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geceagtgeee
gaggtgtety
gaggeacceca
acgtccagceyg
cagaagcagy
gatggtggcet
gegetggaca
gcgeaggaag
gggccecgaga
gactctgect
aagtgcggey
tctgageagyg

Dec. 10,2009 Sheet 25 of 42

atgcccggat
agagaccctyg
agtttcccag
gtgcggagyc
ceacagacgt
ggaaggtolt
agctgecaggce
acagggceect
cctacctget
gcegggtgge
tggeetgtgy
ggaactgect
geaagtacag
tcgegeecaga
gegyggaatgh
cctatcccca
agctgececaa
tctgetgget
acctgtgtge
tgcggeecgy
gegtgztgga
gettecacge

tgagtacaa
goegeacege
cggtgctcag
ccgeaceeyge
ccgeggaccea
tgetgggcca
gaagcttgge
tgagtctggc
ccttcttcyga
cgctgactygy
actggegetc
acccegtetco
ceteecceeyga
aggagceeagy
ctcoctgecet
aggcagagcece
cttceogtecce
ccgacgccec
ccateaaget
gcagtgagga
acggerctgea
tyggyggaceee
atgaggtctt
gtggctatga
ggtgtgagee
cacggctete
acttctcaga
gggaccgage
tctgtcteag

ggatcctgcea
gctcctgatyg
aaaaggccaa
cacactgggt
gggeceggeac
cetggyggay
tagtgccage
gaageacaye
gytygatggay
ggagtccatyg
cgtcectgeac
gctcacgget
agaggactac
gctggtggac
glggtacetyg
geactcggac
gececeagety
gcagecegay
caagggegec
cgggggcgge
gctecgeeget
ggacggcgac
gtgggaggey
acgeetgeay
cgogoacayge
CgoCcggccac
ggacgacgac
cgggccacce
grgggaceceg
ggagggagga
ggacccactg
cgaggatgag
caacgtgtca
tgegoggctge
geeggggtac
ctgcteceqe
ggttacaccee
caageitgee
ctceceecatee
tgatgcecty
ggcttctgeo
tgaggacacyg
ggccaggagyg
cgacteecty
cagcccgtbeg
caccgagaac
ccaggccttt
cacctcectce
cctegagget
cocecgggeca
gcetggggtt

Figure 14A

gcteegtgyce
gtggcoccaa
gcgggcagcec
ccctgaacce
agecctectgt
gtgaactcetyg
gtgcaggagce
aacetgetce
ttctgeceac
geotecoogace
cttcatcgea
gacctgacgyg
ttcgtgactyg
gaggtgcata
ggcghtgacca
cagecaggtge
cagetgacce
cagcggecca
accgaagcag
gtaggugceey
geetegtect
gacgtgetga
ggecgeggeq
gagetgtgey
cocgtegetgy
gacecctgact
tctgacggea
gtcgacgtcc
ctctgeecect
gcggaggatg
ggcacgtcce
ctagaggagg
gccaacaaca
cacgctgagyg
cctggagage
ggecteecte
tectggacay
acggagygctg
caggaggygayg
cctgactete
ctgaatgygca
gctgaggcecceca
cecggatgtgg
gactecelyg
gccactggeo
tatgagtcce
gcggagctgy
agtggcctcea
gaggccgagy
gagotgggcee
Loegygggagy
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ttttetggga
ggttgccage
cctecagggyg
cctgettggt
acctgaagga
gcatcagcag
agatgcagtt
agtgecctgge
tgggggacet
cceggaccct
acaatttegt
tgaagattgy
ccgaccaget
gcaacctgct
tctaggaget
tggegtacac
tgtcggaccy
cagcogagga
aggaggagtt
ggcceggtge
tcccgetyget
cggtgaccga
cggaggeett
coeecgacygyg
geagegagta
gegeeggetyg
gcaccgeoge
cctggggecg
cacgetctee
cagactgggyg
ctttggggag
tgggagcgcy
acagcggcay
gectgececcag
ctetygcttgy
atctatgcte
agacageeayg
agggcactac
cceeacttee
ccacgectge
gcagcagete
cctcaggeat
tgececagecett
acatceccglte
cctctggagg
ctgagtttgt
cctcagaggy
acgagaagaa
ccacctcagg
tgeegageac
cacaaggete



Patent Application Publication

306l
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101

tggcecegygy
cacctgeeee

gectggygecee
agaaggcaac
aaagcggatyg
cecctgeggcece
gtctgacgag
ggcgocggey
gctcaagatyg
ggcegtgtec
ggageteggy
cceeggetet
cacageggaa
ggcagccttco
geccegcteece
gcacgtgtct
gagtaaagag
cetgceagge
tggcagecaga
aggccctgga
aggcecttgctyg
acactcaaaa
tggectegga
taaaccagga
ctgtgceceee
cgtgtcggte
actcagctag
ccgetgtgge
tcectgoccay
tetgtgygge
cgcagtcagt
ctgggggcayg
aatggaagtt
tcgecaggggyg
tgttcettygt

gaggtgctgce
tecgggoctgyg
agccecaget
agcbctgagt
ggggygcceayg
titggagggcc
gagctcecget
gtgceogtyy
cccagectge
ttcttcgacy
gageacttce
ceccagegece
gagggtyggty
gccatggece

ttctegeget

gactcggacy
gcttgagacce
ageagegagyg
ttcaggtgee
tggtagatceyg
ctageccectg
ggggecagtg
ggaccegeat
cgaggcatgg
acccttgect
ctgtttccge
acccgtaagoe
cacggtgggc
tgggccecegt
agtatctggt
gttggggggc
ggcagcacayg
gggtgatttt
atttgttityg
tttttaagag
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ccccactgcet
tcecagagee
gctccecagit
tcecaggggee
gcacccceag
ggccggagga
gctacagegt
tggtggctga
tgtcecgagac
acgtcacegt
cgggegacaa
ccaacceyggec
ggttegegty
tagacccgygce
tcacggtgtc
ccgagtccaa
tgggcagetc
atggtgaccg
tctgecceac
geecatgeteo
ggggcgeety
ceectgggea
gcoecatecyg
ceocgagaca
ggttectggt
tgcececttate
ccacccttee
agcccaaaaqg
tctagaggty
cectgtgeccee
tectgectac
ggaatatttt
aagttattgt
tgttttgttt
aaatgaagcet

gcagcttgaa
tcecggageod
tttcotgety
ccecaggacty
agccceacte
ggaggaggay
ccaggagect
gagccagagce
cttctgcgayg
ctacctcottt
ggaatcgece
geagcaggcet
ggacgacgac
cgeaccecges
gcccgegceec
gagaggacct
clgcccctca
agaaggtggyg
geggtgtect
gecccagaygg
gagcecacagt
cggeggeceo
geagctoctc
ctggeaggtt
ggctecaggge
tcaaagtcecg
cacagggaac
atcaggggtg
cecttggeag
agctgeccaaa
agggagagdg
tgtaactaac
tgccaaagag
gaggcttaga
aagaaaaaaq

gggtccteec
caaggeccag
acceeggtte
ttgtcagygge
cgecctggete
gacagtygayg
agcgaggaca
gcgecgcaace
gacctggaac
gaccaggaaa
cctacgttec
gatggctcoee
ttecegetyga
ceggetgege
acgtcccget
gaagctggtyg
aggctggegt
gaccacgtcc
ggagaagece
cagaattcgt
gggtgtetgt
caccctetge
cggtgtgetc
tgtgagcectc
aaggagtggc
tggctgtttce
aggctgctco
gaggggcttc
gaccgtgeag
ggagagtygyg
atggtgggga
taactgetygt
atgtaaagtt
acgetggtge

(SEQ ID NO:

Figure 14A (continued)
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cagagcocay
ccaaggtgeyg
cgetgagate
cggeeecaca
tgeececggect
acagcgacga
gcgaagagga
tgegecageet
gcaagaagaa
goeceacecy
thagggggag
caaatggeto
tgacggecaa
ccacgoeeac
tctcececatcac
cegagggtga
caccggagcec
tggtggetgt
gtygggatgag
ctgggetttt
acacacatac
cctgectgeo
acaggacact
ttceccaccee
cotgggegee
ceccttecactg
caccltgggtc
caggctgtac
gcagetecee
ggccatgecce
aggggtggay
ggttggagey
tattgttget
aatgttttcet

14 and 15)
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MQFLEEVQPYRALKHSNLLQCLAQCAEVTPYLLVMEFCPLGDLKGYLRSCRVAESMAP
DPRTLQRMACEVACGVLHLHRNNFVHSDLALRNCLLTADLTVKIGDYGLAHCKYRED
YFVTADQLWVPLRWIAPELVDEVHSNLLVVDQTKSGNVWSLGVTIWELFELGTQPYPQ
HSDQQVLAYTVREQQLKLPKPQLQLTLSDRWYEVMQFCWLQPEQRPTAEEVHLLLS YL
CAKGATEAEEEFERRWRSLRPGGGGVGPGPGAAGPMLGGVVELAAASSFPLLEQFAGD
GFHADGDDVLTVTETSRGLNFEYKWEAGRGAEAFPATLSPGRTARLQELCAPDGAPPG
VVPVLSAHSPSLGSEYFIRLEEAAPAAGHDPDCAGCAPSPPATADQDDDSDGSTAASLA
MEPLLGHGPPVDVPWGRGDHYPRRSLARDPLCPSRSPSPSAGPLSLAEGGAEDADWGV
AAFCPAFFEDPLGTSPLGSSGAPPLPLTGEDELEEVGARRAAQRGHWRSNVSANNNSGS
RCPESWDPVSAGCHAEGCPSPKQTPRASPEPGYPGEPLLGLQAASAQEPGCCPGLPHLCS
AQGLAPAPCLVTPSWTETASSGGDHPQAEPKLATEAEGTTGPRLPLPS VPSPSQEGAPLP
SEEASAPDAPDALPDSPTPATGGEVSAIKLASALNGSSSSPEVEAPSSEDEDTAEATSGIFT
DTSSDGLQARRPDVVPAFRSLQKQVGTPDSLDSLDIPSSASDGGYEVESPSATGPSGGQP
RALDSGYDTENYESPEFVLKEAQEGCEPQAFAELASEGEGPGPETRLSTSLSGLNEKNPY
RDSAYFSDLEAEAEATSGPEKKCGGDRAPGPELGLPSTGQPSEQVCLRPGVSGEAQGSG
PGEVLPPLLQLEGSSPEPSTCPSGLVPEPPEPQGPAKVRPGPSPSCSQFFLLTPVPLRSEGN
SSEFQGPPGLLSGPAPQKRMGGPGTPRAPLRLALPGLPAALEGRPEEEEEDSEDSDESDE
ELRCYSVQEPSEDSEEEAPAVPVVVAESQSARNLRSLLKMPSLLSETFCEDLERKKKAVS
FFDDVTVYLFDQESPTRELGEPFPGAKESPPTFLRGSPGSPSAPNRPQQADGSPNGSTAEE
GGGFAWDDDFPLMTAKAAFAMALDPAAPAPAAPTPTPAPRSRETVSPAPTSRESITHVS
DSDAESKRGPEAGAGGESKEA (SEQ ID NO:16)

Figure 14B
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GCTCCCTGCCTGGTTACACCCTCCTGGACAGAGACAGCCGGTAGTGGGGGTGACCACCCGCAGGCAGAGCC
CAAGCTTGCCACGGAGGCTCAGGGCACTGCCGGACCCTGTCTGCCCCTTCCTTCCGTCCCCTCCCCATCCT
AGGAGGGAGCCCCACTTCCCTCGGAGGAGGCCAGTGCCCCIGACGCCCCTGATGCCCTGCCTIGACTCTCCT
ATGCCTGCTACTGGTGGCGAGGTGTCTGCCATCAAGCTGGCTTCTGTCCTGAATGGCAGCAGCAGCTCTCT
CGAGGTGGAGGCACCCAGCAGCGAGGATGAGCACACGGCTGAGGCCACCTCAGGCATCTTCACCGACACGT
CCAGCGACGGCCTGCAGGCCCAGAGGCTGCATGTGCTEGCCAGCCTTCCCGCTCTCTGCAGAAGCAGETGGGE
ACCCCCGACTCCCTGGACTCCCTGGACATCCCATCCTCAGCCAGTGATGGTGGCTATGAGGTCTTCAGCCT
GTCGGCCACTGGCCCCTCTGGAGGGCAGCCCCGAGCGCTGGACAGTGGCTATGACACCGAGRACTATGAGT
CCCCTGAGTTTGTGCTCAAGGAGGCGCAGGAAGGETGTGAGCCCCAGGCCTTTGAGGAGCTGGCCTCAGAR
GGTGAGGGCCCCGGCCCCGEGCCCEAGACGCGECTCTCCACCTCCCTCAGTGGCCTCAACGAGAAGAATCC
CTACCGAGACTCTIGCCTACTTCTCAGACCTIGGAGGCTGAGGCCGAGGCCGAGGCCACCTCAGGCCCAGAGA
AGAAGTGCGGCEGGCACCAAGCCCCCEGGCCAGAGCTGGACCTGCCGAGCACTGGGCAGCCGTCTGAGCAG
GTCTCCCTCAGGCCTGGGETTTCCGGGGAGGCACAAGGCTCTGGCCCCGGGGAGGTGCTGCCCCCACTGET
GCGGCTIGAAGGATCCTCCCCAGAGCCCAGCACCTGCCCCECGGGCCTGGTCCCAGAGCCTCCGGAGTCTT
AAGGCCCAGCCGAGGTGCGGCCTEGGCCCAGCCCCAGCTGCTCCCAGTTTTTCCTGCTGACCCCGGTTICCE
CTGAGATCAGRAGGCARCAGCTCTGAGTTCCAGGGECCCCCAGGACTGTTGTCAGGGCCGGCCCCACARAA
GCGGATGGGGGGCCTAGGCACCCCUAGAGCCCCACTCCGCOTGGCTCTIGCCCGGCCTCCCTGCGGCCTTGE
AGGGCCGGLCCGGAGGAGGAGGAGGAGGACAGTCAGGACAGCGGCGAGTICTGACGAGGAGCTCCGCTGCTAC
AGCGTCCAGGAGCCTAGCGAGGACAGCGAAGAGGAGGCGCCGGLGGETIGCCCGTGETGGTGGCTGAGAGCCA
GAGCGCGCGCAACCTGCGCAGCCTGCTCAAGATGCCCAGCCTGCTGTCCGAGGCCTTCTGCGAGGACCTGE
ARCGCAAGARGAAGGCCGTGTCCTTCTTCCACGACCTCACCGTCTACCTCTTTGACCAGGAAAGCCCCACT
TGGGAGCTCGGEGAGCCCTTCCCOGGCGCCAAGGAATCGCCCCCCALGTICCITAGGGGGAGCCCCGGCTC
TCCCAGCGCCCCCAACCGGCCGCAGCAGGCTGATGGUTICCCCARRTGGCICCACAGCGGRAAGAGGGTGGTG
GGTTCGCGTGGGACGACGACTTCCCGCTGATGCCGGCCAAGGCAGCCTTCGLCATGGCCCTAGACCCGGLT
GCACCCGCCCCGGLTGCGCCCACGCCCH * ¥+ x *GCTCCCTTCTCGCGCTTICACGGETGTCGCCCGCGCTUCAT
GTCCACGTCCCGCTTCTCCATCACGCACGTGTCT (SEQ ID NO:17)

Figure 15A

GCTCCCTGCCTGGTTACACCCTCCTGGACAGAGACAGACGGTAGTGGGGETGACCACCCGCAGGCAGAGCT
CRAGCTTGCCACGGAGGCTGAGGGCACTGCCGGACCCCGCCTGCCCCTTCCTTCCGTCCCCTCCCCATCCC
AGGAGGGAGCCCCACTTCCCTCGGAGGAGGCCAGTGCCCCCGACGCCCCTGATGCCCTGCCTGACTCECCT
ACGCCTGCTACTGGTGGCGAGGTGTCTGCCACCAAGCTGGCTTCCGCCCTGAATGGCAGCAGCAGCTCTCC
CGAGGTGGAGGCACCCAGCAGTGAGGATGAGGACACGGCTGAGGCAACCTCAGGCATCTTCACCGRACACGET
CCAGCGACGGCCTGCAGGCCGAGAGGCAGGATGTGGTGCCAGCCTTCCACTCTCTGCAGAAGCAGGTGGGE
ACCCCCGACTCCCTGGACTCCCTGGACATCCCGTCCTCAGCCAGTGATGGTGGCTATGAGGTCTTCAGCCC
GTCGGCCACCGGCCCCTCTGGAGGGCAGCCCCGAGCGCTGGACAGTGGCTATCACACCGAGRACTATGAGT
CCCCTGAGTTTGTGCTCAAGGAGGCGCAGGAAGGGTGTGAGCCCCAGGCCTTTGCGGAGCTGGCCTCAGAG
GGCGAGGGC*** ***CCCGGGCCCGAGACGCGGCTCTCCACCTCCCTCAGTGGCCTCAACGAGARGAATCC
CTACCGAGATTCTGCCTACTTCTCAGACCTGGAGECT* *** * *GAGGCCGAGGCTACCTCAGGCCCAGAGA
AGAAGTGCGGTGGCEGACCARGCCCCCGGECCAGAGCTGGGCCTGUCEAGCACTGGGCAGCCGTCTGAGCAG
GICTCCCTCAGICCTGGGGTTTCCGTGGAGGCACAAGGCTCTGGCCCCGGGGAGGTGCTGCCCCCACTGCT
GCGGCTTGAAGGGTCCTCCCCAGAGCCCAGCACCTGCLCCCTICGGGCCTGETCCCAGAGCCTCCGGAGCCCC
AAGGCCCAGCCGAGGTGCGGCCTGGGECCCAGCCCCAGCTGCTCCCAGTTTTTCCTGCTGACCCCGETTCCG
CTGAGATCAGAAGGCAACAGCTCTGAGTTCCAGGGGCCCCCAGGACTGTTGTCAGGGCCGGCCCCACAAAA
GCGGATGGGGGGECCCAGGCACCCCCAGAGCCCCACACCGCCTGGCTCTGCCCGGCCICCCTGCGGCCTTGG
AGGGCCGGCCGGAGGAGGAGGAGGAGGATAGTGAGCACAGCGACGAGTCTGACGAGGAGCTCCGCTGCTAC
AGCGTCCAGGAGCCTAGCGAGGACAGCGAAGAGGAGGCGCCGGECGETGCCCETGGTGETGGCTGAGAGCCA
GAGCGCGCGCAACCTGCGCAGCCTIGCTCAAGATGCCCAGCCTGCTGICCGAGGCCTTCTGCGAGGACCTGE
AACGCAAGAAGAAGGCCGTGTCCITCTTCGACGACGTCACCGTCTACCTICTTTGACCAGGARAGCCCCACT
CGGGAGCTCGEGGGAGCCCTTCCCGGECGCCAAGGAATCGCCCCCCACGTTCCTTAGGGGEGAGLCCCCGGLCTC
TTCCAGCGCCCCCAACCGGCCGCAGCAGGLTGATGGCTCCCCARRTGGCTCCACAGCGGAAGAGGGTGETG
GGTTCGCGTGGGACGACGACTTCCCGCTGATGCCGGCCAAGGCAGCCTTCGCCATGGCCCTAGACCCGECC
GCACCCGCCCCGECTGCGCCCACGCCC* * *# ¥ ¥ ¥ GUTCCCTTCTCGCGCTTCACGGTETCGCCCGCGCCCAL
GTCC: 131 :CGCTICTCCATCACGCACSTGTICT (SEQ ID NO:18)

Figure 15B
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FIGURE 17. Chimp ICAM-1 sequence. SEQ ID NO:85

CAGACATCTGTGTCCCCCCCAAAAGTCATCCTGCCCCGGGGAGGCTCCGTGCAGGTGACATGCAGCACCTCCTGTG
ACCAGCCCGACTTGTTGGGCATAGAGACCCCGTTGCCTAAAAAGGAGTTGCTTCTGGGTGGGAACAACTGGAAGG
TGTATGAACTGAGCAATGTGCAAGAAGATAGCCAACCAATGTGCTATTCAAACTGCCCTGATGGGCAGTCAACAG
CTAAAACCTTCCTCACCGTGTACTGGACTCCAGAACGGGTGGAACTGGCACCCCTCCCCTCTTGGCAGCCAGTGGG
CAAGGACCTTACCCTACGCTGCCAGGTGGAGGGTGGGGCACCCCGGGCCAACCTCACCGTGGTGCTGCTCCGTGG
GGAGAAGGAGCTGAAACGGGAGCCAGCTGTGGGGGAGCCCGCTGAGGTCACGACCACGGTGCTGGTGGAGAG
AGATCACCATGGAGCCAATTTCTCGTGCCGCACTGAACTGGACCTGCGGCCCCAAGGGCTGCAGCTGTTTGAGAA
CACCTCGGCCCCCCACCAGCTCCAAACCTTTGTCCTGCCAGCGACTCCCCCACAACTTGTCAGCCCCCGGGTCCTAG
AGGTGGACACGCAGGGGACCGTGGTCTGTTCCCTGEGATGGGCTGTTCCCAGTCTTGGAGGCCCAGGTCCACCTGG
CACTGGGGGACCAGAGGTTGAACCCCACAGTCACCTATGGCAATGACTCCTTCTCGGCCAAGGCCTCAGTCAGTG
TGACCGCAGAGGACGAGGGCACCCAGCGGCTGACGTGTGCAGTAATACTGGGGAACCAGAGCCGGGAGACACT
GCAGACAGTGACCATCTACAGCTTTCCGGCGCCCAACGTGATTCTGACGAAGCCAGAGGTCTCAGAAGGGACCGA
GGTGACAGTGAAGTGTGAGGCCCACCCTAGAGCCAAGGTGACGLTGAATGGGGTTCCAGCCCAGCCAGTGGGCC
CGAGGGTCCAGCTCCTGCTGAAGGCCACCCCAGAGGACAACGGGCGCAGCTTCTCCTGCTCTGCAACCCTGGAGG
TGGCCGGCCAGCTTATACACAAGAACCAGACCCGGGAGCTTCGTGTCCTGTATGGCCCCCGACTGGACGAGAGGG
ATTGTCCGGGAAACTGGACGTGGCCAGAAAATTCCCAGCAGACTCCAATGTGCCAGGCTTCGGGGAACCCATTGC
CCGAGCTCAAGTGTCTAAAGGATGGCACTTTCCCACTGCCCGTCGGGGAATCAGTGACTGTCACTCGAGATCTTGA
GGGCACCTACCTCTGTCGGGCCAGGAGCACTCAAGGGGAGGTCACCCGCAAGGTGACCGTGAATGTGCTCTCCCC
CCGGTATGAGATTGTCATCATCACTGTGGTAGCAGCCGCAGTCATAATGGGCACTGCAGGCCTCAGCACGTACCTC
TATAACCGCCAGCGGAAGATCAGGAAATACAGACTACAACAGGCTCAAAAAGGGACCCCCATGAAACCGAACAC
ACAAGCCACGCCTCCCTGAACCTATCCCGGGACAGGGLUCTCTTCCTCGGCCTTCCCATATTGGTGGCAGTGGTGCC
ACACTGAACAGAATGGAAGACATATGCCATGCAGCTACACCTACCGGCCCTGGGACACCGGAGGACAGGGCATT
GTCCTCAGTCAGATACAACAGCATTTGGGGCCATGGTACCTGCACACCTAAAACACTAGGCCACGCATCTGATCTG
TAGTCAC
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chICAM-1

GAPDH

FIGURE 18. RT PCR
expression of chiCAM-1 and
empty plasmid,
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Fig 19. p24 Concentration Indicative of HIV production level
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THP1 Chimp/Mock + ACH2 hTNF « (24 hrs)
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Fig. 20 TNF a levels in co-cultured cells
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THP1 Chimp/Mock + ACH2 (72 hrs)
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Fig. 21A - HIV production after 72 hours
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THP1 Chimp/Mock + ACH2 hTNF a (72 hrs)
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Fig. 21B - TNF ¢ production after 72 hours
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. Fig. 22 HIV production at 24 {left) and 72 (right) hours in co-cultures of U937-1 and ACH2 cells
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U937 CS versus S 24h with LPS
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Fig. 23A - Production of HIV at different LPS concentrations
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72 hour incubation
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Fig. 23B - Production of TNF ¢ (right) at different LPS concentrations
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METHODS TO IDENTIFY
POLYNUCLEOTIDE AND POLYPEPTIDE
SEQUENCES WHICH MAY BE ASSOCIATED
WITH PHYSIOLOGICAL AND MEDICAL
CONDITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 61/042,603 filed Apr. 4, 2008 and is a
continuation in part of U.S. application Ser. No. 11/781,818,
filed Jul. 23, 2007; which is a continuation-in-part of U.S.
patent application Ser. No. 10/883,576, filed Jun. 30, 2004,
now U.S. Pat. No. 7,247,427, U.S. application Ser. No.
10/883,576 claims priority to U.S. Provisional Patent Appli-
cation No. 60/545,604 filed Feb. 17, 2004 and further claims
priority to U.S. Provisional Patent Application No. 60/484,
030 filed Jun. 30, 2003; U.S. application Ser. No. 10/883,576
is a continuation-in-part of U.S. application Ser. No. 10/098,
600 filed Mar. 14, 2002, now U.S. Pat. No. 6,866,996; U.S.
application Ser. No. 10/098,600 is a continuation-in-part of
U.S. patent application Ser. No. 09/942,252 filed Aug. 28,
2001 (abandoned); U.S. application Ser. No. 09/942,252 is a
continuation-in-part of U.S. patent application Ser. No.
09/591,435 filed Jun. 9, 2000, now U.S. Pat. No. 6,280,953,
U.S. patent application Ser. No. 09/591,435 is a continuation-
in-part of U.S. patent application Ser. No. 09/240,915 filed
Jan. 29, 1999, now U.S. Pat. No. 6,228,586, which claims
priority to U.S. Provisional Patent Application No. 60/098,
987 filed Sep. 2, 1998, and further claims priority to U.S.
Provisional Patent Application No. 60/073,263 filed Jan. 30,
1998, each of which is incorporated herein in its entirety.

TECHNICAL FIELD

[0002] This invention relates to using molecular and evo-
lutionary techniques to identify polynucleotide and polypep-
tide sequences corresponding to evolved traits that may be
relevant to human diseases or conditions, such as unique or
enhanced human brain functions, longer human life spans,
susceptibility or resistance to development of infectious dis-
ease (such as AIDS and hepatitis C), susceptibility or resis-
tance to development of cancer, and aesthetic traits, such as
hair growth, susceptibility or resistance to acne, or enhanced
muscle mass.

BACKGROUND OF THE INVENTION

[0003] Humans differ from their closest evolutionary rela-
tives, the non-human primates such as chimpanzees, in cer-
tain physiological and functional traits that relate to areas
important to human health and well-being. For example, (1)
humans have unique or enhanced brain function (e.g., cogni-
tive skills, etc.) compared to chimpanzees; (2) humans have a
longer life-span than non-human primates; (3) chimpanzees
are resistant to certain infectious diseases that afflict humans,
such as AIDS and hepatitis C; (4) chimpanzees appear to have
a lower incidence of certain cancers than humans; (5) chim-
panzees do not suffer from acne or alopecia (baldness); (6)
chimpanzees have a higher percentage of muscle to fat; (7)
chimpanzees are more resistant to malaria; (8) chimpanzees
are less susceptible to Alzheimer=s disease; and (9) chimpan-
zees have a lower incidence of atherosclerosis. At the present
time, the genes underlying the above human/chimpanzee dif-
ferences are not known, nor, more importantly, are the spe-
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cific changes that have evolved in these genes to provide these
capabilities. Understanding the basis of these differences
between humans and our close evolutionary relatives will
provide useful information for developing effective treat-
ments for related human conditions and diseases.

[0004] Classic evolution analysis, which compares mainly
the anatomic features of animals, has revealed dramatic mor-
phological and functional differences between human and
non-human primates; yet, the human genome is known to
share remarkable sequence similarities with that of other
primates. For example, it is generally concluded that human
DNA sequence is roughly 98.5% identical to chimpanzee
DNA and only slightly less similar to gorilla DNA. McCon-
key and Goodman (1997) 71G 13:350-351. Given the rela-
tively small percentage of genomic difference between
humans and closely related primates, it is possible, if not
likely, that a relatively small number of changes in genomic
sequences may be responsible for traits of interest to human
health and well-being, such as those listed above. Thus, it is
desirable and feasible to identify the genes underlying these
traits and to glean information from the evolved changes in
the proteins they encode to develop treatments that could
benefit human health and well-being. Identifying and charac-
terizing these sequence changes is crucial in order to benefit
from evolutionary solutions that have eliminated or mini-
mized diseases or that provide unique or enhanced functions.

[0005] Recent developments in the human genome project
have provided a tremendous amount of information on human
gene sequences. Furthermore, the structures and activities of
many human genes and their protein products have been
studied either directly in human cells in culture or in several
animal model systems, such as the nematode, fruit fly,
zebrafish and mouse. These model systems have great advan-
tages in being relatively simple, easy to manipulate, and hav-
ing short generation times. Because the basic structures and
biological activities of many important genes have been con-
served throughout evolution, homologous genes can be iden-
tified in many species by comparing macromolecule
sequences. Information obtained from lower species on
important gene products and functional domains can be used
to help identify the homologous genes or functional domains
in humans. For example, the homeo domain with DNA bind-
ing activity first discovered in the fruit fly Drosophila was
used to identify human homologues that possess similar
activities.

[0006] Although comparison of homologous genes or pro-
teins between human and a lower model organism may pro-
vide useful information with respect to evolutionarily con-
served molecular sequences and functional features, this
approach is of limited use in identifying genes whose
sequences have changed due to natural selection. With the
advent of the development of sophisticated algorithms and
analytical methods, much more information can be teased out
of DNA sequence changes. The most powerful of these meth-
ods, “K, /K’ involves pairwise comparisons between
aligned protein-coding nucleotide sequences of the ratios of

nonsynonymous nucleotide substitutions

per nonsynonymous site (K4)

synonymous substitutions per synonymous site (Kg)
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(where nonsynonymous means substitutions that change the
encoded amino acid and synonymous means substitutions
that do not change the encoded amino acid). “K /K type
methods” includes this and similar methods. These methods
have been used to demonstrate the occurrence of Darwinian
molecular-level positive selection, resulting in amino acid
differences in homologous proteins. Several groups have
used such methods to document that a particular protein has
evolved more rapidly than the neutral substitution rate, and
thus supports the existence of Darwinian molecular-level
positive selection. For example, McDonald and Kreitman
(1991) Nature 351:652-654 propose a statistical test of neu-
tral protein evolution hypothesis based on comparison of the
number of amino acid replacement substitutions to synony-
mous substitutions in the coding region of a locus. When they
apply this test to the Adh locus of three Drosophila species,
they conclude that it shows instead that the locus has under-
gone adaptive fixation of selectively advantageous mutations
and that selective fixation of adaptive mutations may be a
viable alternative to the clocklike accumulation of neutral
mutations as an explanation for most protein evolution. Jen-
kins et al. (1995) Proc. R. Soc. Lond. B 261:203-207 use the
McDonald & Kreitman test to investigate whether adaptive
evolution is occurring in sequences controlling transcription
(non-coding sequences).

[0007] Nakashima et al. (1995) Proc. Natl. Acad. Sci. USA
92:5606-5609, use the method of Miyata and Yasunaga to
perform pairwise comparisons of the nucleotide sequences of
ten PLLA2 isozyme genes from two snake species; this method
involves comparing the number of nucleotide substitutions
per site for the noncoding regions including introns (K,,) and
the K, and K. They conclude that the protein coding regions
have been evolving at much higher rates than the noncoding
regions including introns. The highly accelerated substitution
rate is responsible for Darwinian molecular-level evolution of
PLA2 isozyme genes to produce new physiological activities
that must have provided strong selective advantage for catch-
ing prey or for defense against predators. Endo et al. (1996)
Mol. Biol. Evol. 13(5):685-690 use the method of Nei and
Gojobori, wherein d, is the number of nonsynonymous sub-
stitutions and ds is the number of synonymous substitutions,
for the purpose of identifying candidate genes on which posi-
tive selection operates. Metz and Palumbi (1996) Mol. Biol.
Evol. 13(2):397-406 use the McDonald & Kreitman test as
well as a method attributed to Nei and Gojobori, Nei and Jin,
and Kumar, Tamura, and Nei; examining the average propor-
tions of P,, the replacement substitutions per replacement
site, and P, the silent substitutions per silent site, to look for
evidence of positive selection on bindin genes in sea urchins
to investigate whether they have rapidly evolved as a prelude
to species formation. Goodwin et al. (1996) Mol. Biol. Evol.
13(2):346-358 uses similar methods to examine the evolution
of a particular murine gene family and conclude that the
methods provide important fundamental insights into how
selection drives genetic divergence in an experimentally
manipulatable system. Edwards et al. (1995) use degenerate
primers to pull out MHC loci from various species of birds
and an alligator species, which are then analyzed by the Nei
and Gojobori methods (d:d ratios) to extend MHC studies
to nonmammalian vertebrates. Whitfield et al. (1993) Nature
364:713-715 use Ka/Ks analysis to look for directional selec-
tion in the regions flanking a conserved region in the SRY
gene (that determines male sex). They suggest that the rapid
evolution of SRY could be a significant cause of reproductive
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isolation, leading to new species. Wettsetin et al. (1996) Mol.
Biol. Evol. 13(1):56-66 apply the MEGA program of Kumar,
Tamura and Nei and phylogenetic analysis to investigate the
diversification of MHC class I genes in squirrels and related
rodents. Parham and Ohta (1996) Science 272:67-74 state that
apopulation biology approach, including tests for selection as
well as for gene conversion and neutral drift are required to
analyze the generation and maintenance of human MHC class
1 polymorphism. Hughes (1997) Mol. Biol. Evol. 14(1): 1-5
compared over one hundred orthologous immunoglobulin C2
domains between human and rodent, using the method of Nei
and Gojobori (d,:dratios) to test the hypothesis that proteins
expressed in cells of the vertebrate immune system evolve
unusually rapidly. Swanson and Vacquier (1998) Science 281:
710-712 use d,:d, ratios to demonstrate concerted evolution
between the lysin and the egg receptor for lysin and discuss
the role of such concerted evolution in forming new species
(speciation).

[0008] Due to the distant evolutionary relationships
between humans and these lower animals, the adaptively
valuable genetic changes fixed by natural selection are often
masked by the accumulation of neutral, random mutations
over time. Moreover, some proteins evolve in an episodic
manner; such episodic changes could be masked, leading to
inconclusive results, if the two genomes compared are not
close enough. Messier and Stewart (1997) Nature 385:151-
154. In fact, studies have shown that the occurrence of adap-
tive selection in protein evolution is often underestimated
when predominantly distantly related sequences are com-
pared. Endo et al. (1996) Mol. Biol. Evol. 37:441-456;
Messier and Stewart (1997) Nature 385:151-154.

[0009] Molecular evolution studies within the primate fam-
ily have been reported, but these mainly focus on the com-
parison of a small number of known individual genes and
gene products to assess the rates and patterns of molecular
changes and to explore the evolutionary mechanisms respon-
sible for such changes. See generally, Li, Molecular Evolu-
tion, Sinauer Associates, Sunderland, Mass., 1997. Further-
more, sequence comparison data are used for phylogenetic
analysis, wherein the evolution history of primates is recon-
structed based on the relative extent of sequence similarities
among examined molecules from different primates. For
example, the DNA and amino acid sequence data for the
enzyme lysozyme from different primates were used to study
protein evolution in primates and the occurrence of adaptive
selection within specific lineages. Malcolm et al. (1990)
Nature 345:86-89; Messier and Stewart (1997). Other genes
that have been subjected to molecular evolution studies in
primates include hemoglobin, cytochrome ¢ oxidase, and
major histocompatibility complex (MHC). Nei and Hughes
in: Evolution at the Molecular Level, Sinauer Associates,
Sunderland, Mass. 222-247, 1991; Lienert and Parham
(1996) Immunol. Cell Biol. 74:349-356; Wu et al. (1997) J.
Mol. Evol. 44:477-491. Many non-coding sequences have
also been used in molecular phylogenetic analysis of pri-
mates. Li, Molecular Evolution, Sinauer Associates, Sunder-
land, Mass. 1997. For example, the genetic distances among
primate lineages were estimated from orthologous non-cod-
ing nucleotide sequences of beta-type globin loci and their
flanking regions, and the evolution tree constructed for the
nucleotide sequence orthologues depicted a branching pat-
tern that is largely congruent with the picture from phyloge-
netic analyses of morphological characters. Goodman et al.
(1990) J. Mol. Evol. 30:260-266.
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[0010] Zhou and Li (1996) Mol. Biol. Evol. 13(6):780-783
applied K /K analysis to primate genes. It had previously
been reported that gene conversion events likely have
occurred in introns 2 and 4 between the red and green retinal
pigment genes during human evolution. However, intron 4
sequences of the red and green retinal pigment genes from
one European human were completely identical, suggesting a
recent gene conversion event. In order to determine ifthe gene
conversion event occurred in that individual, or a common
ancestor of Europeans, or an even earlier hominid ancestor,
the authors sequenced intron 4 of the red and green pigment
gene from a male Asian human, a male chimpanzee, and a
male baboon, and applied K /K ; analysis. They observed that
the divergence between the two genes is significantly lower in
intron 4 than in surrounding exons, suggesting that strong
natural selection has acted against sequence homogenization.

[0011] Wolinsky et al. (1996) Science 272:537-542 used
comparisons of nonsynonymous to synonymous base substi-
tutions to demonstrate that the HIV virus itself (i.e., not the
host species) is subject to adaptive evolution within indi-
vidual human patients. Their goal was simply to document
the occurrence of positive selection in a short time frame (that
of a human patient=s course of disease). Niewiesk and Bang-
ham (1996) J Mol Evol 42:452-458 used the D, /D, approach
to ask arelated question about the HTLV-1 virus, i.e., what are
the selective forces acting on the virus itself. Perhaps because
ofan insufficient sample size, they were unable to resolve the
nature of the selective forces. In both of these cases, although
K /K s-type methods were used in relation to a human virus,
no attempt was made to use these methods for therapeutic
goals (as in the present application), but rather to pursue
narrow academic goals.

[0012] As can be seen from the papers cited above, analyti-
cal methods of molecular evolution to identify rapidly evolv-
ing genes (K /Ks-type methods) can be applied to achieve
many different purposes, most commonly to confirm the
existence of Darwinian molecular-level positive selection,
but also to assess the frequency of Darwinian molecular-level
positive selection, to understand phylogenetic relationships,
to elucidate mechanisms by which new species are formed, or
to establish single or multiple origin for specific gene poly-
morphisms. What is clear is from the papers cited above and
others in the literature is that none of the authors applied
K /K s-type methods to identify evolutionary solutions, spe-
cific evolved changes, that could be mimicked or used in the
development of treatments to prevent or cure human condi-
tions or diseases or to modulate unique or enhanced human
functions. They have not used K /K type analysis as a sys-
tematic tool for identifying human or non-human primate
genes that contain evolutionarily significant sequence
changes and exploiting such genes and the identified changes
in the development of treatments for human conditions or
diseases.

[0013] Theidentification of human genes that have evolved
to confer unique or enhanced human functions compared to
homologous chimpanzee genes could be applied to develop-
ing agents to modulate these unique human functions or to
restore function when the gene is defective. The identification
of the underlying chimpanzee (or other non-human primate)
genes and the specific nucleotide changes that have evolved,
and the further characterization of the physical and biochemi-
cal changes in the proteins encoded by these evolved genes,
could provide valuable information, for example, on what
determines susceptibility and resistance to infectious viruses,
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such as HIV and HCV, what determines susceptibility or
resistance to the development of certain cancers, what deter-
mines susceptibility or resistance to acne, how hair growth
can be controlled, and how to control the formation of muscle
versus fat. This valuable information could be applied to
developing agents that cause the human proteins to behave
more like their chimpanzee homologues.

[0014] All references cited herein are hereby incorporated
by reference in their entirety.

SUMMARY OF THE INVENTION

[0015] The present invention provides methods for identi-
fying polynucleotide and polypeptide sequences having evo-
lutionarily significant changes which are associated with
physiological conditions, including medical conditions. The
invention applies comparative primate genomics to identify
specific gene changes which may be associated with, and thus
responsible for, physiological conditions, such as medically
or commercially relevant evolved traits, and using the infor-
mation obtained from these evolved genes to develop human
treatments. The non-human primate sequences employed in
the methods described herein may be any non-human pri-
mate, and are preferably a member of the hominoid group,
more preferably a chimpanzee, bonobo, gorilla and/or oran-
gutan, and most preferably a chimpanzee.

[0016] Inone preferred embodiment, a non-human primate
polynucleotide or polypeptide has undergone natural selec-
tion that resulted in a positive evolutionarily significant
change (i.e., the non-human primate polynucleotide or
polypeptide has a positive attribute not present in humans). In
this embodiment the positively selected polynucleotide or
polypeptide may be associated with susceptibility or resis-
tance to certain diseases or with other commercially relevant
traits. Examples of this embodiment include, but are not
limited to, polynucleotides and polypeptides that are posi-
tively selected in non-human primates, preferably chimpan-
zees, that may be associated with susceptibility or resistance
to infectious diseases and cancer. An example of a commer-
cially relevant trait may include aesthetic traits such as hair
growth, muscle mass, susceptibility or resistance to acne. An
example of the disease resistance/susceptibility embodiment
includes polynucleotides and polypeptides associated with
the susceptibility or resistance to HIV dissemination, propa-
gation and/or development of AIDS. The present invention
can thus be useful in gaining insight into the molecular
mechanisms that underlie resistance to HIV dissemination,
propagation and/or development of AIDS, providing infor-
mation that can also be useful in discovering and/or designing
agents such as drugs that prevent and/or delay development of
AIDS. Specific genes that have been positively selected in
chimpanzees that may relate to AIDS or other infectious
diseases are ICAM-1, ICAM-2, ICAM-3, MIP-1-a, CD59
and DC-SIGN. 17-p-hydroxysteroid dehydrogenase Type IV
is a specific gene has been positively selected in chimpanzees
that may relate to cancer. Additionally, the p44 gene is a gene
that has been positively selected in chimpanzees and is
believed to contribute to their HCV resistance.

[0017] In another preferred embodiment, a human poly-
nucleotide or polypeptide has undergone natural selection
that resulted in a positive evolutionarily significant change
(i.e., the human polynucleotide or polypeptide has a positive
attribute not present in non-human primates). One example of
this embodiment is that the polynucleotide or polypeptide
may be associated with unique or enhanced functional capa-
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bilities of the human brain compared to non-human primates.
Another is the longer life-span of humans compared to non-
human primates. A third is a commercially important aes-
thetic trait (e.g., normal or enhanced breast development).
The present invention can thus be useful in gaining insight
into the molecular mechanisms that underlie unique or
enhanced human functions or physiological traits, providing
information which can also be useful in designing agents such
as drugs that modulate such unique or enhanced human func-
tions or traits, and in designing treatment of diseases or con-
ditions related to humans. As an example, the present inven-
tion can thus be useful in gaining insight into the molecular
mechanisms that underlie human cognitive function, provid-
ing information which can also be useful in designing agents
such as drugs that enhance human brain function, and in
designing treatment of diseases related to the human brain. A
specific example of a human gene that has positive evolution-
arily significant changes when compared to non-human pri-
mates is a tyrosine kinase gene, the KIAA0641 or
NM__004920 gene.

[0018] Accordingly, in one aspect, the invention provides
methods for identifying a polynucleotide sequence encoding
a polypeptide, wherein said polypeptide may be associated
with a physiological condition (such as a medically or com-
mercially relevant positive evolutionarily significant change).
The positive evolutionarily significant change can be found in
humans or in non-human primates. In a preferred embodi-
ment the invention provides a method foridentifying a human
AATYK polynucleotide sequence encoding a human
AATYK polypeptide associated with an evolutionarily sig-
nificant change. In another preferred embodiment, the inven-
tion provides a method for identifying a p44 polynucleotide
and polypeptide that are associated with enhanced HCV
resistance in chimpanzees relative to humans.

[0019] For any embodiment of this invention, the physi-
ological condition may be any physiological condition,
including those listed herein, such as, for example, disease
(including susceptibility or resistance to disease) such as
cancer, infectious disease (including viral diseases such as
AIDS or HCV-associated chronic hepatitis); life span; brain
function, including cognitive function or developmental
sculpting; and aesthetic or cosmetic qualities, such as
enhanced breast development.

[0020] Inoneaspectofthe invention, methods are provided
for identifying a polynucleotide sequence encoding a human
polypeptide, wherein said polypeptide may be associated
with a physiological condition that is present in human(s),
comprising the steps of: a) comparing human protein-coding
polynucleotide sequences to protein-coding polynucleotide
sequences of a non-human primate, wherein the non-human
primate does not have the physiological condition (or has it to
a lesser degree); and b) selecting a human polynucleotide
sequence that contains a nucleotide change as compared to
corresponding sequence of the non-human primate, wherein
said change is evolutionarily significant. In some embodi-
ments, the human protein coding sequence (and/or the
polypeptide encoded therein) may be associated with devel-
opment and/or maintenance of a physiological condition or
trait or a biological function. In some embodiments, the
physiological condition or biological function may be life
span, brain or cognitive function, or breast development (in-
cluding adipose, gland and duct development). Methods used
to assess the nucleotide change, and the nature(s) of the
nucleotide change, are described herein, and apply to any and
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all embodiments. In a preferred embodiment, the method is a
method for identifying a human AATYK polynucleotide
sequence encoding a human AATYK polypeptide.

[0021] In other embodiments, methods are provided that
comprise the steps of: (a) comparing human protein-coding
nucleotide sequences to protein-coding nucleotide sequences
of a non-human primate, preferably a chimpanzee, that is
resistant to a particular medically relevant disease state,
wherein the human protein coding sequence is or is believed
to be associated with development of the disease; and (b)
selecting a non-human polynucleotide sequence that contains
at least one nucleotide change as compared to the correspond-
ing sequence of the human, wherein the change is evolution-
arily significant. The sequences identified by these methods
may be further characterized and/or analyzed to confirm that
they are associated with the development of the disease state
or condition. The most preferred disease states that are appli-
cable to these methods are cancer and infectious diseases,
including AIDS, hepatitis C and leprosy.

[0022] In one embodiment, chimpanzee polynucleotide
sequences are compared to human polynucleotide sequences
to identify a p44 sequence that is evolutionarily significant.
The p44 protein is (or is believed to be) associated with the
enhanced HCV resistance of chimpanzees relative to humans.
[0023] In another aspect, methods are provided for identi-
fying an evolutionarily significant change in a human brain
polypeptide-coding polynucleotide sequence, comprising the
steps of a) comparing human brain polypeptide-coding poly-
nucleotide sequences to corresponding sequences of a non-
human primate; and b) selecting a human polynucleotide
sequence that contains a nucleotide change as compared to
corresponding sequence of the non-human primate, wherein
said change is evolutionarily significant. In some embodi-
ments, the human brain polypeptide coding nucleotide
sequences correspond to human brain cDNAs. In preferred
embodiments, the human brain polypeptide-coding poly-
nucleotide sequence is an AATYK sequence.

[0024] Another aspect of the invention includes methods
for identifying a positively selected human evolutionarily
significant change. These methods comprise the steps of: (a)
comparing human polypeptide-coding nucleotide sequences
to polypeptide-coding nucleotide sequences of a non-human
primate; and (b) selecting a human polynucleotide sequence
that contains at least one (i.e., one or more) nucleotide change
as compared to corresponding sequence of the non-human
primate, wherein said change is evolutionarily significant.
The sequences identified by this method may be further char-
acterized and/or analyzed for their possible association with
biologically or medically relevant functions or traits unique
or enhanced in humans. In preferred embodiments, the
human polypeptide-coding nucleotide sequence is an
AATYK sequence.

[0025] Another embodiment of the present invention is a
method for large scale sequence comparison between human
polypeptide-coding polynucleotide sequences and the
polypeptide-coding polynucleotide sequences from a non-
human primate, e.g., chimpanzee, comprising: (a) aligning
the human polynucleotide sequences with corresponding
polynucleotide sequences from non-human primate accord-
ing to sequence homology; and (b) identifying any nucleotide
changes within the human sequences as compared to the
homologous sequences from the non-human primate,
wherein the changes are evolutionarily significant. In some
embodiments, the protein coding sequences are from brain.
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[0026] In some embodiments, a nucleotide change identi-
fied by any of the methods described herein is a non-synony-
mous substitution. In some embodiments, the evolutionary
significance of the nucleotide change is determined according
to the non-synonymous substitution rate (K ) of the nucle-
otide sequence. In some embodiments, the evolutionarily sig-
nificant changes are assessed by determining the K /K ; ratio
between the human gene and the homologous gene from
non-human primate (such as chimpanzee), and preferably
that ratio is at least about 0.75, more preferably greater than
about 1 (unity) (i.e., at least about 1), more preferably at least
about 1.25, more preferably at least about 1.50, and more
preferably at least about 2.00. In other embodiments, once a
positively selected gene has been identified between human
and a non-human primate (such as chimpanzee or gorilla),
further comparisons are performed with other non-human
primates to confirm whether the human or the non-human
primate (such as chimpanzee or gorilla) gene has undergone
positive selection.

[0027] In another aspect, the invention provides methods
for correlating an evolutionarily significant human nucleotide
change to a physiological condition in a human (or humans),
which comprise analyzing a functional effect (which includes
determining the presence of a functional effect), if any, of (the
presence or absence of) a polynucleotide sequence identified
by any of the methods described herein, wherein presence of
a functional effect indicates a correlation between the evolu-
tionarily significant nucleotide change and the physiological
condition. Alternatively, in these methods, a functional effect
(if any) may be assessed using a polypeptide sequence (or a
portion of the polypeptide sequence) encoded by a nucleotide
sequence identified by any of the methods described herein.

