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(57) ABSTRACT 

The present invention relates to the discovery, identification 
and characterization of nucleotides that encode novel Sub 
strate-targeting Subunits of ubiquitin ligases. The invention 
encompasses nucleotides encoding novel Substrate-targeting 
subunits of ubiquitin ligases: FBP1, 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, trans 
genic mice, knock-out mice, host cell expression systems and 
proteins encoded by the nucleotides of the present invention. 
The present invention relates to screening assays that use the 
novel Substrate-targeting Subunits to identify potential thera 
peutic agents such as Small molecules, compounds or deriva 
tives and analogues of the novel ubiquitin ligases which 
modulate activity of the novel ubiquitin ligases for the treat 
ment 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 ubiquitin 
ligases and their substrates for the treatment of proliferative 
disorders. 
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10 20 30 40 50 60 
MDPAEAVLQEKALKFMNSSEREDCNNGEPPRKIIPEKNSLRQTYNSCARLCLNQETWCLA 

70 80 90 100 1 10 120 
STAMKTENCVAKTKLANGTSSMVPKQRKLSASYEKEKELCVKYFEQWSESDQVEFVEHL 

130 140 150 160 170 180 

ISQMCHYQHGHINSYLKPMLQRDFITALPARGLDHIAENILSYLDAKSLCAAELVCKEWY 
190 200 210 220 230 240 

RVTSDGMLWKKLIERMVRTDSLWRGLAERRGWGQYLFKNKPPDGNAPPNSFYRALYPKI 
250 260 270 280 290 300 

ODIETIESNWRCGRHSLQRIHCRSETSKGVYCLOYDDOKIWSGLRDNTIKIWDKNTLECK 
310 520 330 540 350 360 

RILTGHTGSVLCLOYDERVIITGSSDSTVRWDVNTGEMLNTLIHHCEAVLHLRFNNGMM 
370 380 390 400 410 420 

VTCSKDRSIAWDMASPTDITLRRVLVGHRAAVNVVDFDDKYIVSASGDRTIKWNTSTC 
430 440 450 460 470 480 

EFVRTLNGHKRGIACLQYRDRLWSGSSDNTIRLWDIECGACLRVLEGHEELVRCIRFDN 
490 500 510 520 530 540 

KRIVSGAYDGKIKWDLVAALDPRAPAGTLCLRTLVEHSGRVFRLQFDEFOIVSSSHDDT 
550 560 

LIWDFLNDPAAQAEPPRSPSRTYTYISR 

FG.3A 
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10 20 50 40 50 60 
MERKDFETWLDNISVTFLSLTDLQKNETLDHLSLSCAVOLRHLSNNLETLLKRDFLKLL 

70 80 90 100 10 120 
PLELSFYLLKWLDPQTLLTCCLVSKOWNKVISACTEWQTACKNLGWQIDDSVQDALHWK 

50 140 50 160 170 180 
KWYLKAILRMKOLEDHEAFETSSLIGHSARVYALYYKDGLLCTGSDDLSAKLWDVSTGQC 

190 200 210 220 250 240 
WYGIQTHTCAAVKFDEQKLVTGSFDNTVACWEWSSGARTQHFRGHTGAVFSVDYNDELDI 

250 260 270 280 290 300 
LVSGSADFTVKWALSAGTCLNTLTGHTEWTKWLOKCKVKSLLHSPGDYLLSADKYE 

310 320 350 340 350 360 
KIWPIGREINCKCLKTLSVSEDRSICLOPRLHFDGKYIVCSSALGLYOWDFASYDILRV 

370 380 390 400 410 420 

IKTPEIANLALLGFGDIFALLFDNRYLYIMDLRTESLISRWPLPEYRESKRGSSFLAGEH 
PG 

FIG.4A 
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10 20 30 40 50 60 
MKRGGRDSORNSSEEGTAEKSKKLRTTNEHSQTCDWGNLLODILOMFKYLPLLDRAHAS 

70 80 90 100 110 120 
QVCRNWNOVFHMPDLWRCFEFELNCPATSYLKATHPELKQKRHSNHLQYWSFKVDSS 

130 140 150 160 170 180 
KESAEAACDISQLVNCSLKTLGLISTARPSFMDLPKSHFISALTWFVNSKSLSSLKID 

190 200 210 220 230 240 
DTPWDOPSLKVLWANNSDTLKLLKMSSCPHVSPAGILCWADOCHCLRELALNYHLLSDEL 

250 260 270 280 290 300 
LLALSSEKHVRLEHLRIDWSENPGQTHFHTIOKSSWDAFRHSPKWNLVMYFFLYEEEF 

310 520 350 340 350 560 
DPFFRYEIPATHLYFGRSVSKDVLGRVCMTCPRLVELWCANGLRPLDEELIRIAERCKN 

370 580 390 400 410 420 
LSAIGLGECEVSCSAFVEFVKMCGGRLSQLSIMEEVLIPDOKYSLEQIHWEVSKHLGRW 
FPDMMPW 

FIG.5A 
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10 20 30 40 50 60 

MKRNSLSVENKVOLSGAAKQPKWGFYSSLNOTHTHTVLLDWGSLPHHWLQI FOYLPLL 

70 80 90 100 110 120 

DRACASSVCRRWNEVFHISDLWRKFEFELNOSATSSFKSTHPDLIQQI IKKHFAHLQYVS 

130 40 150 160 170 180 
FKVDSSAESAEAACDILSQLVNCSQTLGL ESTAKPSFMNVSESHFVSALTWF INSKS 

190 200 210 220 250 240 
SSIKEDTPWDDPSLKILVANNSDTLRLPKMSSCPHVSSDGILCVADRCOGLRELALNYY 

250 260 270 280 290 300 

ILTDELFLALSSETHVNLEHLRIDWSENPCQIKFHAVKKHSWDALIKHSPRVNWMHFF 
310 520 350 540 350 360. 

LYEEEFETFFKEETPVTHLYFGRSVSKWVLGRVGLNCPRL ELWCANDLOPLDNELIC 

370 380 590 400 410 420 

AEHCTNLTALGLSKCEVSCSAFIRFVRLCERRLTQLSVMEEVIPDEDYSLDEIHTEVSK 

430 
YLGRWFPDWMPLW 

FIG.6A 
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10 20 SO 40 50 60 
ACATTTTCTAATGTTTACAGAATGAAGAGGAACAGTTTATCTGTTGAGAATAAAATTCTCCAGTTGTCA 

70. 80 90 100 110 120 130 
GGACCAGCCAAACAGCCAAAACTTGGGTTCTACTCTTCTCTCAACCAGACTCATACACACACGGTTCTT 

40 150 160 170 180 90 200 
CTAGACTGGGGGAGTTTGCCTCACCATGTAGTATTACAAATTTTTCAGTATCTTCCTTTACTAGATCCG 
210 220 230 240 250 260 270 
GCCTGTGCATCTTCTGTATGTAGGAGGTGGAATGAAGTTTTTCATATTTCTGACCTTTGGAGAAAGTTT 
280 290 500 310 520 330 340 

GAATTTGAACTGAACCAGTCACCTACTTCATCTTTTAAGTCCACTCATCCTGATCTCATTCACCAGATC 

350 360 370 380 390 400 410 . 
ATTAAAAACCATTTTCCTCATCTTCACTATGTCAGCTTTAAGGTTGACAGTACCGCTGAGTCAGCAGAA 

420 450 440 450 460 470 480 
GCTGCCTGTGATATACTCTCTCAGCTGGTAAATTGTTCCATCCAGACCTTGGGCTTGATTTCAACAGCC 

490 500 510 520 530 540 550 
AAGCCAAGTTTCATGAATGTGTCGGAGTCTCATTTTGTGTCACCACTTACAGTTGTTTTTATCAACTCA 

560 570 580 590 600 610 620 
AAATCATTATCACAATCAAAATTGAAGATACACCAGTGGATGATCCTTCATTGAAGATTCTTGTGGCC 

630 640 650 660 670 680 690 
AATAATAGTGACACTCTAAGACTCCCAAAGATGAGTAGCTGTCCTCATGTTTCATCTGATGGAATTCTT 

700 710 720 730 740 750 
TGTGTAGCTGACCGTTGTCAAGGCCTTAGAGAACTGGCGTTGAATTATTACATCCTAACTGATGAACTT 

760 770 780 790 800 810 820 
TTCCTTGCACTCTCAAGCCACACTCATGTTAACCTTGAACATCTTCGAATTGATGTTGTGAGTGAAAAT 

830 840 850 860 870 880 890 
CCTGGACAGATTAAATTTCATCCTGTTAAAAAACACAGTTGGGATGCACTTATTAAACATTCCCCTAGA 

900 90 920 950 940 950 960 
GTTAATGTTGTTATGCACTTCTTTCTATATGAAGAGGAATTCGAGAOGTTCTTCAAAGAAGAAACCCCT 

FIG.6B 
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970 980 990 1000 1010 1020 1030 
CTTACTCACCTTTATTTTCCTCGTTCACTCACCAAAGTCGTTTTAGGACGGGTAGGTCTCAACTGTCCT 

1040 1050 1060 1070 1080 1090 100 
CGACTGATTGACTTAGTCCTCTCTCCTAATGATCTTCACCCTCTTCATAATGAACTTATTGTATTCCT 

1110 1120 1150 1140 1150 1160 1170 
GAACACTGTACAAACCTAACAGCCTTGGGCCTCAGCAAATGTGAACTTAGCTGCAGTGCCTTCATCACG 

1180 190 1200 1210 1220 1230 1240 
TTTGTAAGACTGTGTGAGAGAAGGTTAACACAGCTCTCTGTAATGGAGGAAGTTTTGATCCCTGATGAG 

1250 1260 1270. 1280 1290 1300 1310 
GATTATAGCCTAGATGAAATTCACACTGAAGTCTCCAAATACCTCCGAAGAGTATGGTTCCCTGATGTG 

1230 
ATCCCTCTCTCC 

FIG.6C 
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10 20 30 40 50 60 

MAGSEPRSGTNSPPPPFSDWCRLEAAILSCWKTFWOSVSKDRVARTTSREEVDEAASTLT 
70 80 90 100 10 120 

RLPIDVOLYILSFLSPHDLCQLGSTNHYWNETVRNPILWRYFLLRDLPSWSSVDWKSLPY 
130 140 150 160 170 180 

QILKKPISEVSDGAFFDYMAVYLMCCPYTRRASKSSRPMYGAVTSFLHSLI IPNEPRFA 

190 200 210 220 230 240 
LFGPRLEQLNTSLVLSLLSSEELCPTAGLPQROIDGIGSGVNFOLNNOHKFNLLYSTT 

250 260 270 280 290 300 
RKERDRAREEHTSAVNKMFSRHNEGDDRPGSRYSVIPQIQKLCEWDGFIYVANAEAHKR 

310 520 350 340 350 360 
HEWODEFSHIMAMTDPAFGSSGRPLLVLSCSQGDWKRMPCFYLAHELHLNLLNHPWLVO 

370 380 390 400 410 420 

DTEAETLTGFLNGIEWILEEVESKRARFSFQILGTETINLLLRSCEYLLSGPTLSCL 
430 440 450 460 470 480 

FADRLSFGQL LLCFLYYFYFLP NYKKRVSVLVFSPKMNLTFFWFLYFLSFKY. I 

l 

FIG.7A 
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10 20 30 40 50 60 
ATCGCGGGAAGCGAGCCGCGCAGCCGAACAAATTCGCCGCCCCCCCCCTTCAGCCACTCGGGCCGCCTG 
70 80 90 O0 O 120 130 
GAGGCGGCCATCCTCACOGGCTGGAAGACCTTCTCCCAGTCAGTGACCAAGGATAGGGTGGCGCGTACG 

140 150 160 170 180 190 200 
ACCTCCCGGGAGGAGCTGGATGAGCCGGCCACCACCCTGACGCGGCTGCCGATTGAGTACAGCTATAT 

210 220 250 240 250 260 270 
ATTTTGTCCTTTCTTTCACCTCATGATCTGTGTCAGTTGGGAAGTACAAATCATTATTGGAATGAAACT 
280 290 300 310 320 330 540 

