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(57) ABSTRACT 

A novel group of gastrokines called Gastric Antrum Mucosa! 
Protein is characterized. A member of the group is designated 
AMP-18. AMP-18 genomic DNA, cDNA and the AMP-18 
protein are sequenced for human, mouse and pig. The AMP-
18 protein and active peptides derived from it are cellular 
growth factors. Surprisingly, peptides capable of inhibiting 
the effects of the complete protein, are also derived from the 
AMP-18 protein. Control of mammalian gastro-intestinal tis
sues growth and repair is facilitated by the use of the proteins, 
making the proteins candidates for therapies. 
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l AGC-f'rTAT.'\A CCATGTGATC CCP.'!'CT'l'i'..TG GTT'J:CF-..."•.'rCc A'l'GCACAGGl\ 

51 GGAll.AATTGT GGGCf>.CG)).AG T'l'TCC/lJ:.J,GG GA.n.AATTTAT AGATTGGT/\G 

101 TTMTGAJI..JI.T ACAGTTTTCC TCCTTGGCAA ATTTMTT'l'A CTl'.G•:::r·r~AC 

151 TGTATI\GGAA A.n..AGC.Z\GGJVi. AJl.AAATTAAJl. ACCll.ACTCAC CTCCAAACCT 

201 GTTTTGAGCT TTTACTTGTC TGCCCAJ>.TTG ATAGTTTCTA CTCTCTGCTT 

2$1 TTGATGAAAA TATTTTTTAT TATTT'l'AATG T~.ACTTCTGA AAACTAAATT 

301 Jl.TC'I'AGMGC Afi..ATAAJ>AAG A'l'A'l'TGCTTT 'l'ATAGT'l'CCC AGAJl.GG1Vl.A.A 

351 Jl_ll.CAJ\.ACAC'f AGGAAAGTTC 'l'ATCTA'N!AG ATGGGGGAGJ:>. TGTGATGGAG 

401 GC/..GTGATAT TTG.t:,GCTGAG CCTTGAACAA TGAJ\CAGGAG ·rCTACCI>..O.GC 

•4 51 GAGAGGc·rAG CGGGTGGCCC 'f'CAAGATAAA P.CAACAGCAT GTACA..t;AGGC 

501 ATGGAGACA'f ~.CACATC,'l'TG ACTCT'l'CCll.G GAATGGTGGG AACGC'l'GG1'G 

!i!il GF-.GC'rAGI\.AT GTAGGTACAT AGCATJl.AAGT GGCAG.11.CGGG AAGCCTTTGG 

601 ,"v'.ATCTTATT ACATAGGACC CTGGATGCC.I\ ·TTCC:AATGAC TTTG/1.A'fTTT 

6Sl CTGTAGGCTG CCAGCGAAAT TTCCAAGCGT GATAGAGTCA TGT'2TA'i'CTA 

701 TGCACTTCAG AAAGACAACC TCAGGGTTAA TGAAG.n..AAA'l' GCATTGGAAT 

751 ATAAGAAACT GGTGACCJ:\GA GTGATCAATT GCATGACTGT TGTGP,A.l>..GTC 

801 CAGGTGAGGG GAGCTGTGGG CAAGGTCAGA GTTGAGAGGC AT'rl'CAGAGA 

8 5.1 •rfl.AAATGACA GTA.l>..CTAAGT AGATGTCAGG CTGAGMGAA AGGGC1'GTAC 

901 CAGATATATG G'l'GCTATCAT TAAGTGf>..GCT CAACATTGC/l. GMMGGGG'r 

951 AGG'l'TTGGTG GGAGT·rGC'rC ACAAAAC!I.TG TTTJ\GTCTAA GCAAAACCAT 

1001 TGCCATGGGC TCAGATAAAI>. GTTAAGAAGT GGAAACCATT CCTl\CA'rTCC 

1051 TATAGGAGCT GCTATCTGGA AGGCC'f Jl.GTA TAC.~.CGTGGC 'l"l'TTCAGCTG 

1101 TG~TTTTGTT TGATTTTAGG GATTATTCTT TTTCTGAATC TGAGCAATGT 

FIG.1 
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1151 TAGCGTGTA./l. AAT.!I.CTCACA CCCA.CAGCTT TG.n.CTGGGTG AG1t~.GT1'AT~ 

1201 ATl'Jl.i>.'l'CATA TTG;..GT·!TGT •rGTGA'fACCT TCAGCTTC.llJl. CMGTGATGA 

1251 GTCAGGTCAA CTCCATGTGA AAGTTCCTTG CTl'.P.GCATGC AGATATTC'l'G 

1301 J>..i>..AGGTTTCC TGGTACACTG GCTCATGGCA CAG1'.TF-.G•3l\.G AAATTGAGGA 

1351 AGGTAAGTCT TTGI\CCCCAC CTGAT,'l.ACAC CTl\~'l'TTGP.G TCAACC'l'GGT 

1401 TAAGTAC.ll..r..A •rll.TGJI.GP.AGG CTTC'l'C:A'l'TC AGGTCCATGC TTGCCTACTC 

1 ~ 51 CTCTGTCCAC TGCTTTCGTG AAGACAAGAT GAAG1'TCACA G'l'Gl>.GTP.GAT 

1501 T'l'TTCCTTTT G~.'l'T'Il=ICCA CCfl.AATGA'l"f GGAG!ICTGTC AAT~.TTCTGA 

1551 GATT'l'I\.GGAG G'rTTGCTTCT TATGGCCCCA TCATGGAAI\G TTTG'rTTTAA 

1601 AAJ>Jl..ATTCTC TC1'TCAAACA CATGGACACA GJl,G.n.GGGGA.11. CA.11.Cl-\CACAC 

1651 CAGGTCCTGT TGGGGGG'I'GG AGAGTGAGGG GAGGGAACTT AGAGGACAGG 

17 Dl TCMTAGGGG CAGCl\P,ACCl\. CCATGGCr,cA CATATACCTA TGTAAO>Jl.J>.C 

17.51 CTGCACG'I'TC TGCJ\CATGTA TCCCTTTTTT 'l'TAGll.MJ>.AG J:\.l\ATAATGl-V\. 

1801 l>Jl.AAAACCTT TTT1'CTATT'r ATATAATCAT GGCA'l'TT.11.TA AGCll.TCTCTA 

1851 TAGAGAAGGA TAATTGTGCT GAGATTAGAC AGCTGTCTGA GCACCTCACA 

1901 CTGACCTATT TTTA~CAAM TGACTTTCCA CATCACCTGA TTTCGGCTCC 

19~1 ATGCP.GGGTA AGCAG'l'TCCT ll.AGCCCTAGA AAGTGCCGAT CATCCCTCAT 

2001 TCT'.l'GAATTC CTCCTTTT/:1.T TTJ>.CCAAAAT TCCTGAGCAT GTTC/1.GGAAA 

2051 GATGAAAAGC TTATTATCAA l\.t\TAAG1'GGC TGAGATAGAC TTCTTG'l'CAC 

2101 ATT"rGT'l'ACA GTAAAATGGG 1'CTCCAAGAA AGAAAGATTT GCCTTGGGCT 

~151 CTAGCATGGC CAT'l'TATTTA AGA!V•,GCATC TG/l.A/>.CATGA .11.GCTACCACh 

2201 GCATCTCTCC TGTGGTTCCA G.11.CGGA/l.GCC TGAGP.GTCTA GGA.GGAGG'fG 

~251 GACCGAGP.AA CCCTt:;CCJ>..Jl.l>. G·rPJ>.C~~.G'l'll. G'l'GCCGGGT'I· TCTCACAA.CA 

2301 CGATGC.llJ>.AG GGGCTAGAAT CAGk'l'GAC'l'A T'l'TTCATGTT TCA.ACATACT 

]3'IG. 1 Cont. 



U.S. Patent Jul. 7, 2009 Sheet 3 of 26 US 7,557,083 B2 

2351 AC;>..CACTGGI>. ~».CGTTACG GCAGACTCTA C'l"rTA'f,".\ATG GGGc·rGCAJ>.!>. 

::o OJ. TGTAAJ'.ATGA CTACTAGAAC 'l'AGGTCCTC'l' TAJ,TAGC1'.GC hl-.AGTT'tl\AA 

~451 AGGGTCAGAG GGAGCTCCAG ACACAGGTTA. GATTTG;<.TTT CTC'i'CCTAG'I 

~501 'rc'I'GCTGTGA ACAAGAGGTA TAAGTTTGGC: Chl>-.C'l''i:J:\CTT l'.P.CCCCTGF>.A 

2551 G(;TCl>.GTT.t>.C CTTATCTGTA AJ>JiTGATTGC ATTGTACTAG GTGTTCTCTA 

2601 A..nJ>.TTTCTTC TACCTCTGI\C 'l'T'rTTAGG!>.G ACTAJ•.TTTT'l.' A.l\CTCCTTTT 

2651 TA.AGCTATTG GGAGMAAAT TTAATT'l'TTT TTCAAAAGTT ACCT'l'GAATC 

2701 TCTAGAGCAG 'I''l'CTCAAJ>.AC T,t..TTTTGTCC CAGGCA."IAGG J\MTGAGAC'l' 

2751 AGGTACCCAG AATGAGGCAC CCTGCATAAA GCTCTGTGCT CTGA.~V.CCA 

2801 AT.GTCAGGG?l. CCCTGTGA.TA A.ATAATTAA.l\ CCAAGTATCC TGGGACA<:TG 

2851 CT."IGTGACAT CGCCTCTGCT GATCJl.CTCTT Gl:::CAGCGI>.GA CACTCTATAC 

2901 TTGC1'T'£CTC ATCAT'fGGCA TCCAAAGTGC CTACTAJl.TCC ATTGCT'l'TGG 

2951 AAAGTT"rTTT TTAATAAAA.l\ GATTAT'l"l'CT l>.TT/\GGAGGA AAACJ\TCCCA 

3001 TGTTAMTAG GJ:>.AJ\1'.TT!IJ>.C TG1'.AA'I'C,t,,TT TTCAGATGTG .AT1'TTTAGCA 

3051 CTTA'fAGCCA TTTCAAACCA TGGTA1TCAT TTATACTM'G C1'ATTTATTG 

3101 TAA.~CTTCT 'l'TTTTTT'l'CC .1>..l:i.GGAAMTA I\.GATA.GTTTG CTTTATTTTA 

3151 Ai:.J,CAGTAAC TTTCTTATA.T TGGGGC/\CTG ACCAAA.I>.TTC AATACTGGTA 

3201 CAAATATGTT ACCTAGGGGG TCAAAATATG TGCCAGGTGA A'fTTTCTGPJl. 

3251 TTTCTCTAAA GAGAGMTTT TAAACCTTAT AAAACMTTA GAAACAAGTG 

3301 AGTGAGAGGT GAGCATCAAC AACCTGTGTA ACATAAGCCA CAGTACAAAT 

3351 TTMGCTGA.ll. TJ.l..ll.CCAAGCC ATGTC}\GTTA TCCCAAA'fCA T'l'TTTGTTAA 

3~01 TATTTAGGAG GA'J'ACACATA TTTTCAATP.A CTTAAMGTG AA'.l'CTTTACT 

3~ 51 CCTATCTCTT AATACTCGAA GMGTATAAC TTTC'fTCTTT TACTAGATTT 

3501 AAATAATCCA AATl,'l'CTACT Cl-.U.GGTAGGA TGCTGTCATT AACTATAGCT 

FIG, 1 Cont. 
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3551 GJl.GTTTATCC r...AAATAGP.J>.A lU,TCATGA.t..G .t..TTT,1.TAAAG CATTTTAAAJ>. 

3 601 ATJl.ATCAT'rT ATJl.GCAAG'rC CTTGAAAGCT CTAAATMG.!\. A.AGGCAG1'TC 

3 651 'J'CTAC'J'T'l'CT 1'.ATAACACCT ATGGTTTATA TTACA'l'Jl.ATI>. TAATTCAACA 

3701 l'J•.F.CAGCATT C'l'GACGAhTG .'\TAATTTATA SG/l.i',ATTCP.T TTGCCAAGTA 

3751 TATGTTTT.Z:IT TATA.A.~GTTA /1.TATTTTGAC r::AATC'l'TAAA AATT1.'TTAAA 

3801 CTC'l'ATTCTG ACAT'l'TCCP.G .Z\.AGTATTATC TTAGCAAGTC ATCT'l'TATGI\ 

3851 TACC.l\CTTAT Tll.AJI.CTGIIJ\G T>.GAJ:..ACAAGJ>. TGGTACATTC TGGGTTTTAC 

390J. TTTAP.AP.<lGG ATTTGATTCA ATAATTTGJ>.T TT/l.TCACTAC TTGAAAATTA 

3951 CATTTTCT'l'C CTCAGAC'l'GG ATGGCAATGA GATGAAAGCA GC'rTTCCTGG 

4001 CTCTCAACTT CCCTTCTTCA TCAATTTTTC CAGCGTTTCA TAAGGCCT~C 

4051 A•·:;,rAI-.AA.'I\TT CTAAAACTAT ATA"fCACAT't AATATAATTA CTTATAATTA 

4101 ATCAGCAATT TCACATTJ.l.TC G'rT/lJlw~,.'\CCT TT/'.'.TGGTTM Al\AJ\TGCAAG 

4151 G'fAAGAG.".AG AAAAAAP.CAC AT'l'GAACTAG AACTGAACAC ATTGGT/1.P.Jl.A 

4201 TTAGTGAATA CT'fTTCA'l'AA GCTTGGATAG AGGAAGM/\G AAG/l.CATCAT 

~ :251 TTTGCCP.TGT AACAGGAGAC CAATGTTATT TGTGATTTCA GA'I"l'GTCT1'T 

4301 GCTGGACTTC TTGGAGTCTT TC1'AGCTCCT GCCC'l'AGCTA ACTP.TGTfl.11G 

43!H TCTCACCTTT TCAAGTTTGC TACCAAAATG CATTTGCAAG GA.rl11TGTGAT 

4•101 ATTJ\AllTCAC TCTCAATCTC TTATAA.u,CTT CAGAATATCA ACGTCAP.TGA 

4 4 51 TGP.C.O,ACAAC AATGCTGGP./l. GTGGGCAGCA GTCAGTGAGT G1'CAACAATG 

4501 AACACAATGT GGCCP.ATGTT GACAATAACA ACGGATGGGA CTCCTGGAAT 

4 551 TCCATCTGGG ATTA'l'GGAJ>.A 'l'GTAGGTAGT CAACGTGCAA TTT1'CACTTT 

4 601 Jl.'fTGTTTA.?\.Ii A/.,;fACGACTT CT'l'TTTAACJI. AJl.AAATGTGC ATGT'fAACCA 

4 651 'I'AAAGAAATT AAAMTAAAT TCTJ>.Ji.TTACA CATAGCJ\TAC AGTTATAAGT 

FIG. 1 Cont. 
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4701 Jl_n.AGGTGACC ATTTTGCTCA TCCGAT1"1'TG TTC:CCTl>.GF>.G AT.CJO-.C'l'Jl.CTG 

47 51 TTAJ,..TAAGTG TTGCATG/\TC AGTTAAAA'l'T CP.AACCAACJI. l>-',CAC'.TATGT 

~ 801 TC;..AGGGA_TT GTGGGTA'r.t>.T ACAJ>.CP.P.ATA TGA.F-.Cl,TCCT TTTGCCTTGC 

4851 CTGCAGA'l'AC CCTCMTJ>.P.T GCTGAAAG.;c TTATACAACA TU1CTGCTTC 

BOl C/V>..AGCTTAG /1.CTP.TCTCAC T'l"fGTTT'rCA 1>-1'1.GGAGGTTT TACGACCTTC 

4~51 TllJ\ . ..ll.GAG.n:rT Gl'.A.'<T'l'GACA 'l'TTC.ll.CCT AA AACT<::GGGJl.A A.'l'GTAJ\ATGA 

5001 CAA'rATTAAT TGGTAAGAGA GGAJl~n.GAAGl>. Jl.l>.GP.AAGAAG GAAGGAAAGA 

50~-l AAGA.t..AG:Z.J.>.G GAAGGAAGGA AAG/1.AAGAJl..A GA.ll_Z\GAAAGA AAGAGAGAGA 

5101 AAGAAAGAAA A.".GP.A.AAAAG AGAGAP.AGAG AGAAGGAAAG AAAGAGAGAA 

5151 GGAA.AGGA.AA AGAGI\Jl.GC/l.A AGAAhGAGAG GAGCMAGM AGGMCAC'l'T 

5201 AGC.:\C'l'AGTT GGQ;s.GACCCA ACTC'l'GGl>.1>.T TATCl>.GCTAT ATATTTAACA 

5251 AACGTTATAC 1TTTAAATAG CAA.~CTCTTT ATTGTTTCAA TTTTATCTGG 

5301 TCAAT.TGGAA AAATAATTTT TGTCTTATCT GTCTCCTTGA AATGTGAGGA 

53:,l 'rCAAAGGAGA CTAJI.AACATG ATAGC'l.'TTT/l. AP.GTCTATT'l' CAGTAAA),C;i. 

5401 GACTTATATA GAGGGGTTTT TATCATGCTG GA.ACCTGGAA ATAJ:\JIGCA.~~ 

5i51 CCAGTTAGAT GCTCAGTC'rC TGCCCTCACA GAATTGCAGT CTGTCCCCJ\~ 

5.501 AAATGTCAG<:: !'.l'.TAGA.TATG A'rTGCCAAGC AGTGCCCCA'l' CCP.GTGC'CCT 

55-51 TA'l'CCC!\.GCT -CATCACGATC TTGGAGTTCC CAT,T'rC'l'CTC TGCAGGTGGf>. 

5 60 l ACTG.Z\CCTCT. GA·r.r,.AGAA.!\A GCTCC'rCGGAi GMCACl'.TGC CTCl'.C'rAn'r 

5651 GCCATCTACT TT.ll.ACAGGGC TTTGCTGC!I.A CCAGACTCTT TChAAJ\Gl'J,G 

5701 ACATGCATTG TGCACAAAAT GP..ACAAGGM GTCATGCCC'l' CCATTCAATC 

51 ::.1 CC'rTGATGCA CTGGTC/l.AGG Jl.F.P.l'.GA.1-.GGT AAAAATAAAA GGCTT1'T'1'AT 

5001 TTTTGGTGAG GGGAG.~GGTT TTACATCCTT CAGTAA.O.TAA CG/\GN'.GATC 

5851 ACAGTCATTC CCTCTTGACT ACAGTATGTT GTAGTGTGCA GCACAAAGGG 

"FIG. 1 Cont. 
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5901 GGhAG1'TM"f GGTGA1'TGCC 'l'GAGGGAAGG C1'.ACTTCTGC CACATCAAAT 

'.:,,iSl GCTGTGGC'l'C ACACCT!l.CC'I' CTACA!>.CCGC TGAGCA.r>.AGC AC'l"J'GAAACC 

6001 TTGACTG'l"!'A. GAGGP.GCAAJ>. GCTC.TGGTCA CACCAATAGG 1\GCCTCAGTA 

6051 CTTTGCCAAG G./1.CP.TTTTTC TGC::AAG,-.GTT AGTTI>.GGGTT ATTAGAT'l"L11• 

6101 GCAA.P.'l'GJl...n.A ATAGAAGATA TCCAGTTAGG 'fTTGAATTTT AGGTAP.GCAG 

6151 Cl'-.GGTC·rT'iT 'l'AGTATA.I\.TA T/l.TCCTATGC /l.ATATTTGGG ATATACTAAA 

6201 AAAAGATCCA TTGTT.l\TCTG A.A.I\.TTCAPJI.T GTAACTGGGT A'fTG.TATAT'l' 

6251 ·r·rGTCTGGCC ATAC'l'AATCC A<>GTGAGTGG AAAGJ\AGAGA TCCATAATGT 

6301 T1'TAAA.~TAT TTGCC'I'G!'.GT TCJI.TATTCCT ATAAC'!'G1'.TA AATGAGTlV::C 

6351 TTTCAT'l'GP.C AAGGTAGAGA AAATAAATAA ACTGCATTCT CAGP.AGATGP. 

6401 'l'T~.'l'TACAT.P. GTCTAATCCJ, AGGP-~TCTJl.T GATGACCA.h.A TGAGGTCCAA 

6451 G1'TGC:AG;..!\T AAJ~'i''l'AAGCC TCAGACTTCT GTGT'rTATGI'\ GAI>.GCTGAGG 

6501 TTTCAJ-'.ACCA GGTA.I\.JI.TCCC TTAGGACP.CT TAGAAATGCT AAGATA'fACA 

6551 GAAT.z>~l\GCTA GAAATG<3C'fC TTCTTCP.TCT TGATTATGGA AAAATTTJ',GC 

6601 1'GAGCA.!I.CAC TCAC'l'GTTGG CCTCGTATAC CCCTCAAGTC AACAAACCAC 

6651 TGGGCTT(;GC J>.TTCJ>.TTCTC 'l'CC:CJ\TTCT'l' CCTTTCTJ.1.CC TCTCT'l'TTCC 

6701 Jl.Cll.<'.::'l'C:ll.GCT TCAGGGTAAG GGACCAGGAG GACCACCTCC CAJI.GGGCC'rG 

61.51 ATGTACTCAG 'l'CMCCCAAA CAAAGTCGAT GACC'rGAGC/l. AGT"rCGGAAA 

6801 AAAC~1'TGCA AACATGTGTC GTGGGATTCC AACATACATG GCTGAGGAGA 

6851 TGC,t,.AGGTGA GT.I\.GCATCCC TP.CTGTGC1'.C CCC!'I.AG'l''l'AG TGCTGGTGGG 

6901 A'l'TGTCJl.GAC Tl>.TCCTCGCG CG'fGTCCATA G1'GGGCACCA G'fGA.TGCAGG 

6951 GATGGTCl'.TC MGGCCMCh TTTGTGCAGT GCTTGCTCTG TGCCAGG'l'AC 

7001 TGTTCTATG'I' GCTTTAAGTG TGTTAACTCG GTTCTTCACI\ GCA.I\TCTTAT 

7051 AGGTTCTATT TTAATCCTAC TTTATGG~TG RGGJl~.ACTGA GGTACAGAGA 

FIG. 1 Cont. 
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7101 GGTCACJV,.!\.A TCCTTGCCTG GGTCAATTCC AAGCATTT'l'G GCTGTGGA'l'T 

7151 CTG'fGCTCTT ;i_'-\ATATTATG GMCACTGCC TTTTP.AGTG'r G!'J\TCP-.J-.Gr,G 

7'.:01 1'1\GACTC.llJ\G TCATATTCAA AAGAATGCAT GAATGGCTAA >1TG.t..:<v1GAAG 

7251 -~-".TGCTP.l'.TA G~~l'CTAT'ri', 11.CTTTCTATA GCTC.ll.GACAA TCl,CTTAAT'I' 