[0028] In a preferred embodiment, the polynucleotide
sequence or polypeptide sequence is a human or chimpanzee
p44 polynucleotide sequence (SEQ ID NO. 34 OR 31) or
polypeptide sequence (SEQ ID NO. 36 OR 33). In a more
preferred embodiment, the p44 polynucleotide sequences are
the exon 2 sequences having nucleotides 1-457 of SEQ ID
NO:34 (human), and nucleotides 1-457 of SEQ ID NO:31
(chimpanzee), or fragments thereof containing the exon 2
evolutionarily significant chimpanzee nucleotides or the cor-
responding human nucleotides. Such fragments are prefer-
ably between 18 and 225 nucleotides in length.

[0029] The present invention also provides comparison of
the identified polypeptides by physical and biochemical
methods widely used in the art to determine the structural or
biochemical consequences of the evolutionarily significant
changes. Physical methods are meant to include methods that
are used to examine structural changes to proteins encoded by
genes found to have undergone adaptive evolution. Side-by-
side comparison of the three-dimensional structures of a pro-
tein (either human or non-human primate) and the evolved
homologous protein (either non-human primate or human,
respectively) will provide valuable information for develop-
ing treatments for related human conditions and diseases. For
example, using the methods of the present invention, the
chimpanzee ICAM-1 gene (SEQ ID NO:85, FIG. 17) was
identified as having positive evolutionary changes compared
to human ICAM-1 (SEQ ID NO:1). In a three-dimensional
model of two functional domains of the human ICAM-1
protein it can be seen that five of the six amino acids that have
been changed in chimpanzees are immediately adjacent to
(i.e., physically touching) amino acid residues known to be
crucial for binding to the ICAM-1 counter-receptor, LFA-1;

Dec. 10, 2009

in each case, the human amino acid has been replaced by a
larger amino acid in the chimpanzee ICAM-1. Such informa-
tion allows insight into designing appropriate therapeutic
intervention(s). Accordingly, in another aspect, the invention
provides methods for identifying a target site (which includes
one or more target sites) which may be suitable for therapeu-
tic intervention, comprising comparing a human polypeptide
(or a portion of the polypeptide) encoded in a sequence iden-
tified by any of the methods described herein, with a corre-
sponding non-human polypeptide (or a portion of the
polypeptide), wherein a location of a molecular difference, if
any, indicates a target site.

[0030] Likewise, human and chimpanzee p44 polypeptide
computer models or x-ray crystallography structures can be
compared to determine how the evolutionarily significant
amino acid changes of the chimpanzee p44 exon 2 alter the
protein’s structure, and how agents might be designed to
interact with human p44 in such a manner that permits it to
mimic chimpanzee p44 structure and/or function.

[0031] In another aspect, the invention provides methods
for identifying a target site (which includes one or more target
sites) which may be suitable for therapeutic intervention,
comprising comparing a human polypeptide (or a portion of
the polypeptide) encoded in a sequence identified by any of
the methods described herein, with a corresponding non-
human primate polypeptide (or a portion of the polypeptide),
wherein a location of a molecular difference, such as an
amino acid difference, if any, indicates a target site. Target
sites can also be nonsynonymous nucleotide changes
observed between a positively selected polynucleotide iden-
tified by any of the methods described herein and its corre-
sponding sequence in the human or non-human primate. In
preferred embodiments, the target site is a site on a human p44
polypeptide.

[0032] Biochemical methods are meant to include methods
that are used to examine functional differences, such as bind-
ing specificity, binding strength, or optimal binding condi-
tions, for a protein encoded by a gene that has undergone
adaptive evolution. Side-by-side comparison of biochemical
characteristics of a protein (either human or non-human pri-
mate) and the evolved homologous protein (either non-hu-
man primate or human, respectively) will reveal valuable
information for developing treatments for related human con-
ditions and diseases.

[0033] Inanother aspect, the invention provides methods of
identifying an agent which may modulate a physiological
condition, said method comprising contacting an agent (i.e.,
at least one agent to be tested) with a cell that has been
transfected with a polynucleotide sequence identified by any
of the methods described herein, wherein an agent is identi-
fied by its ability to modulate function of the polynucleotide
sequence. In other embodiments, the invention provides
methods ofidentifying an agent which may modulate a physi-
ological condition, said method comprising contacting an
agent (i.e., at least one agent) to be tested with a polypeptide
(or a fragment of a polypeptide and/or a composition com-
prising a polypeptide or fragment of a polypeptide) encoded
in or within a polynucleotide identified by any of the methods
described herein, wherein an agent is identified by its ability
to modulate function of the polypeptide. In preferred embodi-
ments of these methods the polynucleotide sequence is an
evolutionarily significant chimpanzee p44 polynucleotide
sequence or its corresponding human polynucleotide. In
more preferred embodiments, the polynucleotide sequence is
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nucleotides 1-457 of SEQ ID NO:31 (chimpanzee), and
nucleotides 1-458 of SEQ ID NO:34 (human), or fragments
thereof containing preferably 18-225 nucleotides and at least
one of the chimpanzee evolutionarily significant nucleotides
or corresponding human nucleotides. The invention also pro-
vides agents which are identified using the screening methods
described herein.

[0034] Inanother aspect, the invention provides methods of
screening agents which may modulate the activity of the
human polynucleotide or polypeptide to either modulate a
unique or enhanced human function or trait or to mimic the
non-human primate trait of interest, such as susceptibility or
resistance to development of a disease, such as HCV-associ-
ated chronic hepatitis or AIDS. These methods comprise con-
tacting a cell which has been transfected with a polynucle-
otide sequence with an agent to be tested, and identifying
agents based on their ability to modulate function of the
polynucleotide or contacting a polypeptide preparation with
an agent to be tested and identifying agents based upon their
ability to modulate function of the polypeptide. In preferred
embodiments, the polynucleotide sequence is an evolution-
arily significant chimpanzee p44 polynucleotide sequence or
its corresponding human polynucleotide sequence. In more
preferred embodiments, the polynucleotide sequence is
nucleotides 1-457 of SEQ ID NO: 31(chimpanzee), or nucle-
otides 1-457 of SEQ ID NO:34 (human), or fragments thereof
containing preferably 18-225 nucleotides and at least one of
the chimpanzee evolutionarily significant nucleotides or cor-
responding human nucleotides.

[0035] Inanother aspect of the invention, methods are pro-
vided for identifying candidate polynucleotides that may be
associated with decreased resistance to development of a
disease in humans, comprising comparing the human poly-
nucleotide sequence with the corresponding non-human pri-
mate polynucleotide sequence to identify any nucleotide
changes; and determining whether the human nucleotide
changes are evolutionarily significant. It has been observed
that human polynucleotides that are evolutionarily significant
may, in some instances, be associated with increased suscep-
tibility or decreased resistance to the development of human
diseases such as cancer. As is described herein, the strongly
positively selected BRCA1 gene’s exon 11 is also the location
of a number of mutations associated with breast, ovarian
and/or prostate cancer. Thus, this phenomenon may represent
a trade-off between enhanced development of one trait and
loss or reduction in another trait in polynucleotides encoding
polypeptides of multiple functions. In this way, identification
of positively selected human polynucleotides can serve to
identify a pool of genes that are candidates for susceptibility
to human diseases.

[0036] Human candidate evolutionarily significant poly-
nucleotides that are identified in this manner can be evaluated
for their role in conferring susceptibility to diseases by ana-
lyzing the functional effect of the evolutionarily significant
nucleotide change in the candidate polynucleotide in a suit-
able model system. The presence of a functional effect in the
model system indicates a correlation between the nucleotide
change in the candidate polynucleotide and the decreased
resistance to development of the disease in humans. For
example, if an evolutionarily significant polynucleotide con-
taining all the evolutionarily significant nucleotide changes,
ora similar polynucleotide with a lesser number of nucleotide
changes, is found to increase the susceptibility to the disease
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at issue in a non-human primate model, this would be a
functional effect that correlates the nucleotide change and the
disease.

[0037] Alternatively, human candidate evolutionarily sig-
nificant polynucleotides may, in some individuals, have
mutations aside from the evolutionarily significant nucleotide
changes, that confer the increased susceptibility to the dis-
ease. These mutations can be tested in a suitable model sys-
tem for a functional effect, such as conversion to a neoplastic
phenotype, to correlate the mutation to the disease.

[0038] Further, the subject method includes a diagnostic
method to determine whether a human patient is predisposed
to decreased resistance to the development of a disease, by
assaying the patient’s nucleic acids for the presence of a
mutation in an evolutionarily significant polynucleotide,
where the presence of the mutation in the polynucleotide has
been determined by methods described herein as being diag-
nostic for decreased resistance to the development of the
disease. In one embodiment, the polynucleotide is BRCA1
exon 11, and the disease is breast, prostate or ovarian cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 depicts a phylogenetic tree for primates
within the hominoid group. The branching orders are based
on well-supported mitochondrial DNA phylogenies. Messier
and Stewart (1997) Nature 385:151-154.

[0040] FIG. 2 (SEQ ID NOS:1-3) is a nucleotide sequence
alignment between human and chimpanzee ICAM-1
sequences (GenBank® accession numbers X06990 and
X86848, respectively). The amino acid translation of the
chimpanzee sequence is shown below the alignment.

[0041] FIG. 3 shows the nucleotide sequence of gorilla
ICAM-1 (SEQ ID NO:4).

[0042] FIG. 4 shows the nucleotide sequence of orangutan
ICAM-1 (SEQ ID NO:5).

[0043] FIGS. 5(A)-(E) show the polypeptide sequence
alignment of ICAM-1 from several primate species (SEQ ID
NO:6).

[0044] FIGS. 6(A)-(B) show the polypeptide sequence
alignment of ICAM-2 from several primate species (SEQ ID
NO:7).

[0045] FIGS. 7(A)-(D) show the polypeptide sequence
alignment of ICAM-3 from several primate species (SEQ ID
NO:B).

[0046] FIG. 8 depicts a schematic representation of a pro-
cedure for comparing human/primate brain polynucleotides,
selecting sequences with evolutionarily significant changes,
and further characterizing the selected sequences. The dia-
gram of FIG. 8 illustrates a preferred embodiment of the
invention and together with the description serves to explain
the principles of the invention, along with elaboration and
optional additional steps. It is understood that any human/
primate polynucleotide sequence can be compared by a simi-
lar procedure and that the procedure is not limited to brain
polynucleotides.

[0047] FIG. 9 illustrates the known phylogenetic tree for
the species compared in Example 14, with values of'b, and b,
mapped upon appropriate branches. Values of b, and b, were
calculated by the method described in Zhang et al. (1998)
Proc. Natl. Acad. Sci. USA 95:3708-3713. Values are shown
above the branches; all values are shown 100x, for reasons of
clarity. Statistical significance was calculated as for compari-
sons in Table 5 (Example 14), and levels of statistical signifi-
cance are as shown as in Table 5. Note that only the branch
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leading from the human/chimpanzee common ancestor to
modern humans shows a statistically significant value for
by—bs.

[0048] FIG. 10 illustrates a space-filling model of human
CD59 with the duplicated GPI link (Asn) indicated by the
darkest shading. This GPI link is duplicated in chimpanzees
so that chimp CD59 contains 3 GPI links. The three areas of
intermediate shading in FIG. 10 are other residues which
differ between chimp and human.

[0049] FIG. 11 shows the coding sequence of human DC-
SIGN (Genbank Acc. No. M98457) (SEQ. ID. NO. 9).
[0050] FIG. 12 shows the coding sequence of chimpanzee
DC-SIGN (SEQ. ID. NO. 10).

[0051] FIG. 13 shows the coding sequence of gorilla DC-
SIGN (SEQ. ID. NO. 11).

[0052] FIG. 14A shows the nucleotide sequence of the
human AATYK gene. Start and stop codons are underlined
(SEQ ID NO:14).

[0053] FIG.14B shows an 1207 amino acid sequence of the
human AATYK gene (SEQ ID NO:16).

[0054] FIG. 15A shows an 1806 base-pair region of the
chimp AATYK gene (SEQ ID NO:17).

[0055] FIG. 15B shows an 1785 base-pair region of the
gorilla AATYK gene (SEQ ID NO:18).

[0056] FIG. 16 shows a 1335 nucleotide region of the
aligned chimpanzee (SEQ ID NO:31) and human (SEQ IS
NO:34) p44 gene coding region. The underlined portion is
exon 2, which was determined to be evolutionarily signifi-
cant. Non-synonymous differences between the two
sequences are indicated in bold, synonymous differences in
italics. Chimpanzee has a single heterozygous base (position
212), shown as M (IUPAC code for A or C. The C base
represents a nonsynonymous difference from human, while A
is identical to the same position in the human homolog. Thus,
these two chimpanzee alleles differ slightly in the K /K
ratios relative to human p44.

[0057] FIG. 17 shows SEQ ID NO:85.

[0058] FIG.18 shows RT PCR forexpression of chICAM-1
and empty plasmid.

[0059] FIG. 19 shows p24 Concentration Indicative of HIV
production level.

[0060] FIG. 20 shows TNF a levels in co-cultured cells.
[0061] FIG. 21 shows HIV production (left panel) and TNF
a production (right panel) after 72 hours.

[0062] FIG. 22 shows HIV production at 24 (left) and 72
(right) hours in co-cultures of U937-1 and ACH2 cells.
[0063] FIG. 23 shows production of HIV (left) and TNF a
(right) at different LPS concentrations.

[0064] FIG. 24 shows Chimpanzee-ICAM-1-expressing
THP-1 cells were co-cultured with an equal number of ACH2
cells (a stable line of T-cells that constitutively express HIV-
1). HIV-1 production was measured by an immunoassay for
p24 in the cell supernatants after 24 and 72 hours.

[0065] FIG. 25 shows a cartoon of the crystal structure of
dimerized domains 1 and 2 of ICAM 1.

DETAILED DESCRIPTION OF THE INVENTION

[0066] The present invention applies comparative genom-
ics to identify specific gene changes which are associated
with, and thus may contribute to or be responsible for, physi-
ological conditions, such as medically or commercially rel-
evant evolved traits. The invention comprises a comparative
genomics approach to identify specific gene changes respon-
sible for differences in functions and diseases distinguishing
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humans from other non-humans, particularly primates, and
most preferably chimpanzees, including the two known spe-
cies, common chimpanzees and bonobos (pygmy chimpan-
zees). For example, chimpanzees and humans are 98.5%
identical at the DNA sequence level and the present invention
can identify the adaptive molecular changes underlying dif-
ferences between the species in a number of areas, including
unique or enhanced human cognitive abilities or physiologi-
cal traits and chimpanzee resistance to HCV, AIDS and cer-
tain cancers. Unlike traditional genomics, which merely iden-
tifies genes, the present invention provides exact information
on evolutionary solutions that eliminate disease or provide
unique or enhanced functions or traits. The present invention
identifies genes that have evolved to confer an evolutionary
advantage and the specific evolved changes.

[0067] The present invention results from the observation
that human protein-coding polynucleotides may contain
sequence changes that are found in humans but not in other
evolutionarily closely related species such as non-human pri-
mates, as a result of adaptive selection during evolution.

[0068] The present invention further results from the obser-
vation that the genetic information of non-human primates
may contain changes that are found in a particular non-human
primate but not in humans, as a result of adaptive selection
during evolution. In this embodiment, a non-human primate
polynucleotide or polypeptide has undergone natural selec-
tion that resulted in a positive evolutionarily significant
change (i.e., the non-human primate polynucleotide or
polypeptide has a positive attribute not present in humans). In
this embodiment the positively selected polynucleotide or
polypeptide may be associated with susceptibility or resis-
tance to certain diseases or other commercially relevant traits.
Medically relevant examples of this embodiment include, but
are not limited to, polynucleotides and polypeptides that are
positively selected in non-human primates, preferably chim-
panzees, that may be associated with susceptibility or resis-
tance to infectious diseases and cancer. An example of this
embodiment includes polynucleotides and polypeptides
associated with the susceptibility or resistance to progression
from HIV infection to development of AIDS. The present
invention can thus be useful in gaining insight into the
molecular mechanisms that underlie resistance to progression
from HIV infection to development of AIDS, providing infor-
mation that can also be useful in discovering and/or designing
agents such as drugs that prevent and/or delay development of
AIDS. Likewise, the present invention can be useful in gain-
ing insight into the underlying mechanisms for HCV resis-
tance in chimpanzees as compared to humans. Commercially
relevant examples include, but are not limited to, polynucle-
otides and polypeptides that are positively selected in non-
human primates that may be associated with aesthetic traits,
such as hair growth, absence of acne or muscle mass.

[0069] Positively selected human evolutionarily significant
changes in polynucleotide and polypeptide sequences may be
attributed to human capabilities that provide humans with
competitive advantages, particularly when compared to the
closest evolutionary relative, chimpanzee, such as unique or
enhanced human brain functions. The present invention iden-
tifies human genes that evolved to provide unique or
enhanced human cognitive abilities and the actual protein
changes that confer functional differences will be quite useful
in therapeutic approaches to treat cognitive deficiencies as
well as cognitive enhancement for the general population.
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[0070] Other positively selected human evolutionarily sig-
nificant changes include those sequences that may be attrib-
uted to human physiological traits or conditions that are
enhanced or unique relative to close evolutionary relatives,
such as the chimpanzee, including enhanced breast develop-
ment. The present invention provides a method of determin-
ing whether a polynucleotide sequence in humans that may be
associated with enhanced breast development has undergone
an evolutionarily significant change relative to a correspond-
ing polynucleotide sequence in a closely related non-human
primate. The identification of evolutionarily significant
changes in the human polynucleotide that is involved in the
development of unique or enhanced human physiological
traits is important in the development of agents or drugs that
can modulate the activity or function of the human polynucle-
otide or its encoded polypeptide.

[0071] The practice of the present invention employs,
unless otherwise indicated, conventional techniques of
molecular biology, genetics and molecular evolution, which
are within the skill of the art. Such techniques are explained
fully in the literature, such as: “Molecular Cloning: A Labo-
ratory Manual”, second edition (Sambrook et al., 1989); “Oli-
gonucleotide Synthesis” (M. J. Gait, ed., 1984); “Current
Protocols in Molecular Biology” (F. M. Ausubel et al., eds.,
1987); “PCR: The Polymerase Chain Reaction”, (Mullis et
al., eds., 1994); “Molecular Evolution”, (Li, 1997).

DEFINITIONS

[0072] As used herein, a “polynucleotide” refers to a poly-
meric form of nucleotides of any length, either ribonucle-
otides or deoxyribonucleotides, or analogs thereof. This term
refers to the primary structure of the molecule, and thus
includes double- and single-stranded DNA, as well as double-
and single-stranded RNA. It also includes modified poly-
nucleotides such as methylated and/or capped polynucle-
otides. The terms “polynucleotide” and “nucleotide
sequence” are used interchangeably.

[0073] As used herein, a “gene” refers to a polynucleotide
or portion of a polynucleotide comprising a sequence that
encodes a protein. It is well understood in the art that a gene
also comprises non-coding sequences, such as 5= and
3=flanking sequences (such as promoters, enhancers, repres-
sors, and other regulatory sequences) as well as introns.
[0074] The terms “polypeptide,” “peptide,” and “protein”
are used interchangeably herein to refer to polymers of amino
acids of any length. These terms also include proteins that are
post-translationally modified through reactions that include
glycosylation, acetylation and phosphorylation.

[0075] A “physiological condition” is a term well-under-
stood in the art and means any condition or state that can be
measured and/or observed. A “physiological condition”
includes, but is not limited to, a physical condition, such as
degree of body fat, alopecia (baldness), acne or enhanced
breast development; life-expectancy; disease states (which
include susceptibility and/or resistance to diseases), such as
cancer or infectious diseases. Examples of physiological con-
ditions are provided below (see, e.g., definitions of “human
medically relevant medical condition”, “human commer-
cially relevant condition”, “medically relevant evolved trait”,
and “commercially relevant evolved trait”) and throughout
the specification, and it is understood that these terms and
examples refer to a physiological condition. A physiological
condition may be, but is not necessarily, the result of multiple
factors, any of which in turn may be considered a physiologi-
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cal condition. A physiological condition which is “present” in
a human or non-human primate occurs within a given popu-
lation, and includes those physiological conditions which are
unique and/or enhanced in a given population when com-
pared to another population.

[0076] The terms “human medically relevant condition” or
“human commercially relevant condition” are used herein to
refer to human conditions for which medical or non-medical
intervention is desired.

[0077] The term “medically relevant evolved trait” is used
herein to refer to traits that have evolved in humans or non-
human primates whose analysis could provide information
(e.g., physical or biochemical data) relevant to the develop-
ment of a human medical treatment.

[0078] The term “commercially relevant evolved trait” is
used herein to refer to traits that have evolved in humans or
non-human primates whose analysis could provide informa-
tion (e.g., physical or biochemical data) relevant to the devel-
opment of a medical or non-medical product or treatment for
human use.

[0079] The term “K_/Ktype methods” means methods
that evaluate differences, frequently (but not always) shown
as a ratio, between the number of nonsynonymous substitu-
tions and synonymous substitutions in homologous genes
(including the more rigorous methods that determine non-
synonymous and synonymous sites). These methods are des-
ignated using several systems of nomenclature, including but
not limited to K /K, d,/dg, Dy/Dy.

[0080] The terms “evolutionarily significant change” or
“adaptive evolutionary change” refers to one or more nucle-
otide or peptide sequence change(s) between two species that
may be attributed to a positive selective pressure. One method
for determining the presence of an evolutionarily significant
change is to apply a K ,/K ;-type analytical method, such as to
measure a K /K ratio. Typically, a K ,/Ksratio at least about
0.75, more preferably at least about 1.0, more preferably at
least about 1.25, more preferably at least about 1.5 and most
preferably at least about 2.0 indicates the action of positive
selection and is considered to be an evolutionarily significant
change.

[0081] Strictly speaking, only K ,/K ; ratios greater than 1.0
are indicative of positive selection. It is commonly accepted
that the ESTs in GenBank® and other public databases often
suffer from some degree of sequencing error, and even a few
incorrect nucleotides can influence K /K scores. Thus, all
pairwise comparisons that involve public ESTs must be
undertaken with care. Due to the errors inherent in the pub-
licly available databases, it is possible that these errors could
depress aK ,/Kratio below 1.0. For this reason, K ,/K s ratios
between 0.75 and 1.0 should be examined carefully in order to
determine whether or not a sequencing error has obscured
evidence of positive selection. Such errors may be discovered
through sequencing methods that are designed to be highly
accurate.

[0082] The term “positive evolutionarily significant
change” means an evolutionarily significant change in a par-
ticular species that results in an adaptive change that is posi-
tive as compared to other related species. Examples of posi-
tive evolutionarily significant changes are changes that have
resulted in enhanced cognitive abilities or enhanced or unique
physiological conditions in humans and adaptive changes in
chimpanzees that have resulted in the ability of the chimpan-
zees infected with HIV or HCV to be resistant to progression
of the infection.
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[0083] The term “enhanced breast development” refers to
the enlarged breasts observed in humans relative to non-
human primates. The enlarged human breast has increased
adipose, duct and/or gland tissue relative to other primates,
and develops prior to first pregnancy and lactation.

[0084] The term “resistant” means that an organism, such
as a chimpanzee, exhibits an ability to avoid, or diminish the
extent of, a disease condition and/or development of the dis-
ease, preferably when compared to non-resistant organisms,
typically humans. For example, a chimpanzee is resistant to
certain impacts of HCV, HIV and other viral infections, and/
or it does not develop the ultimate disease (chronic hepatitis
or AIDS, respectively).

[0085] The term “susceptibility” means that an organism,
such as a human, fails to avoid, or diminish the extent of, a
disease condition and/or development of the disease condi-
tion, preferably when compared to an organism that is known
to be resistant, such as a non-human primate, such as chim-
panzee. For example, a human is susceptible to certain
impacts of HCV, HIV and other viral infections and/or devel-
opment of the ultimate disease (chronic hepatitis or AIDS).
[0086] It is understood that resistance and susceptibility
vary from individual to individual, and that, for purposes of
this invention, these terms also apply to a group of individuals
within a species, and comparisons of resistance and suscep-
tibility generally refer to overall, average differences between
species, although intra-specific comparisons may be used.
[0087] The term “homologous” or “homologue” or
“ortholog” is known and well understood in the art and refers
to related sequences that share a common ancestor and is
determined based on degree of sequence identity. These terms
describe the relationship between a gene found in one species
and the corresponding or equivalent gene in another species.
For purposes of this invention homologous sequences are
compared. “Homologous sequences” or “homologues™ or
“orthologs” are thought, believed, or known to be function-
ally related. A functional relationship may be indicated in any
one of a number of ways, including, but not limited to, (a)
degree of sequence identity; (b) same or similar biological
function. Preferably, both (a) and (b) are indicated. The
degree of sequence identity may vary, but is preferably at least
50% (when using standard sequence alignment programs
known in the art), more preferably at least 60%, more pref-
erably at least about 75%, more preferably at least about 85%.
Homology can be determined using software programs
readily available in the art, such as those discussed in Current
Protocols in Molecular Biology (F. M. Ausubel et al., eds.,
1987) Supplement 30, section 7.718, Table 7.71. Preferred
alignment programs are MacVector (Oxford Molecular Ltd,
Oxford, U.K.) and ALIGN Plus (Scientific and Educational
Software, Pennsylvania). Another preferred alignment pro-
gram is Sequencher (Gene Codes, Ann Arbor, Mich.), using
default parameters.

[0088] The term “nucleotide change” refers to nucleotide
substitution, deletion, and/or insertion, as is well understood
in the art.

[0089] The term ‘“human protein-coding nucleotide
sequence” which is “associated with susceptibility to AIDS”
as used herein refers to a human nucleotide sequence that
encodes a protein that is associated with HIV dissemination
(within the organism, i.e., intra-organism infectivity), propa-
gation and/or development of AIDS. Due to the extensive
research in the mechanisms underlying progression from
HIV infection to the development of AIDS, a number of
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candidate human genes are believed or known to be associ-
ated with one or more of these phenomena. A polynucleotide
(including any polypeptide encoded therein) sequence asso-
ciated with susceptibility to AIDS is one which is either
known or implicated to play a role in HIV dissemination,
replication, and/or subsequent progression to full-blown
AIDS. Examples of such candidate genes are provided below.
[0090] “AIDS resistant” means that an organism, such as a
chimpanzee, exhibits an ability to avoid, or diminish the
extent of, the result of HIV infection (such as propagation and
dissemination) and/or development of AIDS, preferably
when compared to AIDS-susceptible humans.

[0091] <“Susceptibility” to AIDS means that an organism,
such as a human, fails to avoid, or diminish the extent of, the
result of HIV infection (such as propagation and dissemina-
tion) and/or development of AIDS, preferably when com-
pared to an organism that is known to be AIDS resistant, such
as a non-human primate, such as chimpanzee.

[0092] The term ‘“human protein-coding nucleotide
sequence” which is “associated with susceptibility to HCV
infection” as used herein refers to a human nucleotide
sequence that encodes a polypeptide that is associated with
HCYV dissemination (within the organism, i.e., intra-organism
infectivity), propagation and/or development of chronic
hepatitis. Candidate human genes are believed or known to be
associated with human susceptibility to HCV infection. A
polynucleotide (including any polypeptide encoded therein)
sequence associated with susceptibility to chronic hepatitis is
one which is either known or implicated to play a role in HCV
dissemination, replication, and/or subsequent progression to
chronic hepatitis or hepatocellular carcinoma. One example
of a polynucleotide associated with susceptibility is human
p44 exon 2.

[0093] “HCV resistant” means that an organism, such as a
chimpanzee, exhibits an ability to avoid, or diminish the
extent of, the result of HCV infection (such as propagation
and dissemination) and/or development of chronic hepatitis,
preferably when compared to HCV-susceptible humans.
[0094] “Susceptibility” to HCV infection means that an
organism, such as a human, fails to avoid, or diminish the
extent of, the result of HCV infection (such as propagation
and dissemination) and/or development of chronic hepatitis,
preferably when compared to an organism that is known to be
HCYV infection resistant, such as a non-human primate, such
as chimpanzee.

[0095] The term “brain protein-coding nucleotide
sequence” as used herein refers to a nucleotide sequence
expressed in the brain that encodes a protein. One example of
the “brain protein-coding nucleotide sequence” is a brain
cDNA sequence.

[0096] As used herein, the term “brain functions unique or
enhanced in humans” or “unique functional capabilities of the
human brain” or “brain functional capability that is unique or
enhanced in humans” refers to any brain function, either in
kind or in degree, that is identified and/or observed to be
enhanced in humans compared to other non-human primates.
Such brain functions include, but are not limited to high
capacity information processing, storage and retrieval capa-
bilities, creativity, memory, language abilities, brain-medi-
ated emotional response, locomotion, pain/pleasure sensa-
tion, olfaction, and temperament.

[0097] “Housekeeping genes” is a term well understood in
the art and means those genes associated with general cell
function, including but not limited to growth, division, stasis,
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metabolism, and/or death. “Housekeeping” genes generally
perform functions found in more than one cell type. In con-
trast, cell-specific genes generally perform functions in a
particular cell type (such as neurons) and/or class (such as
neural cells).

[0098] Theterm “agent”, as used herein, means a biological
or chemical compound such as a simple or complex organic
or inorganic molecule, a peptide, a protein or an oligonucle-
otide. A vast array of compounds can be synthesized, for
example oligomers, such as oligopeptides and oligonucle-
otides, and synthetic organic and inorganic compounds based
on various core structures, and these are also included in the
term “agent”. In addition, various natural sources can provide
compounds for screening, such as plant or animal extracts,
and the like. Compounds can be tested singly or in combina-
tion with one another.

[0099] The term “to modulate function” of a polynucle-
otide or a polypeptide means that the function of the poly-
nucleotide or polypeptide is altered when compared to not
adding an agent. Modulation may occur on any level that
affects function. A polynucleotide or polypeptide function
may be direct or indirect, and measured directly or indirectly.
[0100] A “function of a polynucleotide” includes, but is not
limited to, replication; translation; and expression pattern(s).
A polynucleotide function also includes functions associated
with a polypeptide encoded within the polynucleotide. For
example, an agent which acts on a polynucleotide and affects
protein expression, conformation, folding (or other physical
characteristics), binding to other moieties (such as ligands),
activity (or other functional characteristics), regulation and/
or other aspects of protein structure or function is considered
to have modulated polynucleotide function.

[0101] A “function of a polypeptide” includes, but is not
limited to, conformation, folding (or other physical charac-
teristics), binding to other moieties (such as ligands), activity
(or other functional characteristics), and/or other aspects of
protein structure or functions. For example, an agent that acts
on a polypeptide and affects its conformation, folding (or
other physical characteristics), binding to other moieties
(such as ligands), activity (or other functional characteris-
tics), and/or other aspects of protein structure or functions is
considered to have modulated polypeptide function. The
ways that an effective agent can act to modulate the function
ofapolypeptide include, but are not limited to 1) changing the
conformation, folding or other physical characteristics; 2)
changing the binding strength to its natural ligand or chang-
ing the specificity of binding to ligands; and 3) altering the
activity of the polypeptide.

[0102] The terms “modulate susceptibility to development
of AIDS” and “modulate resistance to development of
AIDS”, as used herein, include modulating intra-organism
cell-to-cell transmission or infectivity of HIV. The terms fur-
ther include reducing susceptibility to development of AIDS
and/or cell-to-cell transmission or infectivity of HIV. The
terms further include increasing resistance to development of
AIDS and/or cell-to-cell transmission or infectivity of HIV.
One means of assessing whether an agent is one that modu-
lates susceptibility or resistance to development of AIDS is to
determine whether at least one index of HIV susceptibility is
affected, using a cell-based system as described herein, as
compared with an appropriate control. Indicia of HIV suscep-
tibility include, but are not limited to, cell-to-cell transmis-
sion of the virus, as measured by total number of cells infected
with HIV and syncytia formation.
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[0103] The terms “modulate susceptibility to HCV infec-
tion” and “modulate resistance to HCV infection”, as used
herein, include modulating intra-organism cell-to-cell trans-
mission or infectivity of HCV. The terms further include
reducing susceptibility to development of chronic hepatitis
and/or cell-to-cell transmission or infectivity of HCV. The
terms further include increasing resistance to infection by
HCV and/or cell-to-cell transmission or infectivity of HCV.
One means of assessing whether an agent is one that modu-
lates susceptibility or resistance to development of HCV-
associated chronic hepatitis is to determine whether at least
one index of HCV susceptibility is affected, using a cell-
based system as described herein, as compared with an appro-
priate control. Indicia of HCV susceptibility include, but are
not limited to, cell-to-cell transmission of the virus, as mea-
sured by total number of cells infected with HCV.

[0104] Theterm “target site” means a location in a polypep-
tide which can be one or more amino acids and/or is a part of
a structural and/or functional motif, e.g., a binding site, a
dimerization domain, or a catalytic active site. It also includes
a location in a polynucleotide where there is one or more
non-synonymous nucleotide changes in a protein coding
region, or may also refer to a regulatory region of a positively
selected gene. Target sites may be a useful for direct or indi-
rect interaction with an agent, such as a therapeutic agent.
[0105] Theterm “molecular difference” includes any struc-
tural and/or functional difference. Methods to detect such
differences, as well as examples of such differences, are
described herein.

[0106] A “functional effect” is a term well known in the art,
and means any effect which is exhibited on any level of
activity, whether direct or indirect.

[0107] An agent that interacts with human p44 polypeptide
to form a complex that “mimics the structure” of chimpanzee
or other non-human primate p44 polypeptide means that the
interaction of the agent with the human p44 polypeptide
results in a complex whose three-dimensional structure more
closely approximates the three-dimensional structure of the
chimpanzee or non-human p44 polypeptide, relative to the
human p44 polypeptide alone.

[0108] An agent that interacts with human p44 polypeptide
to form a complex that “mimics the function” of chimpanzee
or other non-human primate p44 polypeptide means that the
complex of human p44 polypeptide and agent attain a bio-
logical function or enhance a biological function that is char-
acteristic of the chimpanzee or other non-human primate p44
polypeptide, relative to the human p44 polypeptide alone.
Such biological function of chimpanzee p44 polypeptide
includes, without limitation, microtubule assembly following
HCYV infection, and resistance to HCV infection of hepato-
cytes.

General Procedures Known in the Art

[0109] For the purposes of this invention, the source of the
human and non-human polynucleotide can be any suitable
source, e.g., genomic sequences or cDNA sequences. Prefer-
ably, cDNA sequences from human and a non-human primate
are compared. Human protein-coding sequences can be
obtained from public databases such as the Genome
Sequence Data Bank and GenBank. These databases serve as
repositories of the molecular sequence data generated by
ongoing research efforts. Alternatively, human protein-cod-
ing sequences may be obtained from, for example, sequenc-
ing of cDNA reverse transcribed from mRNA expressed in
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human cells, or after PCR amplification, according to meth-
ods well known in the art. Alternatively, human genomic
sequences may be used for sequence comparison. Human
genomic sequences can be obtained from public databases or
from a sequencing of commercially available human genomic
DNA libraries or from genomic DNA, after PCR.

[0110] The non-human primate protein-coding sequences
can be obtained by, for example, sequencing cDNA clones
that are randomly selected from a non-human primate cDNA
library. The non-human primate cDNA library can be con-
structed from total mRNA expressed in a primate cell using
standard techniques in the art. In some embodiments, the
c¢DNA is prepared from mRNA obtained from a tissue at a
determined developmental stage, or a tissue obtained after the
primate has been subjected to certain environmental condi-
tions. cDNA libraries used for the sequence comparison of the
present invention can be constructed using conventional
c¢DNA library construction techniques that are explained fully
in the literature of the art. Total mRNAs are used as templates
to reverse-transcribe cDNAs. Transcribed cDNAs are sub-
cloned into appropriate vectors to establish a cDNA library.
The established ¢cDNA library can be maximized for full-
length cDNA contents, although less than full-length cDNAs
may be used. Furthermore, the sequence frequency can be
normalized according to, for example, Bonaldo et al. (1996)
Genome Research 6:791-806. cDNA clones randomly
selected from the constructed cDNA library can be sequenced
using standard automated sequencing techniques. Preferably,
full-length cDNA clones are used for sequencing. Either the
entire or a large portion of cDNA clones from a cDNA library
may be sequenced, although it is also possible to practice
some embodiments of the invention by sequencing as little as
a single cDNA, or several cDNA clones.

[0111] In one preferred embodiment of the present inven-
tion, non-human primate cDNA clones to be sequenced can
be pre-selected according to their expression specificity. In
order to select cDNAs corresponding to active genes that are
specifically expressed, the cDNAs can be subject to subtrac-
tion hybridization using mRNAs obtained from other organs,
tissues or cells of the same animal. Under certain hybridiza-
tion conditions with appropriate stringency and concentra-
tion, those ¢cDNAs that hybridize with non-tissue specific
mRNAs and thus likely represent “housekeeping” genes will
be excluded from the cDNA pool. Accordingly, remaining
c¢DNAs to be sequenced are more likely to be associated with
tissue-specific functions. For the purpose of subtraction
hybridization, non-tissue-specific mRNAs can be obtained
from one organ, or preferably from a combination of different
organs and cells. The amount of non-tissue-specific mRNAs
are maximized to saturate the tissue-specific cDNAs.

[0112] Alternatively, information from online public data-
bases can be used to select or give priority to cDNAs that are
more likely to be associated with specific functions. For
example, the non-human primate cDNA candidates for
sequencing can be selected by PCR using primers designed
from candidate human ¢cDNA sequence. Candidate human
c¢DNA sequences are, for example, those that are only found
in a specific tissue, such as brain or breast, or that correspond
to genes likely to be important in the specific function, such as
brain function or breast tissue adipose or glandular develop-
ment. Such human tissue-specific cDNA sequences can be
obtained by searching online human sequence databases such
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as GenBank, in which information with respect to the expres-
sion profile and/or biological activity for cDNA sequences
are specified.

[0113] Sequences of non-human primate (for example,
from an AIDS- or HCV-resistant non-human primate) homo-
logue(s) to a known human gene may be obtained using
methods standard in the art, such as from public databases
such as GenBank or PCR methods (using, for example, Gene-
Amp PCR System 9700 thermocyclers (Applied Biosystems,
Inc.)). For example non-human primate cDNA candidates for
sequencing can be selected by PCR using primers designed
from candidate human cDNA sequences. For PCR, primers
may be made from the human sequences using standard
methods in the art, including publicly available primer design
programs such as PRIMER7 (Whitehead Institute). The
sequence amplified may then be sequenced using standard
methods and equipment in the art, such as automated
sequencers (Applied Biosystems, Inc.).

General Methods of the Invention

[0114] The general method of the invention is as follows.
Briefly, nucleotide sequences are obtained from a human
source and a non-human source. The human and non-human
nucleotide sequences are compared to one another to identify
sequences that are homologous. The homologous sequences
are analyzed to identify those that have nucleic acid sequence
differences between the two species. Then molecular evolu-
tion analysis is conducted to evaluate quantitatively and
qualitatively the evolutionary significance of the differences.
For genes that have been positively selected between two
species, e.g., human and chimp, it is useful to determine
whether the difference occurs in other non-human primates.
Next, the sequence is characterized in terms of molecular/
genetic identity and biological function. Finally, the informa-
tion can be used to identify agents useful in diagnosis and
treatment of human medically or commercially relevant con-
ditions.

[0115] The general methods of the invention entail compar-
ing human protein-coding nucleotide sequences to protein-
coding nucleotide sequences of a non-human, preferably a
primate, and most preferably a chimpanzee. Examples of
other non-human primates are bonobo, gorilla, orangutan,
gibbon, Old World monkeys, and New World monkeys. A
phylogenetic tree for primates within the hominoid group is
depicted in FIG. 1. Bioinformatics is applied to the compari-
son and sequences are selected that contain a nucleotide
change or changes that is/are evolutionarily significant
change(s). The invention enables the identification of genes
that have evolved to confer some evolutionary advantage and
the identification of the specific evolved changes.

[0116] Protein-coding sequences of human and another
non-human primate are compared to identify homologous
sequences. Protein-coding sequences known to or suspected
of having a specific biological function may serve as the
starting point for the comparison. Any appropriate mecha-
nism for completing this comparison is contemplated by this
invention. Alignment may be performed manually or by soft-
ware (examples of suitable alignment programs are known in
the art). Preferably, protein-coding sequences from a non-
human primate are compared to human sequences via data-
base searches, e.g., BLAST searches. The high scoring “hits,”
i.e., sequences that show a significant similarity after BLAST
analysis, will be retrieved and analyzed. Sequences showing
asignificant similarity can be those having at least about 60%,
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at least about 75%, at least about 80%, at least about 85%, or
at least about 90% sequence identity. Preferably, sequences
showing greater than about 80% identity are further analyzed.
The homologous sequences identified via database searching
can be aligned in their entirety using sequence alignment
methods and programs that are known and available in the art,
such as the commonly used simple alignment program
CLUSTAL V by Higgins et al. (1992) CABIOS 8:189-191.

[0117] Alternatively, the sequencing and homologous com-
parison of protein-coding sequences between human and a
non-human primate may be performed simultaneously by
using the newly developed sequencing chip technology. See,
for example, Rava et al. U.S. Pat. No. 5,545,531.

[0118] The aligned protein-coding sequences of human
and another non-human primate are analyzed to identify
nucleotide sequence differences at particular sites. Again, any
suitable method for achieving this analysis is contemplated
by this invention. If there are no nucleotide sequence differ-
ences, the non-human primate protein coding sequence is not
usually further analyzed. The detected sequence changes are
generally, and preferably, initially checked for accuracy. Pref-
erably, the initial checking comprises performing one or more
of the following steps, any and all of which are known in the
art: (a) finding the points where there are changes between the
non-human primate and human sequences; (b) checking the
sequence fluorogram (chromatogram) to determine if the
bases that appear unique to non-human primate correspond to
strong, clear signals specific for the called base; (c) checking
the human hits to see if there is more than one human
sequence that corresponds to a sequence change. Multiple
human sequence entries for the same gene that have the same
nucleotide at a position where there is a different nucleotide in
anon-human primate sequence provides independent support
that the human sequence is accurate, and that the change is
significant. Such changes are examined using public database
information and the genetic code to determine whether these
nucleotide sequence changes result in a change in the amino
acid sequence of the encoded protein. As the definition of
“nucleotide change” makes clear, the present invention
encompasses at least one nucleotide change, either a substi-
tution, a deletion or an insertion, in a human protein-coding
polynucleotide sequence as compared to corresponding
sequence from a non-human primate. Preferably, the change
is a nucleotide substitution. More preferably, more than one
substitution is present in the identified human sequence and is
subjected to molecular evolution analysis.

[0119] Any of several different molecular evolution analy-
ses or K /K type methods can be employed to evaluate
quantitatively and qualitatively the evolutionary significance
of the identified nucleotide changes between human gene
sequences and that of a non-human primate. Kreitman and
Akashi (1995) Annu. Rev. Ecol. Syst. 26:403-422; Li,
Molecular Evolution, Sinaver Associates, Sunderland, Mass.,
1997. For example, positive selection on proteins (i.e.,
molecular-level adaptive evolution) can be detected in pro-
tein-coding genes by pairwise comparisons of the ratios of
nonsynonymous nucleotide substitutions per nonsynony-
mous site (K ,) to synonymous substitutions per synonymous
site (Kg) (Lietal., 1985; L1, 1993). Any comparison of K , and
K may be used, although it is particularly convenient and
most effective to compare these two variables as a ratio.
Sequences are identified by exhibiting a statistically signifi-
cant difference between K, and K using standard statistical
methods.
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[0120] Preferably, the K ,/Kanalysis by Li et al. is used to
carry out the present invention, although other analysis pro-
grams that can detect positively selected genes between spe-
cies can also be used. Li et al. (1985) Mol. Biol. Evol. 2:150-
174; Li (1993); see also J. Mol. Evol. 36:96-99; Messier and
Stewart (1997) Nature 385:151-154; Nei (1987) Molecular
Evolutionary Genetics (New York, Columbia University
Press). The K ,/K ¢ method, which comprises a comparison of
the rate of non-synonymous substitutions per non-synony-
mous site with the rate of synonymous substitutions per syn-
onymous site between homologous protein-coding region of
genes in terms of a ratio, is used to identify sequence substi-
tutions that may be driven by adaptive selections as opposed
to neutral selections during evolution. A synonymous (“‘si-
lent”) substitution is one that, owing to the degeneracy of the
genetic code, makes no change to the amino acid sequence
encoded; a non-synonymous substitution results in an amino
acid replacement. The extent of each type of change can be
estimated as K , and K g, respectively, the numbers of synony-
mous substitutions per synonymous site and non-synony-
mous substitutions per non-synonymous site. Calculations of
K /K¢ may be performed manually or by using software. An
example of a suitable program is MEGA (Molecular Genetics
Institute, Pennsylvania State University).

[0121] For the purpose of estimating K, and K, either
complete or partial human protein-coding sequences are used
to calculate total numbers of synonymous and non-synony-
mous substitutions, as well as non-synonymous and synony-
mous sites. The length of the polynucleotide sequence ana-
lyzed can be any appropriate length. Preferably, the entire
coding sequence is compared, in order to determine any and
all significant changes. Publicly available computer pro-
grams, such as Li93 (Li (1993) J. Mol. Evol. 36:96-99) or
INA, can be used to calculate the K, and K values for all
pairwise comparisons. This analysis can be further adapted to
examine sequences in a “sliding window” fashion such that
small numbers of important changes are not masked by the
whole sequence. “Sliding window” refers to examination of
consecutive, overlapping subsections of the gene (the subsec-
tions can be of any length).

[0122] The comparison of non-synonymous and synony-
mous substitution rates is represented by the K /K ratio.
K /K has been shown to be a reflection of the degree to
which adaptive evolution has been at work in the sequence
under study. Full length or partial segments of a coding
sequence can be used for the K /K ; analysis. The higher the
K /K ratio, the more likely that a sequence has undergone
adaptive evolution and the non-synonymous substitutions are
evolutionarily significant. See, for example, Messier and
Stewart (1997). Preferably, the K /K ratio is at least about
0.75, more preferably at least about 1.0, more preferably at
least about 1.25, more preferably at least about 1.50, or more
preferably at least about 2.00. Preferably, statistical analysis
is performed on all elevated K /K ratios, including, but not
limited to, standard methods such as Student=s t-test and
likelihood ratio tests described by Yang (1998) Mol. Biol.
Evol. 37:441-456.

[0123] K, /K, ratios significantly greater than unity
strongly suggest that positive selection has fixed greater num-
bers of amino acid replacements than can be expected as a
result of chance alone, and is in contrast to the commonly
observed pattern in which the ratio is less than or equal to one.
Nei (1987); Hughes and Hei (1988) Nature 335:167-170;
Messier and Stewart (1994) Current Biol. 4:911-913; Kreit-
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man and Akashi (1995) Ann. Rev. Ecol. Syst. 26:403-422;
Messier and Stewart (1997). Ratios less than one generally
signify the role of negative, or purifying selection: there is
strong pressure on the primary structure of functional, effec-
tive proteins to remain unchanged.

[0124] All methods for calculating K ,/K ratios are based
on a pairwise comparison of the number of nonsynonymous
substitutions per nonsynonymous site to the number of syn-
onymous substitutions per synonymous site for the protein-
coding regions of homologous genes from related species.
Each method implements different corrections for estimating
“multiple hits” (i.e., more than one nucleotide substitution at
the same site). Each method also uses different models for
how DNA sequences change over evolutionary time. Thus,
preferably, a combination of results from different algorithms
is used to increase the level of sensitivity for detection of
positively-selected genes and confidence in the result.
[0125] Preferably, K /K ratios should be calculated for
orthologous gene pairs, as opposed to paralogous gene pairs
(i.e., a gene which results from speciation, as opposed to a
gene that is the result of gene duplication) Messier and Stew-
art (1997). This distinction may be made by performing addi-
tional comparisons with other non-human primates, such as
gorilla and orangutan, which allows for phylogenetic tree-
building. Orthologous genes when used in tree-building will
yield the known “species tree”, i.e., will produce a tree that
recovers the known biological tree. In contrast, paralogous
genes will yield trees which will violate the known biological
tree.

[0126] It is understood that the methods described herein
could lead to the identification of human polynucleotide
sequences that are functionally related to human protein-
coding sequences. Such sequences may include, but are not
limited to, non-coding sequences or coding sequences that do
not encode human proteins. These related sequences can be,
for example, physically adjacent to the human protein-coding
sequences in the human genome, such as introns or 5=- and
3=-flanking sequences (including control elements such as
promoters and enhancers). These related sequences may be
obtained via searching a public human genome database such
as GenBank or, alternatively, by screening and sequencing a
human genomic library with a protein-coding sequence as
probe. Methods and techniques for obtaining non-coding
sequences using related coding sequence are well known to
one skilled in the art.

[0127] The evolutionarily significant nucleotide changes,
which are detected by molecular evolution analysis such as
the K /K analysis, can be further assessed for their unique
occurrence in humans (or the non-human primate) or the
extent to which these changes are unique in humans (or the
non-human primate). For example, the identified changes can
be tested for presence/absence in other non-human primate
sequences. The sequences with at least one evolutionarily
significant change between human and one non-human pri-
mate can be used as primers for PCR analysis of other non-
human primate protein-coding sequences, and resulting poly-
nucleotides are sequenced to see whether the same change is
present in other non-human primates. These comparisons
allow further discrimination as to whether the adaptive evo-
lutionary changes are unique to the human lineage as com-
pared to other non-human primates or whether the adaptive
change is unique to the non-human primates (i.e., chimpan-
zee) as compared to humans and other non-human primates.
A nucleotide change that is detected in human but not other

Dec. 10, 2009

primates more likely represents a human adaptive evolution-
ary change. Alternatively, a nucleotide change thatis detected
in a non-human primate (i.e., chimpanzee) that is not detected
in humans or other non-human primates likely represents a
chimpanzee adaptive evolutionary change. Other non-human
primates used for comparison can be selected based on their
phylogenetic relationships with human. Closely related pri-
mates can be those within the hominoid sublineage, such as
chimpanzee, bonobo, gorilla, and orangutan. Non-human pri-
mates can also be those that are outside the hominoid group
and thus not so closely related to human, such as the Old
World monkeys and New World monkeys. Statistical signifi-
cance of such comparisons may be determined using estab-
lished available programs, e.g., t-test as used by Messier and
Stewart (1997) Nature 385:151-154. Those genes showing
statistically high K /K ratios are very likely to have under-
gone adaptive evolution.

