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Figure 1
DNA(SEQ ID NO:1) sequence of human a-1(1) collagen(Homo sapiens col1-a1:

Accession No. NM_000086;GI: 14719826).

1 tegteggage agacgggagt ttctectegg ggtcggagca ggaggcacgc ggagtgtgag
61 gccacgcatg agcggacgct aaccecctce ccagccacaa agagtctaca tgectagggt
121 ctagacatgt tcagctttgt ggaccteogg ctcetgctco tcttagcgge caccgecctc
181 ctgacgcacg gecaagagga aggccaagtc gagggecaag acgaagacat eccaccaate
241 acctgegtac agaacggect caggtaccat gacegagacg tgtggaaacc cgagccctgc
301 cggatctgeg tctgegacaa cggcaaggtg ttgtgegatg acgtgatctg tgacgagacc
361 aagaactgcc ceggegeega agtceeegag ggegagtgct gtcecgtctg caacgacggc
421 tcagagtcac ccacegacca agaaaccacc ggegtegagg gacccaaggg agacactggc
481 coccgaggcc caaggggace cgcaggecee cotggeegag atggcatcec tggacagcet
541 ggactteceg gacceccogg accoacegga cetcecggac cecetggect cggaggaaac
601 tttgctccec agctgtctta tggctatgat gagaaatcaa ceggaggaat ttecgtgcct
661 ggccecatgg gtecetctgg tectegtggt ctceetggec eecetggtge acctggteec
721 caaggcttec aaggtceccc tggtgagect ggegagcctg gagettcagg tcccatgggt
781 ccccgaggtc ceccaggtce ccetggaaag aatggagatg atggggaagc tggaaaacct
841 ggtegtcetg gtgagegtgg gectcctggg cetcagggtg etegaggatt gecoggaaca
901 getggectce ctggaatgaa gggacacaga ggtttcagtg gtttggatgg tgccaaggga
961 gatgetggte ctgetggtec taagggtgag cctggcagcc ctggtgaaaa tggagctcct
1021 ggtcagatgg gccaccgtgg cctgactggt gagagaggto gecetggage ccctggecct
1081 gctggtgete gtggaaatga tggtgctact ggtgetgeeg ggeceectgg tcecaccggc
1141 cengetggtc ctcctggctt cectggtget gttggtgcta agggtgaage tggtececaa
1201 gggcceegag gctctgaagg teeccagggt gtgegtggtg agcetggece eectggccct
1261 gctggtgetg ctggcectge tggaaacect ggtgctgatg gacagectgg tgctaaaggt
1321 gccaatggtg cteetggtat tgetggtgct cctggcttec ctggtgceeg aggcecctct
1381 ggaccceagg geceeggegg cectectggt cecaagagta acagcggtga acctggtgct
1441 cctggcagca aaggagacac tggtgctaag ggagagcctg gecctgttgg tgtteaagga
1501 ccecetggec ctgctggaga ggaaggaaag cgaggagctc gaggtgaacc cggacccact
1561 ggeetgcecg gaceceetgs cgagcgtggt ggacetggta googtggttt cactggegca
1621 gatggtgttg ctggteccaa gggteeegct ggtgaacgtg gttctectgg ceetgctgge
1681 cccaaaggat cteoctggtga agctggtegt cceggtgaag ctggtctgcc tggtgecaag
1741 ggtctgactg gaagecetgg cagceetggt cctgatggca aaactggece cectggtccc
1801 geeggtcaag atggtegcce cggaccceca ggeecacetg gtgeccgtgg tcaggctggt
1861 gtgatgggat tccetggace taaaggtget gctggagagc coggcaagge tggagagega
1921 ggtgttceeg gaccecetgg cgetgtcggt cctgctggca aagatggaga ggctggagct
1981 eagggaccce ctggecctge tggteeeget gsegagagag gtgaacaagg cectgctggc
2041 tcoceeggat teeagggtot coctggtcct gctggtcctc caggtgaagc aggcaaacct
2101 ggtgaacagg gtgttactgg agaccttggo geeeetggoc cctctggage aagaggcgag
2161 agaggtttcc ctggegageg tggtgtgcaa ggtcecectg gtectgctgg tccecgaggg
2221 gccaacggtg otcecggcaa egatggtgct aagsgtgatg ctggtgecee tggagetecc
2281 ggtagccagg gegcecetgg acttcaggga atgectggtg aacgtgstge agetggtctt
2341 ceagggccta agggtgacag aggtgatget ggteccaaag gtgctgatgg ctetcetggc
2401 aaagatggeg tcegtggtet gactggccee attggteetc ctggcectge tggtgcccct
2461 ggtgacaagg gtgaaagtgg tcccagegge cetgetggtc ccactggage tegtggtgcc
2521 cccggagace gtggtgagee tggtceccce ggoactgctg gctttgctgg ececcctggt
2501 gctgacggcc aacctggtgc taaaggegaa eetggtgatg ctggtgctaa aggogatgct
2641 ggtacecetg gecetgcegg acccgctgga cecectggcc ccattggtaa tgttggtget
2701 cctggagcca aaggtgeteg cggeageget ggteccoctg gtgetactgg ttteeetggt
2761 getgetggce gagtoggtcc tcetggeecc tctggaaatg ctggacccec tggeectcet
2821 ggtcctgctg gcaaagaagg cggcaaaggt ceeegtggtg agactggcce tgctggacgt
2881 cctggtgaag ttggtccccc tggtcccect ggcectgetg gegagaaagg atccectggt



5881 ttattttgat tgctggaata aageatgtgg aaatgaccca aacataa
5821 gaggaagcaa aagactetgt acctattttg tatgtgtata ataatttgag atgtttttaa
5761 gteceegggt ttcagagaca actteccaaa geacaaagca gtttttcocc ctaggggtgg
5701 cactectcea cagctgcage ecatectoce ggctceetce tagtetgtce tgegtectct
s641 ectctctcea cetgoctctg gcttcteagg cotctgetet cegacctcte tcetctgaaa
5581 ctatttaaca tgggaggaga gegtgtgegg ctceagecca geeegctgct cactteecac
5521 tatttttctt tetttttttt tttttttgtg gatggggact tgtgaatttt tetaaaggtg
5461 agatgecocc ceaggceage aaatgttect ttttgtlcaa agtctatttt tattccttga
5401 aggtgctaca tctatgtgat gggtggggtg gggagggaat cactggtgct atagaaattg
5341 ggcaactgce tgggggeggg gatgggggea gggtggaage ggotocecat Ettataccaa
5281 gttecttgtg taactgtget getgaaagac tacotcgete ttgtottgat gtgtcaccgg
5221 ggatttgg9g aacgegegte aatcecttgt gcegcaggge tgggegggag agactgttct
5161 accagcecct cactgggtte ggaggagagt caggaaggge cacgacaaag cagaaacatc
s101 goteecatgg otcttgcaac atetcecctt cgtttttgag ggggtcatgc cgggggagcc
5041 acccccaggc cotgggggac ctggggttct cagactgcca aagaagectt gccatctggc
4981 aaaggcaatg ctcaaacace caagtggecc ccaccotcag ccegctectg ccegcccagc
4921 ccttcecaaa tetgtctecc cagaagacac aggaaacaat gtattgtctg cecagcaatc
4861 accccaatge egeeetttct getcctttct ccacacccee cttggggect ceectccact
4801 gtecacttge ttgaagaccc atgogggggt aagteecttt ctgecegttg ggcttatgaa
4741 Cttaccaaaa aaaaaaaaaa aaaaagaata aataaataac tttttaaaaa aggaagcttg
4681 caaacttagt ttttatcttt gaacaaccga acatgaccaa aaaccaaaag tgcattcaac
4621 aaatgggaga caatttcaca tggactttgg aaaatatttt Ettcetttgc attcatctct
4561 actttcccce caacceggaa acagacaagc aacccaaact gaaccocctc aaaagccaaa
4501 ggeectgtct gcttectgta aacteectec ateccaacet ggetcectcc cacecaacca
4441 ateatcgatg Eggececett ggacgttggt geccoagacc aggaattegg ettcgacgtt
4381 accggagcct gsggeaagac agtgattgaa tacaaaacca ccaagacete eegcetgccc
4321 agegcegagg gcaacagaeg cttcacctac agegteactg tegatggctg cacgagtcac
4261 cagcagactg geaacatcaa gaaggeeetg ctcetecagg gctecaacga gatcgagato
4201 tecacegagg ceteceagaa catcacctae cactgcaaga acagegtggc ctacatggac
4141 ggoggccagg geteegacce tgecgatgtg gccatceagd tgaccttcct gegectgatg
4081 aaggacaaga ggcatgtctg gtteggcgag agcatgaccg atggattcea gttcgagtat
4021 tgegtgtacc coactcagce cagtgtggoc cagaagaact ggtacatcag caagaaccce
3961 aaccaaggct gcaacctgga tgceatcaaa gtcttctgca acatggagac tggtgagacc
3901 tgecgtgace tcaagatgtg coactctgac tggaagagtg gagagtactg gattgacccc
3841 agceageaga tcgagaacat ceggagecca gagggcagce gcaagaaccc cgecegcacc
3781 gatgatgcea atgtggttcg tgacegtgac ctegaggtgg acaccacect caagagcctg
3721 agcttcetge cecagceacc tcaagagaag gctcacgatg gtggcegcta ctaccgggct
3661 ccececggce ctectggacc tactggtcee cotggtecte ccagegetgg tttcgacttc
3501 cetggcccca ttgggeeocd tggtectege ggtcgcactg gtgatgctgg teetgttggt
3541 ggtcocegag gtceceetgg ctctgctggt gcteetggca aagatggact caacggtctc
3481 ccccetggce ctectggcte tectggtgaa caaggtceet ctggagcetc tggtectgct
3421 acaggegaac agggcgacag aggeataaag ggtcacegtg gcttctctgg cctccagggt
3361 ggcectgttg gegeeegtgg cceegeegga ccocaaggcc ccegtggtga caagggtgag
3301 cctgotggca agagtggtga tegtggtgag actggteetg ctggtceege cggtcctgte
3241 accggecccg ctggacecec tggtgctect ggtgetcctg gtgeeectgg ceeegttgge
3181 ggtgcegaag gttcecetgg acgagacggt tcteetggcg ecaagggtga ccgtggtgag
3121 cccatgggce cceetggatt ggetggacce catggtgaat ctggacgtga gggggctcct
3061 tctggtgaac ctggeaaaca aggtcectet ggagcaagtg gtgaacgtgg teecectggt
3001 ggtgtggteg gcctgectgg tcagagagga gagagaggct tcectggtct tcetggecce
2941 gctgatggte ctgetggtgc tectggtact cecgggcotc aaggtattgc tggacagegt

Figure 1 (continued)
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Figure 1 (continued)

Polypeptide (SEQ ID NO: 2) sequence of human a-1(I) collagen (Homo sapiens col1-a1:

Accession No. NM_000088;Gl: 14719826].

MFSFVDLRLLLLLAATALLTHGQEEGQVBGQDEDIPPITCVQNGLRYHDRDVWKPEPCRICV

CDNGKVLCDDVICDETKNCFGAEVPEGECCPVCPDGSESPTDQETTGVEGPKGDTGPRGPRG

PAGPPGRDGIPGQPGLPGPPGPPGPPGPPGLCGNFAPQLSYGYDEXSTGGISVPGPMGPSGP

RGLPGPPGAPGPQGFQGPPGEPGEPGASGPMGPRGPPGPFGKNGDDGEAGKPGRPGERGPPG

PQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGSPGENGAPGQMGPRGLPGER

GRPGAPGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGAKGEAGFQGPRGSEGPQGVRGE

PGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGFPGARGPSGPQGPGGPPGPKGNSG

EPGAPGSKGDTGAKGEPGPVGVQGPPGPAGEEGKRGARGEPGPTGLPGPPGERGGPGSRGFP

GADGVAGPXGPAGERGSPGPAGPKGSPGEAGRPGEAGLPGAKGL/TGSPGSPGPDGKTGPPGP

AGQDGRPGPPGPPGARGQAGVMGFPGPKGAAGEPGKAGERGVPGPPGAVGPAGKDGEAGAQG

PPGPAGPAGERGEQGPAGSPGFQGLPGPAGPPGEAGKPGEQGVPGDLGAPGPSGARGERGFP

GERCVQGPPGPAGPRGANGAPGNDGAKGDAGAPGAPGSQGAPGLQGMPGBRGAAGLPGPXGD

RGDAGPKGADGSPGKDGVRGLTGPIGPPGPAGAPGDKGESGPSGPAGPTGARGAPGDRGEPG

PPGPAGFAGPPGADGQPGAKGEPGDAGAXGDAGPPGPAGPAGPPGPIGNVGAPGAKGARGSA

GPPGATGFPGAAGRVGPPGPSGNAGPPGPPGPAGKEGGKGPRGETGPAGRPGEVGPPGPPGP

AGEKGSPGADGPAGAPGTPGPQGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASG

ERGPPGPMGPPGLAGPPGESGREGAPAAEGSPGRDGSPGAKGDRGETGPAGPPGAPGAPGAP

GPVGPAGKSGDRGETGPAGPAGPVGPVGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGL

QGPPGPPGSPGEQGPSGASGPAGPRGPPGSAGAPGKDGLNGLPGPIGPPGPRGRTGDAGPVG

PPGPPGPPGPPGPPSAGFDFSFLPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQ

QIENIRSPEGSRRNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVFCNMETGETCVYP

TQPSVAQKNWYISKNPXDKRHVWFGESMTDGFQFEYGGQGSDPADVAIQLTFLRLMSTEASQ

NITYHCKNSVAYMDQQTGNLKKALLLKGSNEIEIRAEGNSRFTYSVTVDGCTSHTGANGKTV

IEYKTTKSSRLPIIDVAPLDVGAPDQEFGFDVGPVCFL
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Figure 2

DNA (SEQ ID NO: 3) and polypeptide (SEQ ID NO: 4) sequences of human a-2(1)

collagen(Homo sapiens col1-α2: Accession No. NM_000089,GI: 48762933),

including the 5086 bp sequence coding for pre-pro- col1-a2 set forth in Accessian
No, Z74616,GI: 1418929.

1 gtgtcccata gtgtttccaa acttggaaag ggegggggag ggogggagga tgoggaggge
61 ggaggtatgc agacaacgag tcagagttte ceettgaaag cctcaaaagt gtccacgtcc
121 tcaaaaagaa tggaaccaat ttaagaagce ageceegtgg ceacgtcect teccccattc
181 geteeetcet ctgegecece geaggctcct cceagctgtg gotgeecggg cocecagccc
241 cagccetcce attggtggag gocottttgg aggcacccta gggccaggga aacttttgcc
301 gtataaatag ggeagatccg ggetttatta ttttagcacc acggcagcag gaggtttcgg
361 ctaagttgga ggtactggce acgactgcat gecegegccc gacaggtgat acctecgccg
421 gtgacccagg ggctctgcga cacaaggagt ctgcatgtct aagegctaga catgcteagc
481 tttgtggata cgcggacttt gttgctgctt gcagtaacct tatgectage aacatgecaa
541 tctttacaag aggaaactgt aagaaagggc ccageeggag atagaggacc acgtggagaa
601 aggggtccac caggcecece aggcagagat ggtgaagatg gtcecacagg ccctcetggt
661 ccacetggte cteetggece cectggtctc ggtgggaact ltgctgctca gtatgatgga
721 aaaggagttg gacttggeee tggaccaatg ggettaatgg gacctagagg cecacetggt
781 gcagetggag ceccaggece teaaggttte caaggacctg ctggtgagee tggtgaacct
841 ggtcaaactg gteetgcagg tgetegtggt ccagetggce ctectggcaa ggctggtgaa
901 gatggtcacc ctggaaaacc cggacgacct ggtgagagag gagttgttgg accacagsgt
961 gctegtggtt tecetggaac tectggactt cetggettca aaggcattag gggacacaat
1021 ggtctggatg gattgaaggg acageeeggt gotectggtg tgaagggtga acetggtgee
1081 cctggtgaaa atggaactcc aggtcaaaca ggagceegtg ggcttectgg tgagagagga
1141 cgtgttggtg ceeetggece agetggtgce cgeggcagtg atggaagtgt gggteecgtg
1201 ggtectgctg gteccattgg gtctgctggc cctocaggct teceaggtgo cectggccco
1261 aagggtgaaa ttggagetgt tggtaacgct ggtectgetg gtcecgeegg tocecgtggt
1321 gaagtgggtc ttecaggect ctceggecec gttggacctc ctggtaatcc tggageaaac
1381 ggccttactg gtgccaaggg tgctgotggc cttcccggog ttgctggggc teeeggectc
1441 aetggaccce geggtattce tggcectgtt ggtgctgecg gtgctactgg tgccagagga
1501 cttgttggtg ageetggtce agctggctec aaaggagaga goggtaacaa gggtgagecc
1561 ggctctgctg ggceecaagg tectectggt cecagtggtg aagaaggaaa gagaggccct
1621 aatggggaag ctggatctgc cggcectcca ggacctcctg ggctgagagg tagtcctggt
1681 tctegtggte tteetggagc tgatggcaga getggegtca tgggcectce tggtagtegt
1741 ggtgcaagtg geectgetgg agteegagga cctaatggag atgetggtcg ccctggggag
1801 cctggtctca tgggacccag aggtettcct ggttceectg gaaatatogg ceecgetgga
1861 aaagaaggtc ctgteggect ceetggcate gacggcagge ctggeecaat tggeccagct
1921 ggagcaagag gagagcetgg caacattgga ttcectggac ceaaaggecc cactggtgat
1981 cetggcaaaa acggtgataa aggtcatgct ggtcttgctg gtgctegggg tgctccaggt
2041 cctgatggaa acaatggtgc tcagggacct cotggaccac agggtgttca aggtggaaaa
2101 ggtgaacagg gtecceetgg tectceaggc ttccagggte tgectggcce ctcaggtece
2161 gctggtgaag ttggcaaacc aggagaaagg ggtctceatg gtgagtttgg tetccetggt
2221 cctgetggtc caagagggga acgeggtcec ccaggtgaga gtggtgctgc cggtcctact
2281 ggteetattg gaagccgagg tecttctgga cececagggc ctgatggaaa caagggtgaa
2341 cetggtgtgg ttggtgctgt gggeactgot ggtocatctg gtcctagtsg actcccagga
2401 gagaggggtg ctgctggcat acctggaggc aagggagaaa agggtgaacc tggtctcaga
2461 gtgaaattg gtaacectgg cagagatggt gotegtggtg ctectggtgc tgtaggtgcc
2521 cetggtcetg ctggagecac aggtgaccgg ggcgaagctg gggetgctgg tcctgetggt
2581 cetgctggtc ctoggggaag ceetggtgaa egtggtgagg taggtcetge tggceccaat
2641 ggatttgctg gtectgetgg tgctgctggt caacctggtg ctaaaggaga aagaggagec
2701 aaagggceta agggtgaaaa cgstgttgtt ggtcecacag gececgttgg agctgctggc

Figure 2 (continued)
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2761 ccagctggte caaatggtee ceeeggteet gctggaagtc gtggtgatgg aggeeeccct
2821 ggtatgactg gtttceetgg tgctgetgga eggactggtc ccceaggace ctctggtatt
2881 tctggccctc ctggteccec tggtactgat gggaaagaag ggcttegtgg tcetegtggt
2941 gaccaaggtc cagttggeeg aactggagaa gtaggtgcag ttggtcceoc tggcttegct
3001 ggtgagaagg gtecctctgg agaggctggt actgetggac ctcetggcac teeaggteet
3061 cagggtcttc ttggtgctce tggtattctg ggtctcectg gctcgagagg tgaacgtggt
3121 ctaccaggtg ttgetggtge tgtgggtgaa cetggtectc ttggeattge cggeactect
3181 ggggcccgtg gtacteetgg tgetgtgggt agtoctggag tcaacggtge tcctggtgaa
3241 gctggtcgtg atggcaacce tgggaacgat ggteecceag gtcgegatgg tcaacccgga
3301 Cacaagggag agegeggtta ccetggcaat attggteecg ttggtgetge aggtgcacct
3361 ggteetcatg gececgtggg tectgctggc aaacatggai acegtggtga aactggtcct
3421 tetggtcetg ttggtcctgc tggtgctgtt ggcccaagag gtectagtgg cccacaaggc
3481 attcgtggeg ataagggaga gcceggtgaa aaggggcoca gaggtcttce tggcttaaag
3541 ggacacaatg gattgcaagg tctgectggt atcgctggtc accatggtga tcaaggtgct
3601 cctggctecg tgggtcetge tggtectagg ggcactgctg gtccttctgg cectgctgga
3661 aaagatggtc gcactggaca teetggtaca gttggacctg ctggcatteg aggeectcag
3721 ggtcaccaag gcectgctgg cceeectggt cecactggac cteetggacc tccaggtgta
3781 ageggtggtg gttatgactt tggttacgat ggagacttet acagggetga ccagcetegc
3841 tcagcacctt ctctcagacc caaggactat gaagttgatg ctactctgaa gtctctcaac
3901 aaccagattg agacccttct tactcetgaa ggctetagaa agaacccagc Eegcacatgc
3961 cgtgacttga gactcagcca cccagagtgg agcagtggtt actactggat tgaccctaac
4021 caaggatgca ctatggatgc tatcaaagta tactgtgatt tctctactgg cgaaacctgt
4081 atccgggccc aacctgaaaa catcecagce aagaactggt ataggagcte caaggacaag
4141 aaacacgtct ggctaggaga aactatcaat gctggcagce agtttgaata taatgtagaa
4201 ggagtgactt ccaaggaaat ggetacccaa cttgecttea tgegeetgct ggecaactat
4261 gectctcaga acatcaccta ccactgcaag aacagcattg catacatgga tgaggagact
4321 ggcaacctga aaaaggctgt cattctacag ggctctaatg atgttgaact tgttgctgag
4381 ggcaacagca ggttcactta cactgttctt gtagatgget gctctaaaaa gacaaatgaa
4441 tggggaaaga caatcattga atacaaaaca aataagccat cacgectgoe cttecttgat
4501 attgcacctt tggacatcgg tggtgctgac caggaattct ttgtggacat tggcecagtc
4561 tgtttcaaat aaatgaactc aatctaaatt aaaaaagaaa gaaatttgaa aaaactttct
4621 ctttgceatt tcttettctt cttttttaac tgaaagotga atccttccat ttcttctgca
4681 catctacttg cttaaattgt gggcaaaaga gaaaaagaag gattgatcag agcattgtgc
4741 aatacagttt cattaactce ttcceceget cceccaaaaa tttgaatttt tttttcaaca
4801 ctcttacacc tgttatggaa aatgtcaacc tttgtaagaa aaccaaaata aaaattgaaa
4861 aataaaaace ataaacattt gcaccaattg tggcttttga atatcttcca cagagggaag
4921 tttaaaaccc aaacttccaa aggtttaaac tacctcaaaa cactttccca tgagtgtgat
4981 ccacattgtt aggtgctgac ctagacagag atgaactgag gtccttgttt tgttttgttc
5041 ataatacaaa ggtgctaatt aatagtattt cagatacttg aagaatgttg atggtgctag
5101 aagaatttga gaagaaatac tectgtattg agttgtatcg tgtggtgtat tttttaaaaa
5161 atttgattta gcattcatat tttcoatott attcecaatt aaaagtatge agattatttg
5221 cccaaatctt cttcagattc agcatttgtt ctttgccagt ctcattttca tettctteca
5281 tggttccaca gaagctttgt ttcttgggca agcagaaaaa ttaaattgta cctattttgt
5341 atatgtgaga tgtttaaata aattgtgaaa aaaatgaaat aaagcatgtt tggttttcea
5401 aaagaacata t
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Figure 2(continued)

Polypeptide (SEQ ID NO: 4) sequence of human a-2(1) collagen (Homo sapiens

col1-α2: Accession No. NM_000089,GI: 48762933; coding sequence corresponding
to positions 472-4572 of DNA sequence above), including the 5086 bp sequence

coding for pre-pro- col1-α2 set forth in Accession No. Z74616,GI: 1418929.