GTAAGAAATCCAATTCTGTGGAGATACTTTTTGTTGAGGGATCTTCCTCTTGGTCTCTCTTGACTGG 

350 360 370 380 390 400 410 
AACTCTCTCCATATCTACAAATCTTAAAAAAGCCTATATCTGACGTCTCTGAGCTCCATTTTTTGAC 

420 450 440 450 460 - 470 480 
TACATGGCAGTCTATCTAATGTGCTGTCCATACACAAGAAGAGCTTCAAAATCCACCCCTCCATGAT 

490 500 510 520 50 540 550 
CGAGCTGTCACTTCTTTTTTACACTCCCTGATCATTCCCAATGAACCTCGATTTCCTCTCTTTCGACCA 

560 570 580 590 600 610 620 
CGTTTGGAACAATTGAATACCTCTTTGGGTTGACCTTCCTCTCTTCACAGGAACTTTCCCCAACACC 

630 640 650 660 670 680 690 
GGTTTGCCTCAGAGGCAGATTGATGGTATTGGATCACGAGTCAATTTTCACTTGAACAACCAACAAAA 

700 710 720 750 740 750 
TTCAACATTCTAATCTTATATTCAACTACCAGAAAGGAAAGAGATAGACCAAGCGAAGACCATACAAGT 

760 770 780 790 800 810 820 
GCAGTTAACAAGATGTTCACTCCACACAATGAAGGTGATCATCGACCAGGAAGCCGCTACAGTGTGATT 
850 840 850 860 870 880 890 
CCACACATTCAAAAACTGTGTGAACTTGTAGATGGGTTCATCTATGTTCCAAATCCTGAACCTCATAAA 
900 910 920 930 940 950 960 
AGACATGAATGGCAAGATGAATTTTCTCATATTATGGCAATGACAGATCCAGCCTTTGGGTCTTCGGGA 

FIG.7B 
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970 980 990 1000 1010 1020 1030 
AGACCATTCTTGGTTTTATCTTGATTTCTCAACCCCATCTAAAAACAATCCCCTGTTTTTATTTCCCT 

1040 1050 1060 1070 1080 1090 1100 
CATGAGCTCCATCTGAATCTTCTAAATCACCCATGGCTCGTCCAGGATACACAGGCTGAACTCTGACT 

110 1120 1150 140 1150 1160 1170 
GGTTTTTTGAATGGCATTGAGTGGATTCTTGAAGAAGTGGAATCTAAGCGTGCAAGATGATTCTCTTTT 

1180 1190 1200 20 220 1230 1240 
CAGATCTTGGGAACTGAAACCATTTGAAATTTATTACTAACGTCGTGATGTGAATATTTCCTCAGTCAG 

1250 1260 270 1280 1290 300 1310 
CCCACCTTCTCCTGCCTTTTTCCAGATACGCTTTCATTTCCACACCTATAACTGCTCTGTTTTTTATAT 

1320 1330 1540 1350 1360 1370 1380 
TATTTTTACTTTTTACCATAAATCAATTACAAGAAAAGAGTTTCACTCCTAGTATTTAGCCCCAAAATG 

1390 1400 1410 1420 1430 1440 
AACCTTTAAACATTTTTTTGGTAATTTTTATATTTTCTGTCTTTTTAAAAATATTAAATTTTGG 

FIG.7C 
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10 20 30 40 50 60 
MSRRPCSCALRPPRCSCSASPSAVTAAGRPRPSDSCKEESSTLSVKMKCDFNCNHVHSGL 

70 80 90 100 110 120 
KLVKPDDIGRLVSYTPAYLEGSCKDCKDYERLSCIGSPIVSPRIVOLETESKRLHNKEN. 

w 130 140 150 160 70 180 
OHVOOTLNSTNEEALETSRLYEDSGYSSFSLOSGLSEHEEGSLLEENFGDSLOSCLLQI 

90 200 210 220 230 240 
OSPDOYPNKNLLPVLHFEKWCSTLKKNAKRNPKVDREMLKEI ARGNFRLONIIGRKMG 

250 260 270 280 290 300 
LECVDLSELFRRGLRHVLATILAQLSDMDLINVSKVSTTWKKILEDDKGAFOLYSKAQ 

510 320 330 540 350 360 
RVTENNNKFSPHASTREYVMFRTPLASVOKSAAQTSLKKDAQTKLSNOGDQKGSTYSRHN 

370 380 590 400 410 420 
EFSEVAKTLKKNESLKACIRCNSPAKYDCYLORATCKREGCGFDYCTKCLCNYHTTKDCs 

450 440 
DGKLLKASCKGPLPGTKKSKKNLRRL 

FIG.8A 
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950 960 970 980 990 1000 1010 020 1030 
TTGTACAGTAAAGCAATACAAAGACTTACOGAAAACAACAATAAATTTTCACCTCATGCTTCAACCAGAGAATATGTTATGTTCACAACCCCAC 

1040 1050 060 1070 1080 1090 1100 10 120 
TGGCTTCFGTTCACAAATCAGCAGCCCAGACTTCTCTCAAAAAAGATGCTCAAACCAAGTTATCCAATCAAGGTGATCAGAAACGTTCTACTTA 
30 40 1150 1160 1170 18O 190 200 1210 1220 
TAGTCGACACAATGAATTCTCTCACGTCCCAAGACATTGAAAAAGAACGAAAGCCTCAAAGCCTGTATTCGCTGTAATTCACCTCCAAAAIAT 

1230 1240 1250 1260 1270 1280 1290 300 130 
GATTCCTATTTACAACGCCCAACCTCCAAAOGAGAAGCCTGTGGATTTGATTATTGTACGAAGTGTCTCTGTAATTATCATACTACTAAAGACT 
1520 1330 1340 1550 1360 1370 380 390 1400 1410 
GTTCAGATGGCAAGCTCCTCAAAGCCACTTGTAAAAYAGGTCCCCTGCCTGGTACAAAGAAAACCAAAAAGAATTTACCAAGATTGTGATCTCT 

1420 1430 1440 450 1460 470 1480 1490 1500 
TATAAATCAATTCTTACTGATCATGAACTTACTTAGAAAATGTAGGTTTTAACTTAAAAAAAATTGTATTGTGATTTTCAATTTTATCTTG 
150 1520 1530 1540 1550 1560 1570 1580 1590 

AAATCGGTGTACTATCCTGAGGTTTTTTTCCCCCCACAAGATAAAGACGATAGACACCTCTTAMATATTTTTACAATTTAATGAGAAAAAGT 
600 160 1620 1630 1640 1650 1660 1670 1680 1690 
TTAAAATTCTCAATACAAATCAAACAATTTAAATATTTTAAGAAAAAAGAAAACTAGATACTCATACTGACGCTAAAAAAAAAATTCATTCAA 

1700 1710 1720 1730 1740 1750 1760 1770 1780 

TTTTATGGTAAGAAACCCATCCAATTTTACCTACACACTCTTAAATATCTCTGGTTTTCCATCTCTTAGCATTTCACACATTTTATGTTCCT 
1790 1800 18O 1820 1830 1840 1850 1860 1870 1880 
CTTACTCAATTGATACCAACAGAAATATCAACTTCTGGAGTCTATTAAATGTGTTGTCACCTTTCTAAAGCTTTTTTTCATTGTGTGTATTTCC 

1890 1900 1910 1920 1930 1940 1950 1960 - 1970 
CAAGAAGTATCCITTGTAAAAACTTCCTTGTTTCCTATTTCTCAAATCTGTTTTAATATTTTTGTATACATGTAAATATTTCTGTATTTTT 

1980 1990 2000 2010 2020 200 2040 2050 2060 
TATATGTCAAAGAATAGTCTCTTGATGACATATAAAAATAAATTTTCCTCAATAAAATTGTAACCTTAAAAAAAAAAAAAAAAAACTCGAC 

2070 
ACTAGTCC 

FIG.8C 
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10 20 30 40 50 60 
ARSGASALRRRRVQWLSRPPPGGGDSFRTRRPORGPGPGGSOAMDAPHSKAALDSINE 

70 80 90 100 110 120 

LPDNILLELFTHVPARQLLLNCRLVCSLWRDLI.DLLTLWKRKCLRKGFITKDWDOPVADW 
130 140 150 160 170 180 

KIFYFLRSLHRNLLRNPCAENDMFAWQIDFNGGDRWKVDSLPGAHGTEFPDPKWKKSFWT 

190 200 210 220 250 240 
SYELCLKWELVDLLADRYWEELLDTFRPDIWKDWFAARADCGCTYQLKVOLASADYFWL 

250 260 270 280 290 500 
ASFEPPPVTIOOWNNATWTEVSYTFSDYPRGVRYLFOHGGRDTOYWAGWYGPRVTNSSI 

310 320 350 
WSPKMTRNOASSEAQPGQKHGQEEAAQSPYGAWQIF 

FIG.9A. 
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10 20 30 40 50 60 
MSNTRFTITLNYKDPLTGDEETLASYGIWSGDICLILHDDIPPPNPSSTDSEHSSLON 

70 80 90 100 110 120 
NEOPSLATSSNOTSIODEOPSDSFOGOAAOSGWNDDSMLGPSQNFEAESQDNAHMAEG 

130 140 150 160 170 180 
TGFYPSEPLLCSESVEGOVPHSLETLYOSADCSDANDALIVLIHLLMLESGYIPOGTEAK 

190 200 210 220 250 240 
ALSLPEKWKLSGVYKLOYMHHLCEGSSATLTCWPLGNLIWNATLKINNERSVKRLQLL 

250 260 270 280 290 300 
PESFICKEKGENVANIYKDLOKLSRLFKDOLVYPLLAFTROALNLPNVFGLVVLPLELK 

310 320 330 340 350 360 
LRIFRLLDVRSVLSLSAVCRDLFTASNDPLLWRFLYLRDFRDNTVRVOOTDWKELYRKRH 

370 380 390 400 410 420 
IORKESPKGRFWLLLPSSTHTIPFYPNPLHPRPFPSSRLPPGIGGEYDQRPTLPYVGDP 

430 440 450 460 470 480 
ISSLIPGPGETPSOLPPLRPRFDPWGPLPGPNPLPGRCGPNDRFPFRPSRGRPTDGRLS 

FM 

FIG.10A 
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O 20 30 40 50 60 

ETSKLGSAVLAPAAGGTLSSEGRSAVSGILIAVTSTGVDKSLNQLLHGLGTSSRLSHF 
70 80 90 100 110 120 

PFGKSPPRGOFWAAAVEIAGRSGLQMGQGLWRWRNOQLQQEGYSEQGYLTREOSRRMA 
130 140 150 160 170 180 

ASNISNTNHRKQVOGGDIYHLLKARKSKEQEGFINLEMLPPELSFTILSYLNATDLCLA 
190 200 210 220 250 240 

SCWODLANDELLWOGLCKSTWGHCSIYNKNPPLGFSFRKXYMOLDEGSLTFNANPDEGV 
250 260 270 280 290 300 

NYFMSKGILDDSPKEIAKFIFCTRTLNWKKLRIYLDERRDVLDDLVTLHNFRNOFLPNAL 
310 320 330 S40 350 360 

REFFRHIHAPEERGEYLETLI TKFSHRFCACNPDLMRELGLSPDAVYVLCYSLILLSIDL 
370 380 590 400 410 420 

TSPHVKNKMSKREFIRNTRRAAONISEDFVCHLYDNIYLIGHVAAKAQLLGLOFLLOTK 
430 440 450 460 470 480 

ATOGLSRYGGYISAGHCSLSIQSSFSVQPFFLPFSILVISLGNILQNFSFCLSRFA 
490 500 510 520 550 540 

QSRATVHSCRMINHYTLKDCVFWHICLKNFIHFHSLYKYHVMCTYLTKEYSHNYF 
550 560 570 580 590 600 

IVKILTKVFPFLSNVLKFIF SETIVXVKVRSDFROKPPASFSFKLRVLICYYITM 

610 620 630 640 650 
QNWOLF YKFI IFFILKTGLIKSRVL TI DF NIKIYDLHSENKXLELW 

FIG. 1 1A 
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10 20 30 40 50 60 
MAAAAVDSAMEVVPALAEEAAPEVAGLSCLVNLPGEVLEYICCGSLTAADIGRVSSTCR 