7 301 TCTG•JACATT Cl'-,AAGAACAG CTGCACACA.l\ ACA..!\.Jl..G1'GTC 'rACCTAGGGI, 

ns1 CCTi'.ACT'tAA TGGCAATTTT CCAGATCTCT GAATTGAT'l'G 1'.T'rTC!\TC.~C 

1401 J:\Jo.CMGT1'Gf.. T~.ACCTTGA C:r>.TTAGCACP. TAGCTAGTTT GGAµccCCT 

j 451 hCTCCCCCl>.A TCCCC'l.'CCAA Gll.Jl.11.AG.t\G1'C CTTi>Al>.T11G1'.. CA'l'TAATJH.t, 

7 501 GGCT'rCTTCT TT'l'CTC'l'T'rA TTAGAGGC.U.A GCCTGTTTTT 'l'TACTCAGGA 

7 551 ACGTGCTl'.CA CGP.CC/1,G'l'GT ACTATGGA'l'T GTGGACATTT CCTTC'l'GTG•"; 

7 601 AGJ>.CACGGTG GAGAACTAAA CAATTTTTTA AAGCCACTAT GGATTTAG'IC 

1651 l A'l'C'TGPMn,TAT G•:TGTGCAGA AAAAATATGG GCTCCAGTGG TT'I"TTF.CCAT 

7 7 0 J. GTCATTCTGA AATTTTTC'l'C TACT/1.GTTAT . GT1"l'GAT'l'TC TTTA.11.GTTTC 

7751 .r..ATAPMTC!\ TTTAGCP.TTG AATTCAG'l'GT .• n.TACTCAC.IIT TTCTTACAAT 

7B01 TTCTTATGl'.C 'l"[GGAATGCA CAGGATCN\.A AATGCAA'rG·r GGTGGTGGCA 

7 8 51 AGTTGTTGM GTGCATTAGA CTCAACTGCT AGCC'l'ATAT'r CAAGACCTG'r 

1901 CTC•":'rGTAA1>. Gl\ACCCCT'l'C AGGTGCTTCA G/\CACCACTA ACCJl.CAACCC 

7951 TGGGAhTGGT· ':CCAATACTC TCCTA.CTCCT CTGTCCACTG CTrAA 

FIG. 1 Cont. 
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l CP..TGCT'fGCC TACTCCTCTG TCCACTGCTT 1'CGTGA.!:l.GAC A.l>.GA.1'G/\AGT 

$1 TCACAA'l'1'GT C:TTTGCTGGA C'f'l'CTTGGT\G TCTTTC'f P.GC TCCTGCCCTA 

101 GCTAAC1'ATA A"rATCMCGT Ci'-.ATGATGAC A.ACAACF-.ATG CTGGAAGTGG 

151 GCAGCAG'l'CJ>. GTGAGTGTCA ACAATGAACA CAATGTGGSC M'rGTTGACA 

201 ATtJ>.Cl\.ACGG 1'.TGGGP.CTCC TGGAP..TTCCA TCTGGGATTJ>. TGGAAATGGC 

251 'r'f.TGC1'GCAA CCAGACTCTT TCP..AA1'.GAAG ACATGCA.TTG TGCAC.l\.l>J\AT 

30l GAACAAGGAA G'l'CATGCCCT CCATTCAATC CCTTGATGC.l\. CTGGTCAftGG 

351 AAAAG."C\MC'l' TCl'\GGGTAAG GGACCAGGAG GACCACCTCC CAAGGGCC'rG 

~ 01 ATGT.ri.c·rcAG · TCAACCCAAA CAAAGTCGA'r GACCTGAGCA AGTTCGGJ>Jl.J). 

~ 51 AAACATTGCA AACATGTGTC GTGGG.ri.TTCC .l:\ACATACP.TG GCTGP.G(;AGA 

501 'fGCAAGAGGC AAGCCTGTTT TTTTACTCAG GMCGTGCTJ>. CJ>.CGACCAG'r 

551 GTACTATGGA TTGTGG/l.CAT TTCCTTCTGT GGAGACA.CGG 'l'GGAGAACTA 

601 AACAATTTTT TAAAGCCAGT ATGGATTTl'.G TCATCTG!>.AT ATGCTGTGCA 

651 GAAAA1'.ATPS GGGC'tCCJ:\G'l' GG'l:TTTTACC ATGTCATTCT G.r..AJ\TTTTTC 

701 TCTACTAGT'\' ATGTTTGM'T TCTTTJ'..",,GTT 'l'CAATAAAAT CATTTAGCAT 

FIG, 2 
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1 MKFTIVFAGLLGVFLAPALANYNINVNDDNNNAGSGQQSVSVNNEHNVAN 50 

51 VDNNNGWDSWNSIWDYGNGFAATRLFQKKTCIVHKMNKEVMPSIQSLDAL 100 

101 VKEKKLQGKGPGGPPPKGLMYSVNPNKVDDLSKFGKNIANMCRGIPTYMA 150 

151 EEMQEASLFFYSGTCYTTSVLWIVDISFCGDTVEN 185 

FIG. 3 
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1 GAATTCP-".AC AGCAGG•:::o:r CTTTCACCAG C.'ICTATCCGA ATC'fAGCCJ\T 

51 ACCAGCATTC T.P.GAAG:C.GAT GCAGGCA.GTG AGCTAAGCAT CAGACCCCTG 

101 CAGCCCTGTA AGC'l'CCAGAC CATG•3AGAl>-.G AGGAAGGTTG TGGG'r'l'CAAG 

151 GAGCT·rTTC.C:. GAGTGGA.n..t>.T CTGTGGATCA G1'GAT!TATA AJ',J\CACAGT'r 

201 TCCCCCT1'TA TT/l.GATTTGA ACCACCAGCT TCAGTTGTAG 1\AGAGAACAG 

251 GTTAJ>.AAAAT AATJI.AGTGTC AG'l'CA<,;TTCT CCTTCAAA.t\C T.t\T'rTTA.Ji.11.C 

301 GTTTACTTl'.T TTTGCCf..AGT GACAGTCTCT GCTt'CCTCTC CT.n.Gr.,AGAAG 

351 TCT'l'CCCTTA TTTTAATA'fA A1'ATTTGA/.\.A GTTT'l'C/l.T'l'A TCTAGAGCAG 

101 TGGTTCTCAT CCTGTGGGCC ATGAGCCCTT TGGGGGGGTT GAACGACCCT 

4 51 TTCACAGGGG TCACATATCA GATATCCTGC Jl.TCTTAGCTA TTTACATTAT 

501 GATTCATAAC AGTAGCAA/l.A TTAGTTA.GGA AGTAGGAACA AAATAACGTT 

551 ATGGTTGTGG TCACCACTAT GTTAGAGGGT CCGCAGCATT CAGAGGGTTG 

601 AGAAC1'G'rTG TTCTA.GAGGC AAATAAG.11..r..G ACAGAGTTCC TTGATAGGGC 

651 CCAGl>.GGCAG 'l'GAAAGAAGT 'l'TCCACG'fAG .AAAGTGAAGA AGGTCTGGTG 

701 TCCGI-\.AGCP.G TGAGGAACTT Ju-1.AAA.r.AGAA AACCAAAAAC /\TTGCCMCT 

7 51 MCAGTCCl',.G GAGAAGAGCG GGGCATGAJ\.A GGC'l'GAGTTC CCATGGGATG 

801 CCTTGAATGG AATCAGAGTG TGGGAAllATT GGTGTGGCTG GAAGGCAGGT 

851 GCCGGGCATC TCAGACGCTG GTAGCTGGGG AAACAGGAAA CCCCTTTAGG 

S-01 ATCCCAAGAT GCCATTCCAA TGAGCTTGAG A'l'TTTTCTCA 'fGGACTGCCA 

951 GTG,VITGTTT CTI>.CGCTCCG GAAJ,TTA.ATG TTTACTT.t\TT TTCCATATTC 

1001 'I'J>.GGGGAGAA CCCTGGGAAA AATGGAGGAC AT'l'CA.TTGAA ATATC'l'GAGT 

1051 CCTGGGAT1>.A GGCAGGCTTG GTCCTACAAC '!'CTGGTi\.l>.AA GTCCATCAGG 

110 l AAGTGCCTTG ACCAAGGCTG GAGTGGAGAG CTGTTG'3TGA GA'l'G'rAAGGG 

FIG. 4 
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1151 CAJ',GGT'l'Ti\G T'tGC1..,GATA TGTAG.ti.TGGC AAGATGGTGC TG•~CAACE\GC 

1201 CCCC/l.G/l.GCT CTAACCCACT GAGAAAC:CCA GGAATGl'.Jl.TG ATGGGAG!I.TG 

1251 GCTT1'GGTGC CAGCTGC'l'AG TGACATGGCT GG~».GCTGC ACTGGCTTCG 

13()1 AGGCCAG/l.CA A'I'TCC1'CA/l.G GAAACATCTG GCCAGGGTGC MGGGCCAGT 

1351 TTCCTTCCT·r GGAGT'l'CCT'l' TCACAGCTAA G~~CATCATC CCCCAACCAC 

14(11 TGGTTTTGTT AAJl.AAGTT'1'T CAG'l'A'.i'GACT TGAGCATGGT CAAGA.~G~.T 

1451 AGAGAGGGGG P-2\ATAAGGGT GGr~~GGAGCT GGAGA.V.GCT TAC1'Jl.TAGGA 

1501 CTGGGTA!'..~G GGAAGGAGAA GAAACCATTC CCGCATTCCC ATAGGAGCCA 

1551 G'l'ACCTI.GGJI.A GGGCAGGTGT ACACAC!l..GAT C'.i'CATCTA.l::,G GCCATG'fT'l'G 

1601 GT'l'TA.GGGJ:>.T TACTCTTC'l'C CCGAATCTGA GCAGCAGCAA TACGTlVtl\A"r 

1651 ACCCACACCC ATGGCTTCCA TATTCCA.GAA CTTA.TCJ:>.ChA P.CCG1'GTAGA 

1101 GTTTACTGAG :l\TACCTTCGT CAGil.GGATGJ, GTCAGAGGCC TCCTGCCTAA 

l 7 51 GGGCCCTACT GAGCAG.GCAG CTAAAGGCTT CCGGGCCTCT GCAGGTCCAC 

1801 AGAT~CAGGA GAGGGAAGCA GATAAGCCGT GGACTCCACC TGAGCACACC 

18 Sl TAGCTTGAGC AAAGCTGGTC AGGTACAAAT Jl.GCAGAGGGC TGAATGTCTG 

1901 TGAGCACGCC GCCTGATCCT CTGCTCCJl.CC ACACTCCTGC CGCCA.TGAAG 

1951 CTCACAGTAA GTCAGATCTT CTTTTCAJ',TG CAGCACCA'rA CMCATTAAT 

2001 AGTCAGGGGT GAGGGGGTCT GACTCTTACG GC.IICTGT'TAC CATAG'fGGAA 

2051 ATATTCTCCT TTCTTTTCAT GGAATCATGG 7'GTTTACAAG CATGTCCP.TA 

2101 GAGl'J>.GIV>.GA ATTGCCCCGG AA:.GAGCCTGT CACAGGCTG!'. F\Tl'>CTGT;..GA 

2151 I\TTGTCTTTC ACACCA'rCTG TTCCAAGGTT CTACTTAAGi\ CGAGCAGTCT 

2201 CTGGGCTCCA GAAAGJ\GTCT TTCTTAGCCT TGATCTCTT'r CTTA'l'TTC'rG 

2251 ATTTCTCC'l'T TCT'f,!l,TCCAT GATTTCCACT TTTACCAGTT i:'.'rGGGC!\TGT 

FIG. 4 Cont 
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2301 TCCGGTCAGA CTGGPJ:l.GP.TC ACTGTTGTCA AAACTAGTCT 1'CAACACTCT 

2351 TGGCTGTTl'.A Cl'.TGP.AA,"-.CA ACGGTCCTTG GGCCCTGTGC AAGCi\T'l"l'CT 

2401 'fGGAGAM,GT CTCTGGGGAT GA.'\GCTATCT CAG'l'TTCCCC ACTGAAGTCC 

-z.151 TAGGATACAG /l.GGCTCAAAC AG/l.GTGCACA TATTCAAT'L'T CAGCATACTC 

2 501 TA'l'TGGCGCT GCT'rTA'rGJ\J\ TCATATGkAT TTJ>.TGGAATT GGAAA'l'GT.t..A 

2551 AC1'J\1'GACCA AGAAGCGTCC ACCTCAGAAC AGGTTGGGTG GGGAACTCCA 

2601 f\GCACAGGCC AGAGGGCTGC GTTTCTCTTC T1'.G'1'TC'l'GTC TAGAGGAGTG 

2651 GTTCTCGACC TTCCTAA'fGC TGTGACCCTT TAA'f~CAGTT CCTCACGTTG 

:2101 'l'CGTG/l.C'rcc CAGCC/l.TAAA A'l'TACTTTCA TTGCTAC'l'GC ATAACTGTM 

2751 TTTTGCTACC ATTATGAGTT GTPJl.TGTA.".A TATC1'GATAT GCAAGA·rACC 

~801 AGATAACCTA AGAAACGGTT GTTTGACCTT ·rAAJI.GGGG·rc ACAACCCACA 

2051 GGTGGAGW>.C TACTGGTCTJ\. GGGTCCTTTA CAGTCCTTTA GCTGCCTCAT 

2901 TTAC1'.GGAGJ\ TAACATCATG CTCAAAAACT CCCTCCAC1l.T TTGGCTTTT'r 

2 951 GGG1'TGTTTT GTTTTGTTTT TCAAGACA.GG GTTTCTCTGT GTAGCCCTGG 

3001 CTGTCCTGGA ACTCACCTTT GTAGACCAGG CTGGCCTCGA ACTCAGAAAT 

3051 CCGCCTGCTT CTGCCTCCTG AGCGCTGGGA TTAA.l\GGCG'l' GCGCCACCAT 

3101 G'l'CTGGC'l'CA CATCTGGCTT TTTAAGP.GAC CGATTTTAAC TTCT'l'GCJ,\TT 

3151 GJl-1\.AATAAAT A'TAGTAGAAA TGCTTP.-D.CCT AC'rAAGACAA TAAAAJ>.CMG 

3201 ATTCCTTCTG CTAGGAAGAA C/\CGTTCCAG AC'fAAGGMA JVIJl.ACCT'f'rT 

3251 CAGGGCTTTC ATTACkCTGT GCCATGCACT MTTTTA'.l'GT TTTCTTC/.\TC 

3301 AGTT'TTCAGT GTCTGAAATT CAGTGTCPJl.A ATTCTAAGAC TACATATGAA 

FIG. 4 Cont. 
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3351 TAT1::ATTi',CA GTi'.ACTC/.\Gi;: AATTC'rATGT TACCRGV.~.G TTTTTCTGTA 

3 <l O 1 GT1'TMAAAA AAGGTGGAAG AAGF.J>.AGCAC AGF.T.ll.GT'!:TA GCACATGGGT 

34 51 APJl.!ifCAGTA ACTAT1'TCTG ATGAGCTTGG '1'GAAG1\TGC1' GTAAACCATG 

3 ~O l CGACCACCAG TCCTGTTCTC TGTGCTTTCA GATGT1'CGTC G'l'GGGTCTGC 

3551 TTGGCCTCCT TG•::AGC1'CCT GGTTTTGCTT ACG'rAAGTCT CA'l'1'TTTCTG 

3601 AJ>..GTTCA'tTG TCJ'.,J'•J\..1\.CTGC ATTTACAGTG AAATGTG!\.'I'C TTAAGTCA_CC 

3651 CTCTGCTTCT TATGAACATT AGACGG'l'CA.A CATCJ>.-1\.TGGT AIITGATGGCA 

2,701 A1'GT;t..Gi'.\CGG AAGTGGACAG CATTCGGTGA GCATCAATGG TGTGCACAAC 

3751 GTGGCCAATA TCGACAACAA TAACGGCTGG GACTCCTGGA ATAGCCTCTG 

3801 GGACTATGP.A .11.ACGTATG'l'A ATGGACACAC AGGGT.ll,A.AGA TFITGGTGTAG 

3851 CCACCACCCA TTP~Jl.ATTTC TGAGGTGAAT TCTAGCTGTT CATGA.P.CATT 

3901 AAAJ>.,~CTJ>.,:c AGTAAAAGTG CCCATTCCAC TCAAJ\.11.CAAT T'l'TACTTTTT 

3951 TGCATATAAT TATTGCTAAT .liAGTATTACA CA.ll,TAGGTCG AAAT'l'CAAAG 

~001 GGATCAA'rAG TJ>..AGGll.TAAA MCTATGTAC· AAAG/l.CI\AAC ACAGCATCCT 

4051 TTGGTCTTCC C'!'GCAGAGAG TC'rCCATGAT GTTA.AP.GGTC CAATG'J'TTTA 

4101 TGGAGGCTGA ATGAAATACG AATGCCTCTG TGATGGAA.A}I. GGCCCAACA.T 

4151 CTTATGGl<GA ATGAGTGPJl.G TATGAhTGCT A'l'TAGTTGT.n. AGP.GAAGGCG 

4201 1'.TGCAAl:>,.GCA Ji,CACTTGGCA CCACCTGCCA ATTJ.\CTACTT 'fCCTJ'..I.TTTAA 

4 2 51 J>.TGTP.GT'l'TA MAJ,GCAJ>~t,G CCTGTCTTCC CTGCCTCCTG GA.l'.ACACTGC 

001 GGATGGAGGT AGACCAAGGT ATGACAGCCT TTP.AAAG'l'TT GTCAGCAAM 

4351 CACTCCCCCA TACACACATA CAC~CACCCT CCTACTACAC TGGAACTGAA 

FIG. 4 Cont 
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4 ml GC1'-1\."-l•,GCAG TGG:;TTAGAT ATATCCACCC TCTAP.Gl'.GTT TGCAGGTCAT 

4 -l 51 CTl'.1'.U.'ti'.NI\ TAGCC1'.GAG,!,. CACAAC'l'GCA GGACAGCCAG ACTCTGAGCJ1 

4 501 CT:::TCCCCAG CTCCTTGTAG CTC'fGTTTCA GTGGTGACTT G1'GACAAGAA 

,J551 TCCTGGGGJ'..A CCTGTGCCTC ACTGTTC"rCT GTCTTCTTTA ~'l'AG:I\GTT'rC 

4601 GCTGCCACGA GACTCT·rcrc CMGAAG'fCA TGCATTGTGC ACAGAATGAA 

4 6:-1 CAAGGATGCC Jl.'!.'GCCCTCCC T'l'ChGGhCCT CGATACAA'fG GTCl-1..A.GGAAC 

~ 701 P.GAAGGTl>.JlJl. GTCCTGCCTT CTTCTTTGGA GTGACAGG/l-.A GTCT'l'ACAGT 

4751 CTCCP.GTACJ'.. CJ:.GTGA.t\GTC ACCCCCATTC CCTCTTTGGT GGAGCATGAC 

4 801 AGCATGTT'I'G TCATGATAAA TGCCACl'.AF>.C A'rGTAAAACT GT'l'CAG'l'GTC 

~ 'a 51 TGCCTGM'l'G GAGGGTGGCT TCCACTGTGT CAGATGCCGT GGCCCACATC 

4 901 TGCCTCTGCA GGG1'CCAGTA AAGCACTGGC TATC'l'TGAGT GTCAGAGACC 

4 S-51 CAAAGG'fC1'G TAC/l.CTTCAG TACAAGCCCT CC.t\TATTTCA AGGGCACACT 

5001 CCTACAG1'CG TTGGGGTTAT CAGMCTAGC AMCATJl.GAG ll.C'rGGATTT'r 

5051 CAGA'I'Gl'.AAA GA..l.\ATCCTTT TTAAAGTCTA AGTATGCCTT ll.T/.\CAATGTT 

5101 TGAGATA'I'"rC TChl1TACTAA AAAAAAAAAA AT'I'GTTGCTT GC'l'TG/.IAA . .D,T 

5151 CAAATG'I'AAC C~~GTGTCCT ATATCCASTG TCAATCATGG CTGTAGTAGA 

5201 't'GGG!,,.AGJ\GG GAGCCCGTGG TTTTCll.CP.GT CAGACGCCTG AGTTATTCTT 

52:,1 CT.I\AG'l'GAT.l\ AATTGGTTCC TJl.T/l-.ACAAGC AAGCCAGTGA ATATAAATAA 

5301 GCTCTA'CCTC AGAAGTTATC CTGTAGTGCT ACCCTAGMT CTAAGAGAGC 

5351 AAA.AGTGCTT CAAA'l"l'TC1'.G AATAAGTTTT GCTTTGGACT TCTGTT'I'TTC 

5<101 '.l'Jl.AACAACTA. TAAC'l'TCAAA CCATCTA..11.GC CTCGTGGGAC ACTTAGAAAT 

5451 ACCAAGCCAT TC.11.AAGCTAG A.~TTGTTTCT TCACCTTACT TGAA.l\ACAAA 

FIG. 4 Cont. 
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'.)501 ATGACAACCA Af>.ll.ATTGTCC CCACTGCCCT TGTA•:ATCTT C;>.GATCAGTA 

5551 AI\GTCCTGGG CTCP.GGGATC ATTCACTTTC TTTCTTTCCT TTCACAC::TC,l. 

5150 l />.CT'l'CAGGGT A.i'Jt,GGGCS:::TG GAGGAGCTcc· TCCCAAGGAC TTGATGTACT 

5651 CCGT01}1CCC 'l'ACCAGAGTG GAGGACCTGA ATACATTCGG ACCP.AAGA'rT 

5101 GCTGGCJl,TGT GCAGGGGCAT CCCTACCTAT GTGGCCGP.GG AGATTCCAGG 

51 $1 TG'i'GT.ACCCT GJl.GATGC1'GT A1'ATCCCAAT GCAGTt1CTGl1 GAGAGCCATC 

5B01 AGACACTCTA AAGTG.TGACC ACAG/l.CGGAC CAATCATGTG GP.'l''l'l'l.TCP.GA 

5851 G".:Jl.AACAC'l'T GCTTGCTCCT TG'l'CAGACAG TTGTCCATG•: TTCA..h.AAGTT 

5901 CJl.'f'l'AAAJ'.J'.A AAT.n.GTTCAC AGGCTCCTCA CAGAAACCTT AGTJl.GMTCC 

5951 ACAGCTTCTG CTCTTAGTCT TACTTTTTAG AAACTG~GAC CCAGAGAAAG 

6001 GTCACM.n_11_,:: TTTTG1'C.TGG CTCAGGTTCT ATGTCTTTAA CTTTATAGA.!\. 

6051 TACCGTCTTT· CTGGG~'GGGT GGGCTCTAGA GTAAA.C'fTCA J>.GTGAGTTCA 

6101 AGGAAAGCM' GAGAJI.GTAGG GAAGACCAAA TGP.P.AGGMA ATGCCAATGA 

€1Sl AATC'l'.t..TCGA T'l'CTATAGCG CCAATGCTTA AC'I'CCTAGGC GTTCAAAGAP-. 