MLSFVDTRTLLLLAVTLCLATCQSLQEETVRKGPAGDRGPRGERGPPGPPGRDGED

GPTGPPGPPGPPGPPGLGGNFAAQYDGKGVGLGPGPMGLMGPRGPPGAAGAPGPQS

FQGPAGEPGEPGQTGPAGARGPAGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFP

GTPGLPGFKGIRGHNGLDGLKGQPGAPGVKGEPGAPGENGTPGQTGARGLPGERGR

VGAPGPAGARGSDGSVGPVGPAGPIGSAGPPGFPGAPGPKGEIGAVGNAGPAGPAG

PRGEVGLPGLSGPVGPPGNPGANGLTGAKGAAGLPGVAGAPGLPGPRGIPGPVGAA

GATGARGLVGEPGPAGSKGESGNKGEPGSAGPQGPPGPSGEEGKRGPNGEAGSAGP
PGPPGLRGSPGSRGLPGADGRAGVMGPPGSRGASGPAGVRGPNGDAGRPGEPGLMG

PRGLPGSPGNIGPAGKEGPVGLPGIDGRPGPIGPAGARGEPGNIGFPGPKGPTGDP

GKNGDKGHAGLAGARGAPGPDGNNGAQGPPGPQGVQGGKGEQGPPGPPGFQGLPGP

SGPAGEVGKPGERGLHGEFGLPGPAGPRGERGPPGESGAAGPTGPIGSRGPSGPPG

PDGNKGEPGVVGAVGTAGPSGPSGLPGERGAAGIPGGKGEKGEPGLRGEIGNPGRD

GARGAPGAVGAPGPAGATGDRGEAGAAGPAGPAGPRGSPGERGEVGPAGPNGFAGP

AGAAGQPGAKGERGAKGPKGENGVVGPTGPVGAAGPAGPNGPPGPAGSRGDGGPPG

MTGFPGAAGRTGPPGPSGISGPPGPPGPAGKEGLRGPRGDQGPVGRTGEVGAVGPP

GFAGEKGPSGEAGTAGPPGTPGPQGLLGAPGILGLPGSRGERGLPGVAGAVGEPGP

LGIAGPPGARGPPGAVGSPGVNGAPGEAGRDGNPGNDGPPGRDGQPGHKGERGYPG

NIGPVGAAGAPGPHGPVGPAGKHGNRGETGPSGPVGPAGAVGPRGPSGPQGIRGDK

GEPGEKGPRGLPGLKGHNGLQGLPGIAGHHGDQGAPGSVGPAGPRGPAGPSGPAGK

DGRTGHPGTVGPAGIRGPQGHQGPAGPPGPPGPPGPPGVSGGGYDFGYDGDFYRAD
QPRSAPSLRPKDYEVDATLKSLNNQIETLLTPEGSRKNPARTCRDLRLSHPEWSSG

YYWIDPNQGCTMDAIKVYCDFSTGETCIRAQPENIPAKNWYRSSKDKKHVWLGETI

NAGSQFEYNVEGVTSKEMATQLAFMRLLANYASQNITYHCKNSIAYMDEETGNLKK

AVILQGSNDVELVAEGNSRFTYTVLVDGCSKKTNEWGKTIIEYKTNKPSRLPFLDI

APLDIGGADQEFFVDIGPVCFK
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Figure 3

DNA (SEQ ID NO: 5) sequence of human prolyl 4-hydroxylase alpha subunit (a-p4H;

Homo sapiens p4Ha: 2722 bp sequence set forth in Accassion No. M24486 (clone PA-

Il), Gl: 190785).

I gagegggctg agggtaggaa gtagocgete cgagtggagg cgactggggg ctgaagageg
61 cgeegeectc tcgtcccact ttccaggtgt gtgateetgt aaaattaaat cttecaagat
121 gatctggtat atattaatta taggaattct gcttceccag tctttggcte atccaggctt
181 ttttacttca attggtcaga tgactgsttt gatccatact gagaaagatc tggtgacttc
241 tctgaaagat tatattaagg cagaagagga caagttagaa caaataaaaa aatgggcaga
301 gaagttagat cggctaacta gtacagogac aaaagatcca gaaggatttg ttgggcatcc
361 agtaaatgca ttcaaattaa tgaaacglct gaatactgag tggagtgagt tggagaatct
421 ggteettaag gatatgtcag atggetttat ctctaaccta accattcaga gaceagtact
481 ltctaatgat gaagatcagg ttggggcage caaagctctg ttacgtctce aggataccta
541 caatttggat acagatacca tctcaaaggg taatcttcca ggagtgaaac acaaatcttt
601 tctaacggct gaggactgct ttgagttggg caaagtggce tatacagaag cagattatta
661 ccatacggaa ctgtggatgg aacaagecct aaggcaactg gatgaaggeg agatttctac
721 catagataaa gtctctgttc tagattattt gagetatgcg gtatatcagc agggagacct
781 ggataaggca cttttgctca caaagaagct tettgoacta gatectgaac atcagagege
B41 taatggtaac ttaaaatatt ttgagtatat aatggctaaa gaaaaagatg tcaataagtc
901 tgctteagat gaccaatctg atcagaaaac tacaccaaag aaaaaagggg ttgctgtgga
961 ttacctgeca gagagacaga agtacgaaat gctgtgecgt ggggagggta tcaaaatgac
1021 cectcggaga cagaaaaaac tcttttgceg ctaccatgat ggaaacegta atcetaaatt
1091 tattctggct ccagctaaac aggaggatga atgggacaeg cctcgtatta ttcgettcca
1141 tgatattatt tctgatgcag aaattgaaat cgtcaaagac ctagcaaaac caaggctgag
1201 ccgagctaca gtacatgacc ctgagactgg aaaattgace acagcacagt acagagtata
1261 taagagtgce tggetctctg getatgaaas tectgtggtg tctcgaatta atatgagaat
1321 acaagatcta acaggactag atgtttccac agcagaggaa ttacaggtag caaattatgg
1381 agttggagga cagtatgaac cccattttga ctttgeacgg aaagatgage cagatgcttt
1441 caaagagctg gggacaggaa atagaattgc tacatggctg ttttatatga gtgatgtgte
1501 tgcaggagga gccactgttt ttoctgaagt tggagetagt gtttggeeca aaaaaggaac
1561 tgetgtttte tggtataatc tgtttgceag tggagaagga gattatagta cacggcatgc
1621 agcctgtcca gtgetagttg gcaacaaatg ggtatccaat aaatggctcc atgaacgtg
1681 acaagaattt cgaagacctt gtacgttgte agaattggaa tgacaaacag gcttcecttt
1741 ttctcctatt gttgtactct tatgtgtctg atatacacat ttecatagte ttaactttca
1801 ggagtttaca attgactaac actecatgal tgattcagtc atgaacctca tcccatgttt
1861 catctgtgga caattgctta ctttgtgggt tettttaaaa gtaacacgaa atcatcatat
1921 tgcataaaac cttaaagttc tgttggtatc acagaagaca aggcagagtt taaagtgagg
1981 aattttatat ttaaagaact ttttggttgg ataaaaacat aatttgagca tocagtttta
2041 gtatttcact acatctcagt tggtgggtgt taagetagaa tgggetgtgt gataggaaac
2101 aaatgcctta cagatgtgce tagstgttct gtttacctag tgtcttactc tgttttetgg
2161 atctgaagac tagtaataaa ctaggacact aactgggtte catgtgattg ccctttcata
2221 tgatcttcta agttgatttt tttcetceca agtctttttt aaagaaagta tactgtattt
2261 taccaacccc ctctctttte ttttagctcc tctgtggtga attaaacgta cttgagttaa
2341 aatatttcga tttttttttt ttttttaatg gaaagtectg cataacaaca ctgggectte
2401 ttaactaaaa tgctcaccac ttagectgtt tttttatece ttttttaaaa tgacagatga
2461 Ltttgttcag gaattttgct gtttttctta gtgctaatac cttgectctt attectgeta
2521 cagcagggtg gtaatattgg cattctgatt aaatactgtg ccttaggaga ctggaagttt
2581 aaaaatgtac aagtectttc agtgatgagg gaattgattt tttttaaaag tctttttctt
2641 agaaagccaa aatgtttgtt tttttaagat Lctgaaatgt gttgtgacaa caatgaccta
2701 tttatgatct taaatctttt tt
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Figure 3(continued)

Polypeptide (SEQ ID NO: 6) sequence of human prolyl 4-hydroxylase alpha subunit (a-

p4H; Homo sapiens p4Ha: 2722 bp sequence set forth in Accession No. M24486 (clone

PA-II), Gl: 190785).

MINYILIIGILLPQSLAHPGFFTSIGQMTDLIHTEKDLVTSLKDYIKAEEDKLEQIKKWAEKLD

RLTSTATKDPEGFVGHPVNAFKLMKRLNTEWSELENLVLKDMSDGFISNLTIQRPVLSNDEDQV

GAAKALLRLQDTYNLDTDTISKGNLPGVKHKSFLTAEDCFELGKVAYTEADYYHTELWMEQALR

QLDEGEISTIDKVSVLDYLSYAVYQQGDLDKALLLTKKLLELDPEHQRANGNLKYFEYIMAKEK

DVNKSASDDQSDQKTTPKKKGVAVDYLPERQKYEMLCRGEGIKMTPRRQKKLFCRYHDGNRNPK

FILAPAKQEDEWDKPRIIRPHDIISDAEIEIVKDLAKPRLSRATVHDPETGKLTTAQYRVSKSA

WLSGYENPVVSRINMRIQDLTGLDVSTAEELQVANYGVGGQYEPHFDFARKDEFDAFKELGTGN

RIATWLFYMSDVSAGGATVFPEVGASVWPKKGTAVFWYNLFASGEGDYSTRHAACPVLVGNKWV

SNKNLHERGQEFRRPCTLSBLE
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Figure 4

DNA (SEQ ID NO: 7) sequence of human prolyl 4-hydroxylase beta subunit (β-p4H;

Homo sapiens p4Hβ: 1956 bp sequence set forth in Accession No. X05130,Gl: 35654).

1 cegagegece egectgctcc gtgtecgaca tgotgegceg egctctgetg tgectgeegt
61 ggneegccct ggtgegegcc gacgcceccg aggaggagga ceacgtcttg gtgctgcgga
121 aaagcaactt cgegsaggcg ctggeggccc acaagtaccc gecggtggag ttecatgccc
181 cetggtgtgg ccactgcaag gctctggcee ctgagtatge caaagcegct gggaagctga
241 aggcagaagg ttcegagatc aggttggeca aggtggacge cacggaggag tetgacetag
301 cecagcagta cggegtgegc ggctatceca ccatcaagtt cttcaggaat ggagacacgs
361 cttcecceaa ggaatataca getggcagag aggctgatga catcgtgaac tggetgaaga
421 agcgcacggg cceggctgce aceacectge ctgacggege agotgeagag tecttggtgg
481 agtccagcga ggtggccgtc atoggcttct tcaaggacgt ggagtcggac tctgccaagc
541 agtttttgca ggcagcagag gccatcgatg acataccatt tgggatcact tccaacagtg
601 acgtgttctc caaataccag ctcgacaaag atggggttgt cctctttaag aagtttgatg
661 aaggceggaa caactttgaa ggggaggtca ccaaggagaa cctgctggac tttatcaaac
721 acaaccagct gceecttgtc ategagttca cegagcagac agcecegaag atttttggag
781 gtgaaatcaa gactcacatc ctgctgttct tgceeaagag tgtgtetgac tatgacggca
941 aactgagcaa cttcaaaaca gcagcegaga gcttcaaggg caagatectg ttcatcttca
901 tegacagcga ccacaccgac aaccagcgca tectcgagtt ctttggectg aagaaggaag
961 agtgceeggc cgtgegccte atcaccttgg aggaggagat gaccaagtac aagecegaat
1021 eggaggagct gacggcagag aggatcacag agttetgcca cegctteotg gagggcaaaa
1081 tcaagoccca cctgatgage caggagctgc cggaggactg ggacaageag cctgtcaagg
1141 tgettgttgg gaagaacttt gaagacgtgg cttttgatga gaaaaaaaac gtctttgtgg
1201 agttctatge cacatggtgt ggtcactgca aacagttgge tcccatttgg gataaactgg
1261 gagagacgta caaggaccat gagaacatcg tcatcgccaa gatggacteg actgecaacg
1321 aggtggagge egteaaagtg cacggcttce ccacactegg gttctttect gecagtgccg
1381 acaggacggt cattgattac aacggggaac gcacgctgga cggttttaag aaattectag
1441 agagcggtgg ccaagatggg gcaggggatg ttgacgacct cgaggacetc gaagaagcag

1501 aggagecaga catggaggaa gacgatgacc agaaagctgt gaaagatgaa ctgtaatacg
1561 caaagccgga ccegggegct gcegagacce ctegggggct gcacacccag cagcagcgca
1621 cgcctcegaa geetgeggec tegcttgaag gagggogtag ceggaaaccc aaggaacctc
1681 tctgaagtga cacctcacco ctacacaccg toegttcaac ccegtctctt cettctgctt

1741 tteggttttt ggaaaacccg gatcetactc taggcagecc accttggtgg gettgtttce
1801 tgaaaccatg atgtactttt tcatacatga gtetgtccag agtgottget accgtgttcg
1861 gagtctegct gceteectce cgegggaggt tctectettt ttgaaaatte cgtccgtggg
1921 atttttagac atttctacga catcagggta tttgtt
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Figure 4 (continued)

Polypeptide(SEQ ID NO: 8) sequence of human prolyl 4-hydroxylase beta subunit (β-

p4H; Homo sapiens p4Hp: 1956 bp sequence set forth in Accession No. X05130,Gl:

35654).

MLRRALLCLPWXALVRADAPEEEDHVLVLRKSNFAEALAAHKYPPVEFHAPNCGHCKALAPEYA

KAAGKLKAEGSEIRLAKVDATEESDLAQQYGVRGYPTIKFFRNGDTASPKEYTAGREADDIVNW

LKKRTGPAATTLPDGAAAESLVESSEVAVIGFFKDVESDSAKQFLQAAEAIDDIPFGITSNSDV

FSKYQLDKDGVVLFKKFDEGRNNFBGEVTKENLLDFIKHNQLPLVIEFTEQTAPKIFGGEIKTH

IILFLPKSVSDYDGRLSNFKTAAESFKGKILFIFIDSDHTDNQRILEFFGLKKEECPAVRLITL

EEEMTKYKPESEELTAERITEFCHRFLEGKIKPHLMSQELPEDNDKQPVKVLVGKNFEDVAFDE

KKNVFVEFYAPWCGHCKQLAPIWDKLGETYKDHENIVIAKMDSTANEVEAVKVHGFPTLGFFPA

SADRTVIDYNGERTLDGFKKFLESGGQDGAGDVDDLEDLEEAEEPDMEEDDDQKAVKDBL
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Figure 5

a)
Autographa califomica multicapsid nuclear polyhydrosis virus (AcMNPV)p10

promoter region (SEQ ID NO: 9; derived from Genbank Accession NC_001623 and

technical materials for plasmid pBAC4x-1""[Novagen]);

acaatatattatagttaaataagaattattatcaaatcatttgtatattaattaaaatactatactgtaaattac
attttatttacaatc

b)
Autographa califomica multicapsid nuclear polyhydrosis virus (AcMNPV)polH

promoter region (SEQ ID NO: 10; derived from Genbank Accession NC_001623 and

technical materials for plasmid pBAC4x-1TM [Novagen]):

ataaccatctcgcaaataaataagtattttactgttttcgtaacagttttgtaataaaaasacctataaat
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Figure 6
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Figure 7
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Figure 8
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Figure 9

140 kDa colα1—
120 kDa cola2

59人a
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Figure 10
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PRODUCTION OF RECOMBINANT HUMAN
COLLAGEN

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 60/721,921 filed Sep. 30,
2005, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the production of
polypeptides using recombinant DNA systems. More spe-
cifically, the present invention is concerned with the pro-
duction of human collagen using such systems.

BACKGROUND OF THE INVENTION
[0003] Collagen is the most abundant component of the
extracellular matrix, and is generally formed by the assem-
bly of three polypeptide chains to create a trimeric structure.
Nineteen different types of collagen have been described,
numbered as types I-XIX. For example, type I collagen,
found in several tissues such as bone, tendons and skin, is a
heterotrimeric molecule comprising two a-1 (I) chains and
one a-2(I) chain. Type lI collagen is a homotrimeric mol-
ecule comprising three a-1(II) chains. Type III collagen,
found in skin and vascular tissues, is a homotrimeric mol-
ecule comprising three a-1(III) chains.
[0004] Various post-translational modifications during
collagen biosynthesis have been described, including, for
example, the hydroxylation of proline residues to 4-hydrox-
yproline by the enzyme proly1 4-hydroxylase, and cleavage
of N- and C-propeptides of procollagen by N- and C-pro-
teinase enzymes, respectively. Other reported collagen post-
translational enzymes include lysyl oxidase and lysyl
hydroxylase.
[0005] Human collagen is desirable for a number of thera-
peutic applications. Its production by recombinant means is
attractive for example to obtain greater amounts where
insufficient amounts are available from natural sources, as
well as to avoid any adverse immune reactions associated
with the use of collagen from non-human sources.
[0006] There is therefore a continued need to develop
systems for the recombinant production of collagen.

SUMMARY OF THE INVENTION
[0007] The invention relates to the recombinant produc-
tion of collagen.
[0008] More specifically, in accordance with the present
invention, there is provided a method for producing a
recombinant human collagen polypeptide, said method com-
prising:(a) culturing a host insect cell, wherein said insect
cell has been infected, transfected or transformed with a
recombinant baculovirus expression vector comprising:(i)a
nucleotide sequence which encodes a collagen subunit,
operably linked to a first promoter; and (ii) a nucleotide
sequence which encodes a collagen post-translational
enzyme or subunit thereof, operably linked to a second
promoter different from said first promoter; and (b) recov-
ering said collagen polypeptide from said host insect cell
culture.

[0009] The invention further provides a method for pro-
ducing a recombinant human procollagen polypeptide, said

method comprising:(a) culturing a host insect cell, wherein
said insect cell has been infected, transfected or transformed
with a recombinant baculovirus expression vector compris-
ing:(i) a nucleotide sequence which encodes a collagen
subunit, operably linked to a first promoter; and (ii) a
nucleotide sequence which encodes a collagen post-transla-
tional enzyme or subunit thereof, operably linked to a
second promoter; and (b) recovering the procollagen
polypeptide from the host insect cell culture.
[0010] In an embodiment, the above-mentioned infected,
transfected or transformed host insect cell comprising the
recombinant baculovirus expression vector is obtained by a
method comprising:(a) transfecting or transforming a first
host insect cell with baculovirus DNA and an expression
vector comprising:(i) a nucleotide sequence which encodes
a collagen subunit, operably linked to a first promoter; and
(ii) a nucleotide sequence which encodes a collagen post-
translational enzyme or subunit thereof, operably linked to
a second promoter; thereby to permit integration of said
expression vector into said baculovirus DNA to obtain a
recombinant baculovirus expression vector;(b) isolating a
nucleic acid molecule comprising the recombinant baculovi-
rus expression vector from said host cell; and (c) transfect-
ing or transforming a second host insect cell with the nucleic
acid molecule obtained in (b) thereby to obtain an infected,
transfected or transformed host insect cell comprising said
recombinant baculovirus expression vector. In an embodi-
ment, the method further comprises (d) culturing the
infected, transfected or transformed host insect cell obtained
in(c) under conditions suitable for production of recombi-

nant baculovirus;(e)infecting a third host insect cell with
the recombinant baculovirus obtained in (d), thereby to
obtain an infected, transfected or transformed host insect cell
comprising said recombinant baculovirus expression vector.
[0011] The invention further provides a recombinant col-
lagen polypeptide obtained by the above-mentioned method.
[0012] The invention further provides a recombinant pro-
collagen polypeptide obtained by the above-mentioned
method.
[0013] The invention further provides a recombinant
baculovirus expression vector comprising:(i) a nucleotide
sequence which encodes a collagen subunit, operably linked
to a first promoter; and (ii) a nucleotide sequence which
encodes a collagen post-translational enzyme or subunit
thereof, operably linked to a second promoter.
[0014] The invention further provides a host insect cell
which has been infected, transfected or transformed with the
above-mentioned recombinant baculovirus expression vec-
tor.
[0015] The invention further provides a method for pro-
ducing a recombinant human collagen or procollagen
polypeptide, the method comprising:(a) culturing a host
insect cell, wherein the insect cell has been infected, trans-
fected or transformed with a recombinant baculovirus
expression vector comprising:(i) a nucleotide sequence
which encodes a collagen subunit, operably linked to a p10
promoter; and (ii) a nucleotide sequence which encodes a
collagen post-translational enzyme or subunit thereof, oper-
ably linked to a polH promoter; and (b) recovering the
collagen or procollagen polypeptide from said host insect
cell culture.
[0016] In an embodiment, the above-mentioned first pro-
moter is a p10 promoter, e.g., comprising the promoter
region set forth in FIG.5 (SEQ ID NO: 9).
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[0017] In an embodiment, the above-mentioned second
promoter is a polyhedron (polH) promoter, e.g., comprising
the promoter region set forth in FIG.5 (SEQ ID NO: 10).
[0018] In an embodiment, the above-mentioned collagen
subunit is a first collagen subunit and wherein the recom-
binant baculovirus expression vector further comprises a
nucleotide sequence which encodes a second collagen sub-
unit, operably linked to a first promoter. In a further embodi-
ment, the recombinant baculovirus expression vector further
comprises a nucleotide sequence which encodes a third
collagen subunit, operably linked to a first promoter.
[0019] In an embodiment, the above-mentioned subunit of
a collagen post-translational enzyme is a first subunit of a
collagen post-translational enzyme, and wherein the recom-
binant baculovirus expression vector further comprises a
nucleotide sequence which encodes a second subunit of a
collagen post-translational enzyme, operably linked to a
second promoter.
[0020] In an embodiment, the above-mentioned collagen
is selected from collagen types I,Ⅱ and III.
[0021] In an embodiment, the above-mentioned collagen
is type I collagen and the collagen subunit is a collagen al
(II) subunit.
[0022] In an embodiment, the above-mentioned collagen
is type IlI collagen and the collagen subunit is a collagen a1
(III) subunit
[0023] In an embodiment, the above-mentioned collagen
is type I collagen, the first collagen subunit is a collagen
a1(I) subunit and the second collagen subunit is a collagen
α2(I) subunit.
[0024] In an embodiment, the above-mentioned collagen
post-translational enzyme is selected from prolyl hydroxy-
lase, lysyl oxidase and lysyl hydroxylase. In a further
embodiment, the collagen post-translational enzyme is pro-
ly14-hydroxylase
[0025] In an embodiment, the above-mentioned collagen
post-translational enzyme is prolyl 4-hydroxylase and
wherein the first subunit of a collagen post-translational
enzyme is an alpha subunit of prolyl 4-hydroxylase and
wherein the second subunit of a collagen post-translational
enzyme is a beta subunit of prolyl 4-hydroxylase.
[0026] In a further aspect, the invention provides a method
of increasing or enhancing the purity of a collagen prepa-
ration, the method comprising incubating the collagen
preparation under basic conditions such that the collagen is
rendered insoluble in the basic solution, and recovering the
insoluble collagen. In an embodiment, the method comprises
dialyzing the collagen preparation against a basic solution.
[0027] In a further aspect, the invention provides a method
of preparing collagen or processing a procollagen, the
method comprising treating a procollagen sample with an
elastase.
[0028] Other advantages and features of the present inven-
tion will become more apparent upon reading of the follow-
ing non-restrictive description of specific embodiments
thereof, given by way of example only with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1:DNA (SEQ ID NO: 1) and polypeptide
(SEQID NO: 2) sequences ofhuman a-1(I) collagen (Homo
sapiens coll-a1: Accession No. NM 000088; Gl:
14719826). SEQ ID NO: 2 corresponds to the coding
sequence defined by positions 127-4521 in SEQ ID NO: 1.