[0128] Sequences with significant changes can be used as
probes in genomes from different human populations to see
whether the sequence changes are shared by more than one
human population. Gene sequences from different human
populations can be obtained from databases made available
by, for example, the Human Genome Project, the human
genome diversity project or, alternatively, from direct
sequencing of PCR-amplified DNA from a number of unre-
lated, diverse human populations. The presence of the iden-
tified changes in different human populations would further
indicate the evolutionary significance of the changes. Chim-
panzee sequences with significant changes can be obtained
and evaluated using similar methods to determine whether the
sequence changes are shared among many chimpanzees.
[0129] Sequences with significant changes between spe-
cies can be further characterized in terms of their molecular/
genetic identities and biological functions, using methods
and techniques known to those of ordinary skill in the art. For
example, the sequences can be located genetically and physi-
cally within the human genome using publicly available bio-
informatics programs. The newly identified significant
changes within the nucleotide sequence may suggest a poten-
tial role of the gene in human evolution and a potential asso-
ciation with human-unique functional capabilities. The puta-
tive gene with the identified sequences may be further
characterized by, for example, homologue searching. Shared
homology of the putative gene with a known gene may indi-
cate a similar biological role or function. Another exemplary
method of characterizing a putative gene sequence is on the
basis of known sequence motifs. Certain sequence patterns
are known to code for regions of proteins having specific
biological characteristics such as signal sequences, DNA
binding domains, or transmembrane domains.

[0130] The identified human sequences with significant
changes can also be further evaluated by looking at where the
gene is expressed in terms of tissue- or cell type-specificity.
For example, the identified coding sequences can be used as
probes to perform in situ mRNA hybridization that will reveal
the expression patterns of the sequences. Genes that are
expressed in certain tissues may be better candidates as being
associated with important human functions associated with
that tissue, for example brain tissue. The timing of the gene
expression during each stage of human development can also
be determined.

[0131] As another exemplary method of sequence charac-
terization, the functional roles of the identified nucleotide
sequences with significant changes can be assessed by con-
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ducting functional assays for different alleles of an identified
gene in a model system, such as yeast, nematode, Drosophila,
and mouse. Model systems may be cell-based or in vivo, such
as transgenic animals or animals with chimeric organs or
tissues. Preferably, the transgenic mouse or chimeric organ
mouse system is used. Methods of making cell-based systems
and/or transgenic/chimeric animal systems are known in the
art and need not be described in detail herein.

[0132] As another exemplary method of sequence charac-
terization, the use of computer programs allows modeling and
visualizing the three-dimensional structure of the homolo-
gous proteins from human and chimpanzee. Specific, exact
knowledge of which amino acids have been replaced in a
primate’s protein(s) allows detection of structural changes
that may be associated with functional differences. Thus, use
of modeling techniques is closely associated with identifica-
tion of functional roles discussed in the previous paragraph.
The use of individual or combinations of these techniques
constitutes part of the present invention. For example, chim-
panzee ICAM-3 contains a glutamine residue (Q101) at the
site in which human ICAM-3 contains a proline (P101). The
human protein is known to bend sharply at this point.
Replacement of the proline by glutamine in the chimpanzee
protein is likely to result in a much less sharp bend at this
point. This has clear implications for packaging of the
ICAM-3 chimpanzee protein into HIV virions.

[0133] Likewise, chimpanzee p44 has been found to con-
tain an exon (exon2) having several evolutionarily significant
nucleotide changes relative to human p44 exon 2. The non-
synonymous changes and corresponding amino acid changes
in chimpanzee p44 polypeptide are believed to confer HCV
resistance to the chimpanzee. The mechanism may involve
enhanced p44 microtubule assembly in hepatocytes.

[0134] The sequences identified by the methods described
herein have significant uses in diagnosis and treatment of
medically or commercially relevant human conditions.
Accordingly, the present invention provides methods for
identifying agents that are useful in modulating human-
unique or human-enhanced functional capabilities and/or
correcting defects in these capabilities using these sequences.
These methods employ, for example, screening techniques
known in the art, such as in vitro systems, cell-based expres-
sion systems and transgenic/chimeric animal systems. The
approach provided by the present invention not only identifies
rapidly evolved genes, but indicates modulations that can be
made to the protein that may not be too toxic because they
exist in another species.

Screening Methods

[0135] Thepresent invention also provides screening meth-
ods using the polynucleotides and polypeptides identified and
characterized using the above-described methods. These
screening methods are useful for identifying agents which
may modulate the function(s) of the polynucleotides or
polypeptides in a manner that would be useful for a human
treatment. Generally, the methods entail contacting at least
one agent to be tested with either a cell that has been trans-
fected with a polynucleotide sequence identified by the meth-
ods described above, or a preparation of the polypeptide
encoded by such polynucleotide sequence, wherein an agent
is identified by its ability to modulate function of either the
polynucleotide sequence or the polypeptide.

[0136] As used herein, the term “agent” means a biological
or chemical compound such as a simple or complex organic
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or inorganic molecule, a peptide, a protein or an oligonucle-
otide. A vast array of compounds can be synthesized, for
example oligomers, such as oligopeptides and oligonucle-
otides, and synthetic organic and inorganic compounds based
on various core structures, and these are also included in the
term “agent”. In addition, various natural sources can provide
compounds for screening, such as plant or animal extracts,
and the like. Compounds can be tested singly or in combina-
tion with one another.

[0137] To “modulate function” of a polynucleotide or a
polypeptide means that the function of the polynucleotide or
polypeptide is altered when compared to not adding an agent.
Modulation may occur on any level that affects function. A
polynucleotide or polypeptide function may be direct or indi-
rect, and measured directly or indirectly. A “function” of a
polynucleotide includes, but is not limited to, replication,
translation, and expression pattern(s). A polynucleotide func-
tion also includes functions associated with a polypeptide
encoded within the polynucleotide. For example, an agent
which acts on a polynucleotide and affects protein expres-
sion, conformation, folding (or other physical characteris-
tics), binding to other moieties (such as ligands), activity (or
other functional characteristics), regulation and/or other
aspects of protein structure or function is considered to have
modulated polynucleotide function. The ways that an effec-
tive agent can act to modulate the expression of a polynucle-
otide include, but are not limited to 1) modifying binding ofa
transcription factor to a transcription factor responsive ele-
ment in the polynucleotide; 2) modifying the interaction
between two transcription factors necessary for expression of
the polynucleotide; 3) altering the ability of a transcription
factor necessary for expression of the polynucleotide to enter
the nucleus; 4) inhibiting the activation of a transcription
factor involved in transcription of the polynucleotide; 5)
modifying a cell-surface receptor which normally interacts
with a ligand and whose binding of the ligand results in
expression of the polynucleotide; 6) inhibiting the inactiva-
tion of a component of the signal transduction cascade that
leads to expression of the polynucleotide; and 7) enhancing
the activation of a transcription factor involved in transcrip-
tion of the polynucleotide.

[0138] A “function” of a polypeptide includes, but is not
limited to, conformation, folding (or other physical charac-
teristics), binding to other moieties (such as ligands), activity
(or other functional characteristics), and/or other aspects of
protein structure or functions. For example, an agent that acts
on a polypeptide and affects its conformation, folding (or
other physical characteristics), binding to other moieties
(such as ligands), activity (or other functional characteris-
tics), and/or other aspects of protein structure or functions is
considered to have modulated polypeptide function. The
ways that an effective agent can act to modulate the function
of'apolypeptide include, but are not limited to 1) changing the
conformation, folding or other physical characteristics; 2)
changing the binding strength to its natural ligand or chang-
ing the specificity of binding to ligands; and 3) altering the
activity of the polypeptide.

[0139] A “function” of a polynucleotide includes its
expression, i.e., transcription and/or translation. It can also
include (without limitation) its conformation, folding and
binding to other moieties.

[0140] Generally, the choice of agents to be screened is
governed by several parameters, such as the particular poly-
nucleotide or polypeptide target, its perceived function, its
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three-dimensional structure (if known or surmised), and other
aspects of rational drug design. Techniques of combinatorial
chemistry can also be used to generate numerous permuta-
tions of candidates. Those of skill in the art can devise and/or
obtain suitable agents for testing.

[0141] The in vivo screening assays described herein may
have several advantages over conventional drug screening
assays: 1) if an agent must enter a cell to achieve a desired
therapeutic effect, an in vivo assay can give an indication as to
whether the agent can enter a cell; 2) an in vivo screening
assay can identify agents that, in the state in which they are
added to the assay system are ineffective to elicit at least one
characteristic which is associated with modulation of poly-
nucleotide or polypeptide function, but that are modified by
cellular components once inside a cell in such a way that they
become effective agents; 3) most importantly, an in vivo assay
system allows identification of agents affecting any compo-
nent of a pathway that ultimately results in characteristics that
are associated with polynucleotide or polypeptide function.
[0142] Ingeneral, screening can be performed by adding an
agent to a sample of appropriate cells which have been trans-
fected with a polynucleotide identified using the methods of
the present invention, and monitoring the effect, i.e., modu-
lation of a function of the polynucleotide or the polypeptide
encoded within the polynucleotide. The experiment prefer-
ably includes a control sample which does not receive the
candidate agent. The treated and untreated cells are then
compared by any suitable phenotypic criteria, including but
not limited to microscopic analysis, viability testing, ability
to replicate, histological examination, the level of a particular
RNA or polypeptide associated with the cells, the level of
enzymatic activity expressed by the cells or cell lysates, the
interactions of the cells when exposed to infectious agents,
such as HIV, and the ability of the cells to interact with other
cells or compounds. For example, the transfected cells can be
exposed to the agent to be tested and, before, during, or after
treatment with the agent, the cells can be infected with a virus,
such as HCV or HIV, and tested for any indication of suscep-
tibility of the cells to viral infection, including, for example,
susceptibility of the cells to cell-to-cell viral infection, repli-
cation of the virus, production of a viral protein, and/or syn-
cytia formation following infection with the virus. Differ-
ences between treated and untreated cells indicate effects
attributable to the candidate agent. Optimally, the agent has a
greater effect on experimental cells than on control cells.
Appropriate host cells include, but are not limited to, eukary-
otic cells, preferably mammalian cells. The choice of cell will
at least partially depend on the nature of the assay contem-
plated.

[0143] To test for agents that upregulate the expression of a
polynucleotide, a suitable host cell transfected with a poly-
nucleotide of interest, such that the polynucleotide is
expressed (as used herein, expression includes transcription
and/or translation) is contacted with an agent to be tested. An
agent would be tested for its ability to result in increased
expression of mRNA and/or polypeptide. Methods of making
vectors and transfection are well known in the art. “Transfec-
tion” encompasses any method of introducing the exogenous
sequence, including, for example, lipofection, transduction,
infection or electroporation. The exogenous polynucleotide
may be maintained as a non-integrated vector (such as a
plasmid) or may be integrated into the host genome.

[0144] To identify agents that specifically activate tran-
scription, transcription regulatory regions could be linked to
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areporter gene and the construct added to an appropriate host
cell. As used herein, the term “reporter gene” means a gene
that encodes a gene product that can be identified (i.e., a
reporter protein). Reporter genes include, but are not limited
to, alkaline phosphatase, chloramphenicol acetyltransferase,
[-galactosidase, luciferase and green fluorescence protein
(GFP). Identification methods for the products of reporter
genes include, but are not limited to, enzymatic assays and
fluorimetric assays. Reporter genes and assays to detect their
products are well known in the art and are described, for
example in Ausubel et al. (1987) and periodic updates.
Reporter genes, reporter gene assays, and reagent Kits are also
readily available from commercial sources. Examples of
appropriate cells include, but are not limited to, fungal, yeast,
mammalian, and other eukaryotic cells. A practitioner of
ordinary skill will be well acquainted with techniques for
transfecting eukaryotic cells, including the preparation of a
suitable vector, such as a viral vector; conveying the vector
into the cell, such as by electroporation; and selecting cells
that have been transformed, such as by using a reporter or
drug sensitivity element. The effect of an agent on transcrip-
tion from the regulatory region in these constructs would be
assessed through the activity of the reporter gene product.

[0145] Besides the increase in expression under conditions
in which it is normally repressed mentioned above, expres-
sion could be decreased when it would normally be main-
tained or increased. An agent could accomplish this through a
decrease in transcription rate and the reporter gene system
described above would be a means to assay for this. The host
cells to assess such agents would need to be permissive for
expression.

[0146] Cells transcribing mRNA (from the polynucleotide
of interest) could be used to identify agents that specifically
modulate the half-life of mRNA and/or the translation of
mRNA. Such cells would also be used to assess the effect of
an agent on the processing and/or post-translational modifi-
cation of the polypeptide. An agent could modulate the
amount of polypeptide in a cell by modifying the turnover
(i.e., increase or decrease the half-life) of the polypeptide.
The specificity of the agent with regard to the mRNA and
polypeptide would be determined by examining the products
in the absence of the agent and by examining the products of
unrelated mRNAs and polypeptides. Methods to examine
mRNA half-life, protein processing, and protein turn-over are
well know to those skilled in the art.

[0147] In vivo screening methods could also be useful in
the identification of agents that modulate polypeptide func-
tion through the interaction with the polypeptide directly.
Such agents could block normal polypeptide-ligand interac-
tions, if any, or could enhance or stabilize such interactions.
Such agents could also alter a conformation of the polypep-
tide. The effect of the agent could be determined using immu-
noprecipitation reactions. Appropriate antibodies would be
used to precipitate the polypeptide and any protein tightly
associated with it. By comparing the polypeptides immuno-
precipitated from treated cells and from untreated cells, an
agent could be identified that would augment or inhibit
polypeptide-ligand interactions, if any. Polypeptide-ligand
interactions could also be assessed using cross-linking
reagents that convert a close, but noncovalent interaction
between polypeptides into a covalent interaction. Techniques
to examine protein-protein interactions are well known to
those skilled in the art. Techniques to assess protein confor-
mation are also well known to those skilled in the art.
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[0148] It is also understood that screening methods can
involve in vitro methods, such as cell-free transcription or
translation systems. In those systems, transcription or trans-
lation is allowed to occur, and an agent is tested for its ability
to modulate function. For an assay that determines whether an
agent modulates the translation of mRNA or a polynucle-
otide, an in vitro transcription/translation system may be
used. These systems are available commercially and provide
an in vitro means to produce mRNA corresponding to a
polynucleotide sequence of interest. After mRNA is made, it
can be translated in vitro and the translation products com-
pared. Comparison of translation products between an in vitro
expression system that does not contain any agent (negative
control) with an in vitro expression system that does contain
an agent indicates whether the agent is affecting translation.
Comparison of translation products between control and test
polynucleotides indicates whether the agent, if acting on this
level, is selectively affecting translation (as opposed to affect-
ing translation in a general, non-selective or non-specific
fashion). The modulation of polypeptide function can be
accomplished in many ways including, but not limited to, the
in vivo and in vitro assays listed above as well as in in vitro
assays using protein preparations. Polypeptides can be
extracted and/or purified from natural or recombinant sources
to create protein preparations. An agent can be added to a
sample of a protein preparation and the effect monitored; that
is whether and how the agent acts on a polypeptide and affects
its conformation, folding (or other physical characteristics),
binding to other moieties (such as ligands), activity (or other
functional characteristics), and/or other aspects of protein
structure or functions is considered to have modulated
polypeptide function.

[0149] Inanexample for an assay for an agent that binds to
a polypeptide encoded by a polynucleotide identified by the
methods described herein, a polypeptide is first recombi-
nantly expressed in a prokaryotic or eukaryotic expression
system as a native or as a fusion protein in which a polypep-
tide (encoded by a polynucleotide identified as described
above) is conjugated with a well-characterized epitope or
protein. Recombinant polypeptide is then purified by, for
instance, immunoprecipitation using appropriate antibodies
or anti-epitope antibodies or by binding to immobilized
ligand of the conjugate. An affinity column made of polypep-
tide or fusion protein is then used to screen a mixture of
compounds which have been appropriately labeled. Suitable
labels include, but are not limited to fluorochromes, radioiso-
topes, enzymes and chemiluminescent compounds. The
unbound and bound compounds can be separated by washes
using various conditions (e.g. high salt, detergent) that are
routinely employed by those skilled in the art. Non-specific
binding to the affinity column can be minimized by pre-
clearing the compound mixture using an affinity column con-
taining merely the conjugate or the epitope. Similar methods
can be used for screening for an agent(s) that competes for
binding to polypeptides. In addition to affinity chromatogra-
phy, there are other techniques such as measuring the change
of melting temperature or the fluorescence anisotropy of a
protein which will change upon binding another molecule.
For example, a BlAcore assay using a sensor chip (supplied
by Pharmacia Biosensor, Stitt et al. (1995) Cell 80: 661-670)
that is covalently coupled to polypeptide may be performedto
determine the binding activity of different agents.

[0150] Itisalsounderstood that the in vitro screening meth-
ods of this invention include structural, or rational, drug
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design, in which the amino acid sequence, three-dimensional
atomic structure or other property (or properties) of a
polypeptide provides a basis for designing an agent which is
expected to bind to a polypeptide. Generally, the design and/
or choice of agents in this context is governed by several
parameters, such as side-by-side comparison of the structures
of a human and homologous non-human primate polypep-
tides, the perceived function of the polypeptide target, its
three-dimensional structure (if known or surmised), and other
aspects of rational drug design. Techniques of combinatorial
chemistry can also be used to generate numerous permuta-
tions of candidate agents.

[0151] Also contemplated in screening methods of the
invention are transgenic animal systems and animal models
containing chimeric organs or tissues, which are known in the
art.

[0152] The screening methods described above represent
primary screens, designed to detect any agent that may
exhibit activity that modulates the function of a polynucle-
otide or polypeptide. The skilled artisan will recognize that
secondary tests will likely be necessary in order to evaluate an
agent further. For example, a secondary screen may comprise
testing the agent(s) in an infectivity assay using mice and
other animal models (such as rat), which are known in the art.
In addition, a cytotoxicity assay would be performed as a
further corroboration that an agent which tested positive in a
primary screen would be suitable for use in living organisms.
Any assay for cytotoxicity would be suitable for this purpose,
including, for example the MTT assay (Promega).

[0153] The invention also includes agents identified by the
screening methods described herein.

Methods Useful for Identifying Positively Selected Non-Hu-
man Traits

[0154] Inoneaspect of the invention, a non-human primate
polynucleotide or polypeptide has undergone natural selec-
tion that resulted in a positive evolutionarily significant
change (i.e., the non-human primate polynucleotide or
polypeptide has a positive attribute not present in humans). In
this aspect of the invention, the positively selected polynucle-
otide or polypeptide may be associated with susceptibility or
resistance to certain diseases or with other commercially
relevant traits. Examples of this embodiment include, but are
not limited to, polynucleotides and polypeptides that have
been positively selected in non-human primates, preferably
chimpanzees, that may be associated with susceptibility or
resistance to infectious diseases, cancer, or acne or may be
associated with aesthetic conditions of interest to humans,
such as hair growth or muscle mass. An example of this
embodiment includes polynucleotides and polypeptides
associated with the susceptibility or resistance to HIV pro-
gression to AIDS. The present invention can thus be useful in
gaining insight into the molecular mechanisms that underlie
resistance to HIV infection progressing to development of
AIDS, providing information that can also be useful in dis-
covering and/or designing agents such as drugs that prevent
and/or delay development of AIDS. For example, CD59,
which has been identified as a leukocyte and erythrocyte
protein whose function is to protect these cells from the
complement arm of the body=s MAC (membrane attack com-
plex) defense system (Meri et al. (1996) Biochem. J. 616:923-
935), has been found to be positively selected in the chim-
panzee (see Example 16). It is believed that the CD59 found
in chimpanzees confers a resistance to the progression of
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AIDS that is not found in humans. Thus, the positively
selected chimpanzee CD59 can serve in the development of
agents or drugs that are useful in arresting the progression of
AIDS in humans, as is described in the Examples.

[0155] Another example involves the p44 polynucleotides
and polypeptides associated with resistance to HCV infection
in chimpanzees. This discovery can be useful in discerning
the molecular mechanisms that underlie resistance to HCV
infection progression to chronic hepatitis and/or hepatocel-
lular carcinoma in chimpanzees, and in providing informa-
tion useful in the discovery and/or design of agents that pre-
vent and/or delay chronic hepatitis or hepatocellular
carcinoma.

[0156] Commercially relevant examples include, but are
not limited to, polynucleotides and polypeptides that are posi-
tively selected in non-human primates that may be associated
with aesthetic traits, such as hair growth, acne, or muscle
mass. Accordingly, in one aspect, the invention provides
methods for identifying a polynucleotide sequence encoding
a polypeptide, wherein said polypeptide may be associated
with amedically or commercially relevant positive evolution-
arily significant change. The method comprises the steps of:
(a) comparing human protein-coding nucleotide sequences to
protein-coding nucleotide sequences of a non-human pri-
mate; and (b) selecting a non-human primate polynucleotide
sequence that contains at least one nucleotide change as com-
pared to corresponding sequence of the human, wherein said
change is evolutionarily significant. The sequences identified
by this method may be further characterized and/or analyzed
for their possible association with biologically or medically
relevant functions unique or enhanced in non-human pri-
mates.

Methods Useful for Identifying Positively Selected Human
Traits

[0157] This invention specifically provides methods for
identifying human polynucleotide and polypeptide
sequences that may be associated with unique or enhanced
functional capabilities or traits of the human, for example,
brain function or longer life span. More particularly, these
methods identify those genetic sequences that may be asso-
ciated with capabilities that are unique or enhanced in
humans, including, but not limited to, brain functions such as
high capacity information processing, storage and retrieval
capabilities, creativity, and language abilities. Moreover,
these methods identify those sequences that may be associ-
ated to other brain functional features with respect to which
the human brain performs at enhanced levels as compared to
other non-human primates; these differences may include
brain-mediated emotional response, locomotion, pain/plea-
sure sensation, olfaction, temperament and longer life span.
[0158] Inthis method, the general methods of the invention
are applied as described above. Generally, the methods
described herein entail (a) comparing human protein-coding
polynucleotide sequences to that of a non-human primate;
and (b) selecting those human protein-coding polynucleotide
sequences having evolutionarily significant changes that may
be associated with unique or enhanced functional capabilities
of the human as compared to that of the non-human primate.
[0159] In this embodiment, the human sequence includes
the evolutionarily significant change (i.e., the human
sequence differs from more than one non-human primate
species sequence in a manner that suggests that such a change
is in response to a selective pressure). The identity and func-
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tion of the protein encoded by the gene that contains the
evolutionarily significant change is characterized and a deter-
mination is made whether or not the protein can be involved
in a unique or enhanced human function. If the protein is
involved in a unique or enhanced human function, the infor-
mation is used in a manner to identify agents that can supple-
ment or otherwise modulate the unique or enhanced human
function.

[0160] As a non-limiting example of the invention, identi-
fying the genetic (i.e., nucleotide sequence) differences
underlying the functional uniqueness of human brain may
provide a basis for designing agents that can modulate human
brain functions and/or help correct functional defects. These
sequences could also be used in developing diagnostic
reagents and/or biomedical research tools. The invention also
provides methods for a large-scale comparison of human
brain protein-coding sequences with those from a non-human
primate.

[0161] Theidentified human sequence changes can be used
in establishing a database of candidate human genes that may
be involved in human brain function. Candidates are ranked
as to the likelihood that the gene is responsible for the unique
or enhanced functional capabilities found in the human brain
compared to chimpanzee or other non-human primates.
Moreover, the database not only provides an ordered collec-
tion of candidate genes, it also provides the precise molecular
sequence differences that exist between human and chimpan-
zee (and other non-human primates), and thus defines the
changes that underlie the functional differences. This infor-
mation can be useful in the identification of potential sites on
the protein that may serve as useful targets for pharmaceutical
agents.

[0162] Accordingly, the present invention also provides
methods for correlating an evolutionarily significant nucle-
otide change to a brain functional capability that is unique or
enhanced in humans, comprising (a) identifying a human
nucleotide sequence according to the methods described
above; and (b) analyzing the functional effect of the presence
or absence of the identified sequence in a model system.

[0163] Further studies can be carried out to confirm puta-
tive function. For example, the putative function can be
assayed in appropriate in vitro assays using transiently or
stably transfected mammalian cells in culture, or using mam-
malian cells transfected with an antisense clone to inhibit
expression of the identified polynucleotide to assess the effect
ofthe absence of expression of its encoded polypeptide. Stud-
ies such as one-hybrid and two-hybrid studies can be con-
ducted to determine, for example, what other macromol-
ecules the polypeptide interacts with. Transgenic nematodes
or Drosophila can be used for various functional assays,
including behavioral studies. The appropriate studies depend
on the nature of the identified polynucleotide and the
polypeptide encoded within the polynucleotide, and would be
obvious to those skilled in the art.

[0164] The presentinvention also provides polynucleotides
and polypeptides identified by the methods of the present
invention. In one embodiment, the present invention provides
an isolated AATYK nucleotide sequence selected from the
group consisting of nucleotides 2180-2329 of SEQ ID
NO:14, nucleotides 2978-3478 of SEQ ID NO:14, and nucle-
otides 3380-3988 of SEQ ID NO:14; and an isolated nucle-
otide sequence having at least 85% homology to a nucleotide
sequence of any of the preceding sequences.
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[0165] In another embodiment, the invention provides an
isolated AATYK polypeptide selected from the group con-
sisting of a polypeptide encoded by a nucleotide sequence
selected from the group consisting of SEQ ID NO:17 and
SEQ ID NO:18; wherein said encoding is based on the open
reading frame (ORF) of SEQ ID NO:14, and a polypeptide
encoded by anucleotide sequence having at least 85% homol-
ogy to anucleotide sequence selected from the group consist-
ing of SEQ ID NO:17 and SEQ ID NO:18; wherein said
encoding is based on the open reading frame of SEQ ID
NO:14.

[0166] In a further embodiment, the present invention pro-
vides an isolated AATYK polypeptide selected from the
group consisting of a polypeptide encoded by a nucleotide
sequence selected from the group consisting of nucleotides
1-501 of SEQ ID NO:17, nucleotides 1-150 of SEQ ID
NO:17, nucleotides 100-249 of SEQ ID NO:17, nucleotides
202-351 of SEQ ID NO:17, nucleotides 301-450 of SEQ ID
NO:17, nucleotides 799-948 of SEQ ID NO:17, nucleotides
901-1050 of SEQ ID NO:17, nucleotides 799-1299 of SEQ
ID NO:17, and nucleotides 1201-1809 of SEQ ID NO:17;
wherein said encoding is based on the open reading frame of
SEQ ID NO:14; and a polypeptide encoded by a nucleotide
sequence having at least 85% homology to any of the preced-
ing nucleotide sequences.

[0167] In still another embodiment, the invention provides
an isolated polypeptide selected from the group consisting of
a polypeptide encoded by a nucleotide sequence selected
from the group consisting of nucleotides 1-501 of SEQ ID
NO:18, nucleotides 799-1299 of SEQ ID NO:18, and nucle-
otides 1201-1809 of SEQ ID NO:18; wherein said encoding
is based on the open reading frame of SEQ ID NO:14; and a
polypeptide encoded by a nucleotide sequence having at least
85% homology to nucleotides 1-501 of SEQ ID NO:18,
nucleotides 799-1299 of SEQ ID NO:18, and nucleotides
1201-1809 of SEQ ID NO:18.

[0168] In another embodiment, the invention provides an
isolated polynucleotide comprising SEQ ID NO:17, wherein
the coding capacity of the nucleic acid molecule is based on
the open reading frame of SEQ ID NO:14. In a preferred
embodiment, the polynucleotide is a Pan troglodytes poly-
nucleotide.

[0169] In another embodiment, the invention provides an
isolated polynucleotide comprising SEQ ID NO:18, wherein
the coding capacity of the nucleic acid molecule is based on
the open reading frame of SEQ ID NO:14. In a preferred
embodiment, the polynucleotide is a Gorilla gorilla poly-
nucleotide.

[0170] In some embodiments, the polynucleotide or
polypeptide having 85% homology to an isolated AATYK
polynucleotide or polypeptide of the present invention is a
homolog, which, when compared to a non-human primate,
yieldsaK /K ;ratio of at least 0.75, atleast 1.00, at least 1.25,
at least 1.50, or at least 2.00.

[0171] In other embodiments, the polynucleotide or
polypeptide having 85% homology to an isolated AATYK
polynucleotide or polypeptide of the present invention is a
homolog which is capable of performing the function of the
natural AATYK polynucleotide or polypeptide in a functional
assay. Suitable assays for assessing the function of an ATTYK
polynucleotide or polypeptide include a neuronal differentia-
tion assay such as that described by Raghunath, et al., Brain
Res Mol Brain Res. (2000) 77:151-62, or a tyrosine phospho-
rylation assay such as that described in Tomomura, et al.,
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Oncogene (2001) 20(9):1022-32. The phrase “capable of per-
forming the function of the natural AATYK polynucleotide or
polypeptide in a functional assay” means that the polynucle-
otide or polypeptide has at least about 10% of the activity of
the natural polynucleotide or polypeptide in the functional
assay. In other preferred embodiments, has at least about 20%
of'the activity of the natural polynucleotide or polypeptide in
the functional assay. In other preferred embodiments, has at
least about 30% of the activity of the natural polynucleotide
or polypeptide in the functional assay. In other preferred
embodiments, has at least about 40% of the activity of the
natural polynucleotide or polypeptide in the functional assay.
In other preferred embodiments, has at least about 50% of the
activity of the natural polynucleotide or polypeptide in the
functional assay. In other preferred embodiments, the poly-
nucleotide or polypeptide has at least about 60% of the activ-
ity of the natural polynucleotide or polypeptide in the func-
tional assay. In more preferred embodiments, the
polynucleotide or polypeptide has at least about 70% of the
activity of the natural polynucleotide or polypeptide in the
functional assay. In more preferred embodiments, the poly-
nucleotide or polypeptide has at least about 80% of the activ-
ity of the natural polynucleotide or polypeptide in the func-
tional assay. In more preferred embodiments, the
polynucleotide or polypeptide has at least about 90% of the
activity of the natural polynucleotide or polypeptide in the
functional assay.

Description of the AIDS Embodiment (an Example of a Posi-
tively Selected Non-Human Trait)

[0172] The AIDS (Acquired Immune Deficiency Syn-
drome) epidemic has been estimated to threaten 30 million
people world-wide (UNAIDS/WHO, 1998, “Report on the
global HIV/AIDS epidemic”). Well over a million people are
infected in developed countries, and in parts of sub-Saharan
Africa, 1 in 4 adults now carries the virus (UNAIDS/WHO,
1998). Although efforts to develop vaccines are underway,
near term prospects for successful vaccines are grim. Balter
and Cohen (1998) Science 281:159-160; Baltimore and Heil-
man (1998) Scientific Am. 279:98-103. Further complicating
the development of therapeutics is the rapid mutation rate of
HIV (the human immunodeficiency virus which is respon-
sible for AIDS), which generates rapid changes in viral pro-
teins. These changes ultimately allow the virus to escape
current therapies, which target viral proteins. Dobkin (1998)
Inf. Med. 15(3): 159. Even drug cocktails which initially
showed great promise are subject to the emergence of drug-
resistant mutants. Balter and Cohen (1998); Dobkin (1998).
Thus, there is still a serious need for development of therapies
which delay or prevent progression of AIDS in HIV-infected
individuals. Chun et al. (1997) Proc. Natl. Acad. Sci. USA
94:13193-13197; Dobkin (1998).

[0173] Human=s closest relatives, chimpanzees (Pan tro-
glodytes), have unexpectedly proven to be poor models for
the study of the disease processes following infection with
HIV-1. Novembre et al. (1997); J. Virol. 71(5):4086-4091.
Once infected with HIV-1, chimpanzees display resistance to
progression of the disease. To date, only one chimpanzee
individual is known to have developed full-blown AIDS,
although more than 100 captive chimpanzees have been
infected. Novembre et al. (1997); Villinger et al. (1997) J.
Med. Primatol. 26(1-2): 11-18. Clearly, an understanding of
the mechanism(s) that confer resistance to progression of the
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disease in chimpanzees may prove invaluable for efforts to
develop therapeutic agents for HIV-infected humans.

[0174] It is generally believed that wild chimpanzee popu-
lations harbored the HIV-1 virus (perhaps for millennia) prior
to its recent cross-species transmission to humans. Dube et al,
(1994); Virology 202:379-389; Zhu and Ho (1995) Nature
374:503-504; Zhu et al. (1998); Quinn (1994) Proc. Natl.
Acad. Sci. USA 91:2407-2414. During this extended period,
viral/host co-evolution has apparently resulted in accommo-
dation, explaining chimpanzee resistance to AIDS progres-
sion. Burnet and White (1972); Natural History of Infectious
Disease (Cambridge, Cambridge Univ. Press); Ewald (1991)
Hum. Nat. 2(1):1-30. All references cited herein are hereby
incorporated by reference in their entirety.

[0175] One aspect of this invention arises from the obser-
vations that (a) because chimpanzees (Par troglodytes) have
displayed resistance to development of AIDS although sus-
ceptible to HIV infection (Alter et al. (1984) Science 226:
549-552; Fultzetal. (1986)J. Virol. 58:116-124; Novembre et
al. (1997) J. Virol. 71(5):4086-4091), while humans are sus-
ceptible to developing this devastating disease, certain genes
in chimpanzees may contribute to this resistance; and (b) it is
possible to evaluate whether changes in human genes when
compared to homologous genes from other species (such as
chimpanzee) are evolutionarily significant (i.e., indicating
positive selective pressure). Thus, protein coding polynucle-
otides may contain sequence changes that are found in chim-
panzees (as well as other AIDS-resistant primates) but not in
humans, likely as a result of positive adaptive selection during
evolution. Furthermore, such evolutionarily significant
changes in polynucleotide and polypeptide sequences may be
attributed to an AIDS-resistant non-human primate=s (such
as chimpanzee) ability to resist development of AIDS. The
methods of this invention employ selective comparative
analysis to identify candidate genes which may be associated
with susceptibility or resistance to AIDS, which may provide
new host targets for therapeutic intervention as well as spe-
cific information on the changes that evolved to confer resis-
tance. Development of therapeutic approaches that involve
host proteins (as opposed to viral proteins and/or mecha-
nisms) may delay or even avoid the emergence of resistant
viral mutants. The invention also provides screening methods
using the sequences and structural differences identified.
[0176] This invention provides methods for identifying
human polynucleotide and polypeptide sequences that may
be associated with susceptibility to post-infection develop-
ment of AIDS. Conversely, the invention also provides meth-
ods for identifying polynucleotide and polypeptide
sequences from an AIDS-resistant non-human primate (such
as chimpanzee) that may be associated with resistance to
development of AIDS. Identifying the genetic (i.e., nucle-
otide sequence) and the resulting protein structural and bio-
chemical differences underlying susceptibility or resistance
to development of AIDS will likely provide a basis for dis-
covering and/or designing agents that can provide prevention
and/or therapy for HIV infection progressing to AIDS. These
differences could also be used in developing diagnostic
reagents and/or biomedical research tools. For example, iden-
tification of proteins which confer resistance may allow
development of diagnostic reagents or biomedical research
tools based upon the disruption of the disease pathway of
which the resistant protein plays a part.

Dec. 10, 2009

[0177] Generally, the methods described herein entail (a)
comparing human protein-coding polynucleotide sequences
to that of an AIDS resistant non-human primate (such as
chimpanzee), wherein the human protein coding polynucle-
otide sequence is associated with development of AIDS; and
(b) selecting those human protein-coding polynucleotide
sequences having evolutionarily significant changes that may
be associated with susceptibility to development of AIDS. In
another embodiment, the methods entail (a) comparing
human protein-coding polynucleotide sequences to that of an
AIDS-resistant non-human primate (such as chimpanzee),
wherein the human protein coding polynucleotide sequence
is associated with development of AIDS; and (b) selecting
those non-human primate protein-coding polynucleotide
sequences having evolutionarily significant changes that may
be associated with resistance to development of AIDS.

[0178] As is evident, the methods described herein can be
applied to other infectious diseases. For example, the meth-
ods could be used in a situation in which a non-human primate
is known or believed to have harbored the infectious disease
for a significant period (i.e., a sufficient time to have allowed
positive selection) and is resistant to development of the
disease. Thus, in other embodiments, the invention provides
methods for identifying a polynucleotide sequence encoding
a polypeptide, wherein said polypeptide may be associated
with resistance to development of an infectious disease, com-
prising the steps of: (a) comparing infectious disease-resis-
tant non-human primate protein coding sequences to human
protein coding sequences, wherein the human protein coding
sequence is associated with development of the infectious
disease; and (b) selecting an infectious disease-resistant non-
human primate sequence that contains at least one nucleotide
change as compared to the corresponding human sequence,
wherein the nucleotide change is evolutionarily significant. In
another embodiment, the invention provides methods for
identifying a human polynucleotide sequence encoding a
polypeptide, wherein said polypeptide may be associated
with susceptibility to development of an infectious disease,
comprising the steps of: (a) comparing human protein coding
sequences to protein-coding polynucleotide sequences of an
infectious disease-resistant non-human primate, wherein the
human protein coding sequence is associated with develop-
ment of the infectious disease; and (b) selecting a human
polynucleotide sequence that contains at least one nucleotide
change as compared to the corresponding sequence of an
infectious disease-resistant non-human primate, wherein the
nucleotide change is evolutionarily significant.

[0179] In the present invention, human sequences to be
compared with a homologue from an AIDS-resistant non-
human primate are selected based on their known or impli-
cated association with HIV propagation (i.e., replication),
dissemination and/or subsequent progression to AIDS. Such
knowledge is obtained, for example, from published literature
and/or public databases (including sequence databases such
as GenBank). Because the pathway involved in development
of AIDS (including viral replication) involves many genes, a
number of suitable candidates may be tested using the meth-
ods of this invention. Table 1 contains a exemplary list of
genes to be examined. The sequences are generally known in
the art.
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TABLE 1

Sample List of Human Genes to be/have been Examined

Gene Function

elF-5A initiation factor
hPC6A protease

hPC6B protease

P56/ Signal transduction
FKS506-binding protein Immunophilin
calnexin ?

Bax PCD promoter
bel-2 apoptosis inhibitor
ek tyrosine kinase

MAPK (mitogen activated protein kinase)
CD43

CCR2B

CCR3

Bonzo

BOB

GPR1

stromal-derived factor-1 (SDF-1)
tumor-necrosis factor-a (TNF- o)
TNF-receptor IT (TNFRII)
interferon y (IFN- y)

interleukin 1 a(IL-1 a)
interleukin 1p(IL-1 )

interleukin 2 (IL-2)

interleukin 4 (IL-4)

interleukin 6 (IL-6)

interleukin 10 (IL-10)

interleukin 13 (IL-13)

B7

macrophage colony-st imulating factor (M-CSF)
granulocyte-macrophage colony-stimulating factor

phosphatidylinositol 3-kinase (PI 3-kinase)
phosphatidylinositol 4-kinase (PI 4-kinase)
HLA class I a chain

- microglobulin

protein kinase
sialoglycoprotein
chemokine receptor
chemokine receptor
chemokine receptor
chemokine receptor
chemokine receptor
chemokine

PCD promoter
receptor

cytokine

cytokine

cytokine

cytokine

cytokine

cytokine

cytokine

cytokine

signaling protein
cytokine

cytokine

kinase

kinase
histocompatibility
antigen

lymphocyte antigen

CD35 decay-accelerating
factor

CD63 glycoprotein antigen
CD71 ?
interferon a (IFN- o) cytokine
CD44 cell adhesion
CD8 glycoprotein

Genes already examined (13)
ICAM-1 Immune system
ICAM-2 Immune system
ICAM-3 Immune system
leukocyte associated function 1 molecule a Immune system
(LFA-1)
leukocyte associated function 1 molecule Immune system
(LFA-1)
Mac-1 a Immune system
Mac-1 p (equivalent to LEA-1p) Immune system
DC-SIGN Immune system
CD39 complement protein
CXCR4 chemokine receptor
CCR5 chemokine receptor
MIP-1a chemokine
MIP-1p3 chemokine
RANTES chemokine

[0180] Aligned protein-coding sequences of human and an
AIDS resistant non-human primate such as chimpanzee are
analyzed to identify nucleotide sequence differences at par-
ticular sites. The detected sequence changes are generally,
and preferably, initially checked for accuracy as described
above. The evolutionarily significant nucleotide changes,
which are detected by molecular evolution analysis such as
the K /K analysis, can be further assessed to determine
whether the non-human primate gene or the human gene has
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been subjected to positive selection. For example, the identi-
fied changes can be tested for presence/absence in other
AIDS-resistant non-human primate sequences. The
sequences with at least one evolutionarily significant change
between human and one AIDS-resistant non-human primate
can be used as primers for PCR analysis of other non-human
primate protein-coding sequences, and resulting polynucle-
otides are sequenced to see whether the same change is
present in other non-human primates. These comparisons
allow further discrimination as to whether the adaptive evo-
lutionary changes are unique to the AIDS-resistant non-hu-
man primate (such as chimpanzee) as compared to other
non-human primates. For example, a nucleotide change that
is detected in chimpanzee but not other primates more likely
represents positive selection on the chimpanzee gene. Other
non-human primates used for comparison can be selected
based on their phylogenetic relationships with human.
Closely related primates can be those within the hominoid
sublineage, such as chimpanzee, bonobo, gorilla, and oran-
gutan. Non-human primates can also be those that are outside
the hominoid group and thus not so closely related to human,
such as the Old World monkeys and New World monkeys.
Statistical significance of such comparisons may be deter-
mined using established available programs, e.g., t-test as
used by Messier and Stewart (1997) Nature 385:151-154.

[0181] Furthermore, sequences with significant changes
can be used as probes in genomes from different humans to
see whether the sequence changes are shared by more than
one individual. For example, certain individuals are slower to
progress to AIDS (“slow progressers™) and comparison (a)
between a chimpanzee sequence and the homologous
sequence from the slow-progresser human individual and/or
(b) between an AIDS-susceptible individual and a slow-pro-
gresser individual would be of interest. Gene sequences from
different human populations can be obtained from databases
made available by, for example, the human genome diversity
project or, alternatively, from direct sequencing of PCR-am-
plified DNA from a number of unrelated, diverse human
populations. The presence of the identified changes in human
slow progressers would further indicate the evolutionary sig-
nificance of the changes.

[0182] As is exemplified herein, the CD59 protein, which
has been associated with the chimpanzee=s resistance to the
progression of AIDS, exhibits an evolutionarily significant
nucleotide change relative to human CDS59. CD59 (also
known as protectin, 1F-5Ag, H19, HRF20, MACIF, MIRL
and P-18) is expressed on peripheral blood leukocytes and
erythrocytes, and functions to restrict lysis of human cells by
complement (Meri et al (1996) Biochem. J. 316:923). More
specifically, CD59 acts as an inhibitor of membrane attack
complexes, which are complement proteins that make hole-
like lesions in the cell membranes. Thus, CD59 protects the
cells of the body from the complement arm of its own defense
system (Meri et al, supra). The chimpanzee homolog of this
protein was examined because the human homolog has been
implicated in the progression of AIDS in infected individuals.
It has been shown that CD59 is one of the host cell derived
proteins that is selectively taken up by HIV virions (Frank et
al. (1996) AIDS 10:1611). Additionally, it has been shown
that HIV virions that have incorporated host cell CD59 are
protected from the action of complement. Thus, in humans,
HIV uses CD59 to protect itself from attack by the victim=s
immune system, and thus to further the course of infection. As
is theorized in the examples, positively-selected chimpanzee
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CD59 may constitute the adaptive change that inhibits disease
progression. The virus may be unable to usurp the
chimpanzee=s CDS59 protective role, thereby rendering the
virus susceptible to the chimpanzee=s immune system.
[0183] As is further exemplified herein, the DC-SIGN pro-
tein has also been determined to be positively selected in the
chimpanzee as compared to humans and gorilla. DC-SIGN is
expressed on dendritic cells and has been documented to
provide a mechanism for travel of the HIV-1 virus to the
lymph nodes where it infects undifferentiated T cells (Gei-
jtenbeek, T. B. H. et al. (2000) Cell 100:587-597). Infection of
the T cells ultimately leads to compromise of the immune
system and subsequently to full-blown AIDS. The HIV-1
virus binds to the extracellular portion of DC-SIGN, and then
gains access to the T cells via their CD4 proteins. DC-SIGN
has as its ligand ICAM-3, which has a very high K ,/K ; ratio.
It may be that the positive selection on chimpanzee ICAM-3
was a result of compensatory changes to permit continued
binding to DC-SIGN. As is theorized in the examples, posi-
tively-selected chimpanzee DC-SIGN may constitute another
adaptive change that inhibits disease progression. Upon reso-
lution of the three-dimensional structure of chimpanzee DC-
SIGN and identification of the mechanism by which HIV-1 is
prevented from binding to DC-SIGN, it may be possible to
design drugs to mimic the effects of chimpanzee DC-SIGN
without disrupting the normal functions of human DC-SIGN.
[0184] Inoneembodiment, the present invention includes a
method to identify an agent which may modulate resistance to
HIV-1 mediated disease, comprising contacting at least one
agent to be tested with a cell comprising human ICAM-1, and
detecting the cell’s resistance to HIV-1 viral replication,
propagation, or function, wherein an agent is identified by its
ability to increase the cell’s resistance to HIV-1 viral replica-
tion, propagation, or function. In other embodiments, the
disease may be an RNA virus-mediated disease and/or an
HCV-virus mediated disease. Methods to detect RNA virus
and/or HCV-virus replication, propagation, or function are
routinely known in the art and are detailed herein.

[0185] Inone embodiment of the instant method, increased
resistance to RNA virus, HCV virus, HIV-1 viral replication,
propagation, or function is measured relative to that of a cell
transfected with an effective amount of at least one of the
following: a mutant human ICAM-1 comprising one or more
of the following mutations to human ICAM-1:

[0186] L18Q, K29D, P45G, R49W, E171Q, wherein the
mutant ICAM-1 is otherwise identical to human ICAM-1;
and a primate ICAM-1. In one embodiment, the human
ICAM-1 sequence is SEQ ID NO:3. In one particular embodi-
ment of the instant invention, wherein the primate ICAM-1 is
a chimpanzee ICAM-1 comprising SEQ ID NO:85. In
another embodiment of the instant invention, the resistance to
viral replication or propagation is demonstrated by reduction
of RNA virus, HCV virus, HIV-1 expression in RNA virus,
HCYV virus, HIV-1 infected cells. In another embodiment of
the instant invention, the resistance to viral replication or
propagation is a result of increased dimerization of two
ICAM-1 polypeptides in the cell. In yet another embodiment
of the instant invention, the resistance to viral replication or
propagation is a result of decreased dimerization of two
ICAM-1 polypeptides in the cell.

[0187] In all inventive compositions and inventions, resis-
tance to viral replication, propagation, or function may be
determined by measurement of virus-mediated cellular
pathogenesis, cell to cell infectivity, virus-mediated cell
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fusion, virus-mediated syncytia formation, HIV-1 expression
by the cell, inflammatory response suppression, and virus
budding rate, among other methods known in the art. In one
embodiment, an agent is a small molecule.

[0188] In another embodiment, the present invention
includes a human mutant ICAM-1 polypeptide comprising
one or more of the following mutations to human ICAM-1:
L18Q, K29D, P45G, R49W, E171Q, wherein the mutant
ICAM-1 is otherwise identical to human ICAM-1, wherein
said polypeptide confers increased resistance to RNA virus,
HCYV virus, HIV-1 viral replication, propagation, or function
in a human cell.

[0189] In another embodiment, the present invention
includes a human cell comprising heterologous DNA encod-
ing a mutant human ICAM-1 comprising one or more of the
following mutations to human ICAM-1: L18Q, K29D, P45G,
R49W, E171Q wherein the mutant ICAM-1 is otherwise
identical to human ICAM-1 and wherein said polypeptide
confers increased resistance to HIV-1 viral replication, propa-
gation, or function in a human cell; and a primate ICAM-1. In
one embodiment, the primate ICAM-1 is a chimpanzee
ICAM-1.

[0190] In another embodiment, the present invention
includes a method for inhibiting RNA virus, HCV virus,
HIV-1 viral replication, propagation, or function in a human
subject by ICAM-1 gene therapy, comprising the steps of:
parenterally administering to a human subject at least one of
the following: a viral vector comprising a mutant ICAM-1
comprising one or more of the following mutations: [.18Q,
K29D, P45G, R49W, E171Q, and a viral vector comprising a
non-human primate ICAM-1, allowing said ICAM-1 protein
to be expressed from said gene in said subject in an amount
sufficient to provide for inhibiting HIV-1 viral replication,
propagation, or function in the human subject. In one embodi-
ment, increased resistance to AIDS comprises inhibition of
production of HIV-1 in the subject. In one embodiment, the
primate ICAM-1 is a chimpanzee ICAM-1. In another
embodiment, the present invention includes a method for
inhibiting RNA virus, HCV virus, HIV-1 viral replication,
propagation, or function in a human subject by ICAM-1 gene
therapy, comprising the steps of: transfection of at least a
portion of the subject’s white blood cells with at least one of
the following: a viral vector comprising a mutant ICAM-1
comprising one or more of the following mutations: [.18Q,
K29D, P45G, R49W, E1171Q, and a viral vector comprising
a non-human primate ICAM-1, allowing said ICAM-1 pro-
tein to be expressed from at least a portion of the transfected
white blood cells, in an amount sufficient to provide for
inhibiting HIV-1 viral replication, propagation, or function in
the human subject. In one embodiment, the primate ICAM-1
is a chimpanzee ICAM-1. In one embodiment of the methods,
at least a portion of the subject’s white blood cells are
removed from the subject prior to transfection and returned to
the subject post-transfection.