6201 TAGTATCCAC AJ\GGTGTCAG CCTAJl.G.ll,1'CC 'l'M'.i'CTAACA GO.AGTTTTC 

6251 AGATCTCTGP. AGTGAAAAGA GJ>.AAGCAAGA GAGGAACAGJ'. G.ACAGA.l':\ACA 

6301 GTAAGAGACA GAG/l.GGCAGA G.t,CAAAGAGA CAGGG/\GAAT AG!-\GAGGGAT 

6.351 TAAAATTAA'r ATll.TAGTTTA GA..~TTAl'.:G/1. C'l'CCTCACAG TCCCTGCAGP. 

6401 GTCCTAGG/l.T AGGCACTGAT TTGGACTTCT 1'TTCTTCTCA CTl-.GGACCAA 

6451 ACCAGCCT'l'T G'rACTCAAAG AAGTGC'l'ACA CAGCTGACAT AC'1'CTGGA. TT 

15-501 CTGCGGATGT CGTTC'rGTGG AACATCAG'l'G GAGACATACT AGAAGTC/.\CA 

6551 GGAAAAC/l.AC CCGTGGGCTC TGACCATCGC AATGCTTGAT TATGAGAGTG 

FIG. 4 Cont. 
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660 t TTCTCTGG1:;G GTTGTGA1'TJ:>. GCTTCTT'.l'AA GGCTCAATA.A .1'.CCCACGTGG 

66$1 ChGCACA1'CC AGTTTGT!'.;>.T GACA'l'GCCTC. J\TGACTTCTA TGGG!\GTCCA 

6101 ATGTGGC.1\CC TGO::C1'.GCCTG ,'rATTCAGGAC CTC'l'CCGC'l.'A TAP.AGCA'l'CC 

67 51 CTCCAG.r>.GTT T'l'CAA.t.TACT ACAAAGCACA GCCTGGGTTT GGGCTCAGAT 

6801 AGGCCACTGC TGCCTGACTJI CATTACAG.t•.C Jl.AACAAGTTT TA.!tAAGAA/l.G 

6851 AAAAAAGAGC 'fCAGAGTGGC TGGP.!'.TCAGC .t..1'.GGGTG'l'TT T'l'CCTGCAAG 

6901 GAGCCAGAAG TATCAATM'f CACCCAAGGA GGAGACACTG GGAJl_.TGP.G;t..G 

6951 ACTAGMCAC ACGCCTGCAG ATACGGAGAA CCTCAGCATT GCCGC'rCTCT 

7001 CCCP.TAACT,; CACACCCCCT TCTG·rAAACT CTGCTTCTTT CTT'l'C1>.CCTG 

7051 AAGA'fGGCCC 1'TGCTTTTTT TTAT1'ATAGG ACANGATAAC TAGACCAGAA 

7101 F<.G'rCFI.ACCTG AC1'CTCTACA TTTATA1'GTC TTCCCAGH'l'C 'hJ·,GN:...r,,:rATT 

7151 l',TTTACTGG'r GAATGGCACT TC1'1'.TATTCC CTTGGTTCAA TA.b.GTCTACA 

7201 GGATCCATTC A'l"rGACAGGC CJ>.AGAGTGAG ATCACATGAT ACCCAAGCAC 

7251 ATGGG1'C:TTT CC1'TGAAGo3A GAAGGATCCA 

FIG. 4 Cont. 
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1 A TGTTCGTCGTGGGTCTGCTTGGCCTCCTTGCAGCTCCTGGTTTTGCTT AC/\CGGTC /\.1-'\C 

61 ATCAATGGTl'-n.TGATGGCi'-_n.TGTAGACGGAAGTGGA.,:::.'\GCATTCGGTGT.GCA'l'C/:1.A.TGGT 

l 21 GTGCACAP.CGTGGCCAATP.TCGJ\CAACAATAACGGCTGGGACTCCTGGAAT A•:;CCTC'.\'GG_ 

181 GACTATGAA.t\ACAGTTTCGCTGCCACGAGACTCTTCT".:C/'.AG/l.AGTCA'fGCA'J'TGTGCAC 

2 41 1-~GMTGAACA.t\.GGATGCCATGCCCTCCCTTCl'.GGI\CCTCGATACAATGGTCAAGGMCAG 

301 A..a.GGGTA.l~•~SGCO:~TGGP,GGAGCTCCTCCCAAGGACTTGATG'fACTCCGTCAACCC'rACC 

3 61 Jl.GAG'l'GGAGG/',CC'l'GAATJ,CA'l"rCGG1\CCIV\J,GA'f'rGCTGGCATGTGC!>.GGGGCATCCCT 

4 ~ l ACCTATG'l'GGCCGAGGAG.r..1'TCCAGGACCAAACCAGCCTTTGTACTCAAAGMGTGCTAC 

501 11.CAGCTGACATACTC'rGG/',TTCTGCGG A TGTCCTTTTG'l'GGAACA TCAGTGGAGACA TAC 

561 TAG 

FIG. 5 
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1 ~JKLTl-JFVVGt. LGLLAAPGFA YTVNINGNDG t-1'.JDGSGQQS'i SHIGVHtlVAII 

51 IDIIHNGHDS\, NSLHDYl':tlSF AATRLFSKKS Cl'iHRt·fi-lKOA Ml?SLQDLDTM 

101 Vl,EQKGKGl?G GA!?Pl':DLlWS 1/NPTRVEOLll 'l'FG!1K!i\Gt1C RGil?T'lV1'.EE 

151 Il?GPI-IQE'LYS KEC'iTAOlL~l lLRt•lSE'CGTS 'lE.T{ 

FIG. 6 
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l atgcctgact tctcacttca ttgcattggt gaagccaaga tgaagttcac 

Sl aattgccttt gctggacttc ttggtgtctt cctgactcct gcccttgctg 

101 actatagtat cagtgtcaac gacgacggca acagtggtgg aagtgggcag 

151 cagtcagtga gtgtcaacaa tgaacacaac gtggccaacg ttgacaataa 

201 caatggatgg aactcctgga atgccctctg ggactataga actggctttg 

251 ctgtaaccag actcl:.1:cgag aa,;iaagtcat gcattgtgca caaaatgaag 

301 aaggaagcca tgccctccct tcaa9ccctt gatgcgctgg tcaaggaaaa 
' 

351 gaagcl:tcag ggtaagggcc cagggggacc acctcccaag agc.ctgagg t 

401 actcagtcaa ccccaacaga gtcgacaacc tggacaagtt tggaaaatcc 

<151 atcgttgcca tgtgcaaggg gattccaaca tacatggctg aagagattca 

501 aggagcaaac ctgatttcgt actcagaaaa gtgcatcagt gccaatatac 

551 tctggattct taa.:latttcc ttctgtggag gaataQcgga gaactaa 

FIG. 7 
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l l·ll(fTIA.FAGL L(3':_IFL1"PALii. OYSIS\"IIDDG ilS-GGSGQQSV SVlllJEKlP.'.tJJ 

S 1 VDtn!ITG\·!HSH 11.kLI-JD'fRTGF AVTR.f,FEKt'.S CP.1HFJ!l"..1(EP. 1-\PSfJQALDA.L 

10 l •,n·'.EEY.LC•GICG POG~·PPt:SLF. '.lSVHPHRVDlJ LDKFGI-:S 1u.; l·ICl·:Gl PTil·Lt. 

151 EEI (/3Al TLIS "iSEl-:ClSAllI L\•1IJ.,IUS FCG GIAE'.ti 

FIG. 8 
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Human 1 MKFTIVFAGLLGVFLAPALANYNINVNDDNNNAGSGQQSVSVNNEHNVAN 50 

Pig 1 MKFTIAFAGLLGVFLTPALADYSISVNDDGNSGGSGQQSVSVNNEHNVAN 50 

51 VDNNNGWDSWNSIWDYGNGFAATRLFQKKTCIVHKMNKEVMPSIQSLDAL 100 

51 VDNNNGWNSWNALWSYRTGFAVTRLFRKKSCIVHKMKKEAMPSLQALDAL 100 

101 VKEKKLQGKGPGGPPPKGLMYSVNPNKVDDLSKFGKNIANMCRGIPTYMA 150 

101 VKEKKLQGKGPGGPPPKSLRYSVNPNRVDNLDKFGKSIVAMCKGIPTYMA 150 

151 EEMQEASLFFYSGTCYTTSVLWIVDISFCGDTVEN 185 

151 EEIQGANLISYSEKCISANILWILNISFCGGIAEN 185 

FIG. 9 
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1 50 

Human MKFTIVF.AG LLGVFLAPAL ANYNINVN.D DNNNAGSGQQ SVSVNNEHNV 

Pig MKFTIAF.AG LLGVFLTPAL ADYSISVN.D DGNSGGSGQQ SVSVNNEHNV 

Mouse MKLTM.FVVG LLGLLAAPGF A.YTVNINGN DGNVDGSGQQ SVSINGVHNV 

51 100 

Human ANVDNNNGWD SWNSIWDYGN GFAATRLFQK KTCIVHKMNK EVMPSIQSLD 

Pig ANVDNNNGWN SWNALWDYRT GFAVTRLFEK KSCIVHKMKK EAMPSLQALD 

Mouse ANIDNNNGWD SWNSLWDYEN SFAATRLFSK KSCIVHRMNK DAMPSLQDLD 

101 150 

Human ALVKEKKLQG KGPGGPPPKG LMYSVNPNKV DDLSKFGKNI ANMCRGIPTY 

Pig ALVKEKKLQG KGPGGPPPKS LRYSVNPNRV DNLDKFGKSI VAMCKGIPTY 

Mouse TMVKEQK .. G KGPGGAPPKD LMYSVNPTRV EDLNTFGPKI AGMCRGIPTY 

151 188 

Human MAEEMQEASL FFYSGTCYTT SVLWIVDISF CGDTVEN 

Pig MAEEIQGANL ISYSEKCISA NILWILNISF CGGIAEN 

Mouse VAEEIPGPNQ PLYSKKCYTA DILWILRMSF CGTSVETY 

FIG. 10 
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A 
mrgshhhhhhgs 21 NYNINVNDDNNNAGSGQQSVSVNNEHNVAN 

51 VDNNNGWDSWNSIWDYGNGFAATRLFQKKTCIVHKMNKEVMPSIQSLDAL 

101 VKEKKLQGKGPGGPPPKGLMYSVNPNKVDDLSKFGKNIANMCRGIPTYMA 

151 EEMQEASLFFYSGTCYTTSVLWIVDISFCGDTVEN 

B 

3.0 

rhAMP-18 Peptide 77-97 

2.8 

2.6 
~ 
0 
~ 

X 
u, 2.4 

(I) 
(.) 

2.2 
() 

2.0 

o~r 
-,-

0 1 10 100 1000 

Concentration (nM) 

FIG. 13 



U.S. Patent Jul. 7, 2009 Sheet 26 of 26 US 7,557,083 B2 

A 

PIG 1 MKFTIAFAGLWVFLTPALADYSISVNDDGNSGGSGQQSVSVNNEHNVAN 50 

51 VDNNNGWDSWNSIWDYGNGFAATRLFQKKTCIVHXMNKEVMPSIQSLDAL 100 

51 VDNNNGWNSWNALWDYRTGFAVTRLFBKKSC!Yfil{MKKEAMPSLQALDAL 100 

101 VKEKKLQGKGPGGPPPKGLMYSVNPNKVDDLSKFGKNIANMCRGIPTYMA 150 

101 VKEKKLQGKGPGGPPPKSLRYSVNPNRVDNLDKFGKSIVAMCKGIPTYMA 150 

151 EEMQEASLFFYSGTCYTTSVLWIVDISFCGDTVEN* 186 
I , ' 
i ; ! 
I ' ' 

*=termination 
151 EEIQGANLISYSEKCISANILWILNISFCGGIAEN* 186 

B 

Predicted Structure for the preAMP-18 ORF 
Human 

H2N-I signal peptide ~ N-rich W-ric~ C I amphipathic helix ~ 
GP 
turn 

h•llx I C I amphlpalhlc helix ~ 

C
l 

r--1 ----,I 
. ChydrophobicC-COOH 

FIG. 14 
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GASTROKINES AND DERIVED PEPTIDES 
INCLUDING INHIBITORS 

This application is a 35 U.S.C § 371 national stage appli
cation of PCT /US02/10148 filed Mar. 29, 2002, which claims 
priority to U.S. Ser. No. 09/821,726 filed Mar. 29, 2001. 

BACKGROUND 

A novel group ofGastricAntrum Mucosa! Proteins that are 
gastrokines, is characterized. A member of the gastrokine 
group is designated AMP-18. AMP-18 genomic DNA, and 
cDNA molecules are sequenced for human and mouse, and 
the protein sequences are predicted from the nucleotide 
sequences. The cDNAmolecule forpigAMP-18 is sequenced 
and confirmed by partial sequencing of the natural protein. 
The AMP-18 protein and active peptides derived from its 
sequence are cellular growth factors. Surprisingly, peptides 
capable of inhibiting the effects of the complete protein, are 
also derived from the AMP-18 protein sequence. Control of 
mammalian gastro-intestinal tissues growth and repair is 
facilitated by the use of the protein or peptides, making the 
protein and the derived peptides candidates for therapies. 

Searches for factors affecting the mammalian gastro-intes
tinal (GI) tract are motivated by need for diagnostic and 
therapeutic agents. A protein may remain part of the mucin 
layer, providing mechanical (e.g., lubricant or gel stabilizer) 
and chemical (e.g against stomach acid, perhaps helping to 
maintain the mucus pH gradient and/or hydrophobic barrier) 
protection for the underlying tissues. The trefoil peptide fam
ily has been suggested to have such general cytoprotectant 
roles (see Sands and Podolsky, 1996). Alternatively, a cytok
ine-like activity could help restore damaged epithelia. A sug
gestion that the trefoil peptides may act in concert with other 
factors to maintain and repair the epithelium, further under
lines the complexity of interactions that take place in the 
gastrointestinal tract (Podolsky, 1997). The maintenance of 
the integrity of the GI epithelium is essential to the continued 
well-being of a mammal, and wound closing after damage 
normally occurs very rapidly (Lacy, 1988), followed by pro
liferation and differentiation soon thereafter to reestablish 
epithelial integrity (Nusrat et al., 1992). Thus protection and 
restitution are two critical features of the healthy gastrointes
tinal tract, and may be important in the relatively harsh extra
cellular environment of the stomach. 

Searches for GI proteins have met with some success. 
Complementary DNA (cDNA) sequences to messenger 
RNAs (mRNA) isolated from human and porcine stomach 
cells were described in the University of Chicago Ph.D. thesis 
"Characterization of a novel messenger RNA and immu
nochemical detection of its protein from porcine gastric 
mucosa," December 1987, by one of the present inventors 
working with the other inventors. However, there were sev
eral cDNA sequencing errors that led to significant amino 
acid changes from the AMP-18 protein disclosed herein. The 
protein itself was isolated and purified only as an aspect of the 
present invention, and functional analyses were performed to 
determine utility. Nucleic acid sequences were sought. 

SUMMARY OF THE INVENTION 

A novel gene product designated Antrum Mucosa! Protein 
18 ("AMP-18") is a gastrokine. The protein was discovered in 
cells of the stomach antrum mucosa by analysis of cDNA 
clones obtained from humans, pigs, and mice. The protein is 
a member of a group of cellular growth factors or cytokines, 
more specifically gastrokines. TheAMP-18 cDNA sequences 

2 
predict a protein 185 amino acids in length for both pig and 
man. The nucleotide sequences also predict a 20-amino acid 
N-terminal signal sequence for secreted proteins. The cleav
age of this N-terminal peptide from the precursor (preAMP-

5 18) was confirmed for the pig protein; this cleavage yields a 
secreted protein 165 amino acids in length and ca. 18,000 
Daltons (18 kD) in size. Human and mouse genomic DNA 
sequences were also obtained and sequenced. A human 
genomic DNA was isolated in 4 overlapping fragments of 

10 sizes 1.6 kb, 3 kb, 3.3 kb and 1.1 kb respectively. The mouse 
genomic DNA sequence was isolated in a single BAC clone. 

The gastrokine designatedAMP-18 protein is expressed at 
high levels in cells of the gastric antrum. The protein is barely 
detectable in the rest of the stomach or duodenum, and was 

15 not found, or was found in low levels, in other body tissues 
tested. AMP-18 is synthesized in lumenal surface mucosa! 
cells, and is secreted together with mucin granules. 

Compositions of AMP-18 isolated from mouse and pig 
antrum tissue stimulate growth of confluent stomach, intesti-

20 nal, and kidney epithelial cells in culture; human, monkey, 
dog and rat cells are also shown to respond. This mitogenic 
(growth stimulating) effect is inhibited by specific antisera 
(antibodies) to AMP-18, supporting the conclusion that 
AMP-18, or its products, e.g. peptides derived from the pro-

25 tein by isolation of segments of the protein or synthesis, is a 
growth factor. Indeed, certain synthetic peptides whose 
amino acid sequences represent a central region of the AMP-
18 protein also have growth-factor activity. The peptides also 
speed wound repair in tissue culture assays, indicating a 

30 stimulatory effect on cell migration, the process which medi
ates restitution of stomach mucosa! injury. Thus, the protein 
and its active peptides are motogens. Unexpectedly, peptides 
derived from sub-domains of the parent molecule can inhibit 
the mitogenic effect ofbioactive synthetic peptides and of the 

35 intact, natural protein present in stomach extracts. 
There are 3 activities of the gastrokine proteins and pep

tides of the present invention. The proteins are motogens 
because they stimulate cells to migrate. They are mitogens 
because they stimulate cell division. They function as cyto-

40 protective agents because they maintain the integrity of the 
epithelium (as shown by the protection conferred on electri
cally resistant epithelial cell layers in tissue culture treated 
with damaging agents such as oxidants or non-steroidal anti
inflammatory drugs NSAIDs). 

45 The synthesis of AMP-18 is confined to lumenal mucosa! 
lining epithelial cells of the gastric antrum of humans and 
other mammals. Inside cells the protein is co-localized with 
mucins in secretion granules, and appears to be secreted into 
the mucus overlying the apical plasma membrane. Recombi-

50 nant human AMP-18 in E. coli exerts its mitogenic effect at a 
concentration an order of magnitude lower than growth-pro
moting peptides derived from the center of the mature protein. 
Peptide 77-97, the most potent mitogenic peptide, is amino 
acid sequence-specific AMP peptides appears to be cell-type 

55 specific as it does not stimulate growth of fibroblasts or HeLa 
cells. Mitogenesis by specific AMP peptides appears to be 
mediated by a cell surface receptor because certain peptides 
that are not active mitogens can competitively inhibit, in a 
concentration-dependent manner, the growth-stimulating 

60 effects of peptide 58-99 and antrum cell extracts. AMP-18 
and its derived peptides exhibit diverse effects on stomach 
and intestinal epithelial cells which suggest they could play a 
critical role in repair after gastric mucosa! injury. These 
include cytoprotection, mitogenesis, restitution, and matura-

65 tion of barrier function after oxidant-and/or indomethacin
mediated injury. Possible mechanisms by which AMP-18 or 
its peptide derivatives mediate their pleiotropic effects 
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include stimulation of protein tyrosine kinase activity, pro
longation of heat shock protein expression after cell stress, 
and enhanced accumulation of the tight junction-associated 
protein ZO-1 and occludin. Certain of these physiological 
effects can occur at concentrations that are relatively low for 5 

rhAMP-18 ( <50 nM) compared to the concentrations of other 
gastric peptide mediators such as trefoil peptides or the a-de
fensin, cryptdin 3 (>100 µM). Immunoreactive AMP-18 is 
apparently released by cells of the mouse antrum after 
indomethacin gavage, and by canine antrum cells in primary 10 

culture exposed to forskolin, suggest that the protein is sub
ject to regulation. These results imply that AMP-18 could 
play a role in physiological and pathological processes such 
as wound healing in the gastric mucosa! epithelium in vivo. 

15 
The invention relates a group of isolated homologous cel

lular growth stimulating proteins designated gastrokines, that 
are produced by gastric epithelial cells and include the con
sensus amino acid sequence VKE(K/Q)KXXGKGPGG(P/ A) 
PPK (SEQ ID NO: 10) wherein XX can be LQ or absent 
(which results in SEQ ID NOS: 25 and 26, respectively). An 
isolated protein of the group has an amino acid sequence as 
shown in FIG. 8. The protein present in pig gastric epithelia in 
a processed form lacking the 20 amino acids which constitute 
a signal peptide sequence, has 165 amino acids and an esti
mated molecular weight of approximately 18 kD as measured 
by polyacrylamide gel electophoresis. Signal peptides are 
cleaved after passage through endoplasmic reticulum (ER). 
The protein is capable of being secreted. The amino acid 
sequence shown in FIG. 3 was deduced from a human cDNA 
sequence. An embodiment of the protein is shown with an 
amino acid sequence as in FIG. 6, a sequence predicted from 
mouse RNA and DNA. 

20 

25 

30 

A growth stimulating (bioactive) peptide may be derived 
35 

from a protein of the gastrokine group. Bioactive peptides 
rather than proteins are preferred for use because they are 
smaller, consequently the cost of synthesizing them is lower 
than for an entire protein. 

In addition, a modified peptide may be produced by the 40 
following method: 

4 
An antibody to a protein of the present invention recogni

zies an epitope within a peptide of the protein that has an 
amino acid sequence from position 78 to position 119 as in 
FIG. 3. 

An aspect of the invention also is an isolated genomic DNA 
molecule with the nucleotide sequence of a human as shown 
in FIG. 1 and an isolated cDNA molecule encoding a human 
protein with the amino acid sequence as shown in FIG. 3. 

The invention includes a method to stimulate growth of 
epithelial cells in the gastrointestinal tract of mammals 
including the steps of: 

(a) contacting the epithelial cells with a composition com
prising a protein of the present invention or a peptide 
derived from the protein; and 

(b) providing environmental conditions for stimulating 
growth of the epithelial cells. 

