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CGGAAAAAPDAAADANGTTCCCCACTCTAGTACAGAGAAGGTTGGCAGAGTCGTAAGCCCCCAACCTCTTAAACT 75

TCTCTGCATCTC CAAGGAGAAGGAGGGAAGAGGGGTTCTTTCCGACC TGAGGACCTGEATCTGGGGTCCGAGAAC 150

CCCAAGGTAGCACCGGAAAGAACAGCACAGGAGGCGAGAGCGTGGCCEGTGGCCGGEAGAACCAGACCCGACECG 228

[
[2¢d
<

CGGTCCTCGGCGLCGEEETCCOGGEGACTCAGCTCAGCACGACTGGGAAGC CEAAAGTACTACACACGGTCTCTG

CATGATGTGACTTCTGAAGACTCAAGAGCCACCCACTTCACTAGTC TGCAATGGAGAAGGCAGAAATGGAAAGTC

L
e
in

AAACCCCACGGTTCCATTCTATTAATTCTGTAGACATGTGCCCCCACTGCAGGGAG TGAGTCGCACCAAGGGGGA, 450

AAGTCCTCAGGGGCCCCCAGACCACCAGCGCTTGAGTCCCTCTTICCTCGAGAGAMAGC AGAACTATGGCACTTTA
MetAlal.euTy

(24
[
(23]

TAGCTGCTGTTGGATCCTCTTGGCTT TTTC TACCTCETGCACTTCCECCTATGGGCCTGACCAGCGAGCCCAAAA. 600
rSerCysCysTrplleLeuleuAlaPheSerThrTrplysThrSerAlaTyrGlyProAspGlnArgAlaGlnLly

GAAAGGGGACATTATCCTCGGGGEGCTC T TTCCTATTCAT TTTGGGG TTGCAGTGAAAGATCAGGATCTAAAGTC 675
sLysGlyAspIlelleLeuGlyGlyLeuPheProIleHisPheGlyvalalaVallysAspGlnAspLeulysSe

GAGGCCGGAGTCCCTGGAGTGTATCAGGTATAATTTCCGAGGAT TTCGCTGGTTACAAGC TATGATATTTGCCAT 750
rArgProGluSerValGluCysIleAxrgTyrAsnPheArgGlyPheArgTrpleuGlnAlaMetIlePheAlall .

AGAGGAAATAAACAGCAGTCCAGCCCTTCTTCCCAACATGACCCTGGGATACAGGATATTCGACACTTGTAACAC 825
eGluGluIleAsnSerSerProAlaLeuLeuProAsnMetThrLeuGlyTyrArgIlePheAspThrcysAsnTh

CGTCTC’I‘AAAGCCTTGGAGGCCACCCTGAGTTTFGIGGCCCAGAACAAAAT'IGACTCT’I‘IGAACCTTGAT‘GAGT'P 200
rVaISerLysAlaLeucluAlaThrLeuSerPheValAlaGlnAsnLysIleAspSerLeuAsnLeuAspGluPh

CTGCAACTGCTCAGAGCACATCCCCTCTACCATCGCAGTGGTGGCAGC TACTGECTCGGECATCTC CACAGCAGT 375
eCysAsnCysSerGlulisIleProSexThrileAlavalValGlyalaThrGlySerGlylleSerThralaVa

GGCCAACCTGCTGGGGCTCTTCTACATCCCCCAGGTCAGC TATGCCTCCTCCAGCAGACTCCTCAGCAACAAGAA 1050
1AlaadsnleuleuGlyLeuPheTyrIleProGlnvValSerTyrAlaSerSerSerArgleuleuSerAsnLysAs

TCAATTCAAGTCCTTCCTCCGCACCATACCCAATGATGAACACCAGGCCACGGCCATGGCTGACATCATCGAGTA 1128
nGlnPhelysSerPheleudrgThrileProAsnAspGluHisGlnAlaThralaMethlaAspIleIleGluTy

CTTCCGCTGGAACTCGETCGHCACAATTGCAGCTGACGATCACTATGGCCGGCCAGGEATCGAGAAGTITCGAGA 1200
rPheArgTrpAsnTrpValGlyThrIleAlanlaAspASpAspTyrGlyArgProGlyIleGluLysPheArgGl

GGAAGCTGAGGAGAGGGACATCTGCATCGACTTCAGCGAGCTCATCTCCCAATACTCTGAT GAGGAAAAGATCCA 127%
uGluAlaGluGluArghAspIlleCysIleAspPheSerGluLeulleSerGinTyrSerAspGluGluLysileGl

GCAGGTGETGCAGGTGATCCAGAATTCCACCGCCAAAGTCATTGTCETCTTCTCCAGCGGCCCAGACCTEGAALS 13580
nGlnvalvalGluvalIlleGlnAsnSerThralalysVallleValValPheSerSerGlyProAspLeuGlupr

FIG. 47a. ,
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CCTCATCAAAGAGATCGTCCGECGCAATATCACAGGCAGGATCTCGCTGGCCAGCGAGGCCTGGGCCAGCTCTTC
oLeullelysGluIleValArghrghAsnlleThrGlyArgIleTrpleualaSerGlualaTrpalaSerSerse

CCTGA’I"I‘GCTATGCCCGAC-TA’I”I’I‘CCATG’IGG’I‘CGGAGGCACCA’I"IGGGT’I'IGG’I‘I"IGAAAGCTGGGCAGATCCC
rLeul 1eAlaMetProGluTerheHisValValGlyGly’I‘hrIleGlyPheGlyLeuLysAlaGlyGlnIlePr

AGCCTTCCCGGEAATTCCTGCAGAARG TCCACCCCAGGAAGTCTGTCCACAATGET T TTCCCAAGGAGTTTIGGGA
oGlyPheArgGluPheLeuGlnLysValHisProArglysServValHisAsnGlyPheAl alysGluPheTrpGl

AGAAACATTTAACTGCCACCTGCAAGACGGTGCTAAAGGC CCATTACCGGTGGACACCTTCCTGAGAGG TCACGA
uGluThrPheAsnCysHisLeuGInGluGlyAlaLysGlyProLeuProvValAspThr PheLeuhrgGlyHisGl

AGAAGGAGGTGCCAGGTTAAGCAACAGTCCCACTGCCTTCCGACCTC TGTGCACTGEGGAGGAGAAC ATCAGCAG
uGluGlyGlyAl aArgLeuSerAsnSerProThralaPheArgProLeuCysThrGlyGluGluAsnlleSersSe

TGTCGAGACTCCTTACATGGATTATACACATT TACGGATATCCTACAACG TCTAC TTACCCGTCTACTCCATTGS
rValGlu'I‘hrPro'l\eretAspTerhrHisLeuArgIleSerTyrAanal'IereuAlaVal";yx SerIleAl

TCATGCCCTACAAGATATATACACCTCCATACC TGGGAGAGEGC TCTTCACCAACGGTTCCTGCGCAGATATCAR
aHisAlaLeuGlnAspIleTvrThrCysIleProGlyArgG lyLeuPheThrAsnGlySerCysAlaAspIlely

GAAGGTTGAAGCTTGGCAGGTCCTCAAACACCTGCGECACCTARATITTACCAGCAATATGCGGGAGCAAGTAAL
sLysValGluAlaTrpGlnValLeulysHisLeuArgHisLeuAsnPheThrSerAsnMetGlyGluGlinvalTh

TTTCGATGAATGTGGAGACCTGGCAGGGAACTATTCCATCATCAACTGGCACCTCTCCCCAGAGGACGGCTCCAT
rPheAspGluCysGlyAspLeuAlaGlyAsnTyrSerIlelleAsnTrpHisLeuSerProGluAspGlySexrIl

AGTGTTTAAGGAAGTTGGATAT TACAATGTCTATGCCAAGAANGGAGAGAGACTC T TCATCAATGATGAAARAAT
eValphelysGluvalGlyTyrTyrasnvalTyrAlalysLysGlyGluArgleuPhelleAsnAspGlulysIl

TCTGTGGAGTGGATTCT CAAGGGAGGTGCCTTTCTCCAACTGCAGTCGAGACTGCCTGGCAGGGACCAGGAAAGG
eLeuTrpSerGlyPheSerAJ:gGluVa1ProPheSerAanysSerArgAspC‘ysLeuAlaGly‘I‘hrArgLysGl

AATCATTGAGGGGGAGCCCPCCTGCTGCTTTGAGTGTCfGGAATGTCCTGATGGGGAGTACAGCGACGAGACAGA
y¥IleIleGluGlyGluProThrCysCysPheGluCysVatGluCysProAspGlyGluTyr SerAspGluThris

TGCAAGTGCCTGTGATAAGTGCCCTGATGACTTCTGGTCCAATGAGAACCACACTTCCTGCATCGCCAAGGAGAT
pAlaSerAlaCysAspLysCysProAspAspPheTrpSerAsnGluAsnHisThrSerCysIlealalysGlull
. %

CGAGTTTCTGTCGTGGACCCAGCCCTTCGEGATCGCACTCACGCTC T TTGCTGTGCTGGECATTTTCCTCACAGS

eGluPheLeuSerTrpThrGluProPheGlylleAlaleuThrLeuPhehlaValLeuGlyIlePheleuThral

CTTCETGCTGGGCGTCTTCATCAAGTTCCGCAACACGCCCATCGTCAAGGCCACCAACCGEGAGCTCTCCTATCT
aPheVallLeuGlyValPheIleLysPheArgAsnThrProlleVallysAl aThrasnirgGluLeuSerTyrLe

CCTTCICTTCTCCC TGO TCTGCTECTTCTCCAGC TCCCTOTICT TCATCGGGRAGCCCCAGGAC TOGACGTGCEG
uLeulLeuPheSerLeuLeuCysCysPheSerSerSerLeuPhePhelleGlyGluProGlnAspTrpThrCysAr

CCTGCGCCAGCCGGCCTTTGGCATCAGCT TCETGCTCTGCATCTCGTGCATCCTGGTGAAAACCAATCGGGTCCT
gLeuArgGilnProAlaPheGlylleSerPheValLeuCysIleSerCysIleleuvalLysThrAsnArgValLe

CCTGGTGTTTGAGGCCAAGATTCCCACCAGCTTCCACCGGAAGT GETGEGEGCTCAACCTGCAGTTCLTGCTGGET
uleuvalPheGluAlalysIleProThrSerPhedisArgLy sTrpTrpGlyleuAsnLeuGlnPheleuleuva

FIG. 47D
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CTTCCTCTGCACCTTCATGCAGATTGTCATCTGTGCCATTTGECTCAATACAGCGCCCCCCTCGAGCTACCGCAA 2775
1PheleuCysThrPheMetGlnlleVallleCysAlalleTrpLevAsnThrAlaProProSerSerTyrairgAs

CCACGAGCTGGAGGACGAGATCATCTTCATCACCTGCCACGAGGGCTCGCTCATGGCGCTGGGCTTCCTGATCGS 2850
nHisGluLeuGluAspGlulleIlePheIleThrCysHisGluGlySerLeuMetAlaLleuGlyPhelLeulleGl

CTACACCTGCTTGCTCGCCGCCATC TGCTTCTTCTTCGCCTTCAAGTCCCGGAAGCTGCCAGAGAACTTCAATGA 2923
yTyrThrCysLeuLeuAlarlalleCysPhePhePheAlaPhelysSerArglysLeuProGluasnfhedsngl

AGCCAAGTTCATCACCTTCAGCATGCTCATCTTCTTCATCGTCTGGATCTCTTTCATCCCCGCCTACGCCAGCAC 3000
uAlalysPheIleThrPheSerMetLeullePhePhelleValTrplleSerPhelleProalaTyrilaSerTh

TTACCGCAAGTTCGTCTCTGCCCTGGAGECTGATCGCCATCCTGGCGGCCAGCTTIGGCTTGCTGGCCTGTATCTT 3075
rTyrGlyLysPheValSerAlavalGluvallleAlalleleuAlaAlaSerPheGlyLeuLeuAlaCysIlePh

CTTCAACAAGGTCTACATCATCCTCTTCARGCCTTCCOGGAACACCATCGAGGAGGTGCGCTGCAGCACCGCGES 3158
ePheAsnLysValTyrIlelIleleuPheLysProSerArgasnThrIleGluGluvalArgCysSerthralanl

ACACGCCTTCAAGGTGGCCGCCCGAGCCACGTTGCGCCCCAGCAMCGTCTCCCGCCAGCEGGTCCAGCAGCCTAGG 322%
aHisAlaPhelysValAlaAlaArgAlaThrLeuArgArgSerAsnValSerArgGlnArgSerSerSerleuGl

GGGCTCCACGGGATCCACCCCCTCCTCCTCCATCAGCAGCARGAGCAACAGCGAGGACCCGTTCCCTCAGCAGCA 3360
yGlySerThrGlySerThrProSerSerSerlleSerSerLysSerAsnSerGluAspProPheProGlnGlinGl

GCCGAAGAGGCAGAAGCAGCCGCAGCCGLTGGCCCTGAGCCCGCACARCGCGCAGCAGCCACAGCCGCGGLCACC 3375
nProLysArgGlnlysGlnProGlnProLeuAlaleuSerProHisAsnAlaGlnGlnProGlnProArgProPr

CTCGACCCCACAGCCGCAGCCACAGTCGCAGCAGCCGCCCCCATGCAAGCAGAAGGTCATCTTCGGCAGCGGCAC 3450
0SerThrProGlnProGlnProGlnSerGinGlnProProArgCyslysGlnLlysvValIlePheGlySerGlyTh

CETCACCTTCTCGCTGAGCTTTCACGAGCCTCAGAAGACCGCCETGGCTCACAGGAATTCCACGCACCAGACCTC 3528
rValThrPheSerLeuSerPheAspGluProGlnLysThralaValAlatHisArgAsnSerThrHisGlnThrSe

CCTGGAGGCCCAGAAAAACAATGACGCCCTGACCAAKCACCAGGCETTGCTCCCGCTGCAGTGCGGAGAGACGGA 360G
rLeuGluAlaGlnLysAsnAsnAspAlaleuThrLysHisGlnAlaLleuleuProLeuGinCysGlyGluThras

CTCAGARATTGACCTCCCAGGAGACAGGCCTGCAGGGCCCTGTCOGTGAGGACCACCAGCTAGAGATGGAGGACCE 3675
pSerGluLeuThrSerGlnGluTthlyLeuGlnGlyProValGlyGluAspHisGlnLeugluMetGluAspPr

CGAAGAGATGTCCCCGGCACTTCTAGTGTCTAATTCCCGGACC TTTG TCATCAGTGGLGGAGGCAGCACTGTTAC 375C
oGluGluMetSerProAlaleuValvValSerAsnSerArgSerPhevVallleSerGlyGlyGlySerThrvalTh

