrovirus (Tsukuba-1) insert was used to transfect com 
petent E. coli, and DNA was isolated for sequencing. The 
strategy used to sequence the 8060 bp porcine retrovirus 
genome included a combination of procedures which are 
outlined below. 
0203 Random fragments (1-3 kb) of the clone (P.8.8) 
were generated by Sonication. The fragments were blunt 
ended and were subcloned into the EcoRV site of the pBlue 
script SK vector. Plasmid DNA was prepared using a modi 
fied alkaline lysis procedure. DNA sequencing was 
performed using DyeDeoxy termination reactions (ABI). 
Base specific fluorescent dyes were used as labels. Sequenc 
ing reactions were analyzed on 4.75% polyacrylamide gels by 
an ABI 373 A-S or 373S automated sequencer. Subsequent 
data analysis was performed on SequencerTM 3.0 software. 
The following internal sequencing primers were synthesized: 

AP1 5 GATGAACAGGCAGACATCTG 3." (SEQ ID NO: 48) 

AP2 5 CGCTTACAGACAAGCTGTGA 3 (SEQ ID NO: 49) 

AP3 5 AGAACAAAGGCTGGGAAAGC 3' (SEO ID NO : 5O) 

AP4 5. ATAGGAGACAGCCTGAACTC 3' (SEQ ID NO:51) 

APS s' GGACCATTGTCTGACCCTAT 3 (SEQ ID NO: 52) 

AP6 s' GTCAACACCTATACCAGCTC 3' (SEO ID NO : 53) 

AP7 5. CATCTGAGGTATAGCAGGTC 3' (SEQ ID NO:54) 

AP8 5 GCAGGTGTAGGAACAGGAAC 3 (SEO ID NO : 55) 

AP9 s' ACCTGTTGAACCATCCCTCA 3' (SEO ID NO. 56) 

AP10 5 CGAATGGAGAGATCCAGGTA 3 (SEO ID NO : 57) 

AP11. s' CCTGCATCACT TOTCTTACC 3 (SEO ID NO. 58) 

AP12 s' TTGCCTGCTGCTGGAATACG 3 '' (SEO ID NO. 59) 

AP13 5 CAAGAGAAGAAGTGGGGAATG 3." (SEQ ID NO: 6O) 

AP14 5 CACAGTCGTACACCACGCAG 3." (SEQ ID NO : 61) 

AP15 5 GGGAGACAGAAGAAGAAAGG 3." (SEQ ID.NO: 62) 

AP16 s' CGATAGTCATTAGTCCCAGG 3 '' (SEQ ID NO: 63) 

AP17 s' TGCTGGTTTGCATCAAGACCG 3 '' (SEQ ID NO: 64) 

AP18 5 GTCGCAAAGGCATAC CTGCT 3 (SEO ID NO : 65) 

AP19 5 ACAGAGCCTCTGCTAAGAAG 3." (SEQ ID NO: 66) 
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AP2O 5 GCAGCTGTTGACAATCATC 3' (SEO ID NO : 67) 

AP2.1 5 TATGAGGAGAGGGCTTGACT 3 (SEQ ID NO: 68) 

AP22 is AGCAGACGTGCTAGGAGGT 3" (SEQ ID NO: 69) 

AP23 TCCTCTTGCTGTTTGCATC 3' (SEO ID NO : 7 O) 

AP24 is CAGACACTCAGAACAGAGAC 3 (SEO ID NO : 71.) 

AP25, 5 ACATCGTCTAACCCACCTAG 3." (SEO ID NO : 72) 

AP26 is ' CTCGTTTCTGGTCATACCTGA 3' (SEO ID NO : 73) 

AP27 is ' GAGTACATCTCTCTAGGCA 3" (SEO ID NO : 74) 

AP28 5 TGCCTAGAGACATGTACTC 3' (SEQ ID NO : 4) 

AP29 is CCTCTTCTAGCCATTCCTTCA 3 (SEO ID NO. 5) 

The clone (P 8.8) containing the 8060 bp XhoI porcine ret 
rovirus (Tsukuba-1) insert was deposited with ATCC on Dec. 
27, 1995 (ATCC Deposit No. 97396). 

Determination of the Porcine Retroviral (Tsukuba-1) Copy 
Number in a Miniature Swine 

0204 Total genomic DNA was isolated from miniature 
swine kidney by the methods known in the art. The isolated 
genomic DNA was digested with either EcoRI or HindIII 
restriction enzyme. The DNA digests were electrophoresed 
on an agarose gel, Southern blotted and hybridized to the 
full-length, purified, Tsukuba-1 sequence (SEQ ID NO:1) 
under high stringency conditions (0.1 xSSC, 65° C.). In both 
digested samples (EcoRI or HindIII) at least six copies of the 
high molecular fragments of the miniature Swine genome 
(over 16 Kb in size) hybridized to SEQID NO:1, indicating 
the presence of homologous retroviral sequences in porcine 
DNA. 

Susceptibility Testing by Polymerase Chain Reaction DNA 
Quantitation (PDQ) 
0205 Polymerase chain reaction (PCR) DNA quantitation 
(PDQ) susceptibility testing can be used to rapidly and 
directly measure nucleoside sensitivity of porcine retrovirus 
isolates. PCR can be used to quantitate the amount of porcine 
retroviral RNA synthesized after in vitro infection of periph 
eral blood mononuclear cells. The relative amounts of porcine 
retroviral RNA in cell lysates from cultures maintained at 
different drug concentrations reflect drug inhibition of virus 
replication. With the PDQ method both infectivity titration 
and Susceptibility testing can be performed on Supernatants 
from primary cultures of peripheral blood mononuclear cells. 
0206. The PDQ experiments can be performed essentially 
as described by Eron et al., PNAS USA 89:3241-3245, 1992. 
Briefly, aliquots (150 ul) of serial dilutions of virus sample 
can be used to infect 2x10 PHA-stimulated donor PBMCs in 
1.5 ml of growth medium per well of a flat-bottom 24-well 
plate (Corning). Separate cell samples can be counted, har 
vested, and lysed at 48, 72 and 96 hr. Quantitative PCR and 
porcine retrovirus copy-number determination can then be 
performed in duplicate on each lysate. 
0207. The results of a PDQ infectivity titration assay can 
be used to determine the virus dilution and length of culture 
time employed in a subsequent PDQ susceptibility test. These 
parameters should be chosen so that the yield of porcine 
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retrovirus specific PCR product for the untreated control 
infection would fall on the porcine retrovirus copy-number 
standard curve before the curve approached its asymptotic 
maximum, or plateau. PHA-stimulated donor PBMCs can be 
incubated with drug for 4 hr prior to infection. Duplicate 
wells in a 24-well plate should receive identical porcine ret 
rovirus inocula for each drug concentration tested and for the 
untreated infected controls. Uninfected controls and drug 
toxicity controls should be included in each experiment. All 
cultures can be harvested and cells lysed for PCT after either 
48 or 72 hr. Previously characterized isolates can be used as 
assay standards in each experiment. 
0208 Cell pellets can be lysed in various volumes of lysis 
buffer (50 mMKC1/10 mM Tris.HCl, pH8.3/2.5 mMMgCl/ 
0.5% Nonidet P-40/0.5% Tween 20/0.01% proteinase K) to 
yield a concentration of 1.2x10" cell equivalents/ul. Unifor 
mity to cell lysate DNA concentrations should be confirmed 
in representative experiments by enhancement of Hoechst 
33258 fluorescence (Mini-Fluorometer, Hoefer). 
0209. A conserved primer pair can be synthesized accord 
ing to the pol gene sequences. The primers can than be used to 
amplify a 1580-base pair fragment of the porcine retrovirus 
pol gene from 1.2x10 cell equivalents of lysate by using PCR 
(GeneAmp, Cetus) under standard conditions. Amplifica 
tions should be repeated if porcine retrovirus DNA is ampli 
fiable from reagent controls. 
0210 Porcine retrovirus pol gene amplification products 
can be specifically detected and quantitated as described 
(Conway, B.C. (1990) in Techniques in HIV Research, (Aldo 
vani & Walker, eds.) (Stockton, N.Y.) pp. 40–46). Heat-dena 
tured PCR products can be hybridized in a Streptavidin 
coated microtiter plate well with both biotinylated capture 
probe and horseradish peroxidase (HRP)-labeled detector 
probe enzyme-linked oligonucleotide solution sandwich 
hybridization assay ((ELOSA), DuPont Medical Products, 
Billerica, Mass.) for 60 minat37°C. After extensive washing 
to remove all reactants except probe-DNA hybrids, an HRP 
chromogen, tetramethylbenzidine (TMBlue, Transgenic Sci 
ences, Worcester, Mass.), should be added to each well. The 
HRP-catalyzed color development should be stopped after 1 
hrby addition of sulfuric acid to 0.65 M. Absorbance (OD) at 
450 nm can be measured in an automated microtiter plate 
reader (SLT Labinstruments, Hillsborough, N.C.). 
0211. A standard curve of porcine retrovirus DNA copy 
number can be generated in each PCR by using a dilution 
series of cells containing one porcine proviral genome per 
cell. 

Preparation of a Miniature Swine Having a Knockout of 
Tsukuba-1 Viral Sequence Using Isogenic DNA Targeting 
Vectors 