An embodiment of an isolated bioactive peptide has one of 
the following sequences: 

KKLQGKGPGGPPPK, (SEQ ID NO, 11) 

LDALVKEKKLQGKGPGGPPPK, (SEQ ID NO, 12) 

LDALVKEKKLQGKGPGGPPPKGLMY. (SEQ ID NO, 13) 

Embodiments of inhibitors are 

KKTCIVHKMKK (SEQ ID NO, 14) 

or 

KKEVMPSIQSLDALVKEKK. (SEQ ID NO, 15) 

(see also Table 1) 

Antibodies to the protein product AMP-18 encoded by the 
human cDNA expressed in bacteria were produced in rabbits; 
these antibodies reacted with 18 kD antrum antigens of all 
mammalian species tested (human, pig, goat, sheep, rat and 
mouse), providing a useful method to detect gastrokines. An 
antibody to a protein of the group recognizes an epitope 
within a peptide of the protein that includes an amino acid 
sequence from position 78 to position 119 as in FIG. 3. 

(a) eliminating major protease sites in an unmodified pep
tide amino acid sequence by amino acid substitution or 
deletion; and/or 

(b) introducing into the modified amino acid analogs of 
amino acids in the unmodified peptide. 

An isolated protein of the present invention include an 
amino acid sequence as in FIG. 8, present in pig gastric 
epithelia in a processed form lacking the 20 amino acids 
which constitute a signal peptide sequence, having 165 amino 
acids and an estimated molecular weight of approximately 18 
kD as measured by polyacrylamide gel electophoresis, said 
protein capable of being secreted. 

The invention is also directed to an isolated genomic DNA 

45 
molecule with the nucleotide sequence of a human as shown 
in FIG. 1 and an isolated cDNA molecule encoding a human 
protein, that the nucleotide sequence as shown in FIG. 2. 

Another aspect of the invention is an isolated DNA mol
ecule having the genomic sequence found in DNA derived 

50 
from a mouse, as shown in FIG. 4. 

A protein of the present invention includes an amino acid 
55 

sequence as in FIG. 3, a sequence deduced from a human 
cDNA. 

A protein of the present invention includes an amino acid 
sequence as in FIG. 6, a sequence predicted from mouse RNA 
and DNA. 60 

Embodiments of the present invention include a synthetic 
growth stimulating peptide, having a sequence of amino acids 
from positions 78 to 119 as shown in FIG. 3; having a 
sequence of amino acids from position 97 to position 117 as 
shown in FIG. 3, or a sequence of amino acids from position 65 

97 to position 121 as shown in FIG. 3, or a sequence of amino 
acids from position 104 to position 117 as shown in FIG. 3. 

Genomic DNA has value because it includes regulatory 
elements for gastric expression of genes, consequently, the 
regulatory elements can be isolated and used to express other 
gene sequences than gastrokines in gastric tissue. 

An aspect of the invention is a method to stimulate growth 
of epithelial cells in the gastrointestinal tract of manimals. 
The method includes the steps of: 

(a) contacting the epithelial cells with a composition com
prising a gastrokine protein or a peptide derived from a 
protein of the group; and 

(b) providing environmental conditions for stimulating 
growth of the epithelial cells. 

A method to inhibit cellular growth stimulating activity of 
a protein of the group includes the steps of: 

(a) contacting the protein with an inhibitor; and 
(b) providing environmental conditions suitable for cellu

lar growth stimulating activity of the protein. 
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The inhibitor may be an antibody directed toward at least 
one epitope of the protein, e.g. an epitope with an amino acid 
sequence from position 78 to position 119 of the deduced 
amino acid sequence in FIG. 3 or an inhibitor peptide such as 
those in Table 1. 

A method of testing the effects of different levels of expres
sion of a protein on mammalian gastrointestinal tract epithe
lia, includes the steps of: 

5 

6 
mature protein; the spaces indicated by .. mean there are no 
nucleotides there to align with other sequences in FIG. 11. 

FIG. 7 is a cDNA expressing porcine AMP-18 (SEQ ID 
NO: 7). 

FIG. 8 is pig pre-gastrokine (pre-AMP-18) protein 
sequence (SEQ ID NO: 8) predicted from a cDNA clone 
based on Powell (1987) D-21 is the N-terminus of the mature 
protein-confirmed by sequencing of the protein isolated from (a) obtaining a mouse with an inactive or absent gastrokine 

protein; 10 pig stomach. 

(b) determining the effects of a lack of the protein in the 
mouse; 

( c) administering increasing levels of the protein to the 
mouse; and 

(d) correlating changes in the gastrointestinal tract epithe- 15 

lia with the levels of the protein in the epithelia. 

FIG. 9 is a comparison between the amino acid sequences 
of human (SEQ ID NO: 3) versus pig (SEQ ID NO: 8) pre
gastrokine. 

FIG. 10 shows a computer-generated aligrnnent compari-
son of human (SEQ ID NO: 3), pig (SEQ ID NO: 8) and 
mouse (SEQ ID NO: 6) predicted protein sequences deter
mined from sequencing of cDNA clones for human and pig 
AMP-18, and by polymerase chain reaction of mouse RNA 

Kits are contemplated that will use antibodies to gas
trokines to measure their levels by quantitative immunology. 
Levels may be correlated with disease states and treatment 
effects. 

A method to stimulate migration of epithelial cells after 
injury to the gastrointestinal tract of manmials, includes the 
steps of: 

20 
and DNA using preAMP-18 specific oligonucleotide prim
ers; in each case the first 20 amino acids constitute the signal 
peptide, cleaved after passage through the endoplasmic 
reticulum membrane. 

(a) contacting the epithelial cells with a composition com-
prising a peptide derived from the protein; and 25 

(b) providing environmental conditions allowing migra
tion of the epithelial cells. 

A method for cytoprotection of damaged epithelial cells in 
the gastrointestinal tract of mammals, includes the following 

30 
steps: 

(a) contacting the damaged epithelial cells with a compo
sition including a protein of the gastrokine group or a 
peptide derived from the protein; and 

(b) providing environmental conditions allowing repair of 
35 

the epithelial cells. 
The damaged cells may form an ulcer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.11 shows the effect of porcine gastric antrummucosal 
extract, human AMP peptide 77-97 ( of the mature protein, 
same as peptide 97-117 of human precursor protein; Table 1 ), 
and EGF on growth of gastric epithelial cells; AGS cells were 
grown in DMEM containing fetal bovine serum (5%) in 
60-mm dishes; different amounts of pig antrum extract, 
HPLC purified peptide 77-97, and/or EGF were added; four 
days later the cells were dispersed and counted with a 
hemocytometer; antrum extract and peptides each stimulated 
cell growth in a concentration-dependent mamier; the bar 
graph shows that at saturating doses, peptide 77-97 (8 µg/ml) 
or EGF (50 ng/ml) was mitogenic; together they were additive 
suggesting that the two mi to gens act using different receptors 
and/or signaling pathways; anti-AMP antibodies inhibited 
the antrum extract but did not inhibit peptide 77-97. 

40 FIG. 12 shows the structure of the human and mouse 
FIG. 1 is a human genomic nucleotide sequence (SEQ ID 

NO: 1) of a pre-gastrokine; sequence features were deter
mined from cDNA and PCR of human genomic DNA amph
ge8.seq Length: 7995 predicted promoter: 1405; exon 1: 
1436-1490; exon 2: 4292-4345; exon 3: 4434-4571; exon 4: 

45 
5668-5778; exon 5: 6709-6856; exon 6: 7525-7770; polyA 
site: 7751. 

preAMP-18 genes; the number of base pairs in intrans are 
shown above the bars; exons are indicated El-E6 and intrans 
Il-I5; there are minor differences in intron length. 

FIG. 13 shows Left panel. Amino acid sequence of recom-
binant humanAMP-18 (residues 21 to 185 of SEQ ID NO: 3) 
expressed in E. coli. Note the His6-tag (SEQ ID NO: 16) 
within a 12 amino acid domain (SEQ ID NO: 9) at the N-ter
minus that has replaced the putative hydrophobic signal pep-

FIG. 2 is a human cDNA sequence (SEQ ID NO: 2); the 
DNA clone was obtained by differential expression cloning 
from human gastric cDNA libraries. 

FIG. 3 is a human preAMP-18 protein sequence (SEQ ID 
NO: 3) predicted from a cDNA clone based on Powell (1987) 
and revised by the present inventors; N-21 is the expected 
N-terminus of the mature protein. 

50 tide. Right panel. Effect of rhAMP-18 and AMP peptide 
77-97 on growth of confluent cultures of IEC-18 cells. 
Although maximal growth stimulation is similar, the half
maximal concentration (K112) for rhAMP-18 (-30 nM) is 

FIG. 4 is a mouse preAMP-18 sequence (SEQ ID NO: 4) 55 
determined from RT-PCR of mRNA and PCR ofBAC-clones 
of mouse genomic DNA sequences: 

about an order of magnitude lower than for the peptide (-300 
nM). 

FIG. 14 shows Left Panel. Alignment of the open reading 
frames (ORF) derived from the cDNA clones for AMP-18 for 
the precursor proteins of human (SEQ ID NO: 3) and pig 
(SEQ ID NO: 8) antrum. Similarity was 78.50% and identity 

predicted promoter: 1874 experimental transcription start 
site: 1906 translation initiation site: 1945 CDS 1: 1906-
1956; CDS 2: 3532-3582; CDS 3: 3673-3813; CDS 4: 
4595-4705; CDS 5: 5608-5749; CDS 6: 6445-6542; 
poly A site: 6636. 

FIG. 5 is a mouse cDNA sequence (SEQ ID NO: 5) for 
preAMP-18. 

60 was 75.27%. Computer analysis was carried out using the 
GAP and PEPTIDESTRUCTURE programs of the Wiscon
sin Package (GCG). Right Panel Model of the predicted sec
ondary structure for the human preAMP ORF. Attention is 

FIG. 6 is mouse preAMP-18 amino acid sequence (SEQ ID 65 

NO: 6); RT-PCR performed on RNA isolated from mouse 
stomach antrum: Y-21 is the predicted N-terminus of the 

drawn to the asparagine rich N-terminal domain, the short 
tryptohopan (W)-rich and glycine-praline (GP) regions, and 
the conserved positions of the four cysteine (C) residues. 
Possible amphipathic helices are indicated. 
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DETAILED DESCRIPTION OF THE INVENTION 

1. General 

8 
acidity of the stomach. AMP-18 may play a critical role in the 
repair of the stomach epithelium following damage by agents 
such as alcohol, nonsteroidal anti-inflammatory drugs 
(NSAIDs), or pathogens, in particular Heliobacter pylori, A novel gene product, a member of a group of gastrokines, 

was detected in mammalian gastric antrum mucosa! by a 
differential screen of cDNA libraries obtained from different 
regions of the pig stomach. The cDNA sequence predicted a 
protein of 185 amino acids including a signal peptide leader 
sequence. A cDNA was also isolated from a human library. 
The predicted amino acid sequence identity between pig and 
human in 76.3%. The sequences predicted a 20 amino acid 
signal peptide characteristic for secreted proteins. The cleav
age of this N-terminal signal peptide was confirmed for the 
pig protein. Antibodies to the product of the human cDNA 
expressed in bacteria were raised in rabbits; these antibodies 
reacted with 18-20 kD antrum antigens of all mammalian 
species tested (pig, goat, sheep, rat and mouse). In agreement 
with mRNA levels, the AMP-18 protein is expressed at high 
levels only in the gastric antrum; it is barely detectable in the 
rest of the stomach or duodenum, and was not detected in a 
variety of other tissues tested. AMP-18 is synthesized in the 
lumenal surface mucosa! cells; immuno-electron microscopy 
locates AMP-18 in the secretion granules of these cells. Par
tially purified AMP-18 preparations from mouse and pig 
antrum tissue are mitogenic to confluent stomach and kidney 
epithelial cells in culture; this effect is inhibited by the spe
cific antisera, implying that AMP-18, or its products, is a 
growth factor. 

5 which predominantly infects the antrum and is a causative 
agent of gastric ulcers and possibly cancers. 

2. Bioactivity 
A synthetic peptide (42 amino acids, a "42-mer") repre

senting a central region of the AMP-18 amino acid sequence 
10 also has growth factor activity, which is inhibited by specific 

antisera; some related shorter peptides also have stimulatory 
activity, while others can inhibit the activity of the 42-mer. 
This result suggests that a saturatable epithelial receptor 
exists for AMP-18, and opens direct avenues to analyzing the 

15 bioactive regions of the protein and identifying the putative 
receptor(s ). Because AMP-18 does not resemble in structure 
any known cytokine or cytoprotectant protein ( such as the 
trefoil peptides), the analysis of the interactions of the pro
tein, and its active and inhibitory related peptides, with cells 

20 offers the opportunity to reveal novel molecular interactions 
involved in cell growth control. 

AMP-18 is likely secreted with the mucus and functions, 
perhaps as peptide derivatives, within the mucus gel to main
tain epithelial integrity directly, and possibly to act against 
pathogens. In view of the growth factor activity observed on 
epithelial cell lines in culture, it is likely that AMP-18 or its 
peptide derivative(s) serves as an autocrine (and possible 
paracrine) factor for the gastric epithelium. The function of 
AMP-18 may not be simply as a mitogen, but in addition it 
may act as differentiation factor providing the signals for 
replenishment of the mature lumenal surface cells. TheAMP-

BSC-1 cell growth was stimulated by gel-fractionated por
cine antrum extract; porcine extract protein (250 µg) was 
loaded into each of2 lanes and subjected to electrophoresis in 

25 a polyacrylamide gel (12.5%); the 5 thin slices (2-3 mm) from 
each area between Mr 14 kDa and 21.5 kDa were cut from the 
experimental lanes. Each pair of slices was placed in a 
silanized microfuge tube with 200 µI sterile PBS, 3% aceto
nitrule and 1 % BSA, and macerated; proteins were eluted 

30 from the gel for 18 hr at 22° C. with vigorous shaking; the 
samples were then microcentrifuged and a sample of a super
natant was added to a confluent culture of BSC-1 cells; the 
number of cells was counted 4 days later; maximal growth 
stimulation was observed in cultures receiving extracts eluted 

35 from gel slices corresponding to a Mr of 18 kDa; antisera to 
recombinant human AMP-18 added to the culture medium 

18 protein or its derivatives are likely important to the normal 
maintenance of the highly dynamic gastric mucosa, as well as 40 

playing a critical role in the restitution of the antrum epithe
lium following damage. This protein has not been character
ized in any publication, however, related nucleic acid 
sequences have been reported as ESTs and as a similar full 
length gene. Limitations of EST data cannot yield informa- 45 

tion on starting sequences, signal peptides, or sequences in 
the protein responsible for bioactivity, as disclosed in the 
present invention. A number of these ESTs have been 
reported for mammalian stomach cDNAs, but related ESTs 
have also been reported or pancreas and also pregnant uterus 50 

libraries. Although expression of AMP-18 RNA in these other 
tissues appears to be low (as indicated for pancreas by PCR 
analysis), these results suggest that this growth factor may 
have broader developmental and physiological roles than that 
implied by the specific high levels of expression found for the 55 

stomach. 
TheAMP-18 protein appears to be expressed at the surface 

of the cellular layers of the gastrointestinal (GI) tract. The 
expressing cells may be releasing stored growth factor where 
needed-in the crypts and crevices of the GI tract where 60 

cellular repair is needed due to surface damage. 
AMP-18 may act on the mucosa!, apical surfaces of the 

epithelial cells, collaborating with prostaglandins and other 
growth factors that operate via basolateral cell surface recep
tors on the serosal side. The protein or its derivatives are likely 65 

important for the normal maintenance of the highly dynamic 
gastric mucosa, in face of the mechanical stress and high 

completely inhibited growth stimulation by the 18 kDa frac
tion (+Ab); values are means of 2 cultures; SE is less than 
10% of the mean. 

The biological activity (mitogenic for epithelial cells in the 
gastro-intestinal tract) oftheAMP-18 is located in the C-ter
minal half of the protein. The epitopic sequence(s) appear(s) 
to be immediately N-terminal to the mitogenic sequence. 

The biological activity that is a growth factor, is exhibited 
by a peptide comprising at least 42 amino acids from posi
tions 78 to 119 of the full-length protein sequence (see Table 
1 ). An antibody to this region blocked mitogenic activity. 
Although a peptide having an amino acid sequence of 104 to 
117 had mitogenic activity, an antibody to this region did not 
block (inhibit) the activity. A peptide with an amino acid 
sequence from positions 97-117 has the same mitogenic 
activity as a peptide with the 42 amino acid sequence, but is 
less expensive to produce as a synthetic peptide. 

3. Inhibition of Bioactivity 
Epithelial cell growth that was stimulated by murine or 

porcine antrum cell extract was blocked by rabbit antiserum 
to a complete, recombinant human AMP-18 precursor pro
tein; confluent cultures ofBSC-1 cells were prepared; murine 
or porcine antrum cell extract was prepared and its protein 
concentration was measured; cell extracts alone and with 
different dilutions of the antiserum, or antiserum alone (1: 100 
dilution was added to the culture medium, and the number of 
cells was counted 4 days later). Growth stimulation by murine 
antrum gastrokines was maximally inhibited by the antiserum 
(93%) at a dilution of 1 :400, whereas stimulation by the 
porcine antrum protein extract was totally inhibited at a dilu-
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tion of 1: 100. Scored values were means for 3 cultures; stan
dard error of the mean (SE) was less than 10% of the mean. 

10 
antrum mucosa. Immunoaffinity methods applied to total tis
sue extracts have not proven very effective, but by using 
immunoblots to monitor cell-fractionation, gradient centrifu-
gation and gel electrophoresis sufficient amounts of the pig 18 
kDa polypeptide was purified to confirm by sequencing that 
the native N-terminus is the one predicted by cleavage of 20 
amino acids from the N-terminus of the ORF precisely at the 
alanine-aspartate site anticipated for signal peptide removal. 
Despite the abundance of asparagine residues in the mature 
protein, none fit the consensus context characteristic of gly
cosylation. Fairly extensive regions of the protein may pos
sess amphipathic helix forming propensity. The latter may 
represent units within the protein yielding bioactive peptides 

Antibodies to the AMP-18 protein have diagnostic uses to 
determine different levels of the protein in the gastro-intesti
nal tract in vivo. Ulcers are likely to develop if less than 5 

normal levels of AMP-18 protein are present. Normal values 
are determined by technologies known to those of skill in the 
art, that is, obtaining representative samples of persons to be 
tested (age, sex, clinical condition categories) and applying 
standard techniques of protein quantitation. The effects of 10 

aspirin and indamethacin onAMP-18 levels are also useful to 
monitor deleterious levels of the drugs including the non
steroidal anti-inflammatory drugs (NSAIDs). Stomach can
cer cell lines do not express the AMP-18 proteins at least by 
detection methods disclosed herein. 15 

after processing. Using circular dichroism the synthetic pep
tide representing amino acids 126-143 in the human preAMP 
sequence (FIG. 3) is readily induced to become helical in 
moderate concentrations of trifluoroethanol conditions used 
to assess helix propensity for some bioactive peptides, includ-

4. Genomic DNA 
Genomic AMP-18 DNA sequences have been cloned for 

human and mouse as a prelude to the analysis of the gene 
regulatory elements, which presumably determine the great 
differences in the levels of expression of the gene in tissues 
where the gene may be active. Upstream and downstream 
flanking sequences have been isolated from mouse genomic 
DNA preparatory to a gene knockout. The flanking genomic 
sequences likely determine the very different levels of expres
sion of the gene in the stomach and few other tissues where it 25 

may be expressed. With the involvement of different regula
tory elements, gastrokine genes could be expressed as a 
growth factor in other tissues. 

20 ing anti-microbial peptides of the magainin type (see, for 
example, Park et al., 1997). 

5. Uses ofGastrokines of the Present Invention 
Because the AMP-18 protein and certain peptides derived 30 

from it can stimulate growth and wound repair by stomach 
and intestinal epithelial cells (as well as kidney) these gas
trokine molecules are candidates for therapeutic agents to 
speed recovery of the injured GI tract following pharmaco
logical interventions, radiotherapy, or surgery. In addition, 35 

the antibodies developed to gastrokines may be used in kits to 
measure the levels of AMP-18 protein or peptide in tissue of 
blood in diverse pathological states. These novel molecules 
have great therapeutic potential in the treatment of gastric 
ulcers, and inflammatory bowel disease, whereas new agents 40 

that inhibit its function could prove useful in the treatment of 
cancers of the GI tract. 

The stomach is not a congenial location for many bacteria, 
and those that can survive the acidity do not establish them
selves there (Rotimi et al., 1990). It is ofinterest therefore that 45 

the antrum region is the favored site for the attachment, pen
etration and cytolytic effects of Helicobaccter pylori, an 
agent which infects a major proportion of the human popula
tion (>60% by the seventh decade) and has been associated 
with gastritis, gastric and duodenal ulcers (Goodwin et al., 50 

1986; Blaser, 1987) and gastric adenocarcinomas (Nomura et 
al., 1991; Parsonnet et al., 1991). Thus as an epithelial cell 
growth factor, AMP-18 may act to ameliorate the damage 
caused by bacterial infiltration and cytolysis. Given the con
junction of the specific antrum expression of AMP-18 and the 55 

preferred site of binding of H. pylori, it is possible that the 
bacteria use AMP-18 as a tropic factor. H pylori attaches to 
cells of the antrum having fucose-containing mucin granules 
(Falk et al., 1993; Baczako et al., 1995). These granules also 
may contain AMP-18. Anti-microbial peptides have been 60 

found in the stomach of the amphibian Xenopus laevis 
(Moore et al., 1991). Some domains oftheAMP-18 structure 
resemble that of the magainins, and possibly AMP-18 inter
acts with enteric bacteria. 

7. Preparation of active recombinant humanAMP-18 in E. 
coli 

A cDNA encoding humanAMP-18 was designed in which 
the 20-amino acid hydrophobic signal peptide sequence was 
replaced with an N-terminal 12-amino acid peptide that 
included a stretch of 6 histidine residues (FIG. 13, left panel). 
Expression of this modified cDNA sequence was predicted to 
yield a 177-amino acid protein product (Mr 19, 653) that 
could be readily purified using Ni-NTA resin to bind the 
His6-tag (SEQ ID NO: 16). The cDNA sequence lacking the 
region coding for the N-terminal signal peptide (see FIG.14) 
was amplified by PCR using oligonucleotides that provided 
suitable linkers for inserting the product into the BamHl site 
ofa QE30 expression vector (QIAGEN); the sequence of the 
recombinant vector was confirmed. The recombinant human 
(rh) AMP-18 engineered with the His6-tag (SEQ ID NO: 16) 
was subsequently expressed in E. coli cells. To harvest it, the 
bacteria were lysed and alquots of the soluble and insoluble 
fractions were subjected to SDS-PAGE followed by immu-
noblotting using the specific rabbit antiserum to the rhAMP-
18 precursor. Very little of the expressed protein was detected 
in the soluble fraction of the lysate. 

