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MDPAEAVLQEKALKFMNSSEREDCNNGEPPRK IPEKNSLRQTYNSCARLCLNQETWCLA 

70 80 90 100 110 120 
STAMKTENCVAKTKLANGTSSMIVPKQRKLSASYEKEKELCVKYFEQWSESDQVEFVEHL 

130 140 150 160 170 180 
ISQMCHYQHGHNSYLKPMLQRDFITALPARGLDHAENILSYLDAKSLCAAELVCKEWY 

90 200 210 220 230 240 
RVTSDGMLWKKLIERMVRTDSLWRGLAERRGWGQYLFKNKPPDGNAPPNSFYRALYPKII 

250 260 270 280 290 SOO 
QDIETIESNWRCGRHSLQRIHCRSETSKGVYCLOYDDQKIVSGLRDNTIKIWDKNTLECK 

310 320 330 340 350 360 
RILTGHTGSVLCLQYDERVIITGSSDSTWRWDVNTGEMLNTLIHHCEAVLHLRFNNGMM 

370 380 390 400 410 420 
VTCSKDRSIAWDMASPTDITLRRVLVGHRAAVNVVDFDDKYIVSASGDRTIKWNTSTC 

430 440 450 460 470 480 
EFVRTLNGHKRGIACLQYRDRLWSGSSDNTIRLWDIECGACLRVLEGHEELVRCIRFDN 

490 500 510 520 530 540 
KRIVSGAYDGKIKWDLVAALDPRAPAGTLCLRTLVEHSGRVFRLQFDEFOIVSSSHDDT 

550 560 
ILIWDFLNDPAAQAEPPRSPSRTYTYSR 
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MERKDFETWLDNSWTFLSLTDLOKNETLDHSLSGAVOLRHLSNNLETLLKRDFLKLL 
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PLELSFYLLKWLDPQTLLTCCLVSKQWNKVISACTEWQTACKNLGWQIDDSVQDALHWK 

130 140 150 160 170 18O 
KWYLKAILRMKQLEDHEAFETSSLIGHSARVYALYYKDGLLCTGSDDLSAKLWDVSTGOC 
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WYGIQTHTCAAVKFDEQKLVTGSFDNTVACWEWSSGARTOHFRGHTGAVFSVDYNDELDI 
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LVSGSADFTVKWALSAGTCLNTLTGHTEWTKWLQKCKVKSLLHSPGDYLLSADKYE 
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IKIWPIGREINCKCLKTLSVSEDRSICLQPRLHFDGKYIVOSSALGLYOWDFASYDILRV 
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KTPEANLALLGFGDIFALLFDNRYLYMDLRTESLSRWPLPEYRESKRGSSFLAGEH 
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MKRCGROSORNSSEEGTAEKSKKLRTTNEHSOTCDWGNLLCD LOVFKYLPLLDRAHAS 
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QVCRNMNOVFHMPDLWRCFEFELNQPATSYLKATHPELIKQKRHSNHLQYVSFKVDSS 

130 140 150 160 170 180 
KESAEAACDESOLVNCSLKTLGLISTARPSFMOLPKSHFISALTWFWNSKSLSSKID 

190 200 20 220 230 240 
DTPWOOPSLKVLVANNSDTLKLLKMSSCPHVSPAGLCVADOCHGLRELALNYHLLSDEL 

250 260 270 280 290 500 
LLASSEKHVRLEHLRIDWSENPCOTHFHTOKSSWDAFRHSPKWNLVMYFFLYEEEF 
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DPFFRYEIPATHLYFGRSVSKDVLCRVGMTCPRLVELWCANGLRPLDEELIRIAERCKN 

370 380 590 400 40 420 
LSAIGLGECEWSCSAFVEFWKMCGGRLSOLSIMEEVIPDOKYSLEOHWEWSKHLGRW 

FPOMMPTW 
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MKRNSLSVENKIVQLSGAAKQPKVGFYSSLNQTHTHTVLL.DWGSLPHWLQIFQYLPLL . 
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DRACASSVCRRWNEVFHSDLWRKFEFELNQSATSSFKSTHPDLIQQI KKHFAHLQYVS 

1.30 140 150 160 170 18O 
FKVDSSAESAEAACDILSQLVNCSIQTLGLISTAKPSFMNVSESHFVSALTWF INSKSL 

190 200 210 220 230 240 
SSKIEDTPVOOPSLKILVANNSDTLRLPKMSSCPHVSSDGILCVADRCOGLRELALNYY 

250 260 270 280 290 300 
ILTDELFLALSSETHVNLEHLRIDWSENPGQIKFHAWKKHSWDALIKHSPRVNWMHFF 

310 520 350 340 350 360 
LYEEEFETFFKEETPVTHLYFGRSVSKWLGRVGLNCPRLIELWCANDLQPLONELICI 

370 580 590 400 410 420 

AEHCTNLTALGLSKCEVSCSAF RFVRLCERRLOLSVMEEVLIPDEDYSLDEIHTEWSK 

430 
YLGRWFPDWMPLW 
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10 20 30 40 50 60 
ACATTTTCTAATGTTTACAGAATGAAGAGGAACAGTTTATCTGTTGAGAATAAAATTGTCCAGTTGTCA 

70 80 90 100 110 120 130 
GGAGCAGCCAAACAGCCAAAAGTTGGGTTCTACTCTTCTCTCAACCAGACTCATACACACACGGTTCTT 

140 150 60 70 180 190 200 
CTAGACTGGGGGAGTTTGCCTCACCATGTAGTATTACAAATTTTTCAGTATCTTCCTTTACTAGATCGG 

210 220 230 240 250 260 270 
GCCTGTGCATCTTCTGTATGTAGGAGGTGGAATGAAGTTTTTCATATTTCTGACCTTTGGAGAAAGTTT 

280 290 300 310 520 30 340 
GAATTTGAACTGAACCAGTCAGCTACTTCATCTTTTAACTCCACTCATCCTGATCTCATTCACCAGATC 

350 360 370 380 390 400 410 
ATTAAAAAGCATTTTCCTCATCTTCAGTATGTCAGCTTTAAGGTTGACAGTAGCGCTGAGTCAGCAGAA 

420 430 440 450 460 470 480 
GCTGCCTGTGATATACTCTCTCAGCTGGTAAATTGTTCCATCCAGACCTTGGGCTTGATTTCAACAGCC 

490 500 510 520 530 540 550 
AACCCAAGTTTCATGAATGTGTCCCAGTCTCATTTTGTGTCACCACTTACAGTTGTTTTTATCAACTCA 

560 570 580 590 600 60 620 
AAATCATTATCATCAATCAAAATTGAAGATACACCAGTCGATGATCCTTCATTGAAGATTCTTGTCCCC 

630 640 650 660 670 680 690 
AATAATAGTCACACTCTAACACTCCCAAAGATCAGTAGCTCTCCTCATGTTTCATCTGATGGAATTCTT 

700 710 720 750 740 750 
TGTGTAGCTGACCGTTGTCAAGGCCTTAGAGAACTGGCGTTGAATTATTACATCCTAACTGATGAACTT 

760 770 780 790 800 810 820 
TTCCTTGCACTCTCAAGCCAGACTCATGTTAACCTTGAACATCTTCCAATTGATGTTGTGAGTGAAAAT 

830 840 850 860 870 880 890 
CCTGGACAGATTAAATTTCATGCTGTTAAAAAACACAGTTGGGATGCACTTATTAAACATTCCCCTAGA 

900 910 920 930 940 950 960 
GTTAATGTTGTTATGCACTTCTTTCTATATGAAGAGGAATTCGAGACGTTCTTCAAAGAAGAAACCCCT 

FIG.6B 



Patent Application Publication Nov. 10, 2005 Sheet 15 of 87 US 2005/025 1871 A1 

970 980 990 1000 010 1020 1030 
GTTACTCACCTTTATTTTCCTCGTTCAGTCAGCAAAGTGGTTTTAGGACGGGTAGGTCTCAACTGTCCT 

1040 1050 1060 1070 1080 1090 1100 
CGACTGATTGAGTTAGTGGTGTGTGCTAATGATCTTCAGCCTCTTGATAATGAACTTATTTGTATTGCT 

110 20 130 1140 1150 160 70 
GAACACTGTACAAACCTAACAGCCTTGGGCCTCAGCAAATGTGAAGTTAGCTCCAGTCCCTTCACAGG 

180 190 1200 1210 1220 1230 240 
TTTGTAAGACTGTGTGAGAGAAGGTTAACACAGCTCTCTGTAATGGAGGAAGTTTTGATCCCTGATGAG 

250 260 1270 280 290 300 1310 
GATTATAGCCTAGAGAAATTCACACTGAACTCTCCAAATACCTGGGAAGAGTATGGTTCCCTGATGTG 

1230 
ATCCCTCTCTCG 
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MAGSEPRSGTNSPPPPFSDWGRLEAAILSGWKTFWOSVSKDRVARTTSREEVDEAASTLT 
70 80 90 100 110 120 

RLPIDVOLYILSFLSPHDLCOLGSTNHYWNETVRNPILWRYFLLRDLPSWSSVDWKSLPY 
130 40 150 160 170 180 

LQKKPISEVSDGAFFDYMAVYLMCCPYTRRASKSSRPMYGAVTSFLHSLIPNEPRFA 

190 200 210 220 230 240 
LFGPRLEQLNTSLVLSLLSSEELCPTAGLPORQ DGIGSGWNFOLNNQHKFNLILYSTT 

250 260 270 280 290 300 
RKERDRAREEHTSAVNKMFSRHNEGDDRPGSRYSVPQIOKLCEWDGFIYVANAEAHKR 

310 320 330 340 350 360 
HEWODEFSHIMAMTDPAFGSSGRPLLVLSCISOGDWKRMPCFYLAHELHLNLLNHPWLVO 

370 380 390 400 410 420 

DTEAETLTGFLNGIEWILEEVESKRARFSFQILGTETINLLLRSCEYLLSQPTLSCL 
430 440 450 460 470 480 

FADRLSFGQL LLCFLYYFYFLP (NYKKRVSVLVFSPKMNLTFFWFLYFLSFKY. I 

L 
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10 20 50 40 50 60 
ATGGCGGGAAGCGAGCCGCGCAGCGGAACAAATTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTG 

70 80 90 100 110 120 150 
GAGGCGGCCATCCTCAGCGGCTGGAAGACCTTCTGGCAGTCAGTGAGCAAGGATAGGGTGGCGCGTACG 

40 150 160 170 180 190 200 
ACCTCCCGGGAGGAGGTGGATGAGGCGGCCAGCACCCTGACGCGGCTGCCGATTGATGTACAGCTATAT 

20 220 230 240 250 260 270 
ATTTTCTCCTTTCTTTCACCTCATGATCTGTGTCAGTTCGGAAGTACAAATCATTATTGGAATGAAACT 

280 290 300 30 520 330 340 
GTAAGAAATCCAATTCTGTGGAGATACTTTTTGTTGAGCCATCTTCCTTCTTGGTCTTCTGTTGACTGG 

550 360 370 580 390 400 410 
AACTCTCTCCATATCTACAAATCTTAAAAAAGCCTATATCTGAGCTCTCTGATGCTCCATTTTTTGAC 

420 430 440 450 460 470 480 
TACATGGCAGTCTATCTAATGTGCTGTCCATACACAAGAAGAGCTTCAAAATCCAGCCGTCCTATGTAT 

490 500 50 520 550 540 550 
GGAGCTGTCACTTCTTTTTTACACTCCCTGATCATTCCCAATGAACCTCGATTTCCTCTCTTTCGACCA 

560 570 580 590 600 60 620 
CGTTTCGAACAATTGAATACCTCTTTCCTCTTGACCTTCCTGTCTTCAGAGGAACTTTCCCCAACAGCT 

630 640 650 660 670 680 690 
GGTTTCCCTCAGAGGCAGATTGATGGTATTGGATCACGAGTCAATTTTCACTTGAACAACCAACATAAA 

700 710 720 730 740 750 
TTCAACATTCTAATCTTATATTCAACTACCAGAAAGGAAAGAGATAGAGCAAGGGAAGACCATACAAGT 

760 770 780 790 800 80 820 
CCAGTTAACAAGATGTTCAGTCGACACAATGAACGTGATGATCGACCAGGAAGCCGCTACAGTGTGATT 

830 840 850 860 870 880 890 
CCACAGATTCAAAAACTGTGTGAACTTGTAGATGGGTTCATCTATGTTGCAAATGCTGAAGCTCATAAA 

900 910 920 930 940 950 960 
AGACATGAATCGCAAGATGAATTTTCTCATATTATGGCAATGACAGATCCAGCCTTTGGGTCTTCGGGA 
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970 980 990 1000 100 1020 1030 
AGACCATTCTTGGTTTTATCTTGTATTCTCAAGGGGATGTAAAAAGAATGCCCTGTTTTTATTTCGCT 

1040 O50 1060 1070 1080 090 1100 

CATCAGCTCCATCTGAATCTTCTAAATCACCCATGGCTCGTCCAGGATACAGAGCCTGAAACTCTGACT 
110 1120 1130 1140 1150 1160 1170 

GGTTTTTTGAATGGCATTGAGTGGATTCTTGAAGAAGTGGAATCTAAGCGTCCAAGATGATTCTCTTTT 
118O 1190 1200 1210 1220 1230 240 

CAGATCTTGGGAACTGAAACCATTTGAAATTTATTACTAACGTCGTGATGTGAATATTTCCTCAGTCAG 

1250 1260 1270 1280 1290 1300 510 
CCCACCTTGTCCTGCCTTTTTCCAGATAGCCTTTCATTTCGACAGCTATAACTCCTGTGTTTTTTATAT 

1320 1330 1340 1350 1360 1370 1380 
TATTTTTACTTTTTACCATAAATCAATTACAAGAAAAGAGTTTCAGTCCTAGTATTTAGCCCCAAAATG 

1590 1400 1410 1420 430 1440 
AACCTTAAACATTTTTTTGGTAATTTTTATATTTTCTGTCTTTTTAAAAATATAAATTTTCG 
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MSRRPCSCALRPPRCSCSASPSAVTAAGRPRPSDSCKEESSTLSVKMKCDFNCNHVHSGL 

70 80 90 100 110 120 
KLVKPDDIGRLVSYTPAYLEGSCKDCIKDYERLSCIGSPIVSPRIVOLETESKRLHNKEN 

30 40 50 160 170 180 
QHVOQTLNSTNEEALETSRLYEDSGYSSFSLOSGLSEHEEGSLLEENFGDSLOSCLLOI 

90 200 210 220 230 240 
QSPDOYPNKNLLPVLHFEKWCSTLKKNAKRNPKVDREMLKEI ARGNFRLQNIIGRKMG 

250 260 270 280 290 300 
LECVDLSELFRRGLRHVLATILAOLSDMDLINVSKVSTTWKKLEDDKGAFOLYSKAIO 

310 320 330 340 350 360 
RVTENNNKFSPHASTREYWMFRTPLASVOKSAAQTSLKKDAQTKLSNOGDQKGSTYSRHN 

370 380 390 400 410 420 
EFSEVAKTLKKNESLKACIRCNSPAKYDCYLORATCKREGCGFDYCTKCLCNYHTTKDCS 

430 440 
DGKLLKASCKGPLPGTKKSKKNLRRL 
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950 960 970 980 990 1000 OO O20 1050 
TTGTACAGTAAAGCAATACAAAGAGTTACCGAAAACAACAATAAATTTTCACCTCATCCTTCAACCAGAGAATATGTTATGTTCAGAACCCCAC 

040 O50 060 070 1080 1090 100 10 20 
TGGCTTCTGTTCAGAAATCACCAGCCCAGACTTCTCTCAAAAAAGAGCCAAACCAAGTTATCCAATCAAGGTGATCAGAAAGGTTCTACTTA 

150 140 150 1160 170 180 190 1200 1210 1220 
TAGTCGACACAATGAATTCTCTCACGTTCCCAAGACATTGAAAAAGAACGAAAGCCTCAAAGCCTGTATTCGCTCTAATTCACCTCCAAAATAT 

1230 240 1250 1260 1270 1280 1290 1300 130 
GATTCCTATTTACAACGGGCAACCTCCAAACCACAAGGCTGTGGATTTGATTATTGACCAAGTGTCTCTCTAATTATCATACTACTAAACACT 

1320 1350 1340 1350 1360 370 380 1390 1400 1410 
CTTCACAICCCAAGCTCCTCAAAGCCAGTTGAAAATACGTCCCCTCCCTGGTACAAAGAAAACCAAAAAGAATTTACGAAGATTGTGATCTC 

1420 1430 1440 450 460 470 1480 1490 500 
TATAAATCAATTCTTACTGATCATGAATCTTACTTAGAAAATCTTAGGTTTTAACTTAAAAAAAATTGTATTGTGATTTTCAATTTTATCTTC 

1510 1520 1550 1540 1550 1560 1570 58O 1590 
AAATCCGTGTAGTATCCTCACGTTTTTTTCCCCCCACAAGATAAAGACCATAGACAACCTCTTAAAAIATTTTTACAATAATGAGAAAAACT 

1600 1610 62O 650 640 1650 1660 1670 680 1690 
TTAAAATTCTCAATACAAATCAAACAATTTAAATATTTTAAGAAAAAAGGAAAAGTAGATAGTGAACTGAGGGTAAAAAAAAAATTGATTCAA 

1700 1710 1720 1730 1740 1750 1760 770 1780 
TTTTATCGTAAAGGAAACCCATCCAATTTTACCTACACACTCTTAAATATGTCTGGTTTTCCATCTCTTACCATTTCACACATTTTATCTTCCT 

1790 1800 1810 1820 1830 1840 1850 1860 1870 1880 
CTTACTCAATTCATACCAACACAAATATCAACTTCTCCACTCTATTAAATCGTTCTCACCTTTCTAAAGCTTTTTTTCATTGTCTGTATTTCC 

1890 1900 1910 1920 1930 1940 1950 1960 - 1970 
CAAGAAAGTATCCTTTCTAAAAACTTCCTTGTTTTCCTTATTTCTGAAATCGTTTTAATATTTTTCTATACATGTAAATATTTCTGTATTTTT 

1980 1990 2000 2010 2020 2030 2040 2050 2060 
TATATGTCAAACAATATCTCTCTTGTATGTACAATAAAAATAAATTTTCCTCAATAAAATTCTAAGCTTAAAAAAAAAAAAAAAAAACTCCAG 

