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TsAAATAAGcGTTGAGCCCAGTcAAGATGAGTTCCGCTCTCCAGGAAGACGGAGTCTAGTGTAGATCACTTGACATCAAGAGACT 
GGCTGGTCTCCTTGAGGGATGGTGCTGTTCTGCATCATCATCCTTGATGAATGAGGGACCCGCTATTGGGCTCATGTACAGCCCCCA 
TCTCTGCCACAATGAGCGCTCCATTCATGTTCCTATTGTGCCAACACTAGGGTGTCTGTAATCACTGAAAACATTATTCCTATCATTAT 
TATATTTTTTTTTTTGAGACAGAGTCTCGCTCTGTCGCCAAGGCTGGAGTGCAGTGGCACGATCTCAGCTACTGOAACCTCGCCT 
CCCGGCTTCAAGTGATTCTCCCGCCCAGCCTCCAGAGTAGCTGGGATTATAGGCATGCGCCACCACGCCTGGCTAATTTTTGTATTT 
TAGTAGAGACAGTCTTGCCATATAGICTGTCTGGTCTCCAAccCGAccic AGGTGATcGCCCGCCTTGGCCTT.cccCAGTGCT 

AGGATTATAGGCGIGAGCCACCACTGCTATATATGTGAGAAAACGTTCAAATAAATAAGAAAAAATAAAAGATATA 
TGCCTAT-TccTTCirca ATGcGTICTTAAGTAGATGFGAATTTCTGAACTAcATACTTTICTTACTCTTGAGAGGTGTTTcc 

AGGTTCCAGCAGGGGACCACAGCTACTCGTATACCCTTGACCAAAGACTGGTCCTTGTCTATCAAGGATGGTCGTCTTCTTCCACCAAG 
CACACAGCCTGGAGGGACGCACATGGAGTGGTGAGGGAGGAAGGGGACACCCGCCAGCCAGCTAGACAGCCAAGCAGAATAAAcc 
CTGGTAGTCAATGGGGTGACAGTGTCGCAGCCAGATTGCCCTCACATCCAACTCTTAGTGATCTTCTCTTAACATTTCTIGCAAGGCAG 
GTCTACTGGTACAAATTCTCTAATTTTTGCTIGTTTGAGAAAGTCTTTGTTTCTTCTTCAccTTTTTTTTTTTTTTTTTGGAGACAGAG 
TCTcccTCTGTTGTccAGGCGGAGTGCAGTGGCCGATCGGCTCACTGOAAACCTGCCTccCAGGTTCAAGTGATccTCATccT 
cAGccArcrgAGTAGCTGTGGTracAGGcGTGTGccAccATGccTAGCTAAATTTTGTATTTTTAGTAGAGAcGAGGTTTTACcorcTT 
GGccaggaTcGTCTTCAGCCTTCTTAACTTTTAAAGGATAATTCACGGGGAGAATTCTAGGTTAGTGTATTTYTCTTTCAATACTTTA 
AATATTCACTCCACTTTCCTGcTTGTGTGGTTTGAAGATAATGATATAATTCTTATTCTTGTTCTCTGCAGGTAAGGTGGTTT 
CATAccTCTGGCTCTTTCGAGAATTCTCTTGrcTTGATTTCCTACAGTTTGAATATGATATAATTATGTATAGACTGGGGCTAT 
1TATCCTTTCTGGGTAGTCTGAGCT.cccTAAGTcGTGGTATGGIGTCTTGAATTGATTGGGAAAATTCTcAGTCATATTACTc 
AAAATTCTTCTGTCCTTTGGTTTTTTAACGGCoAACTTAATTCATAcATAGTATTTAcATATTTATGGGGTAcATGT 
GATACTTCATTAccTGCATAGAATGTGTAAATGATcTAGTGAAGGTGTrTGGACTATTAccTTGAGATGTArcGTTTCTATGTGTTGG 
GAGCTTTTCAAGTCCTCTCTTGTAACAATTTTGAAATATACAATGcc TTGTTGTTAACTAGrcAccoTGCTCTGCTCTCAANCAcraGG 
ATTATTCCTTCTGTCAACTGGGTGTTTGTACCCATTAAccAAccTGTCTTCAT.cccCTCTACccACATAccTTTcccacccTTGGGT 
ATCATCATTCTAccTTACOccATGAGATCAGCCTTTTTAACTccoacATAcAGTGAGA ACAGTAGTACTTGTTGCCGTgic 
TGGCTATTTcACTTAAGATAATGAccTTTATTccATCOAGGTCACTGCAAATAACAAGATTCATTCCTTTTTTTTTATGGCCAA 
ATAGGTCCATTNGTTTATATAGACCACATTTACTTATCCATTGTACATTGATGAACACTGAGGTGATCATATCTTGGCTATTG 
TNAATAGTGCTGCAATAAACATGGGGGTGCAGGTATcccTTAATATAccoa.TTTCCTTGGAAAATAccCAGTAATGGGATT 
cCNGArcangcGTAGATGTATTTTAAGTTTTTGAGAAAccTccATACTCTCCATCATGGCTGTATTAATTACATTcccATAAT 
AGTATATGAGTTCCCTTTTTTTTCTGCATCCoAccAGCATCTATATTTTTTCTTATATAATGGCCTTCTAAccAGGGTAAGAT 
GATATCTCATTGTGGTTTTGATTTCCTCTCCCTGATNAGAGTNATTCAAccoccacccoacGCoATTGTATGTCT 
TCTTTTGATGAAGTCTGTTTGTGTCCTTTGCCoACTGTrrATGCTCCTTTTTTTCTTCCTCTCTGGraTocccCTCACACATATATCA 
GAccTTTTAATGT.cccACAATTCTTgcATCTGTTCTTTTCATTCITTCTTCrcr'GarrogingGAAGTTTCTATT 
ATArcAAGCTcacTGATTCTCCTCTGGCTCTGITcAGTcTATTAATAAGccordancCCTCTCTCTCTCTCTTTCTCT 

circroTCITTCTCTCTTTCGTTCTTTCrrroTCTATTTCCTTCCTTTclTrcTTTCTCTTTorrcTrrcroTerrorrtorrror 
TTTorriccTTCCTT-cCriccTTCCTrcCTTccTTccTTccTTTCTTTCTTTCTccTTCCTTCCTTCCTToorccTTTCTTCTTTC 
ccTTCCTTCCTTCCTTCCTTCCTTccTTCCTTCCTTccTTCCTTccTrcCTTrcTTTCTTTCTTTCTTTCTTCTTTCTTTCTTTCTT 

TCTTTCTTTCTTTCCTTCTTTCCGACCAGTTCTCACTATGTTGCTcacGCTAGCCTAGAAccocircGGCirca AGrrarcCTCTCAG 
CTCAccorTCAAGTAGGTGGGACAAATGCGCCATTCTATcATAccora Acala.TTccTcATT coacAGGGTTTTTATTCTAGCA 
TTTCTTTTGATTCTTTCCTAGAGTTTCCATCTCTCNGCTFACATACACATTTGTTCTCTCATATTTTCCACTTTTCCATTAGGGCCT 

TCAGCATATTAATTAGTTATTTTCAATTCTAGCCTGATANTINCCAAATCTCGGTTATATTGAGICTGTATCTATGCTTNGGTTTGTCT 
CCTCAGACTGcGTTTTTTCCTTAGGATGTCCCTTATCATTTTTTGTTGAAAACAAGAcATGANGTANAGAAAAAGTAATTGAGGT 
AAAcAGGCCTTAATATGAGGTTTATGTITATCTGGCTTGGAGTAGGCTGGTTTACTCTTGCINGTAACGGTGCCAGAGGCTA 
AAATTTCCTCTGGTGCCCTTGTTTTTGTCTCTCCFGTTATGTITGTGTTTCCACAGAGTCTCCGIGAATATGGTGNGAGGCTTGAACTT 
CTTAGCTGTAAccocTCTTATATACAGGAGCCTTACGGATGTGGTGGTAATGTGGGAccGTGGGCTTAAGTATTCAccAGTCCTGTG 
ATCAGGCCTCAGTCTTTTAATAAGCCTGAGTACTTcccTTTcccTTCTGCATGTTAGAGGGCCTGGAGITGGGGGTATccATTACCC 
cAGGTTGGTAGGCTTGGTAAAACCACAGTCTATCAAGCTGGGTAAAATAGTTTCCTGAGCGGCTTTGTTAAGGATAACAGAGG 
ccTCTGGGGGGTTCAAAATTGCTACTTTTCCTCTCTCCCTGTCAGAAGCACAAGGAGAICTCTTGATOTTCACCCTGAGAGTCTG 
GNCGGGTTCCTGGAGGTAAAACTOAGGAAAGTGTGAGGGCCTccACACAAAcGoTCGCTGAAGTTTCCATAccordacticatcTA 
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ATGGATCTAAGAAGAGTTATTGATTTTCAATTTGTCCAACTTAATTCTTGTTTTGAAGACAGAAGTGATGACTTCCAAGorcTTTATAT 
GTTGAAccoa AccCCATATTATTTTCAATTAGCAATTGCATATAGCAATGGTACATTGCATTTATAGAAATATAATTGATGTTTGccrg 

TGTATCTTTTTTCCTATTATGTTGCTGAATTCATTTCTTAGTTCTAGGAATTTTTCAAATACATCCCTTAGGATATTCGTATACAAA 
TcATGTcArcrgcACATAGGGACAGTTTTATTTCTTTTTCTAGTCTGTATTTCTTATTTCCTTTTCTTGCCTTATTGCAGTGGCTAGAA 

CTTGCAGCACTATATTAAAATAAGAGTGGTAAAAGTGAACATTCTTTCTTTGTTGCTGATCTTGGGGGGAAAGTATTCAGTCTTTCCc 
ATTGAGCATAATGTTAGCTGTAGGTGTTTTAAATCTTTATCCAGTTGACGAAGITACCCTTTATTCCAATTTTTCTGAGAGTATTC 
ATAAATGTGITAAATITGTCAAATTTTTTGCATGFATEGAATGATTATGTGGTTTTTCTTAGTTACTGcAGTGGGGCA 
GATTGATTCTATTATTGAACCAGCCTGCATICCGGAATAAACCCCATGGTCATGATGTATAATTCTTTTTATAccessa 
TCTATTTCCTAATATTTTGTTAACGATTTTTGCATCTGTGTTCATGAGCGATCTGGGCTGGTAGGTTTTTTTCCocco ToscAATGrcirc 

TGTCGGTTTGGTATTAAGGAATTTTTTTTKTTKTTTIGAGATGGAGTCTcGCTCGCTcACCCAGGCTGGAGTGcAGGGCAC 
GATCTTGGCTCACTGCAACCTCCACCTCCCAGGTTTAAGCGATTCCCTGCCTCAGGCTCCTGAGTAGCTGGGACTACAGGlcAcaccA 
cCACGCCCGACTAATTTGGTATTAAGGTAATATTATCATCATAAAATGAACTGGGAAGTGTGccCTCTTCTTGTATTTCTTTTTTTTTT 
TTTGAGACAGTCTIGCGTTGCCCAGGCTGGAGTACAGTGGTACGATCATGGCTCACGCAGCCNCAAACCCCAGGCCAAGTGATCT 
TccTGcorcaGCCTTCCCAGTACAGGGGCAGGCTACCACATCGGCCAATTTTAAATTCTTGAGAGAGGGGTCTCACTATGT 
roccCAGAGGArcTcAAGCAATTCACCTACCTTGGCCCCTCTTCTTGTATTTATGGAAGAATTATTGGTGTCAATTCTTCTTGAAAGT 
TTCCTTACAATTCTCAGTGAAGCTGTATGGGCTTGAAGATTACTTTTTTTTTTgAGATGGAATTCACTCTTGToccoc 

acceToTAGTGcAGTGGrGrGAccTercercacTACAAccTCTGccTccCACGTTCACGTGAT rececrGeertaCrcaccCTCTGGAG 
GAGCTGGGATTACAGGCACCCGCCACCATGCCCGGCTAATTTTTTGTATTTTTAGTAGAGACGGGGTTTCACCATGTTGACCAGACTGG 
TOTCGAACTCCTGACCTCAAGTGATCCACCCGCCTCGGCCTCTCAAAGTGCTGGGATTACAGGCATGAGCCACCGCGCCCAGCTGAAGA 
rTrcrTTTTGGGGAGTTTTAAATTATACAATCAATTTCCTTAATAGGTATAAGcrArroAAGTTArctarriTATACTGGATGAGTTGc 
AATAGTTGGGITATGAGTTTATATGGTCCATTTCATCTGAGGTATAAAATTTAYTTGTGTAGTATTGTGGTAGTATTcccTTGT 
ArcTTTTTTATGITCAcArcGTATATGGTGAcAGTccTGGTTTAATTCCTAGTATTAGAACTGGCTCTCTCTCTCTCTCTCTCTCrcT 
CTCTCTCTCTGGrcAGTCTTTCCAGAGGTTTGTCAATTTTGTTGACTTTTTTCCCCCAAAGAATCAGCTCTTGATTCATGGATTTTCT 
Go-TrcrgTTTTcAACTTcArTGAT-TrcircCTGTTTATTAT-TrcTorcorrcrgrgGTTGTGAGTTGTTTINGcrTrcirrrroTA 
CTATTCGATGTGAAATCTTACATTATTCACTCGGGACTTTTCTTCTTTTTTGATGTATGCATTTAGTATTCTAAATTACTCKAGT 
ACTGCATACTGCTTGAACTATGTCTGACAAATATTAATATATTGTTTTTAAATCTTFATTCAGTTCAGTGTATTTTTAAAATTTCCTTc 
ToroccTcTTCTTTGATTTGITATTTAGAATTGTGTTGITATTTTCCGAGTATTACATTTTCCTCITATCTTTCTGCATTGATTccAT 
CGTAGTCAGAGTGCATGCTCTGTACAGTTTCAGTTCTTTCAAATTTATTGAGCTTTGTTTAATGGATCTGGATACAGTTTATCTTGGCA 
TrATATATATATACACACACATATGTATGTGGGCGCTTGAAAAGAAAGCGTATCTGCTGTTTGGTGGAATGTTTGGAGTGTTCTATAA 
GCGGTGATTAGATACTGTTGGTTGATGATGTCATTGAGGGTCCGATAACCCTACTGATTTAAATTTATTTAGTCTGTCAATTATTCNGA 
GAGAGAGGTGTTGAACTCTGcAATGTGAATTGTGGATTTGTCAATTTCTCCTTTCAGTTCTATTAGTTTTTTCTTCACATATTTTACAA 

... CCGTTGTTTCCTGCATACACATTTATGOACCAAATTTAGGATTGCTATAACTTCTTGGTGGATTGACCCTTTTACATTATATAMTGT 
cTTTTTCTGTccCTGGTAATGGGTTGcICTGAAGTCTATGITATcca TATAAATAGAcAACTCTGCTCTTGATTAATGT 
AcreaTAcArcTTTCTATTCTTTTACTTTcAACTTACTTATATTATTATGTTTGAAGTGAGCTTCTTGTAGACAGCATGTAGTAGG 
acTATTGACATAGATATATATATTTTTGAGATGGTGTACTCTGTCACCCAGGCGGAGTACAGTAGGCTCACTGOAACCTCTG 
ccTccTGGGTcGTGATOTCGTGCCKCAGCCKoccCAGTAGCTGGGATTACAGGCAccoraccACoATCCCCAGCTAATTTTTGTATT 

AGTAGAGACGGGTTTAACCATGATGGACAGGCTGGTCTCGAACTCCCGACCTCCAGCGATTAGCCCACCTTGGCCTCCCAMAGTGCT 
GGCATTACAGGTGTGAGccAccorccordGTTTAATATTTTTAATccAercAGrcTrrgTCrcTACTGGTGTACATAGACATTCGCAT 
GTAATGTAATGTTGATATGTAAGAGCTTGAATCTGTTATGTTTTTGCTTTCTCTATGTTTTCrcraTTTTTAATTTCTCTGTTTTCTT 
TTTTTCTGOTTCATATTGGCTAATGAACACTTGAATCATTccATTTTGATTTACCTATAGTGTTTTTTAGTGTGTCTCTTTGCATAGC 
TTTTTTAGGGGTTACTTTAAGTATTTCATTATATGTACATAACTTATCAcAGTATATTGGTATCGTTATTTTAccAGTTCAAGTAAAGT 
ANGGAAATGTTTCCTCTCTACATTCCTTTACCTCATTTATAATATAATTGTCTTAGGTATTTCTTGTACATACATTTTAAACCGGATGA 
GTGTTATTTTTGATTTAGCTATCAAATAATTCCAAAAACTCAAGAAAAAAAGGAAAGCTTACTATATTGACCCATATTTTCATTCACCA 
TorgynchccorrorITATGccccATAGTTCCTTCTTCTATTGTTTTCGTTTAGAGAACTTCCTAGCCATTCTATTGGGGTAGACT 

ccTGTGAcAAArrcroTTAGCTTTorrrrcroTGTGAATGTCTTTATTTCCCTCTTTGTTCCTGGAGGACATTCTCACTGGATATAGG 
ATTCTTGGCTATTGGGTCTTTTCTTTTGGCACTTTTGTAAGTGTGCAGCCTGCTGTCAAAATAAAAATTAAAATAAAATAAAAATGMAT 
GrrrrcCITTccracGTTCATGAAAGTAra MTTCACrcAATGAcGAccGAcAccoarcTCTATAATCTGGAGCCCCATGCTCACGTCTG 

F.G. 3C 
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AATAGTACATTTCCAGAGAAATTGGGGAAATCAA AGTCTGTTGAGACCAGCAAGATAAATAAGGCAAAAGGATACAAAACCATATCCMA 
AGAGAAATGGTTTAMAGGAACTAAGGCTGTTTCTCCTAAAAAGAAAATAGTTGGAGACATGTGACCTCCAAAGAAACAGGACTTTTTCT 
ATGGGGCTCCAAGGGGITCTAGAGAGAATGAAAAGGAGAGATTTCAGCTTAGTCTCAGGAAGACTNAACAAccAAACCGCCC 
AAAGATGGACGCCCTGCCTAAGGATTGTGTTCTGACATTAAGGGTATGGAGGTATGGGTTAGATGAATATTTTAccAAATGCCATAG 
ATATTTCAGGCTATTGATGTTGTAATATCATACTAGGCAACTCCACTTCAATATGAGTCTCTATGATGTAAAATGAAATAGGATGTGT 
TCGATAGAGAGTTGCAGATTTCATITTGATGTTAGCGACCACACAAATTACTTTCCCTACATAAGAACATGTATTACTCTAGTTGAT 
GATGACIGCTTATGGGAAATGTGTCTGCTTTGTTAGGAATCTIGCCTAATATATGTATAATTCAAGATGGTATTATAAAGTGACATATA 
TcATITAAcATTTGCACTTAAAATAACACITATTCTGTAccArgMASTGTCTAGGAGCCTACATATTCCATTATTATCITATTT 
ACAAGACAGGGAACTAAGGCATGGAGAGATGAGTAATTGTGCAATATTACCTACCTAGTAAGTGGTAAAGGAAAGATTGGAAcccAT 
TCTGGCTccAGGATCCAGGCTCA AAGCoAATAACTATccaccaccoca acTCTTAGTTTGATcAATTTgTCAAATATTACAGT 
ATTTArcrgTAAATTAAGGGGATAATTGccCAGTCAATAAATGTGTccc.cricAAAGGITACATACTAAccAATGGrgcracTGGGCT 
CAGAACATTTTTGGAACTACGATTTTGGTGGOAACCAAAAAACCTCCAGTACATTCCTCTGAAcATTCTCCAGAGCCAAGTCCCC 
ATGGAGACTGGGCTTCATTTTTGAATTAGCCTGAAGTTGTTGACGTCAAATCTATGAAAAGAGCGGCTGGGGAAcccGATATTT 
ccTTCGTGATTTAAAACAGTAAATGCCACCTAAATGAGAAGGCTACTTCTTGAATGTTGTAAACTGGCTTGAAGGTACTTCT 
AAAAAAGAAGCACAAGAAGACGGFGACGGCAACAGCCTOACTGGAATACGTCTCTATCATCAAGGCAACCCACACTCATTGATG 
TGTccArcoccTGATGTTATTATTTTTAAAGTTATGTGccacAAAGATcCATICTTGCTATACAAAAGAGCTGGraaa-TATAA 
AGATAAAAAAGGGGAAAGGAGAAGGCACCAAATGGAAGACTTAGGCATTAAGGCTCAGACAGCATAGACTTCATTACATGACGT 
CAGGGAGAAGAGACACAGACTTTGCCATCTCCGTAGAAGTATCAAAGTCATCAGCCTCCTAGTAAGACAGACCTGGGTTTGAACCNC 
coacAGCCATTTCCTAGCGGTCTGGGGAAAAATTACTTCTTGAAGCCTCAGTGTCTTTTTTGTAAAGTAAGTGGAATTATATTAcc 
TGTcAGGATGTTGTcAGAATTAGAAATAATTT MAAGAGGTccAGOACGAGCAGGTCAATCAAGGGANGATGITAAAATAACAAcAGGr 
CAAATGTACTCCCAAAAGATAAAGNGATACATAGATGAACTTCCTCACACACAGAGTATAATAACCCAAAAAATATTGCCTAGAG 
TAAAcATGccTCCCAAGCCAACGTCATCATCCAGGAJATACGGAGAGGATGTTTGGGATATGGGGGGCATGAAATTACAATGTAGG GCCCTTTAACAAGGGTAGACTTGCAAGTTGCACTGMCTTTCCTGccCrcCrcrgGCTACCTGTrcaGCATCCAGAGTrTGTGAAccTG 
CTACAccGCCATGACAcGCATTA AGCCXAGCAGTCGGGcAGGGGAGCMACTGCTcAGAGGCACCTTTACCCACTATTTT 
CCCCTCCTGCTTATCTGCCCAGAGCGAGGCTCTCTTTCTAATGTGTACAAGGCGTTCTACCTATGACTCGGGTCCTGccATAGAMAT 
ccTTTTTTTTTTTTTAACTGAATAAGTYGCCAAGTTGAAAATCACAATTCACAAATCCCTATTTTTTTTTTGAAAAA 
CTGAAGTTCN-cacAGTGAGCCCACATTCCTTCCTGACGACCATCAccoTTCAGCTGGAGTAGAGAcocCTCTGCTGGCTTCAGAT 
CCGGAccoccaccTccTCTGCAGGCCCCGCCACCCGGCGCACCGCAGGTCCCGCCACCCGGCGTCTCCAGGCCCCGCCACCCGG 
CGTCCCTGCAGCCCCCGCCCACCCGGCGTCTGCAGGCCCCGCCCACCCGGCGTCACCTGCAGGCCoccCCCACCCGGCGNCGCMGGC 

- - - - AGG Scecca 

scorncarcacarcacarcacMcAleesoscercara arcadeograeacaccCCoacCCACCAGse 
recenterraccaaranators.AGARcatcCTCCCCCCCCCAGATTCTCTCreoccGenergeccartretcCGSAGAGCCAG 

GTGTMCTGTGGGCTGCTTCAGAGGCTGCCGAGCAMAACTCAGGCAATCTCCTGGGCTGTTCCAATACGTTTATTCTCTTTTTC 
AAAACGGAGGAGGAGGTAGAGGCGGGGAGACACACCATCCCTGCAA AACTACTGGCAAAAACTAAGCGGMGCCGGGTGTGGTGGCTCA 
ccTGTATccacAct TGGGGGCCGAGGGGGGCCGATCACTTGAGGTCAGGAGTTGGAGGccAGCCTGGccoGCAGGTGAAC 
AcAAAATTAGTCGATTGrcCTGGTGCATGCTTGTAATcccATCTAC(ToogogcrgAGGCAGGAGAATCGCTTGAAccCGGGAGOCG 
GGGTTccAGrgAGccGAGATTGCGCCACTGCACrcCAGCCrgGAcAACACAAGTGAGATTCTGTcrown.TNAATAAATAAATAAAC 
ccaccagaauauaGAATCACTCTGAAAACGATCACATCTAACTATCAATGCTCATACAGTTTATGGAATTATCAGCCCAACTTGATAAA 
ANGTATTGACCAAACTGTGGATAGCCCCCTGATTTCAATCCCCATTGGCCAGGTCCTGGTAACGAGGTTAACGAAGTAAGA 
coccasAcacTATTAACTGCTACCTTAAAccataCCTAGCTTAGCCTACTTTCCACGTACAGATTTAccAGTGGACAAcATGAT 
GCITATCTTGTTTTTCTCTCCCTGGGACTTTTCTCCAGACATTGAAAACAGAAATACTAATAAGGCOACTTTTACCTGCCTGATCCAA 
GAcAGATTTTcAAAccAACMTAATGcAACTCCTCAGTCCCTGACAATGGCGGGTGGAAAAGTTTCTAAAAAATGCAGCAGCACA 
ATTATCGGGAGAGATGAcATACTGTACCAATAAAAATGCCATAAAAGAGAATGATGAACTACCAcoccuATGAAccATAGAAG 
AcGAcATGCTGGAAGGGGACAGTAAAAATCACTTAJAACTTGCGIGACCTTGAAGAAAGTCACGATGAccTTTTTCCAGGTCCCT 
CCATGARATGToccToroccacTCTTCCTCTCCAGTGTAAAGGGrcroAATTTAGAccor-GTGAcrococcGA 
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CAATAGGAAAATAAATTATTGAAATAGAGGAAGAGACAGGTAATAATAGAGGTATACACAAGTAGAATGGGGCAATAAATGGCGCATTT 
TCGCAccATCAAGAGTGCCCATGTAACAGAGATAAGTAAATGCATCTTGAGCTGAACACTGAAGGATAAGAAACAAAGGGGAGAAAGAC 
CTAGAAGGGGCAATATACAGCAAGGAGGGAAAATAAACTACTGTGCATTCATGCCAGTGTAGCATTTAGGACATCGGAAGCTAGAGG 
TGGAGTCCAAAAGGAGAGAGTGATAGGAGCTGGGGCAGAGAGTCAGGGTGGGGAAGGTCTTGCAGGACCTTGTAGGTAATTGTAAA 
GCATITGGATTTATTCGAGGGTCACTCGGGTGTCATTAGAGACTTTTGAGCAAAGAGGTACATGCTCTGAcToAACTTATTCTGNG 
AACAATCAGAATCA ACAGATGGATAAGATGGGTATACCATGAAAGAAAAACTAAGATNCCGCTACCAAAGTATGAGCCA 

GACCAGCTACACTGGCATMAGCTGGGAACTTGTTAGAAATGCAGAATCCCAAGTCCCCGAGACAAACTGAATCAGAAccoccTTTAA 
CAAGATccoAGGGGCCCATTTGTATGGTAGAGTTTAAGAAGCAIGGTTAAAAGATCCCTCTTGATAGGAGCATGGAAGATACATTT 
GAGACAGAATAGACAAGTCAGAGACAGGTGGGAAGGGCCTAAAACAGGGCAGAAGTAGGGAGGTAAATGAGGAGACAAATACAAAGGAA 
GAAAATGCACAGCACAGTGTAGACAATTCCTAAATACTTAAAAAAATTTTTTTTGAAATAATGATAGATTCACAGGAGGTTGCAAAGAA 
ATGcGTAGGGAAGAACAATGCACCCTTTACCCAGCCTCCTCCATCATIAACATCTTATGCAACTATATTATAATATCGAAAACAATCAA 
GTGAcATTGCTACAACCCATAGAGCTTATTCAGATTCACCAGTATTAGATGCACTCGTGTGTGTGTATGCATATAGCTCTGTGTAAT 
TracATATGIGAAGCTTGCTACCACAATCAAGATATTCAAGCCATTAGOAGAAGATTTTCTGGTGTTAccrccTTATAccoacces 
carrcoccATCATTAACCCCTGGGAACAACTAATCTGTTcArcTCTATAATArcticacgAAcATTTTGTAGAcGarcing 
CAGTGTGATCTTTGGGATTGGTAACAGAGCAAGACAGGATCTCACCTGTCAccoacGCGGAGGCAGTGcGATccGCTCA 
NGCAcccTCCACCTCCTGGGCTCAGGTGATCCICCACCCCAGCCTCCTGAGTAGCGGGACTACAGAcACAccCoAccTcAccrgec 

TAATTTTTTGTATTTTTATAATGATGGGGTTTCACCATTTTGCCTAGGCTAGTCTAGAACrccTGGGCirca AGTGATccAAccocorris 
GCCT.cccAAAATGCTGGGAGTACAGGCATGAGCCACCACCocAccAGCTTTTTCATTCATACTTINCTTTGAAGTCATccAAGTGG 
TGTATCAATACTTCACTCCTTCCAGTGCGAGTAGATTCCATGGCTTGGAGGGCTACAGTTTATTCACACACAACCCATTGAA 
GGMCATITGGGTGGCTTCCAAGTTTCCAGTTTTGGGCTATTATGAACAAAGTTACTATGAACATTCATATACAATGGATACTTTTTGTA 
TGAAgAATGGAATAGAATGGATAGGATTAGTGACAGCTATGTgGGATGAAGAGTGGCATAAGTAGTAAAAAGTAACCCTCAATGA 
AnggoaGccAGCAAGTACCACAAAAAGAGTTTATTTGTTTCATACATATATTTCTATATATACATACACACACTTATAATAAccA 
AATAGTATCCTTTTCAAATGAAAACAGTAATTTAAATAAACTATGAACTTAAAATCTAAAGTAAAACTTGACAACAGTANGCAGAAT 
TrrrrcCTccitaccTCAGTTAGGTCTGTGTrcrTATCTTATGAccACGAAGAACTAGGTAccCrgACATCAAAGAATGAGTGGCATAG 
AATTTATTAAGCAAAAAGGAAAGCTCTCAGGAAAGAGGGGGTCCTGAAAGCAGGTTGCTGGTTGCCCCTTCGTAGTTGAATACAAGGG 
CTTCTATATAAAACCTGATGGGGCCGAGTTCCCTGTTCGTATAAGGCATGAATTCCTGGTGGCTCCACCGCCCTCCCCCAGTGCGTATG 
TGGGAccTTCGTCCACTAGGGACATGTTAGACAAGCTccCTGTGCACGTTCCCTATCTGCACAAAACATGGGTTGGAGGTTCTCCGG 
GGAccTTCCTTACTTCTGCCTAAAGCAAGCTGGCTAACTCCTTTCAACAATACTAAAGAcATACAGACAATGGTTCTCAGTACAAT 
CATTAAATATTTAAGTAAACTTAAAATGGTGTGTTTGATIgACATTTAAAAGATAccorgicTAAAAATTCTGTGTTTT 
GTGITTGGGCTCCTATTCTACAATGTGCTATTACTATTAAGCATTCTTGTATCATGGCATTCCTCAAATAGTTTTTAAATTACTTTT 
AATTCAGAAGAACATTCTGTACAGTCACGGAAAGTGTcAAAAATGAAAATGAGGCAGGGTGTGGTGGCTCACGCCTGTAANCTcces 
CAC ToccaccocacGTGGGTGGATTGCTTGAGCCTAAGAATTGAGACCAGCCTGGGCAATATGGTATAACCCTGTGTGTACAAAA 
AATAAAAAATTAGCCAGGTGGGTGGCCCAAGCCTGTAGTCCCAGCTACTTGGGAAGTTAGGGTGGGAAATCCTAGGTGACAGAATGA 
AccTTTCTCAAAAAAAAAAAGAAAAAAGAAAATGATAAAGGATACATATCAGGAAAACAGCATGGTATTGANCATCTACTTA 

GAGTAATTccAGTATAGTGGTTTTTTTGTrg-Trg-Trg IITTATTTTTGAGAAAGGGrcrccGCTGTCAccoaGGCTGGAGTGcGTG 
GTACGATcTGGCTcACTGCAACCTCCGCCTACCAGGTrcAAGCCATCCTOccAAcroGccTccAGAGTMGCTGGGACTACAGGTGTG 
CGCCACCATGTCCAGATAATTTTGTATTTTTTGTAGAGATGGGATTTTGCCATGTTGCCTGAATGCCTGGCCTCAAGoAATCCACCCNC 
CTCAGCCTCCCAAAGTGCTGGGATTGCAGGCGTGAGCCACCACACCCAGCCCCAGTGTAGTCGTTTTTTCTTTTCTTTTTATICTATG 
TTTTAATGAATTTACACGTTACCCAAATGTTcccTAGTTTTTCGCCTccAAGATCACTCTGGAAGAATATTTAAGAAATCCAAAT 
AAGAAAccAAGTCCCCCCTAAGGGTGGCAGGAAGAACACCCCCCCCCAGATGGTATTTAGCGCCTCTGGCTGGGAACGGCTTCCC 
CAGCCCTAGGTCAGGGTCCTCTCTGGCATGACACTACCACCACAGTGCAGACCCACAACAGGGAGAJAGGACGGCCACAGTCCCTCA 
ATccccorrrrcCAAGATGTGCACAGCCTGACTCCTAAcrococAccACTGACTCTAGGGGAAAAACAGCACAGGGcAGGAAAcGATTT 
'TccaTGTcACCAAcCTTTCTCTGAGGGAACCTACTGGCCACCTCCCTCTTAGGACCAGCCCATCGTCCACAACGTGGAAGTCCAGCTTC 
CGTTCAAATCGGAGTTCTTCTTCATGACATTCTTTG-CAAAGTCCCGGAAccoacAGCTTGAGACTCTGGCTGTococcAAccoacc 
CCATTTCCTTGTCCTCACCCCTGGTCAGGAGAAGCCAAAACATCAGTCAGCTTCCCAGTAATCAGCCGGCTTCTCACCCAGGGCT 
CGCCCCAGAACAACCACCGGCTCTCAGTGTAGCCAAAAGCCTATTGGAGCTTCCAAATGAAAGAGMTTTATCAVAGGCGGA 
AAAAAGAAAAAGAGGATAAAAAAAACTAAAACAACAAAAAMCACACAAMAAAAATAAACGTGAGATAGMTCTCCC 
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GGAGTGTTTAGAGCAGGAATGTTCTTGGGCATCrgcorrecoccACCAGCAcceeccacAAGGCAAGGCCAGTTCAccCTCAGTGcirca 
cTacTTTGcAGTGTrcaTAGAATATTTGTAATAATTTTAGGCGGCTcccTAAAArTrcTTTTCTTTTTorrroTrTorrTarroca 
cecretiredGroccacceroamercaroocarorcrapercaergracecroAnarcerocarcadoxeccrecrecyc 
occascarcaeciaCorgogACAegATGCACCGCTATACCCGTCATCATATTATTTATTAGAGAcAGAGTCTGarcs 

TGTCACCCAGGCCAGAATGCAGIGACACGATCTCAGCTCACGCAACTTCrcCCTCCCAGATTTAAGGGTTTCTCTTGccreascarcic 
CTACTAGCTGGGATTACAGGCTTGCACCACCTACGTCCCGCTAATTTTTGTATTTTTAG racAGATGGGTTTCAccArgTreocces 
cAGGTCTCGAGCTCCTGACCTCAAGTGACCACCCGGCGTGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACACGccoragcer 

ATTTTATTTTATAATTTTGTTTAGACAAGGTCTAGCTCTGTTGCCTGGGCTGGAGTGTAGTGGFGCAATCACGATTCAGTGcGGccer 

GATcTccTGGGTTCGAGTGAGCCTTAGCCTccTGrrraccTGGTACTAcAGGTGCATGCCACCACCTAGCTAATTTTTArrrrr 
rGTAGAGACGGGGTCTCAccCTGGrGrcCAGGCTGGTcTcAAAcTCCTGGGCTccAGrGATGcrccCAcArtggecrecca Grccrg 
GGATTATAGGAGTGAACTACTGTGCCOAGTCTTTTTAAAAAATTTTCAAGAGArcGGGTCTTGCTATATTGoccaccTegroTocc 
TcCrcGTGTTAAGCGATCCTCCCACCTCAGCCTccrgAGTAGorgCGATGACATTACAGGCACACAcrgecaccAcrococc 
ToTrcrgTGcCATTTGTGCACTTCAccCAATTGccTCTTGTAGTAATTAATTAGGATcr GQGTGAAAAAAAAGTAACGGTTT 
ATAGTcCraugGTACGTATTGAGCAGTATAGTTGcACAGTGCAGAGGGAGAACTGCOSTcceeccaccacci 

AGTGACCATCAGGGAACCGTCAGATGCATGCCAGACTAAAGCAGAGTGAGCCTGTGCTGGGTGCTCTGTCigrggcrococcGrecTC 

ACTT.cccrgTCTTGCTCTGTGccrTTGGGAGGTTGAccorcAGTrcGcArcroAGGGTCrcaGrcrgcrgGrrroccSGTCCCCTTG 
AAGGCTACGCTCCCACAAGGCA ACACGGToccocCTCTGGCTCTACAGCiccosaacAgonccc.cccords 
cAMTAATTATGTTTTATTCCAGAACCCTGACAAATAAGAcGCoAAAAAccocoregattacCAcroggaTocco TG 
TrrgrrrroTTTTTTAATGCAGACACATAGrrrtAAAATTATTCACTTcArcTACTGTAGAAAAGrcATArtMATTCACAATTTrga 
TTAAAACAAAcAAACAAACAAACAAGTrcrgrgAcArrrroGCTAACAAGTGGTTCATATTAAAGargrecaccMGGrocaGTocc 
TeATGCCTTAGTCAGTGCTTAGGAGGCTAGGTGGGAGGArcACTTGAGGCCAGGAescrgaggggeMercrescina 

CTACTACACTCCAGCCTGGGCAACAATGAACTTGTCTCTAACAAAAAACAAAcAAAAAgra Tag TercagearcacAGA 

cAACTGTccordscCCTGGGToccaccocTTTATAAAAATCGGCATAACoAAAAGTTcMAAccentrarcT 

ATTTTAAGAATGATTAATTACTTGACCATATAATCCATTATAMTAACAAATCTATCATcaccaccaca 

GAGTAGoACAcAAGGTCITTCCTATATAGGCTGGTTTCCTTACTAcAIGCGTCACGCAGGGGreece 

TGTTTTGGGATTTTGAAATATTTGCATATACACAATGAGATAicTrcGGGATAGAAccracATOTANACACAAAATTCATTArGrc 
AATCAccrFATACACGTAGCCTGAAGGTAAATTACACAATATTTAATAATTTTccACATAAAAcAAAGTTTGATAcArgaac 

carcacGAAGCAAGGTGTCCCTGTCTCAGCCACCCACAAGGAcACrcTGTAGTTGTCTTCATTccroArrocGAArt TTAcGCTAC 
GACAAGCATCATTCTTACACTTACACACAAGAGCACTAGAAAAAATArgaeraTaTATcTGGCATGogguage 

TGOG.cAAAGGAGCTGGGGGGTCCTTTTToccTeGGGAccGGAATAATGTGTATTGEGCCTGATTGATTec 

occaccTGGGAAGGTAGAATTCACGTCCGTGCTAAAAGTTTAGATTGGCCAGGATGGTGCTAteers 
ToccTcacTTAGGAGAAAGOAGTGGGrcargogneggarca Accaccc.gc.cAACANGTAAccNgc 

CTCTAAATAAAAAAGAGCCTGGATGTGGGAGCTTGTAATCCGCTACTGAceCogeccAGAGAAccTNA 

ccTGGGGGCAcGoTrgovacagacCAGASATccTccArgolacrocaccTaggTGACAAAcogAGACTCTCTCTCAAAAAAAAAA 

AAAAAGGTTAGATTGGAGCATTTTGGATTTTGATTTGATTAATGTGTTeaGCTGAAAAGAAAACoATTeerdevica 
AACTTAACAAAACAAGTAGATATTCAATACTATArATATGOTOTGTrratarTrcCrarTaaTrrogacTaggaacAACTTg 

ccTArcGATAGAGGATAGACTAATGTTACGTACAAGGGAAAAGATTTTCCTCTATATCAATTAGA 

TTTCCTccGCGTCATGCAGACCAAGAACAATTAAAACACATTTGCCGGGGTCATAATAATGTGcc TTAAAGAAA 

AcroarrrrtAATTATGTATGATTTTGCTTGITRGTCTAcocarrcraTrcCrrraGortaCrcwarANAGcGcGeert 
coAAGAcroAATAGTCTCCATTCATGTGGGCCTTTATAATGCACGGGCCCAGATGcAATAcArcrgGcGGTCTGGTrocGTTGGCCAC 
TGGANAAGGAGGCAGAGAAGTCGGGATGACCCAAATGICGGACGGGACAGGGAGATAGGAGGGCGAGGGGGAAA 

AAGCTGGGTTAGGAACTGTTGAACTGATCCCTGAGGSYTKTGCCGACAGAGAGACGCCGGTAGAAGGTTGTCTTGCCTGTCTGT 
cGTOGGTAACTTATCGAAAGAGATTAGGCAGTAGAAATAAGAGCACCCAGGACAAAGCCAGGGAAGGANCATTGACG 

AGAAGAGGGAAGGGTOGGAAGAGACTGAGCGGGTATGGCGCCCACCCAATAGATTAcc 

GCMACCTAAAGAGAAATCGGCGGGGGAGGTGGCTCACGCCGTAANCCCCACCCTTAGCCTGcces 
ACTTGAGTccGGAGTrcGAGACCAGCCGGGuacArgGTGAGACCTGCCTTAAAAATAAAAATTACAAAAAAAAGA 

GATGAAircearucCTGGCTGCTGGAGCCAAcATGGGTTGGGTGAGCCCACTCTTAccAGCAGCTAATCAAAAATTTCCTGGAATTCT 
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GAGGCTCCTGTccTACGTCTTGGCTGCTCCTCCCAGATcACCTTCTGGCCGGTCCCAMG-CoACTTCCCXTGCTCCTTGCTccCTTCCT. 

ccTGGTCTCCCTcACACCCTTCCTACTCCCCCCTCG'ccCCTGGCTCAGCCAGCACAGGGAGAGCCCTGTCCCAir 

TACAGCTCACCTGCACCTTTGCATCTTCAGAAAGGAGCACC TACAAGATAACCCACCCCCCACCTTTTTTTTTTTTTTTTAGAGTA 

CAGATTGCCTCTCATAGCATAATTGGGCTTCATTATATCCTTAAAGACCCTCTTTCTGTGGCGGATTGGGATGGATAAAATAAAGAAG 

AcGAGAGGTTGAAGAACCCATCCTGTTTGCCAGTGAGAAGGGGATPGAATAAAAGGATTAGGAGGGCTCAGGCATGGTGGCTCCAG 

GGTATCCCAGOTACCAGGAGGCGAGGCGGGAGGATCACTTGAGCCCGGAGGGAGACTA AGAGCACAGATEACACCGT 

GAATAGCCACGCACTTAGCCTGGGAAcATACAAGACCCGCAGGGACAAAAATATNNTTAAAAAAAAATTGGG 

AAAGGTAAccATCCGCTACAAAAAAAGAAGNIGGAAGGTANGANGAGGACCAAGAGCTAATGGCATCATACAAAAAAGAGA 

GCTTTAAATCAGTTCCTCATCCAATTCACAAGGACAAGAAGAAAGAGGATAGAAAGTCACCGGGGAEGGTcacATTGG 

CTCTTGAACTTAGAAAAAAATCGTGGTAGGAAGTAGACCCGGTGGACGGGTAGGGGGTTCCTGGSTCATGAGCA 

AGGCCTGGCCAGCCAATGGCCCCCACTACACTCTGCCoccGCCTTCTCTCTCAAAAAAGGCATCCCCCAAAAGCCAGTC 

AAATCCAGCAGCCACCTTGATTCGCACTCCCCTAccTCACAccGCCCTCTCCAAAATAAGTCCAAAYAccCT 

CATTCTCCAAAGAGGAATTATCTCTTCCTGGTGATTAACGCTCCTAACGGSTNCCCTTCTCCTTGCTTCATAG 

ccarrcTrcTcAGGACACAAcAGTGGCerriTAwccAGTGCATTATTGTTGCCCTTGGGAAATCGTCCACAATTATCCAGTCTTG 
TcajargtangTATTCTGACTTACCCTGoccTCTTACAGGATTGCACAITCTGATCTccAGCCAATTCACACTTCT 

“crococcacTagocacACTGGCAAGGTToccaccCTGcACTGCTTAGATTCAGAAGGGcGTGccces 

CTTCACGCoAGcoccCTTACACATGGCCAcGTGcGcoccTGcircGAAGGGATTGTACTCGTTTGATCATTGTTGccTCT 
carraccTGAACAcogcoccCGTATTCATTTGCCTGCGTCCTGAAAATTGTGTAGGGCACTCGGG 

arrotATCAGAAGTC rectectcAAAGAcccorrectococcACTTATCCTCANGTAccTccTeccCTTCTAAGITACTGGCTATecca 
TcArtoccactuattrict TcatacAGITGrcargottaracaricrocircrararitarTTGTGTATTGTccorreccree 

serpretcetic careerage acacaretarredoxefarggaaTTTAATGTACTTGATTTTATAraic 

accrAATCAATAATTAAATTTGrGiaGTGCTGATctAAAcAGATAAAircrGGCTTCATGATGATGGTGAAGTGGAATATAATTTTct 
carrrrgTArcAMACTAGATorrrrrcargAAAGGATTTGAAGrcTAGATTCAATGccTAcTTTTGCTAcrATGTrATATGAACTA 
ACTTATTATGT arracercarrocarcircraccacacoomerocacroerectarCNCACAegea 

sercaecrecencercalarc recoracecretroanarogercarraracgrgeorgCCACCACACCCAGTAATT 
rtgrarrrriagrangATGGGcriticaccATGiricocci GotorcrgaacrccTGAccCAAGrGATCTGCCTGccrccGCCTcc 
CAAAGTTTGATTACGGCATGAGCCAC'GrcCCTGGCAATTTTTAGITAGTCGAATTTTTTTTTGAGATGGAGCTC 
cCrcrg-TGcccAccoccAGTccAGTGAccoraTcTcaccTcacAGAAAccToococco TAccTAccrocrocrgTorocc 

coccasraeccaac TTAcAGGcaccTccaccAroccoaceTAATTrrigarrrracraeacargoegstricaccargTTGACc 

GCercTcacrocrgaoccaergatro TororcoccaccordecanarcCTGoGATTACAccorgiaccacrgTGCTGGC 

cTercroarrrrrr AAAAGGrrrrogrCTMCCTTCCTGAATTGcACTCTGTGToGoro TAAAACATTTTCATTTATAATA 
CriticacCrescencescaTCTCTCCAAGATAGGAGCTGTAATCTTCATTTTACGrcargo AAATCACGTACA 

CoccTGTACGAGGCTGGTAGAJATAGGAAAATAATCACGAACTTCAGAGCTGGGAGTAACAGCGGAAAACTTCCA 

AAATTGCATTTTTTATGAGAGGACGATGAGGTCCAAGGGACAGGACCATGAGACAATCGTGTGGCAAGGAAGTTGATGCAATTTGAC 
CTCTTGTcGrGArcrTATGTocarcGGTccTTccAGcAGTGAGITAGCCAACCTIrGCCTGcAAAGGAGGAAATTTTTAATTG 
GoTTACACTCTGcrTCTAAAATTTTGCTATTATTGTGAATAATTTrcTTTAAGTFTATTAAATGAATGGerg TAA ArggACAT - 

coacAAccAAGGGGAAGGAAGGGAGGGAGGKAGGAAGGGAGGGAAGGAAGGAAGAAGGAAAGAAGGAAGGAAGGAAGGAAA 
GGGGGAAGGAAAGGAAGGATAAGTCTGATGACAGCTGCTATTATATTCTACGTGGATAATTTATTTAGATCTTTATACTTTAT 

error TTACrcTCTTATGCATATTCTCCTCAACTrrrTTTCAGTGGGCoAAGGAOGAGGACTGCCTCrTGirgacroTGGAAGGA 
CTTCTAccGGCTAACAccoCrgGccTCrcaccorcocarrcroAccercaccAGAGTGcTArTrgaTTcATGTrcTAGTCTGT 
GGArcticagrgaGGAGA drcorraGAGATTTGoccTCTTTCrgroTTTTTGAGACCTTACTGGTGCAAGACAGCAAATCCTAGCTGG 
GTCTAccGACACATGCACTCTTAGGTTACATAACTGCAGGGACCACTGTCATTGTATCCTGGAGCTGGTTCTATATAGACACAGCC 
catcGTATAracGCT ccTAGrcTGcircCTGGccAAargiccoloriggagcCCAGAGGGTCrgxcCargoeaestroccaccing 

occaccraccalacegradarArraGCAAGACCTTTATGGCoAngolarCTAAGAgCTCTGTccAacecrgaCTAccreaT 

CCTGAcATTTTGAACoATCTGATrcCTCTATTTTCCAGTNGATGCCACATGCATCCTCTGccArcTTerTAATTANGATGAC 

recTrcTATCroc-ATArcVCCAGCTATCACAATATTGATCCCCTTAAATC TroccNTAATGATTCATAATTAT 
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causeGMCCGGWTTCACAGAAGTATTGCTA ATCTAAGAACAAAATGGCAGCTGTGAAAACAGATGAAGTAATTAGAGGAAGAGCC 
TTTTTGGAAGCTTCGAGATATTTTCAAAGAATAGTACTAGTAGCAATAAAGTCGTTCTGAGAAATTGCTCTTAAAGGAGGAAca 
TGGATTAAAGAAAAAAATCTGCTACTAGGAAGTA AGCCATCTTCCTAGGGTGATTGGTTGCTccTGAAAACTGGToog T. 