Urea (6 M) was employed to release proteins from the 
insoluble fraction solubilize rhAMP-18 containing the His6-
tag (SEQ ID NO: 16), and make it available to bind to the 
Ni2

+ -charged resing from which it was subsequently eluted 
with a gradient of imidazole (0 to 200 mM). The amount of 
elutedrhAMP-18 was measured using the BCA assay, and the 
appearance of a single band at the predicted size of 19-20 kD 
was confirmed by SDS-PAGE followed by immunoblotting. 
To determine if elutedrhAMP-18 renatured to assume a struc
ture that was mitogenic, aliquots of the eluate (following 
removal of urea and imidazole by dialysis) were added to 
cultures of IEC-18 cells and the number of cells was counted 
4 days later. FIG. 13 (right panel) indicates that the recombi
nant protein stimulates cell proliferation to the same maximal 
extent as does mi to genie AMP peptide 77-97 ( or soluble 
antrum tissue extracts from pig shown in FIG. 1), but that it 
does so at a half-maximal concentration an order of magni-
tude lower than for peptide 77-97. AMP peptide 77-97 refers 
to the mature protein; same as peptide 97-117 of human 
precursor protein in Table 1. These observations indicate that 

6. Isolation of Pig AMP-18 
Antisera against human AMP-18 protein were used to 

assist in the purification of the protein from extracts of pig 

65 biologically active recombinant human AMP-18 that can be 
utilized in diverse clinical situations is available. The mito-
genie potency of rhAMP-18 is in the nanomolar range which 
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would be expected for a native gastric cell growth factor that 
participates in the maintenance and repair of the stomach in 
VIVO. 

Materials and Methods 

1. Isolation of Antrum-Specific cDNA Clones 

12 
only, and those only in stomach antrum extracts, and to a 
lesser degree in the adjacent corpus extracts. The sera were 
raised against bacterially-expressed protein so there is no 
possibility of other exogenous immunogens of animal origin. 

As determined by immunoblots, the specificity of expres
sion to the antrum is even greater than the Northern blots 
would suggest, and the strength of the signal from antrum 
extracts implies a relatively high abundance of the protein, 

10 although quantitative estimates were not made. Significant 

cDNA clones for the gastrointestinal (GI) peptide gastrin, 
which regulates gastric acid secretion as well as mucosa! and 
pancreatic cell growth (Yoo et al., 1982) were isolated. From 
these screens several other mRNAs expressed relatively spe
cifically in the antrum of the stomach were found. The open 
reading frame (ORF) in one of these RNAs was highly con
served between pig and man, and predicted a novel conserved 
protein ofno immediately apparent function. Using specific 15 

antibodies, it was shown that similar protein species are 
present in the stomach antrum mucosa of all manimals tested. 
There is tissue specificity of expression of these sequences 
and they are apparently ubiquitously present in the antrum 
mucosa of mammalian species. 

antigen was not detected in non-stomach tissues tested. 

The immunohistochemistry showed insignificant staining 
of antral tissue by both preimmune sera, while both immune 
sera stained the surface mucosa! cells very strongly at con
siderable dilutions. The preimmune sera did not lead to 
immunogold staining in the immunoelectron microscope 
study. The growth factor activity of antrum extracts is inhib
ited by both immune, but not preimmune sera. Finally, the 

2. RNA Expression 
20 results with a synthetic peptide, which has growth factor 

activity, is inhibited by the immune but not the preimmune 
sera, and carries epitopes recognized by the immune but not 
the preimmune sera, further validate the specificity of these 

The isolation of the cDNA clones was predicted on a pref
erential expression in the mucosa of the stomach antrum and 
this has been confirmed initially by Northern blot hybridiza
tion of RNAs from various tissues probed with the cDNA 25 

sequences and subsequently by protein analysis. The North
ern blots showed the specificity of mRNA expression within 
the gastrointestinal tract of the pig. Highest mRNA expres
sion was in the antrum mucosa, variable amounts in the adja
cent corpus mucosa and undetectable levels in fundus, 30 

esophagus and duodenum. The non-mucosa! tissue of the 
antrum and corpus contained little RNA reacting with the 
cDNAprobe. 

3. Antibodies to Expressed Protein 
The open reading frames (ORFs) of the human and pig 35 

cDNA clones predict very similar relatively low molecular 
weight (MW) proteins, which have no close homologs to 
known proteins in the computer databases and therefore give 
little indication of possible function. As an approach to study 
the biological role of the presumptive proteins, the full cDNA 40 

sequences were expressed in E. coli, using a vector that also 
encoded an N-terminal His6-tag (SEQ ID NO: 16). Unfortu
nately, as expressed in bacteria the polypeptide products are 
insoluble and not readily amenable to biochemical studies. 
However, the bacterial product of the human cDNA was 45 

separated on sodium dodecyl sulfate (SDS) gels used as an 
immunogen in rabbits to elicit antisera. The sera were 
screened against protein extracts of antral tissue from a num
ber of mammalian species. This procedure has successfully 
produced several high-titer, low background antisera capable 50 

of recognizing both the immunogen and proteins of about 18 
kDa expressed in the antrum of the manimals tested. The 
bacterially-expressed protein migrates more slowly because 
it contains the signal peptide sequence was well as a His6-tag 
(SEQ ID NO: 16). The preimmune sera showed no significant 55 

18 kDa reactivity. The cross-reactivity of the antisera raised 
against the protein expressed from the human cDNA clone 
with proteins of very similar MW in antrum extracts from a 
variety of manimals (pig, goat, sheep, rat and mouse; the last 
consistently migrates slightly more rapidly in SDS gels) sup- 60 

ports the level of conservation of amino acid sequence pre
dicted by comparison of the ORFs of the human and pig 
cDNAs (See FIG. 10). In subsequent experiments, human 
AMP-18 with a signal peptide was produced in bacteria. 

The preimmune sera give insignificant reactions on West- 65 

em blots of all tissue extracts, while the two immune sera ( at 
up to 1:50000 dilution) both give major bands of 18-20 kDa 

reagents. 

4. Northern Blot Hybridization of RNAs From Pig Gut 
Mucosa! Tissues 

Total RNA was electrophoresed, transferred to a mem
brane and hybridized with a labeled pig AMP-18 cDNA 
probe. The source of the RNA sample for each lane was: 1. 
Distal duodenum; 2. Proximal duodenum; 3. Antrum; 4. 
Adjacent corpus; 5. Fundus; 6. Esophagus. Equal amounts of 
RNA were loaded. The signal from RNA of the antrum adja
cent corpus was variable. Size markers (nucleotides) were run 
on the same gel for comparison. 

5. Immunoblots Using A Rabbit Antiserum Raised Against 
the Bacterial-Expressed Protein Directed By the Human 
Antrum-Specific cDNA Clone 

Whole tissue proteins were dissolved in SDS buffer, elec
trophoresed, and transferred to membranes that were reacted 
with immune serum (1 :50000). Bound antibody molecules 
were detected using peroxidase-labeled anti-rabbit antibody. 
Preimmune serum gave no specific staining of parallel blots at 
1:200 dilution. Lanes: 1,6,13,17 contained markers. 2 HeLa 
cells. 3 mouse TLT cells. 4 expressed human protein +HELA 
cells. 7 mouse corpus. 8 mouse antrum. 9 mouse duodenum. 
10 mouse intestine. 11 mouse liver. 12 expressed human 
protein + TLT cells. 14 mouse antrum. 15 mouse brain. 16 
mouse Kidney. 18 pig antrum. 19 mouse antrum. 

Immunoblots of high percentage acrylamide gels showed 
that the antisera recognized epitopes on the synthetic peptide 
78-119. The reaction of peptide 78-119 with the antibodies 
was not unexpected because this region of the sequence was 
predicted to be exposed on the surface of the protein and to be 
antigenic. Not only does this further substantiate a belief that 
AMP-18 or its immediate precursor, is a growth factor, for 
epithelial cells, but also provides a basis for analysis of the 
bioactive (and antigenic) regions of AMP-18, and a tool for 
the assessment of cell receptor number and identity. Chemical 
synthesis of peptides also makes available a convenient and 
rapid source of considerable quantities of pure "wild-type" 
and "mutant" reagents for further cell studies. The synthetic 
peptide 78-119 apparently acts by the same mechanism as the 
antrum protein, because their maximal effects are not addi
tive. 
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6. Sequence and Predicted Structure of the Pre-AMP Open 
Reading Frame 

The predicted amino acid sequences for human and pig are 

14 
The general structure of the protein implies a possible 

secretory role so a precise intracellular localization would be 
valuable. This requires EM immuno-cytochemical proce
dures. Standard embedding and staining methods reveal that, 7 6% identical. The predicted signal peptides are not bold; the 

N-terminus of native pig AMP has been shown to be aspartate 
(FIG. 10). 

5 as previously reported by many others, the antrum region ( e.g. 

7. Structure of the Native Protein 
The ORF's of the human and pig cDNAs predicted 

polypeptides of similar general structure (FIG. 10). The pre
dicted molecular weights for the otherwise unmodified 10 

human and pig proteins was 18.3 and 18.0 respectively; these 
values are in good agreement with electrophoretic mobility in 
SDS the of antrum proteins reacting with the antisera of the 
present invention. 

The antisera was used to assist in the purification of the 15 

protein from extracts of pig antrum mucosa. Immunoaffinity 
methods applied to total tissue extracts have not proven very 
effective, but by using immunoblots to monitor cell-fraction
ation, gradient centrifugation and gel electrophoresis suffi
cient amounts of the pig 18 kDa polypeptide was purified to 20 

confirm by sequencing that the native N-terminus is one pre
dicted by cleavage of about 20 amino acids from the N-ter
minus of the ORF precisely at the alanine-aspartate site 
anticipated for signal peptide removal. Despite the abundance 

Johnson and McMinn, 1970) contains mucosa! epithelial 
cells which are very rich in secretory granules. Preliminary 
immuno-EM data show the immune sera used at 1 :200-1 :800 
dilution react specifically with the secretion granules. The 
latter appear somewhat swollen and less electron opaque than 
in standard fixation conditions and the differences in density 
are harder to discern, but overall the cell structure is quite 
well-preserved for 30 stomach tissue fixed and embedded 
under the less stringent conditions required to preserve 
immuno-reactivity. At 1: 100 dilution, the preimmune sera 
exhibited negligible backgrounds with no preference for the 
secretion granules. 

10. Growth Factor Activity on Epithelial Cell Cultures. 
A possible function for AMP-18 is that it is a growth factor 

at least partly responsible for the maintenance of a functional 
mucosa! epithelium in the pyloric antrum and possibly else
where in the stomach. Initially, stomach epithelial cell lines 
were not immediately available, but kidney epithelial cell 
systems (Kartha et al., 1992; Aithal et al., 1994; Lieske et al., 
1994) were used. A fractionated antrum mucosa! cell extract 
was used for these experiments. Using immunoblotting as a 
probe to follow fractionation, on lysis of the mucosa! cells 
scraped from either pig or mouse antrum, the AMP-18 anti
gen was recovered in the 35S fraction on sucrose density 
gradients. Such high speed supernatant fractions served as the 
starting material for studies on cell growth. Unexpectedly, 
these extracts stimulated a 50% increase in confluent renal 
epithelial cells of monkey (BSC-1 cells), but had no effect on 
HeLa or WI-38 fibroblast cells. The stimulation of BSC-1 

of asparagine residues, none fit the consensus context for 25 

glycosylation. Fairly extensive regions which may possess 
amphipathic helix forming propensity. The latter may repre
sent units within the protein or as peptides after processing. 
Using circular dichroism the synthetic peptide representing 
amino acids 126-143 in the human preAMP sequence (FIG. 30 

3) is readily induced to become helical in moderate concen
trations of trifuoroethanol conditions used to assess helix 
propensity for some bioactive peptides, including anti-micro
bial peptides of the magainin type ( see for example Park et al., 
1997). 35 cells was at least as effective as that observed with diverse 

polypeptide mitogens, including EGF, IGF-I, aFGF, bFGF 
and vasopressin, assayed at their optimal concentrations. 
Comparable growth stimulation by the antrum extracts was 
observed when DNA synthesis was assessed by measuring 

8. Localization of AMP-18 
The antisera to AMP-18 have proven to be excellent his

tochemical probes, reacting strongly with sections of the 
mouse antrum region but not with the fundus, duodenum or 
intestine, confirming the results of the immunoblots. The 
preimmune sera give negligible reactions even at much higher 
concentration. The AMP-18 protein appears to be concen
trated in mucosa! epithelial cells lining the stomach lumen, 
although lesser signals in cells deeper in the tissue and along 
the upper crypt regions suggest that cells may begin to 
express the protein as they migrate toward the lumenal layer. 
Higher magnification of the histochemical preparations indi
cates only a general cytoplasmic staining at this level of 
resolution; there are some patches of intense staining that 
may be the light microscope equivalent of granule-packed 
regions of some lumenal surface cells seen by electron 
microscopy (EM). The localization of AMP-18 in the antrum 
mucosa is therefore very different from those cells synthesiz
ing gastrin which are deep in the mucosa! layer. 

40 [
3 H]thymidine incorporation into acid-insoluble material. 

The biological activity of the antrum extracts survived heat
ing for 5 minutes at 65° C., and dialysis using a membrane 
with Mr cutoff of 10 kDa, which would eliminate most oli
gopeptides; this treatment removes 60-70% of polypeptide 

45 material, but spared AMP-18 as assayed by immunoblots. 
More importantly, mitogenic stimulation of BSC-1 cells by 
the mouse or pig antrum extract was inhibited when either of 
two different antisera to the human recombinant preAMP-18 
(expressed in bacteria) was added to the culture medium. 

50 Preimmune sera (1 :l00to 1 :800) had no effect on cell growth, 
nor did they alter the mitogenic effect of the antrum extracts. 
These observations suggest that gastric mucosa! cell AMP-18 
functions as a potent mitogen for kidney epithelial cells, 
which do not normally express this protein. 

9. Immunoelectron microscope localization of the AMP- 55 

18 antigens in the mouse stomach antrum mucosa! cells 
To gain further evidence that the growth-promoting activ-

ity in the partially fractionated antrum extracts was mediated 
by the AMP-18 protein, an aliquot of the mouse extract was 
subjected to SDS-polyacrylamide gel electrophoresis; the 
method used previously to determine the N-terminal 

The tissue pieces were fixed in 4% formaldehyde and pro
cessed for embedding in Unicryl. Thin sections were reacted 
with rabbit anti-humanAMP-18 antisera (1:200); bound anti
bodies detected by Protein-A conjugated to 10 nm colloidal 
gold. The reacted sections were stained with lead citrate 
before viewing (20,000x). The gold particles are visible over 
the semi-translucent secretion granules, which appear much 
more translucent here than in the standard glutaraldehyde
osmium-epon procedure (11,400x) because of the require
ments for immuno-reactivity. Negligible background was 
seen on other cytoplasmic structures. 

60 sequence of the natural protein. The gel was cut into 2-mm 
slices and each slice was extracted with 3% acetonitrile in 
phosphate-buffered saline containing 1 % BSA. The extract 
supernatants were assayed for mitogenic activity. The results 
indicated that one slice containing protein in the 16-19 kDa 

65 range possessed growth-promoting activity. Significantly, 
this growth response was blocked by the immune but not the 
pre-immune sera. Taken together with the relatively low sedi-
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mentation rate of the protein, these findings provide addi
tional evidence to support the conclusion that AMP-18 is an 
epithelial cell mitogen and that it functions as a monomer or 
possibly a homotypic dimer. It also implies that the structure 
of the protein is such that it can readily reacquire a native 
conformation after the denaturing conditions of SDS-gel 
electrophoresis. 

To assess the interaction of the antrum growth factor activ
ity with other cytokines, its activity was tested to determine if 
it was additive with EGF in epithelial cell cultures. EGF (50 
ng/ml) added with untreated mouse antrum extract (10 
µg/ml), or heated, dialyzed pig extract (10 µg/ml) exhibited 
additive stimulation of mitogenesis; up to 74% increase in 
cell number above the quiescent level; the greatest stimula
tion observed so far for any factor using the BSC-1 cell assay. 
An example of this additivity is shown for an AMP-peptide 
and EGF onAGS cells in FIG. 11. This observation suggests 
that AMP-18 and EGF initiate proliferation by acting on 
different cell surface receptors. It also implies that AMP-18 
growth factor activity might normally collaborate with other 
autocrine and paracrine factors in the maintenance or restitu-

16 
tion of the epithelium. In view of the results with EGF, it is 
likely thatAMP-18 is secreted at and acts upon the apical face 
(i.e., stomach lumenal face) of the epithelial cell layer while 
other factors (for which EGF may serve as an example) act 

5 from the basal surface. 
11. Bioactivity of Gastrokine (AMP-18) Related Peptides. 
The activities of synthetic peptides of the present invention 

are unexpected. Peptides based on the ORF of the human 
cDNA clone peptides were synthesized in the University of 

10 Chicago Cancer Center Peptide Core Facility, which checks 
the sequence and mass spectra of the products. The peptides 
were further purified by HPLC. Five relatively large oli
gopeptides (of about 40 amino acids each) approximately 
spanning the length of the protein without including the sig-

15 nal peptide, were analyzed. One peptide 42 amino acids long 
spanning amino acids lys-78 to leu-119 of the pre-AMP 
sequence (peptide 58-99 of the matured form of the protein; 
see Table 1 ), including a predicted helix and glycine-pro line 
(GP) turns, gave good mitogenic activity. This response was 

20 blocked by the specific antiserum, but not by the preimmune 
sera. 

TABLE 1 

BIOACTIVITY OF SYNTHETIC PEPTIDES BASED ON THE SEQUENCE 
OF PRE-GASTROKINE (PRE-AMP-18) 

Name of 
Peptide 

Sequence 
in 

Human 

78-119 

78-88 

87-105 

104-117 

104-111 

97-117 

97-117** 

97-121 

109-11 7 

104-109 

110-113 

mouse 

97-119 

**scrambled 

# K,1s, 

AA AMINO ACID SEQUENCE µM 

42 KKTCIVHKMKKEVMPSIQSLDALVKEKKLQGKGPGGPPPKGL 0.3 
(SEQ ID NO, 17) 

11 KKTCIVHKMKK Inactive 
(SEQ ID NO, 14) 

19 KKEVMPSIQSLDALVKEKK Inactive 
(SEQ ID NO, 15) 

14 KKLQGKGPGGPPPK 0.8 
(SEQ ID NO, 11) 

18 KKLQGKGPGGPPPKGLMY 1. 0 
(SEQ ID NO, 18) 

21 LDALVKEKKLQGKGPGGPPPK O. 3 
(SEQ ID NO, 12) 

21 GKPLGQPGKVPKLDGKEPLAK Inactive 
(SEQ ID NO, 19) 

2 5 LDALVKEKKLQGKGPGGPPPKGLMY O. 2 
(SEQ ID NO, 13) 

9 KGPGGPPPK 2.5 
(SEQ ID NO, 20) 

6 KKLQGK 7. 4 
(SEQ ID NO, 21) 

4 GPGG Inactive 
(SEQ ID NO, 22) 

23 LDTMVKEQK GKGPGGAPPKDLMY 0.2 

(SEQ ID NO, 23) 
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Table 1: Analysis of mitogenic peptides derived from the 
human and mouse pre-gastrokine (pre-AMP-18) sequence. A 
14 amino acid mitogenic domain is in bold type. *Peptides are 
identified by their position in the amino acid sequence of the 
pre-gastrokine (preAMP-18). #AA; numberofamino acids in 5 

a peptide. Kl/2; concentration for half-maximal growth 
stimulation. 

Overlapping inactive peptides can inhibit the activity of the 
mi to genie peptides: that is, human peptides 78-88 and 87-105 
block the activity of peptide 78-119, and while peptide 10 

87-105 blocks the activity of peptide 104-117, the peptide 
78-88 does not. Peptides 78-88 and 87-105 block the activity 
of the protein in stomach extracts. 

18 
AMP-18 interacts with specific cellular components. Further 
evidence that the receptor binding region extends N-termi
nally from peptide 104-117 is provided by the enhanced 
activity of peptide 97-117 which contains a seven amino acid 
N-terminal extension of 104-117. A peptide with a four amino 
acid extension in the C-terminal direction (peptide 104-121) 
appears to have slightly less activity to the parent 104-117, but 
does include a natural tyrosine, which makes possible label
ing with radioactive iodine, which allows determination of 
the binding of AMP-related peptides to cells, initially by 
assessment of number of binding sites and subsequently 
detection of the receptor protein(s ). 

The peptide 97-107 was used for most tests because of its 
activity (equal to the 42-mer) and its relative economy (21 12. The Growth Stimulatory Domain ofGastrokine (AMP-

18). 15 amino acids in length). However, a C-terminal extension to 
the tyr-121 gives the most active peptide thus far, perhaps 
because it stabilizes secondary structure. Even though this 
peptide does not match the nanomolar activity of EGF, for 

Finding that a 42-amino acid peptide representing a central 
region of the novel antrum mucosa! cell proteinAMP-18 had 
mitogenic activity similar in character to that of the intact 
protein in pig and mouse antrum extracts (Table 1 ), has facili
tated the characterization of the bio-active region of the mo!- 20 

ecule. A peptide including amino acids at positions 78-119, 
gave similar maximal stimulation of growth of the BSC-1 
epithelial cell line to that given by the tissue extracts and was 
similarly inhibited by several different antisera raised in rab
bits to the bacterially-expressed complete antrum protein. 25 

The mitogenic activity of a number of synthetic "deletion" 
peptides related to peptide "78-119" are summarized in Table 

example, it is much more potent than reported for trefoil 
peptides (Podolsky, 1997). An estimate for the activity the 
intact AMP protein is ca. 1-10 nM. 

13. Expression of Recombinant Protein 
(a) E. coli. Recombinant constructs are generally engi

neered by polymerase-chain-reactions using synthetic oligo
nucleotides complementary to the appropriate regions of the 
full-length cDNA sequences within the PT/CEBP vector and 
extended by convenient restriction enzyme sites to enable 
ready insertion into standard vector polylinkers. The initial 
experiments with expression of the AMP ORF in bacterial 

1. Growth activity determinations have so far been accom
plished with the kidney epithelial cell line as well as several 
gastric and intestinal lines. 