GGAAAACATGCTGCGTTC TTANAAAGGGAAGGAGAAAGCCAGTTCAGGGGGAATCCAGGCAGTTTCCCCGGGATGA 382¢
rGluAsnMetLeuArgSer

CCTTCTCCAAAGGGATGAGGAACTGCCCCCCCACCCCCACCCCCTTCCTCCAGGAAGGAGGGATAAGACCCACCA  390¢

AATGCTTGGAACTTAGTTGCACTGC TATAAACGACAGTGAATGAAATAATGTCCCCCTTAAAATTAAAAAGAGGG 3975

GAGCGGTGTGCTTCTGTGGT TAGGTTTATCAGAGTGCTGAGATCCCTATAGTCAGGTTCGCCTTTCCTATCCCTG 4050

FIG. 4re.
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CTTCCATTCTCCTCTTCTGT Y CTATCCCATCCAACAGTCCAGAGATARAACCATGGCTTTARGATACCCACCTAT 2128

TCCCCCTAGGRTCT TAT T TGT IS TT T T TG TIGC TG TIGTI TTGGTTTCATT TTIGTTITTAATGTTGAAMCGTCT 4238
GCCCTGAACTTTGCAGACAGCCTGGTCCAAMAACAAACCTGTGCAGAGTGACAGGACT TCCTATGGGCACCACTA 4275
GAGTTGAGTGOGAAAGACAGAATGTCGCCAGCGCTGCCCAACACCTTGACAGTGGGAAGAACTTGAAATGTCCAG  425¢
AGC’I’GTAAGA’ICAATGTGTCCCCTCCTAT’I'I‘A’I‘GAAAAATG’I'I‘AAATA’I‘G‘I‘GG’I’PTCCTAC’I’IGC’I‘GCI‘GC’IGT.C 4425
ACGTGACATGGAGAAGGTTAGCATCCATCCTCCAGCAGTATGTCTGATCTTGICCAGAGTGTGATGETGATGCCA  45CC
CGTTTAGATTCCAATATCTCAGGAATCACCTCAGCCTGCATGARTCCAATGAGCTGTATCTGTAATTAATATIGT 4575
CATATGTAGCTTTATCCTTAAGAAAATGTGT TTGTTTTAATAGTCCGTGGAAAATATAAGCTGGAARABATGTCC 4650
CAGTCTGGTTGATATAAGGCAGTATTATTGAGTCCCGTTTTCTTTGCCCGCCOCCACCACCCACACCCCAATGAGE 4725
TAAGCCCTAAATGAGCCCTTTCAGGGCCCAGGGATCCAGAAGCTCCCTCTTTCTCCACCCCARACGCTICCTGAA 4800
GTCAGATCCATGCCTTTCCCTGTGAAGAATAAGCTCCCAGTCTCTGACCTCCTACCAGTTICTGGGGTAAGARCA 4875
CGTGGTTCCAAGAGAGCTCTCATGGGATATTACTCTTGGCACCCCCCARTGCCATACTTAGGTTCCCTCCAGCAG . 4950 -
TGGGATCTGCCCATGGGTAGT TACAAGATTGAACGTTGAATGGCATACTGCTGAACAGTCAGTTCTGGAGCTAGA 3028
GAGGCCTGGGGTCAAGTGCTGGGTTTGTCACTCACAAGT TGGGTCGACCACAGGCAGGEAACCTTGACCTCACTCA 5100
GCCCCAGCTTCTT TG TGTCTARARTGGAGETAATAATCATCCTTTTCCCGCAGAGCTCTTATGTGGGTTAAATGA 5175
GATAAATGTATGTAAAGTATTTTAGCATGGTGCCTAGCCCATAGTAAGCACGCAATAAATATTAGTTAATATTAA 5250

AAAAAPPAAALAAADAPADPAAPDA 5275

FIG. 470
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GC'I\GCTGTGGCC’GGACCCGAAGGCGGGCGCCGGGAGCGCAGCGAGCCAGACGCGCCTCTCCAAGACCG’I‘GACCTT e

GGCATAGGGAGCGRGECTGCGCECAGTCCTGAGATCAGACCAGAGCTCATCCTCGTGGAGACE! CACGGCCGAGEG 158
GCCGGAGCTGCCTCTGTGCGAGGGAGCCCTGGCCGLGGCGCAGAAGGCATCACAGGAGEC CTCTGCATOATETGS 223
CTTCCAAAGACTCAAGGACCACCCACATTACAAGTCTGGATTGAGGAAGGCAGAAATGGAGAT TCAAAC ACCAC G 309
TCTTCTATTATTTTATTAATCAATCTGTAGACATGTGTCCCCACTGCAGGGAGTGAACTGCTC CAAGGGAGAARAC 375

TTCTGGGAGCCTCCAARCTCCTAGCTSTCTCATCCCTTIGCC CTGGAGLGACGGCAGAACCATGGCATTTTATAGS 450
MetAlaPheTyrSer

TGCTGCTGGGTCCTCTTGGCACTCACCTGGCACACCTCTGCC TACGGGCCAGACCAGCGAGEC CAAAAGAAGGGS 525
CysCysTrpValLeuLeuAlaLeuThrTrpHisThrSerAlaTyrGlyProAspGlnArgAlaGlnLysLysG1y

GACATTATCCTTGEGCEGCTCTT TCCTATTCAT T TTGGAGTAGCAGC TARAGATC AAGATCTCAAATCAAGGCCS 800
AsplleI1eLeuGlyGlyLeuPheProIleHisPheGlyValAlaAlaLysAspGlnAspLeuLysSerArgPro

GAGTCTGTGGAATGTATCAGGTATAATTTCCGTGGETTICGCTCGTTACAGGE 'I‘ATGA’I;ATTI‘GC CATAGAGGAG €75
GluServValGluCysIleArgTyrAsnPheArgGlyPheArgTrpleuGlnAlaMetIlePheAlalleGluGlu

ATAAACAGCAGCCCAGCCCTTCTTCCCAACTTGACGCTGGGATACAGGATATTTGACACTTGCAACACCGTTTCT -1
IleAsnSerSerProAlaleuleuProAsnleuThrLeuGlyTyrArgllePheAspThrCysAsnThrvalSer

AAGGCCTTGGAAGCCACCCTGAGTT TTGTTGCTCAAAACARAAT TGATTC TTTGAACCTTGATGAGT TCTGTAAC 325
LysAlaleuGlualaThrLeuSexPhevValAlaGlnAsnLysIleAspSerLeuAsnLeuAspGluPheCysAsn

TGCTCAGAGCACATTCCCTCTACGATTGC TG TGGTGGGAGCAACTGGCTCAGGCGTCTCCACGGCAGTGGCAAAT 3090
CysSerGluHisIleProSerThrlleAlavalvalGlyAlaThrGlySerGlyValSerThrAlavalalaasn

CTGCTGGGGCTCTTCTACAT TCCCCAGGTCAGTTATGCCTCCTCCAGCAGACTCCTCAGCARCAAGAATCAATTC 978
LeuLeuGlyLeuPheTyrIleProGlnValSerTyralaSerSerSerArgleul.euSerAsnLysAsnGlnbPhe

AAGTCTTTCCTCCGARACCATCCCCAATGATGAGCACCAGGCCACTGCCATGGCAGACATCATCGAGTATTTCCGC 1050
LysSerPheLeuArgThrIleProAsnAspGlulisGlnAlaThrAlaMetalaAspIleIleGluTyrPheArg

TGGAACTGGGTGEGCACAATTGCAGCTGATGACCACTATGGGCGGCCEEGCATTGAGARATTCCGAGAGGAAGET 1125
TrpAsnTrpValGlyThrlleAlaAlaAspAspAspTyrGlyArgProGlylleGluLysPhedrgGluGluAla

GAGCAAGGEATATCTGCATCCACTTCAGTGRACTCATCTCCCACTACTCT CATGAGERAGAGATCCAGCATSTS 1200
GluGluargAspIleCysIleAspPheSerGluLeulleSerGlnTyrSerAspGluGluGlulleGinHisvVal

GTAGAGGTGATTCAAAATTCCACGGCCAAAGTCATCGCTGGTTTTCTCCAGTGGCCCAGATCTTGAGCCCCTCATC 1275
vValGluValIleGlnAsnSerThralalysVallleValValPheSerSerGlyProAspLeuGluProLeulle

AAGGAGATTGTCCGGCGCAATATCACGGECAAGATCTCCCTCGCCAGCGAGGCCTGGGCCAGCTCLTCCCTGATE 1350
LysGlulleValArgArgAsnIleThrGlyLysIleTrpleurlaSerGluAlaTrpAlasSerSerSerLeulle

FIG. 480
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GCCATGCCTCAGTACTT CCACGTGGTTGGCGGCACCATTGRATTCGCTCTGAAGGCTGGGCAGATCCCAGGCTTC 1425
AlaMetProGIlnTyrPheHisValValGlyGlyThrIleGlyPheAlaLeuLysAlaGlyGlnlleProGlyPhe

CGGGAATTCCTGAAGAAGGTCCATCCCAGGAAGTCTGTCCACAATGGTTTTGCCAAGGAGTTTTGGGAAGAMACA 1500
2rgGluPheLeulysLysValHisProArglysSerValHisAsnGlyPheAlalysGluPheTrpGluGluThr

TTTAARCTGCCACCTCCAAGAAGG TGCAAAAGGACCTTTACCTCTGGACACCT TTCTGAGAGGETCACGAAGAAAGT 1575
PheAsnCysHisLeuGlnGluGlyAlaLysGlyProLeuProValAspThrPheleuArgGlyHisGluGluSer

o o VR R LIV IIIIA LNV VT R LU TR VA LVUNNR PRI R (R R SVR TSR SIOR AVTU R, RN -8l
GGCGACAGGTTTAGCAACAGCTCGACAGCCTTCCGACCCCTCTGTACAGGGGATGAGRACATCAGCAGTGTCGAG iooy

GlyAspArgPheSerasnserSerThrAlaPheArgProleuCysThrGlyAspGluAsnlleSerServalGlu

ACCCCTTACATAGATTACACGCATTTACGGATATCCTACAATGTGTACTTAGCAGTCTACTCCATTGCCCACGSC 1725
ThrProTyrlleAspTyrThrHisLeuArglleSerTyrAsnValTyrleuAlaValTyrSertleAlaHisAla

TTGCAAGATATATATACCTGC TTACCTGGCGAGAGGGCTCT TCACCAATGELTCCTGTGCAGACATCAAGAAAGTT 1800
LeuGlnAspIleTyrThrCysLeuProGlyArgGlyLeuPheThrAsnGlySerCysAlaAspTIleLysLysval

GAGGCGTGGCAGETCCTGAAGCACCTACGGCATC TAAACT TTACAAACAAT ATGGGGGAGCAGETGACCTTTGAT 1875
GluAlaTrpGlnValleulysHisLeuArgHisLeuAsnPheThrAsnAsnMetGlyGluGInValThr Pheasp
GAGTGTGGTGACCTGGTGGGGARCTATTCCATCATCAACTGGCACCTCTCCCCAGAGGATGGCTCCATCGTGTTT 1950
GluCysGlyAspLeuvalGlyAsnTyrSerIlelleAsnTrpHisLeuSerProGluAspGlySerlleValPhe

AAGGAAGCTCGGGTATTACAACGTCTATGCCAAGAAGGGAGARAGACTCTTCATCAACGAGGAGAAMATCCTGTGS 2025
LysGluValGlyTyrTyrAsnValTyrAlalysLysGlyGluArgLeuPheIleAsnGluGluLysIleLeuTrp

AGTGGGTTCTCCAGGGAGCCACTCACCTTTGTGCTGTCTGTCCTCCAGGTCCCCTTCTCCAACTGCAGCCGAGAC 2100
SerGlyPheSerArgGluProLeuThrPheValleuSerValLeuGlnVal ProPheSerAsnCysSerArgAsp

TGCCTGGCAGGGACCAGGAAAGGGATCAT TCAGGGGGAGCCCACCTGCTGC T TGAGTGTGTGGAGTGTCCTGAT 21738
CysLeuAlaGlyThrArgLysGlyIleIleGluGlyGluProThrCysCysPheGluCysValGluCysProAsp

GGGGAGTATAGTCATGAGACAGATGCCAGTGCCTGTAACAAGTGCCCAGATGACTTCTGGTCCAATGAGAACCAC 2258
GlyGluTyxrSerAspGluThrAspAlaSerAlaCysAsnlysCysProAspAspPheTrpSerAsnGluasnHis

ACCTCCTGCATTGCCAAGGAGATCGAGTTTCTGTCGTGEACGGAGCCCTTTGGGATOGCACTCACCCTCTITGCC 2325
ThrSerCysIleAlalysGlulleGluPheLeuSerTrpThrGluProPheGlyIlealaleuThrLeuPheAla

GTGCTCGGCATTT TCCTGACAGCCT T TG TGCTGGGTGTGTITATCAAGTTCCGCAACACACCCATTGTCAAGGCC 2400
ValleuGlyIlePheLeuThrAlaPheVallLeuGlyValPhellelysPheArgAsnThrProllevallysAla

ACCAACCGAGAGCTCTCCTACCTCCTCCTCTTCTCCCTGCTCTGCTGUTTCTCCAGCTCCCTGTTCTTCATCGGG 2475
ThrAsnArgGluLeuSerTyrLeuleuleuPheSerLeuleuCysCysPheSerSerSerLeuPhePhelleGly

GAGCCCCAGGACTEGACGTGCCGCCTGEECCAGCCOGCCTTTGECATCAGCTTCG TGO TCTGCATC TCATGCATC 25580
GluProGlnAspTrpThrCysArgleuArgGlnProAlaPheGlylleSer PheValLeuCysIleSerCysIle

CTGGTGAMAACCAACCGTGYCCTCCTGGTSTTTGAGGCCAAGATCCCCACCAGCTTCCACCGLAAGT GG TGGGES 262%
LeuVallysThrAsnArgValLeuLeuValPheGluAlaLysIleProThrSerPheHisArgLysTrpTrpGly

CTCAACCTGCAGTTCCTGCTGGT T TTCCTCTGCACCT TCATGCAGATTGTCATCTGTGTCATC TGGC TCTACACT 2700
LeuAsnLeuGlnPheleuleuvalPheleuCysThrPheMetGlnllevValIleCysvallleTrpLeuTyrThr

F1G. 48b
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GCGCCCCCCTCAAGC TACCGCAACCAGGAGCTGCACGATGAGATCATCTTCATCACGTGCCACGAGEGCTCCCTC 2775
AlaProProSerSerTyrArgAsnGlnGluleuGluAspGlullellePhelleThrCysHisGluGlySerLeu

ATGGCCCTEGGCTTCCTCATCGGCTACACCTGCCTGC TCGCTGCCATCTGCTTCTTCTTTGCCTTCAAGTCCCGG 2850
MetAlaLeuGlyPheLeulleGlyTyrThrCysLeuLeuAlaAlalleCysPhePhePheAlaPhelysSerArg