70 80 90 100 110 120 

RLRELCOSSCKWKECFRVRPSLMGIYSPTDryNLEEYKVROKAGLEARKIVASFSKR 
130 140 150 160 170 18O 

FFSEVPCNGFSDIENLEGPEIFFEDELVCILNEGRKALTMcmAKKILnLROCKILN 
90 200 210 220 250 240 

NLKAFLQQPDDYESYLEGAVYIDOYCNPLSDISLKDIQAQIDSIVELVCKTLRGINSRHP 

250 260 270 280 290 300 
SLAFKAGESSMIMEELOSQVLDAMNYWLYDQLKFKGNRMDYYNALNLYMHQVLIRRTG 

510 520 530 340 550 360 
PISMSLLYLTIARQLGVPLEPVNFPSHFLLRWCOGAEGATLDIFDYIYIDAFGKGKQLTV 

370 580 390 400 410 420 
KECEYLIGOHVTAALYGWNVKKVLQRMVGNLLSLGKREGIDOSYOLLRDSLDLYLAMYP 

430 440 450 - 460 470 480 
DOVOLLLLQARLYFHLGIWPEKVLDILOHIOTLDPCCHGAVGYLVOHTLEHERKKEEVG 

490 500 510 520 530 - 540 
VEVKLRSDEKHRDVCYSIGLIMKHKRYGYNCVIYCWDPTCMGHEWIRNMNVHSLPHGH 

550 560 570 580 590 600 
QPFYNVLVEDGSCRYAACENLEYNVEPOESHPOVCRYFSEFTGTHYPNAELERYPED 

610 62O 
LEFWYETVQNYSAKKENIDE 

FIG.12A 
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O 20 30 40 50 60 

RSTGFRRAGEEWSRXLAASPGXLRRPAXTFVLSNLAEWERVLTFLPAKALLRVACVCR 
70 80 90 

LWRECVRRVLRTHRSVTWISAGLAEAGHLXGH 

FIG.15A 

O 20 30 40 50 60 

CCGTAGTACTGGNTTCCGGCGGGCTGGTGAGGAATGGAGCCGGTAGNTGCTTGCGGCGAG 
70 80 90 100 10 120 

TCCCGGGNTCCTCCGTAGACCCCCCGANACCTTCGTGTTGAGTAACCTGGCGGAGGTGGT 
130 140 150 160 170 180 

GGAGCGTGTGCTCACCTTCCTGCCCGCCAAGGCGTTGCTGCGGGTGGCCTGCGTGTGCCG 
190 200 210 220 230 240 

CTTATGGAGGGAGTGTGTGCGCAGAGTATTGCGGACCCATCGGAGCGTAACCTGGATCTC 
250 260 270 

CGCAGGCCTGGCGGAGGCCGGCCACCTGGNGGGGCATT 

FIG.13B 
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O 20 50 40 50 60 
RPRPVQQQQQQPPQQPPPOPPOCOPPOOOPPPPPQQQQQQQPPPPPPPPPPLPQERNNMC 

70 80 90 100 110 120 
ERDDDVPADMVAEESGPGAONSPYOLRRKTLLPKRTACPTKNSMEGASTSTTENFGHRAK 

130 40 150 160 170 180 

RARVSGKSQDLSAAPAEQYLOEKLPDEWLKIFSYLLEQDLCRAACVCKRFSELANDPNL 
190 wir neitRa. 

FIG. 14A 
O 20 30 40 50 60 

GCGGCCGCGCCCGGTGCAGCAACAGCAGCAGCAGCCCCCGCAGCAGCCGCCGCCGCAGCC 
70 80 90 100 10 120 

GCCCCACCACCAGCCGCCCCAGCAGCAGCCTCCGCCGCCGCCGCAGCAGCAGCAGCAGCA 
130 40 150 60 170 80 

GCAGCCTCCGCCGCCGCCACCCCCCCCTCCGCCGCTGCCTCACGAGCGGAACAACGTCCG 
190 200 210 220 230 240 

CGAGCCGGATGATGATGTCCCTGCAGATATGGTTCCAGAAGAATCACGTCCTCGTGCACA 
250 260 270 280 290 300 

AAATAGTCCATACCAACTTCCTAGAAAAACTCTTTTCCCGAAAAGAACAGCCTGTCCCAC 
310 520 330 540 350 560 

AAAGAACAGTATGGAGGGCGCCTCAACTTCAACTACAGAAAACTTTGGTCATCGTCCAAA 
370 380 390 400 410 420 

ACGTGCAAGAGTGTCTGGAAAATCACAAGATCTATCAGCAGCACCTGCTGAACAGTATCT 
430 440 450 460 470 480 

TCACGAGAAACTGCCAGATGAAGTGGTTCTAAAAATCTTCTCTTACTTCCTGGAACAGGA 
490 500 510 520 550 540 

TCTTTGTAGAGCAGCTTGTGTATGTAAACGCTTCAGTGAACTTCCTAATGATCCCAATTT 
550 560 570 580 590 

GTGGAAACGATTATATATGGAAGTATTTGAATATACTCCCCCTATCATGCAT 

FIG.14B 
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10 20 30 40 50 60 
RPRPGLRGGRAPCEVTMEAGGLPLELWRMILAYLHLPDLGRCSLVCRAWYELILSLDSTR 

70 80 90 100 10 120 
WRQLCLGCTECRHPNWPNQPDVEPESWREAFKOHYLASKTWTKNALDLESSICFSLFRRR 

130 40 150 160 170 

RERRTLSVGPGREFDSLGSALAMASLYDRIVLFPGVYEEOCEIILKVPVEIVCOCKLG 

FIG.15A 
10 20 30 40 50 60 

GCGGCCGCGGCCCGGACTCCGCGGTGGGCGAGCGCCCTGTGAGGTGACCATGGAGGCTGG 
70 80 90 100 O 120 

TGGCCCCCCTTGGAGCTGTGGCGCATGATCTTAGCCTACTTGCACCTTCCCGACCTGGG 

130 140 150 160 170 180 
CCGCTGCAGCCTGGTATGCAGGGCCTGGTATGAACTGATCCTCAGCTCGACAGCACCCG 

190. 200 210 220 230 240 
CTGGCGGCAGCTGTGTCTGGGTTGCACCGAGTCCCGCCACCCAATTGGCCCAACCAGCC 

250 260 270 280 290 300 
AGATGTGGAGCCTGAGTCTTGGAGAGAAGCCTTCAAGCAGCATTACCTTGCATCCAAGAC 

310 S20 330 540 350 360 
ATGGACCAAGAATGCCTTGGACTTGGAGTCTCCATCTGCTTTTCCTATTCCGCCGGAG 

370 380 390 400 410 420 
GAGGGAACGACGTACCCTGAGTGTTGGGCCAGGCCGTGAGTTTGACAGCCTGGGCAGTGC 

450 440 450 460 470 480 
CTTGGCCATGGCCAGCCTGTATGACCGAATTGTGCTCTCCCACGTGTGTACGAAGACCA 

490 - 500 510 520 530 
AGGTGAAATCATCTTGAAGGTGCCTGTGGAGATTGTAGGGCAGGGGAAGTTGGGTGA 

FIG.15B 
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10 20 30 40 50 60 
ETETAPLTLESLPTDPLLLILSFLDYRDLINCCYWSRRLSQLSSHDPLWRRHCKKYWLIS 

70 80 90 100 1 O 120 
EEEKTOKNOCWKSLFIDTYSDVGRYIDHYAAIKKASGMSRNWSPGVLGWLSLKEGCS 

130 140 50 160 170 180 
RGRPRCCGSADWAASFLDDYRCSYRIHNGCKLWGSWGYWEAWHCLITIVLKICTSQLP 

190 200 210 220 230 240 
EIPAETGTELSPFNFCIHTGLSQYAVEAAEGsNKNEWFYOCQTVERVFKYGIKMCSDG 

250 
CINGMHeVFS 

FIG.16A 
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10 20 50 40 50 60 
GAGACCGAGACGGCGCCGCTGACCCTAGAGTCCCTGCCCACCGATCCCCTGCTCCTCATC 

70 80 90 100 10 20 
TTATCCTTTTTGGACTATCGGGATCTAATCAACTGTTGTTATGTCAGTCGAAGATTAAGC 

150 140 150 160 170 18O 
CAGCTATCAAGTCATGATCCGCTGTGGAGAAGACATTGCAAAAAATACTGGCTGATATCT 

190 200 210 220 250 240 
GAGGAAGAGAAAACACAGAAGAATCAGTGTTGGAAATCTCTCTTCATAGATACTTACTCT 

250 260 270 280 290 300 

GATGTAGGAAGATACATTGACCATTATGCTGCTATTAAAAAGGCCTCGGGAATGATCTCA 
310 320 330 340 350 360 

AGAAATATTTGGAGCCCAGGTGTCCTCCGATGGGTTTTATCTCTGAAAGAGGGGTGCTCG 
370 380 390 400 410 420 

AGAGGAAGACCTCGATCCTGTGGAAGCGCAGATTGGGCTGCAAGTTTCCTGGACGATTAT 
450 440 450 460 470 480 

CGATGTTCATACCGAATTCACAATGGACAGAAGTTAGTTGGTTCCTGGGGTTATTGGGAA 
490 500 510 520 530 540 

GCATGGCACTGTCTAATCACTATCGTTCTGAAGATTTGTTAGACGTCGATACAGCTGCCG 
550 560 570 580 590 600 

GAGATTCCAGCAGAGACAGGGACTGAAATACTGTCTCCCTTTAACTTTTGCATACATACT 
610 620 650 640 650 660 

GGTTTGAGTCAGTACATAGCAGTGGAAGCTGCAGAGGGTTGAAACAAAAATGAAGTTTTC 
670 680 690 700 710 720 

TACCAATGTCAGACAGTAGAACGTGTGTTTAAATATGGCATTAAGATGTGTTCTGATGGT 
730 740 750 

TGTATAAATCGCATCCATTACGTATTTTCAC 

FIG.16B 
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10 20 30 40 50 60 
GSGFRAGCWPLTMPGKHOHFQEPEVGCCCKYFLFGFNIVFWLGALFLAIGLWAWGEKGV 

70 80 90 100 110 120 
LSNISALTDLGGLDPWLVCGSWRRHVGAGLCWAAIGALRENTFLLKFFXXFLGLIFFLE 
LA 

FIG.17A 

10 20 30 40 50 60 
GGCTCCGGTTTCCGGGCCGGCGGGTGGCCGCTCACCATGCCCCGNAAGCACCAGCATTTC 

70 80 90 100 110 120 
CAGGAACCTGAGGTCGGCTGCTGCGGGAAATACTTCCTGTTTCGCTTCAACATTGTCTTC 

130 140 150 160 170 180 

TGGGTGCTGGGAGCCCTGTTCCTGGCTATCGGCCTCTGGGCCTGGGGTGAGAAGGGCGTT 
190 200 210 220 230 240 

CTCTCGAACATCTCAGCGCTGACAGATCTGGGAGGCCTTGACCCCGTGTGGCTTGTTTGT 
250 260 270 280 290 300 

GGTAGTTGGAGGCGTCATGTCGGTGCTGGGCTTGCTGGGCTCCAATTGGGGCCCTCCGG 
310 320 330 540 350 360 

GAGAACACCTTCCTGCTCAAGTTTTTCTNCGNGTTCCTCGGTCTCATCTTCTTCCTGGAG 

CTGGCAAC 

FIG.17B 
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10 - 20 30 40 50 60 
AAAAAAYLDELPEPLLRVLAALPAAELVOACRLVCLRWKELVDGAPLWLLKCOOEGLVP 

70 80 90 100 10 20 
EGGVEEERDHWQQFYFLSKRRRNLLRNPCGEEDLEGWCDVEHGGDGWRVEELPGDSCVEF 

130 40 50 160 170 180 
THDESVKKYFASSFEWCRKAQVIDLOAEGYWEELLOTTOPAWKDWYSGRSDAGCLYEL 

190 200 210 220 230 240 

TVKLLSEHENVLAEFSSGOVAVPODSDGGGWMEISHTFTDYGPGVRFVRFEHGGOGSVYW 
250 

KGWFGARVTNSSWEP 

FIG. 18A 
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10 20 50 40 50 60 
MGEKAVPLLRRRRVKRSCPSCGSELGVEEKRGKGNPISIOLFPPELVEHI ISFLPVRDLV 