[0030]FIG.2: DNA (SEQ ID NO: 3) and polypeptide
(SEQ ID NO: 4) sequences ofhuman a-2(I)collagen (Homo
sapiens colll-a2: Accession No. NM 000089,GI:
48762933), including the 5086 bp sequence coding for
pre-pro-collI-a2 set forth in Accession No. Z74616,GI:
1418929.SEQID NO:4 corresponds to the coding sequence
defined by positions 472-4572 in SEQ ID NO: 3.
[0031] FIG.3: DNA (SEQ ID NO: 5) and polypeptide
(SEQ ID NO: 6) sequences of human proly14-hydroxylase
alpha subunit(a-p4H; Homo sapiens p4Ha: 2722 bp
sequence set forth in Accession No. M24486 (clone PA-II),
GI: 190785). SEQ ID NO: 6 corresponds to the coding
sequence defined by positions 119-1723 in SEQ ID NO: 5.
[0032] FIG. 4:DNA(SEQ ID NO: 7) and polypeptide
(SEQ ID NO: 8) sequences of human prolyl 4-hydroxylase
beta subunit (β-p4H; Homo sapiens p4Hβ: 1956 bp
sequence set forth in Accession No. X05130, Gl: 35654).
SEQ ID NO: 8 corresponds to the coding sequence defined
by positions 30-1556 in SEQ ID NO: 7
[0033] FIG. 5: Sequences of Autographa californica mul-
ticapsid nuclear polyhedrosis virus (AcMNPV) p10 (SEQ
ID NO: 9) and polH (SEQ ID NO: 10) promoter regions
(derived from Autographa californica nucleopolyhedrovirus
complete genome Accession No. NC_001623,GI:
9627742), and also indicated in technical materials for
plasmid pBAC4x-1TM(Novagen).
[0034] FIG. 6.Photomicrographs taken under transmis-
sion electron microscope of Sf9 insect cells transfected with
recombinant baculovirus, showing (A): viral inclusions
within the cytoplasm of the cells and (B): lysis of the cell
membrane by the virus.
[0035] FIG.7: Photomicrographs taken under phase con-
trast microscope of the polymerized recombinant human
type I collagen fibrils showing alignment and formation of
a structured network,(40x). Panel A shows neo-formed
recombinant human type I collagen fibrils in formation,
whereas panel B shows a sample prepared from the same
batch and digested with pepsin, where no fibrils were
detected.
[0036] FIG. 8: Scanning electron microscopy image of
polymerized recombinant human type I collagen fibers,
assembled naturally.
[0037] FIG. 9:Results of SDS-PAGE (under reducing
conditions)analysis of recombinant human type I collagen
chains, showing the purity of recombinant human type I
collagen and the expression of the al- and a2-chains
prepared using the method described herein.
[0038] FIG.10: Recombinant procollagen type I resolved
by SDS-PAGE, transferred on a nitrocellulose paper, fol-
lowed by Concanavalin-A-biotin and streptavidin-Peroxi-
dase blotting, showing the positive staining of its glycosy-
lated amino acid residues.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0039] Applicants describe herein a method of producing
collagen using a recombinant expression system. The
method is preferably for the production of human collagen.
[0040] Applicants have found that collagen may be suc-
cessfully produced in a recombinant expression system via
the use of a single expression vector comprising both the
nucleic acid(s) encoding a collagen subunit(s)and the
nucleic acid(s) encoding a collagen post-translational
enzyme or subunit(s) thereof. Prior to applicants' studies
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described herein, attempts to produce recombinant collagen
entailed the use of multiple expression vectors.
[0041] In an embodiment, four nucleic acids(which
encode a corresponding polypeptide) may be inserted into a
single vector, preferably a baculovirus vector. For example,
these four nucleic acids may encode a first collagen subunit,
a second collagen subunit, a first subunit of a collagen
post-translational enzyme, and a second subunit of a col-
lagen post-translational enzyme, respectively.
[0042] In a preferred embodiment, the expression system
is a baculovirus/insect cell expression system. This system is
advantageous because it provides, among other things, high
levels of expression of the recombinant protein with the
appropriate post-translational modifications and is amenable
to scale-up for large-scale production. Various reagents for
baculovirus/insect cell expression systems are known in the
art and are commercially available. The Baculovirus Expres-
sion Vector System (BEVS)is one of the most powerful and
versatile eukaryotic expression systems available. This
expression system relies on the generation of recombinant
baculoviruses in which viral genes, not essential for viral
replication in cell culture, are replaced by DNA sequences of
interest,(O'Reilly et al., 1992; Kidd and Emery, 1993). The
recombinant viral DNA is typically transfected into
Spodoptera frugiperda (Sf9) insect cells, clonal derivative of
the fall armyworm Spodoptera frugiperda ovarian cell line,
IPLB-Sf21-AE,(Sf21),(Vaughn et al, 1977; Nobiron et al,
2003). The recombinant proteins expressed in the baculovi-
rus system are properly folded, disulphide bonded, oligo-
merized, and localized in the same subcellular compartment
as the authentic protein (Kidd and Emery, 1993). Insect cells
are also capable of performing several post-translational
modifications such as N- and O-glycosylation, phosphory-
lation, acylation, amidation, carboximethilation, signal pep-
tide cleavage, and proteolytic cleavage (Matsuura et al,
1987; Nokelainen M., 2000). The sites where these modi-
fications occur are often identical to those of the authentic
protein in its native cellular environment (Hoss et al, 1990;
Kloc et al., 1991; Kuroda et al., 1990). In addition, insect
cells possess a low prolyl-4-hydroxilase activity (Veijola et
al, 1994). In this system, expression of the above-noted
nucleic acids may be driven by the polyhedron (polH)
promoter or the p10 promoter, both of which are known for
use in baculovirus expression systems. Multiple copies of
these promoters may be used in a vector to express multiple
nucleic acids of interest.
[0043] In a preferred embodiment, the expression of the
above-noted nucleic acids is driven by two different pro-
moters, e.g., respective first and second promoters, such as
the polH promoter for the expression of the collagen subunit
and the pl0 promoter for the expression of the collagen
post-ranslational enzyme or subunit thereof.
[0044] Accordingly, in a first aspect, the invention pro-
vides a method for producing a recombinant collagen or
procollagen polypeptide, such as a human collagen or pro-
collagen polypeptide, said method comprising:
[0045](a)culturing a host cell, such as a host insect cell,
wherein the host cell has been infected, transfected or
transformed with a recombinant expression vector
(e.g, a recombinant baculovirus expression vector)
comprising:
[0046](i) a nucleotide sequence which encodes a
collagen subunit, operably linked to a first promoter
(e.g,, a polyhedron (polH) promoter); and

[0047](ii) a nucleotide sequence which encodes a
collagen post-translational enzyme or subunit
thereof, operably linked to a second promoter (e.g.a
p10 promoter);

[0048](b)recovering said collagen or procollagen
polypeptide from said host cell culture.

[0049] In embodiments, the host cell is a eukaryotic host
cell selected from an insect cell, a fungal (e.g. yeast) cell, a
mammalian cell and a plant cell. In a preferred embodiment
the host cell is an insect host cell, such as a Spodoptera
frugiperda-derived cell (e.g., Sf9 or Sf21).
[0050] In embodiments, single or multiple collagen or
procollagen subunits can be expressed using the method of
the invention. Therefore, in embodiments, the vector further
comprises a nucleotide sequence which encodes a second
collagen subunit operably linked to a promoter (e.g., a polH
or p10 promoter). In a further embodiment, the vector yet
further comprises a nucleotide sequence which encodes a
third collagen subunit operably linked to a promoter (e.g., a
polH or a p10 promoter).
[0051] In an embodiment, the vector further comprises a
nucleotide sequence which encodes a further subunit of a
collagen post-translational enzyme, operably linked to a
promoter (e.g., a polH or a p10 promoter).

[0052] In embodiments, the collagen is selected from
collagen types I-XIX. The appropriate collagen subunits for
expression in each case are known in the art. For example,
relevant subunits in respect of certain types of collagen are
set forth in Table 1.

TABLE 1
Structures of certain types of collagen

Type Stneture

Ⅱ
Ⅲ
IV
V

VI
VII
VⅢ

IX
X
XI
XII
XIV

heterotrimeric: two a 1(I) chains; one α 2(I) chain
homotrimeric: three α 1(II) chains

homotrimeric: three α 1(III) chains

most common form:

heterotrimerie: two a 1(IV) chains; one α 2(IV) chain
multiple forms, e.g.:
heterotrimerie: two a 1(V) chains; one α 2(V) chain

heterotrimerie: one each of a.1(V),α 2(V)and α 3(V) chains
homotrimeric: three a 1(V) chains

heterotrimerie: one each of a 1(VI),α 2(VI) and α 3(VI) chains
homotrimeric: three α 1(VII) chains

heterotrimeric: two a 1(VIⅢ) chains; one a 2(VIII) chain (other
structures also described)
heterotrimeric: one each of α 1(IX),α 2(IX) and α 3(IX) chains
homotrimeric: three a 1(X) chains

heterotrimeric: one each of a 1(XI), a 2(XI) and a 3(XI) chains
homotrimeric: three  1(XII) chains
homotrimeric: three a 1(XIV) chains

[0053] In embodiments, the collagen is selected from
types I,ⅡI and I. In the case of type lI collagen, the vector
comprises a nucleotide sequence which encodes a collagen
a1(II) subunit, operably linked to a promoter (e.g., a polH
or a a p10 promoter). In the case of type III collagen, the
vector comprises a nucleotide sequence which encodes a
collagen a.1(III) subunit, operably linked to a promoter(e.g.,
a polH or a p10 promoter). In the case of type I collagen the
vector comprises a nucleotide sequence which encodes a
collagen al(I) subunit, operably linked to a promoter (e.g.,
a polH or a p10 promoter), and further comprises a a
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nucleotide sequence which encodes a collagen a.2(I) sub-
unit, operably linked to a promoter (e.g., a polH or a p10
promoter).
[0054] In further embodiments, multiple copies of a a
nucleotide sequence which encodes a collagen subunit may
be included in the vector. For example, in the case of type
I collagen (which has a homotrimeric structure), two (or
more) copies of a nucleotide sequence encoding a collagen
α1(II) subunit may be included in the vector.
[0055] An example of a human collagen al(I) subunit
corresponds to the polypeptide (SEQ ID NO: 2) set forth in
FIG.1,which also sets forth the nucleic acid sequence (SEQ
ID NO: 1) encoding the polypeptide. Positions 127-192 of
SEQ ID NO: 1 correspond to the signal peptide. Positions
193-4518 of SEQ ID NO: 1 correspond to the proprotein.
[0056] An example of a human collagen a2(I) subunit
corresponds to the polypeptide (SEQ ID NO: 4) set forth in
FIG.2, which also sets forth the nucleic acid sequence(SEQ
ID NO: 3) encoding the polypeptide.
[0057] In embodiments, the collagen post-translational
enzyme is selected from prolyl hydroxylase (e.g. prolyl
4-hydroxylase), lysyl oxidase, lysyl hydroxylase, N-protein-
ase and C-proteinase.
[0058] Prolyl 4-hydroxylase is classified under enzyme
classification EC 1.14.11.2 and catalyzes the hydroxylation
of proline residues to 4-hydroxyproline in the synthesis of
collagen or procollagen. The human form comprises two
subunits, denoted as alpha and beta subunits. The human
alpha-I isoform of the alpha subunit corresponds to for
example Genbank accession No. M24486. The human
alpha-II isoform of the alpha subunit corresponds to for
example Genbank accession No. U90441.The human beta
subunit corresponds to for example Genbank accession No.
X05130.The vertebrate enzyme is a tetramer comprising
two alpha and two beta subunits.
[0059] An example of a human prolyl 4-hydroxylase alpha
subunit corresponds to the polypeptide (SEQ ID NO: 6) set
forth in FIG. 3, which also sets forth the nucleic acid
sequence (SEQ ID NO: 5) encoding the polypeptide.
[0060] An example of a prolyl4-hydroxylase beta subunit
corresponds to the polypeptide (SEQ ID NO: 8) set forth in
FIG.4, which also sets forth the nucleic acid sequence(SEQ
IDNO: 7)encoding the polypeptide. Positions 30-80 ofSEQ
ID NO: 7 correspond to the signal peptide.
[0061] Lysyl hydroxylase is classified under classification
EC 1.14.11.4 and catalyzes the hydroxylation of Lys resi-
dues in the -X-Lys-Gly- triplet motif of collagens. The
enzyme is a homodimer of two alpha subunits. Various
forms of the human enzyme correspond to for example
Swiss-Prot accession Nos. Q02809, 000469 and O60568.
[0062] In the studies described herein, applicants have
determined that post-translational processing of collagen
may be effected by treatment with elastase. Therefore, in a
further aspect, the invention provides a method of preparing
collagen or processing a procollagen, said method compris-
ing treating said procollagen sample with an elastase
enzyme.
[0063] A preferred expression system to be used in the
method of the invention is the baculovirus/insect cell expres-
sion system, whereby the expression vector comprising the
above-noted nucleic acids is introduced into a host insect
cell using a baculovirus construct. The host cell is thus
cultured under conditions suitable for polypeptide produc-
tion. An example of such a system utilizes the Autographica

caljfornica nuclear polyhydrosys virus (AcNPV), which
grows in Spodoptera frugiperda cells. The nucleic acid(s)
encoding the recombinant polypeptide(s) of interest (oper-
ably linked to an appropriate promoter for expression in the
host cell) can be inserted into a non-essential region of
AcNPV such as the polyhedron gene. In an embodiment,
recombination of these nucleic acids into the non-essential
region can result in the replacement or disruption of a
marker gene, such as the lacz gene (β-galactosidase), thus
allowing selection of recombinants based on the absence of
the marker's activity. Such selection is sometimes referred to
as a"plaque assay", as plaques may be selected on the basis
of the absence or presence of marker activity. Such recom-
binant viruses may be used to infect the host insect cell for
expression of the polypeptide(s) encoded by the inserted

nucleic acid(s).

[0064] Preparation of such recombinant viruses typically
entails the co-infection of linear viral DNA and a vector
comprising the nucleic acid(s) encoding the recombinant
polypeptide(s) of interest (operably linked to an appropriate
promoter for expression in the host cell) into a host insect
cell, whereby recombination results in the insertion of the
nucleic acid(s)into the viral DNA. Recombinant virus
produced may be identified by plaque assay, which is
typically repeated to perform a second round of plaque
purification. Ultimately, a stock of recombinant virus is
obtained and used to infect host insect cells for polypeptide
expression.
[0065] In an embodiment, the method comprises an iso-
lation or amplification step, whereby the recombinant viral
DNA comprising the nucleic acid(s) encoding the polypep-
tide(s) of interest (operably linked to an appropriate pro-
moter for expression in the host cell) is isolated or obtained
by amplification (e.g. by polymerase chain reaction [PCR]).
The isolated or amplified recombinant viral DNA may then
be directly introduced (e.g. transfected or transformed) into
a host insect cell. Applicants have found that the use of such
an additional isolation or amplification step further allows
for the eficient preparation of host insect cells for the
production of recombinant collagen or procollagen, rather
than relying on baculovirus infection alone. Recombinant
virus obtained from, for example, the culture medium of
such host insect cells may be used as a viral stock to infect
other host insect cells for further recombinant polypeptide
production.
[0066] Accordingly, in an embodiment, the above-men-
tioned infected, transfected or transformed host insect cell
comprising said recombinant baculovirus expression vector
is obtained by a method comprising:
(a) transfecting or transforming a first host insect cell with
baculovirus DNA and an expression vector comprising:(i)a
nucleotide sequence which encodes a collagen subunit,
operably linked to a promoter (e.g., a polH promoter); and
(i) a nucleotide sequence which encodes a collagen post-

translational enzyme or subunit thereof, operably linked to
a promoter (e.g., a p10 promoter); thereby to permit inte-
gration of said expression vector into said baculovirus DNA
to obtain a recombinant baculovirus DNAexpression vector;
(b) isolating a nucleic acid molecule comprising said recom-
binant baculovirus DNA expression vector from said host
cell; and
(c) transfecting or transforming a second host insect cell
with said nucleic acid molecule obtained in (b) thereby to
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obtain an infected, transfected ortransformed host insect cell
comprising said recombinant baculovirus expression vector.
[0067] In a further embodiment, the just-noted method
further comprises:(d) culturing said infected, transfected or
transformed host insect cell obtained in (c) above under
conditions suitable for production of recombinant baculovi-
rus; and(e)infecting a third host insect cell with the
recombinant baculovirus obtained in (d) above, thereby to
obtain an infected, transfected or transformed host insect cell
comprising said recombinant baculovirus expression vector.
[0068] The invention further provides a recombinant col-
lagen or procollagen polypeptide obtained by the above-
mentioned method.
[0069] The invention further provides the above-men-
tioned recombinant expression vector. In an embodiment,
the expression vector is a recombinant baculovirus DNA
expression vector.
[0070] The invention further provides a host cell, such as
an insect host cell, which has been infected, transfected or
transformed with the above-mentioned recombinant viral
DNA expression vector.
[0071]"p10 promoter" as used herein refers to a nucleic
acid sequence derived from the Autographa californica
multicapsid nuclear polyhedrosis virus (AcMNPV) which
can modulate the transcription of the AcMNPV p10 gene.
Details of the p10 promoter are set forth in Autographa
californica nucleopolyhedrovirus complete genome Acces-
sion No. NC_001623,GI: 9627742, as well as in the
technical materials for plasmid pBAC4x-1TM(Novagen).
[0072]"polH promoter"or "polyhedron promoter"as
used herein refers to a nucleic acid sequence derived from
the AcMNPV which can modulate the transcription of the
AcMNPV polyhedron gene. Details of the polH promoter
are set forth in Autographa californica nucleopolyhedrovi-
rus complete genome Accession No. NC_001623,Gl:
9627742, as well as in the technical materials for plasmid
pBAC4x-17M(Novagen).
[0073]"Collagen"as used herein refers to any of the
known collagen types (I-XIX) as well as any variants as
described herein, and includes single chain, heterotrimeric
and homotrimeric molecules of collagen."Procollagen"as
used herein is similarly defined and refers to any of the
known procollagen as well as any variants as described
herein, and includes single chain, heterotrimeric and homot-
rimeric molecules of procollagen, but differs from collagen
in that it additionally comprises N-terminal and/or C-termi-
nal peptides which are cleaved off for example by N-pro-
teinase and/or C-proteinase enzymes.

[0074] As noted above, an isolated nucleic acid, for
example a nucleic acid sequence encoding a polypeptide of
the invention (e.g., a collagen or procollagen subunit; a
collagen post-translational enzyme or subunit thereof), or
homolog, fragment or variant thereof, may further be incor-
porated into a vector, such as a recombinant expression
vector. In an embodiment, the vector will comprise tran-
scriptional regulatory sequences or a promoter operably
linked to a nucleic acid comprising a sequence capable of
encoding a peptide compound, polypeptide or domain of the
invention. A first nucleic acid sequence is "operably linked"
with a second nucleic acid sequence when the first nucleic
acid sequence is placed in a functional relationship with the
second nucleic acid sequence. For instance, a promoter is
operably linked to a coding sequence if the promoter affects
the transcription or expression of the coding sequences.