CAACAAAATTTGGGCTGTTGAAAAAGAACACGCAGATGCCAGCCTTGATGTAAACGGGCCCAAACTGGACAGTGGTAAACTAATGA 
GCMATGGTGCACAGAGTCAGGGTAAAAGCTGGACAATTTCCTATGACCAACTTTTCCAGGACTCGCTCTGCTCTTCCTGAGAAAAATA 
CCCAAAGICCTGCCTCTCCATTGGCCCAACCATGCATCTTCAGGATAGGMCACATCTGTITATAGGGTGGATTGTAGTTGCTCATA 
AGCACATTACCCGTTTAAAATAATAATAGTTCGAGTTTCCTATGACCGATCTGTTTCCAAGAGAGCTA AGAGTTTCCAGCTAA 

AAGAGCCAATTAGGGGTAATCAAGGCAGCTGACATGGGGTGTGGCTGGGCCTTGAATGTGTGTCACTCTCTGTGCCCAGGCAGAGCAA 
AGATAAACTCCAGACTGCATGTTGCTCAGAGACCAGGACCAACGTCATAGGGCGCCTAAAAGGCAGGGGCCCAGTTCAGAATTGTCAA 
GGCTGAccTGCTTGGACAAGTGCTGAGTACATAGTAAGGATGGATTGGCTAGTCTCCAAAACTTGcAAACAGGGCGCAGGTGATCT 
GAGATTTCAGGTGCCGGAGAGACCCATCGTGTAGATTCCAGAGTTGGCTATCATGAcrAAcAGCTGTCTAAGTTGTTTTTAAATGAMTc 
ATAACGGCTACATTCAGTTCAGCTAATCAAGTAGCAAATTACGGTGGGTCTAAAATACTTATCTATTGCATTATGTATATGCTAGA 
CTTATCACTTTAGTGGITATATCGCTCATATACTAACAGTOAAAAAATGCCAAACGAGAAAACAAACAAACAAAAATGCCACAGA 
CTGTGTAAATACACTTTCAAACGTTTTATCTAAGAGTTTACTcACTTTCACATGTGGCTTATAGTATTTTCAATCTA AGAGACTAA 
TTCCTTACATAGGAAACTACATATTTTAAATTGAAAATTAAAAAAATATTTTTAAGGTTTAATGAGTCCTATAAAACAcATTTGT 
AATAGGAAGGTAGCCCAAGGTCACTGTGCCAATTGTGTACACAGCCGCCCTTAGTGTTTTCTTCTAAACAGCACOMAATTTACA 
TCATAGTTGTAA TcTcAAAATGTTGGGTTAATAGGATTAAACACTGTGTCATCAAATTGATAGGAcMCAOCTAwarccoraAccoon 
gxxxTraxxoCAGAGAAAAACGWogTCGTrecwa.ocroGrogCAAcrtcAcroogamaaTATTGcawnGTTAGTGGTAAATACA 
CATAAAAAAGTTTTGTTTTGTAAATAGAGTAATGATAGAAGAAGAGTTAGTTGAAATGATGTATGTAAAATGTGATAACTGoTAA 
TTACTAGTAcAGTTGCTAGTTTACGACTGTATTAAAAAGACATTCCAAATGTrgATc. AATAATGGAGGTTTCTGTGGTTGTTTTorr 
TAAAATAGAAATATACGTAAAGCAGATAAATATCCCCTTGTGGGAGTTAAAATAATCTAACTATTTAGTTTTAACTTTATA 
AAGCATACGACTATTCTAACTTATTTAACTTTTCTTAGTAAAGTTTTAACCTCTGTATTTAGAATATTTGTAACTAATGTGTATCGAAT 
practica AacccalaTTCATAACTGAGAAGAAAAAATTTTAACTGcc ACTATTCACATAccATAATGGGTTTTATAAGAGTATA 
GAAAAAGTGTGTGGTTGGTTTTGCTTTCTTTAAAAATAATAGCGAACCACGTAGGTAAAAACTACTTGAGAAcATAGACTTTTGGAG 
GGAANGCCAGGTGTGGTGGCCACGCCTGTAATCCCAGOACTGGGAGGCCGAGGGGGGCGGATCACCTGAGGTCAGTAGTTCGAGA 
CCAGCCTAccoacATGGAGAAACTCCATCTCTACTAAAAATAcAAAATTAAcceggcTTGGTGGcGcATGCCTATAATCCCAGCTACT 
TGcGGCTAGGCAGGAGAATCACTTGAACCTGGGAGGGGAGGTGCGGTGGGCCGAGATAGCCATTGAccCAGCCocco A. 
ACAAGAGCAAAACTCCGTCCAAAAAAAAAAAAAAAAAAAAAGAATTTTGGAGGGAAAAAAATNCCTCTAACAGATTCGAATTAATTC 
GTGTTTCGAGANGTTTACAAAATGAAGCTTGGACTCTGAGAGGATGTGATCTATCCTCTCCATTccaTTGAGTTTCAAGTACTTCACAT 
cGCCGGGTTTTTAACTGTCGTGAAGTTTAAACCAAATAGGGACTAGAATTTGTTTGTTTTTTTAACTTACATTTCAAGCTTCCTTATG 
NCAccoacATTAGCATAAGTTGTOTAAAGTCATAGGAAAAATTGACAGAAAAATGCTTTGGAGCCCCAGGTGTTTCAATGATGC 
CaCAAACTAACCAAATGGAAGACAGATGCGGGTTATTTTTTGcAGascacecoggacaram accoccaccrog 

2AAAACAorcCroCGCACCCAcroGAAegeaumcrecacaorgaacCoo MGTA 
ccTTTGGTTTortAccrgrgcTGTGTccTGTTTGCATGTTGGTTGTccTccrgccGrrrataGTGAGrcGCAGirrgnGAGATAACCATA 
TCGCTGITCACGGTGAAACGTCTCAAGGCGCTTAAAccAGGTCATccTGACGCoAAAcATCTGGGTalaa AATAGAAAATCCAAT 

CACGTCTCTGcGGcGTTCACCTTTCCAGATGTTTGTATCATGTAGATACMACTTGcc MGTTTTTTCACTGCATTTTTTTGTATCATCC 
AGATGGTGGTGTCATCOAGCACAGCTCTAATGAACMGGAAAACT caccTTGAAAAATAAAccATTAGAGTAATCTGT 

GcartorrcTTMAACTAGTGAAAGAATGGGTTATAATTACGrTGAATCTGGTTGTTCTGTGGCCATTAACTTGcAACTTTCCTTGGTG 
ATATATACTTTGGGTACTTAATATATAGAAGAACAAATTAGCTAAAATGCAGCTGATTTGGGGTCTGTAATAATCAGAGTCAAGAATGA 
cc.cccAGTAGGCCACGTTGGCTATTTTGAACAGGGAATGACAATGAATTTTAAACTTACTAAGGGCTTATTAAAGGTGTATAAGACA 
CGTCCATAGTTATTAAGAAGCTCGTATTACATGGGATACTTTCTAGGTCTcgcc.cccTATAGGAACTGMAGCTGAAAGAAA 
GACAAATTCCTGACTGTGVGAGGTCCCCAGCTGGGCACTATATAAATTATGAAGAAAATGAAAATTTTCCTAATATAAACACA 
CTTGAGTCTTAAATGAAAGAAAAAAAAGGATAAATGAAAACAGGGCCTGAGCAAGTGACAAGAATGAGGTTCAGTGAACTCTATTGT 
TAGGCGCTCACAAGTGAGGAGTAGAJAGGTATGGTCCGTGTGGCAGCTGGTccATGTGGCAGCTGACAGCTAATTCATTATGATCTGC 
TTTcAGAATATGAGCCTATAAGAGAACAATTAAGCCTCTCTTGGAGAcATGAAGGTTGGTGAACTGGGTTTGTAATCTGATCA 
GATTCAAAGAAAAAAGCCACATGECTTAGoacgogcogcogmarugaocaa.ganamooraangalogo one 

F.G. 3 
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accACGTACAGTCATTGAAAATAATGTCTGTTCTTACACAGATCTGGACCAGAAATACTGCACTTGTTAGTGCGATTGATGAATTACT 
ATTTTCCTTAGTAATAAATTTCATGGGTAGCTGCTTTTATTTGAGGAAAAGTTTAAGGGAAGCTTCAGATTTCCTTGAAGAACATATTT 
CGTGTAGGATAGGCTTCTGCAAGACTCCAACCCGGAATCTGGGGGATTCATCTCTGTTTAAGIGCTGCTTTCTCAAAAATAGATTATTC 
TGGTCTCTCTGAGTTAGGATATTGAGTcAAAAGTATTTGAAGAGTTTTTTTTTTTACTAGATCAGTGGTCTCCAGAGTTTTTGTTT 
TTGTTTTTTGTTTGTTTCTGTTTTTGAGAcAGAGTCTCGCTCTGTCAccoacGCTGGAGTTGATccCGCTCATTGcAAccTccACCTCC 
TcGGTTcAGGTGATTCTCCTGTCTCAGCCTCCCTAGTAGCTGGGATTACAGGCTCCTAccACCACGCCTGGCTAATTTTTGTATTTTA 
GAAGAGAccoccTTTCACCATGCTGGCCAGGCTGGTCCCGAACTCTGGGGCTCAAGTGATCCACCTGCCTCAGCCTCCCAAAGEccTGG 
AATTACAGGCATGGACCACCGTGCCTGGCCCAGAGATTTTTGGTCTCTCATTCCTATGACTAAAAAATTTGTTACCACCACTCCTMA 
TATATGCATATTCATTTACTCATGAATTAGATACATGAATTGCTACCATTGATATCTCAAGGCACAATATGTATTTAACGTGAGATTCA 
TCATTAGCGAGTGTGGATATAAGTCCACATTTCAAATAATCTTCTAGATATTTTGAAACTTTTAGCCGACTTGccAGATCTGATTAGA 
cAccATAGTTTTCCCTTGTCACTTGGCCAATAAAGAGCTCATAATGATCAAGTGTCAGCTCTGccATTTGcrTrcGTccGoTrcagor 
TAAATTATTCATTTTTAAAATCTGCCAAGTTTTTTTTTTTTTcAAAGAATCTTGTTAAGccTccTGTccArtAGTGAAGGTTAcrra 
Grta a AACTAGATAATAAAATCCATCAGTCTACCTGAGTTCTCTTACATGGCAACTCATTACAATTGGGTGcarGrgAACAGAGcAAGG 
GAACTATAGTTGATTCTTCTGGAATGTAGAGGATCCCCTTTTCCocAaGGTCATCACATAcAGTTGGGCACACACAGTATCTGAcATAT 
GCATCTCAAGAGAGTACCATGTATATCCAATAATGCATCAGCCTAATCACTTTTTCAAATTCAAATAGCTTTATTAACAGCTATAGCT 
procacAra TTTATCCATGGAGAATACATATTATATTCAAATGTCTTTGGAAGATGTAAAAAATTGTICATATGccacao TTAA 

GTTcAGTAAATTTCTAAATTATAGACATTGAATAGCTTGCAGTFTAATGACATTAATAATTAACATcacACTcAAAACAATGACTTTTT 
AAAAAGGTTATCTCAAMCATTMCCCTTAAATCAAAGAGGAAATTAAAACIGAAAAAAATAATITGGAAAATTTTTCAATTTTA 
TGTTGAGAGTAAATTACTTTTTAAATKTATTTTTATTTTTTGAAAAATGTTAAGTTGTAAAATAcATTAucasAITAccroar 

AccTTTTTAAGTGTAACGTTCAGTAGTGTTAAATACATTCATACTGTTGTGCAAccAATCTCCAGAATTATTTCATCTTGcAAAMAC 
TGAAGTCTATACATATAAACAATGCCCCATTCCCCCCACCCCAGTCAGATTTTAATTTAAAAATACAAGTGGAAGTTCTATATTT 
TCATCAT.cccTCTATCTATAAAGTTgGGGGCCCTGAATTccAGATTGcGCTTGcATCTTTTACTTCTGAGCATCATcccdc.g 
GGAccorTAAGOAACGGAGCCGGGTAGTGTGACAGGCTGAcccAAAGCTGTGTGcagcGTcACCGGACTGGTTGATGTccmcc 
circaccTACTGCCCTGAGTCAGTCAGGGTTCTGGCAAGGAAAGGAGAATGccTGAccAGcGCTGcAAACCOTTOToccTTTGGcGc 
ANCAAAAGATTTTGAGGAAATCTAAAATAGCTCCTCATCAGGAAAATGTGGAAGCCCCTCCAGCTGGGATCTTCCCTGGTGoodTTGT 
GAGCCTGGCoActingGCAATAGAGACACTAGATAGCACTCATACACTCTTCACAAAACACATTATCACATGGAATGTTTTGAACATCG 
GGTAAAccACTACTTTCATTTTATAGCTAAGAAAACTGGGGTTTGAGATGTTTGTTAATTAACATGTTACTCCAAcACTGTAATGAATG 
AACNAGATAAAGTCAGCAGATGGTGCACGGGGGACCCAGTGATTTTCTGCTTCTCACTTCCCTGAACCTCCTGGCAAGGGGAcA 
occatacAGCTTAACAAGAATATTCACTTGGGTGGGTCAAGTAAGCAAATGTGGATTTCACTCTGGCCCTGAAGAATCCAAccA 
ACTAGTAGAATTTTTGTTTATTCTTAAAAATCTTATTGTAcAAAAATTCATTGAATAAccTTAAGTTTGAGGCACTCAATTAGAAA 
GTAATCGGAAAAAAAAAATCTGTTTAACCCTGAGTATCccTcccTAAAATTACTTAAAGCCTAGAATAAAGGrcagttracAcrajaarT 
TGATTGGcaaTATGGTGTAGOAACCCTAGTCTOccAGTATTGAGCCCCACCCATTCTCAAGAGTACTGCTCAGTGGTGACCCAGC 

ATCCrcCTGTCCCCTTCCTCCACCCCTCCTTATTAATATTTAGTGAGACTATCTGAAACTTATTAAGTAGGAMACCCTAGAGAAGGTT 
GGTGACTTGACCTCCAAATCAGGTTTTATTGTATGTGTTTTTAATGAAATGGGGTCTTGCTATGTIGCTCAGGCTGGTCTTGAACT 

CCTGGGccaGGATcCTCCTGCCTCACTTCCCGAGTAGCTGGGATCACAGGCACTAGOxAccAIGccTGGCIcargocMogwar 
ATAGcccTTTGATAAACTGTCAACTATAGGAATAGAGTTATAAGCGTGAATCTGCCAGTGGTACAATGTCTAGOAGGAAACGGAAGG 
ccTcGATAGGATATroctrraGGAATGTTTACTAGAcacAGGTCTAcircliccarocca Argri TcActriccAAAAcroggacogg 

ATTToGTAACTGTrrrrrgrecTGGTTCTGGGcAGTGAATGGAAGGAAGCCTGAGAGATACTAGTATTATACTGGACTAGTTATAATA 
AcGATGrcTTGCCTATGATAATGGATACTAGGATAATAATAGATGCCTTGCTTGTTTAGCTCATTTAATGcAAAGACCTTGAGAAGT 
ATACTATTATTCCTATATTCITATTGCAAATCGGAGACTAAGGCTTAATGTATAAGTAATTTGoccAAGGGTACACAGCCAC 

TGTAGTTTGGAATTGGGAATATTAGGATTTTGGCTTATGAGGACAATGAGCAGAATATGTAAAATTGGGACTGATTGAGAAAATCCTGG 
AGGTATTGTTACTTGCCTTGGAGAAACAACTTTTTTTTTTTTTTTTTGAGACAGAGTCTTACTCTTGTTGCCCAGGCTAAAGGACAATG 
GCCGArcrTGGCTcACTGCACCTCCGCCTCCTGGGTTCAGCGATTCTCCTGCTTCAGCCTCTGAAGTGGCTGGGATTACAGGCACC 
caccarcaTosaccAGCTAATTTTGATTCTAccAGAGAcacGGTTTTACTATGTTGGCoAGGCTGTrcirca AACTccGACATCAGG 
TgaTCCACCCGCCTCCAGCCTCCAAAATGCTGGAATTACAGGIGAGCCCTGCACCCTGCCGAAAAACAAccACTTAGATGTA 
GATTCCAGCCAAGTGAAGTGGCTCATGCCTGCAATCCCAAGCAC TrTGGGACGTCA ACCTGGGCAGATCACTTGACGCCAGGAGTTCGA 
GNCAGCCTGGGNAAANTGGTGNAACTCCGTTCTANTANACATACAAAAATTNGCccGGCATGGGGCAccoccTGTAccocco 
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TACTGGGGAGGCrgacGCAGGAGAATCrcTTAACCTGGGAGATGGAGGTTGCAGIGAGCTGAGATGCAccACTGCCTCCAccTGG 

GCGACACAGCCAGACCGTCTCRAAAAAAAAAAAAAAAAAAAAGATGAAGATCCAAATTGTrcTACAAAGTSCAGAcco 

CMcACTccGTCTGGGTCAA AATGTATATTGGCAAGCTGGGGCCCTGGOAGTTTCTTACGTGGATCATAGCAAATNGCTAcGTGGCTA 
occaccoa AACTTTACAATGAGGAOAACKGACAAJATCCTAGCCAGCCAGAGAAGATGreg AGATTGTCAGTGcccaccTNATTCTGs 

GCITAATACTCCAGGAAAGGGTCATITcCATTAGCTCTGAGGCTGTCTTCTTATGGCCAGATccACTATACTCACTTCATTCCCCIGC 

CGATATCTCGGCATGGAGGGGGCTGGGGTTCAGAAGTCCACACTTGCAGGGAAGCCAGAGGTTGGGCAGGGGCACAGGAAGAAAGGC 
TortoccaccatcGrccrosacccGrgaggoaCTCCAGGGGCAGGGCTGAGGCTCGCAGGGACAGGTGCCACTGCTGciNGccTccTcco 

AccoacAGCAGGACTGGCCAAGTACAGCAAGCACCACAAGGGGGAGCACTGGGAATATAAACAAGAAGAAAAAGCTGTTATATC 

ccTTATATATTAATATTACATTATATAAAATATATTTATATATTACATCAATGAGAGATGccAccTGcGTCTCGGCA 

ATACAATGTAACTAACGGGAACATTTAACTTGACATACAAGAATTGACTTTCTTGCAATGTTAAGGATATACAAcaTTAGA 

AGCATAATGAAAGAATTAAAATGTACCAGCTTTATAAACTGAAAGCCACTTTCCCCTGCACCAGTGGATGAGAATTGAAcacGA 
CTTACCGGTAAATAGGTAAATCACAGTTGTTCCCAGATCGGGATGGCATCTTATTGTCACGTCACCCACACOTAGAGTAATGTCTGTc 
AcATAGOAACACTCAGTAAATACTTAGTGAACAAATGAATGAACAGATGAATAAGATTACAGTCTTCAATAATAATGTGor 

cTTTTCTTAAACTAAACAGAAAGCITGGGGAGATCTGACAGCGCGAGGCACCTGAAGGAGAAAGAATGAAAccActres 
GAcAircraaGGGTGAAATCAACTAAGGTGCACATAGATCATAAATGGAAATGG ACTTTGTTTCTACTTACTAGarecco 
Gaucraciergasca GreagercroggaMaMa'aleococcogganoacroocarcegoorasac 

croco roarraraerocarginiarraracaccroecrecraeroGrecre Torganiraag TAGAGAAAAAGGAG 
CTCAAGATcAcAGrcTTAAGGCACCTATTTAGCTACTTTTTATA AirTArgTAATTTTAGAAccxcarcoscrgaTorca 

AccocGCCTTFGCTTCTAGAACTATACTAATGTTAcTACCATACTGTGTATACGCAATTTATAAGGTRGAccaccurric 
TGGTcacrgAarccArcTCTTAAAATATccTGGCTTTCTGccTTGTATTTGTATTGTGAAcArgfrcocACTAGATAGTANGCTorr 
TcMcGGCAGGGATCATATCTTATTGTorcACTTATGcATTGGTGGCATccAGTAAATGTTTAccAAATTGcATTTGGAArcATAcca 
TTCCAGTCTCTGATTCAATCCACATTAATTTTTCCTTCTGGAGGCCAAATATITANAGATACTCTCTGCCTCCAAATCTTACCTTA 
AcaccrococcATccATAAcACACACACACACACACACAcacACACACACACACCoccArgocaccTeoccacccArc 

ATsACTGGcaTetc.TTTTTTACCCTTTGGTTTC TrogacagascarcacAGAGGGTGcGAccaccag 

circTccc.ccACTAACGGCTccAATTAAGCTAGATTTTToroccocirca AGAAGTGAccrgAATAcAAAATTGAGTGGAATTTcAccor 
ATATTAAGAATAAATTACGTATGCTCCGGCTTGAATTACTCAATTACAescaccaccacca 

coccasAATTGCCTCCACATTAATGANCEcCTCTATTACAccTACGTCCCCTGCTAAACACAGAAAcGGTA 

AccCAGAGAASCAGGGAAGGGGACCATCATCGGGGTTGTATTATATTTTTecco 

GGGTTTNTGGAEGAAGAGCAAGAJACAGAAGCTGGTAGAGGGAGGCACACAATCCCAAATTC TXTAT 
TcaccaccorrecCrcticeccrgeticAccecarcticacATcroccacccacccaccaccacca 

AccTccTcAGotconggggg.TCAcccsoccaccaccaccTccTTTTTMGMA 

TraccarcicaccAGGCTGGTGACCTCAGGTAccracACAccTaccencce Teucrosse TTTTGGCATG 

GGGCMGMAMCccGAAAACAATCGTroctexcoccaccTAMGMexGMAAAACAA 

GTTAATTccCrcaTACTAGCTTGCCCAGAJATTATTATGATAAATGACTACTGTATTGACTTAAATCAATAAAAG 
occGGGcoggg.TGcAGTNgocaccecTNGTToccTAccNeogaogo.TAccATGooccinacces. Toga 

GACCAGCCTGGGCAAcACGGTAAAACCCTGTCTGTACTAAAATACAAMAAAAATTAGCCAGGCATGGCGGTGTGcAAcrgTAATCCCAG 
ccTccAAccotcasACAGAAGAA cacTaga AcecaceaeGCGGAGGTccAGTAGCogecords.ccTeccTccAccNis 

GTGACAGAGCAAG ACTCCATCCAATAAGAAAGAAAGAAAAAAGAGAGGAAGAAAAAGAAAAGAAAAAAAAAAAAA 

Accalatasalaga AAGAAAGRAARAAGAAAGAAAAAAAAAAAAGAAAAAAAAAAAAAA 

Avalance AAGAAAAGAAAAAAAGAAAAAGAAAAAATTACAcoccacccaccA 

waATTACFTttacritAGAGGTTTACActa AGTCANGrittgttaGGTTCAGAAATCGTAGACAttrCranarcacArtGTATAG 
corrcrowGAGACAATTTATCGAAAATGTTTCAGAGCCTCrannouncertraangrotectanacasTaroccTerrecATCA 
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TCGTGAGAACTGAACTCTCTAGAGCAAATCAAAAAGAAAAAAIGCTAATAGGTGAGAACTTGAAAAAAAAAAACC 

TTCCCCATTTATTATTTCTTATTTATTFTATTTTGTGACGGAGTCTCACTCGCCACCCAGCCGGAGTACAGTGGTGIGArcross 

CTCACTGOAACCTCTGCCTCCCAGGTTCAAGCAATCTCCGCCTCAGCCTCCCAAGTAGCTGGGACTACAGTTGTGCACCACCACGCC 
cAccTAATTTTTTGTATTTTTAGTAGAGACGGGGGTGTCAGTATCTTGGCCAAGCTGGrcroAAACTCCCGACCTcAGGTGATccacc 
CoccTrccCCTcccAAAGTGCTGGGATTGCAGGCGIGAGCCAccArcCATGGCCAirccord AirATTAAAGCCATGTAGATGarc 

ACCTCTATTCIGCTA AAGCATCAGAGAGCTTCTTAAAATTGATCTGGAATCCTcAACroccAGTFTGAGAAGCCCAccTCAcATATA 

AccAGAGCAATTAGGCCCiCCTCTGAATCACTACAATCATCCTTAAATCATAAAATGTATGCATAAAACCACAAAAAATGCTCATA 
AACccCAAACTACAGAAATATTAGATAAGAATTGCCTTCTAccAACACAATCATGCCTCATGGCATCATGTGagaCACAATGCG 

CTTAGTTTAAGGGGCAGATATCTCTGTGGGCTTCATGGAGTAAG TAGATAccGCATTccaga ATGAGAATTGccACGAGGGT 

CAAGTGTAGGATCGCATTTCCTTTGFCACTGTATTGACCCCTA AGCCAGGTTGAAGGCTGCTCCCCTCTGAGATGAAAAATAAAATGG 
GorceTrcraToTATTTTTctricirrircr'TTTTTTTTTTTTGAGATGGAGGTTGCTCTGTTGTccAGGCTGTArcGTore 
ATCTCGGCTCACTGCAACCTCTGCCTCCTGGGTTCAATCAATTCTCCTGCCTCAGCTTCCCGAGTAGTGGGGATTACAGGrcCococca 

coacGcCTGGCTAATTTTTGTATTTTAGTAGAGACAGGGGTTTCAccATGTTGGCCAGGCTGGrcTCGAACTccesAccroAGTGAT 
occTcacrgGCTCCAAAGGCGAATACAAGATAGCCACCACACCAGCCAccoacCACACCCAccaccaccacca 

acccTATCrgACACAATAATAGCGAGCGGCAAcATTGAAircoarctic AATCGCCATGAcATTACAAAcres 

GCCTTACATAGGAGAGGTTACCTTTCACAAACTGAAGCTAccAAACACTCCATTACATCC cacogco ACGTCCATAcca 

GAACAGCCATCATTACTGGAATTGTTGGGTTCTATTCAGAGTCCAGTGGACTTTTTTTATAAGTCATATTGGTCTGGTAGTCCAT 

TCTGAGGTTGAAATCATCAAATATTAGGATAAACACAGGCGAcTAGACTAAATCTATCCAGGCGGGTGGTATTAAGTTTTT 
ccTGACTSTAcAggATATcAACTGCTGGAAAcacigarglicaraeacaccGCT.ccc.cccrccArg-TGT 

GTAccAccCTTACACAAccATTGGTTACATTCCCATGTGCACAGGACTGTCAGTAGTGATTCAGAcArcCCACAATCTAGATArrrrt 
CAccACTTAACCCCTCCACAcACCAGCACGAACATAGGTTTCCACTTCGCCACCATTCCTTCTATTCACACAGCTGGGGG 
cacoccTAccTcAGTGCCTAcACGCACCCTccccaccoccTGCGccAccoaccAGINATGACCTGgalacca GTCC 

cCroTAATGcAAAAGTAAGAAAAAACAAAATAccaccAAAAAAGTCG graceacAgaciccacccaccc 

TCCCCTAGCCAGAAGTAACAGAAGCTACCGCAGAGGAACACGTCCCCAGATGACCAAATGTNGCACTGTTTAccATAC 

AGGCAGGCCTTACAACTAATGGGTTTCCAAcTTTGACAcecastTGGTAGGAATAAGCCACTCCCCTsAAAA 

CNCCAATGACGAcActresagicoccc.gc.ca.gcaa AATAAAccoccacAATATccCACCCTAATccascaca 

ccTagga ATTTATGITATGcGGCAAJAGGGAAAGAAGGATGAGATGGA ArcAATTGTAATAACTACTTATTTTTATATE 

ATTTTTGACACAGAGTCTGTCTGTCACCCAGGCTGGAGGCAGTGGAATGACTGGCTCACTGCA ACCTCCACCTCCGGGGTTTA 
AGTGAccreccircaccc.cccGAGAGCGrgaTACAGCCAccAccaccATAccrecca TriggagTacsaggc 

Accoroccaccacco GoccasACTTGAccoa arcaccocccacciccoscenccc.gcc.ccca TACAG 
GCATGAGCCATCATGCCCGGCCTCAACTGATTTTAAAATAGAGAGAGTATGCTGGAttatcCAGATGGATTCAATGTATCAcagotc 
CTTAAAAGGAGGGGCAAAAAAAAGTAGCAGCCACAAGAAAGGCTGGCTCACTTACACTGAAAcAes 
exceeccegacoccAGTANGTAGGTGGCCTCGGGAAccGAATGGATAGAAAAATCTCCTCGAGCCCCCCAA 

AcracoccTAcroAcATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGAGAcGAGrcreccircrgretireccorcGGrcoagr 
GGGCTTTeccTCAGTAcAACCCGoccTAGTAAGCGATTCTTCTGCCTCAGCACTAGTAGcGCTACGGCAC 

NGCCCCAGCCAGCAATTGATTTTTTTTTTGAACAATGACATCTATTAGCCAGGGACCAccence 

creascacceAACAAAAAIGrcc.gcaa.cccACAATTGTGGFGCTGAGAguccTATATAGA 

ACTGAccAacATTTACTGAGCAAGTTCCGTGTGGCAAccTTCATGGATGGGCCTTATTGGrcATGATTGTrraGosecAATTAGA 
AAAATAGCTAACACAATTATAACACAGGAAAACACAGCCAAATAAAAAGAACAGAAAATCTATATATeCTTTT 
GTNAGATAGGTATTTTTCCTATTTCCTAccrgGTTTTGACCTAGTTCCTNAACGGAAAGCGG 

TccGGAAAGrAGcretroGuartarctricarrgeciraToAnrecorcGAAGGAACAGArcAGATTGAGTrcTACTGTAGCTTGAcc 
CGGCGcGeoccCGAGACCGGTTCTAAGCTGCCTTAGAGGGTAGTAACAAATCGCGTGGGAGAAAACACAcGCAGG 

TCCGGAGTACAATTAGCCAGACGCACGGAAGTAGCCCCTGGAAGGGTTCGAGGTCTGTCAAGGCTAGACAAGCGAG 

GTGATTGCTGTccTGcalegaToccAATAGTGTATATGGGCCTGAATTGATTGGTTACATAccAGGTATTAA 

TCTAGAGCTAGAGATAAAATGATGATTATGACACAGCCTCTGACT recaGGAGCTCAGTCCAGAGAAAGGAAAACAGATTAGTGAACA 
ATACNACAAGGGGAAAAGGCACAGAGGGAAGAAAAAAAAAAGGCAACCAGNCCCCCNCAA 

caGGCTTACAGTCTAATGGAAAAGATAAGAAAGCA ACACACATA AccGATTCACGTGGATTCACAccocoa 
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TACAGGGCAAAGAAGAGGGrCCAGGAAAGCAGCTGGGAGAAACTGACTTTCTGGTCACCAAAGGGGATGGGGCCTTACATGCCATTCT 
ArcMcGrorrcacrgTTTTTAAACTATCGACTTTGCAATTTATCTcAAAATAAAACGTTTCATTTTTAAATGCTGAGGATTTAAT 

ATGMcAGArcATCAGGTTGTAAATTAGTAATACATGTTTCCTAATGTCAAACACTCTATTGGGAACCGCCAATTCTGTTGGATA 
GACTTCCTTTracACAITTTATATGGATTGTTAATTCTCCTAGGGGAAAAAACTTorca AAACTTGATTGGGTTTAGATATTTTccT 

ArcrTGACCCCCrgTrCATAACAGTATATGCATCTCCACACACACATACTCGCACACATATGTGTGTATATATATGTGTGTGTGTG 

TGTGTGIGTGTATATACAATAATGAGAAATGCAAAAAAAGAAAGTAATAAAATAACCACCTATCACCCACTTAAGAAACAGACAT 

TTCAATATCTTGAAACTTCTCCCAATTATAGCTTTAAAAATTAATTATTAAAGAGTTTTTTAAAATACAGAAAAGTCCAAGAGAAA 
AAGrcGITcacAATcACCTATTTACTTAATCCTATTGACATCAGAAATACTAATGATATAAGAcAAATGATTTTTAAAGrAATCAMATA 
TATAAAAGAACAAAATAAATGAA AGCTGCCCTCTCCTACCITATCA ACTCCCCTTCTAAAAGATAGITATTAATAATTCTTCATGACT 

cerectacAAAATAAAATTACATGCATTAAtatATGTGTGTATATACTAct AATAAArtTCTAGTAATGAGATTCTTGGATTCAAGAGT 
GrcarrrrtAATAGCTGTTCAGTGTCCCAGGAAATTATTGCAccAACGTGCATTTCTGTGTCrAAATATAGGAAAAAGGGCoAGGG 
GCGGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCATTTGAGGNCAGGAGTTCAAGAAACCGGCCTGGAC 

AACATGGCGCAACCCCATCTCTACTAAAAGTACAAAGATTAGCTGGGCTTGGTGGCrcTcACCTGTAATCCCAGCTACTTGGGAGCCNG 
AGGCGGAGA ArcACTTGAACCCGGGAGGCAGAGGTTGCAGTGAGCCAAGATCCCGCoACTGCAC TAGCCTGGGCAACAAGCAAGAC 
TCTCTCCAAMAATAAATAAATTAAATACATACATACATATAGGAAAAAGATTTTGAAAGCACTGGTAAGAAAAAGCTGCGGCATTGrc 
TCCCTTCTTcMAAGTGcAAACTCTTATGAcACTAACGTGTAAAirGrTATGTrcocrgTAGeocraccacogwoocercarrcana 

oracocrecerreroroograaaTAATTCCTATTTTGrrrrrt atteracritAAGTTCrcAGGTacATTTTGITATAAAGrrrec 
GTGCCCAAAGAAATAGCACTCGAATATAAAATTTTCTTTTTAATTCroAGCAAGGAAAGTTACTICTATAGAAGGGTGCGCCCTTAC 
AGArcocoa TGGrcAGCGTGCACTTGCCAAGGGAGGGGAAGGGGrcraaccorgACAATGCACGTGGCCCCTGCTGCTGTGTGGT 
TccecratrocCTAGGGTTAGACCGCACAGGCTAGACTAATTCCCATTGGCTAATTTAAAGAGAGIGAcGAGGTGAGTGGrerGGAGGG 
AAAAATGGTTArgACAGAGCATGTAATCGGAATGAATCGGGCGGAGCGTGTAATCGGAATGAATCAGGGCGGAGCATGTAATCGGAAT 

GAATCAGGGTGGAGCGTGTAATCGAAAAAGGTTGCTTACGAGGAAATTAAGTTTAAAAGTAGAAGGCAAAGAATTGAACATACTGACA 
ACGATTorrega MAGAAATTTAGAACTOACATCTAACAATTTTTTAGGGTTTCTTAGTATTCTGGACAGAGGACAAAATCrCATT 

crocGoa.TMGTGGATTCATTTGCTTTCCTCCAAGCActrTTTTGCAGGCircaTTTCCATCTGGGGGCGTTCAATGTAGGTTTATAA 
AcecrgT-Trg-TTGirl TGTrrATGAGAcAGAGTCriccircrgTrcoccAGGCircCNGTGccACAATCTCGGCTCACTGOAACCTCC 

cCrcirccGGTrcaGCAATTCTCCTGCCTCAGCCTGCCAAGTAGCTGGGATTACAGGCATGrGCCACCACGCCCGGCTAATTTTTTTT 
GTArrrrraGTAGGGACGAGGGTTTCACCATATTGGCCAGGCTGGTCTCGAACTccTGAccTTGTGArcCGCCCACCTCGGCCTCCCAA 
GrcoccGarracAGGCATGAACCACCGTGCCTGGCCTGGTTTATAAACTTTTATTATTCCAAAGTATGTNATTCTTTCACTTTCTTT 
AccCTAATTGTTCTTGTGATTTTTTTTATGATTAATGACCAAACACTATTGTGTccAAAAGAAAAACCTTGAGCAAATTAGCGCAA 
circCTCCTTCTTAccocAAGCAAAAAGAACCCCTGCCCCCAACCATGAAAGAAAcCTTTCATTCTGTAAATCGGTTTAGACAAGTG 
Arar TTTTTGAAAGTGGcArroGCTCTTTCCCATTGGTGGGTTAATGAACTAATTAGCATTTAMATAGGGAAAGTGGCTTCCCTC 

cc eccence arccTTTTccorcocarrcTAGTrceTrococacGAAGGAAATCATTCrocorrrocrocaTccCTCCCCTCATTC 
correccorrerocGACTAAAGTCACTCCTCCAAccCCAccAGGcocial ATTACAAcTrrroTTAcATAAAACAAGAGCTTTTGATTC 
CTArcCroroccArtTraTorcCTAAAGCCCTAAGGGAJGGAAATTTcAAAGrgrgAcramroccrracAGrAGGAAATTGGAAGAT 
AccMcGGAcGuTCRACATGTCAGTAAATTCTACAACACTAGOTAGAGATTTGGGGCAAGTCATTTATGCTGTCTAGGCCTCAGT 
recTTTTGTAAAirAAAGGAccoa AGATAATCTTTGGGrcraacaa AATTorrcrgravaacAG rocrococcCCTTCTGGCACC 
GGSCAT-rocroga AGACAATTTTTCCAAAGATGGTGGGGCAGGGGGCAccorrigooga.TGArcATCACGCATTATTCTCCTAAG 

scc.cccAccracAccCTFTGCATGCACAGTTCACAATAGGGTTTGTGCTCCCGTGAGAATGGAATGCCTCCGCTGATCTGACAGCA 
ecceecercacGCAGTCATGCTGCTCACGTCCCGCTCACCTCCTGCTGTACAGCTCCGTTCCTAAGAGGCTACAGGCTGATATGGGT 

ccGrcGcccAGGGGTTGGGGACCCCTGCTATAAAGGAAGTTCAGAAAAArcAGATTATAATTCTGATTTTTATAAATCAGAATTTATAA 
ATCATATATTACTACCAAGTAATAGCTCTTTTGCCCTTAACTTCCCACAGTGAAGAccMcTGGAGTAATTTATATCAACGCA 

AAGAAcwccATGGTCAGTGGAAACTCCTGccecrccCTTGGCrrrcrorcorca ArcTAAcAGTGAGCAAGTTGCAACAAATCGC 
coercagAGAAAAGGGAGGATGGAATTGTTACAACCGTTTCTGTOG.cccMcGorgosacTGcGrcGcGcGArcrCGCTcACTGAAA 

ccTCrAccrocrgAGrcaccGATTCTGCTGCCTCAGCCTCCTGAGTAccTGGGATTACAGGCACGoGocaccATACCTGGCTGATTT 
TorrrrrrigrgAGArocco TarcaccATATTGCCoAGGCTGGrcTcGAAcrocircaccroGKGATccroccACCTCAGCCCCCA 
occGGGArreogrgrge McCCATCGCGCCTGGCCAACAAATTGTTACAATGITAAACAAcATAATArCrAAACATATTGGC 
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cccGGCTGGTGGTGTGAGCCTTAGTCCTAGCTACTcGGAGGCTAAGGGGAAAAACTGAGCCCGGGAGTTCGAGGcGAGT 

AGCTTGACAGCCATTGACCCAGCCGGGTAAcAGAGCGAGAACCGCTGAAAAAAAAGAAAAGAAAAAGAAAAAGAAct 

AGGATGcAccorTTTTTTTTTGCCTTArTrcCAAGTTCTGGATAATTTTrcTTTTTTACAATATAAATATTATcMorTMTGra 

TCTTGATAGGCCACCAGTGAGGCAAGGGGTAGCCATGGAATGCAGCIGCTCTAGTATATTCACTGT 

GTATGcGrCATGTAGGCATATCACAATWTATYCACCCTAGOGAAGTAATGCirca AGGTATTGCTATATAAACAAATC 

car accT-TraaTCAAATAATAATTTTGICrcrTCA ArcAGCTTGATIracyrrgTTCNR ANACNAAGCACACAACTATA AFTANAA 
rtcAttacrgatanatataAAAtarTriccAAAAcArcACAAATCTTTTNTNNTNCACTATTTAcratacActiTNGGTCTNAATTTAA 
GccGo-Tcacrara TscorcCTCTCroccaacAATATGGTACTGGAcaTATAcArce AAATAATGARTN 

CTTTTTAAGGGArAAATGGGATGTGATGTAGAAGGGGCATAGTAGGGACTICATCTGTTTTGGCAAATTTTTCTTAATATAGGGGTA 
GGCATGTGGAATTATAAAAAAGTTCTGTTCAGCCAGTTCTGITACATAAAACoATATAATTAACAGTAA Acrge ACNGGT-r 
GAAcacArgTAGACGATATTAATAATTACFCCAGAAAACAGGCATAACTAAAAACTACCACAGCCAAAAGGGGAAAATAGACANS 
rAAGGGCTGGGACTTAAGCecATGTTGccCAccrccAAGTTTCATGGACTTTTTCCTTCTccacArracrrrorrorcrgetAcreat 
crgara recrocroroccacGurjanegadourcwood roarcargrarccarcatocarrogccan rercenar 

exaaaaaaaaroarra rardox AAAGGGAGACCCAGAGCACATACGGAAATGACACGTGCATACCTTGATTCAC 

TortAAttracTTATGA ArgTGTCTGAATTTGAAAACAAGCTGTAGGAGGTATTCATATTTCCATTGTGATTGccrrcacGcrgacTT 
sara CTAGTCATGGCTTAGAAAACAAGAAGCCTAAGAAAATAATAAAAcacAAAAACTTATCAGATG 
ccTATTTCrcCrAGAGTATAGGGCTATAACTGATAGAGGTAACCTTGAAGAAATAGGCCAATGTAGGTTTAGAgAGAAccra 

catalaccAATTTGAGTCAAAATTGACTCrga MacTTACCAGCGAGTAAGCTTGGGAAAGTAccTCAAccArcTAcGeorce 
TorrocaccrgrAAAATGGraac ArcATAGormTclTracGTGTAcAccraTAAAGTGATTAGTAfagATTTortATAcAAAACAAGA 
GoTcTGraaTATAGCTCTATTAGTGCIGACACAATAAAGCCACTGAGTTATCTTGAGAATTANACATTATArgricrogreac 

TAAAAAAATGCCAGCircocCGCAGTGGCTATGCCTGTAATCCAGOACTTGGGAGGCTGAGGGGGGAccTAGGA 

GGTTTGAGAccAGcGeoTAAGTGGCGAAAccocercircacca AAATAAAAAATTAGCCAAGGTARGCACACACITGT 

AccoraccaccAGGAGGCTGAGGCAGGAGAJATCACGAACCCGGAAGGCAGAGGTccasTecTGAGACGToccAcocacT 
cococcocoacAAAGGAGACCGTCCAAAAAAAAAAAAARACATAGCCACAAATNACACAAcc 

cGATrcAGrcAATAACTTGCATA ACAGCAAGIGACTTTCrcCTAAGACATCCCCCCTCCAAccorcNCATTAccraaT 
AcAAATGcGCCAGGCTAGTGATTCCTGATGAGGCTGGTTTrg MGGOTTecca AAAGAcTTGGArAcAAAAAirACTGGGCAGAccA 

ArcGAGCAATAETCrgrgoFAGATGTTAGGTTTGGGTcccaccagaToccaccarcco-FaccaccroccacT 

GCTGGTGciNGCTGAACTGCTArc TGAACTCTCCAAGATTGCCCTTGGAGCCTTANGCCCAGAGCCA 

ArcGGorcsecCrAACAGroATCTGAAGCCATArcCrTGcrTAGCirTCrTTCAC TrcircragrrrocCTTTCCT.cArcocCTTAAAAGT 
TrococcaccArtCTTTATAAACACTCTGTCAGAAircraggracingcTrcTAGGAAATTGACTAEGGCATTCTATAAccA 

ccTCCCTCTTTCAVACTACMAAGCTGTGGATCATGCCTGATTGAGAAATAAGTTTAGAAAGECACAGCAGCTCATTAAAAA 
McATTAAAAAccATACAAAAAATAGAATAGGACAAAGAGAAAATArraccArGcArrceXTrrcaTAAGrcaraTGCAcArcATG 
caric TTCATTTTGTATGTGTATATGTGTGFAAAcATATATAccATArgTAGACATAcGrGrGrrrrrgAATCATGATGTCA 

AGGTATCATTACTGCAGACCACAGEcua GGGTGAGCCTGTrocarcco GCCAGCCTCGTCATAACTTAra 

TTACTTGAGGAAGGTAAAATAATCATATATTroTCATCOrcGCATATATAGACrTrTAGTTTAACGAGGAAAAAGTCTTGTA 
GTAJAACTTGAAGAAAAATTTAGCAGTGciNCAJCCTTAGAAATCTAcAGTcAATATTGTTGTTTTTACCATTGTCA 

erarcTATTCTGTGCTTGATTACIrco ATTTAGTGTCTCFrgAGTACAT.VacAGATTTATCTAJAATTCTATGcrgATAA 

coccer TerATATAAAAMCCTCCAcArAAAATAAATTATGGTTTCAATATACATTTTTATAACAATATACCACTTAAGAG 
CTTTACTGGGGTCAGGCAATGTTCTAAG ACTTTTTCCATTACAGATCATAATACCCCAATGACCCTATAAGGGAAGTAGAAT 

AccGcGATTCTCAGArcAGTGAACGTA AccrgcracycCorcoagrarrcroacGcccrat 

AccATGTAAAGAAAAGTACAAACCCATAAAAAGCAGGCTGRGAACTAGAAAAAATAACAAATTCAGCAAGTGAAA 
AccortgrgroccTgGTrgrarajaracracArcGGGTTgarrica Trara AccucumaTACTTATGAGTTTA 
cragsta'cacAGAAAGAGAAGGGAAAAATTTTCACTCEAAGGAAccoTeaGTTCAGCCAT 

ArgarcarcanagTCrcTccATTGAGAATTCATTA AGAGAGTAACTACArgTTATCATTAAGAGTAACATAAATTTTGCA 
GMTCTTGCCAAAATCACACOTACAACCATAAATTGAATTCTAGGAAAACTCAGTACAAJVAccGTGCAATGCAATAAAGTTT 

8 
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GTGGCACAGMcAGTAATACTCAGCAAACATCCCACCTCCTCTCTCATATTTTCCAGCTCCCCTTGGGTTAAACGTTGCCATGTGGCAA 

GTTCTGGCCAGTGAAGCGTGAGCAAAACTGAAAAGGGTTCITGTAGATTGAGACAGTGAAGAGCCTATGTGTGCTCATCTATTCTCT 

TTTCTGCTGAGGGCACAAAGAAAGTCCTGAAATCATGTGCTACAGCTATGAGATAATGTGCCTTTGCCTACCAGGCTCTCAGTGTTTA 

CTGGTGTGGAGCCCTTGTAATGGACACATAACATGAACAAGAAATAAATCTTGTTGCAGAAGCCCTAGGAATGCCAGGACTAATCTG 
TTACCircaGCACAAJACCCAGGCCTATCCGACTA AGGTGGTATAAATACTATTGAAGTGTATTGGGATTAGTAAACTTCTACTGT 

ATAATCCCTTCTGTAGGTAGCCAMoGArcAra GGAAAAINCAVACAAGArgAACAArgAirGACAafrancArror 
occaccirca arcacAcrocarccord Angrocanagracercarragc.caragrgocacy 

TAAGAAcAAAAAcroGAAGCAGAGTGCCGGTTAGGAAGCCTGTGACAGGAATAGTATTCTCAAAAGGGR 

AAAACAAAACGTCAAAACGGAAAACATGTAACC cataAAAACAGAAAAAAACAAGATGGCATTTCCT. 
TcAGATTGcAAATAAAAAAAAACCCAGGAAATCCGATAGGAATGGATGAAATGGGAATCTATATATcrgTTTGGGGGC 

ATAATrcGITTTGCATTTTTGAAAGCTATTGATTATGCATATGAAGAGCCATAAAATTTCCTTTTGATATAATAATTCCACTCCGAA 
ArcaccAAGGRATAAACAAATTGATGAA-AKTCTCCCCCAAGATOTAGAGCAGCATTATAAATATAAAGGCC 