0212 Isogenic DNA, or DNA that is substantially identi 
cal in sequence between the targeting vector and the target 
DNA in the chromosomes, greatly increases the frequency for 
homologous recombination events and gene targeting effi 
ciency. Using isogenic-DNA targeting vectors, targeting fre 
quencies of 80% or higher can be achieved in mouse embry 
onic stem cells. This is in contrast to non-isogenic DNA 
vectors which normally yield targeting frequencies of around 
0.5% to 5%, i.e., approximately two orders of magnitude 
lower than isogenic DNA vectors. Isogenic DNA constructs 
are predominantly integrated into chromosomes by homolo 
gous recombination rather than random integration. As a con 
sequence, targeted mutagenesis of viral sequences, e.g., viral 
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genes, can be carried out in biological systems including 
Zygotes, which do not lend themselves to the use of elaborate 
selection protocols, resulting in production of animals, e.g., 
miniature Swine, free of, or having a reduced number of 
activatable viral sequences. In order for the isogenic DNA 
approach to be feasible, targeting vectors should be con 
structed from a source of DNA that is identical to the DNA of 
the organism to be targeted. Ideally, isogenic DNA targeting 
is carried out in inbred Strains of animals, e.g., inbred minia 
ture Swine, in which all genetic loci are homozygous. Any 
animal of that strain can serve as a source for generating 
isogenic targeting vectors. This protocol for isogenic gene 
targeting is outlined in TeRiele et al., PNAS 89:5128-5132, 
1992 and PCT/US92/07184, herein incorporated by refer 
ence. A protocol for producing Tsukuba-1 knockout minia 
ture swine is described briefly below. 
0213. An insertion vector is designed as described by 
Hasty and Bradley (Gene Targeting Vectors for Mammalian 
Cells, in Gene Targeting: A Practical Approach, ed., Alexan 
dra L. Joyner, IRL Press 1993). Insertion vectors require that 
only one crossoverevent occur for integration by homologous 
recombination into the native locus. The double strand 
breaks, the two ends of the vector which are known to be 
highly recombinogenic, are located on adjacent sequences on 
the chromosome. The targeting frequencies of such construc 
tions will be in the range of 30 to 50%. One disadvantage of 
insertion vectors, in general, concerns the sequence duplica 
tions that are introduced and that potentially make the locus 
unstable. All these constructions are made using standard 
cloning procedures. 
0214 Replacement vectors have also been extensively 
described by Hasty and Bradley. Conceptually more straight 
forward than the insertion vector, replacement vectors use an 
essentially co-linear fragment of a stretch of Tsukuba-1 
genomic sequence. Preferably, the DNA sequence from 
which an isogenic replacement vector is constructed includes 
approximately 6 to 10 kb of uninterrupted DNA. Two cross 
overs, one on either side of the selectable marker causes the 
mutant targeting vector to become integrated and replace the 
wild-type gene. 
0215 Microinjection of the isogenic transgene DNA into 
one of the pronuclei of a porcine embryo at the Zygote stage 
(one-cell embryo) is accomplished by modification of a pro 
tocol described earlier (Hammeretal. 1985, Nature 315,680; 
Pursel et al. 1989, Science 244, 1281). The age and the weight 
of the donor pigs, e.g., haplotype specific mini-Swine, are 
critical to Success. Optimally, the animals are of age 8 to 10 
months and weigh 70 to 85 lbs. This increases the probability 
of obtaining an adequate Supply of one-cell embryos for 
microinjection of the transgenes. In order to allow for accu 
rate timing of the embryo collections at this stage from a 
number of embryo donors, the gilts are synchronized using a 
preparation of synthetic progesterone (Regumate). Hormone 
implants are applied to designated gilts 30 days prior to the 
date of embryo collection. Twenty days later, ten days prior to 
the date of collection, the implants are removed and the ani 
mals are treated with additional hormones to induce Supero 
vulation to increase the number of embryos for microinjec 
tion. Three days following implant removal, the animals are 
treated with 400 to 1000 IU of pregnant mare serum gona 
dotropin (PMSG) and with 750 IU of human chorionic gona 
dotropin (hCG) three to four days later. These animals are 
bred by artificial insemination (AI) on two consecutive days 
following injection of hCG. 
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0216 Embryo collections are performed as follows: three 
days following the initial injection of hCG, the animals are 
anesthetized with an intramuscular injection of Telazol (3 
mg/lb), Rompum (2 mg/lb) and Atropine (1 mg/lb). A midline 
laparotomy is performed and the reproductive tract exterior 
ized. Collection of the Zygotes is performed by cannulating 
the ampulla of the oviduct and flushing the oviduct with 10 to 
15 ml phosphate buffered saline, prewarmed to 39° C. Fol 
lowing the collection the donor animals are prepared for 
recovery from Surgery according to USDA guidelines. Ani 
mals used twice for embryo collections are euthanized 
according to USDA guidelines. 
0217. Injection of the transgene DNA into the pronuclei of 
the Zygotes is carried out as Summarized below: Zygotes are 
maintained in medium HAMF-12 supplemented with 10% 
fetal calfserum at 38°C. in 5% CO, atmosphere. For injection 
the Zygotes are placed into BMOC-2 medium, centrifuged at 
13,000 g to partition the embryonic lipids and visualize the 
pronuclei. The embryos are placed in an injection chamber 
(depression slide) containing the same medium overlaid with 
light paraffin oil. Microinjection is performed on a Nikon 
Diaphot inverted-microscope equipped with Nomarski optics 
and Narishige micromanipulators. Using 40x lens power the 
embryos are held in place with a holding pipette and injected 
with a glass needle which is back-filled with the solution of 
DNA containing the transgenic element, e.g., a mutant viral 
gene (2 ug/ml). Injection of approximately 2 picoliters of the 
solution (4 femptograms of DNA), which is equivalent to 
around 500 copies of the transgenic element, e.g., a mutant 
viral gene, is monitored by the Swelling of the pronucleus by 
about 50%. Embryos that are injected are placed into the 
incubator prior to transfer to recipient animals. 
0218. Recipient animals are prepared similarly to the 
donor animals, but not superovulated. Prior to the transfer of 
the injected embryos, recipient gilts are anesthetized, the 
abdomen opened Surgically by applying a longitudinal inci 
sion and the ovaries exteriorized. The oviduct ipsilateral to 
the ovary with the larger number of corpus lutei is flushed, the 
embryos checked to evaluate if the animals is reproductively 
Sound. Approximately 4 to 6 Zygotes injected with the trans 
genic element, e.g., a mutant viral gene, are transferred to the 
flushed oviduct, the abdominal incision sutured and the ani 
mals placed in a warm area for recovery. The status of the 
pregnancy is monitored by ultrasound starting at day 25, or 
approximately one week following the expected date of 
implantation. Pregnant recipients are housed separately until 
they are due to farrow. 
0219 Newborn piglets are analyzed for integration of the 
transgenic element into chromosomal DNA. Genomic DNA 
is extracted from an ear punch or a blood sample and initial 
screening is performed using PCR. Animals that are poten 
tially transgenic element-positive are confirmed by Southern 
analysis. Transgenic founder animals are Subjected to further 
analysis regarding the locus of transgenic element integration 
using Southern analysis. 

The Isolation and Sequencing of an Endogenous Swine Ret 
roviral Insert and of a Retroviral Insertin Porcine PK-15 Cells 

Cloning of PK15 and PAL Endogenous Retroviruses 
I. Poly A'RNA. Isolation 
0220 Peripheral blood lymphocytes (PBLs) were pre 
pared from haplotype d/d miniswine using standard protocols 
known in the art. The PBLs were cultured in the presence of 
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1% phytohemagglutinin (PHA) for about 84 hours. The acti 
vated PBLs were collected and total RNA was isolated using 
commercially available kits, such at Gentra's (Minneapolis, 
Minn.) PUREscript Kit. Poly A+RNA was isolated from the 
total RNA using another commercially available product, 
Dynal Dynabeads (Lake Success, N.Y.). Northern analysis of 
the RNA using a pig retroviral probe confirmed the presence 
of potentially full-length retroviral genome RNA. RNA from 
PK15 cells was isolated using similar protocols. 
II. Construction of the cDNA Libraries 
0221) Using Superscript Choice System (Life Technolo 
gies Ltd, Gibco BRL, Gaithersburg, Md.) for cDNA Synthe 
sis, a cDNA library was constructed using oligo dT to make 
the first strand cDNA. The use of Superscript reverse tran 
Scriptase was important in order to obtain full-length retrovi 
ral (RV) cDNAs, due to the length of the RV RNA. The cDNA 
library was enriched for large cDNA fragments by size select 
ing >4 kb fragments by gel electrophoresis. The cDNAs were 
cloned into Lambda ZAP Express (Clontech Laboratories, 
Inc. Palo Alto, Calif.), which is one of the few commercially 
available cDNA vectors that would accept inserts in the 1-12 
kb range. 
III. Screening of the cDNA Libraries 
(0222 0.75-1.2x10 independent clones were screened 
using either gag and pol or gag and env probes. Double 
positive clones were further purified until single isolates were 
obtained (1 or 2 additional rounds of screening). 

IV. Characterization of the Clones 

0223 Between 18 and 30 double positive clones were 
selected for evaluation. Lambda DNA was prepared using 
standard protocols, such as the Lambda DNA Kit (Qiagen 
Inc., Chatsworth, Calif.). The clones were analyzed by PCR 
to check for (a) RV genes, and (b) determine the size of insert 
and LTR regions. Restriction digests were also done to con 
firm the size of insert and to attempt to categorize the clones. 
Clones containing the longest inserts and having consistent 
and predicted PCR data were sequenced. 

Development of a PCR-Based Assay for the Detection of the 
Presence of an Endogenous Retrovirus in Cells, Tissues, 
Organs, Miniswine or Recipient Hosts (e.g., Primates, 
Humans) 
0224. Using a commercially available computer software 
program (such as RightPrimer, Oligo 4.0, MacVector or 
Geneworks), one can analyze sequences disclosed herein for 
the selection of PCR primer pairs. The criteria for the general 
selection of primer pairs includes: 
0225 a. The Tm of each primer is between 65-70° C. 
0226 b. The Tim's for each pair differ by no more than 3° 
C. 

0227 c. The PCR fragment is between 200-800 bp in 
length 
0228 d. There are no repeats, self complementary bases, 
primer-dimer issues, etc for each pair 

A. Additional Criteria for: a Pig-Specific PCRAssay 

0229. a. Primers are selected within porcine-specific 
regions of the sequence—such as within gag, env, or U3. 
Porcine-specific primers are defined as sequences which 
overall have <70% homology to the corresponding region in 
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human, mouse and primate retroviruses. In addition, the last 
five bases at the 3' end of the primer should be unique to the 
pig retroviral sequence. 
0230 b. Primers should have no more than one or two 
mismatched bases based on the miniswine, and retroviral 
sequences disclosed herein. These mismatched bases should 
not be within the last three or four bases of the 3' end of the 
primer. 

B. Additional Criteria for: Miniswine-Specific PCR Assay 
0231 a Primers are selected such that there are at least one 
or two mismatches between miniswine and domestic pig 
sequences. At least one of these mismatches should be located 
within the last three or four bases at the 3' end of the primer. 
Preferably, these mismatches would be a change from either 
a G or C in miniswine to either an A or T in domestic pig. 

RT-PCR Strategy 
0232. There are a number of commercially available RT 
PCR Kits for routine amplification of fragments. Several 
primer pairs should be tested to confirm Tm and specificity. 
Location of primers within the sequence depends in part on 
what question is being answered. RT-PCR should answer 
questions about expression and presence of RV sequences. 
PCR will not necessarily answer the question of whether the 
retroviral sequence is full-length or encodes a replication 
competent retrovirus. A positive signal in these tests only says 
there is RV sequence present. Indication of the possibility of 
full-length viral genomes being present can be obtained by 
performing long PCR using primers in U5 and U3. A com 
mercial kit for long RT-PCR amplification is available 
(Takara RNALA PCR Kit). Confirmation of full-length viral 
genomes requires infectivity studies and/or isolation of viral 
particles. 
0233. Northern analyses would complement RT-PCR 
data. Detection of bands at the predicted size of full-length 
viral genomes with hybridization probes from env, U3 or U5 
would provide stronger evidence. The presence of other small 
bands hybridizing would indicate the amount of defective 
viral fragments present. 

ELISA-Based Assay to Detect the Presence of Porcine Ret 
roviral Proteins, Polypeptides or Peptides 

0234. In addition to the use of nucleic acid-based, e.g., 
PCR-based assays, to detect the presence of retroviral 
sequences, ELISA based assays can detect the presence of 
porcine retroviral proteins, polypeptides and peptides. 
0235. The basic steps to developing an ELISA include (a) 
generation of porcine retroviral specific peptides, polypep 
tides and proteins; (b) generation of antibodies which are 
specific for the porcine retroviral sequences; (c) developing 
the assay. 
0236. Using the retroviral sequences disclosed herein, 
antigenic peptides can be designed using computer based 
programs such as MacVector or Geneworks to analyse the 
retroviral sequences. Alternatively, it is possible to express 
the porcine retroviral sequences in gene expression systems 
and to purify the expressed polypeptides or proteins. After 
synthesis, the peptides, polypeptides or proteins are used to 
immunize mice or rabbits and to develop serum containing 
antibodies. 
0237 Having obtained the porcine retroviral specific anti 
bodies the ELISA can be developed as follows. ELISA plates 
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are coated with a Volume of polyclonal or monoclonal anti 
body (capture antibody) which is reactive with the analyte to 
be tested. Such analytes include porcine retroviruses or ret 
roviral proteins such as env or p24. The ELISA plates are then 
incubated at 4° C. overnight. The coated plates are then 
washed and blocked with a Volume of a blocking reagent to 
reduce or prevent non-specific hybridization. Such blocking 
reagents include bovine serum albumin (BSA), fetal bovine 
serum (FBS), milk, or gelatin. The temperature for the block 
ing process is 37°C. Plates can be used immediately or stored 
frozen at -20°C. until needed. The plates are then washed, 
loaded with a serial dilution of the analyte, incubated at 37° 
C., and washed again. Bound analyte is detected using a 
detecting antibody. Detecting antibodies include enzyme 
linked, fluoresceinated, biotin-conjugated or other tagged 
polyclonal or monoclonal antibodies which are reactive with 
the analyte. If monoclonal antibodies are used the detecting 
antibody should recognize an epitope which is different from 
the capture antibody. 