Generally, operably linked DNA sequences are contiguous
and, where necessary to join two protein coding regions, in
reading frame. However, since for example enhancers gen-
erally function when separated from the promoters by sev-
eral kilobases and intronic sequences may be of variable
lengths, some polynucleotide elements may be operably-
linked but not contiguous."Transcriptional regulatory
sequence/element" is a generic term that refers to DNA
sequences, such as initiation and termination signals,
enhancers, and promoters, splicing signals, polyadenylation
signals which induce or control transcription of protein
coding sequences with which they are operably-linked.
"Promoter" refers to a DNA regulatory region capable of
binding directly or indirectly to RNA polymerase in a cell
and initiating transcription of a downstream (3' direction)
coding sequence. For purposes of the present invention, the
promoter is bound at its 3' terminus by the transcription
initiation site and extends upstream (5' direction) to include
the minimum number of bases or elements necessary to
initiate transcription at levels detectable above background.
Within the promoter will be found a transcription initiation
site (conveniently defined by mapping with S1 nuclease), as
well as protein binding domains (consensus sequences)
responsible for the binding of RNA polymerase. Eukaryotic
promoters will often, but not always, contain"TATA"boxes
and"CCAT"boxes. Prokaryotic promoters contain Shine-
Dalgarno sequences in addition to the -10 and -35 consen-
sus sequences.
[0075] As noted above, the invention relates to the recom-
binant production of collagen or procollagen. Thus, various
nucleic acid sequences of the invention may be recombinant
sequences. The term "recombinant" means that something
has been recombined, so that when made in reference to a
nucleic acid construct the term refers to a molecule that is
comprised of nucleic acid sequences that are joined together
or produced by means of molecular biological techniques.
The term"recombinant" when made in reference to a protein
or a polypeptide refers to a protein or polypeptide molecule
which is expressed using a recombinant nucleic acid con-
struct created by means of molecular biological techniques.
The term"recombinant" when made in reference to genetic
composition refers to a gamete or progeny or cell or genome
with new combinations of alleles that did not occur in the
parental genomes. Recombinant nucleic acid constructs may
include a nucleotide sequence which is ligated to, or is
manipulated to become ligated to, a nucleic acid sequence to
which it is not ligated in nature, or to which it is ligated at
a different location in nature. Referring to a nucleic acid
construct as 'recombinant' therefore indicates that the
nucleic acid molecule has been manipulated using genetic
engineering, i.e., by human intervention. Recombinant
nucleic acid constructs may for example be introduced into
a host cell by transformation. Such recombinant nucleic acid
constructs may include sequences derived from the same
host cell species or from diferent host cell species, which
have been isolated and reintroduced into cells of the host
species. Recombinant nucleic acid construct sequences may
become integrated into a host cell genome, either as a result
of the original transformation of the host cells, or as the
result of subsequent recombination and/or repair events.
[0076] The recombinant polypeptides of the invention
may also be expressed in the form of a suitable fusion
protein, comprising an amino acid sequence of a polypeptide
of the invention linked to further polypeptide sequence (e.g.



US 2008/0081353 A1

6
Apr.3,2008

a heterologous sequence). Such fusion proteins are typically
produced by expression of recombinant nucleic acids encod-
ing them.In embodiments, the further polypeptide sequence
may confer various functions such as to facilitate cellular
localization/secretion, detection and purification (e.g. via
afinity methods).
[0077] The terminology "amplification pair" refers herein
to a pair of oligonucleotides (oligos), which are selected to
be used together in amplifying a selected nucleic acid
sequence by one of a number of types of amplification
processes, preferably a polymerase chain reaction. Other
types of amplification processes include ligase chain reac-
tion, strand displacement amplification, or nucleic acid
sequence-based amplification. As commonly known in the
art, the oligos are designed to bind to a complementary
sequence under selected conditions.
[0078] Oligonucleotide probes or primers of the present
invention may be of any suitable length, depending on the
particular assay format and the particular needs and targeted
sequences employed. In general, the oligonucleotide probes
or primers are at least 12 nucleotides in length, preferably
between 15 and 24 molecules, and they may be adapted to
be especially suited to a chosen nucleic acid amplification
system. As commonly known in the art, the oligonucleotide
probes and primers can be designed by taking into consid-
eration the melting point of hybrizidation thereof with its
targeted sequence (see below and in Sambrook et al., 1989,
Molecular Cloning—A Laboratory Manual, 2nd Edition,
CSH Laboratories; Ausubel et al., 1989, in Current Protocols
in Molecular Biology, John Wiley & Sons Inc.,N.Y.).
[0079]"Homology"and"homologous" refers to sequence

similarity between two peptides or two nucleic acid mol-
ecules. Homology can be determined by comparing each
position in the aligned sequences. A degree of homology
between nucleic acid or between amino acid sequences is a
function of the number of identical or matching nucleotides
or amino acids at positions shared by the sequences. As the
term is used herein, a nucleic acid sequence is“homolo-
gous"to another sequence if the two sequences are substan-
tially identical and the functional activity of the sequences is
conserved (as used herein, the term 'homologous' does not
infer evolutionary relatedness). Two nucleic acid or
polypeptide sequences are considered "substantially identi-
cal” if, when optimally aligned (with gaps permitted), they
share at least about 50sequence similarity or identity, or
if the sequences share defined functional motifs. In alterna-
tive embodiments, sequence similarity in optimally aligned
substantially identical sequences may be at least 60?0%,
75?0?5?0or 95?As used herein, a given
percentage of homology between sequences denotes the
degree of sequence identity in optimally aligned sequences.
Similarly,"substantially complementary" nucleic acids are
nucleic acids in which the complement of one molecule is
“substantially identical"to the other molecule. An "unre-
lated"or"non-homologous" sequence shares less than 40%
identity, though preferably less than about 25identity,
with a nucleic acid or polypeptide of the invention.
[0080] Alignment of sequences for comparisons of iden-
tity may be conducted using a variety of algorithms and
methods, such as those of Smith and Waterman (1981, Adv.
Appl.Math 2: 482), Needleman and Wunsch (1970, J. Mol.
Biol. 48;443), Pearson and Lipman (1988, Proc. Natl.Acad.
Sci.USA 85: 2444), and the computerised implementations
of these algorithms (such as GAP, BESTFIT, FASTA and

TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, Madison, Wis.,U.S.A.).
Sequence identity may also be determined using the BLAST
algorithm, described in Altschul et al, 1990, J. Mol. Biol.
215:403-10 (using the published default settings). Software
for performing BLAST analysis may be available through
the National Center for Biotechnology Information (through
the internet at http://www.ncbi.nlm.nih.gov/). The BLAST
algorithm involves first identifying high scoring sequence
pairs (HSPs) by identifying short words of length W in the
query sequence that either match or satisfy some positive-
valued threshold score T when aligned with a word of the
same length in a database sequence. T is referred to as the
neighbourhood word score threshold. Initial neighbourhood
word hits act as seeds for initiating searches to find longer
HSPs. The word hits are extended in both directions along
each sequence for as far as the cumulative alignment score
can be increased. Extension of the word hits in each direc-
tion is halted when the following parameters are met: the
cumulative alignment score falls off by the quantity X from
its maximum achieved value; the cumulative score goes to
zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of either
sequence is reached. The BLAST algorithm parameters W,
T and X determine the sensitivity and speed of the align-
ment. The BLAST program may use as defaults a word
length(W) of 11,the BLOSUM62 scoring matrix (Henikoff
and Henikoff, 1992, Proc. Natl. Acad. Sci. USA 89:10915-
10919) alignments (B) of 50,expectation (E) of 10(or 1 or
0.1 or 0.01 or 0.001 or 0.0001), M=5,N=4,and a compari-
son of both strands. One measure of the statistical similarity
between two sequences using the BLAST algorithm is the
smallest sum probability (P(N)), which provides an indica-
tion of the probability by which a match between two
nucleotide or amino acid sequences would occur by chance.
In alternative embodiments of the invention, nucleotide or
amino acid sequences are considered substantially identical
if the smallest sum probability in a comparison of the test
sequences is less than about 1, preferably less than about 0.1,
more preferably less than about 0.01, and most preferably
less than about 0.001.
[0081] An altermnative indication that two nucleic acid
sequences are substantially complementary is that the two
sequences hybridize to each other under moderately strin-
gent, or preferably stringent, conditions."Nucleie acid
hybridization"or"hybridize" generally refer to the hybrid-
ization of two single-stranded nucleic acid molecules having
complementary base sequences, which under appropriate
conditions will form a thermodynamically favored double-
stranded structure. Examples ofhybridization conditions can
be found in the two laboratory manuals referred above
(Sambrook et al., 1989, supra and Ausubel et al., 1989,
supra) and are commonly known in the art. In the case of a
hybridization to a nitrocellulose filter, as for example in the
well known Southern blotting procedure, a nitrocellulose
filter can be incubated overnight at 65° C. with a labeled
probe in a solution containing 50�ormamide, high salt
(5xSSC or 5xSSPE), 5x Denhardt's solution, 1SDS, and
100 μg/ml denatured carrier DNA(i.e. salmon sperm DNA).
The non-specifically binding probe can then be washed off
the filter by several washes in 0.2xSSC/0.1SDS at a
temperature which is selected in view of the desired strin-
gency: room temperature (low stringency),42°C.(moderate
stringency) or 65° C.(high stringency). The selected tem-
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perature is based on the melting temperature (Tm) of the
DNA hybrid(Sambrook et al. 1989, supra). Of course,
RNA-DNA hybrids can also be formed and detected. In such
cases, the conditions of hybridization and washing can be
adapted according to well known methods by the person of
ordinary skill. Stringent conditions will be preferably used
(Sambrook et al, 1989, supra).
[0082] As used herein, a"primer"defines an oligonucle-
otide which is capable of annealing to a target sequence,
thereby creating a double stranded region which can serve as
an initiation point for DNA synthesis under suitable condi-
tions.
[0083] Amplification of a selected, or target, nucleic acid
sequence may be carried out by a number of suitable
methods. See generally Kwoh et al., 1990, Am. Biotechnol.
Lab.8:14-25. Numerous amplification techniques have been
described and can be readily adapted to suit particular needs
of a person of ordinary skill. Non-limiting examples of
amplification techniques include polymerase chain reaction
(PCR), ligase chain reaction (LCR), strand displacement
amplification(SDA), transcription-based amplification, the
Q-replicase system and NASBA (Kwoh et al., 1989, Proc.
Natl. Acad. Sci. USA 86, 1173-1177; Lizardi et al., 1988,
BioTechnology 6:1197-1202; Malek et al., 1994,Methods
Mol. Biol, 28:253-260; and Sambrook et al, 1989, supra).
Preferably, amplification will be caried out using PCR.
[0084] Polymerase chain reaction (PCR) is carried out in
accordance with known techniques. See, e.g., U.S. Pat. Nos.
4,683,195;4,683,202;4,800,159; and 4,965,188 (the disclo-
sures of all three U.S. Patents are incorporated herein by
reference). In general, PCR involves a treatment of a nucleic
acid sample (e.g,, in the presence of a heat stable DNA
polymerase)under hybridizing conditions, with one oligo-
nucleotide primer for each strand of the specific sequence to
be detected. An extension product of each primer which is
synthesized is complementary to each of the two nucleic
acid strands, with the primers suficiently complementary to
each strand of the specific sequence to hybridize therewith.
The extension product synthesized from each primer can
also serve as a template for further synthesis of extension
products using the same primers. Following a suficient
number of rounds of synthesis of extension products, the
sample is analysed to assess whether the sequence or
sequences to be detected are present. Detection of the
amplified sequence may be carried out by visualization
following EtBr staining of the DNA following gel electro-
phoresis, or using a detectable label in accordance with
known techniques, and the like. For a review on PCR
techniques (see PCR Protocols, A Guide to Methods and
Amplifications, Michael et al. Eds, Acad. Press, 1990).

[0085] Ligase chain reaction (LCR) is carried out in
accordance with known techniques (Weiss, 1991, Science
254:1292). Adaptation of the protocol to meet desired needs
can be carried out by a person of ordinary skill. Strand
displacement amplification(SDA)is also carried out in
accordance with known techniques or adaptations thereof to
meet the particular needs (Walker et al, 1992, Proc. Natl.
Acad. Sci. USA 89:392-396; and ibid., 1992, Nucleic Acids
Res. 20:1691-1696).
[0086] The term "vector" is commonly known in the art
and defines a plasmid DNA, phage DNA, viral DNA and the
like, which can serve as a DNA vehicle into which DNA of
the present invention can be cloned. Numerous types of
vectors exist and are well known in the art.

[0087] The term“expression”defines the process by
which a gene is transcribed into mRNA (transcription), the
mRNA is then translated (translation) into one polypeptide
(or protein) or more.
[0088] The recombinant expression vector of the present
invention can be constructed by standard techniques known
to one of ordinary skill in the art and found, for example,in
Sambrook et al.(supra). A variety of strategies are available
for ligating fragments of DNA, the choice of which depends
on the nature of the termini of the DNA fragments and can
be readily determined by persons skilled in the art. The
vectors of the present invention may also contain other
sequence elements to facilitate vector propagation and selec-
tion in bacteria and host cells. In addition, the vectors of the
present invention may comprise a sequence of nucleotides
for one or more restriction endonuclease sites. Coding
sequences such as for selectable markers and reporter genes
are well known to persons skilled in the art.
[0089] A recombinant expression vector comprising, a
nucleic acid sequence of the present invention may be
introduced into a host cell, which may include a living cell
capable of expressing the protein coding region from the
defined recombinant expression vector. The living cell may
include both a cultured cell and a cell within a living
organism. Accordingly, the invention also provides host
cells containing the recombinant expression vectors of the
invention. The terms"host cell"and "recombinant host cell"
are used interchangeably herein. Such terms refer not only
to the particular subject cell but to the progeny or potential
progeny of such a cell. Because certain modifications may
occur in succeeding generations due to either mutation or
environmental influences, such progeny may not, in fact, be
identical to the parent cell, but are still included within the
scope of the term as used herein.
[0090] Vector DNA can be introduced into cells via con-
ventional transformation or transfection techniques. The
terms"transformation"and "transfection"refer to tech-
niques for introducing foreign nucleic acid into a host cell,
including calcium phosphate or calcium chloride co-precipi-
tation, DEAE-dextran-mediated transfection, lipofection,
electroporation, microinjection and viral-mediated transfec-
tion. Suitable methods for transforming or transfecting host
cells can for example be found in Sambrook et al.(supra),
and other laboratory manuals."Infection"as used herein
refers to the introduction of nucleic acids into a cell using a
virus or viral vector, such as a baculovirus.
[0091] Polypeptides produced by the recombinant meth-
ods described herein can be purified according to standard
protocols that take advantage for example of the intrinsic
properties thereof, such as size and charge (i.e. SDS gel
electrophoresis, gel filtration, dialysis, centrifugation, ion
exchange chromatography ...). In addition, the recombi-
nant polypeptide can be purified via aflinity chromatography
using polyclonal or monoclonal antibodies or other affinity-
based systems (e.g.using a suitable incorporated "tag"in the
form of a fusion protein and its corresponding ligand). Its
structure can be further modified using one or more enzymes
or bioactive compounds.
[0092] Applicants have further demonstrated herein that
dialysis under basic conditions allows for the efficient puri-
fication of collagen. As described in the Examples below,
when dialyzed under basic conditions (e.g., at about pH 8.5
[e.g., in a sodium acetate buffer]), assembled collagen fibrils
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polymerize while most contaminant proteins are solubilized.
The collagen can then be recovered by appropriate means
(e.g., centrifugation).
[0093] Accordingly, in a further aspect, the invention
provides a method of enhancing the purity of a collagen
preparation, said method comprising incubating the collagen
under basic conditions (e.g., dialyzing the preparation
against a basic solution), and recovering the collagen by
suitable means (e.g, centrifugation, filtration, etc.)."Basic
conditions” as used herein refers to conditions exhibiting an
average pH greater than ph 7.0.In an embodiment, the pH
is greater than or equal to 7.5, in a further embodiment,
greater than or equal to 8.0.In an embodiment, the pH is
about 8.5.Various buffer systems (e.g.acetate)are known in
the art to prepare solutions exhibiting such basic conditions.
[0094] In a further embodiment a product of the invention
(e.g., a polypeptide [e.g,, a collagen polypeptide]) is sub-
stantially pure. A compound is "substantially pure"when it
is separated from the components that naturally accompany
it. Typically, a compound is substantially pure when it is at
least 60?more generally 75or over 90?by weight, of
the total material in a sample. Thus, for example, a polypep-
tide that is chemically synthesised or produced by recom-
binant technology will generally be substantially free from
its naturally associated components. A nucleic acid molecule
is substantially pure when it is not immediately contiguous
with(i.e., covalently linked to) the coding sequences with
which it is normally contiguous in the naturally occurring
genome of the organism from which the DNA of the
invention is derived. A substantially pure compound can be
obtained, for example, by extraction from a natural source;
by expression of a recombinant nucleic acid molecule
encoding a polypeptide compound; or by chemical synthe-
sis. Purity can be measured using any appropriate method
such as column chromatography,gel electrophoresis, HPLC,
etc.
[0095] A homolog, variant and/or fragment of a polypep-

tide of the invention which retains activity, and nucleic acids
encoding such a homolog, variant and/or fragment, may also
be used in the methods of the invention. Homologs include
polypeptide sequences, which are substantially identical to
the amino acid sequence of a a polypeptide of the invention,
sharing significant structural and functional homology with
a polypeptide of the invention. Variants include, but are not
limited to, polypeptides, which differ from a a polypeptide
of the invention by any modifications, and/or amino acid
substitutions, deletions or additions. Modifications can
occur anywhere including the polypeptide backbone,(i.e.
the amino acid sequence), the amino acid side chains and the
amino or carboxy termini. Such substitutions, deletions or
additions may involve one or more amino acids. Fragments
include a fragment or a portion of a polypeptide of the
invention, or a fragment or a portion of a homolog or variant
of a polypeptide of the invention.
[0096],The present invention is illustrated in further
details by the following non-limiting examples.

EXAMPLES
Example 1

Materials and Methods
[0097] pBAC4x-1TM transfer plasmid and Insect
GeneJuiceTM transfection reagent were obtained from
Novagen (EMD Biosciences/Novagen/VWR CANLAB,

Mississaga, Ontario, Canada). Clones containing nucleic
acids encoding subunits of collagen and prolyl-4-hydroxy-
lase were obtained from American Type Culture Collection
(ATCC) as follows: ATCC # 59480 for P4H beta subunit;
ATCC #138677 for P4H alpha subunit; ATCC #95501 for
coil 1 alpha-2 chain; and ATCC # 95499 for coil 1 alpha-1
chain.

Example 2

Preparation of Baculovirus Expression Construct
[0098] Preparation of the baculovirus expression construct
pBacNI-hcoll I was performed by modification of pBAC4x-
iTM. Theβ subunit of P4H was inserted first. It was cloned
and the cDNA was amplified by PCR with primers tagged to
the EcoRI/Spel ends. The PCR amplified cDNA was ligated
to the sites Smal and Spel in linearized pBAC4x-ITM
Secondly, the coil a-1(I) subunit was inserted via the inser-
tion of an XbaI restriction enzyme fragment containing
DNA encoding the coil a-1(I) subunit into the Xbal site of
linearized pBAC4x-1TM. Thirdly, The coil a-2(I) subunit
cDNA was inserted via the insertion of an SphI restriction
enzyme fragment containing DNA encoding the coil a-2(I)
subunit into the SphI site of the linearized pBAC4x-1TM.
Subsequently, the a and β subunits of P4H were inserted.
The detailed sequence of the fnal construct, is described in
Table 2.

TABLE 2
Description of pBacNI-heoll I sequence (18.169 bps)

Sequence Description
1-1242
1243-1248
1249-3004
3148-3152
3153-3401
3402-3406

3408-7207

7208-7213
7214-7453
7454-7459
7480-9578
9579-9584
9585-9774
9775-9780
14255-14260
14261-18169

plasmid pBac4x derived sequence
BgIII site
P4Hβ sequence (oriented counterclockwise)
BglII site

plasmid pBac4x derived sequence
Xbal site

Collal(1) sequence and non coding
sequence (oriented counterclockwise)
Xbal site
plasmid pBac4x derived sequence
Smal site

P4Ha sequence
Spel site
plasmid pBac4x derived sequence
HindIII site
Sphl site

plasmid pBac4x derived sequence

Example 3

Expression, Maturation and Purification of Recom-
binant Human Collagen

[0099] Infected Sf9 cells were grown for 2-6 days in
Grace's medium supplemented with ascorbic acid (50
ug/ml) to stimulate collagen synthesis.sf9 cells (suspension
of 1 L) were centrifuged to obtain a pellet of cells that
contain human recombinant procollagen. The cell pellet was
resuspended in about 100 ml of 50 mM Tris-HCl buffer
containing 0.2 M NaCl, at pH 7.4. The cells were broken
mechanically to liberate pro-collagen (e.g. freezing-thawing
twice at -20°C.and 4° C., respectively). Since the extract
also contains DNA, coming out of the broken cells, that can
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provoke DNA-pro-collagen aggregates, DNAse treatment
was used to eliminate the DNA.
[0100] The procoll/coll suspension was then digested with
elastase at 4° C., for 2-3 hrs by adding half volume of 50mM
Tris-HCL,pH 8.5 containing elastase (1-2 mg/ml).After this
incubation period, the assembled collagen fibrils were dia-
lyzed against a sodium acetate buffer pH 8.5 for 72 hrs at 4°
C. The white fibrils polymerize, while most contaminant
proteins were solubilized during dialysis.
[0101] After the completion of the dialysis, the collagen
was centrifuged for 20 min at 6000 rpm and the pellet was
rinsed twice with megapure water, centrifuging each time to
recuperate the pellet. A protease inhibitor cocktail was added
to the fibrils. The collagen was solubilized in citric acid
0.075M, pH 3.7, overnight, and the residual contaminant
proteins that are precipitated were discarded by centrifuga-
tion (pellet). The supernatant, containing the acid-solubi-
lized collagen, was dialysed against phosphate buffer
0.02M,pH9.2 to 9.5,at 4°C.The fibrils slowly precipitated
within 2-3 days. The fibrils were centrifuged, washed 3
times and resuspended in megapure water. The suspension
was frozen at -86°C.and lyophilized.
[0102] In some experiments, the procoll/coll suspension
was then precipitated with ammonium sulfate for about 2 hrs
at 4° C. and centrifuged to obtain a pellet of proteins. The
pellet was resuspended in Tris-HCl buffer containing 0.2 M
NaCl, at pH 7.4 and the suspension was dialyzed against a
acetic acid (1:1000 or 0.5M) for 72 hrs at 4° C. Then, the
suspension was frozen at -80°C. and lyophilized.