GGGCGCAGTGGCTCATGCCTGTAATCCCAGCACTGGGACGCTGAGCCGGGCGGATCACGAGGTCAGGAGATTGAGACCATCCTGGSAT 
MACACGGAGAAACGCGTCTCTACTAAAATAAAAAAAATTAGCCGGGCATGGTGGCGGGCGCCTGAGTCCCAGCTCTCGGGGCTG 
AccoacGMGAAGGCGTGAACCCGGGAGGCAGARCTTGAGTGAGCAGAGArcGCGCACEGCACTCCAGCCGGacaceae 

CTTTTAAAAAAAAAAAAAAAAAAAAAAAATATATATATATATATATATATATATATATATATATATATGTAAACAATCA 

TGTGTAAAACAAgAGAATGATTAAGTAKATTATGACTAAATACACTCAATACATTTTATGAAACGTAAAAATArcAAAAAATrrAA 
ATTACTGcraciaCTAACAAGAGCTATATAGCAGoTTGGAGGTATAGTATTATATATTTTTCACAAATC 

caccircaGGrcoacGTCCAATGAACTAccAGGTCGGAGGTGGTAGAGCAGOAGTGGAGCCAGTrcrccTccGAcocarcea 
TcaccrgcaoccerTCCTGTrAAGATArtTGCTCAAAAAArcCGAGATATAAAAATCTGGGTAATTGArcAAccra AAGAATAATT 
ACATTTAAATTArcATGAGACCTTGTTAGTAGGTCAccATCAATGTGTAATTAAGCCAGArcGACAGGATTTG-Teccrotocorr 
Carea TTTCGAGGCCTTTTTTTTTTTCTAGTTGTArcAGTCAGCCAAccAATArcrrrraccArcraCTARGITTAGATACG 

GACTGGTACCGAAAGAGAAAATGAGAAATGACAAGACCGTCCCCAAGGAGCTCCTACA ACAGGGGCACAAACAGATA 

GArcacacACACACACACACACACACACACACACACACACACACACACTArAAAGCAAGGCAAGATTTAGAGAGTGACAGGAGTGGG 
ccTGGGAGIT-caGGGGAGGGTCGTTCACATTCTCGTAGGGAAGATACTTCTGAGCTCAGTATTTCCCTTTCTCACGTCCCTATC 
ccorcircrecretrocrocroTCTTTTCCTCTTTCTTCTcccrocrocoCrcrgrocrotocorror TrccTTTTTrcirrorct 

TTTTTTTGAGACAGAGTCTTGTTCTGTCACCCATACTGGAGTACAGTGGCACGATCTCGGCTCACGCA ACCTCGGCCTCCCACGT 

NCAAATGATTGGCCTCAGCCTCCTGAGAGCTGGGATTACAGGCGCACACCACCAIGCTGGCTATTGTGTAGTAG 
GACGGGTTTCACCATGTrggccGGCTGGTCTTGAACTCCTGACCTOAAGTAATCCAccoaccTriggcoroccAAAGTGCTGGGArc 

AcGGCATGAGCCACCACACTGGCCTCCTCTCCCTTCTTAAAAATACATCAATTAATAAATATATAATGTAGArACAccAcocc 
Garcing graTAGGrGGAGAGGGACGTCCAAAAGGGGGGArggcrgex'AAATAceccence AAACAGG 

scorecorcCTGGGAMGTCCTGCTAAAAATACGGCAAGAAAGAGTAGAGCATCFACGTACTGACCGTCCTGGGAAGTCCTGCTANAG 
GGTCCCCCCCACTGTGGGGCCTTGAGTTTCCCTGTGCCAGGGEACCTGCCCTCTGGGTTTGAGTTTTTCTTGGTGCAAGCA 

ACCAAACCGCTAGOTAAAAGAAAAGGATACCACCAGAGCAAGGGGAAGGGACGCTAGCCAGAGCCAGGCAGA 
CGGGTcMGGCTAGAGTCTGGGAGGAGGAAACCGATGGACAGCTGCTTCAGGGCCCAGCGCircaggg.TGAAGCAGCTGciNGTrgrTT 

TTGT.corcagATcACTCTGCTCAAGArgTGACTTGoccGAGSAAircrgocroccocGoroccacArgrgrgretracCTCTAGACCA 

exceeds GAGNCTTGGTTGACAGTCCCCATGTAGTCCCCITTG-TrAGGTTACTGAGTCATCAAcAGAT crowgroan ATAGTC 
cercarcecoccAATATACCCTCTTCTAccorTNAACTAGGGGCACATACCCTCTCTCCCCITTCACAcATGACCAAACACCATG 
cercacTCTTGAAGTTGACATTTACCCATGTGCTCTITATGAACGTTCATCTCCATCCCGAGACCTACAGCCATGAGGGTA 

CCACCGTTCTAGGGTTTTTGCTCTCTCTTTGTCAGTGGGGACTTAGGACTGTGCCTGGCACAGGGCAAAccCTCAATATTGTTGAAT 
ANATAATAAAAAACGGTAAAGAAATCAGTACACAACAAGAGTA AcagoCAAGGGGAAGGAAAGGGGGAAGAG 
GNCAGGGCTCTGAGTGCTGGGCTGTGGAGTCrgAGGTTCACTCTACAGCGCTGGFGAGACACGATAGGTTTTAGAGAAAGGAAGCCTCA 
pecTcGTGccCCAGTGGGTACTGACTATGCATrrGraGoCAAArcAAAGTArTTccoATAAAGrcArcTArcrcircccAGTTGTTGGG 

ACTTccAAGGCAATGGGAATAAGATACTGAGTAATGGGAGATCAAGCAAATTATTTACTAACAAGGCACACGAAGENGATTENAC 
GccAATGITATGTrrTrcTTTTTTATGTAGTrrAAA Arror AAAGTAACAAATCACAACTAccwacATTTAGACGMcAAAAAT 
Accra ArcccaccarerracACAAccACTArrarcarrrrrrrocTrArrcacArTrroTAccTArTTTCrearryCCAAGA 

GAATTACTTGTTTAGAGGTATTACACTAGTCTGGATATATATATATATATAGCTATATATAGCTAAATAATAACAG 

F.G. 3P 
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GTAATAAATGAAAATTTTTATCTTATTGTTATAATTTTTATGGTTTTTATTATTCATGAGAATAAACATTTTCCAAGTTTGTTTACTG 
ACTGAATTTCTTTTTTGTGCACCTTACTTGGTATCATGGATAAAATTTTGTCAATTTTCTGATTATATCAATGCATICAGGGTCCCAAA 
CCGCCAAAGTTAAAGAGAAAGATACTAAGGGAAAAACCAGGAAAAGATGGTAGAAAAGAA CACCCTGGCATTTTCAATCACGTANA 
CATTGCTAGGTGCCCTAGCTGCAGGTATACAGCTCACTGAAACATGAATTCCAATTTTATAGGGTGAAATATATATTTAGAACCCCT 
TogGAACTTTCTTCTAGTTATCTAGCATCCTAAGTGCCTGGACGTTCCTGATTGGTTTCCAATGTGTTTTATTTCCCATOccCAAGTT 
TCATACCTGCCGGCCCTGGGATCTACAGTCACAGGCTGTAACACAATATCTTGCACATCCTGAGTCTTAATAAGCTTTTGTAGATGGG 
CTCTAccArcATCATCATCGTGAAAGGCAAATATAcAAAATT'GTGACAATGTAATGAGTCATGAGTAACAGAAGTTTACTGAcca 
AACACTACGTGCATGTAGAGTTCAGAATAAACACTTATATCACATCAGAGGAAAAGACCATCTTAGAGGCTCMACAAccoacGAAG 
CTGTGACGATTTCTTCAAATTGTTAAGAATATCCATGCATATGGGTTTCACATTATTTTGCTACACACAGTACCAATTTTTccAMAGC 
cxxcrccMcGrarrcraTTACC0ATCCTGGACTTTTACrccAAGAAAAAAAcACTGAGTCTGTGAGTAATTTATTAGTATTTTGArca 

caracterCrgrararoaaTAAATACTAAATc. Accraggg.TCTATGTTCTATCACATCTACAAACATGTCACTTCCTAAT 

tacAAAAirGTTCTTCCTTAGTTTGCTTTGCACTTAAAATATATATAATTGACTTTTTTGGAAAAAAAircTAAGATTCATTGCTTTG 

GCACAAcAGCGCTGTCTTTTGACATACGTATTTTATGGAAAACACAAGATTTTCCTGGCTGACGCTOAACCTCATAATTTGGACCTTGG 

GGGCACGGcGAGACTCTTTTTTAATAAATAAATAAATAAATAAATATATAAAAGAAACGTAATGAA AGAGAGAGAACTCTGAACTT 
rTAAGAACTTTTcACCCAGTCTTGATCTATCTGACAGAAAGGCTTGTCMGAGAAAGTTAGAGTTCAGAGGCAGCCAATTGAATATAAT gracrccarcacaTAAACCTTTTCTAAATCATACTGAAGGCTATAAAAAATGAGAATTATGTTATTTTTTTTTTGAGAcAGGGTCT 
accTTTGcccAGGCTGGAGTGCAGTGGCATGATCTGGGCTCACTGAAGCCTGACCTCCTTGGCTCMGGTGATCCTCCCACCTCMGC 
CTCCTGGTNGCTGGGACTACAGGTACTACCATGCCCGTCTATTTTTGTATTTTTTTAGTAGAGATGGGGTTTCTCCATGTTGNCCAGG 
CTGGTCCAAACTCCCAGGCTCAAGCAATCTGCCCGCCTCAGCCTCCAAAAGNGCTGTAATTACAGGCATGAGCCACIGCTCCTGGCAG 
GGAACTATAGAATccNGGGTTCTTCGGTGTGCAATAAAYCTCAAATACAGCTATTCAACCATAGATTTIAAATATTTGTTAGTGAAGG 

acAGTTACccGAGATCA ACTGCGGTTTTAAAATATTATGTGGAAAATTCCAGAAATACATAGTAAGTTTTCAATTGCATGCCATTAAAT 
CTCATGCTGT.cccTGAcccCTTCCTCTCCGGAGGTGAATGCTCCCTTTGTCCAGTGGCTCCACGATGACTACATTCCCCMVATTGTTCT 
CTTAGOAACCCTTTCTGTGTTCAAGGAACCCTTACTTTACTTAATTATGGCCCCAAAGCACAAGATMGGGANGCCGGCATACTGITATA 

rarcarrrraTraTTAGTTATTGTTGTTCATCTCTAccroTGACAATTATGMATTCAAcrTTATCATAGGTATGTMOGTATAG 
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TGGTAGTAGCAACAATAAAAAATAATATTATCAAGTAACTGATTCATAATTGACTCTCAAAAACGTTAATTTCTGCTTTCCTTACCT 
AAGTTTCCTACATGTTTGAATTGAAAGGGAAGGTTTTTCTAGACCAATAATTTTCAAATTTTTTcCTCTCATACTTCCTCAAGG 
AAACTGAAAAAGTTCCAACATACTTGCATGTCATTTTTCTATATAAGTTGAAAGAATAGCAAATTGTTATTTTCCCACGCATCGTAAAG 
ATTAGCAGGrcaTCCCTCTTTAAAATGTACCAAATGGAAECTA AATATCATCGCAATTGACCCAGCATCATCCATTTAAACAAATATA 
CAAGTTTTTCITTAACAATGAGAAATTTTATCTCATTACATTTTCTCCCTAAACTCITATTTCAATCTACATTCCTAAGAATTTATCC 
TAATGAGTATATITIAIGCTTAAATATCTTGTTGATCAACACAATTGATCATTTTAAATTTTAAAAATTAAGAACATccTGT 
GAcArcAAATTCTAGGTATGAAAATTTATTCTAGATTGGGTGATCATTATAATTATTTTTTGTAcATAATTGATCAAAATAACATAAA 
TATACTACAAATTCATGACTACTAAACATATAAAAGTAAAAITTAAACAAATATATCTCTTAATGAGAAGGAAGAGCTTFATAC 
ccAATAAGTAACGTATCCACAATAATTATTATTTCTCCTAGAACAAGACAGGATTAAGCATCATGACCGTCCCTATTGGGGGATG 

TTTTTATAGATGCAAGcACTGTGccAccTAciggTAAAATGcACCTGCTGATTGGAATGTTCTTTCCCCAGATCTTccccTcCTGGr 
TorroccAGTATTCAGGTCTCAGCTcAAATGTGActrocircAATGAGGCCTccTCGTGATcAGATCTAAAGCAccorcTAcACAATcAc 
TGTAGTGCTATACCCATTAATTTACTATCATCACACTTGTCACTATCTGCAGATGTCTTGTTTGGTTACTTTTGTNGTGTTTGrcAC 
TGCCAGAATATCAGTTCATGAAGAAAAGGGCCTTGTCTATTTTGACACTTATAGANATCATGNAGGNACGACATACAAATGGCoAATG 
GGCAATGGAAAAACGCTTGACCAAGAGTACTNATGGNTATNACOAACATTATccAGTAACTACTTGAAAAGAAccArcrgTCT 
TTACTATCAAGCCAAGATACTCAAGGAAGGCAGOAGAAGTGGAAGCTCCATGTGGGCAGAGGAGCCTAGTCTTGAGATGTGATTTAGCT 
GGTATTGGGTGAAACAAATAAAccAGCCTCAAAATAACACAAGGGGCCGGGTGcAGTGGCTCACGCCTGTATCCOAGCACTTTGGGAG 
GetcGAGGCAGGCAGAttacTTCACGTGAcGAGTTCGAGAccAGCCTGGCTAACATGGTGAACCTCCAt 

F.G. 3R 
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AGTTGCGTCCCTCTCTGTTGCCAGGCTGGAGTTCAGTGGCATGTTCATAGCTC 
ACTGAAGCCTCAAATTCNTGGGTTCAAGTGACCCTCCTACCTCAGCCCCATGA 
GGACCTGGGACTACAGTTCCCTCCCTTTGGAACGCAGCGTGGGCACCTGCAA 
CGCAGAGACCACTGTATCTCCGGTGCAGAATGTAATGAGTGCCTGATACATT 
TGCCGAATAAACTATTCCAAGGGTTGAACTTGCTGGAAGCAANAGAAGCACT 
ATTCTGGTAACAGCGGGAACATGAAGCCGCCACTCTTGGTGTTTATTGTGTGT 
CTGCTGTGGTTGAAAGACAGTCACTGCGCACCCACTTGGAAGGACAAAACTG 
CTATCAGTGAAAACCTGAAGAGTTTTTCTGA 

FG, SA 
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AGTTGCGTCCCTCTCTGTTGCCAGGCTGGAGTTCAGTGGCATGTTCTTAGCTC 
ACTGAAGCCTCAAATTCCTGGGTTCAAGTGACCCTCCCACCTCAGCCCCATGA 
GGACCTGGGACTACAGATGGAGTCTTGCTCTCGTTGCCCAGACTGGAGTGCA 
CTGCTGCGATCTCAGCTCACTGCA ACCTCTACCTCCCAGGTTCAAGCGATTCT 
CCTGCCTCAGCCTCTCGAGTGGCTGGGACTATAGTAACAGCGGGAACATGAA 
GCCGCCACTCTTGGTGTTTATTGTGTGTCCGCTGTGGTTGAAAGACAGTCACT 
GCGCACCCACTTGGAAGGACAAAACTGCTATCAGTGAAAACCTGAAGAGTTT 
TTCT 

FIG. 6B 
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T w w P S S L u P S S N r T L S S P l, E 

ACA GTG GTT CCT TCA AGC CTC CTG Colt Toc TcT AAC TTc. ACA CTC AGC AGC CCT CTT GAA 

K S A. G N A N f D H w w E k W . Q H F 
AAG AGT GCT GGC AAC GCT. AAC TTC ATT GAT CAC GTG GTA GAG AAG GTT CTT CAG CAC TTT 

K E F K T W 
AAG GAG CAC TT AAA Act TGG TAA 

GAAGATTTAGTCCATCCTATAATCAGCAAGAATTACACCTTCGGCCAAGACCFGAGAATCTGAAAATACAAAGCAGGC 

TAACACAATGAACACAGCTGCATGAAAGTTAGGTATATATTAGGAAGCACTATTGGTTTACTTGTTGAATGGAAGTTT 

AATAGCTATTCAAATTGAGTTAATATAAAAATTCTTCCTAAAAAGTAAAATGTACATATGTAGAATATGATGCATTAG 

TrcTTTGTATACTAAATAAATACTGAGTCCCCT 

FIG. 8B 
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TAACACAATGAACACAGCGCATGAAAGTAGGAATATAGGAAGOACTAGGTTACTTGTGAAGGAAGT 42 

ATRGCTATTCAAATTGAGAAATAAAAATTCTCCAAAAAGTAAAATGTACATATGaspaTATGATGCATAG isos 

TCTTGTATATAAATAAATACTGAGTCCCC 539 

FIG 9B 
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TAACACAATGAACACAGOGCATGAAAGTTAGGTATATATAGGAAGcActa GGTATTGTTGAAGGAAGTT 424 

ATAGCATTCAPAGAGAAAAAAAAtocolaalaa AGAAAATGTAcAATGTAGAATATGATGcATAG so 

TCTGTAAAAAAAAACAcco S3s 

FG, OB 
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CAC GAA GGA AAT TTC TCC AAA CAA GAT GAA AAG ATG ATA GAC ATA AGC ATT cTG CC. TCC 

S N F. T T I P E E S A E S S D F I S. 
Tct AAT Trc AcA cTc Acc ATc ccT cTT GAA GAA AGT GCT GAG AGT Tcc GAC Trc ATT AGc 

Y M L A K A w Q H f K E F K S W w 
TAC ATG cTG Gcc AAA GT GTA CAG CAT TIT AAG GAA CAT TTT AAA TCT TOSG TAA 

GCAGAGTATTTGATTAGGGACGTTTGCTGATAGGAATAGATGGTTCTTAAAAGGGAAAAATGACAAAACTAGCTTGA 

ATACCTTGAAAACGTATTCAACCTCATTAATAATCAAAGGCATGAAAACTAAG ACAAGTTAGCAGTTTTTACCTATTGA 

ATTCAAATTAAAAAAAAAAATCCTGATAGAATGCAATGAAATGAGAJATOTATATGTGATSGCCAGAAACAAACTG 

GITGTCTTTTTGAAAAGTATTCAATTATACAATCAAGAGCATCAAATTCTTTTTAATATAATAATCCACTTC 

TGGAATCAATCCAAAGGAGTAAATCTAAAATTGAATTGAAGTCCCACCCCAAGATCAAATTTGCAAATATAAAA 

TAGAAACTGTAAAAACGAATGTCATCTGAATGTCTAAAAACCAGAAATGGTFAAAAGCTGTGGCAAATATGTCC 

AAATATCTTATAAAACCATTAAAAATATTTATAAAATTTAAATCATGACATGAcATCTGotcGAACAAGAGTTTATTCT 

AACCATCAAAGGCAAAATAAACACCCAGAAAAGAAACTGAGACCAGGGCCAAGTGTAGTG 

CTCAGTCATGTCTGACTCTTTGGGACCCCTTGGACTGTAGCCCAccAGGCTCCTCTGTCCGTGGGATTCTTCAGACAGG 

AAACGGGGAGGTTGCATTTCCTCTCCAGGAAATCTTCCCTATCCAGGGATGGAACCCAGGTCCCTGCATGCA 

GGTAGATGCTTTACTATCTGAGCAACCAAATGAATTACTOAAGTCAGTAGGGGGTAGAGGCAAATTTTAACTTAGTTTT 

CTCrcAATCATAATGCCAATAAAcGGTTCCGTIGGGACATGGIGAAAAAAAAAAGTGAAAAATGAGTATA 

AAACTATAAAGAATGATCAAAACGAAAAAAAATCTACAACTGCATAAAAAAAAAAGGGGGCAGG 

FIG. B 
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CCA GGT (T CAC GAA GGA AAT TTC TCC AAA ca. GAT GAA AAG Arg AirA GAC ATA AGC AT 332 

P S S F T T P u E S A. E. S. 
CTG ccT rcc. TCT AAT TT ACA CTC ACC Arc coT CTT sala GAA AGT GCT sacs AGT Tcc Gac 392 

F S Y A. K A. y O F k E H F k 
TTC ATT AG TAC AG CG GCC AAA GCT GTA AG AT TTT AAG GAA CAT TTT AAA TCT Tecs as 

A 

AA 
466 
SS 

GCAGAGAGATAGSGACGTTGCGATAGGAATAGATGGCITAAAAGGGAAAAATGACAAAACTAGCTTGA S34 

ATACTGAAAAGTAAACCCAAAAACAAAccAGAAAAAAGAAAcTeaGTACTAGA is 

ATTTCAAATAAAAAAAAAAATCCTGATAGAATGCAATGAAATGAGAATTCTTAATGTGATTGCCAGAAACAAACTG SS2 

GTTTGTTTTTTGAAAAGTATTCAATTATACATATCAAGAGTCATCAAATTTTTTTTAATAAATAATTCACTTC pil 

GaArcatcAAAGGAGAAAAAAAgAAAAGTCCCACCCAAGAAATAGAAATTATAAAA is so 

TAGAAAcTGAAAAACTGAATGTCATCGAAgroTAAAAAccAGAAATGGAAAAGCGTGGCAAATATGCTCC 92s 

AAATArcAAAAAccAAAAAATAATAAAATAAATCATGAATGAcATCFGCTGGAAcAAGAGTTTATTC 2 ode 

AAGCCTATCTATA AGGCAAATATTATTATTACTATCTTCOAGAAAAGAAACTTGAGACTcAGGGTccAATTAGTs 2087 

CCAGTCATGCTGACTTGAGACCCCTGGACTGGGCCCACCAGGCCCTCTGTCCATGGGATTCTTCAGACAAG 266 

AATAGGAGaggg.TCOAGGsaccaccAggaggacAGscarca 224s 

GAGAGCASAGCACCAAAGAAAccAAccacTAGGGGAgcaaacAGT 2.2 

TcGAATCATAATTGccACATAAACGG cosTigGGAcATTGGTTGAAAAAAATAAAGAAAAATGAGTATA 20 

AAATCATAAAGAATGATCAAAAGAAAAAAAACAATOTec TAAAAATAAAAAGGGGGCACAATAC 2482 

ccTGesaaaTGGArgATTTTTTAAccTTTTATCITTTGATATTACAATTTTcTarargaaTAAATAATGA, 25g 

GAcalatgaatgaaaaagttctgagesacagaTSTTACT so 

AAACAGATAAGTACTCTATCCATGGTAATCOTACAsTAAGACGAAATGTAAATTGTCGGTCAAGAAAA 29 

AcAACTAAATGAACAGACGTACATTACCATOTCTGTTAGGATAATCTCTsAATAATGGCACAATTAGAACTGT 279 

ACATAGTATToccTcGAAAATGGTCAATCTAAAGAAGATTAAATGAATTCTAAGTTATTAccra AGGGA 2877 

ccTNGTAGGAGGTCCCTATCAATGTATAATAAGCTGGGTTTCTAGArcecraccTCTcccTTATCrcrgares 2956 

TeGAGAGTTGTTGGTCATCAATAACoAATATTTTTTAGATCTCTAAGTGAAGGC 

FIG, 12B 
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AAG GA GT CCA GGT GF CAC GAA. GGA AAT TTC TCC AAA CAA GAT GAA AAG ATG ATA GAC 1336 

S I L., P S S N F T L T I P L E E S A E 442 
ATA AGC AT crg ccT TCC TCT AAT TTC ACA CTC ACC ATC ccT cT GAA GAA AGT GT GAG 9s 

S S o F S Y M L A K A. V Q H r K E. F 462 
GT Tcc GAc TTC ATT AGC TAC ATG CTG GCC AAA GCT GTA CAG CAT TTT AAG GAA CAT TTT 456 

K S W y 466 

AAA ToT TcG TAA 468 

GCAGAGTATTGATTAGGGACGTITGCGATAGGAAT AGATGGTCTAAAAGGGAAAAAGACAAAACTAGCTTGA 547 

ATACCTTGAAAACGTATTCAACCTCATTAATAATCAAAGGCAGAAAACTAAGACAAGTTAGOAGTTTTTACCTATTGA 1626 

ATTTCAAATAAAAAAAAAATCCTGATAGAATGCAATGAAATGAGAATTCTTATATGTGATTGCCAGAAACAAACTGG 705 

restric TcAAAAGTATTCAATTATAcATATCAAGAGTCATCAAATTTCTTTTTAATATAATAATTCCACTTCT 784 

GGAATCAATCCAAAGGAGAAATCTAAAATTGAATTGAAGTFCCCACCCCAAGATCAATATTGCAAATTATAAAAT 863 

AGTAAACTGTAAAAACTGAATGTCATOGAATGTCFAAAAACCAGAAATGGTTAAAAGCTGTGGCTAAATATGCTCCA 942 

AATATCTTATAAAACCATTAAAAATATTTATAAAATTAAATCATGACATGACATCTGCTGGAACAAGAGTTTATTCTA 202 

AGCCTATCTATAAGGCAAATATATATTACTATCTTCCAGAAAAGAAACTTGAGACTCAGGGTCCAAGTGTAGTTGC 200 

TcagTcATGTCTGACTCTTTGAGACCCCTTGGACTGTAGCCoACCAGGCTCCTCTGTCCAGGGATTccAGACAAGA 27s 

ATACTGGAGCAGGGCTATTCCTCTCCAGGAAATCTFCCCATCOAGGGAGGAACCCAGGTCTCCTGATTGAG 22se 

GTAGATGCTTACTATCTGAGCAACCAAATGAATTACTCAAGTCAGTAGGGGGTAGAGGCAAATTTTAACTTAGTTTC 2337 

TCTGATCAAATTGCCACATAAACTGGTTCCTGTTGGGACATTTGGTTGAAAAAAAAAAGTGAAAAATGAGTATAA 2416 

AACTCTATAAATGTAATGATCAAAACGAAAAAAAATCTACAATCGCATTAAAAATAAAAAGGGTTGGCAGG 2488 

FIG. 3B 
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l 80 

as as a Ko a to 8 so to 4h - as was as is - - - - -GCA ACCCGGGTGAGAGCCGCAGAGCCACGGGGAAACATGAACGC 

a e - saw as s a a CAGAAGTGGGGCAACCCGGSGAGACCGATTACTGTCACGGGGAAACATGAGCCC 

GGAAGGTCCTTACAGAAGCTGGGGCAACCTCGTGGTGAGAGCCTGCAGTTAGTCACGGCGGAAACATGAAGCCGC 
8. l60 
CACCTTGGTGTTATTGTGATCTGCTGCGGCTGAGAGACGTCAGTGTGCGCCTACAGGGAAGGACCGAACTTCCATC 
CACTCTTGGTGTTTATTGGATCGGCGGCTGAGAGACTGTCASTGTGCGCCTACAGGGAAGGACCGAACTTCCATC 
CAATCGGTGTTATCGGATCGCGCAGCTGAGAGACTGTCAGTGTGCGCCTACAGGGAAGGACCGAACTTCAC 
st 240 

CGTGAAGACCCGAAGGGTTTCCAAGGCTGGGGAGATAGACGTAGATGAAGAGGTGAAGAAGGCGATGGCATGAA 
CGTGAAGACCCGAAGGGTTTCCAAGGCTGGGGAGATAGACGTAGATGAAGAGTGAAGAAGGCGATGGCATGAA 
CGTGAAGACCCGAAGGGTTTCCAAGGCTGGGGAGATAACGTAGATGAAGAGGGAAGAAGGCTTGATTGGCATGAA 
24 32 
GCAGAGAAAATCGATGGAAAGAAGAAGGAGGAAcATAgcaaacaatsasaacArgalagaatgCAAGAAAAA 
GCAGAGAAAATCCGATGSAAAGAAGAGAGGAGGAAcATAGOAAACAATGAGAAcArgAAGAAATGCAGAGAAGAAA 
GCAGATGAAAATCCTGATGGAAAGAAGAGAGGAGGAACATAGOAAACTAATGAGAAccordiAAGAAATGCAGAGAAGAAA 
32 O 
AGCAGGAGGCCCGAAGAGAATGAAGTTAAGAACAAGAAGAGGAAGAAAGGCTATGCAGGTGTCGATG 
AGCAGGAGGCCTGAAGAGAAGAATAAGAACACTAGAAGaecessa AAGCCAGCCAGGGCCGAs 
AGCAGGAGGCCCTGAAGCAGAATGAAGCAAGAAcATOTAAAAGAAGAAGGCTAGCCAGGGTCircraTes 
40 480 
GGTTCCTGGGACGAATGCAAATCTTGCCTGGAAAGTGACTGCAGAGATTTTTACAAcCrcCCAAAGCAGTTGGTCCTC. 
GGTCCGGGACGAAGCAAACGCCGGAAATGACTGcAGAGATTATAAACCCAAAGOAGGTCOTC 
GGTCOGGGACGAATGAAAIGCCGGAAAGTGACTGOATGAGATTTTATACAAccTGccAAAGAGTTGGTCCT. 
48 ses 
ATGAAATCACGAGAAGGGTCCGGAAAAACATTTTTCCTCCAAAAAAAAAAAGC 

TAGAAATCOACGAGAACGGGTTTTCCGGAAGATATATCAGTTTCTCTCCTccaTeAAGACGATAAAAAGAGC 
TATGAAATCCACGATTGAACGGGTTTCCGGAAGATATATcacTTTTCTCCTTccATGAAGAccATGAAAAAGAcc 
ses S4C 
cCGGGTGAAAGTAGAGGAAGATGTACAGCTGATGcGATAGAGAAGTTTCAGCCACTACCGTGGAT 

TTCCTGTGGTGAGAAGTTCACTGAGGAAGATGACAGCesAccAGATAGAGAAGTGTTCAGCCAGCTACCGTcca 
CCGTGGTGAGAAGTCACGAGGAAGATGACAGCGATGCAGATAGAGAATGTGTTCAGCCAGCTGACCGTGGAC 

641 720 
GTGGGATTTCTCTATAACATGAGctroacGrcirca Arcacargolaccalagiarosaccrgescriterarcact 
GGGGATTCTCATAAATGAGCTCACGTCTTAAACAATGcGCAAGAATTTACCTGGCTTTAATCATACTT 
GTGGGATTCATAAcATGAGTTTCACGTCTTCAAACAGATGCAGCAAGAATTTGACCTGGCTTTCAATCATACT 

2. so 
TATGTCAGACACAGACTCCATGGAGCCTTACTTTTTCCAGCTTTCCAAAGAGCCAGCAAAAAAAGCCATCCTAGC 
ATGCAGACACAGACTCCAGGAGCCTATTTTTCCGCTTTTCCAAAGAGCCAGAAAAAAAGCACATCCTATGC 
ATGTCAGACACAGACCCATGGAGCCTACTTTTCCAGTTTCCAAAGAGCCAGOAAAAAAAGOAACCTATGC 
3. O 
AGAGGGGACACCCAGOToccAGCTGTTGTAATTCAGCCTCTCGTCAAAGTGTCAGCGCAAAGTT 
AGAGTTGGGACACCCAGCTCTCCAGCTGTTTGTAATTCAGCCTCTCTGTTTATAAAGTGTCACGAACAGTF 
AsAGTTGGGACATTCCCAGCTCTCCAGCircrTGTAATTCACGTCrcircraToragicTeaGcGCACATT 

F.G. 5A 
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8. 9 
ACAGAGAGCGAAGGATAGGATACAAAAAGACAAFSACGCCCAGGGACCGAGCCAGAgG 

ACAGAGATGCTGAGGCCATTGAGGACTATCCAAAcAAGACAAAGATGccCACGGTGGACCGAGTCACGACGTG 
ACAGAGATGCTGAAGGCCATTGAGGACTATCCAAACAAGACAAAGATTCTGCCoACGGTGGACCGASTCCAcGACGTG 
96. o 
GCCGGCGGGGCAGAGGGCGTGTGGAGAACCTGGCCAGAACTGTCCGAAiGTCCCAATCATGCAAGATGOcAGA 
GCCTGGCGGGGCAGAGGGGGGGAGAAccGGCCAGAACCGTccGAATGToccAATCAescAAGATGccAGA 
GCCGGCGGGGCAGAGGGTGTGTGGAGAACCTGGcCAGAAccGTCCGAATGTCTccAATTAGCA AGATGccaca 
O4 20 
AAGTAGGAACGGGAGargcc.gc.cscsaacaacACAAAGGGSAGAGGCCGAGGGC 
AATGTAGGATTACAGGGCAGAcroccCTGCTGTGAACTATACACAAAGGCGGATGAGGCCGAGTTGGC 
AATGTCAGGATACOTATGGGCAGACGCCTGCTGTTccGAAcATACACAAAGGCGGATGAGGccCrgaggg.Tc 

2. 2O 
AACAACCACAGCAGATGCCAGGTACCAGAGACCAGOAACGGAGACACACAGATsagaa 
AAAACAATCACAGAccAcaccarosacccAGAcACGGAGGAcAccaccators.Argosaccala 
AAcaataaTCACAGAescAgataccaceaeacCAGAACTTGAACAACGAsaGesae 

2d so 
AGAGAGAGAGGGGGGTACAAGCGGCAGCCAGACCCCAGGAAGCGAGAAAAAAAAG 

GATGAGAGAGCAGTGGTTGGGTAACAAGGGCCAGCCAGACCCCAGGAAGCesAGAAcArcticagTTTCATAAAGG 
GAGAGASAGAgggggg.T.AAAAccGescAGCCAGACCCAGGAAGAAAAAGAAAAG 
28 so 

TAGTTCCAGGTGTTCACGAAGAAATTCicca AAcAAGArcAAAAGATGATAGAcATAAGOATCGCCTCCCTAAT 
As CAGGGACAAGGAAATCCAAAAACAGAAAAGAGAAGAATAAGCACCCCCCAA 
ACAGAAAAAAccolacaaaaaaaaaaaaCAAAGATTescocca 
33 40 
ACACCACCACCTAAGAAAGGCTGAGATTCCGATCATTAGCTACATGCTGGCCAAAGCGTACAGCA 
ACACCACCACCCCTsAAGAAAGGCGAGAguccGAortcaTTAGTACATGcGGccAAAGTACGA 

TCACACTCACACCoTCGAAsaaaggCTGAGAGCCGACATTAGACAscogcaaggadacca 

4 So 
TAAGGAACATTTAAATCTGGTAAGCAGAGTATTGATTAGGGACGTTTGCTGATAGGATAGATGGTTTAAAA 

TAAGGAACAAATCGGTAAGCAGAGTATGAAGGGACGTGcesaTAGGAATAGAGGrcTTAAA 
TAAGGAAATTAAATCGGTAAGCAAGTATGATAGGGACGTTGCTATAGGAATAGATGGTTTAAAA 
1521 iSO 
GGGAAAAAGACAAAACAGogAAAccGAAAACasATCAACCAAATAATAAAGAAAAACTAAG 
GGGAAAAAGAAAAACTATTGAATACOGAAAAGATAACGTCATAATAATCAAAGAAAAACAAG 
GGGAAAAATGACAAAACTAGCTGAATACTTGAAAACGTATTAACCTCATTAATAATCAAAGGATsAAAACTAs 
60 sed 

ACRAG TAGCAGTTTTACCTArgAATTAAATAAAAAAAAAAATccrgATAGAATGcAATGAAATGAGAATT 
ACAAGTAGCAGITTACCTATTGAATTCAAATAAAAAAAAAAATCOrgATAGAATGAATAAATsAGAATTCT 
ACAAGTAGOAGAccATTGAATTCAAATAAAAAAAAAATCATAGAAGAATGAAGAAATCT 
68 so 
ATATGTGATTGCCAGAAAcAAACTGGTTTTGTCITTIrgAAAAGITArTCAATTATACATATCAAGASTCATCAAATC 
ATATGTGATTGCCAGAAACAAACTGGTTTTGTorrrrTGAAAAGTTATTCAATTATACATArcAAGAGTCATCAAATTrc 
ATATGTGATTGCCAGAAACAAACTGGTTTC Tires AAAAGTATTCAAirATAcATATcacAGTorcaTTTC 

FIG. SB 
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METHODS AND COMPOSITIONS FOR 
DIAGNOSING AND TREATING CHROMOSOME 

18QRELATED DISORDERS 
0001. This is a continuation-in-part of U.S. application 
Ser. No. 09/236,134, filed on Jan. 22, 1999 which claims 
priority under 35 U.S.C. S 119(e)(1) of provisional applica 
tion No. 60/078,044 filed on Mar. 16, 1998, of provisional 
application No. 60/088,312 filed on Jun. 5, 1998, and of 
provisional application No. 60/106,056 filed on Oct. 28, 
1998, each of which is incorporated herein by reference in 
its entirety. 

1. INTRODUCTION 

0002 The present invention relates, first, to the HKNG1 
gene, shown herein to be associated with central nervous 
System-related disorders, e.g., neuropsychiatric disorders, in 
particular, bipolar affective disorder and Schizophrenia and 
with myopia-related disorders. The invention includes 
recombinant DNA molecules and cloning vectors compris 
ing Sequences of the HKNG1 gene, and host cells and 
non-human host organisms engineered to contain Such DNA 
molecules and cloning vectors. The present invention further 
relates to HKNG1 gene products, and to antibodies directed 
against Such HKNG1 gene products. The present invention 
also relates to methods of using the HKNG1 gene and gene 
product, including drug Screening assays, and diagnostic and 
therapeutic methods for the treatment of HKNG1-mediated 
disorders, including HKNG1-mediated neuropsychiatric 
disorderS Such as bipolar affective disorder, as well as 
HKNG1-mediated myopia disorders such as early-onset 
autosomal dominant myopia. 

2. BACKGROUND OF THE INVENTION 

0003. There are only a few psychiatric disorders in which 
clinical manifestations of the disorder can be correlated with 
demonstrable defects in the structure and/or function of the 
nervous system. Well-known examples of such disorders 
include Huntington's disease, which can be traced to a 
mutation in a Single gene and in which neurons in the 
striatum degenerate, and Parkinson's disease, in which 
dopaminergic neurons in the nigro-striatal pathway degen 
erate. The vast majority of psychiatric disorders, however, 
presumably involve Subtle and/or undetectable changes, at 
the cellular and/or molecular levels, in nervous System 
Structure and function. This lack of detectable neurological 
defects distinguishes “neuropsychiatric' disorders, Such as 
Schizophrenia, attention deficit disorders, Schizoaffective 
disorder, bipolar affective disorders, or unipolar affective 
disorder, from neurological disorders, in which anatomical 
or biochemical pathologies are manifest. Hence, identifica 
tion of the causative defects and the neuropathologies of 
neuropsychiatric disorders are needed. in order to enable 
clinicians to evaluate and prescribe appropriate courses of 
treatment to cure or ameliorate the Symptoms of these 
disorders. 

0004 One of the most prevalent and potentially devas 
tating of neuropsychiatric disorders is bipolar affective dis 
order (BAD), also known as bipolar mood disorder (BP) or 
manic-depressive illness, which is characterized by episodes 
of elevated mood (mania.) and depression (Goodwin, et al., 
1990, Manic Depressive Illness, Oxford University Press, 
New York). The most severe and clinically distinctive forms 
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of BAD are BP-I (severe bipolar affective (mood) disorder), 
which affects 2-3 million people in the United States, and 
SAD-M (schizoaffective disorder manic type). They are 
characterized by at least one full episode of mania, with or 
without episodes of major depression (defined by lowered 
mood, or depression, with asSociated disturbances in rhyth 
mic behaviors Such as Sleeping, eating, and Sexual activity). 
BP-I often co-Segregates in families with more etiologically 
heterogeneous Syndromes, Such as with a unipolar affective 
disorder such as unipolar major depressive disorder (MDD), 
which is a more broadly defined phenotype (Freimer and 
Reus, 1992, in The Molecular and Genetic Basis of Neuro 
logical Disease, Rosenberg, et al., eds., Butterworths, N.Y., 
pp. 951-965; McInnes and Freimer, 1995, Curr. Opin. Genet. 
Develop., 5,376-381). BP-I and SAD-M are severe mood 
disorders that are frequently difficult to distinguish from one 
another on a croSS-Sectional basis, follow Similar clinical 
courses, and Segregate together in family studies (Rosenthal, 
et al., 1980, Arch. General Psychiat. 37,804-810; Levinson 
and Levitt, 1987, Am. J. Psychiat. 144, 415-426; Goodwin, 
et al., 1990, Manic Depressive Illness, Oxford University 
Press, New York). Hence, methods for distinguishing neu 
ropsychiatric disorderS Such as these are needed in order to 
effectively diagnose and treat afflicted individuals. 
0005 Currently, individuals are typically evaluated for 
BAD using the criteria set forth in the most current version 
of the American Psychiatric ASSociation's Diagnostic and 
Statistical Manual of Mental Disorders (DSM). While many 
drugs have been used to treat individuals diagnosed with 
BAD, including lithium salts, carbamazepine and valproic 
acid, none of the currently available drugs are adequate. For 
example, drug treatments are effective in only approxi 
mately 60-70% of individuals diagnosed with BP-I. More 
over, it is currently impossible to predict which drug treat 
ments will be effective in, for example, particular BP-I 
affected individuals. Commonly, upon diagnosis, affected 
individuals are prescribed one drug after another until one is 
found to be effective. Early prescription of an effective drug 
treatment, therefore, is critical for Several reasons, including 
the avoidance of extremely dangerous manic episodes, the 
risk of progressive deterioration if effective treatments are 
not found, and the risk of Substantial side effects of current 
treatmentS. 

0006 The existence of a genetic component for BAD is 
Strongly Supported by Segregation analyses and twin Studies 
(Bertelson, et al., 1977, Br. J. Psychiat. 130, 330-351; 
Freimer and Reus, 1992, in The Molecular and Genetic 
Basis of Neurological Disease, Rosenberg, et al., eds., 
Butterworths, N.Y., pp. 951-965; Pauls, et al., 1992, Arch. 
Gen. Psychiat. 49, 703-708). Efforts to identify the chromo 
Somal location of genes that might be involved in BP-I, 
however, have yielded disappointing results in that reports 
of linkage between BP-I and markers on chromosomes X 
and 11 could not be independently replicated nor confirmed 
in the re-analyses of the original pedigrees, indicating that 
with BAD linkage Studies, even extremely high lod Scores at 
a single locus, can be false positives (Baron, et al., 1987, 
Nature 326, 289-292; Egeland, et al., 1987, Nature 325, 
783-787; Kelsoe, et al., 1989, Nature 342, 238-243; Baron, 
et al., 1993, Nature Genet. 3, 49-55). 
0007 Recent investigations have suggested possible 
localization of BAD genes on chromosomes 18p and 21q, 
but in both cases the proposed candidate region is not well 
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defined and no unequivocal Support exists for either location 
(Berrettini, et al., 1994, Proc. Natl. Acad. Sci. USA 91, 
5918-5921; Murray, et al., 1994, Science 265, 2049-2054; 
Pauls, et al., 1995, Am. J. Hum. Genet. 57, 636-643; Maier, 
et al., 1995, Psych. Res. 59,7-15; Straub, et al., 1994, Nature 
Genet. 8, 291-296). 
0008 Mapping genes for common diseases believed to be 
caused by multiple genes, Such as BAD, may be complicated 
by the typically imprecise definition of phenotypes, by 
etiologic heterogeneity, and by uncertainty about the mode 
of genetic transmission of the disease trait. With neuropsy 
chiatric disorders there is even greater ambiguity in distin 
guishing individuals who likely carry an affected genotype 
from those who are genetically unaffected. For example, one 
can define an affected phenotype for BAD by including one 
or more of the broad grouping of diagnostic classifications 
that constitute the mood disorders: BP-I, SAD-M, MDD, 
and bipolar affective (mood) disorder with hypomania and 
major depression (BP-II). 
0009 Thus, one of the greatest difficulties facing psychi 
atric geneticists is uncertainty regarding the validity of 
phenotype designations, Since clinical diagnoses are based 
Solely on clinical observation and Subjective reports. Also, 
with complex traits Such as neuropsychiatric disorders, it is 
difficult to genetically map the trait-causing genes because: 
(1) neuropsychiatric disorder phenotypes do not exhibit 
classic Mendelian recessive or dominant inheritance pat 
terns attributable to a single genetic locus, (2) there may be 
incomplete penetrance, i.e., individuals who inherit a pre 
disposing allele may not manifest disease; (3) a phenocopy 
phenomenon may occur, i.e., individuals who do not inherit 
a predisposing allele may nevertheless develop disease due 
to environmental or random causes; (4) genetic heterogene 
ity may exist, in which case mutations in any one of Several 
genes may result in identical phenotypes. 
0.010 Despite these difficulties, however, identification of 
the chromosomal location, Sequence and function of genes 
and gene products responsible for causing neuropsychiatric 
disorderS Such as bipolar affective disorders is of great 
importance for genetic counseling, diagnosis and treatment 
of individuals in affected families. 

3. SUMMARY OF THE INVENTION 

0.011 The present invention relates, first, to the discovery, 
identification, and characterization of novel nucleic acid 
molecules that are associated with central nervous System 
related disorders and processes, e.g., human neuropsychiat 
ric disorders, Such as Schizophrenia, attention deficit disor 
der, Schizoaffective disorder, dysthymic disorder, major 
depressive disorder, and bipolar affective disorder (BAD) 
including severe bipolar affective (mood) disorder (BP-I), 
bipolar affective (mood) disorder with hypomania and major 
depression (BP-II). The invention further relates to the 
discovery, identification, and characterization of proteins 
encoded by Such nucleic acid molecules, or by degenerate, 
e.g., allelic or homologous, variants thereof. The invention 
further relates to the discovery, identification, and charac 
terization of novel nucleic acid molecules that are associated 
with human myopia or nearsightedness, Such as early-onset, 
autosomal dominant myopia., as well as to the discovery, 
identification, and characterization of proteins encoded by 
Such nucleic acid molecules or by degenerate variants 
thereof. 
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0012. In particular, the nucleic acid molecules of the 
present invention represent, first, nucleic acid Sequences 
corresponding to the gene referred to herein as HKNG 1. AS 
demonstrated in the Examples presented below in Sections 
6, 8 and 14, the HKNG1 gene is associated with human 
CNS-related disorders, e.g., neuropsychiatric disorders, in 
particular BAD. The HKNG1 gene is associated with other 
human neuropsychiatric disorders as well, Such as Schizo 
phrenia. AS demonstrated in the Example presented below in 
Section 14, the HKNG1 gene is also associated with human 
myopia, Such as early-onset autosomal dominant myopia. 

0013 In addition to the positive correlation between 
mutations within the HKNG1 gene and individuals exhib 
iting symptoms of BAD, described in Section 6 and 8, the 
present invention is further based, in part, on Applicants 
discovery of novel HKNG1 cDNA sequences. Applicants 
discovery of Such cDNA sequences has led to the elucidation 
of the HKNG1 genomic (that is, upstream untranslated, 
intron/exon, and downstream untranslated) structure, and to 
the discovery of full-length and alternately spliced HKNG1 
variants and the polypeptides encoded by Such variants. 
These discoveries are described in Sections 7 and 10, below. 
Applicants discovery of Such cDNA sequences has also led 
to the elucidation of novel mammalian (e.g., guinea pig and 
bovine) HKNG1 sequences, and to the discovery of novel 
allelic variants and polymorphisms of Such Sequences. 
These discoveries are described in Section 10 below. 

0014. The invention encompasses nucleic acid molecules 
which comprise the following nucleotide sequences: (a) 
nucleotide sequences (e.g., SEQID NOS: 1, 3, 5, 6, 36, and 
37) that comprise a human HKNG1 gene and/or encode a 
human HKNG1 gene product (e.g., SEQ ID NO: 2; SEQ ID 
NO: 4), as well as allelic variants, homologs and orthologs 
thereof, including nucleotide sequences (e.g., SEQ ID NOS: 
38, 40, 42, 44, and 46-48) that encode non-human HKNG1 
gene products (e.g., SEQ ID NOS: 39, 41, 43, 45, and 49); 
(b) nucleotide sequences comprising the novel HKNG1 
Sequences disclosed herein that encode mutants of the 
HKNG1 gene product in which Sequences encoding all or a 
part of one or more-of the HKNG1 domains is deleted or 
altered, or fragments thereof; (c) nucleotide sequences that 
encode fusion proteins comprising a HKNG1 gene product 
(e.g., SEQ ID NO: 2; SEQ ID NO: 4), or a portion thereof 
fused to a heterologous polypeptide; and (d) nucleotide 
Sequences within the HKNG1 gene, as well as chromosome 
18p nucleotide Sequences flanking the HKNG1 gene, which 
can be utilized, e.g., as primers, in the methods of the 
invention for identifying and diagnosing individuals at risk 
for or exhibiting an HKNG1-mediated disorder, such as 
BAD or Schizophrenia, or for diagnosing individuals at risk 
for or exhibiting a form of myopia Such as early-onset 
autosomal dominant myopia. The nucleic acid molecules of 
(a) through (d), above, can include, but are not limited to, 
cDNA, genomic DNA, and RNA sequences. 