OTHER EMBODIMENTS 

0238. In another aspect, the invention provides a substan 
tially pure nucleic acid having, or comprising, a nucleotide 
sequence which encodes a Swine or miniature Swine, e.g., a 
Tsukuba-1 retroviral gag polypeptide. 
0239. In preferred embodiments: the nucleic acid is or 
includes the nucleotide sequence from nucleotides 2452 
4839 of SEQID NO:1; the nucleic acid is at least 60%, 70%, 
80%, 90%. 95%, 98%, or 99% homologous with a nucleic 
acid sequence corresponding to nucleotides 2452-4839 of 
SEQID NO:1; or by a sequence which, hybridizes under high 
stringency conditions to nucleotides 2452-4839 of SEQ ID 
NO:1; the nucleic acid includes a fragment of SEQID NO:1 
which is at least 25, 50, 100, 200, 300, 400, 500, or 1,000 
bases in length; the nucleic acid differs from the nucleotide 
sequence corresponding to nucleotides 2452-4839 of SEQID 
NO: 1 due to degeneracy in the genetic code; the nucleic acid 
differs from the nucleic acid sequence corresponding to 
nucleotides 2452-4839 of SEQID NO:1 by at least one nucle 
otide but by less than 5, 10, 15 or 20 nucleotides and prefer 
ably which encodes an active peptide. 
0240. In yet another preferred embodiment, the nucleic 
acid of the invention hybridizes under stringent conditions to 
a nucleic acid probe corresponding to at least 12 consecutive 
nucleotides from nucleotides 2452-4839 of SEQID NO:1, or 
more preferably to at least 20 consecutive nucleotides from 
nucleotides 2452-4839 of SEQID NO:1, or more preferably 
to at least 40 consecutive nucleotides from nucleotides 2452 
4839 of SEQID NO:1. 
0241. In another aspect, the invention features, a purified 
recombinant nucleic acid having at least 50%, 60%, 70%, 
80%, 90%. 95%, 98%, or 99% homology with a nucleotide 
sequence corresponding to nucleotides 2452-4839 of SEQID 
NO:1. 
0242. The invention also provides a probe or primer which 
includes or comprises a Substantially purified oligonucle 
otide. The oligonucleotide includes a region of nucleotide 
sequence which hybridizes under stringent conditions to at 
least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 2452-4839 of SEQ ID NO:1, or 
naturally occurring mutants thereof. In preferred embodi 
ments, the probe or primer further includes a label attached 
thereto. The label can be, e.g., a radioisotope, a fluorescent 
compound, an enzyme, and/or an enzyme co-factor. Prefer 
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ably the oligonucleotide is at least 10 and less than 20, 30, 50. 
100, or 150 nucleotides in length. Preferred primers of the 
invention include oligonucleotides having a nucleotide 
sequence shown in any of SEQID NOS:32-37. 
0243 The invention involves nucleic acids, e.g., RNA or 
DNA, encoding a polypeptide of the invention. This includes 
double stranded nucleic acids as well as coding and antisense 
single strands. 
0244. In another aspect, the invention provides a Substan 

tially pure nucleic acid having, or comprising, a nucleotide 
sequence which encodes a Swine or miniature Swine, e.g., a 
Tsukuba-1 retroviral poll polypeptide. 
0245. In preferred embodiments: the nucleic acid is or 
includes the nucleotide sequence corresponding to nucle 
otides 4871-8060 of SEQID NO:1; the nucleic acid is at least 
60%, 70%, 80%, 90%. 95%, 98%, or 99% homologous with 
a nucleic acid sequence corresponding to nucleotides 4871 
8060 of SEQ ID NO:1; or by a sequence which, hybridizes 
under high stringency conditions to nucleotides 4871-8060 of 
SEQID NO1; the nucleic acid includes a fragment of SEQID 
NO:1 which is at least 25, 50, 100, 200, 300, 400, 500, or 
1,000 bases in length; the nucleic acid differs from the nucle 
otide sequence corresponding to nucleotides 4871-8060 of 
SEQ ID NO:1 due to degeneracy in the genetic code; the 
nucleic acid differs from the nucleic acid sequence corre 
sponding to nucleotides 4871-8060 of SEQ ID NO:1 by at 
least one nucleotide but by less than 5, 10, 15 or 20 nucle 
otides and preferably which encodes an active peptide. 
0246. In yet another preferred embodiment, the nucleic 
acid of the invention hybridizes under stringent conditions to 
a nucleic acid probe corresponding to at least 12 consecutive 
nucleotides from nucleotides 4871-8060 of SEQID NO:1, or 
more preferably to at least 20 consecutive nucleotides from 
nucleotides 4871-8060 of SEQID NO:1, or more preferably 
to at least 40 consecutive nucleotides from nucleotides 4871 
8060 of SEQID NO:1. 
0247. In another aspect, the invention features, a purified 
recombinant nucleic acid having at least 50%, 60%, 70%, 
80%, 90%. 95%, 98%, or 99% homology with a nucleotide 
sequence corresponding to nucleotides 4871-8060 of SEQID 
NO:1. 

0248. The invention also provides a probe or primer which 
includes or comprises a Substantially purified oligonucle 
otide. The oligonucleotide includes a region of nucleotide 
sequence which hybridizes under stringent conditions to at 
least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 4871-8060 of SEQ ID NO:1, or 
naturally occurring mutants thereof. In preferred embodi 
ments, the probe or primer further includes a label attached 
thereto. The label can be, e.g., a radioisotope, a fluorescent 
compound, an enzyme, and/or an enzyme co-factor. Prefer 
ably the oligonucleotide is at least 10 and less than 20, 30, 50. 
100, or 150 nucleotides in length. Preferred primers of the 
invention include oligonucleotides having a nucleotide 
sequence shown in any of SEQID NOS:38-47. 
0249. The invention involves nucleic acids, e.g., RNA or 
DNA, encoding a polypeptide of the invention. This includes 
double stranded nucleic acids as well as coding and antisense 
single strands. 
0250 In another aspect, the invention provides a substan 

tially pure nucleic acid having, or comprising, a nucleotide 
sequence which encodes a Swine or miniature Swine, e.g., a 
Tsukuba-1 retroviral env polypeptide. 
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0251. In preferred embodiments: the nucleic acid is or 
includes the nucleotide sequence corresponding to nucle 
otides 2-1999 of SEQ ID NO:1; the nucleic acid is at least 
60%, 70%, 80%, 90%. 95%, 98%, or 99% homologous with 
a nucleic acid sequence corresponding to nucleotides 2-1999 
of SEQID NO:1; or by a sequence which, hybridizes under 
high stringency conditions to nucleotides 2-1999 of SEQID 
NO:1; the nucleic acid includes a fragment of SEQID NO:1 
which is at least 25, 50, 100, 200, 300, 400, 500, or 1,000 
bases in length; the nucleic acid differs from the nucleotide 
sequence corresponding to nucleotides 2-1999 of SEQ ID 
NO:1 due to degeneracy in the genetic code; the nucleic acid 
differs from the nucleic acid sequence corresponding to 
nucleotides 2-1999 of SEQ ID NO:1 by at least one nucle 
otide but by less than 5, 10, 15 or 20 nucleotides and prefer 
ably which encodes an active peptide. 
0252. In yet another preferred embodiment, the nucleic 
acid of the invention hybridizes under stringent conditions to 
a nucleic acid probe corresponding to at least 12 consecutive 
nucleotides from nucleotides 2-1999 of SEQ ID NO:1, or 
more preferably to at least 20 consecutive nucleotides from 
nucleotides 2-1999 of SEQID NO:1, or more preferably to at 
least 40 consecutive nucleotides from nucleotides 2-1999 of 
SEQID NO:1. 
0253) In another aspect, the invention features, a purified 
recombinant nucleic acid having at least 50%, 60%, 70%, 
80%, 90%. 95%, 98%, or 99% homology with a nucleotide 
sequence corresponding to nucleotides 2-1999 of SEQ ID 
NO:1. 

0254 The invention also provides a probe or primer which 
includes or comprises a Substantially purified oligonucle 
otide. The oligonucleotide includes a region of nucleotide 
sequence which hybridizes under stringent conditions to at 
least 10 consecutive nucleotides of sense or antisense 
sequence from nucleotides 2-1999 of SEQID NO:1, or natu 
rally occurring mutants thereof. In preferred embodiments, 
the probe or primer further includes a label attached thereto. 
The label can be, e.g., a radioisotope, a fluorescent com 
pound, an enzyme, and/or an enzyme co-factor. Preferably 
the oligonucleotide is at least 10 and less than 20, 30, 50, 100, 
or 150 nucleotides in length. Preferred primers of the inven 
tion include oligonucleotides having a nucleotide sequence 
shown in any of SEQID NOs:6-31. 
0255. The invention includes nucleic acids, e.g., RNA or 
DNA, encoding a polypeptide of the invention. This includes 
double stranded nucleic acids as well as coding and antisense 
single strands. 
0256 Included in the invention are: allelic variations, 
natural mutants, induced mutants, that hybridize under high 
or low stringency conditions to the nucleic acid of SEQ ID 
NO:1, 2, or 3 (for definitions of high and low stringency see 
Current Protocols in Molecular Biology, John Wiley & Sons, 
New York, 1989, 6.3.1-6.3.6, hereby incorporated by refer 
ence). 
0257 The invention also includes purified preparations of 
Swine or miniature Swine retroviral polypeptides, e.g., gag 
pol, or env polypeptides, or fragments thereof, preferably 
biologically active fragments, or analogs, of Such polypep 
tides. In preferred embodiments: the polypeptides are minia 
ture Swine retroviruses polypeptides; the polypeptides are 
Tsukuba polypeptides; the polypeptides are gag, pol, or env 
polypeptides encoded by SEQID NO:1 or its complement, 
SEQ ID NO:2 or its complement, or SEQ ID NO:3 or its 
complement, or naturally occurring variants thereof. 
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0258. A biologically active fragment or analog is one hav 
ing any in Vivo or in vitroactivity which is characteristic of the 
Tsukuba-1 polypeptides described herein, or of other natu 
rally occurring Tsukuba-1 polypeptides. Fragments include 
those expressed in native or endogenous cells, e.g., as a result 
of post-translational processing, e.g., as the result of the 
removal of an amino-terminal signal sequence, as well as 
those made in expression systems, e.g., in CHO cells. A 
useful polypeptide fragment or polypeptide analog is one 
which exhibits a biological activity in any biological assay for 
Tusukuba-1 polypeptide activity. Most preferably the frag 
ment or analog possesses 10%, preferably 40%, or at least 
90% of the activity of Tsukuba-1 polypeptides, in any in vivo 
or in vitro Tsukuba-1 polypeptide assay. 
0259. In order to obtain a such polypeptides, polypeptide 
encoding DNA can be introduced into an expression vector, 
the vector introduced into a cell suitable for expression of the 
desired protein, and the peptide recovered and purified, by 
prior art methods. Antibodies to the polypeptides can be made 
by immunizing an animal, e.g., a rabbit or mouse, and recov 
ering antibodies by prior art methods. 
0260 The invention also features a purified nucleic acid, 
which has least 60%, 70%, 72%, more preferably at least 
85%, more preferably at least 90%, more preferably at least 
95%, most preferably at least 98%, 99% or 100% sequence 
identity or homology with SEQID NO:1 or its complement, 
SEQ ID NO: 2 or its complement, or SEQ ID NO: 3 or its 
complement. 
0261. In preferred embodiments the nucleic acid is other 
than the entire retroviral genome of SEQ ID NO:1 or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement, e.g., it is at least 1 nucleotide longer, 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 82 

<210 SEQ ID NO 1 
<211 LENGTH: 8060 
&212> TYPE: DNA 

<213> ORGANISM: Porcine endogenous retrovirus 

<4 OO SEQUENCE: 1 

20 
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or at least 1 nucleotide shorter, or differs in sequence at least 
one position. E.g., the nucleic acid is a fragment of the 
sequence of SEQID NO:1 or its complement, SEQID NO:2 
or its complement, or SEQID NO:3 or its complement, or it 
includes sequence additional to that of SEQID NO:1, or its 
complement, SEQ ID NO:2 or its complement, or SEQ ID 
NO:3 or its complement. 
0262. In preferred embodiments: the sequence of the 
nucleic acid differs from the corresponding sequence of SEQ 
ID NO:1 or its complement, SEQID NO:2 or its complement, 
or SEQ ID NO:3 or its complement, by 1, 2, 3, 4, or 5 base 
pairs; the sequence of the nucleic acid differs from the corre 
sponding sequence of SEQID NO:1 or its complement, SEQ 
ID NO:2 or its complement, or SEQID NO:3 or its comple 
ment, by at least 1, 2, 3, 4, or 5 base pairs but less than 6, 7, 8, 
9, or 10 base pairs. 
0263. In other preferred embodiments: the nucleic acid is 
at least 10, more preferably at least 15, more preferably at 
least 20, most preferably at least 25, 30, 50, 100, 1000, 2000, 
4000, 6000, or 8060 nucleotides in length; the nucleic acid is 
less than 15, more preferably less than 20, most preferably 
less than 25, 30, 50, 100, 1000, 2000, 4000, 6000, or 8060 
nucleotides in length. 