Example 4

Characterization of Recombinant Human Collagen

[0103] The total amino acid composition, including the
percentage of the collagen content in proline, hydroxy-
proline, lysine and hydroxy-lysine, and a partial amino acid
sequencing of the final product may be performed. The
material for analysis may be cut enzymatically before being
analyzed. Electron microscopy analyses can reveal the
length, the periodicity and the overall organization of the
collagen fibers, and thermostability can be evaluated also
(Fertala et al., 1994). For example, FIGS. 7 and 8 show
results of microscopic analysis of collagen produced accord-
ing to the method described herein.
[0104].The gycosylation of procollagen can be assessed by
testing its affinity with lectins, such as Concanavalin A, that
specifically binds glusose and mannose residues. The purity,
the respective molecular weights and amounts of a-1 and
a-2 chains of the processed collagen can be analyzed on
SDS-PAGE. The confirmation of the nature of the collagen
can be tested on Western blots, using antibodies directed
specifically against human type I collagen. For example,
FIG. 9 shows results of SDS-PAGE analysis of collagen
produced according to the method described herein.FIG.10
shows SDS-PAGE analysis together with Concanavalin
A-based staining of collagen produced according to the
method described herein.
[0105] The capacity of the collagen to polymerise into a
gel can be assessed by solubilizing the collagen in acetic
acid 1:1000 and bring the solution to physiological pH
(7.2-7.5).
[0106] The present description refers to a number of
documents, the content of which is herein incorporated by
reference in their entirety.

[0107] Although the present invention has been deseribed
hereinabove by way of specific embodiments thereof, it can
be modified, without departing from the spirit and nature of
the subject invention as defined in the appended claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS:10
<210> SEQ ID NO 1
<211>LENGTH:5927
<212>TYPE:DNA
<213> ORGANISM:Homo sapiens
<220> FEATURE:
<221>NAME/KEY:CDS
<222> LOCATION:(127)..(4521)

<400> SBQUENCE:1
tegteggagc agacgggagt ttctoctegg ggteggagca ggaggcacge ggagtgtgag      60

gccacgcatg ageggacget aaccecctce ccagccacaa agagtctaca tgtetagggt     120

ctagac atg tte agc ttt gtg gac cte egg ctc ctg cte ctc tta gog        168
Met Phe Ser Phe Val Asp Leu Arg Leu Leu Leu Leu Leu Ala
1 5 10

goc acc goc ctc ctg acg cac ggc caa gag gaa ggc caa gtc gag gge
Ala Thr Ala Leu Leu Thr His Gly Gln Glu Glu Gly Gln val Glu Gly
15 20 25 30

216

caa gac gaa gac ate cca cca atc ace tgc gta cag aac gge cte agg
Gln Asp Glu Asp Ile Pro Pro Ile Thr cys Val Gln Asn Gly Leu Arg

35 40 45

264

tac cat gac cga gac gtg tgg aaa coc gag coc tge cgg atc tge gtc 312
Tyr His Asp Arg Asp Val Trp Lys Pro Glu Pro cys Arg Ile cya Val

50 55 60

tge gac aac gge aag gtg ttg tge gat gac gtg ate tgt gac gag acc 360
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-continued
Cye Aep Asn Gly Lye Val Leu cye Asp Asp Val Ile cys Asp Glu Thr
65 70 75

aag aac tge cec ggc goc gaa gte coc gag gge gag tge tgt cac gte
Lya Aan Cye Pro Gly Ala Glu Val Pro Glu Gly Glu cye cye Pro Val
80 85 90
tge ccc gac ggc tca gag tca coc acc gac caa gaa acc acc gge gtc
cys Pro Asp Gly Ser Glu Ser Pro Thr Asp Gln Glu Thr Thr Gly Val
95 100 105 110

408

456

gag gga ece aag gga gac act gge cce ega gge cca agg gga cee gca
Glu Gly Pro Lys Gly Asp Thr Gly Pro Arg Gly Pro Arg Gly Pro Ala

115 120 125

504

ggc ccc cct ggc cga gat ggc atc cct gga cag cct gga ctt coc gga
Gly Pro Pro Gly Arg Asp Gly Ile Pro Gly Gln Pro Gly Leu Pro Gly

130 135 140

cce ccc gga coc coe gga cct coc gga cce cct gge cte gga gga aac
Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Leu Gly Gly Asn
145 150 155

552

600

ttt gct cce cag ctg tct tat ggc tat gat gag aaa tca acc gga gga 648
Phe Ala Pro Gln Leu ser Tyr Gly Tyr Aep Glu Lye Ser Thr Gly Gly
160 165 170

att tee gtg eet gge cce atg ggt coe tet ggt ect egt ggt cte cct
Ile Ser Val Pro Gly Pro Met Gly Pro Ser Gly Pro Arg Gly Leu Pro
175 180 185 190

696

gge cee cct ggt gca cct ggt cec caa gge tte caa ggt cee cct ggt
Gly Pro Pro Gly Ala Pro Gly Pro Gln Gly Phe Gln Gly Pro Pro Gly

195 200 205

744

gag cct gge gag ect gga gct tca ggt ece atg ggt coe ega ggt cce
Glu Pro Gly Glu Pro Gly Ala Ser Gly Pro Met Gly Pro Arg Gly Pro

210 215 220

792

cca ggt ccc cct gga aag aat gga gat gat ggg gaa gct gga aaa cct
Pro Gly Pro Pro Gly Lys Asn Gly Asp Aop Gly Glu Ala Gly Lys Pro
225 230 235

840

ggt cgt ect ggt gag cgt ggg cct cct ggg cct cag ggt gct cga gga
Gly Arg Pro Gly Glu Arg Gly Pro Pro Gly Pro Gln Gly Ala Arg Gly
240 245 250

888

ttg coc gga aca got gge cte cct gga atg aag gga cac aga ggt ttc 936
Leu Pro Gly Thr Ala Gly Leu Pro Gly Met Lye Gly His Arg Gly Phe
255 260 265 270

agt ggt ttg gat ggt gec aag gga gat get ggt ect gct ggt cct aag 984
Ser Gly Leu Aap Gly Ala Lye Gly Aep Ala Gly Pro Ala Gly Pro Lys

275 280 285

ggt gag cct gge age cct ggt gaa aat gga gct cct ggt cag atg gge 1032
Gly Glu Pro Gly Ser Pro Gly Glu Asn Gly Ala Pro Gly Gln Met Gly

290 295 300

cee egt gge ctg ect ggt gag aga ggt ege ect gga gee eet gge ect 1080
Pro Arg Gly Leu Pro Gly Glu Arg Gly Arg Pro Gly Ala Pro Gly Pro
305 310 315

gct ggt gct egt gga aat gat ggt got act ggt gct gee ggg coc cct 1128
Ala Gly Ala Arg Gly Aan Asp Gly Ala Thr Gly Ala Ala Gly Pro Pro
320 325 330

ggt coc acc ggc coc gct ggt cct ect gge tte cct ggt gct gtt ggt 1176
Gly Pro Thr Gly Pro Ala Gly Pro Pro Gly Phe Pro Gly Ala val Gly
335 340 345 350

gct aag ggt gaa got ggt cce caa ggg coc cga gge tct gaa ggt ccc 1224
Ala Lye Gly Glu Ala Gly Pro Gin Gly Pro Arg Gly Ser Glu Gly Pro

355 360 365

cag ggt gtg egt ggt gag ect gge cce ect gge cct gct ggt gct gct 1272
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-continued
Gln Gly Val Arg Gly Glu Pro Gly Pro Pro Gly Pro Ala Gly Ala Ala

370 375 380

gge cct gct gga aac cct ggt gct gat gga cag cct ggt gct aaa ggt 1320
Gly Pro Ala Gly Asn Pro Gly Ala Asp Gly Gln Pro Gly Ala Lys Gly
385 390 395

gcc aat ggt gct cct ggt att gct ggt got cct gge tte cct ggt gce 1368
Ala Asn Gly Ala Pro Gly Ile Ala Gly Ala Pro Gly Phe Pro Gly Ala
400 405 410

cga gge cce tct gga cce cag gge cee gge gge ect cct ggt cce aag 1416
Arg Gly Pro Ser Gly Pro Gln Gly Pro Gly Gly Pro Pro Gly Pro Lys
415 420 425 430

ggt aac agc ggt gaa cct ggt gct cct ggc agc aaa gga gac act ggt 1464
Gly Aan Ser Gly Glu Pro Gly Ala Pro Gly Ser Lys Gly Asp Thr Gly

435 440 445

gct aag gga gag ect gge ect gtt ggt gtt caa gga coe cct gge cct 1512
Ala Lye Gly Glu Pro Gly Pro Val Gly Val Gln Gly Pro Pro Gly Pro

450 455 460

gct gga gag gaa gga aag cga gga gct cga ggt gaa cee gga coc act 1560
Ala Gly Glu Glu Gly Lys Arg Gly Ala Arg Gly Glu Pro Gly Pro Thr
465 470 475

gge ctg ece gga cce cct gge gag cgt ggt gga ect ggt age cgt ggt 1608
Gly Leu Pro Gly Pro Pro Gly Glu Arg Gly Gly Pro Gly ser Arg Gly
480 485 490

tte cct gge gea gat ggt gtt get ggt cee aag ggt cce gct ggt gaa 1656
Phe Pro Gly Ala Asp Gly Val Ala Gly Pro Lya Gly Pro Ala Gly Glu
495 500 505 510

egt ggt tct cct gge cct get gge coc aaa gga tct cet ggt gaa gct 1704
Arg Gly Ser Pro Gly Pro Ala Gly Pro Lys Gly Ser Pro Gly Glu Ala

515 520 525

ggt cgt cce ggt gaa gct ggt ctg cct ggt gce aag ggt ctg act gga 1752
Gly Arg Pro Gly Glu Ala Gly Leu Pro Gly Ala Lys Gly Leu Thr Gly

530 535 540

age cct gge age cct ggt cct gat gge aaa act gge cee cct ggt ccc 1800
Ser Pro Gly Ser Pro Gly Pro Aap Gly Lys Thr Gly Pro Pro Gly Pro
545 550 555

gce ggt caa gat ggt cge coe gga coe cca gge cca cct ggt goc cgt 1848
Ala Gly Gln Aep Gly Arg Pro Gly Pro Pro Gly Pro Pro Gly Ala Arg
560 565 570

ggt cag gct ggt gtg atg gga tte cct gga cct aaa ggt gct gct gga 1896
Gly Gln Ala Gly Val Met Gly Phe Pro Gly Pro Lye Gly Ala Ala Gly
575 580 585 590

gag cee gge aag gct gga gag cga ggt gtt cee gga cce cct gge gct 1944
Glu Pro Gly Lys Ala Gly Glu Arg Gly Val Pro Gly Pro Pro Gly Ala

595 600 605

gte ggt ect gct gge aaa gat gga gag get gga gct cag gga cee ect 1992
Val Gly Pro Ala Gly Lys Aap Gly Glu Ala Gly Ala Gln Gly Pro Pro

610 615 620

gge cct gct ggt ccc gct gge gag aga ggt gaa caa gge cct gct gge 2040
Gly Pro Ala Gly Pro Ala Gly Glu Arg Gly Glu Gin Gly Pro Ala Gly
625 630 635

tce coc gga tte cag ggt cte cct ggt cct gct ggt cct cca ggt gaa 2088
Ser Pro Gly Phe Gln Gly Leu Pro Gly Pro Ala Gly Pro Pro Gly Glu
640 645 650

gca ggc aaa cct ggt gaa cag ggt gtt ect gga gac ctt gge gac cct 2136
Ala Gly Lys Pro Gly Glu Gln Gly Val Pro Gly Asp Leu Gly Ala Pro
655 660 665 670

gge cce tct gga gca aga gge gag aga ggt tte cct gge gag cgt ggt 2184
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3954

3909

cte aag atg tge cac tct gac tgg aag agt gga gag tac tgg att
126012551250

Ser Pro Glu Gly Ser Arg Lys Asn Pro Ala Arg Thr Cys Arg Asp
agc cca gag gge age cge aag aac cee goe ege acc tge cgt gac

3864

124512401235
Aop Thr Thr Leu Lys ser Leu ser gin Gln Ile Glu Asn Ile_Arg

cag atc gag aac atc cgggac acc acc ctc aag age ctg age cag

3819
123012251220

Arg Ala Asp Asp Ala Asn Val Val Arg Asp Arg Asp Leu Glu Val
cgg gct gat gat gec aat gtg gtt egt gac cgt gac cte gag gtg

3774
121512101205

Pro Gin Pro Pro Gln Glu Lys Ala His, Asp Gly Gly Arg Tyr_Tyr
gat ggt gge ege tac tacece cag cca cct caa gag aag gct cac

3729
120011951190

Gly Pro Pro Gly Pro Pro Ser Ala Gly Phe Aop Phe Ser Phe Leu
ggt cec ect ggt cct cce age got ggt tte gac tte age tte ctg

118511801175
Gly Pro Pro Gly Pro_ProGly Aep Ala Gly.Pro Val Gly Pro Pro

3684gge ect cct gga cct cctggt gat gct ggt cot gtt ggt cce cec
117011651160

Gly Pro Arg Gly Arg. ThrGly Leu Pro Gly Pro Ile Gly Pro Pro
3639ggt cte ect ggc coc att ggg cee cct ggt cct cge ggt cge act

115511501145
Gly Lys Asp Gly Leu AsnGly Pro Pro Gly.Ser Ala Gly Ala Pro.

3594ggt cec cct gge tct gct ggt gct cct gge aaa gat gga ctc aac

3549

3504

114011351130
Gly Glu Gln Gly.Pro ser Gly Ala ser。Gly Pro Ala Gly Pro.Arg

ggt ect gct ggt ccc cgaggt gaa caa ggt cec tct gga goe tct

112511201115
Gly Phe Ser Gly Leu Gln Gly Pro Pro Gly Pro Pro Gly Ser Pro

gge ect cet gge tet cetgge tte tet gge cte cag ggt ece cet

3459

111011051100
Gly Glu Thr Gly, Glu Gin Gly Asp Arg_Gly Ile Lys Gly His Arg
ggt gag aca gge gaa cag gge gac aga gge ata aag ggt cac cgt

3414

109510901085
Gly Ala Arg Gly.Pro Ala Gly Pro Gln.Gly Pro Arg Gly Asp_Lys
ggc gce cgt gge coc gce gga cce caa gge ccc cgt ggt gac aag

3369
108010751070

Gly Glu Thr Gly Pro Ala Gly Pro Ala Gly Pro Val Gly Pro Val
ggt ect gte gge cct gttggt gag act ggt cct gct ggt cce gcc

3324

106510601055
Gly Ala Pro Gly Pro Val Gly Pro Ala Gly Lys Ser Gly Asp_Arg
ggt gec cct gge cce gtt gge cct gct gge aag agt ggt gat cgt

3279
105010451040

Gly Glu Thr Gly. Pro Ala Gly Pro Pro。Gly Ala Pro Gly Ala.Pro
ggt gag acc gge coc gct gga cce cct ggt gct cct ggt gct cct

3234
10301025 1035

Gly Ser Pro Gly Arg Asp Gly Ser Pro Gly Ala Lys Gly Asp Arg
gge gce aag ggt gac cgtggt tec cct gga cga gac ggt tet cct

3189
102010151010

Gly Pro Pro Gly, Glu ser Gly Arg Glu_Gly Ala Pro Gly Ala. Glu
gga cec cct ggt gaa tct gga egt gag ggg gct cct ggt goc gaa

10051000995
Gly Pro Pro Gly Leu AlaSer Gly Glu Arg Gly Pro Pro Gly Pro Met (
ggc coc cct gga ttg gotagt ggt gaa egt ggt coe cct ggt coc atg 3144

990985980975
Leu Pro Gly Pro Ser Gly Glu Pro Gly Lys Gin Gly Pro Ser Gly Ala

-continued
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Leu Lys Met Cye His Ser Aap Trp Lye. Ser Gly Glu Tyr Trp. Ile

1265 1270 1275

gac ccc aac caa gge tge aac ctg gat goe atc aaa gte ttc tgc
Asp Pro Asn Gln Gly Cye Aon Leu Asp。Ala Ile Lye Val Phe,Cys

1280 1285 1290

3999

aac atg gag act ggt gag acc tgc gtg tac coe act cag ccc agt
Aen Met Glu Thr. Gly Glu Thr Cye Val。Tyr Pro Thr Gln Pro_Ser

1295 1300 1305

4044

gtg gec cag aag aac tgg tac atc agc aag aac ccc aag gac aag
Val Ala Gin Lys。Asn Trp Tyr Ile Ser Lys Asn Pro Lys Asp。Lys

1310 1315 1320

4089

agg cat gtc tggtte gge gag agc atg acc gat gga ttc cag ttc
Arg His Val Trp.Phe Gly Glu Ser MetThr Asp Gly Phe Gln。Phe

1325 1330 1335

4134

gag tat gge gge caggge tee gac cct gce gat gtg goe atc cag 4179
Glu Tyr Gly Gly. Gln Gly Ser Aep Pro.Ala Aep Val Ala Ile.Gln

1340 1345 1350

ctg acc tte ctg cge ctg atg tce acc gag gce tee cag aac atc
Leu Thr Phe Leu Arg Leu Met Ser Thr.Glu Ala Ser Gln Aan Ile

1355 1360 1365

4224

ace tac cac tge aag aac age gtg gee tac atg gac cag cag act
Thr Tyr His cye。 Lys Aen Ser val AlaTyr Met Aep Gln Gln。Thr

1370 1375 1380

4269

gge aac cte aag aag gce ctg cte cte cag gge tee aac gag atc
Gly Aan Leu Lys_Lys Ala Leu Leu Leu Gln Gly Ser Aen Glu Ile

1385 1390 1395
4314

gag atc cge gee gag gge aac age cgc tte ace tac age gtc act
Glu Ile Arg Ala. Glu Gly Aen Ser ArgPhe Thr Tyr Ser Val。Thr

1400 1405 1410

4359

gte gat gge tge acg agt cac acc gga gee tgg gge aag aca gtg
Val Asp Gly cys.Thr ser His Thr Gly,Ala Trp Gly Lys Thr_val

1415 1420 1425

4404

att gaa tac aaa acc acc aag acc tee ege ctg cce atc ate gat 4449
Ile Glu Tyr Lye. Thr Thr Lys Thr ser。Arg Leu Pro Ile Ile.Asp

1430 1435 1440

gtg gee cce ttg gac gtt ggt gce cca gac cag gaa tte gge ttc 4494
Val Ala Pro Leu.Asp Val Gly Ala Pro.Asp Gln Glu Phe Gly。Phe

1445 1450 1455

gac gtt gge cet gte tge tte ctg taa actcectcca tcccaacctg
Aep Val Gly Pro.Val Cye Phe Leu

1460

4541

gctecctcce acccaaccaa cttteccece aacceggaaa cagacaagca acccaaactg   4601
aaccccctca aaagccaaaa aatgggagac aatttcacat ggactttgga aaatattttt   4661

ttectttgca ttcatctctc aaacttagtt tttatctttg accaacegaa catgaccaaa   4721

aaccaaaagt gcattcaacc ttaccaaaaa aaaaaaaaaa aaaagaataa ataaataact   4781

ttttaaaaaa ggaagcttgg tccacttgct tgaagaccca tgegggggta agtccctttc    4841

tgccegttgg gcttatgaaa ceccaatgct geectttctg ctectttctc cacacccccc   4901

ttggggcctc coctccactc cttcccaaat ctgtctcccc agaagacaca ggaaacaatg   4961

tattgtctgc ccagcaatca aaggcaatgc tcaaacaccc aagtggecee caccctcagc   5021
cegctactgc cegcccagca cocccaggcc ctgggggacc tggggttctc agactgccaa   5081

agaagocttg ccatctggeg ctcccatgge tcttgcaaca tctccacttc gtttttgagg   5141

gggtcatgcc gggggageca ccagcccctc actgggtteg gaggagagtc aggaagggcc   5201
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acgacaaagc agaaacatcg gatttgggga acgegtgtca atcecttgtg cegcagggct    5261
gggegggaga gactgttctg ttccttgtgt aactgtgttg ctgaaagact acctcgttet    5321

tgtcttgatg tgtcaccggg gcaactgoct gggggegggg atgggggcag ggtggaagcg 5381
gctccocatt ttataccaaa ggtgctacat ctatgtgatg ggtggggtgg ggagggaatc   5441
actggtgcta tagaaattga gatgoccccc caggccagca aatgttoctt tttgttcaaa   5501
gtctattttt attecttgat atttttettt tttttttttt ttttttgtgg atggggactt    5561
gtgaattttt ctaaaggtgc tatttaacat gggaggagag cgtgtgeggc tccagcccag   5621
ccogctgctc actttecacc ctctctccac ctgectctgg cttctcaggc ctctgctctc   5681
cgacctctct cctctgaaac cctcctccac agctgcagec catecteccg gctcactcct    5741
agtctgtoct gogtectctg tcccegggtt tcagagacaa cttcccaaag cacaaagcag   5801

tttttcccce taggggtggg aggaagcaaa agactctgta cctattttgt atgtgtataa   5861
taatttgaga tgtttttaat tattttgatt gctggaataa agcatgtgga aatgacccaa   5921
acataa 5927

<210> SEQ ID NO 2
<211> LENGTH:1464
<212> TYPE:PRT
<213> ORGANISM;Homo sapiens
<400> SEQUENCE:2

Met Phe Ser Phe Val Aop Leu Arg Leu Leu Leu Leu Leu Ala Ala Thr
1 5 10 15

Ala Leu Leu Thr His Gly Gln Glu Glu Gly Gln Val Glu Gly Gln Asp
20 25 30

Glu Asp Ile Pro Pro Ile Thr cys Val Gln Aan Gly Leu Arg Tyr His
35 40 45

Aep Arg Asp Val Trp Lys Pro Glu Pro Cys Arg Ile Cys Val Cys Asp
50 55 60

Asn Gly Lys Val Leu Cye Asp Asp Val Ile cye Aep Glu Thr Lys Asn
65 70 75 80

Cys Pro Gly Ala Glu Val Pro Glu Gly Glu cys Cys Pro Val Cys Pro
85 90 95

Asp Gly Ser Glu Ser Pro Thr Asp Gln Glu Thr Thr Gly Val Glu Gly
100 105 110

Pro Lys Gly Asp Thr Gly Pro Arg Gly Pro Arg Gly Pro Ala Gly Pro
115 120 125

Pro Gly Arg Aap Gly Ile Pro Gly Gln Pro Gly Leu Pro Gly Pro Pro
130 135 140

Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Leu Gly Gly Aon Phe Ala
145 150 155 160