70 80 90 100 110 20 
ALGQTCRYFHEVCDGEGWRRICRRLSPRLQDQDTKGLYFOAFGGRRRCLSKSVAPLLAH 

130 140 150 160 170 180 
GYRRFLPTKDHVFLDYVGTLFFLKNALVSTLGOMOWKRACRYWLCRGAKDFASDPRCD 

190 200 210 220 230 240 
TVYRKYLYVLATREPOEWGTTSSRACDCVEVYLOSSGQRVFKMTFHHSMTFKQIVLVGQ 

250 260 270 280 290 500 
ETORALLLLTEEGKIYSLWNETOLDQPRSYTVQLALRKVSHYLPHLRVACMTSNQSSTL 

310 

FIG. 19A 
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10 20 30 40 50 60 
ATGGGCGAGAAGGCGGTCCCTTTCCTAAGGACGAGCCGGGTGAAGAGAAGCTGCCCTTCTTGTGGCTCG 

70 80 90 100 110 120 130 
GAGCTTGGGGTTGAAGAGAAGAGGGGGAAAGGAAATCCGATTTCCATCCAGTTGTTCCCCCCAGAGCTG 

140 150 160 170 18O 190 200 
GTGGAGCATATCATCTCATTCCTCCCAGTCAGAGACCTTGTTGCCCTCCGCCAGACCTGCCGCTACTTC 

210 220 250 240 250 260 270 
CACGAAGTGTGCGATGGGGAAGGCGTGTGGAGACGCATCTCTCGCAGACTCAGTCCGCGCCTCCAAGAT 
280 290 300 310 520 350 340 

CAGGACACGAAGGGCCTGTATTTCCAGGCATTTGGAGGCCGCCGCCGATGTCTCAGCAAGAGCGTGGCC 
350 360 370 380 390 400 410 

CCCTTCCTACCCCACCGCTACCGCCGCTTCTTGCCCACCAAGGATCACGTCTTCATTCTTGACTACGTG 
420 450 440 450 460 470 480 

GGGACCCTCTTCTTCCTCAAAAATCCCCTGGTCTCCACCCTCCCCCAGATGCAGTGGAAGCGGGCCTGT 
490 500 50 520 530 540 550 

CGCTATGTTGTGTGTGTCGGGAGCCAAGGATTTTCCCTCGGACCCAAGGTGTGACACAGTTTACCGT 

560 570 580 590 600 610 620 
AAAACCTCTACGTCTTGGCCACTCGGGAGCCGCAGGAAGTGGTCGGACCACCAGCAGCCGGGCCTGT 

630 640 650 660 670 680 690 
GACTGTGTTCACGTCTATCTCCAGTCTAGTGGGCAGCGGGTCTTCAAGATGACATTCCACCACTCAATG 

700 710 720 730 740 750 
ACCTTCAAGCAGATCGTGCTGGTTGGTCACGAGACCCACCGGCCTCTACTGCTCCTCACAGAGGAAGGA 

760 770 780 790 800 8O 820 
AAGATCTACTCTTTGGTAGTGAATGAGACCCAGCTTGACCAGCCACGCTCCTACACGGTTCAGCTGGCC 
850 840 850 860 870 880 890 
CTGAGGAAGGTGTCCCACTACCTGCCTCACCTGCGCGTCGCCTGCATGACTTCCAACCAGAGCAGCACC 
900 910 920 950 940 950 
CTCTACGTCACAGATCCTATTCTGTCCCTTCCCTACAACCACCTTGGCCTGGTGGATCA 

FIG. 19B 
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10 20 30 40 50 60 
RGGSEGRGRGREKRARGARRKRKOGGREARAADGEGGSGPGAEAGARTRPREEAEGGGSV 

70 80 90 100 110 120 
EEGARGIKGDEGSVGAGKEACGRKYGKEEWRVRARRREGARPGRVOGOGGQWAYIPGT 

130 140 150 160 170 180 
CAAMAAAAREEEEEAARESAACPAAGPALWRLPEVLLLHMCSYLDMRALGRLAQVYRWLW 

190 200 210 220 250 240 
HFTNCDLLRROIAWASLNSGFTRLGTNLMTSVPVKVSONWIWGCCREGILLKWRCSQMPW 

250 260 270 280 290 300 
MQLEDDALYISQANFILAYOFRPDGASLNRQPLGVSAGHDEDWCHFVLATSHIVSAGGDG 

310 320 330 340 350 360 
KIGLCKIHSTFAAKYWAHEQEVNCVDCKCGI ISFGSRDRTAKWPLASCOLCQCLYTIOT 

370 580 390 400 410 420 
EDOIWSVAIRPLLSSFVTGTACCGHFSPLKIWDLNSGOMTHLORDFPPRAGVLDWIYES 

450 440 450 460 470 480 
PFALLSCGYDTYVRYWDCRTSVRKCVMEWEEPHNSTLYCLOTDGNHLLATGSSFYSWRL 

490 500 510 520 530 
WDRHQRACPHTFPLTSTRLGSPVYCLHLTTKHLYAALSYNLHVLDIONP 

FIG20A 
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10 2O 30 40 50 60 

LILTSVLLFORHGYCTLGEAFNRLDFSSAIQDIRTFNYWKLLQLIAKSQLTSLSCVAQK 
70 80 90 100 110 20 

NYFNILDKIVOKVLDDHHNPRLIKDLLOOLSSTLCLIRGVGKSVLVGNINIWCRLET 
130 140 150 160 170 180 

LAWOOOLODLOMTKOWNNGLTLSDLPLHMLNNILYRFSDGWD TLGOVTPTLYMLSEDR 

190 200 210 220 250 240 
QLWKKCOYHFAEKQFCRHLILSEKGHIEWKLMYFALOKHYPAKEOYGDTLHFCRHCSIL 

250 260 270 
FWKDSGHPCTAADPDSCFTPWSPQHFDLFKF 

FIG.21A 
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O 20 30 40 50 60 
GCATTGCTATAATTTTACTATACTCTCATCTAAATCTAAAATCAGTCTTCAAAAAAAAACAAATTGTC 
70 80 90 100 110 120 130 
CTTTGCCAAAAATTTTTTTAATCGCACAATTAATTGACATTAACTGCCAATTCTTTTTGGCTAATTGAC 
140 150 160 170 180 190 200 
TAATTTTAACTTCTGTGTTCCTTTTCCAGAGCCATGGCTATTGCACCTTGGGAGAAGCCTTTAATCGGT 

210 220 250 240 250 260 270 
TAGACTTCTCAAGTGCAATTCAAGATATCCGAACGTTCAATTATGTGGTCAAACTGTTGCAGCTAATTG 
280 290 300 310 520 330 540 

CAAAATCCCAGTTAACTTCATTGAGTGGCGTGGCACAGAAGAATTACTTCAACATTTTGGATAAAATCG 
350 360 370 380 390 400 40 

TTCAAAAGGTTCTTGATGACCACCACAATCCTCGCTTAATCAAAGATCTTCTGCAAGACCTAAGCTCTA 
420 430 440 450 460 470 480 

CCCTCTGCATTCTTATTAGAGGAGTAGGGAAGTCTGTATTAGTGGGAAACATCAATATTTGGATTTGCC 
490 500 510 520 530 540 550 

GATTAGAAACTATTCTCGCCTGGCAACAACAGCTACAGGATCTTCAGATGACTAAGCAAGTGAACAATG 
560 570 580 590 600 610 620 

GCCTCACCCTCAGTGACCTTCCTCTCCACATGCTGAACAACATCCTATACCGGTTCTCAGACGGATGGG 
630 640 650 660 670 680 690 

ACATCATCACCTTAGGCCAGGTGACCCCCACGTTGTATATGCTTAGTGAAGACAGACAGCTGTGGAAGA 
700 710 720 730 740 750 

AGCTTTGTCAGTACCATTTTGCTGAAAAGCAGTTTTGTAGACATTTGATCCTTTCAGAAAAAGGTCATA 
760 770 780 790 800 810 820 

TTGAATGGAAGTTGATGTACTTTGCACTTCAGAAACATTACCCAGCGAAGGAGCAGTACGGAGACACAC 
830 840 850 860 870 880 890 
TGCATTTCGTCGGCACTCCAGCATTCTCTTTTGGAAGGACTCAGGACACCCCTGCACGCCGGCCGACC 
900 910 920 930 940 950 960 
CTGACAGCTGCTTCACGCCTCTCTCTCCGCACCACTTCATCGACCTCTTCAAGTTTTAAGGGCTCCCCC 

FIG.21B 
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970 980 990 1000 1010 1020 1030 
TCCCATCCCTATTGGAGATTGTGAATCCTCCTGTCTGTGCAGGGCTCATAGTGAGTGTTCTGTGAGGTG 
1040 1050 1060 1070 1080 1090 1100 

GGTGGAGACTCCTCGGAAGCCCCTGCTTCCAGAAAGCCTGGGAAGAACTCCCCTTCTCCAAAGGGGGGA 
10 120 1130 140 150 1160 1170 

CTCCATGGTTCCATTTTCATCACTGAAAGTCAGACCCCAAGGAAATCATTTCTACTTCTTTAAAAACTC 
180 190 1200 1210 

CTTCTAAGCATATTAAAATGTGAAATTTTCCGTACTCTCTC 

FIG.21C 
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10 20 30 40 50 60 
YGSECKGSSSISSDVSSSTOHTPTKAQKNVATSEDSDLSMRTLSTPSPALICPPNLPGFQ 

70 80 90 100 110 120 

NGRGSSTSSSSITGETVAMVHSPPPTRLTHPLIRLASRPOKEQASIDRLPDHSWQIFSF 
130 140 150 160 170 180 

LPTNQLCRCARVCRRWYNLAWDPRLWRTIRLTGETINMDRALKVLTRRLCQDTPNVCLML 

190 200 210 220 250 240 
ETWTVSGCRRLTDRGLYTIAOCCPELRRLEVSGCYNISNEAVFDWSLCPNLEHLDVSGC 

250 260 270 280 290 300 
SKVTCISLTREASIKLSPLHGKQISIRYLDMTDCFWLEDEGLHTIAAHCTQLTHLYLRRC 

310 320 350 540 350 360 

VRLTDEGLRYLVIYCASIKELSVSDCRFVSDFGLREIAKLESRLRYLSIAHCGRVTDVG 
370 380 390 400 410 420 

RYVAKYCSKLRYLNARGCEGITDHCVEYLAKNCTKLKSLDIGKCPLVSDTGECLALNCF 

430 440 450 460 470 480 
NLKRLSLKSCESITGOGLOIWAANCFDLOTLNVODCEVSVEALRFWKRHCKRCVEHTNP 

AFF 

FIG.22A 
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10 20 30 40 50 60 
AAAPAPAPAPTPTPEEGPDAGWGDRIPLEILVOIFGLLWAADGPMPFLGRAARVCRRWOE 

70 80 90 100 110 120 
AASQPALWHTVTLSSPLVGRPAKGGVKAEKKLLASLEWLMPNRFSQLQRLTLIHWKSOVH 

130 140 150 160 170 180 
PVLKLVGECCPRLTFLKLSGCHGVTADALVMLAKACCQLHSLDLQHSMVESTAWSFLEE 

190 200 210 220 250 240 
AGSRMRKLWLTYSSOTTAILGALLCSCCPOLOVLEVSTGINRNSIPLOLPVEALOKGCPQ 

250 260 270 280 
LOVLRLLNLMWLPKPPGRGWAPGPGFPSLEELCLASSTCNFWS 

FIG.23A 
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10 20 30 40 50 60 
QHCSQKDTAELLRGLSLWNHAEEROKFFKYSVDEKSDKEAEVSEHSTGITHLPPEVMLSI 

70 80 90 100 110 120 
FSYLNPQELCRCSQVSMKWSQLTKTGSLWKHLYPVHWARGDWYSGPATELDTEPDDEWK 

. 130 140 150 160 170 180 
NRKDESRAFHEWDEDADIDESEESAEESIAISIAQMEKRLLHGLIHNVLPYVGTSVKTLV 

190 200 210 220 250 240 
LAYSSAVSSKMVRQILELCPNLEHLOLTOTDISDSAFDSWSWLGCCQSLRHLDLSGCEKI 

250 260 270 280 290 300 
TDVALEKISRALGILTSHOSGFLKTSTSKITSTAWKNKDITMOSTKOYACLHDLTNKGIG 

310 320 350 340 550 360 
EEIDNEHPWTKPVSSENFTSPYWMLDAEDLADIEDTVEWRHRNVESLCVMETASNFSCS 

370 380 390 400 40. 420 
TSGCFSKDIWGLRTSVCWOOHCASPAFAYCGHSFCCTGTALRTMSSLPESSAMCRKAART 

430 440 450 460 470 480 
RLPRGKDLIYFGSEKSDQETGRVLLFLSLSGCYOTDHGLRVLTLGGGLPYLEHLNLSGC 

490 500 510 520 550 540 
LTITGAGLODLVSACPSLNDEYFYYCDNINGPHADTASGCQNLOCCFRACCRSGEPLTS 

550 560 570 580 590 
DLCLLHLAEOAFFHALYSHISCVNHPFLSVTCFGPXYNFRNLNYOXIVML 

FIG.24A 
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10 20 30 40 50 60 
RVTSGCGLARGSSAMVFSNNDEGLINKKLPKELLLRIFSFLDIVTLCRCAQISKAWNILA 