[0191] The presentinvention also includes a method to treat
an RNA virus, HCV virus, HIV-1 infection in a human sub-
ject, comprising administering a pharmaceutically effective
amount of an agent which increases the human subject’s
resistance to RNA virus, HCV virus, HIV-1 viral replication,
propagation, or function by modulating the function of
human ICAM-1. In one embodiment, the modulation of the
function of human ICAM-1 results in resistance to RNA
virus, HCV virus, HIV-1 viral replication, propagation, or
function that is substantially similar to that provided by at
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least one of the following: a mutant human ICAM-1 compris-
ing one or more of the following mutations to human ICAM-
1: L18Q, K29D, P45G, R49W, E171Q wherein the mutant
ICAM-1 is otherwise identical to human ICAM-1; and a
primate ICAM-1. In one embodiment, the resistance to viral
replication or propagation is reduction of RNA virus, HCV
virus, HIV-1 expression in RNA virus, HCV virus, HIV-1
infected cells. In one embodiment, the resistance to viral
replication or propagation is a result of increased dimeriza-
tion of two ICAM-1 polypeptides. In another embodiment,
the resistance to viral replication or propagation is a result of
decreased dimerization of two ICAM-1 polypeptides. In one
embodiment, resistance to viral replication, propagation, or
function is determined by measurement of virus-mediated
cellular pathogenesis, cell to cell infectivity, virus-mediated
cell fusion, virus-mediated syncytia formation, RNA virus,
HCV virus, HIV-1 expression by the cell, inflammatory
response suppression, and virus budding rate. In one embodi-
ment, the agent is a small molecule. In one embodiment, the
primate ICAM-1 is chimpanzee ICAM-1.

[0192] The present invention also includes a method to
identify an agent which may modulate resistance to RNA
virus, HCV virus, HIV-1-mediated disease, comprising con-
tacting at least one agent to be tested with human ICAM-1,
and detecting the increased or decreased dimerization of
human ICAM-1, wherein an agent is identified by its ability to
increase or decrease dimerization of the human ICAM-1 sub-
units whereby said increased or decreased dimerization of
human ICAM-1 modulates resistance to RNA virus, HCV
virus, HIV-1 modulated disease.

[0193] The present invention also includes a method to
identify an agent which may modulate resistance to RNA
virus, HCV virus, HIV-1-mediated disease, comprising con-
tacting at least one agent to be tested with human ICAM-1,
and detecting a change in ICAM-1 mediated cell to cell sig-
naling, wherein an agent is identified by its ability to increase
or decrease ICAM-1 mediated cell to cell signaling whereby
said ICAM-1 mediated cell to cell signaling modulates resis-
tance to RNA virus, HCV virus, HIV-1 modulated disease.
[0194] The term “transformation” or “transform” refers to
any genetic modification of cells and includes both “transfec-
tion” and “transduction”. As used herein, “transfection of
cells” refers to the acquisition by a cell of new genetic mate-
rial by incorporation of added DNA. Thus, transfection refers
to the insertion of nucleic acid (e.g., DNA) into a cell using
physical or chemical methods. Several transfection tech-
niques are known to those of ordinary skill in the art includ-
ing: calcium phosphate DNA co-precipitation (Methods in
Molecular Biology, Vol. 7, Gene Transfer and Expression
Protocols, Ed. E. J. Murray, Humana Press (1991)); DEAE-
dextran (supra); electroporation (supra); cationic liposome-
mediated transfection (supra); and tungsten particle-facili-
tated microparticle bombardment (Johnston, S. A., Nature
346: 776-777 (1990)); and strontium phosphate DNA co-
precipitation (Brash D. E. et al. Molec. Cell. Biol. 7: 2031-
2034 (1987). Each of these methods is well represented in the
art.

[0195] Incontrast, “transduction of cells” refers to the pro-
cess of transferring nucleic acid into a cell using a DNA or
RNA virus. One or more isolated polynucleotide sequences
encoding one or more proteins of the invention contained
within the virus may be incorporated into the chromosome of
the transduced cell. Alternatively, a cell is transduced with a
virus but the cell will not have the isolated polynucleotide
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incorporated into its chromosomes but will be capable of
expressing a protein of the invention extrachromosomally
within the cell.

[0196] According to one embodiment, the cells are trans-
formed (i.e., genetically modified) ex vivo. The cells are
isolated from a mammal (preferably a human) and trans-
formed (i.e., transduced or transfected in vitro) with a vector
containing an isolated polynucleotide such as a recombinant
gene operatively linked to one or more expression control
sequences for expressing a recombinant protein of the inven-
tion. The cells are then administered to a mammalian recipi-
ent for delivery of the protein in situ. Preferably, the mamma-
lian recipient is a human and the cells to be modified are
autologous cells, i.e., the cells are isolated from the mamma-
lian recipient. The isolation and culture of cells in vitro has
been reported.

[0197] According to another embodiment, the cells are
transformed or otherwise genetically modified in vivo. The
cells from the mammalian recipient (preferably a human), are
transformed (i.e., transduced or transfected) in vivo with a
vector containing isolated polynucleotide such as a recombi-
nant gene operatively linked to one or more expression con-
trol sequences for expressing a secreted protein (i.e., recom-
binant protein of the invention) and the protein is delivered in
situ. The isolated polynucleotides encoding the protein (e.g.,
a cDNA encoding one or more therapeutic proteins of the
invention) is introduced into the cell ex vivo or in vivo by
genetic transfer methods, such as transfection or transduc-
tion, to provide a genetically modified cell. Various expres-
sion vectors (i.e., vehicles for facilitating delivery of the iso-
lated polynucleotide into a target cell) are known to one of
ordinary skill in the art. Typically, the introduced genetic
material includes an isolated polynucleotide such as an gene
of the invention(usually in the form of a cDNA comprising
the exons coding for the protein of the invention) together
with a promoter to control transcription of the new gene. The
promoter characteristically has a specific nucleotide
sequence necessary to initiate transcription. Optionally, the
genetic material could include intronic sequences which will
be removed from the mature transcript by RNA splicing. A
polyadenylation signal should be present at the 3' end of the
gene to be expressed. The introduced genetic material also
may include an appropriate secretion “signal” sequence for
secreting the therapeutic gene product (i.e., a protein of the
invention) from the cell to the extracellular milieu. Option-
ally, the isolated genetic material further includes additional
sequences (i.e., enhancers) required to obtain the desired gene
transcription activity. For the purpose of this discussion an
“enhancer” is simply any non-translated DNA sequence
which works contiguous with the coding sequence (in cis) to
change the basal transcription level dictated by the promoter.
Preferably, the isolated genetic material is introduced into the
cell genome immediately downstream from the promoter so
that the promoter and coding sequence are operatively linked
s0 as to permit transcription of the coding sequence. Preferred
viral expression vectors include an exogenous promoter ele-
ment to control transcription of the inserted protein of the
invention gene. Such exogenous promoters include both con-
stitutive and inducible promoters. Naturally-occurring con-
stitutive promoters control the expression of proteins that
regulate essential cell functions. As a result, a gene under the
control of a constitutive promoter is expressed under all con-
ditions of cell growth. Exemplary constitutive promoters
include the promoters for the following genes which encode
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certain constitutive or “housekeeping” functions: hypoxan-
thine phosphoribosyl transferase (HPRT), dihydrofolate
reductase (DHFR) (Scharfmann et al., Proc. Natl. Acad. Sci.
USA 88:4626-4630(1991)), adenosine deaminase, phospho-
glycerol kinase (PGK), pyruvate kinase, phosphoglycerol
mutase, the .beta.-actin promoter (Lai et al., Proc. Natl. Acad.
Sci. USA 86: 10006-10010 (1989)), and other constitutive
promoters known to those of skill in the art.

[0198] In addition, many viral promoters function consti-
tutively in eucaryotic cells. These include: the early and late
promoters of SV40 (See Bernoist and Chambon, Nature,
290:304 (1981)); the long terminal repeats (LTRs) of Molo-
ney Leukemia Virus and other retroviruses (See Weiss et al.,
RNA Tumor Viruses, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y. (1985)); the thymidine-kinase promoter
of Herpes Simplex Virus (HSV) (See Wagneret al., Proc. Nat.
Acad. Sci. USA, 78: 1441 (1981)); the cytomegalovirus
immediate-early (IE1) promoter (See Karasuyama et al., J.
Exp. Med., 169: 13 (1989); the promoter of the Rous sarcoma
virus (RSV) (Yamamoto et al., Cell, 22:787 (1980)); the
adenovirus major late promoter (Yamada et al., Proc. Nat.
Acad. Sci. USA, 82: 3567 (1985)), among many others.
Accordingly, any of the above-referenced constitutive pro-
moters can be used to control transcription of a gene insert. If
delivery of the gene of the invention is to specific tissues, it
may be desirable to target the expression of this gene. For
instance, there are many promoters described in the literature
which are only expressed in certain tissues. Examples include
liver-specific promoters of hepatitis B virus (Sandig et al.,
Gene Therapy 3: 1002-1009 (1996) and the albumin gene
(Pinkert et al., Genes and Development, 1: 268-276 (1987);
see also Guo et al., Gene Therapy, 3: 802-810 (1996) for other
liver-specific promoter. Moreover, there are many promoters
described in the literature which are only expressed in specific
tumors. Examples include the PSA promoter (prostate carci-
noma), carcinoembryonic antigen promoter (colon and lung
carcinoma), .beta.-casein promoter (mammary carcinoma),
tyrosinase promoter (melanoma), calcineurin A. alpha. pro-
moter (glioma, neuroblastoma), c-sis promoter (osteosar-
coma) and the .alpha.-fetoprotein promoter (hepatoma).
Genes that are under the control of inducible promoters are
expressed only, or to a greater degree, in the presence of an
inducing agent, (e.g., transcription under control of the met-
allothionein promoter is greatly increased in presence of cer-
tain metal ions). See also the glucocorticoid-inducible pro-
moter present in the mouse mammary tumor virus long
terminal repeat (MMTV LTR) (Klessig et al., Mol. Cell.
Biol., 4: 1354 (1984)). Inducible promoters include respon-
sive elements (REs) which stimulate transcription when their
inducing factors are bound. For example, there are REs for
serum factors, steroid hormones, retinoic acid and cyclic
AMP. Promoters containing a particular RE can be chosen in
order to obtain an inducible response and in some cases, the
RE itself may be attached to a different promoter, thereby
conferring inducibility to the recombinant gene. Thus, by
selecting the appropriate promoter (constitutive versus induc-
ible; strong versus weak), it is possible to control both the
existence and level of expression of a gene of the invention in
the genetically modified cell. If the gene encoding gene of the
invention is under the control of an inducible promoter, deliv-
ery of the gene ofthe invention in situ is triggered by exposing
the genetically modified cell in situ to conditions permitting
transcription of the gene of the invention, e.g., by injection of
specific inducers of the inducible promoters which control
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transcription of the agent. For example, in situ expression by
genetically modified cells of protein encoded by an gene of
the invention under the control of the metallothionein pro-
moter is enhanced by contacting the genetically modified
cells with a solution containing the appropriate (i.e., induc-
ing) metal ions in situ.

[0199] Recently, very sophisticated systems have been
developed which allow precise regulation of gene expression
by exogenously administered small molecules. These
include, the FK506/Rapamycin system (Rivera et al., Nature
Medicine 2(9): 1028-1032, 1996); the tetracycline system
(Gossen et al., Science 268: 1766-1768,1995), the ecdysone
system (No et al., Proc. Nat. Acad. Sci., USA 93: 3346-3351,
1996) and the progesterone system (Wang et al., Nature Bio-
technology 15: 239-243,1997). Accordingly, the amount of a
protein of the invention that is delivered in situ is regulated by
controlling such factors as: (1) the nature of the promoter used
to direct transcription of the inserted gene, (i.e., whether the
promoter is constitutive or inducible, strong or weak or tissue
specific); (2) the number of copies of the exogenous gene that
are inserted into the cell; (3) the number of transduced/trans-
fected cells that are administered (e.g., implanted) to the
patient; (4) the size of an implant (e.g., graft or encapsulated
expression system) in ex vivo methods; (5) the number of
implants in ex vivo methods; (6) the number of cells trans-
duced/transfected by in vivo administration; (7) the length of
time the transduced/transfected cells or implants are left in
place in both ex vivo and in vivo methods; and (8) the pro-
duction rate of the protein of the invention by the genetically
modified cell. Selection and optimization of these factors for
delivery of a therapeutically effective dose of a particular
protein of the invention is deemed to be within the scope of
one of ordinary skill in the art without undue experimenta-
tion, taking into account the above-disclosed factors and the
clinical profile of the patient. In addition to at least one pro-
moter and at least one isolated polynucleotide encoding the
protein of the invention, the expression vector may optionally
include a selection gene, for example, a neomycin resistance
gene, for facilitating selection of cells that have been trans-
fected or transduced with the expression vector. Alternatively,
the cells are transfected with two or more expression vectors,
atleast one vector containing the gene(s) encoding the gene of
the invention, the other vector containing a selection gene.
The selection of a suitable promoter, enhancer, selection gene
and/or signal sequence (described below) is deemed to be
within the scope of one of ordinary skill in the art without
undue experimentation.

[0200] Any of the methods known in the art for the insertion
of polynucleotide sequences into a vector may be used. See,
for example, Sambrook et al., Molecular Cloning: A Labora-
tory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y. (1989) and Ausubel et al., Current Protocols in
Molecular Biology, J. Wiley & Sons, N.Y. (1992). Conven-
tional vectors consist of appropriate transcriptional/transla-
tional control signals operatively linked to the polynucleotide
sequence for a particular protein of the invention. Promoters/
enhancers may also be used to control expression of proteins
of the invention.

[0201] Expression vectors compatible with mammalian
host cells for use in gene therapy of tumor cells include, for
example, plasmids; avian, murine and human retroviral vec-
tors; adenovirus vectors; herpes viral vectors; parvoviruses;
and non-replicative pox viruses. In particular, replication-
defective recombinant viruses can be generated in packaging
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cell lines that produce only replication-defective viruses. See
Current Protocols in Molecular Biology: Sections 9.10-9.14
(Ausubel et al., eds.), Greene Publishing Associates, 1989.
Specific viral vectors for use in gene transfer systems are now
well established. See for example: Madzak et al., J. Gen.
Virol., 73: 1533-36 (1992) (papovavirus SV40); Berkner et
al., Curr. Top. Microbiol. Immunol., 158:39-61 (1992) (aden-
ovirus); Moss et al., Curr. Top. Microbiol. Immunol., 158:
25-38 (1992) (vaccinia virus); Muzyczka, Curr. Top. Micro-
biol. Immunol., 158: 97-123 (1992) (adeno-associated virus);
Margulskee, Curt. Top. Microbiol. Immunol., 158: 67-93
(1992) (herpes simplex virus (HSV) and Epstein-Barr virus
(HBV)); Miller, Curr. Top. Microbiol. Immunol., 158:1-24
(1992) (retrovirus); Brandyopadhyay et at., Mol. Cell. Biol.,
4: 749-754 (1984) (retrovirus); Miller et al., Nature, 357:
455-460 (1992) (retrovirus); Anderson, Science, 256: 808-
813 (1992) (retrovirus). In one embodiment, vectors are DNA
viruses that include adenoviruses (preferably Ad-2 or Ad-5
based vectors), herpes viruses (preferably herpes simplex
virus based vectors), and parvoviruses (preferably “defec-
tive” or non-autonomous parvovirus based vectors, more
preferably adeno-associated virus based vectors, most pref-
erably AAV-2 based vectors). See, e.g., Ali et al., Gene
Therapy 1: 367-384,1994; U.S. Pat. Nos. 4,797,368 and
5,399,346 and discussion below. The choice of a particular
vector system for transferring, for instance, a protein of the
invention sequence will depend on a variety of factors. One
important factor is the nature of the target cell population.
Although retroviral vectors have been extensively studied and
used in a number of gene therapy applications, they are gen-
erally unsuited for infecting cells that are not dividing but may
be useful in cancer therapy since they only integrate and
express their genes in replicating cells. They are useful for ex
vivo approaches and are attractive in this regard due to their
stable integration into the target cell genome.

[0202] Adenoviruses are eukaryotic DNA viruses that can
be modified to efficiently deliver a therapeutic or reporter
transgene to a variety of cell types. The general adenoviruses
types 2 and 5 (Ad2 and AdS5, respectively), which cause
respiratory disease in humans, are currently being developed
for gene therapy of Duchenne Muscular Dystrophy (DMD)
and Cystic Fibrosis (CF). Both Ad2 and AdS belong to a
subclass of adenovirus that are not associated with human
malignancies. Adenovirus vectors are capable of providing
extremely high levels of transgene delivery to virtually all cell
types, regardless of the mitotic state. High titers (10" plaque
forming units/ml) of recombinant virus can be easily gener-
ated in 293 cells (an adenovirus-transformed, complementa-
tion human embryonic kidney cell line: ATCC CRL1573) and
cryo-stored for extended periods without appreciable losses.
The efficiency of this system in delivering a therapeutic trans-
gene in vivo that complements a genetic imbalance has been
demonstrated in animal models of various disorders. See Y.
Watanabe, Atherosclerosis, 36: 261-268 (1986); K Tanzawa
et al, FEBS letters, 118(1):81-84 (1980); J. L. Golasten et al,
New Engl. J. Med., 309 (11983): 288-296 (1983); S. Ishibashi
etal, J. Clin. Invest., 92: 883-893 (1993); and S. Ishibashi et
al, J. Clin. Invest., 93: 1889-1893 (1994). Indeed, recombi-
nant replication defective adenovirus encoding a cDNA for
the cystic fibrosis transmembrane regulator (CFTR) has been
approved for use in several human CF clinical trials. See, e.g.,
J. Wilson, Nature, 365: 691-692 (Oct., 21, 1993). Further
support of the safety of recombinant adenoviruses for gene
therapy is the extensive experience of live adenovirus vac-
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cines in human populations. Human adenoviruses are com-
prised of a linear, approximately 36 kb double-stranded DNA
genome, which is divided into 100 map units (m.u.), each of
which is 360 bp in length. The DNA contains short inverted
terminal repeats (ITR) at each end of the genome that are
required for viral DNA replication. The gene products are
organized into early (E1 through E4) and late (L1 through L5)
regions, based on expression before or after the initiation of
viral DNA synthesis. See, e.g., Horwitz, Virology, 2d edit.,
ed. B. N. Fields, Raven Press Ltd., New York (1990). The
adenovirus genome undergoes a highly regulated program
during its normal viral life cycle. See Y. Yang et, al Proc. Natl.
Acad. Sci. U.S.A, 91: 4407-4411 (1994). Virions are inter-
nalized by cells, enter the endosome, and from there the virus
enters the cytoplasm and begins to lose its protein coat. The
virion DNA migrates to the nucleus, where it retains its extra-
chromosomal linear structure rather than integrating into the
chromosome. The immediate early genes, Ela and Elb, are
expressed in the nucleus. These early gene products regulate
adenoviral transcription and are required for viral replication
and expression of a variety ofhost genes (which prime the cell
for virus production), and are central to the cascade activation
of delayed early genes (e.g. E2, E3, and E4) followed by late
genes (e.g. L1-L5). The first-generation recombinant, repli-
cation-deficient adenoviruses which have been developed for
gene therapy contain deletions of the entire Ela and part of
the E 11b regions. This replication-defective virus is grown in
293 cells which contain a functional adenovirus E1 region
which provides in trans E1 proteins, thereby allowing repli-
cation of El-deleted adenovirus. The resulting virus is
capable of infecting many cell types and can express the
introduced gene (providing it carries a promoter), but cannot
replicate in a cell that does not carry the E1 region DNA.
Recombinant adenoviruses have the advantage that they have
a broad host range, can infect quiescent or terminally differ-
entiated cells such as neurons, and appear essentially non-
oncogenic. Adenoviruses do not appear to integrate into the
host genome. Because they exist extrachromasomally, the
risk of insertional mutagenesis is greatly reduced. Recombi-
nant adenoviruses produce very high titers, the viral particles
are moderately stable, expression levels are high, and a wide
range of cells can be infected.

[0203] Adeno-associated viruses (AAV) have also been
employed as vectors for somatic gene therapy. AAV is a small,
single-stranded (ss) DNA virus with a simple genomic orga-
nization (4.7 kb) that makes it an ideal substrate for genetic
engineering. Two open reading frames encode a series of rep
and cap polypeptides. Rep polypeptides (rep78, rep68, rep 62
and rep 40) are involved in replication, rescue and integration
of the AAV genome. The cap proteins (VP 1, VP2 and VP3)
form the virion capsid. Flanking the rep and cap open reading
frames at the 5' and 3' ends are 145 bp inverted terminal
repeats (ITRs), the first 125 bp of which are capable of form-
ing Y- or T-shaped duplex structures. Of importance for the
development of AAV vectors, the entire rep and cap domains
can be excised and replaced with a therapeutic or reporter
transgene. See B. J. Carter, in Handbook of Parvoviruses, ed.,
P. Tijsser, CRC Press, pp. 155-168 (1990). It has been shown
that the ITRs represent the minimal sequence required for
replication, rescue, packaging, and integration of the AAV
genome. The AAV life cycle is biphasic, composed of both
latent and lytic episodes. During a latent infection, AAV
virions enter a cell as an encapsidated ssDNA, and shortly
thereafter are delivered to the nucleus where the AAV DNA
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stably integrates into a host chromosome without the appar-
ent need for host cell division. In the absence of a helper virus,
the integrated AAV genome remains latent but capable of
being activated and rescued. The lytic phase of the life cycle
begins when a cell harboring an AAV provirus is challenged
with a secondary infection by a herpesvirus or adenovirus
which encodes helper functions that are required by AAV to
aid in its excision from host chromatin (B. J. Carter, supra).
The infecting parental single-stranded (ss) DNA is expanded
to duplex replicating form (RF) DNAs in a rep dependent
manner. The rescued AAV genomes are packaged into pre-
formed protein capsids (icosahedral symmetry approxi-
mately 20 nm in diameter) and released as infectious virions
that have packaged either + or — ssDNA genomes following
cell lysis. The viral particles are very stable and recombinant
AAVs (rAAV) have “drug-like” characteristics in that rAAV
can be purified by pelleting or by CsCl gradient banding.
They are heat stable and can be lyophilized to a powder and
rehydrated to full activity. Their DNA stably integrates into
host chromosomes so expression is long-term. Their host
range is broad and AAV causes no known disease so that the
recombinant vectors are non-toxic. High level gene expres-
sion from AAV in mice was shown to persist for at least 1.5
years. See Xiao, Li and Samuiski (1996) Journal of Virology
70, 8089-8108. Since there was no evidence of viral toxicity
or a cellular host immune response, these limitations of viral
gene therapy have been overcome. Kaplitt, Leone, Samulski,
Xiao, Pfaff, O’Malley and During (1994) Nature Genetics 8,
148-153 described long-term (up to 4 months) expression of
tyrosine hydroxylase in the rat brain following direct intrac-
ranial injection using an AAV vector. This is a potential
therapy for Parkinson’s Disease in humans. Expression was
highly efficient and the virus was safe and stable. Fisher et al.
(Nature Medicine (1997) 3, 306-312) reported stable gene
expression in mice following injection into muscle of AAV.
Again, the virus was safe. No cellular or humoral immune
response was detected against the virus or the foreign gene
product. Kessler et al. (Proc. Natl. Acad. Sci. USA (1996) 93,
14082-14087) showed high-level expression of the erythro-
poietin (Epo) gene following intramuscular injection of AAV
in mice. Epo protein was demonstrated to be present in cir-
culation and an increase in the red blood cell count was
reported, indicative of therapeutic potential. Other work by
this group has used AAV expressing the HSV tk gene as a
treatment for cancer. High level gene expression in solid
tumors has been described.

[0204] Recently, recombinant baculovirus, primarily
derived from the baculovirus Autographa californica mul-
tiple nuclear polyhedrosis virus (AcMNPV), has been shown
to be capable of transducing mammalian cells in vitro. (See
Hofmann, C., Sandig, V., Jennings, G., Rudolph, M., Schlag,
P., and Strauss, M. (1995), “Efficient gene transfer into
human hepatocytes by baculovirus vectors”, Proc. Natl.
Acad. Sci. USA 92, 10099-10103; Boyce, F. M. and Bucher,
N. L. R. (1996) “Baculovirus-mediated gene transfer into
mammalian cells”, Proc. Natl. Acad. Sci. USA 93, 2348-
2352). Recombinant baculovirus has several potential advan-
tages for gene therapy. These include a very large DNA insert
capacity, a lack of a preexisting immune response in humans,
lack of replication in mammals, lack of toxicity in mammals,
lack of expression of viral genes in mammalian cells due to
the insect-specificity of the baculovirus transcriptional pro-
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moters, and, potentially, a lack of a cytotoxic T lymphocyte
response directed against these viral proteins.

Description of the HCV Embodiment (an Example of a Posi-
tively Selected Non-Human Trait)

[0205] Some four million Americans are infected with the
hepatitis C virus (HCV), and worldwide, the number
approaches 40 million (Associated Press, Mar. 11, 1999).
Many of these victims are unaware of the infection, which can
lead to hepatocellular carcinoma. This disease is nearly
always fatal. Roughly 14,500 Americans die each year as a
result of the effects of hepatocellular carcinoma (Associated
Press, Mar. 11, 1999). Thus identification of therapeutic
agents that can ameliorate the effects of chronic infection are
valuable both from an ethical and commercial viewpoint.
[0206] The chimpanzee is the only organism, other than
humans, known to be susceptible to HCV infection (Lanford,
R. E. et al. (1991) J. Med. Virol. 34:148-153). While the
original host population for HCV has not yet been docu-
mented, it is likely that the virus must have originated in either
humans or chimpanzees, the only two known susceptible
species. It is known that the continent-of-origin for HCV is
Africa (personal communication, A. Siddiqui, University of
Colorado Health Science Center, Denver). If the chimpanzee
population were the original host for HCV, as many HCV
researchers believe (personal communication, A. Siddiqui,
University of Colorado Health Science Center), then, as is
known to be true for the HIV virus, chimpanzees would likely
have evolved resistance to the virus. This hypothesis is sup-
ported by the well-documented observation that HCV-in-
fected chimpanzees are refractory to the hepatic damage that
often occurs in hepatitis C-infected humans (Walker, C. M
(1997) Springer Semin. Immunopathol. 19:85-98; McClure,
H. M., pp. 121-133 in The Role of the Chimpanzee in
Research, ed. by Eder, G. et al., 1994, Basel: Karger; Agnello,
V. et al. (1998) Hepatology 28:573-584). In fact, although in
2% of HCV-infected humans, the disease course leads to
hepatocellular carcinoma, HCV-infected chimpanzees do not
develop these tumors (Walker, C. M (1997) Springer Semin.
Immunopathol. 19:85-98). Further support for the hypothesis
that chimpanzees were the original host population, and that
they have, as a result of prolonged experience with the virus,
evolved resistance to the ravages of HCV-induced disease, is
added by the observation that HCV-infected chimpanzees in
general have a milder disease course (i.e., not simply
restricted to hepatic effects) than do humans (Lanford, R. E.
et al. (1991) J. Med. Virol. 34:148-153; and Walker, C. M
(1997) Springer Semin. Immunopathol. 19:85-98).

[0207] As is exemplified herein, the p44 gene in chimpan-
zees has been positively selected relative to its human
homolog. The p44 protein was first identified in liver tissues
of'chimpanzees experimentally infected with HCV (Shimizu,
Y. et al. (1985) PNAS USA 82:2138).

[0208] The p44 gene, and the protein it codes for, represents
a potential therapeutic target, or alternatively a route to a
therapeutic, for humans who are chronically infected with
hepatitis C. The protein coded for by this gene in chimpanzees
is known to be up-regulated in chimpanzee livers after experi-
mental infection of captive chimpanzees (Takahashi, K. et al.
(1990) J. Gen. Virol. 71:2005-2011). The p44 gene has been
shown to be a member of the family of A/l interferon induc-
ible genes (Kitamura, A. et al. (1994) Eur. J. Biochem. 224:
877-883). It is suspected that the p44 protein is a mediator in
the antiviral activities of interferon.
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[0209] This is most suggestive, since as noted above, HCV-
infected chimpanzees have been documented to be refractory
to the hepatic damage that often occurs in HCV-infected
humans. The combination of the observations that this protein
is only expressed in chimpanzee livers after hepatitis C infec-
tion, the fact that chimpanzees are refractory to the hepatic
damage that can occur in humans (Agnello, V. et al. (1998)
Hepatology 28:573-584), the observation that HCV-infected
chimpanzees in general have a milder disease course than do
humans, and that the p44 gene has been positively selected in
chimpanzees, strongly suggest that the chimpanzee p44 pro-
tein confers resistance to hepatic damage in chimpanzees.
Whether the protein is responsible for initiating some type of
cascade in chimpanzees that fails to occur in infected humans,
or whether the selected chimpanzee homolog differs in some
critical biochemical functions from its human homolog, is not
yet clear. It has been speculated that the milder disease course
observed in chimpanzees may be due in part to lower levels of
viral replication (Lanford, R. E. et al. (1991) J. Med. Virol.
34:148-153).

[0210] This invention includes the medical use of the spe-
cific amino acid residues by which chimpanzee p44 differs
from human p44. These residues that were positively selected
during the period in which chimpanzees evolved an accom-
modation to the virus, allow the intelligent design of an effec-
tive therapeutic approach for chronically HCV-infected
humans. Several methods to induce a chimpanzee-like
response in infected humans will be apparent to one skilled in
the art. Possibilities include the intelligent design of a small
molecule therapeutic targeted to the human homolog of the
specific amino acid residues selected in chimpanzee evolu-
tion. Use of molecular modeling techniques might be valu-
ablehere, as one could design a small molecule that causes the
human protein to mimic the three-dimensional structure of
the chimpanzee protein. Another approach would be the
design of a small molecule therapeutic that induces a chim-
panzee-like functional response in human p44. Again, this
could only be achieved by use of the knowledge obtained by
this invention, i.e., which amino acid residues were positively
selected to confer resistance to HCV in chimpanzees. Other
possibilities will be readily apparent to one skilled in the art.
[0211] In addition to screening candidate agents for those
that may favorably interact with the human p44 (exon 2)
polypeptide so that it may mimic the structure and/or function
of chimpanzee p44, the subject invention also concerns the
screening of candidate agents that interact with the human
p44 polynucleotide promoter, whereby the expression of
human p44 may be increased so as to improve the human
patient’s resistance to HCV infection. Thus, the subject
invention includes a method for identifying an agent that
modulates expression of a human’s p44 polynucleotide, by
contacting at least one candidate agent with the human’s p44
polynucleotide promoter, and observing whether expression
of the human p44 polynucleotide is enhanced. The human
p44 promoter has been published in Kitamura et al. (1994)
Eur. J. Biochem. 224:877 (FIG. 4).

Description of the Breast Enhancement Embodiment (an
Example of a Positively Selected Human Trait)

[0212] Relative to non-human primates, female humans
exhibit pre-pregnancy, pre-lactation expanded breast tissue.
As is discussed in the Examples, this secondary sex charac-
teristic is believed to facilitate evolved behaviors in humans
associated with long term pair bonds and long-term rearing of
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infants. One aspect of this invention concerns identifying
those human genes that have been positively selected in the
development of enlarged breasts. Specifically, this invention
includes a method of determining whether a human poly-
nucleotide sequence which has been associated with enlarged
breasts in humans has undergone evolutionarily significant
change relative to a non-human primate that does not mani-
fest enlarged breasts, comprising: a) comparing the human
polynucleotide sequence with the corresponding non-human
primate polynucleotide sequence to identify any nucleotide
changes; and b) determining whether the human nucleotide
changes are evolutionarily significant.

[0213] It has been found that the human BRCAI1 gene,
which has been associated with normal breast development in
humans, has been positively selected relative to the BRCA1
gene of chimpanzees and other non-human primates. The
identified evolutionarily significant nucleotide changes could
be useful in developing agents that can modulate the function
of'the BRCAL1 gene or protein.

Therapeutic Compositions that Comprise Agents

[0214] As described herein, agents can be screened for their
capacity to increase or decrease the effectiveness of the posi-
tively selected polynucleotide or polypeptide identified
according to the subject methods. For example, agents that
may be suitable for enhancing breast development may
include those which interact directly with the BRCA1 protein
or its ligand, or which block inhibitors of BRCA1 protein.
Alternatively, an agent may enhance breast development by
increasing BRCA1 expression. As the mechanism of BRCA1
is further elucidated, strategies for enhancing its efficacy can
be devised.

[0215] In another example, agents that may be suitable for
reducing the progression of AIDS could include those which
directly interact with the human CD59 protein in a manner to
make the protein unusable to the HIV virion, possibly by
either rendering the human CD59 unsuitable for packing in
the virion particle or by changing the orientation of the pro-
tein with respect to the cell membrane (or via some other
mechanism). The candidate agents can be screened for their
capacity to modulate CD59 function using an assay in which
the agents are contacted with HIV infected cells which
express human CD59, to determine whether syncytia forma-
tion or other indicia of the progression of AIDS are reduced.
The assay may permit the detection of whether the HIV virion
can effectively pack the CD59 and/or utilize the CD59 to
inhibit attack by MAC complexes.

[0216] One agent that may slow AIDS progression is a
human CDS59 that has been modified to have multiple GPI
links. As described herein, chimp CD59, which contains three
GPI links as compared to the single GPI link found in human
CD59, slows progression of HIV infections in chimps. Pref-
erably, the modified human CD59 contains three GPI links in
tandem.

[0217] Another example of an agent that may be suitable
for reducing AIDS progression is a compound that directly
interacts with human DC-SIGN to reduce its capacity to bind
to HIV-1 and transport it to the lymph nodes. Such an agent
could bind directly to the HIV-1 binding site on DC-SIGN.
The candidate agents can be contacted with dendritic cells
expressing DC-SIGN or with a purified extracellular frag-
ment of DC-SIGN and tested for their capacity to inhibit
HIV-1 binding.

[0218] Various delivery systems are known in the art that
can be used to administer agents identified according to the
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subject methods. Such delivery systems include aqueous
solutions, encapsulation in liposomes, microparticles or
microcapsules or conjugation to a moiety that facilitates
intracellular admission.

[0219] Therapeutic compositions comprising agents may
be administered parenterally by injection, although other
effective administration forms, such as intra-articular injec-
tion, inhalant mists, orally-active formulations, transdermal
iontophoresis or suppositories are also envisioned. The car-
rier may contain other pharmacologically-acceptable excipi-
ents for modifying or maintaining the pH, osmolarity, viscos-
ity, clarify, color, sterility, stability, rate of dissolution, or odor
of the formulation. The carrier may also contain other phar-
macologically-acceptable excipients for modifying or main-
taining the stability, rate of dissolution, release or absorption
ofthe agent. Such excipients are those substances usually and
customarily employed to formulate dosages for parenteral
administration in either unit dose or multi-dose form.

[0220] Once the therapeutic composition has been formu-
lated, it may be stored in sterile vials as a solution, suspen-
sion, gel, emulsion, solid, or dehydrated or lyophilized pow-
der. Such formulations may be stored either in a ready to use
form or requiring reconstitution immediately prior to admin-
istration. The manner of administering formulations contain-
ing agents for systemic delivery may be via subcutaneous,
intramuscular, intravenous, intranasal or vaginal or rectal
suppository. Alternatively, the formulations may be adminis-
tered directly to the target organ (e.g., breast).

[0221] The amount of agent which will be effective in the
treatment of a particular disorder or condition will depend on
the nature of the disorder or condition, which can be deter-
mined by standard clinical techniques. In addition, in vitro or
in vivo assays may optionally be employed to help identify
optimal dosage ranges. The precise dose to be employed in
the formulation will also depend on the route of administra-
tion, and the seriousness or advancement of the disease or
condition, and should be decided according to the practitioner
and each patient’s circumstances. Effective doses may be
extrapolated from dose-response curves derived from in vitro
or animal model test systems. For example, an effective
amount of an agent identified according to the subject meth-
ods is readily determined by administering graded doses of a
bivalent compound of the invention and observing the desired
effect.

Description of a Method for Obtaining Candidate Polynucle-
otides that May Be Associated with Human Diseases, and
Diagnostic Methods Derived Therefrom

[0222] According to the subject invention, BRCA1 exon 11
is an evolutionarily significant polynucleotide that has under-
gone positive selection in humans relative to chimpanzees,
and is associated with the enhanced breast development
observed in humans relative to chimpanzees (see Example
14). Exon 11 has also been found to have mutations that are
associated with the development of breast cancer. BRCA1
exon 11 mutations are known to be associated with both
familial and spontaneous breast cancers (Kachhap, S. K. et al.
(2001) Indian J. Exp. Biol. 39(5):391-400; Hadjisavvas, A. et
al. (2002) Oncol. Rep. 9(2):383-6; Khoo, U. S. et al. (1999)
Oncogene 18(32):4643-6).

[0223] Encompassed within the subject invention are meth-
ods that are based on the principle that human polynucle-
otides that are evolutionarily significant relative to a non-
human primate, and which are associated with a improved
physiological condition in the human, may also be associated
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with decreased resistance or increased susceptibility to one or
more diseases. In one embodiment, mutations in positively
selected human BRCA1 polynucleotide exon 11 may be
linked to elevated risk of breast, ovarian and/or prostate can-
cer. This phenomenon may represent a trade-off between
enhanced development of one trait and loss or reduction in
another trait in polynucleotides encoding polypeptides of
multiple functions. In this way, identification of positively
selected human polynucleotides can serve to identify a pool
of genes that are candidates for susceptibility to human dis-
eases.

[0224] Thus, in one embodiment, the subject invention pro-
vides a method for obtaining a pool of candidate polynucle-
otides that are useful in screening for identification of poly-
nucleotides associated with increased susceptibility or
decreased resistance to one or more human diseases. The
method of identifying the candidate polynucleotides com-
prises comparing the human polynucleotide sequences with
non-human primate polynucleotide sequences to identify any
nucleotide changes, and determining whether those nucle-
otide changes are evolutionarily significant. Evolutionary
significance can be determined by any of the methods
described herein including the K /K method. Because evo-
lutionary significance involves the number of non-silent
nucleotide changes over a defined length of polynucleotide, it
is the polynucleotide containing the group of nucleotide
changes that is referred to herein as “evolutionarily signifi-
cant.” That is, a single nucleotide change in a human poly-
nucleotide relative to a non-human primate cannot be ana-
lyzed for evolutionary significance without considering the
length of the polynucleotide and the existence or (non-exist-
ence) of other non-silent nucleotide changes in the defined
polynucleotide. Thus, in referring to an “evolutionarily sig-
nificant polynucleotide” and the nucleotide changes therein,
the size of the polynucleotide is generally considered to be
between about 30 and the total number of nucleotides encom-
passed in the polynucleotide or gene sequence (e.g., up to
3,000-5,000 nucleotides or longer). Further, while individual
nucleotide changes cannot be analyzed in isolation as to their
evolutionary significance, nucleotide changes that contribute
to the evolutionary significance of a polynucleotide are
referred to herein as “evolutionarily significant nucleotide
changes.”

[0225] The subject method further comprises a method of
correlating an evolutionarily significant nucleotide change in
a candidate polynucleotide to decreased resistance to devel-
opment of a disease in humans, comprising identifying evo-
lutionarily significant candidate polynucleotides as described
herein, and further analyzing the functional effect of the evo-
lutionarily significant nucleotide change(s) in one or more of
the candidate polynucleotides in a suitable model system,
wherein the presence of a functional effect indicates a corre-
lation between the evolutionarily significant nucleotide
change in the candidate polynucleotide and the decreased
resistance to development of the disease in humans. As dis-
cussed herein, model systems may be cell-based or in vivo.
For example, the evolutionarily significant human BRCA1
exon 11 (or variations thereof having fewer evolutionarily
significant nucleotide changes) could be transfected or
knock-out genomically inserted into mice or non-human pri-
mates (e.g., chimpanzees) to determine if it induces the func-
tional effect of breast, ovarian or prostate cancer in the test
animals. Such test results would indicate whether specific
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evolutionarily significant changes in exon 11 are associated
with increased incidence of breast, ovarian or prostate cancer.

[0226] In addition to evaluating the evolutionarily signifi-
cant nucleotide changes in candidate polynucleotides for
their relevance to development of disease, the subject inven-
tion also includes the evaluation of other nucleotide changes
of candidate human polynucleotides, such as alleles or mutant
polynucleotides, that may be responsible for the development
of the disease. For example, the evolutionarily significant
BRCALI exon 11 has anumber of allelic or mutantexon 11s in
human populations that have been found to be associated with
breast, ovarian or prostate cancer (Rosen, E. M. et al. (2001)
Cancer Invest. 19(4):396-412; Elit, L. et al. (2001) Int. J.
Gynecol. Cancer 11(3):241-3; Shen, D. et al. (2000) J. Natl.
Med. Assoc. 92(1):29-35; Khoo, U. S. etal. (1999) Oncogene
18(32):4643-6; Presneau, N. et al. (1998) Hum. Genet. 103
(3):334-9; Dong, J. et al. (1998) Hum. Genet. 103(2):154-61;
and Xu, C. F. et al. (1997) Genes Chromosomes 18(2):102-
10). For example, Grade, K. etal. (1996) J. Cancer Res. Clin.
Oncol. 122(11):702-6, report that of 127 human BRCA1
mutations published by 1996, 55% of them are localized in
exon 11. Many of the cancer-causing mutations in BRCA1
exon 11 are not considered to be predominantly present in
humans, and are therefore not considered to contribute to the
evolutionarily significance of BRCA1 exon 11. Polynucle-
otides that are strongly positively selected for the develop-
ment of one trait in humans may be hotspots for nucleotide
changes (evolutionarily significant or otherwise) that are
associated with the development of a disease. Thus, accord-
ing to the subject invention, identification of candidate poly-
nucleotides that have been positively selected, is a very effi-
cient start to identifying corresponding mutant or allelic
polynucleotides associated with a disease.

[0227] To identify whether mutants or alleles of evolution-
arily significant polynucleotides in humans can be correlated
to decreased resistance or increased susceptibility to the dis-
ease, the variant polynucleotide can be tested in a suitable
model, such as the MCF10a normal human epithelial cell line
(Favy, D A et al. (2001) Biochem. Biophys. Res. Commun.
274(1):73-8). This model system for breast cancer can
involve transfection of or knock-out genomic insertion into
the MCF10a normal human breast epithelial cell line with
mutant or allelic BRCA1 exon 11 polynucleotides to deter-
mine whether the nucleotide changes in the mutant or allelic
polynucleotides result in conversion of the cell line to a neo-
plastic phenotype, i.e., a phenotype similar to cancer cell lines
MCF-7, MDA-MB231 or HBL100 (Favy et al., supra). Addi-
tionally, mutants of candidate polynucleotides can be com-
pared to patient genetic data to determine whether, for
example, BRCA1 exon 11 mutant nucleotide changes are
present in familial and/or sporadic breast, ovarian and/or
prostate tumors. In this way, mutations in candidate evolu-
tionarily significant human polynucleotides can be evaluated
for their functional effect and their correlation to develop-
ment of breast, ovarian and/or prostate cancer in humans.

[0228] The following examples are provided to further
assist those of ordinary skill in the art. Such examples are
intended to be illustrative and therefore should not be
regarded as limiting the invention. A number of exemplary
modifications and variations are described in this application
and others will become apparent to those of skill in this art.
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Such variations are considered to fall within the scope of the
invention as described and claimed herein.

EXAMPLES
Example 1
c¢DNA Library Construction

[0229] A chimpanzee cDNA library is constructed using
chimpanzee tissue. Total RNA is extracted from the tissue
(RNeasy kit, Quiagen; RNAse-free Rapid Total RNA kit, 5
Prime-3 Prime, Inc.) and the integrity and purity of the RNA
are determined according to conventional molecular cloning
methods. Poly A+ RNA is isolated (Mini-Oligo(dT) Cellu-
lose Spin Columns, 5 Prime-3 Prime, Inc.) and used as tem-
plate for the reverse-transcription of cDNA with oligo (dT) as
a primer. The synthesized cDNA is treated and modified for
cloning using commercially available kits. Recombinants are
then packaged and propagated in a host cell line. Portions of
the packaging mixes are amplified and the remainder retained
prior to amplification. The library can be normalized and the
numbers of independent recombinants in the library is deter-
mined.

Example 2
Sequence Comparison

[0230] Suitable primers based on a candidate human gene
are prepared and used for PCR amplification of chimpanzee
cDNA either from a cDNA library or from cDNA prepared
from mRNA. Selected chimpanzee cDNA clones from the
c¢DNA library are sequenced using an automated sequencer,
such as an ABI 377. Commonly used primers on the cloning
vector such as the M13 Universal and Reverse primers are
used to carry out the sequencing. For inserts that are not
completely sequenced by end sequencing, dye-labeled termi-
nators are used to fill in remaining gaps.

[0231] The detected sequence differences are initially
checked for accuracy, for example by finding the points where
there are differences between the chimpanzee and human
sequences; checking the sequence fluorogram (chromato-
gram) to determine if the bases that appear unique to human
correspond to strong, clear signals specific for the called base;
checking the human hits to see if there is more than one
human sequence that corresponds to a sequence change; and
other methods known in the art, as needed. Multiple human
sequence entries for the same gene that have the same nucle-
otide at a position where there is a different chimpanzee
nucleotide provides independent support that the human
sequence is accurate, and that the chimpanzee/human differ-
ence is real. Such changes are examined using public data-
base information and the genetic code to determine whether
these DNA sequence changes result in a change in the amino
acid sequence of the encoded protein. The sequences can also
be examined by direct sequencing of the encoded protein.

Example 3
Molecular Evolution Analysis

[0232] The chimpanzee and human sequences under com-
parison are subjected to K /K analysis. In this analysis,
publicly available computer programs, such as Li 93 and INA,
are used to determine the number of non-synonymous
changes per site (K ;) divided by the number of synonymous
changes per site (Kg) for each sequence under study as
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described above. Full-length coding regions or partial seg-
ments of a coding region can be used. The higher the K /K
ratio, the more likely that a sequence has undergone adaptive
evolution. Statistical significance of K ,/K values is deter-
mined using established statistic methods and available pro-
grams such as the t-test.

[0233] To further lend support to the significance of a high
K /K ratio, the sequence under study can be compared in
multiple chimpanzee individuals and in other non-human
primates, e.g., gorilla, orangutan, bonobo. These compari-
sons allow further discrimination as to whether the adaptive
evolutionary changes are unique to the human lineage com-
pared to other non-human primates. The sequences can also
be examined by direct sequencing of the gene of interest from
representatives of several diverse human populations to
assess to what degree the sequence is conserved in the human
species.

Example 4

Identification of Positively Selected ICAM-1,
ICAM-2 and ICAM-3

[0234] Using the methods of the invention described
herein, the intercellular adhesion molecules ICAM-1,
ICAM-2 and ICAM-3 have been shown to have been strongly
positively selected. The ICAM molecules are involved in
several immune response interactions and are known to play
a role in progression to AIDS in HIV infected humans. The
ICAM proteins, members of the Ig superfamily, are ligands
for the integrin leukocyte associated function 1 molecule
(LFA-1). Makgoba et al (1988) Nature 331:86-88. LFA-1 is
expressed on the surface of most leukocytes, while ICAMs
are expressed on the surface of both leukocytes and other cell
types. Larson et al. (1989) J. Cell Biol. 108:703-712. ICAM
and LFA-1 proteins are involved in several immune response
interactions, including T-cell function, and targeting of leu-
kocytes to areas of inflammation. Larson et al. (1989).
[0235] Total RNA was prepared using either the RNeasy®
kit (Qiagen), or the RNAse-free Rapid Total RNA kit (§ Prime
-3 Prime, Inc.) from primate tissues (chimpanzee brain and
blood, gorilla blood and spleen, orangutan blood) or from
cells harvested from the following B lymphocyte cell lines:
CARL (chimpanzee), ROK (gorilla), and PUTI (orangutan).
mRNA was isolated from total RNA using the Mini-Oligo
(dT) Cellulose Spin Columns (5 Prime -3 Prime, Inc.). cDNA
was synthesized from mRNA with oligo dT and/or random
priming using the cDNA Synthesis Kit (Stratagene®). The
protein-coding region of the primate ICAM-1 gene was
amplified from c¢DNA using primers (concentration=100
nmole/ul) designed by hand from the published human
sequence. PCR conditions for ICAM-1 amplification were
94° C. initial pre-melt (4 min), followed by 35 cycles of 94°
C. (15 sec), 58° C. (1 min 15 sec), 72° C. (1 min 15 sec), and
a final 72° C. extension for 10 minutes. PCR was accom-
plished using Ready-to-Go™ PCR beads (Amersham Phar-
macia Biotech) in a 50 microliter total reaction volume.
Appropriately-sized products were purified from agarose gels
using the QiaQuick® Gel Extraction kit (Qiagen). Both
strands of the amplification products were sequenced directly
using the Big Dye Cycle Sequencing Kit and analyzed on a
373A DNA sequencer (ABI BioSystems).

[0236] Comparison of the protein-coding portions of the
human, gorilla (Gorilla gorilla), and orangutan (Pongo pyg-
maeus) ICAM-1 genes to that of the chimpanzee yielded
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statistically significant K /K ratios (Table 2). The protein-
coding portions of the human and chimpanzee ICAM-1 genes
were previously published and the protein-coding portions of
gorilla (Gorilla gorilla), and orangutan (Pongo pygmaeus)
ICAM-1 genes are shown in FIGS. 3 and 4, respectively.
[0237] For this experiment, pairwise K ,/K ; ratios were cal-
culated for the mature protein using the algorithm of Li (1985;
1993). Statistically significant comparisons (determined by
t-tests) are shown in bold. Although the comparison to gorilla
and human was sufficient to demonstrate that chimpanzee
ICAM-1 has been positively-selected, the orangutan ICAM-1
was compared as well, since the postulated historical range of
gorillas in Africa suggests that gorillas could have been
exposed to the HIV-1 virus. Nowak and Paradiso (1983)
Walker=s Mammals of the World (Baltimore, Md., The Johns
Hopkins University Press). The orangutan, however, has
always been confined to Southeast Asia and is thus unlikely to
have been exposed to HIV over an evolutionary time frame.
(Nowak and Paradiso, 1983) (Gorillas are most closely-re-
lated to humans and chimpanzees, while orangutans are more
distantly-related.)