2070 
ACTAGTCC 
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ARSGASALRRRRVQWLSRPPPGGGDSFRTRRPQRGPGPGGSQAMDAPHSKAALDSINE 
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LPDNILLELFTHVPARQLLLNCRLWCSLWRDLIDLLTLWKRKCLRKGFITKDWDQPVADW 

130 140 150 160 170 180 
KIFYFLRSLHRNLLRNPCAENDMFAWQIDFNGGDRWKVDSLPGAHGTEFPDPKWKKSFVT 

190 200 210 220 230 240 
SYELCLKWELVDLLADRYWEELLOTFRPDIWKDWFAARADCGCTYOLKVOLASADYFWL 

250 260 270 280 290 300 
ASFEPPPVTIOQWNNATWTEVSYTFSDYPRGVRYLFOHGGRD TOYWACWYGPRVTNSS 

510 320 330 
WSPKMTRNOASSEAQPGQKHGQEEAAQSPYGAWQIF 
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MSNTRFTITLNYKDPLTGDEETLASYGIWSGDLCLILHDDIPPPNPSSTDSEHSSLQN 
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NEOPSLATSSNOTSIODEOPSDSFOGOAAQSGWNDDSMLGPSONFEAESIODNAHMAEG 
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TGFYPSEPLLCSESVEGOVPHSLETLYOSADCSDANDALIVLIHLLMLESGYIPOGTEAK 
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ALSLPEKWKLSGVYKLOYMHHLCEGSSATLTCVPLGNLIWNATLKINNERSVKRLQLL 
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PESFICKEKLGENVANIYKDLQKLSRLFKDQLVYPLLAFTROALNLPNVFGLVVLPLELK 

310 320 330 340 350 360 
LRIFRLLDVRSVLSLSAVCRDLFTASNDPLLWRFLYLRDFRONTWRVQDTDWKELYRKRH 

370 380 390 400 40 420 
IORKESPKGRFVLLLPSSTHT PFYPNPLHPRPFPSSRLPPG IGGEYDQRPTLPYVGDP 

430 440 450 460 470 480 
ISSLIPGPGETPSQLPPLRPRFDPWGPLPGPNPLPGRGGPNDRFPFRPSRGRPTOGRLS 
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ETSKLG SAVLAPAAGGTLSSEGRSAVSGILIAWTSTGVDKSLNOLLHGLGTSSRLSHF 

70 80 90 100 110 120 
PFGKSPPRGOFWAAAVEIAGRSGLOMGOGLWRWRNOQLQQEGYSEOGYLTREOSRRMA 

130 140 150 160 170 180 
ASNISNTNHRKQVOGGIDIYHLLKARKSKEQEGFINLEMLPPELSFTLSYLNATDLCLA 

190 200 210 220 230 240 
SCWODLANDELLWOGLCKSTWGHCSIYNKNPPLGFSFRKXYMOLDEGSLTFNANPDEGV 

250 260 270 280 290 300 

NYFMSKGILDDSPKEIAKFIFCTRTLNWKKLRIYLDERRDVLDDLVTLHNFRNQFLPNAL 
310 320 350 340 350 360 

REFFRHIHAPEERGEYLELITKFSHRFCACNPDLMRELGLSPDAVYWLCYSLILLSDL 

370 380 390 400 40 420 
TSPHVKNKMSKREFRNTRRAAQNISEDFVGHLYONIYLIGHVAAKAQLLGLQFLQTK 

430 440 450 460 470 480 
ATQGLSRYGGYISAGHCSLSIQSSFSVQPFFLLPFSILVISLGNI ILONFSFCLSRFA 

490 500 510 520 530 540 
OSRATV HSCRMINHYTLKDGVFWHICLKNFIHFHSLYKYHVMCTYLTKEYSHNYF 

550 560 570 580 590 600 
IVKILTKVFPFLSNVLKFFSETIVXVKVRSDFROKPIPASFSFKLRVLICYYTM 

610 620 650 640 650 
QNWQLFL YKFI FFILKTGLKSRVLTIDF NIKIYDLHSE NKXLELW 

FIG. 1 1A 
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MAAAAVDSAMEWPALAEEAAPEVAGLSCLVNLPGEVEYILCCGSLTAADIGRWSSTCR 

70 80 90 100 110 120 

RLRELCOSSCKWKEQFRVRWPSLMKHYSPTDYWNWLEEYKVROKAGLEARKIVASFSKR 

30 140 150 160 170 18O 

FFSENPCNGFSDIENLEGPEIFFEDELVCILNEGRKALTwnAKILYLROKILN 
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NLKAFLQQPDDYESYLEGAVYIDOYCNPLSDISLKDIQAQIDSIVELVCKTLRGINSRHP 

250 260 270 280 290 300 
SLAFKAGESSMIMEIELQSQVLDAMNYWLYDOLKFKGNRMDYYNALNLYMHQVLIRRTGI 

30 320 550 340 350 360 
PSMSLLYLTIARQLGVPLEPVNFPSHFLLRWCOGAEGATLDFDYIYIDAFGKGKQLTV 

370 380 390 400 410 420 
KECEYLIGQHVTAALYGWNVKKVLQRMVGNLLSLGKREGIDOSYQLLRDSLDLYLAMYP 

430 440 450 460 470 480 
DOVOLLOARLYFHLGIWPEKVLDILOHOTLDPCCHGAVGYLVOHTLEHERKKEEVG 

490 500 510 520 530 - 540 
VEVKLRSDEKHRDVCYSIGLIMKHKRYGYNCVIYGWDPTCMMGHEWIRNMNVHSLPHGHH 

550 560 570 580 590 600 
QPFYNVLVEDGSCRYAAQENLEYNVEPQESHPDWGRYFSEFTGTHYPNAELERYPED 

60 620 
LEFWYETWONYSAKKENIDE 
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O 20 30 40 50 60 

RSTGFRRAGEEWSRXLAASPGXLRRPAXTFWLSNLAEWERVLTFLPAKALLRVACVCR 

70 80 90 
LWRECVRRVLRTHRSVTWSAGLAEAGHLXGH 

FIG.13A 

10 20 30 40 50 60 
CCGTAGTACTGGNTTCCGGCGGGCTGGTGAGGAATGGAGCCGGTAGNTGCTTGCGGCGAG 

70 80 90 100 110 120 
TCCCGGGNTCCTCCGTAGACCCGCGGANACCTTCGTGTTGAGTAACCTGGCGGAGGTGGT 

130 140 150 160 170 180 
GGAGCGTGTGCTCACCTTCCTGCCCGCCAAGGCGTTGCTGCGGGTGGCCTGCGTGTGCCG 

90 200 210 220 230 240 
CTTATGGAGGGAGTGTGTGCGCAGAGTATTGCGGACCCATCGGAGCGTAACCTGGATCTC 

250 260 270 
CGCAGGCCTGGCGGAGGCCGGCCACCTGGNGGGGCATT 

FIG.13B 
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10 20 30 40 50 60 
RPRPVQQQQQOPPQOPPPOPPOOOPPOOOPPPPPQQQQQQQPPPPPPPPPPLPOERNNVG 

70 80 90 100 110 120 
ERDDDVPADMVAEESGPGAONSPYOLRRKTLPKRTACPTKNSMEGASTST TENFGHRAK 

150 140 150 160 170 180 

RARVSGKSODLSAAPAEOYLOEKLPDEWLKIFSYLLEODLCRAACVCKRFSELANDPNL 
9 wR nevertipw 

FIG. 14A 
O 20 30 40 50 60 

GCGGCCGCGCCCCGTGCAGCAACAGCAGCAGCAGCCCCCGCAGCAGCCGCCGCCGCAGCC 

70 80 90 100 110 120 
GCCCCAGCAGCAGCCGCCCCAGCAGCAGCCTCCGCCGCCGCCGCAGCAGCAGCAGCAGCA 

130 40 150 60 170 180 
GCAGCCTCCGCCGCCGCCACCGCCGCCTCCGCCGCTGCCTCAGGAGCGGAACAACGTCGG 

190 200 210 220 250 240 
CGAGCGGGATGATGATGTGCCTGCAGATATGGTTGCAGAAGAATCAGGTCCTGGTGCACA 

250 260 270 280 290 300 
AAATAGTCCATACCAACTTCG TAGAAAAACTCTTTTGCCGAAAAGAACAGCGTGTCCCAC 

310 320 330 340 350 360 
AAAGAACAGTATGGAGGGCGCCTCAACTTCAACTACAGAAAACTTTGGTCATCGTCCAAA 

370 380 390 400 410 420 
ACGTGCAAGAGTGTCTGGAAAATCACAAGATCTATCAGCAGCACCTGCTGAACAGTATCT 

450 440 450 460 470 480 
TCAGGAGAAACTGCCAGATGAACTGGTTCTAAAAATCTTCTCTTACTTGCTCGAACAGGA 

490 500 510 520 530 540 
TCTTTGTAGAGCAGCTTGTGTATGTAAACCCTTCAGTGAACTTGCTAATGATCCCAATTT 

550 560 570 580 590 
GTGGAAACGATTATATATGGAAGTATTTGAATATACTCGCCCTATGATGCAT 

FIG.14B 
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10 20 30 40 50 60 
RPRPGLRGGRAPCEVTMEAGGLPLELWRMILAYLHLPDLGRCSLWCRAWYELLSLDSTR 

70 80 90 100 110 120 
WROLCLCCTECRHPNWPNQPDVEPESWREAFKOHYLASKTWTKNALDLESSICFSLFRRR 

150 140 150 160 170 

RERRTLSVGPGREFDSLGSALAMASLYDRIVLFPGVYEEOGEIILKVPVEIVGOGKLG 

FIG.15A 
10 20 30 40 50 60 

GCGGCCGCGGCCCGGACTCCGCGGTGGGCGAGCGCCCTGTGAGGTGACCATGGAGGCTGG 

70 80 90 100 110 120 
TGGCCTCCCCTTGGAGCTGTGGCGCATGACTTAGCCTACTTGCACCTTCCCGACCTGGG 

130 140 150 160 170 180 
CCGCTGCAGCCTGGTATGCAGGGCCTGGTATGAACTGATCCTCAGTCTCGACAGCACCCG 

190 200 210 220 250 240 
CTGGCGGCAGCTGTGTCTGGGTTGCACCGAGTGCCGCCATCCCAATTGGCCCAACCAGCC 

250 260 270 280 290 300 
AGATGTGGAGCCTGAGTCTTGGAGAGAAGCCTTCAAGCAGCATTACCTTGCATCCAAGAC 

30 320 330 540 350 360 

ATGGACCAAGAATGCCTTGGACTTGGAGTCTTCCATCTGCTTTTCTCTATTCCGCCGGAG 
370 380 390 400 410 420 

GAGGGAACGACGTACCCTGAGTGTTGGGCCAGGCCGTGAGTTTGACAGCCTGGGCAGTGC 

430 440 450 460 470 480 
CTTGGCCATGGCCAGCCTGTATGACCGAATTGTGCTCTTCCCAGGTGTGTACGAAGAGCA 

490 - 500 50 520 530 
AGGTGAAATCATCTTGAACGTCCCTGTGGAGATTGTAGGGCAGGGGAAGTTGGGTGA 

FIG.15B 
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10 20 30 40 50 60 
ETETAPLTESLPTDPLLLILSFLDYRDLINCCYWSRRLSQLSSHOPLWRRHCKKYWLIS 

70 80 90 100 10 120 
EEEKTOKNOCWKSLFIDTYSDWGRYIDHYAAIKKASGMISRNWSPCVLGWLSLKEGCS 

130 140 150 160 170 180 
RGRPRCCGSADWAASFLDDYRCSYRIHNGQKLVGSWGYWEAWHCLITIVLKICTSIQLP 

190 200 210 220 230 240 
EIPAETGTELSPFNFCIHTGLSQYAVEAAEGsNKNEVFYOCOTVERVFKYGKMCSDG 

250 
CINGMHVFS 

FIG.16A 
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10 20 50 40 50 60 
GAGACCGAGACGGCGCCGCTGACCCTAGAGTCGCTGCCCACCGATCCCCTGCTCCTCATC 

70 80 90 100 110 120 
TTATCCTTTTTGGACTATCGGGATCTAATCAACTGTTGTTATGTCAGTCGAAGATTAAGC 

150 140 150 160 170 180 
CAGCTATCAAGTCATGATCCGCTGTGGAGAAGACATTGCAAAAAATACTGGCTGATATCT 

190 200 210 220 230 240 
GAGGAAGAGAAAACACAGAAGAATCAGTGTTGGAAATCTCTCTTCATAGATACTTACTCT 

250 260 270 280 290 500 
GATGTAGGAAGATACATTGACCATTATGCTGCTATTAAAAAGGCCTCGGGAATGATCTCA 

310 520 350 340 350 360 
AGAAATATTTGGAGCCCAGGTGTCCTCGGATGGGTTTTATCTCTGAAAGAGGGGTGCTCG 

370 380 390 400 410 420 
AGAGGAAGACCTCGATCCTGTGGAAGCGCAGATTGGGCTCCAAGTTTCCTGGACGATTAT 

450 440 450 460 470 480 
CGATGTTCATACCGAATTCACAATGGACAGAAGTTAGTTGGTTCCTGGGGTTATTGGGAA 

490 500 50 520 530 540 
GCATGGCACTGTCTAATCACTATCGTTCTGAAGATTTGTTAGACGTCGATACAGCTGCCG 

550 560 570 580 590 600 
GAGATTCCAGCAGAGACAGGGACTGAAATACTGTCTCCCTTTAACTTTTGCATACATACT 

610 620 630 640 650 660 
GGTTTGAGTCAGTACATAGCAGTGGAAGCTGCAGAGGGTTGAAACAAAAATGAAGTTTTC 

670 680 690 700 710 720 
TACCAATGTCAGACAGTAGAACGTGTGTTTAAATATGGCATTAAGATGTGTTCTGATGGT 

730 740 750 
TGTATAAATGGCATGCATTAGGTATTTTCAG 

FIG.16B 
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10 20 30 40 50 60 
GSGFRAGGWPLTMPGKHQHFQEPEVGCCGKYFLFGFNIVFWLGALFLAIGLWAWGEKGV 

70 80 90 100 110 120 
LSNISALTDLGGLDPWLVCGSWRRHVGAGLCWAAIGALRENTFLLKFFXXFLGLIFFLE 
LA 

FIG.17A 

10 20 30 40 50 60 
GGCTCCGGTTTCCGGGCCGGCGGGTGGCCGCTCACCATGCCCGGNAAGCACCAGCATTTC 

70 80 90 100 110 120 
CAGGAACCTGAGGTCGGCTGCTGCGGGAAAACTTCCTGTTTGGCTTCAACATTGTCTTC 

130 140 150 160 170 180 
TGGGTGCTGGGAGCCCTGTTCCTCGCTATCGGCCTCTGGGCCTGGGGTGAGAAGGGCGTT 

190 200 210 220 250 240 
CTCTCCAACATCTCACCCCTCACACATCTCCGAGCCCTTGACCCCGTGTCCCTTGTTTGT 

250 260 270 280 290 300 
GGTAGTTGGAGGCGTCATGTCCGTGCTGGGCTTTCCTGGGCTCCAATTGGGGCCCTCCGG 

310 320 330 340 350 360 
GAGAACACCTTCCTGCTCAAGTTTTTCTNCGNGTTCCTCGGTCTCATCTTCTTCCTGGAG 

CTGGCAAC 

FIG.17B 
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10 20 30 40 50 60 
AAAAAAYLDELPEPLLLRVLAALPAAELVOACRLWCLRWKELVDGAPLWLLKCQQEGLVP 

70 80 90 100 10 120 
EGGVEEERDHWOQFYFLSKRRRNLLRNPCGEEDLEGWCDVEHGGDGWRVEELPGDSGVEF 

130 140 150 160 170 18O 
THDESVKKYFASSFEWCRKAQVIDLOAEGYWEELLDT TOPAIVVKDWYSGRSDAGCLYEL 

190 200 210 220 230 240 
TVKLLSEHENVLAEFSSGOVAVPQDSDGGGWMEISHTFTDYGPGVRFVRFEHGGOGSVYW 

250 
KGWFGARVTNSSWEPs 

FIG. 18A 
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10 20 30 40 50 60 
GCGGCGGCCGCCGCCGCGTACCTGGACGAGCTGCCCGAGCCGCTGCTGCTGCGCGTGCTGGCCGCACTG 
70 80 90 100 110 120 130 
CCGGCCGCCGAGCTGGTGCACCCCTGCCGCCTGGTGTCCCTGCGCTGGAAGGAGCTGGTGGACGGCGCC 
140 150 160 170 180 190 200 
CCGCTGTGGCTGCTCAAGTGCCAGCAGGAGGGGCTGGTGCCCGAGGGCGGCGTGGAGGAGGAGCGCGAC 
210 220 230 240 250 260 270 
CACTGGCAGCAGTTCTACTTCCTGAGCAAGCGGCGCCGCAACCTTCTGCGTAACCCGTGTGGGGAAGAG 
280 290 300 310 520 550 540 

GACTTGGAAGGCTGGTGTGACGTGGAGCATGGTGGGGACGGCTGGAGGGTGGAGGAGCTGCCTGGAGAC 
350 360 370 380 590 400 410 

AGTGGGGTGGAGTTCACCCACGATGAGAGCGTCAAGAAGTACTTCGCCTCCTCCTTTGAGTGGTGTCGC 
420 430 440 450 460 470 480 

AAAGCACAGGTCATTGACCTGCAGGCTGAGGGCTACTGGGAGGAGCTGCTGGACACGACTCAGCCGGCC 
490 500 510 520 530 540 550 

ATCGTGGTGAAGGACTGGTACTCGGGCCGCAGCGACGCTGGTTGCCTCTACGAGCTCACCCTTAAGCTA 
560 570 580 590 600 60 620 

CTGTCCGAGCACGAGAACGTGCTGGCTGAGTTCAGCAGCGGGCAGGTGGCAGTGCCCCAAGACAGTGAC 
630 640 650 660 670 680 690 

GGCGGGGGCTGGATGGAGATCTCCCACACCTTCACCGACTACGGGCCGGGCGTCCGCTTCGTCCGCTTC 
700 710 720 730 740 750 

GAGCACCCGGGGCAGGGCTCCGTCTACTGGAAGGGCTGGTTCGGGGCCCGGGTGACCAACAGCAGCGTG 
760 770 

TGGGTAGAACCCTGA 

FIG. 18B 
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10 20 30 40 50 60 
MGEKAVPLLRRRRVKRSCPSCGSELGVEEKRGKGNPISIQLFPPELVEHI ISFLPVRDLV 