70 80 90 100 110 120 
LDGSNWORDLFNFOOVEGRWENISKRCWGFLRKLSLRGCIGVGDSSLKTFAQNCRNI 

130 140 150 160 170 180 
EHLNLNGCTKITDSTCYSLSRFCSKLKHLXLTSCVSITNSSLKGISEGCRNLEYLNLSWC 

190 200 210 220 230 240 
DQITKDGEALVRGCRGLKALLLRGCTQLEDEALKHONYCHELVSLNLOSCSRITDEGV 

250 260 270 280 290 500 
VOICRGCHRLOALCLSGCSNLTDASLTALGLNCPRLQLEAARCSHTDAGFTLLARNCH 

310 520 330 340 350 360 
ELEKMDLEXCLITDSTLIQLSIHCPKLQALSLSHCELXDDGILHLSNSTCGHERLRVL 

370 380 390 400 410 420 
ELDNCLLITDVALXHLENCRGERLELYDCQQVTRAGIKRMRAQLPHVKVHAYFAPVTPP 

430 440 450 460 470 480 
TAVAGSGORLCRCCVILOOLPGPKG, GILSSRRPESSPTPPSPNLLILHWERHOFP 

490 500 510 520 530 540 
NRHLSRFKNGEDKKGFSNIHHIVT NMALT LVLLLPSSLMSSLTSTHELL (YL RL 

550 
ILKTDOTGPASKY INCVO) 

FIG.25A 
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10 20 30 40 50 60 
MSPVFPMLTVLTMFYYICLRRRARTATRGEMMNTHRAESNSOTSPLNAEWOYAKEWD 

70 80 90 100 110 120 

FSSHYGSENSMSYTMNLAGVPNVFPSSGDFTOTAVFRTYGTWDQCPSASLPFKRTPPN 
130 140 150 60 170 180 

FOSQDYVELTFEQQVYPTAVHVLETYHPGAVIRILACSANPYSPNPPAEVRWEILWSERP 
190 200 210 220 230 240 

TKVNASCAROFKPCIKOINFPTNLIRLEVNSSLLEYYTELDAWLHGVKDKPVLSLKTSL 
250 260 270 280 290 500 

IDMNDIEDDAYAEKDGCGMDSLNKKFSSAVLGEGPNNGYFDKLPYELOLLNHLTLPDL 
310 320 350 340 350 560 

CRLAQTCKLLSOHCCDPLOYIHLNLOPYWAKLDDTSLEFOSRCTLVOWLNLSWTGNRGF 
370 380 390 400 410 420 

ISVAGFSRFLKVCGSELVRLELSCSHFLNETCLEVISEMCPNLOALNLSSCDKLPPOAFN 
430 440 450 460 470 480 

HAKLCSLKRLVLYRTKVEOTALLSILNFCSELOHLSLGSCVMEDYDVIASMIGAKCKK 
490 500 510 520 530 540 

LRTLDLWRCKNTENGIAELASGCPLLEELDLGWCPTLOSSTGCFTRLAHOLPNLOKLFL 
550 560 570 580 590 600 

TANRSVCDTDIDELACNCTRLQQLDILGTRMVSPASLRKLLESCKDLSLLDVSFCSQIDN 
610 620 

RAVLELNASFPKVFIKKSFTO 

FIG.26A 
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10 20 30 40 50 60 
MQLVPDIEFKITYTRSPDGDGVGNSYIEDNDDDSKMADLLSYFQQQLTFQESVLKLCQPE 

70 80 90 100 110 120 
LESSQHSVLPMEVLMYIFRWSSDLDLRSLEQLSLVCRGFYICARDPEIWRLACLKW 

130 140 150 160 170 180 
WGRSCKLVPYTSWREMFLERPRVRFDGVYISKTTYROGEOSLDGFYRAWHOVEYYRYI 

190 200 210 220 230 240 
RFFPDGHVMMLTTPEEPOSIWPRLRTRNTRTDAILLGHYRLSODTDNQTKVFAVITKKKE 

250 260 270 280 290 500 
EKPLDYKYRYFRRVPVOEADOSFHWGLQLCSSGHQRFNKLIWHHSCHITYKSTGETAVS 

310 520 
AFEIDKMYTPLFFARVRSYTAFSERPL 

FIG.27A 
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O 20 30 40 50 60 
ATCCAACTTGACCTGATATAGAGTTCAAGATTACTTATACCCGGTCTCCAGATGGTGATGGCGTTGGA 
70 80 90 100 10 120 130 
AACAGCTACATTGAAGATAATGATGATGACAGCAAAATGGCAGATCTCTTGTCCTACTTCCAGCAGCAA 
140 150 160 170 180 190 200 

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

TTGGAGCAGTTGTCGCTGGTGTGCAGAGGATTCTACATCTGTGCCAGAGACCCTGAAATATGGCGTCTG 
350 360 370 380 590 400 410 

GCCTGCTTGAAAGTTTGGGGCAGAAGCTGTATTAAACTTGTTCCGTACACGTCCTGGAGAGAGATGTTT 
420 450 440 450 460 470 480 

TTAGAACGGCCTCGTGTTCGGTTTGATGGCGTGTATATCAGTAAAACCACATATATTCGTCAAGGGGAA 
490 500 510 520 530 540 550 

CAGTCTCTTGATGGTTTCTATAGAGCCTCCCACCAAGTGGAATATTACACGTACATAAGATTCTTTCCT 
560 570 580 590 600 610 620 

GATGGCCATGTGATGATGTTGACAACCCCTGAAGAGCCTCAGTCCATTGTTCCACGTTTAAGAACTACG 
630 640 650 660 670 680 690 

AATACCAGGACTGATGCAATTCTACTGGGTCACTATCGCTTGTCACAAGACACAGACAATCAGACCAAA 
700 710 720 730 740 750 

GTATTTGCTGTAATAACTAAGAAAAAAGAAGAAAAACCACTTGACTATAAATACAGATATTTTCGTCGT 
760 770 780 790 800 810 820 
GTCCCTGTACAAGAAGCAGATCAGAGTTTTCATGTGGGGCTACAGCTATGTTCCAGTGGTCACCAGAGG 
830 840 850 860 870 880 890 
TTCAACAAACTCATCTGGATACATCATTCTTGTCACATTACTTACAAATCAACTGGTGAGACTGCAGTC 
900 910 920 950 940 950 960 

AGTGCTTTTGAGATTGACAAGATGTACACCCCCTTGTTCTTCGCCAGAGTAAGGAGCTACACACCTTTC 
970 980 
TCAGAAAGGCCTCTGTAG 

FIG.27B 
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10 20 30 40 50 60 
AALDPDLENDDFFVRKTGAFHANPYVLRAFEDFRKFSEQDDSVERDIILOCREGELVLPD 

70 80 90 100 110 120 
LEKDDMVRRPAQKKEVPLSGAPDRYHPVPFPEPWTLPPEIOAKFLCVLERTCPSKEKS 

130 140 150 160 170 18O 
NSCRILVPSYROKKDDMLTRKQSWKLGTTVPPISFTPCPCSEADLKRWEAREASRLRH 

190 200 210 220 230 240 
KKRLMVERLFOKYCENGSKSMSDVSAEDVONLROLRYEEMOKIKSQLKEQDOKWQDDLA 

250 
KWKDRRKSYTSDLOK 

FIG.28A 
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10 20 30 40 50 60 
GCACCCCTGGATCCTGACTTAGAGAATGATGATTCTTTGTCAGAAAGACTGGGGCTTTCCATGCAAAT 

70 80 90 100 10 120 150 . 
CCATATGTTCTCCGAGCTTTTGAAGACTTTAGAAAGTTCTCTGAGCAAGATGATTCTGTAGAGCGAGAT 

140 150 160 170 180 190 200 
ATAATTTACAGTGTAGAGAAGGTGAACTTGTACTCCGGATTTGGAAAAAGATGATAGATTGTTCGC 

20 220 230 240 250 260 27O , 
CGAATCCCAGCACAGAAGAAAGAAGTGCCGCTGTCTGGGGCCCCAGATAGATACCACCCAGTCCCTTTT 
280 290 300 310 320 330 J40 

CCCCAACCCTGGACTCTTCCTCCAGAAATTCAAGCAAAATTTCCTGTGTACTTGAAAGGACATCCCCA 

350 360 370 380 390 400 40 

TCCAAAGAAAAAAGTAATAGCTGTAGAATATTAGTTCCTTCATATCGGCAGAAGAAAGATGACATGCTG 
420 430 440 450 460 470 480 

ACACGTAAGATTCAGTCCTGGAAACTGGGAACTACCGTCCCTCCCATCAGTTTCACNCCTGGCCCCTGC 
490 500 510 520 530 540 550 

AGTGAGGCTGACTTGAAGAGATGGGAGCCCATCCGGGACGCCAGCAGACTCAGGCACAAGAAAAGGCTG 

560 570 580 590 600 610 620 
ATGGTGGAGAGACTCTTTCAAAAGATTTATGGTGACAATGGGAGTAAGTCCATGAGTGATGTCAGCGCA 

630 640 650 660 670 680 690 
GAAGATGTTCAAAACTTGCGTCAGCTCCGTTACGAGGAGATGCAGAAAATAAAATCACAATTAAAACAA 

700 710 720 730 740 750 
CAAGATCAGAAATGGCAGGATGACCTTCCAAAATGGAAAGATCGTCCAAAAACTTACACTTCAGATCTG 

760 
CAGAAG 
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NOVELUBIOUITIN LIFASES AS 
THERAPEUTIC TRAGETS 

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 contents 
of which are incorporated herein by reference in their entirety. 

1. INTRODUCTION 

0002 The present invention relates to the discovery, iden 
tification 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 
mice, 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 therapeu 
tic 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 ubiquitin 
ligases and their substrates for the treatment of proliferative 
disorders. 

2. BACKGROUND OF THE INVENTION 

2.1 Cell Cycle Regulatory Proteins 
0003. The eukaryotic cell cycle is regulated by a family of 
serine/threonine 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 
(Ckis) 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 mam 
malian cells: the Cip/Kip family, which includes p21, p27 and 
p57; and the Ink family, which includes p15, p16, p18, and 
p20 (Sherr & Roberts, 1999, Genes & Dev. 13: 1501). 

2.2 The Ubiquitin Pathway 
0004 Ubiquitin-mediated proteolysis is an important 
pathway of non-lysosomal protein degradation which con 
trols the timed destruction of many cellular regulatory pro 
teins including, p27, p53, p300, cyclins, E2F, STAT-1, c-Myc, 
c-Jun, EGF receptor, IkBC, NFkB and 3-catenin (reviewed in 
Pagano, 1997, FASEB.J. 11:1067). Ubiquitin is an evolution 
ary highly conserved 76-amino acid polypeptide which is 
abundantly present in all eukaryotic cells. The ubiquitin path 
way leads to the covalent attachment of a poly-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 activating enzyme (E1), 
forms a high energy thioester with ubiquitin which is, in turn, 
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transferred to a reactive cysteine residue of one of many 
ubiquitin conjugating enzymes (Ubcs or E2s). The final trans 
fer of ubiquitin to an e-amino group of a reactive lysine 
residue in the target protein occurs in a reaction that is may or 
may not require an ubiquitin ligase (E3) protein. The large 
number of ubiquitin ligases ensures the high level of substrate 
specificity. 