0015 The invention also encompasses the expression 
products of the nucleic acid molecules listed above; i.e., 
peptides, proteins, glycoproteins and/or polypeptides that 
are encoded by the above HKNG1 nucleic acid molecules. 
0016. The compositions of the present invention further 
encompass agonists and antagonists of the HKNG1 gene 
product, including Small molecules (Such as Small organic 
molecules), and macromolecules (including antibodies), as 
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well as nucleotide Sequences that can be used to inhibit 
HKNG1 gene expression (e.g., antisense and ribozyme 
molecules, and gene or regulatory Sequence replacement 
constructs) or to enhance HKNG1 gene expression (e.g., 
expression constructs that place the HKNG1 gene under the 
control of a strong promoter System). 
0.017. The compositions of the present invention further 
include cloning vectors and expression vectors containing 
the nucleic acid molecules of the invention, as well as hosts 
which have been transformed with Such nucleic acid mol 
ecules, including cells genetically engineered to contain the 
nucleic acid molecules of the invention, and/or cells geneti 
cally engineered to express the nucleic acid molecules of the 
invention. In addition to host cells and cell lines, hosts also 
include transgenic non-human animals (or progeny thereof), 
particularly non-human mammals, that have been engi 
neered to express an HKNG1 transgene, or "knock-outs' 
that have been engineered to not express HKNG1. 

0.018 Transgenic non-human animals of the invention 
include animals engineered to express an HKNG1 transgene 
at higher or lower levels than normal, wild-type animals. 
The transgenic animals of the invention also include animals 
engineered to express a mutant variant or polymorphism of 
an HKNG1 transgene which is associated with HKNG1 
mediated disorder, for example an HKNG1-mediated neu 
ropsychiatric disorders, Such as BAD and Schizophrenia, or, 
alternatively, a myopia disorder Such as early-onset autoSo 
mal dominant myopia. The transgenic animals of the inven 
tion further include the progeny of Such genetically engi 
neered animals. 

0019. The invention further relates to methods for the 
treatment of HKNG1-mediated disorders in a subject, such 
as HKNG1-mediated neuropsychiatric disorders and 
HKNG1-mediated myopia disorders, wherein such methods 
comprise administering a compound which modulates the 
expression of a HKNG1 gene and/or the synthesis or activity 
of a HKNG1 gene product so symptoms of the disorder are 
ameliorated. 

0020. The invention further relates to methods for the 
treatment of HKNG1-mediated disorders in a subject, such 
as HKNG1-mediated neuropsychiatric disorders and 
HKNG1-mediated myopia disorders, resulting from 
HKNG1 gene mutations or aberrant levels of HKNG1 
expression or activity, wherein Such methods comprise Sup 
plying the Subject with a nucleic acid molecule encoding an 
unimpaired HKNG1 gene product Such that an unimpaired 
HKNG1 gene product is expressed and Symptoms of the 
disorder are ameliorated. 

0021. The invention further relates to methods for the 
treatment of HKNG1-mediated disorders in a subject, such 
as HKNG1-mediated neuropsychiatric disorders and 
HKNG1-mediated myopia disorders, resulting from 
HKNG1 gene mutations or from aberrant levels of expres 
Sion or activity, wherein Such methods comprise Supplying 
the Subject with a cell comprising a nucleic acid molecule 
that encodes an unimpaired HKNG1 gene product Such that 
the cell expresses the unimpaired HKNG1 gene product and 
Symptoms of the disorder are ameliorated. 
0022. The invention also encompasses pharmaceutical 
formulations and methods for treating HKNG1-mediated 
disorders, including neuropsychiatric disorders, Such as 

Aug. 21, 2003 

BAD and Schizophrenia, and myopia disorders, Such as 
early-onset autosomal dominant myopia, involving HKNG1 
gene. 

0023. In addition, the present invention is directed to 
methods that utilize the HKNG1 nucleic acid sequences, 
chromosome 18p nucleotide sequences flanking the HKNG1 
human gene and/or HKNG1 gene product Sequences for 
mapping the chromosome 18p region, and for the diagnostic 
evaluation, genetic testing and prognosis of a HKNG1 
mediated disorder, such as a HKNG1-mediated neuropsy 
chiatric disorder or a HKNG1-mediated myopia disorder. 
For example, in one embodiment, the invention relates to 
methods for diagnosing HKNG1-mediated disorders, 
wherein Such methods comprise measuring HKNG1 gene 
expression in a patient Sample, or detecting a HKNG1 
polymorphism or mutation in the genome of a mammal, 
including a human, Suspected of exhibiting Such a disorder. 
In one embodiment, nucleic acid molecules encoding 
HKNG1 can be used as diagnostic hybridization probes or as 
primers for diagnostic PCR analysis for the identification of 
HKNG1 gene mutations, allelic variations and regulatory 
defects in the HKNG1 gene which correlate with neurop 
Sychiatric disorderS Such as BAD or Schizophrenia. 
0024. The invention still further relates to methods for 
identifying compounds which modulate the expression of 
the HKNG1 gene and/or the synthesis or activity of the 
HKNG1 gene products, including therapeutic compounds, 
which reduce or eliminate the symptoms of HKNG1-medi 
ated disorders, including HKNG1-mediated neuropsychiat 
ric disorders Such as BAD and Schizophrenia. In particular, 
cellular and non-cellular assays are described that can be 
used to identify compounds that interact with the HKNG1 
gene product, e.g., modulate the activity of the HKNG1 
and/or bind to the HKNG1 gene product. Such cell-based 
assays of the invention utilize cells, cell lines, or engineered 
cells or cell lines that express the HKNG1 gene product. 
0025. In one embodiment, such methods comprise con 
tacting a compound to a cell that expresses a HKNG1 gene, 
measuring the level of HKNG1 gene expression, gene 
product expression or gene product activity, and comparing 
this level to the level of HKNG1 gene expression, gene 
product expression or gene product activity produced by the 
cell in the absence of the compound, such that if the level 
obtained in the presence of the compound differs from that 
obtained in its absence, a compound that modulates the 
expression of the HKNG1 gene and/or the synthesis or 
activity of the HKNG1 gene products has been identified. 
0026. In another embodiment, such methods comprise 
contacting a compound to a cell that expresses a HKNG1 
gene and also comprises a reporter construct whose tran 
Scription is dependent, at least in part, on HKNG1 expres 
Sion or activity. In Such an embodiment, the level of reporter 
transcription is measured and compared to the level of 
reporter transcription in the cell in the absence of the 
compound. If the level of reporter transcription obtained in 
the presence of the compound differs from that obtained in 
its absence, a compound that modulates expression of 
HKNG1 or genes involved in HKNG1-related pathways or 
Signal transduction has been identified. 
0027. In yet another embodiment, such methods com 
prise administering a compound to a host, Such as a trans 
genic animal, that expresses an HKNG1 transgene or a 
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mutant HKNG1 transgene associated with an HKNG1 
mediated disorder Such as a neuropsychiatric disorder (e.g., 
BAD or Schizophrenia), or to an animal, e.g., a knock-out 
animal, that does not express HKNG1, and measuring the 
level of HKNG1 gene expression, gene product expression, 
gene product activity, or Symptoms of an HKNG1-mediated 
disorder such as an HKNG1-mediated neuropsychiatric dis 
order (e.g., BAD or Schizophrenia). The measured level is 
compared to the level obtained in a host that is not exposed 
to the compound, such that if the level obtained when the 
host is exposed to the compound differs from that obtained 
in a host not exposed to the compound, a compound modu 
lates the expression of the mammalian HKNG1 gene and/or 
the,synthesis or activity of the mammalian HKNG1 gene 
products, and/or the symptoms of an HKNG1-mediated 
disorder Such as a neuropsychiatric disorder (e.g., BAD or 
Schizophrenia), has been identified. 
0028. The present invention still further relates to phar 
macogenomic and pharmacogenetic methods for Selecting 
an effective drug to administer to an individual having a 
HKNG1-mediated disorder. Such methods are based on the 
detection of genetic polymorphisms in the HKNG1 gene or 
variations in HKNG1 gene expression due to, e.g., altered 
methylation, differential Splicing, or post-translational modi 
fication of the HKNG1 gene product which can affect the 
Safety and efficacy of a therapeutic agent. 
0029 AS briefly discussed above, the present invention is 
based, in part, on the genetic and physical mapping of the 
HKNG1 gene to a specific portion of the short arm of human 
chromosome 18 that is associated with human neuropsychi 
atric disorders, in particular, bipolar affective disorder. 
These results are described in the Example presented, below, 
in Section 6. The invention is also based on the elucidation 
of the HKGN1 nucleotide Sequence, amino acid Sequence 
and expression pattern, as described in the Example pre 
sented, below, in Section 7. The invention is further based on 
the identification of Specific mutations and/or polymor 
phisms within the HKNG1 gene which positively correlate 
with neuropsychiatric disorders, in particular, BAD, as 
described in the Example presented below in Section 8. 
These mutations include a point mutation discovered in an 
individual affected by BAD which is absent from the cor 
responding wild-type nucleic acid derived from non-affected 
individuals and linkage disequilibrium of three markers 
showing coSegregation with a population of individuals with 
BAD. This mutation is a single base mutation which results 
in a mutant HKNG1 gene product comprising Substitution of 
a lysine residue for the wild-type glutamic acid residue at 
HKNG1 amino acid position 202 of the polypeptide of SEQ 
ID NO: 2 or the HKNG1 amino acid residue 184 of the 
polypeptide of SEQ ID NO: 4. These mutations further 
include the mutations discovered in schizophrenic and BAD 
patients that are detailed in FIGS. 5A-5B. 

3.1. DEFINITIONS 

0.030. As used herein, the following terms shall have the 
abbreviations indicated. 

0031) 
0032) 
0033) 
0034) 

BAC, bacterial artificial chromosomes 

BAD, bipolar affective disorder(s) 
BP, bipolar mood disorder 
BP-I, severe bipolar affective (mood) disorder 
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0035 BP-II, bipolar affective (mood) disorder with 
hypomania and major depression bp, base pair(s) 

0036) EST, expressed sequence tag 
0037 HKNG1, Hong Kong new gene 1 lod, loga 
rithm of odds 

0038. MDD, unipolar major depressive disorder 
0039 ROS, reactive oxygen species 
0040 RT-PCR, reverse transcriptase PCR 
0041 SSCP, single-stranded conformational poly 
morphism 

0042 SAD-M, Schizoaffective disorder manic type 
0043 STS, sequence tagged site 
0044 YAC, yeast artificial chromosome 

0045) “HKNG1-mediated disorders” include disorders 
involving an aberrant level of HKNG1 gene expression, 
gene product synthesis and/or gene product activity relative 
to levels found in clinically normal individuals, and/or 
relative to levels found in a population whose level repre 
sents a baseline, average HKNG1 level. While not wishing 
to be bound by any particular mechanism, it is to be 
understood that disorder Symptoms can, for example, be 
caused, either directly or indirectly, by Such aberrant levels. 
Alternatively, it is to be understood that such aberrant levels 
can, either directly or indirectly, ameliorate disorder Symp 
toms, (e.g., as in instances wherein aberrant levels of 
HKNG1 Suppress the disorder symptoms caused by muta 
tions within a second gene). 
0046 HNKG1-mediated disorders include, for example, 
central nervous system (CNS) disorders. CNS disorders 
include, but are not limited to cognitive and neurodegen 
erative disorderS Such as Alzheimer's disease, Senile demen 
tia, Huntington's disease, amyotrophic lateral Sclerosis, and 
Parkinson's disease, as well as Gilles de la Tourette's 
Syndrome, autonomic function disorderS Such as hyperten 
Sion and Sleep disorders, and neuropsychiatric disorders that 
include, but are not limited to Schizophrenia, Schizoaffective 
disorder, attention deficit disorder, dysthymic disorder, 
major depressive disorder, mania, obsessive-compulsive 
disorder, psychoactive Substance use disorders, anxiety, 
panic disorder, as well as bipolar affective disorder, e.g., 
severe bipolar affective (mood) disorder (BP-I), bipolar 
affective (mood) disorder with hypomania and major depres 
sion (BP-II). Further CNS-related disorders include, for 
example, those listed in the American Psychiatric ASSocia 
tion's Diagnostic and Statistical manual of Mental Disorders 
(DSM), the most current version of which is incorporated 
herein by reference in its entirety. 
0047 “HKNG1-mediated processes” include processes 
dependent and/or responsive, either directly or indirectly, to 
levels of HKNG1 gene expression, gene product Synthesis 
and/or gene product activity. Such processes can include, but 
are not limited to, developmental, cognitive and autonomic 
neural and neurological processes, Such as, for example, 
pain, appetite, long term memory and short term memory. 

4 BRIEF DESCRIPTION OF THE FIGURES 

0048 FIGS. 1A-1B. The nucleotide sequence of human 
HKNG1 cDNA (SEQ ID NO: 1) is depicted on the bottom 
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line. The top line depicts the full length amino acid Sequence 
of human HKNG1 polypeptide (SEQ ID NO: 2) encoded by 
the human HKNG1 cDNA sequence. The nucleotide 
sequence encoding SEQ ID NO: 2 corresponds to SEQ ID 
NO: 5. 

0049 FIGS. 2A-2B. Nucleotide sequence of an alter 
nately spliced human HKNG1 variant, referred to as 
HKNG1-V1 (SEQ ID NO:3) is depicted on the bottom line. 
The derived amino acid sequence of the human HKNG1 
gene product (SEQ ID NO: 4) encoded by this alternately 
spliced cDNA variant is depicted on the top line. The 
nucleotide sequence encoding SEQID NO: 4 corresponds to 
SEO ID NO: 6 

0050 FIGS. 3A-3R. Genomic sequence of the human 
HKNG1 gene (SEQ ID NO. 7). Exons are in bold and the 3' 
and 5' UTRs (untranslated regions) are underlined. 
0051 FIG. 4. Summary of in situ hybridization analysis 
of HKNG1 mRNA distribution in normal human brain 
tissue. 

0.052 FIGS. 5A-B. HKNG1 polymorphisms relative to 
the HKNG1 wild-type sequence. These polymorphisms 
were isolated from a collection of Schizophrenic patients of 
mixed ethnicity from the United States (FIG. 5A) and from 
the San Francisco BAD collection (FIG. 5B). 
0053 FIGS. 6A-B. Nucleotide sequence of the RT-PCR 
products for HKNG1-V2 (FIG. 6A, SEQ ID NO:36) and 
HKNG1-V3 (FIG. 6B, SEQ ID NO:37). 
0054 FIG.7. The cDNA sequence (SEQID NO:38) and 
the predicted amino acid sequence (SEQ ID NO:39) of the 
guinea pig HKNG1 orthologgphking1815. 
0055 FIG.8. The cDNA sequence (SEQID NO: 40) and 
the predicted amino acid sequence (SEQ ID NO: 41) of 
gphking 7b, an allelic variant of the guinea pig HKNG1 
orthologgphking 1815. 
0056 FIG.9. The cDNA sequence (SEQID NO: 42) and 
the predicted amino acid sequence (SEQ ID NO: 43) of 
gphking 7c, an allelic variant of the guinea pig HKNG1 
orthologgphking 1815. 
0057 FIG. 10. The cDNA sequence (SEQ ID NO: 
44)and the predicted amino acid sequence (SEQ ID NO: 45) 
of gphking 7d, an allelic variant of the guinea pig HKNG1 
orthologgphking 1815. 
0.058 FIG. 11. The cDNA sequence (SEQ ID NO: 46) 
and the predicted amino acid sequence (SEQ ID NO: 49) of 
the allelic variant bhkng 1 of the bovine HKNG1 ortholog. 
0059 FIG. 12. The cDNA sequence (SEQ ID NO: 47) 
and the predicted amino acid sequence (SEQ ID NO: 49) of 
the allelic variant bhking2 of the bovine HKNG 1 homolgue. 
0060 FIG. 13. The cDNA sequence (SEQ ID NO: 48) 
and the predicted amino acid sequence (SEQ ID NO: 49) of 
the allelic variant bhking3 of the bovine HKNG 1 homolgue. 
0061 FIGS. 14A-B. Alignments of the guinea pig 
HKNG1 cDNA (FIG. 14A) and predicted amino acid (FIG. 
14B) sequences for gphkng 1815, gphking 7b, gphking7c, and 
gphking 7d. 
0062 FIG. 15. Alignments of the cDNA sequences of the 
bovine HKNG1 allelic variants bhking1, bhiking2, and 
bhking3. 
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0063 FIG. 16. Alignments of the human (hking aa), 
bovine (bhiking1 aa) and guinea pig (gphking1815 aa) 
HKNG1 amino acid sequences. 
0064 FIG. 17. Alignments of the human HKNG1 protein 
Sequences, top line: the mature Secreted HKNG1 protein 
sequence (SEQ ID NO: 51); second line: immature HKNG1 
protein form 1 (IPF1; SEQ ID NO: 2); third line: immature 
HKNG1 protein form 2 (IPF2; SEQ ID NO: 64); bottom 
line: immature HKNG1 protein form 3 (IPF3; SEQ ID NO: 
4). 
0065 FIG. 18. The nucleotide sequence of human 
HKNG1 splice variant HKNG1A7 cDNA (SEQ ID NO: 65) 
is depicted on the bottom line. The top line depicts the full 
length amino acid Sequence of human HKNG1A7 polypep 
tide (SEQ ID NO: 66) encoded by the human HKNG1A7 
cDNA sequence. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

5.1. The HKNG1 Gene 

0066 HKNG1 nucleic acid molecules are described in 
the section. Unless otherwise stated, the term “HKNG1 
nucleic acid” refers collectively to the Sequences described 
herein. 

0067. A human HKNG1 cDNA sequence (SEQ ID NO: 
1) encoding the full length amino acid Sequence (SEQ ID 
NO: 2) of the HKNG1 polypeptide is shown in FIGS. 
1A-1B. The human HKNG1 gene encodes a secreted 
polypeptide of 495 amino acid residues, as shown in FIGS. 
1A-1B, and SEQ ID NO: 2. The nucleotide sequence of the 
portion of the cDNA corresponding to the coding Sequence 
for HKNG1 (SEQ ID NO: 2) is depicted as SEQ ID NO: 5. 
0068. The HKNG1 sequences of the invention also 
include splice variants of the HKNG1 sequences described 
herein. For example, an alternately spliced human HKNG1 
cDNA sequence, referred to as HKNG1-V1 (SEQ ID NO:3) 
encoding a human HKNG1 variant gene product (i.e., the 
HKNG1-V1 gene product) is shown in FIGS. 2A-2B. This 
Splice variant of a human HKNG1 gene encodes a Secreted 
polypeptide of 477 amino acid residues, as shown in FIGS. 
2A-2B, and SEQ ID NO: 4. The nucleotide sequence of the 
portion of the cDNA corresponding to the coding Sequence 
for HKNG1 (SEQ ID NO: 4) is depicted in SEQ ID NO: 6. 
0069. Another alternately spliced human HKNG1 cDNA 
sequence (SEQ ID NO: 65), referred to as HKNG1A7, 
encodes a second HKNG1 variant gene product (the 
HKNG1A7 gene product) which is depicted in FIG. 18. This 
splice variant of the human HKNG1 gene encodes the 
variant polypeptide shown in FIG. 18 (SEQ ID NO: 66). 
0070 The genomic structure of the human HKNG1 gene 
has been elucidated and is depicted in FIGS. 3A-3R, with the 
HKNG1 exons indicated in bold type, and the 5’- and 
3'-untranslated regions indicated by underlining. The wild 
type genomic Sequence of the HKNG1 gene is depicted in 
FIGS. 3A-3R and SEO ID NO: 7. 

0071 Non-human homologues or orthologs mammalian 
orthologs, e.g., of the human HKNG1 Sequences discussed 
above are also provided. Specifically, a guinea pig cDNA 
sequence (SEQ ID NO: 38), referred to herein as gph 
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kng 1815, encoding the full length amino acid Sequence 
(SEQID NO:39) of a guinea pig HKNG1 ortholog is shown 
in FIG. 7. This guinea pig cDNA sequence encodes a gene 
product of 466 amino acid residues, as shown in FIG. 7 and 
in SEO ID NO:39. 

0.072 Allelic variants of this guinea pig HKNG1 
ortholog, referred to as gphking 7b, gphking 7c, and gphking 
7d (SEQ ID NOS: 40, 42, and 44, respectively), are shown 
in FIGS. 8-10, respectively. The allelic variants gphkng7b, 
gphking 7c, and gphkng7d each encode variants of the guinea 
piggphkng 1815 HKNG1 gene product which contain dele 
tions of 16, 92, and 93 amino acids, respectively, as shown 
in FIGS. 8-10, in SEQ ID NOS: 41, 43, and 45, respectively, 
and in the sequence alignment in FIG. 14B. 
0073) Bovine HKNG1 ortholog cDNA sequences (SEQ 
ID NOS: 46-48), referred to herein as bhking1, bhking2, and 
bhiking3, and each encoding the same bovine ortholog gene 
product are shown in FIGS. 11-13, respectively. The bovine 
HKNG1 allelic variants encode the same gene product, i.e., 
a 465 amino acid protein, as shown in FIGS. 11-13 and in 
SEO ID NO: 49. 

0074 The HKNG1 gene nucleic acid molecules of the 
invention include: (a) nucleotide sequences and fragments 
thereof (e.g., SEQ ID NOS: 1, 3, 5, 6, 7, 36, 37, and 65) that 
encode a HKNG1 gene product (e.g., SEQID NOS: 2, 4 and 
66), as well as homologues, orthologs and allelic variants of 
such sequences and fragments thereof (e.g., SEQ ID NOS: 
38, 40, 42, 44, and 46-48) which encode homologue or 
ortholog HKNG1 gene products (e.g., SEQ ID NOS: 39, 41, 
43, 45, and 49); (b) nucleotide Sequences that encode one or 
more functional domains of a HKNG1 gene product includ 
ing, but not limited to, nucleic acid Sequences that encode a 
Signal Sequence domain, or one or more clusterin domains as 
described in Section 5.2 below; (c) nucleotide Sequences 
that comprise HKNG1 gene Sequences of upstream untrans 
lated regions, intronic regions, and/or downstream untrans 
lated regions or fragments thereof of the HKNG1 nucleotide 
Sequences in (a) above; (d) nucleotide sequences comprising 
the novel HKNG1 sequences disclosed herein that encode 
mutants of the HKNG1 gene product in which all or a part 
of one or more of the domains is deleted or altered, as well 
as fragments thereof; (e) nucleotide Sequences that encode 
fusion proteins comprising a HKNG1 gene product (e.g., 
SEQ ID NO: 2, 4, 39, 41, 43, 45, 49 and 65), or a portion 
thereof fused to a heterologous polypeptide; and (f) nucle 
otide sequences (e.g., primers) within the HKNG1 gene, and 
chromosome 18p nucleotide sequences flanking the HKNG1 
gene which can be utilized as part of the methods of the 
invention for identifying and diagnosing individuals at risk 
for or exhibiting an HKNG1-mediated disorder, such as 
BAD, or myopia. 
0075) The HKNG1 nucleotide sequences of the invention 
further include nucleotide Sequences corresponding to the 
nucleotide sequences of (a)-(f) above wherein one or more 
of the exons, or fragments thereof, have been deleted. In one 
preferred embodiment, the HKNG1 nucleotide sequence of 
the invention is a Sequence wherein the exon corresponding 
to exon 7 of SEQ ID NO: 7, or a fragment thereof, has been 
deleted. 

0076) The HKNG1 nucleotide sequences of the invention 
also include nucleotide Sequences that have at least 65%, 
70%, 75%, 80%, 85%, 90%, 95%, 98%, or more nucleotide 
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sequence identity to the HKNG1 nucleotide sequences of 
(a)-(f) above. The HKNG1 nucleotide sequences of the 
invention further include nucleotide Sequences that encode 
polypeptides having at least 65%, 70%, 75%, 80%, 85%, 
90%, 95%, 98%, or higher amino acid sequence identity to 
the polypeptides encoded by the HKNG1 nucleotide 
sequences of (a)-(f), e.g., SEQ ID NOS: 2, 4, 39, 41, 43,45, 
49, and 66 above. 
0077. To determine the percent identity of two amino 
acid Sequences or of two nucleic acids, the Sequences are 
aligned for optimal comparison purposes (e.g., gaps can be 
introduced in the Sequence of a first amino acid or nucleic 
acid Sequence for optimal alignment with a Second amino or 
nucleic acid sequence). The amino acid residues or nucle 
otides at corresponding amino acid positions or nucleotide 
positions are then compared. When a position in the first 
Sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the Second 
Sequence, then the molecules are identical at that position. 
The percent identity between the two Sequences is a function 
of the number of identical positions shared by the Sequences 
(i.e., 7% identity=# of identical overlapping positions/total if 
of positionsx100%). In one embodiment, the two sequences 
are the same length. 
0078. The determination of percent identity between two 
Sequences can also be accomplished using a mathematical 
algorithm. A preferred, non-limiting example of a math 
ematical algorithm utilized for the comparison of two 
sequences is the algorithm of Karlin and Altschul (1990) 
Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in 
Karlin and Altschul (1993)Proc. Natl. Acad. Sci. USA 
90:5873-5877. Such an algorithm is incorporated into the 
NBLAST and XBLAST programs of Altschul, et al. (1990) 
J. Mol. Biol. 215:403-410. BLAST nucleotide Searches can 
be performed with the NBLAST program, score=100, 
Wordlength=12 to obtain nucleotide Sequences homologous 
to a nucleic acid molecules of the invention. BLAST protein 
searches can be performed with the XBLAST program, 
Score=50, wordlength=3 to obtain amino acid Sequences 
homologous to a protein molecules of the invention. To 
obtain gapped alignments for comparison purposes, Gapped 
BLAST can be utilized as described in Altschulet al. (1997) 
Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast 
can be used to perform an iterated Search which detects 
distant relationships between molecules (Id.). When utiliz 
ing BLAST, Gapped BLAST, and PSI-Blast programs, the 
default parameters of the respective programs (e.g., 
XBLAST and NBLAST) can be used (see http://ww 
w.ncbi.nlm.nih.gov). Another preferred, non-limiting 
example of a mathematical algorithm utilized for the com 
parison of Sequences is the algorithm of Myers and Miller, 
(1988) CABIOS 4:11-17. Such an algorithm is incorporated 
into the ALIGN program (version 2.0) which is part of the 
GCGSequence alignment Software package. When utilizing 
the ALIGN program for comparing amino acid Sequences, a 
PAM120 weight residue table, a gap length penalty of 12, 
and a gap penalty of 4 can be used. 
0079 The percent identity between two sequences can be 
determined using techniques similar to those described 
above, with or without allowing gaps. In calculating percent 
identity, typically only exact matches are counted. 
0080. The HKNG1 nucleotide sequences of the invention 
further include: (a) any nucleotide Sequence that hybridizes 
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to a HKNG1 nucleic acid molecule of the invention under 
Stringent conditions, e.g., hybridization to filter-bound DNA 
in 6xsodium chloride/sodium citrate (SSC) at about 45 C. 
followed by one or more washes in 0.2xSSC/0.1% SDS at 
about 50-65 C., or (b) under highly stringent conditions, 
e.g., hybridization to filter-bound nucleic acid in 6xSSC at 
about 45 C. followed by one or more washes in 0.1xSSC/ 
0.2% SDS at about 68° C., or under other hybridization 
conditions which are apparent to those of skill in the art (see, 
for example, Ausubel F. M. et al., eds., 1989, Current 
Protocols in Molecular Biology, Vol. I, Green Publishing 
Associates, Inc., and John Wiley & Sons, Inc., New York, at 
pp. 6.3.1-6.3.6 and 2.10.3). Preferably the HKNG1 nucleic 
acid molecule that hybridizes to the nucleotide Sequence of 
(a) and (b), above, is one that comprises the complement of 
a nucleic acid molecule that encodes a HKNG1 gene prod 
uct. In a preferred embodiment, nucleic acid molecules 
comprising the nucleotide Sequences of (a) and (b), above, 
encode gene products, e.g., gene products functionally 
equivalent to an HKNG1 gene product. 
0.081 Functionally equivalent HKNG1 gene products 
include naturally occurring HKNG1 gene products present 
in the same or different Species. In one embodiment, 
HKNG1 gene Sequences in non-human Species map to 
chromosome regions Syntenic to the human 18p chromo 
Some location within which human HKNG1 lies. Function 
ally equivalent HKNG1 gene products also include gene 
products that retain at least one of the biological activities of 
the HKNG1 gene products, and/or which are recognized by 
and bind to antibodies (polyclonal or monoclonal) directed 
against the HKNG1 gene products. 
0082 Among the nucleic acid molecules of the invention 
are deoxyoligonucleotides ("oligos') which hybridize under 
highly stringent or stringent conditions to the HKNG1 
nucleic acid molecules described above. In general, for 
probes between 14 and 70 nucleotides in length the melting 
temperature (TM) is calculated using the formula: 

0083) Tm(° C)=81.5+16.6(log monovalent cations 
(molar)))+0.41 (% G+C)–(500/N) where N is the 
length of the probe. If the hybridization is carried out 
in a Solution containing formamide, the melting tem 
perature is calculated using the equation Tm( C.)= 
81.5+16.6(log monovalent cations (molar))+0.41(% 
G+C)–(0.61% formamide)-(500/N) where N is the 
length of the probe. In general, hybridization is carried 
out at about 20-25 degrees below Tm (for DNA-DNA 
hybrids) or 10-15 degrees below Tm (for RNA-DNA 
hybrids). 

0084 Exemplary highly stringent conditions may refer, 
e.g., to washing in 6xSSC/0.05% sodium pyrophosphate at 
37 C. (for about 14-base oligos), 48°C. (for about 17-base 
oligos), 55° C. (for about 20-base oligos), and 60° C. (for 
about 23-base oligos). 
0085. These nucleic acid molecules may encode or act as 
antisense molecules, useful, for example, in HKNG1 gene 
regulation, and/or as antisense primers in amplification 
reactions of HKNG1 gene nucleic acid Sequences. Further, 
Such Sequences may be used as part of ribozyme and/or 
triple helix Sequences, also useful for HKNG1 gene regu 
lation. Still further, Such molecules may be used as compo 
nents of diagnostic methods whereby, for example, the 
presence of a particular HKNG1 allele involved in a 
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HKNG1-related disorder, e.g., a neuropsychiatric disorder, 
such as BAD, may be detected. 
0086) Fragments of the HKNG1 nucleic acid molecules 
can be at least 10 nucleotides in length. In alternative 
embodiments, the fragments can be about 20, 30, 40, 50, 60, 
70, 80,90, 100, 200, 300, 400, 500, 1000, 1500, 2000, 2500, 
3000, 3500, 25 4000, 4500, 5000, or more contiguous 
nucleotides in length. Alternatively, the fragments can com 
prise sequences that encode at least 10, 20, 30, 40, 50, 100, 
150, 200, 250,300,350, 400, 450 or more contiguous amino 
acid residues of the HKNG1 gene products. Fragments of 
the HKNG1 nucleic acid molecules can also refer to 
HKNG1 exons or introns, and, further, can refer to portions 
of HKNG1 coding regions that encode domains (e.g., clus 
terin domains) of HKNG1 gene products. 
0087. The HKNG1 nucleotide sequences of the invention 
can be readily obtained, for example, by Standard Sequenc 
ing and the Sequence provided herein. 

0088 As will be appreciated by those skilled in the art, 
DNA sequence polymorphisms of a HKNG1 gene will exist 
within a population of individual organisms (e.g., within a 
human population). Such polymorphisms may exist, for 
example, among individuals within a population due to 
natural allelic variation. Such polymorphisms include ones 
that lead to changes in amino acid Sequence. An allele is one 
of a group of genes which occur alternatively at a given 
genetic locus. 

0089. As used herein, the phrase “allelic variant” refers to 
a nucleotide Sequence which occurs at a given locus or to a 
gene product encoded by that nucleotide Sequence. Such 
natural allelic variations can typically result in 1-5% Vari 
ance in the nucleotide Sequence of a given gene. Alternative 
alleles can be identified by Sequencing the gene of interest 
in a number of different individuals. This can be readily 
carried out by using hybridization probes to identify the 
Same genetic locus in a variety of individuals. AS used 
herein, the terms “gene' and “recombinant gene' refer to 
nucleic acid molecules comprising an open reading frame 
encoding a polypeptide of the invention. The term can 
further include nucleic acid molecules comprising upstream 
and/or exon/intron Sequences and Structure. 
0090. With respect to HKNG1 allelic variants, any and all 
Such nucleotide variations and resulting amino acid poly 
morphisms or variations that are the result of natural allelic 
variation of the HKNG1 gene are intended to be within the 
Scope of the present invention. Such allelic variants include, 
but are not limited to, ones that do not alter the functional 
activity of the HKNG1 gene product. Variants include, but 
are not limited to, variants comprising the polymorphisms 
Summarized in FIGS. 5A-B and a variant which encodes a 
full length HKNG1 polypeptide comprising a substitution of 
alysine amino acid at amino acid residue 202 of the HKNG1 
polypeptide shown in FIGS. 1A-1B and SEQ ID NO: 2 or 
the HKNG1 amino acid residue 184 of the polypeptide of 
SEO ID NO: 4. 

0091. With respect to the cloning of additional allelic 
variants of the human HKNG1 gene and homologues and 
orthologs from other species (e.g., guinea pig, cow, mouse), 
the isolated HKNG1 gene Sequences disclosed herein may 
be labeled and used to screen a cDNA library constructed 
from mRNA obtained from appropriate cells or tissues (e.g., 
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brain or retinal tissues) derived from the organism (e.g., 
guinea pig, cow, and mouse) of interest. The hybridization 
conditions used should generally be of a lower Stringency 
when the cDNA library is derived from an organism differ 
ent from the type of organism from which the labeled 
Sequence was derived, and can routinely be determined 
based on, e.g., relative relatedness of the target and reference 
organisms. 
0092 Alternatively, the labeled fragment may be used to 
Screen a genomic library derived from the organism of 
interest, again, using appropriately Stringent conditions. 
Appropriate Stringency conditions are well known to those 
of skill in the art as discussed above, and will vary predict 
ably depending on the Specific organisms from which the 
library and the labeled Sequences are derived. For guidance 
regarding Such conditions See, for example, Sambrook, et 
al., 1989, Molecular Cloning, A Laboratory Manual, Second 
Edition, Cold Spring Harbor Press, N.Y.; and Ausubel, et al., 
1989-1999, Current Protocols in Molecular Biology, Green 
Publishing Associates and Wiley Interscience, N.Y., both of 
which are incorporated herein by reference in their entirety. 
0093. Further, a HKNG1 gene allelic variant may be 
isolated from, for example, human nucleic acid, by perform 
ing PCR using two degenerate oligonucleotide primer pools 
designed on the basis of amino acid Sequences within the 
HKNG1 gene product disclosed herein. The template for the 
reaction may be cDNA obtained by reverse transcription of 
mRNA prepared from, for example, human or non-human 
cell lines or tissue known or Suspected to express a wild type 
or mutant HKNG1 gene allele (such as, for example, brain 
cells, including brain cells from individuals having BAD). In 
one embodiment, the allelic variant is isolated from an 
individual who has a HKNG1-mediated disorder. Such 
variants are described in the examples below. 
0094. The PCR product may be subcloned and sequenced 
to ensure that the amplified Sequences represent the 
Sequences of a HKNG1 gene nucleic acid Sequence. The 
PCR fragment may then be used to isolate a full length 
cDNA clone by a variety of methods. For example, the 
amplified fragment may be labeled and used to Screen a 
bacteriophage cDNA library. Alternatively, the labeled frag 
ment may be used to isolate genomic clones via the Screen 
ing of a genomic library. 

0.095 PCR technology may also be utilized to isolate full 
length cDNA sequences. For example, RNA may be iso 
lated, following Standard procedures, from an appropriate 
cellular or tissue Source (i.e., one known, or Suspected, to 
express the HKNG1 gene, Such as, for example, brain tissue 
Samples obtained through biopsy or post-mortem). A reverse 
transcription reaction may be performed on the RNA using 
an oligonucleotide primer Specific for the most 5' end of the 
amplified fragment for the priming of first Strand Synthesis. 
The resulting RNA/DNA hybrid may then be “tailed” with 
guanines using a Standard terminal transferase reaction, the 
hybrid may be digested with RNAase H, and second strand 
Synthesis may then be primed with a poly-C primer. Thus, 
cDNA sequences upstream of the amplified fragment may 
easily be isolated. For a review of cloning Strategies that 
may be used, see e.g., Sambrook et al., 1989, Supra, or 
AuSubel et al., Supra. 
0096. A cl)NA of an allelic, e.g., mutant, variant of the 
HKNG1 gene may be isolated, for example, by using PCR, 
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a technique that is well known to those of skill in the art. In 
this case, the first cdNA strand may be synthesized by 
hybridizing an oligo-dT oligonucleotide to mRNA isolated 
from tissue known or Suspected to be expressed in an 
individual putatively carrying a mutant HKNG1 allele, and 
by extending the new Strand with reverse transcriptase. The 
Second Strand of the cDNA is then Synthesized using an 
oligonucleotide that hybridizes specifically to the 5' end of 
the normal gene. Using these two primers, the product is 
then amplified via PCR, cloned into a suitable vector, and 
Subjected to DNA sequence analysis through methods well 
known to those of skill in the art. By comparing the DNA 
sequence of the mutant HKNG1 allele to that of the normal 
HKNG1 allele, the mutation(s) responsible for the loss or 
alteration of function of the mutant HKNG1 gene product 
can be ascertained. 

0097 Alternatively, a genomic library can be constructed 
using DNA obtained from an individual suspected of or 
known to carry a mutant HKNG1 allele, or a cDNA library 
can be constructed using RNA from a tissue known, or 
Suspected, to express a mutant HKNG1 allele. An unim 
paired HKNG1 gene or any suitable fragment thereof may 
then be labeled and used as a probe to identify the corre 
sponding mutant HKNG1 allele in Such libraries. Clones 
containing the mutant HKNG1 gene Sequences may then be 
purified and Subjected to Sequence analysis according to 
methods well known to those of skill in the art. 

0098. Additionally, an expression library can be con 
Structed utilizing cDNA Synthesized from, for example, 
RNA isolated from a tissue known, or Suspected, to express 
a mutant HKNG1 allele in an individual suspected of or 
known to carry Such a mutant allele. In this manner, gene 
products made by the putatively mutant tissue may be 
expressed and Screened using Standard antibody Screening 
techniques in conjunction with antibodies raised against the 
normal HKNG1 gene product, as described, below, in Sec 
tion 5.3. (For Screening techniques, See, for example, Har 
low and Lane, eds., 1988, “Antibodies: A Laboratory 
Manual”, Cold Spring Harbor Press, Cold Spring Harbor.) 
0099. In cases where a HKNG1 mutation results in an 
expressed gene product with altered function (e.g., as a 
result of a missense or a frameshift mutation), a polyclonal 
set of anti-HKNG1 gene product antibodies are likely to 
cross-react with the mutant HKNG1 gene product. Library 
clones detected via their reaction with Such labeled antibod 
ies can be purified and Subjected to Sequence analysis 
according to methods well known to those of Skill in the art. 
0100 HKNG1 mutations or polymorphisms can further 
be detected using PCR amplification techniques. Primers 
can routinely be designed to amplify overlapping regions of 
the whole HKNG1 Sequence including the promoter regu 
lating region. In one embodiment, primers are designed to 
cover the exon-intron boundaries Such that, coding regions 
can be Scanned for mutations. Exemplary primers for ana 
lyzing HKNG1 exons are provided in Table 1, of Section 
5.6, below. 

0101 The invention also includes nucleic acid molecules, 
preferably DNA molecules, that are the complements of the 
nucleotide Sequences of the preceding paragraphs. 

0102) In certain embodiments, the nucleic acid molecules 
of the invention are present as part of nucleic acid molecules 
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comprising nucleic acid Sequences that do not contain 
heterologous (e.g., cloning vector or expression vector) 
Sequences. In other embodiments, the nucleic acid mol 
ecules of the invention further comprise vector Sequences, 
e.g., cloning vectors or expression vectors. 

5.2. Protein Products of the HKNG1 Gene 

0103 HKNG1 gene products or peptide fragments 
thereof, can be prepared for a variety of uses. For example, 
Such gene products, or peptide fragments thereof, can be 
used for the generation of antibodies, in diagnostic assays, or 
for the identification of other cellular or extracellular gene 
products involved in the regulation of HKNG1-mediated 
disorders, e.g., neuropsychiatric disorders, Such as BAD. 
0104. The HKNG1 gene products of the invention 
include, but are not limited to, human HKNG1 gene prod 
ucts, e.g., polypeptides comprising the amino acid Sequences 
depicted in FIGS. 1A-1B, 2A-2B, 17, and 18 (i.e., SEQ ID 
NOS: 2, 4, 51, and 66). The HKNG1 gene products of the 
invention also include non-human, e.g., mammalian (Such as 
bovine or guinea pig), HKNG1 gene products. These 
include, but are not limited to, polypeptides comprising the 
amino acid sequences depicted in FIGS. 7-13 (i.e., SEQ ID 
NOS: 39, 41, 43, 45, and 49). 
0105 HKNG1 gene product, sometimes referred to 
herein as an “HKNG1 protein” or “HKNG1 polypeptide,” 
includes those gene products encoded by the HKNG1 gene 
sequences depicted in FIGS. 1A-1B, 2A-2B, 7-13, 17, and 
18, as well as gene products encoded by other human allelic 
variants and non-human variants of HKNG1 that can be 
identified by the methods herein described. Among such 
HKNG1 gene product variants are gene products comprising 
HKNG1 amino acid residues encoded by the polymorphisms 
depicted in FIGS. 5A and 5B. Such gene product variants 
also include a variant of the HKNG1 gene product depicted 
in FIG. 1 (SEQ ID NO: 2) wherein the amino acid residue 
Lys202 is mutated to a glutamic acid residue. Such HKNG1 
gene product variants also include a variant of the HKNG1 
gene product depicted in FIG. 2 (SEQ ID NO: 4) wherein 
the amino acid residue LyS184 is mutated to a glutamic acid 
residue. 

0106. In addition, HKNG1 gene products may include 
proteins that represent functionally equivalent gene prod 
ucts. Functionally equivalent gene products may include, for 
example, gene products encoded by one of the HKNG1 
nucleic acid molecules described in Section 5.1, above. In 
preferred embodiments, Such functionally equivalent 
HKNG1 gene products are naturally occuring gene products. 
Functionally equivalent HKNG1 gene products also include 
gene products that retain at least one of the biological 
activities of the HKNG1 gene products described above, 
and/or which are recognized by and bind to antibodies 
(polyclonal or monoclonal) directed against HKNG1 gene 
products. 
0107 Equivalent HKNG1 gene product may contain 
deletions, including internal deletions, additions, including 
additions yielding fusion proteins, or Substitutions of amino 
acid residues within and/or adjacent to the amino acid 
Sequence encoded by the HKNG1 gene Sequences 
described, above, in Section 5.1. Generally, deletions will be 
deletions of Single amino acid residues, or deletions of no 
more than about 2, 3, 4, 5, 10 or 20 amino acid residues, 
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either contiguous or non-contiguous. Generally, additions or 
Substitutions, other than additions that yield fusion proteins, 
will be additions or Substitutions of Single amino acid 
residues, or additions or Substitutions of no more than about 
2, 3, 4, 5, 10 or 20 amino acid residues, either contiguous or 
non-contiguous. Preferably, these modifications result in a 
“Silent change, in that the change produces a HKNG1 gene 
product with the same activity as the HKNG1 gene product 
depicted in FIGS. 1A-1B, 2A-2B, 7-13, or 17. 
0.108 Amino acid substitutions may be made on the basis 
of Similarity in polarity, charge, Solubility, hydrophobicity, 
hydrophilicity, and/or the amphipathic nature of the residues 
involved. For example, nonpolar (hydrophobic) amino acids 
include alanine, leucine, isoleucine, Valine, proline, pheny 
lalanine, tryptophan, and methionine; polar neutral amino 
acids include glycine, Serine, threonine, cysteine, tyrosine, 
asparagine, and glutamine; positively charged (basic) amino 
acids include arginine, lysine, and histidine, and negatively 
charged (acidic) amino acids include aspartic acid and 
glutamic acid. 
0109) Alternatively, where alteration of function is 
desired, addition(s), deletion(s) or non-conservative alter 
ations can produce altered, including reduced-activity, 
HKNG1 gene products. Such alterations can, for example, 
alter one or more of the biological functions of the HKNG1 
gene product. Further, Such alterations can be selected So as 
to generate HKNG1 gene products that are better Suited for 
expression, Scale up, etc. in the host cells chosen. For 
example, cysteine residues can be deleted or Substituted with 
another amino acid residue in order to eliminate disulfide 
bridges. 
0110. As another example, altered HKNG1 gene products 
can be engineered that correspond to variants of the HKNG1 
gene product associated with HKNG1-mediated neuropsy 
chiatric disorders such as BAD. Such altered HKNG1 gene 
products include, but are not limited to, HKNG1 proteins or 
peptides comprising Substitution of a lysine residue for the 
wild-type glutamic acid residue at HKNG1 amino acid 
position 202 in FIGS. 1A-1B (SEQ ID NO: 2) or amino acid 
position 184 (SEQ ID NO: 4) in FIGS. 2A-2B. 
0111 HKNG1 protein fragments and/or HKNG1 pep 
tides comprise at least as many contiguous amino acid 
residues as necessary to represent an epitope fragment (that 
is to be recognized by an antibody directed to the HKNG1 
protein). For example, Such protein fragments or peptides 
comprise at least about 8 contiguous HKNG1 amino acid 
residues from a full length HKNG1 protein. In alternate 
embodiments, the HKNG1 protein fragments and peptides 
of the invention can comprise about 10, 20, 30, 40, 50, 60, 
70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450 or more 
contiguous amino acid residues of a HKNG1 protein. 
0112 Peptides and/or proteins corresponding to one or 
more domains of the HKNG1 protein as well as fusion 
proteins in which a HKNG1 protein, or a portion of a 
HKNG1 protein such as a truncated HKNG1 protein or 
peptide or a HKNG1 protein domain, is fused to an unrelated 
protein are also within the Scope of this invention. Such 
proteins and peptides can be designed on the basis of the 
HKNG1 nucleotide sequence disclosed in Section 5.1, 
above, and/or on the basis of the HKNG1 amino acid 
Sequence disclosed in the Section. Fusion proteins include, 
but are not limited to, IgFc fusions which stabilize the 
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HKNG1 protein or peptide and prolong half life in vivo; or 
fusions to any amino acid Sequence that allows the fusion 
protein to be anchored to the cell membrane, or fusions to an 
enzyme, fluorescent protein, luminescent protein, or a flag 
epitope protein or peptide which provides a marker function. 
0113. The HKNG1 protein, the HKNG1 protein 
Sequences described above can include a domain which 
comprises a Signal Sequence that targets the HKNG1 gene 
product for Secretion. AS used herein, a Signal Sequence 
includes a peptide of at least about 15 or 20 amino acid 
residues in length which occurs at the N-terminus of Secre 
tory and membrane-bound proteins and which contains at 
least about 70% hydrophobic amino acid residues such as 
alanine, leucine, isoleucine, phenylalanine, proline, tyrosine, 
tryptophan, or valine. In a preferred embodiment, a signal 
Sequence contains at least about 10 to amino acid residues, 
preferably about 19-34 amino acid residues, and has at least 
about 60-80%, more preferably 65-75%, and more prefer 
ably at least about 70% hydrophobic residues. A signal 
Sequence Serves to direct a protein containing Such a 
Sequence to a lipid bilayer. 
0114. In one embodiment, a HNKNG1 protein contains a 
signal sequence at about amino acids 1 to 49 of SEQID NO: 
2. In another embodiment, a HKNG1 protein contains a 
signal sequence at about amino acids 30-49 of SEQ ID NO: 
2. In yet another embodiment, a HKNG1 protein contains a 
Signal Sequence at about amino acid residues 1 to 31 of SEQ 
ID NO: 4. In yet another embodiment, a HKNG1 protein 
contains a Signal Sequence at about amino acids 12-31 of 
SEQ ID NO: 4. The signal sequence is cleaved during 
processing of the mature protein. 
0115) A signal sequence of a polypeptide of the invention 
can be used to facilitate Secretion and isolation of the 
Secreted protein or other proteins of interest. Signal 
Sequences are typically characterized by a core of hydro 
phobic amino acids which are generally cleaved from the 
mature protein during Secretion in one or more cleavage 
events. Such Signal peptides contain processing Sites that 
allow cleavage of the Signal Sequence from the mature 
proteins as they pass through the Secretory pathway. Thus, 
the invention pertains to the described HKNG1 polypeptides 
having a signal Sequence (that is, “immature” polypeptides), 
as well as to the HKNG1 Signal Sequences themselves and 
to the HNKG1 polypeptides in the absence of a signal 
Sequence (i.e., the “mature’ HKNG1 cleavage products). It 
is to be understood that HKNG1 polypeptides of the inven 
tion can further comprise polypeptides comprising any Sig 
nal Sequence having characteristics as described above and 
a mature HKNG1 polypeptide Sequence. 
0116. In one embodiment, a nucleic acid Sequence encod 
ing a signal Sequence of the invention can be operably linked 
in an expression vector to a protein of interest, Such as a 
protein which is ordinarily not Secreted or is otherwise 
difficult to isolate. The Signal Sequence directS Secretion of 
the protein, Such as from a eukaryotic host into which the 
expression vector is transformed, and the Signal Sequence is 
Subsequently or concurrently cleaved. The protein can then 
be readily purified from the extracellular medium by art 
recognized methods. Alternatively, the Signal Sequence can 
be linked to the protein of interest using a Sequence which 
facilitates purification, Such as with a GST domain. 
0117 The HKNG1 protein sequences described above 
can also include one or more domains which comprise a 
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clusterin domain, i.e., domains which are identical to or 
substantially homologous to (i.e., 65%, 75%, 80%, 85%, 
90%, 95% or more identical to) the domain corresponding to 
amino acid residues 134 to 160 or amino acid residues 334 
to 362 of SEQ ID NO: 2, or to the domain corresponding to 
amino acid residues 105-131 or amino acid residues 305-333 
of SEQ ID No:39, or to the domain corresponding to amino 
acid residues 105-131 or amino acid residues 304-332 of 
SEQ ID NO: 49. Preferably, such domains comprise cys 
teine amino acid residues at positions corresponding to 
conserved cysteine residues of the clusterin domains of SEQ 
ID NOS: 2, 39 or 49. 
0118. In particular, HKNG1 protein sequences described 
above can also include one or more domains which comprise 
a conserved cysteine domain. Such a domain corresponds, 
for example, to the domain of cysteines corresponding to 
Cys134, Cys145, Cys148, Cys158 and Cys160; or to Cys 
334, Cys344, Cys351, Cys354, and Cys362 of SEQ ID NO: 
2. In an alternative embodiment, a conserved cysteine 
domain corresponds to one or more of the domains of SEQ 
ID NO: 39 which comprises Cys105, Cys116, Cys119, 
Cys124, and Cys131; or Cys305, Cys315, Cys322, Cys325, 
and Cys333. In yet another alternative embodiment, a con 
Served cysteine domain corresponds to one or more of the 
domains of SEQ ID NO: 49 which comprises Cys105, 
Cys116, Cys119, Cys124, and Cys131; or Cys314, Cys321, 
Cys324, and Cys332. 
0119 Finally, the HKNG1 proteins of the invention also 
include HKNG1 protein sequences wherein domains 
encoded by one or more exons of the cDNA sequence, or 
fragments thereof, have been deleted. In one particularly 
preferred embodiment, the HKNG1 proteins of the invention 
are proteins in which the domain(s) corresponding the those 
domains encoded by exon 7 of SEQ ID NO: 7, or fragments 
thereof, have been deleted. 
0120) The HKNG1 polypeptides of the invention can 
further comprise posttranslational modifications, including, 
but not limited to glycosylations, acetylations, and myrisa 
lations. 