EQUIVALENTS 

0264. Those skilled in the art will be able to recognize, or 
be able to ascertain using no more than routine experimenta 
tion, numerous equivalents to the specific procedures 
described herein. Such equivalents are considered to be 
within the scope of this invention and are covered by the 
following claims. 

Ctc.gagactic ggtggaaggg cc ctitat ct c gtacttittga cc acac caac ggctgtgaaa 60 

gtcgaaggaa totccacct g gatcCatgca toccacgitta agc.cggcgcc acct cocgat 12O 

toggggtgga aagc.cgaaaa gactgaaaat coccittaagc titcgc.ct coa togcgtggitt 18O 

cct tact ctd to aataacct ct cagacitaa togg tatgcgc at aggagaca gcctgaactic 24 O 

ccataaaccc titat citctica cctdgittaat tactgacticc ggcacaggta ttaatat caa 3 OO 

caacact caa ggggaggctic ctittaggaac Ctggtggcct gatctatacg tttgcct cag 360 

at cagittatt cotagt ctda cct caccc.cc agat atcct c catgct cacg gattittatgt 42O 

ttgcc cagga ccaccaaata atggaaaa.ca ttgcggaaat cocagagatt tottttgtaa 48O 

acaatggaac ttgtaacct ctaatgatgg at attggaaa tigc.ca acct ct cagcagga 54 O 

taggg taagt ttittct tatgtcaac acct a taccagotct ggacaattta attacctgac 6 OO 

ctggattaga actggaagcc ccaagtgctic toctitcagac ctagattacc taaaaataag 660 

titt cactgag aaaggaaaac aagaaaatat cotaaaatgg gtaaatggit a tetcttgggg 72O 
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- Continued 

tattaacaag agaagaagtggggaatgaaa ggatgaaaat acaacct aag Ctaatgagaa 762O 

gcttaaaatt gttctgaatt ccagagtttgttccttatag gtaaaagatt aggtttitttg 768 O 

ctgttittaaa atatgcggaa gtaaaatagg ccctgagtac atgtc.t.c tag goatgaaact 774. O 

t cittgaaact atttgagata acaagaaaag ggagtttcta actgcttgtt tagcttctgt 78OO 

aaaactggitt gcgc.catalaa gatgttgaaa tittgataca Cat at Cttgg tacaiacatg 786 O 

tctic cc ccac ccc.gaaac at gcgcaaatgt gtaactictaa aacaatttaa attaattggit 7920 

ccacgaag.cg cgggct ct cq aagttittaaa ttgactggitt ttgatattt taaatgatt 798 O 

ggtttgtaaa gogcgggctt tttgttgaac Cccataaaag Ctgtc.ccgac toccacacticg 804 O 

gggcc.gcagt cct ct acc cc ticgtggtgt acgactgtgg gcc cc agcgc gcttggaata 81OO 

aaaatcct ct togctgtttgc atcaaaaaaa aa 8132 

<210 SEQ ID NO 4 
<211 LENGTH: 19 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 4 

tgcc tagaga catgtactic 19 

<210 SEQ ID NO 5 
<211 LENGTH: 21 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 5 

cct cittctag ccattcct to a 21 

<210 SEQ ID NO 6 
<211 LENGTH: 22 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 6 

tcgagactic gtggaagggc cc 22 

<210 SEQ ID NO 7 
<211 LENGTH: 22 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 7 

gggccCtt Co accgagtic to ga 22 

<210 SEQ ID NO 8 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: Primer 
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<4 OO SEQUENCE: 8 

acctggat.cc atgcatcc.ca cq 

<210 SEQ ID NO 9 
<211 LENGTH: 22 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 9 

cgtgggatgc atggat.ccag git 

<210 SEQ ID NO 10 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 10 

ggcgccacct ccc.gatticgg 

<210 SEQ ID NO 11 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 11 

<210 SEQ ID NO 12 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 12 

t ccc cittaag citt cqc ct co 

<210 SEQ ID NO 13 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 13 

ggaggcgaag Cttaagggga 

<210 SEQ ID NO 14 
<211 LENGTH: 23 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 14 

aaaagcacaa agggcaggag agc 

32 
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<210 SEQ ID NO 15 
<211 LENGTH: 23 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 15 

gct citcctgc cctttgtgct titt 

<210 SEQ ID NO 16 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 16 

CCtttaggaa cctggtggcc 

<210 SEQ ID NO 17 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 17 

ggccaccagg ttcctaaagg 

<210 SEQ ID NO 18 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 18 

cc.cccagata t cotccatgc 

<210 SEQ ID NO 19 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 19 

gCatggagga tat Ctggggg 

<210 SEQ ID NO 2 O 
<211 LENGTH: 22 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 2O 

gcagtttcca at caatcc cc aa 

<210 SEQ ID NO 21 
<211 LENGTH: 22 

33 
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&212> TYPE: DNA 

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

<4 OO SEQUENCE: 21 

ttggggattg attggaaact gc 

<210 SEQ ID NO 22 
<211 LENGTH: 23 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 22 

tittatgtttg cccaggacca cca 

<210 SEQ ID NO 23 
<211 LENGTH: 23 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 23 

tggtggtc.ct gggcaaac at aaa. 

<210 SEQ ID NO 24 
<211 LENGTH: 23 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 24 

gggaggtggc gcc.ggcttala C9t 

<210 SEQ ID NO 25 
<211 LENGTH: 23 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 25 

acgittaagcc ggcgccacct C cc 

<210 SEQ ID NO 26 
<211 LENGTH: 24 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 26 

cc.ccca accc aaggaccagg acca 

<210 SEQ ID NO 27 
<211 LENGTH: 24 
&212> TYPE: DNA 

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

34 
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<4 OO SEQUENCE: 27 

tggit Cotggit CCttgggttg 9999 

<210 SEQ ID NO 28 
<211 LENGTH: 22 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 28 

gcagcacgac taaaatgggg gC 

<210 SEQ ID NO 29 
<211 LENGTH: 22 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 29 

gcc.cccattt tagt cqtgct gc 

<210 SEQ ID NO 3 O 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 30 

CCCC catcCC accalacac ct 

<210 SEQ ID NO 31 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 31 

aggtgttggt giggatggggg 

<210 SEQ ID NO 32 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 32 

tctic cc ccac ccc.gaaac at 

<210 SEQ ID NO 33 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 33 

atgttt C9gg gtgggggaga 

35 
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<210 SEQ ID NO 34 
<211 LENGTH: 24 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 34 

agccaagaaa gcc aggtocc cqaa 

<210 SEQ ID NO 35 
<211 LENGTH: 24 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 35 

titcggggacc tigctttctt ggct 

<210 SEQ ID NO 36 
<211 LENGTH: 21 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 36 

aggctctggt ggcgggtctic C 

<210 SEQ ID NO 37 
<211 LENGTH: 21 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 37 

ggaga.ccc.gc caccagagcc t 

<210 SEQ ID NO 38 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 38 

cc.gcagggat gggitttggca 

<210 SEQ ID NO 39 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 39 

tgccaaac cc atc cct gcigg 

<210 SEQ ID NO 4 O 
<211 LENGTH: 22 

36 
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&212> TYPE: DNA 

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

<4 OO SEQUENCE: 40 

gct cacctgg acccgactgc cc 

<210 SEQ ID NO 41 
<211 LENGTH: 22 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 41 

gggCagtcgg gtcCaggtga gC 

<210 SEQ ID NO 42 
<211 LENGTH: 24 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 42 

gtttacggga C9ggcagcga tiggc 

<210 SEQ ID NO 43 
<211 LENGTH: 24 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 43 

gccatcgctg ccc.gtc.ccgt aaac 

<210 SEQ ID NO 44 
<211 LENGTH: 26 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 44 

tggctggggc gg.cggtggtg gacggg 

<210 SEQ ID NO 45 
<211 LENGTH: 26 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 45 

cc.cgtccacc accogcc.gc.cc cagc.ca 

<210 SEQ ID NO 46 
<211 LENGTH: 24 
&212> TYPE: DNA 

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

37 
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<4 OO SEQUENCE: 46 

gcc.caaagcc ccagaaccca gacg 

<210 SEQ ID NO 47 
<211 LENGTH: 24 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 47 

cgtctgggitt Ctggggctitt gggc 

<210 SEQ ID NO 48 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 48 

gatgaac agg Cagacatctg 

<210 SEQ ID NO 49 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 49 

cgcttacaga caa.gctgtga 

<210 SEQ ID NO 50 
<211 LENGTH: 19 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 5 O 

agaacaaagg Ctgggaagc 

<210 SEQ ID NO 51 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 51 

ataggagaca gcctgaactic 

<210 SEQ ID NO 52 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 52 

ggaccattgt ctdacccitat 
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<210 SEQ ID NO 53 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 53 

gtcaac acct ataccagotc 

<210 SEQ ID NO 54 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 54 

Catctgaggt at agcaggto 

<210 SEQ ID NO 55 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 55 

gCaggtgtag galacaggaac 

<210 SEQ ID NO 56 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 56 

acctgttgaa ccatcc ct ca 

<210 SEQ ID NO 57 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 57 

cgaatggaga gatccaggta 

<210 SEQ ID NO 58 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 58 

cctgcatcac ttct cittacc 

<210 SEQ ID NO 59 
<211 LENGTH: 2O 
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&212> TYPE: DNA 

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

<4 OO SEQUENCE: 59 

ttgcctgctt gtggaatacg 

<210 SEQ ID NO 60 
<211 LENGTH: 21 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 60 

Caagagaaga agtggggaat g 

<210 SEQ ID NO 61 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 61 

Cacagt cqta Caccacgcag 

<210 SEQ ID NO 62 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 62 

gggaga Caga agaagaaagg 

<210 SEQ ID NO 63 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 63 

cgatagt cat tagt cc cagg 

<210 SEQ ID NO 64 
<211 LENGTH: 21 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 64 

tgctggtttg cat Caaga cc g 

<210 SEQ ID NO 65 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

40 
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<4 OO SEQUENCE: 65 

gtc.gcaaagg catacctgct 

<210 SEQ ID NO 66 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 66 

acagagcctic totaagaag 

<210 SEQ ID NO 67 
<211 LENGTH: 19 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 67 

gcagotgttg acaatcatc 

<210 SEQ ID NO 68 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 68 

tatgaggaga gggcttgact 

<210 SEQ ID NO 69 
<211 LENGTH: 19 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 69 

agcagacgtg Ctaggaggt 

<210 SEQ ID NO 70 
<211 LENGTH: 19 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 7 O 

t cct cittgct gtttgcatc 

<210 SEQ ID NO 71 
<211 LENGTH: 2O 
&212> TYPE: DNA 

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

<4 OO SEQUENCE: 71 

Cagacactica galacagagac 

41 
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SEQUENCE: 

SEO ID NO 72 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

72 

a catcgt.cta acccacctag 

<4 OO SEQUENCE: 

21 
SEO ID NO 73 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

73 

citcgtttctg gtcatacctg a 

<4 OO SEQUENCE: 

19 
SEO ID NO 74 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

74 

gagtacat ct citctaggca 

<210 SEQ ID NO 75 
<211 LENGTH: 
&212> TYPE : 
<213> ORGANISM: 

PRT 

<4 OO SEQUENCE: 

Met Gly Glin Thr 
1. 