2.3 The Ubiquitin Pathway and the Regulation of the 
G1 Phase by F Box Proteins 

0005 Genetic and biochemical studies in several organ 
isms have shown that the G1 phase of the cell cycle is regu 
lated 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 interac 
tion 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 Cul A) 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, Cul 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 Fat1, 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 SCF' (which recruits the G1 cyclin 
Cln3 as a substrate throughout the F box protein MET30; see 
Pagano and Patton, Supra, for recent reviews). 
0006. 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, 
B-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 iden 
tified. 
0007. 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 con 
tains five LRRs) were identified as two proteins associated in 
Vivo with Cyclin A and thus designated as S-phase kinase 
associated protein 1 and 2 (Zhang, et al., 1995, Cell 82:915). 

2.4 Deregulation of the Ubiquitin Pathway in Cancer 
and Other Proliferative Disorders 

0008 Cancer develops when cells multiply too quickly. 
Cell proliferation is determined by the net balance of positive 
and negative signals. When positive signals overcome or 
when negative signals are absent, the cells multiply too 
quickly and cancer develops. 
0009 Ordinarily cells precisely control the amount of any 
given protein and eliminate the excess or any unwanted pro 
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tein. To do so, the cell specifically tags the undesired protein 
with a long chain of molecules called ubiquitin. These mol 
ecules 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 suppressor pro 
teins). Thus, without tumor Suppressor proteins or in the 
presence of too much oncogenic proteins, cells multiply 
ceaselessly, forming tumors (reviewed by Ciechanover, 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. Acta 1332: 1), the putative oncogene 
|B-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 ubiquitinating enzymes may be mutated in 
tumors. 

0010 Initial evidence indicates that human F-box proteins 
play a role in the ubiquitination of G1 regulatory proteins as 
their homologs do in yeast (see below). Unchecked degrada 
tion 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 degradation 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 

0011. The present invention relates to novel F box proteins 
and therapeutic protocols and pharmaceutical compositions 
designed to target the novel F box proteins and their interac 
tions 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 differentiative disorders 
and other disorders that related to levels of expression or 
enzymatic activity of F box proteins. 
0012. The invention is based in part, on the Applicants 
discovery, identification and characterization of nucleic acids 
comprising nucleotide 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 iden 
tified based on their interaction with components of the ubiq 
uitin ligase complex (FBP1, FBP2, FBP3a, FBP4, FBP5, 
FBP6 and FBP7) or by sequence comparison of these proteins 
with nucleotide sequences present in DNA databases 
(FBP3b, FBP8, FBP9, FBP10, FBP11, FBP12, FBP13, 
FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, 
FBP21, FBP22, FBP23, FBP24, and FBP25). These novel 
Substrate-targeting Subunits of ubiquitin ligase complexes 
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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 potential protein-pro 
tein 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 iden 
tify 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 hepa 
tocarcinomas, Burkitt's lymphoma and parathyroid 
adenomas. Finally, the invention is also based, in part, on the 
Applicants generation of transgenic mice expressing wild 
type or dominant negative versions of FBP proteins and on the 
generation of FBP knock-out mice. 
0013 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) nucle 
otides 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. 
0014. The invention further encompasses agonists and 
antagonists of the novel Substrate-targeting subunits of ubiq 
uitin ligase complexes, including Small molecules, large mol 
ecules, mutants that compete with native F box binding pro 
teins, and antibodies as well as nucleotide sequences that can 
be used to inhibit ubiquitin ligase gene expression (e.g., anti 
sense 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 sys 
tem), and transgenic animals that express a ubiquitin ligase 
transgene or knock-outs that do not express the novel ubiq 
uitin ligases. 
0015. 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, i.e., 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 interaction 
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. 
0016 Still further, the invention encompasses screening 
methods to identify derivatives and analogues of the novel 
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Substrate-targeting Subunits of ubiquitin ligase complexes 
which modulate the activity of the novel ligases 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 com 
plex, including 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 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. 
0017. 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 test 
ing 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. 
0018. The invention is illustrated by way of working 
examples which demonstrate the identification and character 
ization of the novel Substrate-targeting Subunits of ubiquitin 
ligase complexes. The working examples of the present 
invention further demonstrate the identification of the specific 
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 Sub 
strate 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. 

3.1 Definitions 

0019. As used herein, the term “F-box motif refers to a 
stretch of approximately amino acid that was identified as 
being necessary for the interaction of F-box containing pro 
teins 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. 
0020. As used herein the term “F-box protein (FBP) 
refers to peptide, polypeptide or protein which contains an 
F-box motif. 
0021 Although, FBPs are substrate-targeting subunits of 
ubiquitin ligase complexes, as used herein the term "ubiquitin 
ligase' refers to a peptide, polypeptide or protein that con 
tains an F-box motif and interacts with Skp1. 
0022. 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 
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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 ubiquiti 
nating a specific cell-cycle regulatory protein, such as a cyclin 
or cki protein. 
0023. As used herein, the term “to target means to inhibit, 
block or prevent gene expression, enzymatic activity, or inter 
action with other cellular factors. 
0024. 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. 
0025. 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 interac 
tions (see Kobe & Deisenhofer, 1994, Trends. Biochem. Sci. 
19:415-421 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 Kochet al., 1991, Science 252:668-74). 

4. BRIEF DESCRIPTION OF THE FIGURES 

0026 FIG. 1. Alignment of the conserved F-box motif 
amino acid residues in the human F-box proteins FBP1 (SEQ 
ID NO:15), FBP2 (SEQID NO:16), FBP3a (SEQIDNO: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 
(SEQID NO:64), FBP12 (SEQID NO:65), FBP13 (SEQ ID 
NO:79); FBP14 (SEQID NO:66); FBP15 (SEQID NO:67), 
FBP16 (SEQ ID NO:68), FBP17 (SEQ ID NO:69), FBP18 
(SEQID NO:70), FBP19 (SEQID 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 sym 
bol) or BLAST searches (designated by a cross) was per 
formed using the ClustalW method (MacVectorTM) followed 
by manual re-adjustment. Identical residues 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). 
(0027 FIG. 2. Schematic representation of FBPs. Putative 
protein-protein interaction domains in human FBPS are rep 
resented (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 
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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. 
0028 FIG. 3 A-B. A. Amino acid sequence of human 
F-box protein FBP1 (SEQ ID NO:2). B. Corresponding 
cDNA (SEQID NO:1). 
0029 FIG. 4 A-B. A. Amino acid sequence of human 
F-box protein FBP2 (SEQ ID NO:4). B. Corresponding 
cDNA (SEQID NO:3). 
0030 FIG. 5 A-B. A. Amino acid sequence of human 
F-box protein FBP3a (SEQ ID NO:6). B. Corresponding 
cDNA (SEQID NO:5). 
0031 FIG. 6 A-B. A. Amino acid sequence of human 
F-box protein FBP3b (SEQ ID NO:24). B. Corresponding 
cDNA (SEQID NO:23). 
0032 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). 
0033 FIG. 8 A-B. A. Amino acid sequence of human 
F-box protein FBP5 (SEQ ID NO:10). B. Corresponding 
cDNA (SEQID NO:9). 
0034 FIG. 9 A-B. A. Amino acid sequence of human 
F-box protein FBP6 (SEQ ID NO:12). B. Corresponding 
cDNA (SEQID NO:11). 
0035 FIG. 10 A-B. A. Amino acid sequence of human 
F-box protein FBP7 (SEQ ID NO:14). B. Corresponding 
cDNA (SEQID NO:13). 
0036 FIG. 11A-B. A. Amino acid sequence of human 
F-box protein FBP8 (SEQ ID NO:26). B. Corresponding 
cDNA (SEQID NO:25). 
0037 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). 
0038 FIG. 13 A-B. A. Amino acid sequence of human 
F-box protein FBP10 (SEQ ID NO:30). B. Corresponding 
cDNA (SEQID NO:29). 
0039 FIG. 14 A-B. A. Amino acid sequence of human 
F-box protein FBP11 (SEQ ID NO:32). B. Corresponding 
cDNA (SEQID NO:31). 
0040 FIG. 15 A-B. A. Amino acid sequence of human 
F-box protein FBP12 (SEQ ID NO:34). B. Corresponding 
cDNA (SEQID NO:33). 
0041 FIG. 16 A-B. A. Amino acid sequence of human 
F-box protein FBP13 (SEQ ID NO:36). B. Corresponding 
cDNA (SEQED NO:35). 
0042 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). 
0043 FIG. 18 A-B. A. Amino acid sequence of human 
F-box protein FBP15 (SEQ ID NO:40). B. Corresponding 
cDNA (SEQID NO:39). 
0044 FIG. 19 A-B. A. Amino acid sequence of human 
F-box protein FBP16 (SEQ ID NO:42). B. Corresponding 
cDNA (SEQID NO:41). 
0045 FIG. 20 A-B. A. Amino acid sequence of human 
F-box protein FBP17 (SEQ ID NO:44). B. Corresponding 
cDNA (SEQID NO:43). 
0046 FIG. 21A-B. A. Amino acid sequence of human 
F-box protein FBP18 (SEQ ID NO:46). B. Corresponding 
cDNA (SEQID NO:45). 
0047 FIG. 22 A-B. A. Amino acid sequence of human 
F-box protein FBP19 (SEQ ID NO:48). B. Corresponding 
cDNA (SEQID NO:47). 
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0048 FIG. 23 A-B. A. Amino acid sequence of human 
F-box protein FBP20 (SEQ ID NO:50). B. Corresponding 
cDNA (SEQID NO:49). 
0049 FIG. 24 A-B. A. Amino acid sequence of human 
F-box protein FBP21 (SEQ ID NO:52). B. Corresponding 
cDNA (SEQID NO:51). 
0050 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). 
0051 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). 
0.052 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). 
0053 FIG. 28A-B. A. Amino acid sequence of human 
F-box protein FBP25 (SEQ ID NO:60). B. Corresponding 
cDNA (SEQ ID NO:59). 
0054 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 pro 
teins (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-Skip 1 (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 auto 
radiography. The arrows on the left side of the panels point to 
the indicated FBPs. The apparent molecular weights of the 
protein standards are indicated on the right side of the panels. 
0.055 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 FBP1 (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 with a rabbit anti 
Flag antibody (lanes 1-8). Immunoprecipitates were then 
immunoblotted with a mouse anti-Cull monoclonal anti 
body, 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 Cull, Skp1, or Cul2 proteins used as 
markers. The slower migrating bands detected with the anti 
bodies to Cull and Cu12 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 mamma 
lian Cul4a. 
0056 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 immunoprecipitation 
with a rabbit anti-Flag antibody. Immunoprecipitates were 
incubated in the presence of purified recombinant E1 and 
Ubc4 (lanes 1-11) or Ubc2 (lanes (12 and 13) and a reaction 
mix containing biotynilated ubiquitin. Reaction in lane 2 
contained also NEM. Ubiquitinated proteins were visualized 
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by blotting with HRP-streptavidin. The bracket on the left 
side of the panels marks a Smear of ubiquitinated proteins 
produced in the reaction, theasterisk indicates ubiquitin con 
jugated with E1 that were resistant to boiling. 
0057 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-j), or (AF)FBP3a (k-1). 
After 24 hours, cells were subjected to immunofluorescence 
with a rabbit anti-Flag antibody (a, c, e.g., i, k) to stain FBPs 
and bisbenzimide (b, d, f, h, j, 1) to stain nuclei. 
0058 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. 
0059 FIG.34A-E. FISH localization of FBP genes. Puri 
fied phage DNA containing a genomic probe was labeled with 
digoxygenin dUTP and detected with Cy3 conjugated anti 
bodies. 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 13q22, D 
shows localization of FBP4 to 5p12, and Eshows localization 
of FBP5 to 6q25-26. Arrows point to FBP-specific FISH 
signals. 
0060 FIG. 35A-C. FBP1 associates with B-catenin. A. 
Extracts from baculovirus-infected insect cells expressing 
either B-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 immunob 
lotting with anti-Flag (mC.-Flag) and anti-B-catenin mouse 
antibodies, as indicated. Lanes 3 and 4 contain 25 ug 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 Skip 1 (lanes 4-6) were immunopre 
cipitated 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). Immunoprecipi 
tates were then immunoblotted with anti-Flag (mo-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 mammalian 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 immunoprecipita 
tion 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 immuno 
blotted 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. 
0061 FIG. 36 A-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 
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lysed and extracts were subjected to immunoblotting with rat 
anti-HA and rabbit anti-Flag (r C-Flag) antibody, as indi 
cated. 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 35S-methionine for 30 
minutes and chased with medium for the indicated times. 
Extracts were then Subjected to immunoprecipitation with a 
rat anti-HA antibody. 
0062 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-pep 
tide NAGSVEQT*PKKPGLRRRQT corresponding to the 
carboxy terminus of the human p27 with a phosphothreonine 
at position 187 (T). Beads were washed with RIPA buffer 
and bound proteins were eluted and subjected to electro 
phoresis 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 unphosphorylated 
p27 peptide (lane 1) or the control phospho-peptide 
AEIGVGAY*GTVYKARDPHS, corresponding to an amino 
terminal peptide of human Cdk4 with a phosphotyrosine at 
position 17 (Y) (lane 3). Beads were washed with RIPA 
buffer and bound proteins were immunoblotted with antibod 
ies to the proteins indicated on the left of each panel. A portion 
of the HeLa extract (25ug) 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 304 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 added. Samples were then incu 
bated 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. 
0063 FIG. 38. In vivo binding of Skp2 to p27. Extracts 
from HeLa cells (lanes 1-2 and 5-6) or EMR90 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-C-Skp2); lanes 5 and 9: with a rabbit IgG 
(R-IgG); lanes 6 and 10: with an AP rabbit antibody to Skp2 
(R-O-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 recom 
binant proteins. 
0064 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 degradation 
(lanes 13-16) of p27 were carried out with extracts from 
asynchronously growing (Asyn. ext., lanes 2-3) or G1-ar 
rested (G1 ext., lanes 4-20) HeLa cells. Lane 1 contains no 
extract. Recombinant purified proteins were Supplemented as 
indicated. Reactions were performed using wild-type p27 
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(lanes 1-18) or p27(T187A) mutant (T187A, lanes 19-20). 
Lanes 1-8, 9-12, and 17-20 are from three separate experi 
ments. The bracket on the left side of the panels marks a 
ladder of bands >27,000 corresponding to polyubiquitinated 
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-arrested 
(lane 2) HeLa cells. 
0065 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 of purified GST (lane 4), or anti-Skp2 
antibody pre-incubated with 2 ug of purified GST-Skp2 (lane 
5). Lane 1 contains no extract. Samples (30 g 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 polyubiquitinated 
p27. The asterisk indicates a non-specific band present in all 
samples. B. Reconstitution. The restoration of p27 ubiquiti 
nation activity in Skp2-immunodepleted extracts was tested 
by the addition of the indicated purified proteins. All samples 
contained 30 g of Skp2-depleted extract (Skp2-depl. ext.) 
and cyclin E/Cdk2. C. Immunopurification. 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 ubiquitination reaction mix. Samples in 
lanes 4 and 5 were supplemented with recombinant purified 
E1 and Ubc3. All samples were then assayed for p27 ubiq 
uitination. 