TABLE 2

K /K< Ratios: ICAM-1 Whole Protein Comparisons

Species Compared K /K Ratio
Chimpanzee to Human 2.1 (P <0.01)
Chimpanzee to Gorilla 1.9 (P < 0.05)
Chimpanzee to Orangutan 1.4 (P < 0.05)
Human to Gorilla 1.0
Human to Orangutan 0.87
Gorilla to Orangutan 0.95

[0238] Evenamong those proteins for which positive selec-
tion has been demonstrated, few show K ,/K ; ratios as high as
these ICAM-1 comparisons. Lee and Vacquier (1992) Biol.
Bull. 182:97-104; Swanson and Vacquier (1995) Proc. Natl.
Acad. Sci. USA 92:4957-4961; Messier and Stewart (1997);
Sharp (1997) Nature 385:111-112. The results are consistent
with strong selective pressure resulting in adaptive changes in
the chimpanzee ICAM-1 molecule.

[0239] The domains (D1 and D2) of the ICAM-1 molecule
which bind to LFA-1 have been documented. Staunton et al.
(1990). Cell 61:243-254. Pairwise K, /K¢ comparisons
between primate ICAM-1 genes. K /K ratios were calcu-
lated for domains D1 and D2 only, using the algorithm of Li
(1985; 1993) (Table 3). Statistically significant comparisons
(determined by t-tests) are shown in bold. The very high,
statistically significant K /K ratios for domains D1 and D2
suggest that these regions of the protein were very strongly
positively-selected. These regions of chimpanzee ICAM-1
display even more striking K /K ratios (Table 3) than are
seen for the whole protein comparisons, thus suggesting that
the ICAM-1/LFA-1 interaction has been subjected to unusu-
ally strong selective pressures.

TABLE 3

K /K¢ Ratios: Domains D1 + D2 of ICAM-1

Species Compared K /K Ratio
Chimpanzee to Human 3.1 (P<0.01)
Chimpanzee to Gorilla 2.5 (P <0.05)
Chimpanzee to Orangutan 1.5 (P < 0.05)
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TABLE 3-continued

K /K¢ Ratios: Domains D1 + D2 of ICAM-1

Species Compared K /K Ratio
Human to Gorilla 1.0
Human to Orangutan 0.90
Gorilla to Orangutan 1.0

Example 5

Characterization of ICAM-1, ICAM-2 and ICAM-3
Positively Selected Sequences

[0240] A sequence identified by the methods of this inven-
tion may be further tested and characterized by cell transfec-
tion experiments. For example, human cells in culture, when
transfected with a chimpanzee polynucleotide identified by
the methods described herein (such as ICAM-1 (or ICAM-2
or ICAM-3); see below), could be tested for reduced viral
dissemination and/or propagation using standard assays in
the art, and compared to control cells. Other indicia may also
be measured, depending on the perceived or apparent func-
tional nature of the polynucleotide/polypeptide to be tested.
For example, inthe case of ICAM-1 (or ICAM-2 or ICAM-3),
syncytia formation may be measured and compared to control
(untransfected) cells. This would test whether the resistance
arises from prevention of syncytia formation in infected cells.

[0241] Cells which are useful in characterizing sequences
identified by the methods of this invention and their effects on
cell-to-cell infection by HIV-1 are human T-cell lines which
are permissive for infection with HIV-1, including, e.g., H9
and HUT78 cell lines, which are available from the ATCC.

[0242] For cell transfection assays, ICAM-1 (or ICAM-2 or
ICAM-3) ¢cDNA (or any cDNA identified by the methods
described herein) can be cloned into an appropriate expres-
sion vector. To obtain maximal expression, the cloned
ICAM-1 (or ICAM-2 or ICAM-3) coding region is operably
linked to a promoter which is active in human T cells, such as,
for example, an IL.-2 promoter. Alternatively, an ICAM-1 (or
ICAM-2 or ICAM-3) cDNA can be placed under transcrip-
tional control of a strong constitutive promoter, or an induc-
ible promoter. Expression systems are well known in the art,
as are methods for introducing an expression vector into cells.
For example, an expression vector comprising an ICAM-1 (or
ICAM-2 or ICAM-3) ¢cDNA can be introduced into cells by
DEAE-dextran or by electroporation, or any other known
method. The cloned ICAM-1 (or ICAM-2 or ICAM-3) mol-
ecule is then expressed on the surface of the cell. Determina-
tion of whether an ICAM-1 (or ICAM-2 or ICAM-3) cDNA
is expressed on the cell surface can be accomplished using
antibody(ies) specific for ICAM-1 (or ICAM-2 or ICAM-3).
In the case of chimpanzee ICAM-1 (or ICAM-2 or ICAM-3)
expressed on the surface of human T cells, an antibody which
distinguishes between chimpanzee and human ICAM-1 (or
ICAM-2 or ICAM-3) can be used. This antibody can be
labeled with a detectable label, such as a fluorescent dye.
Cells expressing chimpanzee ICAM-1 (or ICAM-2 or ICAM-
3) on their surfaces can be detected using fluorescence-acti-
vated cell sorting and the anti-ICAM-1 (or ICAM-2 or
ICAM-3) antibody appropriately labeled, using well-estab-
lished techniques.

30
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[0243] Transfected human cells expressing chimpanzee
ICAM-1 (or ICAM-2 or ICAM-3) on their cell surface can
then be tested for syncytia formation, and/or for HIV repli-
cation, and/or for number of cells infected as an index of
cell-to-cell infectivity. The chimpanzee ICAM-1 (or ICAM-2
or ICAM-3)-expressing cells can be infected with HIV-1 at an
appropriate dose, for example tissue culture infectious dose
50, i.e., a dose which can infect 50% of the cells. Cells can be
plated at a density of about 5x10° cells/ml in appropriate
tissue culture medium, and, after infection, monitored for
syncytia formation, and/or viral replication, and/or number of
infected cells in comparison to control, uninfected cells. Cells
which have not been transfected with chimpanzee ICAM-1
(or ICAM-2 or ICAM-3) also serve as controls. Syncytia
formation is generally observed in HIV-1-infected cells
(which are not expressing chimpanzee ICAM-1 (or ICAM-2
or ICAM-3)) approximately 10 days post-infection.

[0244] To monitor HIV replication, cell supernatants can be
assayed for the presence and amount of p24 antigen. Any
assay method to detect p24 can be used, including, for
example, an ELISA assay in which rabbit anti-p24 antibodies
are used as capture antibody, biotinylated rabbit anti-p24
antibodies serve as detection antibody, and the assay is devel-
oped with avidin-horse radish peroxidase. To determine the
number of infected cells, any known method, including indi-
rect immunofluorescence methods, can be used. In indirect
immunofluorescence methods, human HIV-positive serum
can be used as a source of anti-HIV antibodies to bind to
infected cells. The bound antibodies can be detected using
FITC-conjugated anti-human IgG, the cells visualized by
fluorescence microscopy and counted.

[0245] Another method for assessing the role of a molecule
such as ICAM-1 (or ICAM-2 or ICAM-3) involves succes-
sive infection of cells with HIV. Human cell lines, preferably
those that do not express endogenous ICAM (although cell
lines that do express endogenous ICAM may also be used),
aretransfected with either human or chimpanzee ICAM B1 or
B2 orB3. In one set of experiments, HIV is collected from the
supernatant of HIV-infected human ICAM-1 (or ICAM-2 or
ICAM-3)-expressing cells and used to infect chimpanzee
ICAM-1 (or ICAM-2 or ICAM-3)-expressing cells or human
ICAM-1 (or ICAM-2 or ICAM-3)-expressing cells. Initial
infectivity, measured as described above, of both the chim-
panzee ICAM-1 (or ICAM-2 or ICAM-3)—and the human
ICAM-1 (or ICAM-2 or ICAM-3)-expressing cells would be
expected to be high. After several rounds of replication, cell to
cell infectivity would be expected to decrease in the chim-
panzee ICAM-1 (or ICAM-2 or ICAM-3) expressing cells, if
chimpanzee ICAM-1 (or ICAM-2 or ICAM-3) confers resis-
tance. In a second set of experiments, HIV is collected from
the supernatant of HIV-infected chimpanzee ICAM-1 (or
ICAM-2 or ICAM-3)-expressing cells, and used to infect
human ICAM-1 (or ICAM-2 or ICAM-3)-expressing cells. In
this case, the initial infectivity would be expected to be much
lower than in the first set of experiments, if ICAM-1 (or
ICAM-2 or ICAM-3) is involved in susceptibility to HIV
progression. After several rounds of replication, the cell to
cell infectivity would be expected to increase.

[0246] The identified human sequences can be used in
establishing a database of candidate human genes that may be
involved in conferring, or contributing to, AIDS susceptibil-
ity or resistance. Moreover, the database not only provides an
ordered collection of candidate genes, it also provides the
precise molecular sequence differences that exist between
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human and an AIDS-resistant non-human primate (such as
chimpanzee) and thus defines the changes that underlie the
functional differences.

Example 6
Molecular Modeling of ICAM-1 and ICAM-3

[0247] Modeling of the three-dimensional structure of
ICAM-1 and ICAM-3 has provided additional evidence for
the role of these proteins in explaining chimpanzee resistance
to AIDS progression.

[0248] In the case of ICAM-1, 5 of the 6 amino acid
replacements that are unique to the chimpanzee lineage are
immediately adjacent (i.e., physically touching) to those
amino acids identified by mutagenic studies as critical to
LFA-1 binding. These five amino acid replacements are
human L 18 to chimp Q 18, human K29 to chimp D29, human
P45 to chimp G45, human R49 to chimp W49, and human
E171 to chimp Q171. This positioning cannot be predicted
from the primary structure (i.e., the actual sequence of amino
acids). None of the amino acid residues critical for binding
has changed in the chimpanzee ICAM-1 protein.

[0249] Such positioning argues strongly that the chimpan-
zee ICAM-1 protein=s basic function is unchanged between
humans and chimpanzees; however, evolution has wrought
fine-tuned changes that may help confer upon chimpanzees
their resistance to progression of AIDS. The nature of the
amino acid replacements is being examined to allow exploi-
tation of the three-dimensional structural information for
developing agents for therapeutic intervention. Strikingly, 4
of the 5 chimpanzee residues are adjacent to critical binding
residues that have been identified as N-linked glycosylation
sites. This suggests that differences exist in binding constants
(to LFA-1) for human and chimpanzee ICAM-1. These bind-
ing constants are being determined. Should the binding con-
stants prove lower in chimpanzee ICAM-1, it is possible to
devise small molecule agents to mimic (by way of steric
hindrance) the change in binding constants as a potential
therapeutic strategy for HIV-infected humans. Similarly,
stronger binding constants, if observed for chimpanzee
ICAM-1, will suggest alternative strategies for developing
therapeutic interventions for HIV-1 infected humans.

[0250] Inthe case of ICAM-3, acritical amino acid residue
replacement from proline

[0251] (observed in seven humans) to glutamine (observed
in three chimpanzees) is predicted from our modeling studies
to significantly change the positional angle between domains
2 and 3 of human and chimpanzee ICAM-3. The human
protein displays an acute angle at this juncture. Klickstein, et
al,, 1996 J. Biol. Chem. 27:239 20-27. Loss of this sharp angle
(bend) is predicted to render chimpanzee ICAM-3 less easily
packaged into HIV-1 virions (In infected humans, after
ICAMs are packaged into HIV virions, cell-to-cell infectivity
dramatically increases. Barbeau, B. et al., 1998 I. Virol.
72:7125-7136). This failure to easily package chimp ICAM-3
into HIV virions could then prevent the increase in cell-to-cell
infectivity seen in infected humans. This would then account
for chimpanzee resistance to AIDS progression.

[0252] A small molecule therapeutic intervention whereby
binding of a suitably-designed small molecule to the human
proline residue causes (as a result of steric hindrance) the
human ICAM-1 protein to mimic the larger (i.e., less-acute)
angle of chimpanzee ICAM-3 is possible. Conservation
between the 2 proteins of the critical binding residues (and the

Dec. 10, 2009

general resemblance of immune responses between humans
and chimpanzees) argues that alteration of this angle will not
compromise the basic function of human ICAM-3. However,
the human ICAM-3 protein would be rendered resistant to
packaging into HIV virions, thus mimicking (in HIV-1
infected humans) the postulated pathway by which infected
chimpanzees resist progression to AIDS.

[0253] Essentially the same procedures were used to iden-
tify positively selected chimpanzee ICAM-2 and ICAM-3
(see Table 4). The ligand binding domain of ICAM-1 has been
localized as exhibiting especially striking positive selection
in contrast to ICAMs-2 and -3, for which positive selection
resulted in amino acid replacements throughout the protein.
Thus, this comparative genomic analysis reveals that positive
selection on ICAMs in chimpanzees has altered the
proteins=primary structure, for example, in important bind-
ing domains. These alterations may have conferred resistance
to AIDS progression in chimpanzees.

TABLE 4

K /K¢ Ratios: ICAM-2 and 3 Whole Protein Comparisons

Species Compared K /K Ratio
Chimpanzee to Human ICAM-2 2.1 (P <0.01)
Chimpanzee to Human ICAM-3 3.7 (P <0.01)

[0254] Binding of ICAM-1, -2, and -3 has been demon-
strated to play an essential role in the formation of syncytia
(i.e., giant, multi-nucleated cells) in HIV-infected cells in
vitro. Pantaleo et al. (1991) J. Ex. Med. 173:511-514. Syncy-
tia formation is followed by the depletion of CD™ cells in
vitro. Pantaleo et al. (1991); Levy (1993) Microbiol. Rev.
57:183-189; Butini et al. (1994) Eur. J. Immunol. 24:2191-
2195; Finkel and Banda (1994) Curr. Opin. Immunol. 6:605-
615. Although syncytia formation is difficult to detect in vivo,
clusters of infected cells are seen in lymph nodes of infected
individuals. Pantaleo et al., (1993) N. Eng. J. Med. 328:327-
335; Finkel and Banda (1994); Embretson et al. (1993)
Nature 362:359-362; Pantaleo et al. (1993) Nature 362:355-
358. Syncytia may simply be scavenged from the body too
quickly to be detected. Fouchier et al. (1996) Virology 219:
87-95. Syncytia-mediated loss of CD4* cells in vivo has been
speculated to occur; this could contribute directly to compro-
mise of the immune system, leading to opportunistic infection
and full-blown AIDS. Sodrosky et al. (1986) Nature 322:470-
474; Hildreth and Orentas (1989) Science 244:1075-1078;
Finkel and Banda (1994). Thus critical changes in chimpan-
zee ICAM-1, ICAM-2 or ICAM-3 may deter syncytia forma-
tion in chimpanzee and help explain chimpanzee resistance to
AIDS progression. Because of the polyfunctional nature of
ICAMs, these positively selected changes in the ICAM genes
may additionally confer resistance to other infectious dis-
eases or may play a role in other inflammatory processes that
may also be of value in the development of human therapeu-
tics. The polypeptide sequence alignments of ICAM-1, -2,
and -3 are shown in FIGS. 5, 6, and 7, respectively.

Example 6(A)

Chimpanzee ICAM-1 Confers Immunoresistance to
HIV and SIV

[0255] In the wild, chimpanzees maintain high viral loads
of simian immunodeficiency virus 1 and 2 (SIV1/2), but never
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progress to immunocompromise. As the Intracellular Adhe-
sion Molecule-1 (ICAM-1) molecule has been implicated in
promoting the infectivity of HIV (the human analogue of
SIV) in vivo, we chose to investigate this by molecular evo-
lution analysis, looking for evidence of molecular-level Dar-
winian positive selection in the Catarrhine primates. We con-
ducted pairwise comparisons of ICAM nucleotide sequences
using a Ka/Ks approach. Ka/Ks ratios of human and chim-
panzee ICAM-1 demonstrated that the chimpanzee ICAM-1
protein has been subjected to strong positive selection. We
hypothesize that this selective episode resulted in chimpanzee
resistance to immunosuppression. Molecular modeling of
ICAM-1 crystal structures suggests that replacement of criti-
cal amino acid residues in chimpanzee ICAM-1 affect a site
on the extracellular domain of ICAM-1 where a second
ICAM-1 molecule binds to form a homodimer.

[0256] This altered dimer binding likely affects down-
stream activation of the cell. Absent an inflammatory stimu-
lus, chimp cells may be able to tolerate SIV instead of pro-
gressing to cell death and immunocompromise. To study this
further, we developed a model using human promonocytic
cells co-cultured with an actively infected HIV cell line, the
ACH2 line.

[0257] U937 promonocytic cells were transfected with
chimp ICAM-1 using a CMV promoter and these chimp
ICAM-1 expressing cells were cloned. The U937 cells were
then placed into culture with ACH2 cells in the presence of
lipopolysaccharide. Remarkably, co-cultures of the U937
chimp-ICAM-1 cells with ACH2 cells exhibited a decrease of
up to 48% in the production of p24 after stimulation with LPS
(p<0.05). To confirm that this was not a result unique to our
population of U937 cells, THP1 promonocytic cells were also
transfected with chimp ICAM-1. Under a similar experimen-
tal set up, co-cultures of chimp ICAM-1-transfected THP1
cells produced 38% less p24 than control THP1 co-cultures.
[0258] In current experiments, we find that the chimp
ICAM-1 molecule, due to its altered dimerization binding
site, leads to an anti-inflammatory milieu in which SIV/HIV
is less able to cause cell injury via our work with site-directed
mutagenesis.

Example 6(B)

[0259] Using methods described more fully elsewhere
herein, we found previously that chimpanzee ICAM-1 is
positively selected. We determined a Ka/Ks ratio of 2.2 when
chimpanzee ICAM-1 is compared to human ICAM-1
(Walter, et al 2005) (Ka/Ks ratios >0 indicate positive selec-
tion). We also determined the location of the amino acid
replacements in chimpanzee ICAM-1 using published human
ICAM-1 crystal structures (Walter, et al 2005).). It can be
seen that the LFA-1 binding and the ICAM-1 dimerization
surfaces are located on opposite faces of domain 1, and that
the chimpanzee amino acid replacements are located exclu-
sively in a hydrophobic plane in ICAM-1 domain 1; a plane
predicted by others to be important in homodimerization of
ICAM-1 molecules (see FIG. 25).

[0260] Wethentestedthe affect of ICAM-1 on HIV-1 infec-
tivity in an in vitro model. The laboratory of our collaborator
prepared human THP-1 macrophage cell lines transfected
with chimpanzee ICAM-1 and CMV promoter for constitu-
tive expression. Control cell lines were transfected with a
mock plasmid. The THP-1 cells were co-cultured with ACH2
cells, a stable line of T cells that constitutively express HIV-1.
The ACH2 cells were used because contact between T-cells
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and macrophages (or dendritic cells) is fundamental to HIV-1
infection. Experiments were repeated four times. ICAM-1 is
upregulated under conditions such as inflammation, hypoxia,
coagulation and infection. Routine infections in HIV-1 posi-
tive patients are associated with increased HIV-1 expression.
Therefore, we cultured THP-1 cells with ACH2 in the pres-
ence of bacterial lipopolysaccharide (LPS) (100 ng/mL) in
order to mimic inflammation and increase the expression of
ICAM-1. HIV-1 production was measured using an immu-
noassay for p24 levels in culture supernatants.

[0261] AsshowninFIG. 24, co-culture of mock transfected
THP-1 cells plus ACH2 cells in the presence of LPS induced
HIV-1 expression, while co-culture of chimpanzee ICAM-1-
transfected THP-1 cells plus ACH2 in the presence of LPS
yielded less HIV-1 production, both at 24 hours (approxi-
mately 72% reduction in HIV-1 production) and 72 hours
(approximately 76% reduction in HIV-1 production). The
results represent the mean of duplicate measurements. It
should be noted that the endogenous human ICAM-1 was also
expressed by the THP-1 cells, thus, it appears that the mecha-
nism of chimpanzee ICAM-1 HIV-1 suppression is active
even in the presence of human ICAM-1. The experiments
were repeated using U937 macrophage cells, with similar
reductions in virus production in the presence of chimpanzee
ICAM-1.

[0262] These data show that ICAM-1 plays a role in the
mechanism of chimpanzee resistance to disease progression.

Example 6(C)
Identifying Modulators of ICAM-1 Function

[0263] Humans and our closest living relatives, the chim-
panzees, share genomes with high degrees of similarity. How-
ever, conspicuous differences exist in how these species
respond to a few pathogens, most notably, HIV-1. It has long
been recognized that common chimpanzees (Pan troglo-
dytes), although occasionally infected by SIV and susceptible
to infection by HIV-1, are resistant to progressive immuno-
suppression (i.e., “AIDS”. The demonstration that SIVcpz
(the progenitor of HIV-1) originated in chimpanzees suggests
that their resistance may stem from evolutionary accommo-
dation by ancestral chimpanzees to infection by this CD4
tropic lentivirus. If proteins responsible for chimpanzee
AIDS resistance could be identified and the specific adaptive
changes in such proteins identified, then small molecule
therapeutics could be devised that interact with human
homologs of adapted chimpanzee proteins to mimic (in
human patients) the mechanisms by which chimpanzee pro-
teins modulate resistance to progression.

[0264] Knowledge of the details of by which HIV-1-in-
fected chimpanzees are rendered refractory to progressive
immunosuppression can assist in developing novel therapeu-
tics for HIV-1-infected patients. A chimpanzee protein iden-
tified as positively selected in chimpanzees compared to
humans, Intracellular Adhesion Molecule-1 (ICAM-1), sig-
nificantly reduces HIV production by infected cells in culture.
[0265] Clearly, chimpanzee resistance to progression to
full-blown AIDS must result from evolutionary responses of
the chimpanzee immune system to the strong selective pres-
sure that resulted from introduction of the ancestral virus to
chimpanzee populations. The close similarity of chimpanzee
and human immune systems is unsurprising, since humans
and chimpanzees share a very recent common ancestor (only
5-8 million years). Because of the strong patterns of evolu-
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tionary conservation observed for the vast majority of
homologous human and chimpanzee genes, our positive
selection-based data-mining approach is effective and pow-
erful in narrowing the search for genes important in confer-
ring a survival advantage, such as those underlying chimpan-
zee resistance to AIDS.

Example 6(D)

Transfection of Human U1 Cell Lines to Express an
Adapted Chimpanzee Gene and Determination of
Differential Rates of Viral Infectivity

[0266] We chose Intracellular Adhesion Molecule-1
(ICAM-1) to examine in vitro because it had been shown to
be:

[0267] Upregulated in cells infected with HIV-1

[0268] Selectively incorporated into the HIV-1 coat
[0269] Important in cell-virus interaction

[0270] Positively selected (adaptively evolved) in chim-
panzees

[0271] Creation of stable cell lines expressing chimpanzee

ICAM-1 (chICAM-1).

[0272] ThecDNA for chICAM-1 was inserted into the plas-
mid pCAG containing a neomycin and also a puromycin
(pPBABE.puro) resistance cassette. Control (mock) without
the chlICAM-1 was also constructed.

[0273] These plasmids contain a CMV promoter for con-
stitutive expression. Human THP-1 as well as U937 macroph-
age cell lines were transfected with the plasmids using lipo-
fectamine. After the transfection, the cells were expanded in
10% Fetal Calf Serum (FCS) in the presence of neomycin and
puromycin. Limiting dilutions were used to select clones. As
shown in FIG. 18, constitutive steady-state expression of
chICAM-1 was expressed in both clones containing the chl-
CAM-1. Using the chICAM-1 specific primers (that is prim-
ers that do not recognize human ICAM-1) there was no
expression in mock-transfected THP-1 or mock-transfected
U937 cells.

[0274] The effect of co-culture of chICAM-1 THP-1
expressing cells with ACH2 cells.

[0275] ACH2 cells are a stable line of HIV-1 expressing
T-cells. ACH2 cells express HIV-1 constitutively. Macroph-
age (or dendritic cell) contact with T-cells is fundamental to
HIV-1 infection. Therefore, we co-cultured the macrophage
cell line THP-1 expressing chICAM-1 (CS) with human
ACH2 cells at a concentration of 8x10° cells (4x10° THP-1
and 4x10° ACH2) in

[0276] 1.0 mlofRPMIplus 10% FCS. As showninFIG. 19,
co-culture of mock transfected THP-1 (S) plus ACH2 cells
induced HIV-1 expression as measured by an immunoassay
for p24 in the cell supernatants. By comparison, co-culture of
chICAM-1 transfected THP-1 plus ACH2 yielded less HIV-1
production (55% reduction). At 24 hours, there was also a
reduction (35%) in production of the cytokine, tumor necrosis
factor (ITNF a), in these co-cultures (see below), FIG. 20.
[0277] ICAM-1 is upregulated under conditions such as
inflammation, hypoxia, coagulation and infection. Routine
infections in HIV-1 positive patients are associated with
increased HIV-1 expression. Therefore, we cultured THP-1
cells with ACH2 in the presence of bacterial lipopolysaccha-
ride (LPS) in order to mimic inflammation and increase the
expression of chICAM-1.

[0278] As shown (FIG. 20), there was a marked increase in
p24 in mock transfected THP-1 cells (12.5 ng/mL). In con-
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trast, LPS-stimulation of the co-culture of THP-1 cells
expressing produced considerably less p24 after a 24 hour
incubation (2.6 ng/mL). The effect of the LPS-induced dif-
ferences is most likely due to the stimulating effect of LPS on
ICAM-1 expression in the THP-1 since LPS has no signifi-
cant effect on ACH2 cells. Although the levels of TNF a were
markedly lower with LPS-stimulation, THP-1 expressing
chICAM-1 was still lower (FIG. 20).

[0279] 4c. The effect of co-cultures of chICAM-1 THP-1
cells with ACH2 cells after 72 hours. As shown on (FIG. 21),
ACH?2 cells when co-cultured with THP-1 cells expressing
chICAM-1 (CS) produced approximately 80% less p24 when
compared to ACH2 cells co-cultured with mock-transfected
cells (S). The results represent the mean of duplicate mea-
surements after 72 hours in culture. In addition, the co-culture
was incubated for 72 hours in the presence of LPS (100
ng/mL). Under these conditions, there was clearly less p24 in
produced by the ACH2 cells when incubated with chICAM-1
compared to mock-transfected (see FIG. 4 below, left panel)
Levels of TNF a were also markedly lower in THP-1 cells
expressing chICAM-1 (CS) compared to mock-transfected
cells (S) at 72 hours whether with or without LPS (see FIG.
21, right panel)

[0280] Effect of co-culture of U937-1 with ACH2 cells on
p24 levels. We next examined the effect of U937 cells
expressing chICAM-1 (CS). Similar to THP-1 cells express-
ing chICAM-1, we again observed a reduction in HIV-1
expression. As shown below, ACH2 cells when co-cultured
with U937 cells expressing chICAM-1 (CS) produced
approximately 50% less p24 when compared to ACH2 cells
co-cultured with mock-transfected cells (S). The results rep-
resent the mean of duplicate measurements after 24 and 72
hours in culture. In addition, the co-culture was incubated for
24 or 72 hours in the presence of LPS (100 ng/mL) at a
cellular concentration of 1.0x10° cells (5x10° U937 plus
5x10° ACH2) per 1.0 ml of medium, RPMI plus 10% FCS.
Under these conditions, there was more p24 in produced by
the ACH2 cells with mock-transfected cells compared to chl-
CAM-1 expressing cells. See FIG. 22.

[0281] Effect of increasing the concentration of LPS in
co-cultures of U937 cells with ACH2 cells on HIV-1 produc-
tion. We next repeated the study of U937 cells stimulated with
two different concentrations of LPS, 100 and 1000 ng/mL. As
shown (FIG. 23), there was decrease in the production of
HIV-1 production under both conditions at 24 hours in co-
cultures of chICAM-1 expressing cells (CS) compared to
mock-transfected cells (S). For example, p24 levels in the
mock-transfected cells stimulated with 100 ng/mL of LPS
was 1.29 ng/mL but in chICAM-1 expressing cells also stimu-
lated with 100 ng/ml was 0.29 ng/mL, a decrease of nearly
80%. When U937 cells transfected with the empty plasmid
were stimulated with 1000 ng/mL, the production increased
from 1.29 ng/mL to 1.59 ng/mL but in U937 cells expressing
chICAM-1, thelevel of p24 was 0.49 ng/mL.. In these cultures
TNF a was also measured (see FIG. 23 right panel).

[0282] Thus, the lower production of p24 in co-cultures
U937 cells expressing chICAM-1 is a highly consistent find-
ing and is independent of the amount of LPS stimulation.
These results, in which chimpanzee ICAM-1 suppresses pro-
duction of the HIV-1 virus in infected cells, are powerful
evidence that this protein explains how HIV-1-infected chim-
panzees resist progression to AIDS.

[0283] The ultimate commercial application of the pro-
posed research is to identify small molecule compounds that
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mimic chimpanzee disease resistance mechanisms that could
be developed as human drugs. As mentioned above, in the
case of AIDS drugs, such therapeutics are expected to have
fewer side effects so that patient use and follow-through will
be greater, and be more lastingly effective, because they target
stable host proteins instead of mutating viral proteins. One
important societal impact of the work is to have a better
treatment for AIDS so that AIDS patients can lead longer,
productive lives.

[0284] Importantly, the positively selected genes identified
appear to be part of a general immune response to RNA virus
infections. The result could lead to therapeutics to treat infec-
tions by other RNA viruses, such as hepatitis C. Evolutionary
studies indicate that the parent strain for the various hepatitis
C strains isolated from humans worldwide originated in
Africa, and is likely to have come from chimpanzees.
Approximately four million Americans are infected with the
hepatitis C virus (HCV), and worldwide the number
approaches 40 million. HCV infection can lead to hepatocel-
lular carcinoma, which is nearly always fatal and kills 14,500
Americans each year. Thus identification of drugs that can
ameliorate the effects of chronic infection are valuable both
from a societal and commercial viewpoint. Chronic hepatitis
C infection is much less severe in chimpanzees than in
humans. Like HIV infection, this difference is likely due to
differences in key host proteins. Because four chimpanzee
proteins EG scientists identified as positively selected
become active upon infection with several different RNA
viruses, including HIV and hepatitis C, compounds that EG
identifies that interact with these proteins and block HIV
infectivity will also be evaluated for applicability to prevent
or treat hepatitis C and other RNA viral infections.

Example 7
Identifying Positive Selection of MIP-1a

[0285] MIP-1a is a chemokine that has been shown to
suppress HIV-1 replication in human cells in vitro (Cocchi, F.
etal., 1995 Science 270:1811-1815). The chimpanzee homo-
logue of the human MIP-1f gene was PCR-amplified and
sequenced. Calculation of the K /K ratio (2.1, P<0.05) and
comparison to the gorilla homologue reveals that the chim-
panzee gene has been positively-selected. As for the other
genes discussed herein, the nature of the chimpanzee amino
acid replacements is being examined to determine how to
exploit the chimpanzee protein for therapeutic intervention.

Example 8

Identifying Positive Selection of 17--Hydroxys-
teroid Dehydrogenase

[0286] Using the methods of the present invention, a chim-
panzee gene expressed in brain has been positively-selected
(K /Ks=1.6) as compared to its human homologue (GenBank
Acc. # X87176) has been identified. The human gene, 17-P
hydroxysteroid dehydrogenase type 1V, codes for a protein
known to degrade the two most potent estrogens, [3-estradiol,
and 5-diol (Adamski, J. et al. 1995 Biochem J. 311:437-443).
Estrogen-related cancers (including, for example, breast and
prostate cancers) account for some 40% of human cancers.
Interestingly, reports in the literature suggest that chimpan-
Zees are resistant to tumorigenesis, especially those that are
estrogen-related. This protein may have been positively-se-
lected in chimpanzees to allow more efficient degradation of
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estrogens, thus conferring upon chimpanzees resistance to
such cancers. If so, the specific amino acid replacements
observed in the chimpanzee protein may supply important
information for therapeutic intervention in human cancers.

Example 9

cdNA Library Construction for Chimpanzee Brain
Tissue

[0287] A chimpanzee brain cDNA library is constructed
using chimpanzee brain tissue. The chimpanzee brain tissue
can be obtained after natural death so that no killing of an
animal is necessary for this study. In order to increase the
chance of obtaining intact mRNAs expressed in brain, how-
ever, the brain is obtained as soon as possible after the
animal=s death. Preferably, the weight and age of the animal
are determined prior to death. The brain tissue used for con-
structing a ¢cDNA library is preferably the whole brain in
order to maximize the inclusion of mRNA expressed in the
entire brain. Brain tissue is dissected from the animal follow-
ing standard surgical procedures.

[0288] Total RNA is extracted from the brain tissue and the
integrity and purity of the RNA are determined according to
conventional molecular cloning methods. Poly A+ RNA is
selected and used as template for the reverse-transcription of
c¢DNA with oligo (dT) as a primer. The synthesized cDNA is
treated and modified for cloning using commercially avail-
able kits. Recombinants are then packaged and propagated in
ahost cell line. Portions of the packaging mixes are amplified
and the remainder retained prior to amplification. The library
can be normalized and the numbers of independent recombi-
nants in the library is determined.

Example 10

Sequence Comparison of Chimpanzee and Human
Brain cDNA

[0289] Randomly selected chimpanzee brain cDNA clones
from the cDNA library are sequenced using an automated
sequencer, such as the ABI 377. Commonly used primers on
the cloning vector such as the M13 Universal and Reverse
primers are used to carry out the sequencing. For inserts that
are not completely sequenced by end sequencing, dye-la-
beled terminators are used to fill in remaining gaps.

[0290] The resulting chimpanzee sequences are compared
to human sequences via database searches, e.g., BLAST
searches. The high scoring “hits,” i.e., sequences that show a
significant (e.g., >80%) similarity after BLAST analysis, are
retrieved and analyzed. The two homologous sequences are
then aligned using the alignment program CLUSTAL V
developed by Higgins et al. Any sequence divergence, includ-
ing nucleotide substitution, insertion and deletion, can be
detected and recorded by the alignment.

[0291] The detected sequence differences are initially
checked for accuracy by finding the points where there are
differences between the chimpanzee and human sequences;
checking the sequence fluorogram (chromatogram) to deter-
mine if the bases that appear unique to human correspond to
strong, clear signals specific for the called base; checking the
human hits to see if there is more than one human sequence
that corresponds to a sequence change; and other methods
known in the art as needed. Multiple human sequence entries
for the same gene that have the same nucleotide at a position
where there is a different chimpanzee nucleotide provides
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independent support that the human sequence is accurate, and
that the chimpanzee/human difference is real. Such changes
are examined using public database information and the
genetic code to determine whether these DNA sequence
changes result in a change in the amino acid sequence of the
encoded protein. The sequences can also be examined by
direct sequencing of the encoded protein.

Example 11

Molecular Evolution Analysis of Human Brain
Sequences Relative to Other Primates

[0292] The chimpanzee and human sequences under com-
parison are subjected to K /K, analysis. In this analysis,
publicly available computer programs, such as Li 93 and INA,
are used to determine the number of non-synonymous
changes per site (K ,) divided by the number of synonymous
changes per site (Kg) for each sequence under study as
described above. This ratio, K ,/K, has been shown to be a
reflection of the degree to which adaptive evolution, i.e.,
positive selection, has been at work in the sequence under
study. Typically, full-length coding regions have been used in
these comparative analyses. However, partial segments of a
coding region can also be used effectively. The higher the
K /K ratio, the more likely that a sequence has undergone
adaptive evolution. Statistical significance of K /K¢ values is
determined using established statistic methods and available
programs such as the t-test. Those genes showing statistically
high K ,/K ratios between chimpanzee and human genes are
very likely to have undergone adaptive evolution.

[0293] To further lend support to the significance of a high
K /K ratio, the sequence under study can be compared in
other non-human primates, e.g., gorilla, orangutan, bonobo.
These comparisons allow further discrimination as to
whether the adaptive evolutionary changes are unique to the
human lineage compared to other non-human primates. The
sequences can also be examined by direct sequencing of the
gene of interest from representatives of several diverse human
populations to assess to what degree the sequence is con-
served in the human species.

Example 12

Further Sequence Characterization of Selected
Human Brain Sequences

[0294] Human brain nucleotide sequences containing evo-
lutionarily significant changes are further characterized in
terms of their molecular and genetic properties, as well as
their biological functions. The identified coding sequences
are used as probes to perform in sitt mRNA hybridization that
reveals the expression pattern of the gene, either or both in
terms of what tissues and cell types in which the sequences
are expressed, and when they are expressed during the course
of development or during the cell cycle. Sequences that are
expressed in brain may be better candidates as being associ-
ated with important human brain functions. Moreover, the
putative gene with the identified sequences are subjected to
homologue searching in order to determine what functional
classes the sequences belong to.

[0295] Furthermore, for some proteins, the identified
human sequence changes may be useful in estimating the
functional consequence of the change. By using such criteria
a database of candidate genes can be generated. Candidates
are ranked as to the likelihood that the gene is responsible for
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the unique or enhanced abilities found in the human brain
compared to chimpanzee or other non-human primates, such
as high capacity information processing, storage and retrieval
capabilities, language abilities, as well as others. In this way,
this approach provides a new strategy by which such genes
can be identified. Lastly, the database not only provides an
ordered collection of candidate genes, it also provides the
precise molecular sequence differences that exist between
human and chimpanzee (and other non-human primates), and
thus defines the changes that underlie the functional differ-
ences.

[0296] In some cases functional differences are evaluated
in suitable model systems, including, but not limited to, in
vitro analysis such as indicia of long term potentiation (LTP),
and use of transgenic animals or other suitable model sys-
tems. These will be immediately apparent to those skilled in
the art.

Example 13

Identification of Positive Selection in a Human
Tyrosine Kinase Gene

[0297] Usingthe methods of the present invention, a human
gene (GenBank Acc.# AB014541), expressed in brain has
been identified, that has been positively-selected as compared
to its gorilla homologue. This gene, which codes for a
tyrosine kinase, is homologous to a well-characterized mouse
gene (GenBank Acc# AF011908) whose gene product,
called AATYK, is known to trigger apoptosis (Gaozza, E. et
al. 1997 Oncogene 15:3127-3135). The literature suggests
that this protein controls apoptosis in the developing mouse
brain (thus, in effect, “sculpting” the developing brain). The
AATYK-induced apoptosis that occurs during brain develop-
ment has been demonstrated to be necessary for normal brain
development.

[0298] Thereis increasing evidence that inappropriate apo-
ptosis contributes to the pathology of human neurodegenera-
tive diseases, including retinal degeneration, Huntington’s
disease, Alzheimer’s disease, Parkinson’s disease and spinal
muscular atrophy, an inherited childhood motoneuron dis-
ease. On the other hand in neural tumour cells, such as neu-
roblastoma and medulloblastoma cells, apoptotic pathways
may be disabled and the cells become resistant to chemo-
therapeutic drugs that kill cancer cells by inducing apoptosis.
A further understanding of apoptosis pathways and the func-
tion of apoptosis genes should lead to a better understanding
of these conditions and permit the use of AATYKI in diag-
nosis of such conditions.

[0299] Positively-selected human and chimpanzee
AATYK may constitute another adaptive change that has
implications for disease progression. Upon resolution of the
three-dimensional structure of human and chimpanzee
AATYK, it may be possible to design drugs to modulate the
function of AATYK in a desired manner without disrupting
any of the normal functions of human AATTK.

[0300] It has been demonstrated that mouse AATYK is an
active, non-receptor, cytosolic kinase which induces neuronal
differentiation in human adrenergic neuroblastoma (NB):SH-
SYS5Y cells. AATYK also promotes differentiation induced
by other agents, including all-trans retinoic acid (RA), 12-O-
Tetradecanoyl phorbol 13-acetate (TPA) and IGF-1. Raghu-
nath, et al., Brain Res Mol Brain Res. (2000) 77:151-62. In
experiments with rats, it was found that the AATYK protein
was expressed in virtually all regions of the adult rat brain in
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which neurons are present, including olfactory bulb, fore-
brain, cortex, midbrain, cerebellum and pons. Immunohis-
tochemical labeling of adult brain sections showed the high-
est levels of AATYK expression in the cerebellum and
olfactory bulb. Expression of AATYK was also up-regulated
as a function of retinoic acid-induced neuronal differentiation
of p 19 embryonal carcinoma cells, supporting a role for this
protein in mature neurons and neuronal differentiation.
Baker, et al., Oncogene (2001) 20:1015-21.

Nicolini, et al., Anticancer Res (1998) 18:2477-81 showed
that retinoic acid (RA) differentiated SH-SYSY cells were a
suitable and reliable model to test the neurotoxicity of che-
motherapeutic drugs without the confusing effects of the
neurotrophic factors commonly used to induce neuronal dif-
ferentiation. The neurotoxic effect and the course of the
changes is similar to that observed in clinical practice and in
in vivo experimental models. Thus, the model is proposed as
a screening method to test the neurotoxicity of chemotherapy
drugs and the possible effect of neuroprotectant molecules
and drugs. Similarly, AATYK differentiated SYSY-5Y cells
could be used as a model for screening chemotherapeutic
drugs and possible side effects of neuroprotectant molecules
and drugs.

[0301] It has also been shown that AATYK mRNA is
expressed in neurons throughout the adult mouse brain.
AATYK possessed tyrosine kinase activity and was auto-
phosphorylated when expressed in 293 cells. AATYK mRNA
expression was rapidly induced in cultured mouse cerebellar
granule cells during apoptosis induced by KCI. The number
of apoptotic granule cells overexpressing wild-type AATYK
protein was significantly greater than the number of apoptotic
granule cells overexpressing a mutant AATYK that lacked
tyrosine kinase activity. These findings suggest that through
its tyrosine kinase activity, AATYK is also involved in the
apoptosis of mature neurons. Tomomura, et al., Oncogene
(2001) 20(9):1022-32.

[0302] The tyrosine kinase domain of AATYK protein is
highly conserved between mouse, chimpanzee, and human
(as are most tyrosine kinases). Interestingly, however, the
region of the protein to which signaling proteins bind has
been positively-selected in humans, but strongly conserved in
both chimpanzees and mice. The region of the human protein
to which signaling proteins bind has not only been positively-
selected as a result of point nucleotide mutations, but addi-
tionally displays duplication of several src homology 2 (SH2)
binding domains that exist only as single copies in mouse and
chimpanzee. This suggests that a different set of signaling
proteins may bind to the human protein, which could then
trigger different pathways for apoptosis in the developing
human brain compared to those in mice and chimpanzees.
Such a gene thus may contribute to unique or enhanced
human cognitive abilities. Human AATYK has been mapped
on 25.3 region of chromosome 17. Seki, et al., J Hum Genet
(1999) 44:141-2.

[0303] Chimpanzee DNA was sequenced as part of a high-
throughput sequencing project on a MegaBACE 1000
sequencer (AP Biotech). DNA sequences were used as query
sequences in a BLAST search of the GenBank database. Two
random chimpanzee sequences, termed stch856 and stch610,
returned results for two genes in the non-redundant database
of GenBank: NM_ 004920 (human apoptosis-associated
tyrosine kinase, AATYK) and AB014541 (human KIAA641,
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identical nucleotide sequence to NM__004920), shown in
FIG. 14A, and also showed a high K /K ratio compared to
these human sequences. Primers were designed for PCR and
sequencing of AATYK. Sequence was obtained for the 3
prime end of this gene in chimp and gorilla. The 5 prime end
of the gene was difficult to amplify, and no sequence was
confirmed in human and gorilla. The human AATYK gene
(SEQID NO:14) has a coding region of 3624 bp (nucleotides
413-4036 of SEQ ID NO:14), and codes for a protein of 1207
amino acids (SEQ ID NO:16). 1809 bp were sequenced in
both chimp and gorilla. See FIGS. 15A and 15B. The partial
sequences (SEQ ID NO:17 and SEQ ID NO:18) did not
include the start or stop codons, although they were very close
to the stop codon on the 3 prime end (21 codons away). These
sequences correspond to nucleotides 2170-3976 or 2179-
39088 of the corresponding human sequences taking into
account the gaps described below.

[0304] There were also several pairs of amino acid inser-
tions/deletions among chimp, human and gorilla in the coding
region. The following sequences are in reading frame:

(SEQ ID NO: 19)

Chimp GGTGAGGGCCCCGECCCCGRECCT
(SEQ ID NO: 20)
Human 2819  GGTGAGGGC: :::::CCCGGECCC 2836
(SEQ ID NO: 21)

Gorilla GGCGAGGGC: : : & 1 : CCCGGGCCC
(SEQ ID NO: 22)

Chimp CTGGAGGCTGAGGCCGAGGCCEAG
(SEQ ID NO: 23)
Human 2912  CTCGAGGCT: :::::GAGGCCGAG 2929
(SEQ ID NO: 24)

Gorilla CTGGAGGCT: : : : : : GAGGCCGAG
(SEQ ID NO: 25)

Chimp CCCACGCCC: : : : : :GCTCCCTTC
(SEQ ID NO: 26)
Human 3890  CCCACGCCCACGCCCGCTCCCTTC 3913
(SEQ ID NO: 27)

Gorilla CCCACGCCC: : : : : :GCTCCCTTC
(SEQ ID NO: 28)

Chimp CCCACGTCCACGTCCCGCTTCTCC
(SEQ ID NO: 29)
Human 3938 CCCACGTCC: :::::CGCTTCTCC 3955
(SEQ ID NO: 30)

Gorilla CCCACGTCC: : : : : : CGCTTCTCC
[0305] Each of these insertions/deletions affected two

amino acids and did not change the reading frame of the
sequence. Sliding window K /K ¢ for chimp to human, chimp
to gorilla, and human to gorilla, excluding the insertion/de-
letion regions noted above, showed a high Ka/Ks ratio for
some areas. See Table 9.

[0306] The highest Ka/Ks ratios are human to gorilla and
chimp to gorilla, suggesting that both the human and chimp
gene have undergone selection, and is consistent with the idea
that the two species share some enhanced cognitive abilities
relative to the other great apes (gorillas, for example). Such
data bolsters the view that this gene may play a role with
regard to enhanced cognitive functions. It should also be
noted that in general, the human-containing pairwise com-
parisons are higher than the analogous chimp-containing
comparisons.
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K /K ratios for various windows of AATYXK on chimp, human, and gorilla

bp of NM 004920

AATYK Ky K¢ K /K¢ K4 SE KsSE sizebp bp of partial CDS t (pub human AATYK)
chimp  gorilla 0.02287 0.03243 0.705211 0.00433 0.00832 1809 1-1809 1.019266 2180-3988
chimp  human 0.01538 0.01989 0.773253 0.00366 0.0062 1809 1-1809 0.626415 2180-3988
human  gorilla 0.02223 0.03204 0.69382  0.00429 0.00848 1809 1-1809 1.032263 2180-3988
chl hul 0.03126 0.02009 1.555998 0.01834 0.02034 150 1-150 0.407851 2180-2329
ch2 hu2 0.03142 0.04043 0.777146 0.01844 0.02919 150 100-249 0.260958 2279-2428
ch3 hu3 0.02073 0.02036 1.018173 0.01481 0.02087 150 202-351 0.014458 2381-2530
ch4 hu4 0.02733 0.02833 0.964702 0.01753 0.02383 150 301-450 0.033803 2480-2629
chs hus 0 0.05152 0 0 0.03802 150 400-549 1.355076 2579-2728
ch6 hu6 0.00836 0.03904 0.214139 0.00838 0.03964 150 502-651 0.75723 2681-2830
ch7 hu7 0.00888 0.05893 0.150687 0.0089 0.0439 150 601-750 1.11736 2780-2929
ch8 hug 0.02223 0.03829 0.580569 0.01589 0.03886 150 700-849 0.382534 2879-3028
ch9 hu9 0.04264 0.03644 1.170143 0.02173 0.02628 150 799-948 0.181817 2978-3127
chl10 hulo 0.02186 0.01823 1.199122 0.01563 0.01851 150 901-1050 0.149837 3080-3229
chll hull 0.01087 0 #DIV/0!  0.01093 0 150 1000-1149 0.994511 3179-3328
chl2 hui2 0.01093 0 #DIV/0!  0.01099 0 150 1099-1248 0.99454 3278-3427
chl3 hul3 0.01031 0 #DIV/0!  0.01036 0 150 1201-1350 0.995174 3380-3529
chl4 hul4 0.01053 0 #DIV/0!  0.01058 0O 150 1300-1449 0.995274 3479-3628
chls huls 0.01835 0.02006 0.914756 0.01315 0.02057 150 1399-1548 0.070042 3578-3727
chl6 hulé 0 0.02027 O 0 0.02062 150 1501-1650 0.983026 3680-3829
chl7 hul7 0.00666 0 #DIV/0!  0.00667 0 210 1600-1809 0.998501 3779-3988
chA huA 0.02366 0.02618 0.903743 0.00875 0.01251 501 1-501 0.165069 2180-2680
chB huB 0.01159 0.03863 0.300026 0.00585 0.01811 501 400-900 1.420809 2579-3079
chC huC 0.02212 0.0108  2.048148 0.00846 0.00768 501 799-1299 0.990721 2978-3478
chD huD 0.00851 0.00734 1.159401 0.00458 0.00602 609 1201-1809 0.154676 3380-3988
chA gOrA 0.02082 0.04868 0.427691 0.00795 0.0191 501 1-501 1.346644 2180-2680
chB gorB 0.01416 0.04039 0.350582 0.00639 0.0172 501 400-900 1.429535 2579-3079
chC gorC 0.01737 0.00538 3.228625 0.00717 0.00542 501 799-1299 1.333991 2978-3478
chD gorD 0.00644 0.00244 2.639344 0.00408 0.00346 609 1201-1809 0.747722 3380-3988
huA gorA 0.02246 0.02759 0.814063 0.00829 0.01523 501 1-501 0.295847 2180-2680
huB gorB 0.01418 0.06809 0.208254 0.0064 0.02388 501 400-900 2.180583 2579-3079
huC gorC 0.01993 0.00541 3.683919 0.00762 0.00544 501 799-1299 1.550854 2978-3478
huD gorD 0.00723 0.00488 1.481557 0.0042 0.0049 609 1201-1809 0.364133 3380-3988

Example 14 selective pressure on BRCA1 was intense. A sliding-window

Positively Selected Human BRCA1 Gene

[0307] Comparative evolutionary analysis of the BRCA1
genes of several primate species has revealed that the human
BRCAL1 gene has been subjected to positive selection. Ini-
tially, 1141 codons of exon 11 of the human and chimpanzee
BRCAL genes (Hacia et al. (1998) Nature Genetics 18:155-
158) were compared and a strikingly high K /K ratio, 3.6,
was found when calculated by the method of Li (i (1993) J.
Mol. Evol. 36:96-99; Li et al. (1985) Mol. Biol. Evol. 2:150-
174). In fact, statistically significant elevated ratios were
obtained for this comparison regardless of the particular algo-
rithm used (see Table SA). Few genes (or portions of genes)
have been documented to display ratios of this magnitude
(Messieretal. (1997) Nature 385:151-154; Endo et al. (1996)
Mol. Biol. Evol. 13:685-690; and Sharp (1997) Nature 385:
111-112). We thus chose to sequence the complete protein-
coding region (5589 bp) of the chimpanzee BRCA1 gene, in
order to compare it to the full-length protein-coding sequence
of the human gene. In many cases, even when positive selec-
tion can be shown to have operated on limited regions of a
particular gene, K /K analysis of the full-length protein-
coding sequence fails to reveal evidence of positive selection
(Messier et al. (1997), supra). This is presumably because the
signal of positive selection can be masked by noise when only
small regions of a gene have been positively selected, unless
selective pressures are especially strong. However, compari-
son of the full-length human and chimpanzee BRCA1
sequences still yielded K /K ratios in excess of one, by all
algorithms we employed (Table SA). This suggests that the

K /K analysis was also performed, in which intervals of
varying lengths (from 150 to 600 bp) were examined, in order
to determine the pattern of selection within the human
BRCAL gene. This analysis suggests that positive selection
seems to have been concentrated in exon 11.