Thir 
2O 

Gly 
35 

Gly 
SO 

Lys 
65 

Pro 
85 

Wall 
1 OO 

Ala 
115 

Pro 
13 O 

Glin 
145 

Pro 

Glu 

Pro 

Trp 

Ala 

Luell 

Arg 

Pro 

Ser 

Wall 

Trp 

Pro 

Ile 

Ile 

Pro 

Gly 

Ile 

Wall 

Ala 

Arg 

Glin 

Ser 

Ile 

Luell 

Trp 

Glu 

Pro 

Pro 

524 

Porcine 

Wall 
5 

Ser 

Thir 

Glu 

Phe 

Thir 

Lell 

Pro 

Pro 

Pro 

Thir 

Arg 
25 

Phe 
4 O 

Gly 
55 

Glin 
70 

Trp 
9 O 

Asn 
105 

Asn 
12O 

Glu 
135 

Pro 
150 

Gly 

42 
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endogenous retrovirus 

Thir 

Ala 

Thir 

Thir 

Glin 

Ile 

Pro 

Ala 

Pro 

His 

Ala 

Phe 

Gly 

Asp 

Pro 

His 

Glu 

Pro 

Luell 

Asn 

Ser 

Asn 

Pro 

Luell 

Arg 

Ser 

Glu 

Pro 

Wall 

Ser 
10 

Luell 

Glu 

Ser 

Gly 

Ala 

Ala 

Pro 

Ala 

Wall 

Luell 

Ser 
3 O 

Trp 
45 

Glu 
6 O 

Ser 
7s 

Glu 
95 

Pro 
11O 

Glu 
125 

Pro 
14 O 

Glin 
155 

Glu 

Thir 

Wall 

Pro 

Ile 

His 

Asp 

Gly 

Thir 

Gly 

Gly 

Lell 

Glin 

Thir 

Ile 

Pro 

Pro 

Pro 

Wall 

Trp 

Ala 

Pro 

Asp 

Wall 

Phe 

Luell 

Asp 

Pro 

Arg 

Glu 

Pro 

Wall 

Ala 

His 
15 

Lys 

Asp 

Ala 

Glin 

Pro 

Ile 

Pro 

Glu 

Arg 

Ala 

Trp 

Lys 

Wall 

Wall 

Glu 

Trp 

Luell 

Ser 

Pro 

Gly 
160 

Gly 

21 
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1.65 17O 17s 

Thir Arg Ser Arg Arg Gly Ala Thr Pro Glu Arg Thr Asp Glu Ile Ala 
18O 185 190 

Ile Leu Pro Leu Arg Thr Tyr Gly Pro Pro Met Pro Gly Gly Glin Leu 
195 2 OO 2O5 

Gln Pro Leu Gln Tyr Trp Pro Phe Ser Ser Ala Asp Leu Tyr Asn Trp 
210 215 22O 

Lys Thr Asn His Pro Pro Phe Ser Glu Asp Pro Glin Arg Lieu. Thr Gly 
225 23 O 235 24 O 

Lieu Val Glu Ser Lieu Met Phe Ser His Glin Pro Thr Trp Asp Asp Cys 
245 250 255 

Gln Glin Lieu. Leu Gln Thr Lieu Phe Thr Thr Glu Glu Arg Glu Arg Ile 
26 O 265 27 O 

Lieu. Lieu. Glu Ala Lys Lys Asn Val Pro Gly Ala Asp Gly Arg Pro Thr 
27s 28O 285 

Gln Leu Glin Asn Glu Ile Asp Met Gly Phe Pro Leu. Thr Arg Pro Gly 
290 295 3 OO 

Trp Asp Tyr Asn. Thir Ala Glu Gly Arg Glu Ser Lieu Lys Ile Tyr Arg 
3. OS 310 315 32O 

Glin Ala Lieu Val Ala Gly Lieu. Arg Gly Ala Ser Arg Arg Pro Thr Asn 
3.25 330 335 

Lieu. Ala Lys Val Arg Glu Val Met Gln Gly Pro ASn Glu Pro Pro Ser 
34 O 345 350 

Val Phe Leu Glu Arg Lieu Met Glu Ala Phe Arg Arg Phe Thr Pro Phe 
355 360 365 

Asp Pro Thir Ser Glu Ala Glin Lys Ala Ser Val Ala Lieu Ala Phe Ile 
37O 375 38O 

Gly Glin Ser Ala Lieu. Asp Ile Arg Llys Llys Lieu. Glin Arg Lieu. Glu Gly 
385 390 395 4 OO 

Lieu. Glin Glu Ala Glu Lieu. Arg Asp Lieu Val Arg Glu Ala Glu Lys Val 
4 OS 410 415 

Tyr Tyr Arg Arg Glu Thr Glu Glu Glu Lys Glu Glin Arg Lys Glu Lys 
42O 425 43 O 

Glu Arg Glu Glu Arg Glu Glu Arg Arg Asp Arg Arg Glin Glu Lys Asn 
435 4 4 O 445 

Lieu. Thir Lys Ile Lieu Ala Ala Val Val Glu Gly Llys Ser Ser Arg Glu 
450 45.5 460 

Arg Glu Arg Asp Phe Arg Lys Ile Arg Ser Gly Pro Arg Glin Ser Gly 
465 470 47s 48O 

Asn Lieu. Gly Asn Arg Thr Pro Lieu. Asp Lys Asp Gln Cys Ala Tyr Cys 
485 490 495 

Lys Glu Lys Gly His Trp Ala Arg Asn. Cys Pro Llys Lys Gly Asn Lys 
5 OO 5 OS 510 

Gly Pro Llys Val Lieu Ala Lieu. Glu Glu Asp Lys Asp 
515 52O 

<210 SEQ ID NO 76 
<211 LENGTH: 4 O1 
&212> TYPE: PRT 

<213> ORGANISM: Porcine endogenous retrovirus 

<4 OO SEQUENCE: 76 
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Met 

Wall 
2O 

Glu 
35 

Ala 
SO 

Lys 
65 

yr 

Glin 
OO 

Glin 
15 

Pro 
210 

Phe 
225 

Trp 
245 

Lell 
26 O 

His 
27s 

Lell 
290 

Cys 
3. OS 

Tyr 
3.25 

Tyr 
34 O 

Arg 
355 

Wall 
37O 

Gly 
385 

Gly 

Gly 

Asp 

Glin 

Pro 

Ser 

Phe 

Wall 

Wall 

His 

Pro 

Ile 

Pro 

Arg 

Pro 

Arg 

Glin 

Luell 

Arg 

Luell 

Arg 

Phe 

Ala 

Luell 

Pro 

Ile 

Ile 

Pro 

Pro 

Pro 

Arg 

Wall 

Trp 

Arg 

His 

Glu 

Luell 

Asp 

Glin 

Asp 

Glu 

Ala 

Gly 

Glu 

Ala 

Thir 

Gly 

Wall 

Ser 

Thir 

Glin 

Glin 

Pro 

Glin 

Glin 

Asn 

Pro 

Pro 

Arg 

Arg 

Pro 

Gly 

Luell 

Wall 

Gly 

Ser 

Thir 

Phe 

Thir 

Gly 

Wall 

Pro 

Phe 

Wall 

Wall 

Ala 

Glin 

Tyr 

Arg 

Thir 

Wall 

Thir 

Asn 

Lell 

Gly 

Phe 

Ala 

Asp 

Thir 

Ala 

Ser 

Wall 

Lell 

Lell 

Glin 

Gly 
25 

Lell 
4 O 

Glu 
55 

Lell 
70 

Lys 
9 O 

rp 
OS 

Wall 
2O 

Pro 
35 

Lell 
SO 

Pro 
70 

Glin 
85 

Wall 
2 OO 

Trp 
215 

His 
23 O 

Thir 
250 

Lys 
265 

Asn 
28O 

Asp 
295 

Lys 
310 

Lys 
330 

Lell 
345 

Wall 
360 

Gly 
375 

Ala 
390 

Arg 

Arg 

Lell 

Glin 

Thir 

Pro 

Ala 

Ile 

Lell 

Ile 

Lell 

Asp 

Pro 

Pro 

Gly 

Asn 

Phe 

Lell 

Ala 

Arg 

Glin 

Thir 

Ala 

Glin 

Wall 

Gly 

Gly 

Luell 

Asp 

Glu 

Glin 

Ser 

Glin 

Luell 

Luell 

Asn 

Thir 

Thir 

Arg 

Ser 

Arg 

Luell 

Luell 

Ala 

Gly 

Ile 

Ala 

Pro 

Tyr 

Thir 

Arg 

Arg 

Glin 

Glin 

Thir 

Luell 

Arg 

Glin 

Pro 

Arg 

Pro 

Wall 

Ser 

Thir 

Pro 

Ile 

Luell 

Luell 

Glin 

Gly 

Pro 

Gly 

Luell 

Pro 
10 

His 

Asp 

Pro 

Luell 

Asp 

Ala 

Lys 

Glu 

Gly 

Wall 

Glu 

Luell 

Glin 

Gly 

Thir 

Glin 

Ala 

Luell 

Ile 

Glin 

Ala 

Phe 

Tyr 

Trp 

Ser 
3 O 

Luell 
45 

Glu 
6 O 

Asp 
7s 

Ala 
25 

Ala 
4 O 

le 
55 

Wall 
90 

ASn 
2O5 

Asp 
22O 

Pro 
235 

Glin 
255 

Ile 
27 O 

His 
285 

Gly 
3 OO 

Glu 
315 

Cys 
335 

Arg 
350 

Pro 
365 

Pro 
395 

44 
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Thir 

Phe 

Lell 

Wall 

Asp 

Glin 

Met 

Ser 

Arg 

Lell 

Asn 

Lel 

Lel 

Lel 

Lel 

Phe 

Ala 

Lell 

Arg 

Trp 

Thir 

Arg 

Lell 

Thir 

Lell 

Thir 

Ser 

Glu 

Ser 

Gly 

Ala 

Glu 

Wall 

Pro 

Lell 

Phe 

Thir 

Asp 

Glin 

Thir 

Ser 

Arg 

Lell 

Thir 

Lell 

Thir 

Arg 

Wall 

Lys 

Wall 

Trp 

Luell 

Thir 

Gly 

Pro 

Gly 

Arg 

Ser 

Asp 

Thir 

Trp 

Glu 

Wall 

Asp 

Glu 

Thir 

Ala 

Trp 

Arg 
15 

Ile 

Met 

Asn 

Arg 

Luell 

Ala 

Pro 

Ile 

Wall 

Thir 

Wall 

Ala 

Ala 

Phe 

Thir 

Ala 

Thir 

Glin 

Luell 

Wall 

Glu 

Ile 

Glu 

Thir 

Pro 

Gly 

Asn 

Luell 

Glu 

Lys 

Wall 

Trp 

Glin 
160 

Asn 

Glin 

Luell 

Phe 

Glu 
24 O 

Arg 

Luell 

Luell 

Asp 

Gly 

Thir 

Ala 

Glin 

Pro 

Lys 
4 OO 
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<210 SEO ID NO 77 
<211 LENGTH: 271 
&212> TYPE: PRT 

<213> ORGANISM: Porcine endogenous retrovirus 

<4 OO SEQUENCE: 77 

Lys Arg Gly Lieu. Lieu. Thir Ser Ala Gly Arg Glu Ile Lys Asn Lys Glu 
1. 5 10 15 

Glu Ile Lieu. Ser Lieu. Lieu. Glu Ala Lieu. His Lieu Pro Lys Arg Lieu Ala 
2O 25 3 O 