70 80 90 100 110 120 
ALGQTCRYFHEVCDGEGWRRICRRLSPRLQDQDTKGLYFQAFGGRRRCLSKSWAPLLAH 

150 40 150 160 170 180 
GYRRFLPTKDHVFILOYVGTLFFLKNALVSTLGQMQWKRACRYWLCRGAKDFASDPRCD 

190 200 210 220 230 240 
TVYRKYLYVLATREPOEWGTTSSRACDCVEVYLOSSGQRVFKMTFHHSMTFKQVLVGQ 

250 260 270 280 290 500 
ETORALLLLTEEGKYSLWNETQLDQPRSYTVQLALRKVSHYLPHLRVACMTSNQSSTL 

310 
YVTDPILCSWLQPPWPGC 

FIG. 19A 
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10 20 30 40 50 60 
ATGGGCGAGAAGGCGGTCCCTTTCCTAAGGAGGAGGCGGGTGAAGAGAAGCTGCCCTTCTTGTGGCTCG 

70 80 90 100 110 120 30 
GAGCTTCGGGTTGAAGAGAAGAGGGGGAAAGGAAATCCGATTTCCATCCAGTTGTTCCCCCCAGAGCTG 

140 150 160 170 180 190 200 
GTGGAGCATATCATCTCATTCCTCCCAGTCAGAGACCTTGTTGCCCTCGGCCAGACCTGCCGCTACTTC 

210 220 250 240 250 260 270 
CACGAAGTGTGCGATGGGGAAGGCGTGTGGAGACGCATCTGTCGCAGACTCAGTCCGCGCCTCCAAGAT 

280 290 500 31 O 320 330 340 
CAGGACACGAAGGGCCTGTATTTCCAGGCATTTGGAGGCCGCCGCCGATGTCTCAGCAAGAGCGTGGCC 

350 360 370 380 590 400 410 
CCCTTCCTACCCCACCGCTACCGCCGCTTCTTGCCCACCAAGGATCACGTCTTCATTCTTGACTACGTC 

420 450 440 450 460 470 480 
GGGACCCTCTTCTTCCTCAAAAATGCCCTGGTCTCCACCCTCGGCCAGATGCAGTGGAAGCGGGCCTGT 

490 500 510 520 530 540 550 
CGCTATGTTGTGTTGTGTCGTGGAGCCAAGGATTTTGCCTCGGACCCAAGGTGTGACACAGTTTACCGT 

560 570 580 590 600 610 620 
AAATACCTCTACGTCTTGGCCACTCGGGAGCCGCAGGAAGTGGTGGGTACCACCAGCAGCCGGGCCTGT 

630 640 650 660 670 680 690 
GACTGTGTTGAGGTCTATCTGCAGTCTAGTGGGCAGCGGGTCTTCAAGATGACATTCCACCACTCAATG 

700 710 720 730 740 750 
ACCTTCAAGCAGATCGTGCTGGTTGGTCAGGAGACCCAGCGGGCTCTACTGCTCCTCACAGAGGAAGGA 

760 770 780 790 800 810 820 
AAGATCTACTCTTTGGTAGTGAATGAGACCCAGCTTGACCAGCCACGCTCCTACACGGTTCAGCTGGCC 

830 840 850 860 870 880 890 
CTGAGGAAGGTGTCCCACTACCTGCCTCACCTGCGCGTGGCCTGCATGACTTCCAACCAGAGCAGCACC 

900 910 920 930 940 950 
CTCTACGTCACAGATCCTATTCTGTGCTCTTGGCTACAACCACCTTGGCCTGGTGGATGA 

FIG. 19B 
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10 20 30 40 50 60 
RGGSEGRGRGREKRARGARRKRKOGGREARAADGEGGSGPGAEAGARTRPREEAEGGGSV 

70 80 90 100 110 120 
EEGARGIKGDEGSVGAGKEACGRKYCKEEWRVRARRREGARPGRVOGOGGOWAYPGT 

130 140 150 160 170 180 
GAAMAAAAREEEEEAARESAACPAAGPALWRLPEVLLLHMCSYLDMRALGRLAQWYRWLW 

190 200 210 220 230 240 
HFTNCDLLRROIAWASLNSGFTRLGTNLMTSVPVKVSONWIWGCCREGILLKWRCSOMPW 

250 260 270 280 290 300 
MQLEDDALYISQANFILAYQFRPDGASLNRQPLGVSAGHDEDWCHFVLATSHIVSAGGDG 

310 520 330 340 350 560 
KIGLGKHSTFAAKYWAHEQEVNCVOCKGGI ISFGSRDRTAKWPLASGQLGOCLYTIOT 

370 S80 390 400 410 420 
EDQIWSVAIRPLLSSFVTGTACCGHFSPLKIWDLNSGQLMTHLDRDFPPRAGVLDWIYES 

430 440 450 460 470 480 
PFALLSCGYDTYVRYWDCRTSVRKCVMEWEEPHNSTLYCLOTDGNHLLATGSSFYSWRL 

490 500 510 520 530 
WDRHORACPHTFPLTSTRLCSPVYCLHLTTKHLYAALSYNLHVLDIONPs 

FIG.20A 
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10 20 30 40 50 60 
LILTSVLLFQRHGYCTLGEAFNRLDFSSAIQDIRTFNYWKLLQLIAKSQLTSLSGVAQK 

70 80 90 00 10 20 
NYFNILDKWOKVLDDHHNPRLIKDLLQDLSSTLCILIRGVGKSVLVGNINIWICRLETI 

130 140 150 160 170 180 
LAWOOOLOOLOMTKOWNNGLTLSDLPLHMLNNILYRFSDGWD TLGOVTPTLYMLSEDR 

190 200 210 220 230 240 
QLWKKLCQYHFAEKQFCRHLILSEKGHIEWKLMYFALOKHYPAKEQYGDTLHFCRHCSI 

250 260 270 
FWKDSGHPCTAADPDSCFTPWSPQHFDLFKF 

FIG.21A 
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10 20 30 40 50 60 
GCATTGCTATAATTTTACTATACTCTCATCTAAATCTAAAATCAGTCTTCAAAATAAAAACAAATTGTC 

70 80 90 100 110 120 130 
CTTTCCCAAAAATTTTTTTAATCGCACAATTAATTGACATTAACTGCCAATTCTTTTTGGCTAATTGAC 

140 150 160 170 180 . 90 200 
TAATTTTAACTTCTGTGTTGCTTTTCCAGAGGCATGGCTATTGCACCTTGGGAGAAGCCTTTAATCGGT 

210 220 230 240 250 260 270 
TAGACTTCTCAAGTGCAATTCAAGATATCCGAACGTTCAATTATGTGGTCAAACTGTTGCAGCTAATG 

280 290 300 310 520 330 340 
CAAAATCCCAGTTAACTTCATTGAGTGGCGTGGCACAGAAGAATTACTTCAACATTTTGGATAAAATCG 

350 360 370 380 390 400 410 
TTCAAAAGGTTCTTGATGACCACCACAATCCTCGCTTAATCAAAGATCTTCTGCAAGACCTAAGCTCTA 

420 430 440 450 460 470 480 
CCCTCTGCATTCTTATTAGAGGAGTAGGGAAGTCTGTATTAGTGGGAAACATCAAATTTGGATTTGCC 

490 500 510 520 530 540 550 
GATTAGAAACTATTCTCGCCTGGCAACAACAGCTACAGGATCTTCAGATGACTAAGCAAGTGAACAATG 

560 570 580 590 600 610 62O 
GCCTCACCCTCAGTGACCTTCCTCTCCACATCCTGAACAACATCCTATACCGGTTCTCAGACGGATGGG 

630 640 650 660 670 680 690 
ACATCATCACCTTAGGCCAGGTGACCCCCACGTTGTATATGCTTAGTGAAGACAGACAGCTGTGGAAGA 

700 710 720 730 740 750 
AGCTTTGTCAGTACCATTTTCCTGAAAAGCAGTTTTGTAGACATTTGATCCTTTCAGAAAAAGGTCATA 

760 770 780 790 800 810 820 
TTGAATGGAAGTTGATGTACTTTGCACTTCAGAAACATTACCCAGCCAAGGAGCAGTACGGAGACACAC 

830 840 850 860 870 880 890 
TGCATTTCTGTCGGCACTCCAGCATTCTCTTTTGGAAGGACCAGGACACCCCTGCACGGCGGCCGACC 

900 910 920 930 940 950 960 
CTGACAGCTGCTTCACGCCTGTGTCTCCGCAGCACTTCATCGACCTCTTCAAGTTTTAACGGCTGCCCC 

FIG.21B 
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970 980 990 1000 1010 O20 1030 
TGCCATCCCTATTGGAGATTGTGAATCCGCTCTCTCTCCAGGGCTCATAGTGAGTGTTCTGTCACGTG 

1040 1050 1060 1070 1080 1090 1100 
CGTGGACACTCCTCCGAACCCCCTCCTTCCAGAAACCCTCCGAAGAACTCCCCTTCTCCAAAGGGGGGA 

110 120 1130 1140 150 1160 170 
CTCCATGGTTCCATTTTCATCACTGAAAGTCAGACGCCAAGGAAATCATTTCTACTTCTTTAAAAACTC 

180 190 1200 1210 
CTTCTAAGCATATTAAAATCTGAAATTTTGCGTACTCTCTC 

FIG.21C 
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O 20 30 40 50 60 
YGSEGKGSSSISSDWSSSTDHTPTKAQKNVATSEDSDLSMRTLSTPSPALICPPNLPGFQ 

70 80 90 100 110 120 

NGRGSSTSSSSITGETVAMVHSPPPTRLTHPLIRLASRPOKEQASIDRLPDHSMVQIFSF 
150 140 150 160 170 180 

LPTNOLCRCARVCRRWYNLAWDPRLWRTIRLTGETINVDRAKVLTRRLCODTPNVCLML 

190 200 210 220 250 240 
ETWTVSGCRRLTDRGLYTAOCCPELRRLEVSGCYNISNEAVFOWSLCPNLEHLDVSGC 

250 260 270 280 290 300 
SKVTCISLTREASIKLSPLHGKQISIRYLDMTDCFVLEDEGLHTIAAHCTQLTHLYLRRC 

310 520 330 S40 350 360 

VRLTDEGLRYLVIYCASIKELSVSDCRFVSDFGLREIAKLESRLRYLSIAHCGRVTDVG 
370 380 390 400 410 420 

RYWAKYCSKLRYLNARGCEGITDHGVEYLAKNCTKLKSLDIGKCPLVSDTGLECLALNCF 

430 440 450 460 470 480 
NLKRLSLKSCESITGOGLQIWAANCFDLQTLNVQDCEVSVEALRFWKRHCKRCVIEHTNP 

AFF 

FIG.22A 
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10 20 30 40 50 60 
AAAPAPAPAPTPTPEEGPDAGWGDRIPLELVOIFGLLWAADGPMPFLGRAARVCRRWQE 

70 80 90 100 110 120 
AASQPALWHTVTLSSPLVGRPAKGGVKAEKKLLASLEWLMPNRFSQLORLTLIHWKSOVH 

130 40 150 160 170 180 
PVLKLVGECCPRLTFLKLSGCHGVTADALVMLAKACCOLHSLDLOHSMVESTAWSFLEE 

190 200 210 220 230 240 
AGSRMRKLWLTYSSQTTAILGALLGSCCPOLOVLEVSTGINRNSIPLOLPVEALOKGCPQ 

250 260 270 280 
LQVLRLLNLMWLPKPPGRGWAPGPGFPSLEE CLASSTCNFWS 

FIG.23A 
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10 20 30 40 50 60 
TGCGGCCGCGCCCGCACCCGCACCGGCACCCACGCCCACCCCCGAGGAAGGGCCCGACGCGGGCTGGGG 

70 80 90 - 100 110 120 130 
AGACCGCATTCCCTTGGAAATCCTGGTGCAGATTTTCGGGTTGTTGGTGGCGGCGGACGGCCCCATGCC 

140 150 160 70 180 190 200 
CTTCCTGGGCAGGGCTCCCCCCGTGTCCCGCCGCTGGCAGGAGGCCGCTTCCCAACCCGCGCTCTGGCA 

210 220 230 240 250 260 270 
CACCGTGACCCTGTCGTCCCCGCTGGTCGGCCGGCCTGCCAAGGGCGGGGTCAAGGCGGAGAAGAAGCT 

280 290 300 310 S20 350 340 
CCTTCCTTCCCTGGAGTGGCTTATCCCCAATCGGTTTTCACAGCTCCAGAGGCTGACCCTCATCCACTG 

350 360 370 380 390 400 410 
GAAGTCTCACGTACACCCCGTCTTGAACCTGGTAGGTGAGTGCTGTCCTCCCCTCACTTTCCTCAAGCT 

420 430 440 450 460 470 480 
CTCCGGCTGCCACGGTGTGACTGCTGACGCTCTGGTCATGCTAGCCAAAGCCTGCTGCCAGCTCCATAG 

490 500 510 520 530 540 550 
CCTGGACCTACAGCACTCCATGGTGGAGTCCACAGCTGTGGTGAGCTTCTTGGAGGAGGCAGGGTCCCG 

560 570 580 590 600 610 620 
AATGCGCAAGTTGTGGCTGACCTACAGCTCCCAGACGACAGCCATCCTGGGCGCATTGCTGGGCAGCTG 

630 640 650 660 670 680 690 
CTCCCCCCAGCTCCACGTCCTGGAGGTGACCACCGGCATCAACCGTAATAGCATCCCCTTCAGCTGCC 

700 710 720 730 740 750 
TGTCGAGGCTCTCCAGAAAGGCTGCCCTCAGCTCCAGGTGCTGCGGCTGTTGAACCTGATGTGGCTGCC 

760 770 780 790 800 810 820 
CAAGCCTCCGGGACGAGGGGTGGCTCCCGGACCAGGCTTCCCTAGCCTAGAGGAGCTCTGCCTGGCGAG 

830 840 850 
CTCAACCTGCAACTTTGTGAGC 

FIG.23B 
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10 20 30 40 50 60 
QHCSQKDTAELLRGLSLWNHAEEROKFFKYSVDEKSDKEAEVSEHSTGITHLPPEVMLSI 

70 80 90 100 110 120 
FSYLNPQELCRCSQVSMKWSQLTKTGSLWKHLYPVHWARGDWYSGPATELDTEPDDEWK 

w 130 140 150 160 170 180 
NRKDESRAFHEWDEDADIDESEESAEESIASIAQMEKRLLHGLIHNVLPYVGTSVKTLV 

190 200 210 220 230 240 
LAYSSAVSSKMVROLELCPNLEHLDLTOTDISDSAFDSWSWLGCCOSLRHLDLSGCEK 

250 260 270 280 290 300 
TDVALEKSRALGILTSHOSGFLKTSTSKITSTAWKNKDTMOSTKOYACLHDLTNKGIG 

310 520 330 540 350 560 
EEIDNEHPWTKPWSSENFTSPYWMLDAEDLADIEDTVEWRHRNVESLCVMETASNFSCS 

370 380 390 400 410. 420 
TSGCFSKDIWGLRTSVCWOOHCASPAFAYCGHSFCCTGTALRTMSSLPESSAMCRKAART 

450 440 450 460 470 480 
RLPRGKDLIYFGSEKSDQETGRVLLFSLSGCYOTDHGLRVLTLGGGLPYLEHLNLSGC 

490 500 510 520 530 540 
LTTGAGLODLVSACPSLNDEYFYYCDNINGPHADTASGCONLOCGFRACCRSGE PLTS 

550 560 570 580 590 
DLCLLHLAEOAFFHALYSHISCVNHPFSVTCFGPIXYNFRNLNYOXIVML 

FIG.24A 
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10 20 30 40 50 60 
RVTSGCGLARGSSAMVFSNNDEGLINKKPKELL RIFSFLDVTLCRCAQISKAWNLA 

70 80 90 100 110 120 
LDGSNWQRIDLFNFOIDVEGRVVENISKRCWGFLRKLSLRGCIGVGDSSLKTFAQNCRNI 

130 140 150 160 170 180 
EHLNLNGCTKTDSTCYSLSRFCSKLKHLXLTSCVSTNSSLKGISEGCRNLEYLNLSWC 

190 200 210 220 230 240 
DQITKDGEALVRGCRGLKALLRGCTOLEDEAKHIONYCHELVSLNLOSCSRTDEGV 

250 260 270 280 290 300 
VOICRGCHRLOALCLSGCSNLTDASLTALGNCPRLQLEAARCSHLTDAGFTLLARNCH 

310 520 330 540 350 360 
ELEKMDLEXCILITDSTOLSIHCPKLOALSLSHCELXDDGILHLSNSTCGHERLRVL 

370 380 390 400 410 420 
ELDNCLLITDVALXHLENCRGERLELYDCQQVTRAGKRMRAOLPHVKVHAYFAPVTPP 

450 440 450 460 470 480 
TAVAGSCQRLCRCCVILQQLPGPKG, GILSSRRPESSPTPPSPNLLILHWERHLQFP 

490 500 510 520 530 540 
NRHLSRFKNGEDKKGFSN HHVTNMALT LVLLLPSSLMSSLTSTHLLYL RI 

550 
ILKTDOTGPASKYINCVO) 

FIG.25A 
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O 20 30 40 50 60 
MSPVFPMLTVLTMFYYCLRRRARTATRGEMMNTHRAIESNSQTSPLNAEWOYAKEWD 