0066 FIG. 41A-B. In vivo role of Skp2 in p27 degrada 
tion. A. Stabilization of p27 by a dominant negative (AF)Skp2 
mutant in vivo. NIH-3T3 cells were transfected with mam 
malian 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 immunoblotting 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)-me 
thionine for 20 minutes and chased with medium for the 
indicated times. Extracts were then subjected to immunopre 
cipitation with a mouse anti-p27 antibody. 
0067 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 oligode 
oxynucleotides (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-termi 
nal SKP2 region (CT); Lanes 1, 3, 5, 7 11 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 Hydroxyurea 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). 
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Lanes 9 and 13: Untransfected HeLa cells; Lanes 10 and 14: 
Untransfected HeLa cells treated with drugs as transfected 
cells. 
0068 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 ana 
lyzed by immunoblot with the antibodies to the indicated 
proteins. The Skp2 doublet was likely generated by phospho 
rylation 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 nocodazole were 
shaken off, released in fresh medium and sampled at the 
indicated intervals. Protein extracts were analyzed by immu 
noblotting with the antibodies to the indicated proteins. 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 immuno 
precipitated 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. 
0069 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 

0070 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 
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. 
0071. The present invention relates to screening assays to 
identify substrates of the novel F-box proteins and to identify 
potential therapeutic agents. The present invention further 
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 screen 
ing assays and potential therapeutic agents which target the 
interaction of FBP with novel substrates B-catenin, p27 and 
E2F as identified by Applicants. 
0072 The invention further encompasses the use of nucle 
otides encoding the novel F-box proteins, proteins and pep 
tides, 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 expression, 
oragonists that activate ubiquitin ligase activity or increase its 
expression. In addition, nucleotides encoding the novel ubiq 
uitin ligases and proteins are useful for the identification of 
compounds which regulate or mimic their activity and there 
fore are potentially effective in the treatment of cancer and 
tumorigenesis. 
0073. In particular, the invention described in the subsec 
tions below encompasses FBP1, FBP2. FBP3a, FBP3b, 
FBP4, FBP5, FBP6, FBP7, FBP5, FBP9, FBP10, FBP11, 
FBP12, FBP13, FBP14, FBP15, FBP16, FBP17, FBP18, 
FBP19, FBP20, FBP21, FBP22, FBP23, FBP24, and FBP25 
polypeptides or peptides corresponding to functional 
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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. 
0074 The present invention provides methods of screen 
ing for peptides and proteins that interact with novel compo 
nents of the ubiquitin ligase complex, including 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 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, immunoprecipita 
tion with an antibody that binds to the protein in a complex 
followed by analysis by size fractionation of the immunopre 
cipitated proteins (e.g., by denaturing or nondenaturing poly 
acrylamide gel electrophoresis), Western analysis, non-dena 
turing gel electrophoresis, etc. 
0075. The present invention relates to screening assays to 
identify agents which modulate the activity of the novel ubiq 
uitin ligases. The invention encompasses both in Vivo and in 
vitro assays to screen Small molecules, compounds, recom 
binant proteins, peptides, nucleic acids, antibodies etc. which 
modulate the activity of the novel ubiquitin ligases and thus, 
identify potential therapeutic agents for the treatment of pro 
liferative or differentiative disorders. In one embodiment, the 
present invention provides methods of screening for proteins 
that interact with the novel ubiquitin ligases. 
0076. 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, anti 
sense 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 
animal's endogenous ubiquitin ligase. 
0077 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. 
0078 Various aspects of the invention are described in 
greater detail in the subsections below. 

5.1 FBP Genes 

007.9 The invention provides nucleic acid molecules com 
prising seven novel nucleotide sequences, and fragments 
thereof, FBP1, FBP2, FBP3a, FBP4, FBP5, FBP6, and FBP7, 
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nucleic acids which are novel genes identified by the interac 
tion of their gene products with Skp1, a component of the 
ubiquitin ligase complex. The invention further provides 
fourteen novel nucleic acid molecules comprising the nucle 
otide sequences of FBP1, FBP2, FBP3a, FBP3b, FBP4, 
FBP5, FBP6, FBP7, FBP5, 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. 
0080 

0081 (a) a nucleic acid molecule containing the DNA 
sequences of FBP1, shown in FIG.3 (SEQID 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 (SEQID NO:23), the DNA sequences of FBP4, 
shown in FIG. 7 (SEQID 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 (SEQID 
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 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 (SEQID NO:35), the DNA sequences 
of FBP14, shown in FIG. 17 (SEQID 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 (SEQID NO:43), the DNA sequences 
of FBP18, shown in FIG. 21 (SEQID 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 (SEQID NO:51), the DNA sequences 
of FBP22, shown in FIG. 25 (SEQID 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 (SEQID NO:59). 

0082 (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 (SEQID NO:4), the amino acid 
sequence of FBP3a shown in FIG. 5A (SEQID 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 (SEQID 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 (SEQID 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 (SEQID NO:34), the amino acid sequences of 
FBP13, shown in FIG. 16 (SEQID NO:36), the amino 
acid sequences of FBP14, shown in FIG. 17 (SEQ ID 

As used herein, “an FBP gene' refers to: 
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NO:38), the amino acid sequences of FBP15, shown in 
FIG. 18 (SEQID NO:40), the amino acid sequences of 
FBP16, shown in FIG. 19 (SEQID 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 (SEQID NO:46), the amino acid sequences of 
FBP19, shown in FIG.22 (SEQID 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 (SEQID NO:52), the amino acid sequences of 
FBP22, shown in FIG. 25 (SEQID 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 (SEQID NO:58), the amino acid sequences of 
FBP25, shown in FIG. 28 (SEQID NO:60). 

I0083 (c) any DNA sequence that hybridizes to the 
complement of the DNA sequences that encode any of 
the amino acid sequences of (SEQID NO: 2, 4, 6, 8, 10, 
12 or 14) or FIG. 15 under highly stringent conditions, 
e.g., hybridization to filter-bound DNA in 0.5 M 
NaHPO4, 7% sodium dodecyl sulfate (SDS), 1 mM 
EDTA at 65C, 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 

I0084 (d) any DNA sequence that hybridizes to the 
complement of the DNA sequences that encode any of 
the amino acid sequences in (SEQID 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 equiva 
lent to an FBP gene product. 

0085. 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 Mdo, (see Pagano, 1997, supra; 
Zhang et al., 1995, supra; Bai et al., 1996, supra; Skowyra et 
al., 1997, supra). It is further understood that the nucleic acid 
molecules of the invention do not include nucleic acid mol 
ecules that consist Solely of the nucleotide sequence in Gen 
Bank Accession Nos. AC002428, AI457595, AI 105408, 
H66467, T47217, H38755, THC274684, AI750732, 
AA976979, AI571815, T57296, Z44228, Z45230, N42405, 
AAO18063, AI751015, AI400663, T74432, AA402-415, 
AI826000, AI590.138, AF174602, Z45775, AF174599, 
THC288870, AIO17603, AF174598, THC260994, 
AI475671, AA768343, AF174595, THC240016, N70417, 
T10511, AF174603, ESTO4915, AA147429, AI 192344, 
AF174594, AI147207, AI2797 12, AA593015, AA644633, 
AA335703, N261.96, AF174604, AF053356, AF174606, 
AA836036, AA853045, AI479142, AA772788, AA039454, 
AA397652, AA463756, AAO07384, AA749085, AI640599, 
THC253263, AB020647, THC295423, AA434109, 
AA370939, AA215393, THC271423, AF052097, 
THC288.182, AL049953, CAB37981, AL022395, 
AL031178, THC197682, and THC205131. 
I0086 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 encom 
pass those derived from yeast genomes. In a specific embodi 
ment, the nucleotides of the present invention encompass any 
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DNA sequence derived from a mammalian genome which 
hybridizes under highly stringent conditions to SEQID 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. 
I0087 FBP sequences can include, for example, either 
eukaryotic genomic DNA (cDNA) or cDNA sequences. 
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. 
I0088 As used herein, an FBP gene may also refer to 
degenerate variants of DNA sequences (a) through (d). 
0089. The invention also includes nucleic acid molecules 
derived from mammalian nucleic acids, preferably DNA mol 
ecules, that hybridize to, and are therefore the complements 
of the DNA sequences (a) through (d), in the preceding 
paragraph. Such hybridization conditions may be highly 
stringent or less highly stringent, as described above. In 
instances wherein the nucleic acid molecules are deoxyoli 
gonucleotides ("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 regu 
lation (for and/or as antisense primers in amplification reac 
tions 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 mol 
ecules 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., prolif 
erative or differentiative disorders such as tumorigenesis or 
cancer, may be detected. 
0090 The invention also encompasses: 
0091 (a) DNA vectors that contain any of the foregoing 
FBP coding sequences and/or their complements (i.e., anti 
sense); 
0092 (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 
0093 (c) genetically engineered host cells that contain any 
of the foregoing FBP coding sequences operatively associ 
ated with a regulatory element that directs the expression of 
the coding sequences in the host cell. 
0094. 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 
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regulatory elements include but are not limited to the cytome 
galovirus hCMV immediate early gene, the early or late pro 
moters of SV40 adenovirus, the lac system, the trp system, the 
TAC system, the TRC system, the major operator and pro 
moter regions of phage A, the control regions of fid coat 
protein, the promoter for 3-phosphoglycerate kinase, the pro 
moters of acid phosphatase, and the promoters of the yeast 
mating factors. 
0095. The invention further includes fragments of any of 
the DNA sequences disclosed herein. 
0096. In one embodiment, the FBP gene sequences of the 
invention are mammalian gene sequences, with human 
sequences being preferred. 
0097. In yet another embodiment, the FBP gene sequences 
of the invention are gene sequences encoding FBP gene prod 
ucts containing polypeptide portions corresponding to (that 
is, polypeptideportions exhibiting amino acid sequence simi 
larity to) the amino acid sequence depicted in FIG. 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. 
0098. In specific embodiments, F-box encoding nucleic 
acids comprise the cDNA sequences of SEQID 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 FIG.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 SEQID 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 FIG. 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). 
0099. The invention further provides nucleotide frag 
ments of nucleotide sequences encoding FBP1, FBP2. 
FBP3a, FBP4, FBP5, FBP6, or FBP7 (SEQID NOs: 1,3,5, 
7, 9, 11 and 13, respectively) of the invention. Such fragments 
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) nucleotides, 50 nucle 
otides, 100 nucleotides, 150 nucleotides, or 200 nucleotides 
ofan 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 invention also relates to nucleic acids 
hybridizable to or complementary 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. 
0100. 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 SEQID 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 SEQID 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 por 
tion) of an FBP gene sequence; in other embodiments, the 
nucleic acids consist of at least 25 (continuous) nucleotides, 
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 
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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 sequence complementary to at 
least 10, 25, 50, 100, or 200 nucleotides or the entire coding 
region of an FBP gene sequence. 
0101. 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 SEQID 
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 functionally equiva 
lent to an FBP gene product. Further, homologous FBP gene 
sequences present in other species can be identified and iso 
lated readily. 
0102 The FBP nucleotide sequences of the invention fur 
ther include nucleotide sequences that encode polypeptides 
having at least 30%, 35%, 40%, 45%, 50%, 55%, 60%. 65%, 
70%, 75%, 80%, 85%, 90%, 95%, 98%, or higheramino acid 
sequence identity to the polypeptides encoded by the FBP 
nucleotide sequences of SEQID No. 1, 3, 5, 7, 9, 11 or 13. 
(0103) 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 intro 
duced 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., 9% identity—it of identical overlapping positions/total it of 
overlapping positions x100%). In one embodiment, the two 
sequences are the same length. 
0104. The determination of percent identity between two 
sequences can also be accomplished using a mathematical 
algorithm. A preferred, non-limiting example of a mathemati 
cal 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 mol 
ecules of the invention. BLAST protein searches can be per 
formed 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 per 
form an iterated search which detects distant relationships 
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between molecules (Altschul et al., 1997, supra). When uti 
lizing 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-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 align 
ments for comparison purposes, Gapped BLAST can be uti 
lized as described in Altschulet al., 1997, Nucleic Acids Res. 
25:3389-3402. Alternatively, PSI-Blast can be used to per 
form an iterated search which detects distant relationships 
between molecules (Altschul et al., 1997, supra). When uti 
lizing 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.ncbialm.nih. 
gov). Another preferred, non-limiting example of a math 
ematical 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. 
0105. 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. 
0106 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. 
0107. 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 stringency 
when the cDNA library is derived from an organism different 
from the type of organism from which the labeled sequence 
was derived. 
0108. Alternatively, the labeled fragment may be used to 
screen a genomic library derived from the organism of inter 
est, 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 organ 
isms from which the library and the labeled sequences are 
derived. For guidance regarding Such conditions see, for 
example, Sambrook, et al., 1989, Molecular Cloning. A 
Laboratory Manual, Second Edition, Cold Spring Harbor 
Press, N.Y.; and Ausubel, et al., Supra. Further, an FBP gene 