0121 The HKNG1 gene products, peptide fragments 
thereof and fusion proteins thereof, may be produced by 
recombinant DNA technology using techniques well known 
in the art. Thus, methods for preparing the HKNG1 gene 
products, polypeptides, peptides, fusion peptide and fusion 
polypeptides of the invention by expressing nucleic acid 
containing HKNG1 gene Sequences are described herein. 
Methods that are well known to those skilled in the art can 
be used to construct expression vectors containing HKNG1 
gene product coding Sequences and appropriate transcrip 
tional and translational control Signals. These methods 
include, for example, in vitro recombinant DNA techniques, 
Synthetic techniques, and in Vivo genetic recombination. 
See, for example, the techniques described in Sambrook, et 
al., 1989, Supra, and Ausubel, et al., 1989, Supra. Alterna 
tively, RNA capable of encoding HKNG1 gene product 
Sequences may be chemically Synthesized using, for 
example, Synthesizers. See, for example, the techniques 
described in “Oligonucleotide Synthesis”, 1984, Gait, ed., 
IRL Press, Oxford. 
0122) A variety of host-expression vector systems may be 
utilized to express the HKNG1 gene product coding 
Sequences of the invention. Such host-expression Systems 
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represent vehicles by which the coding Sequences of interest 
may be produced and Subsequently purified, but also repre 
Sent cells that may, when transformed or transfected with the 
appropriate nucleotide coding Sequences, exhibit the 
HKNG1 gene product of the invention in situ. These include 
but are not limited to microorganisms such as bacteria (e.g., 
E. coli, B. Subtilis) transformed with recombinant bacte 
riophage DNA, plasmid DNA or cosmid DNA expression 
vectors containing HKNG1 gene product coding Sequences, 
yeast (e.g., Saccharomyces, Pichia) transformed with 
recombinant yeast expression vectors containing the 
HKNG1 gene product coding Sequences; insect cell Systems 
infected with recombinant virus expression vectors (e.g., 
baculovirus) containing the HKNG1 gene product coding 
Sequences, plant cell Systems infected with recombinant 
virus expression vectors (e.g., cauliflower mosaic virus, 
CaMV; tobacco mosaic virus, TMV) or transformed with 
recombinant plasmid expression vectors (e.g., Ti plasmid) 
containing HKNG1 gene product coding Sequences, or 
mammalian cell systems (e.g., COS, CHO, BHK, 293,3T3) 
harboring recombinant expression constructs containing 
promoters derived from the genome of mammalian cells 
(e.g., metallothionein promoter) or from mammalian viruses 
(e.g., the adenovirus late promoter; the vaccinia virus 7.5K 
promoter). 

0123. In bacterial systems, a number of expression vec 
tors may be advantageously Selected depending upon the use 
intended for the HKNG1 gene product being expressed. For 
example, when a large quantity of Such a protein is to be 
produced, for the generation of pharmaceutical composi 
tions of HKNG1 gene product or for raising antibodies to 
HKNG1 gene product, for example, vectors that direct the 
expression of high levels of fusion protein products that are 
readily purified may be desirable. Such vectors include, but 
are not limited, to the E. coli expression vector puR278 
(Ruther et al., 1983, EMBO.J. 2:1791), in which the HKNG1 
gene product coding Sequence may be ligated individually 
into the Vector in frame with the lacZ coding region So that 
a fusion protein is produced; plN vectors (Inouye and 
Inouye, 1985, Nucleic Acids Res. 13:3101-3109; Van Heeke 
and Schuster, 1989, J. Biol. Chem. 264:5503–5509); and the 
like. pGEX vectors may also be used to express foreign 
polypeptides as fusion proteins with glutathione S-trans 
ferase (GST). In general, Such fusion proteins are soluble 
and can easily be purified from lysed cells by adsorption to 
glutathione-agarose beads followed by elution in the pres 
ence of free glutathione. The pGEX vectors are designed to 
include thrombin or factor Xa protease cleavage Sites So that 
the cloned target gene product can be released from the GST 
moiety. 

0.124. In an insect System, Autographa Californica, 
nuclear polyhidrosis virus (AcNPV) is used as a vector to 
express foreign genes. The virus grows in Spodoptera fru 
giperda cells. The HKNG1 gene product coding Sequence 
may be cloned individually into non-essential regions (for 
example the polyhedrin gene) of the virus and placed under 
control of an AcNPV promoter (for example the polyhedrin 
promoter). Successful insertion of HKNG1 gene product 
coding Sequence will result in inactivation of the polyhedrin 
gene and production of non-occluded recombinant virus 
(i.e., virus lacking the proteinaceous coat coded for by the 
polyhedrin gene). These recombinant viruses are then used 
to infect Spodoptera frugiperda cells in which the inserted 
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gene is expressed. (e.g., see Smith, et al., 1983, J. Virol. 
46:584; Smith, U.S. Pat. No. 4,215,051). 
0.125. In mammalian host cells, a number of viral-based 
expression Systems may be utilized. In cases where an 
adenovirus is used as an expression vector, the HKNG1 gene 
product coding Sequence of interest may be ligated to an 
adenovirus transcription/translation control complex, e.g., 
the late promoter and tripartite leader Sequence. This chi 
meric gene may then be inserted in the adenovirus genome 
by in vitro or in Vivo recombination. Insertion in a non 
essential region of the viral genome (e.g., region E1 or E3) 
will result in a recombinant virus that is viable and capable 
of expressing HKNG1 gene product in infected hosts. (e.g., 
See Logan and Shenk, 1984, Proc. Natl. Acad. Sci. USA 
81:3655-3659). Specific initiation signals may also be 
required for efficient translation of inserted HKNG1 gene 
product coding Sequences. These signals include the ATG 
initiation codon and adjacent Sequences. In cases where an 
entire HKNG1 gene, including its own initiation codon and 
adjacent Sequences, is inserted into the appropriate expres 
Sion vector, no additional translational control Signals may 
be needed. However, in cases where only a portion of the 
HKNG1 gene coding Sequence is inserted, exogenous trans 
lational control Signals, including, perhaps, the ATG initia 
tion codon, must be provided. Furthermore, the initiation 
codon must be in phase with the reading frame of the desired 
coding Sequence to ensure translation of the entire insert. 
These exogenous translational control Signals and initiation 
codons can be of a variety of origins, both natural and 
Synthetic. The efficiency of expression may be enhanced by 
the inclusion of appropriate transcription enhancer elements, 
transcription terminators, etc. (see Bittner, et al., 1987, 
Methods in Enzymol. 153:516-544). 
0.126 In addition, a host cell strain may be chosen that 
modulates the expression of the inserted Sequences, or 
modifies and processes the gene product in the Specific 
fashion desired. Such modifications (e.g., glycosylation) and 
processing (e.g., cleavage) of protein products may be 
important for the function of the protein. Different host cells 
have characteristic and Specific mechanisms for the post 
translational processing and modification of proteins and 
gene products. Appropriate cell lines or host Systems can be 
chosen to ensure the correct modification and processing of 
the foreign protein expressed. To this end, eukaryotic host 
cells that possess the cellular machinery for proper proceSS 
ing of the primary transcript, glycosylation, and phospho 
rylation of the gene product may be used. Such mammalian 
host cells include but are not limited to CHO, VERO, BHK, 
HeLa, COS, MDCK, 293, 3T3, and WI38. 
0127. For long-term, high-yield production of recombi 
nant proteins, Stable expression is preferred. For example, 
cell lines that stably express the HKNG1 gene product may 
be engineered. Rather than using expression vectors that 
contain viral origins of replication, host cells can be trans 
formed with DNA controlled by appropriate expression 
control elements (e.g., promoter, enhancer, Sequences, tran 
Scription terminators, polyadenylation sites, etc.), and a 
Selectable marker. Following the introduction of the foreign 
DNA, engineered cells may be allowed to grow for 1-2 days 
in an enriched media, and then are Switched to a Selective 
media. The Selectable marker in the recombinant plasmid 
conferS resistance to the Selection and allows cells to Stably 
integrate the plasmid into their chromosomes and grow to 
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form foci that in turn can be cloned and expanded into cell 
lines. This method may advantageously be used to engineer 
cell lines that express the HKNG1 gene product. Such 
engineered cell lines may be particularly useful in Screening 
and evaluation of compounds that affect the endogenous 
activity of the HKNG1 gene product. 
0128. A number of selection systems may be used, 
including but not limited to the herpes simplex virus thy 
midine kinase (Wigler, et al., 1977, Cell 11:223), hypoxan 
thine-guanine phosphoribosyltransferase (Szybalska and 
Szybalski, 1962, Proc. Natl. Acad. Sci. USA 48:2026), and 
adenine phosphoribosyltransferase (Lowy, et al., 1980, Cell 
22:817) genes can be employed in thi, hgprt or aprt cells, 
respectively. Also, antimetabolite resistance can be used as 
the basis of selection for the following genes: dhfr, which 
confers resistance to methotrexate (Wigler, et al., 1980, Natl. 
Acad. Sci. USA 77:3567; O'Hare, et al., 1981, Proc. Natl. 
Acad. Sci. USA 78:1527); gpt, which confers resistance to 
mycophenolic acid (Mulligan and Berg, 1981, Proc. Natl. 
Acad. Sci. USA 78:2072); neo, which confers resistance to 
the aminoglycoside G-418 (Colberre-Garapin, et al., 1981, J. 
Mol. Biol. 150:1); and hygro, which confers resistance to 
hygromycin (Santerre, et al., 1984, Gene 30:147). 
0129. Alternatively, the expression characteristics of an 
endogenous HKNG1 gene within a cell line or microorgan 
ism may be modified by inserting a heterologous DNA 
regulatory element into the genome of a stable cell line or 
cloned microorganism Such that the inserted regulatory 
element is operatively linked with the endogenous HKNG1 
gene. For example, an endogenous HKNG1 gene which is 
normally “transcriptionally silent”, i.e., an HKNG1 gene 
which is normally not expressed, or is expressed only at very 
low levels in a cell line or microorganism, may be activated 
by inserting a regulatory element which is capable of 
promoting the expression of a normally expressed gene 
product in that cell line or microorganism. Alternatively, a 
transcriptionally Silent, endogenous HKNG1 gene may be 
activated by insertion of a promiscuous regulatory element 
that works acroSS cell types. 
0130. A heterologous regulatory element may be inserted 
into a stable cell line or cloned microorganism, Such that it 
is operatively linked with an endogenous HKNG1 gene, 
using techniques, Such as targeted homologous recombina 
tion, which are well known to those of skill in the art, and 
described e.g., in Chappel, U.S. Pat. No. 5.272,071; PCT 
publication No. WO 91/06667, published May 16, 1991. 
0131 Alternatively, any fusion protein may be readily 
purified by utilizing an antibody Specific for the fusion 
protein. being expressed. For example, a System described 
by Janknecht, et al. allows for the ready purification of 
non-denatured fusion proteins expressed in human cell lines 
(Janknecht, et al., 1991, Proc. Natl. Acad. Sci. USA 
88:8972-8976). In this system, the gene of interest is sub 
cloned into a vaccinia recombination plasmid Such that the 
gene's open reading frame is translationally fused to an 
amino-terminal tag consisting of Six histidine residues. 
Extracts from cells infected with recombinant vaccinia virus 
are loaded onto Ni" nitriloacetic acid-agarose columns and 
histidine-tagged proteins are Selectively eluted with imida 
Zole-containing buffers. 
0132) The HKNG1 gene products can also be expressed 
in transgenic animals. Animals of any Species, including, but 

Aug. 21, 2003 

not limited to, mice, rats, rabbits, guinea pigs, pigs, micro 
pigs, goats, sheep, cows, and non-human primates, e.g., 
baboons, monkeys, and chimpanzees may be used to gen 
erate HKNG1 transgenic animals. The term “transgenic,” as 
used herein, refers to animals expressing HKNG1 gene 
Sequences from a different Species (e.g., mice expressing 
huma HKNG1 gene Sequences), as well as animals that have 
been genetically engineered to overexpress endogenous (i.e., 
same species) HKNG1 Sequences or animals that have been 
genetically engineered to no longer express endogenous 
HKNG1 gene Sequences (i.e., "knock-Out' animals), and 
their progeny. 

0.133 Any technique known in the art may be used to 
introduce a HKNG1 gene transgene into animals to produce 
the founder lines of transgenic animals. Such techniques 
include, but are not limited to pronuclear microinjection 
(Hoppe and Wagner, 1989, U.S. Pat. No. 4,873,191); retro 
virus mediated gene transfer into germ lines (Van der Putten, 
et al., 1985, Proc. Natl. Acad. Sci., USA 82:6148-6152); 
gene targeting in embryonic stem cells (Thompson, et al., 
1989, Cell 56.313-321); electroporation of embryos (Lo, 
1983, Mol. Cell. Biol. 3:1803-1814); and sperm-mediated 
gene transfer (Lavitrano et al., 1989, Cell 57.717-723) (For 
a review of Such techniques, see Gordon, 1989, Transgenic 
Animals, Intl. Rev. Cytol. 115, 171-229) 
0134) Any technique known in the art may be used to 
produce transgenic animal clones containing a HKNG1 
transgene, for example, nuclear transfer into enucleated 
oocytes of nuclei from cultured embryonic, fetal or adult 
cells induced to quiescence (Campbell, et al., 1996, Nature 
380:64-66; Wilmut, et al., Nature 385:810-813). 
0.135 The present invention provides for transgenic ani 
mals that carry a HKNG1 transgene in all their cells, as well 
as animals that carry the transgene in Some, but not all their 
cells, i.e., mosaic animals. The transgene may be integrated 
as a Single transgene or in concatamers, e.g., head-to-head 
tandems or head-to-tail tandems. The transgene may also be 
Selectively introduced into and activated in a particular cell 
type by following, for example, the teaching of Lasko et al. 
(Lasko, et al., 1992, Proc. Natl. Acad. Sci. USA 89.6232 
6236). The regulatory sequences required for Such a cell 
type specific activation will depend upon the particular cell 
type of interest, and will be apparent to those of skill in the 
art. When it is desired that the HKNG1 transgene be 
integrated into the chromosomal Site of the endogenous 
HKNG1 gene, gene targeting is preferred. Briefly, when 
Such a technique is to be utilized, vectors containing Some 
nucleotide Sequences homologous to the endogenous 
HKNG1 gene are designed for the purpose of integrating, 
via homologous recombination with chromosomal 
Sequences, into and disrupting the function of the nucleotide 
Sequence of the endogenous HKNG1 gene. The transgene 
may also be Selectively introduced into a particular cell type, 
thus inactivating the endogenous HKNG1 gene in only that 
cell type, by following, for example, the teaching of Gu, et 
al. (Gu, et al., 1994, Science 265, 103-106). The regulatory 
Sequences required for Such a cell-type specific inactivation 
will depend upon the particular cell type of interest, and will 
be apparent to those of skill in the art. 

0.136. Once transgenic animals have been generated, the 
expression of the recombinant HKNG1 gene may be assayed 
utilizing Standard techniques. Initial Screening may be 
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accomplished by Southern blot analysis or PCR techniques 
to analyze animal tissues to assay whether integration of the 
transgene has taken place. The level of mRNA expression of 
the transgene in the tissueS of the transgenic animals may 
also be assessed using techniques that include but are not 
limited to Northern blot analysis of tissue samples obtained 
from the animal, in situ hybridization analysis, and RT-PCR 
(reverse transcriptase PCR). Samples of HKNG1 gene 
expressing tissue, may also be evaluated immunocytochemi 
cally using antibodies specific for the HKNG1 transgene 
product. 

0.137 HKNG1 proteins can be used, e.g., to treat CNS 
related disorders, e.g., neuropsychiatric disorders. Such 
HKNG1 gene products include but are not limited to soluble 
derivatives Such as peptides or polypeptides corresponding 
to one or more domains of the HKNG1 gene product, 
particularly HKNG1 gene products, that are modified such 
that they are deleted for one or more hydrophobic domains. 
Alternatively, antibodies to the HKNG1 protein or anti 
idiotypic antibodies that mimic the HKNG1 gene product 
(including Fab fragments), antagonists or agonists can be 
used to treat neuropsychiatric disorders involving HKNG1. 
In yet another approach, nucleotide constructs encoding 
Such HKNG1 gene products can be used to genetically 
engineer host cells to express Such HKNG1 gene products in 
Vivo, these genetically engineered cells can function as 
"bioreactors' in the body delivering a continuous Supply of 
HKNG1 gene product, HKNG1 peptides, soluble HKNG1 
polypeptides. 

5.3. Antibodies to HKNG1 Gene Products 

0.138. Described herein are methods for the production of 
antibodies capable of Specifically recognizing one or more 
HKNG1 gene product epitopes or epitopes of conserved 
variants or peptide fragments of the HKNG1 gene products. 
Further, antibodies that Specifically recognize mutant forms 
of HKNG1, are encompassed by the invention. The terms 
“specifically bind” and “specifically recognize” refer to 
antibodies that bind to HKNG1 gene product epitopes at a 
higher affinity than they bind to non-HKNG1 (e.g., random) 
epitopes. 

0.139. Such antibodies may include, but are not limited to, 
polyclonal antibodies, monoclonal antibodies (mAbs), 
humanized or chimeric antibodies, Single chain antibodies, 
Fab fragments, F(ab')2 fragments, fragments produced by a 
Fab expression library, anti-idiotypic (anti-Id) antibodies, 
and epitope-binding fragments of any of the above, includ 
ing the polyclonal and monoclonal antibodies described in 
Section 12 below. Such antibodies may be used, for 
example, in the detection of a HKNG1 gene product in an 
biological Sample and may, therefore, be utilized as part of 
a diagnostic or prognostic technique whereby patients may 
be tested for abnormal levels of HKNG1 gene products, 
and/or for the presence of abnormal forms of Such gene 
products. Such antibodies may also be utilized in conjunc 
tion with, for example, compound Screening Schemes, as 
described, below, in Section 5.8, for the evaluation of the 
effect of test compounds on HKNG1 gene product levels 
and/or activity. Additionally, Such antibodies can be used in 
conjunction with the gene therapy techniques described, 
below, in Section 5.9.2 to, for example, evaluate the normal 
and/or engineered HKNG1-expressing cells prior to their 
introduction into the patient. 
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0140 Anti-HKNG1 gene product antibodies may addi 
tionally be used in methods for inhibiting abnormal HKNG1 
gene product activity. Thus, Such antibodies may, therefore, 
be utilized as part of treatment methods for a HKNG1 
mediated neuropsychiatric disorder, Such as BAD or Schizo 
phrenia. 

0141 For the production of antibodies against a HKNG1 
gene product, various host animals may be immunized by 
injection with a HKNG1 gene product, or a portion thereof. 
Such host animals may include, but are not limited to 
rabbits, mice, and rats, to name but a few. Various adjuvants 
may be used to increase the immunological response, 
depending on the host species, including but not limited to 
Freund's (complete and incomplete), mineral gels such as 
aluminum hydroxide, Surface active Substances Such as 
lySolecithin, pluronic polyols, polyanions, peptides, oil 
emulsions, keyhole limpet hemocyanin, dinitrophenol, and 
potentially useful human adjuvants such as BCG (bacille 
Calmette-Guerin) and Corynebacterium parvum. 
0.142 Polyclonal antibodies are heterogeneous. popula 
tions of antibody molecules derived from the Sera of animals 
immunized with an antigen, Such as a HKNG1 gene product, 
or an antigenic functional derivative thereof. For the pro 
duction of polyclonal antibodies, host animals. Such as those 
described above, may be immunized by injection with 
HKNG1 gene product Supplemented with adjuvants as also 
described above. 

0.143 Monoclonal antibodies, which are homogeneous 
populations of antibodies to a particular antigen, may be 
obtained by any technique that provides for the production 
of antibody molecules by continuous cell lines in culture. 
These include, but are not limited to, the hybridoma tech 
nique of Kohler and Milstein, (1975, Nature 256:495-497; 
and U.S. Pat. No. 4,376,110), the human B-cell hybridoma 
technique (Kosbor et al., 1983, Immunology Today 4:72; 
Cole et al., 1983, Proc. Natl. Acad. Sci. USA80:2026-2030), 
and the EBV-hybridoma technique (Cole et al., 1985, Mono 
clonal Antibodies And Cancer Therapy, Alan R. Liss, Inc., 
pp. 77-96). Such antibodies may be of any immunoglobulin 
class including IgG, IgM, IgE, IgA, Ig) and any Subclass 
thereof. The hybridoma producing the mab of this invention 
may be cultivated in vitro or in vivo. Production of high 
titers of mAbs in vivo makes this the presently preferred 
method of production. 
0144. In addition, techniques developed for the produc 
tion of “chimeric antibodies” (Morrison, et al., 1984, Proc. 
Natl. Acad. Sci., 81:6851-6855; Neuberger, et al., 1984, 
Nature 312:604-608; Takeda, et al., 1985, Nature, 314:452 
454) by splicing the genes from a mouse antibody molecule 
of appropriate antigen Specificity together with genes from 
a human antibody molecule of appropriate biological activ 
ity can be used. A chimeric antibody is a molecule in which 
different portions are derived from different animal Species, 
Such as those having a variable region derived from a murine 
mAb and a human immunoglobulin constant region. (See, 
e.g., Cabilly et al., U.S. Pat. No. 4,816,567; and Boss et al., 
U.S. Pat. No. 4,816397, which are incorporated herein by 
reference in their entirety.) 
0145. In addition, techniques have been developed for the 
production of humanized antibodies. (See, e.g., Queen, U.S. 
Pat. No. 5,585,089, which is incorporated herein by refer 
ence in its entirety.) An immunoglobulin light or heavy chain 
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variable region consists of a "framework” region interrupted 
by three hyperVariable regions, referred to as complemen 
tarily determining regions (CDRs). The extent of the frame 
work region and CDRS have been precisely defined (see, 
“Sequences of Proteins of Immunological Interest', Kabat, 
E. et al., U.S. Department of Health and Human Services 
(1983)). Briefly, humanized antibodies are antibody mol 
ecules from non-human Species having one or more CDRS 
from the non-human species and a framework region from 
a human immunoglobulin molecule. 
0146 Alternatively, techniques described for the produc 
tion of single chain antibodies (U.S. Pat. No. 4.946,778; 
Bird, 1988, Science 242:423-426; Huston, et al., 1988, Proc. 
Natl. Acad. Sci. USA 85:5879-5883; and Ward, et al., 1989, 
Nature 334:544-546) can be adapted to produce single chain 
antibodies against HKNG1 gene products. Single chain 
antibodies are formed by linking the heavy and light chain 
fragments of the Fv region via an amino acid bridge, 
resulting in a single chain polypeptide. 
0147 Antibody fragments that recognize specific 
epitopes may be generated by known techniques. For 
example, Such fragments include but are not limited to: the 
F(ab')2 fragments, which can be produced by pepsin diges 
tion of the antibody molecule and the Fab fragments, which 
can be generated by reducing the disulfide bridges of the 
F(ab'), fragments. Alternatively, Fab expression libraries 
may be constructed (Huse, et al., 1989, Science 246:1275 
1281) to allow rapid and easy identification of monoclonal 
Fab fragments with the desired specificity. 

5.4. Uses of HKNG1 Gene Sequences Gene 
Products, and Antibodies 

0.148. Described herein are various applications of 
HKNG1 gene Sequences, HKNG1 gene products, including 
peptide fragments and fusion proteins thereof, and of anti 
bodies directed against HKNG1 gene products and peptide 
fragments thereof. Such applications include, for example, 
mapping of chromosome 18p, prognostic and diagnostic 
evaluation of HKNG1-mediated disorders, including CNS 
related disorders, e.g., neuropsychiatric disorders, Such as 
BAD or schizophrenia, modulation of HKNG1-related pro 
cesses, and the identification of Subjects with a predisposi 
tion to Such disorders, as described, below, in Section 5.5. 
0149 Additionally, such applications include methods 
for the treatment of a HKNG1-mediated disorders, such as 
BAD or schizophrenia, as described, below, in Section 5.9, 
and for the identification of compounds that modulate the 
expression of the HKNG1 gene and/or the synthesis or 
activity of the HKNG1 gene product, as described below, in 
Section 5.8. Such compounds can include, for example, 
other cellular products that are involved in Such processes as 
mood regulation and in HKNG1-mediated disorders, e.g., 
neuropsychiatric disorderS Such as BAD or Schizophrenia. 
These compounds can be used, for example, in the amelio 
ration of HKNG1-mediated disorders and for the modulation 
of HKNG1-mediated processes. 
0150. Uses of the HKNG1 gene sequences, HKNG1 gene 
products, including peptide fragments and fusion proteins 
thereof, and of antibodies directed against HKNG1 gene 
products and/or peptide fragments thereof also include prog 
nostic and diagnostic evaluation of a HKNG1-mediated 
myopia disorder Such as early-onset autosomal dominant 
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myopia, methods for the treatment of a HKNG1-mediated 
myopia disorder, and for the identification of compound that 
modulate the expression of the HKNG1 gene and/or the 
synthesis or activity of the HKNG1 gene product and could 
therefore be used in the amelioration of a HKNG1-mediated 
myopia Such as early-onset autosomal dominant myopia. 
Indeed, Such methods are Substantially identical to the 
methods described, below, in Sections 5.5, 5.8, and 5.9 for 
the diagnosis and treatment of HKNG1-mediated disorders. 

5.5. Diagnosis of HKNG1-Mediated Disorders 
0151. A variety of methods can be employed for the 
diagnostic and prognostic evaluation of HKNG1-mediated 
disorders, e.g., neuropsychiatric disorders and for the iden 
tification of Subjects having a predisposition to Such disor 
derS. 

0152 Such methods may, for example, utilize reagents 
Such as the HKNG1 gene nucleotide Sequences described in 
Sections 5.1, and antibodies directed against HKNG1 gene 
products, including peptide fragments thereof, as described, 
above, in Section 5.3. Specifically, Such reagents may be 
used, for example, for: 

0153 (1) the detection of the presence of HKNG1 
gene mutations, or the detection of either over- or 
under-expression of HKNG1 gene relative to wild 
type HKNG1 levels of expression; 

0154) (2) the detection of over- or under-abundance 
of HKNG1 gene product relative to wild-type abun 
dance of HKNG1 gene product; and 

O155 (3) the detection of an aberrant level of 
HKNG1 gene product activity relative to wild-type 
HKNG1 gene product activity levels. 

0156 HKNG1 gene nucleotide sequences can, for 
example, be used to diagnose a HKNG1-mediated neurop 
Sychiatric disorder using, for example, the techniques for 
HKNG1 mutation/polymorphism detection described above 
in Section 5.1, and in Section 5.6 below. 
O157 Mutations at a number of different genetic loci may 
lead to phenotypes related to neuropsychiatric disorders. 
Ideally, the treatment of patients Suffering from Such neu 
ropsychiatric disorder will be designed to target the particu 
lar genetic loci containing the mutation mediating the dis 
order. Genetic polymorphisms have been linked to 
differences in drug effectiveness. Thus, identification of 
alterations in the HKNG1 gene, protein or gene flanking 
regions, can be utilized in pharmacogenetic methods to 
optimize therapeutic drug treatments. 
0158. In one embodiment of the present invention, there 
fore, alterations, i.e., polymorphisms, in the HKNG1 gene or 
protein encoded by genes comprising Such polymorphisms, 
are associated with a drug or drugs efficacy, tolerance, or 
toxicity, and may be used in pharmacogenomic methods to 
optimize therapeutic drug treatments, including therapeutic 
drug treatments for one of the disorders described herein, 
e.g., HKNG1-mediated disorderS Such as Schizophrenia and 
BAD. Such polymorphisms can be used, for example, to 
refine the design of drugs by decreasing the incidence of 
adverse events in drug tolerance Studies, e.g., by identifying 
patient Subpopulations of individuals who respond or do not 
respond to a particular drug therapy in efficacy Studies, 
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wherein the subpopulations have a HKNG1 polymorphism 
asSociated with drug responsiveneSS or unresponsiveness. 
The pharmacogenomic methods of the present invention can 
also provide tools to identify new drug targets for designing 
drugs and to optimize the use of already existing drugs, e.g., 
to increase the response rate to a drug and/or to identify and 
exclude non-responders from certain drug treatments (e.g., 
individuals having a particular HKNG1 polymorphism asso 
ciated with unresponsiveness or inferior responsiveness to 
the drug treatment) or to decrease the undersireable side 
effects of certain drug treatments and/or to identify and 
exclude individuals with marked Susceptibility to Such side 
effects (e.g., individuals having a particular HKNG1 poly 
morphism associated with an undersirable side effect to the 
drug treatment). 
0159. In an embodiment of the present invention, poly 
morphisms in the HKNG1 gene Sequence or flanking this 
Sequence, or variations in HKNG1 gene expression, or 
activity, e.g., variations due to altered methylation, differ 
ential Splicing, or post-translational modification of the 
HKNG1 gene product, may be utilized to identify an indi 
vidual having a disease or condition resulting from a 
HKNG1-mediated disorder and thus define the most effec 
tive and Safest drug treatment. ASSayS. Such as those 
described herein may be used to identify Such polymor 
phisms or variations in HKNG1 gene expression or activity. 
Once a polymorphism in the HKNG1 gene or in a flanking 
Sequence in linkage disequilibrium with a disorder-causing 
allele, or a variation in HKNG1 gene expression has been 
identified in an individual, an appropriate drug treatment can 
be prescribed to the individual. 

0160 For the detection of HKNG1 gene mutations or 
polymorphisms, any nucleated cell can be used as a starting 
Source for genomic nucleic acid. For the detection of 
HKNG1 gene expression or HKNG1 gene products, any cell 
type or tissue in which the HKNG1 gene is expressed may 
be utilized. 

0.161 Nucleic acid-based detection techniques are 
described, below, in Section 5.6. Peptide detection tech 
niques are described, below, in Section 5.7. 

0162 The methods described herein may be performed, 
for example, by utilizing pre-packaged diagnostic kits. The 
invention therefore also encompasses kits for detecting the 
presence of a polypeptide or nucleic acid of the invention in 
a biological Sample (i.e., a test Sample). Such kits can be 
used, e.g., to determine if a Subject is Suffering from or is at 
increased risk of developing a disorder associated with a 
disorder-causing allele, or aberrant expression or activity of 
a polypeptide of the invention (e.g., a CNS disorder, includ 
ing a neuroSpychiatric disorder Such as BAD or Schizophre 
nia). For example, the kit can comprise a labeled compound 
or agent capable of detecting the polypeptide or mRNA or 
DNA or HKNG1 gene Sequences, e.g., encoding the 
polypeptide in a biological Sample. The kit can further 
comprise a means for determining the amount of the 
polypeptide or mRNA in the sample (e.g., an antibody which 
binds the polypeptide or an oligonucleotide probe which 
binds to DNA or mRNA encoding the polypeptide). Kits can 
also include instructions for observing that the tested Subject 
is Suffering from or is at risk of developing a disorder 
asSociated with aberrant expression of the polypeptide if the 
amount of the polypeptide or mRNA encoding the polypep 
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tide is above or below a normal level, or if the DNA 
correlates with presence of a HKNG 1 allele that causes a 
disorder. 

0163 For antibody-based kits, the kit can comprise, for 
example: (1) a first antibody (e.g., attached to a Solid 
Support) which binds to a polypeptide of the invention; and, 
optionally, (2) a second, different antibody which binds to 
either the polypeptide or to the first antibody and is conju 
gated to a detectable agent. 
0164. For oligonucleotide-based kits, the kit can com 
prise, for example: (1) an oligonucleotide (e.g., a detectably 
labeled oligonucleotide) which hybridizes to a nucleic acid 
Sequence encoding a polypeptide of the invention, or (2) a 
pair of primers, Such as the primerS recited in Table 1, useful 
for amplifying a nucleic acid molecule encoding a polypep 
tide of the invention. 

0.165. The kit can also comprise, for example, one or 
more buffering agents, preservatives, or protein Stabilizing 
agents. The kit can also comprise components necessary for 
detecting the detectable agent (e.g., an enzyme or a Sub 
Strate). The kit can also contain a control sample or a Series 
of control Samples which can be assayed and compared to 
the test Sample. Each component of the kit is usually 
enclosed within an individual container and all of the 
various containers are within a Single package along with 
instructions for observing whether the tested Subject is 
Suffering from or is at risk of developing a disorder associ 
ated with polymorphisms that correlate with alleles that 
cause HKNG1-related disorders, and/or aberrant levels of 
HKNG1 mRNA, polypeptides or activity. 

5.6. Detection of HKNG1 Nucleic Acid Molecules 

0166 A variety of methods can be employed to screen for 
the presence of HKNG1 gene-Specific mutations or poly 
morphisms (including polymorphisms flanking HKNG1 
gene) and to detect and/or assay levels of HKNG1 nucleic 
acid Sequences. 
0.167 Mutations or polymorphisms within or flanking the 
HKNG1 gene can be detected by utilizing a number of 
techniques. Nucleic acid from any nucleated cell can be used 
as the Starting point for Such assay techniques, and may be 
isolated according to Standard nucleic acid preparation pro 
cedures that are well known to those of skill in the art. 

0168 HKNG1 nucleic acid sequences may be used in 
hybridization or amplification assays of biological Samples 
to detect abnormalities involving HKNG1 gene structure, 
including point mutations, insertions, deletions, inversions, 
translocations and chromosomal rearrangements. Such 
assays may include, but are not limited to, Southern analy 
Ses, Single-Stranded conformational polymorphism analyses 
(SSCP), and PCR analyses. 
0169 Diagnostic methods for the detection of HKNG1 
gene-specific mutations or polymorphisms can involve for 
example, contacting and incubating nucleic acids obtained 
from a Sample, e.g., derived from a patient Sample or other 
appropriate cellular Source with one or more labeled nucleic 
acid reagents including recombinant DNA molecules, 
cloned genes or degenerate variants thereof, Such as 
described in Section 5.1, above, under conditions favorable 
for the Specific annealing of these reagents to their comple 
mentary sequences within or flanking the HKNG1 gene. The 
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diagnostic methods of the present invention further encom 
pass contacting and incubating nucleic acids for the detec 
tion of Single nucleotide mutations or polymorphisms of the 
HKNG1 gene. Preferably, these nucleic acid reagent 
sequences within the HKNG1 gene, or chromosome 18p 
nucleotide sequences flanking the HKNG1 gene are 15 to 30 
nucleotides in length. 
0170 After incubation, all non-annealed nucleic acids are 
removed from the nucleic acid:HKNG1 molecule hybrid. 
The presence of nucleic acids that have hybridized, if any 
Such molecules exist, is then detected. Using Such a detec 
tion Scheme, the nucleic acid from the cell type or tissue of 
interest can be immobilized, for example, to a Solid Support 
Such as a membrane, or a plastic Surface Such as that on a 
microtiter plate or polystyrene beads. In this case, after 
incubation, non-annealed, labeled nucleic acid reagents of 
the type described in Section 5.1 are easily removed. Detec 
tion of the remaining, annealed, labeled HKNG1 nucleic 
acid reagents is accomplished using Standard techniques 
well-known to those in the art. The HKNG1 gene sequences 
to which the nucleic acid reagents have annealed can be 
compared to the annealing pattern expected from a normal 
HKNG1 gene sequence in order to determine whether a 
HKNG1 gene mutation is present. 
0171 In a preferred embodiment, HKNG1 mutations or 
polymorphisms can be detected by using a microassay of 
HKNG1 nucleic acid sequences immobilized to a substrate 
or “gene chip” (See, e.g. Cronin, et al., 1996, Human 
Mutation 7:244-255). 
0172 Alternative diagnostic methods for the detection of 
HKNG1 gene-specific nucleic acid molecules (or HKNG1 
flanking sequences), in patient samples or other appropriate 
cell Sources, may involve their amplification, e.g., by PCR 
(the experimental embodiment set forth in Mullis, 1987, 
U.S. Pat. No. 4,683.202), followed by the analysis of the 
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amplified molecules using techniques well known to those 
of skill in the art, Such as, for example, those listed above. 
The resulting amplified Sequences can be compared to those 
that would be expected if the nucleic acid being amplified 
contained only normal copies of the HKNG1 gene in order 
to determine whether a HKNG1 gene mutation or polymor 
phism in linkage disequilibrium with a disease-causing 
HKNG1 allele exists. 

0173 Among those HKNG1 nucleic acid sequences 
which are preferred for Such amplification-related diagnostic 
Screening analyses are oligonucleotide primers which 
amplify HKNG1 exon Sequences. The Sequences of Such 
oligonucleotide primers are, therefore, preferably derived 
from HKNG1 intron sequences so that the entire exon, or 
coding region, can be analyzed as discussed below. Primer 
pairs useful for amplification of HKNG1 exons are prefer 
ably derived from adjacent introns. Appropriate primer pairs 
can be chosen Such that each of the eleven HKNG1 exons 
are amplified. Primers for the amplification of HKNG1 
exons can be routinely designed by one of ordinary skill in 
the art by utilizing the exon and intron sequences of HKNG1 
shown in FIGS 3A-3R. 

0.174 As an example, and not by way of limitation, Table 
1, below, lists primers and primer pairs which can be utilized 
for the amplification of each of the human HKGN1 exons 
one through eleven. In this table, a primer pair is listed for 
each exon which consists of a forward primer derived from 
intron Sequence upstream of the exon to be amplified, and a 
reverse primer derived from intron sequence downstream of 
the exon to be amplified. For exons greater than about 300 
base pairs in length, i.e., exons 4 and 7, two primer pairs are 
listed (marked 4a, 4b, 7a and 7b). Each of the primer pairs 
can be utilized, therefore, as part of a standard PCR reaction 
to amplify an individual HKNG1 exon (or portion thereof). 
Primer Sequences are depicted in a 5' to 3' orientation. 

TABLE 1. 

Primer Sequence 

1 cggggttggtttccacc (SEQ ID NO: 8) forward 
gC gaggagagalaatctggg (SEQ ID NO: 9) rewerse 

2 tgctcactactittgcagtgttc (SE D NO: 10) forward 
tgagat.cgtgtcactgcattct (SEQ ID NO: 11) rewerse 

3 gtaaatctoaaaatgttgggittaatag (SEQ ID NO: 12) forward 
citalacticittctitctatoattactic (SEQ ID NO: 13) rewerse 

4A totttattgttgttgtctgctgtg (SE D NO: 14) forward 
ggacaaccalacatgcaaacag (SEQ ID NO: 15) rewerse 

4B cocaggtgttittcaattgatgc (SEQ ID NO: 16) foward 
agcagttttgtcc titccaagtg (SE D NO:17) rewerse 

5 gtgttttgtaatctgatcagatcto (SEQ ID NO: 18) forward 
gcagtatttctgg to cagatc (SEQ ID NO:19) rewerse 

6 ggtgcacatagat catgaaatgg (SE D NO: 20) forward 
taagctgaaataggtgccittaag (SE D NO: 21) rewerse 

7A tittattocatttctgtc.ccctac (SEQ ID NO: 22) forward 
aaggcticagttaggtotgitatic (SE D NO: 23) rewerse 

7B caggagttittaacgtctitcagac (SEQ ID NO: 24) forward 
gacticagaaatgtctaccatttc (SEQ ID NO:25) rewerse 
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TABLE 1-continued 

Primer Sequence 

8 tgtctocacttcttcaaagtgc (SEQ ID NO: 26) 
caaaatgtacct gagaacttaaag (SEQ ID NO: 27) 

9 caccitccaagtttcatggac (SEQ ID NO: 28) 
caagg tatgcacgtgtcatttc (SEQ ID NO : 29) 

10 gaatgtgtattoggatttagtaaac (SEQ ID NO:30) 
ttgagaattaactattoct9tcaac (SEQ ID NO:31) 

11 ccatcctgg acttittacticc (SEQ ID NO:32) 
cittitcctgcaactgtgtttattg (SEQ ID NO:33) 
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forward 
rewerse 

forward 
rewerse 

forward 
rewerse 

forward 
rewerse 

0175 Each primer pair above can be used to generate an 
amplified Sequence of about 300 base pairs. This is espe 
cially desirable in instances in which Sequence analysis is 
performed using SSCP gel electrophoretic procedures, in 
that Such procedures work optimally using Sequences of 
about 300 base pairs or less. 
0176). Additional HKNG1 nucleic acid sequences which 
are preferred for Such amplification-related analyses are 
those which will detect the presence of an HKNG1 poly 
morphism which differs from the HKNG1 sequence 
depicted in FIGS. 3A-3R. Such polymorphisms include ones 
which represent mutations associated with an HKNG1 
mediated neuropSychiatric disorder, Such as BAD or Schizo 
phrenia. For example, a Single base mutation identified in 
the Example presented in Section 8, below, results in a 
mutant HKNG1 gene product comprising Substitution of a 
lysine residue for the wild-type glutamic acid residue at 
amino acid position 202 of the HKNG1 amino acid sequence 
shown in FIGS. 1A-1B (SEQ ID NO: 2) or amino acid 
position 184 of the HKNG1 amino acid sequence shown in 
FIGS. 2A-2B (SEQ ID NO: 4). Such polymorphisms also 
include ones that correlate with the presence of a HKNG1 
mediated neuropsychiatric disorder, e.g., polymorphisms 
that are in linkage disequilibrium with disorder-causing 
HKNG1 alleles. 

0177 Amplification techniques are well known to those 
of skill in the art and can routinely be utilized in connection 
with primers such as those listed in Table 1 above. In 
general, hybridization conditions can be as follows. In 
general, for probes between 14 and 70 nucleotides in length 
the melting temperature TM is calculated using the formula: 
Tm( C.)=81.5+16.6(log monovalent cations)+0.41(% 
G+C)–(500/N) where N is the length of the probe. If the 
hybridization is carried out in a Solution containing forma 
mide, the melting temperature is calculated using the equa 
tion Tm(C)=81.5+16.6(log monovalent cations)+0.41(% 
G+C)-(0.61% formamide)-(500/N) where N is the length of 
the probe. 
0.178 Additionally, well-known genotyping techniques 
can be performed to identify individuals carrying HKNG1 
gene mutations. Such techniques include, for example, the 
use of restriction fragment length polymorphisms (RFLPs), 
which involve Sequence variations in one of the recognition 
Sites for the Specific restriction enzyme used. 
0179 Further, improved methods for analyzing DNA 
polymorphisms, which can be utilized for the identification 
of HKNG1 gene-specific mutations, have been described 

that capitalize on the presence of variable numbers of Short, 
tandemly repeated DNA sequences between the restriction 
enzyme sites. For example, Weber (U.S. Pat. No. 5,075,217) 
describes a DNA marker based on length polymorphisms in 
blocks of (dC-dA)n-(dG-dT)n short tandem repeats. The 
average separation of (dC-dA)n-(dG-dT)n blocks is esti 
mated to be 30,000-60,000 bp. Markers that are so closely 
Spaced exhibit a high frequency co-inheritance, and are 
extremely useful in the identification of genetic mutations, 
Such as, for example, mutations within the HKNG1 gene, 
and the diagnosis of diseases and disorders related to 
HKNG1 mutations. 

0180. Also, Caskey et al. (U.S. Pat. No. 5,364,759) 
describe a DNA profiling assay for detecting Short tri and 
tetra nucleotide repeat Sequences. The process includes 
extracting the DNA of interest, such as the HKNG1 gene, 
amplifying the extracted DNA, and labelling the repeat 
Sequences to form a genotypic map of the individual's DNA. 