AAGCTGCCGGAGAACT T CAATGAAGCCAAGTTCATCACCTTCAGCATGCTCATCTTCTTCATCGTCTGGATC TCC 2925
LysLeuProGluAsnPheAsnGluAlalysPhelleThrPheSerMetLeuIlePhePhellevalTrplleSer

TTCATTCCAGCCTATGCCAGCACCTATGGCAAGT T TG TCTCTGCCGTAGAGETGATTGCCATCCTGGCAGCCAGS 300¢C
PhelleProAlaTyrAlaSerThrTyrGlyLysPhevalserAlavalGluvValIleAlaIleLeuAlaAlaSer

TTTGGECTTGCTEGCETGCATCTTCTTCAACAAGATCTACATCATTCTCTTCAAGCCATCCCGCARCACCATCGAG IVt
PheGlyLeuleuAlaCysIlePhePheAsnLysIleTyrIlelleLeuPhelysProSerArgAsnThrileGiu

GAGGTGCGTTGCAGCACCGCAGCTCACGCTTTCAACGTGGCTGCCCCEGCCACGLTGCGCCGCAGCAACGTCTCC 31s¢
GluvValArgCysSerThrAlaAlaHisAlaPhelysValAlaslaArgAlaThrLeuArgArgSerAsnvalSer

CGCAAGCGGTCCAGCAGCCTTGGAGGC TCCACGGGATCCACCCCCTCCTCCTCCATCAGCAGCAAGAGCAACAGT 3228
ArglysArgSerSerSerLeuGlyGlySerThrGlySerThrProSerSerSerlleSerSerLysSerAsnSer

GAAGACCCATTCCCACGGCCCGAGAGGCAGAAGCAGCAGCAGCCGCTGGCCCTAACCCAGCAAGAGCAGCAGCAG 3300
GluAspProPheProArgProGluArgGlnlysGlnGinGinProleunlaleuThrGInGinGluGinginGln

CAGCCCCTGACCCTCCCACAGCAGCARCGATCTCAGCAGCACGCCCAGATGCAAGCAGAAGGTCATCTTTGGCAGS 33758
GlnProLeuThrlLeuProGIlnGIlnGlnArgSerGlnGlnGlnProArgCysLlysGlnlysvalllePheGlySer

GGCACGGTCACCTTCTCACTGAGCTTTCATCAGCCTCAGAAGARCGCCATGEC CCACAGGAATTCTACGCACCAG 34590
GlyThrvValThrPheSerLeuSerPheAspGluProGlnLysAsnalaMetAlaHisArgAsnSerThrHisGln

AACTCCCTGGAGGCCCAGAAAAGCAGCGATACGCTGACCCCACACCAGCCATTACTCCCGCTGCAGTGCGGGGAA 3525
AsnSerLeuGluAlaGlnLysSerSerAspThrLeuThrArgHisGlnProLeuleuProLeuGlnCysGlyGlu

ACGGACTTAGATCTGACCGTCCAGGAAACAGCTCTGCAAGGACCTGTGGGTGCAGACCAGCGGCCAGAGGTGGAG 3600
ThrAspLeuAspLeuThrValGinGluThrGlyLeuGinGlyProValGlyGlyAspGlnArgProGluvalGlu

GACCCTGAAGAGTTGTCCCCAGCACTTGCTAGTGTCCAGTTCACAGAGCTT TCTCATCAGTGETGGAGGCAGCACT 3675
AspProGluGluLeuSerProAlaleuValValSerSerSerGlnSerPheVallleSerGlyGlyGlySerThr

GTTACAGAAMACGTAGTGAATTCATAAAATGGAAGGAGAAGACTGGGCTAGGGAGAATGCAGAGAGGTTTCTTGG 3750
ValThrGluasnvValvValAsnSer

GGTCCCAGGGATGAGGAATCGCCCCACGACTCCTTTCCTCTGAGGAAGAAGGGATAATAGACACATCAAATECCCE 3825
GAATTTAGTCACACCATCTTAAATGACAGTGAATTGACCCATGTTCCCTTTAAAATTAARAAARAGAAGAGCCTT 3500

GTGTTTCTGTGGTTGCATTTGTCAAAGCATTGAGATC TCCACGETCAGATTTGCTGTTCACCCACATCTAATGTC 3978

TCTTCCTCTGTTCTATCCCACCCAACAGCTCAGAGATGAAACTATGGCTTTAAACTACCCTCCAGAGTGTGCAGRA 4050

FIG. 48¢
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CTGATCGGACATCAAAT TTE CCACCACTAGAGCTGAGAGTCTGAAAGACAGAATGTCACCAGTCCTGCCCANTGE 412 S

CTTGACRACAGACTGAATTTTAARATG TTCACAACATAAGGAGAATGTATCTCCTCCTATTTATGAAARCCATATG 4200
ATATTTTGTCTCCTACCTGCTGCTGC TATTATGTAACATCCAGAAGGTTTIGCACCCCTCOTATACCATATGTCTG 4275
GTTCTGTCCAGGACATGATACTGATGCCATG TTTAGATTCCAGGATCACAAGAATCACCTCAAATTGTTAGGAAG 4350
GGACTGCATAAACCAATGAGCTGTATCTGTAATTAATATTCCTATATGTAGCTTTATCCTTAGGARAATGOTTCT 44 25
GTTGTAATAGTCCA’I‘GGACAATATAAACTGAAAAA’ICTCAGTC'IGG’I"I‘TATATAAGGCAGTATPAWGCTCTA 4500
TTTCCCCACCCEACTATCCTCACTCCCATAAGCTAAGCC TTATG TGAGCCCCTTCAGGGACTCAAGGGTCCAGAA 4575
GTCCCTCCCATCTC TACCCCAAAGAATTCCTGANGC CAGATCCACCCTATCCCTGTACAGAGTARGTTCTCAATT 4650
A'I'I‘GGCC'ICCTAATAGC’I‘GCTAGGGTAGGAAAGCGTGG’ITCCAA.GAAAGATCCACCCTCAAATGTCGGAGCTATG 4725
TTCCCTC CAGCAG'I‘GGTA’.I'I'AATACTGC CGGTCACCCAGGCTCTGGAGCCAGAGAGACAGACCGGGGTTCAAGCS 4800
ATGGCTTCGTCATTIGCAAGCTGAGTGACTGTAGGCAGGGAACCTTAACCTCTCTAAGCCACAGCTTCTTCATCT 4875
TPAA.J;ATAAGGATAATAATCATTCCTTCCCCTCAGAGCWPTATG‘IVGGATTAAACGAGATAATGTA’I‘ATAAAGTA 4950

CTTTAGCCTGGTACCTAGCACACAATAAGCATTCAATAAATATTAGTTAATATTAT 5014

FIG. 48d
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CAACAGGCACCTCGECTGCAGCTAGGAAGGACCGCACGCCCTTTCGCGCAGGAGAGTCCAMGAGGGAGCTGTTTS

-3
i

CCAGCACCGAGGTCTTGCGECACAGGCAACGC TTGACCTGAGTCTIGCAGAATGAAAGGCATC ACAGGAGGCCTC 280
TGCCATGATGTGGCTTCCAAAGATTCAAGGACCACCCACATTACAAGTCTGGATTGAGGAAGGC AGARATGGAGAT 225
TCARACACCACGTCTTCTAT TATT T TATTARTCAATCTCTAGACATG TG TCCCCACTGCAGGEAGTCARCTGCTC 300

- CAAGGGAGAAACTTCTCGGAGCCTCCAAACTCCTAGCTGTCTCATCCC TTGCCCTGGAGAGACGGCAGARCCATG 378
Met

GCATTTTATAGC TCCTGCTGGETCCTCTTGGCACTCACC TGGCACACCTC TGCCTACGGGCCAGACCAGCGAGCC 430
AlaPheTyrSerCysCysTrpValleuleuAlaleuThr TrpRisThrSerAlaTyrGlyProAspGinaArgala

CAARAGAAGGGGGACATTATCCTTGGGGGECTC T ITCCTATTCATT T TGGAGTAGCAGC TAAAGATCAAGATCTC 525
GlnLysLysGlyAspIllelleLeuGlyGlyLeuPheProIleHisPheGlyValAlaAlaLysAspGlnAspLeu

AAATCAAGGCCGGAGTCTGTGGAATG TATCAGGTATAAT T TCCETEGGTTTCRCTGG T TACAGGC TATGATATTT 600
LysSerArgProGluSerValGluCysIleArgTyrAsnPheArgGlyPheArgTrpLeuGlnAlaMet Il ePhe

GCCATAGAGGAGATAAACAGCAGCCCAGCCCTTC TTCCCARCTTGACGCTGGGATACAGGATATTTGACACTTGC 675
AlalleGluGlulleAsnSerSerProdlaleuleuProAsnleuThrleuGlyTyrArgllePheAspThrCys

AACACCGTTTCTAAGGCCTTGGAAGCCACCCTGAGT TTTGTTGCTCAAAACARAATTGATTCTTTGAACCTTGAT 750
AsnThrValSerLysalaLeuGlualaThrLeuSerPheValAlaGlnAsnlysIleAspSerLeuasnLeuAsp

GAGTTCTGCAACTGCTCAGAGCACATTCCCTCTACGATTGCTGTGGTGGGAGCARC TGCCTCAGGCGTCTCCACG 825
GluPheCysAsnCysSerGluHisIleProSerThrIleAlavalvValGlyAlaThrGlySerGlyValSerThr

e GCAGTGGCAAATCTIGCTGGEGCTCTTCTACATTCCCCAGGTCAGTTATGCCTCCTCCAGCAGAC TCCTCAGCAAC 900
- AlavalAladsnlLeuleuGlyLeuPheTyrIleProGlnValSerTyrAlaSerSerSerArgleul.euSerAsn

AAGAATCAATTCAAGTCTTTCCTCCCAACCATCCCCAATGATGAGCACCAGGCCACTGCCATGGCAGACATCATC 975
LysAsnGlnFPheLys SerPheLeuArgThrIleProAsnAspGlulisGlnAlaThrAlaMetAlaAspilelle

GAGTATTTCCGCTGGAACTGGETGGGCACAATTGCAGCTGATGACGACTATGGGCGGCCGRGGATTGAGAAATTC 105C
GluTyrPheArgTrpAsnTrpValGlyThrileAlaAlaAspAspAspTyrGlyArgProGlyIleGluLysPhe

CGAGAGGAAGCTGAGGAAAGGGATATCTGCATCGACTTCAGTGAACTCATCTCCCAGTACTC TGATGAGGAAGAG 1125
ArgGluGluAlaGluGluArgisplleCysIleAspPheSerGluLeulleSerGlnTyrSerAspGluGluGlu

ATCCAGCATGTGGTAGAGGTGATTCAAAATTCCACGGCCAMAGTCATCGTGGTTTTCTCCAGTGGCCCAGATCTT 1200
IleGlnHisValvalGluVallleGlnAsnSerThrAlaLysValIleValValPheSerSerGlyProAspleu

GAGCCCCTCATCANGGAGATTG TCCGGCGCAATATCACGGGCAAGATCTGGCTGGCCAGCEAGEC L TGGGCCAGT 127%
GluProLeulleLysGlulleValArgArgasnlleThrGlylysIleTrpLevAlaSerGluAlaTrpAlaSer

TCCTCCCTCGATCGCCATGCCTCAGTACTTCCACGTGGTTGEGCGGCACCATTGGATTCGCTCTGAAGGCTGGGCAG 1350
SerSerLeulledlaMetProGlnTyrPheHisValvalGlyGlyThrIleGlyPheAlaLeulysalaGlyGln

FIG. 49a
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ATCCCAGGCTTCCCEGAATTCCTGAAGAAGGTCCATCCCAGGARGTC TGTCCACAATCGTTTTCCCAAGGAGTTT 1425
IleProGlyPhedrgGluPheLeulysLysValHisProArglysSerValHisAsnGlyPheAlalysGluPhe

TGGGAAGAAACATTTAACTGCCACCTCCAAGAAGGTGCAARAGGACCTTTACCTGTGGACACC T TTCTGAGAGGT 15¢¢
TrpGluGluThrPheAsnCysHisLeuGlnGluGlyAlaLysGlyProLeuProvalAspThrPheLeuArgGly

CACGAAGAAAGTGGCGACAGGTTTAGCAACAGCTCGACAGCCTTCCGACCCTCTCTGTACAGEGGATGAGAACATC 1575
HisGluGluSerGlyAspArgPheSerAsnSerSerThrAlaPheArgProLeuCysThrGlyAspGluAsnlle

AGCAGTGTCGAGACCCCTTACATAGATTACACGCAT TTACGGATATCCTACAATGTGTACTTAGCAGTCTACTCC 1650
SerSerValGluThrProTyr IleAspTyrThriisLeudrglleSexrTyraAsnValTyrLevAlaValTyrSer

ATTGCCCACGCCTTGCAAGATATATATACCTGC TTACCTGGGAGAGGECCTICTTCACCAATGECTCCTGTGCAGAC 1725
IlealaHisAlaleuGlnAspIleTyrThrCysLeuProGlyArgGlyLeuPheThrAsnGly SexCyshlaisp

ATCAAGAAAGTTGAGGCGTECGCACGTCCTGAAGCACCTACCGCATCTARACTTTACAAACAATATGGGGGAGCAG 1800
IlelysLysValGluAlaTrpGlnVallLeuLysHisLeuArgHisLeuAsnPheThrAsnAsnMetGlyGluGln

GTGACCTTTGATGAGTGTGETGACCTCCTGGGGAACTATTCCATCATCAACTGGCACCTCTCCCCAGAGCATGGS 1875
ValThrPheAspGluCysGlyispLeuvValGlyAsnTyrSerIlelleAsnTrpHisLeuSer ProGluAspGly

TCCATCGTCTTTAAGCAAGTCGGSTATTACAACGTC TATGCCANG AAGGGPGAAAGACTC’I_‘I‘C ATCAACGAGGAG 135G
SerIleValPheLysGluValGlyTyrTyrAsnValTyrAlaLysLysGlyGluArgLeuPhel leAsnGluGlu

AAAATCCTGTGGAGTGGE TTCTCCAGGGAGGTGCCCTTCTCCAAC TGCAGC CGAGACTGCCTGECAGGGACCAGG 20238
LysIleleuTrpSerGlyPheSerhrgGluval ProPheSerhsnCysSexArgAsplysleunlaGlyThrarg

AAAGGGATCA’ITGAGGGGGAGCCCACCTGCTGCI"I'I‘GAGTG’I'G’I‘GGAG’IGTCC’IGA’IGGGGAGTATAGTGATGAG 2100
LysGlyIleIleGluGlyGluProThrCysCysPheGluCysValGluCysProAspGlyGluTyrSerAspGlu

ACAGATGCCAGTGCCTGTARTAAGTGCCCAGATGACTTCTGGTCCARTGAGAACCACACCTCCTGCATTGCCAAG 2175
* ThrAspAlaSerAlaCysAsnlysCysProAspAspPheTrpSerAsnGluAsnHisThrSerCyslleAlalys