70 80 90 100 110 120 

FSSHYCSENSMSYTMNNLACVPNVFPSSCDFTQTAVFRTYGTWDQCPSASLPFKRTPPN 
130 140 150 160 170 180 

FQSQDYVELTFEQQVYPTAVHVLETYHPGAVIR LACSANPYSPNPPAEVRWEILWSERP 

190 200 210 220 250 240 
TKVNASOAROFKPCKOINFPTNLIRLEVNSSLLEYYTELDAWLHGVKDKPVLSLKTSL 

250 260 270 280 290 500 
DMNDEDDAYAEKDGCGMDSLNKKFSSAVGEGPNNGYFDKLPYELIOLILNHLTLPDL 

310 520 330 340 350 360 
CRLAQTCKLLSOHCCDPLOYIHLNLQPYWAKLDDTSLEFOSRCTLWOWLNLSWTGNRGF 

370 380 390 400 410 420 
ISWAGFSRFLKVCGSELVRLELSCSHFLNETCLEVISEMCPNLOALNLSSCDKLPPQAFN 

430 440 450 460 470 480 
HAKLCSLKRLVLYRTKVEOTALLS LNFCSELOHLSLGSCVMEDYDWASMIGAKCKK 

490 500 510 520 530 540 
LRTLDLWRCKNITENGIAELASGCPLLEELDLGWCPTLOSSTGCFTRLAHQLPNLOKLFL 

550 560 570 580 590 600 
TANRSVCDTDIDELACNCTRLQQLDILGTRMNSPASLRKLLESCKDLSLLDVSFCSQIDN 

60 620 
RAVELNASFPKVFIKKSFTQ 

FIG.26A 
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10 20 30 40 50 60 
MQLVPDIEFKITYTRSPDGDGVGNSYIEDNDDDSKMADLLSYFQQQLTFQESVLKLCQPE 

70 80 90 100 110 120 
LESSOIHSVLPMEVLMYIFRWWSSDLDLRSLEOLSLVCRCFYICARDPEIWRLACLKV 

150 140 150 160 170 180 
WGRSCIKLVPYTSWREMFLERPRVRFDGVYISKTTYROGEOSLDGFYRAWHOVEYYRYI 

190 200 210 220 250 240 
RFFPDGHVMMLTTPEEPOSIVPRLRTRNTRTDAILLGHYRLSQDTDNQTKVFAVTKKKE 

250 260 270 280 290 500 
EKPLDYKYRYFRRVPVOEADQSFHVGLOLCSSGHORFNKL WHHSCHITYKSTGETAVS 

310 320 
AFEIDKMYTPLFFARVRSYTAFSERPL 

FIG.27A 



Patent Application Publication Nov. 10, 2005 Sheet 68 of 87 US 2005/025 1871 A1 

10 20 50 40 50 60 
ATGCAACTTGACCTGATATAGAGTTCAAGATTACTTATACCCGGTCTCCAGATGGTGATGGCGTTCGA 

70 80 90 100 110 120 130 
AACAGCTACATTGAAGATAATGATGATGACAGCAAAATCGCAGATCTCTTGTCCTACTTCCAGCAGCAA 
140 150 160 170 180 190 200 
CTCACATTTCACGAGTCTGTCCTTAAACTGTGTCAGCCTGAGCTTGAGACCAGTCAGATTCACAATCA 

210 220 230 240 250 260 270 
GTGCTGCCAATGGAGGTCCTGATGTACATCTTCCGATGGGTGGTGTCTAGTGACTTCGACCTCAGATCA 

280 290 300 50 520 350 340 
TTGGAGCAGTTGTCGCTGGTGTGCAGAGGATTCTACATCTGTGCCAGAGACCCTGAAATATGGCGTCTG 

350 360 370 380 390 400 410 
GCCTGCTTGAAAGTTTGGGGCAGAAGCTGTATTAAACTTGTTCCGTACACGTCCTGGAGAGAGATGTTT 

420 430 440 450 460 470 480 
TTAGAACGGCCTCGTGTTCGGTTTGATGGCGTGTATATCAGTAAAACCACATATATTCGTCAAGGGGAA 

490 500 510 520 530 540 550 
CAGTCTCTTGATGGTTTCTATAGAGCCTGGCACCAAGTGGAATATTACAGGTACATAAGATTCTTTCCT 

560 570 580 590 600 610 620 
GATGGCCATGTGATGATGTTGACAACCCCTGAAGAGCCTCAGTCCATTGTTCCACGTTTAAGAACTACG 

650 640 650 660 670. 680 690 
AATACCAGGACTGATGCAATTCTACTGGGTCACTATCGCTTGTCACAAGACACAGACAATCAGACCAAA 

700 710 720 730 740 750 
GTATTTCCTGTAATAACTAAGAAAAAAGAAGAAAAACCACTTGACTATAAATACAGATATTTTCGTCGT 

760 770 780 790 800 810 820 
GTCCCTGTACAAGAAGCAGATCAGAGTTTTCATGTGGGGCTACAGCTATGTTCCAGTGGTCACCAGAGG 

830 840 850 860 870 880 890 
TTCAACAAACTCATCTGGATACATCATTCTTGTCACATTACTTACAAATCAACTGGTGAGACTGCAGTC 

900 90 920 930 940 950 960 
AGTGCTTTTGAGATTGACAAGATGTACACCCCCTTGTTCTTCGCCAGAGTAAGGAGCTACACAGCTTTC 

970 980 
TCAGAAAGGCCTCTGTAG 

FIG.27B 
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10 20 30 40 50 60 

AALDPDLENDDFFVRKTGAFHANPYVLRAFEDFRKFSEODDSVERDIILOCREGELVLPD 
70 80 90 100 10 120 

LEKDDMVRRPAQKKEVPLSGAPDRYHPVPFPEPWTLPPEIOAKFLCVLERTCPSKEKS 

130 40 150 160 170 18O 
NSCRILVPSYROKKDDMLTRKIQSWKLGTTVPPISFTPGPCSEADLKRWEAREASRLRH 

190 200 210 220 250 240 
KKRLMVERLFOKYCENGSKSMSDVSAEDVONLROLRYEEMOKKSQLKEQDQKWQDDLA 

250 
KWKDRRKSYTSOLOK 

FIG.28A 
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10 20 30 40 50 60 
GCAGCCCTGGATCCTGACTTAGAGAATGATGATTTCTTTGTCAGAAAGACTGGGGCTTTCCATGCAAAT 

70 80 90 100 10 120 130 
CCATATGTTCTCCGAGCTTTTGAAGACTTTAGAAAGTTCTCTGAGCAAGATGATTCTGTAGACCGAGAT 

40 150 160 70 180 190 200 
ATAATTTTACAGTGTAGAGAAGGTGAACTTGTACTTCCGGATTTGGAAAAAGATGATATGATTGTTCGC 

210 220 230 240 250 260 270 
CGAATCCCAGCACAGAAGAAAGAAGTGCCGCTGTCTGGGGCCCCAGATAGATACCACCCAGTCCCTTTT 
280 290 300 310 320 330 340 

CCCGAACCCTGGACTCTTCCTCCAGAAATTCAAGCAAAATTTCTCTGTGTACTTGAAAGGACATGCCCA 

350 360 370 380 590 400 410 

TCCAAAGAAAAAAGTAATAGCTGTAGAATATTAGTTCCTTCATATCGGCAGAAGAAAGATGACATGCTG 
420 430 440 450 460 470 480 

ACACGTAAGATTCAGTCCTGGAAACTGGGAACTACCGTCCCTCCCATCAGTTTCACNCCTGCCCCCTCC 

490 500 510 520 530 540 550 
AGTGAGGCTGACTTGAAGAGATGGGAGGCCATCCGGGAGGCCAGCAGACTCAGGCACAAGAAAAGGCTG 

560 570 580 590 600 610 620 
ATGGTGGAGAGACTCTTTCAAAAGATTTATGGTGAGAATGGGAGTAAGTCCATGAGTGATGTCAGCGCA 

630 640 650 660 670 680 690 
GAAGATGTTCAAAACTTGCGTCAGCTGCGTTACGAGGAGATGCAGAAAATAAAATCACAATTAAAAGAA 

700 710. 720 730 740 750 
CAAGATCAGAAATCGCAGGATGACCTTGCAAAATGGAAAGATCGTCGAAAAAGTTACACTTCAGATCTG 

760 
CAGAAG 

FIG.28B 
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NOVELUBIQUITIN LIGASES AS THERAPEUTIC 
TARGETS 

0001. This application claims priority under 35 U.S.C. 
S119(e) to U.S. Application No. 60/098.355, filed Aug. 28, 
1998, Application No. 60/118,568, filed Feb. 3, 1999, and 
Application No. 60/124,449 filed Mar. 15, 1999, the con 
tents of which are incorporated herein by reference in their 
entirety. 

1. INTRODUCTION 

0002 The present invention relates to the discovery, 
identification and characterization of nucleotide Sequences 
that encode novel Substrate-targeting Subunits of ubiquitin 
ligases. The invention encompasses nucleic acid molecules 
comprising nucleotide Sequences encoding novel Substrate 
targeting subunits of ubiquitin ligases: FBP1, FBP2, FBP3a, 
FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBP11, FBP12, 
FBP13, FBP14, FBP15, FBP17, FBP18, FBP20, FBP21, 
FBP22, FBP23, AND FBP25, transgenic mice, knock-out 
nice, host cell expression Systems and proteins encoded by 
the nucleotides of the present invention. The present inven 
tion relates to Screening assays to identify potential thera 
peutic agents Such as Small molecules, compounds or 
derivatives and analogues of the novel ubiquitin ligases 
which modulate activity of the novel ubiquitin ligases for the 
treatment of proliferative and differentiative disorders, such 
as cancer, major opportunistic infections, immune disorders, 
certain cardiovascular diseases, and inflammatory disorders. 
The invention further encompasses therapeutic protocols 
and pharmaceutical compositions designed to target ubiq 
uitin ligases and their Substrates for the treatment of prolif 
erative disorders. 

2. BACKGROUND OF THE INVENTION 

0003 2.1 Cell Cycle Regulatory Proteins 
0004. The eukaryotic cell cycle is regulated by a family 
of Serine/threoniine protein kinases called cyclin dependent 
kinases (Cdks) because their activity requires the association 
with regulatory subunits named Cyclins (Hunter & Pines, 
1994, Cell 79:573). Cdks also associate with Cdk inhibitors 
(Clis) which mediate cell cycle arrest in response to various 
antiproliferative signals. So far, based on their Sequence 
homology, two families of Ckis have been identified in 
mammalian cells: the Cip/Kip family, which includes p21, 
p27 and p57; and the Ink family, which includes p15, p16, 
p 18, and p20 (Sherr & Roberts, 1999, Genes & Dev. 13: 
1501). 
0005 2.2 The Ubiquitin Pathway 
0006 Ubiquitin-mediated proteolysis is an important 
pathway of non-lysosomal protein degradation which con 
trols the timed destruction of many cellular regulatory 
proteins including, p27, p53, p300, cyclins, E2F, STAT-1, 
c-Myc, c-Jun, EGF receptor, IkBC, NFKB and B-catenin 
(reviewed in Pagano, 1997, FASEB.J. 11:1067). Ubiquitin is 
an evolutionary highly conserved 76-amino acid polypep 
tide which is abundantly present in all eukaryotic cells. The 
ubiquitin pathway leads to the covalent attachment ofapoly 
ubiquitin chain to target Substrates which are then degraded 
by the multi-catalytic proteasome complex (see Pagano, 
Supra, for a recent review). Many of the steps regulating 
protein ubiquitination are known. Initially the ubiquitin 
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activating enzyme (E1), forms a high energy thioester with 
ubiquitin which is, in turn, transferred to a reactive cysteine 
residue of one of many ubiquitin conjugating enzymes 
(Ubcs or E2s). The final transfer of ubiquitin to an e-amino 
group of a reactive lysine residue in the target protein occurs 
in a reaction that may or may not require an ubiquitin ligase 
(E3) protein. The large number of ubiquitin ligases ensures 
the high level of Substrate Specificity. 
0007 2.3 The Ubiquitin Pathway and the Regulation of 
the G1 Phase by F Box Proteins 
0008 Genetic and biochemical studies in several organ 
isms have shown that the G1 phase of the cell cycle is 
regulated by the ubiquitin pathway. Proteolysis of cyclins, 
Ckis and other G1 regulatory proteins is controlled in yeast 
by the ubiquitin conjugating enzyme Ubc3 (also called 
Cdc34) and by an E3 ubiquitin ligase formed by three 
subunits: Cdc53, Skp1 and one of many F box proteins 
(reviewed in E. Patton et al., 1998, TIG. 14:6). The F box 
proteins (FBPs) are so called because they contain a motif, 
the F box, that was first identified in Cyclin F, and that is 
necessary for FBP interaction with Skp1 (Bai, et al., 1996, 
Cell 86:263). In addition, F box proteins also contain either 
WD-40 domains or Leucine-Rich Repeats (LRR) protein 
protein interaction domains. Cdc53 (also called CuIA) and 
Skp1 appear to participate in the formation of at least three 
distinct E3, each containing a different F box protein. 
Because these ligases are Similar protein modules composed 
of Skp1, Cu1 A, and an F box protein, they have been named 
SCF. The interaction of the ligase with its substrates occurs 
via the F box subunit. The three SCFS identified so far in S. 
cerevisiae are: SCF''' (which recruits the Ckis Sic1 and 
Far 1, the replication factor Cdc6, and the transcriptional 
activator Gcn4, as Substrates through the F box protein 
Cdc4), SCF' (which recruits the G1 cyclins Cln1 and 
Cln2 as Substrates through the F box protein GRR1), and 
SCFT (which recruits the G1 cyclin Cln3 as a substrate 
throughout the F box protein MET30; see Pagano and 
Patton, Supra, for recent reviews). 
0009. The intracellular level of the human Cki p27 is 
mainly regulated by degradation and it is known that the 
ubiquitin System controls p27 degradation (Pagano et al., 
1995, Science 269:682). Similarly, degradation of other G1 
human regulatory proteins (Cyclin E, Cyclin D1, p21, E2F, 
f-catenin) is controlled by the ubiquitin-pathway (reviewed 
in M. Pagano, Supra). Yet, the specific enzymes involved in 
the degradation of G1 regulatory proteins have not been 
identified. 

0010) A family of 6 genes (CUL1, 2, 3, 4a, 4b, and 5) 
homologous to S. cerevisiae cul A have been identified by 
searching the EST database (Kipreos, et al., 1996, Cell 
85:829). Human Skp1 and the F box protein Skp2 (that 
contains five LRRS) were identified as two proteins associ 
ated in Vivo with Cyclin A and thus designated as S-phase 
kinase-associated protein 1 and 2 (Zhang, et al., 1995, Cell 
82.915). 
0011 2.4 Deregulation of the Ubiquitin Pathway in Can 
cer and other Proliferative Disorders 

0012 Cancer develops when cells multiply too quickly. 
Cell proliferation is determined by the net balance of posi 
tive and negative Signals. When positive signals overcome 
or when negative Signals are absent, the cells multiply too 
quickly and cancer develops. 
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0013 Ordinarily cells precisely control the amount of any 
given protein and eliminate the exceSS or any unwanted 
protein. To do So, the cell Specifically tags the undesired 
protein with a long chain of molecules called ubiquitin. 
These molecules are then recognized and destroyed by a 
complex named proteasome. However, all this mechanism 
goes awry in tumors leading to the excessive accumulation 
of positive signals (oncogenic proteins), or resulting in the 
abnormal degradation of negative regulators (tumor Sup 
pressor proteins). Thus, without tumor Suppressor proteins 
or in the presence of too much oncogenic proteins, cells 
multiply ceaselessly, forming tumors (reviewed by Ciecha 
nover, 1998, EMBO J. 17: 7151; Spataro, 1998, Br. J. 
Cancer 77:448). For example, abnormal ubiquitin-mediated 
degradation of the p53 tumor Suppressor (reviewed by J. 
Brown and M. Pagano, 1997, Biochim. Biophys. Actal332: 
1), the putative oncogene f-catenin (reviewed by Peifer, 
1997, Science 275:1752) and the Cki p27 (reviewed in 
Ciechanover, Supra; Spataro, Supra; Lloyd, 1999, Am. J. 
Pathol. 154: 313) have been correlated with tumorigenesis, 
opening to the hypothesis that Some genes encoding ubiq 
uitinating enzymes may be mutated in tumors. 
0.014) Initial evidence indicates that human F-box pro 
teins play a role in the ubiquitination of G1 regulatory 
proteins as their homologs do in yeast (see below). 
Unchecked degradation of cell cycle regulatory proteins has 
been observed in certain tumors and it is possible that 
deregulated ubiquitin ligase play a role in the altered deg 
radation of cell cycle regulators. A well understood example 
is that of Mdm2, a ubiquitin ligase whose overexpression 
induces low levels of its Substrate, the tumor Suppressor p53. 

3. SUMMARY OF THE INVENTION 

0.015 The present invention relates to novel F box pro 
teins and therapeutic protocols and pharmaceutical compo 
Sitions designed to target the novel F box proteins and their 
interactions with substrates for the treatment of proliferative 
and differentiative disorders. The present invention also 
relates to Screening assays to identify Substrates of the novel 
F box proteins and to identify agents which modulate or 
target the novel ubiquitin ligases and interactions with their 
Substrates. The invention further relates to Screening assays 
based on the identification of novel Substrates of known F 
box proteins, Such as the two novel Substrates of the known 
F box protein Skp2, E2F and p27. The screening assays of 
the present invention may be used to identify potential 
therapeutic agents for the treatment of proliferative or dif 
ferentiative disorders and other disorders that related to 
levels of expression or enzymatic activity of F box proteins. 
0016. The invention is based in part, on the Applicants 
discovery, identification and characterization of nucleic 
acids comprising nucleototide Sequences that encode novel 
ubiquitin ligases with F box motifs. These twenty-six novel 
Substrate-targeting Subunits of ubiquitin ligase complexes, 
FBP1, FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, 
FBP8, FBP9, FBP10, FBP11, FBP12, FBP13, FBP14, 
FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, FBP21, 
FBP22, FBP23, FBP24, and FBP25, described herein, were 
first identified based on their interaction with components of 
the ubiquitin ligase complex (FBPL, FBP2, FBP3a, FBP4, 
FBP5, FBP6 and FBP7) or by sequence comparison of these 
proteins with nucleotide Sequences present in DNA data 
bases (FBP3b, FBP8, FBP9, FBP10, FBP11, FBP12, 
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FBP13, FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, 
FBP20, FBP21, FBP22, FBP23, FBP24, and FBP25). These 
novel Substrate-targeting Subunits of ubiquitin ligase com 
plexes each contain an F box motif through which they 
interact with the other components of the ubiquitin ligase 
complex. In addition, some of these FBPs contain WD-40 
domains and LRRs (which appear to be involved in their 
interaction with substrates), while other FBPs contain poten 
tial protein-protein interaction modules not yet identified in 
FBPS, Such as leucine Zippers, ring fingers, helix-loop-helix 
motifs, proline rich motifs and SH2 domains. The invention 
is also based, in part, on the Applicants discovery and 
identification of FBP specific substrates p27 and B-catenin 
and on methods to identify novel FBP Substrates. Some of 
the genes encoding the novel F box proteins were also 
mapped to chromosome Sites frequently altered in breast, 
prostate and ovarian cancer, nasopharyngeal and Small cell 
lung carcinomas, gastric hepatocarcinomas, Burkitt's lym 
phoma and parathyroid adenomas. Finally, the invention is 
also based, in part, on the Applicants generation of trans 
genic mice expressing wild type or dominant negative 
versions of FBP proteins and on the generation of FBP 
knock-out mice. 