TABLE 5A

Human-Chimpanzee K ,/K Comparisons

Method K /Kg(exon11) K /Kg(full-length)
Li (1993) J. Mol. Evol. 36: 96; 3.6%%* 2.3%
Li et al. (1985) Mol Biol Evol.
2: 150
InaY. (1995) I. Mol. Evol. 3.3%% 2.1%
40:190
Kumar et al., MEGA: Mol. 2.2% 1.2
Evol. Gen. Anal. (PA St. Univ,
1993)
TABLE 5B
K /K¢ for Exon 11 of BRCA1 from Additional Primates
Comparison K, Ks K /K
Human Chimpanzee 0.010 0.003 3.6*
Gorilla 0.009 0.009 1.1
Orangutan 0.018 0.020 0.9
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TABLE 5B-continued

K /K for Exon 11 of BRCA1 from Additional Primate:

Comparison K, K¢ K /Ks
Chimpanzee Gorilla 0.006 0.007 0.8
Orangutan 0.014 0.019 0.7
Gorilla Orangutan 0.014 0.025 0.6

[0308] The Table 5B ratios were calculated according to Li
(1993) J. Mol. Evol. 36:96; Li et al. (1985) Mol. Biol. Evol.
2:150. For all comparisons, statistical significance was cal-
culated by t-tests, as suggested in Zhang et al. (1998) Proc.
Natl. Acad. Sci. USA 95:3708. Statistically significant com-
parisons are indicated by one or more asterisks, with P values
as follows: *, P<0.05, **, P<0.01, *** P<0.005. Exon
sequences are from Hacia et al. (1998) Nature Genetics
18:155. GenBank accession numbers: human, NM__000058.
1, chimpanzee, AF019075, gorilla, AF019076, orangutan,
AF019077, thesus, AF019078.

[0309] The elevated K, /K ratios revealed by pairwise
comparisons of the human and chimpanzee BRCAIl
sequences demonstrate the action of positive selection, but
such comparisons alone do not reveal which of the two genes
compared, the human or the chimpanzee, has been positively
selected. However, if the primate BRCA1 sequences are con-
sidered in a proper phylogenetic framework, only those pair-
wise comparisons which include the human gene show ratios
greater than one, indicating that only the human gene has
been positively selected (Table 5B). To confirm that positive
selection operated on exon 11 of BRCAL1 exclusively within
the human lineage, the statistical test of positive selection
proposed by Zhang et al. (1998) Proc. Natl. Acad. Sci. US4
95:3708-3713, was used. This test is especially appropriate
when the number of nucleotides is large, as in the present case
(3423 bp). This procedure first determines nonsynonymous
nucleotide substitutions per nonsynonymous site (b,,) and
synonymous substitutions per synonymous site (b) for each
individual branch of a phylogenetic tree (Zhang et al. (1998),
supra). Positive selection is supported only on those branches
for which b,~b can be shown to be statistically significant
(Zhang et al. (1998), supra). For BRCALI, this is true for only
one branch of the primate tree shown in FIG. 9: the branch
which leads from the human/chimpanzee common ancestor
to modern humans, where b,/b¢=3.6. Thus, we believe that in
the case of the BRCA1 gene, positive selection operated
directly and exclusively on the human lineage.

[0310] While it is formally possible that elevated K /K¢
ratios might reflect some locus or chromosomal-specific
anomaly (such as suppression of K¢ due, for example, to
isochoric differences in GC content), rather than the effects of
positive selection, this is unlikely in the present case, for
several reasons. First, the estimated K values for the homi-
noid BRCA1 genes, including human, were compared to
those previously estimated for other well-studied hominoid
loci, including lysozyme (Messier et al. (1997), supra) and
ECP (Zhang et al (1998), supra). There is no evidence for a
statistically significant difference in these values. This argues
against some unusual suppression of K¢ in human BRCA1.
Second, examination of GC content (Sueoka, N. in Evolving
Genes and Proteins (eds. Bryson, V. & Vogel, H.J.) 479-496
(Academic Press, NY, 1964)) and codon usage patterns
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(Sharp et al. (1988) Nucl. Acids Res. 16:8207-8211) of the
primate BRCA1 genes shows no significant differences from
average mammalian values.

[0311] This demonstration of strong positive selection on
the human BRCAL1 gene constitutes the first molecular sup-
port for a theory long advanced by anthropologists. Human
infants require, and receive, prolonged periods of post-birth
care—longer than in any of our close primate relatives. Short,
R. V. (1976) Proc. R. Soc. Lond. B 195:3-24, first postulated
that human females can only furnish such extended care to
human infants in the context of a long term pair bond with a
male partner who provides assistance. The maintenance of
long term pair bonds was strengthened by development of
exaggerated (as compared to our close primate relatives)
human secondary sex characteristics including enlarged
female breasts (Short (1976), supra). Thus, strong selective
pressures resulted in development of enlarged human breasts
which develop prior to first pregnancy and lactation, contrary
to the pattern seen in our hominoid relatives (Dixson, A. F. in
Primate Sexuality: Comparative Studies of the Prosimians,
Monkeys, Apes and Human Beings. 214 (Oxford Univ. Press,
Oxford, 1998)).

[0312] Evidence suggests that in addition to its function as
atumor suppressor (Xu etal. (1999) Mol. Cell. 3(3):389-395;
Shen et al. (1998) Oncogene 17(24):3115-3124; Dennis, C.
(1999) Nature Genetics 22:10; and Xu et al. (1999) Nature
Genetics 22:37-43), the BRCA1 protein plays an important
role in normal development of breast tissue (Dennis, C.
(1999), supra; Xu et al (1999) Nature Genetics 22:37-43; and
Thompson et al (1999) Nature Genetics 9:444-450), particu-
larly attainment of typical mammary gland and duct size
(Dennis, C. (1999), supra; and Xu et al. (1999) Nature Genet-
ics 22:37-43). These facts suggest that positive selection on
this gene in humans promoted expansion of the female human
breast, and ultimately, helped promote long term care of
dependent human infants. This long term dependency of
human infants was essential for the development and trans-
mission of complex human culture. Because positive selec-
tion seems to have been concentrated upon exon 11 of
BRCA]1, the prediction follows that the region of the BRCA1
protein encoded by exon 11 specifically plays a role in normal
breast development. The data provided here suggests that
strong selective pressures during human evolution led to
amino acid replacements in BRCA1 that promoted a unique
pattern of breast development in human females, which facili-
tated the evolution of some human behaviors.

Example 15

Characterization of BRCA1 Polynucleotide and
Polypeptide

[0313] Having identified evolutionarily significant nucle-
otide changes in the BRCA1 gene and corresponding amino
acid changes in the BRCA1 protein, the next step is to test
these molecules in a suitable model system to analyze the
functional effect of the nucleotide and amino acid changes on
the model. For example, the human BRCA1 polynucleotide
can be transfected into a cultured host cell such as adipocytes
to determine its effect on cell growth or replication.

Example 16

Identification of Positively-Selected CD59

[0314] Comparative evolutionary analysis of the CD59
genes of several primate species has revealed that the chim-
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panzee CD59 gene has been subjected to positive selection.
CD59 protein is also known as protectin, IF-5Ag, H19,
HRF20, MACIF, MIRL, and P-18. CD59 is expressed on all
peripheral blood leukocytes and erythrocytes (Meri et al.
(1996) Biochem. J. 316:923-935). Its function is to restrict
lysis of human cells by complement (Meri et al. (1996),
supra). More specifically, CD59 acts as one of the inhibitors
of membrane attack complexes (MACs). MACs are com-
plexes of 20 some complement proteins that make hole-like
lesions in cell membranes (Meri et al (1996), supra). These
MAGC:s, in the absence of proper restrictive elements (i.e.,
CD59 and a few other proteins) would destroy host cells as
well as invading pathogens. Essentially then, CD59 protects
the cells of the body from the complement arm of its own
defense systems (Meri et al (1996), supra). The chimpanzee
homolog of this protein was examined because the human
homolog has been implicated in progression to AIDS in
infected individuals. It has been shown that CD59 is one of
the host cell derived proteins that is selectively taken up by
HIV virions (Frank et al. (1996) AIDS 10: 1611-1620). Addi-
tionally, it has been shown (Saifuddin et al. (1995) J. Exp.
Med. 182:501-509) that HIV virions which have incorporated
host cell CD59 are protected from the action of complement.
Thus it appears that in humans, HIV uses CD59 to protect
itself from attack by the victim=s immune system, and thus to
further the course of infection.

[0315] To obtain primate CD59 ¢cDNA sequences, total
RNA was prepared (using either the RNeasy® kit (Qiagen),
or the RNAse-free Rapid Total RNA kit (5 Prime -3 Prime,
Inc.)) from primate tissues (whole fresh blood from chimpan-
zees, gorillas, and orangutans). mRNA was isolated from
total RNA using the Mini-Oligo(dT) Cellulose Spin Columns
(5 Prime -3 Prime, Inc.). cDNA was synthesized from mRNA
with oligo dT and/or random priming using the SuperScript
Preamplification System for First Strand cDNA Synthesis
(Gibco BRL). The protein-coding region of the primate CD59
gene was amplified from cDNA using primers (concentra-
tion=100 nmole/ul) designed from the published human
sequence. PCR conditions for CD59 amplification were
94EC initial pre-melt (4 min), followed by 35 cycles of 94EC
(15 sec), S8EC (1 min 15 sec), 72EC (1 min 15 sec), and a
final 72EC extension for 10 minutes. PCR was accomplished
on a Perkin-Elmer GeneAmp7 PCR System 9700 thermocy-
cler, using Ready-to-Go PCR beads (Amersham Pharmacia
Biotech) in a 50 pl total reaction volume. Appropriately-sized
products were purified from agarose gels using the QiaQuick
Gel Extraction kit (Qiagen). Both strands of the amplification
products were sequenced directly using the Big Dye Cycle
Sequencing Kit and analyzed on a 373A DNA sequencer
(ABI BioSystems).

[0316] As shown in Table 6, all comparisons to the chim-
panzee CD59 sequence display K /K s ratios greater than one,
demonstrating that it is the chimpanzee CD59 gene that has
been positively-selected.

TABLE 6

K /K< Ratios for Selected Primate CD59 ¢cDNA Sequences

Genes Compared K /K Ratios
Chimpanzee to Human 1.8
Chimpanzee to Gorilla 1.5
Chimpanzee to Orangutan 2.3
Chimpanzee to Green Monkey 3.0
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Example 17

Characterization of CD59 Positively-Selected
Sequences

[0317] Proceeding on the hypothesis that strong selection
pressure has resulted in adaptive changes in the chimpanzee
CD59 molecule such that disease progression is retarded
because the virus is unable to usurp CD59=s protective role
for itself, it then follows that comparisons of the CD59 gene
of other closely-related non-human primates to the human
gene should display K /K ratios less than one for those
species that have not been confronted by the HIV-1 virus over
evolutionary periods. Conversely, all comparisons to the
chimpanzee gene should display K /K ratios greater than
one. These two tests, taken together, will definitively establish
whether the chimpanzee or human gene was positively
selected. Although the gorilla (Gorilla gorilla) is the closest
relative to humans and chimpanzees, its postulated historical
range in Africa suggests that gorillas could have been at some
time exposed to the HIV-1 virus. We thus examined the CD59
gene from both the gorilla and the orangutan (Porgo pyg-
maeus). The latter species, confined to Southeast Asia, is
unlikely to have been exposed to HIV over an evolutionary
time frame. The nucleotide sequences of the human and oran-
gutan genes were determined by direct sequencing of cDNAs
prepared from RNA previously isolated from whole fresh
blood taken from these two species.

[0318] The next step is to determine how chimpanzee
CD59 contributes to chimpanzee resistance to progression to
full-blown AIDS using assays of HIV replication in cell cul-
ture. Human white blood cell lines, transfected with, and
expressing, the chimpanzee CD59 protein, should display
reduced rates of viral replication (using standard assays
familiar to practitioners of the art) as compared to control
lines of untransfected human cells. In contrast, chimpanzee
white blood cell lines expressing human CD59 should display
increased viral loads as compared to control, untransfected
chimpanzee cell lines.

Example 18
Molecular Modeling of CD59

[0319] Modeling of the inferred chimpanzee protein
sequence of CD59 upon the known three-dimensional struc-
ture of human (Meri et al. 1996 Biochem J. 316:923-935) has
provided additional evidence for the role of this protein in
explaining chimpanzee resistance to AIDS progression. Ithas
been shown that in human CD59, residue Asn 77 is the link for
the GPI anchor (Meri et al. (1996) Biochem J. 316:923-935),
which is essential for function of the protein. The GPI anchor
is responsible for anchoring the protein to the cell membrane
(Merietal. (1996), supra). Our sequencing of the chimpanzee
CD59 gene reveals that the inferred protein structure of chim-
panzee CD59 contains a duplication of the section of the
protein that contains the GPI link, i.e., NEQLENGG (see
Table 7 and FIG. 10).
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Comparison of Human and Chimpanzee CD59 Amino

Acid Sequence

Human SLQCYNCPNP TADCKTAVNC SSDFDACLIT KAGLQVYNKC
Chimpanzee SLQCYNCPNP TADCKTAVNC SSDFDACLIT KAGLQVYNKC
Human WKFEHCNFND VTTRLRENEL TYYCCKKDLC NFNEQLENGG
Chimpanzee WKLEHCNFXD LTTRLRENEL TYYCCKKDLC NFNEQLENGG
Human = -------------a—- TSLS EKTVLLLVTP FLAAAAWSLHP
Chimpanzee NEQLENGGNE QLENGGTSLS EKTVLLRVTP FLAAAAWSLHP
Human (SEQ ID NO: 12)

Chimpanzee (SEQ ID NO: 13)

Italics/underline indicates variation in amino acids.

[0320] This suggests that while the basic function of CD59
is most likely conserved between chimpanzee and human,
some changes have probably occurred in the orientation of the
protein with respect to the cell membrane. This may render
the chimpanzee protein unusable to the HIV virion when it is
incorporated by the virion. Alternatively, the chimpanzee pro-
tein may not be subject to incorporation by the HIV virion, in
contrast to the human CDS59. Either of these (testable) alter-
natives would likely mean that in the chimpanzee, HIV viri-
ons are subject to attack by MAC complexes. This would thus
reduce amounts of virus available to replicate, and thus con-
tribute to chimpanzee resistance to progression to full-blown
AIDS. Once these alternatives have been tested to determine
which is correct, then the information can be used to design a
therapeutic intervention for infected humans that mimics the
chimpanzee resistance to progression to full-blown AIDS.

Example 19
Identification of Positively-Selected DC-SIGN

[0321] Comparative evolutionary analyses of DC-SIGN
genes of human, chimpanzee and gorilla have revealed that
the chimpanzee DC-SIGN gene has been subjected to posi-
tive selection. FIGS. 11-13 (SEQ. ID. NOS. 6-8) show the
nucleotide sequences of human, chimpanzee and gorilla DC-
SIGN genes, respectively. Table 8 provides the K /K ; values
calculated by pairwise comparison of the human, chimpanzee
and gorilla DC-SIGN genes. Note that only those compari-
sons with chimpanzee show K /K values greater than one,
indicating that the chimpanzee gene has been positively
selected.

TABLE 8

K /K¢ Ratios for Selected Primate DC-SIGN cDNA Sequences

Genes Compared K /K Ratios
Chimpanzee to Human 1.3
Human to Gorilla 0.87
Chimpanzee to Gorilla 1.3

[0322] Asdiscussed herein, DC-SIGN is expressed on den-
dritic cells and is known to provide a mechanism for transport
of HIV-1 virus to the lymph nodes. HIV-1 binds to the extra-
cellular portion of DC-SIGN and infects the undifferentiated
T cells in the lymph nodes via their CD4 proteins. This
expansion in infection ultimately leads to compromise of the

immune system and subsequently to full-blown AIDS. Inter-
estingly, DC-SIGNS’s major ligand appears to be ICAM-3.
As described herein, chimpanzee ICAM-3 shows the highest
K /K, ratio of any known AIDS-related protein. It is not yet
clear whether positive selection on chimpanzee ICAM-3 was
aresult of compensatory changes that allow ICAM-3 to retain
its ability to bind to DC-SIGN.

Example 20

Detection of Positive Selection upon Chimpanzee
p44

[0323] As is often true, whole protein comparisons for
human and chimpanzee p44 display K /K ratios less than
one. This is because the accumulated “noise” of silent sub-
stitutions in the full-length CDS can obscure the signal of
positive selection if it has occurred in a small section of the
protein. However, examination of exon 2 of the chimpanzee
and human homologs reveals that this portion of the gene (and
the polypeptide it codes for) has been positively selected. The
K /K ratio for exon 2 is 1.5 (P<0.05). Use of this invention
allowed identification of the specific region of the protein that
has been positively selected.

[0324] Two alleles of p44 were detected in chimpanzees
that differ by a single synonymous substitution (see FIG. 16).
For human to chimpanzee, the whole protein K ,/K ; ratio for
allele A is 0.42, while the ratio for allele B is 0.45.

[0325] InFIG. 16, the CDS of human (Acc. NM__006417)
and chimpanzee (Acc. D90034) p44 gene are aligned, with
the positively selected exon 2 underlined (note that exon 2
begins at the start of the CDS, as exon 1 is non-coding.).
Human is labeled Hs (Homo sapiens), chimpanzee is labeled
Pt (Pan troglodytes). Nonsynonymous differences between
the two sequences are in bold, synonymous differences are in
italics. Chimpanzee has a single heterozygous base (position
212), shown as “M”, using the IUPAC code to signify either
adenine (“A”) or cytosine (“C”). Note that one of these (“C”)
represents a nonsynonymous difference from human, while
“A” is identical to the same position in the human homolog.
Thus these two chimpanzee alleles differ slightly in their
K /K ratios relative to human p44.

Example 21

Methods for Screening Agents that May be Useful in
Treatment of HCV in Humans

[0326] Candidate agents can be screened in vitro for inter-
action with purified p44, especially exon 2. Candidate agents
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can be designed to interact with human p44 exon 2 so that
human p44 can mimic the structure and/or function of chim-
panzee p44. Human and chimpanzee p44 are known and can
be synthesized using methods known in the art.

[0327] Molecular modeling of small molecules to dock
with their targets, computer assisted new lead design, and
computer assisted drug discovery are well known in the art
and are described, e.g., in Cohen, N.C. (ed.) Guidebook on
Molecular Modeling in Drug Design, Academic Press (1996).
Additionally, there are numerous commercially available
molecular modeling software packages.

[0328] Affinity chromatography can be used to partition
candidate agents that bind in vitro to human p44 (especially
exon 2) from those that do not. It may also be useful to
partition candidate agents that no only bind to human p44
exon 2, but also do not bind to chimpanzee p44 exon 2, so as
to eliminate those agents that are not specific to the human
p44 exon 2.

[0329] Optionally, x-ray crystallography structures of p44-
agent complexes can be compared to x-ray structures of
human p44 and chimpanzee p44 to determine if the human
p44-agent complexes more closely resemble x-ray structures
of chimpanzee p44 structures.

[0330] Further, candidate agents can be screened for favor-
able interactions with p44 during HCV infection of hepato-
cytes in vitro. Fournier et al. (1998) I. Gen. Virol. 79:2367
report that adult normal human hepatocytes in primary cul-
ture can be successfully infected with HCV and used as an in
vitro HCV model (see also Rumin et al. (1999) J. Gen. Virol-
ogy 80:3007). Favre et al. (2001) CR Acad. Sci. 111 324(12):
1141-8, report that a robust in vitro infection of hepatocytes
with HCV is facilitated by removal of cell-bound lipoproteins
prior to addition of viral inocula from human sera. Further,
Kitamura et al. (1994) Eur. J. Biochem. 224:877-83, report
that IFNo/f§ induces human p44 gene in hepatocytes in vitro.
The p44 protein is produced in vivo in infected human livers
(Patzwahl, R. et al. (2000) J. Virology 75(3): 1332). While it
is presently not clear if p44 is produced by human hepatocytes
in vitro during HCV infection, if it is not, IFNa/f could be
added to induce p44. This in vitro system could serve as a
suitable model for screening candidate agents for their capac-
ity to favorably interact with human p44 in HCV infected
hepatocytes.

[0331] An assay for favorable interaction of candidate
agents with p44 in in vitro cultured cells could be the
enhancement of p44 assembly into microtubules in the cul-
tured hepatocytes. Assembled chimpanzee p44 microtubular
aggregates associated with NANB hepatitis infection in
chimpanzees have been detected by antibodies described in
Takahashi, K. etal. (1990) J. Gen. Virology 71(Pt9):2005-11.
These antibodies may be useful in detecting human p44
microtubular aggregates. Alternatively, antibodies to human
p44 can be made using methods known in the art.

[0332] A direct link between enhanced p44 microtubular
assembly and increased resistance to HCV infection in chim-
panzees or humans is not known at this time. However, the
literature does indicate that increased p44 microtubular
assembly is associated with HCV infection in chimpanzees,
and chimpanzees are able to resist HCV infection. Specifi-
cally, Patzwahl, R. et al. (2000) J. Virology 75:1332-38,
reports that p44 is a “component of the double-walled mem-
branous tubules which appear as a distinctive alteration in the
cytoplasm of hepatocytes after intravenous administration of
human non-A, non-B (NANB) hepatitis inocula in chimpan-
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zees.” Likewise, Takahashi, K. et al. (1990) J. Gen. Virology
71(Pt9):2005-11, report that p44 is expressed in NANB hepa-
titis infected chimpanzees and is a host (and not a viral)
protein. Additionally, Patzwahl, R. et al. (2000), supra, report
that p44 expression is increased in HCV infected human
livers; it is not clear whether the human p44 assembles into
microtubules. Finally, Kitamura, A. et al. (1994) Eur. J. Bio-
chem. 224:877 suggest at page 882 that “p44 may function as
a mediator of anti-viral activity of interferons against hepati-
tis C . infection, through association with the microtubule
aggregates.”

[0333] A suitable control could be in vitro cultured chim-
panzee hepatocytes that are infected with HCV, and which
presumably would express p44 that assembles into microtu-
bules and resist the HCV infection.

[0334] The foregoing in vitro model could serve to identify
those candidate agents that interact with human p44 to pro-
duce a function (microtubule assembly or HCV resistance)
that is characteristic of chimpanzee p44 during HCV infec-
tion. Candidate agents can also be screened in in vivo animal
models for inhibition of HCV. Several in vivo human HCV
models have been described in the literature. Mercer, D. et al.
(2001) Nat. Med. 7(8):927-33, report that a suitable small
animal model for human HCV is a SCID mouse carrying a
plasminogen activator transgene (Alb-uPA) with transplanted
normal human hepatocytes. The mice have chimeric human
livers, and when HCV is administered via inoculation with
infected human serum, serum viral titres increase. HCV viral
proteins were localized to the human hepatocyte nodules.
[0335] Galun, E. et al. (1995) describe a chimeric mouse
model developed from BNX (beige/nude/X-linked immuno-
deficient) mice preconditioned by total body irradiation and
reconstituted with SCID mouse bone marrow cells, into
which were implanted HCV-infected liver fragments from
human patients, or normal liver incubated with HCV serum.
[0336] LaBonte, P. etal. (2002) J. Med. Virol. 66(3):312-9,
describe a mouse model developed by orthotopic implanta-
tion of human hepatocellular carcinoma cells (HCC) into
athymic nude mice. The human tumors produce HCV RNA.
[0337] Any ofthe foregoing mouse models could be treated
with IFN-o/p to induce p44 production (if necessary), and
candidate agents could be added to detect any inhibition in
HCYV infection by, e.g., reduction in serum viral titer.

[0338] As a control, chimpanzee liver hepatocytes can be
implanted into SCID or another suitable mouse to create a
chimeric liver, and infected with HCV. Presumably, the chimp
livers in the control mouse model would express p44 and be
more resistant to HCV infection.

[0339] The experimental mice with the human hepatocytes
are administered candidate agents and the course of the HCV
infection (e.g., viral titres) is then monitored in the control
and experimental models. Those agents that improve resis-
tance in the experimental mice to the point where the human
p44 function approaches (or perhaps exceeds) the chimpan-
zee p44 function in the control mouse model, are agents that
may be suitable for human clinical trials.

Example 22

Structure/Function Implications of Changes in
Chimpanzee ICAMs

[0340] Using published crystal structures, we examined the
locations of the unique chimpanzee amino acid replacements
in ICAM 1, with respect to amino acids that are critical for
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binding and dimerization (Casasnovas et al. (1998) Proc.
Natl. Acad. Sci, USA 95:4134-4139; Bella et al (1998) Proc.
Natl. Acad. Sci. USA 95:4140-4145).

One of the amino acid replacements we found to be unique to
the chimpanzee lineage is Leu-18 (replaced by the more
hydrophilic Glu-18), one of the leucines in a leucine cluster
that creates a hydrophobic dimerization surface critical for
human ICAM 1 dimerization (Jun et al. (2001)J. Biol. Chem.
276:29019-29027) (hydrophobicity score of 3.8 Leu replace
by -3.5 Glu). The distortion of the hydrophobic surface in
chimpanzee ICAM 1 suggests that selective pressure may
have been directed towards mediating ICAM 1 dimerization
in the chimpanzee.

[0341] In contrast, we found that all ICAM 1 residues
thought to be involved in human LFA-1 binding (Diamond et
al. (1991) Cell 65:961-971; Fisher et al. (1997) Mol. Biol.
Cell 8:501-515; Edwards et al. (1998) J. Biol. Chem. 273:
28937-28944; Shimaoka et al. (2003) Cell 112:99-111) are
identical in chimpanzee and human ICAM 1. Indeed, these
critical residues are highly conserved in all of the primate
ICAMs we examined. Moreover, we found that the residues
in the LFA-1 protein critical for binding to ICAM 1 (Shi-
maoka et al., 2003; Huth et al. (2000) Proc. Natl. Acad. Sci.
USA 97:5231-5236), as well as for binding to ICAM 2 and
ICAM 3 are also identical between chimpanzee and human.
Our pairwise Ka/Ks comparisons of the chimpanzee and
human LFA-1 genes also suggest conservation. (The LFA-1
protein contains two subunits, designated alpha and beta:
Human LFA-1 alpha subunit to the chimpanzee LFA-1 alpha
subunit: Ka/Ks=0.30; Human LFA-1 beta subunit to the
chimpanzee [.FA-1 beta subunit: Ka/Ks=0.053.). Thus, it is
likely that the ICAM 1/LFA-1 binding interaction is funda-
mentally the same between humans and chimpanzees, except
for the influence of the state of ICAM 1 dimerization, which,
as described above, does appear to have been modulated in
the chimpanzee as a result of adaptive evolution.

[0342] One of the unique chimpanzee ICAM 1 replace-
ments we identified, Lys-29 to Asp-29, is immediately adja-
cent to a cluster of ICAM 1/LFA-1 binding residues, particu-
larly Asn-66, which forms part of the contact surface for
ICAM 11 LFA-1 binding. The amide side chain of Asn-66 is
known to interact with Glu-241 of LFA-1, an interaction that
has been shown to be absolutely critical for ICAM 1/LFA-1
binding. The interaction of Asn-66 with Glu-241 may be
influenced by the replacement of the basic Lys-29 (humans)
with the acidic Asp-29 (chimpanzee).

[0343] Lys-29is reported to be a binding amino acid for the
major group of human rhinoviruses, which use human ICAM
1 as areceptor (Register etal. (1991) J. Virol. 65:6589-6596).
We considered the possibility that the selective force acting
upon chimpanzee ICAM 1 was exposure to the rhinoviruses.
Residue 49 is the only other rhinovirus-binding site that dif-
fers between chimpanzee and human; in this case, the chim-
panzee sequence retains the ancestral Trp, while human
shows a derived Arg, i.e., the human ICAM 1 sequence has
changed, while the chimpanzee sequence has been con-
served. Thus, this site provides evidence that exposure to
rhinoviruses was not a selective force on chimpanzee ICAM
1.

[0344] As noted above, ICAM 1 also binds Mac-1. As for
LFA-1, it appears unlikely that the binding interaction of
ICAM 1 and Mac-1 has been the target of positive selection
between chimpanzees and humans, for three reasons. First,
our pairwise comparisons of the chimpanzee and human
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Mac-1 genes suggest conservation. (Like LFA-1, Mac-1 con-
tains an alpha and a beta subunit. Human Mac-1 alpha subunit
to the chimpanzee alpha subunit: Ka/Ks=0.30. Human Mac-1
beta subunit to the chimpanzee Mac-1 beta subunit, Ka/Ks=0.
42). Second, domain 3 of ICAM 1 has long been known to be
critical for Mac-1 binding (Diamond et al., 1991). As noted
above, unlike domains 1 and 2, this domain is well conserved
between humans and chimpanzee ICAM 1. Third, we found
that ICAM 1 residues shown to be critical (Diamond et al.,
1991) for Mac-1 binding (Asp-229, Asn-240, Glu-254, Asn-
269) are identical between human and chimpanzee ICAM 1;
indeed these are almost completely identical in all primate
ICAM 1 sequences examined.

[0345] While de Groot et al. (2002 Proc. Natl. Acad. Sci.
U.S.A4. 99:11748-11753) suggest that chimpanzee resistance
to progression to AIDS may result from the limited set of
MHC orthologs that modern chimpanzees retain, we postu-
late that this explanation is questionable. First, human popu-
lations retain homologues of these same chimpanzee MHC
proteins in relatively high frequencies, yet humans, with only
very limited exceptions, do not appear naturally resistant to
HIV-1 induced immunodeficiency. Second, the analysis pre-
sented by de Groot et al. (based upon use of Tajima’s “D”, a
statistical test for the action of positive selection) suggests
that these genes have evolved neutrally. There is no support
for positive selection on these chimpanzee loci, although
MHC genes in other species have been documented to show
molecular level selection (Hughes and Nei, (1988) Nature
335:167-170; Hughes and Nei, (1989) Proc. Natl. Acad. Sci.
U.S.A. 86:958-962). Chimpanzee resistance to HIV-1 pro-
gression is unlikely to be conferred by the MHC alleles that
remain in present day chimpanzee populations.

[0346] As detailed above, the changes we identified in
chimpanzee ICAM 1, in particular, appear likely to modulate
dimerization of chimpanzee ICAM 1. As ICAM 1-mediated
cell adhesion functions (such as those exploited by HIV-1) are
dependent upon binding to ligand, and as such binding has
been shown to be influenced by the state of ICAM 1 dimer-
ization, we propose that binding of chimpanzee ICAM 1 to its
ligands is not blocked, but rather modulated, thus altering the
cell adhesion functions needed by HIV-1, perhaps reducing
viral infectivity.

Example 23
Two-Step Screening Process

[0347] We used a two-step screening process as a rigorous
filter to narrow in on other genes responsible for chimpanzee
disease resistance. Firstly, we restricted our search to those
genes whose expression pattern changes after experimental
HIV infection of human cells. Secondly, we screened this
subset for genes that had undergone positive selection.

[0348] Several groups have reported in the literature inves-
tigations of the altered pattern of gene expression that results
from infection of human cells in vitro. Each group has used
different cell lines and experimental protocols, thus, although
some overlap exists in results for all these studies, each inves-
tigation has also yielded a unique set of genes. Because of the
large number of affected genes in such studies (in one study
3% of genes of T cells were affected), many investigators
select small subsets of genes to characterize more com-
pletely; for example, Scheuring et al. (1998 AIDS 12: 563-
570). selected 12 differentially expressed bands and
described 4 host genes. Ryo et al. (1999, FEBS Letters 462
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(1-2):182-186) found 142 differentially expressed genes by
SAGE analysis (minimum 5-fold difference in expression), of
which they selected 53 that matched known genes and con-
cluded that the genes whose expression was up-regulated by
infection played a role in accelerated HIV replication and
those down-regulated played a role in host cell defense. They
subsequently sequenced and identified 13 cDNA fragments
and observed coordinated expression of certain genes (Ryo et
al. 2000 AIDS Res. Hum. Retroviruses 16: 995-1005). Cor-
beil et al. (2001 Genome Res 11: 1198-204) examined 6800
specific genes over 8 time points in a T-cell line to follow
expression of genes involved in mitochondrial function and
integrity, DNA repair, and apoptosis, but these authors as well
as others caution that levels ofkey genes vary at different time
points after infection. Vahey et al. (2003 AIDS Res. & Hum.
Retroviruses 19: 369-387) used high density arrays of 5600
cellular genes from cells infected in vitro and also saw tem-
poral patterns of coordinated expression of many genes. Su et
al. (2002 Oncogene 21: 3592-602) examined differential
gene expression in astrocytes infected with HIV-1. Two
groups have been examining potential resistance mecha-
nisms. Simm et al. (2001 Gene 269: 93-101) report eleven
genes expressed differentially after HIV-1 inoculation of
HIV-1 resistant vs. susceptible T cell lines, of which 5 are
novel genes. Krasnoselskaya et al. (2002 AIDS Res. Hum.
Retroviruses 18: 591-604) looked at gene expression differ-
ences between NF90-expressing cells (which are able to
inhibit viral replication) vs. control cells and found 90 genes
that had 4-fold or greater changes in expression, many having
to do with interferon response.

[0349] We developed a method to select a subset of genes
differentially expressed upon infection by HIV. We randomly
chose genes reported by these others to be up or down regu-
lated after HIV infection of human cells and designed primers
to them. We obtained chimpanzee blood (Buckshire Labs,
PA) and isolated mRNA. RT-PCR amplified chimpanzee
homologs of the human genes. We determined the DNA
sequence of each amplicon. We then performed pairwise
Ka/Ks comparison of chimpanzee amplicon sequence vs. the
homologous human sequence by means of EG’s ATP soft-
ware. Analysis was performed both upon complete coding
regions, as well as on sliding windows (composed of smaller
sections of the protein-coding region), in order to facilitate
identification of small regions of these genes that have been
positively selected. Candidate genes with elevated Ka/Ks
ratios were amplified and sequenced from multiple chimpan-
zee and human individuals, in order to ascertain the degree of
genetic heterogeneity that exists in the two species for these
loci.

[0350] The efficacy of this two step process was demon-
strated: of 100 chimpanzee genes we examined, only four
showed the signature of positive selection. Thus, although the
collection of genes whose expression patterns were altered as
a result of immunodeficiency virus infection was extensive,
we were able to narrow our search to four genes/proteins.

Example 24
CD98 Heavy Chain (GenBank J03569)

[0351] CD98 is a heterodimeric transmembrane glycopro-
tein (Rintoul et al. 2002). CD98 is a highly conserved protein,
expressed nearly ubiquitously among cell types. The high
level of evolutionary conservation observed among mamma-
lian CD98 homologs makes even more striking the observa-
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tion that CD98 has been positively selected between humans
and chimpanzees. The positively selected portion of the cod-
ing sequence (approx. 730 bp in the heavy chain) shows a
Ka/Ks ratio=1.7. (As is often the case, the full-length com-
parisons of CD98 between human and chimpanzee display a
Ka/Ks ratio<1. Full-length comparisons frequently mask the
signature of positive selection because the ‘noise’ of synony-
mous substitutions throughout the full coding sequence over-
whelms the signal of positive selection in those cases when
only a short portion of the sequence has been adaptively
altered.)

[0352] CD98 has been linked (Rintoul et al. 2002) to cel-
lular activation; evidence suggests that CD98 activates a
tyrosine kinase-controlled signal transduction pathway (War-
ren et al. 1996) There is also evidence that CD98 regulates
intracellular calcium concentrations through a Na*/Ca2*
exchanger (Michalak et al. 1986).

[0353] Strong evidence links CD98 to control of the inflam-
matory process (Rintoul et al. 2002). Intriguingly, Rintoul et
al. (2002) state that “compelling evidence exists for a con-
nection between CD98 and virus-induced cell fusion”. Ito et
al. (1996) and Ohgimoto et al. (1995) have shown that anti-
bodies to CD98 promote cell fusion that is induced by the
gpl160 envelope glycoprotein of HIV. The link to inflamma-
tory processes and to virus-induced (and HIV-induced cell
fusion, in particular) is significant. ICAMs are well known
agents of the inflammatory response, and their part in HIV-
induced cell fusion is well documented (Castilletti et al. 1995;
Ottetal. 1997; Fortin et al. 1999). Thus the positively selected
chimpanzee ICAMs participate with positively selected
chimpanzee CD98 to effect HIV resistance.

Example 25
p44 (GenBank NM__006417)

[0354] Two alleles were detected in chimpanzees (alleles A
& B). Human to chimpanzee full-length comparisons gave
Ka/Ks ratios of 0.42 for allele A and 0.45 for allele B. How-
ever, examination of exon 2 of the chimpanzee and human
homologs revealed that this portion of the gene had been
positively selected.

[0355] The protein p44 was discovered by Shimizu et al.
(1985). These authors infected chimpanzees with non-A,
non-B hepatitis (hepatitis C) and identified p44 as a protein
that was expressed upon infection. For several years, p44 was
amarker of hepatitis C infection, until the virus was cloned in
1989 and direct virus diagnostic techniques became avail-
able. Although chimpanzees have been used as a model for
human hepatitis C, it has been well-documented that HCV-
infected chimpanzees are refractory to the hepatic damage
that often occurs in HCV-infected humans, perhaps due to
lower levels of viral replication (Lanford et al. 1991). p44 isa
member of the family of alpha/beta interferon inducible
genes and thought to be a mediator of the antiviral activities of
interferon induced by double-stranded RNA replicative inter-
mediates (Kitamura et al. 1994). As HIV infection is charac-
terized by a double-stranded RNA replicative intermediate, it
was not surprising to find in Vahey et al.’s study (2003) on
genes differentially expressed upon HIV infection, that p44 is
listed among the hundreds of genes reported. However, while
infection with hepatitis B virus does induce p44 expression,
infection by the hepatitis G virus, which also is expected to
replicate via a double-stranded RNA intermediate, does not
induce expression of p44 (Shimizu et al. 2001). This posi-
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tively selected protein, which is up-regulated after infection
by both hepatitis C and HIV-1, is clearly of interest.

Example 26
IFN-B56K (GenBank M24594)

[0356] The positively selected portion of the coding
sequence (approx. 1245 bp) shows a Ka/Ks ratio=2.5. Strik-
ingly, for this protein, even the full-length comparison of
between the human and chimpanzee homologs displays a
Ka/Ks ratio greater than one (1.3)

[0357] IFN-B56kis a 56-kilodalton protein that plays arole
in the control of protein synthesis. Generally, protein synthe-
sis is initiated when eIF4F, elF4G, and eIF4E and elF3 work
in concert to bring together ribosomes with messenger RNA.
Many viruses usurp the host protein synthesis “machinery” to
stop production of host proteins and instead produce virus-
encoded proteins. Two HIV-1 encoded proteins appear to play
a role in redirecting protein synthesis to HIV-encoded pro-
teins. HIV protease has been shown to cleave elF4GI (but not
1), resulting in inhibition of cap-dependent mRNA transla-
tion while protein synthesis using non-capped mRNAs with
internal ribosome entry sites (such as HIV mRNAs) continues
or is even stimulated (Alvarez et al. 2003). HIV Vpr has been
shown to act on a number of host cell functions, including
enhancing expression of viral mRNAs. Vpr interacts directly
with elF3f, one of the twelve subunits of elF3. When IFN-
56K is present, it binds to another of the subunits of elF3
(elF3e) and stops protein translation. IFN-B56K likely repre-
sents a host protein that is expressed during virus infection as
part of a general antiviral interferon-mediated response.
[0358] Invitro,no mRNA encoding IFN-56k is detectable
in cells in the absence of treatment with interferon or dsSRNA.
After the addition of interferon or dsRNA, the amount of
IFN-B56K mRNA increases; it has been reported to be the
most abundant interferon-induced mRNA among the over
one hundred INF-induced mRNAs measured (Der et al.
1998). IFN-f56K is inducible by interferons alpha, beta, and
gamma, by virus infection (HIV, hepatitis C, Sendai virus,
vesicular stomatitis virus, encephalomyocarditis virus, and
cytomegalovirus) or by the presence of dsRNA.
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[0359] Guo and Sen (2000) have characterized IFN-B56K
extensively. The IFN-56K protein has eight tetratricopep-
tide motifs; such motifs are generally associated with media-
tion of protein-protein interactions. Upon induction of
expression of the IFN-B56K gene by the presence of inter-
feron, IFI-56pK is present in the cytoplasm and elF3e is
located in the nucleus.

[0360] Upon the interaction of HIV Vpr with elF3f, the
latter translocates into the nucleus. Upon the interaction of
IFN-B56K with elF3e, the latter translocates into the cyto-
plasm.

Example 27
Staf50 (GenBank X82200)

[0361] This protein has been shown to be induced by both
type I and type II human interferons (Tissot and Mechti
1995), and importantly, Staf50 has been shown to down-
regulate transcription of the long terminal repeat of HIV-1
(Tissotand Mechti 1995). Thus, in addition to the fact that this
protein is upregulated after HIV-1 infection, and the fact that
it has been positively selected in HI V-resistant chimpanzees,
this protein also plays a role on regulation of HIV-1 infection.
[0362] As is reported to be the case for IFN-$56K (and
perhaps for p44), Staf50 appears to be part of a general
antiviral response, mediated by the interferons. Chang and
Laimins (2000) demonstrated by microarray analysis that the
regulation of Staf50 is altered as a result of infection by the
human papillomavirus type 31. Like p44 and IFN-$56K
(Patzwahl et al. 2001), Staf50 has been shown to be upregu-
lated in the chimpanzee liver after hepatitis C infection (Big-
ger et al. 2001).

[0363] StafS0 is the human homolog of mouse Rpt-1,
which is known to negatively regulate the gene that codes for
the IL-2 receptor (Bigger et al. 2001).