GAGATCGAGTTTCTGTCGTGSACCGAGCCCTTTGECATCGCACTCACCCTCTTTCCCOTGCTGGCCATTTTCCTG 2250C
GlulleGluPheLeuSerTrpThrGluProPheGlyIleAlaleuThrLetPheAlavalleuGlyIlePheleu

ACAGCCTTTGTGCTGGCTGTGTTTATCAAGTTCCGCAACACACCCATTETCAAGGCCACCAACCGAGAGC TCTCC 2325
ThrAlaPhevalleuGlyValPhellelysPheArgAsnThrProIleVallysalaThrAsnArgGluLeuSer

TACCTCCTCCTCTTC TCCCTGCTCTGCTGCTTCTCCAGCTCCCTGTTCTTCATOGEGGAGCCCCAGGACTGGACS 2400
TyrLeuLeuLeuPheSerLeuleuCysCysPheSerSerserLeuPhePhelleGlyGluProGlnAspTrpThr

TGCCGCCTGCGCCAGLCGGCCTTTGGCATCAGCTTCGTGCTCTGCATCTCATGCATCCTGG TGARRACCAACCGT 2475
CysArgLeuRrgGlnProAlaPheGlyIleSerPheValleuCysIleSerCysIleleuVallysThrAsnArg

GTCCTCCTCGTCTTTCASGCCAAGATCCCCACCAGCTTCCACCEC ABGTCSTCGGCECTCAAC CTCCAGTTCCTG 2550
ValLeulLeuvalPheGluAlaLysIleProThrSerPheHisarglysTrpTrpGlyLeuvAsnleuGlnPheLeu

CTGGTTTTCCTCTGCACCTTCATGCAGATTGTCATCTGTGTGATCTGGCTCTACACCGCGCCCCCCTCAAGCTAC 2623
LeuValPheLeuCysThrPheMetGlnIleVallleCysVallleTrpleuTyrThrAlaProProSerSerTyr

CGCAACCAGGAGCTCSACCATGAGATCATCTTCATCACGTGCCACGAGEECTCCCTCATGGCCCTGEGCTTCCTS 2700
ArgAsnGlnGluLeuGluAspGluIlellePhelleThrCysHisGluGlySerLeuMetalaLeuGlyPheleu

F1G. 49D
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ATCGGCTACACCTGCCTECTGGCTIGCCATCTGCTICTTCTTTGCC TTCAAGTCCCCGAAGCTGCCGGAGAACTTC 2778
IleGlyTyrThrCysLeuLeuAlaAlalleCysPhePhePheAlaPhelys SerArglyslLeuProGluAsnPhe

AATGAAGCCAAGTTCATCACCTTCAGCATGCTCATCTTCTTCATCECTCTCCATCTCCTTCATTCCAGCCTATGCC 2850
AsnGlualaLysPhelleThrPheSerMetLeullePhePhelleValTrpIleSerPhelleProAlaTyrAla

AGCACCTATGGCAAGTTTGTCTC TGCCETAGAGSTCATIGCCATCCTGGCAGCCAGCTTTGGCTTGCTGECETGC 2925
SerThrTyxGlyLysPhevalSerAlavalGluvValIlleAlalleLeualaAlaSerPheGlyLeuleuAlacys

ATCTTCTTCAACAAGATCTACATCATTCTCTTCARGCCATCCCGCARACACCATCGAGGAGGTGCGTTGCAGCACS 3000
IlePhePheAsnLysIleTyrIileIleLeuPhelysProSerArgAsnThrIleGluGluvalArgCysSerThr

GCAGCTCACGCTTTCAAGGTGGCTGCCCGGECCACGCTGCGCCGCAGCAACGTCTCCCGCAAGCGGTCCAGTAGE 3¢7s
AlazAlaHisAlaPhelysValAlaAlaArgAlaThrLeuArgArgSerAsnValSerArgLysArgSerSerSer

CTTGGAGGCTCCACGGGATCCACCCCCTCCTCCTCCATCAGCAGCARGAGCAACAGCGARGACCCATTCCCACAG 3153
LeuGlyGlySexrThrGlySerThrProSerSerSerIleSerSerLysSerAsnSerGluAspProPhePreGln

CCCGAGAGGCAGAAGCAGCAGCAGCCGCTGGCCCTAACCCAGCAAGAGCAGCAGCAGCAGCCCCTGACCCTCCCA 322%
ProGluArgGlnlysGlnGlnGlnProleudl aleuThrGInGlnGluGInGlnGInGinProLeuThrLeuPro

CAGCAGCAACGATCTCAGCCAGCAGCCCAGATGCARGCAGAAGETCATCTTTGGCASCEGCACSGTCACCTTICTCA 3300
GlnGlnGlnArgSerGlnGlnGlnProArgCysLysGlnLysValllePheGlySerGlyThrValThrPheSer

CTGAGCTTTGATGAGCCTCAGAAGAACGCCATGGCCCACGGGAATTCTACGCACCAGAACTCCCTGGAGGCCCAG 3375
LeuSerPheAspGluProGlnLysAsnAlaMetAlaHisGlyAsnSerThrHisGIlnAsnSerLeuGlualaGln

AAAAGCAGCGATACGCTGACCCGACACCAGCCATTACTCCCGCTGCAGTGCGGEGAAACGGACTTAGATCTGACC 3450
LysSerSerAspThrLeuTrrArgHisGlnProleuleuProLeuGinCysGlyGluThrAspLeuAspleuThr

GTCCAGGAAACAGGTCTGCAAGGACCTGTGGGTGCGAGACCAGCGGCCAGAGGTGGAGGACCCTGAAGAGTTGTCC 3525
ValGlnGluThrGlyLeuGlnGlyProvalGlyGlyAspGlnArgProGluvalGluAspProGluGluLeusSer

CCAGCACTTGTAGTGTCCAGTTCACAGAGC T I TG TCATCAGTGGTEGAGGCAGCACTG T TACAGAAAACGTAGTG 3600
ProAlaleuvalvalSerSerSerGlnSerPheVallleSerGlyGlyGlySerThrValThrGluAsnvValval

R 3

AATTCATAAAATGGARGGAGAAGACTCGGCTAGGGAGAATGCAGAGAGGT TTCTTGGGG TCCCAGGGATGAGGAA 3675
AsnSer

TCGCCCCAGACTCCTTTCCTCTCAGGAAGAAGGGATAATAGACACATCAAATGCCCCGAATTTAGTCACACCATC 3750

GCGGCCGE ’ 3809

TTAAATGACAGTGAATTGACCCATGTTCCCTTT.

FIG. 49c.
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CGGGACTCTCCAGGCCCGCTCAGGCACCGGACTGTAGGTGTATT TGGAGGGATTTCGGAGGC TCGAGACCCCAGGA

~3
wn

AGCACGCAGGCGGCAGCAGGCAAGEEGLGGAGCCCCOGGLCCEGCCAAGGTGGCCCTCAGAGCGTC TGCGGGEAG 50
GCAGTAGCTTGACCCAAGGCGACCAGGGAACTTCAGACGGTAGCACGCCACTCAAACARATTAACT TGACATCGC 225
AAGCTGGGLGGEECTGGTACGACATCCTCGACTTCAGCATCCAGCTGTTCCTGGGCAGACAGAGGGCCARCAGGTGT klde
TCCTGTGGAAGAAGCCAGGACAAGGACTCCAGAARACATCTCGGGCAGCCTCTACATGATGTCACTTCTCAGGAC 373
TCCAGGACCAGCCACCCTAC ACC'IC:I‘AC TACAGAGARGGCCAGAAATGCGAGACCCAAAGGCCATCACTCCTGCTCT 450
GTCACTAACCACTCTGTAATCLTGTCTCCCCACCAGAAGGTCTGAACCGCACC AGEGCCGTGGAGTTCTCGGGCT 525

CCCAATCCACTGACACCTTTACCTGTCCCCTGAAGAGAAGGCAACGC TATGGCATCGTACAGCTGC TG TTTGELC 600
MetAlaSerTyrSerCysCysLeuAla

CTATTGGCTCTTGCCTGGCACTCCTCTGCCTATGGGCCTGACCAGCGAGCCCAAARGAAGGGGGACATTATCCTA 675
LeuLeuAlaleuAlaTrpHisSerSerAlaTyrGlyProaAspGlnArgAlaGlnLyslysGlyAspIleIleLleu

GGAGGTCTCTTTCCTATCCATTTTGEAGTAGCAGCCARAGATCAAGATCTGAAGTCAAGACCAGAGTCTGTGGAG 750
GlyGlyLeuPheProlleHisPheGlyValAlaAlalysAspGlnAspLleulysSerArgProGluServalGlu

TGCATTAGGTATAACT TCCGTGGATTCCGATGGTTACAAGCCATGATATTCGCCATAGACGAGATAMACAGCAGC 825
CysIleArgTyrAsnPheArgGlyPheArgTrpleuGlnAlaMetIlePheAl alleGluGlulleAsnSerSer

CCCTCCCTTCTTCCCAACATGACACTGGGATATAGGATATTTGACACCTGTAACACCGTCTCCAMGGCGCTGGAA 900
ProSerLeuleuProAsnMetThrLeuGlyTyrArgIlePhehspThrCysAsnThrVal SerLysAlaleuGlu

GCCACCTTGAGTTTICTTGCCCAGAACAAAATCCAT TCTTTGAACCTGCACCAGTTCTGCAACTGCTCTGAGCAC 975
AlaThrLeuSerPheValAlaGlnAsnLysIleAspSerLeuAsnLeuAspGluPheCysasnCysSerGluHis

%

ATCCCTTCGACCATTGCCGTGGTGGGAGCCACCEGLTCCGE TG TCTCCACGGCGG TAGCCAACCTGCTGGGACTT 1050
IleProSerThrIleAlavalvalGlyAlaThrGlySerGlyValSerThrAlavalalaaAsnLeuleuGlyLeu

TTCTACATCCCCCAGGTGAGCTACGCCTCCTCCAGCAGGCTCCTCAGCAATAAGAACCAGTACARATCCTTCCTC 1125
PheTyrIleProGlnvalSerTyrAlaSerSerSerArgLeuleuSerAsnLysAsnGlnTyrLysSerPheleu

CGCACCATTCCCAATGACGAACACCAGGCAACCGCCATGGCCGACATCATCCAGTACTTCCGC TGGAAMCTGGETG 1200
ArgThrIleProasnAspGluHisGlnAlaThralaMetAlaAspllelleGluTyrPheArgTrpAsnTrpVal

GGCACAATTGCAGCTGATGACCACTATGGCAGACCTGGCATTGAGAAGTTCCCAGAGGAAGCOGAAGAGAGGGAT 1275
GlyThrIleAlaAladspAspAspTyrGlyArgProGlyIleGlulysPheArgGluGluAlaGluGluArgAsp

ATCTGCATTGATTTTAGCCAGUTCATCTCCCAGTACTCTGACGAGGAAGAGATCCAGCAGGTGGTCGAAGTGATC 1350
IleCysIleAspPheSerGluLeulleSerGlnTyrSerAspGluGluGlulleGinGlnvalvalGluvallle

FIG. 50a
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CAAAACTCTACGGCCAAGGTCATTGTCGTTTTCTCCAGCGGCCCEGACCTAGAACCTC TCATCAAGGAGATTGTG
GlnasnSerThrAlalysVallleValValPheSerSerGlyProAspLeuGluProLeullelysGlulleval

CGGCGTAACATCACAGGCAGGATCTGGC TGGC TAGCCAGGLCTGEGCCAGTTCCTCGCTGATTGCTATGCCTGAG
ArgArgAsnlleThrGlyArgIleTrpleuAlaSerGluAlaTrpAlaSerSerSerLeulledlaMetProGlu

TATTTCCATGTAGTCGEGGGCACCAT GGG TTCOOTC TCARGGC TGGGCAGAT TCCACGC TTCAGAGAATTCCTA
TyrPheRisvalValGlyGlyThrIleGlyPheGlyLeuLysAlaGlyGlnIleProGlyPheArgGluPheLeu

CAGAAAGTTCATCCTAGGAAGTC TGTCCACAATGGT TTTGCCAAAGAGT T TTGGGAAGAAACTTTTAATTGCCAC
GlnlysValHisProArglysSerValHisAsnGlyPheAlalysGluPheTrpGluGluThrPheAsnCysHis

CTCCAAGAAGGCGCAAAAGGACCTT TACC TGTGGACACCTTCGTCAGAAG TCACGAAGAAGGTGGCAACAGGTTA
LeuGinGluGlyAlatysGlyProLeuProValAspThrPheValArgSerHisGluGluGlyGlyAsnArgLeu

CTCAATAGCTCTACTGCCTTCCGACCCCTCTGCACAGGCGATGAGAACATCAACAGTGTCGAGACCCCTTACATG
LeuAsnSersSerThrAlaPherrgProLeuCysThzGlyAspGluasnileAsnServalGluThrProTyrMet

GATTACGAACATTTACGGATATCCTACAATGTGTACTTAGCCGTCTACTCCATTGCGCATGCCC TACAAGATATA
AspTyrGluHisLeuArgIleSerTyrAsnvalTyrLeuAlaValTyrSerIledlatisAlaleuGlnaspIle

TACACCTGCTTACCCGGAAGAGGGCTTTTCACCAACGGG TCCTGTGC AGACATC AAGAACGTTGAGGCCTGECAG
TyrThrCysLeuProGlyArgGlyLeuPheThrasnGlySerCysAlaAspIleLysLysvValGluAlaTrpGin

GTCTTGAAGCACCTACGGCACCTGAACTTCACCAACAACATGGGGGAGCAGGTGACCTTCGATGAGTGTGCTGAT
VallLeuLysHisLeuArgHisleuAsnPheThrAsnAsnMetGlyGluGinvalThrPheAspGluCysGlyAsp

CTGCTGGGGAACTATTCTATCATCAACTGGCACCTCTCCCCAGAGGACGECTCCATTG TG TTCAAGGAAGTTGSG
LeuValGlyAsnTyrSerIleIleAsnTrpHisLeuSerProGluAspGlySerIlevalPheLysGluValGly

TACTACAATGTGTATGCCAAGAAGGGAGAAAGACTC TTCATCAATGAGGAGAAGATCTTGTGGAGTGGGTTCTCC
TyrTyrAsnValTyrAlalysLysGlyGluArgLeuPhelleAsnGluGlulysIleLeuTrpSerGlyPheSer

AGAGAGG'I‘GCCTI‘TCTCCAATTGCAGCCGGGACTGTCAGGCAGGGACCAGGMGGGGﬂfCATCGAGGGAGAGCCC
ArgGluval ProPheSerAsnCysSerArgAspCysGlnAlaGlyThrArglysGlyIlel 1eGluGlyGluPro