Ile Ile His Cys Pro Gly His Gln Lys Ala Lys Asp Lieu. Ile Ser Arg 
35 4 O 45 

Gly Asn Gln Met Ala Asp Arg Val Ala Lys Glin Ala Ala Glin Ala Val 
SO 55 6 O 

Asn Lieu. Lieu Pro Ile Ile Glu Thr Pro Lys Ala Pro Glu Pro Arg Arg 
65 70 7s 8O 

Glin Tyr Thr Lieu. Glu Asp Trp Glin Glu Ile Llys Lys Ile Asp Glin Phe 
85 9 O 95 

Ser Glu Thr Pro Glu Gly Thr Cys Tyr Thr Ser Tyr Gly Lys Glu Ile 
OO OS 1O 

Lieu Pro His Lys Glu Gly Lieu. Glu Tyr Val Glin Glin Ile His Arg Lieu. 
15 2O 25 

Thr His Leu Gly Thr Lys His Leu Gln Glin Leu Val Arg Thr Ser Pro 
3O 35 4 O 

yr His Val Lieu. Arg Lieu Pro Gly Val Ala Asp Ser Val Val Llys His 
45 SO 55 160 

Cys Val Pro Cys Gln Leu Val Asn Ala Asn Pro Ser Arg Ile Pro Pro 
65 70 7s 

Gly Lys Arg Lieu. Arg Gly Ser His Pro Gly Ala His Trp Glu Val Asp 
8O 85 90 

Phe Thr Glu Val Llys Pro Ala Lys Tyr Gly Asn Llys Tyr Lieu. Lieu Val 
95 2 OO 2O5 

Phe Val Asp Thr Phe Ser Gly Trp Val Glu Ala Tyr Pro Thr Lys Lys 
210 215 22O 

Glu Thir Ser Thr Val Val Ala Lys Lys Ile Leu Glu Glu Ile Phe Pro 
225 23 O 235 24 O 

Arg Phe Gly Ile Pro Llys Val Ile Gly Ser Asp Asn Gly Pro Ala Phe 
245 250 255 

Val Ala Glin Val Ser Glin Gly Lieu Ala Lys Ile Lieu. Gly Ile Asp 
26 O 265 27 O 

<210 SEQ ID NO 78 
<211 LENGTH: 139 
&212> TYPE: PRT 

<213> ORGANISM: Porcine endogenous retrovirus 

<4 OO SEQUENCE: 78 

Llys Lieu. His Cys Ala Tyr Arg Pro Glin Ser Ser Gly Glin Val Glu Arg 
1. 5 10 15 

Met Asn Arg Thr Ile Lys Glu Thir Lieu. Thir Lys Lieu. Thir Thr Glu Thr 
2O 25 3 O 

Gly Ile Asn Asp Trp Met Ala Lieu. Lieu Pro Phe Val Lieu. Phe Arg Val 
35 4 O 45 
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Arg Asn Thr Pro Gly Glin Phe Gly Lieu. Thr Pro Tyr Lys Lieu. Leu Tyr 
SO 55 6 O 

Gly Gly Pro Pro Pro Lieu Ala Glu Ile Ala Phe Ala His Ser Ala Asp 
65 70 7s 8O 

Val Lieu. Lieu. Ser Glin Pro Lieu. Phe Ser Arg Lieu Lys Ala Lieu. Glu Trip 
85 9 O 95 

Val Arg Glin Arg Ala Trp Llys Glin Lieu. Arg Glu Ala Tyr Ser Gly Gly 
1 OO 105 11O 

Asp Lieu. Glin Val Pro His Arg Phe Glin Val Gly Asp Ser Val Tyr Val 
115 12O 125 

Arg Arg His Arg Ala Gly Asn Lieu. Glu Thir Arg 
13 O 135 

<210 SEQ ID NO 79 
<211 LENGTH: 657 
&212> TYPE: PRT 

<213> ORGANISM: Porcine endogenous retrovirus 

<4 OO SEQUENCE: 79 

Lys Gly Pro Tyr Lieu Val Lieu. Lieu. Thir Thr Pro Thr Ala Val Llys Val 
1. 5 10 15 

Glu Gly Ile Pro Leu Ser Phe Ala Ser Ile Ala Trp Phe Lieu. Thir Lieu. 
2O 25 3 O 

Ser Ile Thr Pro Glin Val Asn Gly Lys Arg Lieu Val Asp Ser Pro Asn 
35 4 O 45 

Ser His Llys Pro Leu Ser Lieu. Thir Trp Leu Lieu. Thr Asp Ser Gly Thr 
SO 55 6 O 

Gly Ile Asin Ile Asn Ser Thr Glin Gly Glu Ala Pro Leu Gly. Thir Trp 
65 70 7s 8O 

rp Pro Glu Lieu. Tyr Val Cys Lieu. Arg Ser Val Ile Pro Gly Lieu. Asn 
85 9 O 95 

Asp Glin Ala Thr Pro Pro Asp Val Lieu. Arg Ala Tyr Gly Phe Tyr Val 
OO OS 1O 

Cys Pro Gly Pro Pro Asn Asn Glu Glu Tyr Cys Gly Asn Pro Glin Asp 
15 2O 25 

Phe Phe Cys Lys Gln Trp Ser Cys Ile Thr Ser Asn Asp Gly Asn Trp 
3O 35 4 O 

Lys Trp Pro Val Ser Glin Glin Asp Arg Val Ser Tyr Ser Phe Val Asn 
45 SO 55 160 

Asn Pro Thir Ser Tyr Asn Glin Phe Asn Tyr Gly His Gly Arg Trp Llys 
65 70 7s 

Asp Trp Glin Glin Arg Val Glin Lys Asp Val Arg Asn Lys Glin Ile Ser 
8O 85 90 

Cys His Ser Lieu. Asp Lieu. Asp Tyr Lieu Lys Ile Ser Phe Thr Glu Lys 
95 2 OO 2O5 

Gly Lys Glin Glu Asn. Ile Glin Llys Trp Val Asn Gly Ile Ser Trp Gly 
210 215 22O 

Ile Val Tyr Tyr Gly Gly Ser Gly Arg Llys Lys Gly Ser Val Lieu. Thr 
225 23 O 235 24 O 

Ile Arg Lieu. Arg Ile Glu Thr Gln Met Glu Pro Pro Val Ala Ile Gly 
245 250 255 

Pro Asn Lys Gly Lieu Ala Glu Glin Gly Pro Pro Ile Glin Glu Glin Arg 



US 2009/0162834 A1 Jun. 25, 2009 
47 

- Continued 

26 O 265 27 O 

Pro Ser Pro Asn Pro Ser Asp Tyr Asn. Thir Thr Ser Gly Ser Val Pro 
27s 28O 285 

Thr Glu Pro Asn Ile Thir Ile Llys Thr Gly Ala Lys Lieu Phe Ser Lieu. 
290 295 3 OO 

Ile Glin Gly Ala Phe Glin Ala Lieu. Asn Ser Thr Thr Pro Glu Ala Thr 
3. OS 310 315 32O 

Ser Ser Cys Trp Lieu. Cys Lieu Ala Ser Gly Pro Pro Tyr Tyr Glu Gly 
3.25 330 335 

Met Ala Arg Gly Gly Llys Phe Asin Val Thir Lys Glu. His Arg Asp Glin 
34 O 345 350 

Cys Thir Trp Gly Ser Glin Asn Llys Lieu. Thir Lieu. Thr Glu Val Ser Gly 
355 360 365 

Lys Gly Thr Cys Ile Gly Met Val Pro Pro Ser His Gln His Lieu. Cys 
37O 375 38O 

Asn His Thr Glu Ala Phe Asn Arg Thr Ser Glu Ser Glin Tyr Lieu Val 
385 390 395 4 OO 

Pro Gly Tyr Asp Arg Trp Trp Ala Cys Asn Thr Gly Lieu. Thr Pro Cys 
4 OS 410 415 

Val Ser Thr Lieu Val Phe Asn Gln Thr Lys Asp Phe Cys Val Met Val 
42O 425 43 O 

Glin Ile Val Pro Arg Val Tyr Tyr Tyr Pro Glu Lys Ala Val Lieu. Asp 
435 4 4 O 445 

Glu Tyr Asp Tyr Arg Tyr Asn Arg Pro Lys Arg Glu Pro Ile Ser Lieu. 
450 45.5 460 

Thir Lieu Ala Wal Met Lieu. Gly Lieu. Gly Val Ala Ala Gly Val Gly Thr 
465 470 47s 48O 

Gly. Thir Ala Ala Lieu. Ile Thr Gly Pro Glin Glin Lieu. Glu Lys Gly Lieu. 
485 490 495 

Ser Asn Lieu. His Arg Ile Val Thr Glu Asp Lieu. Glin Ala Lieu. Glu Lys 
5 OO 5 OS 510 

Ser Wal Ser Asn Lieu. Glu Glu Ser Lieu. Thir Ser Lieu. Ser Glu Wal Wall 
515 52O 525 

Lieu. Glin Asn Arg Arg Gly Lieu. Asp Lieu. Lieu. Phe Lieu Lys Glu Gly Gly 
53 O 535 54 O 

Lieu. CyS Val Ala Lieu Lys Glu Glu. Cys Cys Phe Tyr Val Asp His Ser 
5.45 550 555 560 

Gly Ala Ile Arg Asp Ser Met Ser Lys Lieu. Arg Glu Arg Lieu. Glu Arg 
565 st O sfs 

Arg Arg Arg Glu Arg Glu Ala Asp Glin Gly Trp Phe Glu Gly Trp Phe 
58O 585 590 

Asn Arg Ser Pro Trp Met Thir Thr Lieu. Leu Ser Ala Lieu. Thr Gly Pro 
595 6 OO 605 

Lieu Val Val Lieu Lleu Lleu Lleu Lieu. Thr Val Gly Pro Cys Lieu. Ile Asn 
610 615 62O 

Arg Phe Val Ala Phe Val Arg Glu Arg Val Ser Ala Val Glin Ile Met 
625 630 635 64 O 

Val Lieu. Arg Glin Glin Tyr Glin Gly Lieu. Lieu. Ser Glin Gly Glu Thir Asp 
645 650 655 

Lell 
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<210 SEQ ID NO 8O 
<211 LENGTH: 524 
&212> TYPE: PRT 

<213> ORGANISM: Porcine endogenous retrovirus 

<4 OO SEQUENCE: 80 

Met Gly Glin Thr Val Thr Thr Pro Leu Ser Lieu. Thir Lieu. Asp His Trp 
1. 5 10 15 

Thr Glu Val Lys Ser Arg Ala His Asn Lieu. Ser Val Glin Val Lys Llys 
2O 25 3 O 

Gly Pro Trp Gln Thr Phe Cys Val Ser Glu Trp Pro Thr Phe Asp Val 
35 4 O 45 

Gly Trp Pro Ser Glu Gly Thr Phe Asin Ser Glu Ile Ile Leu Ala Val 
SO 55 6 O 

Lys Ala Val Ile Phe Glin Thr Gly Pro Gly Ser His Pro Asp Glin Glu 
65 70 7s 8O 

Pro Tyr Ile Lieu. Thir Trp Glin Asp Leu Ala Glu Asp Pro Pro Pro Trp 
85 9 O 95 

Val Llys Pro Trp Lieu. Asn Llys Pro Arg Llys Pro Gly Pro Arg Ile Lieu 
OO OS 1O 

Ala Lieu. Gly Glu Lys Asn Llys His Ser Ala Glu Lys Wall Lys Pro Ser 
15 2O 25 

Pro His Ile Tyr Pro Glu Ile Glu Glu Pro Pro Ala Trp Pro Glu Pro 
3O 35 4 O 

Gln Ser Val Pro Pro Pro Pro Tyr Lieu Ala Glin Gly Ala Ala Arg Gly 
45 SO 55 160 

Pro Phe Ala Pro Pro Gly Ala Pro Ala Val Glu Gly Pro Ala Ala Gly 
65 70 7s 

Thir Arg Ser Arg Arg Gly Ala Thr Pro Glu Arg Thr Asp Glu Ile Ala 
8O 85 90 

Thr Lieu Pro Leu Arg Thr Tyr Gly Pro Pro Thr Pro Gly Gly Glin Leu 
95 2 OO 2O5 

Gln Pro Leu Gln Tyr Trp Pro Phe Ser Ser Ala Asp Leu Tyr Asn Trp 
210 215 22O 

Lys Thr Asn His Pro Pro Phe Ser Glu Asp Pro Glin Arg Lieu. Thr Gly 
225 23 O 235 24 O 