0181 Other methods well known in the art may be used 
to identify single nucleotide polymorphisms (SNPs), includ 
ing biallelic SNPs or biallelic markers which have two 
alleles, both of which are present at a fairly high frequency 
in a population. Conventional techniques for detecting SNPs 
include, e.g., conventional dot blot analysis, Single Stranded 
conformational polymorphism (SSCP) analysis (see, e.g., 
Orita et al., 1989, Proc. Natl. Acad. Sci. USA 86:2766-2770), 
denaturing gradient gel electrophoresis (DGGE), heterod 
uleX analysis, mismatch cleavage detection, and other rou 
tine techniques well known in the art (see, e.g., Sheffield et 
al., 1989, Proc. Natl. Acad. Sci. 86:5855-5892; Grompe, 
1993, Nature Genetics 5:111-117). Alternative, preferred 
methods of detecting and mapping SNPs involve microse 
quencing techniques wherein an SNP Site in a target DNA is 
detecting by a single nucleotide primer eXtension reaction 
(see, e.g., Goelet et al., PCT Publication No. WO92/15712; 
Mundy, U.S. Pat. No. 4,656,127; Vary and Diamond, U.S. 
Pat. No. 4,851,331; Cohen et al., PCT Publication No. 
WO91/02087; Chee et al., PCT Publication No. WO95/ 
11995; Landegren et al., 1988, Science 241:1077-1080; 
Nicerson et al., 1990, Proc. Natl. Acad. Sci. U.S.A. 87:8923 
8927; Pastinen et al., 1997, Genome Res. 7:606–614; Past 
inen et al., 1996, Clin. Chem. 42:1391-1397; Jalanko et al., 
1992, Clin. Chem. 38:39-43; Shumaker et al., 1996, Hum. 
Mutation 7:346-354; Caskey et al., PCT Publication No. 
WO95/00669). 
0182. The level of HKNG1 gene expression can also be 
assayed. For example, RNA from a cell type or tissue 
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known, or Suspected, to express the HKNG1 gene, Such as 
brain, may be isolated and tested utilizing hybridization or 
PCR techniques such as are described, above. The isolated 
cells can be derived from cell culture or from a patient. The 
analysis of cells taken from culture may be a necessary Step 
in the assessment of cells to be used as part of a cell-based 
gene therapy technique or, alternatively, to test the effect of 
compounds on the expression of the HKNG1 gene. Such 
analyses may reveal both quantitative and qualitative aspects 
of the expression pattern of the HKNG1 gene, including 
activation or inactivation of HKNG1 gene expression. 
0183 In one embodiment of such a detection scheme, a 
cDNA molecule is synthesized from an RNA molecule of 
interest (e.g., by reverse transcription of the RNA molecule 
into cDNA). A sequence within the cDNA is then used as the 
template for a nucleic acid amplification reaction, Such as a 
PCR amplification reaction, or the like. The nucleic acid 
reagents used as Synthesis initiation reagents (e.g., primers) 
in the reverse transcription and nucleic acid amplification 
steps of this method are chosen from among the HKNG1 
gene nucleic acid reagents described in Section 5.1. The 
preferred lengths of Such nucleic acid reagents are at least 
9-30 nucleotides. For detection of the amplified product, the 
nucleic acid amplification may be performed using radioac 
tively or non-radioactively labeled nucleotides. Alterna 
tively, enough amplified product may be made Such that the 
product may be visualized by standard ethidium bromide 
Staining or by utilizing any other Suitable nucleic acid 
Staining method. 
0184. Additionally, it is possible to perform such 
HKNG1 gene expression assays "in Situ', i.e., directly upon 
tissue Sections (fixed and/or frozen) of patient tissue 
obtained from biopsies or resections, Such that no nucleic 
acid purification is necessary. Nucleic acid reagents Such as 
those described in Section 5.1 may be used as probes and/or 
primers for Such in situ procedures (see, for example, 
Nuovo, G. J., 1992, “PCR In Situ Hybridization: Protocols 
And Applications”, Raven Press, NY). 
0185. Alternatively, if a sufficient quantity of the appro 
priate cells can be obtained, Standard Northern analysis can 
be performed to determine the level of mRNA expression of 
the HKNG1 gene. 

5.7. Detection of HKNG1 Gene Products 

0186 Antibodies directed against unimpaired or mutant 
HKNG1 gene products or conserved variants or peptide 
fragments thereof, which are discussed, above, in Section 
5.3, may also be used as diagnostics and prognostics for a 
HKNG1-mediated disorder, e.g., a neuropsychiatric disorder 
such as BAD or schizophrenia. Such methods may be used 
to detect abnormalities in the level of HKNG1 gene product 
Synthesis or expression, or abnormalities in the Structure, 
temporal expression, and/or physical location of HKNG1 
gene product. The antibodies and immunoassay methods 
described herein have, for example, important in Vitro 
applications in assessing the efficacy of treatments for 
HKNG1-mediated disorders. Antibodies, or fragments of 
antibodies, Such as those described below, may be used to 
Screen potentially therapeutic compounds in vitro to deter 
mine their effects on HKNG1 gene expression and HKNG1 
gene product production. The compounds that have benefi 
cial effects on a HKNG1-mediated disorder, Such as BAD or 
Schizophrenia. 
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0187. In vitro immunoassays may also be used, for 
example, to assess the efficacy of cell-based gene therapy for 
a HKNG1-mediated disorder, e.g., a neuropsychiatric dis 
order, such as BAD schizophrenia. Antibodies directed 
against HKNG1 gene products may be used in vitro to 
determine, for example, the level of HKNG1 gene expres 
Sion achieved in cells genetically engineered to produce 
HKNG1 gene product. In the case of intracellular HKNG1 
gene products, Such an assessment is done, preferably, using 
cell lysates or extracts. Such analysis will allow for a 
determination of the number of transformed cells necessary 
to achieve therapeutic efficacy in Vivo, as well as optimiza 
tion of the gene replacement protocol. 
0188 The tissue or cell type to be analyzed will generally 
include those that are known, or Suspected, to express the 
HKNG1 gene. The protein isolation methods employed 
herein may, for example, be Such as those described in 
Harlow and Lane (1988, “Antibodies: A Laboratory 
Manual', Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y.). The isolated cells can be derived from cell 
culture or from a patient. The analysis of cells taken from 
culture may be a necessary Step in the assessment of cells to 
be used as part of a cell-based gene therapy technique or, 
alternatively, to test the effect of compounds on the expres 
sion of the HKNG1 gene. 
0189 Preferred diagnostic methods for the detection of 
HKNG1 gene products, conserved variants or peptide frag 
ments thereof, may involve, for example, immunoassays 
wherein the HKNG1 gene products or conserved variants or 
peptide fragments are detected by their interaction with an 
anti-HKNG1 gene product-specific antibody. 
0190. For example, antibodies, or fragments of antibod 
ies, Such as those described, above, in Section 5.3, may be 
used to quantitatively or qualitatively detect the presence of 
HKNG1 gene products or conserved variants or peptide 
fragments thereof. This can be accomplished, for example, 
by immunofluorescence techniques employing a fluores 
cently labeled antibody (see below, this Section) coupled 
with light microscopic, flow cytometric, or fluorimetric 
detection. Such techniques are especially preferred for 
HKNG1 gene products that are expressed on the cell Surface. 
0191) The antibodies (or fragments thereof) useful in the 
present invention may, additionally, be employed histologi 
cally, as in immunofluorescence or immunoelectron microS 
copy, for in Situ detection of HKNG1 gene products, con 
Served variants or peptide fragments thereof. In Situ 
detection may be accomplished by removing a histological 
Specimen from a patient, and applying thereto a labeled 
antibody that binds to an rTS polypeptide. The antibody (or 
fragment) is preferably applied by overlaying the labeled 
antibody (or fragment) onto a biological sample. Through 
the use of Such a procedure, it is possible to determine not 
only the presence of the HKNG1 gene product, conserved 
variants or peptide fragments, but also its distribution in the 
examined tissue. Using the present invention, those of 
ordinary skill will readily recognize that any of a wide 
variety of histological methods (such as staining procedures) 
can be modified in order to achieve in Situ detection of a 
HKNG1 gene product. 
0.192 Immunoassays for HKNG1 gene products, con 
Served variants, or peptide fragments thereof will typically 
comprise incubating a Sample, Such as a biological fluid, a 
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tissue extract, freshly harvested cells, or lysates of cells in 
the presence of a detectably labeled antibody capable of 
identifying HKNG1 gene product, conserved variants or 
peptide fragments thereof, and detecting the bound antibody 
by any of a number of techniques well-known in the art. 
0193 The biological sample may be brought in contact 
with and immobilized onto a Solid phase Support or carrier, 
Such as nitrocellulose, that is capable of immobilizing cells, 
cell articles or Soluble proteins. The Support may then be 
washed with Suitable buffers followed by treatment with the 
detectably labeled HKNG1 gene product specific antibody. 
The solid phase support may then be washed with the buffer 
a Second time to remove unbound antibody. The amount of 
bound label on the solid support may then be detected by 
conventional means. 

0194 By “solid phase support or carrier' is intended any 
Support capable of binding an antigen or an antibody. 
Well-known Supports or carriers include glass, polystyrene, 
polypropylene, polyethylene, dextran, nylon, amylases, 
natural and modified celluloses, polyacrylamides, gabbros, 
and magnetite. The nature of the carrier can be either Soluble 
to Some extent or insoluble for the purposes of the present 
invention. The Support material may have virtually any 
possible Structural configuration So long as the coupled 
molecule is capable of binding to an antigen or antibody. 
Thus, the Support configuration may be spherical, as in a 
bead, or cylindrical, as in the inside Surface of a test tube, or 
the external Surface of a rod. Alternatively, the Surface may 
be flat Such as a sheet, test Strip, etc. Preferred Supports 
include polystyrene beads. Those skilled in the art will know 
many other Suitable carriers for binding antibody or antigen, 
or will be able to ascertain the same by use of routine 
experimentation. 
0195 One of the ways in which the HKNG1 gene prod 
uct-specific antibody can be detectably labeled is by linking 
the same to an enzyme, Such as for use in an enzyme 
immunoassay (EIA) (Voller, A., “The Enzyme Linked 
Immunosorbent Assay (ELISA)”, 1978, Diagnostic Hori 
Zons 2:1-7, Microbiological Associates Quarterly Publica 
tion, Walkersville, Md.); Voller, A. et al., 1978, J. Clin. 
Pathol. 31:507-520; Butler, J. E., 1981, Meth. Enzymol. 
73:482-523; Maggio, E. (ed.), 1980, Enzyme Immunoassay, 
CRC Press, Boca Raton, Fla.; Ishikawa, E. et al., (eds.), 
1981, Enzyme Immunoassay, Kgaku Shoin, Tokyo). The 
enzyme which is bound to the antibody will react with an 
appropriate Substrate, preferably a chromogenic Substrate, in 
Such a manner as to produce a chemical moiety that can be 
detected, for example, by Spectrophotometric, fluorimetric 
or by Visual means. Enzymes that can be used to detectably 
label the antibody include, but are not limited to, malate 
dehydrogenase, Staphylococcal nuclease, delta-5-steroid 
isomerase, yeast alcohol dehydrogenase, C-glycerophoS 
phate, dehydrogenase, triose phosphate isomerase, horserad 
ish peroxidase, alkaline phosphatase, asparaginase, glucose 
Oxidase, f-galactosidase, ribonuclease, urease, catalase, glu 
cose-6-phosphate dehydrogenase, glucoamylase and acetyl 
cholinesterase. The detection can be accomplished by colo 
rimetric methods that employ a chromogenic Substrate for 
the enzyme. Detection may also be accomplished by Visual 
comparison of the extent of enzymatic reaction of a Substrate 
in comparison with Similarly prepared Standards. 
0196) Detection may also be accomplished using any of 
a variety of other immunoassayS. For example, by radioac 
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tively labeling the antibodies or antibody fragments, it is 
possible to detect HKNG1 gene products through the use of 
a radioimmunoassay (RIA) (See, for example, Weintraub, B., 
Principles of Radioimmunoassays, Seventh Training Course 
on Radioligand ASSay Techniques, The Endocrine Society, 
March, 1986.). The radioactive isotope can be detected by 
Such means as the use of a gamma counter or a Scintillation 
counter or by autoradiography. 
0197) It is also possible to label the antibody with a 
fluorescent compound. When the fluorescently labeled anti 
body is exposed to light of the proper wave length, its 
presence can then be detected due to fluorescence. Among 
the most commonly used fluorescent labeling compounds 
are fluorescein isothiocyanate, rhodamine, phycoerythrin, 
phycocyanin, allophycocyanin, o-phthaldehyde and fluores 
camine. 

0198 The antibody can also be detectably labeled using 
fluorescence emitting metals such as "Eu, or others of the 
lanthanide Series. These metals can be attached to the 
antibody using Such metal chelating groups as diethylen 
etriaminepentacetic acid (DTPA) or ethylenediaminetet 
raacetic acid (EDTA). 
0199 The antibody also can be detectably labeled by 
coupling it to a chemiluminescent compound. The presence 
of the chemiluminescent-tagged antibody is then determined 
by detecting the presence of luminescence that arises during 
the course of a chemical reaction. Examples of particularly 
useful chemiluminescent labeling compounds are luminol, 
isoluminol, theromatic acridinium ester, imidazole, acri 
dinium Salt and oxalate ester. 

0200. Likewise, a bioluminescent compound may be 
used to label the antibody of the present invention. Biolu 
minescence is a type of chemiluminescence found in bio 
logical Systems in which a catalytic protein increases the 
efficiency of the chemiluminescent reaction. The presence of 
a bioluminescent protein is determined by detecting the 
presence of luminescence. Important bioluminescent com 
pounds for purposes of labeling are luciferin, luciferase and 
aequorin. 

5.8. Screening ASSays for Compounds that 
Modulate HKNG1 Gene Activity 

0201 The following assays are designed to identify com 
pounds that bind to a HKNG1 gene product, compounds that 
bind to proteins, or portions of proteins that interact with a 
HKNG1 gene product, compounds that modulate, e.g., inter 
fere with, the interaction of a HKNG1 gene product with 
proteins and compounds that modulate the activity of the 
HKNG1 gene (i.e., modulate the level of HKNG1 gene 
expression and/or modulate the level of HKNG1 gene 
product activity). ASSays may additionally be utilized that 
identify compounds that bind to HKNG1 gene regulatory 
Sequences (e.g., promoter Sequences; see e.g., Platt, 1994, J. 
Biol. Chem. 269, 28558-28562), and that can modulate the 
level of HKNG1 gene expression. Such compounds may 
include, but are not limited to, Small organic molecules, Such 
as ones that are able to croSS the blood-brain barrier, gain to 
and/or entry into an appropriate cell and affect expression of 
the HKNG1 gene or some other gene involved in a HKNG1 
regulatory pathway. 

0202 Methods for the identification of such proteins are 
described, below, in Section 5.8.2. Such proteins may be 



US 2003/0158398 A1 

involved in the control and/or regulation of mood. Further, 
among these compounds are compounds that affect the level 
of HKNG1 gene expression and/or HKNG1 gene product 
activity and that can be used in the therapeutic treatment of 
HKNG1-mediated disorders, e.g., neuropsychiatric disor 
derS Such as BAD and Schizophrenia as described, below, in 
Section 5.9. 

0203 Compounds may include, but are not limited to, 
peptides Such as, for example, Soluble peptides, including 
but not limited to, Ig-tailed fusion peptides, and members of 
random peptide libraries; (See, e.g., Lam, et al., 1991, Nature 
354:82-84; Houghten, et al., 1991, Nature 354:84-86), and 
combinatorial chemistry-derived molecular library made of 
D- and/or L-configuration amino acids, phosphopeptides 
(including, but not limited to members of random or par 
tially degenerate, directed phosphopeptide libraries, See, 
e.g., Songyang, et al., 1993, Cell 72:767-778), antibodies 
(including, but not limited to, polyclonal, monoclonal, 
humanized, anti-idiotypic, chimeric or Single chain antibod 
ies, and FAb, F(ab') and FAb expression library fragments, 
and epitope-binding fragments thereof), and Small organic 
or inorganic molecules. 
0204 Such compounds may further comprise com 
pounds, in particular drugs or members of classes or families 
of drugs, known to ameliorate the symptoms of a HKNG1 
mediated disorder, e.g., a neuropsychiatric disorder Such as 
BAD or schizophrenia. 

0205 Such compounds include families of antidepres 
SantS Such as lithium Salts, carbamazepine, Valproic acid, 
lysergic acid diethylamide (LSD), p-chlorophenylalanine, 
p-propyldopacetamide dithiocarbamate derivatives e.g., 
FLA 63; anti-anxiety drugs, e.g., diazepam, monoamine 
oxidase (MAO) inhibitors, e.g., iproniazid, clorgyline, 
phenelZine and isocarboxazid; biogenic amine uptake block 
ers, e.g., tricyclic antidepressants Such as desipramine, imi 
pramine and amitriptyline, Serotonin reuptake inhibitors 
e.g., fluoxetine; antipsychotic drugS Such as phenothiazine 
derivatives (e.g., chlorpromazine (thorazine) and trifluopro 
mazine)), butyrophenones (e.g., haloperidol (Haldol)), 
thioxanthene derivatives (e.g., chlorprothixene), and diben 
Zodiazepines (e.g., clozapine); benzodiazepines, dopamin 
ergic agonists and antagonists e.g., L-DOPA, cocaine, 
amphetamine, C.-methyl-tyrosine, reserpine, tetrabenazine, 
benzotropine, pargyline; noradrenergic agonists and antago 
nists e.g., clonidine, phenoxybenzamine, phentolamine, 
tropolone. 

0206 Compounds identified via assays such as those 
described herein-may be useful, for example, in elaborating 
the biological function of the HKNG1 gene product and for 
ameliorating HKNG1-mediated neuropsychiatric disorders, 
Such as BAD and Schizophrenia. ASSays for testing the 
effectiveness of compounds identified by, for example, tech 
niques such as those described in Sections 5.8.1-5.8.3, are 
discussed, below, in Section 5.8.4. 
0207 5.8.1. In Vitro Screening Assays for Compounds 
that Bind to the HKNG1 Gene Product 

0208. In vitro systems may be designed to identify com 
pounds capable of binding the HKNG1 gene products of the 
invention. Compounds identified may be useful, for 
example, in modulating the activity of unimpaired and/or 
mutant HKNG1 gene products, may be useful in elaborating 
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the biological function of the HKNG1 gene product, may be 
utilized in Screens for identifying compounds that disrupt 
normal HKNG1 gene product interactions, or may in them 
Selves disrupt Such interactions. 
0209 The principle of the assays used to identify com 
pounds that bind to the HKNG1 gene product involves 
preparing a reaction mixture of the HKNG1 gene product 
and the test compound under conditions and for a time 
Sufficient to allow the two components to interact and bind, 
thus forming a complex that can be removed and/or detected 
in the reaction mixture. These assays can be conducted in a 
variety of ways. For example, one method to conduct Such 
an assay involves anchoring a HKNG1 gene product or a test 
Substance onto a Solid Support and detecting HKNG1 gene 
product/test compound complexes formed on the Solid Sup 
port at the end of the reaction. In one embodiment of Such 
a method, the HKNG1 gene product may be anchored onto 
a Solid Support, and the test compound, which is not 
anchored, may be labeled, either directly or indirectly. 
0210. In practice, microtiter plates are conveniently uti 
lized as the Solid Support. The anchored component may be 
immobilized by non-covalent or covalent attachments. Non 
covalent attachment may be accomplished by Simply coating 
the Solid Surface with a Solution of the protein and drying. 
Alternatively, an immobilized antibody, preferably a mono 
clonal antibody, specific for the protein to be immobilized 
may be used to anchor the protein to the Solid Surface. The 
Surfaces may be prepared in advance and Stored. 
0211. In order to conduct the assay, the non-immobilized 
component is added to the coated Surface containing the 
anchored component. After the reaction is complete, unre 
acted components are removed (e.g., by washing) under 
conditions Such that any complexes formed will remain 
immobilized on the Solid Surface. The detection of com 
plexes anchored on the Solid Surface can be accomplished in 
a number of ways. Where the previously non-immobilized 
component is pre-labeled, the detection of label immobilized 
on the surface indicates that complexes were formed. Where 
the previously non-immobilized component is not pre-la 
beled, an indirect label can be used to detect complexes 
anchored on the Surface; e.g., using a labeled antibody 
Specific for the previously non-immobilized component (the 
antibody, in turn, may be directly labeled or indirectly 
labeled with a labeled anti-Ig antibody). 
0212 Alternatively, a reaction can be conducted in a 
liquid phase, the reaction products Separated from unreacted 
components, and complexes detected; e.g., using an immo 
bilized antibody specific for HKNG1 gene product or the 
test compound to anchor any complexes formed in Solution, 
and a labeled antibody Specific for the other component of 
the possible complex to detect anchored complexes. 
0213 5.8.2. Assays for Proteins that Interact with 
HKNG1 Gene Products 

0214) Any method suitable for detecting protein-protein 
interactions may be employed for identifying HKNG1 gene 
product-protein interactions. 
0215. Among the traditional methods that may be 
employed are co-immunoprecipitation, croSS-linking and 
co-purification through gradients or chromatographic col 
umns. Utilizing procedures Such as these allows for the 
identification of proteins, including intracellular proteins, 
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that interact with HKNG1 gene products. Once isolated, 
Such a protein can be identified and can be used in conjunc 
tion with Standard techniques, to identify proteins it interacts 
with. For example, at least a portion of the amino acid 
sequence of a protein that interacts with the HKNG1 gene 
product can be ascertained using techniques well known to 
those of skill in the art, Such as via the Edman degradation 
technique (See, e.g., Creighton, 1983, "Proteins: Structures 
and Molecular Principles,” W. H. Freeman & Co., N.Y., 
pp.34-49). The amino acid sequence obtained may be used 
as a guide for the generation of oligonucleotide mixtures that 
can be used to Screen for gene Sequences encoding Such 
proteins. Screening made be accomplished, for example, by 
standard hybridization or PCR techniques. Techniques for 
the generation of oligonucleotide mixtures and the Screening 
are well-known. (See, e.g., Ausubel, Supra, and 1990, “PCR 
Protocols: A Guide to Methods and Applications,” Innis, et 
al., eds. Academic Press, Inc., New York). 
0216 Additionally, methods may be employed that result 
in the Simultaneous identification of genes that encode a 
protein which interacts with a HKNG1 gene product. These 
methods include, for example, probing expression libraries 
with labeled HKNG1 gene product, using HKNG1 gene 
product in a manner Similar to the well known technique of 
antibody probing of agt11 libraries. 

0217. One method that detects protein interactions in 
vivo, the two-hybrid system, is described in detail for 
illustration only and not by way of limitation. One version 
of this system has been described (Chien, et al., 1991, Proc. 
Natl. Acad. Sci. USA, 88: 9578-9582) and is commercially 
available from Clontech (Palo Alto, Calif.). 
0218 Briefly, utilizing such a system, plasmids are con 
Structed that encode two hybrid proteins: one consists of the 
DNA-binding domain of a transcription activator protein 
fused to the HKNG1 gene product and the other consists of 
the transcription activator protein's activation domain fused 
to an unknown protein that is encoded by a cDNA that has 
been recombined into this plasmid as part of a cDNA library. 
The DNA-binding domain fusion plasmid and the cDNA 
library are transformed into a Strain of the yeast Saccharo 
myces cerevisiae that contains a reporter gene (e.g., HBS or 
lacz) whose regulatory region contains the transcription 
activator's binding site. Either hybrid protein alone cannot 
activate transcription of the reporter gene: the DNA-binding 
domain hybrid cannot because it does not provide activation 
function and the activation domain hybrid cannot because it 
cannot localize to the activator's binding Sites. Interaction of 
the two hybrid proteins reconstitutes the functional activator 
protein and results in expression of the reporter gene, which 
is detected by an assay for the reporter gene product. 
0219. The two-hybrid system or related methodologies 
may be used to Screen activation domain libraries for 
proteins that interact with the “bait' gene product. By way 
of example, and not by way of limitation, HKNG1 gene 
products may be used as the bait gene product. Total 
genomic or cDNA sequences are fused to the DNA encoding 
an activation domain. This library and a plasmid encoding a 
hybrid of a bait HKNG1 gene product fused to the DNA 
binding domain are co-transformed into a yeast reporter 
Strain, and the resulting transformants are Screened for those 
that express the reporter gene. For example, a bait HKNG1 
gene Sequence, Such as the open reading frame of the 
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HKNG1 gene, can be cloned into a vector such that it is 
translationally fused to the DNA encoding the DNA-binding 
domain of the GAL4 protein. These colonies are purified and 
the library plasmids responsible for reporter gene expression 
are isolated. DNA sequencing is then used to identify the 
proteins encoded by the library plasmids. 

0220 AcDNA library of the cell line from which proteins 
that interact with bait HKNG1 gene product are to be 
detected can be made using methods routinely practiced in 
the art. According to the particular System described herein, 
for example, the cDNA fragments can be inserted into a 
vector Such that they are translationally fused to the tran 
Scriptional activation domain of GALA. Such a library can 
be co-transformed along with the bait HKNG1 gene-GALA 
fusion plasmid into a yeast Strain that contains a lac7 gene 
driven by a promoter that contains GAL4 activation 
Sequence. A cDNA encoded protein, fused to a GALA 
transcriptional activation domain that interacts with bait 
HKNG1 gene product will reconstitute an active GALA 
protein and thereby drive expression of the HIS3 gene. 
Colonies that express HIS3 can be detected by their growth 
on petri dishes containing Semi-Solid agar based media 
lacking histidine. The cDNA can then be purified from these 
strains, and used to produce and isolate the bait HKNG1 
gene product-interacting protein using techniques routinely 
practiced in the art. 

0221 5.8.3. Assays for Compounds that Interfere with or 
Potentiate HKNG1 Gene Product Macromolecule Interac 
tion 

0222. The HKNG1 gene products may, in vivo, interact 
with one or more macromolecules, including intracellular 
macromolecules, Such as proteins. Such macromolecules 
may include, but are not limited to, nucleic acid molecules 
and those proteins identified via methods Such as those 
described, above, in Sections 5.8.1-5.8.2. For purposes of 
this discussion, the macromolecules are referred to herein as 
“binding partners”. Compounds that disrupt HKNG1 gene 
product binding to a binding partner may be useful in 
regulating the activity of the HKNG1 gene product, espe 
cially mutant HKNG1 gene products. Such compounds may 
include, but are not limited to molecules Such as peptides, 
and the like, as described, for example, in Section 5.8.2 
above. 

0223) The basic principle of an assay system used to 
identify compounds that interfere with or potentiate the 
interaction between the HKNG1 gene product and a binding 
partner or partners involves preparing a reaction mixture 
containing the HKNG1 gene product and the binding partner 
under conditions and for a time Sufficient to allow the two to 
interact and bind, thus forming a complex. In order to test a 
compound for inhibitory activity, the reaction mixture is 
prepared in the presence and absence of the test compound. 
The test compound may be initially included in the reaction 
mixture, or may be added at a time Subsequent to the 
addition of HKNG1 gene product and its binding partner. 
Control reaction mixtures are incubated without the test 
compound or with a compound which is known not to block 
complex formation. The formation of any complexes 
between the HKNG1 gene product and the binding partner 
is then detected. The formation of a complex in the control 
reaction, but not in the reaction mixture containing the test 
compound, indicates that the compound interferes with the 
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interaction of the HKNG1 gene product and the binding 
partner. Additionally, complex formation within reaction 
mixtures containing the test compound and normal HKNG1 
gene product may also be compared to complex formation 
within reaction mixtures containing the test compound and 
a mutant HKNG1 gene product. This comparison may be 
important in those cases wherein it is desirable to identify 
compounds that disrupt interactions of mutant but not nor 
mal HKNG1 gene product. 
0224. In order to test a compound for potentiating activ 

ity, the reaction mixture is prepared in the presence and 
absence of the test compound. The test compound may be 
initially included in the reaction mixture, or may be added 
at a time subsequent to the addition of HKNG1 gene product 
and its binding partner. Control reaction mixtures are incu 
bated without the test compound or with a compound which 
is known not to block complex formation. The formation of 
any complexes between the HKNG1 gene product and the 
binding partner is then detected. Increased formation of a 
complex in the reaction mixture containing the test com 
pound, but not in the control reaction, indicates that the 
compound enhances and therefore potentiates the interaction 
of the HKNG1 gene product and the binding partner. Addi 
tionally, complex formation within reaction mixtures con 
taining the test compound and normal HKNG1 gene product 
may also be compared to complex formation within reaction 
mixtures containing the test compound and a mutant 
HKNG1 gene product. This comparison may be important in 
those cases wherein it is desirable to identify compounds 
that enhance interactions of mutant but not normal HKNG1 
gene product. 

0225. In alternative embodiments, the above assays may 
be performed using a reaction mixture containing the 
HKNG1 gene product, a binding partner, and a third which 
disrupts or enhances HKNG1 gene product binding to the 
binding partner. The reaction mixture is prepared and incu 
bated in the presence and absence of the test compound, as 
described above, and the formation of any complexes 
between the HKNG1 gene product and the binding partner 
is detected. In this embodiment, the formation of a complex 
in the reaction mixture containing the test compound, but not 
in the control reaction, indicates that the test compound 
interferes with the ability of the second compound to disrupt 
HKNG1 gene product binding to its binding partner. 
0226. The assays for compounds that interfere with or 
potentiate the interaction of the HKNG1 gene products and 
binding partners can be conducted in a heterogeneous or 
homogeneous format. Heterogeneous assays involve 
anchoring either the HKNG1 gene product or the binding 
partner onto a Solid Support and detecting complexes formed 
on the Solid Support at the end of the reaction. In homoge 
neous assays, the entire reaction is carried out in a liquid 
phase. In either approach, the order of addition of reactants 
can be varied to obtain different information about the 
compounds being tested. For example, test compounds that 
interfere with or potentiate the interaction between the 
HKNG1 gene products and the binding partners, e.g., by 
competition, can be identified by conducting the reaction in 
the presence of the test Substance; i.e., by adding the test 
Substance to the reaction mixture prior to or Simultaneously 
with the HKNG1 gene product and interactive intracellular 
binding partner. Alternatively, test compounds that disrupt 
preformed complexes, e.g., compounds with higher binding 
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constants that displace one of the components from the 
complex, can be tested by adding the test compound to the 
reaction mixture after complexes have been formed. The 
various formats are described briefly below. 
0227. In a heterogeneous assay System, either the 
HKNG1 gene product or the interactive binding partner, is 
anchored onto a Solid Surface, while the non-anchored 
Species is labeled, either directly or indirectly. In practice, 
microtiter plates are conveniently utilized. The anchored 
Species may be immobilized by non-covalent or covalent 
attachments. Non-covalent attachment may be accom 
plished simply by coating the Solid Surface with a Solution 
of the HKNG1 gene product or binding partner and drying. 
Alternatively, an immobilized antibody Specific for the Spe 
cies to be anchored may be used to anchor the Species to the 
Solid Surface. The Surfaces may be prepared in advance and 
Stored. 

0228. In order to conduct the assay, the partner of the 
immobilized Species is exposed to the coated Surface with or 
without the test compound. After the reaction is complete, 
unreacted components are removed (e.g., by washing) and 
any complexes formed will remain immobilized on the Solid 
Surface. The detection of complexes anchored on the Solid 
surface can be accomplished in a number of ways. Where the 
non-immobilized Species is pre-labeled, the detection of 
label immobilized on the Surface indicates that complexes 
were formed. Where the non-immobilized species is not 
pre-labeled, an indirect label can be used to detect com 
plexes anchored on the Surface; e.g., using a labeled anti 
body specific for the initially non-immobilized species (the 
antibody, in turn, may be directly labeled or indirectly 
labeled with a labeled anti-Ig antibody). Depending upon the 
order of addition of reaction components, test compounds 
that inhibit complex formation or that disrupt preformed 
complexes can be detected. 
0229. Alternatively, the reaction can be conducted in a 
liquid phase in the presence or absence of the test com 
pound, the reaction products Separated from unreacted com 
ponents, and complexes detected; e.g., using an immobilized 
antibody Specific for one of the binding components to 
anchor any complexes formed in Solution, and a labeled 
antibody Specific for the other partner to detect anchored 
complexes. Again, depending upon the order of addition of 
reactants to the liquid phase, test compounds that inhibit 
complex formation or that disrupt preformed complexes can 
be identified. 

0230. In an alternate embodiment of the invention, a 
homogeneous assay can be used. In this approach, a pre 
formed complex of the HKNG1 gene product and the 
interactive binding partner is prepared in which either the 
HKNG1 gene product or its binding partners is labeled, but 
the Signal generated by the label is quenched due to complex 
formation (see, e.g., U.S. Pat. No. 4,109,496 by Rubenstein 
which utilizes this approach for immunoassays). The addi 
tion of a test Substance that competes with and displaces one 
of the species from the preformed complex will result in the 
generation of a signal above background. In this way, test 
Substances that disrupt HKNG1 gene product/binding part 
ner interaction can be identified. 

0231. In another embodiment of the invention, these 
Same techniques can be employed using peptide fragments 
that correspond to the binding domains of the HKNG1 



US 2003/0158398 A1 

product and/or the binding partner (in cases where the 
binding partner is a protein), in place of one or both of the 
full length proteins. Any number of methods routinely 
practiced in the art can be used to identify and isolate the 
binding sites. These methods include, but are not limited to, 
mutagenesis of the gene encoding one of the proteins and 
Screening for disruption of binding in a co-immunoprecipi 
tation assay. Compensating mutations in the gene encoding 
the Second Species in the complex can then be Selected. 
Sequence analysis of the genes encoding the respective 
proteins will reveal the mutations that correspond to the 
region of the protein involved in interactive binding. Alter 
natively, one protein can be anchored to a Solid Surface using 
methods described in this Section above, and allowed to 
interact with and bind to its labeled binding partner, which 
has been treated with a proteolytic enzyme, Such as trypsin. 
After Washing, a short, labeled peptide comprising the 
binding domain may remain associated with the Solid mate 
rial, which can be isolated and identified by amino acid 
Sequencing. Also, once the gene coding for the Segments is 
engineered to express peptide fragments of the protein, it can 
then be tested for binding activity and purified or synthe 
sized. 

0232 For example, and not by way of limitation, a 
HKNG1 gene product can be anchored to a Solid material as 
described, above, in this Section by making a GST-HKNG1 
fusion protein and allowing it to bind to glutathione agarose 
beads. The binding partner can be labeled with a radioactive 
isotope, Such as S, and cleaved with a proteolytic enzyme 
Such as trypsin. Cleavage products can then be added to the 
anchored GST-HKNG1 fusion protein and allowed to bind. 
After Washing away unbound peptides, labeled bound mate 
rial, representing the binding partner binding domain, can be 
eluted, purified, and analyzed for amino acid Sequence by 
well-known methods. Peptides so identified can be produced 
Synthetically or produced using recombinant DNA technol 
Ogy. 

5.8.4. Assays for Identification of Compounds that 
Ameliorate a HKNG1-Mediated Disorder 

0233 Compounds, including but not limited to binding 
compounds identified via assay techniqueS Such as those 
described, above, in Sections 5.8.1-5.8.4, can be tested for 
the ability to ameliorate symptoms of a HKNG1-mediated 
disorder, e.g., a CNS-related disorder, Such as a neuropsy 
chiatric disorder, including Schizophrenia and bipolar affec 
tive (mood) disorders, including severe bipolar affective 
(mood) disorder (BP-I), bipolar affective (mood) disorder 
with hypomania and major depression (BP-II), and myopia 
disorders 

0234. It should be noted that the assays described herein 
can identify compounds that affect HKNG1 activity by 
either affecting HKNG1 gene expression or by affecting the 
level of HKNG1 gene product activity. For example, com 
pounds may be identified that are involved in another Step in 
the pathway in which the HKNG1 gene and/or HKNG1 gene 
product is involved and, by affecting this Same pathway may 
modulate the effect of HKNG1 on the development of a 
HKNG1-mediated disorder. Such compounds can be used, 
e.g., as part of a therapeutic method for the treatment of the 
disorder. 

0235. Described below are cell-based and animal model 
based assays for the identification of compounds exhibiting 
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such an ability to ameliorate symptoms of a HKNG1 
mediated disorder, e.g., neuropsychiatric disorder, Such as 
BAD or schizophrenia. 
0236 First, cell-based systems can be used to identify 
compounds that may act to ameliorate Symptoms of a 
HKNG1-mediated disorder. Such cell systems can include, 
for example, recombinant or non-recombinant cell, Such as 
cell lines, that express the HKNG1 gene. 
0237. In utilizing such cell systems, cells that express 
HKNG1 may be exposed to a compound suspected of 
exhibiting an ability to ameliorate symptoms of a HKNG1 
mediated disorder, e.g., a neuropsychiatric disorder, Such as 
BAD or Schizophrenia, at a Sufficient concentration and for 
a Sufficient time to elicit Such an amelioration of Such 
Symptoms in the exposed cells. After exposure, the cells can 
be assayed to measure alterations in the expression of the 
HKNG1 gene, e.g., by assaying cell lysates for HKNG1 
mRNA transcripts (e.g., by Northern analysis) or for 
HKNG1 gene products expressed by the cell; compounds 
that modulate expression of the HKNG1 gene are good 
candidates as therapeutics. 
0238. In addition, animal-based systems or models for a 
HKNG1-mediated disorder, e.g., neuropsychiatric disorder, 
for example, transgenic mice containing a human or altered 
form of HKNG1 gene, may be used to identify compounds 
capable of ameliorating Symptoms of the disorder. Such 
animal models may be used as test Substrates for the 
identification of drugs, pharmaceuticals, therapies and inter 
ventions. For example, animal models may be exposed to a 
compound Suspected of exhibiting an ability to ameliorate 
Symptoms, at a Sufficient concentration and for a Sufficient 
time to elicit Such an amelioration of Symptoms of a 
HKNG1-mediated disorder. The response of the animals to 
the exposure may be monitored by assessing the reversal of 
the Symptoms of the disorder. 
0239). With regard to intervention, any treatments that 
reverse any aspect of symptoms of a HKNG1-mediated 
disorder, should be considered as candidates for human 
therapeutic intervention in Such disorders. Dosages of test 
agents may be determined by deriving dose-response curves, 
as discussed in Section 5.10.1, below. 

5.9. Compounds and Methods for the Treatment of 
HKNG1-Mediated Disorders 

0240. Described below are methods and compositions 
whereby a HKNG1-mediated disorder described herein, 
e.g., a HKNG1-mediated neuropsychiatric disorder, Such as 
BAD or Schizophrenia, may be treated. For example, Such 
methods can comprise administering compounds which 
modulate the expression of a mammalian HKNG1 gene 
and/or the synthesis or activity of a mammalian HKNG1 
gene product (e.g., a recombinant HKNG1 gene product) So 
Symptoms of the disorder are ameliorated. 
0241 Alternatively, in those instances whereby the 
HKNG1-mediated disorders result from HKNG1 gene 
mutations, Such methods can comprise Supplying the Subject 
with a nucleic acid molecule encoding an unimpaired 
HKNG1 gene product such that an unimpaired HKNG1 
gene product is expressed and Symptoms of the disorder are 
ameliorated. 

0242. In another embodiment of methods for the treat 
ment of HKNG1-mediated disorders resulting from HKNG1 
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gene mutations, Such methods can comprise Supplying the 
Subject with a cell comprising a nucleic acid molecule that 
encodes an unimpaired HKNG1 gene product Such that the 
cell expresses the unimpaired HKNG1 gene product and 
Symptoms of the disorder are ameliorated. 
0243 In cases in which a loss of normal HKNG1 gene 
product function results in the development of a HKNG1 
mediated disorder an increase in HKNG1 gene product 
activity would facilitate progreSS towards an a Symptomatic 
state in individuals exhibiting a deficient level of HKNG1 
gene expression and/or HKNG1 gene product activity. 
Methods for enhancing the expression or Synthesis of 
HKNG1 can include, for example, methods such as those 
described below, in Section 5.9.2. 

0244 Alternatively, symptoms of HKNG1-mediated 
neuropsychiatric disorders, may be ameliorated by admin 
istering a compound that decreases the level of HKNG1 
gene expression and/or HKNG1 gene product activity. 
Methods for inhibiting or reducing the level of HKNG1 gene 
product Synthesis or expression can include, for example, 
methods such as those described in Section 5.9.1. 

0245. In one embodiment of treatment methods, the 
compounds administered comprise compounds, in particular 
drugs, which ameliorate the Symptoms of a disorder 
described herein as a neuropsychiatric disorder, Such as 
BAD or Schizophrenia. Such compounds include drugs 
within the families of antidepressants Such as lithium Salts, 
carbamazepine, Valproic acid, lysergic acid diethylamide 
(LSD), p-chlorophenylalanine, p-propyldopacetamide 
dithiocarbamate derivatives e.g., FLA 63; anti-anxiety 
drugs, e.g., diazepam, monoamine oxidase (MAO) inhibi 
tors, e.g., iproniazid, clorgyline, phenelZine and isocarbox 
azid; biogenic amine uptake blockers, e.g., tricyclic antide 
preSSants Such as desipramine, imipramine and 
amitriptyline, Serotonin reuptake inhibitors e.g., fluoxetine; 
antipsychotic drugs. Such as phenothiazine derivatives (e.g., 
chlorpromazine (thorazine) and trifluopromazine)), buty 
rophenones (e.g., haloperidol (Haldol)), thioxanthene 
derivatives (e.g., chlorprothixene), and dibenzodiazepines 
(e.g., clozapine); benzodiazepines, dopaminergic agonists 
and antagonists e.g., L-DOPA, cocaine, amphetamine, 
C.-methyl-tyrosine, reserpine, tetrabenazine, benzotropine, 
pargyline; noradrenergic agonists and antagonists e.g., 
clonidine, phenoxybenzamine, phentolamine, tropolone. 

0246. In another embodiment, symptoms of a disorder 
described herein, e.g., a HKNG1-mediated neuropsychiatric 
disorder Such as BAD or Schizophrenia, may be ameliorated 
by HKNG1 protein therapy methods, e.g., decreasing or 
increasing the level and/or of HKNG1-activity using the 
HKNG1 protein, fusion protein, and peptide Sequences 
described in Section 5.2, above, or by the administration of 
proteins or protein fragments (e.g., peptides) which interact 
with an HKNG1 gene or gene product and thereby inhibit or 
potentiate its activity. 

0247 Such protein therapy may include, for example, the 
administration of a functional HKNG1 protein or fragments 
of an HKNG1 protein (e.g., peptides) which represent func 
tional HKNG1 domains. 

0248. In one embodiment, HKNG1 fragments or peptides 
representing a functional HKNG1 binding domain are 
administered to an individual Such that the peptides bind to 
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an HKNG1 binding protein, e.g., an HKNG1 receptor. Such 
fragments or peptides may serve to inhibit HKNG1 activity 
in an individual by competing with, and thereby inhibiting, 
binding of HKNG1 to the binding protein, thereby amelio 
rating Symptoms of a disorder described herein. Alterna 
tively, Such fragments or peptides may enhance HKNG1 
activity in an individual by mimicking the function of 
HKNG1 in vivo, thereby ameliorating the symptoms of a 
disorder described herein. 

0249. The proteins and peptides which may be used in the 
methods of the invention include synthetic (e.g., recombi 
nant or chemically Synthesized) proteins and peptides, as 
well as naturally occurring proteins and peptides. The pro 
teins and peptides may have both naturally occurring and 
non-naturally occuring amino acid residues (e.g., D-amino 
acid residues) and/or one or more non-peptide bonds (e.g., 
imino, ester, hydrazide, Semicarbazide, and azo bonds). The 
proteins or peptides may also contain additional chemical 
groups (i.e., functional groups) present at the amino and/or 
carboxy termini, Such that, for example, the Stability, bio 
availability, and/or inhibitory activity of the peptide is 
enhanced. Exemplary functional groups include hydropho 
bic groups (e.g. carbobenzoxyl, dansyl, and t-butyloxycar 
bonyl, groups), an acetyl group, a 9-fluorenylmethoxy 
carbonyl group, and macromolecular carrier groups (e.g., 
lipid-fatty acid conjugates, polyethylene glycol, or carbo 
hydrates) including peptide groups. 
0250) 5.9.1. Inhibitory Antisense, Ribozyme and Triple 
Helix Approaches 

0251. In another embodiment, symptoms of HKNG1 
mediated neuropsychiatric disorders may be ameliorated by 
decreasing the level of HKNG1 gene expression and/or 
HKNG1 gene product activity by using HKNG1 gene 
Sequences in conjunction with well-known antisense, gene 
“knock-out, ribozyme and/or triple helix methods to 
decrease the level of HKNG1 gene expression. Among the 
compounds that may exhibit the ability to modulate the 
activity, expression or Synthesis of the HKNG1 gene, includ 
ing the ability to ameliorate the symptoms of a HKNG1 
mediated neuropsychiatric disorder, Such as BAD or Schizo 
phrenia, are antisense, ribozyme, and triple helix molecules. 
Such molecules may be designed to reduce or inhibit either 
unimpaired, or if appropriate, mutant target gene activity. 
Techniques for the production and use of Such molecules are 
well known to those of skill in the art. 

0252) Antisense RNA and DNA molecules act to directly 
block the translation of mRNA by hybridizing to targeted 
mRNA and preventing protein translation. AntiSense 
approaches involve the design-of oligonucleotides that are 
complementary to a target gene mRNA. The antisense 
oligonucleotides will bind to the complementary target gene 
mRNA transcripts and prevent translation. Absolute comple 
mentarily, although preferred, is not required. 
0253) A sequence “complementary” to a portion of an 
RNA, as referred to herein, means a Sequence having 
sufficient complementarily to be able to hybridize with the 
RNA, forming a stable duplex; in the case of double 
Stranded antisense nucleic acids, a single Strand of the 
duplex DNA may thus be tested, or triplex formation may be 
assayed. The ability to hybridize will depend on both the 
degree of complementarily and the length of the antisense 
nucleic acid. Generally, the longer the hybridizing nucleic 
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acid, the more base mismatches with an RNA it may contain 
and still form a stable duplex (or triplex, as the case may be). 
One skilled in the art can ascertain a tolerable degree of 
mismatch by use of Standard procedures to determine the 
melting point of the hybridized complex. 

0254. In one embodiment, oligonucleotides complemen 
tary to non-coding regions of the HKNG1 gene could be 
used in an antisense approach to inhibit translation of 
endogenous HKNG1 mRNA. Antisense nucleic acids should 
be at least Six nucleotides in length, and are preferably 
oligonucleotides ranging from 6 to about 50 nucleotides in 
length. In Specific aspects the oligonucleotide is at least 10 
nucleotides, at least 17 nucleotides, at least 25 nucleotides or 
at least 50 nucleotides. 

0255 Regardless of the choice of target sequence, it is 
preferred that in Vitro Studies are first performed to quanti 
tate the ability of the antisense oligonucleotide to inhibit 
gene expression. It is preferred that these Studies utilize 
controls that distinguish between antisense gene inhibition 
and nonspecific biological effects of oligonucleotides. It is 
also preferred that these Studies compare levels of the target 
RNA or protein with that of an internal control RNA or 
protein. Additionally, it is envisioned that results obtained 
using the antisense oligonucleotide are compared with those 
obtained using a control oligonucleotide. It is preferred that 
the control oligonucleotide is of approximately the same 
length as the test oligonucleotide and that the nucleotide 
Sequence of the oligonucleotide differs from the antisense 
Sequence no more than is necessary to prevent specific 
hybridization to the target Sequence. 

0256 The oligonucleotides can be DNA or RNA or 
chimeric mixtures or derivatives or modified versions 
thereof, Single-Stranded or double-Stranded. The oligonucle 
otide can be modified at the base moiety, Sugar moiety, or 
phosphate backbone, for example, to improve Stability of the 
molecule, hybridization, etc. The oligonucleotide may 
include other appended groups Such as peptides (e.g., for 
targeting host cell receptors in vivo), or agents facilitating 
transport across the cell membrane (see, e.g., Letsinger, et 
al., 1989, Proc. Natl. Acad. Sci. U.S.A. 86:6553-6556; 
Lemaitre, et al., 1987, Proc. Natl. Acad. Sci. U.S.A. 84:648 
652; PCT Publication No. WO88/09810, published Dec. 15, 
1988) or the blood-brain barrier (see, e.g., PCT Publication 
No. WO89/10134, published Apr. 25, 1988), hybridization 
triggered cleavage agents (See, e.g., Krol et al., 1988, 
BioTechniques 6:958-976) or intercalating agents (see, e.g., 
Zon, 1988, Pharm. Res. 5:539-549). To this end, the oligo 
nucleotide may be conjugated to another molecule, e.g., a 
peptide, hybridization triggered croSS-linking agent, trans 
port agent, hybridization-triggered cleavage agent, etc. 

0257 The antisense oligonucleotide may comprise at 
least one modified base moiety which is selected from the 
group including but not limited to 5-fluorouracil, 5-bromou 
racil, 5-chlorouracil, 5-iodouracil, hypoxanthine, Xanthine, 
4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-car 
boxymethylaminomethyl-2-thiouridine, 5-carboxymethy 
laminomethyluracil, dihydrouracil, beta-D-galactosylcque 
oSine, inosine, N6-isopentenyladenine, 1-methylguanine, 
1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 
2-methylguanine, 3-methylcytosine, 5-methylcytosine, 
N6-adenine, 7-methylguanine, 5-methylaminomethyluracil, 
5-methoxyaminomethyl-2-thiouracil, beta-D-mannosylcque 
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oSine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 
2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic 
acid (v), Wybutoxosine, pseudouracil, queosine, 2-thiocy 
tosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 
5-methyluracil, uracil-5-oxyacetic acid methylester, uracil 
5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3- 
N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. 
0258. The antisense oligonucleotide may also comprise 
at least one modified Sugar moiety Selected from the group 
including but not limited to arabinose, 2-fluoroarabinose, 
Xylulose, and hexose. 
0259. In yet another embodiment, the antisense oligo 
nucleotide comprises at least one modified phosphate back 
bone Selected from the group consisting of a phosphorothio 
ate, a phosphorodithioate, a phosphoramidothioate, a 
phosphoramidate, a phosphordiamidate, a methylphospho 
nate, an alkyl phosphotriester, and a formacetal or analog 
thereof. 