ACCTGCTGCT TTGAGTGTGTGGAGTGTCCTGATGGAGAG TACAGTGGAGAGACAGATGCGAGTGCCTGTGACAAG
ThrCysCysPheGluCysValGlucysProAspGlyGluTyrSerGlyGluThrAspAlas§rAlaCysAspLys

TGCCCCGATGACTTCTGGTCCAATCAGAACCACACTTCTTGCATTCC CARGGAGATTGAGT TTCTGGCGTCGACT
CysProAspAspPheTrpSerAsnGluAsnHisThrSerCysIleAlaLysGlulleGluPheLeunlaTrpThr

GAGCCCTTTGGAATCGCTCTCACTCTCTTTGCGGTGCTGGGC AT TTTCCTGACCGCCTTTG TGCTGGGTCTCTTC
GluProPheGlyIleAlaLeuThrLeuPheAlaValleuGlyIlePheLeuThraAlaPheValLeuGlyValPhe

ATCAAGTTCCGAAAC ACACCTATCGTCAAGGCCACCAACCGAGAACTGTCC?ACCTCCTCCTCTPCTCCCTACFC
IleLysPheArgAsnThrProIlevValLysAlaThrAsnArgGluLeuSerTyrLeuleuleuPheSerLeuleu

TGCTGCTTCTCCAGCTCCTTGTTC T I CATTGEGGAGCCCCAGGACTGGACGTGCCECCTECGACAGCOTGCTTTC
CysCysPheSerSerSerLeuPhePhel1eGlyGluProGlnAspTrpThrCysArgleuArgGlnProalafhe

GGCATCAGCTTTGTGCTCTGTATCTCGTGCATCTTGGTGAAGACCAATCECETCCTCCTGSTATT T CAAGCCAAG
GlylleSerPheValleuCysIleSerCysIlelLeuVallysThrAsnArgValleuLeuValPheGlualalys

FIG. 5006
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ATACCCACCAGCTTCCACCGCAAGTCGTGEGCGCTCAACCTGCAGTTCCTGCTGGTTTTCCTCTGCACCTTCATG . 2778
IleProThrSerPheHisArglysTrpTrpGlyLeudsnleuGlnPheleuleuValPheLeuCys ThrPheMet

CAGATCCTCATCTGCATCATCTGECTCTACACGGCGCCCCCCTCTAGCTACCGCAACCATGAGCTGGAAGACGAA 2850
GlnIleLeulleCysIlelleTrpleuTyrThrAlaProProSerSerTyrargAsnHisGluLleuGluaspGlu

ATCATCTTCATCACGTGCCATCAGGGCTCACTCATGGCACTTGGCTCCCTGATCGGCTATACCTGLCTGCTGEET 2925
IlellePhelleThrCysHisGluGlySerLeuMetAlaleuGlySerLeull eGlyTyrThrCysLeuLeuala

GCCATCTGCT TCTTCTTTGCCTTCAAGTCCAGGARGTTACCAGAGAAC TTCAACG ARGCCAAGTTCATTACCTTC 3C00
AlalleCysPhePhePheAlaPhelysSerArglysLeuProGluasnPheAsnGlualaLlysPhelleThrPhe

AGCATGCTCATCTTCTTCATCGTCTGGATCTCCTTCATTCCAGCCTATGCCAGCACCTACGGCAAGT TTGTCTCT 207¢
SerMetLeullePhePhelleValTrplleSerPhelleProalatyrAlaSerThrTyrGlyLysPheValSer

GCCGTAGAGGTGATCGCCATTTTCGCAGCCAGCTTTGGCTTACTAGCCTGCATCT TCTTCAACAAGGTC TACATT 315C
AlaValGluVallleAlalleLeuAlaAlaSerPheGlyleuLeuAlaCysIlePhePheAsnlysValTyrile

ATCCTCTTCAAGCCTTCCCGCAACACCATTGAGGAAGTCCGCTCCAGCACCGCAGCACATGC TTTCAAAGTAGCA 3225
IleLeuPhelysProSerArgAsnThrileGluGluValArgSerSexThralaAlaHisaAlaPheLysValAla

GCCCGCGCCACTCTACGCCETCCCAACATCTCCCGGAAGCGETCCAGCAGCCT TGGAGGCTCC ACCGGC TCCATT 33060
AlaArgAlaThrLeuArgArgProAsnlleSerArglysArgSerSerSerLeuGlyGlySerThrGlySerIle

CCCTCCTCCTCCATCAGCAGCAAAAGCAACAGCGAAGACCGGTTCCCGCAGCCAGAGAGGCAGAAGCAACAGCAA 3375
ProSerSerSerlleSerSerlysSerAsnSerGluAspArgPheProGlnProGluArgGlnlysGinGlnGln

CCGCTGTCCCTGACCCAGCAAGAACAGCAGC AGCAGCCCCTGACCCTCCACCCACAGAMACAGCAGCAGCCACAG 3450
ProlLeuSerLeuThrGIlnGInGluGlnGlnGinGlinProleuThrLeuHisProGIlnGinGInGIinGInPreGin

CAGCCGAGATGCAAACAGRAGGTCATCTTCGGCAGTGGTACGETCACCTTCTCTCTGAGTTTTGACGAGCCTCAG 35238
GlnProArgCysLysGlnLysValllePheGlySerGlyThrvalThrPheSerLeuSerPheaAspGluProGln

AAGAATGCCATGGCCCACAGGAACTCCATGCGTCAGAACTCCCTGGAGGCCCAGAGGAGCAACGACACCTTGEES - 3 600
LysAsnAlaMetAlaHisArgAsnSerMetArgGlnAsnSerLeuGluAlaGlnArgSerAsnAspThrieuGly

AGACACCAGGCCCTGCTTCCCCTACAGTCTGCAGATGCGCGACTCAGAAATCACCATTCAGGAAALCGGCCTG AR 3675
ArgHisGlnAlaLeuLeuProLeuGlnCysAlaAspAlaAspSerGluMetThrIleGInGluThrGlyLeuGln .

GGGCCCATGGTGGGGGACCACCAGCCAGAAATGGAMAGCTCAGATGAAATGTCCCCAGCGCTGGTCATGTCCACT 3750
GlyProMetValGlyAspHisGlnProGluMetGluSerSerAspGluMetSerProAlal.euValMetSerThr

TCTCGGAGCTTCGTCAT TAGTGGTGCAGGTAGCTC TG TGACGGAAAACGTATTACACTCCTAATGCGAGGGAAAGS 3838
SerArgSerPheVallleSerGlyGlyGlySerSerValThrGluAsnValleuHisSer

CTATCCAGTTGAGAGGTTTTTCTTAGAGCCCTGAGCAAAAGGATCGGTCCTTCCTTTCTTCCCAGGAAGCCAGGG 3900

AGAGTAGGTACGTCAAAGCCTGTACTCAGT TGCACTGCTTTGAATCGACAGTGAACTGACTGCTGTGCTCTTTAGA 3375

GTTAAARGAAGAGCCATGTTTTCCCETCETT TTCCAGAGCTCAGTATCACACCTCGETTTGCTGAAGTCTTTTCC 4050

FIG. 50c :
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TCTGCTCTATCCACCATCAGTTCAGACGARAGCAAGGCTCTARGCTACCCATCTGCTTCCCTCARAAARAANAAA
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CALCIUM RECEPTOR-ACTIVE
MOLECULES

RELATED APPLICATIONS

This is a continuation-in-part of Nemeth et al., PCT/
US94/12117, filed Oct. 21, 1994, and a continuation-in-part
of Nemeth et al., U.S. Ser. No. 08/292,827, filed Aug. 19,
1994, abandoned and a continuation-in-part of Nemeth et
al., US. Ser. No. 08/141,248, filed Oct. 22, 1993,
abandoned, and a continuation-in-part of Nemeth et al., U.S.
Ser. No. 08/009,389, filed Feb. 23, 1993, abandoned, U.S.
Ser. No. 08/009,389, is a contimiation-in-part of Nemeth et
al., U.S, Ser. No. 08/017,127, filed Feb. 12, 1993,
abandoned, which is a continuation-in-part of Nemeth et al.,
U.S. Ser. No. 07/934,161, filed Aug. 21, 1992, abandoned,
which is a continuation-in-part of Nemeth et al., U.S. Ser.
No. 07/834,044, filed Feb. 11, 1992, abandoned, which is a
continuation-in-part of Nemeth et al., U.S. Ser. No. 07/749,
451, filed Aug. 23, 1991, abandoned, the whole of each of
these applications including the drawings are hereby incor-
porated herein by reference.

FIELD OF THE INVENTION

This invention relates to the design, development, com-
position and use of molecules able to modulate the activity
of an inorganic ion receptor, preferably a calcium receptor.
It also relates to a superfamily of receptors for inorganic ion
(inorganic ion receptors) such as calcium receptors. The
invention also relates to nucleic acids encoding such
receptors, cells, tissues and apimals containing such nucleic
acids, antibodies to such receptors, assays utilizing such
receptors, and methods relating to all of the foregoing.

BACKGROUND OF THE INVENTION

The following description provides a summary of infor-
mation relevant to the present invention. It is not an admis-
sion that any of the information provided herein is prior art
to the presently claimed invention, nor that any of the
publications specifically or implicitly referenced are prior art
1o that invention.

Certain cells in the body respond not only to chemical
signals, but also to ions such as extracellular czlcium ions
(Ca®*). Changes in the concentration of extracellular Ca®*
(referred to herein as “[Ca®*]") alter the functional responses
of these cells. One such specialized cell is the parathyroid
cell which secretes parathyroid bormone (PTH). PTH is the
principal endocrine factor regulating Ca®* homeostasis in
the blood and extracellular fluids.

PTH, by acting on bone and kidney cells, increases the
level of Ca®* in the blood. This increase in [Ca®*] then acts
as a negative feedback signal, depressing PTH secretion.
The reciprocal relationship between [Ca**] and PTH secre-
tion forms the essential mechanism maintaining bodily Ca**
homeostasis.

. Extracellular Ca** acts directly on parathyroid cells to
regulate PTH secretion. The existence of a parathyroid cell
surface protein which detects changes in {Ca®*] has been
suggested. This protein acts as a receptor for extracellular
Ca** (“the caleium recepior”), and is suggested to detect
changes in [Ca®*] and to initiate 2 functional cellular
response, PTH secretion. For example, the role of calcium
receptors and extracellular Ca®™ in the regulation of intrac-
ellular Ca®* and cell function is reviewed in Nemeth et al.,
Cell Calcium 11: 319, 1990; the role of calcium receptors in
parafollicular and parathyroid cells is discussed in Nemeth,

2

w

35
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2

Cell Calcium 11: 323, 1990; and the role of calcium recep-
tors on bone osteoclasts is discussed by Zaidi, Bioscience
Reports 10: 493, 1990.

Other cells in the body, specifically the osteoclast in bone,
the juxtaglomeruiar, proximal tubule cells in the kidney, the
keratinocyte in the epidermis, the parafollicular cell in the
thyroid, intestinal cells, and the tropboblast in the placenta,
have the capacity to sense changes in [Ca**]. It has been
suggested that cell surface calcium receptors may also be
present on these cells, imparting to them the ability to detect
and to initiate or enable a response to changes in [Ca**].

In parathyroid cells, osteoclasts, parafollicular cells
(C-cells), keratinocytes, juxtaglomerular cells, trophoblasts,
pancreatic beta cells and fat/adipose cells, an increase in
[Ca**} evokes an increase in intracellular free Ca?* concen~
tration (“[Ca**]”). Such an increase may be caused by influx
of extracellular Ca®* or by mobilization of Ca®* from
intraceltular organelles. Changes in [Ca®*]; are readily moni-
tored and quantitated using fluorimetric indicators such as
fura-2 or indo-1 (Molecular Probes, Eugene, Oreg.). Mea-
surement of {Ca®*]; provides an assay to assess the ability of
molecules to act as agonists or antagonists at the calcivm
receptor.

in parathyroid cells, increases in the concentration of
extracellular Ca®* evoke rapid and transient increases in
[Caz‘]gwhich are followed by lower, yet sustained, increases
in {Ca**]. The transient increases in [Ca**]; arise*from the
mobilization of intracellular Ca®*, whereas the lower, sus-
tained increases result from the influx of extracellular Ca®*.
The mobilization of intracellular Ca®* is accompanied by
increased formation of inosito}-1,4,5-triphosphate (IP,) and
diacylglycerol, two biochemical indicators which are asso-
ciated with receptor-dependent mobilization of intracellular
Ca?* in various other cells.

In addition to Ca*, varicus other di- and trivalent cations,
such as Mg®*, 8r**, Ba**, La* and Gd** also cause the
mobilization of intracellular Ca®* in parathyroid cells. Mg**
and La** also increase the formation of IP,. All of these
inorganic cations depress the secretion of PTH. The postu-
lated calcium receptor on the parathyroid cell is therefore
promiscuous because it detects a variety of extracellular di-
and trivalent catious.

The ability of various compounds to mimic extracellular
Ca** in vitro is discussed by Nemeth et al., {spermine and
spermidine) in “Calcium-Binding Proteins in Health and
Disease, ” 1987, Academic Press, pp. 33-35; Brown et al.,
(e.g., neomycin) Endocrinology 128: 3047, 1991; Chen et
al., (diltiazem and its analog, TA-3090)J. Bone and Mineral
Res. 5: 581, 1990; and Zaidi et al., (verapamil) Biochem.
Bioohys. Res. Commun. 167: 807, 1990.

Brows et al., J. Bone Mineral Res. 6: 11, 1991 discuss
theories regarding the effects of Ca®* jons on parathyroid
cells, and propose that the results may be explained by both
a receptor-like mechanism and a receptor-independent
mechanism as follows:

Polyvalent cations [e.g. , divalent and trivalent cations]
exert a variety of effects on parathyroid function, such
as inhibition of parathyroid hormone (PTH) secretion
and cAMP accumulation, stimulation of the accumu-
lation of inositol phosphates, and elevation of the
cytosolic calcium concentration. These actions are
thought to be mediated through a “receptor-like”
mechanism. The inhibition of agonist-stimulated
¢AMP accumulation by divalent and trivalent cations,
for example, is blocked following preincubation with
pertussis toxin. Thus, the putative polyvalent cation
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receptor may be coupled to inhibition of adenylate
cyclase by the inhibitory guanine micleotide regulatory
(G) protein, G,

We recently showed that the polycationic antibiotic,

neomycin, mimics the actions of di- and trivalent 5

cations in several aspects of parathyroid function. To
determine whether these actions were specific to this
agent or represented a more generalized action of
polycations, we tested the effects of the highly basic
peptides, polyarginine and polylysine, as well as prota-
mine on the same parameters in dispersed bovine
parathyroid cells. The resulis demonstrate that the
parathyroid cell responds to a variety of polycations as
well as to polyvalent cations, potentially via similar
biochemical pathways. These results are discussed in
terms of the recently postulated, “receptor-
independent” modulation of G proteins by polycations
in other systems.