Lieu Val Glu Ser Lieu Met Phe Ser His Glin Pro Thr Trp Asp Asp Cys 
245 250 255 

Gln Glin Lieu. Leu Gln Thr Lieu Phe Thr Thr Glu Glu Arg Glu Arg Ile 
26 O 265 27 O 

Lieu. Lieu. Glu Ala Arg Lys Asn Val Pro Gly Ala Asp Gly Arg Pro Thr 
27s 28O 285 

Arg Lieu. Glin Asn. Glu Ile Asp Met Gly Phe Pro Lieu. Thir Arg Pro Gly 
290 295 3 OO 

Trp Asp Tyr Asn. Thir Ala Glu Gly Arg Glu Ser Lieu Lys Ile Tyr Arg 
3. OS 310 315 32O 

Glin Ala Lieu Val Ala Gly Lieu. Arg Gly Ala Ser Arg Arg Pro Thr Asn 
3.25 330 335 

Lieu Ala Lys Val Arg Glu Val Met Glin Gly Pro Asn. Glu Pro Pro Ser 
34 O 345 350 

Val Phe Lieu. Glu Arg Lieu. Lieu. Glu Ala Phe Arg Arg Tyr Thr Pro Phe 
355 360 365 
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Asp Pro Thir Ser Glu Ala Glin Lys Ala Ser Val Ala Lieu Ala Phe Ile 
37O 375 38O 

Gly Glin Ser Ala Lieu. Asp Ile Arg Llys Llys Lieu. Glin Arg Lieu. Glu Gly 
385 390 395 4 OO 

Lieu. Glin Glu Ala Glu Lieu. Arg Asp Lieu Val Lys Glu Ala Glu Lys Val 
4 OS 410 415 

Tyr Tyr Lys Arg Glu Thr Glu Glu Glu Arg Glu Glin Arg Lys Glu Arg 
42O 425 43 O 

Glu Arg Glu Glu Arg Glu Glu Arg Arg Asn Lys Arg Glin Glu Lys Asn 
435 4 4 O 445 

Lieu. Thir Lys Ile Lieu Ala Ala Val Val Glu Gly Llys Ser Asn Thr Glu 
450 45.5 460 

Arg Glu Arg Asp Phe Arg Lys Ile Arg Ser Gly Pro Arg Glin Ser Gly 
465 470 47s 48O 

Asn Lieu. Gly Asn Arg Thr Pro Lieu. Asp Lys Asp Gln Cys Ala Tyr Cys 
485 490 495 

Lys Glu Arg Gly His Trp Ala Arg Asn. Cys Pro Llys Lys Gly Asn Lys 
5 OO 5 OS 510 

Gly Pro Arg Ile Lieu Ala Lieu. Glu Glu Asp Lys Asp 
515 52O 

<210 SEQ ID NO 81 
<211 LENGTH: 1145 
&212> TYPE: PRT 

<213> ORGANISM: Porcine endogenous retrovirus 

<4 OO SEQUENCE: 81 

Met Gly Ala Thr Gly Glin Glin Glin Tyr Pro Trp Thr Thr Arg Arg Thr 
1. 5 10 15 

Val Asp Leu Gly Val Gly Arg Val Thr His Ser Phe Leu Val Ile Pro 
2O 25 3 O 

Glu Cys Pro Ala Pro Lieu. Lieu. Gly Arg Asp Lieu. Lieu. Thir Lys Met Gly 
35 4 O 45 

Ala Glin Ile Ser Phe Glu Glin Gly Llys Pro Glu Val Ser Ala Asn. Asn 
SO 55 6 O 

Llys Pro Ile Thr Val Lieu. Thir Lieu. Glin Lieu. Asp Asp Glu Tyr Arg Lieu. 
65 70 7s 8O 

yr Ser Pro Lieu Val Llys Pro Asp Glin Asn. Ile Glin Phe Trp Lieu. Glu 

Glin Phe Pro Glin Ala Trp Ala Glu Thir Ala Gly Met Gly Lieu Ala Lys 
OO OS 1O 

Glin Val Pro Pro Glin Val Ile Gln Leu Lys Ala Ser Ala Thr Pro Val 
15 2O 25 

Ser Val Arg Glin Tyr Pro Lieu. Ser Lys Glu Ala Glin Glu Gly Ile Arg 
3O 35 4 O 

Pro His Val Glin Arg Lieu. Ile Glin Glin Gly Ile Leu Val Pro Val Glin 
45 SO 55 160 

Ser Pro Trp Asn Thr Pro Leu Lleu Pro Val Arg Llys Pro Gly Thr Asn 
65 70 7s 

Asp Tyr Arg Pro Val Glin Asp Lieu. Arg Glu Val Asn Lys Arg Val Glin 
8O 85 90 

Asp Ile His Pro Thr Val Pro Asn Pro Tyr Asn Lieu. Lieu. Cys Ala Lieu 
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195 2 OO 2O5 

Pro Pro Glin Arg Ser Trp Tyr Thr Val Lieu. Asp Lieu Lys Asp Ala Phe 
210 215 22O 

Phe Cys Lieu. Arg Lieu. His Pro Thr Ser Glin Pro Leu Phe Ala Phe Glu 
225 23 O 235 24 O 

Trp Arg Asp Pro Gly Thr Gly Arg Thr Gly Glin Lieu. Thir Trp Thr Arg 
245 250 255 

Lieu Pro Glin Gly Phe Lys Asn Ser Pro Thr Ile Phe Asp Glu Ala Leu 
26 O 265 27 O 

His Arg Asp Lieu Ala Asn. Phe Arg Ile Gln His Pro Glin Val Thir Lieu. 
27s 28O 285 

Lieu. Glin Tyr Val Asp Asp Lieu. Lieu. Lieu Ala Gly Ala Thr Lys Glin Asp 
290 295 3 OO 

Cys Lieu. Glu Gly. Thir Lys Ala Lieu. Lieu. Lieu. Glu Lieu. Ser Asp Lieu. Gly 
3. OS 310 315 32O 

Tyr Arg Ala Ser Ala Lys Lys Ala Glin Ile Cys Arg Arg Glu Val Thr 
3.25 330 335 

Tyr Lieu. Gly Tyr Ser Lieu. Arg Asp Gly Glin Arg Trp Lieu. Thr Glu Ala 
34 O 345 350 

Arg Llys Llys Thr Val Val Glin Ile Pro Ala Pro Thr Thr Ala Lys Glin 
355 360 365 

Met Arg Glu Phe Lieu. Gly Thr Ala Gly Phe Cys Arg Lieu. Trp Ile Pro 
37O 375 38O 

Gly Phe Ala Thr Lieu Ala Ala Pro Lieu. Tyr Pro Lieu. Thir Lys Glu Lys 
385 390 395 4 OO 

Gly Glu Phe Ser Trp Ala Pro Glu. His Gln Lys Ala Phe Asp Ala Ile 
4 OS 410 415 

Llys Lys Ala Lieu Lleu Ser Ala Pro Ala Lieu Ala Lieu Pro Asp Val Thr 
42O 425 43 O 

Llys Pro Phe Thir Lieu. Tyr Val Asp Glu Arg Lys Gly Val Ala Arg Gly 
435 4 4 O 445 

Val Lieu. Thr Glin Thr Lieu. Gly Pro Trp Arg Arg Pro Val Ala Tyr Lieu. 
450 45.5 460 

Ser Lys Llys Lieu. Asp Pro Val Ala Ser Gly Trp Pro Ile Cys Lieu Lys 
465 470 47s 48O 

Ala Ile Ala Ala Val Ala Ile Lieu Val Lys Asp Ala Asp Llys Lieu. Thr 
485 490 495 

Lieu. Gly Glin Asn. Ile Thr Val Ile Ala Pro His Ala Lieu. Glu Asn. Ile 
5 OO 5 OS 510 

Val Arg Gln Pro Pro Asp Arg Trp Met Thr Asn Ala Arg Met Thr His 
515 52O 525 

Tyr Glin Ser Leu Lleu Lleu. Thr Glu Arg Val Thr Phe Ala Pro Pro Ala 
53 O 535 54 O 

Ala Lieu. Asn. Pro Ala Thr Lieu. Lieu Pro Glu Glu Thir Asp Glu Pro Val 
5.45 550 555 560 

Thir His Asp Cys His Glin Lieu. Lieu. Ile Glu Glu Thr Gly Val Arg Llys 
565 st O sfs 

Asp Lieu. Thir Asp Ile Pro Leu. Thr Gly Glu Val Lieu. Thir Trp Phe Thr 
58O 585 590 

Asp Gly Ser Ser Tyr Val Val Glu Gly Lys Arg Met Ala Gly Ala Ala 
595 6 OO 605 
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Val Val Asp Gly Thr Arg Thr Ile Trp Ala Ser Ser Leu Pro Glu Gly 
610 615 62O 

Thir Ser Ala Glin Lys Ala Glu Lieu Met Ala Lieu. Thr Glin Ala Lieu. Arg 
625 630 635 64 O 

Lieu Ala Glu Gly Llys Ser Ile Asn. Ile Tyr Thr Asp Ser Arg Tyr Ala 
645 650 655 

Phe Ala Thr Ala His Val His Gly Ala Ile Tyr Lys Glin Arg Gly Lieu. 
660 665 670 

Lieu. Thir Ser Ala Gly Arg Glu Ile Lys Asn Lys Glu Glu Ile Lieu. Ser 
675 68O 685 

Lieu. Lieu. Glu Ala Wal His Lieu Pro Lys Arg Lieu Ala Ile Ile His Cys 
690 695 7 OO 

Pro Gly His Gln Lys Ala Lys Asp Lieu. Ile Ser Arg Gly Asn Glin Met 
7 Os 71O 71s 72O 

Ala Asp Arg Val Ala Lys Glin Ala Ala Glin Gly Val Asn Lieu. Lieu Pro 
72 73 O 73 

Ile Ile Glu Met Pro Lys Ala Pro Glu Pro Arg Arg Glin Tyr Thr Lieu. 
740 74. 75O 

Glu Asp Trp Glin Glu Ile Llys Lys Ile Asp Glin Phe Ser Glu Thr Pro 
75s 760 765 

Glu Gly Thr Cys Tyr Thr Ser Asp Gly Lys Glu Ile Leu Pro His Lys 
770 775 78O 

Glu Gly Lieu. Glu Tyr Val Glin Glin Ile His Arg Lieu. Thir His Lieu. Gly 
78s 79 O 79. 8OO 

Thr Lys His Leu Gln Gln Leu Val Arg Thr Ser Pro Tyr His Val Lieu. 
805 810 815 

Arg Lieu Pro Gly Val Ala Asp Ser Val Val Llys His Cys Val Pro Cys 
82O 825 830 

Glin Lieu Val Asn Ala Asn Pro Ser Arg Met Pro Pro Gly Lys Arg Lieu. 
835 84 O 845 

Arg Gly Ser His Pro Gly Ala His Trp Glu Val Asp Phe Thr Glu Val 
850 855 860 

Llys Pro Ala Lys Tyr Gly Asn Llys Tyr Lieu. Lieu Val Phe Val Asp Thr 
865 87O 87s 88O 

Phe Ser Gly Trp Val Glu Ala Tyr Pro Thr Lys Lys Glu Thir Ser Thr 
885 890 895 

Val Val Ala Lys Lys Ile Lieu. Glu Glu Ile Phe Pro Arg Phe Gly Ile 
9 OO 9 OS 910 

Pro Llys Val Ile Gly Ser Asp Asin Gly Pro Ala Phe Val Ala Glin Val 
915 92O 925 

Ser Glin Gly Lieu Ala Lys Ile Lieu. Gly Ile Asp Trp Llys Lieu. His Cys 
930 935 94 O 

Ala Tyr Arg Pro Glin Ser Ser Gly Glin Val Glu Arg Met Asn Arg Thr 
945 950 955 96.O 

Ile Lys Glu Thir Lieu. Thir Lys Lieu. Thir Ala Glu Thr Gly Val Asn Asp 
965 97O 97. 