Pro Gin Leu Ser Tyr Gly Tyr Aop Glu Lye Ser Thr Gly Gly Ile Ser
165 170 175

Val Pro Gly Pro Net Gly Pro Ser Gly Pro Arg Gly Leu Pro Gly Pro
180 185 190

Pro Gly Ala Pro Gly Pro Gln Gly Phe Gln Gly Pro Pro Gly Glu Pro
195 200 205

Gly Glu Pro Gly Ala ser Gly Pro Met Gly Pro Arg Gly Pro Pro cly
210 215 220



620615610
Pro Ala Gly Lys Asp Gly Glu Ala Gly Ala Gin Gly Pro Pro Gly Pro

605600595
Gly Lys Ala Gly Glu Arg Gly Val Pro Gly Pro Pro Gly Ala val Gly

590585580
Ala Gly Val Met Gly Phe Pro Gly Pro Lys Gly Ala Ala Gly Glu Pro

570 575565
Gln Aap Gly Arg Pro Gly Pro Pro Gly Pro Pro Gly Ala Arg Gly Gln

560555550545
Gly Ser Pro Gly Pro Asp Gly Lys Thr Gly Pro Pro Gly Pro Ala Gly

540535530
Pro Gly Glu Ala Gly Leu Pro Gly Ala Lys Gly Leu Thr Gly Ser Pro

525520515
Ser Pro Gly Pro Ala Gly Pro Lys Gly Ser Pro Gly Glu Ala Gly Arg

510505500
Gly Ala Aop Gly Val Ala Gly Pro Lys Gly Pro Ala Gly Glu Arg Gly

495490485
Pro Gly Pro Pro Gly Glu Arg Gly Gly Pro Gly Ser Arg Gly Phe Pro

480475470465
Glu Glu Gly Lya Arg Gly Ala Arg Gly Glu Pro Gly Pro Thr Gly Leu

460455450
Gly Glu Pro Gly Pro Val Gly Val Gln Gly Pro Pro Gly Pro Ala cly

445440435
Ser Gly Glu Pro Gly Ala Pro Gly Ser Lys Gly Asp Thr Gly Ala Lys

430425420
Pro Ser Gly Pro Gln Gly Pro Gly Gly Pro Pro Gly Pro Lye Gly Aen

415410405
Gly Ala Pro Gly Ile Ala Gly Ala Pro Gly Phe Pro Gly Ala Arg Gly

400395390385
Ala Gly Aen Pro Gly Ala Aep Gly GIn Pro Gly Ala Lys Gly Ala Asn

380375370
Val Arg Gly Glu Pro Gly Pro Pro Gly Pro Ala Gly Ala Ala Gly Pro

365360355
Gly Glu Ala Gly Pro Gln Gly Pro Arg Gly Ser Glu Gly Pro Gin Gly

350345340
Thr Gly Pro Ala Gly Pro Pro Gly Phe Pro Gly Ala Val Gly Ala Lya

330 335325
Ala Arg Gly Aan Aop Gly Ala Thr Gly Ala Ala Gly Pro Pro Gly Pro

320315310305
Gly Leu Pro Gly Glu Arg Gly Arg Pro Gly Ala Pro Gly Pro Ala Gly

295290 300
Pro Gly Ser Pro Gly Glu Asn Gly Ala Pro Gly Gln Met Gly Pro Arg

285280275
Leu Asp Gly Ala Lys Gly Asp Ala Gly Pro Ala Gly Pro Lye Gly Glu

270265260
Gly Thr Ala Gly Leu Pro Gly Met Lys Gly His Arg Gly Phe ser Gly

255250245
Pro Gly Glu Arg Gly Pro Pro Gly Pro Gln Gly Ala Arg Gly Leu Pro

240235230225
Pro Pro Gly Lye Aen Gly Aep Asp Gly Glu Ala Gly Lys Pro Gly Arg

-continued
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1025 1030 1035

Thr Gly Pro Ala Gly Pro Pro Gly Ala Pro Gly Ala Pro Gly Ala
1040 1045 1050
Pro Gly Pro Val Gly Pro Ala (Gly Lys Ser Gly Asp Arg Gly Glu
1055 1060 1065

Thr Gly Pro Ala Gly Pro AlaGly Pro Val Gly Pro Val Gly Ala
1070 1075 1080

Arg Gly Pro Ala Gly Pro Gln Gly Pro Arg Gly Aep Lys Gly Glu
1085 1090 1095

Thr Gly.Glu Gln Gly Aop Arg。Gly Ile Lye Gly Hig, Arg Gly Phe
1100 1105 1110

Ser Gly Leu Gln Gly Pro Pro Gly Pro Pro Gly Ser Pro Gly Glu
1115 1120 1125
Gln Gly Pro Ser Gly Ala SerGly Pro Ala Gly Pro Arg Gly Pro
1130 1135 1140

Pro Gly. Ser Ala Gly Ala Pro Gly Lys Aap Gly Leu Aan Gly Leu
1145 1150 1155

Pro Gly Pro Ile Gly Pro Pro Gly Pro Arg Gly Arg Thr Gly Asp
1160 1165 1170

Ala Gly Pro Val Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro
1175 1180 1185

Pro Gly Pro Pro Ser Ala Gly1Phe Asp Phe Ser Phe Leu Pro Gln
1190 1195 1200

Pro Pro Gln Glu Lys Ala His Aap Gly Gly Arg Tyr Tyr Arg Ala
1205 1210 1215

Asp Aep Ala Asn Val Val Arg Asp Arg Aop Leu Glu Val Asp Thr
1220 1225 1230

Thr Leu Lys Ser Leu Ser Gln Gln Ile Glu Asn Ile Arg Ser Pro
1235 1240 1245

Glu Gly Ser Arg Lys Asn ProAla Arg Thr Cys Arg, Asp Leu Lys
1250 1255 1260

Met cye His Ser Aap Trp Lys Ser Gly Glu Tyr Trp IIle Asp Pro
1265 1270 1275

Asn GIn Gly Cys Aan Leu Asp Ala Ile Lys Val Phe cys Asn Met
1280 1285 1290

Glu Thr Gly Glu Thr cys Val Tyr Pro Thr Gln Pro Ser Val Ala
1295 1300 1305

Gln Lye。Aon Trp Tyr Ile Ser Lys Aon Pro Lya Asp。Lye Arg Hig
1310 1315 1320

Val Trp。Phe Gly Glu Ser MetThr Asp Gly Phe Gln_Phe Glu Tyr
1325 1330 1335

Gly Gly.Gln Gly Ser Asp Pro Ala Asp Val Ala Ile. Gln Leu Thr
1340 1345 1350

Phe Leu.Arg Leu Met Ser Thr Glu Ala Ser GIn Asn Ile Thr Tyr
1355 1360 1365

His cys. Lys Aen Ser val AlaTyr Met Asp Gln Gln Thr Gly Aon
1370 1375 1380

Leu Lys.Lys Ala Leu Leu Leu Gin Gly Ser Aen Glu。 Ile Glu Ile
1385 1390 1395

Arg Ala Glu Gly Asn Ser Arg Phe Thr Tyr Ser Val Thr Val Aop
1400 1405 1410
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Gly cys Thr Ser His Thr Gly. Ala Trp Gly Lys Thr_Val Ile Glu
1415 1420 1425

Tyr Lys.Thr Thr Lys Thr Ser Arg Leu Pro Ile Ile. Aap Val Ala
1430 1435 1440

Pro Leu Aop Val Gly Ala Pro. Aop Gln Glu Phe Gly_Phe Aep Val
1445 1450 1455

Gly Pro. Val Cys Phe Leu
1460

<210> SEQ ID NO 3
<211> LENGTH:5411
<212> TYPE:DNA
<213> ORGANISM:Homo sapiens
<220> FEATURE:
<221> NAME/KEY:CDS
<222>LOCATION:(472)..(4572)

<400> SEQUENCE;3
gtgtcocata gtgtttccaa acttggaaag ggcgggggag ggegggagga tgeggagggc      60
ggaggtatgc agacaacgag tcagagtttc cecttgaaag cctcaaaagt gtccacgtcc    120
tcaaaaagaa tggaaccaat ttaagaagce agcecegtgg ccacgtccct teccccattc    180
gctecctcct ctgegocccc gcaggctcct cccagctgtg gctgcceggg cccccagccc    240
cagccctcce attggtggag goccttttgg aggcacccta gggccaggga aacttttgce     30o
gtataaat ag ggcagatocg ggctttatta ttttagcacc acggcagcag gaggtttcgg    360
ctaagttgga ggtactggcc acgactgeat gecegogccc gocaggtgat acctcegocg     420
gtgacecagg ggctctgega cacaaggagt ctgeatgtct aagtgctaga c atg ctc      477

Met Leu
1

agc ttt gtg gat acg cgg act ttg ttg ctg ctt gca gta acc tta tge 525
Ser Phe Val Asp Thr Arg Thr Leu Leu Leu Leu Ala Val Thr Leu cys
5 10 15

cta gca aca tgc caa tct tta caa gag gaa actgta aga aag gge cca 573
Leu Ala Thr Cye Gln Ser Leu Gln Glu Glu Thr Val Arg Lys Gly Pro
20 25 30

gce gga gat aga gga cca cgt gga gaa agg ggt cca cca gge cce cca 621
Ala Gly Aep Arg Gly Pro Arg Gly Glu Arg Gly Pro Pro Gly Pro Pro
35 40 45 50

gge aga gat ggt gaa gat ggt cec aca gge cct cct ggt cca cct ggt 669
Gly Arg Asp Gly Glu Aop Gly Pro Thr Gly Pro Pro Gly Pro Pro Gly

55 60 65

ect ect gge cee ect ggt cte ggt ggg aac ttt gct gct cag tat gat 717
Pro Pro Gly Pro Pro Gly Leu Gly Gly Aon Phe Ala Ala Gln Tyr Asp

70 75 80

gga aaa gga gtt gga ctt gge cct gga cca atg gge tta atg gga cct 765
Gly Lys Gly Val Gly Leu Gly Pro Gly Pro Met Gly Leu Met Gly Pro
85 90 95

aga ggc cca cct ggt gca gct gga goc cca gge cct caa ggt ttc caa 813
Arg Gly Pro Pro Gly Ala Ala Gly Ala Pro Gly Pro Gln Gly Phe Gln
100 105 110

gga cct gct ggt gag cct ggt gaa cct ggt caa act ggt cct gca ggt
Gly Pro Ala Gly Glu Pro Gly Glu Pro Gly Gln Thr Gly Pro Ala Gly
115 120 125 130

861

gct cgt ggt cea gct gge cct cet gge aag get ggt gaa gat ggt cac 909
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-continued
Asn Gly Asp Ala Gly Arg Pro Gly Glu Pro Gly Leu Met Gly Pro Arg
435 440 445 450

ggt ctt cct ggt tec cct gga aat ate gge cce gct gga aaa gaa ggt
Gly Leu Pro Gly Ser Pro Gly Aan Ile Gly Pro Ala Gly Lye Glu Gly

455 460 465

1869

cct gte gge ctc cct gge atc gac gge agg cct ggc cca att gge cca
Pro Val Gly Leu Pro Gly Ile Aap Gly Arg Pro Gly Pro Ile Gly Pro

470 475 480

1917

gct gga gca aga gga gag cet gge aac att gga tte cet gga cec aaa
Ala Gly Ala Arg Gly Glu Pro Gly Asn Ile Gly Phe Pro Gly Pro Lys
485 490 495

1965

ggc ccc act ggt gat cct ggc aaa aac ggt gat aaa ggt cat gct ggt
Gly Pro Thr Gly Asp Pro Gly Lys Aan Gly Aap Lys Gly His Ala Gly
500 505 510

2013

ctt gct ggt gct egg ggt gct cca ggt cct gat gga aac aat ggt gct
Leu Ala Gly Ala Arg Gly Ala Pro Gly Pro Asp Gly Aan Aan Gly Ala
515 520 525 530

2061

cag gga cct cct gga cca cag ggt gtt caa ggt gga aaa ggt gaa cag 2109
Gln Gly Pro Pro Gly Pro Gin Gly Val Gln Gly Gly Lye Gly Glu Gln

535 540 545

ggt cce ect ggt ect cca gge tte cag ggt ctg ect gge cce tca ggt
Gly Pro Pro Gly Pro Pro Gly Phe Gin Gly Leu Pro Gly Pro Ser Gly

550 555 560

2157

cce gct ggt gaa gtt gge aaa cca gga gaa agg ggt cte cat ggt gag 2205
Pro Ala Gly Glu Val Gly Lya Pro Gly Glu Arg Gly Leu His Gly Glu
565 570 575

ttt ggt cte ect ggt cct gct ggt cca aga ggg gaa cge ggt coc cca
Phe Gly Leu Pro Gly Pro Ala Gly Pro Arg Gly Glu Arg Gly Pro Pro
580 585 590

2253

ggt gag agt ggt got gce ggt ect act ggt cct att gga age cga ggt 2301
Gly Glu Ser Gly Ala Ala Gly Pro Thr Gly Pro Ile Gly Ser Arg Gly
595 600 605 610

cct tct gga ccc cca ggg cct gat gga aac aag ggt gaa cct ggt gtg 2349
Pro Ser Gly Pro Pro Gly Pro Aap Gly Asn Lys Gly Glu Pro Gly val

615 620 625

gtt ggt gct gtg gge act got ggt cca tet ggt cct agt gga cte cca 2397
Val Gly Ala Val Gly Thr Ala Gly Pro Ser Gly Pro Ser Gly Leu Pro

630 635 640

gga gag agg ggt gct get gge ata cctgga gge aag gga gaa aag ggt 2445
Gly Glu Arg Gly Ala Ala Gly Ile Pro Gly Gly Lye Gly Glu Lye Gly
645 650 655

gaa cct ggt cte aga ggt gaa att ggt aac cct gge aga gat ggt gect 2493
Glu Pro Gly Leu Arg Gly Glu Ile Gly Aon Pro Gly Arg Aop Gly Ala
660 665 670

egt ggt gct eet ggt get gta ggt gee eet ggt ect gct gga gee aca 2541
Arg Gly Ala Pro Gly Ala Val Gly Ala Pro Gly Pro Ala Gly Ala Thr
675 680 685 690

ggt gac cgg gge gaa gct ggg got gct ggt cct gct ggt ect gct ggt 2589
Gly Asp Arg Gly Glu Ala Gly Ala Ala Gly Pro Ala Gly Pro Ala Gly

695 700 705

cct cgg gga agc cct ggt gaa cgt ggt gag gte ggt cct gct gge ccc 2637
Pro Arg Gly Ser Pro Gly Glu Arg Gly Glu Val Gly Pro Ala Gly Pro

710 715 720

aat gga ttt got ggt act got ggt gct gct ggt caa cct ggt gct aaa 2685
Aen Gly Phe Ala Gly Pro Ala Gly Ala Ala Gly Gln Pro Gly Ala Lye
725 730 735

gga gaa aga gga gce aaa ggg cet aag ggt gaa aac ggt gtt gtt ggt 2733



3633

3588

gat caa ggt gct cct gge tee gtg ggt cct gct ggt cct agg gge

103510301025
His Aan Gly Leu Gln Gly Leu Pro Gly Ile Ala Gly Hie His Gly
cac aat gga ttg caa ggt ctg cot ggt atc gct ggt cac cat ggt

102010151010
Gly Leu Lys GlyGlu Pro Gly Glu Lys Gly Pro Arg Gly Leu Pro

3543ggc tta aag ggaggg ccc aga ggt ctt cctgag ccc ggt gaa aag
10051000995

Pro Gin Gly Ile Arg Gly Aap Lys GlyPro Arg Gly Pro Ser Gly
3498cca caa gge att egt gge gat aag ggacca aga ggt cct agt ggc

3453
990985980

Gly Glu Thr Gly Pro ser Gly Pro Val Gly Pro Ala Gly Ala Val Gly
ggt gaa act ggt eet tet ggt cet gtt ggt cet get ggt get gtt gge

3405

975970965
Pro Gly Pro His Gly Pro Val Gly Pro Ala Gly Lys Hig Gly Asn Arg
cct ggt ect cat gge ece gtg ggt cct get gge aaa cat gga aac cgt

3357
960955950

Glu Arg Gly Tyr Pro Gly Aen Ile Gly Pro Val Gly Ala Ala Gly Ala
gag cge ggt tac cct gge aat att ggt cee gtt ggt gct gca ggt gca

3309
945940935

Gly Aan Asp Gly Pro Pro Gly Arg Aep Gly Gln Pro Gly His Lys Gly
ggg aac gat ggt cce cca ggt ege gat ggt caa coc gga cac aag gga

3261

930925920915
Pro Gly Val Aan Gly Ala Pro Gly Glu Ala Gly Arg Asp Gly Asn Pro
cct gga gtc aac ggt gct cct ggt gaa gct ggt egt gat gge aac cct

3213
910905900

Ile Ala Gly Pro Pro Gly Ala Arg Gly Pro Pro Gly Ala Val Gly Ser
att gec gge ect ect ggg gee egt ggt eet cct ggt gct gtg ggt agt

3165
895890885

Gly Leu Pro Gly Val Ala Gly Ala Vai Gly Glu Pro Gly Pro Leu Gly
ggt cta cca ggt gtt gct ggt get gtg ggt gaa ect ggt cet ctt gge

3117

880875870
Leu Gly Ala Pro Gly Ile Leu Gly Leu Pro Gly ser Arg Gly Glu Arg
ctt ggt gct cet ggt att ctg ggt cte ect gge teg aga ggt gaa cgt

3069
865860855

Glu Ala Gly Thr Ala Gly Pro Pro Gly Thr Pro Gly Pro Gin Gly Leu
gag gct ggt act got gga ect cet gge act cca ggt cct cag ggt ctt

3021
850845840835

Gly Ala val Gly Pro Pro Gly Phe Ala Gly Glu Lye Gly Pro ser Gly
ggt gca gtt ggt cce cct gge tte gct ggt gag aag ggt cce tct gga

2973

830825820
Arg Gly Pro Arg Gly Aep Gln Gly Pro Val Gly Arg Thr Gly Glu val
egt ggt cct cgt ggt gac caa ggt cca gtt gge cga act gga gaa gta

2925
815810805

Ile Ser Gly Pro Pro Gly Pro Pro Gly Pro Ala Gly Lys Glu Gly Leu
att tet gge ect ect ggt cee cct ggt ect gct ggg aaa gaa ggg ctt

2877
800795790

Gly Phe Pro Gly Ala Ala Gly Arg Thr Gly Pro Pro Gly Pro Ser Gly
ggt tte cet ggt gct get gga egg act ggt cee cca gga cce tet ggt

2829
785780775

Pro Gly Pro Ala Gly ser Arg Gly Asp Gly Gly Pro Pro Gly Met Thr
ccc ggt cct get gga agt egt ggt gat gga gge ccc cct ggt atg act

2781
770765760755

Pro Thr Gly Pro Val Gly Ala Ala Gly Pro Ala Gly Pro Asn Gly Pro
ccc aca gge coc gtt gga gct gct gge cca get ggt cca aat ggt ccc

750745740
Gly Glu Arg Gly Ala Lys Gly Pro Lye Gly Glu Asn Gly Val Val Gly

-continued
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-continued

Aep. Gln Gly Ala Pro Gly_Ser Val Gly Pro Ala Gly Pro Arg Gly
1040 1045 1050

cct gct ggt cct tct gge cct got gga aaa gat ggt egc act gga
Pro Ala Gly Pro Ser Gly. Pro Ala Gly Lys Asp_Gly Arg Thr Gly
1055 1060 1065

3678

cat cct ggt aca gtt gga cct gct gge att cga gge cct cag ggt
His. Pro Gly Thr Val Gly.Pro Ala Gly Ile Arg. Gly Pro Gln Gly
1070 1075 1080

3723

cac caa gge cet get gge cce cct ggt cee cet gge cet cct gga
His Gin Gly Pro Ala Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly
1085 1090 1095

3768

cct cca ggt gta agc ggt ggt ggt tat gac ttt ggt tac gat gga
Pro.Pro Gly Val ser GlyGly Gly Tyr Asp Phe.Gly Tyr Asp Gly
1100 1105 1110

3813

gac ttc tac agg gct gac cag cct cge tca gca cct tct cte aga
Aep_Phe Tyr Arg Ala Aep.Gln Pro Arg Ser Ala. Pro Ser Leu Arg
1115 1120 1125

3858

ece aag gac tat gaa gtt gat gct act ctg aag tct cte aac aac
Pro.Lye Aop Tyr Glu Val Asp Ala Thr Leu Lye.Ser Leu Asn Aen
1130 1135 1140

3903

cag att gag acc ctt ctt act cct gaa gge tct aga aag aac cca
Gin Ile Glu Thr Leu LeuThr Pro Glu Gly Ser. Arg Lys Aen Pro
1145 1150 1155

3948

gct cge aca tge cgt gac ttg aga cte age cac cca gag tgg agc
Ala. Arg Thr cye Arg Asp.Leu Arg Leu ser His. Pro Glu Trp ser
1160 1165 1170

3993

agt ggt tac tac tgg att gac cct aac caa gga tge act atg gat
Ser Gly Tyr Tyr Trp Ile Ap Pro Asn Gln Gly Cya Thr Met Asp
1175 1180 1185

4038

gct atc aaa gta tac tgt gat tte tct act ggc gaa acc tgt atc
Ala. Ile Lys Val Tyr Cys.Asp Phe Ser Thr Gly.Glu Thr cys Ile
1190 1195 1200

4083

egg gcc caa cct gaa aac ate cca gce aag aac tgg tat agg agc
Arg。Ala Gln Pro Glu AsnIle Pro Ala Lys Asn Trp Tyr Arg Ser
1205 1210 1215

4128

tcc aag gac aag aaa cac gte tgg cta gga gaa act ate aat gct
Ser Lys Asp Lye Lys HisVal Trp Leu Gly Glu Thr Ile Asn Ala
1220 1225 1230

4173

gge age cag ttt gaa tat aat gta gaa gga gtg act tce aag gaa
Gly.Ser Gln Phe Glu Tyr.Aen Val Glu Gly val Thr Ser Lye Glu
1235 1240 1245

4218

atg gct ace caa ctt gce tte atg ege ctg ctg gee aac tat gce
Met Ala Thr Gin Leu AlaPhe Met Arg Leu Leu Ala Asn Tyr Ala
1250 1255 1260

4263

tct cag aac ate acc tac cac tge aag aac agc att gca tac atg
Ser Gln Asn Ile Thr Tyr. His cys Lys Asn ser_Ile Ala Tyr Met
1265 1270 1275

4308

gat gag gag act ggc aac ctg aaa aag gct gtc att cta cag gge
Asp, Glu Glu Thr Gly AsnLeu Lys Lys Ala val Ile Leu Gin Gly
1280 1285 1290