The Ca®* receptor has been presumed to be analogous to
other G protein-coupled receptors [e.g., a
glycoprotein], but recent studies with other cell types
bave raised the possibility that polycations can modu-
late cell function by alternative or additional mecha-
nisms. In mast cells, for example, a variety of amphi-
pathic cations, including mastoparan, a peptide from
wasp venom, 48/80, a synthetic polycation, and
polylysine, enhance secretion by a pertussis toxin-
sensitive mechanism, suggesting the involvement of a
G protein. No classic cell surface receptor has been
identified that could mediate the actions of these
diverse agents. Furthermore, these same compounds
have been shown to activate directly purified G proteins
in solution or in artificial phospholipid vesicles. On the
basis of these observations, it has been proposed that
amphipathic cations activate G proteins and, in turn,
mast cell secretion by a “receptor-independent” mecha-
nism.

Polycations have also been shown to interact strongly
with acidic phospholipids. Polylysines of varying chain
lengths (20~1000 amino acids) bind to artificial phos-
pholipid vesicles with dissociation constants in the
range of 0.5 oM to 1.5 uM. The binding affinity is
directly related to the length of the polylysine chain,
with polymers of 1000 amino acids having a K, 0f 0.5
oM, shorter polymers having higher Kd values, and
lysine not interacting to a significant extent. This rela-
tionship between potency and chain fength is similar to
that observed for the effects of polylysine 10,200,
polylysine 3800, and lysine on parathyroid function.

1t is possible that the binding of polycations to biomem-
branes produces some of their biologic actions. The
permeabilization of the plasma membrane induced in
some cell types by a variety of pore-forming agents,
including polycations, has been postulated to be medi-
ated by their interaction with a phosphatidylserine-like
structure. In addition, the “receptor-independent” acti-
vation of purified G proteins by amphipathic cations is
potentiated when these proteins are incorporated into
phospholipid vesicles.

Calcium ions, in the millimolar concentration range, also
produce marked changes in membrane structure. In
some cases, calcium can either antagonize or potentiate
the interaction of polycations with membrane lipids.
These considerations raise the possibility that the
actions of both polyvalent cations and polycations on
parathyroid cells could involve a receptor-independent

55
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mechanism not requiring the presence of a classic, cell
surface, G protein-coupled receptor. Further studies,
however, are required to ¢lucidate the molecular basis
for Ca®* sensing by this and other cell types. [Citations
omitted.]

Shoback and Chen, J. Bone Mineral Res. 6 (Supplement
1) 1991, S135 and Racke et al, J. Bone Mineral Res. 6
(Supplement 1) 1991, $118) describe experiments which are
said to indicate that a calcium receptor or Ca®* sensor is
present in parathyroid cells. Messenger RNA isolated from
such cells can be expressed in oocytes and caused to provide
those oocytes with a phenotype which might be explained by
the presence of a calciuvm receptor protein.

SUMMARY OF THE INVENTION

The present invention relates to the different roles inor-
ganic ion receptors have in cellular and body processes. The
present invention features: (1) molecules which can modu-
late one or more inorgauic ion receptor activities, preferably
the molecule can mimic or block an effect of an extracetiular
jon on a cell having an inorganic ion receptor, more pref-
erably the extracellular jon is Ca** and the effect is on a cell
having a calcium receptor; {2} norganic ion receptor pro-
teins and fragments thereof, preferably calcium receptor
proteins and fragments thereof; (3) nucleic acids encoding
inorganic ion receptor proteins and fragments thereof, pref-
erably calcium receptor proteins and fragments thereof; (4)
antibodies and fragments thereof, targeted to inorganic ion
receptor proteins, preferably calcium receptor protein; and
(5) uvses of such molecules, proteins, nucleic acids and
antibodies.

The preferred use of the present invention is to treat
diseases or disorders in a patient by modulating one or more
inorganic ion receptor activities. Diseases or disorders
which can be treated by modulating inorganic ion receptor
activity include one or more of the following types: (1) those
characterized by abnormal inorganic ion homeostasis; (2)
those characterized by an abnormal amount of an extracel-
lular or intracellular messenger whose production can be
affected by inorganic ion receptor activity; (3) those char-
acterized by an abnormal effect (e.g., a different effect in
kind or magnitude) of an intracellular or extracellular mes-
senger which can itself be ameliorated by inorganic ion
receptor activity; and (4) other diseases or disorders in
which modulation of inorganic ion receptor activity will
exert a beneficial effect, for example, in diseases or disorders
where the production of an intracellular or extracellular
messenger stimulated by receptor activity compensates for
an abnormal amount of a different messenger. Examples of
extracellular messengers whose secretion and/or effect can
be affected by modulating Inorganic ion receptor activity
include inorganic ions, hormones, neurotransmitters, growth
factors, and chemokines. Examples of intracellular messen-
gers include cAMP, cGMP, IP;, and diacylglycerol.

Preferably, the compound modulates calcium receptor
activity and is used in the treatment of diseases or disorders
which can be affected by modulating one or more activities
of a calcium receptor. Extracellular Ca®* is under tight
homeostatic control and controls various processes such as
blood clotting, nerve and muscle excitability, and proper
bone formation. Calcium receptor proteins enable certain
specialized cells to respond to changes in extracellular Ca®*
concentration. For example, extracellular Ca®* inhibits the
secretion of parathyroid hormone from parathyroid cells,
inhibits bone resorption by osteoclasts, and stimulates secre-
tion of calcitonin from C-cells.

Preferably, the discase or disorder is characterized by
abnormal bone and mineral homeostasis, more preferably
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calcium homeostasis. Abnormal calcium homeostasis is
characterized by one or more of the following activities: (1)
an abonormal increase or decrease in serum calcium; (2) an
abnormal increase or decrease in urinary excretion of cal-
cium; (3) an aboormal increase or decrease in bone calcium
levels, for example, as assessed by bone mineral density
measurements; {4) an abnormal absorption of dietary cal-
cium; (5) an abnormal increase or decrease in the production
and/or release of messengers which affect serum calcium
levels such as parathyroid hormone and calcitonin; and (6)
an abnormal change in the response elicited by messengers
which affect serum calcium levels. The abnormal increase or
decrease in these different aspects of calcium homeostasis is
relative to that occurring in the general population and is
generally associated with a disease or disorder.

Diseases and disorders characterized by abnormal cal-

cium homeostasis can be due to different cellular defects
such as a defective calcium receptor activity or a defective
intracellular protein acted on by a calcium receptor. For
example, in parathyroid cells, the calcium receptor is
coupled to the Gi protein which in turn inhibits cyclic AMP
production. Defects in G protein can affect its ability to
inhibit cyclic AMP production.

The inorganic ion receptor-modulating agents (¢.g., mol-
ecules and compositions) can be used to treat patients. A
“patient” refers to 2 mammal in which modulation of an
inorganic ion receptor will have a beneficial effect. Patients
in need of treatment involving modulation of inorganic ion
receptors can be identified using standard techniques known
to those in the medical profession. Preferably, a patient is a
human having 2 disease or disorder characterized by one or
more of the following: (1) abnormal inorganic ion
homeostasis, more preferably abnormal calcium homeosta-
sis; (2) an abnormal level of a messenger whose production
or secretion is affected by inorganic ion receptor activity,
more preferably affected by calcium receptor activity; and
(3) an abnormal level or activity of a messenger whose
function is affected by inorganic ion receptor activity, more
preferably affected by calcium receptor activity.

Thus, a first aspect of the present invention features an
inorganic ion receptor-modulating agent comprising a mol-
" “ecule which either evokes one or more inorganic jon recep-
tor activities, or blocks one or more inorganic ion receptor

activities. The agent has an ECg, of less than or equal tg 5-

#M at its respective receptor and is not protamine.
Preferably, the inorganic ion receptor is a calcium receptor
ang the molecule has an EC, of less than or equal to 5 uM
at a calcium receptor and is not protamine.

Inorganic ion receptor activities are those processes
brought about as a result of inorganic ion receptor activation.
Such processes include the production of molecules which
can act as.intracellular or extracellular messengers.

Inorganic ion receptor-modulating agents include
ionomimetics, ionolytics, calcimimetics, and calcilytics.
Tonomimetics are molecules which bind to an inorganic jon
receptor and mimics (ie., evokes or potentiates) the effects
of an inorganic ion at an inorganic ion receptor. Preferably,
the molecule affects one or more calcium receptor activities.
Calcimimetics are ionomimetics which affect one or more
calcium receptor activities and bind to a calcium receptor.

lonolytics are molecules which bind to an inorganic ion
receptor and block (ie., inhibits or diminishes) one or more
activities caused by an inorganic ion on an inorganic jon
receptor. Preferably, the molecule affects one or more cal-
cium receptor activities. Calcilytics are ionolytics which
inhibit one or more calcium receptor activities evoked by
extracellular calcium and bind to a calcium receptor.

15

6

Tonomimetics and ionolytics may bind at the same recep-
tor site as the ative inorganic ion ligand binds or can bind
at a different site (e.g., allosteric site). For example, NPS
R-467 binding to a calcium receplor results in caleium
receplor activity and, thus, NPS R-467 is classified as a
calcimimetic. However, NPS R-467 binds to the calcium
receptor at a different site (ie., an allosteric site) than
extracellular calcium.

The EC,, is the concentration of agent which causes a half
maximal mimicking effect. For example, the EC,, for cal-
cinm receptor activities can be determined by assaying one
or more of the activities of extracellular calcium at a calcium
receptor. Examples of suitable assays for measuring EC,,
are described herein and include oocyte expression assays
and measuring increases in intracellular calcium due to
calcium receptor activity. Preferably, such assays measure
the release or inhibition of a particular hormone associated

- with activity of a calcium receptor.
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An inorganic on receptor-modulating agent preferably
selectively targets iporganic ion receptor activity in a par-
ticular cell. For example, selective targeting of a calcium
receptor activity is achieved by an agent exerting a greater
effect on a calcium receptor activity in one cell type than at
another cell type for a given concentration of agent.
Preferably, the differential effect is 10-fold or greater as
measured in vivo or in vitro. More preferably, the differential
effect is measured in vivo and the agent concentration is
measured as the plasma concentration or extracellular fluid
concentration and the measured effect is the production of
extracellular messengers such as plasma calcitonin, parathy-
roid hormone, or plasma calcium. For example, in a pre-
ferred embodiment, the agent selectively targets PTH secre-
tion over calcitonin secretion.

In one embodiment concerning the structure of the inor~
ganic ion receptor-modulating agent, the molecule is posi-
tively charged at physiological pH, and is selected from the
group consisting of branched or cyclic polyamines, posi-
tively charged polyamino acids, and arylalkylamines.
Preferably, the branched polyamine has the formula H,N—
(CH,),—(NR;~{(CH,),),—NH, where k is an integer from
1 to 10, each j is the same or different and is an integer from
2 to 20, and each R, is the same or different and is selected
from the group consisting of hydrogen and ~—{(CH,)—NH,,
whete j is as defined above, and at least one R, is not
hydrogen. Preferably, the inorganic ion receptor-modulating
agent can modulate one or more calcium receptor activities.

In a preferred embodiment concerning the structure of
inorganic ion receptor-modulating agents the arylalkylamine
molecule has the formula:

STRUCTURE!
X,,—-'(ArorR)\ T Ar or R)— Xy,
Y-——2Z—N RorX)
Xn=~ (ArorR) (R or X)

where each X independently is selected from the group
coasisting of H, CH,, CH,0, CH,CH,0, methylene
dioxy, Br, Cl, F, I, CF,, CHF,, CH,F, CF,0,
CF,CH,0, CH,;S, OH, CH,0H, CONH,, CN, NO,,
CH,CH,, propyl, isopropyl, butyl, isobutyl, t-butyl,
and acetoxy;

Ar is a hydrophobic entity;

each R independently is selected from the group consist-
ing of hydrogen, methyl, ethyl, propyl, isopropyl, allyl,
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butyl, isobutyl, t-butyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, indenyl, indanyl,
dihydroindolyl, thiodihydroindolyl, and 2-, 3-, or
4-piperid(in)yk;

Y is selected from the group consisting of CH, nitrogen
and an unsaturated carbon; and

Z is selected from the group consisting of oxygen,
nitrogen, sulfur,

STRUCTURE [{
XorR XorR XorR XorR\ XorR XorR XorR
Cre C (13— ‘——' , C and CHy
X]orR XorR XlorR XorR f, XorR XorR

where each n is independently between 1 and 4 inclusive;

and

each m is independently between 0 and 5 inclusive.

A hydrophobic entity refers to a non-polar group or
moiety such as an aromatic or a cycloaliphatic ring or ring
system. Preferably, the hydrophobic entity is selected from
the group consisting of phenyl, cyclohexyl, 2-, 3-, or
4-pyridyl, 1- or 2-naphthyl, a- or B-tetrahydronaphthyl, 1-
or 2-quinolinyl, 2- or 3-indolyl, benzyl, and phenoxy.

More preferably, the inorganic ion receptor-modulating
agent is a substituted R-phenylpropyl-a-phenethylamine,
substituted R-benzyl-a-1-napthylethylamine analogues, and
derivatives having the formula:

STRUCTURE IlI

H Ry

} s
Ry-alk-N~—CH
~

R

where alk is straight- or branched-chain alkylene of from
0 to 6 carbon atoms;

R, is lower alkyl of from 1 to 3 carbon atoms or lower
haloalkyl of from 1 to 3 carbon atoms substituted with from
1 to 7 halogen atoms; -

R, and R; are independently selected carbocyelic aryl or
cycloalkyl groups, either monocyclic or bicyclic, having
5-10 7-membered rings optionally substituted with 1 to 5
substituents independently selected from lower alkyl of 1 to
3 carbon atoms, lower haloalkyl of 1 to 3 carbon atoms
substituted with 1 to 7 halogen atoms, lower alkoxy of 1 to
3 carbon atoms, halogen, nitro, amino, alkylamino, amido,
Jower alkylamido of 1 1o 3 carbon atoms, cyano, hydroxy,
acyl of 2 to 4 carbon atoms, lower hydroxyalkyl of 1 to 3
carbon atoms or lower thioalkyl of 1 to 3 carbon atoms.
Suitable carbocyclic ary! groups are groups having one or
two rings, at least one of which has aromatic character and
include carbocyclic aryl groups such as phenyl and bicyclic
carbocyclic aryl groups such as paphthyl.

Preferred compounds include those where alk is
n-propylene, methylene, or R-methyl methiny!. Also pre-
ferred are compounds where R, is R-methyl. Also preferred
are those compounds where R, and R, are optionally
substituted phenyl or naphthyl. .