0260. In yet another embodiment, the antisense oligo 
nucleotide is an O-anomeric oligonucleotide. An O-anomeric 
oligonucleotide forms specific double-stranded hybrids with 
complementary RNA in which, contrary to the usual 3-units, 
the strands run parallel to each other (Gautier, et al., 1987, 
Nucl. Acids Res. 15:6625-6641). The oligonucleotide is a 
2'-O-methylribonucleotide (Inoue, et al., 1987, Nucl. Acids 
Res. 15:6131-6148), or a chimeric RNA-DNA analogue 
(Inoue, et al., 1987, FEBS Lett. 215:327-330). 
0261 Oligonucleotides of the invention may be synthe 
sized by Standard methods known in the art, e.g., by use of 
an automated DNA synthesizer (Such as are commercially 
available from BioSearch, Applied BioSystems, etc.). AS 
examples, phosphorothioate oligonucleotides may be Syn 
thesized by the method of Stein, et al. (1988, Nucl. Acids 
Res. 16:3209), methylphosphonate oligonucleotides can be 
prepared by use of controlled pore glass polymer Supports 
(Sarin, et al., 1988, Proc. Natl. Acad. Sci. U.S.A. 85:7448 
7451), etc. 
0262 While antisense nucleotides complementary to the 
target gene coding region Sequence could be used, those 
complementary to the transcribed, untranslated region are 
most preferred. 

0263 Antisense molecules should be delivered to cells 
that express the target gene in Vivo. A number of methods 
have been developed for delivering antisense DNA or RNA 
to cells, e.g., antisense molecules can be injected directly 
into the tissue site, or modified antisense molecules, 
designed to target the desired cells (e.g., antisense linked to 
peptides or antibodies that Specifically bind receptorS or 
antigens expressed on the target cell Surface) can be admin 
istered. Systemically. 
0264. A preferred approach to achieve intracellular con 
centrations of the antisense Sufficient to SuppreSS translation 
of endogenous mRNAS utilizes a recombinant DNA con 
Struct in which the antisense oligonucleotide is placed under 
the control of a strong pol III or pol II promoter. The use of 
Such a construct to transfect target cells in the patient will 
result in the transcription of Sufficient amounts of Single 
stranded RNAS that will form complementary base pairs 
with the endogenous target gene transcripts and thereby 
prevent translation of the target gene mRNA. For example, 
a vector can be introduced e.g., Such that it is taken up by a 
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cell and directs the transcription of an antisense RNA. Such 
a vector can remain episomal or become chromosomally 
integrated, as long as it can be transcribed to produce the 
desired antisense RNA. Such vectors can be constructed by 
recombinant DNA technology methods standard in the art. 
Vectors can be plasmid, Viral, or others known in the art, 
used for replication and expression in mammalian cells. 
Expression of the Sequence encoding the antisense RNA can 
be by any promoter known in the art to act in mammalian, 
preferably human cells. Such promoters can be inducible or 
constitutive. Such promoters include but are not limited to: 
the SV40 early promoter region (Bernoist and Chambon, 
1981, Nature 290:304-310), the promoter contained in the 3' 
long terminal repeat of Rous sarcoma virus (Yamamoto, et 
al., 1980, Cell 22:787-797), the herpes thymidine kinase 
promoter (Wagner, et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 
78:1441-1445), the regulatory sequences of the metallothio 
nein gene (Brinster, et al., 1982, Nature 296:39–42), etc. Any 
type of plasmid, coSmid, YAC or viral vector can be used to 
prepare the recombinant DNA construct which can be intro 
duced directly into the tissue site. Alternatively, Viral vectors 
can be used that Selectively infect the desired tissue, in 
which case administration may be accomplished by another 
route (e.g., Systemically). 
0265 Ribozyme molecules designed to catalytically 
cleave target gene mRNA transcripts can also be used to 
prevent translation of target gene mRNA and, therefore, 
expression of target gene product. (See, e.g., PCT Interna 
tional Publication WO90/11364, published Oct. 4, 1990; 
Sarver, et al., 1990, Science 247, 1222-1225). 
0266 Ribozymes are enzymatic RNA molecules capable 
of catalyzing the specific cleavage of RNA. (For a review, 
see Rossi, 1994, Current Biology 4:469-471). The mecha 
nism of ribozyme action involves Sequence Specific hybrid 
ization of the ribozyme molecule to complementary target 
RNA, followed by an endonucleolytic cleavage event. The 
composition of ribozyme molecules must include one or 
more Sequences complementary to the target gene mRNA, 
and must include the well known catalytic Sequence respon 
Sible for mRNA cleavage. For this Sequence, See, e.g., U.S. 
Pat. No. 5,093,246, which is incorporated herein by refer 
ence in its entirety. 
0267 While ribozymes that cleave mRNA at site specific 
recognition Sequences can be used to destroy target gene 
mRNAS, the use of hammerhead ribozymes is preferred. 
Hammerhead ribozymes cleave mRNAS at locations dic 
tated by flanking regions that form complementary base 
pairs with the target mRNA. The sole requirement is that the 
target mRNA have the following Sequence of two bases: 
5'-UG-3". The construction and production of hammerhead 
ribozymes is well known in the art and is described more 
fully in Myers, 1995, Molecular Biology and Biotechnology. 
A Comprehensive Desk Reference, VCH Publishers, New 
York, (see especially FIG. 4, page 833) and in Haseloff and 
Gerlach, 1988, Nature, 334:585-591, which is incorporated 
herein by reference in its entirety. 
0268 Preferably the ribozyme is engineered so that the 
cleavage recognition Site is located near the 5' end of the 
target gene mRNA, i.e., to increase efficiency and minimize 
the intracellular accumulation of non-functional mRNA 
transcripts. 
0269. The ribozymes of the present invention also 
include RNA endoribonucleases (hereinafter “Cech-type 
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ribozymes') Such as the one that occurs naturally in Tet 
rahymena thermophila (known as the IVS, or L-19 IVS 
RNA) and that has been extensively described by Thomas 
Cech and collaborators (Zaug, et al., 1984, Science, 
224:574-578; Zaug and Cech, 1986, Science, 231:470-475; 
Zaug, et al., 1986, Nature, 324:429-433; published Interna 
tional patent application No. WO 88/04300 by University 
Patents Inc.; Been and Cech, 1986, Cell, 47:207-216). The 
Cech-type ribozymes have an eight base pair active Site 
which hybridizes to a target RNA sequence whereafter 
cleavage of the target RNA takes place. The invention 
encompasses those Cech-type ribozymes which target eight 
base-pair active Site Sequences that are present in the target 
gene. 

0270. As in the antisense approach, the ribozymes can be 
composed of modified oligonucleotides (e.g., for improved 
Stability, targeting, etc.) and should be delivered to cells that 
express the target gene in Vivo. A preferred method of 
delivery involves using a DNA construct “encoding” the 
ribozyme under the control of a Strong constitutive pol III or 
pol II promoter, So that transfected cells will produce Suf 
ficient quantities of the ribozyme to destroy endogenous 
target gene messages and inhibit translation. Because 
ribozymes unlike antisense molecules, are catalytic, a lower 
intracellular concentration is required for efficiency. 
0271 Endogenous target gene expression can also be 
reduced by inactivating or "knocking out the target gene or 
its promoter using targeted homologous recombination (e.g., 
See Smithies, et al., 1985, Nature 317:230-234, Thomas and 
Capecchi, 1987, Cell 51:503–512; Thompson, et al., 1989, 
Cell 5:313-321; each of which is incorporated by reference 
herein in its entirety). For example, a mutant, non-functional 
target gene (or a completely unrelated DNA sequence) 
flanked by DNA homologous to the endogenous target gene 
(either the coding regions or regulatory regions of the target 
gene) can be used, with or without a Selectable marker 
and/or a negative Selectable marker, to transfect cells that 
express the target gene in Vivo. Insertion of the DNA 
construct, via targeted homologous recombination, results in 
inactivation of the target gene. Such approaches are particu 
larly Suited in the agricultural field where modifications to 
ES (embryonic stem) cells can be used to generate animal 
offspring with an inactive target gene (e.g., see Thomas and 
Capecchi, 1987 and Thompson, 1989, Supra). However this 
approach can be adapted for use in humans provided the 
recombinant DNA constructs are directly administered or 
targeted to the required site in Vivo using appropriate viral 
VectOrS. 

0272 Alternatively, endogenous target gene expression 
can be reduced by targeting deoxyribonucleotide Sequences 
complementary to the regulatory region of the target gene 
(i.e., the target gene promoter and/or enhancers) to form 
triple helical Structures that prevent transcription of the 
target gene in target cells in the body. (See generally, Helene, 
1991, Anticancer Drug Des, 6(6):569-584; Helene, et al., 
1992, Ann. N.Y. Acad. Sci., 660:27-36; and Maher, 1992, 
Bioassays 14(12):807-815). 
0273 Nucleic acid molecules to be used in triplex helix 
formation for the inhibition of transcription should be single 
Stranded and composed of deoxynucleotides. The base com 
position of these oligonucleotides must be designed to 
promote triple helix formation via Hoogsteen base pairing 



US 2003/0158398 A1 

rules, which generally require sizeable Stretches of either 
purines or pyrimidines to be present on one Strand of a 
duplex. Nucleotide Sequences may be pyrimidine-based, 
which will result in TAT and CGC+ triplets across the three 
asSociated Strands of the resulting triple helix. The pyrimi 
dine-rich molecules provide base complementarily to a 
purine-rich region of a Single Strand of the duplex in a 
parallel orientation to that Strand. In addition, nucleic acid 
molecules may be chosen that are purine-rich, for example, 
contain a stretch of G residues. These molecules will form 
a triple helix with a DNA duplex that is rich in GC pairs, in 
which the majority of the purine residues are located on a 
Single Strand of the targeted duplex, resulting in GGC 
triplets acroSS the three Strands in the triplex. 
0274. Alternatively, the potential sequences that can be 
targeted for triple helix formation may be increased by 
creating a So called “Switchback nucleic acid molecule. 
Switchback molecules are Synthesized in an alternating 5'-3', 
3'-5' manner, such that they base pair with first one strand of 
a dupleX and then the other, eliminating the necessity for a 
sizeable Stretch of either purines or pyrimidines to be present 
on one Strand of a duplex. 
0275. In instances wherein the antisense, ribozyme, and/ 
or triple helix molecules described herein are utilized to 
inhibit mutant gene expression, it is possible that the tech 
nique may So efficiently reduce or inhibit the transcription 
(triple helix) and/or translation (antisense, ribozyme) of 
mRNA produced by normal target gene alleles that the 
possibility may arise wherein the concentration of normal 
target gene product present may be lower than is necessary 
for a normal phenotype. In Such cases, to ensure that 
Substantially normal levels of target gene activity are main 
tained, therefore, nucleic acid molecules that encode and 
express target gene polypeptides exhibiting normal target 
gene activity may, be introduced into cells via gene therapy 
methods Such as those described, below, in Section 5.9.2 that 
do not contain Sequences Susceptible to whatever antisense, 
ribozyme, or triple helix treatments are being utilized. 
Alternatively, in instances whereby the target gene encodes 
an extracellular protein, it may be preferable to co-admin 
ister normal target gene protein in order to maintain the 
requisite level of target gene activity. 
0276 Anti-sense RNA and DNA, ribozyme, and triple 
helix molecules of the invention may be prepared by any 
method known in the art for the synthesis of DNA and RNA 
molecules, as discussed above. These include techniques for 
chemically Synthesizing oligodeoxyribonucleotides and oli 
goribonucleotides well known in the art Such as for example 
Solid phase phosphoramidite chemical Synthesis. Alterna 
tively, RNA molecules may be generated by in vitro and in 
Vivo transcription of DNA sequences encoding the antisense 
RNA molecule. Such DNA sequences may be incorporated 
into a wide variety of vectors that incorporate suitable RNA 
polymerase promoters such as the T7 or SP6 polymerase 
promoters. Alternatively, antisense cDNA constructs that 
synthesize antisense RNA constitutively or inducibly, 
depending on the promoter used, can be introduced Stably 
into cell lines. 

0277 5.9.2. Gene Replacement Therapy 
0278 HKNG1 gene nucleic acid sequences, described 
above in Section 5.1, can be utilized for transferring recom 
binant HKNG1 nucleic acid Sequences to cells and express 
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ing Said Sequences in recipient cells. Such techniques can be 
used, for example, in marking cells or for the treatment of a 
HKNG1-mediated neuropsychiatric disorder. Such treat 
ment can be in the form of gene replacement therapy. 
Specifically, one or more copies of a normal HKNG1 gene 
or a portion of the HKNG1 gene that directs the production 
of a HKNG1 gene product exhibiting normal HKNG1 gene 
function, may be inserted into the appropriate cells within a 
patient, using vectors that include, but are not limited to 
adenovirus, adeno-associated virus, and retrovirus vectors, 
in addition to other particles that introduce DNA into cells, 
Such as liposomes. 
0279 Because the HKNG1 gene is expressed in the 
brain, Such gene replacement therapy techniques should be 
capable of delivering HKNG1 gene Sequences to these cell 
types within patients. Thus, in one embodiment, techniques 
that are well known to those of skill in the art (see, e.g., PCT 
Publication No. WO89/10134, published Apr. 25, 1988) can 
be used to enable HKNG1 gene sequences to cross the 
blood-brain barrier readily and to deliver the Sequences to 
cells in the brain. With respect to delivery that is capable of 
crossing the blood-brain barrier, Viral vectorS Such as, for 
example, those described above, are preferable. 
0280. In another embodiment, techniques for delivery 
involve direct administration, e.g., by Stereotactic delivery 
of such HKNG1 gene sequences to the site of the cells in 
which the HKNG1 gene Sequences are to be expressed. 
0281 Additional methods that may be utilized to increase 
the overall level of HKNG1 gene expression and/or HKNG1 
gene product activity include using targeted homologous 
recombination methods, discussed in Section 5.2, above, to 
modify the expression characteristics of an endogenous 
HKNG1 gene in a cell or microorganism by inserting a 
heterologous DNA regulatory element Such that the inserted 
regulatory element is operatively linked with the endog 
enous HKNG1 gene in question. Targeted homologous 
recombination can thus be used to activate transcription of 
an endogenous HKNG1 gene that is “transcriptionally 
Silent”, i.e., is not normally expressed or is normally 
expressed at very low levels, or to enhance the expression of 
an endogenous HKNG1 gene that is normally expressed. 
0282. Further, the overall level of HKNG1 gene expres 
sion and/or HKNG1 gene product activity may be increased 
by the introduction of appropriate HKNG1-expressing cells, 
preferably autologous cells, into a patient at positions and in 
numbers that are Sufficient to ameliorate the Symptoms of a 
HKNG1-mediated neuropsychiatric disorder. Such cells 
may be either recombinant or non-recombinant. 
0283 Among the cells that can be administered to 
increase the overall level of HKNG1 gene expression in a 
patient are normal cells, preferably brain cells, that express 
the HKNG1 gene. Alternatively, cells, preferably autologous 
cells, can be engineered to express HKNG1 gene Sequences, 
and may then be introduced into a patient in positions 
appropriate for the amelioration of the Symptoms of a 
HKNG1-mediated neuropsychiatric disorder. Alternately, 
cells that express an unimpaired HKNG1 gene and that are 
from a MHC matched individual can be utilized, and may 
include, for example, brain cells. The expression of the 
HKNG1 gene Sequences is controlled by the appropriate 
gene regulatory Sequences to allow Such expression in the 
necessary cell types. Such gene regulatory Sequences are 
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well known to the Skilled artisan. Such cell-based gene 
therapy techniques are well known to those skilled in the art, 
see, e.g., Anderson, U.S. Pat. No. 5,399,349. 
0284. When the cells to be administered are non-autolo 
gous cells, they can be administered using well known 
techniques that prevent a host immune response against the 
introduced cells from developing. For example, the cells 
may be introduced in an encapsulated form which, while 
allowing for an exchange of components with the immediate 
extracellular environment, does not allow the introduced 
cells to be recognized by the host immune System. 
0285 Additionally, compounds, such as those identified 
via techniqueS Such as those described, above, in Section 
5.8, that are capable of modulating HKNG1 gene product 
activity can be administered using Standard techniques that 
are well known to those of skill in the art. In instances in 
which the compounds to be administered are to involve an 
interaction with brain cells, the administration techniques 
should include well known ones that allow for a crossing of 
the blood-brain barrier. 

5.10. Pharmaceutical Preparations and Methods of 
Administration 

0286 The compounds that are determined to affect 
HKNG1 gene expression or gene product activity can be 
administered to a patient at therapeutically effective doses to 
treat or ameliorate a HKNG1-mediated disorder or modulate 
a HKNG1-related process described herein. A therapeuti 
cally effective dose refers to that amount of the compound 
Sufficient to result in amelioration of Symptoms of Such a 
disorder. 

0287) 5.10.1. Effective Dose 
0288 Toxicity and therapeutic efficacy of such com 
pounds can be determined by Standard pharmaceutical pro 
cedures in cell cultures or experimental animals, e.g., for 
determining the LDs (the dose lethal to 50% of the popu 
lation) and the EDso (the dose therapeutically effective in 
50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic indeX and it can be 
expressed as the ratio LDso/EDso. Compounds that exhibit 
large therapeutic indices are preferred. While compounds 
that exhibit toxic side effects may be used, care should be 
taken to design a delivery System that targets Such com 
pounds to the site of affected tissue in order to minimize 
potential damage to uninfected cells and, thereby, reduce 
side effects. 

0289. The data obtained from the cell culture assays and 
animal Studies can be used in formulating a range of dosage 
for use in humans. The dosage of Such compounds lies 
preferably within a range of circulating concentrations that 
include the EDso with little or no toxicity. The dosage may 
vary within this range depending upon the dosage form 
employed and the route of administration utilized. For any 
compound used in the method of the invention, the thera 
peutically effective dose can be estimated initially from cell 
culture assays. A dose may be formulated in animal models 
to achieve a circulating plasma concentration range that 
includes the ICso (i.e., the concentration of the test com 
pound that achieves a half-maximal inhibition of Symptoms) 
as determined in cell culture. Such information can be used 
to more accurately determine useful doses in humans. Lev 
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els in plasma may be measured, for example, by high 
performance liquid chromatography. 
0290 AS defined herein, a therapeutically effective 
amount of antibody, protein, or polypeptide (i.e., an effective 
dosage) ranges from about 0.001 to 30 mg/kg body weight, 
preferably about 0.01 to 25 mg/kg body weight, more 
preferably about 0.1 to 20 mg/kg body weight, and even 
more preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 
mg/kg, 4 to 7 mg/kg, or 5 to 6 mg/kg body weight. 
0291. The skilled artisan will appreciate that certain 
factors may influence the dosage required to effectively treat 
a Subject, including but not limited to the Severity of the 
disease or disorder, previous treatments, the general health 
and/or age of the Subject, and other diseases present. More 
over, treatment of a Subject with a therapeutically effective 
amount of a protein, polypeptide, or antibody can include a 
Single treatment or, preferably, can include a Series of 
treatments. In a preferred example, a Subject is treated with 
antibody, protein, or polypeptide in the range of between 
about 0.1 to 20 mg/kg body weight, one time per week for 
between about 1 to 10 weeks, preferably between 2 to 8 
weeks, more preferably between about 3 to 7 weeks, and 
even more preferably for about 4, 5, or 6 weeks. It will also 
be appreciated that the effective dosage of antibody, protein, 
or polypeptide used for treatment may increase or decrease 
over the course of a particular treatment. Changes in dosage 
may result and become apparent from the results of diag 
nostic assays as described herein. 
0292) 5.10.2. Formulations and Use 
0293 Pharmaceutical compositions for use in accordance 
with the present invention may be formulated in conven 
tional manner using one or more physiologically acceptable 
carriers or excipients. 
0294 Thus, the compounds and their physiologically 
acceptable Salts and Solvates may be formulated for admin 
istration by inhalation or insufflation (either through the 
mouth or the nose) or oral, buccal, parenteral rectal or 
topical administration. 
0295 For oral administration, the pharmaceutical com 
positions may take the form of, for example, tablets or 
capsules prepared by conventional means with pharmaceu 
tically acceptable excipients such as binding agents (e.g., 
pregelatinised maize Starch, polyvinylpyrrollidone or 
hydroxypropyl methylcellulose); fillers (e.g., lactose, micro 
crystalline cellulose or calcium hydrogen phosphate); lubri 
cants (e.g., magnesium Stearate, talc or Silica), disintegrants 
(e.g., potato Starch or Sodium starch glycolate); or wetting 
agents (e.g., Sodium lauryl Sulphate). The tablets may be 
coated by methods well known in the art. Liquid prepara 
tions for oral administration may take the form of, for 
example, Solutions, Syrups or Suspensions, or they may be 
presented as a dry product for constitution with water or 
other Suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceuti 
cally acceptable additives Such as Suspending agents (e.g., 
Sorbitol Syrup, cellulose derivatives or hydrogenated edible 
fats); emulsifying agents (e.g., lecithin or acacia); non 
aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol 
or fractionated vegetable oils); and preservatives (e.g., 
methyl or propyl-p-hydroxybenzoates or Sorbic acid). The 
preparations may also contain buffer Salts, flavoring, color 
ing and Sweetening agents as appropriate. 
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0296 Preparations for oral administration may be suit 
ably formulated to give controlled release of the active 
compound. 
0297 For buccal administration the compositions may 
take the form of tablets or lozenges formulated in conven 
tional manner. 

0298 For administration by inhalation, the compounds 
for use according to the present invention are conveniently 
delivered in the form of an aeroSol Spray presentation from 
preSSurized packs or a nebuliser, with the use of a Suitable 
propellant, e.g., dichlorodifluoromethane, trichlorofluo 
romethane, dichlorotetrafluoroethane, carbon dioxide or 
other Suitable gas. In the case of a pressurized aerosol the 
dosage unit may be determined by providing a valve to 
deliver a metered amount. Capsules and cartridges of e.g., 
gelatin for use in an inhaler or insufflator may be formulated 
containing a powder mix of the compound and a Suitable 
powder base Such as lactose or Starch. 
0299 The compounds may be formulated for parenteral 
administration by injection, e.g., by bolus injection or con 
tinuous infusion. Formulations for injection may be pre 
Sented in unit dosage form, e.g., in ampoules or in multi 
dose containers, with an added preservative. The 
compositions may take Such forms as Suspensions, Solutions 
or emulsions in oily or aqueous vehicles, and may contain 
formulatory agents Such as Suspending, Stabilizing and/or 
dispersing agents. Alternatively, the active ingredient may 
be in powder form for constitution with a suitable vehicle, 
e.g., Sterile pyrogen-free water, before use. 
0300. The compounds may also be formulated in rectal 
compositions Such as Suppositories or retention enemas, e.g., 
containing conventional Suppository bases Such as cocoa 
butter or other glycerides. 
0301 In certain embodiments, it may be desirable to 
administer the pharmaceutical compositions of the invention 
locally to the area in need of treatment. This may be 
achieved by, for example, and not by way of limitation, local 
infusion during Surgery, topical application, e.g., in conjunc 
tion with a wound dressing after Surgery, by injection, by 
means of a catheter, by means of a Suppository, or by means 
of an implant, Said implant being of a porous, non-porous, 
or gelatinous material, including membranes, Such as Sialas 
tic membranes, or fibers. In one embodiment, administration 
can be by direct injection at the site (or former Site) of a 
malignant tumor or neoplastic or pre-neoplastic tissue. 
0302 For topical application, the compounds may be 
combined with a carrier So that an effective dosage is 
delivered, based on the desired activity 
0303 A topical formulation for treatment of some of the 
eye disorders discussed infra (e.g., myopia) consists of an 
effective amount of the compounds in a ophthalmologically 
acceptable excipient Such as buffered Saline, mineral oil, 
vegetable oils. Such as corn or arachis oil, petroleum jelly, 
Miglyol 182, alcohol Solutions, or liposomes or liposome 
like products. Any of these compositions may also include 
preservatives, antioxidants, antibiotics, immunosuppres 
Sants, and other biologically or pharmaceutically effective 
agents which do not exert a detrimental effect on the 
compound. 
0304. In addition to the formulations described previ 
ously, the compounds may also be formulated as a depot 
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preparation. Such long acting formulations may be admin 
istered by implantation (for example Subcutaneously or 
intramuscularly) or by intramuscular injection. Thus, for 
example, the compounds may be formulated with Suitable 
polymeric or hydrophobic materials (for example as an 
emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly Soluble derivatives, for example, as a sparingly 
Soluble salt. 

0305 The compositions may, if desired, be presented in 
a pack or dispenser device that may contain one or more unit 
dosage forms containing the active ingredient. The pack may 
for example comprise metal or plastic foil, Such as a blister 
pack. The pack or dispenser device may be accompanied by 
instructions for administration. 

6. EXAMPLE 

The HKNG1 Gene of Chromosome 18 is 
Associated with the Neuropsychiatric Disorder Bad 

0306 In the Example presented in this Section, studies 
are described that define a narrow interval of approximately 
27 kb on the short arm of human chromosome 18 which is 
associated with the neuropsychiatric disorder BAD. The 
interval is demonstrated to lie within the gene referred to 
herein as the HKNG1 gene. 
0307 6.1. Materials and Methods 
0308 6.1.1. Linkage Disequilibrium 
0309 Linkage disequilibrium (LD) studies were per 
formed using DNA from a population Sample of neuropsy 
chiatric disorder (BP-I) patients. The population sample and 
LD techniques were as described in Escamilla et al., 1996, 
Am J. Med. Genet. 67:244-253. The present LD study took 
advantage of the additional population Sample collection and 
the additional physical markers identified via the physical 
mapping techniques described below. 
0310) 6.1.2. Yeast Artificial Chromosome (YAC) Map 
ping 
0311 For physical mapping, yeast artificial chromo 
Somes (YACs) containing human sequences were mapped to 
the region being analyzed based on publicly available maps 
(Cohen et al., 1993, C.R. Acad. Sci. 316:1484-1488). The 
YACS were then ordered and contig reconstructed by per 
forming Standard short tag sequence (STS)-content mapping 
with microsatellite markers and non-polymorphic STSs 
available from databases that Surround the genetically 
defined candidate region. 
0312) 6.1.3. Bacterial Artificial Chromosome (BAC) 
Mapping 

0313 STSs from the short arm of human chromosome 18 
were used to screen a human BAC library (Research Genet 
ics, Huntsville, Ala.). The ends of the BACs were cloned or 
directly Sequenced. The end Sequences were used to amplify 
the next overlapping BACs. From each BAC, additional 
microSatellites were identified. Specifically, random sheared 
libraries were prepared from overlapping BACs within the 
defined genetic interval. BAC DNA was sheared with a 
nebulizer (CIS-US Inc., Bedford, Mass.). Fragments in the 
size range of 600 to 1,000 bp were utilized for the Sublibrary 
production. MicroSatellite Sequences from the Sublibraries 
were identified by corresponding microSatellite probes. 
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Sequences around Such repeats were obtained to enable 
development of PCR primers for genomic DNA. 

0314) 6.1.4. Radiation Hybrid (RH) Mapping 
0315 Standard RH mapping techniques were applied to 
a Stanford G3 RH mapping panel (Research Genetics, 
Huntsville, Ala.) to order all microsatellite markers and 
non-polymorphic STSS in the region being analyzed. 

0316 6.1.5. Sample Sequencing 

0317 Random sheared libraries were made from all the 
BACs within the defined genetic region. Approximately 
9,000 subclones within the approximately 340 kb region 
containing the BAD interval were Sequenced with Vector 
primers in order to achieve an 8-fold Sequence coverage of 
the region. All Sequences were processed through an auto 
mated Sequence analysis pipeline that assessed quality, 
removed vector Sequences and masked repetitive Sequences. 
The resulting Sequences were then compared to public DNA 
and protein databases using BLAST algorithms (Altschul, et 
al., 1990, J. Molec. Biol., 215:403-410). 
0318 All sequences were contiged using Sequencher 3.0 
(Gene Code Corp.) and PHRED and PHRAP (Phill Green, 
Washington University) into a single DNA fragment of 340 
kb. 

0319) 6.2. Results 
0320 Genetic regions involved in bipolar affective dis 
order (BAD) human genes had previously been reported to 
map to portions of the long (18q) and short (18p) arms of 
human chromosome 18 (Freimer et al., 1996, Neuropsy 
chiat. Genet. 67:254-263; Freimer et al., 1996, Nature 
Genetics 12:436-441; and McInnis et al., Proc. Natl. Acad. 
Scie. U.S.A. 93:13060-13065). 
0321) High resolution physical mapping using YAC, 
BAC and RH techniques. In order to provide the precise 
order of genetic markers necessary for linkage and LD 
mapping, and to guide new microSatellite marker develop 
ment for finer mapping, a high resolution physical map of 
the 18p candidate region was developed using YAC, BAC 
and RH techniques. 

0322 For such physical mapping, first, YACs were 
mapped to the chromosome 18 region being analyzed. Using 
the mapped YAC contig as a framework, the region from 
publicly available markerS Spanning the 18p region were 
also mapped and contiged with BACs. Sublibraries from the 
contiged BACs were constructed, from which microSatellite 
marker Sequences were identified and Sequenced. 

0323 To ensure development of an accurate physical 
map, the radiation hybrid (RH) mapping technique was 
independently applied to the region being analyzed. RH was 
used to order all microSatellite markers and non-polymor 
phic STSS in the region. Thus, the high resolution physical 
map ultimately constructed was obtained using data from 
RH mapping and STS-content mapping. 

0324 Linkage Disequilibrium. Prior to attempting to 
identify gene Sequences, Studies were performed to further 
narrow the neuropsychiatric disorder region. Specifically, a 
linkage disequilibrium (LD) analysis was performed using 
population Samples and techniques as described in Section 
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6.1, above, which took advantage of the additional physical 
markers identified via the physical mapping techniques 
described below. 

0325 Initial LD analysis narrowed the interval which 
associates with BAD disorders to a 340 kb region of 18p. 
BAC clones within this newly identified neuropsychiatric 
disorder region were analyzed to identify Specific genes 
within the region. A combination of Sample Sequencing, 
cDNA Selection and transcription mapping analyses were 
used to arrange Sequences into tentative transcription units, 
that is, tentatively delineating the coding Sequences of genes 
within this genomic region of interest. 
0326) Subsequent LD analyses further narrowed the 
BAD region of 18p to a narrow interval of approximately 27 
kb. This was accomplished by identifying the maximum 
haplotype shared among affected individuals using addi 
tional markers. Statistical analysis of the entire 18p candi 
date region indicated that the 27 kb haplotype was signifi 
cantly elevated in frequency among affected Costa Rican 
individuals (LOD=2.2; p=0.0005). 
0327. This newly identified narrow interval was found to 
map completely within one of the transcription units iden 
tified as described above. The gene corresponding to this 
transcription unit is referred to herein as the HKNG1 gene. 
Thus, the results of the mapping analyses presented in this 
Section demonstrate that the HKNG1 gene of human chro 
moSome is associated the neuropsychiatric disorder BAD. 

0328. Analysis of the BAD interval indicated that the 27 
kb BAD disease-associated chromosomal interval identified 
in the linkage disequilibrium Studies is contained within an 
approximately 60 kb genomic region which contains a 
Sequence referred to as GS4642 or rod photoreceptor protein 
(RPP) gene (Shimizu-Matsumoto, A. et al., 1997, Invest. 
Ophthalmol. Vis. Sci. 38:2576-2585). 

7. EXAMPLE 

Sequence and Characterization of the HKNG1 
Gene 

0329. As demonstrated in the Example presented in Sec 
tion 6, above, the HKNG1 gene is involved in the neurop 
sychiatric is order BAD. The results presented in this 
Section further characterize the HKNG1 gene and gene 
product. In particular, isolation of additional cDNA clones 
and analyses of genomic and cDNA sequences have 
revealed both the full length HKNG1 amino acid sequence 
and the HKNG1 genomic intron/exon structure. In particu 
lar, the nucleotide and predicted amino acid Sequence of the 
HKNG1 gene identified by these analyses disclose new 
HKNG1 exon sequences, including new HKNG1 protein 
coding Sequence, discovered herein. Further, the expression 
of HKNG1 in human tissue, especially neural tissue, is 
characterized by Northern and in situ hybridization analysis. 
The results presented herein are consistent with the HKNG1 
gene being a gene which mediates neuropsychiatric disor 
derS Such as BAD. 

0330) 7.1. Materials and Methods 
0331 HKNG1 cDNA Clone Isolation: Hybridization of a 
human brain and kidney cDNA library was performed 
according to Standard techniques and identified a full-length 
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HKNG1 cDNA clone. In addition, a HKNG1 cDNA derived 
from a splice variant was isolated, as described in Section 
7.2, below. 
0332 Northern Blot Analysis: Standard RNA isolation 
techniques and Northern blotting procedures were followed. 
The HKNG1 probe utilized corresponds to the complemen 
tary sequence of base pairs 1367 to 1578 of the full length 
HKNG1 cDNA sequence (SEQ ID NO. 1). Clontech mul 
tiple tissue northern blots were probed. In particular, Clon 
tech human I, human II, human III, human fetal II, human 
brain II and human brain III blots were utilized for this study. 
0333. In Situ Hybridization Analysis: Standard in situ 
hybridization techniques were utilized. The HKNG1 probe 
utilized corresponds to the complementary Sequence of base 
pairs 910 to 1422 of the full length HKNG1 cDNA sequence 
(SEQ ID NO. 1). Brains for in situ hybridization analysis 
were obtained from McLean Hospital (The Harvard Brain 
Tissue Resource Center, Belmont, Mass. 02178). 
0334. Other techniques: The remaining techniques 
described in Section 7.2, below, were performed according 
to Standard techniqueS or as discussed in Section 6.1, above. 
0335) 7.2. Results 
0336 7.2.1. HKNG1 Nucleotide and Amino Acid 
Sequence 

0337. A human brain cDNA library was screened and a 
full-length clone of HKNG1 was isolated from this library, 
as described above. By comparing the isolated cDNA 
Sequence to sequences in the public databases, a clone was 
identified which had been previously identified as GS4642, 
or rod photoreceptor protein (RPP) gene (GenBank Acces 
Sion No. D63813; Shimizu-Matsumoto, A. et al., 1997, 
Invest. Ophthalmol. Vis. Sci. 38:2576-2585). Although 
Shimizu-Matsumoto et al. refer to GS4642 as a full-length 
cDNA sequence, the isolated HKNG1 cDNA extends 
approximately 200 bp beyond the 5' end of the identified 
GS4642 clone. 

0338. Importantly, the HKNG1 clone isolated herein 
reveals that, contrary to the amino acid Sequence described 
in Shimizu-Matsumoto et al., the full length HKNG1 amino 
acid Sequence contains an additional 29 amino acid residues 
N-terminal to what had previously been identified as the 
full-length RPP (SEQ ID NO:64). The full-length HKNG1 
nucleotide sequence (SEQ ID NO: 1) and the derived amino 
acid sequence of the full-length HKNG1 polypeptide (SEQ 
ID NO: 2) encoded by this sequence are depicted in FIGS. 
1A-1B. 

0339) The full-length HKNG1 polypeptide was found to 
contain two clusterin Similarity domains: clusterin Similarity 
domain 1 which corresponds to amino acid residues 134 to 
amino acid residue 160, and clusterin Similarity domain 2 
which corresponds to amino acid residue 334 to amino acid 
residue 362. Such cluterin domains are typically character 
ized by five shared cysteine residues. In clusterin domain 1, 
these shared cysteine residues correspond to CyS 134, 
Cys145, Cys148, Cys 158, and Cys 160. The shared cysteine 
residues in clusterin domain 2 correspond to the residues 
Cys334, Cys344, Cys351, Cys354, and Cys362. 

0340 Full-length HKNG1 cDNA sequence was com 
pared with the genomic contig completed by random 
Sheared library Sequencing. Exon-intron boundaries were 

Aug. 21, 2003 

identified manually by aligning the two Sequences in 
Sequencher 3.0 and by observing the conservative Splicing 
Sites where the alignments ended. This Sequence comparison 
revealed that the additional cl)NA sequence discovered 
through isolation of the full-length HKNG1 cDNA clone 
actually belongs within three HKNG1 exons. 
0341) Prior to the isolation and analysis of HKNG1 
cDNA described herein, nine exons were predicted to be 
present within the corresponding genomic Sequence. AS 
discovered herein, however, the HKNG1 gene, in contrast, 
actually contains 13 exons, with the new cDNA containing 
Sequence which corresponds to a new exon 1, exon 2 and a 
5' extension of what had previously been designated eXon 1. 
Splice variants, discussed in Section 9 below, also exist 
which comprise additional exons 2 and 2". The genomic 
Sequence and intron/exon Structure of the HKNG1 gene is 
shown in FIGS 3A-3R. 

0342. The breakdown of exons was confirmed by the 
perfect alignment of the cDNA sequence with the genomic 
Sequence and by observation of expected Splicing Sites 
flanking each of the additional, newly discovered exons. 
0343 HKNG1 nucleotide sequence was used to search 
databases of partial Sequences of cDNA clones. This Search 
identified a partial cdNA sequence derived from IMAGE 
clone R61493 having similarity to the human HKNG1 
sequence. IMAGE clone R61493 was obtained and consists 
of a cDNA insert, the Lafmid BA vector backbone, and DNA 
originating from the oligo dT primer and Hind III adaptors 
used in cDNA library construction. The Lafmid BA vector 
nucleotide Sequence is available at the URL http://image.rZ 
pd.de/lafmida seq.html and descriptions of the oligo dT 
primer and Hind III adaptors are available in the GEN 
BANK record corresponding to accession number R61493. 
0344) The sequence of the cDNA insert revealed that the 
insert was derived from an alternatively spliced HKNG1 
mRNA variant, referred to herein as HKNG1-V1. In par 
ticular, this HKNG1 variant is deleted for exon 3 of the full 
length 13 exon HKNG1 sequence. The nucleotide sequence 
of this HKNG1 variant (SEQ ID NO:3) is depicted in FIGS. 
2A-B. The amino acid sequence encoded by the HKNG1 
variant (SEQ ID NO: 3) is also shown in FIGS. 2A-B. 
0345 Preferably therefore, the nucleic acids of the inven 
tion include nucleic acid molecules comprising the nucle 
otide sequence of HKNG1-V1 or encoding the polypeptide 
encoded by HKNG1-V1 in the absence of heterologous 
Sequences (e.g., cloning vector Sequences Such as Lafmid 
BA; oligo dT primer, and Hind III adaptor). 
0346 7.2.2. HKNG1 Gene Expression 
0347 HKNG1 gene expression was examined by North 
ern blot analysis in various human tissues. A transcript of 
approximately 2 kb was detected in fetal brain, lung and 
kidney, and in adult brain, kidney, pancreas, prostate, testis, 
ovary, Stomach, thyroid, Spinal cord, lymph node and tra 
chea. An approximately 1.5 kb transcript was also seen in 
trachea. In addition, a larger transcript of approximately 5 kb 
was detected in all adult neural regions tested (that is, 
cerebellum, cortex, medulla, Spinal cord, occipital pole, 
frontal lobe, temporal, putamen, amygdala, caudatte 
nucleus, corpus calloSum, hippocampus, whole brain, Sub 
Stantia nigra, Subthalamic nucleus and thalamus). Once 
again, this is in direct contrast to previous Northern analysis 
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of the RPP gene, which reported that expression was limited 
to the retina (Shimizu-Matsumoto, A. et al., 1997, Invest. 
Ophthalmal. Vis. Sci. 38:2576-2585). 
0348 Analysis of HKNG1 the tissue distribution was 
extended through an in Situ hybridization analysis. In par 
ticular, the HKNG1 mRNA distribution in normal human 
brain tissue was analyzed. The results of this analysis are 
depicted in FIG. 4. As summarized in FIG. 4, HKNG1 is 
expressed throughout the brain, with transcripts being local 
ized to neuronal and grey matter cell types. 
0349 Finally, expression of HKNG1 in recombinant cells 
demonstrates that the HKNG1 gene encodes a secreted 
polypeptide(s). 

8. A Missense Mutation within HKNG1 Correlates 
with BAD 

0350. The Example presented in Section 6, above, shows 
that the BAD disorder maps to an interval completely 
contained within the HKNG1 gene of the short arm of 
human chromosome 18. The Example presented in Section 
7, above, characterizes the HKNG1 gene and gene products. 
The results presented in this Example further these studies 
by identifying a mutation within the coding region of a 
HKNG1 allele of an individual exhibiting a BAD disorder. 
0351. Thus, the results described herein demonstrate a 
positive correlation between a mutation which encodes a 
non-wild-type HKNG1 polypeptide and the appearance of 
the neuropsychiatric disorder BAD. The results presented 
herein, coupled with the results presented in Section 6, 
above, identify HKNG1 as a gene which mediates neurop 
sychiatric is orders such as BAD. 
0352 8.1. Materials and Methods 
0353 Pairs of PCR primers that flank each exon (see 
TABLE 1, above) were made and used to PCR amplify 
genomic DNA isolated from BAD affected and normal 
individuals. The amplified PCR products were analyzed 
using SSCP gel electrophoresis or by DNA sequencing. The 
DNA sequences and SSCP patterns of the affected and 
controls were compared and variations were further ana 
lyzed. 

0354) 8.2. Results 
0355. In order to more definitively show that the HKNG1 
gene mediates neuropsychiatric disorders, in particular 
BAD, a study was conducted to explore whether a HKNG1 
mutation that correlates with BAD could be identified. 

0356 First, exon scanning was performed on all eleven 
exons of the HKNG1 gene using chromosomes isolated 
from three affected and one normal individual from the 
Costa Rican population utilized for the LD studies discussed 
in Section 6, above. No obvious mutations correlating with 
BAD were found through this analysis. 
0357 Next, HKNG1 intron and 3'-untranslated regions 
within the 27 kb BAD interval were scanned by SScp and/or 
Sequencing for all variants among three affected and one 
normal individual from the same population. Approximately 
60 variants were identified after Scanning approximately 
two-thirds of the 27 kb genomic interval, which can be 
genotyped and analyzed by haplotype sharing and LD 
analyses, as described above, in order to identify ones which 
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correlate with bipolar affective disorder. FIG. 5 lists selected 
variants identified through this Study. 
0358 Exon scanning using chromosomal DNA from the 
general population of Costa Rica, however, Successfully 
identified a HKNG1 missense mutation in an individual 
affected with BAD who did not share the common diseased 
haplotype identified by the LD analysis provided above. In 
particular, exon Scanning was done on exons 1-11 of 
HKNG1 nucleic acid from 129 individuals from the general 
population affected with BAD. 
0359. This analysis identified a point mutation in the 
coding region of eXOn 7 not seen in non-bipolar affected 
disorder individuals. Specifically, the guanine corresponding 
to nucleotide residue 604 of SEQ ID NO: 1 (or nucleotide 
residue 550 of SEQ ID NO:3) had mutated to an adenine. 
HKNG1 protein expressed from this mutated HKNG1 allele 
comprises the Substitution of a lysine residue at amino acid 
residue 202 of SEQ ID NO: 2 (or amino acid residue 184 of 
SEQ ID NO: 4) in place of the wild-type glutamic acid 
residue. 

0360 Additional HKNG1 polymorphisms relative to the 
HKNG1 wild-type sequence, and which, therefore, represent 
HKNG1 alleles, were identified through sequence analysis 
of the HKNG1 alleles within a collection of schizophrenic 
patients of mixed ethnicity from the United States and 
within a BAD collection from the San Francisco area. These 
variants are depicted in FIGS. 5A and 5B, respectively. 
Statistical analysis indicated that there were significantly 
more variants in the collection of Schizophrenic patients of 
mixed ethnicity from the United States and the San Fran 
cisco BAD and Costa Rican BAD samples than in a collec 
tion of 242 controls (p<0.05). 

9. EXAMPLE 

Identification of Additional HKNG1 Splice Variants 
0361 This example describes the isolation and identifi 
cation of three novel Splice variants of the human gene 
HKNG 1. First, a novel HKNG1 clone was isolated from a 
human retinal cDNA library. This clone, which completely 
lacks exon 7 of the full length HKNG1 cDNA sequence, is 
referred to herein as HKNG1A7. Because the deletion of 
exon 7 from the full length HKNG1 sequence leads to an 
immediate frameshift, the clone HKNG1A7 encodes a trun 
cated form of the HKNG1 protein. The HKNG1A7 cDNA 
sequence (SEQ ID NO: 65) is depicted in FIG. 18 along 
with the predicted amino acid sequence (SEQ ID NO: 66) of 
the HKNG1A7 gene product it encodes. 
0362 Two other novel splice variants, referred to herein 
as HKNG1-V2 and HKNG1-V3, were isolated and identi 
fied by using RT-PCR analysis to isolate additional HKNG1 
Sequences. The following primer Sequences were used: 

5'-AGTTGCGTCCCTCTCTGTTG3' (SEQ ID NO: 67) 

5'-GCTTCATGTTCCCGCTGTTA3 (SEQ ID NO: 68) 

0363 These splice variants included additional exons 
between exons 2 and 3 of the full length HKNG1 sequence 
(SEQ ID NO: 1). 
0364) The RT-PCR product derived from HKNG1-V2 
includes a novel exon referred to as “exon 2', whereas the 
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RT-PCR product derived from HKNG1-V3 includes a novel 
exon referred to as “exon 2". The sequence of these novel 
exons are provided in Table 2 below. The nucleotide 
sequence of the HKNG1-V2 RT-PCR product containing 
novel exon 2' is depicted in FIG. 6A (SEQ ID NO:36), 
whereas the HKNG1-V3 RT-PCR product containing novel 
exon 2" is depicted in FIG. 6B (SEQ ID NO:37). Both exon 
2" and 2" are part of the 5'-untranslated region of the HKNG1 
cDNA 

TABLE 2 

Exon 2' 5'-TTCCCTCCCTTTGGAACGCAGCGT (SEQ ID NO:34) 
GGGCACCTGCAACGCAGAGACCACTGT 
ATCCCCGGTGCAGAATGTAATGAGTGC 
CTGATACATTTGCCGAATAAACTATTC 
CAAGGGTTGAACTTGCTGGAAGCAAGA 
GAAGCACTATTCTGG-3' 

Exon 2" 5'-ATGGAGTCTTGCTCTCGTTGCCCA (SEQ DI NO:35) 
GACTGGAGTGCACTGCTGCGATCTCAG 
CTCACTGCAACCTCTACCTCCCAGGTT 
CAAGCGATTCTCCTGCCTCAGCCTCTC 
GAGTGGCTGGGACTATAG-3' 

10.1 EXAMPLE 

Identification of HKNG1 Orthologs 

0365. This example describes the isolation and charac 
terization of genes in other mammalian Species which are 
orthologs to human HKNG1. Specifically, both guinea pig 
and bovine HKNG1 sequences are described. 
0366 10.1. Guinea Pig HKNG1 Orthologs 
0367 A guinea pig HKNG1 ortholog, referred to as 
gphkng 1815, was isolated using RT-PCR. The cDNA 
sequence (SEQ ID NO: 38) and predicted amino acid 
sequence (SEQ ID NO:39) are depicted in FIG. 7. Both the 
nucleotide and the predicted amino acid Sequence of gphking 
1815 are similar to the human HKNG1 nucleotide and 
amino acid Sequences. Specifically, the program ALIGNv2.0 
identified a 71.5% nucleotide sequence identity and a 62.8% 
amino acid Sequence identity using Standard parameters 
(Scoring Matrix: PAM120; GAP penalties: -12/-4). 
0368. Like the human HKNG1 polypeptide, the predicted 
gphking 1815 polypeptide also contains two clusterin Simi 
larity domains, which correspond to amino acid residues 105 
to 131 (clusterin domain 1), and amino acid residues 305 
333 (clusterin domain 2), respectively. Both of these 
domains contain the five conserved cysteine residues typi 
cally associated with clusterin domains. Specifically, these 
conserved cysteines correspond to Cys105, Cys116, Cys119, 
Cys124 and Cys131 (clusterin similarity domain 1) and 
Cys305, Cys315, Cys322, Cys325, and Cys333 (clusterin 
Similarity domain 1) of the gphking 1815 polypeptide 
Sequence. 

0369 Three allelic variants of gphkng 1815, referred to 
as gphkng 7b, gphkng 7c, and gphking 7d, respectively, were 
also identified by RT-PCR. Their nucleotide SEQ ID NO: 
40 (gphking 7b), SEQ ID NO: 42 (gphking 7c), and SEQ ID 
NO: 44 (gphkng 7d) and amino acid SEQ ID NO: 41 
(gphking 7b), SEQ ID NO: 43 (gphking 7c), and SEQID NO: 
45 (gphking 7d) sequences are depicted in FIGS. 8 through 
10, respectively. Each of these three allelic variants contains 
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a deletion within a region homologous to eXOn 7 of human 
HKNG 1. The allelic variants retain the open reading frame 
of the gene, however, each allelic variant contains a deletion, 
relative to gphkng 1815, of 16, 92, and 93 amino acid 
residues, respectively. 
0370. An alignment of the predicted amino acid 
Sequences of gphking 1815, gphking 7b, gphking 7c, and 
gphking 7d is shown in FIG. 14. An alignment of the pre 
dicted amino acid Sequences of the human HKNG1 gene 
product, the guinea pig HKNG1 orthologgphkng 1815, and 
the bovine HKNG1 ortholog described in Subsection 10.2 
below are shown in FIG. 16. 