4353

tct aat gat gtt gaa ctt gtt gct gag gge aac agc agg ttc act 4398
Ser_ Asn Asp Val Glu Leu Val Ala Glu Gly Asn_Ser Arg Phe Thr
1295 1300 1305

tac act gtt ctt gta gat gge tgc tct aaa aag aca aat gaa tgg 4443
Tyr. Thr Val Leu Val Asp_Gly Cys Ser Lye Lys. Thr Asn Glu Trp
1310 1315 1320

gga aag aca ate att gaa tac aaa aca aat aag cca tca ege ctg 4488
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-continued
Gly Lys Thr Ile Ile Glu. Tyr Lye Thr Aan Lye Pro Ser Arg Leu
1325 1330 1335

ccc tte ctt gat att gca ect ttg gac ate ggt ggt gct gac cag
Pro.Phe Leu Asp Ile Ala Pro Leu Asp Ile Gly. Gly Ala Asp Gln
1340 1345 1350

4533

gaa tte ttt gtg gac att gge cca gte tgt tte aaa taa atgaactcaa  4582
Glu Phe Phe Val Aap Ile Gly Pro Val Cyg Phe Lya
1355 1360 1365

tctaaattaa aaaagaaaga aatttgaaaa aactttctct ttgccatttc ttcttcttct    4642

tttttaactg aaagctgaat ccttocattt cttctgcaca tctacttgct taaattgtgg   4702
gcaaaagaga aaaagaagga ttgatcagag cattgtgcaa tacagtttca ttaactcctt   4762

cceccgctcc cecaaaaatt tgaatttttt tttcaacact cttacacctg ttatggaaaa   4822

tgtcaacctt tgtaagaaaa ccaaaataaa aattgaaaaa taaaaaccat aaacatttgc    4882

accacttgtg gcttttgaat atcttccaca gagggaagtt taaaacccaa acttccaaag   4942
gtttaaacta cctcaaaaca cttteccatg agtgtgatce acattgttag gtgctgacct    5002
agacagagat gaactgaggt ccttgttttg ttttgttcat aatacaaagg tgctaattaa   5062
tagtatttca gatacttgaa gaatgttgat ggtgctagaa gaatttgaga agaaatactc   5122
ctgtattgag ttgtatcgtg tggtgtattt tttaaaaaat ttgatttagc attcatattt   5182

tecatcttat teccaattaa aagtatgcag attatttgec caaatcttct tcagattcag   5242
catttgttct ttgccagtct cattttcatc ttcttccatg gttccacaga agctttgttt    5302

cttgggcaag cagaaaaatt aaattgtacc tattttgtat atgtgagatg tttaaataaa   5362

ttgtgaaaaa aatgaaataa agcatgtttg gttttccaaa agaacatat 5411

<210> SEQ ID NO 4
<211> LENGTH:1366
<212> TYPE:PRT
<213> ORGANISM:Homo sapiens

<400> SEQUENCE:4

Met Leu Ser Phe Val Asp Thr Arg Thr Leu Leu Leu Leu Ala val Thr
1 5 10 15

Leu cys Leu Ala Thr Cys Gln Ser Leu Gln Glu Glu Thr Val Arg Lya
20 25 30

Gly Pro Ala Gly Aop Arg Gly Pro Arg Gly Glu Arg Gly Pro Pro Gly
35 40 45

Pro Pro Gly Arg Asp Gly Glu Aap Gly Pro Thr Gly Pro Pro Gly Pro
50 55 60

Pro Gly Pro Pro Gly Pro Pro Gly Leu Gly Gly Asn Phe Ala Ala Gln
65 70 75 80

Tyr Asp Gly Lys Gly Val Gly Leu Gly Pro Gly Pro Met Gly Leu Met
85 90 95

Gly Pro Arg Gly Pro Pro Gly Ala Ala Gly Ala Pro Gly Pro GIn Gly
100 105 110

Phe Gin Gly Pro Ala Gly Glu Pro Gly Glu Pro Gly Gln Thr Gly Pro
115 120 125

Ala Gly Ala Arg Gly Pro Ala Gly Pro Pro Gly Lys Ala Gly Glu Asp
130 135 140

Gly His Pro Gly Lys Pro Gly Arg Pro Gly Glu Arg Gly Val val Gly
145 150 155 160
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008S6L06LS8L
oId AtO OId OId AtO TuL BTR ATO ETR BTt Ato oId ?ud ATO IUL TeN

08LSLLOLL
Ato oxd ord Ato Ato det ATo Bxt xes Ato eT oId Ato ord otd Ato

S9L09LSSL
UBU OId ATO ET OId ATO ET ETR AtO TeA od Ato ruL ord AtO TeA

OSLSLOTL
[EA ATO USU nTO ATO BAI Oxd KTD BAI ETB ATO BXE ATO ATO SAT PT

SELOELSZL
ATO OId UTO ATO ET ET ATO ETt OId Ato eT aud Ato ust ord Ato

OZLSTLOTLSOL
ETV OId ATO TeA NTO ATS Bx NTO AtO OId IeS Ato Bxy oxd ATO BTV

00LS69069
Oxd ATO eTV OId ATO ETV RTR ATO ETV NTO AtO Bry dey ATO xqL eTY

S89089SL9
ATD PTV OId ATD OId RTV ATD TBA RTV ATD OId BTV ATD BXR ETV ATD

0L9999099
dev BxR ATO Ord UBV ATO BII NTD ATO BxR neT ATD ord nTO Ato BAT

SS9059ST9
nTO ATD BAI ATD ATD OId BTI ATD ETL ETY ATo Bxu nTo ATo OId nen

079SE90ε9SZ9
ATD TeS OId ATO IeS OId ATO ET XUL ATO TEA ETR ATO TEA TA ATO

0Z9ST9OT9
ord nto Ato sAI usy Ato dey oxd Ato ord ord ATo Ies ord Ato bxt

S09009S65
Ies ATO eTI ord Ato ruL ord ATO eTt ETR Ato res nto Ato oxd ord

069S8S089
Ato Bxe nto Ato Bxe ord Ato eTe ord Ato ord nen Ato oud nto Ato

SLSOLsS9S
BTH NeI ATD BIV NTD ATD OId SAI ATD TeA NTD ATD eTN OId ATo xes

p?nuTauo?-

800Z'5:dv
LZ

IV SSEI800/8007 sN
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965 970 975

Aen Arg Gly Glu Thr Gly Pro Ser Gly Pro Val Gly Pro Ala Gly Ala
980 985 990

Val Gly Pro Arg Gly Pro Ser Gly Pro Gln Gly Ile Arg Gly Asp Lys
995 1000 1005

Gly Glu Pro Gly Glu Lys Gly Pro Arg Gly Leu Pro Gly Leu Lys
1010 1015 1020
Gly His Aen Gly Leu Gln Gly Leu Pro Gly Ile Ala Gly His His
1025 1030 1035

Gly Asp Gln Gly Ala Pro GlySer Val Gly Pro Ala Gly Pro Arg
1040 1045 1050

Gly Pro Ala Gly Pro Ser Gly Pro Ala Gly Lys Asp Gly Arg Thr
1055 1060 1065

Gly His Pro Gly Thr Val Gly Pro Ala Gly Ile Arg Gly Pro Gln
1070 1075 1080

Gly His Gln Gly Pro Ala Gly Pro Pro Gly Pro Pro Gly Pro Pro
1085 1090 1095

Gly Pro Pro Gly Val Ser Gly Gly Gly Tyr Aep Phe Gly Tyr Aop
1100 1105 1110

Gly Aep Phe Tyr Arg Ala Aop Gln Pro Arg Ser Ala Pro Ser Leu
1115 1120 1125

Arg Pro Lys Asp Tyr Glu Val Asp Ala Thr Leu Lys Ser Leu Aon
1130 1135 1140

Asn Gln Ile Glu Thr Leu Leu Thr Pro Glu Gly ser_Arg Lya Asn
1145 1150 1155

Pro Ala. Arg Thr cys Arg Asp。Leu Arg Leu Ser His.Pro Glu Trp
1160 1165 1170

Ser Ser Gly Tyr Tyr Trp Ile Asp Pro Asn Gln Gly Cya Thr Met
1175 1180 1185

Asp Ala Ile Lys Val Tyr cys Asp Phe Ser Thr Gly Glu Thr cys
1190 1195 1200

Ile Arg Ala Gin Pro Glu Asn Ile Pro Ala Lys Aon Trp Tyr Arg
1205 1210 1215

Ser Ser Lys Aop Lys Lya His Val Trp Leu Gly Glu Thr Ile Asn
1220 1225 1230

Ala Gly Ser GIn Phe Glu Tyr Asn Val Glu Gly Val Thr Ser Lys
1235 1240 1245

Glu Met. Ala Thr Gin Leu Ala Phe Met Arg Leu Leu Ala Asn Tyr
1250 1255 1260
Ala ser Gln Asn Ile Thr Tyr His cys Lys Asn ser Ile Ala Tyr
1265 1270 1275

Met Asp Glu Glu Thr Gly Aon Leu Lyg Lys Ala Val Ile Leu Gln
1280 1285 1290

Gly SerAon Aop Val Glu Leu Val Ala Glu Gly Asn。Ser Arg Phe
1295 1300 1305

Thr Tyr, Thr Val Leu Val Asp。(Gly Cys Ser Lye Lys.Thr Asn Glu
1310 1315 1320

Trp Gly.Lyg Thr Ile Ile Glu. Tyr Lye Thr Asn Lya。Pro Ser Arg
1325 1330 1335

Leu Pro Phe Leu Asp Ile Ala Pro Leu Asp Ile Gly Gly Ala Asp
1340 1345 1350
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Gln Glu Phe Phe Val Asp Ile Gly Pro Val Cya Phe Lyg
1355 1360 1365

<210> SEQ ID NO 5
<211> LENGTH:2722
<212> TYPE:DNA
<213> ORGANISM;Homo sapiens
<220> FEATURE:
<221> NAME/KEY:CDS
<222> LOCATION:(119)..(1723)

<400> SEQUENCE:5

gagegggctg agggtaggaa gtagcegcte cgagtggagg cgactggggg ctgaagagcg 60

cgcegocctc tegtcocact ttccaggtgt gtgatcotgt aaaattaaat cttccaag       118
atg atc tgg tat ata tta att ata gga att ctg ctt cac cag tct ttg
Met Ile Trp Tyr Ile Leu Ile Ile Gly Ile Leu Leu Pro Gln Ser Leu
1 5 10 15

166

gct cat cca gge ttt ttt act tca att ggt cag atg act gat ttg atc
Ala His Pro Gly Phe Phe Thr Ser Ile Gly Gln Met Thr Aap Leu Ile

20 25 30

214

cat act gag aaa gat ctg gtg act tct ctg aaa gat tat att aag gca
His Thr Glu Lye Aep Leu Val Thr Ser Leu Lye Aep Tyr Ile Lys Ala
35 40 45

gaa gag gac aag tta gaa caa ata aaa aaa tgg gca gag aag tta gat
Glu Glu Asp Lys Leu Glu Gin Ile Lys Lya Trp Ala Glu Lys Leu Asp
50 55 60

cgg cta act agt aca gcg aca aaa gat cca gaa gga ttt gtt ggg cat
Arg Leu Thr Ser Thr Ala Thr Lys Asp Pro Glu Gly Phe Val Gly His
65 70 75 80

262

310

358

cca gta aat gca tte aaa tta atg aaa egt ctg aat act gag tgg agt
Pro Val Asn Ala Phe Lys Leu Met Lys Arg Leu Asn Thr Glu Trp Ser

85 90 95

406

gag ttg gag aat ctg gte ctt aag gat atg tca gat gge ttt atc tct 454
Glu Leu Glu Asn Leu val Leu Lys Asp Met Ser Asp Gly Phe Ile Ser

100 105 110

aac cta acc att cag aga cca gta ctt tct aat gat gaa gat cag gtt 502
Aen Leu Thr Ile Gin Arg Pro Val Leu Ser Asn Asp Glu Aep Gln val
115 120 125

ggg gca gce aaa gct ctg tta egt cte cag gat acc tac aat ttg gat 550
Gly Ala Ala Lye Ala Leu Leu Arg Leu Gln Aep Thr Tyr Aen Leu Asp
130 135 140

aca gat acc atc tca aag ggt aat ctt cca gga gtg aaa cac aaa tct 598
Thr Asp Thr Ile Ser Lys Gly Aan Leu Pro Gly Val Lys His Lys Ser
145 150 155 160

ttt cta acg gct gag gac tge ttt gag ttg gge aaa gtg gce tat aca 646
Phe Leu Thr Ala Glu Asp Cys Phe Glu Leu Gly Lys Val Ala Tyr Thr

165 170 175

gaa gca gat tat tac cat acg gaa ctg tgg atg gaa caa gce cta agg 694
Glu Ala Asp Tyr Tyr His Thr Glu Leu Trp Met Glu Gin Ala Leu Arg

180 185 190

caa ctg gat gaa ggc gag att tct acc ata gat aaa gte tct gtt cta 742
Gln Leu Asp Glu Gly Glu Ile Ser Thr Ile Aap Lys Val Ser Val Leu
195 200 205

gat tat ttg agc tat gcg gta tat cag cag gga gac ctg gat aag gca 790
Aep Tyr Leu Ser Tyr Ala Val Tyr Gln Gln Gly Asp Leu Aep Lys Ala
210 215 220

ctt ttg cte aca aag aag ctt ctt gaa cta gat cct gaa cat cag aga 838
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Leu Leu Leu Thr Lye Lye Leu Leu Glu Leu Asp Pro Glu His Gln Arg
225 230 235 240

gct aat ggt aac tta aaa tat ttt gag tat ata atg gct aaa gaa aaa
Ala Aon Gly Aan Leu Lye Tyr Phe Glu Tyr Ile Met Ala Lys Glu Lya

245 250 255

886

gat gtc aat aag tct gct tca gat gac caa tct gat cag aaa act aca
Asp Val Asn Lya Ser Ala Ser Aap Asp Gln Ser Asp Gln Lya Thr Thr

260 265 270

934

cca aag aaa aaa ggg gtt gct gtg gat tac ctg cca gag aga cag aag
Pro Lys Lys Lys Gly Val Ala Val Asp Tyr Leu Pro Glu Arg Gln Lys
275 280 285

tac gaa atg ctg tge cgt ggg gag ggt atc aaa atg acc cct cgg aga
Tyr Glu Met Leu cys Arg Gly Glu Gly Ile Lys Met Thr Pro Arg Arg
290 295 300

982

1030

cag aaa aaa ctc ttt tge ege tac cat gat gga aac cgt aat cct aaa
Gln Lys Lys Leu Phe Cys Arg Tyr His Asp Gly Aon Arg Asn Pro Lya
305 310 315 320

1078

ttt att ctg gct cca gct aaa cag gag gat gaa tgg gac aag cct cgt 1126
Phe Ile Leu Ala Pro Ala Lye Gin Glu Asp Glu Trp Aep Lye Pro Arg

325 330 335

att att ege tte cat gat att att tct gat gca gaa att gaa ate gte 1174
Ile Ile Arg Phe His Asp Ile Ile Ser Asp Ala Glu Ile Glu Ile val

340 345 350

aaa gac cta gca aaa cca agg ctg age cga gct aca gta cat gac cct 1222
Lye Aap Leu Ala Lye Pro Arg Leu ser Arg Ala Thr Val His Asp Pro
355 360 365

gag act gga aaa ttg acc aca gca cag tac aga gta tct aag agt gce 1270
Glu Thr Gly Lys Leu Thr Thr Ala Gln Tyr Arg Val Ser Lys Ser Ala
370 375 380

tgg ctc tct gge tat gaa aat cct gtg gtg tct cga att aat atg aga 1318
Trp Leu Ser Gly Tyr Glu Asn Pro Val Val Ser Arg Ile Asn Met Arg
385 390 395 400

ata caa gat cta aca gga cta gat gtt tee aca gca gag gaa tta cag 1366
Ile Gln Asp Leu Thr Gly Leu Aap Val Ser Thr Ala Glu Glu Leu Gln

405 410 415

gta gea aat tat gga gtt gga gga cagtat gaa ccc cat ttt gac ttt 1414
Val Ala Aan Tyr Gly Val Gly Gly Gln Tyr Glu Pro His Phe Aep Phe

420 425 430

gca cgg aaa gat gag cca gat gct tte aaa gag ctg ggg aca gga aat 1462
Ala Arg Lye Asp Glu Pro AepAla Phe Lye Glu Leu Gly Thr Gly Asn
435 440 445

aga att gct aca tgg ctg ttt tat atg agt gat gtg tct gca gga gga 1510
Arg Ile Ala Thr Trp Leu Phe Tyr Met Ser Asp Val ser Ala Gly Gly
450 455 460

gce act gtt ttt ect gaa gtt gga gct agt gtt tgg cec aaa aaa gga 1558
Ala Thr Val Phe Pro Glu Val Gly Ala Ser Val Trp Pro Lys Lys Gly
465 470 475 480

act gct gtt tte tgg tat aat ctg ttt gce agt gga gaa gga gat tat 1606
Thr Ala Val Phe Trp Tyr Aon Leu Phe Ala Ser Gly Glu Gly Asp Tyr

485 490 495

agt aca cgg cat gca goc tgt cca gtg cta gtt ggc aac aaa tgg gta 1654
Ser Thr Arg His Ala Ala Cys Pro Val Leu Val Gly Aan Lys Trp Val

500 505 510

tcc aat aaa tgg ctc cat gaa cgt gga caa gaa ttt cga aga cct tgt 1702
Ser Aen Lye Trp Leu His Glu Arg Gly Gln Glu Phe Arg Arg Pro cye
515 520 525

acg ttg tca gaa ttg gaa tga caaacaggct teocttttte tectattgtt 1753
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Thr Leu ser Glu Leu Glu
530

gtactcttat gtgtctgata tacacatttc catagtctta actttcagga gtttacaatt   1813
gactaacact ccatgattga ttcagtcatg aacctcatce catgtttcat ctgtggacaa    1873
ttgcttactt tgtgggttct tttaaaagta acacgaaatc atcatattgc ataaaacctt    1933

aaagttctgt tggtatcaca gaagacaagg cagagtttaa agtgaggaat tttatattta   1993
aagaactttt tggttggata aaaacataat ttgagcatcc agttttagta tttcactaca   2053
tctcagttgg tgggtgttaa gctagaatgg gotgtgtgat aggaaacaaa tgccttacag   2113
atgtgcctag gtgttctgtt tacctagtgt cttactctgt tttctggatc tgaagactag   2173

taataaacta ggacactaac tgggttccat gtgattgocc tttcatatga tcttctaagt   2233
tgattttttt cctcccaagt cttttttaaa gaaagtatac tgtattttac caaccccctc    2293

tcttttcttt tagctectct gtggtgaatt aaacgtactt gagttaaaat atttcgattt    2353

tttttttttt tttaatggaa agtcctgcat aacaacactg ggccttctta actaaaatge   2413
tcaccactta goctgttttt ttatcecttt tttaaaatga cagatgattt tgttcaggaa   2473

ttttgctgtt tttcttagtg ctaatacctt gectcttatt cctgctacag cagggtggta   2533

atattggcat tctgattaaa tactgtgect taggagactg gaagtttaaa aatgtacaag   2593
tcctttcagt gatgagggaa ttgatttttt ttaaaagtct ttttcttaga aagccaaaat   2653

gtttgttttt ttaagattct gaaatgtgtt gtgacaacaa tgacctattt atgatcttaa   2713
atctttttt 2722

<210> SEQ ID NO 6
<211> LENGTH:534
<212> TYPE:PRT
<213> ORGANISM:Homo sapiens
<400> SEQUENCE:6

Met Ile Trp Tyr Ile Leu Ile Ile Gly Ile Leu Leu Pro Gln Ser Leu
1 5 10 15

Ala His Pro Gly Phe Phe Thr Ser Ile Gly Gln Met Thr Aap Leu Ile
20 25 30

His Thr Glu Lye Aep Leu Val Thr Ser Leu Lye Asp Tyr Ile Lys Ala
35 40 45

Glu Glu Asp Lye Leu Glu Gln Ile Lye Lye Trp Ala Glu Lye Leu Asp
50 55 60

Arg Leu Thr Ser Thr Ala Thr Lys Asp Pro Glu Gly Phe Val Gly His
65 70 75 80

Pro Val Asn Ala Phe Lys Leu Met Lys Arg Leu Asn Thr Glu Trp Ser
85 90 95

Glu Leu Glu Asn Leu Val Leu Lys Asp Met Ser Asp Gly Phe Ile Ser
100 105 110

Asn Leu Thr Ile Gln Arg Pro Val Leu Ser Asn Asp Glu Aap Gln Val
115 120 125

Gly Ala Ala Lys Ala Leu Leu Arg Leu Gln Asp Thr Tyr Asn Leu Aop
130 135 140

Thr Asp Thr Ile Ser Lye Gly Aan Leu Pro Gly Val Lye His Lys Ser
145 150 155 160

Phe Leu Thr Ala Glu Asp cye Phe Glu Leu Gly Lys Val Ala Tyr Thr
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165 170 175
Glu Ala Asp Tyr Tyr His Thr Glu Leu Trp Met Glu Gln Ala Leu Arg