More preferred compounds are those where R, is mono-
substituted phenyl, more preferably meta-substituted; or
1-naphthyl. More preferred R, groups are unsubstituted or
monosubstituted phenyl, especially meta- or ortho-
substituted, or 2-naphthyl. Preferred substituents for R, are
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halogen, haloalkyl, preferably trihalomethyl, alkoxy, pref-
erably methoxy, and thioalkyl, preferably thiomethyl. Pre-
ferred substituents for R, are meta- or ortho-halogen, pref-
erably chlorine, fluorine, or CF, and para- or ortho-alkoxy,
preferably methoxy, and meta-lower alkyl, preferably
methyl.

As is apparent from the above forroula, preparation of the
molecules may result in racemic mixtures containing indi-
vidual stereoisomers. More preferred compounds are
R-phenylpropyl-o-phenethylamine and R-benzyl-a-1-
napthylethylamine derivatives which are believed to exhibit
enhanced activity in Jowering serum ionized calcium.

More preferably, the molecule is a substituted
R-phenylpropyl-a-phenethylamine derivative, or a substi-
tuted R-benzyl-c-phenethylamine derivative, having the
structure:

STRUCTURE IV
7S
Xm‘—l-
o
or
STRUCTURE Vv
O
Xa e
7

@il

where each X is preferably independently selected from
the group consisting of Cl, F, I, CF,, CH,, isopropyl,
CH,0, CH,S, CF;0, CF;CH,0, an aliphatic ring and
an attached or fused, preferably fused aromatic ring.
Preferably, the aromatic and aliphatic rings have 5to 7
members. More preferably, the aromatic and aliphatic
rings contain only carbon atoms (i.e., the ring is not a
heterocyclic ring); and

R is preferably H, CH,, ethyl, or isopropyl.

In more preferred embodiments the molecule inhibits
parathyroid hormone secretion from a parathyroid cell;
inhibits bone resorption in vivo by an osteoclast; inhibits
bone resorption in vitro by an osteoclast; stimulates calci-
tonin secretion in vitro or in vivo from a c-cell; or the
molecule evokes the mobilization of intracellular Ca®* 1o
cause an increase in [Ca®*},

Preferably, the molecule is either a calcimimetic or calci-
Iytic having an ECg, or IC5, at a calcium receptor of less
than or equal to 5 #M, and even more preferably less than
or equal to 1 4M, 100 nmolar, 10 nmeolar, or 1 nmolar. Such
lower ECyy’s or ICs’s are advantageous since they allow
lower concentrations of molecules to be used in vivo or in
vitro for therapy or diagnosis. The discovery of molecules
with such low EC,’s and IC,’s enables the design and
synthesis of additional molecules having similar or
improved potency, cffectiveness, and/or selectivity.

In another preferred embodiment, the molecule has an
EC,; or ICs, less than or equal to 5 uM at one or more, but
not all cells chosen from the group consisting of: parathyroid
cell, bone osteoclast, juxtaglomerular kidney cell, proximal
tubule kidney cell, distal tubule kidney cell, central nervous
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system cell, peripheral nervous system cell, cell of the thick
ascending limb of Henle’s loop and/or collecting duct,
keratinocyte in the epidermis, parafollicular cell in the
thyroid (C-cell), intestinal cell, trophoblast in the placenta,
platelet, vascular smooth muscle cell, cardiac atrial cell,
gastrin-secreting cell, glucagon-secreting cell, kidney
mesangial cell, mammary cell, beta cell, fat/adipose cell,
immune cell, GI tract cell, skin cell, adrenal cell, pituitary
cell, hypothalamic cell and cell of the subfornical organ.

More preferably, the cells are chosen from the group
consisting of parathyroid cell, central nervous system cell,
peripheral nervous system cell, cell of the thick ascending
limb of Henle’s loop and/or collecting duct in the kidney,
parafollicular cell in the thyroid (C-cell), intestinal cell, GI
tract cell, pituitary cell, hypothalamic cell and cell of the
subfornical organ. This presence of a calcium receptor in this
group of cells has been confirmed by physical data such as
in situ hybridization and antibody staining.

Another aspect of the present invention features a calcium
receptor-modulating agent comprising a2 molecule selected
from the group consisting of: NPS R-467, NPS R-568,
compound 1D, compound 3U, compound 3V, compound
4A, compound 4B, compound 4C, compound 4D, com~
pound 4G, compound 4H, compound 4J, compound 4M,
compound 4N, compound 4P, compound 4R/6V, compound
45, compound 4T/4U, compound 4V, compound 4W, com-
pound 4Y, compound 4Z/5A, compound 5B/5C, compound
5W/5Y, compound 6E, compound 6F, compound 6R, com-
pound 6T, compound 6X, compound 7TW, compound 7X,
compound 8D, compound 81, compound 8K, compound 8R,
compound 8S, compound 8T, compound 8U, compound 8X,
compound 8Z, compound 9C, compound 9D, compound 9R,
compound 9S, compound 10F, compound 11D, compound
11X, compound 11Y, compound 12L, compound 12U, com-
pound 12V, compound 12W, compound 12Y, compound
13Q, compound 13R, compound 138, compound 13U, com-
pound 13X, compound 14L, compound 14Q, compound
14U, compound 14V, compound 14Y, compound 15G, com-
pound 16Q, compound 16R, compound 16T, compound
16V, compound 16W, compound 16X, compound 17M,
compound 170, compound 17P, compound 17R, compound
17W, compound 17X, compound 20F, compound 201, com-
pound 20J, compound 20R, compound 208, compound 211,
compound 21F, compound 21G, compound 210, compound
21P, compound 21Q, and compound 21R (see FIG. 36).

Another aspect of the present invention features a pbar-
maceutical composition made up of an inorganic ion
receptor-modulating agent and a physiologically acceptable
carrier. Such agents can be used to treat patients by modu-
fating inorganic ion receptor activity.

Prior to this invention, applicant was unaware of any

agent acting on the calcium receptor useful in the treatment
of diseases caused by irregularity in operation or regulation
of a calcium receptor or in diseases in an animal having
normal calcium receptors, but which can be treated by
modulating calcium activity.
., A pharmacological agent or composition refers to an
agent or composition in a form suitable for administration
into a mammal, preferably a buman. Considerations con-
cerning forms suitable for administration are known in the
art and include toxic effects, solubility, route of
administration, and maintaining activity. For example, phar-
macological agents or compositions injected into the blood
stream should be soluble.

Pharmaceutical compositions can also be formulated as
pharmaceutically acceptable salts {e.g., acid addition salts)
and complexes thereof. The preparation of such salts can
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facilitate the pharmacological use of an agent by altering its
physical characteristics without preventing it from exerting
a physiological effect.

Another aspect of the present invention features a method
for modulating inorganic ion receptor activity, preferably
calcium receptor activity. The method involves the step of
providing to a cell comprising an inorganic ion receptor an
amount of an inorganic ion receptor-modulating molecule
sufficient to either mimic one or more effects of an inorganic
ion at the inorganic ion receptor, or block one or more effects
of the inorganic ion at the inorganic ion receptor. The
method can carried out in vitro or in vivo.

Preferably, the molecule is either a calcimimetic or a
calcilytic which modulates one or more calcium receptor
activity. Examples of calcium receptor-modulating mol-
ecules or agents are described herein. Additional calcium
receptor-modulating agents can be obtained based on the
present disclosure. More preferably, the method is carried
out in vivo to treat a patient.

Another aspect the present invention features a method
for treating a patient by modulating inorganic ion receptor
activity. The method involves administering to the patient a
therapeutically effective amount of an inorganic ion
receptor-modulating agent.

In a preferred embodiment, the disease or disorder is
treated by modulating calcium receptor activity by admin-
istering to the patient a therapeutically effective amount of
a calcium receptor-modulating agent.

Preferably the disease or disorder is characterized by one
or more of the following: (1) abnormal inorganic ion
homeostasis, more preferably abnormal calcium homeosta-
sis; (2) an aboormal level of a messenger whose production
or secretion is affected by imorganic ion receptor activity,
more preferably affected by calcium receptor activity; and
(3) an abnormal level or activity of a messenger whose
function is affected by inorganic ion receptor activity, more
preferably affected by calcium receptor activity.

Diseases characterized by abnormal calcium homeostasis
include hyperparathyroidism, osteoporosis and other bone
and mineral-related disorders, and the like (as described,
e.g., in standard medical text books, such as “Harrison’s
Principles of Internal Medicine™). Such diseases are treated
using calcium receptor-modulating agents which mimic or
block one or more of the effects of extracellular Ca** on a
calcium receptor and, thereby, directly or indirectly affect
the levels of proteins or other molecules in the body of the
patient.

By “therapeutically effective amount” is meant an amount
of an agent which relieves to some exteni one or more
symptoms of the disease or disorder in the patient; or returns
to normal either partially or completely one or more physi-
ological or biochemical parameters associated with or caus-
ative of the disease.

In a preferred embodiment, the patient has a disease or
disorder characterized by an abnormal level of one or more
calcium receptor-regulated components and the molecule is
active on a calcium receptor of a cell selected from the group
consisting of: parathyroid cell, bone osteoclast, juxtaglom-
erular kidney cell, proximal tubule kidoey cell, distal tubule
kidney cell, central nervous system cell, peripheral nervous
system cell, cell of the thick ascending limb of Henle’s loop
and/or collecting duct, keratinocyte in the epidermis,
parafollicular cell in the thyroid (C-cell), intestinal cell,
trophoblast in the placenta, platelet, vascular smooth muscle
cell, cardiac atrial cell, gastrin-secreting cell, glucagon-
secreting cell, kidney mesangial cell, mammary cell, beta
cell, fat/adipose cell, immupe cell, GI tract cell, skin cell,
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adrenal cell, pituitary ceil, hypothalamic cell and cell of the
subfornical organ.

More preferably, the cells are chosen from the group
consisting of: parathyroid cell, central nervous system cell,
peripheral nervous system cell, cell of the thick ascending
limb of Henle’s loop and/or collecting duct in the kidney,
parafollicular cell in the thyroid (C-cell), intestinal cell, GI
tract cell, pituitary cell, hypothalamic cell and cell of the
subfornical organ.

In a preferred embodiment, the agent is a calcimimetic
acting on a parathyroid cell calcium receptor and reduces the
level of paratbyroid hormone in the serum of the patient.
More preferably, the level is reduced to a degree sufficient to
cause a decrease in plasma Ca®*. Most preferably, the
parathyroid hormone level is reduced to ‘that present in a
normal individual,

In another preferred embodiment, the agent is a calcilytic
acting on a parathyroid cell calcium receptor and increases
the level of parathyroid hormone in the serum of the patient.
More preferably, the level is increased to a degree sufficient
to cause an increase in bone mineral deasity of a patient.

In another aspect, the invention features a method for
diagnosing a disease or disorder in a patient characterized by
an abnormal number of inorganic ion receptors, or an altered
inorganic ion receptor. The method involves identifying the
number and/or location and/or functional integrity of one or
more inorganic ion receptor. The number and/or location
and/or functional integrity is compared with that observed in
patients characterized as normal or diseased as an indication
of the presence of the disease or disorder.

Diagnoses can be carried out using inorganic ion receptor-
binding agents. For example, calcium recepior-modulating
agents binding to calcium receptors, and antibodies which
bind to calcium receplors, can be used for diagnoses.
Preferably, binding agents are labeled with a defectable
moiety, such as a radioisotope or alkaline phosphatase.

An altered receptor has a different structure than the
receptor has in normal individuals and is associated with a
disease or disorder involving an inorganic ion receptor. Such
alterations may affect receptor function, and can be detected
by assaying for a structural difference between the altered
and normal receptor. Binding agents which bind to an altered
receptor, but oot to a normal receptor, can be used to
determine the presence of an altered receptor. Additionally,
a binding agent which can bind to a normal receptor, but not
to a particular altered receptor, can be used to determine the
presence of the particular altered receptor.

Simitarly, the number of receptors can be determined by
using agents binding to the tested-for receptor. Such assays
generally involve using a labeled binding agent and cao be
carried out using standard formats such as competitive,
non-competitive, homogenous, and heterogenous assays.

In other preferred embodiments, the method is an immu-
noassay in which an antibody to a calcium receptor is used
to identify the number and/or location and/or functional
integrity of the calcium receptors; the assay involves pro-
viding a labeled calcimimetic or calcilytic molecule; the
presence of a cancer, e.g., an cclopic tumor of the
parathyroid, is tested for by measuring calcium receptor
number or alteration; and conditions characterized by an
above-normal number of osteoclasts in bone or an increased
level of activity of osteoclasts in bone is tested for by
measuring the number of calcium receptors.

In another aspect, the invention features a method for
identifying a molecule useful as a therapeutic molecule to
modulate inorganic ion receptor activity or as a diagnostic
agent to diagnose patients suffering from a disease charac-
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terized by an abnormal inorganic fon activity. Preferably, the
method is used to identify calcimimetics or calcilytics by
screening potentially useful molecules for an ability to
mimic or block an activity of extracellular Ca** on a cell
having a calcium receptor and determining whether the
molecule has an ECy, or IC,, of less than or equal to § uM.
More preferably, the molecule is tested for its ability to
mimic or block an increase in [Ca®*}, elicited by extracel-
tular Ca®*.

Identification of inorganic ion receptor-modulating agents
is facilitated by using a high-throughput screening system.
High-throughput screening allows a large number of mol-
ecules to be tested. For example, a large number of mol-
ecules can be fested individually using rapid automated
techniques or in combination using a combinational library.
Individual compounds able to modulate inorganic jon recep-
tor activity present in a combinational library can be
obtained by purifying and retesting fractions of the combi-
national library. Thus, thousands to millions of molecules
can be screened in 2 single day.

Active molecules can be used as models to design addi-
tional molecules having equivalent or increased activity.
Preferably, the identification method uses a recombinant
inorganic ion receptor, more preferably a recombinant cal-
cium, receptor. Recombinant receptors can be introduced
into different cells using a vector encoding the receptor.

Preferably, the activity of molecules in different cells is
tested to identify a calcimimetic or calcilytic molecule
which mimics or blocks one or more activities of Ca** at a
first type of calcium receptor, but pot at a second fype of
calcium receptor.

Another aspect of the present invention features a purified
nucleic acid containing at least 12 contiguous nucleotides of
a nucleic acid sequence provided in SEQ. ID. NO. 1, SEQ.
1D. NO. 2, SEQ. ID. NO. 30t SEQ. ID. NO. 4. By “purified”
in reference to nucleic acid is meant the nucleic acid is
present in a form (i.e., its association with other molecules)
other than found in nature. For example, purified receptor
nucleic acid is separated from one or more nucleic acids
which are present on the same chromosome. Preferably, the
purified nucleic acid is separated from at least 90% of the
other nucleic acids present on the same chromosome.

Another example 8f purified nucleic acid is recombinant
nucleic acid. Preferably, recombinant nucleic acid contains
pucleic acid encoding an inorganic ion receptor or receptor
fragment cloned in an expression vector. An expression
vector contains the nécessary elements for expressing a
cloned nucleic acid sequence 1o produce a polypeptides. An
expression vector contains a promoter region (which directs
the initiation of RNA transcription) as well as the DNA
sequences which, when transcribed into RNA, will signal
synthesis initiation.