0017. The invention encompasses the following nucle 
otide Sequences, host cells expressing Such nucleotide 
Sequences, and the expression products of Such nucleotide 
Sequences: (a) nucleotide Sequences that encode mammalian 
FBP1, FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, 
FBP8, FBP11, FBP12, FBP13, FBP14, FBP15, FBP17, 
FBP18, FBP20, FBP21, FBP22, FBP23, and FBP25, includ 
ing the human nucleotides, and their gene products; (b) 
nucleotides that encode portions of the novel Substrate 
targeting Subunits of ubiquitin ligase complexes, and the 
polypeptide products Specified by Such nucleotide 
Sequences, including but not limited to F box motifs, the 
substrate binding domains; WD-40 domains; and leucine 
rich repeats, etc.; (c) nucleotides that encode mutants of the 
novel ubiquitin ligases in which all or part of the domain is 
deleted or altered, and the polypeptide products Specified by 
Such nucleotide Sequences; (d) nucleotides that encode 
fusion proteins containing the novel ubiquitin ligases or one 
of its domains fused to another polypeptide. 
0018. The invention further encompasses agonists and 
antagonists of the novel Substrate-targeting Subunits of ubiq 
uitin ligase complexes, including Small molecules, large 
molecules, mutants that compete with native F box binding 
proteins, and antibodies as well as nucleotide Sequences that 
can be used to inhibit ubiquitin ligase gene expression (e.g., 
antisense and ribozyme molecules, and gene regulatory or 
replacement constructs) or to enhance ubiquitin ligase gene 
expression (e.g., expression constructs that place the ubiq 
uitin ligase gene under the control of a strong promoter 
System), and transgenic animals that express a ubiquitin 
ligase transgene or knock-outs that do not express the novel 
ubiquitin ligases. 

0019 Further, the present invention also relates to meth 
ods for the use of the genes and/or gene products of novel 
Substrate-targeting Subunits of ubiquitin ligase complexes 
for the identification of compounds which modulate, ie., act 
as agonists or antagonists, of ubiquitin ligase activity. Such 
compounds can be used as agents to control proliferative or 
differentiative disorders, e.g. cancer. In particular, the 
present invention encompasses methods to inhibit the inter 
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action between B-catenin and FBP1 or p27 and Skp2. In fact, 
agents able to block these interactions can be used to 
modulate cell proliferation and/or growth. 
0020 Still further, the invention encompasses screening 
methods to identify derivatives and analogues of the novel 
Substrate-targeting Subunits of ubiquitin ligase complexes 
which modulate the activity of the novelligases as potential 
therapeutics for proliferative or differentiative disorders. 
The invention provides methods of Screening for proteins 
that interact with novel components of the ubiquitin ligase 
complex, including FBP1, FBP2, FBP3a, FBP3b, FBP4, 
FBP5, FBP6, FBP7, FBP8, FBP9, FBP10, FBPL11, FBP12, 
FBP13, FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, 
FBP20, FBP21, FBP22, FBP23, FBP24, and FBP25 or 
derivatives, fragments or domains thereof, Such as the F box 
motif. In accordance with the invention, the Screening 
methods may utilize known assays to identify protein 
protein interactions including phage display assays or the 
yeast two-hybrid assay System or variations thereof. 

0021. In addition, the present invention is directed to 
methods that utilize FBP gene sequences and/or FBP gene 
product Sequences for the diagnostic evaluation, genetic 
testing and/or prognosis of an FBP-related disorder, Such as 
a proliferative disorder. For example, the invention relates to 
methods for diagnosing FBP-related disorders, e.g., prolif 
erative disorders, wherein Such methods can comprise mea 
Suring FBP gene expression in a patient Sample, or detecting 
an FBP mutation that correlates with the presence or devel 
opment of Such a disorder, in the genome of a mammal 
Suspected of exhibiting Such a disorder. In particular, the 
invention encompasses methods for determining if a Subject 
(e.g., a human patient) is a risk for a disorder characterized 
by one or more of: (i) a mutation of an FBP gene encoding 
a protein represented in part A of FIGS. 3-28, or a homolog 
thereof; (ii) the mis-expression of an FBP gene; (iii) the 
mis-expression of an FBP protein. 

0022. The invention is illustrated by way of working 
examples which demonstrate the identification and charac 
terization of the novel Substrate-targeting Subunits of ubiq 
uitin ligase complexes. The working examples of the present 
invention further demonstrate the identification of the Spe 
cific interaction of (i) FBP1 with B-catenin and (ii) the 
known FBP, Skp2, with the cell-cycle regulatory proteins 
E2F and p27. These interactions Suggest that B-catenin is a 
specific Substrate of FBP1, while E2F and p27 are substrates 
of Skp2. In fact, the working examples of the present 
invention further demonstrate that B-catenin is a specific 
substrate of FBP1, while p27 is substrates of Skp2. The 
identification of proteins interacting with the novel FBPs 
will be possible using the methods described herein or with 
a different approach. 

0023 3.1 Definitions 
0024. As used herein, the term “F-box motif’ refers to a 
Stretch of approximately 40 amino acid that was identified as 
being necessary for the interaction of F-box containing 
proteins with Skp1. The consensus Sequence of an F-box 
motif is described in Bai et al., 1996, Cell 86:263-274, 
incorporated herein by reference in its entirety. 

0025. As used herein the term “F-box protein” (FBP) 
refers to peptide, polypeptide or protein which contains an 
F-box motif. 
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0026. Although, FBPs are substrate-targeting subunits of 
ubiquitin ligase complexes, as used herein the term "ubiq 
uitin ligase” refers to a peptide, polypeptide or protein that 
contains an F-box motif and interacts with Skp1. 
0027 AS used herein, the term “functionally equivalent 
to an FBP gene product” refers to a gene product that 
exhibits at least one of the biological activities of the 
endogenous FBP gene product. For example, a functionally 
equivalent FBP gene product is one that is capable of 
interacting with Skp1 So as to become associated with a 
ubiquitin ligase complex. Such a ubiquitin ligase complex 
may be capable of ubiquitinating a specific cell-cycle regu 
latory protein, Such as a cyclin or cki protein. 
0028. As used herein, the term “to target” means to 
inhibit, block or prevent gene expression, enzymatic activ 
ity, or interaction with other cellular factors. 
0029. As used herein, the term “therapeutic agent” refers 
to any molecule, compound or treatment that alleviates of 
assists in the treatment of a proliferative disorder or related 
disorder. 

0030. As used herein, the terms “WD-40 domain”, “Leu 
cine Rich Repeat”, “Leucine Zipper”, “Ring finger”, “Helix 
loop-helix motif, “Proline rich motif, and “SH2 domain” 
refer to domains potentially involved in mediating protein 
protein interactions. The “WD-40 domain” refers to a con 
Sensus Sequence of forty amino acid repeats which is rich in 
tryptophan and aspartic acid residues and is commonly 
found in the beta subunits of trimeric G proteins (see Neer 
et al., 1994 Nature 371:297-300 and references therein, 
which are incorporated herein by reference in their entirety). 
An “LRR' or a “Leucine Rich Repeat” is a leucine rich 
Sequence also known to be involved in mediating protein 
protein interactions (see Kobe & Deisenhofer, 1994, Trends. 
Biochem. Sci. 19:415421 which are incorporated herein by 
reference in their entirety). A "leucine Zipper” domain refers 
to a domain comprising a stretch of amino acids with a 
leucine residue in every Seventh position which is present in 
a large family of transcription factors (see Landshultz et al., 
1988, Science 240:1759-64; see also Sudol et al., 1996, 
Trends Biochem. 21:1-3, and Koch et al., 1991, Science 
252:668-74). 

4 BRIEF DESCRIPTION OF THE FIGURES 

0031 FIG. 1. Alignment of the conserved F-box motif 
amino acid residues in the human F-box proteins FBP1 
(SEQ ID NO:15), FBP2 (SEQ ID NO:16), FBP3a (SEQ ID 
NO:17), FBP3b (SEQ ID NO:78), FBP4 (SEQ ID NO:18), 
FBP5 (SEQ ID NO:19), FBP6 (SEQ ID NO:20), FBP7 
(SEQ ID NO:21), Skp2 (SEQ ID NO:22), FBP8 (SEQ ID 
NO:61) FBP9 (SEQ ID NO:62), FBP10 (SEQ ID NO:63), 
FBP11 (SEQ ID NO:64), FBP12 (SEQ ID NO:65), FBP13 
(SEQ ID NO:79); FBP14 (SEQID NO:66); FBP15 (SEQ ID 
NO:67), FBP16 (SEQ ID NO:68), FBP17 (SEQ ID NO:69), 
FBP18 (SEQ ID NO:70), FBP19 (SEQ ID NO:71), FBP20 
(SEQ ID NO:72), FBP21 (SEQID NO:73), FBP22 (SEQ ID 
NO:74), FBP23 (SEQ ID NO:75), FBP24 (SEQ ID NO:76), 
FBP25 (SEQ ID NO:77). Alignment of the F-boxes of a 
previously known FBP, Skp2, with the F-boxes of FBPs 
identified through a two-hybrid Screen (designated by the 
pound symbol) or BLAST searches (designated by a cross) 
was performed using the Clustal W method (MacVec 
tor(tm)) followed by manual re-adjustment. Identical resi 
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dues in at least 15 F-boxes are shaded in dark gray, while 
Similar residues are shaded in light gray. One asterisk 
indicates the presence in the cDNA of a STOP codon 
followed by a polyA tail, while potential full length clones 
are designated with two asterisks. The asterisks on the 
bottom of the figure indicate the amino acid residues 
mutated in FBP3a (see FIG. 29). 
0032 FIG.2. Schematic representation of FBPs. Putative 
protein-protein interaction domains in human FBPS are 
represented (see key-box for explanation). FBPs identified 
by a two-hybrid Screen are designated by the pound Symbol, 
FBPs identified through BLAST searches by a cross. The 
double Slash indicates that the corresponding cDNAS are 
incomplete at the 5' end; the asterisks indicate the presence 
in the cDNA of a STOP codon followed by a polyA tail. 
0.033 FIG. 3 A-B. A. Amino acid sequence of human 
F-box protein FBP1 (SEQ ID NO:2). B. Corresponding 
cDNA (SEQ ID NO:1). 
0034 FIG. 4 A-B. A. Amino acid sequence of human 
F-box protein FBP2 (SEQ ID NO:4). B. Corresponding 
cDNA (SEQ ID NO:3). 
0035 FIG. 5 A-B. A. Amino acid sequence of human 
F-box protein FBP3a (SEQ ID NO:6). B. Corresponding 
cDNA (SEQ ID NO:5). 
0.036 FIG. 6 A-B. A. Amino acid sequence of human 
F-box protein FBP3b (SEQ ID NO:24). B. Corresponding 
cDNA (SEQ ID NO:23). 
0037 FIG. 7 A-B. A. Amino acid sequence of human 
F-box protein FBP4 (SEQ ID NO:8). B. Corresponding 
cDNA (SEQ ID NO:7). 
0.038 FIG. 8 A-B. A. Amino acid sequence of human 
F-box protein FBP5 (SEQ ID NO:10). B. Corresponding 
cDNA (SEQ ID NO:9). 
0039 FIG. 9 A-B. A. Amino acid sequence of human 
F-box protein FBP6 (SEQ ID NO: 12). B. Corresponding 
cDNA (SEQ ID NO:11). 
0040 FIG. 10 A-B. A. Amino acid sequence of human 
F-box protein FBP7 (SEQ ID NO:14). B. Corresponding 
cDNA (SEQ ID NO:13). 
0041 FIG. 11 A-B. A. Amino acid sequence of human 
F-box protein FBP8 (SEQ ID NO:26). B. Corresponding 
cDNA (SEQ ID NO:25). 
0.042 FIG. 12 A-B. A. Amino acid sequence of human 
F-box protein FBP9 (SEQ ID NO:28). B. Corresponding 
cDNA (SEQ ID NO:27). 
0.043 FIG. 13 A-B. A. Amino acid sequence of human 
F-box protein FBP10 (SEQ ID NO:30). B. Corresponding 
cDNA (SEQ ID NO:29). 
0044 FIG. 14 A-B. A. Amino acid sequence of human 
F-box protein FBP11 (SEQ ID NO:32). B. Corresponding 
cDNA (SEQ ID NO:31). 
004.5 FIG. 15 A-B. A. Amino acid sequence of human 
F-box protein FBP12 (SEQ ID NO:34). B. Corresponding 
cDNA (SEQ ID NO:33). 
0.046 FIG. 16 A-B. A. Amino acid sequence of human 
F-box protein FBP13 (SEQ ID NO:36). B. Corresponding 
cDNA (SEQ ID NO:35). 
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0047 FIG. 17 A-B. A. Amino acid sequence of human 
F-box protein FBP14 (SEQ ID NO:38). B. Corresponding 
cDNA (SEQ ID NO:37). 
0048 FIG. 18 A-B. A. Amino acid sequence of human 
F-box protein FBP15 (SEQ ID NO:40). B. Corresponding 
cDNA (SEQ ID NO:39). 
0049 FIG. 19 A-B. A. Amino acid sequence of human 
F-box protein FBP16 (SEQ ID NO:42). B. Corresponding 
cDNA (SEQ ID NO:41). 
0050 FIG. 20 A-B. A. Amino acid sequence of human 
F-box protein FBP17 (SEQ ID NO:44). B. Corresponding 
cDNA (SEQ ID NO:43). 
0051 FIG. 21 A-B. A. Amino acid sequence of human 
F-box protein FBP18 (SEQ ID NO:46). B. Corresponding 
cDNA (SEQ ID NO:45). 
0052 FIG. 22 A-B. A. Amino acid sequence of human 
F-box protein FBP19 (SEQ ID NO:48). B. Corresponding 
cDNA (SEQ ID NO:47). 
0053 FIG. 23 A-B. A. Amino acid sequence of human 
F-box protein FBP20 (SEQ ID NO:50). B. Corresponding 
cDNA (SEQ ID NO:49). 
0054 FIG. 24 A-B. A. Amino acid sequence of human 
F-box protein FBP21 (SEQ ID NO:52). B. Corresponding 
cDNA (SEQ ID NO:51). 
0055 FIG. 25 A-B. A. Amino acid sequence of human 
F-box protein FBP22 (SEQ ID NO:54). B. Corresponding 
cDNA (SEQ ID NO:53). 
0056 FIG. 26 A-B. A. Amino acid sequence of human 
F-box protein FBP23 (SEQ ID NO:56). B. Corresponding 
cDNA (SEQ ID NO:55). 
0057 FIG. 27 A-B. A. Amino acid sequence of human 
F-box protein FBP24 (SEQ ID NO:58). B. Corresponding 
cDNA (SEQ ID NO:57). 
0.058 FIG. 28A-B. A. Amino acid sequence of human 
F-box protein FBP25 (SEQ ID NO:60). B. Corresponding 
cDNA (SEQ ID NO:59). 
0059 FIG. 29. FBPs interact specifically with Skp1 
through their F-box. The cDNAs of FBPs (wild type and 
mutants) were transcribed and translated in vitro (IVT) in 
the presence of 35S-methionine. Similar amounts of IVT 
proteins (indicated at the top of each lane) were Subjected to 
a histidine-tagged pull-down assay using Nickel-agarose 
beads to which either His-tagged-Skp1 (lanes 1, 3, 4, 6-10, 
12, 15, 17, 19 and 21), His-tagged-Elongin C (lanes 2, 5, 11, 
14, 16, 18, 19 and 22), or His-tagged p27 (lane 12) were 
pre-bound. Bound IVT proteins were analyzed by SDS 
PAGE and autoradiography. The arrows on the left side of 
the panels point to the indicated FBPs. The apparent molecu 
lar weights of the protein Standards are indicated on the right 
Side of the panels. 

0060 FIG. 30. FBP1, FBP2, FBP3a, FBP4 and FBP7 
form novel SCFs with endogenous Skp1 and Cull in vivo. 
HeLa cells were transfected with mammalian expression 
plasmids encoding Flag-tagged versions of FBPI (lane 1), 
(AF)FBP1 (lane 2), FBP4 (lane 3), FBP7 (lane 5), FBP2 
(lane 7), (AF)FBP2 (lane 8), FBP3a (lane 9), (AF)FBP3a 
(lane 10), or with an empty vector (lanes 4 and 6). Cells were 
lysed and extracts were Subjected to immunoprecipitation 
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with a rabbit anti-Flag antibody (lanes 1-8). Immunopre 
cipitates were then immunoblotted with a mouse anti-Cull 
monoclonal antibody, a rabbit anti-Skp1 polyclonal antibody 
or a rabbit anti-Cul2 polyclonal antibody, as indicated. The 
last lane contains 25 ug of extracts from non-transfected 
HeLa cells; lane 9 contains recombinant Cul1, Skp1, or Cul2 
proteins used as markers. The slower migrating bands 
detected with the antibodies to Cul1 and Cul2 are likely 
generated by the covalent attachment of a ubiquitin-like 
molecule to these two cullins, as already described for the 
yeast cullin Cdc53 and mammalian Cul4a. 
0061 FIG. 31. FBP1, FBP2, FBP3a, FBP4 and FBP7 
asSociate with a ubiquitin ligase activity. HeLa cells were 
transfected with mammalian expression plasmids encoding 
human Skp1, Cull and Flag-tagged versions of FBP1 (lane 
3), (AF)FBP1 (lane 4), FBP2 (lanes 2 and 5), (AF)FBP2 
(lane 6), FBP7 (lane 7), FBP3a (lanes 8 and 13), (AF)FBP3a 
(lane 9), a non relevant Flag-tagged protein (Irf3, lane 10), 
FBP4 (lanes 11 and 12) or with an empty vector (lane 1). 
Cells were lysed and extracts were Subjected to immuno 
precipitation with a rabbit anti-Flag antibody. Immunopre 
cipitates were incubated in the presence of purified recom 
binant E I and Ubc4 (lanes 1-11) or Ubc2 (lanes (12 and 13) 
and a reaction mix containing biotynilated ubiquitin. Reac 
tion in lane 2 contained also NEM. Ubiquitinated proteins 
were visualized by blotting with HRP-Streptavidin. The 
racket on the left Side of the panels marks a Smear of 
ubiquitinated proteins produced in the reaction, the asterisk 
indicates ubiquitin conjugated with E1 that were resistant to 
oiling. 