[0364] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity and understanding, it will be apparent
to those of ordinary skill in the art that certain changes and
modifications can be practiced. Therefore, the description
and examples should not be construed as limiting the scope of
the invention, which is delineated by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 84

<210> SEQ ID NO 1

<211> LENGTH: 1518

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

cagacatctg tgtcceecte aaaagtcatce ctgecceggg gaggetcegt getggtgaca 60
tgcagcacct cctgtgacca geccaagttg ttgggecatag agacccegtt gectaaaaag 120
gagttgctee tgectgggaa caaccggaag gtgtatgaac tgagcaatgt gcaagaagat 180
agccaaccaa tgtgctattc aaactgccct gatgggcagt caacagctaa aaccttcectce 240
accgtgtact ggactccaga acgggtggaa ctggcaccee tccectettg geagecagty 300

ggcaagaacc ttaccctacg ctgecaggtg gagggtgggg cacceeggge caacctcace 360
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-continued

gtggtgctge tcegtgggga gaaggagetyg aaacgggage cagetgtggyg ggagecceget 420

gaggtcacga ccacggtgcet ggtgaggaga gatcaccatg gagccaattt ctegtgecge 480
actgaactgg acctgcggec ccaagggctg gagectgtttg agaacaccte ggeccectac 540
cagctccaga cctttgtceet gccagegact ceccccacaac ttgtcagecce ccgggtecta 600
gaggtggaca cgcaggggac cgtggtetgt tecctggacg ggcetgtteee agtetceggag 660
gcecaggtee acctggeact gggggaccag aggttgaace ccacagtcac ctatggcaac 720
gactccttet cggecaagge ctcagtcagt gtgaccgeag aggacgaggg cacccagegg 780
ctgacgtgtyg cagtaatact ggggaaccag agccaggaga cactgcagac agtgaccatce 840
tacagctttce cggcgeccaa cgtgattctg acgaagccag aggtctcaga agggaccgag 900
gtgacagtga agtgtgaggc ccaccctaga gecaaggtga cgctgaatgg ggttcecagece 960

cagccactgg gcccgagggce ccagetcctg ctgaaggcca ccccagagga caacgggcegce 1020
agcttctecct gectctgcaac cctggaggtg gccggccage ttatacacaa gaaccagacce 1080
cgggagcecttce gtgtecctgta tggcccccga ctggacgaga gggattgtcee gggaaactgg 1140
acgtggccag aaaattccca gcagactcca atgtgccagg cttgggggaa cccattgecce 1200
gagctcaagt gtctaaagga tggcactttc ccactgccca tcggggaatc agtgactgtce 1260
actcgagatc ttgagggcac ctacctctgt cgggccagga gcactcaagg ggaggtcacc 1320
cgcgaggtga ccgtgaatgt gctctceccee cggtatgaga ttgtcatcat cactgtggta 1380
gcagccgcag tcataatggg cactgcaggce ctcagcacgt acctctataa ccgccagegg 1440
aagatcaaga aatacagact acaacaggcc caaaaaggga cccccatgaa accgaacaca 1500
caagccacgc ctccctga 1518
<210> SEQ ID NO 2

<211> LENGTH: 1518

<212> TYPE: DNA

<213> ORGANISM: Homo Sapiens

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1518

<400> SEQUENCE: 2

cag aca tct gtg tce ccc tca aaa gtc atc ctg cce cgg gga ggc tcc 48
Gln Thr Ser Val Ser Pro Ser Lys Val Ile Leu Pro Arg Gly Gly Ser
1 5 10 15
gtg ctg gtg aca tgc agc acc tcc tgt gac cag ccc aag ttg ttg ggce 96
Val Leu Val Thr Cys Ser Thr Ser Cys Asp Gln Pro Lys Leu Leu Gly
20 25 30
ata gag acc ccg ttg cct aaa aag gag ttg ctc ctg cct ggg aac aac 144
Ile Glu Thr Pro Leu Pro Lys Lys Glu Leu Leu Leu Pro Gly Asn Asn
35 40 45
cgg aag gtg tat gaa ctg agc aat gtg caa gaa gat agc caa cca atg 192
Arg Lys Val Tyr Glu Leu Ser Asn Val Gln Glu Asp Ser Gln Pro Met
50 55 60
tgce tat tca aac tgc cct gat ggg cag tca aca gct aaa acc tte cte 240
Cys Tyr Ser Asn Cys Pro Asp Gly Gln Ser Thr Ala Lys Thr Phe Leu
65 70 75 80
acc gtg tac tgg act cca gaa cgg gtg gaa ctg gca ccc ctc cce tect 288

Thr Val Tyr Trp Thr Pro Glu Arg Val Glu Leu Ala Pro Leu Pro Ser
85 90 95
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tgg cag cca gtg ggc aag aac ctt acc cta cgc tgc cag gtg gag ggt 336
Trp Gln Pro Val Gly Lys Asn Leu Thr Leu Arg Cys Gln Val Glu Gly
100 105 110
ggg gca ccc cgg gec aac ctc acc gtg gtg ctg cte cgt ggg gag aag 384
Gly Ala Pro Arg Ala Asn Leu Thr Val Val Leu Leu Arg Gly Glu Lys
115 120 125
gag ctg aaa c¢gg gag cca gct gtg ggg gag ccc gct gag gtc acg acc 432
Glu Leu Lys Arg Glu Pro Ala Val Gly Glu Pro Ala Glu Val Thr Thr
130 135 140
acg gtg ctg gtg agg aga gat cac cat gga gcc aat ttc teg tge cgce 480
Thr Val Leu Val Arg Arg Asp His His Gly Ala Asn Phe Ser Cys Arg
145 150 155 160
act gaa ctg gac ctg cgg ccc caa ggg ctg gag ctg ttt gag aac acc 528
Thr Glu Leu Asp Leu Arg Pro Gln Gly Leu Glu Leu Phe Glu Asn Thr
165 170 175
teg gec cce tac cag ctc cag acc ttt gtc ctg cca geg act ccc cca 576
Ser Ala Pro Tyr Gln Leu Gln Thr Phe Val Leu Pro Ala Thr Pro Pro
180 185 190
caa ctt gtc agc ccc cgg gte cta gag gtg gac acg cag ggg acc gtg 624
Gln Leu Val Ser Pro Arg Val Leu Glu Val Asp Thr Gln Gly Thr Val
195 200 205
gtc tgt tece ctg gac ggg ctg tte cca gte teg gag gce cag gte cac 672
Val Cys Ser Leu Asp Gly Leu Phe Pro Val Ser Glu Ala Gln Val His
210 215 220
ctg gca ctg ggg gac cag agg ttg aac ccc aca gtc acc tat ggc aac 720
Leu Ala Leu Gly Asp Gln Arg Leu Asn Pro Thr Val Thr Tyr Gly Asn
225 230 235 240
gac tcc ttc tcg gcc aag gcc tca gtc agt gtg acc gca gag gac gag 768
Asp Ser Phe Ser Ala Lys Ala Ser Val Ser Val Thr Ala Glu Asp Glu
245 250 255
ggc acc cag cgg ctg acg tgt gca gta ata ctg ggg aac cag agc cag 816
Gly Thr Gln Arg Leu Thr Cys Ala Val Ile Leu Gly Asn Gln Ser Gln
260 265 270
gag aca ctg cag aca gtg acc atc tac agc ttt ccg geg ccc aac gtg 864
Glu Thr Leu Gln Thr Val Thr Ile Tyr Ser Phe Pro Ala Pro Asn Val
275 280 285
att ctg acg aag cca gag gtc tca gaa ggg acc gag gtg aca gtg aag 912
Ile Leu Thr Lys Pro Glu Val Ser Glu Gly Thr Glu Val Thr Val Lys
290 295 300
tgt gag gcc cac cct aga gcc aag gtg acg ctg aat ggg gtt cca gcc 960
Cys Glu Ala His Pro Arg Ala Lys Val Thr Leu Asn Gly Val Pro Ala
305 310 315 320
cag cca ctg ggc ccg agg gcc cag ctce ctg ctg aag gcc acc cca gag 1008
Gln Pro Leu Gly Pro Arg Ala Gln Leu Leu Leu Lys Ala Thr Pro Glu
325 330 335
gac aac ggg cgc agc ttc tce tge tet geca acce ctg gag gtg gcc ggc 1056
Asp Asn Gly Arg Ser Phe Ser Cys Ser Ala Thr Leu Glu Val Ala Gly
340 345 350
cag ctt ata cac aag aac cag acc cgg gag ctt cgt gtc ctg tat ggc 1104
Gln Leu Ile His Lys Asn Gln Thr Arg Glu Leu Arg Val Leu Tyr Gly
355 360 365
cce cga ctg gac gag agg gat tgt ccg gga aac tgg acg tgg cca gaa 1152
Pro Arg Leu Asp Glu Arg Asp Cys Pro Gly Asn Trp Thr Trp Pro Glu
370 375 380
aat tcc cag cag act cca atg tgc cag gct tgg ggg aac cca ttg ccc 1200

Asn Ser Gln Gln Thr Pro Met Cys Gln Ala Trp Gly Asn Pro Leu Pro
385 390 395 400
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gag ctc aag tgt cta aag gat ggc act ttc cca ctg ccc atc ggg gaa 1248
Glu Leu Lys Cys Leu Lys Asp Gly Thr Phe Pro Leu Pro Ile Gly Glu
405 410 415

tca gtg act gtc act cga gat ctt gag ggc acc tac ctc tgt cgg gcc 1296
Ser Val Thr Val Thr Arg Asp Leu Glu Gly Thr Tyr Leu Cys Arg Ala
420 425 430

agg agc act caa ggg gag gtc acc cgc gag gtg acc gtg aat gtg ctc 1344
Arg Ser Thr Gln Gly Glu Val Thr Arg Glu Val Thr Val Asn Val Leu
435 440 445

tce cece cgg tat gag att gtc atc atc act gtg gta gca gcc gca gtce 1392
Ser Pro Arg Tyr Glu Ile Val Ile Ile Thr Val Val Ala Ala Ala Val
450 455 460

ata atg ggc act gca ggc ctc agce acg tac ctc tat aac cgc cag cgg 1440
Ile Met Gly Thr Ala Gly Leu Ser Thr Tyr Leu Tyr Asn Arg Gln Arg
465 470 475 480

aag atc aag aaa tac aga cta caa cag gcc caa aaa ggg acc ccc atg 1488
Lys Ile Lys Lys Tyr Arg Leu Gln Gln Ala Gln Lys Gly Thr Pro Met
485 490 495

aaa ccg aac aca caa gcc acg cct ccc tga 1518
Lys Pro Asn Thr Gln Ala Thr Pro Pro
500 505

<210> SEQ ID NO 3

<211> LENGTH: 505

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Gln Thr Ser Val Ser Pro Ser Lys Val Ile Leu Pro Arg Gly Gly Ser
1 5 10 15

Val Leu Val Thr Cys Ser Thr Ser Cys Asp Gln Pro Lys Leu Leu Gly
20 25 30

Ile Glu Thr Pro Leu Pro Lys Lys Glu Leu Leu Leu Pro Gly Asn Asn
35 40 45

Arg Lys Val Tyr Glu Leu Ser Asn Val Gln Glu Asp Ser Gln Pro Met
50 55 60

Cys Tyr Ser Asn Cys Pro Asp Gly Gln Ser Thr Ala Lys Thr Phe Leu
65 70 75 80

Thr Val Tyr Trp Thr Pro Glu Arg Val Glu Leu Ala Pro Leu Pro Ser
85 90 95

Trp Gln Pro Val Gly Lys Asn Leu Thr Leu Arg Cys Gln Val Glu Gly
100 105 110

Gly Ala Pro Arg Ala Asn Leu Thr Val Val Leu Leu Arg Gly Glu Lys
115 120 125

Glu Leu Lys Arg Glu Pro Ala Val Gly Glu Pro Ala Glu Val Thr Thr
130 135 140

Thr Val Leu Val Arg Arg Asp His His Gly Ala Asn Phe Ser Cys Arg
145 150 155 160

Thr Glu Leu Asp Leu Arg Pro Gln Gly Leu Glu Leu Phe Glu Asn Thr
165 170 175

Ser Ala Pro Tyr Gln Leu Gln Thr Phe Val Leu Pro Ala Thr Pro Pro
180 185 190

Gln Leu Val Ser Pro Arg Val Leu Glu Val Asp Thr Gln Gly Thr Val
195 200 205

Val Cys Ser Leu Asp Gly Leu Phe Pro Val Ser Glu Ala Gln Val His
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210 215 220

Leu Ala Leu Gly Asp Gln Arg Leu Asn Pro Thr Val Thr Tyr Gly Asn
225 230 235 240

Asp Ser Phe Ser Ala Lys Ala Ser Val Ser Val Thr Ala Glu Asp Glu
245 250 255

Gly Thr Gln Arg Leu Thr Cys Ala Val Ile Leu Gly Asn Gln Ser Gln
260 265 270

Glu Thr Leu Gln Thr Val Thr Ile Tyr Ser Phe Pro Ala Pro Asn Val
275 280 285

Ile Leu Thr Lys Pro Glu Val Ser Glu Gly Thr Glu Val Thr Val Lys
290 295 300

Cys Glu Ala His Pro Arg Ala Lys Val Thr Leu Asn Gly Val Pro Ala
305 310 315 320

Gln Pro Leu Gly Pro Arg Ala Gln Leu Leu Leu Lys Ala Thr Pro Glu
325 330 335

Asp Asn Gly Arg Ser Phe Ser Cys Ser Ala Thr Leu Glu Val Ala Gly
340 345 350

Gln Leu Ile His Lys Asn Gln Thr Arg Glu Leu Arg Val Leu Tyr Gly
355 360 365

Pro Arg Leu Asp Glu Arg Asp Cys Pro Gly Asn Trp Thr Trp Pro Glu
370 375 380

Asn Ser Gln Gln Thr Pro Met Cys Gln Ala Trp Gly Asn Pro Leu Pro
385 390 395 400

Glu Leu Lys Cys Leu Lys Asp Gly Thr Phe Pro Leu Pro Ile Gly Glu
405 410 415

Ser Val Thr Val Thr Arg Asp Leu Glu Gly Thr Tyr Leu Cys Arg Ala
420 425 430

Arg Ser Thr Gln Gly Glu Val Thr Arg Glu Val Thr Val Asn Val Leu
435 440 445

Ser Pro Arg Tyr Glu Ile Val Ile Ile Thr Val Val Ala Ala Ala Val
450 455 460

Ile Met Gly Thr Ala Gly Leu Ser Thr Tyr Leu Tyr Asn Arg Gln Arg
465 470 475 480

Lys Ile Lys Lys Tyr Arg Leu Gln Gln Ala Gln Lys Gly Thr Pro Met
485 490 495

Lys Pro Asn Thr Gln Ala Thr Pro Pro
500 505

<210> SEQ ID NO 4

<211> LENGTH: 1515

<212> TYPE: DNA

<213> ORGANISM: Gorilla gorilla

<400> SEQUENCE: 4

cagacatctg tgtcccccece aaaagtcatc ctgcceceggg gaggctcegt getggtgaca 60
tgcagcacct cctgtgacca gcccaccttg ttgggcatag agacccegtt gcecctaaaaag 120
gagttgctee tgcttgggaa caaccagaag gtgtatgaac tgagcaatgt gcaagaagat 180
agccaaccaa tgtgttattc aaactgccct gatgggcagt caacagctaa aaccttccte 240
accgtgtact ggactccaga acgggtggaa ctggcacccc tceccctcttg gcagecagtg 300

ggcaaggace ttaccctacg ctgccaggtyg gagggtgggg cacceeggge caacctcate 360
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gtggtgctyge tcegtgggga ggaggagetyg aaacgggage cagetgtggg ggageccegece 420

gaggtcacga ccacggtgcc ggtggagaaa gatcaccatg gagccaattt cttgtgeccge 480
actgaactgg acctgcggece ccaagggctg aagctgtttg agaacacctc ggccccctac 540
cagctccaaa cctttgtect geccagcgact cccccacaac ttgtcageece tcegggtecta 600
gaggtggaca cgcaggggac tgtggtctgt tceccctggacg ggctgttceccce agtcetcecggag 660
gececcaggtece acctggcact gggggaccag aggttgaacc ccacagtcac ctatggcaac 720
gactccttet cagccaaggce ctcagtcagt gtgaccgcag aggacgaggg cacccagtgg 780
ctgacgtgtg cagtaatact ggggacccag agccaggaga cactgcagac agtgaccatc 840
tacagctttc cggcacccaa cgtgattctg acgaagccag aggtctcaga agggaccgag 900
gtgacagtga agtgtgaggc ccaccctaga gccaaggtga cactgaatgg ggttccagec 960

cagccaccgg gcccgaggac ccagttcctg ctgaaggcca ccccagagga caacgggcege 1020
agcttctecct gectctgcaac cctggaggtg gccggccage ttatacacaa gaaccagacce 1080
cgggagcecttce gtgtcctgta tggcccccga ctggatgaga gggattgtcece gggaaactgg 1140
acgtggccag aaaattccca gcagactcca atgtgccagg cttgggggaa cccattgecce 1200
gagctcaagt gtctaaagga tggcactttc ccactgeccecceg tcggggaatce agtgactgte 1260
actcgagatc ttgagggcac ctacctctgt cgggccagga gcactcaagg ggaggtcacce 1320
cgcgaggtga ccgtgaatgt gctctcccee cggtatgagt ttgtcatcat cgctgtggta 1380
gcagccgcag tcataatggg cactgcaggce ctcagcacgt acctctataa ccgccagegg 1440
aagatcagga aatacagact acaacaggct caaaaaggga cccccatgaa accgaacaca 1500
caagccacgce ctece 1515
<210> SEQ ID NO 5

<211> LENGTH: 1515

<212> TYPE: DNA

<213> ORGANISM: Pongo pygmaeus

<400> SEQUENCE: 5

cacacatctg tgtcctecge caacgtette ctgeccececggg gaggcetecegt gctagtgaat 60
tgcagcacct cctgtgacca gcccaccttg ttgggcatag agaccccgtt gcctaaaaag 120
gagttgctee cgggtgggaa caactggaag atgtatgaac tgagcaatgt gcaagaagat 180
agccaaccaa tgtgctattc aaactgccct gatgggcagt cagcagctaa aaccttcctce 240
accgtgtact ggactccaga acgggtggaa ctggcacccc tcccctcttg gcagccagtg 300
ggcaagaacc ttaccctacg ctgccaggtg gagggtgggg cacccecgggce caacctcacc 360

gtggtattge tcegtgggga ggaggagetyg agecggcage cageggtggyg ggageccegece 420

gaggtcacgg ccacggtgct ggcgaggaaa gatgaccacg gagccaattt ctecgtgecge 480
actgaactgg acctgcggece ccaagggctg gagetgtttg agaacacctce ggccccccac 540
cagctccaaa cctttgtect gecagcgact cccccacaac ttgtcagecce ccegggtecta 600
gaggtggaca cgcaggggac cgtggtcetgt tceccctggacg ggectgtteccce agtctceggag 660
gececcaggtece acttggcact gggggaccag aggttgaacc ccacagtcac ctatggegtce 720
gactccctet cggccaagge ctcagtcagt gtgaccgcag aggaggaggg cacccagtgg 780

ctgtggtgtyg cagtgatact gaggaaccag agccaggaga cacggcagac agtgaccatc 840
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tacagcttte ctgcacccaa cgtgactctg atgaageccag aggtctcaga agggaccgag 900
gtgatagtga agtgtgaggc ccaccctgca gccaacgtga cgctgaatgg ggttccagec 960

cagcegecgg geccgaggge ccagttcectg ctgaaggcca ccccagagga caacgggcege 1020
agcttctect getctgcaac cctggaggtg gceccggccage ttatacacaa gaaccagacce 1080
cgggagcettce gagtectgta tggecccccga ctggacgaga gggattgtece gggaaactgg 1140
acgtggccag aaaactccca gcagactcca atgtgeccagg cttgggggaa ccccttgecce 1200
gagctcaagt gtctaaagga tggcactttc ccactgccca tcggggaatc agtgactgte 1260
actcgagatc ttgagggcac ctacctctgt cgggccagga gcactcaagg ggaggtcacce 1320
cgcgaggtga ccgtgaatgt gcectctceccee cggtatgaga ttgtcatcat cactgtggta 1380
gcagccgcag ccatactggg cactgcaggce ctcagcacgt acctctataa ccgccagegg 1440
aagatcagga tatacagact acaacaggct caaaaaggga cccccatgaa accaaacaca 1500
caaaccacgc ctccce 1515
<210> SEQ ID NO 6

<211> LENGTH: 505

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Gln Thr Ser Val Ser Pro Ser Lys Val Ile Leu Pro Arg Gly Gly Ser
1 5 10 15

Val Leu Val Thr Cys Ser Thr Ser Cys Asp Gln Pro Lys Leu Leu Gly
20 25 30

Ile Glu Thr Pro Leu Pro Lys Lys Glu Leu Leu Leu Pro Gly Asn Asn
35 40 45

Arg Lys Val Tyr Glu Leu Ser Asn Val Gln Glu Asp Ser Gln Pro Met
50 55 60

Cys Tyr Ser Asn Cys Pro Asp Gly Gln Ser Thr Ala Lys Thr Phe Leu
65 70 75 80

Thr Val Tyr Trp Thr Pro Glu Arg Val Glu Leu Ala Pro Leu Pro Ser
85 90 95

Trp Gln Pro Val Gly Lys Asn Leu Thr Leu Arg Cys Gln Val Glu Gly
100 105 110

Gly Ala Pro Arg Ala Asn Leu Thr Val Val Leu Leu Arg Gly Glu Lys
115 120 125

Glu Leu Lys Arg Glu Pro Ala Val Gly Glu Pro Ala Glu Val Thr Thr
130 135 140

Thr Val Leu Val Arg Arg Asp His His Gly Ala Asn Phe Ser Cys Arg
145 150 155 160

Thr Glu Leu Asp Leu Arg Pro Gln Gly Leu Glu Leu Phe Glu Asn Thr
165 170 175

Ser Ala Pro Tyr Gln Leu Gln Thr Phe Val Leu Pro Ala Thr Pro Pro
180 185 190

Gln Leu Val Ser Pro Arg Val Leu Glu Val Asp Thr Gln Gly Thr Val
195 200 205

Val Cys Ser Leu Asp Gly Leu Phe Pro Val Ser Glu Ala Gln Val His
210 215 220

Leu Ala Leu Gly Asp Gln Arg Leu Asn Pro Thr Val Thr Tyr Gly Asn
225 230 235 240
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Asp Ser Phe Ser Ala Lys Ala Ser Val Ser Val Thr Ala Glu Asp Glu
245 250 255

Gly Thr Gln Arg Leu Thr Cys Ala Val Ile Leu Gly Asn Gln Ser Gln
260 265 270

Glu Thr Leu Gln Thr Val Thr Ile Tyr Ser Phe Pro Ala Pro Asn Val
275 280 285

Ile Leu Thr Lys Pro Glu Val Ser Glu Gly Thr Glu Val Thr Val Lys
290 295 300

Cys Glu Ala His Pro Arg Ala Lys Val Thr Leu Asn Gly Val Pro Ala
305 310 315 320

Gln Pro Leu Gly Pro Arg Ala Gln Leu Leu Leu Lys Ala Thr Pro Glu
325 330 335

Asp Asn Gly Arg Ser Phe Ser Cys Ser Ala Thr Leu Glu Val Ala Gly
340 345 350

Gln Leu Ile His Lys Asn Gln Thr Arg Glu Leu Arg Val Leu Tyr Gly
355 360 365

Pro Arg Leu Asp Glu Arg Asp Cys Pro Gly Asn Trp Thr Trp Pro Glu
370 375 380

Asn Ser Gln Gln Thr Pro Met Cys Gln Ala Trp Gly Asn Pro Leu Pro
385 390 395 400

Glu Leu Lys Cys Leu Lys Asp Gly Thr Phe Pro Leu Pro Ile Gly Glu
405 410 415

Ser Val Thr Val Thr Arg Asp Leu Glu Gly Thr Tyr Leu Cys Arg Ala
420 425 430

Arg Ser Thr Gln Gly Glu Val Thr Arg Glu Val Thr Val Asn Val Leu
435 440 445

Ser Pro Arg Tyr Glu Ile Val Ile Ile Thr Val Val Ala Ala Ala Val
450 455 460

Ile Met Gly Thr Ala Gly Leu Ser Thr Tyr Leu Tyr Asn Arg Gln Arg
465 470 475 480

Lys Ile Lys Lys Tyr Arg Leu Gln Gln Ala Gln Lys Gly Thr Pro Met
485 490 495

Lys Pro Asn Thr Gln Ala Thr Pro Pro

500 505

<210> SEQ ID NO 7

<211> LENGTH: 254

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Ser Asp Glu Lys Val Phe Glu Val His Val Arg Pro Lys Lys Leu Ala
1 5 10 15

Val Glu Pro Lys Gly Ser Leu Glu Val Asn Cys Ser Thr Thr Cys Asn
20 25 30

Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu Asp Lys Ile Leu Leu
35 40 45

Asp Glu Gln Ala Gln Trp Lys His Tyr Leu Val Ser Asn Ile Ser His
50 55 60

Asp Thr Val Leu Gln Cys His Phe Thr Cys Ser Gly Lys Gln Glu Ser
65 70 75 80

Met Asn Ser Asn Val Ser Val Tyr Gln Pro Pro Arg Gln Val Ile Leu
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85 90 95

Thr Leu Gln Pro Thr Leu Val Ala Val Gly Lys Ser Phe Thr Ile Glu
100 105 110

Cys Arg Val Pro Thr Val Glu Pro Leu Asp Ser Leu Thr Leu Phe Leu
115 120 125

Phe Arg Gly Asn Glu Thr Leu His Tyr Glu Thr Phe Gly Lys Ala Ala
130 135 140

Pro Ala Pro Gln Glu Ala Thr Ala Thr Phe Asn Ser Thr Ala Asp Arg
145 150 155 160

Glu Asp Gly His Arg Asn Phe Ser Cys Leu Ala Val Leu Asp Leu Met
165 170 175

Ser Arg Gly Gly Asn Ile Phe His Lys His Ser Ala Pro Lys Met Leu
180 185 190

Glu Ile Tyr Glu Pro Val Ser Asp Ser Gln Met Val Ile Ile Val Thr
195 200 205

Val Val Ser Val Leu Leu Ser Leu Phe Val Thr Ser Val Leu Leu Cys
210 215 220

Phe Ile Phe Gly Gln His Leu Arg Gln Gln Arg Met Gly Thr Tyr Gly
225 230 235 240

Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala Phe Arg Pro

245 250

<210> SEQ ID NO 8

<211> LENGTH: 518

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Leu Ser Ala
1 5 10 15

Gly Gly Ser Leu Phe Val Asn Cys Ser Thr Asp Cys Pro Ser Ser Glu
20 25 30

Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Ala Ser Gly
Met Gly Trp Ala Ala Phe Asn Leu Ser Asn Val Thr Gly Asn Ser Arg
50 55 60

Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Thr Gly Ser Ser
65 70 75 80

Asn Ile Thr Val Tyr Gly Leu Pro Glu Arg Val Glu Leu Ala Pro Leu
85 90 95

Pro Pro Trp Gln Pro Val Gly Gln Asn Phe Thr Leu Arg Cys Gln Val
100 105 110

Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu Arg Trp
115 120 125

Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu Pro Ala Glu Val
130 135 140

Thr Ala Thr Val Leu Ala Ser Arg Asp Asp His Gly Ala Pro Phe Ser
145 150 155 160

Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu Gly Leu Phe Val
165 170 175

Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val Leu Pro Val Thr
180 185 190
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Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Val Glu Thr Ser Trp
195 200 205

Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser Glu Ala Gln
210 215 220

Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr Val Met Asn
225 230 235 240

His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Thr Ala Arg Ala Asp
245 250 255

Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Thr Leu Gly Gly Glu
260 265 270

Arg Arg Glu Ala Arg Glu Asn Leu Thr Val Phe Ser Phe Leu Gly Pro
275 280 285

Ile Val Asn Leu Ser Glu Pro Thr Ala His Glu Gly Ser Thr Val Thr
290 295 300

Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu Asp Gly Val
305 310 315 320

Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu Asn Ala Thr
325 330 335

Glu Ser Asp Asp Gly Arg Ser Phe Phe Cys Ser Ala Thr Leu Glu Val
340 345 350

Asp Gly Glu Phe Leu His Arg Asn Ser Ser Val Gln Leu Arg Val Leu
355 360 365

Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His Leu Lys Trp
370 375 380

Lys Asp Lys Thr Arg His Val Leu Gln Cys Gln Ala Arg Gly Asn Pro
385 390 395 400

Tyr Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser Arg Glu Val Pro
405 410 415

Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly Thr Tyr Gln
420 425 430

Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu Val Val Val Met
435 440 445

Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val Phe Val Ala Val
450 455 460

Leu Leu Thr Leu Gly Val Val Thr Ile Val Leu Ala Leu Met Tyr Val
465 470 475 480

Phe Arg Glu His Gln Arg Ser Gly Ser Tyr His Val Arg Glu Glu Ser
485 490 495

Thr Tyr Leu Pro Leu Thr Ser Met Gln Pro Thr Glu Ala Met Gly Glu
500 505 510

Glu Pro Ser Arg Ala Glu
515

<210> SEQ ID NO 9

<211> LENGTH: 1212

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

atgagtgact ccaaggaacc aagactgcag cagctgggece tcctggagga ggaacagcetyg 60
agaggccttg gattccgaca gactcgagga tacaagaget tagcagggtg tcttggecat 120

ggtcccctgg tgetgcaact cctcetectte acgectettgg ctgggetect tgtcecaagtg 180
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tccaaggtce ccagctccat aagtcaggaa caatccaggce aagacgcgat ctaccagaac 240
ctgacccage ttaaagetge agtgggtgag ctctcagaga aatccaaget gcaggagatc 300
taccaggagc tgacccaget gaaggctgca gtgggtgage ttccagagaa atctaagetg 360
caggagatct accaggagcet gacccggetg aaggctgcag tgggtgaget tccagagaaa 420
tctaagetge aggagatcta ccaggagcetg acctggetga aggctgcagt gggtgagett 480
ccagagaaat ctaagatgca ggagatctac caggagctga ctecggctgaa ggctgcagtg 540
ggtgagctte cagagaaatc taagcagcag gagatctacc aggagctgac ccggctgaag 600
gctgcagtgg gtgagcttce agagaaatct aagcagcagg agatctacca ggagctgacce 660
cggctgaagg ctgcagtggg tgagcttcca gagaaatcta agcagcagga gatctaccag 720
gagctgacce agctgaaggce tgcagtggaa cgectgtgece acccctgtee ctgggaatgg 780
acattcttecce aaggaaactg ttacttcatg tctaactcce ageggaactg gcacgactcece 840
atcaccgeccet gcaaagaagt gggggcccag ctcecgtcgtaa tcaaaagtgce tgaggagcag 900
aacttcctac agctgcagtc ttccagaagt aaccgcttca cctggatggg actttcagat 960

ctaaatcagg aaggcacgtg gcaatgggtg gacggctcac ctctgttgece cagcttcaag 1020
cagtattgga acagaggaga gcccaacaac gttggggagg aagactgcgce ggaatttagt 1080
ggcaatggct ggaacgacga caaatgtaat cttgccaaat tctggatctg caaaaagtcce 1140
gcagcctect gctccaggga tgaagaacag tttctttcecte cagcccctge caccccaaac 1200
cceectectg ¢g 1212
<210> SEQ ID NO 10

<211> LENGTH: 1212

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 10

atgagtgact ccaaggaacc aagactgcag cagctgggece tectggagga ggaacagetyg 60
agaggecttg gattceccgaca gactcgagge tacaagaget tagcagggtg tcttggecat 120
ggtccectgg tgctgecaact cctctectte acgctettgg ctgggetect tgtccaagtg 180
tccaaggtece ccagetccat aagtcaggaa gaatccagge aagacgtgat ctaccagaac 240
ctgacccage ttaaagcetge agtgggtgag ctetcagaga aatccaagcet gcaggagatce 300
taccaggage tgacccagcet gaaggctgca gtgggtgage ttccagagaa atctaagcag 360
caggagatct accaggagct gacccggetyg aaggcetgeag tgggtgaget tccagagaaa 420
tctaagatge aggagatcta ccaggagctyg actcggetga aggctgcagt gggtgagett 480
ccagagaaat ctaagatgca ggagatctac caggagctga ctcggctgaa ggctgcagtyg 540
ggtgagctte cagagaaatc taagcagcag gagatctacce aggagctgac ccagcetgaag 600
getgcagtgg gtgagettee agagaaatct aagcagcagg agatctacca ggagetgace 660
cagctgaagg ctgcagtggg tgagettcca gagaaatcta agcagcagga gatctaccag 720
gagctgaccce ggctgaagge tgcagtggaa cgectgtgee geegetgece ctgggaatgg 780
acattcttec aaggaaactg ttacttcatg tctaactcce ageggaactg gcacgactec 840
atcactgect gcaaagaagt gggggcccag ctegtcegtaa tcaaaagtgce tgaggagcag 900

aacttcctac agectgeagte ttccagaagt aaccgettca cctggatggg actttcagat 960
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ctaaatgagg aaggcatgtg gcaatgggtg gacggctcac ctctgttgcce cagcttcaac 1020
cagtaytgga acagaggaga gcccaacaac gttggggagg aagactgcgc ggaatttagt 1080
ggcaatggct ggaatgacga caaatgtaat cttgccaaat tctggatctg caaaaagtcce 1140
gcagcectecet geteccaggga tgaagaacag tttcetttete cagecccectge caccccaaac 1200
ccecectectg cg 1212
<210> SEQ ID NO 11

<211> LENGTH: 1212

<212> TYPE: DNA

<213> ORGANISM: Gorilla gorilla

<400> SEQUENCE: 11

atgagtgact ccaaggaacc aagactgcag cagctgggec tcctggagga ggaacagcetg 60
agaggccttg gattccgaca gactcgagge tacaagaget tagcagggtg tcttggecat 120
ggtccectgg tgctgecaact cctcetectte acgctcettgg ctgegetect tgtccaagtyg 180
tccaaggtee ccagetccat aagtcaggaa caatccagge aagacgcegat ctaccagaac 240
ctgacccagt ttaaagetge agtgggtgag ctetcagaga aatccaaget gcaggagatce 300
tatcaggage tgacccagcet gaaggctgca gtgggtgage ttccagagaa atctaagcag 360
caggagatct accaggagct gagccagetyg aaggcetgeag tgggtgaget tccagagaaa 420
tctaagcage aggagatcta ccaggagctg acccggetga aggetgcagt gggtgagett 480
ccagagaaat ctaagcagca ggagatctac caggagctga cccggctgaa ggctgcagty 540
ggtgagctte cagagaaatc taagcagcag gagatctacc aggagctgag ccagctgaag 600
gctgcagtgg gtgagettece agagaaatct aagcagcagg agatctacca ggagcetgage 660
cagctgaagg ctgcagtggg tgagcttcca gagaaatcta agcagcagga gatctaccag 720
gagctgacce agctgaagge tgcagtggaa cgectgtgee geegetgece ctgggaatgg 780
acattcttee aaggaaactg ttacttcatg tctaactcee ageggaactg gcacgactec 840
atcaccgect gecaagaagt gggggcccag ctegtegtaa tcaaaagtge tgaggagcag 900
aacttcctac agetgcagte ttccagaagt aaccgcettca cctggatggg actttcagat 960

ctaaatcatg aaggcacgtg gcaatgggtg gacggctcac ctctgttgec cagcttcgag 1020
cagtattgga acagaggaga gcccaacaac gttggggagg aagactgcgc ggaatttagt 1080
ggcaatggct ggaacgatga caaatgtaat cttgccaaat tctggatctg caaaaagtct 1140
gcagcctect gctccaggga tgaagaacag tttctttcecte cagectctge caccccaaac 1200
ccecectectg cg 1212
<210> SEQ ID NO 12

<211> LENGTH: 105

<212> TYPE: PRT

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 12

Ser Leu Gln Cys Tyr Asn Cys Pro Asn Pro Thr Ala Asp Cys Lys Thr
1 5 10 15

Ala Val Asn Cys Ser Ser Asp Phe Asp Ala Cys Leu Ile Thr Lys Ala
20 25 30

Gly Leu Gln Val Tyr Asn Lys Cys Trp Lys Phe Glu His Cys Asn Phe
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35

Asn Asp Val
50

Cys Lys Lys
65

40

Thr Thr Arg Leu Arg

55

Asp Leu Cys Asn Phe
70

Thr Ser Leu Ser Glu Lys Thr Val

Ala Ala Ala

85

Ala Trp Ser Leu His

100

<210> SEQ ID NO 13
<211> LENGTH: 121

<212> TYPE:
<213> ORGAN

PRT

ISM: Pan troglodytes

<400> SEQUENCE: 13

Ser Leu Gln Cys Tyr Asn Cys Pro

1

Ala Val Asn

Cys Ser Ser Asp Phe

20

Gly Leu Gln Val Tyr Asn Lys Cys

35
Lys Asp Leu

Cys Lys Lys

65

Asn Glu Gln

Thr Ser Leu

Ala Ala Ala
115

40

Thr Thr Arg Leu Arg

Asp Leu Cys Asn Phe

70

Leu Glu Asn Gly Gly

85

Ser Glu Lys Thr Val

100

Ala Trp Ser Leu His

<210> SEQ ID NO 14
<211> LENGTH: 5140

<212> TYPE:

DNA

120

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

cteccagaccet
agcageggec
tggtgctagg
ccgggtgagg
tacagtgcag
aatcggecegt
tgcccaggtyg
cctggaggag
ccagtgegec
caagggctac

gcagegeatyg

acccagaaag
cctgetetea
gactcaggac
aagctggggy
ctectecaagt
ggctggtteg
gtggtgaagg
gtgcagceet
gaggtgacgce
ctgeggaget

gectgtgagyg

atgcccggat
agagaccctyg
agtttcccag
gtgcggaggce
ccacagacgt
ggaaggtgtt
agctgcaggce
acagggcect
cctacctget
gecgggtgge

tggCCtgtgg

Glu Asn Glu
Asn Glu Gln
75

Leu Leu Leu
90

Pro
105

Asn Pro Thr
10

Asp Ala Cys
25

Trp Lys Leu

Glu Asn Glu

Asn Glu Gln

75

Asn Glu Gln
90

Leu Leu Arg
105

Pro

ggatcctgea
gctectgatg
aaaaggccaa
cacactgggt
gggeeggeac
cctgggggag
tagtgccagc
gaagcacagc
ggtgatggag
ggagtccatg

cgtectgeac

45

Leu Thr Tyr Tyr Cys

60

Leu Glu Asn Gly Gly

80

Val Thr Pro Phe Leu

Ala Asp Cys

Lys Thr
15

Leu Ile Thr Lys Ala

30

Glu His Cys
45

Leu Thr Tyr

Leu Glu Asn

Leu Glu Asn

Val Thr Pro
110

gcteegtgge
gtggecccaa
gegggeagec
ccetgaacce
agcctectgt
gtgaactctyg
gtgcaggagce
aacctgetee
ttetgeccac
gcteecgace

cttecatcgea

Asn Phe

Tyr Cys

Gly Gly

80

Gly Gly
95

Phe Leu

ttttctggga
ggttgccage
cctecaggygy
cctgettggt
acctgaagga
gcatcagcag
agatgcagtt
agtgcctgge
tgggggacct
cceggacect

acaatttegt

60

120

180

240

300

360

420

480

540

600

660
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gcacagcgac ctggccctge ggaactgcect gctcacgget gacctgacgg tgaagattgg 720
tgactatggc ctggctcact gcaagtacag agaggactac ttcgtgactg ccgaccagct 780
gtgggtgcect ctgcgetgga tcgcgccaga getggtggac gaggtgcata gcaacctget 840
cgtegtggac cagaccaaga gcgggaatgt gtggtcectg ggegtgacca tctgggaget 900
ctttgagectg ggcacgcage cctatceccca gcactcecggac cagcaggtgce tggcgtacac 960

ggtccgggag cagcagctca agctgcccaa gccccagcetg cagctgacce tgtcggaccy 1020
ctggtacgag gtgatgcagt tctgctggct gcagcccgag cagcggccca cagccgagga 1080
ggtgcacctg ctgctgtect acctgtgtge caagggcgece accgaagcag aggaggagtt 1140
tgaacggcge tggcgctcte tgcggcccgg cgggggceggce gtggggeccg ggcccggtge 1200
ggcggggcecece atgctgggeg gegtggtgga gcetegecget gectegtect teccegetget 1260
ggagcagttc gcgggcgacg gcttccacge ggacggcgac gacgtgctga cggtgaccga 1320
gaccagccga ggcectcaatt ttgagtacaa gtgggaggceg ggccgeggcg cggaggectt 1380
cceggecacg ctgagccectg gecgeaccge acgcctgcag gagetgtgeg cccccgacgg 1440
cgegececeg ggegtggtte cggtgctcag cgegcacage cegtegetgg gcagecgagta 1500
cttcatcege ctagaggagg ccgcacccge cgecggcecac gaccctgact gcegecggetg 1560
cgccececagt ccacctgeca ccgeggacca ggacgacgac tctgacggeca gcaccgccge 1620
ctcgetggee atggagecge tgetgggcca cgggcecacce gtegacgtec cctggggecg 1680
cggcgaccac taccctcgca gaagcttgge gcgggacccg ctetgccect cacgetctece 1740
ctcgeecteg gcggggeccece tgagtctgge ggagggagga gcggaggatg cagactgggg 1800
cgtggeccgece ttetgtectg ccttettega ggacccactg ggcacgtece ctttggggag 1860
ctcaggggcg cccccgetge cgetgactgg cgaggatgag ctagaggagg tgggagcgeg 1920
gagggccgece cagcgceggge actggegete caacgtgtca gccaacaaca acagcggcag 1980
ccgctgteca gagtectggg accccegtcete tgegggetge cacgetgagg gctgcecccag 2040
tccaaagcag accccacggg cctecccccga geeggggtac cctggagage ctcetgettgg 2100
gctecaggeca gectetgece aggagcecagg ctgctgeccee ggectceecte atctatgete 2160
tgcccaggge ctggcacctyg ctcectgect ggttacacce tcectggacag agacagccag 2220
tagtgggggt gaccacccgce aggcagagcc caagcttgcc acggaggctg agggcactac 2280
cggacccecge ctgccectte cttecgteee ctecccatee caggagggag ccccacttece 2340
ctcggaggag gccagtgccce ccgacgcccece tgatgcectg cctgactctce ccacgectge 2400
tactggtggc gaggtgtctg ccatcaaget ggcttcetgec ctgaatggca gcagcagcetce 2460
tcccgaggtg gaggcaccca gcagtgagga tgaggacacg gctgaggcca cctcaggcat 2520
cttcaccgac acgtccagcg acggcctgca ggccaggagg ccggatgtgg tgccagectt 2580
ccgctetetg cagaagcagg tggggacccce cgactccctg gactccctgg acatccegte 2640
ctcagccagt gatggtggcet atgaggtctt cagccecgteg geccactggece cctectggagg 2700
gcagccgcega gegectggaca gtggctatga caccgagaac tatgagtceccce ctgagtttgt 2760
gctcaaggag gcgcaggaag ggtgtgagec ccaggecttt gcggagetgg cctcagaggyg 2820
tgagggccce gggcccgaga cacggctctce cacctceecte agtggcctca acgagaagaa 2880

tcectaccga gactctgect acttctcaga cctcgagget gaggccgagg ccacctcagg 2940
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cccagagaag aagtgcggcg gggaccgagce ccccgggcca gagctgggec tgccgagcac 3000
tgggcagccg tctgagcagg tctgtctcag gecctggggtt teccggggagg cacaaggctce 3060
tggcececeggg gaggtgcetge ccccactget gcagettgaa gggtcctcece cagageccag 3120
cacctgecce tecgggectgg tcccagagec tcceggagece caaggcccag ccaaggtgeg 3180
gecctgggeee ageccccaget getcecccagtt tttectgetg acceceggtte cgcectgagatce 3240
agaaggcaac agctctgagt tccaggggcec cccaggactg ttgtcaggge cggecccaca 3300
aaagcggatg gggggcccag gcacccccag agccccactce cgectggete tgcceggect 3360
ccectgeggece ttggagggcec ggccggagga ggaggaggag gdacagtgagg acagcgacga 3420
gtctgacgag gagctccgcet gctacagegt ccaggagcct agcgaggaca gcgaagagga 3480
ggcgccggeg gtgecccgtgg tggtggectga gagccagage gcgcgcaacc tgcgcagect 3540
gctcaagatg cccagectge tgtccgagac cttctgcgag gacctggaac gcaagaagaa 3600
ggccgtgtece ttcecttcgacg acgtcaccgt ctacctcecttt gaccaggaaa gccccacccg 3660
ggagcteggg gagccecttcee cgggcegecaa ggaatcgccece cctacgttece ttagggggag 3720
ccceggetet cccagegece ccaaccggec gcagcaggcet gatggctcece caaatggetce 3780
cacagcggaa gagggtggtg ggttcecgegtg ggacgacgac ttcccegetga tgacggccaa 3840
ggcagcctte gccatggcce tagaccegge cgcacccgec ccggetgege ccacgcccac 3900
gcecegeteee ttetegeget tcacggtgte gceccgegecce acgteccecget tcetcecatcac 3960
gcacgtgtct gactcggacg ccgagtccaa gagaggacct gaagctggtg ccgggggtga 4020
gagtaaagag gcttgagacc tgggcagctc ctgcccctca aggctggegt caccggagec 4080
cctgccagge agcagcgagg atggtgaccg agaaggtggg gaccacgtec tggtggctgt 4140
tggcagcaga ttcaggtgcc tctgccccac gcggtgtect ggagaagccce gtgggatgag 4200
aggccctgga tggtagatcg gccatgctce geccccagagg cagaattcgt ctgggetttt 4260
aggcttgectg ctagecccctg ggggcecgectg gagccacagt gggtgtectgt acacacatac 4320
acactcaaaa ggggccagtyg cccctgggca cggcggecce caccctetge cctgectgece 4380
tggcctegga ggacccgcat gecccatceccg gcagetecte cggtgtgete acaggacact 4440
taaaccagga cgaggcatgg ccccgagaca ctggcaggtt tgtgagectce ttcccacccce 4500
ctgtgcccee acccttgect ggttcecetggt ggctcaggge aaggagtgge cctgggcgec 4560
cgtgteggte ctgtttceccge tgcccttate tcaaagtcecg tggctgttte cccttcactg 4620
actcagctag acccgtaagc ccacccttec cacagggaac aggctgctec cacctgggte 4680
ccgetgtgge cacggtggge agcccaaaag atcaggggtg gaggggcettc caggctgtac 4740
tcetgecceg tgggecccegt tetagaggtg cceccttggcag gaccgtgcag gcagctceccce 4800
tctgtgggge agtatctggt cctgtgccce agetgccaaa ggagagtggg ggccatgecce 4860
cgcagtcagt gttggggggc tcecctgcctac agggagaggg atggtgggga aggggtggag 4920
ctgggggcag ggcagcacag ggaatatttt tgtaactaac taactgctgt ggttggageg 4980
aatggaagtt gggtgatttt aagttattgt tgccaaagag atgtaaagtt tattgttget 5040
tcgcaggggg atttgttttyg tgttttgttt gaggcttaga acgctggtge aatgttttcet 5100

tgttcecttgt tttttaagag aaatgaagct aagaaaaaag 5140

<210> SEQ ID NO 15
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<211> LENGTH: 5140
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (413)..(4036)
<400> SEQUENCE: 15
ctccagacct acccagaaag atgcccggat ggatcctgca getcegtgge ttttetggga 60
agcagcggcce cctgctctca agagaccctg gctectgatg gtggccccaa ggttgecage 120
tggtgctagg gactcaggac agtttcccag aaaaggccaa gcgggcagec cctccagggg 180
ccgggtgagg aagctggggg gtgcggaggce cacactgggt ccctgaaccce cctgettggt 240
tacagtgcag ctcctcaagt ccacagacgt gggccggcac agcctcctgt acctgaagga 300
aatcggccgt ggctggttcg ggaaggtgtt cctgggggag gtgaactctg gcatcagcag 360
tgcccaggtg gtggtgaagg agctgcaggce tagtgccagc gtgcaggagce ag atg cag 418
Met Gln
1
ttc ctg gag gag gtg cag ccc tac agg gcoc ctg aag cac agc aac ctg 466
Phe Leu Glu Glu Val Gln Pro Tyr Arg Ala Leu Lys His Ser Asn Leu
5 10 15
ctc cag tgc ctg gec cag tge gec gag gtg acg cce tac ctg ctg gtg 514
Leu Gln Cys Leu Ala Gln Cys Ala Glu Val Thr Pro Tyr Leu Leu Val
20 25 30
atg gag ttc tgc cca ctg ggg gac ctc aag ggc tac ctg cgg agc tgc 562
Met Glu Phe Cys Pro Leu Gly Asp Leu Lys Gly Tyr Leu Arg Ser Cys
35 40 45 50
cgg gtg gcg gag tcc atg gct ccc gac ccc cgg acc ctg cag cgc atg 610
Arg Val Ala Glu Ser Met Ala Pro Asp Pro Arg Thr Leu Gln Arg Met
55 60 65
gce tgt gag gtg gecc tgt gge gtc ctg cac ctt cat cgc aac aat ttc 658
Ala Cys Glu Val Ala Cys Gly Val Leu His Leu His Arg Asn Asn Phe
70 75 80
gtg cac agc gac ctg gcc ctg cgg aac tgc ctg cte acg gct gac ctg 706
Val His Ser Asp Leu Ala Leu Arg Asn Cys Leu Leu Thr Ala Asp Leu
85 90 95
acg gtg aag att ggt gac tat ggc ctg gct cac tge aag tac aga gag 754
Thr Val Lys Ile Gly Asp Tyr Gly Leu Ala His Cys Lys Tyr Arg Glu
100 105 110
gac tac ttc gtg act gcc gac cag ctg tgg gtg cct ctg cgc tgg atc 802
Asp Tyr Phe Val Thr Ala Asp Gln Leu Trp Val Pro Leu Arg Trp Ile
115 120 125 130
gcg cca gag ctg gtg gac gag gtg cat agc aac ctg ctc gtc gtg gac 850
Ala Pro Glu Leu Val Asp Glu Val His Ser Asn Leu Leu Val Val Asp
135 140 145
cag acc aag agc ggg aat gtg tgg tcc ctg ggc gtg acc atc tgg gag 898
Gln Thr Lys Ser Gly Asn Val Trp Ser Leu Gly Val Thr Ile Trp Glu
150 155 160
ctc ttt gag ctg ggc acg cag ccc tat ccc cag cac tcg gac cag cag 946
Leu Phe Glu Leu Gly Thr Gln Pro Tyr Pro Gln His Ser Asp Gln Gln
165 170 175
gtg ctg gcg tac acg gtc cgg gag cag cag ctc aag ctg ccc aag ccc 994
Val Leu Ala Tyr Thr Val Arg Glu Gln Gln Leu Lys Leu Pro Lys Pro
180 185 190
cag ctg cag ctg acc ctg tcg gac cgc tgg tac gag gtg atg cag ttce 1042
Gln Leu Gln Leu Thr Leu Ser Asp Arg Trp Tyr Glu Val Met Gln Phe
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195