The original 42 amino acid sequence of peptide 78-119 was 
broken into three segments bounded by lysine (K) residues; 
N-terminal to C-terminal these are peptides with amino acids 

30 systems employed an expression vector PT/CEBP, which 
included an N-terminal His6-tag (SEQ ID NO: 16) (Jeon et 
al., 1994), intended to facilitate the purification of the 
expressed protein on Ni-NTA resin (Qiagen). Expression of 

at positions 78-88, 87-105 and 104-117. Of these only peptide 
104-117 possessedmitogenic activity giving a similar plateau 35 

of growth stimulation but requiring a higher molar concen
tration than the original peptide "78-119"; this is reflected in 
the higher Kl/2 value, which suggests that 14-amino acid 
peptide has 30-40% of the activity of the 42-amino acid 
peptide. A conclusion from this is that the smaller peptide has 40 

less binding affinity for a cell receptor, perhaps due to a 
lessened ability to form the correct conformation, or alterna
tively because of the loss of ancillary binding regions. The 
latter notion is supported by the observations that peptides 
"78-88" and "87-105" can antagonize the activity of intact 45 

42-mer peptide 78-119; these peptides also antagonize the 
activity of antrum extracts further supporting the validity of 
synthetic peptides as a means to analyze the biological func
tion of the novel protein. An additional aspect of the invention 
is that peptide 87-105, but NOT 68-88, antagonizes the activ- 50 

ity of peptide 104-117; note that peptide 87-105 overlaps the 
adjacent 104-117 sequence by two residues. 

Taken together these results suggest a relatively simple 
linear model for the growth-stimulatory region of AMP-18; 
viz, there is an N-terminal extended binding domain (pre- 55 

dieted to be largely helix, the relative rigidity of which may 
explain the linear organization of the relevant sequences as 
determined in the cell growth studies), followed by a region 
high in glycine and praline with no predicted structure 
beyond the likelihood of turns. It is this latter region which 60 

contains the trigger for growth stimulation. The specificity of 
antagonism by peptides 78-88 and 87-105 may be based on 
whether they overlap or not the agonist peptides 78-119 and 
104-117; for example 78-88 overlaps and inhibits 78-119, but 
does not overlap or inhibit 104-117. The specificity of com- 65 

petition by these peptides taken with the inactivity of the 
78-119 scrambled peptide, strengthens a conclusion that 

the full-length human cDNA within this vector in the host 
BL21 (DE3)pLyS gave good yields of insoluble protein, 
which after electrophoresis under denaturing conditions was 
suitable for use as an immunogen in rabbits to obtain specific 
high-titer antibodies, but which has not been useful for analy
sis of the protein's native structure and function. This insolu
bility is most probably due to the presence of an urmatural 
N-terminus, having a His6-tag (SEQ ID NO: 16) upstream of 
hydrophobic signal peptide, in the expressed protein. Engi
neering vectors which will express the ORF without the 
hydrophobic signal peptide sequence are also useful. These 
are constructed using bacterial expression vectors with and 
without N- or C-terminal His-tags. The human AMP-18 
sequence lacking the 20 amino acid signal peptide and con
taining a His6-tag (SEQ ID NO: 16) was also expressed in 
bacteria. 

(b) Pichia pastoris. Among the simple eukaryotes, the 
budding yeast P. pastoris is gaining wide popularity as an 
expression system of choice for production and secretion of 
functional recombinant proteins (Romanos et al., 1992; 
Cregg et al., 1993). In this system, secretion of the foreign 
protein may utilize either its own signal peptide or the highly 
compatible yeast mating-type alpha signal. This organism 
will correctly process and secrete and at least partially modify 
the AMP-18 protein. Vectors for constitutive and regulated 
expression of foreign genes are developed in Pichia (Sears et 
al., 1998). In addition to a poly-linker cloning site, these 
vectors contain either the high expression constitutive glyc-
eraldehyde-3-phosphate dehydrogenase (GAP) or the metha
nol-regulated alcohol oxidase promoter (AOXl ). The latter is 
an extremely stringent promoter yielding insignificant prod
uct in normal culture conditions while giving the highest 
expression of the vectors tested in the presence of methanol, 
amounting to as much as 30% of the cell protein. The advan-
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tage that the yeast Pichia has over the mammalian and insect 
alternatives is that it is continuously grown in protein-free 
media, thus simplifying the purification of the expressed pro
tein and eliminating extraneous bioactivities originating in 
the serum or the host animal cells. A pIB4 construct (induc- 5 

ible by methanol-containing medium) contains the complete 
human preAMP-18 cDNA sequence. 

tion, because these will imply interactions with other factors 
including possible cell receptors. 

15. Biochemical and Immunoaffinity Fractionation of 
Expressed and Native Gastrokine Proteins 

In the case of some of the expressed forms of gastrokine 
AMP-18, the recombinant protein will contain peptide tags 
that will permit the rapid purification of soluble protein. The 
presence of these tags, if they do not severely interfere with 
the protein's normal functions, will also permit analysis of 

( c) Baculovirus/Insect cells. An alternative, frequently suc
cessful, non-mammalian eukaryotic expression system is that 
using recombinant Baculovirus, such as Autographa califor
nica, in an insect cell culture system. As with Pi chi a, a large 
repertoire of convenient vectors are available in this system, 
containing both glutathione S-transferase (GST)-and His6-
tags (SEQ ID NO: 16) (Pharmingen). Transfections are car
ried out into Spodopterafrugiperda (Sf) cells; these cells can 
be slowly adapted to protein-free medium to favor the puri
fication of secreted proteins. If an endogenous signal peptide 
does not function in these cells, secretion of foreign proteins 
can also be forced using vectors containing the viral gp67 
secretion signal upstream of the cloning site. Recombinant 
proteins can be expressed at levels ranging from 0.1-50% 
total cell protein. Some protein modifications may be more 
favored in this insect cell system relative to yeast, but still may 
not duplicate the mammalian system. It appears that the insect 
expression system would be somewhat more onerous than 
Pichia, and not entirely substitute for expression in mamma
lian cells. The humanAMP-18 sequence lacking the 20 amino 
acid signal peptide and containing a His6-tag (SEQ ID NO: 
16) was expressed in Baculovirus. 

( d) Mammalian cells. Modifications not detectable by 
immunoblot analysis may take place in mammalian cells that 
are not duplicated in cells of other eukaryotes. Although not 
as convenient as prokaryotic and simple eukaryotic systems, 
mammalian cells are now frequently used for both transient 
and continuous expression of foreign proteins. Several 
growth factors have been expressed and secreted in signifi
cant amounts using these systems. 

10 interactions with other relevant macromolecules. His6-tags 
(SEQ ID NO: 16) permit purification by binding the recom
binant proteins to Ni-NTA resin beads (Janknecht et al., 
1991; Ni-NTA resin from Qiagen). The tagged protein is 
bound with greater affinity than most antigen-antibody com-

15 plexes and can be washed rigorously before the N,2+ -histidine 
chelation complex is disrupted by excess imidazole to release 
the purified protein. GST-tagged recombinant proteins are 
purified on glutathione-agarose, washed and then eluted with 
reduced glutathione (Smith and Johnson, 1988). As with all 

20 the proposed expression systems, each protein preparation 
may be tested at the earliest possible stage for its growth 
factor activity. 

Conventional fractionation procedures are used to achieve 
the desired purity, particularly in the case of the isolation of 

25 the natural protein from tissue. Pig antrum mucosa is a pre
ferred starting point for the latter, using initial centrifugation 
and heat-treatment protocol, followed by a size-exclusion 
column: BioGel P60 is suitable, given the evidence that the 18 
kDa protein exists, most probably as a monomer in the 

30 extracts. The eluant is loaded on an immunoaffinity matrix 
created by crosslinking anti-AMP antibodies purified on 
HiTrap Protein A to CNBr-activated Sepharose 4B (Pharma
cia). Further modification of the immunoaffinity matrix may 
be helpful, either by extension of the linker to the matrix, 

35 which has proven useful in the past (Aithal et al., 1994), or by 
crosslinking the antibody to immobilized protein-A. Because 
active protein can be recovered by SDS-gel elution, active 
protein may also be recovered from the antigen-antibody 
complexes. Further fractionation could be achieved by CS The plasmid pcDNA3/human kidney 293 system: 

pcDNA3 contains a polyliuker cloning site flauked by the 
strong constitutive cytomegalovirus (CMV) promoter and a 
SV40 polyA signal (Invitrogen). Laboratory experience is 
that 60-90% transient transfection levels can be achieved. To 
this end, PCR amplification of the human preAMP cDNA 
clone is performed with oligonucleotides that contain the 45 
initiation codon and native ribosome binding site (Kozak 
sequence) as well as suitable restriction enzyme liukers for 
correct orientation into pcDNA3. Favorable constructs were 
identified in the transient assay using the potent antibiotic 
blasticidin S and a vector containing the resistance gene, 
stable mammalian transfectant cell lines can be established 
"in less than one week" (Invitrogen). The available vectors 
also include the constitutive CMV promoter, a polylinker 
cloning site, an elective V5-epitope/His6-tag (SEQ ID NO: 
16) and the SV40 poly(A) signal (PcDNA6/V5-His). 

40 reversed-phase high-performance liquid chromatography 
(HPLC) colunm. A final step is the use of the SDS-gel elution 
technique with confirmation of identity by N-terminal 
sequencing. In all of these steps the immunodetectableAMP-
18 and the growth factor activity should fractionate together. 

16. AMP-18 Related Synthetic Peptides 
AMP-18 may be precursor to one or several bioactive 

peptides. Synthetic peptides provide a convenient avenue to 
explore the function of a protein; peptides may mimic aspects 
of the function or antagonize them. If a peptide either dupli-

50 cates or inhibits the protein's activity, then it suggests the 
identity of functional domains of the intact protein, and also 
provides the possibility of synthesizing specifically tagged 
probes to explore protein-cell interactions. 

Finding that a synthetic 42 amino acid peptide, represent-
55 ing a middle region of the human protein, is capable of mim

icking the growth factor activity of the partially fractionated 
antrum mucosa! extracts has provided a short-cut to the analy
sis of AMP-18 function. This peptide ( designated peptide 
58-99; amino acids are at positions 58-99 of the mature pro-

14. Expression and Analysis of Altered (Modified) Forms 
of AMP-18 Given an efficient expression system for the pro
duction of "wild-type" AMP-18, a series of mutant proteins, 
containing either deletions or substitutions may be created, 
which will permit analysis of the functional domains. The 
amphipathic helices, the conserved cystine (C) residues and 
the basic amino acids doublets, which may be cleavage sites, 
are attractive targets. Although not as simple as an enzyme 
assay, the mitogenesis assay is routine and replicable, and 
would enable "mutants" to be characterized as fast as they are 
constructed. Dominant negative ( or positive) "mutants" will 
be as significant as mutations exhibiting simple loss offunc-

60 tein after removal of the signal peptide) in addition to several 
possible protein processing sites at lysine pairs, contains one 
of the regions capable of extended helix formation as well as 
a glycine-praline loop. An added advantage of this peptide is 
that it contains epitopes recognized by both of the antisera 

65 disclosed herein. Some smaller peptides derived from this 
sequence were synthesized to focus on the bioactive regions. 
Initially sequences bounded by the lysine residues were stud-
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ied because they may indicate distinct domains within the 
protein structure, by virtue of being exposed on the surface of 
the protein, as witnessed by the antigenicity of this region, 
and may be sites of cleavage in vivo to bioactive peptides. The 
glycine-praline region is important (see Table 1 illustrating 5 

the bioactive domains of AMP-18). Glycine-praline 
sequences are known to be involved in SH3 (src homology 
domain type 3) ligands (see Cohen et al., 1995; Nguyen et al., 
1998); because SH domains are involved in protein-protein 
interactions that GP region of AMP-18 may be involved in the 10 

interaction of the protein with a cell surface receptor. The 
exact GPGGPPP (SEQ ID NO: 24) sequence found inAMP-
18 has not been reported for the intracellular-acting SH3 
domains, so the intriguing possibility exists that it represents 
a novel protein interaction domain for extracellular ligands. A 15 

21-mer derived from amino acids at positions 97-117 of the 
mature sequence has activity similar to the 42-mer. This 
shorter peptide is useful for growth assays on various epithe
lial cell lines. This peptide does not express the epitope rec-
ognized by the antisera disclosed herein. 20 

All of the AMP-18 derived peptides were synthesized by 
the Cancer Center Peptide Core Facility of the University of 
Chicago, which also confirmed the molecular mass and 
amino acid sequence of the purified peptides that are isolated 

25 
by HPLC. The biological activity of peptide 78-119 not only 
provides the basis for seeking smaller peptides with mitoge
nic activity, but permits amino acid substitutions that have 
positive or negative effects to be found rapidly. Inactive pep
tides were tested for their ability to block the function of 

30 
active peptides or intact AMP-18. The possible inclusion of 
D-amino acids in the peptides (in normal or reverse order) 
may stabilize them to degradation while permitting retention 
of biological function. Further the ability to synthesize active 
peptides enables tags that facilitate studies of the nature, 

35 
tissue distribution and numberof cellular receptors. Such tags 
include His-6 biotin or iodinated tyrosine residues appended 
to the peptide sequence ( several of the bioactive peptides have 
a naturally occurring tyrosine at the C-terminus ). 

Synthetic peptides also permit assessment of the role of 40 
potential secondary structure on function. The finding that a 4 
amino acid C-terminal extension of the active peptide 97-117, 
predicted to promote a helix similar to that for the intact 
AMP-18 sequence, led to a more active peptide 97-121, is 
interesting. The helix-propensity of these active peptides e.g. 45 
peptide 126-143, which resembles an anti-microbial magai
nin peptide, provides useful information. With respect to anti
microbial peptides, the function of the magain in class is 
related to their ability to form amphipathic helices (Boman, 
1995). Synthetic peptides that can be locked in the helical 50 
form by lactam bridges (Houston et al., 1996) enhanced bio
logical activity; at least one pair of appropriate acidic and 
basic amino acid residues for lactam formation already exist 
in potential helix regions of AMP-18. 

22 
17. Interactions of AMP-18 and Related Peptides with 

Cells: Assessment of Cell Growth 
Non-transformed monkey kidney epithelial cell line 

BSC-1 and other epithelial cell lines were used to assess 
effects on growth. In general, conditions were chosen for each 
line such that cells are grown to confluence in plastic dishes in 
supplemented growth medium with minimal calf (or fetal) 
serum for growth (Lieske et al., 1997); BSC-1 cells become 
confluent at 106 

/ 60 mm dish with 1 % calf serum. At the start 
of the growth assay the medium on the confluent culture was 
aspirated and replaced with fresh medium with minimal 
serum to maintain viability (0.01 % for BSC-1) cells.AMP-18 
preparations were added to the culture medium and 4 days 
later the cell monolayer was rinsed, detached with trypsin, 
and the cells were counted using a hemocytometer. Determi
nation of the capacity of AMP-18 to initiate DNA synthesis 
was measured by the incorporation of [3H]thymidine (To
back, 1980); to confirm the DNA synthesis assay, autoradio
grams of leveled cells were counted (Kartha and Toback, 
1985). 

The protein AMP-18 is expressed in the antrum mucosa 
and to a lesser extent in the adjacent corpus mucosa. However, 
both antrum extracts and the active synthetic peptides stimu
late proliferation of most simple epithelial cell lines. The 
major criterion used, apart from cells which might be natural 
targets for AMP-18 or its peptides, was that of growth control, 
particularly cell-density restriction. Many transformed stom
ach lines derived from human cancer patients are available 
from various sources, but most of these do not exhibit growth 
control. For example, a gastric AGS adenocarcinoma cell 
subline from Dr. Duane Smoot (Howard University College 
of Medicine) showed a greater degree of contact inhibition, 
and responded well to AMP-18 and its derived peptides. 
These cells do not naturally synthesize AMP-18. Similar 
responses were observed with the non-transformed rat IEC 
intestinal epithelial cells (provided by Dr. Mark Musch, Dept. 
Medicine, University of Chicago); the latter show excellent 
epithelial cell characteristics in culture (Quaroni et al., 1979; 
Digass et al., 1998). 

18. Receptors for AMP-18 on the Surface of Epithelial 
Cells 

Characterization of the target cell receptors of AMP-18 is 
intriguing because of the apparent existence of receptors on 
cells which are not expected ever to contact this protein. 
Initial growth response assays were performed on kidney
derived epithelial cell lines, which responded well to the 
stomach factor. Gastric cell lines, as well as the non-trans
formed rat intestinal epithelial IEC-6 cells, were used to 
address the receptors in cells that are likely the true physi
ological targets for the antrum factor. The specificity for the 
action of this protein in vivo likely arises from the extremely 
tissue specific nature of its expression, rather than that of its 
receptor. It is possible that AMP-18 may interact with recep
tors shared with other growth factors. 

However, the additive growth stimulus of EGF and the 
antrum extracts suggest that AMP-18 may have novel recep
tors. Protein molecules in cell membranes that interact with 
AMP-18 may be sought in several different ways. Pure AMP-
18 or related peptides labeled, e.g. with biotin or radioactive 

Another equally significant aspect of the peptide studies is 55 

the potential availability of specific anti-AMP-18 peptides 
that antagonize its biological functions. Tissue culture studies 
show that sub-peptides of the growth-promoting peptide 
78-119 can antagonize the activity of the intact peptide (see 
Table 1). Peptides that can occupy cellular binding sites but 
lack some essential residues for activity may block the action 

60 iodine, are used to estimate the number of saturatable sites on 
the cell surface. Scatchard analysis of the binding values as 
used to determine the number and affinity of receptors. For 
quantitative studies, binding is measured at increasing AMP 
ligand concentrations, and non-specific components are iden-

of AMP-18 and its active peptides. This makes available 
another set of reagents for the analysis of cellular receptors 
and for assessing receptor-ligand affinity constants. Avail
ability of defined peptide antagonists is useful in whole ani
mal studies, and may eventually serve to regulate the activity 
of the natural protein in humans. 

65 tified by measuring binding in the presence of excess unla
beled factor. Iodinated growth factors have been cross-linked 
to cellular receptors enabling their identification (Segarini et 
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al., 1987). Labeled AMP ligands are incubated with cells, and 
the bound ligand is cross-linked to the receptors by disuccin
imidyl suberate. The labeled proteins are resolved by SDS
PAGE, and autodiography is used to visualize the cross
linked complex permitting an estimate of the MW of the 
receptor(s). Synthetic peptide mimics or antagonists permit 
studies of the cellular receptors, and their properties are rea
sonably inferred prior to future definitive identification, pre
sumably by cloning techniques. 

In addition to crosslinking studies, antibodies, or his6-
tagged (SEQ ID NO: 16) AMP-18 or peptides are used to 
isolate cellular or mucus proteins which bind to AMP-18. As 
an additional approach, an immobilized AMP-18 affinity 
matrix can be created by using CNMBr-activated Sepharose. 
As a simple beginning to the analysis of the signal transduc
tion pathway mediated by any cell receptor, a test to assay 
protein tyrosine kinase activity in affinity isolates is available 
(Yarden and Ullrich, 1988; Schlessinger and Ullrich, 1992). 

19. Is AMP-18 Processed to Bioactive Peptides? 
The functional molecular form(s) of AMP-18 is not known. 

Certainly, the ca. 18 kDa is the protein form which accumu
lates in antrum mucosa! cells, and substantial amounts of 
polypeptides oflower MW are not detected with the antisera, 
even though they do react with pepsin fragments down to ca. 
10 kDa and also with the bioactive peptide 78-119 (having 
only 42 amino acids). Having access to labeled or tagged 
AMP-18 enables a question of whether the protein is pro
cessed in antrum mucosa! extracts, or by the epithelial cells 
which respond to it, to be explored. 

20. Genes for AMP-18 in Man and Mouse 

24 
recombinants. Correctly targeted ES cell clones will be 
injected in blastocysts from C57BL/6 mice. 

Male offspring obtained from surrogate mothers that have 
at least 50% agouti coat (embryonic stem cell (ES) cell 

5 derived) are bred with C57BL/6 mice. Fl mice that are agouti 
have the paternal component derived from the ES cells (ago
uti is dominant over black). 50% of these mice should have 
the knockout preAMP-18 allele. These hemizygous mice are 
monitored for any effect of diminished gene dosage. 