Aug. 19, 2010 

homologue may be isolated from, for example, human 
nucleic acid, by performing PCR using two degenerate oli 
gonucleotide primer pools designed on the basis of amino 
acid sequences within any FBP gene product disclosed 
herein. 
0109 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 agenomic library. 
0110 PCR technology may also be utilized to isolate full 
length cDNA sequences. For example, RNA may be isolated, 
following standard procedures, from an appropriate cellular 
or tissue source (i.e., 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 transferase 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. 
0111 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 disorders 
involved in tumorigenesis or causing cancer, for example. 
Mutant alleles and mutant allele products may then be uti 
lized 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 pro 
liferative or differentiative disorders involved in tumorigen 
esis or causing cancer, for example. 
0112 FBP alleles may be identified by single strand con 
formational polymorphism (SSCP) mutation detection tech 
niques, Southern blot, and/or PCR amplification techniques. 
Primers can routinely be designed to amplify overlapping 
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. Genomic DNA isolated from lympho 
cytes of normal and affected individuals is used as PCR 
template. PCR products from normal and affected individuals 
are compared, either by single strand conformational poly 
morphism (SSCP) mutation detection techniques and/or by 
sequencing. SSCP analysis can be performed as follows: 100 
ng of genomic DNA is amplified in a 10ul reaction, adding 10 
pmols of each primer, 0.5 U of Taq DNA polymerase 
(Promega), 1 uCi of C-32PdCTP (NEN; specific activity, 
3000 Ci/mmol), in 2.5uM dNTPs (Pharmacia), 10 mM Tris 
HCl (pH 8.8),50 mMKC1, 1 mMMgCl2, 0.01% gelatin, final 
concentration. Thirty cycles of denaturation (94°C.), anneal 
ing (56°C. to 64°C., depending on primer melting tempera 
ture), and extension (72°C.) is carried out in a thermal-cycler 
(MI Research, Boston, Mass., USA), followed by a 7 min 
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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, chilledonice 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 hat 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. 
0113 Alternatively, a cDNA of a mutant FBP gene may be 
isolated, for example, using PCR. In this case, the first cloNA 
Strand may be synthesized by hybridizing an oligo-dT oligo 
nucleotide to mRNA isolated from tissue known or suspected 
to be expressed in an individual putatively carrying 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 specifi 
cally to the 5' end of the normal gene. Using these two prim 
ers, 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. 
0114. 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 Suspected, 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. 
0115 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 screen 
ing techniques, see, for example, Harlow and Lane, eds., 
1988, “Antibodies: A Laboratory Manual, Cold Spring Har 
bor Press, Cold Spring Harbor.) 
0116. 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 encoding only the 
recited fragment or portion of the FBP and not the other 
contiguous portions of the FBP protein as a continuous 
Sequence. 
0117 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. 
0118. In cases where an FBP mutation results in an 
expressed gene product with altered function (e.g., as a result 
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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. 

5.2 Proteins and Polypeptides of FBP Genes 

0119 The amino acid sequences depicted in FIGS. 1, 2, 
and parts B of FIGS.3 to 28 represent FBP gene products. The 
FBP1 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 accor 
dance 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. 
I0120 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 of other cellular or extracellular gene 
products involved in the ubiquitination pathway and thereby 
implicated in the regulation of cell cycle and proliferative 
disorders. 

I0121. In addition, FBP gene products of the present inven 
tion may include proteins that represent functionally equiva 
lent (see Section 5.1 for a definition) gene products. FBP gene 
products of the invention do not encompass the previously 
identified mammalian F-box proteins Skp2, Cyclin F. Elon 
gin A, or mouse Mdo (see Pagano, 1997, Supra; Zhang et al., 
1995 supra; Bai et al., 1996 supra: Skowyra et al., 1997, 
Supra). 
0.122 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 described, 
above, in Section 5.1, but that result in a “silent change, in 
that the change produces a functionally equivalent 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, isoleucine, Valine, proline, phenyla 
lanine, tryptophan, and methionine; polar neutral amino acids 
include glycine, serine, threonine, cysteine, tyrosine, aspar 
agine, and glutamine; positively charged (basic) amino acids 
include arginine, lysine, and histidine; and negatively charged 
(acidic) amino acids include aspartic acid and glutamic acid. 



US 2010/0212033 A1 

0123. Alternatively, where alteration of function is 
desired, deletion or non-conservative alterations can be engi 
neered to produce altered FBP gene products. Such alter 
ations 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 anotheramino acid residue in order to elimi 
nate disulfide bridges. 
0.124. The FBP gene products, peptide fragments thereof 
and fusion proteins thereof, may be produced by recombinant 
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 inven 
tion 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 techniques described in 
Sambrook, et al., Supra, and Ausubel, et al., Supra. Alterna 
tively, 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. 
0.125. 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 micro 
organisms such as bacteria (e.g., E. coli, B. subtilis) trans 
formed 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 trans 
formed with recombinant plasmid expression vectors (e.g., Ti 
plasmid) containing FBP gene product coding sequences; or 
mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3) 
harboring recombinant expression constructs containing pro 
moters derived from the genome of mammalian cells (e.g., 
metallothionein promoter) or from mammalian viruses (e.g., 
the adenovirus late promoter; the vaccinia virus 7.5K pro 
moter). 
0126. In bacterial systems, a number of expression vectors 
may be advantageously selected depending upon the use 
intended for the FBP gene product being expressed. For 
example, when a large quantity of Such a protein is to be 
produced, for the generation of pharmaceutical compositions 
of FBP protein or for raising antibodies to FBP protein, for 
example, vectors that direct the expression of high levels of 
fusion protein products that are readily purified may be desir 
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able. Such vectors include, but are not limited, to the E. coli 
expression vector puR278 (Ruther et al., 1983, EMBO J. 2, 
1791), in which the FBP gene product coding sequence may 
be ligated individually into the vector in frame with the lac Z 
coding region so that a fusion protein is produced; plN vec 
tors (Inouye and Inouye, 1985, Nucleic Acids Res. 13, 3101 
3109; Van Heeke and Schuster, 1989, J. Biol. Chem. 264, 
5503–5509); and the like. pGEX vectors may also be used to 
express foreign polypeptides as fusion proteins with glu 
tathione S-transferase (GST). In general, such fusion proteins 
are soluble and can easily be purified from lysed cells by 
adsorption to glutathione-agarose beads followed by elution 
in the presence of free glutathione. The pGEX vectors are 
designed to include thrombin or factor Xa protease cleavage 
sites so that the cloned target gene product can be released 
from the GST moiety. 
0127. In an insect system, Autographa Californica, 
nuclear polyhedrosis virus (AcNPV) is used as a vector to 
express foreign genes. The virus grows in Spodoptera fru 
giperda cells. The FBP gene coding sequence may be cloned 
individually into non-essential regions (for example the poly 
hedrin gene) of the virus and placed under control of an 
AcNPV promoter (for example the polyhedrin promoter). 
Successful insertion of FBP gene coding sequence will result 
in inactivation of the polyhedrin gene and production of non 
occluded recombinant virus (i.e., virus lacking the proteina 
ceous coat coded for by the polyhedrin gene). These recom 
binant viruses are then used to infect Spodoptera frugiperda 
cells in which the inserted gene is expressed (e.g., see Smith 
et al., 1983, J. Virol. 46:584; Smith, U.S. Pat. No. 4,215,051). 
0128. In mammalian host cells, a number of viral-based 
expression systems may be utilized. In cases where an aden 
ovirus is used as an expression vector, the FBP gene coding 
sequence of interest may be ligated to an adenovirus tran 
Scription/translation control complex, e.g., the late promoter 
and tripartite leader sequence. This chimeric gene may then 
be inserted in the adenovirus genome by in vitro or in vivo 
recombination. Insertion in a non-essential region of the viral 
genome (e.g., region E1 or E3) will result in a recombinant 
virus that is viable and capable of expressing FBP gene prod 
uct in infected hosts. (e.g., See Logan and Shenk, 1984, Proc. 
Natl. Acad. Sci. USA 81,3655-3659). Specific initiation sig 
nals may also be required for efficient translation of inserted 
FBP gene product coding sequences. These signals include 
the ATG initiation codon and adjacent sequences. In cases 
where an entire FBP gene, including its own initiation codon 
and adjacent sequences, is inserted into the appropriate 
expression vector, no additional translational control signals 
may be needed. However, in cases where only a portion of the 
FBP gene coding sequence is inserted, exogenous transla 
tional control signals, including, perhaps, the ATG initiation 
codon, must be provided. Furthermore, the initiation codon 
must be in phase with the reading frame of the desired coding 
sequence to ensure translation of the entire insert. These 
exogenous translational control signals and initiation codons 
can be of a variety of origins, both natural and synthetic. The 
efficiency of expression may be enhanced by the inclusion of 
appropriate transcription enhancer elements, transcription 
terminators, etc. (see Bittner, et al., 1987, Methods in Enzy 
mol. 153,516-544). 
I0129. In addition, a host cell strain may be chosen that 
modulates the expression of the inserted sequences, or modi 
fies and processes the gene product in the specific fashion 
desired. Such modifications (e.g., glycosylation) and pro 






































































































































