0062 FIG. 32. Subcellular localization of FBPs. HeLa 
cells were transfected with mammalian expression plasmids 
encoding Flag-tagged versions of FBP1 (a-b), FBP2 (c-d), 
FBP3a (e-f), FBP4 (g-h), (DF)FBP2 (i-i), or (AF)FBP3a 
(k-1). After 24 hours, cells were subjected to immunofluo 
rescence with a rabbit anti-Flag antibody (a, c, e, g, i, k) to 
stain FBPs and bisbenzimide (b, d, f, h, j, l) to stain nuclei. 
0063 FIG. 33. Abundance of FBP transcripts in human 
tissues. Membranes containing electrophoretically fraction 
ated poly(A)-- mRNA from different human tissues were 
hybridized with specific probes prepared form FBP1, FBP2, 
FBP3a, FBP4, SKP2, and B-ACTIN cDNAs. The arrows on 
the left Side of the figure point to the major transcripts as 
described in the text. 

0064 FIG. 34. A-E. FISH localization of FBP genes. 
Purified phage DNA containing a genomic probe was 
labeled with digoxygenin dUTP and detected with Cy3 
conjugated antibodies. The Signals corresponding to the 
locus of the genomic probe (red) are seen against the 
DAPI-Actimomycin D stained normal human chromosomes 
(blue-white). Panel A shows localization of FBP1 to 10q24, 
B shows localization of FBP2 to 9q34, C shows localization 
of FBP3a to 13c22, D shows localization of FBP4 to 5p12, 
and E shows localization of FBP5 to 6q25-26. Arrows point 
to FBP-specific FISH signals. 

0065 FIG. 35A-C. FBP1 associates with B-catenin. A. 
Extracts from baculovirus-infected insect cells expressing 
either f3-catenin alone (lane 1) or in combination with 
Flag-tagged FBP1 (lane 2) were immunoprecipitated (IP) 
with a rabbit anti-Flag antibody (ro-Flag), followed by 
immunoblotting with anti-Flag (mo-Flag) and anti-?3-cate 
nin mouse antibodies, as indicated. Lanes 3 and 4 contain 25 
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tug of extracts from infected insect cells immunoblotted with 
the same antibodies. B. Extracts from baculovirus-infected 
insect cells expressing cyclin D1, Flag-FBP1 in the absence 
(lanes 1-3) or in the presence of Skp1 (lanes 4-6) were 
immunoprecipitated with normal rabbit IgG (r-IgG, lanes 1 
and 4), rabbit anti-Flag antibody (r C-Flag, lanes 2 and 5), 
or rabbit anti-cyclin D1 antibody (r C.-D1, lanes 3 and 6). 
Immunoprecipitates were then immunoblotted with anti 
Flag (ma-Flag) and cyclin D1 (m C.-D1) mouse antibodies, 
as indicated. The last lane contains 25 ug of a representative 
extract from infected insect cells immunoblotted with the 
same antibodies. C. 293 cells were transfected with mam 
malian expression plasmids encoding HA-tagged B-catenin 
alone or in combination with either Flag-tagged FBP1 or 
Flag-tagged (AF)FBP1. Cells were lysed and extracts were 
Subjected to immunoprecipitation with a rabbit anti-Flag 
antibody (r C-Flag, lanes 4-6) and immunoblotted with rat 
anti-HA (C-HA) and mouse anti-Flag (m C-Flag) antibodies, 
as indicated. The first three lanes contain 25 ug of extracts 
from transfected 293 cells immunoblotted with the same 
antibodies. Transfecting high levels of B-catenin expression 
vector, the associations of B-catenin with FBP1 and 
(AF)FBP1 could be determined independently of B-catenin 
levels. 

0.066 FIG. 36A-B. Stabilization of B-catenin by a domi 
nant negative (AF)FBP1 mutant. A. Human 293 cells were 
transfected with mammalian expression plasmids encoding 
HA-tagged B-catenin alone or in combination with either 
Flag-tagged (AF)FBP1 or Flag-tagged (AF)FBP2. Cells 
were lysed and extracts were Subjected to immunoblotting 
with rat anti-HA and rabbit anti-Flag (r C-Flag) antibody, as 
indicated. B. Pulse chase analysis of B-catenin turnover rate. 
HA-tagged B-catenin in combination with either an empty 
vector, FBP1, or (AF)FBP1 was co-transfected in 293 cells. 
24 hours later cells were labeled with S-methionine for 30 
minutes and chased with medium for the indicated times. 
Extracts were then Subjected to immunoprecipitation with a 
rat anti-HA antibody. 
0067 FIG. 37A-C. Binding of phosphorylated p27 to 
Skp2. A. A panel of in vitro translated 35SFBPs were used 
in binding reactions with beads coupled to the phospho 
peptide NAGSVEQT*PKKPGLRRROT, corresponding to 
the carboxy terminus of the human p27 with a phospho 
threonine at position 187 (T). Beads were washed with 
RIPAbuffer and bound proteins were eluted and subjected to 
electrophoresis and autoradiography (Upper Panel). Bottom 
Panel: 10% of the in vitro translated 35SFBP inputs. B. 
HeLa cell extracts were incubated with beads coupled to the 
phospho-p27 peptide (lane 2), an identical except unphos 
phorylated p27 peptide (lane 1) or the control phospho 
peptide AEIGVGAY*GTVYKARDPHS, corresponding to 
an amino terminal peptide of human Cdk4 with a phospho 
tyrosine at position 17 (Y) (lane 3). Beads were washed 
with RIPA buffer and bound proteins were immunoblotted 
with antibodies to the proteins indicated on the left of each 
panel. A portion of the HeLa extract (25 ug) was used as a 
control (lane 4). The slower migrating band in Cull is likely 
generated by the covalent attachment of a ubiquitin-like 
molecule, as already described for other cullins 48. C. One 
ul of in vitro translated 35S] wild type p27(WT, lanes 1-4) 
or p27(T187A) mutant (T187A, lanes 5-6) were incubated 
for 30 minutes at 30%C in 10 ul of kinase buffer. Where 
indicated, ~2.5 pmole of recombinant purified cyclin 
E/Cdk2 or ~1 pmole Skp2 (in Skp1/Skp2 complex) were 
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added. Samples were then incubated with 6 ul of Protein-A 
beads to which antibodies to Skp2 had been covalently 
linked. Beads were washed with RIPA buffer and bound 
proteins Subjected to electrophoresis and autoradiography. 
Lanes 1-6: Skp2-bound proteins; Lanes 7 and 8: 7.5% of the 
in vitro translated 35S protein inputs. 

0068 FIG. 38. In vivo binding of Skp2 to p27. Extracts 
from HeLa cells (lanes 1-2 and 5-6) or 1MR90 fibroblasts 
(lanes 9-10) were immunoprecipitated with different affinity 
purified (AP) antibodies to Skp2 or with purified control IgG 
fractions. Lane 1: extract immunoprecipitated with a goat 
IgG (G-IgG); lane 2: with an AP goat antibody to an 
N-terminal Skp2 peptide (G-a-Skp2); lanes 5 and 9: with a 
rabbit IgG (R-IgG); lanes 6 and 10: with an AP rabbit 
antibody to Skp2 (R-c-Skp2). Immunoprecipitates were 
immunoblotted with antibodies to the proteins indicated on 
the left of each panel. Lanes 1-4 in the bottom panel were 
immunoblotted with a phospho-site p27 specific antibody. 
Lanes 3, 7, and 11 contain 25 ug of cell extracts, Lanes 4, 
8, and 12 contain the relevant recombinant proteins used as 
markers. The altered migration of Some markers is due to the 
presence of tags on the recombinant proteins. 

0069 FIG. 39 A-B. Skp2 and cyclin E/Cdk2 complex are 
rate-limiting for p27 ubiquitination in G1 extracts. A. In 
vitro ubiquitin ligation (lanes 1-12 and 17-20) and degra 
dation (lanes 13-16) of p27 were carried out with extracts 
from asynchronously growing (ASyn. ext., lanes 2-3) or 
G1-arrested (G1 ext., lanes 4-20) HeLa cells. Lane 1 con 
tains no extract. Recombinant purified proteins were Supple 
mented as indicated. Reactions were performed using wild 
type p27 (lanes 1-18) or p27(T187A) mutant (T187A, lanes 
19-20). Lanes 1-8.9-12, and 17-20 are from three separate 
experiments. The bracket on the left Side of the panels marks 
a ladder of bands >27,000 corresponding to polyubiquiti 
nated p27. The asterisk indicates a non-specific band present 
in most samples. B. Immunoblot analysis of levels of Skp2 
and p27 in extracts from asynchronous (lane 1) or G1-ar 
rested (lane 2) HeLa cells. 
0070 FIG. 40 A-C. Skp2 is required for p27-ubiquitin 
ligation activity. A. Immunodepletion. Extracts from asyn 
chronous HeLa cells were untreated (lane 2) or immunode 
pleted with pre-immune Serum (lane 3), anti-Skp2 antibody 
pre-incubated with 2 tug of purifed GST (lane 4), or anti 
Skp2 antibody pre-incubated with 2 tug of purified GST 
Skp2 (lane 5). Lane 1 contains no extract. Samples (30 ug of 
protein) were assayed for p27 ubiquitination in the presence 
of cyclin E/Cdk2. The bracket on the left side of the panels 
marks a ladder of bands >27,000 corresponding to poly 
ubiquitinated p27. The asterisk indicates a non-specific band 
present in all Samples. B. Reconstitution. The restoration of 
p27 ubiquitination activity in Skp2-immunodepleted 
extracts was tested by the addition of the indicated purified 
proteins. All Samples contained 30 lug of Skp2-depleted 
extract (Skp2-depl. ext.) and cyclin E/Cdk2. C. Immunopu 
rification. Extracts from asynchronous HeLa cells were 
immunoprecipitated with a rabbit anti-Skp2 antibody (lanes 
3 and 5) or pre-immune serum (PI, lanes 2 and 4). Total 
extract (lane 1) and immuno-beads (lanes 2-5) were added 
with p27, recombinant purified cyclin E/Cdk2 and ubiquiti 
nation reaction mix. Samples in lanes 4 and 5 were Supple 
mented with recombinant purified E1 and Ubc3. All samples 
were then assayed for p27 ubiquitination. 
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0071 FIG. 41 A-B. In vivo role of Skp2 in p27 degra 
dation. A. Stabilization of p27 by a dominant negative 
(AF)Skp2 mutant in vivo. NIH-3T3 cells were transfected 
with mammalian expression vectors encoding human p27 
alone (lane 2), p27 in combination with either (AF)Skp2 
(lane 3), or (AF)FBP1 (lane 4). Lane 1: untransfected cells. 
Cells were lysed and extracts were Subjected to immunob 
lotting with antibodies to p27, Skp2 or Flag to detect 
Flag-tagged (AF)FBP1). Exogenous human p27 protein 
migrates more slowly than the endogenous murine p27. B. 
Pulse chase analysis of p27 turnover rate. Human p27 in 
combination with either an empty vector, or (AF)Skp2 was 
transfected in NIH-3T3 cells. Twenty-four hours later, cells 
were labeled with 35S)-methionine for 20 minutes and 
chased with medium for the indicated times. Extracts were 
then Subjected to immunoprecipitation with a mouse anti 
p27 antibody. 

0072 FIG. 42. Stabilization of cellular p27 by antisense 
oligonucleotides targeting SKP2 mRNA. HeLa cells were 
treated for 16-18 hours with two different anti-sense oli 
godeoxynucleotides (AS) targeting two different regions of 
SKP2 mRNA. Lanes 2, 6, 12 and 16: AS targeting the 
N-terminal SKP2 region (NT); Lanes 4 and 8: AS targeting 
the C-terminal SKP2 region (CT); Lanes 1,3,5,711 and 15: 
control oligodeoxynucleotides pairs (Ctrl). Lanes 1-4, and 
5-8 are from two separate experiments. Lanes 11-12 and 
15-16: HeLa cells were blocked in G1/S with either Hydrox 
yurea or Aphidicolin treatment respectively, for 24 hours. 
Cells were then transfected with oligodeoxynucleotides, 
lysed after 12 hours (before cells had re-entered G1) and 
immunoblotted with antibodies to Skp2 (top panels) and p27 
(bottom panels). Lanes 9 and 13: Untransfected HeLa cells; 
Lanes 10 and 14: Untransfected HeLa cells treated with 
drugs as transfected cells. 
0073 FIG. 43 A-C. Timing of Skp2 action in the process 
of p27 degradation. A. IMR90 fibroblasts were synchronized 
in G0/G1 by serum deprivation, reactivated with serum, and 
Sampled at the indicated intervals. Protein extracts were 
analyzed by immunoblot with the antibodies to the indicated 
proteins. The Skp2 doublet was likely generated by phos 
phorylation Since was consistently observed using a 12.5% 
gel only when cell lysis was performed in the presence of 
okadaic acid. B. HeLa cells blocked in mitosis with nocoda 
Zole were shaken off, released in fresh medium and Sampled 
at the indicated intervals. Protein extracts were analyzed by 
immunoblotting with the antibodies to the indicated pro 
teins. C. Extracts from G1 (3 hours after release from 
nocodazole block) (lane 1) and S-phase (12 hours after 
release from the nocodazole block) (lane 2) HeLa cells were 
either immunoprecipitated with an anti-p27 antibody (top 
two panels) or with an anti-Skp2 antibody (bottom three 
panels) and then immunoblotted with the antibodies to the 
indicated proteins. 

0074 FIG. 44 A-C. Western blot analysis of Skp2/E2F 
interaction assay. Details of the Western Blot experiments 
are given in the Example in Section 9. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

0075. The present invention relates to novel F-box pro 
teins and to novel substrates of F-box proteins. The present 
invention relates to Screening assays designed to identify 
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substrates of the novel F-box proteins and to identify small 
molecules and compounds which modulate the interaction 
and/or activity of the F-box proteins and their substrates. 
0.076 The present invention relates to screening assays to 
identify substrates of the novel F-box proteins and to iden 
tify potential therapeutic agents. The present invention fur 
ther relates to Screening assays based on the identification of 
novel substrates of both novel and known F-box proteins. 
The Screening assays of the present invention may be used 
to identify potential therapeutic agents which may be used in 
protocols and as pharmaceutical compositions designed to 
target the novel ubiquitin ligases and interactions with their 
substrates for the treatment of proliferative disorders. In one 
particular embodiment the present invention relates to 
Screening assays and potential therapeutic agents which 
target the interaction of FBP with novel substrates B-catenin, 
p27 and E2F as identified by Applicants. 
0077. The invention further encompasses the use of 
nucleotides encoding the novel F-box proteins, proteins and 
peptides, as well as antibodies to the novel ubiquitin ligases 
(which can, for example, act as agonists or antagonists), 
antagonists that inhibit ubiquitin ligase activity or expres 
Sion, or agonists that activate ubiquitin ligase activity or 
increase its expression. In addition, nucleotides encoding the 
novel ubiquitin ligases and proteins are useful for the 
identification of compounds which regulate or mimic their 
activity and therefore are potentially effective in the treat 
ment of cancer and tumorigenesis. 
0078. In particular, the invention described in the Sub 
sections below encompasses FBP1, FBP2, FBP3a, FBP3b, 
FBP4, FBP5, FBP6, FBP7, FBP8, FBP9, FBP10, FBP11, 
FBP12, FBP13, FBP14, FBP15, FBP16, FBP17, FBP18, 
FBP19, FBP20, FBP21, FBP22, FBP23, FBP24, and FBP25 
polypeptides or peptides corresponding to functional 
domains of the novel ubiquitin ligases (e.g., the F-box motif, 
the Substrate binding domain, and leucine-rich repeats), 
mutated, truncated or deleted (e.g. with one or more func 
tional domains or portions thereof deleted), ubiquitin ligase 
fusion proteins, nucleotide Sequences encoding Such prod 
ucts, and host cell expression Systems that can produce Such 
ubiquitin ligase products. 

0079 The present invention provides methods of screen 
ing for peptides and proteins that interact with novel com 
ponents of the ubiquitin ligase complex, including FBP1, 
FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, 
FBP9, FBP10, FBP11, FBP12, FBP13, FBP14, FBP15, 
FBP16, FBP17, FBP15, FBP19, FBP20, FBP21, FBP22, 
FBP23, FBP24, and FBP25 or derivatives, fragments or 
analogs thereof. Preferably, the method of Screening is a 
yeast two-hybrid assay System or a variation thereof, as 
further described below. Derivatives (e.g., fragments) and 
analogs of a protein can be assayed for binding to a binding 
partner by any method known in the art, for example, the 
modified yeast two-hybrid assay system described below, 
immunoprecipitation with an antibody that binds to the 
protein in a complex followed by analysis by Size fraction 
ation of the immunoprecipitated proteins (e.g., by denatur 
ing or nondenaturing polyacrylamide gel electrophoresis), 
Western analysis, non-denaturing gel electrophoresis, etc. 
0080. The present invention relates to screening assays to 
identify agents which modulate the activity of the novel 
ubiquitin ligases. The invention encompasses both in vivo 
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and in vitro assays to Screen Small molecules, compounds, 
recombinant proteins, peptides, nucleic acids, antibodies etc. 
which modulate the activity of the novel ubiquitin ligases 
and thus, identify potential therapeutic agents for the treat 
ment of proliferative or differentiative disorders. In one 
embodiment, the present invention provides methods of 
Screening for proteins that interact with the novel ubiquitin 
ligases. 