10 Homozygous knockouts are preferable. If the sole function of 
AMP-18 is in the stomach following birth, then viable 
homozygotes are expected. If these cannot be obtained, a 
fetally lethal defect would be indicated, and the fetal stage of 
abortion would be ascertained. This result would suggest an 

15 unanticipated role of the protein in normal development. 
Homozygous AMP-18 knockout mice are useful for inves

tigations of stomach morphology and function. It is expected 
that such knockouts will show if AMP-18 is essential, and at 
which stage of gastro-intestinal development it is bioactive. It 

20 is possible that the AMP-18 knockout hemizygous mice will 
already show a phenotype. This could occur if reduced dosage 
of the protein reduces or eliminates its function, or if parental 
imprinting or random mono-allelic expression has a signifi
cant influence. A range of possible outcomes of the AMP-18 

25 knockout in mice include: i) no viable homozygotes, imply
ing an essential unanticipated developmental role; ii) viable 
homozygotes, but with obviously impaired gastrointestinal 
functions; iii) no strong phenotype, i.e. the protein is not 
important to the development and life of the laboratory 

30 mouse. If appropriate, the generation of AMP-18 in overex
pressing mice is pursued. A truncated AMP-18 protein pro
duced in the mice could potentially create a dominant nega
tive phenotype; knowledge gained from the experiments will 

Using PCR techniques employing primers based on the 
sequence of the human cDNA clone, genomic clones of 
human and mouse preAMP-18 were obtained. The exon/ 
intron structure (FIG. 12) is complete. Mouse AMP exons are 
sufficiently similar to those of human and pig to allow a 35 

sequence of the mouse gene to be assembled. Human and 
mouse genes have very similar structures, the mouse gene 

further define the functional domains of the protein. 
Abbreviations for amino acids 

being slightly smaller. The ORF contained in exons of the 
mouse gene predicts a protein having 65% identity to the Three-letter One-letter 

human and pig proteins. A 2 kb of sequence is upstream of the 40 _______________________ _ Amino acid abbreviation symbol 

human gene. 
21. Knockout oftheAMP-18 Gene in Mouse 
From the mouse map a targeting construct is designed. The 

construct preferably contains: [ 5'-TK ( a functional thymidine 
kinase gene)-ca. 5 kb of the 5' end of AMP-18 DNA-the 45 

neomycin phosph-transferase (neo) gene under the control of 
the phosphoglycerate kinase (PGK) promoter -ca. 3 kb of the 
3' end of the gene -3']. A considerable length ofhomology of 
the construct with the resident AMP-18 gene is required for 
efficient targeting. Increasing the total homology from 1.7 to 50 

6.8 kb increases the efficiency of homologous targeting into 
the hrpt gene about 200-fold (Hasty et al., 1991). Beyond that 
total length, the efficiency increases only slightly. To facilitate 
the detection of homologous intergrants by a PCR reaction, it 
is useful to have the neo gene close to one end of the vector. 55 

The resulting transfectants can be provided by PCR with two 
primers, one in the neo gene and the other in the AMP-18 
locus just outside of the targeting vector. Flanks extending 4 
kb 5' and 4.5 kb 3' of the mouse gene have been obtained. 
Through homologous recombination, the coding region will 60 

be replaced by the neo gene to ensure a complete knockout of 
the gene are already cloned. After trimming off the plasmid 
sequence, the targeting cassette will be transfected into ES 
cells and stable transfectants obtained by selection with 
G418, an analog of neomycin, and gancyclovir (Mansour et 65 

al., 1988). Southern blots with the probe from the flanking 
sequence will be used to screen for targeted homologous 

Alanine Ala A 
Arginine Arg R 
Asparagine Asn N 
Aspartic acid Asp D 
Asparagine or aspartic acid Asx B 
Cysteine Cys C 
Glutamine Gln Q 
Glutamic acid Glu E 
Glutarnine or glutarnic acid Glx z 
Glycine Gly G 
Histidine His H 
Isoleucine Ile 
Leucine Leu L 
Lysine Lys K 
Methionine Met M 
Phenylalanine Phe F 
Praline Pro p 

Serine Ser s 
Threonine Thr T 
Tryptophan Trp w 
Tyrosine Tyr y 

Valine Val V 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS, 26 

<210> SEQ ID NO 1 
<211> LENGTH, 7995 
<212> TYPE, DNA 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 1 

agctttataa ccatgtgatc ccatcttatg gtttcaatcc atgcacagga ggaaaattgt 60 

gggcacgaag tttccaaagg gaaaatttat agattggtag ttaatgaaat acagttttcc 120 

tccttggcaa atttaattta ctagcttcac tgtataggaa aaagcaggaa aaaaattaaa 180 

accaactcac ctccaaacct gttttgagct tttacttgtc tgcccaattg atagtttcta 240 

ctctctgctt ttgatgaaaa tattttttat tattttaatg taacttctga aaactaaatt 300 

atctagaagc aaataaaaag atattgcttt tatagttccc agaaggaaaa aacaaacact 360 

aggaaagttc tatctatcag atgggggaga tgtgatggag gcagtgatat ttgagctgag 420 

ccttgaacaa tgaacaggag tctaccaagc gagaggctag cgggtggccc tcaagataaa 480 

acaacagcat gtacaaaggc atggagacat acacatcttg actcttccag gaatggtggg 540 

aacgctggtg gagctagaat gtaggtacat agcataaagt ggcagacggg aagcctttgg 600 

aaatcttatt acataggacc ctggatgcca ttccaatgac tttgaatttt ctgtaggctg 660 

ccagcgaaat ttccaagcgt gatagagtca tgtctatcta tgcacttcag aaagacaacc 720 

tcagggttaa tgaagaaaat gcattggaat ataagaaact ggtgaccaga gtgatcaatt 780 

gcatgactgt tgtgaaagtc caggtgaggg gagctgtggg caaggtcaga gttgagaggc 840 

atttcagaga taaaatgaca gtaactaagt agatgtcagg ctgagaagaa agggctgtac 900 

cagatatatg gtgctatcat taagtgagct caacattgca gaaaaggggt aggtttggtg 960 

ggagttgctc acaaaacatg tttagtctaa gcaaaaccat tgccatgggc tcagataaaa 1020 

gttaagaagt ggaaaccatt cctacattcc tataggagct gctatctgga aggcctagta 1080 

tacacgtggc ttttcagctg tgattttgtt tgattttagg gattattctt tttctgaatc 1140 
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-continued 

tgagcaatgt tagcgtgtaa aatactcaca cccacagctt tgactgggtg agaagttatc 1200 

ataaatcata ttgagtttgt tgtgatacct tcagcttcaa caagtgatga gtcaggtcaa 1260 

ctccatgtga aagttccttg ctaagcatgc agatattctg aaaggtttcc tggtacactg 1320 

gctcatggca cagataggag aaattgagga aggtaagtct ttgaccccac ctgataacac 1380 

ctagtttgag tcaacctggt taagtacaaa tatgagaagg cttctcattc aggtccatgc 1440 

ttgcctactc ctctgtccac tgctttcgtg aagacaagat gaagttcaca gtgagtagat 1500 

ttttcctttt gaatttacca ccaaatgatt ggagactgtc aatattctga gatttaggag 1560 

gtttgcttct tatggcccca tcatggaaag tttgttttaa aaaaattctc tcttcaaaca 1620 

catggacaca gagaggggaa caacacacac caggtcctgt tggggggtgg agagtgaggg 1680 

gagggaactt agaggacagg tcaatagggg cagcaaacca ccatggcaca catataccta 1740 

tgtaacaaac ctgcacgttc tgcacatgta tccctttttt ttagaagaag aaataatgaa 1800 

aaaaaacctt ttttctattt atataatcat ggcatttata agcatctcta tagagaagga 1860 

taattgtgct gagattagac agctgtctga gcacctcaca ctgacctatt tttaacaaaa 1920 

tgactttcca catcacctga tttcggctcc atgcrgggta agcagttcct aagccctaga 1980 

aagtgccgat catccctcat tcttgaattc ctccttttat ttaccaaaat tcctgagcat 2040 

gttcaggaaa gatgaaaagc ttattatcaa aataagtggc tgagatagac ttcttgtcac 2100 

atttgttaca gtaaaatggg tctccaagaa agaaagattt gccttgggct ctagcatggc 2160 

catttattta agaaagcatc tgaaacatga agctaccaca gcatctctcc tgtggttcca 2220 

gacggaagcc tgagagtcta ggaggaggtg gaccgagaaa ccctgccaaa gtaactagta 2280 

gtgccgggtt tctcacaaca cgatgcaaag gggctagaat cagatgacta ttttcatgtt 2340 

tcaacatact acacactgga aaacgttacg gcagactcta ctttataatg gggctgcaaa 2400 

tgtaaaatga ctactagaac taggtcctct taatagcagc aaagtttaaa agggtcagag 2460 

ggagctccag acacaggtta gatttgattt ctctcctagt tctgctgtga acaagaggta 2520 

taagtttggc caactcactt aacccctgaa gctcagttac cttatctgta aaatgattgc 2580 

attgtactag gtgttctcta aaatttcttc tacctctgac tttttaggag actaattttt 2640 

aactcctttt taagctattg ggagaaaaat ttaatttttt ttcaaaagtt accttgaatc 2700 

tctagagcag ttctcaaaac tattttgtcc caggcaaagg aaatgagact aggtacccag 2760 

aatgaggcac cctgcataaa gctctgtgct ctgaaaacca atgtcaggga ccctgtgata 2820 

aataattaaa ccaagtatcc tgggacactg ctagtgacat cgcctctgct gatcactctt 2880 

gccagcgaga cactctatac ttgctttctc atcattggca tccaaactgc ctactaatcc 2940 

attgctttgg aaagtttttt ttaataaaaa gattatttct attaggagga aaacatccca 3000 

tgttaaatag gaaaattaac tgaaatcatt ttcagatgtg atttttagca cttatagcca 3060 

tttcaaacca tggtattcat ttatactatg ctatttattg taaaacttct ttttttttcc 3120 

aaggaaaata agatagtttg ctttatttta aaacagtaac tttcttatat tggggcactg 3180 

accaaaattc aatactggta caaatatgtt acctaggggg tcaaaatatg tgccaggtga 3240 

attttctgaa tttctctaaa gagagaattt taaaccttat aaaacaatta gaaacaagtg 3300 

agtgagaggt gagcatcaac aacctgtgta acataagcca cagtacaaat ttaagctgaa 3360 

taaccaagcc atgtcagtta tcccaaatca tttttgttaa tatttaggag gatacacata 3420 

ttttcaataa cttaaaagtg aatctttact cctatctctt aatactcgaa gaagtataac 3480 
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tttcttcttt tactagattt aaataatcca aatatctact caaggtagga tgctgtcatt 3540 

aactatagct gagtttatcc aaaatagaaa aatcatgaag atttataaag cattttaaaa 3600 

ataatcattt atagcaagtc cttgaaagct ctaaataaga aaggcagttc tctactttct 3660 

aataacacct atggtttata ttacataata taattcaaca aaacagcatt ctgaccaatg 3720 

ataatttata ggaaattcat ttgccaagta tatgttttat tataaagtta atattttgac 3780 

caatcttaaa aatttttaaa ctctattctg acatttccag aagtattatc ttagcaagtc 3840 

atctttatga taccacttat taaactgaag agaaacaaga tggtacattc tgggttttac 3900 

tttaaaaggg atttgattca ataatttgat ttatcactac ttgaaaatta cattttcttc 3960 

ctcagactgg atggcaatga gatgaaagca gctttcctgg ctctcaactt cccttcttca 4020 

tcaatttttc cagcgtttca taaggcctac actaaaaatt ctaaaactat atatcacatt 4080 

aatataatta cttataatta atcagcaatt tcacattatc gttaaaacct ttatggttaa 4140 

aaaatgcaag gtaagagaag aaaaaaacac attgaactag aactgaacac attggtaaaa 4200 

ttagtgaata cttttcataa gcttggatag aggaagaaag aagacatcat tttgccatgt 4260 

aacaggagac caatgttatt tgtgatttca gattgtcttt gctggacttc ttggagtctt 4320 

tctagctcct gccctagcta actatgtaag tctcaccttt tcaagtttgc taccaaaatg 4380 

catttgcaag gaaatgtgat attaaatcac tctcaatctc ttataaactt cagaatatca 4440 

acgtcaatga tgacaacaac aatgctggaa gtgggcagca gtcagtgagt gtcaacaatg 4500 

aacacaatgt ggccaatgtt gacaataaca acggatggga ctcctggaat tccatctggg 4560 

attatggaaa tgtaggtagt caacgtgcaa ttttcacttt attgtttaaa aatacgactt 4620 

ctttttaaca aaaaatgtgc atgttaacca taaagaaatt aaaaataaat tctaattaca 4680 

catagcatac agttataagt aaaggtgacc attttgctca tccgattttg ttccctagag 4740 

ataactactg ttaataagtg ttgcatgatc agttaaaatt caaaccaaca aacactatgt 4800 

tcaagggatt gtgggtatat acaacaaata tgaacatcct tttgccttgc ctgcagatac 4860 

cctcaataat gctgaaagac ttatacaaca ttactgcttc caaagcttag actatctcac 4920 

tttgttttca aaggaggttt tacgaccttc taaagagatt gaaattgaca tttcacctaa 4980 

aactcgggaa atgtaaatga caatattaat tggtaagaga ggaaagaaga aagaaagaag 5040 

gaaggaaaga aagaaagaag gaaggaagga aagaaagaaa gaaagaaaga aagagagaga 5100 

aagaaagaaa aagaaaaaag agagaaagag agaaggaaag aaagagagaa ggaaaggaaa 5160 

agagaagcaa agaaagagag gagcaaagaa aggaacactt agcactagtt gggagaccca 5220 

actctggaat tatcagctat atatttaaca aacgttatac ttttaaatag caaactcttt 5280 

attgtttcaa ttttatctgg tcaattggaa aaataatttt tgtcttatct gtctccttga 5340 

aatgtgagga tcaaaggaga ctaaaacatg atagctttta aagtctattt cagtaaaaca 5400 

gacttatata gaggggtttt tatcatgctg gaacctggaa ataaagcaaa ccagttagat 5460 

gctcagtctc tgccctcaca gaattgcagt ctgtccccac aaatgtcagc aatagatatg 5520 

attgccaagc agtgccccat ccagtgctct tatcccagct catcacgatc ttggagttcc 5580 

catttctctc tgcaggtgga actgacctct gataagaaaa gctcctcgga gaacacatgc 5640 

ctcactattt gccatctact ttaacagggc tttgctgcaa ccagactctt tcaaaagaag 5700 

acatgcattg tgcacaaaat gaacaaggaa gtcatgccct ccattcaatc ccttgatgca 5760 

ctggtcaagg aaaagaaggt aaaaataaaa ggctttttat ttttggtgag gggagaggtt 5820 

ttacatcctt cagtaaataa cgagaagatc acagtcattc cctcttgact acagtatgtt 5880 
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gtagtgtgca gcacaaaggg ggaagttatt ggtgattgcc tgagggaagg caacttctgc 5940 

cacatcaaat gctgtggctc acacctacct ctacaaccgc tgagcaaagc acttgaaacc 6000 

ttgactgtta gaggagcaaa gctctggtca caccaatagg agcctcagta ctttgccaag 6060 

gacatttttc tgcaagagtt agttagggtt attagattta gcaaatgaaa atagaagata 6120 

tccagttagg tttgaatttt aggtaagcag caggtctttt tagtataata tatcctatgc 6180 

aatatttggg atatactaaa aaaagatcca ttgttatctg aaattcaaat gtaactgggt 6240 

attgtatatt ttgtctggcc atactaatcc aggtgagtgg aaagaagaga tccataatgt 6300 

tttaaaatat ttgcctgagt tcatattcct ataactgata aatgagtacc tttcattgac 6360 

aaggtagaga aaataaataa actgcattct cagaagatga ttattacata gtctaatcca 6420 

aggaatctat gatgaccaaa tgaggtccaa gttgcagaat aaattaagcc tcagacttct 6480 

gtgtttatga gaagctgagg tttcaaacca ggtaaatccc ttaggacact tagaaatgct 6540 

aagatataca gaataagcta gaaatggctc ttcttcatct tgattatgga aaaatttagc 6600 

tgagcaacac tcactgttgg cctcgtatac ccctcaagtc aacaaaccac tgggcttggc 6660 

attcattctc tcccattctt cctttctacc tctcttttcc acactcagct tcagggtaag 6720 

ggaccaggag gaccacctcc caagggcctg atgtactcag tcaacccaaa caaagtcgat 6780 

gacctgagca agttcggaaa aaacattgca aacatgtgtc gtgggattcc aacatacatg 6840 

gctgaggaga tgcaaggtga gtagcatccc tactgtgcac cccaagttag tgctggtggg 6900 

attgtcagac tatcctcgcg cgtgtccata gtgggcacca gtgatgcagg gatggtcatc 6960 

aaggccaaca tttgtgcagt gcttgctctg tgccaggtac tgttctatgt gctttaagtg 7020 

tgttaactcg gttcttcaca gcaatcttat aggttctatt ttaatcctac tttatggatg 7080 

aggaaactga ggtacagaga ggtcacaaaa tccttgcctg ggtcaattcc aagcattttg 7140 

gctgtggatt ctgtgctctt aaatattatg gaacactgcc ttttaagtgt gaatcaagag 7200 

tagactcaag tcatattcaa aagaatgcat gaatggctaa atgaaagaag aatgctaata 7260 

gaatctatta actttctata gctcagacaa tcacttaatt tctggacatt caaagaacag 7320 

ctgcacacaa acaaagtgtc tacctaggga cctaacttaa tggcaatttt ccagatctct 7380 

gaattgattg atttcatcac aacaagtaga taaaccttga cattagcaca tagctagttt 7440 

ggaaacccct actcccccaa tcccctccaa gaaaagagtc cttaaataga cattaatata 7500 

ggcttcttct tttctcttta ttagaggcaa gcctgttttt ttactcagga acgtgctaca 7560 

cgaccagtgt actatggatt gtggacattt ccttctgtgg agacacggtg gagaactaaa 7620 

caatttttta aagccactat ggatttagtc atctgaatat gctgtgcaga aaaaatatgg 7680 

gctccagtgg tttttaccat gtcattctga aatttttctc tactagttat gtttgatttc 7740 

tttaagtttc aataaaatca tttagcattg aattcagtgt atactcacat ttcttacaat 7800 

ttcttatgac ttggaatgca caggatcaaa aatgcaatgt ggtggtggca agttgttgaa 7860 

gtgcattaga ctcaactgct agcctatatt caagacctgt ctcctgtaaa gaaccccttc 7920 

aggtgcttca gacaccacta accacaaccc tgggaatggt tccaatactc tcctactcct 7980 

ctgtccactg cttaa 7995 

<210> SEQ ID NO 2 
<211> LENGTH, 752 
<212> TYPE, DNA 
<213> ORGANISM, Homo sapiens 



<400> SEQUENCE, 2 

catgcttgcc tactcctctg 

ctttgctgga cttcttggag 

caatgatgac aacaacaatg 

caatgtggcc aatgttgaca 

tggaaatggc tttgctgcaa 

gaacaaggaa gtcatgccct 

tcagggtaag ggaccaggag 

caaagtcgat gacctgagca 

aacatacatg gctgaggaga 

cacgaccagt gtactatgga 

aacaattttt taaagccact 

gggctccagt ggtttttacc 

tctttaagtt tcaataaaat 

<210> SEQ ID NO 3 
<211> LENGTH, 185 
<212> TYPE, PRT 

33 

tccactgctt 

tctttctagc 

ctggaagtgg 

ataacaacgg 

ccagactctt 

ccattcaatc 

gaccacctcc 

agttcggaaa 

tgcaagaggc 

ttgtggacat 

atggatttag 

atgtcattct 

catttagcat 

<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 3 
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tcgtgaagac aagatgaagt tcacaattgt 

tcctgcccta gctaactata atatcaacgt 

gcagcagtca gtgagtgtca acaatgaaca 

atgggactcc tggaattcca tctgggatta 

tcaaaagaag acatgcattg tgcacaaaat 

ccttgatgca ctggtcaagg aaaagaagct 

caagggcctg atgtactcag tcaacccaaa 

aaacattgca aacatgtgtc gtgggattcc 

aagcctgttt ttttactcag gaacgtgcta 

ttccttctgt ggagacacgg tggagaacta 

tcatctgaat atgctgtgca gaaaaaatat 

gaaatttttc tctactagtt atgtttgatt 

tg 

Met Lys Phe Thr Ile Val Phe Ala Gly Leu Leu Gly Val Phe Leu Ala 
1 5 10 15 

Pro Ala Leu Ala Asn Tyr Asn Ile Asp Val Asn Asp Asp Asn Asn Asn 
20 25 30 

Ala Gly Ser Gly Gln Gln Ser Val Ser Val Asn Asn Glu His Asn Val 
35 40 45 

Ala Asn Val Asp Asn Asn Asn Gly Trp Asp Ser Trp Asn Ser Ile Trp 
50 55 60 

Asp Tyr Gly Asn Gly Phe Ala Ala Thr Arg Leu Phe Gln Lys Lys Thr 
65 70 75 80 

Cys Ile Val His Lys Met Lys Lys Glu Val Met Pro Ser Ile Gln Ser 
85 90 95 

Leu Asp Ala Leu Val Lys Glu Lys Lys Leu Gln Gly Lys Gly Pro Gly 
100 105 110 

Gly Pro Pro Pro Lys Gly Leu Met Tyr Ser Val Asn Pro Asn Lys Val 
115 120 125 

Asp Asp Leu Ser Lys Phe Gly Lys Asn Ile Ala Asn Met Cys Arg Gly 
130 135 140 

Ile Pro Thr Tyr Met Ala Glu Glu Met Gln Glu Ala Ser Leu Phe Phe 
145 150 155 160 

Tyr Ser Gly Thr Cys Tyr Thr Thr Ser Val Leu Trp Ile Val Asp Ile 
165 170 175 

Ser Phe Cys Gly Asp Thr Val Glu Asn 
180 185 

<210> SEQ ID NO 4 
<211> LENGTH, 7226 
<212> TYPE, DNA 
<213> ORGANISM, Mus sp. 
<220> FEATURE, 
<221> NAME/KEY, modified_base 

34 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

752 
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-continued 

<222> LOCATION, (7030) 
<223> OTHER INFORMATION, a, c, t, g, other or unknown 
<220> FEATURE, 
<221> NAME/KEY, modified_base 
<222> LOCATION, ( 7084) 
<223> OTHER INFORMATION, a, c, t, g, other or unknown 

<400> SEQUENCE, 4 

gaattcaaac agcaggccat ctttcaccag cactatccga atctagccat accagcattc 

tagaagagat gcaggcagtg agctaagcat cagacccctg cagccctgta agctccagac 

catggagaag aggaaggttg tgggttcaag gagcttttca gagtggaaat ctgtggatca 

gtgatttata aaacacagtt tcccccttta ttagatttga accaccagct tcagttgtag 

aagagaacag gttaaaaaat aataagtgtc agtcagttct ccttcaaaac tattttaaac 

gtttacttat tttgccaagt gacagtctct gcttcctctc ctaggagaag tcttccctta 

ttttaatata atatttgaaa gttttcatta tctagagcag tggttctcat cctgtgggcc 

atgagccctt tgggggggtt gaacgaccct ttcacagggg tcacatatca gatatcctgc 

atcttagcta tttacattat gattcataac agtagcaaaa ttagttagga agtaggaaca 

aaataacgtt atggttgtgg tcaccactat gttagagggt ccgcagcatt cagagggttg 

agaactgttg ttctagaggc aaataagaag acagagttcc ttgatagggc ccagaggcag 

tgaaagaagt ttccacgtag aaagtgaaga aggtctggtg tccgaagcag tgaggaactt 

aaaaaaagaa aaccaaaaac attgccaact aacagtccag gagaagagcg gggcatgaaa 

ggctgagttc ccatgggatg ccttgaatgg aatcagagtg tgggaaaatt ggtgtggctg 

gaaggcaggt gccgggcatc tcagacgctg gtagctgggg aaacaggaaa cccctttagg 

atcccaagat gccattccaa tgagcttgag atttttctca tggactgcca gtgaatgttt 

ctacgctccg gaaattaatg tttacttatt ttccatattc taggggagaa ccctgggaaa 

aatggaggac attcattgaa atatctgagt cctgggataa ggcaggcttg gtcctacaac 

tctggtaaaa gtccatcagg caaggtttag ttgctagata tgtagatggc aagatggtgc 

tgccaacagc ccccagagct ctaacccact gagaaaccca ggaatgaatg atgggagatg 

gctttggtgc cagctgctag tgacatggct ggaaagctgc actggcttcg aggccagaca 

attcctcaag gaaacatctg gccagggtgc aagggccagt ttccttcctt ggagttcctt 

tcacagctaa gaacatcatc ccccaaccac tggttttgtt aaaaagtttt cagtatgact 

tgagcatggt caagaagcat agagaggggg aaataagggt ggaaggagct ggagaaagct 

tacaatagga ctgggtaaag ggaaggagaa gaaaccattc ccgcattccc ataggagcca 

gtaccaggaa gggcaggtgt acacacagat ctcatctaag gccatgtttg gtttagggat 

tactcttctc ccgaatctga gcagcagcaa tacgtaaaat acccacaccc atggcttcca 

tattccagaa cttatcacaa accgtgtaga gtttactgag ataccttcgt cagaggatga 

gtcagaggcc tcctgcctaa gggccctact gagcaggcag ctaaaggctt ccgggcctct 

gcagctccac agatacagga gagggaagca gataagccgt ggactccacc tgagcacacc 

tagcttgagc aaagctggtc aggtacaaat agcagagggc tgaatgtctg tgagcacgcc 

gcctgatcct ctgctccacc acactcctgc cgccatgaag ctcacagtaa gtcagatctt 

cttttcaatg cagcaccata caacattaat agtcaggggt gagggggtct gactcttacg 

gcactgttac catagtggaa atattctcct ttcttttcat ggaatcatgg tgtttacaag 

catgtccata gagaagaaga attgccccgg aagagcctgt cacaggctga atactgtaga 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