Trp Ile Ala Leu Lleu Pro Phe Val Lieu Phe Arg Val Arg Asn Thr Pro 
98O 985 990 

Gly Glin Phe Gly Lieu. Thr Pro Tyr Glu Lieu. Leu Tyr Gly Gly Pro Pro 
995 1 OOO 1 OOS 
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Wall 

Luell 

Arg 

His 

Gly 

Thir 

Ser 

Ser 

Glu 

Phe 

Glin 

Arg 

Asn 

Pro 

His 

Thir 

Wall 

Ile 

Ser 

Lell 

Phe 

Lell 

Thir 

Wall 

Glu 

Asn 

<210 SEQ ID NO 82 
<211 LENGTH: 
&212> TYPE : 
<213> ORGANISM: 

<4 OO SEQUENCE: 

Met His Pro Thr 
1. 

Pro 
2O 

Lell 
35 

Ser 
SO 

Ser 
65 

Gly 
85 

Ser 
OO 

15 

Phe 

45 

65 

Phe 
95 

Met 
210 

Lys 

Thir 

Luell 

Gly 

Thir 

Luell 

Pro 

Phe 

Trp 

Ser 

Thir 

Ser 

Arg 

Luell 

Asn 

Thir 

Trp 

Thir 

Gly 

Pro 

Thir 

Pro 

Glu 

Trp 

Luell 

Ser 

Ser 

Gly 

Trp 

Ser 

Pro 

Thir 

Ser 

Gly 

638 
PRT 

Porcine 

82 

Ile 

His 

Ile 

Pro 

Pro 

Pro 

Glin 

Ser 

Ser 

Cys 

Gly 

Met 

Asn 

Ile 
25 

Thir 
4 O 

Lys 
55 

Asn 
70 

Asp 
9 O 

Pro 
OS 

Asn 
2O 

rp 
35 

Glin 
SO 

Lys 
2 OO 

Wall 
215 

Wall 

Ala 

Gly 

Arg 

Ala 

Luell 

Ser 

His 

Ala 

Asp 

Trp 

Wall 

Pro 

Asp 
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Ser Ala Asp Val Lieu. Lieu. 

endogenous retrovirus 

Arg 

Pro 

Ser 

Pro 

Ile 

Lell 

Asp 

Asn 

Asn 

Glin 

Glin 

Pro 

Glin 

Arg 

Luell 

Glin 

Luell 

Asn 

Ile 

Gly 

Asp 

Phe 

Ser 

Glu 

His 

Ser 

Thir 

Ser 

Asn 

Wall 

Luell 

Wall 

Arg 

Asn 

Asp 

Asn 

Gly 

Luell 
10 

Phe 

Asn 

Luell 

Thir 

His 

His 

Thir 

Wall 

Luell 

Ile 

Gly 

Pro 

Ala 
3 O 

Gly 
45 

Thir 
6 O 

Glin 
7s 

Lel 

Ala 
1O 

25 

Ser 
4 O 

55 

Lel 

90 

Lel 

2O5 

Ser 
22O 

Ile 

Ser 

Met 

Trp 

Gly 

Arg 

His 

Gly 

Asn 

Phe 

Thir 

Gly 

Wall 

Gly 

Wall 

Ser 

Ser 

His 

Arg 

Ile 

Arg 

Lell 

Glu 

Ser 

Gly 

Asn 

Asp 

Ser 

Trp 

Lell 

Trp 

Arg 

Asp 

Arg 

Luell 

Thir 

Gly 

Arg 

Gly 

Ala 

Ile 

Ile 

Ala 

Wall 

Phe 

Pro 

Gly 

Ile 

Wall 

Glin 

Glin 

Luell 

Arg 

Wall 

Trp 

Trp 

Wall 

Gly 
15 

Trp 

Gly 

Thir 

Pro 

Ile 

Wall 

Arg 

Ile 

Asn 

Pro 

Ser 

Arg 
104 O 

Glin 

His 

Luell 

Ile 

Lys 
112 O 

Wall 

Phe 

Asp 

Asp 

Luell 

Pro 

Wall 

Asp 

Trp 

Asn 
160 

Thir 

Ser 

Gly 

Gly 
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Ser Ile Lieu. Thir Ile Arg Lieu Lys Ile Asin Gln Lieu. Glu Pro Pro Met 
225 23 O 235 24 O 

Ala Ile Gly Pro Asn Thr Val Lieu. Thr Gly Glin Arg Pro Pro Thr Glin 
245 250 255 

Gly Pro Gly Pro Ser Ser Asn Ile Thr Ser Gly Ser Asp Pro Thr Glu 
26 O 265 27 O 

Ser Asn Ser Thr Thr Lys Met Gly Ala Lys Lieu Phe Ser Lieu. Ile Glin 
27s 28O 285 

Gly Ala Phe Glin Ala Lieu. Asn Ser Thr Thr Pro Glu Ala Thr Ser Ser 
290 295 3 OO 

Cys Trp Lieu. Cys Lieu Ala Ser Gly Pro Pro Tyr Tyr Glu Gly Met Ala 
3. OS 310 315 32O 

Arg Arg Gly Llys Phe Asn Val Thir Lys Glu. His Arg Asp Glin Cys Thr 
3.25 330 335 

Trp Gly Ser Glin Asn Llys Lieu. Thir Lieu. Thr Glu Val Ser Gly Lys Gly 
34 O 345 350 

Thr Cys Ile Gly Lys Val Pro Pro Ser His Gln His Lieu. Cys Asn His 
355 360 365 

Thr Glu Ala Phe Asn Gln Thr Ser Glu Ser Glin Tyr Lieu Val Pro Gly 
37O 375 38O 

Tyr Asp Arg Trp Trp Ala Cys Asn Thr Gly Lieu. Thr Pro Cys Val Ser 
385 390 395 4 OO 

Thr Lieu Val Phe Asn Gln Thr Lys Asp Phe Cys Ile Met Val Glin Ile 
4 OS 410 415 

Val Pro Arg Val Tyr Tyr Tyr Pro Glu Lys Ala Ile Lieu. Asp Glu Tyr 
42O 425 43 O 

Asp Tyr Arg Asn His Arg Glin Lys Arg Glu Pro Ile Ser Lieu. Thir Lieu 
435 4 4 O 445 

Ala Wal Met Lieu. Gly Lieu. Gly Val Ala Ala Gly Val Gly Thr Gly Thr 
450 45.5 460 

Ala Ala Lieu Val Thr Gly Pro Glin Glin Lieu. Glu Thr Gly Lieu. Ser Asn 
465 470 47s 48O 

Lieu. His Arg Ile Val Thr Glu Asp Lieu. Glin Ala Lieu. Glu Lys Ser Val 
485 490 495 

Ser Asn Lieu. Glu Glu Ser Lieu. Thir Ser Lieu. Ser Glu Wal Wall Lieu. Glin 
5 OO 5 OS 510 

Asn Arg Arg Gly Lieu. Asp Lieu. Lieu. Phe Lieu Lys Glu Gly Gly Lieu. Cys 
515 52O 525 

Val Ala Lieu Lys Glu Glu. Cys Cys Phe Tyr Val Asp His Ser Gly Ala 
53 O 535 54 O 

Ile Arg Asp Ser Met Asn Llys Lieu. Arg Glu Arg Lieu. Glu Lys Arg Arg 
5.45 550 555 560 

Arg Glu Lys Glu Thir Thr Glin Gly Trp Phe Glu Gly Trp Phe Asn Arg 
565 st O sfs 

Ser Lieu. Trp Lieu Ala Thr Lieu. Lieu. Ser Ala Lieu. Thr Gly Pro Lieu. Ile 
58O 585 590 

Val Lieu. Lieu. Lieu Lleu Lieu. Thr Val Gly Pro Cys Ile Ile Asn Llys Lieu 
595 6 OO 605 

Ile Ala Phe Ile Arg Glu Arg Ile Ser Ala Val Glin Ile Met Val Lieu. 
610 615 62O 
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Arg Glin Glin Tyr Glin Ser Pro Ser Ser Arg Glu Ala Gly Arg 
625 630 635 

1-26. (canceled) 
27. A method for screening a tissue for the presence or 

expression of a Swine or miniature Swine retrovirus, the 
method comprising: 

contacting a tissue sample with an antibody specific for a 
retroviral polypeptide, wherein the retroviral polypep 
tide is encoded by a nucleic acid molecule having at least 
95% identity to a sequence selected from the group 
consisting of: 

(a) nucleotides 2-1999 of SEQID NO:1 (env); 
(b) nucleotides 2452-4839 of SEQID NO:1 (gag); 
(c) nucleotides 4871-8060 of SEQID NO:1 (pol): 
(d) nucleotides 598-2169 of SEQID NO:2 (gag); 
(e) nucleotides 2320-4737 of SEQID NO:2 (pol): 
(f) nucleotides 4738-6722 of SEQID NO:2 (env); 
(g) nucleotides 585-2156 of SEQID NO:3 (gag); 
(h) nucleotides 2307-5741 of SEQID NO:3 (pol); and 
(i) nucleotides 5620-7533 of SEQID NO:3 (env); 
thereby determining whether the retroviral polypeptide is 

present, the presence of the retroviral polypeptide being 
indicative of the presence or expression of a Swine or 
miniature Swine retrovirus. 

28. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 2-1999 of SEQ ID 
NO:1. 

29. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 2452-4839 of SEQID 
NO:1. 

30. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 4871-8060 of SEQID 
NO:1. 

31. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 598-2169 of SEQID 
NO:2. 

32. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 2320-4737 of SEQID 
NO:2. 

33. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 4738-6722 of SEQID 
NO:2. 

34. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 585-2156 of SEQID 
NO:3. 

35. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 2307-5741 of SEQID 
NO:3. 

36. The method of claim 27, wherein the retroviral 
polypeptide is encoded by nucleotides 5620-7533 of SEQID 
NO:3. 

37. The method of claim 27, wherein the tissue is selected 
from the group consisting of heart, lung, liver, bone marrow, 
kidney, brain, neural tissue, pancreas, thymus, and intestine. 

38. The method of claim 27, wherein the method comprises 
an enzyme-linked immunosorbent assay (ELISA). 

39. An antibody specific for a retroviral polypeptide, 
wherein the retroviral polypeptide is encoded by a nucleic 
acid molecule having at least 95% identity to a sequence 
selected from the group consisting of: 

(a) nucleotides 2-1999 of SEQID NO:1 (env); 
(b) nucleotides 2452-4839 of SEQID NO:1 (gag): 
(c) nucleotides 4871-8060 of SEQID NO:1 (pol): 
(d) nucleotides 598-2169 of SEQID NO:2 (gag): 
(e) nucleotides 2320-4737 of SEQID NO:2 (pol): 
(f) nucleotides 4738-6722 of SEQID NO:2 (env); 
(g) nucleotides 585-2156 of SEQID NO:3 (gag): 
(h) nucleotides 2307-5741 of SEQID NO:3 (pol); and 
(i) nucleotides 5620-7533 of SEQID NO:3 (env). 
40. The antibody of claim 39, wherein the antibody is a 

polyclonal antibody. 
41. The antibody of claim 39, wherein the antibody is a 

monoclonal antibody. 
42. A method of producing an antibody specific for a ret 

roviral polypeptide, the method comprising: 
immunizing an animal with a purified polypeptide encoded 
by a sequence comprising at least 100 nucleotides of a 
nucleic acid molecule comprising at least 95% identity 
to a sequence selected from the group consisting of 

(a) nucleotides 2-1999 of SEQID NO:1 (env); 
(b) nucleotides 2452-4839 of SEQID NO:1 (gag): 
(c) nucleotides 4871-8060 of SEQID NO:1 (pol): 
(d) nucleotides 598-2169 of SEQID NO:2 (gag): 
(e) nucleotides 2320-4737 of SEQID NO:2 (pol): 
(f) nucleotides 4738-6722 of SEQID NO:2 (env); 
(g) nucleotides 585-2156 of SEQID NO:3 (gag): 
(h) nucleotides 2307-5741 of SEQID NO:3 (pol); and 
(i) nucleotides 5620-7533 of SEQID NO:3 (env), 
thereby producing an antibody. 

c c c c c 