0081. The invention also encompasses antibodies and 
anti-idiotypic antibodies, antagonists and agonists, as well as 
compounds or nucleotide constructs that inhibit expression 
of the ubiquitin ligase gene (transcription factor inhibitors, 
antisense and ribozyme molecules, or gene or regulatory 
Sequence replacement constructs), or promote expression of 
the ubiquitin ligase (e.g., expression constructs in which 
ubiquitin ligase coding Sequences are operatively associated 
with expression control elements Such as promoters, pro 
moter/enhancers, etc.). The invention also relates to host 
cells and animals genetically engineered to express the 
human (or mutants thereof) or to inhibit or “knock-out” 
expression of the animals endogenous ubiquitin ligase. 
0082 Finally, the ubiquitin ligase protein products and 
fusion protein products, (i.e., fusions of the proteins or a 
domain of the protein, e.g., F-box motif), antibodies and 
anti-idiotypic antibodies (including Fab fragments), antago 
nists or agonists (including compounds that modulate the 
ubiquitization pathway can be used for therapy of prolifera 
tive or differentiative diseases. Thus, the invention also 
encompasses pharmaceutical formulations and methods for 
treating cancer and tumorigenesis. 
0083 Various aspects of the invention are described in 
greater detail in the SubSections below. 
0084) 5.1 FBP Genes 
0085. The invention provides nucleic acid molecules 
comprising Seven novel nucleotide Sequences, and frag 
ments thereof, FBP1, FBP2, FBP3a, FBP4, FBP5, FBP6, 
and FBP7, nucleic acids which are novel genes identified by 
the interaction of their gene products with Skp1, a compo 
nent of the ubiquitin ligase complex. The invention further 
provides fourteen novel nucleic acid molecules comprising 
the nucleotide sequences of FBP1, FBP2, FBP3a, FBP3b, 
FBP4, FBP5, FBP6, FBP7, FBP8, FBP11, FBP12, FBP13, 
FBP14, FBP15, FBP17, FBP18, FBP20, FBP21, FBP22, 
FBP23, FBP24, and FBP25, which Nucleic acid sequences 
of the identified FBP genes are described herein. 
0086). As used herein, “an FBP gene” refers to: 

0087 (a) a nucleic acid molecule containing the 
DNA sequences of FBP1, shown in FIG. 3 (SEQ ID 
NO:1), the DNA sequences of FBP2, shown in FIG. 
4 (SEQ ID NO:3), the DNA sequences of FBP3a, 
shown in FIG. 5 (SEQ ID NO:5), the DNA 
sequences of FBP3b, shown in FIG. 6 (SEQ ID 
NO:23), the DNA sequences of FBP4, shown in 
FIG. 7 (SEQ ID NO:7), the DNA sequences of 
FBP5, shown in FIG. 8 (SEQ ID NO:9), the DNA 
sequences of FBP6, shown in FIG. 9 (SEQ ID 
NO:11), the DNA sequences of FBP7, shown in 
FIG. 10 (SEQ ID NO: 13), the DNA sequences of 
FBP8, shown in FIG. 11 (SEQ ID NO:25), the DNA 
sequences of FBP9, shown in FIG. 12 (SEQ ID 
NO:27), the DNA sequences of FBP10, shown in 
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FIG. 13 (SEQ ID NO:29), the DNA sequences of 
FBP11, shown in FIG. 14 (SEQ ID NO:31), the 
DNA sequences of FBP12, shown in FIG. 15 (SEQ 
ID NO:33), the DNA sequences of FBP13, shown in 
FIG. 16 (SEQ ID NO:35), the DNA sequences of 
FBP14, shown in FIG. 17 (SEQ ID NO:37), the 
DNA sequences of FBP15, shown in FIG. 18 (SEQ 
ID NO:39), the DNA sequences of FBP16, shown in 
FIG. 19 (SEQ ID NO:41), the DNA sequences of 
FBP17, shown in FIG. 20 (SEQ ID NO:43), the 
DNA sequences of FBP18, shown in FIG. 21 (SEQ 
ID NO:45), the DNA sequences of FBP19, shown in 
FIG. 22 (SEQ ID NO:47), the DNA sequences of 
FBP20, shown in FIG. 23 (SEQ ID NO:49), the 
DNA sequences of FBP21, shown in FIG. 24 (SEQ 
ID NO:51), the DNA sequences of FBP22, shown in 
FIG. 25 (SEQ ID NO:53), the DNA sequences of 
FBP23, shown in FIG. 26 (SEQ ID NO:55), the 
DNA sequences of FBP24, shown in FIG. 27 (SEQ 
ID NO:57), the DNA sequences of FBP25, shown in 
FIG. 28 (SEQ ID NO:59). 

0088 (b) any DNA sequence that encodes a 
polypeptide containing: the amino acid Sequence of 
FBP1 shown in FIG. 3A (SEQ ID NO:2), the amino 
acid sequence of FBP2, shown in FIG. 4A (SEQ ID 
NO:4), the amino acid sequence of FBP3a shown in 
FIG. 5A (SEQ ID NO:6), the amino acid sequence 
of FBP3b shown in FIG. 6A (SEQ ID NO:24), the 
amino acid sequence of FBP4 shown in FIG. 7A 
(SEQ ID NO:8), the amino acid sequence of FBP5 
shown in FIG. 8A (SEQ ID NO:10), or the amino 
acid sequence of FBP6 shown in FIG. 9A (SEQ ID 
NO:12), the amino acid sequences of FBP7, shown 
in FIG. 10 (SEQ ID NO:14), the amino acid 
sequences of FBP8, shown in FIG. 11 (SEQ ID 
NO:26), the amino acid sequences of FBP9, shown 
in FIG. 12 (SEQ ID NO:28), the amino acid 
sequences of FBP10, shown in FIG. 13 (SEQ ID 
NO:30), the amino acid sequences of FBP11, shown 
in FIG. 14 (SEQ ID NO:32), the amino acid 
sequences of FBP12, shown in FIG. 15 (SEQ ID 
NO:34), the amino acid sequences of FBP13, shown 
in FIG. 16 (SEQ ID NO:36), the amino acid 
sequences of FBP14, shown in FIG. 17 (SEQ ID 
NO:38), the amino acid sequences of FBP15, shown 
in FIG. 18 (SEQ ID NO:40), the amino acid 
sequences of FBP16, shown in FIG. 19 (SEQ ID 
NO:42), the amino acid sequences of FBP17, shown 
in FIG. 20 (SEQ ID NO:44), the amino acid 
sequences of FBP18, shown in FIG. 21 (SEQ ID 
NO:46), the amino acid sequences of FBP19, shown 
in FIG. 22 (SEQ ID NO:48), the amino acid 
sequences of FBP20, shown in FIG. 23 (SEQ ID 
NO:50), the amino acid sequences of FBP21, shown 
in FIG. 24 (SEQ ID NO:52), the amino acid 
sequences of FBP22, shown in FIG. 25 (SEQ ID 
NO:54), the amino acid sequences of FBP23, shown 
in FIG. 26 (SEQ ID NO:56), the amino acid 
sequences of FBP24, shown in FIG. 27 (SEQ ID 
NO:58), the amino acid sequences of FBP25, shown 
in FIG. 28 (SEQ ID NO:60). 

0089 (c) any DNA sequence that hybridizes to the 
complement of the DNA sequences that encode any 
of the amino acid sequences of (SEQ ID NO: 2, 4, 6, 
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8, 10, 12 or 14) or FIG. 15 under highly stringent 
conditions, e.g., hybridization to filter-bound DNA 
in 0.5 M NaO4, 7% sodium dodecyl sulfate (SDS), 
1 mM EDTA at 65 C, and washing in 0.1XSSC/0.1% 
SDS at 68 C (Ausubel F. M. et al., eds., 1989, 
Current Protocols in Molecular Biology, Vol. I, 
Green Publishing Associates, Inc., and John Wiley & 
sons, Inc., New York, at p. 2.10.3); and/or 

0090 (d) any DNA sequence that hybridizes to the 
complement of the DNA sequences that encode any 
of the amino acid sequences in (SEQ ID NO: 2, 4, 6, 
8, 10, 12 or 14) or FIG. 15, under less stringent 
conditions, Such as moderately Stringent conditions, 
e.g., washing in 0.2xSSC/0.1% SDS at 42 C 
(Ausubel et al., 1989, Supra), and encodes a gene 
product functionally equivalent to an FBP gene prod 
uct. 

0091. It is understood that the FBP gene sequences of the 
present invention do not encompass the previously described 
genes encoding other mammalian F-box proteins, Skp2, 
Elongin A, Cyclin F, mouse Md6, (see Pagano, 1997, Supra; 
Zhang et al., 1995, Supra; Bai et al., 1996, Supra; SkoNvyra 
et al., 1997, Supra). It is further understood that the nucleic 
acid molecules of the invention do not include nucleic acid 
molecules that consist Solely of the nucleotide Sequence in 
GenBank Accession Nos. AC002428, AI457595, AI105408, 
H66467, T47217, H38755, THC274684, AI750732, 
AA976979, AI571815, T57296, Z44228, Z45230, N42405, 
AAO18063, AI751015, AI400663, T74432, AA402415, 
AI826000, AM590138, AF174602, Z45775, AF174599, 
THC288870, AIO17603, AF174598, THC260994, 
AI475671, AA768343, AF174595, THC240016, N70417, 
T10511, AF174603, ESTO4915, AA147429, AI192344, 
AF174594, AI147207, AI279712, AA593015, AA644633, 
AA335703, N261.96, AF174604, AFO53356, AF174606, 
AA836036, AA853045, AI479142, AA772788, AAO39454, 
AA397652, AA463756, AAO07384, AA749085, AI640599, 
THC253263, AB020647, THC295423, AA434109, 
AA370939, AA215393, THC271423, AF052097, 
THC288.182, AL049953, CAB37981, AL022395, 
AL031178, THC 197682, and THC205131. 
0092 FBP sequences of the present invention are derived 
from a eukaryotic genome, preferably a mammalian 
genome, and more preferably a human or murine genome. 
Thus, the nucleotide Sequences of the present invention do 
not encompass those derived from yeast genomes. In a 
Specific embodiment, the nucleotides of the present inven 
tion encompass any DNA sequence derived from a mam 
malian genome which hybridizes under highly Stringent 
conditions to SEQ ID NO: 1, 3, 5, 7, 9, 11 or 13, or to DNA 
Sequence shown in FIG. 14, encodes a gene product which 
contains an F-box motif and binds to Skp1. In a specific 
embodiment, the nucleotides of the present invention 
encompass any DNA sequence derived from a mammalian 
genome which hybridize under highly Stringent conditions 
to SEQ ID NO: 1, 3, 5, 7, 9, 11 or 13 encodes a gene product 
which contains an F-box motif and another domain Selected 
from the group comprising WD-40, leucine rich region, 
leucine Zipper motif, or other protein-protein interaction 
domain, and binds to Skp-1 and is at least 300 or 400 
nucleotides in length. 
0093 FBP sequences can include, for example, either 
eukaryotic genomic DNA (cDNA) or cDNA sequences. 
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When referring to a nucleic acid which encodes a given 
amino acid Sequence; therefore, it is to be understood that 
the nucleic acid need not only be a cDNA molecule, but can 
also, for example, refer to a cDNA sequence from which an 
mRNA species is transcribed that is processed to encode the 
given amino acid Sequence. 
0094 AS used herein, an FBP gene may also refer to 
degenerate variants of DNA sequences (a) through (d). 
0.095 The invention also includes nucleic acid molecules 
derived from mammalian nucleic acids, preferably DNA 
molecules, that hybridize to, and are therefore the comple 
ments of, the DNA sequences (a) through (d), in the pre 
ceding paragraph. Such hybridization conditions may be 
highly Stringent or less highly Stringent, as described above. 
In instances wherein the nucleic acid molecules are deoxyo 
ligonucleotides ("oligos'), highly Stringent conditions may 
refer, e.g., to washing in 6xSSC/0.05% sodium pyrophos 
phate at 37 C (for 14-base oligos), 48 C (for 17-base oligos), 
55 C (for 20-base oligos), and 60 C (for 23-base oligos). 
These nucleic acid molecules may encode or act as FBP 
gene antisense molecules, useful, for example, in FBP gene 
regulation (for and/or as antisense primers in amplification 
reactions of FBP gene nucleic acid Sequences). With respect 
to FBP gene regulation, Such techniques can be used to 
regulate, for example, an FBP-regulated pathway, in order to 
block cell proliferation associated with cancer. Further, Such 
Sequences may be used as part of ribozyme and/or triple 
helix Sequences, also useful for FBP gene regulation. Still 
further, Such molecules may be used as components of 
diagnostic methods whereby, for example, the presence of a 
particular FBP allele responsible for causing an FBP-related 
disorder, e.g., proliferative or differentiative disorderS Such 
as tumorigenesis or cancer, may be detected. 
0096. The invention also encompasses: 

0097 (a) DNA vectors that contain any of the fore 
going FBP coding Sequences and/or their comple 
ments (i.e., antisense); 

0098 (b) DNA expression vectors that contain any 
of the foregoing FBP coding Sequences operatively 
asSociated with a regulatory element that directs the 
expression of the coding Sequences, and 

0099 (c) genetically engineered host cells that con 
tain any of the foregoing FBP coding Sequences 
operatively associated with a regulatory element that 
directs the expression of the coding Sequences in the 
host cell. 

0100 AS used herein, regulatory elements include but are 
not limited to inducible and non-inducible promoters, 
enhancers, operators and other elements known to those 
skilled in the art that drive and regulate expression. Such 
regulatory elements include but are not limited to the 
cytomegalovirus hCMV immediate early gene, the early or 
late promoters of SV40 adenovirus, the lac system, the trp 
System, the TAC System, the TRC System, the major opera 
tor and promoter regions of phage A, the control regions of 
fd coat protein, the promoter for 3-phosphoglycerate kinase, 
the promoters of acid phosphatase, and the promoters of the 
yeast-mating factors. 
0101 The invention further includes fragments of any of 
the DNA sequences disclosed herein. 
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0102) In one embodiment, the FBP gene sequences of the 
invention are mammalian gene Sequences, with human 
Sequences being preferred. 

0103) In yet another embodiment, the FBP gene 
Sequences of the invention are gene Sequences encoding 
FBP gene products containing polypeptide portions corre 
sponding to (that is, polypeptide portions exhibiting amino 
acid sequence similarity to) the amino acid sequence 
depicted in FIGS. 2, 4-9 or 15, wherein the corresponding 
portion exhibits greater than about 50% amino acid identity 
with the depicted Sequence, averaged across the FBP gene 
product’s entire length. 

0104. In specific embodiments, F-box encoding nucleic 
acids comprise the cDNA sequences of SEQ ID NOs: 1, 3, 
5, 23, 7, 9, 11, 13, 15, 25, 27, 29, 31, 33,35, 37, 39, 41, 43, 
45, 47, 49, 51, 53, 55, 57, or 59, nucleotide sequence of 
FIGS. 3B, 4B, 5B, 6B, 7B, 8B, 9B, 10B, 11B, 12B, 13B, 
14B, 15B, 16B, 17B, 18B, 19B, 20B, 21B, 22B, 23B, 24B, 
25B, 26B, 27B, or 28B, respectively, or the coding regions 
thereof, or nucleic acids encoding an F-box protein (e.g., a 
protein having the sequence of SEQ ID NOS: 2, 4, 6, 24, 8, 
10, 12, 14, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 
52, 54, 56,68, or 60, or as shown in FIGS. 3A, 4A, 5A, 6A, 
7A, 8A, 9A, 10A, 11A, 12A, 13A, 14A, 15A, 16A, 17A, 
18A, 19A, 20A, 21A, 22A, 23A, 24A, 25A, 26A, 27A, or 
28A, respectively). 

0105 The invention further provides nucleotide frag 
ments of nucleotide sequences encoding FBP1, FBP2, 
FBP3a, FBP4, FBP5, FBP6, or FBP7 (SEQ ID NOs: 1,3,5, 
7, 9, 11 and 13, respectively) of the invention. Such frag 
ments consist of at least 8 nucleotides (i.e., a hybridizable 
portion) of an FBP gene sequence; in other embodiments, 
the nucleic acids consist of at least 25 (continuous) nucle 
otides, 50 nucleotides, 100 nucleotides, 150 nucleotides, or 
200 nucleotides of an F-box sequence, or a full-length F-box 
coding Sequence. In another embodiment, the nucleic acids 
are smaller than 35, 200 or 500 nucleotides in length. 
Nucleic acids can be single or double stranded. The inven 
tion also relates to nucleic acids hybridizable to or comple 
mentary to the foregoing Sequences. In specific aspects, 
nucleic acids are provided which comprise a sequence 
complementary to at least 10, 25, 50, 100, or 200 nucleotides 
or the entire coding region of an F-box gene. 

0106 The invention further relates to the human genomic 
nucleotide Sequences of nucleic acids. In specific embodi 
ments, F-box encoding nucleic acids comprise the genomic 
sequences of SEQD NOS:1, 3, 5, 7, 9, 11 or 13 or the coding 
regions thereof, or nucleic acids encoding an FBP protein 
(e.g., a protein having the Sequence of SEQ ID Nos: 2, 4, 6, 
8, 10, 12 or 14). The invention provides purified nucleic 
acids consisting of at least 8 nucleotides (i.e., a hybridizable 
portion) of an FBP gene sequence; in other embodiments, 
the nucleic acids consist of at least 25 (continuous) nucle 
otides, 50 nucleotides, 100 nucleotides, 150 nucleotides, or 
200 nucleotides of an FBP gene sequence or a full-length 
FBP gene coding Sequence. In another embodiment, the 
nucleic acids are Smaller than 35, 200 or 500 nucleotides in 
length. Nucleic acids can be Single or double Stranded. The 
invention also relates to nucleic acids hybridizable to or 
complementary to the foregoing Sequences. In specific 
aspects, nucleic acids are provided which comprise a 
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sequence complementary to at least 10, 25, 50, 100, or 200 
nucleotides or the entire coding region of an FBP gene 
Sequence. 

0107. In addition to the human FBP nucleotide sequences 
disclosed herein, other FBP gene Sequences can be identified 
and readily isolated, without undue experimentation, by 
molecular biological techniques well known in the art, used 
in conjunction with the FBP gene Sequences disclosed 
herein. For example, additional human FBP gene Sequences 
at the same or at different genetic loci as those disclosed in 
SEQ ID Nos: 1, 3, 5, 7, 9, 11 or 13 can be isolated readily. 
There can exist, for example, genes at other genetic or 
physical loci within the human genome that encode proteins 
that have extensive homology to one or more domains of the 
FBP gene products and that encode gene products function 
ally equivalent to an FBP gene product. Further, homolo 
gous FBP gene Sequences present in other species can be 
identified and isolated readily. 

0108). The FBP nucleotide sequences of the invention 
further include nucleotide Sequences that encode polypep 
tides having at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or higher 
amino acid Sequence identity to the polypeptides encoded by 
the FBP nucleotide sequences of SEQ ID No. 1, 3, 5, 7, 9, 
11 or 13. 