36 
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attgtctttc acaccatctg ttccaaggtt ctacttaaga cgagcagtct ctgggctcca 2160 

gaaagagtct ttcttagcct tgatctcttt cttatttctg atttctcctt tcttatccat 2220 

gatttccact tttaccagtt ctgggcatcc ggtcagactg gaagatcact gttgtcaaaa 2280 

ctagtcttca acactcttgg ctgttaacat gaaaacaacg gtccttgggc cctgtgcaag 2340 

catttcttgg agaaagtctc tggggatgaa gctatctcag tttccccact gaagtcctag 2400 

gatacagagg ctcaaacaga gtgcacatat tcaatttcag catactctat tggcgctgct 2460 

ttatgaatca tatgaattta tggaattgga aatgtaaact atgaccaaga agcgtccacc 2520 

tcagaacagg ttgggtgggg aactccaagc acaggccaga gggctgcgtt tctcttctag 2580 

ttctgtctag aggagtggtt ctcgaccttc ctaatgctgt gaccctttaa tacagttcct 2640 

cacgttgtcg tgactcccag ccataaaatt actttcattg ctactgcata actgtaattt 2700 

tgctaccatt atgagttgta atgtaaatat ctgatatgca agataccaga taacctaaga 2760 

aacggttgtt tgacctttaa aggggtcaca acccacaggt ggagaactac tggtctaggg 2820 

tcctttacag tcctttagct gcctcattta caggagataa catcatgctc aaaaactccc 2880 

tccacatttg gctttttggg ttgttttgtt ttgtttttca agacagggtt tctctgtgta 2940 

gccctggctg tcctggaact cacctttgta gaccaggctg gcctcgaact cagaaatccg 3000 

cctgcttctg cctcctgagc gctgggatta aaggcgtgcg ccaccatgtc tggctcacat 3060 

ctggcttttt aagagaccga ttttaacttc ttgcattgaa aataaatata gtagaaatgc 3120 

ttaacctact aagacaataa aaacaggatt ccttctgcta ggaagaacac gttccagact 3180 

aaggaaaaaa accttttcag ggctttcatt acactgtgcc atgcactaat tttatgtttt 3240 

cttcatcagt tttcagtgtc tgaaattcag tgtcaaaatt ctaagactac atatgatatc 3300 

attacagtaa ctcagcaatt ctatgttacc agtaagtttt tctgtagttt aaaaaaaagg 3360 

tggaagaaga aagcacagat agtttagcac atgggtaaaa tcagtaacta tttctgatga 3420 

gcttggtgaa gatgctgtaa accatgcgac caccagtcct gttctctgtg ctttcagatg 3480 

ttcgtcgtgg gtctgcttgg cctccttgca gctcctggtt ttgcttacgt aagtctcatt 3540 

tttctgaagt tcattgtcaa aactgcattt acagtgaaat gtgatcttaa gtcaccctct 3600 

gcttcttatg aacattagac ggtcaacatc aatggtaatg atggcaatgt agacggaagt 3660 

ggacagcatt cggtgagcat caatggtgtg cacaacgtgg ccaatatcga caacaataac 3720 

ggctgggact cctggaatag cctctgggac tatgaaaacg tatgtaatgg acacacaggg 3780 

taaagatatg gtgtagccac cacccattaa aatttctgag gtgaattcta gctgttcatg 3840 

aacattaaaa gctaccagta aaagtgccca ttccactcaa aacaatttta cttttttgca 3900 

tataattatt gctaataagt attacacaat aggtcgaaat tcaaagggat caatagtaag 3960 

gataaaaact atgtacaaag acaaacacag catcctttgg tcttccctgc agagagtctc 4020 

catgatgtta aaggtccaat gttttatgga ggctgaatga aatacgaatg cctctgtgat 4080 

ggaaaaggcc caacatctta tggagaatga gtgaagtatg aatgctatta gttgtaagag 4140 

aaggcgatgc aaagcaacac ttggcaccac ctgccaatta ctactttcct atttaaatgt 4200 

agtttaaaaa gcaaagcctg tcttccctgc ctcctggaaa cactgcggat ggaggtagac 4260 

caaggtatga cagcctttaa aagtttgtca gcaaaacact cccccataca cacatacaca 4320 

caccctccta ctacactgga actgaagcaa aggcagtggg ttagatatat ccaccctcta 4380 

agagtttgca ggtcatctat atatgatagc cagagacaca actgcaggac agccagactc 4440 

tgagcactct ccccagctcc ttgtagctct gtttcagtgg tgacttgtga caagaatcct 4500 
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ggggaacctg tgcctcactg ttctctgtct tctttaatag agtttcgctg ccacgagact 4560 

cttctccaag aagtcatgca ttgtgcacag aatgaacaag gatgccatgc cctcccttca 4620 

ggacctcgat acaatggtca aggaacagaa ggtaaagtcc tgccttcttc tttggagtga 4680 

caggaagtct tacagtctcc agtacacagt gaagtcaccc ccattccctc tttggtggag 4740 

catgacagca tgtttgtcat gataaatgcc acaaacatgt aaaactgttc agtgtctgcc 4800 

tgaatggagg gtggcttcca ctgtgtcaga tgccgtggcc cacatctgcc tctgcagggt 4860 

ccagtaaagc actggctatc ttgagtgtca gagacccaaa ggtctgtaca cttcagtaca 4920 

agccctccat atttcaaggg cacactccta cagtcgttgg ggttatcaga actagcaaac 4980 

atagagactg gattttcaga tgaaaagaaa tcctttttaa agtctaagta tgccttatac 5040 

aatgtttgag atattctcaa tactaaaaaa aaaaaaattg ttgcttgctt gaaaatcaaa 5100 

tgtaaccaag tgtcctatat ccagtgtcaa tcatggctgt agtagatggg aagagggagc 5160 

ccgtggtttt cacagtcaga cgcctgagtt attcttctaa gtgataaatt ggttcctata 5220 

acaagcaagc cagtgaatat aaataagctc tatctcagaa gttatcctgt agtgctaccc 5280 

tagaatctaa gagagcaaaa gtgcttcaaa tttcagaata agttttgctt tggacttctg 5340 

tttttctaaa caactataac ttcaaaccat ctaagcctcg tgggacactt agaaatacca 5400 

agccattcaa agctagaatt gtttcttcac cttacttgaa aacaaaatga caaccaaaaa 5460 

ttgtccccac tgcccttgta catcttcaga tcagtaaagt cctgggctca gggatcattc 5520 

actttctttc tttcctttca cactcaactt cagggtaaag ggcctggagg agctcctccc 5580 

aaggacttga tgtactccgt caaccctacc agagtggagg acctgaatac attcggacca 5640 

aagattgctg gcatgtgcag gggcatccct acctatgtgg ccgaggagat tccaggtgtg 5700 

taccctgaga tgctgtatat cccaatgcag tactgagaga gccatcagac actctaaagt 5760 

gtgaccacag acggaccaat catgtggatt atcagagcaa acacttgctt gctccttgtc 5820 

agacagttgt ccatgcttca aaagttcatt aaaaaaaata gttcacaggc tcctcacaga 5880 

aaccttagta gaatccacag cttctgctct tagtcttact ttttagaaac tgagacccag 5940 

agaaaggtca caaaactttt gtctggctca ggttctatgt ctttaacttt atagaatacc 6000 

gtctttctgg gtgggtgggc tctagagtaa acttcaagtg agttcaagga aagcatgaga 6060 

agtagggaag accaaatgaa aggagaatgc caatgaaatc tatcgattct atagcgccaa 6120 

tgcttaactc ctaggcgttc aaagaatagt atccacaagg tgtcagccta agatcctaat 6180 

ctaacagcaa gttttcagat ctctgaagtg aaaagagaaa gcaagagagg aacagagaca 6240 

gaaacagtaa gagacagaga ggcagagaca aagagacagg gagaatagag agggattaaa 6300 

attaatatat agtttagaaa ttacgactcc tcacagtccc tgcagagtcc taggataggc 6360 

actgatttgg acttcttttc ttctcactag gaccaaacca gcctttgtac tcaaagaagt 6420 

gctacacagc tgacatactc tggattctgc ggatgtcctt ctgtggaaca tcagtggaga 6480 

catactagaa gtcacaggaa aacaacccgt gggctctgac catcgcaatg cttgattatg 6540 

agagtgttct ctgggggttg tgattagctt ctttaaggct caataaaccc acgtggcagc 6600 

acatccagtt tgtaatgaca tgcctcatga cttctatggg agtccaatgt ggcacctgcc 6660 

agcctgtatt caggacctct ccgctataaa gcatccctcc agagttttca aatactacaa 6720 

agcacagcct gggtttgggc tcagataggc cactgctgcc tgactacatt acagacaaac 6780 

aagttttaaa agaaagaaaa aagagctcag agtggctgga atcagcaagg gtgtttttcc 6840 
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tgcaaggagc cagaagtatc aataatcacc 

gaacacacgc ctgcagatac ggagaacctc 

cccccttctg taaactctgc ttctttcttt 

tataggacan gataactaga ccagaaagtc 

cagntcaaga aatattattt actggtgaat 

tctacaggat ccattcattg acaggccaag 

gtctttcctt gaaggagaag gatcca 

<210> SEQ ID NO 5 
<211> LENGTH, 543 
<212> TYPE, DNA 
<213> ORGANISM, Mus sp. 

<400> SEQUENCE, 5 

atgttcgtcg tgggtctgct 

atcaatggta atgatggcaa 

gtgcacaacg tggccaatat 

gactatgaaa acagtttcgc 

agaatgaaca aggatgccat 

aagggtaaag ggcctggagg 

agagtggagg acctgaatac 

acctatgtgg ccgaggagat 

acagctgaca tactctggat 

tag 

<210> SEQ ID NO 6 
<211> LENGTH, 184 
<212> TYPE, PRT 

tggcctcctt 

tgtagacgga 

cgacaacaat 

tgccacgaga 

gccctccctt 

agctcctccc 

attcggacca 

tccaggacca 

tctgcggatg 

<213> ORGANISM, Mus sp. 

<400> SEQUENCE, 6 

US 7,557,083 B2 

-continued 

caaggaggag acactgggaa tgagagacta 

agcattgccg ctctctccca taactgcaca 

cacctgaaga tggcccttgc ttttttttat 

aacctgactc tctacattta tatgtcttcc 

ggcacttcta tattcccttg gttcaataag 

agtgagatca catgataccc aagcacatgg 

gcagctcctg gttttgctta cacggtcaac 

agtggacagc attcggtgag catcaatggt 

aacggctggg actcctggaa tagcctctgg 

ctcttctcca agaagtcatg cattgtgcac 

caggacctcg atacaatggt caaggaacag 

aaggacttga tgtactccgt caaccctacc 

aagattgctg gcatgtgcag gggcatccct 

aaccagcctt tgtactcaaa gaagtgctac 

tccttttgtg gaacatcagt ggagacatac 

Met Lys Leu Thr Met Phe Val Val Gly Leu Leu Gly Leu Leu Ala Ala 
1 5 10 15 

Pro Gly Phe Ala Tyr Thr Val Asn Ile Asn Gly Asn Asp Gly Asn Val 
20 25 30 

Asp Gly Ser Gly Gln Gln Ser Val Ser Ile Asn Gly Val His Asn Val 
35 40 45 

Ala Asn Ile Asp Asn Asn Asn Gly Trp Asp Ser Trp Asn Ser Leu Trp 
50 55 60 

Asp Tyr Glu Asn Ser Phe Ala Ala Thr Arg Leu Phe Ser Lys Lys Ser 
65 70 75 80 

Cys Ile Val His Arg Met Asn Lys Asp Ala Met Pro Ser Leu Gln Asp 
85 90 95 

Leu Asp Thr Met Val Lys Glu Gln Lys Gly Lys Gly Pro Gly Gly Ala 
100 105 110 

Pro Pro Lys Asp Leu Met Tyr Ser Val Asn Pro Thr Arg Val Glu Asp 
115 120 125 

Leu Asn Thr Phe Gly Pro Lys Ile Ala Gly Met Cys Arg Gly Ile Pro 
130 135 140 

Thr Tyr Val Ala Glu Glu Ile Pro Gly Pro Asn Gln Pro Leu Tyr Ser 
145 150 155 160 

42 

6900 

6960 

7020 

7080 

7140 

7200 

7226 

60 

120 

180 

240 

300 

360 

420 

480 

540 

543 
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Lys Lys Cys Tyr Thr Ala Asp Ile Leu Trp Ile Leu Arg Met Ser Phe 
165 170 175 

Cys Gly Thr Ser Val Glu Thr Tyr 
180 

<210> SEQ ID NO 7 
<211> LENGTH, 597 
<212> TYPE, DNA 
<213> ORGANISM, Sus scrofa 

<400> SEQUENCE, 7 

atgcctgact tctcacttca 

gctggacttc ttggtgtctt 

gacgacggca acagtggtgg 

gtggccaacg ttgacaataa 

actggctttg ctgtaaccag 

aaggaagcca tgccctccct 

ggtaagggcc cagggggacc 

gtcgacaacc tggacaagtt 

tacatggctg aagagattca 

gccaatatac tctggattct 

<210> SEQ ID NO 8 
<211> LENGTH, 185 
<212> TYPE, PRT 

ttgcattggt 

cctgactcct 

aagtgggcag 

caatggatgg 

actcttcgag 

tcaagccctt 

acctcccaag 

tggaaaatcc 

aggagcaaac 

taacatttcc 

<213> ORGANISM, Sus scrofa 

<400> SEQUENCE, 8 

gaagccaaga tgaagttcac aattgccttt 

gcccttgctg actatagtat cagtgtcaac 

cagtcagtga gtgtcaacaa tgaacacaac 

aactcctgga atgccctctg ggactataga 

aagaagtcat gcattgtgca caaaatgaag 

gatgcgctgg tcaaggaaaa gaagcttcag 

agcctgaggt actcagtcaa ccccaacaga 

atcgttgcca tgtgcaaggg gattccaaca 

ctgatttcgt actcagaaaa gtgcatcagt 

ttctgtggag gaatagcgga gaactaa 

Met Lys Phe Thr Ile Ala Phe Ala Gly Leu Leu Gly Val Phe Leu Thr 
1 5 10 15 

Pro Ala Leu Ala Asp Tyr Ser Ile Ser Val Asn Asp Asp Gly Asn Ser 
20 25 30 

Gly Gly Ser Gly Gln Gln Ser Val Ser Val Asn Asn Glu His Asn Val 
35 40 45 

Ala Asn Val Asp Asn Asn Asn Gly Trp Asn Ser Trp Asn Ala Leu Trp 
50 55 60 

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

Cys Ile Val His Lys Met Lys Lys Glu Ala Met Pro Ser Leu Gln Ala 
85 90 95 

Leu Asp Ala Leu Val Lys Glu Lys Lys Leu Gln Gly Lys Gly Pro Gly 
100 105 110 

Gly Pro Pro Pro Lys Ser Leu Arg Tyr Ser Val Asn Pro Asn Arg Val 
115 120 125 

Asp Asn Leu Asp Lys Phe Gly Lys Ser Ile Val Ala Met Cys Lys Gly 
130 135 140 

Ile Pro Thr Tyr Met Ala Glu Glu Ile Gln Gly Ala Asn Leu Ile Ser 
145 150 155 160 

Tyr Ser Glu Lys Cys Ile Ser Ala Asn Ile Leu Trp Ile Leu Asn Ile 
165 170 175 

Ser Phe Cys Gly Gly Ile Ala Glu Asn 
180 185 

44 

60 

120 

180 

240 

300 

360 

420 

480 

540 

597 



<210> SEQ ID NO 9 
<211> LENGTH, 12 
<212> TYPE, PRT 

45 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

US 7,557,083 B2 

-continued 

<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 
peptide 

<400> SEQUENCE, 9 

Met Arg Gly Ser His His His His His His Gly Ser 
1 5 10 

<210> SEQ ID NO 10 
<211> LENGTH, 17 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Consensus 

sequence 
<220> FEATURE, 
<221> NAME/KEY, MOD_RES 
<222> LOCATION, (4) 
<223> OTHER INFORMATION, Lys or Gln 
<220> FEATURE, 
<221> NAME/KEY, MOD_RES 
<222> LOCATION, (6) 
<223> OTHER INFORMATION, Leu or deleted 
<220> FEATURE, 
<221> NAME/KEY, MOD_RES 
<222> LOCATION, (7) 
<223> OTHER INFORMATION, Gln or deleted 
<220> FEATURE, 
<221> NAME/KEY, MOD_RES 
<222> LOCATION, (14) 
<223> OTHER INFORMATION, Pro or Ala 

<400> SEQUENCE, 10 

Val Lys Glu Xaa Lys Xaa Xaa Gly Lys Gly Pro Gly Gly Xaa Pro Pro 
1 5 10 15 

Lys 

<210> SEQ ID NO 11 
<211> LENGTH, 14 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 11 

Lys Lys Leu Gln Gly Lys Gly Pro Gly Gly Pro Pro Pro Lys 
1 5 10 

<210> SEQ ID NO 12 
<211> LENGTH, 21 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 12 

Leu Asp Ala Leu Val Lys Glu Lys Lys Leu Gln Gly Lys Gly Pro Gly 
1 5 10 15 

Gly Pro Pro Pro Lys 
20 

<210> SEQ ID NO 13 

46 



<211> LENGTH, 25 
<212> TYPE, PRT 

47 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

US 7,557,083 B2 

-continued 

<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 
peptide 

<400> SEQUENCE, 13 

Leu Asp Ala Leu Val Lys Glu Lys Lys Leu Gln Gly Lys Gly Pro Gly 
1 5 10 15 

Gly Pro Pro Pro Lys Gly Leu Met Tyr 
20 25 

<210> SEQ ID NO 14 
<211> LENGTH, 11 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 14 

Lys Lys Thr Cys Ile Val His Lys Met Lys Lys 
1 5 10 

<210> SEQ ID NO 15 
<211> LENGTH, 19 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 15 

Lys Lys Glu Val Met Pro Ser Ile Gln Ser Leu Asp Ala Leu Val Lys 
1 5 10 15 

Glu Lys Lys 

<210> SEQ ID NO 16 
<211> LENGTH, 6 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, 6-His tag 

<400> SEQUENCE, 16 

His His His His His His 
1 5 

<210> SEQ ID NO 17 
<211> LENGTH, 42 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 17 

Lys Lys Thr Cys Ile Val His Lys Met Lys Lys Glu Val Met Pro Ser 
1 5 10 15 

Ile Gln Ser Leu Asp Ala Leu Val Lys Glu Lys Lys Leu Gln Gly Lys 
20 25 30 

Gly Pro Gly Gly Pro Pro Pro Lys Gly Leu 
35 40 

48 



<210> SEQ ID NO 18 
<211> LENGTH, 18 
<212> TYPE, PRT 

49 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

US 7,557,083 B2 

-continued 

<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 
peptide 

<400> SEQUENCE, 18 

Lys Lys Leu Gln Gly Lys Gly Pro Gly Gly Pro Pro Pro Lys Gly Leu 
1 5 10 15 

Met Tyr 

<210> SEQ ID NO 19 
<211> LENGTH, 21 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 19 

Gly Lys Pro Leu Gly Gln Pro Gly Lys Val Pro Lys Leu Asp Gly Lys 
1 5 10 15 

Glu Pro Leu Ala Lys 
20 

<210> SEQ ID NO 20 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 20 

Lys Gly Pro Gly Gly Pro Pro Pro Lys 
1 5 

<210> SEQ ID NO 21 
<211> LENGTH, 6 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 21 

Lys Lys Leu Gln Gly Lys 
1 5 

<210> SEQ ID NO 22 
<211> LENGTH, 4 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 22 

Gly Pro Gly Gly 
1 

<210> SEQ ID NO 23 
<211> LENGTH, 23 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
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-continued 

<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 

<400> SEQUENCE, 23 

Leu Asp Thr Met Val Lys Glu Gln Lys Gly Lys Gly Pro Gly Gly Ala 
1 5 10 15 

Pro Pro Lys Asp Leu Met Tyr 
20 

<210> SEQ ID NO 24 
<211> LENGTH, 7 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, 

Glycine-proline synthetic peptide 

<400> SEQUENCE, 24 

Gly Pro Gly Gly Pro Pro Pro 
1 

<210> SEQ ID NO 25 
<211> LENGTH, 17 
<212> TYPE, PRT 

5 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

peptide 
<220> FEATURE, 
<221> NAME/KEY, MOD_RES 
<222> LOCATION, (4) 
<223> OTHER INFORMATION, Lys or Gln 
<220> FEATURE, 
<221> NAME/KEY, MOD_RES 
<222> LOCATION, (14) 
<223> OTHER INFORMATION, Pro or Ala 

<400> SEQUENCE, 25 

Val Lys Glu Xaa Lys Leu Gln Gly Lys Gly Pro Gly Gly Xaa Pro Pro 
1 5 10 15 

Lys 

<210> SEQ ID NO 26 
<211> LENGTH, 15 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 

<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence: Synthetic 

peptide 
<220> FEATURE, 
<221> NAME/KEY, MOD_RES 

<222> LOCATION, (4) 
<223> OTHER INFORMATION, Lys or Gln 
<220> FEATURE, 

<221> NAME/KEY, MOD_RES 
<222> LOCATION, (12) 
<223> OTHER INFORMATION, Pro or Ala 

<400> SEQUENCE, 26 

Val Lys Glu Xaa Lys Gly Lys Gly Pro Gly Gly Xaa Pro Pro Lys 
1 5 10 15 
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We claim: 
1. A method to stimulate growth of epithelial cells in the 

gastrointestinal tract of mammals, said method comprising: 
(a) contacting the epithelial cells with a composition 

selected from the group consisting of a protein compris- 5 

ing SEQ ID N0:3, a peptide comprising amino acid 
positions 21-185 of SEQ ID NO: 3, a peptide comprising 
amino acid positions 78-119 of SEQ ID NO: 3, a peptide 

54 
comprising amino acid positions 97-117 of SEQ ID NO: 
3, a peptide comprising amino acid positions 97-121 of 
SEQ ID NO: 3, and a peptide comprising amino acid 
positions 104-117 of SEQ ID NO: 3, and 

(b) providing environmental conditions for stimulating 
growth of the epithelial cells. 

* * * * * 