10.2. Bovine HKNG1 Orthologs 
0371) Bovine orthologs of HKNG1 were also cloned by 
screening a cDNA library made from pooled bovine retinal 
tissue using a nucleotide Sequence that corresponded to the 
complementary sequence of base pairs 910-1422 of the full 
length human HKNG1 cDNA sequence (SEQ ID NO: 1) as 
a probe. Three independent bovine cDNA species, referred 
to as bhking1, bhking2, and bhking3 (SEQ ID NOS: 46 to 48, 
respectively) were isolated. Each of these allelic variants 
contains Several Single nucleotide polymorphisms (SNPs). 
None of the SNPs results in an altered predicted amino acid 
sequence. Thus all three bovine cDNAS encodes the same 
predicted amino acid sequence (SEQ ID NO: 49). These 
SNPs apparently reflect the natural allelic variation of the 
pooled cDNA library from which the sequences were iso 
lated. Each of the three bovine HKNG1 allelic variants is 
depicted in FIGS. 11 to 13, respectively, along with the 
predicted amino acid Sequence which they encode. 
0372. The predicted bovine HKNG1 polypeptide also 
contains two clusterin Similarity domains, corresponding to 
amino acid residues 105-131 and amino acid residues 304 
332, respectively, of SEQ ID NO: 49. Clusterin domain 1 
contains the five shared cysteine amino acid residues typi 
cally associated with this type of domain: Cys105, Cys116, 
Cys119, Cys124, and Cys131. Clusterin domain 2 of the 
bovine HKNG1 polypeptide contains four conserved cys 
teine residues: Cys314, CyS321, Cys324, and Cys332. 

11.1. Expression of Human HKNG1 Gene Product 
0373) Described in this example is the construction of 
expression vectors and the Successful expression of recom 
binant human HKNG1 Sequences. Expression vectors are 
described both for native HKNG1 and for various HKNG1 
fusion proteins. 
0374 11.1. Expression of Human HKNG1:Flag 
0375. A human HKNG1 flag epitope-tagged protein 
(HKNG1:flag) vector was constructed by PCR followed by 
ligation into an vector for expression in HEK 293T cells. 
The full open-reading frame of the full length HKNG1 
cDNA sequence (SEQ ID NO. 5) was PCR amplified using 
the following primer Sequences: 

5' primer 
5'-TTTTTCTGAATTCGCCACCATGAAAATTA 
AAGCAGAGAAAAACG-3' 

(SEQ ID NO:52) 

3' primer 
5'-TTTTTGTCGACTTATCACTTGTCGTCGTC (SEQ ID NO:53) 
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-continued 
GTCCTTGTAGTCCCAGGTTTTAAAATGTTCCT 
TAAAATGC-3' 

0376 the 5' primer incorporating a Kozak sequence 
upstream of and including the upstream initiator methionine 
and the 3' primer including the nucleotide Sequence encod 
ing the flag epitope DYKDDDDK (SEQ ID NO: 50) fol 
lowed by a termination codon. 
0377 The sequenced DNA construct was transiently 
transfected into HEK 293T cells in 150 mm plates using 
Lipofectamine (GIBCO/BRL) according to the manufactur 
er's protocol. Seventy-two hours post-transfection, the 
serum-free conditioned medium (OptiMEM, GIBCO/BRL) 
was harvested and Spun and the remaining monolayer of 
cells was lysed using 2 mL of lysis buffer 50 mM Tris pH 
8.0, 150 mM NaCl, 1% NP-40, 0.05% SDS with “Complete” 
protease cocktail (Boehringer Mannheim) diluted according 
to manufacturers instructions. Insoluble material was pel 
leted before preparation of SDS-PAGE samples. 
0378 Conditioned medium was electroblotted onto a 
PVDF membrane (Novex) after separation by SDS-PAGE 
on 4-20% gradient gels and probed with an M2 anti-flag 
polyclonal antibody (1:500, Sigma) followed by horseradish 
peroxidase (HRP) conjugated Sheep anti-mouse antibody 
(1:5000, Amersham), developed using chemiluminescent 
reagents (Renaissance, Dupont), and exposed to autoradiog 
raphy film (Biomax MR2 film, Kodak). Flag immunoreac 
tivity appeared as a doublet of bands that migrated by 
SDS-PAGE between 60 and kDa as determined by Multi 
mark molecular weight markers (Novex), demonstrating 
secretion of the HKNG1 :Flag protein. The double band 
indicates at least two different species with different mobili 
ties on SDS-PAGE. Such doublets most commonly arise 
with posttranslational modifications to the protein, Such as 
glycosylation and/or proteolysis. Treatment of the PNGase F 
(Oxford Glycosciences) according to the manufacturers 
directions resulted in a Single band of increased mobility, 
indicating that two original bands contain N-linked carbo 
hydrate. When run in the absence of a reducing agent, the 
relative mobility of the immunoreactive bands was greater 
than 100 kDa relative to the same markers, indicating that 
HKNG1:flag fusion proteins may be a disulfide linked dimer 
or higher oligomer. 
0379 11.2. Expression of Human HKNG1-V1:Flag 
0380 A human HKNG1-V1 flag epitope-tagged protein 
(HKNG1-V1:flag) vector was also constructed by PCR 
followed by ligation into an expression vector, pMET Stop. 
The full length open-reading frame of the HKNG1-V1 
cDNA sequence (SEQ ID NO: 6) was PCR amplified using 
the following primer Sequences: 

5' primer 
5'-TTTTTCTGAATTCACCATGAGGACCTGGG 
ACTACAGTAAC-3' 

(SEQ ID NO:54) 

3' primer 
5'-TTTTTGTCGACTTATCACTTGTCGTCGTC 
GTCCTTGTAGTCCCAGGTTTTAAAATGTTCCT 
TAAAATGC-3' 

(SEQ ID NO:53) 

0381. The 5' primer incorporated a Kozak sequence 
upstream of and including the upstream initiator methionine. 
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The 3' primer included the nucleotide Sequence encoding the 
flag epitope DYKDDDDK (SEQ ID NO: 50) followed by a 
termination codon. 

0382. The sequenced DNA construct was transiently 
transfected into HEK 293T cells in 150 mm plates using 
Lipofectamine (GIBCO/BRL) according to the manufactur 
er's protocol. Seventy-two hours post-transfection, the 
serum-free conditioned medium (OptiMEM, GIBCO/BRL) 
was harvested and Spun and the remaining monolayer of 
cells was lysed using 2 mL of lysis buffer 50 mM Tris pH 
8.0, 150 mM NaCl, 1% NP-40, 0.05% SDS with “Complete” 
protease cocktail (Boehringer Mannheim) diluted according 
to manufacturers instructions. Insoluble material was pel 
leted before preparation of SDS-PAGE samples. 
0383 Conditioned medium was electroblotted onto a 
PVDF membrane (Novex) after separation by SDS-PAGE 
on 4-20% gradient gels and probed with an M2 anti-flag 
polyclonal antibody (1:500, Sigma) followed by horseradish 
peroxidase (HRP) conjugated Sheep anti-mouse antibody 
(1:5000, Amersham), developed using chemiluminescent 
reagents (Renaissance, Dupont), and exposed to autoradiog 
raphy film (Biomax MR2 film, Kodak). Flag immunoreac 
tivity appeared as a doublet of bands that migrated by 
SDS-PAGE between 60 and kDa as determined by Multi 
mark molecular weight markers (Novex), demonstrating 
secretion of the HKNG1:Flag protein. When run in the 
absence of reducing agent, the relative mobility of the 
immunoreactive bands was greater than 100 kDA relative to 
the same markers, Suggesting that the HKNG1-V1:flag 
fusion protein may be a disulfide linked dimer or higher 
oligomer. 

0384 11.3. Expression of Human HKNG1:Fc 
0385) A human HKNG1/hIgG1 Fc fusion protein vector 
was constructed by PCR. The full-length open-reading 
frame of the full length HKNG1 cDNA (SEQID NO: 5) was 
PCR amplified using the following primer Sequences: 

5' primer 
5'-TTTTTCTCTCGAGACCATGAAAATTAAAG 
CAGAGAAAAACG-3' 

(SEQ ID NO:55) 

3' primer 
5'-TTTTTGGATCCGCTGCTGCCCAGGTTTTA 
AAATGTTCCTTAAAATGC-3' 

(SEQ ID NO:56) 

0386 The 5' primer incorporated a Kozak sequence 
before the upstream methionine to the amino acid residue 
before the stop codon. The 3' PCR primer contained a 3 
alanine linker at the junction of HKNG1 and the human 
IgG1 Fc domain, which starts at residues DPE. The genomic 
Sequence of the human IgG1 Fc domain was ligated along 
with the PCR product into a pCDM8 vector (Invitrogen, 
Carlsbad Calif.) for transient expression. 
0387. The sequenced DNA construct was transiently 
transfected into HEK 293T cells in 150 mm plates using 
Lipofectamine (GIBCO/BRL) according to the manufactur 
er's protocol. Seventy-two hours post-transfection, the 
serum-free conditioned medium (OptiMEM, GIBCO/BRL) 
was harvested and Spun and the remaining monolayer of 
cells was lysed using 2 mL of lysis buffer 50 mM Tris pH 
8.0, 150 mM NaCl, 1% NP-40, 0.05% SDS with “Complete” 
protease cocktail (Boehringer Mannheim) diluted according 
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to manufacturers instructions. Insoluble material was pel 
leted before preparation of SDS-PAGE samples. 
0388 Conditioned medium was electroblotted onto a 
PVDF membrane (Novex) after separation by SDS-PAGE 
on 4-20% gradient gels and probed with an M2 anti-Fc 
polyclonal antibody (1:500, Jackson ImmunoResearch 
Laboratories, Inc.) followed by horseradish peroxidase 
(HRP) conjugated sheep anti-mouse antibody (1:5000, 
Amersham), developed using chemiluminescent reagents 
(Renaissance, Dupont), and exposed to autoradiography film 
(Biomax MR2 film, Kodak). Human IgG1 Fc immunoreac 
tivity appeared as a doublet of bands that migrated by 
SDS-PAGE between 148 and 60 kDa Standards of the 
Multimark molecular weight markers (Novex), demonstrat 
ing secretion of the HKNG1:Fc fusion protein. 
0389) 11.4. Expression of Human HKNG1-V1:Fc 
0390. A human HKNG1-V1/hIgG1 Fc fusion protein 
(HKNG1-V1:Fc) vector was also constructed by PCR. The 
full-length open reading frame of HKNG1-V1 cDNA (SEQ 
ID NO: 6) was PCR amplified using the following primer 
Sequences: 

5' primer 
5'-TTTTTCTCTCGAGACCATGAGGACCTGGG 
ACTACAGTAAC-3' 

(SEQ ID NO:57) 

3' primer 
5'-TTTTTGGATCCGCTGCTGCCCAGGTTTTA 
AAATGTTCCTTAAAATGC-3' 

(SEQ ID NO:56) 

0391 The 5' primer incorporated a Kozak sequence 
before the upstream methionine to the amino acid residue 
before the stop codon. The 3' PCR primer contained a 3 
alanine linker at the junction of HKNG1-V1 and the human 
IgG1 Fc domain, which starts at residues DPE. The genomic 
Sequence of the human IgG1 Fc domain was ligated along 
with the PCR product into a pCDM8 vector for transient 
expression. 
0392 The sequenced DNA construct was transiently 
transfected into HEK 293T cells in 150 mm plates using 
Lipofectamine (GIBCO/BRL) according to the manufactur 
er's protocol. Seventy-two hours post-transfection, the 
serum-free conditioned medium (OptiMEM, GIBCO/BRL) 
was harvested and Spun and the remaining monolayer of 
cells was lysed using 2 mL of lysis buffer 50 mM Tris pH 
8.0, 150 mM NaCl, 1% NP-40, 0.05% SDS with “Complete” 
protease cocktail (Boehringer Mannheim) diluted according 
to manufacturers instructions. Insoluble material was pel 
leted before preparation of SDS-PAGE samples. 
0393 Conditioned medium was. electroblotted onto a 
PVDF membrane (Novex) after separation by SDS-PAGE 
on 4-20% gradient gels and probed with an anti-human Fc 
polyclonal antibody (1:500, Jackson ImmunoResearch 
Laboratories, Inc.) followed by horseradish peroxidase 
(HRP) conjugated sheep anti-mouse antibody (1:5000, 
Amersham), developed using chemiluminescent reagents 
(Renaissance, Dupont), and exposed to autoradiography film 
(Biomax MR2 film, Kodak). Human IgG1 Fc immunoreac 
tivity appeared as a doublet of bands that migrated by 
SDS-PAGE between 148 and 60 kDa Standards of the 
Multimark molecular weight markers (Novex) centered 
approximately between 125 and 150 kDa, demonstrating 
secretion mediated by the HKNG1 signal peptide. 
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0394 11.5. Expression of Human HKNG1A7:Fc 
0395. A human HKNG1A7:hIgG1 Fc fusion protein vec 
tor was also constructed by PCR. The sequence of the 
HKNG1A7 splice variant was amplified by PCR amplifica 
tion using Exons 1 through 6 of the full length HKNG1 
cDNA sequence (SEQ ID NO: 1) as a template with the 
following primer Sequences: 

5' primer 
5'-TTTTTCTGAATTCACCATGAAGCCGCCAC 
TCTTGGTG-3' 

(SEQ ID NO:58) 

3' primer 
5'-TTTTTGGATCCGCTGCGGCCTCCGTG 
GTCAGGAGCTTATTTTTCACAGAGGACCAGCT 
AG-3' 

(SEQ ID NO:59) 

0396 The 5' primer incorporated a Kozak sequence 
upstream of and including the upSream initiator methionine. 
The 3' primer included the first 17 (coding) nucleotides of 
eXOn 8 followed by nucleotides encoding a 3alanine linker. 
0397) The genomic sequence of the human IgG1 Fc 
domain was ligated along with the PCR product into a 
pCDM8 vector for transient expression. 
0398. The sequenced DNA construct was transiently 
transfected into HEK 293T cells in 150 mm plates using 
Lipofectamine (GIBCO/BRL) according to the manufactur 
er's protocol. Seventy-two hours post-transfection, the 
serum-free conditioned medium (OptiMEM, GIBCO/BRL) 
was harvested and Spun and the remaining monolayer of 
cells was lysed using 2 mL of lysis buffer 50 mM Tris pH 
8.0, 150 mM NaCl, 1% NP-40, 0.05% SDS with “Complete” 
protease cocktail (Boehringer Mannheim) diluted according 
to manufacturers instructions. Insoluble material was pel 
leted before preparation of SDS-PAGE samples. 

0399 Conditioned medium was electroblotted onto a 
PVDF membrane (Novex) after separation by SDS-PAGE 
on 4-20% gradient gels and probed with an anti-human Fc 
polyclonal antibody (1:500, Jackson ImmunoResearch 
Laboratories) followed by horseradish peroxidase (HRP) 
conjugated sheep anti-mouse antibody (1:5000, AmerSham), 
developed using chemiluminescent reagents (Renaissance, 
Dupont), and exposed to autoradiography film (Biomax 
MR2 film, Kodak). Human IgG1 Fc immunoreactivity 
appeared as a band that migrated by SDS-PAGE between 42 
and 60 kDa relative to Multimark molecular weight markers 
(Novex) centered approximately between 36.5 and 55.4 kDa 
relative to Mark 12 molecular weight markers (Novex). 
0400 11.6. Expression of Native Human HKNG1 
04.01. A human HKNG1 expression vector was con 
structed by PCR amplification of the human HKNG1 cDNA 
sequence (SEQ ID NO: 1) followed by ligation into an 
expression vector, pcDNA3.1 (Invitrogen, Carlsbad Calif.). 
The full open-reading frame of the HKNG1 cDNA sequence 
(SEQ ID NO: 5) was PCR amplified using the following 
primer Sequences: 

5' primer 
5'-TTTTTCTCTCGAGGACTACAGGACACAGC 
TAAATCC-3' 

(SEQ ID NO: 60) 
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-continued 

3' primer 
5'-TTTTTGGATCCTTATCACCAGGTTTTAAA 
ATCTTCCTTAAAATCC-3' 

(SEQ ID NO : 61) 

0402. The 5' primer incorporated a Kozak sequence 
upstream of and including the upstream initiator methionine. 
The 3' primer included a tandem pair of termination codons. 
0403. The sequenced DNA construct was transiently 
transfected into HEK 293T cells in 150 mm plates using 
Lipofectamine (GIBCO/BRL) according to the manufactur 
er's protocol. Seventy-two hours post-transfection, the 
serum-free conditioned medium (OptiMEM, GIBCO/BRL) 
was harvested and Spun and the remaining monolayer of 
cells was lysed using 2 mL of lysis buffer 50 mM Tris pH 
8.0, 150 mM NaCl, 1% NP-40, 0.05% SDS with “Complete” 
protease cocktail (Boehringer Mannheim) diluted according 
to manufacturers instructions. Insoluble material was pel 
leted before preparation of SDS-PAGE samples. 

04.04 Conditioned medium was electroblotted onto a 
PVDF membrane (Novex) after separation by SDS-PAGE 
on 4-20% gradient gels and probed with an anti-HKNG1 
polyclonal antibody (#84, 1:500) followed by horseradish 
peroxidase (HRP) conjugated Sheep anti-mouse antibody 
(1:5000, Amersham), developed using chemiluminescent 
reagents (Renaissance, Dupont), and exposed to autoradiog 
raphy film (Biomax MR2 film, Kodak). HKNG1 immunore 
activity appeared as a doublet of bands that migrated by 
SDS-PAGE between 60 and 95 kDa as determined by 
Multimark molecular weight markers (Novex). 
04.05 11.7. Expression of Native Human HKNG1-V1 
0406 A human HKNG1-V1 expression vector was also 
constructed by PCR amplification of the human HKNG1-V1 
cDNA sequence (SEQ ID NO:3) followed by ligation into 
an expression vector, pcDNA3.1. The full open-reading 
frame of the HKNG1 cDNA sequence (SEQID NO: 6) was 
PCR amplified using the following primer Sequences: 

5' primer 
5'-TTTTTCTGAATTCACCATGAAGCCGCCAC 
TCTTGGTG-3' 

(SEQ ID NO: 62) 

5' primer 
5'-TTTTTCTCTCGAGACCATGAGGACCTGGG 
ACTACAGTAAC-3' 

(SEQ ID NO: 63) 

3' primer 
5'-TTTTTGGATCCTTATCACCAGGTTTTAAA 
ATGTTCCTTAAAATGC-3' 

(SEQ ID NO : 61) 

0407. The 5' primer incorporated a Kozak sequence 
upstream of and including the upstream initiator methionine. 
The 3' primer included a tandem pair of termination codons. 
0408. The sequenced DNA construct was transiently 
transfected into HEK 293T cells in 150 mm plates using 
Lipofectamine (GIBCO/BRL) according to the manufactur 
er's protocol. Seventy-two hours post-transfection, the 
serum-free conditioned medium (OptiMEM, GIBCO/BRL) 
was harvested and Spun and the remaining monolayer of 
cells was lysed using 2 mL of lysis buffer 50 mM Tris pH 
8.0, 150 mM NaCl, 1% NP-40, 0.05% SDS with “Complete” 
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protease cocktail (Boehringer Mannheim) diluted according 
to manufacturers instructions. Insoluble material was pel 
leted before preparation of SDS-PAGE samples. 

04.09 Conditioned medium was electroblotted onto a 
PVDF membrane (Novex) after separation by SDS-PAGE 
on 4-20% gradient gels and probed with an M2 anti 
HKNG1 polyclonal antibody (#84, 1:500) followed by 
horseradish peroxidase (HRP) conjugated sheep anti-mouse 
antibody (1:5000, Amersham), developed using chemilumi 
nescent reagents (Renaissance, Dupont), and exposed to 
autoradiography film (Biomax MR2 film, Kodak). HKNG 
immunoreactivity appeared as a doublet of bands that 
migrated by SDS-PAGE between 70 and 95 kDa as deter 
mined by Multimark molecular weight markers (Novex), 
demonstrating secretion mediated by the HKNG1 signal 
peptide. 

0410) 11.8. Expression of Human HKNG:AP Fusion Pro 
teins 

0411 Expression vectors were also constructed for 
human HKNG1 alkaline phosphatase C-terminal fusion pro 
tein (HKNG1:AP), human HKNG1-V1 alkaline phos 
phatase C-terminal fusion protein (HKNG1-V1:AP), and 
human HKNG1 alkaline phosphatase N-terminal fusion 
protein (AP:HKNG1). 
0412. The expression vector for human HKNG1:AP was 
constructed by PCR amplification followed by ligation into 
a vector for suitable for expression in HEK 293T cells. The 
full-length open-reading frame of human HKNG1 (SEQ ID 
NO: 5) was PCR amplified using a 5" primer incorporating 
an EcoRI restriction Site followed by a Kozak Sequence prior 
to the upstream initiator methionine. The 3' primer included 
a XhoI restriction site immediately following the final codon 
of HKNG1. Thus, the open reading frame of the construct 
includes the HKNG1 signal peptide and the full HKNG1 
Sequence followed by the full Sequence of human placental 
alkaline phosphatase. 

0413) The expression vector for human HKNG1-V1:AP 
was constructed by PCR amplification followed by ligation 
into pMEAP3 vector. The full length open reading frame of 
human HKNG1-V1 (SEQ ID NO: 6) was PCR amplified 
using a 5" primer incorporating an EcoRI restriction site 
followed by a Kozak Sequence prior to the upstream initiator 
methionine. The 3' primer included a XhoI restriction site 
immediately following the final codon of HKNG1-V1. Thus, 
the open reading frame of the construct includes the 
HKNG1-V1 signal and the full length HKNG1-V1 sequence 
followed by the full Sequence of human placental alkaline 
phosphatase. 

0414. The expression vector for human AP:HKNG1 was 
constructed by PCR amplification followed by ligation into 
the AP-Tag3 vector reported by Cheng and Flanagan, 1994, 
Cell 79:157-168. The full-length open-reading frame of 
human HKNG1 (SEQ ID NO: 5)was PCR amplified using a 
5' primer incorporating a BamHI restriction Site prior to the 
nucleotides encoding the first amino acids (i.e., APT) of the 
mature HKNG protein, and a 3' primer that included a XhoI 
restriction site immediately following the termination codon 
of HKNG1. Thus, the open reading frame of the complete 
construct includes the AP Signal peptide and the full 
Sequence of human placental alkaline phosphatase, followed 
by the full HKNG1 sequence. 
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0415. The sequenced DNA constructs were transiently 
transfected in HEK 293T cells in 150 mM plates using 
Lipofectamine (GIBCO/BRL) according to the manufactur 
er's protocol. 72 hours post-transfection, the Serum-free 
conditioned media (OptiMEM, Gibco/BRL) were harvested, 
Spun and filtered. Alkaline phosphatase activity in the con 
ditioned media was quantitated using an enzymatic assay kit 
(Phospha-Light, Tropix) according to the manufacturers 
instructions. When alkaline phosphatase fusion protein con 
centrations below 2 nM were observed, conditioned medium 
was concentrated by centrifugation using a 30 kDa cut-off 
membrane. Conditioned medium Samples before and after 
concentration were analyzed by SDS-PAGE followed by 
Western blot using anti-human alkaline phosphatase anti 
bodies (1:250, Genzyme) and chemiluminsecent detection. 
Aband at 140 kDa was observed in concentrated Supernatant 
of HKNG1:AP, HKNG1-V1:AP, and AP:HKNG1 transfec 
tions. Conditioned medium samples were adjusted to 10% 
fetal calf serum and stored at 4 C. 

0416) 11.9. Purification of Flag-Tagged HKNG1 Proteins 
0417. The secreted flag-tagged proteins described in Sub 
Sections 12.1 and 12.2 above were isolated by a one Step 
purification Scheme utilizing the affinity of the flag epitope 
to M2 anti-flag antibodies. The conditioned media was 
passed over an M2-biotin (Sigma)/streptavidin Poros col 
umn (2.1x30 mm, PE Biosystems). The column was then 
washed with PBS, pH 7.4, and flag-tagged protein was 
eluted with 200 mM glycine, pH 3.0. Fraction was neutral 
ized with 1.0 M Tris pH 8.0. Eluted fractions with 280 nm 
absorbance greater than background were then analyzed on 
SDS-PAGE gels and by Western blot. The fractions con 
taining flag taged protein were pooled and dialyzed in 8000 
MWCO dialysis tubing against 2 changes of 4L PBS, pH 7.4 
at 4 C. with constant stirring. The buffered exchanged 
material was then sterile filtered (0.2 um, Millipore) and 
frozen at -80 C. 

0418 11.10. Purification of HKNG1 Fc Fusion Proteins 
0419. The secreted Fc fusion proteins described in Sub 
Sections 12.3-12.5 above were isolated by a one Step puri 
fication scheme utilizing the affinity of the human IgG1 Fc 
domain to Protein A. The conditioned media was passed 
over a POROS A column (4.6x100 mm, PerSeptive Biosys 
tems); the column was then washed with PBS, pH 7.4 and 
eluted with 200 mM glycine, pH 3.0. Fractions were neu 
tralized with 1.0 M Tris pH 8.0. A constant flow rate of 7 
ml/min was maintained throughout the procedure. Eluted 
fractions with 280 nm absorbance greater than background 
were then analyzed on SDS-PAGEgels and by Western blot. 
The fractions containing Fc fusion protein were pooled and 
dialyzed in 8000 MWCO dialysis tubing against 2 changes 
of 4L PBS, pH 7.4 at 4° C. with constant stirring. The 
buffered exchanged material was then sterile filtered (0.2 
um, Millipore) and frozen at -80 C. 

12. Production of Anti-HKNG1 Antibodies 

0420 Described in the example presented in this Section 
is the production and characterization of polyclonal and 
monoclonal antibodies directed against HKNG1 proteins. 
0421 12.1. Production of Polyclonal Antibodies 
0422 Polyclonal antisera were raised in rabbits against 
each of the three peptides listed in Table 3 below. Each of the 
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peptides was derived from the HKNG1 amino acid sequence 
(SEQ ID NO: 2) by standard techniques (see, in particular, 
Harlow&Lane, 1988, Antibodies. A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, the contents of which 
is incorporated herein by reference in its entirety). Each of 
the peptides is also represented in the HKNG1-V1 polypep 
tide sequence (SEQ ID NO: 4). Antisera was subsequently 
affinity purified using the peptide immunogens. 

TABLE 3 

a.a. residues 
Antibody Peptide/Immunogen (SEQ ID NO: 2) 

Antibody 84 APTWKDKTAISENLK 50-64 
Antibody 85 KAIEDLPKODK 304-314 
Antibody 86 KALOHFKEHFKTW 483-495 

0423) 12.2. Production of Monoclonal Antibodies 
0424 Monoclonal antibodies were raised in mice by 
Standard techniques (see, Harlow & Lane, Supra) against the 
HKNG-Fc fusion protein described in Section 11.3 above. 
Wells were screened by ELISA for binding to the HKNG-Fc 
fusion protein. Those wells reacting with the Fc protein were 
identified by ELISA for binding to an irrelevant Fc fusion 
protein and discarded. HKNG-Fc specific wells were tested 
for their ability to immunoprecipitate HKNG-Fc and Sub 
jected to isotype analysis by Standard techniques (Harlow & 
Lane, Supra), and eight wells were Selected for Subcloning. 
The isotype of the Subcloned monoclonal antibodies was 
confirmed and is presented in Table 4 below. 
0425 Based on Western blotting, immunoprecipitation 
and immunostaining data discussed in SubSection 12.3 
below, two monoclonal antibodies (3D17 and 4N6) were 
Selected for large Scale production. 

TABLE 4 

Clone Isotype 

1F24 2a 
118 2a 
2O2O 1. 
3D17 1. 
3D24 2a 
4N6 1. 

0426 12.3. Western Blotting and Immunoprecipitation of 
Recombinant HKNG Protein 

0427. The polyclonal antisera and all eight monoclonal 
antibodies described in Subsection 12.1 and 12.2 above were 
tested for their ability to recognize recombinant HKNG1 
proteins on Western blots using standard techniques (see, in 
particular, Harlow & Lane, 1988, Antibodies. A Laboratory 
Manual, Cold Spring Harbor Laboratory Press). Polyclonal 
antisera 84 and 85 and monoclonal antibodies 3D17 and 
4N6 were able to recognize all forms of the mature (i.e., 
secreted) recombinant HKNG proteins tested (i.e., 
HKNG1:Fc, HKNG1:flag, AP:HKNG1, and native 
HKNG1) in Western blots. 
0428 Table 5 indicates the ability of each monoclonal 
antibody to immunoprecipitate recombinant HKNG1, as 
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assessed by Western blotting of immunoprecipitates with the 
polyclonal antisera 84 and 85. None of the polyclonal 
antisera were able to immunoprecipitate recombinant 
HKNG1 proteins. All eight monoclonal antibodies immu 
noprecipitated HKNG1:Fc. Immunoprecipitation of the 
other recombinant HKNG1 proteins was variable. 

TABLE 5 

Protein 

Monoclonal HKNG1 
Antibody HKNG1:Fc HKNG1:flag AP:HKNG1 (native) 

IF24 -- -- -f+ 
118 -- -f+ +f- 
2O2O -- -- 

3D17 +f- +f- +f- 
3D24 -- 
4N6 -- -- -- -- 

4O16 -- +f- 
1OC6 -- -- 

13. Confirmation of the HKNG N-Terminus and 
Disulfide Bond Structure 

0429 The experiments described in this section provide 
data identifying the N-terminus of the mature Secreted 
human HKNG protein. The experiments also provide data 
identifying the disulfide bond linkages between cysteine 
amino acid residues in the mature, Secreted protein. 
0430 Specifically, mature, secreted HKNG:flag, HKNG, 
and HKNG:Fc recombinant proteins were produced and 
purified as described in Section 11 above. The mature 
recombinant proteins were digested with trypsin, and the 
tryptic fragments were identified and Sequenced using 
reverse-phase liquid chromatography coupled with electro 
spray ionization tandem mass spectrometry (LC/MS/MS). 
The N-terminus of all mature secreted proteins tested was 
unambiguously identified as APTWKDKT, which corre 
sponds to the amino acid Sequence Starting at alanine 50 of 
the HKNG1 amino acid sequence (FIG. 1; SEQ ID NO: 2) 
or alanine 32 of the HKNG1-V1 amino acid sequence (FIG. 
2; SEQ ID NO: 4). Thus, although the cDNA sequences of 
HKNG1 and HKNG1-V1 encode distinct amino acid 
Sequences, the mature Secreted proteins produced by these 
two splice variants of the human HKNG1 gene are identical, 
since the alternative splicing that gives rise to HKNG1-V1 
(i.e., the deletion of exon 3) affects the amino acid sequence 
of the proteolytically cleaved signal peptide. The amino acid 
sequence of the mature secreted HKNG1 protein is shown in 
FIG. 17 (SEQ ID NO. 51) 
0431. The mature secreted HKNG protein is also distinct 
from the RPP amino acid sequence disclosed by Shimizu 
Matsumo et al. (1997, Invest. Ophthalmal. Vis. Sci. 38:2576 
2585). In particular, amino acid residues 1 to 20 of the RPP 
amino acid sequence disclosed in FIG. 3 of Shimizu 
Matsumo et al., Supra, correspond to the cleaved signal 
peptide of HKNG1-V1. The amino acid sequence of the 
mature secreted form of the HKNG1 gene product is 
depicted in FIG. 17 (SEQ ID NO:51). 
0432 Disulfide bond linkages for 8 of the 13 cysteine 
residues in the mature, secreted HKNG protein were also 
identified from LC/MS/MS of peptides recovered from 
tryptic digestion of the unreduced protein. In particular, the 
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following disulfide bonded pairs of cysteines were identified 
(numbering refers to the HKNG1 protein shown in FIG. 1; 
SEQ ID NO: 2): 

0433 Cys 134 to Cys 145; 

0434. Cys 148 to Cys 153; 

0435 Cys 160 to Cys 334; and 
0436 Cys 354 to Cys 362. 

14. EXAMPLE 

Localization of HKNG mRNA and Protein 
Expression 

0437. This example describes experiments wherein the 
HKNG gene product is shown to be expressed in human 
brain and retinal tissue. Specifically, in Situ hybridization 
experiments performed using Standard techniques with a 
probe that corresponded to the complementary Sequence of 
base pairs 910-1422 of the full length HKNG1 cDNA 
sequence (SEQ ID NO: 1) detected HKNG messenger RNA 
in the photoreceptor layer (outer nuclear layer) of human 
retina in eyes obtained from the New England Eye Bank. 
0438. The polyclonal antisera and all eight monoclonal 
antibodies described in Section 12 above were tested for 
immunostaining of human retina. Polyclonal antiserum 85 
and monoclonal antibodies 1F24, 4.N6 and 4016 showed 
immunostaining of HKNG protein in the photoreceptor layer 
and adjacent layers of the retina. The immunostaining in 
these tissues with polyclonal antiserum was blocked by 85 
peptide immunogen, but not by the other two peptide 
immunogens (i.e., 84 and 86), confirming that the immun 
Ostaining was due to HKNG protein expressed in the pho 
toreceptor layer. 

0439. The same antibodies were then used to localize 
HKNG protein by immunostaining in sections of human and 
monkey brain. HKNG protein was observed in cortical 
neurons in the frontal cortex. The majority of pyramidal 
neurons in layers IV-V were immunoreactive for HKNG 
protein. A Subpopulation of neurons was also labeled in 
layers I-III. HKNG immunoreactivity was also observed in 
the pyramidal cell layer of the hippocampus and in a Small 
number of neurons in the Striatum. 

0440 These data further support the fact that HKNG is, 
indeed, a gene which mediates neuropSychiatric disorders 
Such as BAD. Furthermore, the fact that HKNG is also 
expressed in human retinal tissue Suggests that the gene also 
plays a role in myopia conditions. Specifically, Young et al. 
(1998, American Journal of Human Genetics 63:109-119) 
report a strong linkage (LOD=9.59) for primary myopia and 
Secondary macular degeneration and retinal detachment in 
the telomeric region of human chromosome 18p. Through 
fine mapping analysis, this candidate region has been nar 
rowed to a 7.6 cM haplotype flanked by markers D18S59 
and D18S1138 (Young et al., Supra). However, the marker 
D18S59 lies within the HKNG1 gene. This fact, coupled 
with the finding the HKNG is expressed in high levels in the 
retina, Strongly Suggests that the HKNG1 gene is also 
responsible for human myopia conditions and/or other eye 
related diseases Such as primary myopia, Secondary macular 
degeneration, and retinal detachment. 
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15. EXAMPLE 

Immature Protein Products of the HKNG1 cDNA 
Sequences 

0441 This section describes experiments which were 
performed to determine which of the two putative initiator 
methionines encoded by both the full length HKNG1 cDNA 
and the alternatively spliced HKNG1-V1 cDNA are used in 
the synthesis of immature HKNG1 protein. The results 
indicate that both initiator methionines are used at varying 
levels, resulting in the production of three different forms of 
the immature HKNG1 protein, referred to herein as imma 
ture protein form 1 (IPF1), immature protein form 2 (IPF2), 
and immature protein form 3 (IPF3). 
0442. Both the full length HKNG1 cDNA sequence 
shown in FIG. 1 (SEQ ID NO: 1) and the alternatively 
spliced HKNG1-V1 cDNA sequence shown in FIG. 2 (SEQ 
ID NO: 3) encode predicted proteins that have methionines 
in close proximity to their predicted initiator methionines. 
The predicted protein Sequence encoded by the full length 
HKNG1 cDNA sequence has a second methionine at amino 
acid residue number 30 of the amino acid Sequence depicted 
in FIG. 1 (SEQ ID NO: 2). Thus, although FIG. 1 indicates 
that the full length HKNG1 cDNA encodes the first imma 
ture form of the HKNG1 protein depicted in FIG. 1 (referred 
to herein as IPF1), the full length HKNG1 cDNA may 
additionally encode a Second immature protein form 
(referred to herein as IPF2), whose sequence (SEQ ID NO: 
64) is provided on the third line of the protein alignment 
depicted in FIG.17. IPF2 is initiated at methionine 30 of the 
IPF1 protein sequence, and is identical to the RPP polypep 
tide sequence taught by Shimizu-Matsumoto et al (1997, 
Invest. Ophthalmol. Vis. Sci. 38:2576-2585). Likewise, the 
alternatively spliced HKNG1-V1 cDNA sequence encodes 
the predicted immature protein form, referred to herein as 
IPF3, depicted in FIG. 2 (SEQ ID NO: 4). However, the 
HKNG1-V1 cDNA may also encoded another immature 
protein form, identical to IPF 2, that is initiated at methion 
ine 12 of the IPF3 protein sequence. FIG. 17 illustrates an 
alignment of the three immature HKNG1 protein Sequences 
IPF1 (second row), IPF2 (third row), and IPF3 (bottom row). 
As explained is Section above, the mature HKNG1 gene 
product secreted by cells expressing the HKNG1 constructs 
described in Section 11, above, is in fact the Same cleaved 
product (SEQ ID NO: 51), regardless of the immature 
HKNG1 protein (IPF1, IPF2, or IPF3) from which it is 
produced. An alignment of the mature secreted HKNG1 
protein is therefore also depicted in FIG. 17 (top row). 
0443 Modified HKNG1:flag and HKNG1-V1:flag 
expression vectors were constructed as described in Sections 
12.1 and 12.2, respectively. However, the nucleotide 
sequence of full length HKNG1 was modified, using stan 
dard Site directed mutagenesis techniques, So as to introduce 
an additional base pair between the upstream methionine 
(i.e., met 1 in SEQID NO: 2) and the downstream methion 
ine (i.e., met 30 in SEQID NO: 2). The nucleotide sequence 
of HKNG1-V1 was likewise modified, using standard site 
directed mutagenesis techniques, to introduce an additional 
base between its upstream methionine (i.e., met 1 in SEQ ID 
NO: 4) and downstream methionine (i.e., met 12 in SEQID 
NO: 4). Thus, in both modified constructs, the C-terminal 
flag epitope tag was no longer in the same reading frame as 
the upstream methionine but was in frame with the down 
Stream methionine. Consequently, exclusive translation ini 
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tiation at the first methionine of a construct would lead to the 
production of non-flag immunoreactive proteins. However, 
exclusive translation initiation at the Second methionine of a 
construct would lead to the production of flag immunore 
active proteins. 
0444) Unmodified HKNG1:flag, unmodified HKNG1 
V1:flag, modified HKNG1:flag, and modified HKNG1 
V1:flag constructs were transfected into cells, and their 
resulting gene products were harvested, blotted onto a 
PVDF membrane, and probed with an M2 anti-flag poly 
clonal antibody, and developed according to the methods 
described in Sections 12.1 and 12.2 above. 

0445 Flag immunoreactivity was detected in all four 
Samples. 
0446. The unmodified HKNG1:flag and HKNG1-V1:flag 
expression vectors produced amounts of mature Secreted 
HKNG1:flag protein consistent with the levels detected in 
Sections 12.1 and 12.2 above. Further, the flag immunore 
active band detected for the modified HKNG1:flag construct 
was indistinguishable in intensity from the band detected for 
the unmodified HKNG1:flag construct, indicating that the 
immature HKNG1 protein produced by full length HKNG1 
cDNA is predominantly IPF2, while IPF1 is produced by full 
length HKNG1 cDNA in relatively minor amounts. 
0447 The flag immunoreactive band from the modified 
HKNG1-V1:flag construct had dramatically reduced inten 
sity relative to the band from the unmodified HKNG1 
V1:flag construct. Thus, HKNG1-V1 produces primarily the 
immature HKNG1 protein IPF3, while the immature 
HKNG1 protein IPF2 is produced by HKNG1-V1 in rela 
tively minor amounts. These results are Summarized below 
in Table 6. 

TABLE 6 

Construct Immature Protein Prominance 

HKNG1 IPF1 (SEQ ID NO: 2) Minor 
IPF2 (SEQ ID NO: 64) Predominant 

HKNG1-V1 IPF2 (SEQ ID NO: 64) Minor 
IPF3 (SEQ ID NO: 4) Predominant 

0448 Thus, the HKNG1 gene products of the invention 
include gene products corresponding to the immature pro 
tein forms IPF1 and IPF3. However, preferably the HKNG1 
gene products of the invention do not include amino acid 
sequences consisting of the IPF2 sequence (SEQ ID NO: 
64). 

16. References Cited 

0449 The present invention is not to be limited in scope 
by the specific embodiments described herein, which are 
intended as Single illustrations of individual aspects of the 
invention, and functionally equivalent methods and compo 
nents are within the Scope of the invention. Indeed, various 
modifications of the invention, in addition to those shown 
and described herein will become apparent to those skilled 
in the art from the foregoing description and accompanying 
drawings. 
0450 All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publication 
or patent application was specifically and individually indi 
cated to be incorporated by reference. 
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-continued 

Glu Lys Lieu. Ile Glu Glu Asp Ala Glin Lieu. Thr Glin Met Glu Asp Wal 
200 2O5 210 

titc agc cag titg act gtg gat gtgaat tot citc titt aac agg agt titt 968 
Phe Ser Gln Leu Thr Val Asp Val Asn Ser Leu Phe Asn Arg Ser Phe 

215 220 225 

aac gtc titc aga cag atg cag caa gag titt gac cag act titt caa to a O16 
Asn Val Phe Arg Gln Met Gln Glin Glu Phe Asp Gln Thr Phe Glin Ser 

230 235 240 

cat ttc ata to a gat aca gac cta act gag cot tac titt titt coa got O64 
His Phe Ile Ser Asp Thr Asp Leu Thr Glu Pro Tyr Phe Phe Pro Ala 
245 25 O 255 260 

titc. tct aaa gag ccg atg aca aaa gCa gat citt gag caa tot togg gac 112 
Phe Ser Lys Glu Pro Met Thr Lys Ala Asp Leu Glu Glin Cys Trp Asp 

265 270 275 

att coc aac titc titc cag citg ttt tagt aat titc agt gtc. tct att tat 160 
Ile Pro Asn Phe Phe Gln Leu Phe Cys Asn Phe Ser Val Ser Ile Tyr 

280 285 29 O 

gala agt gtc agt gala aca att act aag at g citg aag gCa at a gaa gat 208 
Glu Ser Val Ser Glu Thir Ile Thr Lys Met Leu Lys Ala Ile Glu Asp 

295 3OO 305 

tta coa aaa caa gac aaa got cot gac cac gga ggc ctd att toa aag 256 
Leu Pro Lys Glin Asp Lys Ala Pro Asp His Gly Gly Lieu. Ile Ser Lys 

31 O 315 320 

atg tta cot ggg cag gac aga gga citg togt ggg gaa citt gac cag aat 3O4. 
Met Leu Pro Gly Glin Asp Arg Gly Lieu. Cys Gly Glu Lieu. Asp Glin Asn 
325 330 335 340 

ttg to a aga tot titc aaa titt cat gala aaa toc caa aaa tot cag gCt 352 
Leu Ser Arg Cys Phe Lys Phe His Glu Lys Cys Glin Lys Cys Glin Ala 

345 350 355 

cac cita tot gala gac tot cot gat gta cot got citg cac aca gaa tta 400 
His Leu Ser Glu Asp Cys Pro Asp Val Pro Ala Lieu. His Thr Glu Lieu 

360 365 370 

gac gag gC g atc agg ttg gto: aat gta toc aat cag cag tat ggc cag 4 48 
Asp Glu Ala Ile Arg Lieu Val Asn. Wal Ser Asn Glin Glin Tyr Gly Glin 

375 38O 385 

att citc cag at g acc cqg aag cac ttg gag gac acc gcc tat citg gtg 496 
Ile Leu Gln Met Thr Arg Lys His Leu Glu Asp Thr Ala Tyr Lieu Val 

39 O. 395 400 

gag aag at g aga. g.gg caa titt ggc togg gtg tot gaa citg gCa aac cag 544 
Glu Lys Met Arg Gly Glin Phe Gly Trp Val Ser Glu Lieu Ala Asn Glin 
405 410 415 420 

gcc cca gala aca gag atc atc titt aat tda ata cag gta gtt coa agg 592 
Ala Pro Glu Thr Glu Ile Ile Phe Asin Ser Ile Glin Val Val Pro Arg 

4.25 430 435 

att cat gala gga aat att toc aaa caa gat gala aca atg at g aca gac 640 
Ile His Glu Gly Asn Ile Ser Lys Glin Asp Glu Thr Met Met Thr Asp 

4 40 445 450 

tta agc att citg cct tcc tot aat titc aca citc aag atc cct citt gaa 688 
Leu Ser Ile Leu Pro Ser Ser Asn Phe Thr Leu Lys Ile Pro Leu Glu 

455 460 465 

gala agt gct gag agt tot aac titc att ggc tac gta gtg gCa aaa gCt 736 
Glu Ser Ala Glu Ser Ser Asn Phe Ile Gly Tyr Val Val Ala Lys Ala 

470 475 480 

cita cag cat titt aag gaa cat titt aaa acc togg taagaagatc taatgcatcc 789 
Leu Gln His Phe Lys Glu His Phe Lys Thr Trp 
485 490 495 

tatato cagt aagtagaatt atctottcat citggg acctg gaaatcc toga aataaaaaag 849 
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-continued 

gataatgcaa taalacacagt to caggaaag tatgttagct atatact at g aagtact citt 1909 

agtttactta tattgaatgg cittagctatt aatactcaaa ttgagttaaa atgaaaattic 1969 

citccittaaaa aatcaaacgt aatatgtatt acatttcatg gtacattagt agttctttgt 2029 

atattgaata aatactaaat caccita 2O55 

<210> SEQ ID NO 2 
&2 11s LENGTH 495 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 2 

Met Lys Ile Lys Ala Glu Lys Asn. Glu Gly Pro Ser Arg Ser Trp Trip 
1 5 10 15 

Glin Lieu. His Trp Gly Asp Ile Ala Asn. Asn. Ser Gly Asn Met Lys Pro 
2O 25 30 

Pro Leu Lieu Val Phe Ile Val Cys Lieu Lleu Trp Leu Lys Asp Ser His 
35 40 45 

Cys Ala Pro Thir Trp Lys Asp Llys Thr Ala Ile Ser Glu Asn Lieu Lys 
50 55 60 

Ser Phe Ser Glu Val Gly Glu Ile Asp Ala Asp Glu Glu Wall Lys Lys 
65 70 75 8O 

Ala Lieu. Thr Gly Ile Lys Glin Met Lys Ile Met Met Glu Arg Lys Glu 
85 90 95 

Lys Glu His Thr Asn Lieu Met Ser Thr Lieu Lys Lys Cys Arg Glu Glu 
100 105 110 

Lys Glin Glu Ala Leu Lys Lieu Lieu. Asn. Glu Val Glin Glu His Leu Glu 
115 120 125 

Glu Glu Glu Arg Lieu. Cys Arg Glu Ser Lieu Ala Asp Ser Trp Gly Glu 
130 135 1 4 0 

Cys Arg Ser Cys Lieu Glu Asn. Asn. Cys Met Arg Ile Tyr Thr Thr Cys 
145 15 O 155 160 

Gln Pro Ser Trp Ser Ser Val Lys Asn Lys Ile Glu Arg Phe Phe Arg 
1.65 170 175 

Lys Ile Tyr Glin Phe Leu Phe Pro Phe His Glu Asp Asn. Glu Lys Asp 
18O 185 190 

Leu Pro Ile Ser Glu Lys Lieu. Ile Glu Glu Asp Ala Glin Lieu. Thr Glin 
195 200 2O5 

Met Glu Asp Val Phe Ser Gln Leu Thr Val Asp Val Asn Ser Leu Phe 
210 215 220 

Asn Arg Ser Phe Asn Val Phe Arg Gln Met Gln Gln Glu Phe Asp Gln 
225 230 235 240 

Thr Phe Glin Ser His Phe Ile Ser Asp Thr Asp Leu Thr Glu Pro Tyr 
245 250 255 

Phe Phe Pro Ala Phe Ser Lys Glu Pro Met Thr Lys Ala Asp Leu Glu 
260 265 27 O 

Gln Cys Trp Asp Ile Pro Asn Phe Phe Glin Leu Phe Cys Asn Phe Ser 
275 280 285 

Val Ser Ile Tyr Glu Ser Val Ser Glu Thir Ile Thr Lys Met Leu Lys 
29 O 295 3OO 

Ala Ile Glu Asp Leu Pro Lys Glin Asp Lys Ala Pro Asp His Gly Gly 
305 310 315 320 




















































































































