Recombinant nucleic acid may contain nucleic acid
encoding for an inorganic ion receptor, receptor fragment, or
inorganic ion receptor derivative, under the control of its
genomic regulatory elements, or under the control of exog-
enous regulatory elements including an exogenous pro-
moter. By “exogenous” is meant a promoter that is not
normally coupled in vivo {ranscriptionally to the coding
sequence for the inorganic ion receptor. Preferably, the
nucleic acid is provided as a substantially purified prepara-
tion representing at least 75%, more preferably 85%, most
preferably 950 of the total nucleic acids present in the
preparation.

Nucleic acid sequences provided in SEQ. ID. NO. 1, SEQ.
ID.NO. 2, SEQ.ID. NOQ. 3,2and SEQ. ID. NO. 4 each encode
for a calcium receptor. Nucleic acid sequences encoding
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both full length calcium receptors, calcium receptor
fragments, derivatives of full length calcium recepiors, and
derivatives of calcium receptor fragments are useful in the
present invention.

Uses of nucleic acids encoding cloned receptors or recep-
tor fragments include one or more the following: (1) pro-
ducing receptor proteins which can be used, for example, for
structure determination, to assay a molecule’s activity on a
receptor, and to obtain antibodies binding to the receptor; (2)
being sequenced to determine a receptor’s nucleotide
sequence which can be used, for example, as a basis for
comparison with other receptors to determine comserved
regions, determine unique nucleotide sequences for normal
and altered receptors, and to determine nucleotide sequences
to be used as target sites for antisense nucleic acids,
ribozymes, hybridization detection probes, or PCR amplifi-
cation primers; (3) as hybridization detection probes to
detect the presence of a native receptor and/or a related
receptor in a sample; and (4) as PCR primers to generate
particular nucleic acid sequence regions, for example to
generate regions to be probed by hybridization detection
probes.

Preferably, the nucleic acid contains at least 14, more
preferably at least 20, more preferably at least 27, and most
preferably at least 45, contiguous nucleic acids of a sequence
provided in SEQ. ID. NO. 1, SEQ. ID. NO. 2, SEQ. ID. NO.
3, or SEQ. ID. NO. 4. Advantages of longer-length nucleic
acid include producing longer-length protein fragments hav-
ing the sequence of a calcium receptor which can be used,
for example, to produce antibodies; increased nucleic acid
probe specificity under higher stringent hybridization assay
condilions; and more specificity for related inorganic ion
receptor nucleic acid under lower stringency hybridization
assay conditions.

Arnother aspect of the present invention featurés a purified
nucleic acid encoding an inorganic ion receptor or fragment
thereof. The oucleic acid encodes at least 6 contiguous
amino acids provided in SEQ. ID. NO. 5, SEQ. ID. NO. 6,
SEQ. ID. NO. 7 or SEQ. ID. NO. 8. Due to the degeneracy
of the genetic code, different combinations of nucleotides
can code for the same polypeptide. Thus, mumerous inor-
ganic ion receptors and receptor fragments having the same
amino acid sequences can be encoded for by different
nucleic acid sequences. In preferred embodiments, the
nucleic acid encodes at least 12, at least 18, or at least 54
contiguous amino acids of SEQ. ID. NO. 5, SEQ. ID. NO.
6, SEQ. ID. NO. 7 or SEQ. ID. NO. 8.

Another aspect of the present invention features a purified
nucleic acid having a nucleic acid sequence region of at least
12 contiguous nucleotides substantially complementary to a
sequence region in SEQ. ID. NO. 1, SEQ. ID. NO. 2, SEQ.
ID. NO. 3 or SEQ. ID. NO. 4. By “substantially comple-
mentary” is meant that the purified nucleic acid can hybrid-
ize to the complementary sequence region in nucleic acid
encoded by SEQ. ID. NO. 1, SEQ. ID. NO. 2, SEQ. ID. NO.
3 or SEQ. ID. NO. 4 under stringent hybridizing conditions.
Such mucleic acid sequences are particularly useful as
hybridization detection probes to detect the presence of
nucleic acid encoding a particular receptor. Under stringent
hybridization conditions, only highly complementary
nucleic acid sequences hybridize. Preferably, such condi-
tions prevent hybridization of nucleic acids having 4 mis-
matches out of 20 contiguous nucleotides, more preferably
2 mismatches out of 20 contiguous nucleotides, most pref-
erably one mismatch out of 20 contiguous nucleotides. In
preferred embodiments, the nucleic acid is substantially
complementary to at least 20, at least 27, or at least 45,
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contiguous nucleotides provided in SEQ. ID. NO. 1, SEQ.
ID. NO, 2, SEQ. ID. NO. 3, or SEQ. ID. NO. 4.

Another aspect of the present invention features a purified
polypeptide having at least 6 contiguous amino acids of an
amino acid sequence provided in SEQ. ID. NO. 5, SEQ. ID.
NO. 6, SEQ. ID. NO. 7 or SEQ. ID. NO. 8. By “purified” in
reference to a polypeptide is meant that the polypeptide is in
a form (i.c., its association with other molecules) distinct
from paturally occurring polypeptide. Preferably, the
polypeptide is provided as a substantially purified prepara-
tion representing at least 75%, more preferably 85%, most
preferably 95% of the total protein in the preparation. In
preferred embodiments, the purified polypeptide has at least
12, 18, or 54 contiguous amino acids of SEQ. ID. NO. 5,
SEQ. ID. NO. 6, SEQ. ID. NO. 7 or SEQ. ID. NO. 8.

Preferred receptor fragments include those having func-
tional receptor activity, a binding site, epitope for antibody
recognition {typically at six amino acids), and/or a site
which binds a calcimimetic or calcilytic. Other preferred
receptor fragments include those having only an extracellu-
lar portion, a transmembrane portion, an intracellular
portion, and/or a multiple transmembrane portion (e.g.,
seven transmembrape portion). Such receptor fragments
have various uses such as being used to obtain antibodies to
a particular region and being used to form chimeric recep-
tors with fragments of other receptors to create a new
receptor having unique properties.

The invention also features derivatives of full-length
inorgamic ion receptors and fragments thereof having the
same, or substantially the same, activity as the full-length
parent inorganic ion receptor or fragment. Such derivatives
include amino acid addition(s), substitution(s), and deletion
(s) to the receptor which do not prevent the derivative
receptor from earrying out one or more of the activities of
the parent receptor.

Another aspect of the present invention features a recom-
binant cell or tissue. The recombinant cell or tissue is made
up of a recombined nucleic acid sequence encoding at least
6 contignous amino acids provided in SEQ. ID. NO. 5, SEQ.
1D. NQ. 6,SEQ. ID.NQ. 7or SEQ.1D. NO. 8 and a cell able
to express the nucleic acid. Recombinant cells have various
uses including acting as biological factories to produce
polypeptides encoded for by the recombinant nucleic acid,
and Eor producing cells containing a functioning calcium
receptor. Cells containing: a functioning calcium receptor
can be used, for example, to screen for calcimimetics or
calcilytics. ¢

In preferred embodiments, the recombinant nucleic acid
encodes a functioning calcium receptor, more preferably a
human calcium receptor; the cell or tissue is selected from
the group consisting of: parathyroid cell, bone osteoclast,
juxtaglomerular kidney cell, proximal tubule kidney cell,
distal tubule kidney cell, central nervous system cell, periph-
eral nervous system cell, cell of the thick ascending limb of
Henle’s loop and/or collecting duct, Keratinocyte in the
epidermis, parafollicular cell in the thyroid (C-cell), intes-
tinal cell, trophoblast in the placenta, platelet, vascular
smooth muscle cell, cardiac atrial cell, gastrin-secreting cell,
glucagon-secreting cell, kidney mesangial cell, mammary
cell, beta cell, fat/adipose cell, immune cell, GI tract cell,
skin cell, adrenal cell, pituitary cell, hypothalamic cell and
cell of the subfornical organ; and the recombinant nucleic
acid encodes at least 12, 18 or 54 contiguous amino acids of
SEQ. ID. NO. 5, SEQ. ID. NO. 6, SEQ. ID. NO. 7 or SEQ.
ID. NOC. 8.

Another aspect of the present invention features a calcium
receptor-binding agent able to bind a polypeptide having an
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amino acid sequence of SEQ. ID. NO. 5, SEQ. ID. NO. 6,
SEQ. ID. NO. 7 or SEQ. ID. NO. 8. The binding agent is
preferably a purified antibody which recognizes an epitope
present on a polypeptide having an amino acid sequence of
SEQ. ID. NO. 5, SEQ. ID. NO. 6, SEQ. ID. NO. 7 or SEQ.
ID. NO. 8. Other binding agents include molecules which
bind to the receptor, for example, calcimimetics and calci-
Iytics binding to the calcium receptor.

By “purified” in reference to an antibody is meant that the
antibody is in a form (ie., its association with other
molecules) distinct from naturally occurring antibody, such
as in a purified form. Preferably, the antibody is provided as
a purified preparation representing at least 1%, more pref-
erably at least 50%, more preferably at least 85%, most
preferably atleast 95% of the total protein in the preparation.

Antibodies able to bind inorganic ion receptors have
various uses such as being used as therapeutic agents to
modulate calcium receptor activity; as diagnostic tools for
determining calcium receptor number and/or location and/or
functional integrity to diagnose a Ca**-related disease; and
as research tools for studying receptor synthesis, structure,
and function. For example, antibodies targeted to the cal-
cium receptor are useful to elucidate which portion of the
receptor a particular molecule such as the natural ligand, 2
calcimimetic, or calcilytic, binds.

In preferred embodiments, the binding agent binds to an
extracellular region of a calcium receptor and the binding
agent binds to a calcium receptor expressed in tissue or cells
selected from the group consisting of: parathyroid cell, bone
osteoclast, juxtaglomerular kidney cell, proximal tubule
kidney cell, distal tubule kidney cell, central nervous system
cell, peripheral nervous system cell, cell of the thick ascend-
ing limb of Henle’s loop and/or collecting duct, keratinocyte
in the epidermis, parafollicular cell in the thyroid (C-cell),
intestinal cell, trophoblast in the placenta, platelet, vascular
smooth muscle cell, cardiac atrial cell, gastrin-secreting cell,
glucagon-secreting cell, kidney mesangial cell, mammary
cell, beta cell, fat/adipose cell, immune cell, GI tract cell,
skin cell, adrenal cell, pituitary cell, hypothalamic cell and
cell of the subfomical organ. More preferably, the celis are
chosen from the group consisting of parathyroid cell, central
nervous system cell, peripheral nervous system cell, cell of
the thick ascending limb of Henle’s loop and/or collecting
duct in the kidpey, parafollicular cell in the thyroid (C-cell),
intestinal cell, GI tract cell, pituitary cell, hypothalamic cell
and cell of the subfomical organ,

In other preferred embodiments, the binding agent is
coupled to a toxin. Binding agents coupled to a toxin can be
used to deliver the toxin to a cell containing a particular
receptor. For example, an antibody coupled to a toxin
directed to a cancer cell characterized by an abpormal
receptor can selectively kill the cancer cell.

In other aspects, the invention provides transgenic, non-
human mammals containing a transgene encoding an inor-
ganic ion receptor or a gene affecting the expression of an
inorganic ion receptor and methods of creating a transgenic
nonhuman mammal containing a transgene encoding an
inorganic ion receptor. Preferably, these aspects use a cal-
cium receptor.

Transgenic nonhuman mammals are particularly useful as
an in vivo test system for studying the effects of introducing
an Inorganic ion receptor, preferably a calcium receptor;
regulating the expression of an inorganic jon receptor,
preferably a calcium receptor (i.e., through the introduction
of additional geaes, antisense nucleic acids, or ribozymes);
and studying the effect of molecules which mimic or block
the effect of inorganic ions on as inorganic ion receptor,

oy

5

25

30

35

40

45

55

65

16

preferably mimic or block the effect of calcium on a calcium
receptor. In preferred embodiments, the transgene encodes a
calcium receptor; alters the expression of a calcium receptor;
inactivates the expression of the inorganic ion receptor,
preferably a calcium receplor; and up-regulates or down-
regulates the expression of the inorganic ion receptor, pref-
erably a calcium receptor.

Another aspect of the present invention features a method
for treating a patient by administering a therapeutically
effective amount of nucleic acid encoding a functioning
inorganic ion receptor. Preferably, mucleic acid encoding 2
fupctioning calcium receptor is administered to a patient
having a disease or disorder characterized by one or more of
the following: (1) abnormal calcium homeostasis; (2) an
abnormal level of a messenger whose production or secre-
tion is affected by calcium receptor activity; and (3) an
abnormal level or activity of a messenger whose function is
affected by calcium receptor activity. The nucleic acid can be
administered using standard techniques such as through the
use of retroviral vectors and liposomes.

Anotber aspect of the present invention features a method
for treating a patient by administering a therapeutically
effective amount of a nucleic acid which inhibits expression
of an inorganic ion receptor. Preferably, the administered
nucleic acid inhibits expression of a calcium receptor and
the disease or disorder is characterized by one or more of the
following: (1) abaormal calcium homeostasis; (2) an abnor-
mal level of 2 messenger whose production or secretion is
affected by calcium receptor activity; and (3) an abnormal
level or activity of a messenger whose function is affected by
calcium receptor activity.

Nucleic acids able to inhibit expression of an inorganic
jon receptor include anti-sense oligonuclectides, ribozymes
and nucleic acid able to combine through homologous
recombination with an endogenous gene encoding the recep-
tor. Target sites of inhibitory nucleic acid include promoters,
other regulatory agents acting on promoters, mRNA, pre-
processed mRNA, and genomic DNA, Administration can
be carried out by providing a trausgene encoding the agent
or by any other suitable method depending upon the use to
which the particular method is directed.

Another aspect of the present invention features a method
for identifying an inorganic ion receptor-modulating agent.
The method involves contacting a cell containing 2 recom-
binant nucleic acid encoding an inorganic ion receptor with
the agent and detecting a change in inorganic jon receptor
activity. Preferably, the method is used to identify a calcium
receptor-modulating agent.

Thus, the present invention features agents and methods
useful in the diagnosis and treatment of a varety diseases
and disorders by targeting inorganic ion receptor activity.
For example, molecules mimicking external calcium may be
used to selectively depress secretion of parathyroid hormone
from parathyroid cells, or depress bone resorption by
osteoclasts, or stimulate secretion of calcitonin from C-cells.
Such molecules can be used to treat diseases characterized
by abnormal calcium bomeostasis such as hyperparathyroid-
ism and osteoporosis.

Other features and advantages of the invention will be
apparent from the following description of the preferred
embodiments thereof and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a~1f depict representative molecules useful in the
invention.

FIG. 2 is a graphical representation showing increases in
[Ca**]; induced by extracellular Ca®* in quin-2- or fura-2-