180 185 190

Gln Leu Asp Glu Gly Glu Ile Ser Thr Ile Asp Lys Val Ser Val Leu
195 200 205

Asp Tyr Leu Ser Tyr Ala Val Tyr Gln Gln Gly Asp Leu Asp Lys Ala
210 215 220

Leu Leu Leu Thr lys Lys Leu Leu Glu Leu Aap Pro Glu His Gin Arg
225 230 235 240

Ala Aan Gly Aan Leu Lys Tyr Phe Glu Tyr Ile Met Ala Lya Glu Lya
245 250 255

Aop Val Aen Lys Ser Ala Ser Aop Aop Gln Ser Aop Gln Lys Thr Thr
260 265 270

Pro Lys Lye Lye Gly Val Ala Val Aop Tyr Leu Pro Glu Arg Gln Lye
275 280 285

Tyr Glu Met Leu cys Arg Gly Glu Gly Ile Lys Met Thr Pro Arg Arg
290 295 300

Gln Lys Lys Leu Phe Cys Arg Tyr His Asp Gly Asn Arg Aon Pro Lyg
305 310 315 320

Phe Ile Leu Ala Pro Ala Lys Gln Glu Aop Glu Trp Aop Lys Pro Arg
325 330 335

Ile Ile Arg Phe His Asp Ile Ile Ser Asp Ala Glu Ile Glu Ile Val
340 345 350

Lyg Asp Leu Ala Lyg Pro Arg Leu Ser Arg Ala Thr Val His Asp Pro
355 360 365

Glu Thr Gly Lys Leu Thr Thr Ala Gln Tyr Arg Val Ser Lys Ser Ala
370 375 380

Trp Leu Ser Gly Tyr Glu Asn Pro Val Val Ser Arg Ile Aon Met Arg
385 390 395 400

Ile Gln Asp Leu Thr Gly Leu Asp val Ser Thr Ala Glu Glu Leu Gln
405 410 415

Val Ala Aon Tyr Gly Val Gly Gly Gln Tyr Glu Pro His Phe Aep Phe
420 425 430

Ala Arg Lye Asp Glu Pro Asp Ala Phe Lys Glu Leu Gly Thr Gly Aen
435 440 445

Arg Ile Ala Thr Trp Leu Phe Tyr Met Ser Asp Val Ser Ala Gly Gly
450 455 460

Ala Thr Val Phe Pro Glu Val Gly Ala Ser Val Trp Pro Lys Lys Gly
465 470 475 480

Thr Ala Val Phe Trp Tyr Asn Leu Phe Ala Ser Gly Glu Gly Aep Tyr
485 490 495

Ser Thr Arg His Ala Ala cye Pro Val Leu Val Gly Aon Lye Trp Val
500 505 510

Ser Asn Lys Trp Leu His Glu Arg Gly Gln Glu Phe Arg Arg Pro cye
515 520 525

Thr Leu Ser Glu Leu Glu
530

<210> SEQ ID NO 7
<211> LENGTH:1956
<212> TYPE:DNA
<213> ORGANISM:Homo sapiens
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<220> FEATURE:
<221> NAME/KEY;CDS
<222> LOCATION;(30)..(1556)
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION:(63)..(63)
<223> OTHER INFORMATION:n is a,c,g,or t
<400> SEQUENCE:7
cogagegcce egcctgctce gtgtcogac atg ctg cge cge get ctg ctg tgc         53

Met Leu Arg Arg Ala Leu Leu cya
1 5

ctg ceg tgg ncc goc ctg gtg cge gce gac goc ccc gag gag gag gac
Leu Pro Trp Xaa Ala Leu Val Arg Ala Asp Ala Pro Glu Glu Glu Asp
10 15 20

101

cac gtec ttg gtg ctg cgg aaa agc aac tte geg gag geg ctg gog gcc
His Val Leu Val Leu Arg Lys Ser Asn Phe Ala Glu Ala Leu Ala Ala
25 30 35 40

149

cac aag tac aeg ceg gtg gag tte cat goe coc tgg tgt gge cac tgo
His Lye Tyr Pro Pro Val Glu Phe His Ala Pro Trp Cye Gly His cys

45 50 55

197

aag gct ctg gec ect gag tat gec aaa gee gct ggg aag ctg aag gca
Lya Ala Leu Ala Pro Glu Tyr Ala Lye Ala Ala Gly Lye Leu Lys Ala

60 65 70

245

gaa ggt tce gag ate agg ttg gec aag gtg gac gce acg gag gag tct 293
Glu Gly ser Glu Ile Arg Leu Ala Lys Vai Asp Ala Thr Glu Glu Ser
75 80 85

gac cta goe cag cag tac gge gtg cge gge tat eoc acc ate aag tte 341
Asp Leu Ala Gln Gin Tyr Gly Val Arg Gly Tyr Pro Thr Ile Lys Phe
90 95 100

tte agg aat gga gac acg gct tec coc aag gaa tat aca gct ggc aga 389
Phe Arg Aon Gly Aep Thr Ala Ser Pro Lys Glu Tyr Thr Ala Gly Arg
105 110 115 120

gag gct gat gac ate gtg aac tgg ctg aag aag cge acg gge ceg gct 437
Glu Ala Asp Asp Ile Val Aan Trp Leu Lya Lya Arg Thr Gly Pro Ala

125 130 135

goc acc acc ctg cct gac gge gca gct gca gag tec ttg gtg gag tcc
Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu Ser Leu Val Glu Ser

140 145 150

485

age gag gtg goe gte ate gge tte tte aag gac gtg gag teg gac tct
Ser Glu Val Ala Val Ile Gly Phe Phe Lye Asp Val Glu Ser Asp Ser
155 160 165

533

gce aag cag ttt ttg cag gca gea gag gee ate gat gac ata cca ttt 581
Ala Lys Gln Phe Leu Gln Ala Ala Glu Ala Ile Asp Aep Ile Pro Phe
170 175 180

ggg atc act tec aac agt gac gtg tte tee aaa tac cag cte gac aaa 629
Gly Ile Thr Ser Asn Ser Asp Val Phe Ser Lys Tyr Gln Leu Asp Lys
185 190 195 200

gat ggg gtt gte cte ttt aag aag ttt gat gaa ggc cgg aac aac ttt 677
Asp Gly Val Val Leu Phe Lys Lys Phe Aop Glu Gly Arg Aan Asn Phe

205 210 215

gaa ggg gag gtc acc aag gag aac ctg ctg gac ttt atc aaa cac aac 725
Glu Gly Glu Val Thr Lys Glu Aan Leu Leu Aap Phe Ile Lys His Asn

220 225 230

cag ctg cce ctt gte atc gag tte acc gag cag aca goc ceg aag att 773
Gin Leu Pro Leu Val Ile Glu Phe Thr Glu Gln Thr Ala Pro Lye Ile
235 240 245

ttt gga ggt gaa atc aag act cac ate ctg ctg tte ttg coe aag agt 821
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Phe cly Gly Glu Ile Lys Thr His Ile Leu Leu Phe Leu Pro Lys Ser
250 255 260

gtg tct gac tat gac gge aaa ctg agc aac tte aaa aca gca gcc gag
Val Ser Aep Tyr Aep Gly Lye Leu Ser Aon Phe Lye Thr Ala Ala Glu
265 270 275 280

agc ttc aag ggc aag atc ctg tte atc tte ate gac age gac cac acc
Ser Phe Lys Gly Lye Ile Leu Phe Ile Phe Ile Asp Ser Asp His Thr

285 290 295

869

917

gac aac cag cge ate ctc gag tte ttt gge ctg aag aag gaa gag tge
Asp Asn Gln Arg Ile Leu Glu Phe Phe(Gly Leu Lys Lys Glu Glu Cys

300 305 310

965

eeg gec gtg ege cte atc acc ttg gag gag gag atg acc aag tac aag 1013
Pro Ala Val Arg Leu Ile Thr Leu Glu Glu Glu Met Thr Lys Tyr Lys
315 320 325

ccc gaa teg gag gag ctg acg gca gag agg ate aca gag tte tge cac 1061
Pro Glu Ser Glu Glu Leu Thr.Ala Glu Arg Ile Thr Glu Phe cys His
330 335 340

cge tte ctg gag gge aaa ate aag cce cac ctg atg age cag gag ctg 1109
Arg Phe Leu Glu Gly Lye Ile Lys Pro His Leu Met Ser Gln Glu Leu
345 350 355 360

ceg gag gac tgg gac aag cag ect gtc aag gtg ctt gtt ggg aag aac 1157
Pro Glu Aep Trp Aep Lye Gln Pro Val Lye Val Leu Val Gly Lys Aen

365 370 375

ttt gaa gac gtg gct ttt gat gag aaa aaa aac gte ttt gtg gag tte 1205
Phe Glu Asp Val Ala Phe Asp Glu Lye Lys Asn Val Phe Val Glu Phe

380 385 390

tat gec cca tgg tgt ggt cac tge aaa cag ttg gct cee att tgg gat 1253
Tyr Ala Pro Trp Cys Gly His Cye Lys Gin Leu Ala Pro Ile Trp Asp
395 400 405

aaa ctg gga gag acg tac aag gac cat gag aac atc gtc atc gcc aag 1301
Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn Ile Val Ile Ala Lys
410 415 420

atg gac tcg act goc aac gag gtg gag gee gte aaa gtg cac gge tte 1349
Met Asp Ser Thr Ala Asn Glu valGlu Ala val Lys Val His Gly Phe
425 430 435 440

ece aca cte ggg tte ttt cctgcc agt gce gac agg acg gte att gat 1397
Pro Thr Leu Gly Phe Phe Pro Ala Ser Ala Aep Arg Thr Val Ile Aep

445 450 455

tac aac ggg gaa cge acg ctg gat ggt ttt aag aaa tte cta gag agc 1445
Tyr Asn Gly Glu Arg Thr Leu Aep Gly Phe Lye Lye Phe Leu Glu Ser

460 465 470

ggt gge caa gat ggg gca ggg gat gtt gac gac cte gag gac cte gaa 1493
Gly Gly Gin Aep Gly Ala Gly Asp Val Aop Aep Leu Glu Aep Leu Glu
475 480 485

gaa gca gag gag cca gac atg gag gaa gac gat gac cag aaa gct gtg 1541
Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Aep Asp Gin Lys Ala Val
490 495 500

aaa gat gaa ctg taa tacgcaaagc cggacocggg egctgcegag acocctcggg 1596
Lys Asp Glu Leu
505

ggctgcacac ceagcagcag egcacgcctc cgaagcctge ggcctegett gaaggagggc 1656
gtogceggaa acccaaggaa cctctctgaa gtgacacctc accectacac accgtcegtt   1716
cacccocgtc tcttaottct gotttteggt ttttggaaaa cceggatcot actctaggca   1776

gcccaccttg gtgggcttgt ttcctgaaac catgatgtac tttttcatac atgagtctgt   1836

ccagagtgct tgctacegtg tteggagtct egctgectce ctceegeggg aggttctcct   1896
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ctttttgaaa attcogtocg tgggattttt agacattttt acgacatcag ggtatttgtt    1956

<210> SEQ ID NO 8
<211> LENGTH:508
<212> TYPE:PRT
<213> ORGANISM:Homo sapiens
<220> FEATURE:
<221> NAME/KEY;miscfeature
<222> LOCATION:(12)..(12)
<223> OTHER INFORMATION:The 'Xaa' at location 12 stands for Thr,Ala,
Pro, or Ser.

<400> SEQUENCE:8

Met Leu Arg Arg Ala Leu Leu cyo Leu Pro Trp Xaa Ala Leu Val Arg
1 5 10 15

Ala Asp Ala Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser
20 25 30

Aen Phe Ala Glu Ala Leu Ala Ala His Lye Tyr Pro Pro Val Glu Phe
35 40 45

Hig Ala Pro Trp cye Gly His Cya Lys Ala Leu Ala Pro Glu Tyr Ala
50 55 60

Lya Ala Ala Gly Lys Leu Lye Ala Glu Gly ser Glu Ile Arg Leu Ala
65 70 75 80

Lye Val Aep Ala Thr Glu Glu Ser Aep Leu Ala Gln Gln Tyr Gly Val
85 90 95

Arg Gly Tyr Pro Thr Ile Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser
100 105 110

Pro Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Aap Ile Val Asn Trp
115 120 125

Leu Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala
130 135 140

Ala Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val Ile Gly Phe
145 150 155 160

Phe Lyg Aop Val Glu Ser Asp Ser Ala Lya Gln Phe Leu Gln Ala Ala
165 170 175

Glu Ala Ile Aap Aop Ile Pro Phe Gly Ile Thr Ser Aan Ser Aep val
180 185 190

Phe Sser Lya Tyr Gln Leu Asp Lye Asp Gly Val Val Leu Phe Lys Lys
195 200 205

Phe Asp Glu Gly Arg Asn Aen Phe Glu Gly Glu Val Thr Lye Glu Asn
210 215 220

Leu Leu Aop Phe Ile Lys His Asn Gln Leu Pro Leu Val Ile Glu Phe
225 230 235 240

Thr Glu Gln Thr Ala Pro Lyg Ile Phe Gly Gly Glu Ile Lys Thr His
245 250 255

Ile Leu Leu Phe Leu Pro Lye Ser Val Ser Asp Tyr Aop Gly Lys Leu
260 265 270

Ser Aan Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys Ile Leu Phe
275 280 285

Ile Phe Ile Asp Ser Aop His Thr Aop Aon Gln Arg Ile Leu Glu Phe
290 295 300

Phe Gly Leu Lys Lys Glu Glu Cye Pro Ala Val Arg Leu Ile Thr Leu
305 310 315 320
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-continued
Glu Glu Glu Met Thr Lys Tyr Lye Pro Glu Ser Glu Glu Leu Thr Ala

325 330 335

Glu Arg Ile Thr Glu Phe cys Hig Arg Phe Leu Glu Gly Lys Ile Lyg
340 345 350

Pro His Leu Met Ser Gln Glu Leu Pro Glu Asp Trp Asp Lys Gln Pro
355 360 365

Val Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu
370 375 380

Lys Lys Aen Val Phe Val Glu Phe Tyr Ala Pro Trp cys Gly His cys
385 390 395 400

Lys Gln Leu Ala Pro Ile Trp Asp Lyg Leu Gly Glu Thr Tyr Lys Aep
405 410 415

Hia Glu Aen Ile Val Ile Ala Lys Met Aop Ser Thr Ala Asn Glu val
420 425 430

Glu Ala Val Lye Val His Gly Phe Pro Thr Leu Gly Phe Phe Pro Ala
435 440 445

Ser Ala Asp Arg Thr Val Ile Asp Tyr Asn Gly Glu Arg Thr Leu Asp
450 455 460

Gly Phe Lye Lye Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp
465 470 475 480

Val Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu
485 490 495

Glu Asp Aop Asp Gln Lys Ala Val Lys Asp Glu Leu
500 505

<210> SEQ ID NO 9
<211> LENGTH:90
<212> TYPE:DNA
<213> ORGANISM:Autographa californica nucleopolyhedrovirus

<400> SEQUENCE:9

acaatatatt atagttaaat aagaattatt atcaaatcat ttgtatatta attaaaatac
tatactgtaa attacatttt atttacaatc

60
90

<210> SEQ ID NO 10
<211> LENGTH:71
<212> TYPE:DNA
<213> ORGANISM:Autographa californica nucleopolyhedrovirus

<400> SEQUENCE:10

ataaccatct cgcaaataaa taagtatttt actgtttteg taacagtttt gtaataaaaa 60
aacctataaa t 71

What is claimed is:
1.Amethod for producing a recombinant human collagen
polypeptide, said method comprising:
(a)culturing a host insect cell, wherein said insect cell has
been infected, transfected or transformed with a recom-
binant baculovirus expression vector comprising:
(i) a nucleotide sequence which encodes a collagen
subunit, operably linked to a first promoter; and
(ii) a nucleotide sequence which encodes a collagen
post-translational enzyme or subunit thereof, oper-
ably linked to a second promoter different from said
first promoter; and

(b) recovering said collagen polypeptide from said host
insect cell culture.
2.The method of claim 1, wherein said first promoter is
a p10 promoter.
3. The method of claim 1, wherein said second promoter
is a polyhedron (polH) promoter.
4.The method of claim 1, wherein said collagen subunit
is a first collagen subunit and wherein said recombinant
baculovirus expression vector further comprises a nucle-
otide sequence which encodes a second collagen subunit,
operably linked to a first promoter.
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5. The method of claim 4, wherein said recombinant
baculovirus expression vector further comprises a nucle-
otide sequence which encodes a third collagen subunit,
operably linked to a first promoter.
6.The method of claim 1, wherein said subunit of a
collagen post-translational enzyme is a first subunit of a
collagen post-translational enzyme, and wherein said recom-
binant baculovirus expression vector further comprises a
nucleotide sequence which encodes a second subunit of a
collagen post-translational enzyme, operably linked to a
second promoter.
7. The method of claim 1, wherein said collagen is
selected from collagen types I,ⅡI and Ⅲ.
8.The method of claim 4, wherein said collagen is
selected from collagen types I,Ⅱ and Ⅲ.
9.The method of claim 7 wherein said collagen is type II
collagen and said collagen subunit is a collagen al(II)
subunit.
10.The method of claim 7 wherein said collagen is type
IⅢ collagen and said collagen subunit is a collagen a.1(III)
subunit

11. The method of claim 8 wherein said collagen is type
I collagen, said first collagen subunit is a collagen al(I)
subunit and said second collagen subunit is a collagen a.2(I)
subunit.
12.The method of claim 1, wherein said collagen post-
translational enzyme is selected from prolyl hydroxylase,
lysyl oxidase and lysyl hydroxylase.
13.The method of claim 12, wherein said collagen
post-ranslational enzyme is proly1 4-hydroxylase
14.The method of claim 6, wherein said collagen post-
translational enzyme is prolyl 4-hydroxylase and wherein
said first subunit of a collagen post-translational enzyme is
an alpha subunit of prolyl 4-hydroxylase and wherein said
second subunit of a collagen post-translational enzyme is a
beta subunit of prolyl 4-hydroxylase.
15. A method for producing a recombinant human pro-
collagen polypeptide, said method comprising:
(a)culturing a host insect cell, wherein said insect cell has
been infected, transfected or transformed with a recom-
binant baculovirus expression vector comprising:
(i) a nucleotide sequence which encodes a collagen
subunit, operably linked to a first promoter; and
(ii) a nucleotide sequence which encodes a collagen
post-translational enzyme or subunit thereof, oper-
ably linked to a second promoter; and

(b)recovering said procollagen polypeptide from said
host insect cell culture.
16.The method of claim 15, wherein said first promoter
is a p10 promoter.
17.The method of claim 15, wherein said second pro-
moter is a polyhedron (polH) promoter.
18.The method of claim 15, wherein said collagen
subunit is a first collagen subunit and wherein said recom-
binant baculovirus expression vector further comprises a
nucleotide sequence which encodes a second collagen sub-
unit, operably linked to a first promoter.
19.The method of claim 18, wherein said recombinant
baculovirus expression vector further comprises a nucle-
otide sequence which encodes a third collagen subunit,
operably linked to a first promoter.
20.The method of claim 15, wherein said subunit of a
collagen post-translational enzyme is a first subunit of a
collagen post-translational enzyme, and wherein said recom-

binant baculovirus expression vector further comprises a
nucleotide sequence which encodes a second subunit of a
collagen post-translational enzyme, operably linked to a
polH promoter.
21.The method of claim 15, wherein said collagen is
selected from collagen types I,Ⅱ and ⅢI.
22.The method of claim 18, wherein said collagen is
selected from collagen types I, II and ⅢⅢI.
23.The method of claim 21 wherein said collagen is type
Ⅱ collagen and said collagen subunit is a collagen al(I)
subunit.
24.The method of claim 21 wherein said collagen is type
IⅢI collagen and said collagen subunit is a collagen al(iil)
subunit.
25.The method of claim 22 wherein said collagen is type
I collagen, said first collagen subunit is a collagen al(I)
subunit and said second collagen subunit is a collagen a2(I)
subunit.
26.The method of claim 15, wherein said collagen
post-translational enzyme is selected from prolyl hydroxy-
lase, lysyl oxidase and lysyl hydroxylase.
27. The method of claim 26, wherein said collagen
post-translational enzyme is prolyl 4-hydroxylase
28. The method of claim 20, wherein said collagen
post-translational enzyme is prolyl 4-hydroxylase and
wherein said first subunit of a collagen post-translational
enzyme is an alpha subunit of prolyl 4-hydroxylase and
wherein said second subunit of a collagen post-translational
enzyme is a beta subunit of prolyl 4-hydroxylase.
29.The method of claim 1, wherein said infected, trans-
fected or transformed host insect cell comprising said
recombinant baculovirus expression vector is obtained by a
method comprising:
(a)transfecting or transforming a first host insect cell with
baculovirus DNA and an expression vector comprising:
(i) a nucleotide sequence which encodes a collagen
subunit, operably linked to a first promoter; and
(ii) a nucleotide sequence which encodes a collagen
post-translational enzyme or subunit thereof, oper-
ably linked to a second promoter;
thereby to permit integration of said expression vector
into said baculovirus DNA to obtain a recombinant
baculovirus expression vector;

(b) isolating a nucleic acid molecule comprising said
recombinant baculovirus expression vector from said
host cell; and
(c) transfecting or transforming a second host insect cell
with said nucleic acid molecule obtained in (b) thereby
to obtain an infected, transfected or transformed host
insect cell comprising said recombinant baculovirus
expression vector.
30.The method of claim 29, further comprising:
(d)culturing said infected, transfected or transformed host
insect cell obtained in (c) under conditions suitable for
production of recombinant baculovirus; and
(e)infecting a third host insect cell with the recombinant
baculovirus obtained in (d), thereby to obtain an
infected, transfected or transformed host insect cell
comprising said recombinant baculovirus expression
vector.
31.The method of claim 29, wherein said first promoter
is a p10 promoter.
32.The method of claim 29, wherein said second pro-
moter is a polyhedron (polH) promoter.
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33. A recombinant collagen polypeptide obtained by the
method of claim 1.
34.A recombinant procollagen polypeptide obtained by
the method of claim 15.
35. A recombinant baculovirus expression vector com-

prising:
(i) a nucleotide sequence which encodes a collagen sub-
unit, operably linked to a first promoter; and
(ii)a nucleotide sequence which encodes a collagen
post-translational enzyme or subunit thereof, operably
linked to a second promoter.
36.The vector of claim 31, wherein said first promoter is
a p10 promoter.
37.The vector of claim 31, wherein said second promoter
is a polyhedron (polH) promoter.
38.A host insect cell which has been infected, transfected
or transformed with the recombinant baculovirus expression

vector of claim 31.
39. A method for producing a recombinant human col-
lagen polypeptide, said method comprising:
(a) culturing a host insect cell, wherein said insect cell has
been infected, transfected or transformed with a recom-
binant baculovirus expression vector comprising:

(i) a nucleotide sequence which encodes a collagen

subunit, operably linked to a p10 promoter;
(ii) a nucleotide sequence which encodes a collagen
post-translational enzyme or subunit thereof, oper-
ably linked to a polH promoter; and

(b) recovering said collagen polypeptide from said host
insect cell culture.
40. A method for producing a recombinant human pro-
collagen polypeptide, said method comprising:
(a) culturing a host insect cell, wherein said insect cell has
been infected, transfected or transformed with a recom-
binant baculovirus expression vector comprising:
(i)a nucleotide sequence which encodes a collagen
subunit, operably linked to a p10 promoter;

(ii) a nucleotide sequence which encodes a collagen
post-translational enzyme or subunit thereof, oper-
ably linked to a polH promoter; and

(b) recovering said procollagen polypeptide from said
host insect cell culture.

41. A method of enhancing the purity of a collagen
preparation, said method comprising incubating the collagen
preparation under basic conditions such that the collagen is
rendered insoluble in the basic solution, and recovering the
insoluble collagen.
42. The method of claim 37, wherein said method com-
prises dialyzing the collagen preparation against a basic
solution.

43. A method of preparing collagen or processing a
procollagen, said method comprising treating a procollagen
sample with an elastase.

半    求    米    非    非