0109 To determine the percent identity of two amino 
acid Sequences or of two nucleic acids, the Sequences are 
aligned for optimal comparison purposes (e.g., gaps can be 
introduced in the Sequence of a first amino acid or nucleic 
acid Sequence for optimal alignment with a Second amino or 
nucleic acid sequence). The amino acid residues or nucle 
otides at corresponding amino acid positions or nucleotide 
positions are then compared. When a position in the first 
Sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the Second 
Sequence, then the molecules are identical at that position. 
The percent identity between the two Sequences is a function 
of the number of identical positions shared by the Sequences 
(i.e., % identity=hof identical overlapping positions/total if 
of overlapping positionsx100%). In one embodiment, the 
two Sequences are the same length. 

0110. The determination of percent identity between two 
Sequences can also be accomplished using a mathematical 
algorithm. A preferred, non-limiting example of a math 
ematical algorithm utilized for the comparison of two 
sequences is the algorithm of Karlin and Altschul, 1990, 
Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in 
Karlin and Altschul, 1993, Proc. Natl. Acad. Sci. USA 
90:5873-5877. Such an algorithm is incorporated into the 
NBLAST and XBLAST programs of Altschul, et al., 1990, 
J. Mol. Biol. 215:403-410. BLAST nucleotide Searches can 
be performed with the NBLAST program, score=100, 
Wordlength=12 to obtain nucleotide Sequences homologous 
to a nucleic acid molecules of the invention. BLAST protein 
searches can be performed with the XBLAST program, 
Score=50, wordlength=3 to obtain amino acid Sequences 
homologous to a protein molecules of the invention. To 
obtain gapped alignments for comparison purposes, Gapped 
BLAST can be utilized as described in Altschul et al., 1997, 
Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast 
can be used to perform an iterated Search which detects 
distant relationships between molecules (Altschul et al., 
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1997, Supra). When utilizing BLAST, Gapped BLAST, and 
PSI-Blast programs, the default parameters of the respective 
programs (e.g., XBLAST and NBLAST) can be used (see 
http://www.ncbi.nlm.nih.gov). Another preferred, non-lim 
iting example of a mathematical algorithm utilized for the 
comparison of two Sequences is the algorithm of Karlin and 
Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:2264-2268, 
modified as in Karlin and Altschul, 1993, Proc. Natl. Acad. 
Sci. USA 90:5873-5877. Such an algorithm is incorporated 
into the NBLAST and XBLAST programs of Altschul, et al., 
1990, J. Mol. Biol. 215:403-410. BLAST nucleotide 
searches can be performed with the NBLAST program, 
Score=100, wordlength=12 to obtain nucleotide Sequences 
homologous to a nucleic acid molecules of the invention. 
BLAST protein searches can be performed with the 
XBLAST program, score=50, wordlength=3 to obtain amino 
acid Sequences homologous to a protein molecules of the 
invention. To obtain gapped alignments for comparison 
purposes, Gapped BLAST can be utilized as described in 
Altschul et al., 1997, Nucleic Acids Res. 25:3389-3402. 
Alternatively, PSI-Blast can be used to perform an iterated 
Search which detects distant relationships between mol 
ecules (Altschulet al., 1997, Supra). When utilizing BLAST, 
Gapped BLAST, and PSI-Blast programs, the default param 
eters of the respective programs (e.g., XBLAST and 
NBLAST) can be used (see http://www.ncbi.nlm.nih.gov). 
Another preferred, non-limiting example of a mathematical 
algorithm utilized for the comparison of Sequences is the 
algorithm of Myers and Miller, 1988, CABIOS 4:11-17. 
Such an algorithm is incorporated into the ALIGN program 
(version 2.0) which is part of the GCG sequence alignment 
Software package. When utilizing the ALIGN program for 
comparing amino acid Sequences, a PAM120 weight residue 
table, a gap length penalty of 12, and a gap penalty of 4 can 
be used. 

0111. The percent identity between two sequences can be 
determined using techniques similar to those described 
above, with or without allowing gaps. In calculating percent 
identity, typically only exact matches are counted. 

0.112. With respect to identification and isolation of FBP 
gene Sequences present at the same genetic or physical locus 
as those Sequences disclosed herein, Such Sequences can, for 
example, be obtained readily by utilizing Standard Sequenc 
ing and bacterial artificial chromosome (BAC) technologies. 
0113. With respect to the cloning of an FBP gene homo 
logue in human or other species (e.g., mouse), the isolated 
FBP gene sequences disclosed herein may be labeled and 
used to screen a cDNA library constructed from mRNA 
obtained from appropriate cells or tissues (e.g., brain tissues) 
derived from the organism (e.g., mouse) of interest. The 
hybridization conditions used should be of a lower strin 
gency when the cDNA library is derived from an organism 
different from the type of organism from which the labeled 
Sequence was derived. 

0114. Alternatively, the labeled fragment may be used to 
Screen a genomic library derived from the organism of 
interest, again, using appropriately Stringent conditions. 
Low Stringency conditions are well known to those of Skill 
in the art, and will vary predictably depending on the 
Specific organisms from which the library and the labeled 
Sequences are derived. For guidance regarding Such condi 
tions see, for example, Sambrook, et al., 1989, Molecular 
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Cloning, A Laboratory Manual, Second Edition, Cold Spring 
Harbor Press, N.Y.; and Ausubel, et al., Supra. Further, an 
FBP gene homologue may be isolated from, for example, 
human nucleic and, by performing PCR using two degen 
erate oligonucleotide primer pools designed on the basis of 
amino acid Sequences within any FBP gene product dis 
closed herein. 

0115 The PCR product may be subcloned and sequenced 
to ensure that the amplified Sequences represent the 
sequences of an FBP gene nucleic acid sequence. The PCR 
fragment may then be used to isolate a full length cDNA 
clone by a variety of methods. For example, the amplified 
fragment may be labeled and used to Screen a bacteriophage 
cDNA library. Alternatively, the labeled fragment may be 
used to isolate genomic clones via the Screening of a 
genomic library. 

0116 PCR technology may also be utilized to isolate full 
length cDNA sequences. For example, RNA may be iso 
lated, following Standard procedures, from an appropriate 
cellular or tissue Source (ie., one known, or Suspected, to 
express the FBP gene, Such as, for example, blood Samples 
or brain tissue samples obtained through biopsy or post 
mortem). A reverse transcription reaction may be performed 
on the RNA using an oligonucleotide primer Specific for the 
most 5' end of the amplified fragment for the priming of first 
strand synthesis. The resulting RNA/DNA hybrid may then 
be “tailed” with guanines using a Standard terminal trans 
ferase reaction, the hybrid may be digested with RNAase H, 
and Second Strand Synthesis may then be primed with a 
poly-C primer. Thus, cDNA sequences upstream of the 
amplified fragment may easily be isolated. For a review of 
cloning Strategies that may be used, see e.g., Sambrook et 
al., Supra. 

0117 FBP gene sequences may additionally be used to 
identify mutant FBP gene alleles. Such mutant alleles may 
be isolated from individuals either known or proposed to 
have a genotype that contributes to the symptoms of an FBP 
gene disorder, Such as proliferative or differentiative disor 
derS involved in tumorigenesis or causing cancer, for 
example. Mutant alleles and mutant allele products may then 
be utilized in the therapeutic, diagnostic and prognostic 
systems described below. Additionally, such FBP gene 
Sequences can be used to detect FBP gene regulatory (e.g., 
promoter) defects which can be associated with an FBP 
disorder, such as proliferative or differentiative disorders 
involved in tumorigenesis or causing cancer, for example. 

0118 FBP alleles may be identified by single strand 
conformational polymorphism (SSCP) mutation detection 
techniques, Southern blot, and/or PCR amplification tech 
niques. Primers can routinely be designed to amplify over 
lapping regions of the whole FBP Sequence including the 
promoter region. In one embodiment, primers are designed 
to cover the exon-intron boundaries Such that, first, coding 
regions can be Scanned for mutations. Gcnomic DNA iso 
lated from lymphocytes of normal and affected individuals 
is used as PCR template. PCR products from normal and 
affected individuals are compared, either by Single Strand 
conformational polymorphism (SSCP) mutation detection 
techniques and/or by Sequencing. SSCP analysis can be 
performed as follows: 100 ng of genomic DNA is amplified 
in a 10 ul reaction, adding 10 pmols of each primer, 0.5 U 
of Taq DNA polymerase (Promega), 1 uCi of C-32PdCTP 
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(NEN; specific activity, 3000 Ci/mmol), in 2.5 uM dNTPs 
(Pharmacia), 10 mM Tris-HCl (pH 8.8), 50 mM KCl, 1 mM 
MgCl, 0.01% gelatin, final concentration. Thirty cycles of 
denaturation (94. C.), annealing (56 C. to 64° C., depend 
ing on primer melting temperature), and extension (72. C.) 
is carried out in a thermal-cycler (MJ Research, Boston, 
Mass., USA), followed by a 7 min final extension at 72 C. 
Two microliters of the reaction mixture is diluted in 0.1% 
SDS, 10 mM EDTA and then mixed 1:1 with a sequencing 
stop solution containing 20 mM NaOH. Samples are heated 
at 95 C for 5 min, chilled on ice for 3 min and then 31 will 
be loaded onto a 6% acrylamide/TBE gel containing 5% 
(v/v) glycerol. Gels are run at 8 W for 12-15 h at room 
temperature. Autoradiography is performed by exposure to 
film at -70 C with intensifying screens for different periods 
of time. The mutations responsible for the loss or alteration 
of function of the mutant FBP gene product can then be 
ascertained. 

0119) Alternatively, a cDNA of a mutant FBP gene may 
be isolated, for example, using PCR. In this case, the first 
cDNAstrand may be synthesized by hybridizing an oligo-dT 
oligonucleotide to mRNA isolated from tissue known or 
Suspected to be expressed in an individual putatively carry 
ing the mutant FBP allele, and by extending the new strand 
with reverse transcriptase. The second strand of the cDNA is 
then Synthesized using an oligonucleotide that hybridizes 
Specifically to the 5' end of the normal gene. Using these two 
primers, the product is then amplified via PCR, cloned into 
a Suitable vector, and Subjected to DNA sequence analysis 
through methods well known to those of skill in the art. By 
comparing the DNA sequence of the mutant FBP allele to 
that of the normal FBP allele, the mutation(s) responsible for 
the loss or alteration of function of the mutant FBP gene 
product can be ascertained. 
0120 Alternatively, a genomic library can be constructed 
using DNA obtained from an individual suspected of or 
known to carry a mutant FBP allele, or a cDNA library can 
be constructed using RNA from a tissue known, or SuS 
pected, to express a mutant FBP allele. An unimpaired FBP 
gene or any Suitable fragment thereof may then be labeled 
and used as a probe to identify the corresponding mutant 
FBP allele in Such libraries. Clones containing the mutant 
FBP gene Sequences may then be purified and Subjected to 
Sequence analysis according to methods well known to those 
of skill in the art. 

0121 Additionally, an expression library can be con 
Structed utilizing cDNA Synthesized from, for example, 
RNA isolated from a tissue known, or Suspected, to express 
a mutant FBP allele in an individual suspected of or known 
to carry Such a mutant allele. In this manner, gene products 
made by the putatively mutant tissue may be expressed and 
Screened using Standard antibody Screening techniques in 
conjunction with antibodies raised against the normal FBP 
gene product, as described, below, in Section 5.3. (For 
Screening techniques, See, for example, Harlow and Lane, 
eds., 1988, “Antibodies: A Laboratory anual”, Cold Spring 
Harbor Press, Cold Spring Harbor.) 
0122) Nucleic acids encoding derivatives and analogs of 
FBP proteins, and FBP antisense nucleic acids can be 
isolated by the methods recited above. AS used herein, a 
"nucleic acid encoding a fragment or portion of an F-box 
protein' shall be construed as referring to a nucleic acid 
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encoding only the recited fragment or portion of the FBP and 
not the other contiguous portions of the FBP protein as a 
continuous Sequence. 
0123 Fragments of FBP gene nucleic acids comprising 
regions conserved between (i.e., with homology to) other 
FBP gene nucleic acids, of the same or different Species, are 
also provided. Nucleic acids encoding one or more FBP 
domains can be isolated by the methods recited above. 
0.124. In cases where an FBP mutation results in an 
expressed gene product with altered function (e.g., as a 
result of a missense or a frameshift mutation), a polyclonal 
set of anti-FBP gene product antibodies are likely to cross 
react with the mutant FBP gene product. Library clones 
detected via their reaction with Such labeled antibodies can 
be purified and Subjected to Sequence analysis according to 
methods well known to those of skill in the art. 

0125 5.2 Proteins and Polypeptides of FBP Genes 
0.126 The amino acid sequences depicted in FIGS. 1, 2, 
and parts B of FIGS. 3 to 28 represent FBP gene products. 
The FBPI gene product, sometimes referred to herein as a 
“FBP1 protein', includes those gene products encoded by 
the FBP1 gene sequences described in Section 5.1, above. 
Likewise, the FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, 
FBP7, FBP8, FBP9, FBP10, FBP11, FBP12, FBP13, 
FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, 
FBP21, FBP22, FBP23, FBP24, and FBP25 gene products, 
referred to herein as an FBP2, FBP3a, FBP3b, FBP4, FBP5, 
FBP6, FBP7, FBP8, FBP9, FBP10, FBP11, FBP12, FBP13, 
FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, 
FBP21, FBP22, FBP23, FBP24, and FBP25 proteins, 
include those gene products encoded by the FBP2, FBP3, 
FBP4, FBP5, FBP6, FBP7, FBP8, FBP9, FBP10, FBP11, 
FBP12, FBP13, FBP14, FBP15, FBP16, FBP17, FBP18, 
FBP19, FBP20, FBP21, FBP22, FBP23, FBP24, and FBP25 
genes. In accordance with the present invention, the nucleic 
acid Sequences encoding the FBP gene products are derived 
from eukaryotic genomes, including mammalian genomes. 
In a preferred embodiment the nucleic acid Sequences 
encoding the FBP gene products are derived from human or 
murine genomes. 
0127 FBP gene products, or peptide fragments thereof, 
can be prepared for a variety of uses. For example, Such gene 
products, or peptide fragments thereof, can be used for the 
generation of antibodies, in diagnostic and prognostic 
assays, or for the identification f other cellular or extracel 
lular gene products involved in the ubiquitination pathway 
and thereby implicated in the regulation of cell cycle and 
proliferative disorders. 
0128. In addition, FBP gene products of the present 
invention may include proteins hat represent functionally 
equivalent (see Section 5.1 for a definition) gene products. 
FBP gene products of the invention do not encompass the 
preciously identified mammalian F-box proteins Skp2, 
Cyclin F, Elongin A, or mouse Md6 (see Pagano, 1997, 
Supra; Zhang et al., 1995 Supra; Bai et al., 1996 Supra; 
Skowyra et al., 1997, Supra). 
0129 Functionally equivalent FBP gene products may 
contain deletions, including internal deletions, additions, 
including additions yielding fusion proteins, or Substitutions 
of amino acid residues within and/or adjacent to the amino 
acid Sequence encoded by the FBP gene Sequences 
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described, above, in Section 5.1, but that result in a “silent” 
change, in that the change produces a functionally equiva 
lent FBP gene product. Amino acid substitutions may be 
made on the basis of Similarity in polarity, charge, Solubility, 
hydrophobicity, hydrophilicity, and/or the amphipathic 
nature of the residues involved. For example, nonpolar 
(hydrophobic) amino acids include alanine, leucine, isoleu 
cine, Valine, proline, phenylalanine, tryptophan, and 
methionine, polar neutral amino acids include glycine, 
Serine, threonine, cysteine, tyrosine, asparagine, and 
glutamine; positively charged (basic) amino acids include 
arginine, lysine, and histidine, and negatively charged 
(acidic) amino acids include aspartic acid and glutamic acid. 
0.130. Alternatively, where alteration of function is 
desired, deletion or non-conservative alterations can be 
engineered to produce altered FBP gene products. Such 
alterations can, for example, alter one or more of the 
biological functions of the FBP gene product. Further, such 
alterations can be Selected So as to generate FBP gene 
products that are better Suited for expression, Scale up, etc. 
in the host cells chosen. For example, cysteine residues can 
be deleted or Substituted with another amino acid residue in 
order to eliminate disulfide bridges. 
0131 The FBP gene products, peptide fragments thereof 
and fusion proteins thereof, may be produced by recombi 
nant DNA technology using techniques well known in the 
art. Thus, methods for preparing the FBP gene polypeptides, 
peptides, fusion peptide and fusion polypeptides of the 
invention by expressing nucleic acid containing FBP gene 
Sequences are described herein. Methods that are well 
known to those skilled in the art can be used to construct 
expression vectors containing FBP gene product coding 
Sequences and appropriate transcriptional and translational 
control Signals. These methods include, for example, in Vitro 
recombinant DNA techniques, Synthetic techniques, and in 
Vivo genetic recombination. See, for example, the tech 
niques described in Sambrook, et al., Supra, and Ausubel, et 
al., Supra. Alternatively, RNA capable of encoding FBP gene 
product Sequences may be chemically Synthesized using, for 
example, Synthesizers. See, for example, the techniques 
described in “Oligonucleotide Synthesis”, 1984, Gait, ed., 
IRL Press, Oxford. 
0132) A variety of host-expression vector systems may be 
utilized to express the FBP gene coding Sequences of the 
invention. Such host-expression Systems represent vehicles 
by which the coding Sequences of interest may be produced 
and Subsequently purified, but also represent cells that may, 
when transformed or transfected with the appropriate nucle 
otide coding Sequences, exhibit the FBP gene product of the 
invention in situ. These include but are not limited to 
microorganisms Such as bacteria (e.g., E. coli, B. Subtilis) 
transformed with recombinant bacteriophage DNA, plasmid 
DNA or cosmid DNA expression vectors containing FBP 
gene product coding Sequences; yeast (e.g., Saccharomyces, 
Pichia) transformed with recombinant yeast expression vec 
tors containing the FBP gene product coding Sequences, 
insect cell Systems infected with recombinant virus expres 
Sion vectors (e.g., baculovirus) containing the FBP gene 
product coding Sequences, plant cell Systems infected with 
recombinant virus expression vectors (e.g. cauliflower 
mosaic virus, CAMV; tobacco mosaic virus, TMV) or 
transformed with recombinant plasmid expression vectors 
(e.g., Ti plasmid) containing FBP gene product coding 










































































































































