tge tgg ctg cag
Cys Trp Leu Gln

ctg ctg tcce tac
Leu Leu Ser Tyr
230

ttt gaa cgg cgc
Phe Glu Arg Arg
245

cce ggg cce ggt
Pro Gly Pro Gly
260

gce gct gee teg
Ala Ala Ala Ser
275

ttec cac geg gac
Phe His Ala Asp

ggce ctc aat ttt
Gly Leu Asn Phe
310

ttc cecg gee acg
Phe Pro Ala Thr
325

tgc gee cece gac
Cys Ala Pro Asp
340

cac age ceg teg
His Ser Pro Ser
355

gca ccc gcc gec
Ala Pro Ala Ala

cca cct gee acc
Pro Pro Ala Thr
390

gce teg ctg gec
Ala Ser Leu Ala
405

gtc cce tgg ggc
Val Pro Trp Gly
420

gac ccg ctc tgc
Asp Pro Leu Cys
435

agt ctg gcg gag
Ser Leu Ala Glu

ttc tgt cct gec
Phe Cys Pro Ala
470

age tca ggg geg
Ser Ser Gly Ala
485

gag gtg gga gcg
Glu Val Gly Ala

cce
Pro
215

ctyg
Leu

tgg
Trp

geg
Ala

tce
Ser

gge
Gly
295

gag
Glu

ctg
Leu

gge
Gly

ctg
Leu

gge
Gly
375

geg
Ala

atg
Met

cge
Arg

cce
Pro

gga
Gly
455

ttc

Phe

cce
Pro

€99
Arg

200

gag
Glu

tgt
Cys

cge
Arg

gcg
Ala

tte
Phe
280

gac
Asp

tac
Tyr

agc
Ser

gcg
Ala

gge
Gly
360

cac
His

gac
Asp

gag
Glu

gge
Gly

tca
Ser
440

gga
Gly

tte
Phe

cecg
Pro

agg
Arg

cag
Gln

gce
Ala

tct
Ser

999
Gly
265

ceg
Pro

gac
Asp

aag
Lys

cet
Pro

cece
Pro
345

agc
Ser

gac
Asp

cag
Gln

ceg
Pro

gac
Asp
425

cge

Arg

gcg
Ala

gag
Glu

ctg
Leu

gee
Ala

<gg
Arg

aag
Lys

ctg
Leu
250

cce
Pro

ctg
Leu

gtg
Val

tgg
Trp

gge
Gly
330

ccg
Pro

gag
Glu

cct
Pro

gac
Asp

ctg
Leu
410

cac
His

tct
Ser

gag
Glu

gac
Asp

ceg
Pro
490

gce
Ala

ccce
Pro

gge
Gly
235

cgg
Arg

atg
Met

ctg
Leu

ctg
Leu

gag
Glu
315

cge
Arg

ggc
Gly

tac
Tyr

gac
Asp

gac
Asp
395

ctg
Leu

tac

Tyr

cce
Pro

gat
Asp

cca
Pro
475

ctyg

Leu

cag
Gln

aca
Thr
220

gece
Ala

cce
Pro

ctg
Leu

gag
Glu

acg
Thr
300

gcg
Ala

acc
Thr

gtg
Val

tte
Phe

tgc
Cys
380

gac
Asp

gge
Gly

cct
Pro

tcg
Ser

gca
Ala
460

ctyg
Leu

act
Thr

cge
Arg

205

gce
Ala

acc
Thr

gge
Gly

gge
Gly

cag
Gln
285

gtg
val

gge
Gly

gca
Ala

gtt
Val

atce
Ile
365

gcc
Ala

tect
Ser

cac
His

cge
Arg

cece
Pro
445

gac

Asp

gge
Gly

gge
Gly

999
Gly

gag
Glu

gaa
Glu

999
Gly

gge
Gly
270

tte
Phe

acc
Thr

cge
Arg

cge
Arg

ceg
Pro
350

cge
Arg

gge
Gly

gac
Asp

999
Gly

aga
Arg
430

teg

Ser

tgg
Trp

acg
Thr

gag
Glu

cac
His

gag
Glu

gca
Ala

gge
Gly
255

gtg
Val

geg
Ala

gag
Glu

gge
Gly

ctg
Leu
335

gtg
Val

cta
Leu

tgc
Cys

gge
Gly

cca
Pro
415

agc
Ser

geg
Ala

gge
Gly

tece
Ser

gat
Asp
495

tgg
Trp

gtg
Val

gag
Glu
240

gge
Gly

gtg
Val

gge
Gly

acc
Thr

gcg
Ala
320

cag
Gln

cte
Leu

gag
Glu

gcc
Ala

agc
Ser
400

cce
Pro

ttyg
Leu

999
Gly

gtg
Val

cct
Pro
480

gag
Glu

cge
Arg

cac
His
225

gag
Glu

gtg
Val

gag
Glu

gac
Asp

agc
Ser
305

gag
Glu

gag
Glu

agc
Ser

gag
Glu

cce
Pro
385

acc
Thr

gte
Val

gcg
Ala

cce
Pro

gece
Ala
465

ttg

Leu

cta
Leu

tce
Ser

210

ctg
Leu

gag
Glu

999
Gly

cte
Leu

gge
Gly
290

cga
Arg

gce
Ala

ctg
Leu

gcg
Ala

gece
Ala
370

agt
Ser

gce
Ala

gac
Asp

cgg
Arg

ctg
Leu
450

gce

Ala

999
Gly

gag
Glu

aac
Asn

1090

1138

1186

1234

1282

1330

1378

1426

1474

1522

1570

1618

1666

1714

1762

1810

1858

1906

1954
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gtg
Val
515

cece
Pro

ace
Thr

999
Gly

cct
Pro

aca
Thr
595

gca
Ala

ctg
Leu

cce
Pro

tct
Ser

tct
Ser
675

agt
Ser

acyg
Thr

tte
Phe

ctg
Leu

cecg
Pro
755

gge
Gly

geg
Ala

ggt
Gly

500

tca
Ser

gte
Val

cca
Pro

cte
Leu

cat
His
580

cce
Pro

gag
Glu

cce
Pro

tcg
Ser

cce
Pro
660

gece
Ala

gag
Glu

tce
Ser

cge
Arg

gac
Asp
740

tcg
Ser

tat
Tyr

cag
Gln

gag
Glu

gce
Ala

tct
Ser

<¢gg
Arg

cag
Gln
565

cta
Leu

tce
Ser

cce
Pro

ctt
Leu

gag
Glu
645

acy
Thr

ctyg
Leu

gat
Asp

agce
Ser

tct
Ser
725

atc

Ile

gce
Ala

gac
Asp

gaa
Glu

gge
Gly

aac
Asn

gcg
Ala

gce
Ala
550

gca
Ala

tge
Cys

tgg
Trp

aag
Lys

cct
Pro
630

gag
Glu

cct
Pro

aat
Asn

gag
Glu

gac
Asp
710

ctg
Leu

ccg
Pro

act
Thr

acc
Thr

g99
Gly
790

cce
Pro

aac
Asn

gge
Gly
535

tecc
Ser

gce
Ala

tct
Ser

aca
Thr

ctt
Leu
615

tece
Ser

gce
Ala

get
Ala

gge
Gly

gac
Asp
695

gge
Gly

cag
Gln

tce
Ser

gge
Gly

gag
Glu
775

tgt
Cys

999
Gly

aac
Asn
520

tgc
Cys

cce
Pro

tct
Ser

gce
Ala

gag
Glu
600

gece
Ala

gte
Val

agt
Ser

act
Thr

agc
Ser
680

acg
Thr

ctg
Leu

aag
Lys

tca
Ser

cce
Pro
760

aac

Asn

gag
Glu

cce
Pro

505

age
Ser

cac
His

gag
Glu

gee
Ala

cag
Gln
585

aca
Thr

acg
Thr

cee
Pro

gee
Ala

ggt
Gly
665

agc
Ser

gct
Ala

cag
Gln

cag
Gln

gee
Ala
745

tect

Ser

tat
Tyr

cee
Pro

gag
Glu

gge
Gly

get
Ala

ceg
Pro

cag
Gln
570

gge
Gly

gcc
Ala

gag
Glu

tce
Ser

cce
Pro
650

gge
Gly

agc
Ser

gag
Glu

gce
Ala

gtg
Val
730

agt

Ser

gga
Gly

gag
Glu

cag
Gln

aca
Thr

agc
Ser

gag
Glu

999
Gly
555

gag
Glu

ctg
Leu

agt
Ser

get
Ala

cca
Pro
635

gac
Asp

gag
Glu

tct
Ser

gce
Ala

agg
Arg
715

g99
Gly

gat
Asp

999
Gly

tce
Ser

gce
Ala
795

cgg

cgc
Arg

gge
Gly
540

tac
Tyr

cca
Pro

gca
Ala

agt
Ser

gag
Glu
620

tce
Ser

gce
Ala

gtg
Val

cce
Pro

acc
Thr
700

agg
Arg

acc
Thr

ggt
Gly

cag
Gln

cct
Pro
780

ttt
Phe

cte
Leu

tgt
Cys
525

tgc
Cys

cct
Pro

gge
Gly

cct
Pro

999
Gly
605

gge
Gly

cag
Gln

cct
Pro

tct
Ser

gag
Glu
685

tca
Ser

ccg
Pro

cece
Pro

gge
Gly

cecg
Pro
765

gag
Glu

geg
Ala

tce
Ser

510

cca
Pro

cece
Pro

gga
Gly

tge
Cys

get
Ala
590

ggt
Gly

act
Thr

gag
Glu

gat
Asp

gee
Ala
670

gtg
Val

gge
Gly

gat
Asp

gac
Asp

tat
Tyr
750

cga

Arg

ttt
Phe

gag
Glu

acc
Thr

gag
Glu

agt
Ser

gag
Glu

tge
Cys
575

cece
Pro

gac
Asp

acc
Thr

gga
Gly

gee
Ala
655

atc
Ile

gag
Glu

atc
Ile

gtg
Val

tce
Ser
735

gag
Glu

gcg
Ala

gtg
Val

ctg
Leu

tce
Ser

tce
Ser

cca
Pro

cct
Pro
560

cce
Pro

tge
Cys

cac
His

gga
Gly

gce
Ala
640

ctg
Leu

aag
Lys

gca
Ala

ttc
Phe

gtg
Val
720

ctg
Leu

gte
Val

ctg
Leu

cte
Leu

gce
Ala
800

cte
Leu

tgg
Trp

aag
Lys
545

ctg
Leu

gge
Gly

ctg
Leu

ccg
Pro

cce
Pro
625

cca
Pro

cct
Pro

ctg
Leu

cce
Pro

acc
Thr
705

cca
Pro

gac
Asp

tte
Phe

gac
Asp

aag
Lys
785

tca

Ser

agt
Ser

gac
Asp
530

cag
Gln

ctt
Leu

cte
Leu

gtt
Val

cag
Gln
610

Arg

ctt
Leu

gac
Asp

gct
Ala

agc
Ser
690

gac
Asp

gce
Ala

tce
Ser

agc
Ser

agt
Ser
770

gag
Glu

gag
Glu

gge
Gly

2002

2050

2098

2146

2194

2242

2290

2338

2386

2434

2482

2530

2578

2626

2674

2722

2770

2818

2866
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805 810 815

ctc aac gag aag aat ccc tac cga gac tct gecc tac tte tca gac ctce 2914
Leu Asn Glu Lys Asn Pro Tyr Arg Asp Ser Ala Tyr Phe Ser Asp Leu
820 825 830

gag gct gag gcc gag gcc acce tca ggc cca gag aag aag tgc ggc ggg 2962
Glu Ala Glu Ala Glu Ala Thr Ser Gly Pro Glu Lys Lys Cys Gly Gly
835 840 845 850

gac cga gcc ccc ggg cca gag ctg ggc ctg cecg age act ggg cag ccg 3010
Asp Arg Ala Pro Gly Pro Glu Leu Gly Leu Pro Ser Thr Gly Gln Pro
855 860 865

tct gag cag gtc tgt ctc agg cct ggg gtt tee ggg gag gca caa ggc 3058
Ser Glu Gln Val Cys Leu Arg Pro Gly Val Ser Gly Glu Ala Gln Gly
870 875 880

tct gge ccc ggg gag gtg ctg ccec cca ctg ctg cag ctt gaa ggg tcce 3106
Ser Gly Pro Gly Glu Val Leu Pro Pro Leu Leu Gln Leu Glu Gly Ser
885 890 895

tce cca gag ccc age acc tge ccc teg ggce ctg gtc cca gag cct ccg 3154
Ser Pro Glu Pro Ser Thr Cys Pro Ser Gly Leu Val Pro Glu Pro Pro
900 905 910

gag ccc caa ggc cca gecc aag gtg cgg cct ggg ccc age ccc agce tgce 3202
Glu Pro Gln Gly Pro Ala Lys Val Arg Pro Gly Pro Ser Pro Ser Cys
915 920 925 930

tce cag ttt tte ctg ctg acc cecg gtt ceg ctg aga tca gaa ggc aac 3250
Ser Gln Phe Phe Leu Leu Thr Pro Val Pro Leu Arg Ser Glu Gly Asn
935 940 945

agc tct gag ttc cag ggg ccc cca gga ctg ttg tca ggg ccg gce cca 3298
Ser Ser Glu Phe Gln Gly Pro Pro Gly Leu Leu Ser Gly Pro Ala Pro
950 955 960

caa aag cgg atg ggg ggc cca ggc acc ccc aga gcc cca cte cge ctg 3346
Gln Lys Arg Met Gly Gly Pro Gly Thr Pro Arg Ala Pro Leu Arg Leu
965 970 975

gct ctg cce gge ctce cct geg gee ttg gag gge cgg ccg gag gag gag 3394
Ala Leu Pro Gly Leu Pro Ala Ala Leu Glu Gly Arg Pro Glu Glu Glu
980 985 990

gag gag gac agt gag gac agc gac gag tct gac gag gag ctc cgce 3439
Glu Glu Asp Ser Glu Asp Ser Asp Glu Ser Asp Glu Glu Leu Arg
995 1000 1005

tge tac age gtc cag gag cct age gag gac age gdaa dag gag gcg 3484
Cys Tyr Ser Val Gln Glu Pro Ser Glu Asp Ser Glu Glu Glu Ala
1010 1015 1020

ccg geg gtg cee gtg gtg gtg get gag age cag agc gcg cgc aac 3529
Pro Ala Val Pro Val Val Val Ala Glu Ser Gln Ser Ala Arg Asn
1025 1030 1035

ctg c¢gc age ctg ctec aag atg ccc agce ctg ctg tce gag acc tte 3574
Leu Arg Ser Leu Leu Lys Met Pro Ser Leu Leu Ser Glu Thr Phe
1040 1045 1050

tgc gag gac ctg gaa cgc aag aag aag gcc gtg tece tte tte gac 3619
Cys Glu Asp Leu Glu Arg Lys Lys Lys Ala Val Ser Phe Phe Asp
1055 1060 1065

gac gtc acc gtc tac ctc ttt gac cag gaa agc ccc acce ¢gg gag 3664
Asp Val Thr Val Tyr Leu Phe Asp Gln Glu Ser Pro Thr Arg Glu
1070 1075 1080

cte ggg gag ccc tte ccg gge gec aag gaa teg ccce cct acg tte 3709
Leu Gly Glu Pro Phe Pro Gly Ala Lys Glu Ser Pro Pro Thr Phe
1085 1090 1095

ctt agg ggg agc ccc ggce tet ccc age gec cce aac c¢gg ccg cag 3754
Leu Arg Gly Ser Pro Gly Ser Pro Ser Ala Pro Asn Arg Pro Gln
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1100

cag gct gat ggc tcc
Gln Ala Asp Gly Ser

1115

gg9g ttc geg tgg gac
Gly Phe Ala Trp Asp

1130

gece tte gee atg gec
Ala Phe Ala Met Ala

1145

cce  acg cce acg ccc
Pro Thr Pro Thr Pro

1160

geg ccc acg tee cge
Ala Pro Thr Ser Arg

1175

gcc gag tcc aag aga
Ala Glu Ser Lys Arg

1190

1105
cca aat ggc
1120
gac gac ttc
Asp Asp Phe
1135
cta gac ccg
Leu Asp Pro
1150
gct ccc tte
Ala Pro Phe
1165
ttc tcc atc
Phe Ser Ile
1180
gga cct gaa

1195

1110

tcec aca gecg gaa gag
Pro Asn Gly Ser Thr Ala Glu Glu
1125

ccg ctg atg acg gcc
Pro Leu Met Thr Ala
1140

gee gca cece  gee ccg
Ala Ala Pro Ala Pro
1155

teg cge tte  acg gtg
Ser Arg Phe Thr Val
1170

acg cac gtg tct gac
Thr His Val Ser Asp
1185

get ggt gec  ggg ggt
Gly Pro Glu Ala Gly Ala Gly Gly
1200

ggt ggt
Gly Gly

aag gca
Lys Ala

gct geg
Ala Ala

teg ccc
Ser Pro

teg gac
Ser Asp

gag agt
Glu Ser

aaa gag gct tga gacctgggca gctectgcce ctcaaggetg gegtcaccegy
Lys Glu Ala

1205

agcceetgec
ctgttggcag
tgagaggccc
ttttaggett
atacacactc
tgcctggect
cacttaaacc
ceecectgtyge
cgecegtgte
actgactcag
ggteccgety
gtactcctge
ccectetgty
gceecegeagt
ggagctgggy
agcgaatgga
tgcttegeag

ttettgttec

aggcagcage
cagattcagg
tggatggtag
gctgetagee
aaaaggggcc
cggaggaccc
aggacgagge
ccccacccett
ggtectgttt
ctagaccegt
tggeccacggt
cecegtgggec
gggcagtate
cagtgttggg
gcagggeage
agttgggtga
ggggatttgt

ttgtttttta

<210> SEQ ID NO 16
<211> LENGTH: 1207

<212> TYPE:

PRT

gaggatggtg
tgectetgee
atcggcecatyg
cctgggggcey
agtgcceety
gcatgeccca
atggccecga
gcctggttec
cecgetgecct
aagcccacece
gggcagecca
cecgttcetaga
tggtectgty
gggctectge
acagggaata
ttttaagtta
tttgtgtttt

agagaaatga

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

accgagaagg
ccacgeggty
cteegeccea
cctggageca
ggcacggegg
tceggeaget
gacactggca
tggtggctca
tatctcaaag
tteeccacagg
aaagatcagg
ggtgeecttyg
ccecagetge
ctacagggag
tttttgtaac
ttgttgccaa
gtttgagget

agctaagaaa

tggggaccac
tcectggagaa
gaggcagaat
cagtgggtgt
cceccaccect
ccteeggtgt
ggtttgtgag
gggcaaggag
tcegtggetyg
gaacaggctyg
ggtggagggy
gcaggaccgt
caaaggagag
agggatggtyg
taactaactg
agagatgtaa
tagaacgctg

aaag

gtectggtyy
gceegtggga
tegtetggge
ctgtacacac
ctgcectgec
gctcacagga
cctectteeca
tggecetggy
tttecectte
cteccacctyg
cttccagget
gcaggcagcet
tgggggecat
gggaaggggt
ctgtggttygy
agtttattgt

gtgcaatgtt

Met Gln Phe Leu Glu Glu Val Gln Pro Tyr Arg Ala Leu Lys His Ser

1

5

10

15

3799

3844

3889

3934

3979

4024

4076

4136

4196

4256

4316

4376

4436

4496

4556

4616

4676

4736

4796

4856

4916

4976

5036

5096

5140



US 2009/0304653 Al Dec. 10, 2009
64

-continued

Asn Leu Leu Gln Cys Leu Ala Gln Cys Ala Glu Val Thr Pro Tyr Leu
Leu Val Met Glu Phe Cys Pro Leu Gly Asp Leu Lys Gly Tyr Leu Arg
35 40 45

Ser Cys Arg Val Ala Glu Ser Met Ala Pro Asp Pro Arg Thr Leu Gln
50 55 60

Arg Met Ala Cys Glu Val Ala Cys Gly Val Leu His Leu His Arg Asn
65 70 75 80

Asn Phe Val His Ser Asp Leu Ala Leu Arg Asn Cys Leu Leu Thr Ala
85 90 95

Asp Leu Thr Val Lys Ile Gly Asp Tyr Gly Leu Ala His Cys Lys Tyr
100 105 110

Arg Glu Asp Tyr Phe Val Thr Ala Asp Gln Leu Trp Val Pro Leu Arg
115 120 125

Trp Ile Ala Pro Glu Leu Val Asp Glu Val His Ser Asn Leu Leu Val
130 135 140

Val Asp Gln Thr Lys Ser Gly Asn Val Trp Ser Leu Gly Val Thr Ile
145 150 155 160

Trp Glu Leu Phe Glu Leu Gly Thr Gln Pro Tyr Pro Gln His Ser Asp
165 170 175

Gln Gln Val Leu Ala Tyr Thr Val Arg Glu Gln Gln Leu Lys Leu Pro
180 185 190

Lys Pro Gln Leu Gln Leu Thr Leu Ser Asp Arg Trp Tyr Glu Val Met
195 200 205

Gln Phe Cys Trp Leu Gln Pro Glu Gln Arg Pro Thr Ala Glu Glu Val
210 215 220

His Leu Leu Leu Ser Tyr Leu Cys Ala Lys Gly Ala Thr Glu Ala Glu
225 230 235 240

Glu Glu Phe Glu Arg Arg Trp Arg Ser Leu Arg Pro Gly Gly Gly Gly
245 250 255

Val Gly Pro Gly Pro Gly Ala Ala Gly Pro Met Leu Gly Gly Val Val
260 265 270

Glu Leu Ala Ala Ala Ser Ser Phe Pro Leu Leu Glu Gln Phe Ala Gly
275 280 285

Asp Gly Phe His Ala Asp Gly Asp Asp Val Leu Thr Val Thr Glu Thr
290 295 300

Ser Arg Gly Leu Asn Phe Glu Tyr Lys Trp Glu Ala Gly Arg Gly Ala
305 310 315 320

Glu Ala Phe Pro Ala Thr Leu Ser Pro Gly Arg Thr Ala Arg Leu Gln
325 330 335

Glu Leu Cys Ala Pro Asp Gly Ala Pro Pro Gly Val Val Pro Val Leu
340 345 350

Ser Ala His Ser Pro Ser Leu Gly Ser Glu Tyr Phe Ile Arg Leu Glu
355 360 365

Glu Ala Ala Pro Ala Ala Gly His Asp Pro Asp Cys Ala Gly Cys Ala
370 375 380

Pro Ser Pro Pro Ala Thr Ala Asp Gln Asp Asp Asp Ser Asp Gly Ser
385 390 395 400

Thr Ala Ala Ser Leu Ala Met Glu Pro Leu Leu Gly His Gly Pro Pro
405 410 415
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Val

Ala

Pro

Ala

465

Leu

Leu

Ser

Trp

Lys

545

Leu

Gly

Leu

Pro

Pro

625

Pro

Pro

Leu

Pro

Thr

705

Pro

Asp

Phe

Asp

Lys

785

Ser

Ser

Asp

Arg

Leu

450

Ala

Gly

Glu

Asn

Asp

530

Gln

Leu

Leu

Val

Gln

610

Arg

Leu

Asp

Ala

Ser

690

Asp

Ala

Ser

Ser

Ser

770

Glu

Glu

Gly

Val

Asp

435

Ser

Phe

Ser

Glu

Val

515

Pro

Thr

Gly

Pro

Thr

595

Ala

Leu

Pro

Ser

Ser

675

Ser

Thr

Phe

Leu

Pro

755

Gly

Ala

Gly

Leu

Pro

420

Pro

Leu

Cys

Ser

Val

500

Ser

Val

Pro

Leu

His

580

Pro

Glu

Pro

Ser

Pro

660

Ala

Glu

Ser

Arg

Asp

740

Ser

Tyr

Gln

Glu

Asn

Trp

Leu

Ala

Pro

Gly

485

Gly

Ala

Ser

Arg

Gln

565

Leu

Ser

Pro

Leu

Glu

645

Thr

Leu

Asp

Ser

Ser

725

Ile

Ala

Asp

Glu

Gly

805

Glu

Gly

Cys

Glu

Ala

470

Ala

Ala

Asn

Ala

Ala

550

Ala

Cys

Trp

Lys

Pro

630

Glu

Pro

Asn

Glu

Asp

710

Leu

Pro

Thr

Thr

Gly

790

Pro

Lys

Arg

Pro

Gly

455

Phe

Pro

Arg

Asn

Gly

535

Ser

Ala

Ser

Thr

Leu

615

Ser

Ala

Ala

Gly

Asp

695

Gly

Gln

Ser

Gly

Glu

775

Cys

Gly

Asn

Gly

Ser

440

Gly

Phe

Pro

Arg

Asn

520

Cys

Pro

Ser

Ala

Glu

600

Ala

Val

Ser

Thr

Ser

680

Thr

Leu

Lys

Ser

Pro

760

Asn

Glu

Pro

Pro

Asp

425

Arg

Ala

Glu

Leu

Ala

505

Ser

His

Glu

Ala

Gln

585

Thr

Thr

Pro

Ala

Gly

665

Ser

Ala

Gln

Gln

Ala

745

Ser

Tyr

Pro

Glu

Tyr

His

Ser

Glu

Asp

Pro

490

Ala

Gly

Ala

Pro

Gln

570

Gly

Ala

Glu

Ser

Pro

650

Gly

Ser

Glu

Ala

Val

730

Ser

Gly

Glu

Gln

Thr

810

Arg

Tyr

Pro

Asp

Pro

475

Leu

Gln

Ser

Glu

Gly

555

Glu

Leu

Ser

Ala

Pro

635

Asp

Glu

Ser

Ala

Arg

715

Gly

Asp

Gly

Ser

Ala

795

Arg

Asp

Pro

Ser

Ala

460

Leu

Thr

Arg

Arg

Gly

540

Tyr

Pro

Ala

Ser

Glu

620

Ser

Ala

Val

Pro

Thr

700

Arg

Thr

Gly

Gln

Pro

780

Phe

Leu

Ser

Arg

Pro

445

Asp

Gly

Gly

Gly

Cys

525

Cys

Pro

Gly

Pro

Gly

605

Gly

Gln

Pro

Ser

Glu

685

Ser

Pro

Pro

Gly

Pro

765

Glu

Ala

Ser

Ala

Arg

430

Ser

Trp

Thr

Glu

His

510

Pro

Pro

Gly

Cys

Ala

590

Gly

Thr

Glu

Asp

Ala

670

Val

Gly

Asp

Asp

Tyr

750

Arg

Phe

Glu

Thr

Tyr

Ser

Ala

Gly

Ser

Asp

495

Trp

Glu

Ser

Glu

Cys

575

Pro

Asp

Thr

Gly

Ala

655

Ile

Glu

Ile

Val

Ser

735

Glu

Ala

Val

Leu

Ser

815

Phe

Leu

Gly

Val

Pro

480

Glu

Arg

Ser

Pro

Pro

560

Pro

Cys

His

Gly

Ala

640

Leu

Lys

Ala

Phe

Val

720

Leu

Val

Leu

Leu

Ala

800

Leu

Ser
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820 825 830
Asp Leu Glu Ala Glu Ala Glu Ala Thr Ser Gly Pro Glu Lys Lys Cys
835 840 845
Gly Gly Asp Arg Ala Pro Gly Pro Glu Leu Gly Leu Pro Ser Thr Gly
850 855 860
Gln Pro Ser Glu Gln Val Cys Leu Arg Pro Gly Val Ser Gly Glu Ala
865 870 875 880
Gln Gly Ser Gly Pro Gly Glu Val Leu Pro Pro Leu Leu Gln Leu Glu
885 890 895
Gly Ser Ser Pro Glu Pro Ser Thr Cys Pro Ser Gly Leu Val Pro Glu
900 905 910
Pro Pro Glu Pro Gln Gly Pro Ala Lys Val Arg Pro Gly Pro Ser Pro
915 920 925
Ser Cys Ser Gln Phe Phe Leu Leu Thr Pro Val Pro Leu Arg Ser Glu
930 935 940
Gly Asn Ser Ser Glu Phe Gln Gly Pro Pro Gly Leu Leu Ser Gly Pro
945 950 955 960
Ala Pro Gln Lys Arg Met Gly Gly Pro Gly Thr Pro Arg Ala Pro Leu
965 970 975
Arg Leu Ala Leu Pro Gly Leu Pro Ala Ala Leu Glu Gly Arg Pro Glu
980 985 990
Glu Glu Glu Glu Asp Ser Glu Asp Ser Asp Glu Ser Asp Glu Glu Leu
995 1000 1005
Arg Cys Tyr Ser Val Gln Glu Pro Ser Glu Asp Ser Glu Glu Glu
1010 1015 1020
Ala Pro Ala Val Pro Val Val Val Ala Glu Ser Gln Ser Ala Arg
1025 1030 1035
Asn Leu Arg Ser Leu Leu Lys Met Pro Ser Leu Leu Ser Glu Thr
1040 1045 1050
Phe Cys Glu Asp Leu Glu Arg Lys Lys Lys Ala Val Ser Phe Phe
1055 1060 1065
Asp Asp Val Thr Val Tyr Leu Phe Asp Gln Glu Ser Pro Thr Arg
1070 1075 1080
Glu Leu Gly Glu Pro Phe Pro Gly Ala Lys Glu Ser Pro Pro Thr
1085 1090 1095
Phe Leu Arg Gly Ser Pro Gly Ser Pro Ser Ala Pro Asn Arg Pro
1100 1105 1110
Gln Gln Ala Asp Gly Ser Pro Asn Gly Ser Thr Ala Glu Glu Gly
1115 1120 1125
Gly Gly Phe Ala Trp Asp Asp Asp Phe Pro Leu Met Thr Ala Lys
1130 1135 1140
Ala Ala Phe Ala Met Ala Leu Asp Pro Ala Ala Pro Ala Pro Ala
1145 1150 1155
Ala Pro Thr Pro Thr Pro Ala Pro Phe Ser Arg Phe Thr Val Ser
1160 1165 1170
Pro Ala Pro Thr Ser Arg Phe Ser Ile Thr His Val Ser Asp Ser
1175 1180 1185
Asp Ala Glu Ser Lys Arg Gly Pro Glu Ala Gly Ala Gly Gly Glu
1190 1195 1200
Ser Lys Glu Ala

1205
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<210> SEQ ID NO 17
<211> LENGTH: 1803
<212> TYPE: DNA
<213> ORGANISM: Pan troglodytes
<400> SEQUENCE: 17
gctecctgee tggttacace ctectggaca gagacagcceg gtagtggggg tgaccacccey 60
caggcagagc ccaagcttgce cacggaggct gagggcactg ccggaccctg tctgeccctt 120
cctteegtece cctccccate ccaggaggga gccccactte cctcggagga ggccagtgec 180
cctgacgcce ctgatgcect gectgactcet cccatgectg ctactggtgg cgaggtgtcet 240
gccatcaage tggettcectgt cctgaatgge agcagcagct ctcccgaggt ggaggcaccce 300
agcagcgagg atgaggacac ggctgaggcc acctcaggca tcttcaccga cacgtccagce 360
gacggcctge aggccgagag gctggatgtg gtgccagect tccgetctct gcagaagcag 420
gtggggacce ccgactccct ggactcecctg gacatcccat cctcagecag tgatggtgge 480
tatgaggtct tcagccegte ggecactgge ccctetggag ggcagccceg agegetggac 540
agtggctatg acaccgagaa ctatgagtcc cctgagtttg tgctcaagga ggcgcaggaa 600
gggtgtgage cccaggectt tgaggagetg gectcagagg gtgagggecc cggecccggyg 660
cccgagacgce ggctctcecac ctcectcagt ggectcaacg agaagaatcce ctaccgagac 720
tctgectact tctcagacct ggaggctgag gccgaggccg aggccacctce aggcccagag 780
aagaagtgcg gcggggacca agcccccggg ccagagctgg acctgccgag cactgggcag 840
ccgtctgage aggtctcect caggectggg gtttecegggg aggcacaagg ctctggcccce 900
ggggaggtgc tgcccccact gctgeggett gaaggatcct ccccagagcce cagcacctge 960
ccctegggee tggtcccaga gectecggag ccccaaggcece cagccgaggt geggectggg 1020
cccagceccca gectgetcecca gtttttectg ctgacccecegg tteccgetgag atcagaagge 1080
aacagctctg agttccaggg gcccccagga ctgttgtcag ggeccggeccce acaaaagcegg 1140
atggggggcce taggcacccce cagagcccca ctecegectgg ctetgecegg ccteectgeg 1200
gecttggagg gccggecgga ggaggaggdag gaggacagtg aggacagcegg cgagtctgac 1260
gaggagctcce gctgctacag cgtccaggag cctagcgagg acagcgaaga ggaggcgecyg 1320
geggtgcceg tggtggtgge tgagagccag agcgcgcgca acctgegcag cctgctcaag 1380
atgcccagcc tgctgtccga ggecttctge gaggacctgg aacgcaagaa gaaggcecgtg 1440
tecettetteg acgacgtcac cgtctaccte tttgaccagg aaagccccac ctgggagcetce 1500
ggggagccct tccecgggcge caaggaatcg ccccccacgt tccttagggg gagccccgge 1560
tcteeccageg cccccaaccg gecgcagcag gctgatgget ccccaaatgg ctccacageg 1620
gaagagggtg gtgggttcgce gtgggacgac gacttcccge tgatgcecgge caaggcagec 1680
ttcgecatgg ccctagacce ggecgcacce gecccceggetg cgeccacgec cgceteectte 1740
tcgegetteca cggtgtegece cgecgeccacg tcecacgtece gettetecat cacgcacgtyg 1800
tct 1803

<210> SEQ ID NO 18
<211> LENGTH: 1785

<212> TYPE:

DNA

<213> ORGANISM: Gorilla gorilla
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<400> SEQUENCE: 18

gcteectgee tggttacacce ctectggaca gagacagacg gtagtggggg tgaccaccceg 60
caggcagagc ccaagcttge cacggaggcet gagggcactg ccggaccceg cctgeccctt 120
cectteegtec cectceccccate ccaggaggga gccccactte ccteggagga ggccagtgece 180
cccgacgece ctgatgecct gectgacteg cccacgectg ctactggtgg cgaggtgtet 240
gccaccaage tggettccege cctgaatgge agcagcaget ctcccgaggt ggaggcaccc 300
agcagtgagg atgaggacac ggctgaggca acctcaggca tcttcaccga cacgtccagce 360
gacggcctge aggccgagag gcaggatgtg gtgccagect tccactctcet gcagaagcag 420
gtggggacce ccgactccct ggactcecctg gacatccegt cctcagecag tgatggtgge 480
tatgaggtct tcagccegte ggccacggge cectetggag ggcagecceg agegcetggac 540
agtggctatg acaccgagaa ctatgagtcc cctgagtttg tgctcaagga ggcgcaggaa 600

gggtgtgage cccaggectt tgeggagetg gectcagagg gcgagggecce cgggeccgag 660

acgecggetet ccacctecct cagtggecte aacgagaaga atccctacceg agattctgec 720
tacttctcag acctggaggce tgaggccgag gctacctcag geccagagaa gaagtgceggt 780
ggggaccaag ccceegggece agagetggge ctgccgagca ctgggeagee gtcetgagceag 840
gtctcectea gtectggggt tteegtggag gcacaagget ctggeccegyg ggaggtgetg 900
cceecactge tgeggettga agggtcectcece ccagagecca gcacctgece ctegggectyg 960

gtceccagage ctccggagcc ccaaggccca gccgaggtge ggcctgggec cagccccagce 1020
tgctcccagt ttttectget gaccceggtt ccgctgagat cagaaggcaa cagctctgag 1080
ttccagggge ccccaggact gttgtcaggg ccggccccac aaaagcggat ggggggccca 1140
ggcaccccca gagccccaca ccgectgget ctgeccggece tccctgegge cttggaggge 1200
cggccggagg aggaggagga ggacagtgag gacagcgacg agtctgacga ggagctccge 1260
tgctacageg tccaggagec tagcgaggac agcgaagagg aggcgccggce ggtgccegtg 1320
gtggtggctg agagccagag cgcgcgcaac ctgcgcagece tgctcaagat gceccagectg 1380
ctgtececgagg ccttetgega ggacctggaa cgcaagaaga aggcegtgte cttettegac 1440
gacgtcaccg tctacctctt tgaccaggaa agccccaccce gggagctcgg ggagecctte 1500
ccgggegcca aggaatcgec ccccacgtte cttaggggga gecccggetce ttceccagegec 1560
cccaaccgge cgcagcaggce tgatggctcec ccaaatggct ccacagcgga agagggtggt 1620
gggttcgegt gggacgacga cttceccgetg atgeccggcca aggcagectt cgccatggece 1680
ctagacccgg ccgcacccge cceggctgeg cccacgeccg cteccttete gegettcacg 1740
gtgtcgecceg cgcccacgte ccgcttectee atcacgcacg tgtcet 1785
<210> SEQ ID NO 19

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 19

ggtgagggcce ccggecccgg gccece 24

<210> SEQ ID NO 20
<211> LENGTH: 18
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

ggtgagggcc ccgggcecce

<210> SEQ ID NO 21

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Gorilla gorilla

<400> SEQUENCE: 21

ggcgagggcec ccgggccce

<210> SEQ ID NO 22

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 22
ctggaggctg aggccgaggce cgag
<210> SEQ ID NO 23

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

ctcgaggetg aggccgag

<210> SEQ ID NO 24

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Gorilla gorilla
<400> SEQUENCE: 24

ctggaggctg aggccgag

<210> SEQ ID NO 25

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes
<400> SEQUENCE: 25

cccacgeccg cteectte

<210> SEQ ID NO 26

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 26

cccacgecca cgcccgetee ctte
<210> SEQ ID NO 27

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Gorilla gorilla

<400> SEQUENCE: 27

ccecacgeceg cteectte

18

18

24

18

18

18

24

18
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<210> SEQ ID NO 28
<211> LENGTH: 24

<212> TYPE:

DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 28

cccacgteca cgtcececgett ctec

<210> SEQ ID NO 29
<211> LENGTH: 18

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

cccacgtece

gcttetee

<210> SEQ ID NO 30
<211> LENGTH: 18

<212> TYPE:

DNA

<213> ORGANISM: Gorilla gorilla

<400> SEQUENCE: 30

ccecacgtece

gcttetee

<210> SEQ ID NO 31
<211> LENGTH: 1335

<212> TYPE:

DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 31

atggcagtga
gggaagcgge
cttgacagat
attggagcat
gcacttcaag
ttttgttgtg
agaaaagtga
atctctattce
aaaggggtca
ggatccctgg
agetttttea
ggcactaata
gatggcaaat
ggcctgtgea
tttaatccca
aaggacagaa
tctcagatga
catgtggett

gaaatagaga

caactcgttt
ttagecttet
gttgtaatca
atgcagaaga
agactaaaat
acgttgcaaa
ttatggactt
aggattatga
ttgagctcag
ttcaacaaat
actcagtgag
caactgggat
acctgecatt
tggatgacat
tggaatcaat
ttcattgtgt
tagtaaagat
tgctcactca

gatgtgtgece

gacatggttg
ctataagggt
agggcctact
gggttaccag
ttcagaatgg
atataactec
aaagacaatg
agtttttcga
gaagagctta
acgaattctyg
gtetgtttte
atctgagaag
tattetgtgt
atcctacatce
caaattaaat
ggcatttgta
caaaagaatt
tgtggatage

tgtgaggtece

catgaaaaga
agtgtccatg
ctaacagtga
gmaagaaagt
aaactaggac
ccaactaatt
gaaaatcttyg
tgcgaagatt
ctgtetgect
ctgctgggte
caagggcatg
tataggacat
gactcactgyg
ttgaacggta
catcatgact
tttgatgcca
cgaagggagt
atggatctga

aagctagagg

tcctgcaaaa tcattttgga
gattccataa tggagttttg
tttatagtga agatcatatt
atgcttccat catccttttt
tatatacacc agaaacactg
tccagataga tggaagaaat
gacttgctca aaattgtact
cactggacga aagaaagata
tgagaactta tgaaccatat
caattggagc tgggaagtcet
taacgcatca ggetttggtyg
actctattag agacgggaaa
ggctgagtga gaaagaaggce
acattcgtga tagataccag
acattgattc cccategetyg
gctctattga atacttctee
tggtaaacgce tggtgtggta
ttacaaaagg tgaccttata

aagtccaaag aaaacttgga

24

18

18

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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tttgctettt ctgacatctc ggtggttage aattattcct ctgagtggga gctggaccct 1200
gtaaaggatg ttctaattct ttctgctctg agacgaatgc tatgggctgce agatgacttce 1260
ttagaggatt tgccttttga gcaaataggg aatctaaggg aggaaattat caactgtgca 1320

caaggaaaaa aatag 1335

<210> SEQ ID NO 32

<211> LENGTH: 1335

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1335)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (71)..(71)

<223> OTHER INFORMATION: Xaa = Glu or Ala
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (212)..(212)

<223> OTHER INFORMATION: m is A or C

<400> SEQUENCE: 32

atg gca gtg aca act cgt ttg aca tgg ttg cat gaa aag atc ctg caa 48
Met Ala Val Thr Thr Arg Leu Thr Trp Leu His Glu Lys Ile Leu Gln
1 5 10 15
aat cat ttt gga ggg aag cgg ctt agc ctt ctc tat aag ggt agt gtc 96
Asn His Phe Gly Gly Lys Arg Leu Ser Leu Leu Tyr Lys Gly Ser Val
20 25 30
cat gga ttc cat aat gga gtt ttg ctt gac aga tgt tgt aat caa ggg 144
His Gly Phe His Asn Gly Val Leu Leu Asp Arg Cys Cys Asn Gln Gly
35 40 45
cct act cta aca gtg att tat agt gaa gat cat att att gga gca tat 192
Pro Thr Leu Thr Val Ile Tyr Ser Glu Asp His Ile Ile Gly Ala Tyr
50 55 60

gca gaa gag ggt tac cag gma aga aag tat gct tcc atc atc ctt ttt 240
Ala Glu Glu Gly Tyr Gln Xaa Arg Lys Tyr Ala Ser Ile Ile Leu Phe
65 70 75 80
gca ctt caa gag act aaa att tca gaa tgg aaa cta gga cta tat aca 288
Ala Leu Gln Glu Thr Lys Ile Ser Glu Trp Lys Leu Gly Leu Tyr Thr

85 90 95
cca gaa aca ctg ttt tgt tgt gac gtt gca aaa tat aac tcc cca act 336
Pro Glu Thr Leu Phe Cys Cys Asp Val Ala Lys Tyr Asn Ser Pro Thr

100 105 110
aat ttc cag ata gat gga aga aat aga aaa gtg att atg gac tta aag 384
Asn Phe Gln Ile Asp Gly Arg Asn Arg Lys Val Ile Met Asp Leu Lys
115 120 125
aca atg gaa aat ctt gga ctt gct caa aat tgt act atc tct att cag 432
Thr Met Glu Asn Leu Gly Leu Ala Gln Asn Cys Thr Ile Ser Ile Gln
130 135 140

gat tat gaa gtt ttt cga tgc gaa gat tca ctg gac gaa aga aag ata 480
Asp Tyr Glu Val Phe Arg Cys Glu Asp Ser Leu Asp Glu Arg Lys Ile
145 150 155 160
aaa ggg gtc att gag ctc agg aag agc tta ctg tect gee ttg aga act 528
Lys Gly Val Ile Glu Leu Arg Lys Ser Leu Leu Ser Ala Leu Arg Thr

165 170 175
tat gaa cca tat gga tcc ctg gtt caa caa ata cga att ctg ctg ctg 576

Tyr Glu Pro Tyr Gly Ser Leu Val Gln Gln Ile Arg Ile Leu Leu Leu
180 185 190
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ggt cca att gga gct ggg aag tct age ttt ttc aac tca gtg agg tct 624
Gly Pro Ile Gly Ala Gly Lys Ser Ser Phe Phe Asn Ser Val Arg Ser
195 200 205

gtt ttc caa ggg cat gta acg cat cag gct ttg gtg ggc act aat aca 672
Val Phe Gln Gly His Val Thr His Gln Ala Leu Val Gly Thr Asn Thr
210 215 220

act ggg ata tct gag aag tat agg aca tac tct att aga gac ggg aaa 720
Thr Gly Ile Ser Glu Lys Tyr Arg Thr Tyr Ser Ile Arg Asp Gly Lys
225 230 235 240

gat ggc aaa tac ctg cca ttt att ctg tgt gac tca ctg ggg ctg agt 768
Asp Gly Lys Tyr Leu Pro Phe Ile Leu Cys Asp Ser Leu Gly Leu Ser
245 250 255

gag aaa gaa ggc ggc ctg tgce atg gat gac ata tce tac atc ttg aac 816
Glu Lys Glu Gly Gly Leu Cys Met Asp Asp Ile Ser Tyr Ile Leu Asn
260 265 270

ggt aac att cgt gat aga tac cag ttt aat ccc atg gaa tca atc aaa 864
Gly Asn Ile Arg Asp Arg Tyr Gln Phe Asn Pro Met Glu Ser Ile Lys
275 280 285

tta aat cat cat gac tac att gat tcc cca tcg ctg aag gac aga att 912
Leu Asn His His Asp Tyr Ile Asp Ser Pro Ser Leu Lys Asp Arg Ile
290 295 300

cat tgt gtg gca ttt gta ttt gat gcc age tet att gaa tac tte tece 960
His Cys Val Ala Phe Val Phe Asp Ala Ser Ser Ile Glu Tyr Phe Ser
305 310 315 320

tct cag atg ata gta aag atc aaa aga att cga agg gag ttg gta aac 1008
Ser Gln Met Ile Val Lys Ile Lys Arg Ile Arg Arg Glu Leu Val Asn
325 330 335

gct ggt gtg gta cat gtg gct ttg ctc act cat gtg gat agc atg gat 1056
Ala Gly Val Val His Val Ala Leu Leu Thr His Val Asp Ser Met Asp
340 345 350

ctg att aca aaa ggt gac ctt ata gaa ata gag aga tgt gtg cct gtg 1104
Leu Ile Thr Lys Gly Asp Leu Ile Glu Ile Glu Arg Cys Val Pro Val
355 360 365

agg tcc aag cta gag gaa gtc caa aga aaa ctt gga ttt gct ctt tcect 1152
Arg Ser Lys Leu Glu Glu Val Gln Arg Lys Leu Gly Phe Ala Leu Ser
370 375 380

gac atc tcg gtg gtt agce aat tat tece tet gag tgg gag ctg gac cct 1200
Asp Ile Ser Val Val Ser Asn Tyr Ser Ser Glu Trp Glu Leu Asp Pro
385 390 395 400

gta aag gat gtt cta att ctt tct gct ctg aga cga atg cta tgg gct 1248
Val Lys Asp Val Leu Ile Leu Ser Ala Leu Arg Arg Met Leu Trp Ala
405 410 415

gca gat gac ttc tta gag gat ttg cct ttt gag caa ata ggg aat cta 1296
Ala Asp Asp Phe Leu Glu Asp Leu Pro Phe Glu Gln Ile Gly Asn Leu
420 425 430

agg gag gaa att atc aac tgt gca caa gga aaa aaa tag 1335
Arg Glu Glu Ile Ile Asn Cys Ala Gln Gly Lys Lys
435 440

<210> SEQ ID NO 33

<211> LENGTH: 444

<212> TYPE: PRT

<213> ORGANISM: Pan troglodytes

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (71)..(71)

<223> OTHER INFORMATION: The 'Xaa' at location 71 stands for Glu, or
Ala.

<400> SEQUENCE: 33
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Met Ala Val Thr Thr Arg Leu Thr Trp Leu His Glu Lys Ile Leu Gln
Asn His Phe Gly Gly Lys Arg Leu Ser Leu Leu Tyr Lys Gly Ser Val
His Gly Phe His Asn Gly Val Leu Leu Asp Arg Cys Cys Asn Gln Gly

35 40 45

Pro Thr Leu Thr Val Ile Tyr Ser Glu Asp His Ile Ile Gly Ala Tyr
50 55 60

Ala Glu Glu Gly Tyr Gln Xaa Arg Lys Tyr Ala Ser Ile Ile Leu Phe
65 70 75 80

Ala Leu Gln Glu Thr Lys Ile Ser Glu Trp Lys Leu Gly Leu Tyr Thr
85 90 95

Pro Glu Thr Leu Phe Cys Cys Asp Val Ala Lys Tyr Asn Ser Pro Thr
100 105 110

Asn Phe Gln Ile Asp Gly Arg Asn Arg Lys Val Ile Met Asp Leu Lys
115 120 125

Thr Met Glu Asn Leu Gly Leu Ala Gln Asn Cys Thr Ile Ser Ile Gln
130 135 140

Asp Tyr Glu Val Phe Arg Cys Glu Asp Ser Leu Asp Glu Arg Lys Ile
145 150 155 160

Lys Gly Val Ile Glu Leu Arg Lys Ser Leu Leu Ser Ala Leu Arg Thr
165 170 175

Tyr Glu Pro Tyr Gly Ser Leu Val Gln Gln Ile Arg Ile Leu Leu Leu
180 185 190

Gly Pro Ile Gly Ala Gly Lys Ser Ser Phe Phe Asn Ser Val Arg Ser
195 200 205

Val Phe Gln Gly His Val Thr His Gln Ala Leu Val Gly Thr Asn Thr
210 215 220

Thr Gly Ile Ser Glu Lys Tyr Arg Thr Tyr Ser Ile Arg Asp Gly Lys
225 230 235 240

Asp Gly Lys Tyr Leu Pro Phe Ile Leu Cys Asp Ser Leu Gly Leu Ser
245 250 255

Glu Lys Glu Gly Gly Leu Cys Met Asp Asp Ile Ser Tyr Ile Leu Asn
260 265 270

Gly Asn Ile Arg Asp Arg Tyr Gln Phe Asn Pro Met Glu Ser Ile Lys
275 280 285

Leu Asn His His Asp Tyr Ile Asp Ser Pro Ser Leu Lys Asp Arg Ile
290 295 300

His Cys Val Ala Phe Val Phe Asp Ala Ser Ser Ile Glu Tyr Phe Ser
305 310 315 320

Ser Gln Met Ile Val Lys Ile Lys Arg Ile Arg Arg Glu Leu Val Asn
325 330 335

Ala Gly Val Val His Val Ala Leu Leu Thr His Val Asp Ser Met Asp
340 345 350

Leu Ile Thr Lys Gly Asp Leu Ile Glu Ile Glu Arg Cys Val Pro Val
355 360 365

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

Asp Ile Ser Val Val Ser Asn Tyr Ser Ser Glu Trp Glu Leu Asp Pro
385 390 395 400
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Val Lys Asp Val

Ala Asp Asp Phe

420

Arg Glu Glu Ile

<210>
<211>
<212>
<213>

<400>

435

SEQ ID NO

Leu Ile Leu Ser
405

Leu Glu Asp Leu

Ile Asn Cys Ala
440

34

LENGTH: 1335

TYPE: DNA
ORGANISM:

SEQUENCE :

Homo sapiens

34

atggcagtga caactcgttt gacatggttg

gggaagcgge
cttgacagat
attggagcat
gcacttcaag
ttttgttgtg
agaaaagtga
atctctattce
aaaggggtca

ggatccctgg
agctttttea
ggcactaata
gatggcaaat
ggcctgtgea
tttaatccca
aaggacagaa
tctcagatga
catgtggett
gaaatagaga
tttgctettt
gtaaaggatg
ttagaggatt

caaggaaaaa

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

SEQ ID NO

ttagccttet ctataagggt
gttgtaatca agggcctact
atgcagaaga gagttaccag
atactaaaat ttcagaatgg
atgttacaaa atataactcc
ttatggactt aaagacaatg
aggattatga agtttttcga
ttgagctcag gaagagctta
ttcaacaaat acgaattcte
actcagtgag gtctgtttte
caactgggat atctgagaag
acctgeegtt tattetgtgt
gggatgacat attctatatc
tggaatcaat caaattaaat
ttcattgtgt ggcatttgta
tagtaaagat caaaagaatt
tgctcactea tgtggatage
gatgtgagee tgtgaggtec
ctgacatcte ggtggttage
ttctaattet ttetgetetg
tgccttttga gcaaataggg

aatag

35

LENGTH: 1335

TYPE: DNA
ORGANISM :
FEATURE:

NAME /KEY :
LOCATION :

SEQUENCE :

Homo sapiens

CDs
(1) ..(1335)

35

Ala Leu Arg Arg Met Leu Trp Ala

410

415

Pro Phe Glu Gln Ile Gly Asn Leu
430

425

Gln Gly Lys

cacgaaaaga
agtgtccatg
ctaacagtga
gaaggaaagt
aaactaggac
ccaactaatt
gaaaatcttyg
tgcgaagatt
ctgtetgect
ctectgggte
caagggcatg
tataggacat
gactcactgg
ttgaacggta
catcatgact
tttgatgcca
caaagggagt
atggatttga
aagctagagyg
aattattcct
agacgaatgce

aatctaaggyg

Lys

tcctgcaaaa
gattccgtaa
tttatagtga
atgcttccat
tatgtacacc
tccagataga
gacttgcteca
cactggatga
tgagaactta
caattggage
taacgcatca
actctattag
ggctgagtga
acattcgtga
acattgattc
gctctatteca
tggtaaacgce
ttacaaaagg
aagtccaaag
ctgagtggga
tatgggctge

aggaaattat

tcattttgga
tggagttttyg
agatcatatt
catccttttt
agaaacactg
tggaagaaat
aaattgtact
aagaaagata
tgaaccatat
tceccaagtece
ggctttggtyg
agacgggaaa
gaaagaaggc
tagataccag
cccatcgetyg
atacttctcce
tggtgtggta
tgaccttata
aaaacttgga
gctggacect
agatgactte

caactgtgca

atg gca gtg aca act cgt ttg aca tgg ttg cac gaa aag atc ctg caa
Met Ala Val Thr Thr Arg Leu Thr Trp Leu His Glu Lys Ile Leu Gln

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1335

48
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1 5 10 15
aat cat ttt gga ggg aag cgg ctt agc ctt ctc tat aag ggt agt gtc 96
Asn His Phe Gly Gly Lys Arg Leu Ser Leu Leu Tyr Lys Gly Ser Val
20 25 30
cat gga ttc cgt aat gga gtt ttg ctt gac aga tgt tgt aat caa ggg 144
His Gly Phe Arg Asn Gly Val Leu Leu Asp Arg Cys Cys Asn Gln Gly
35 40 45
cct act cta aca gtg att tat agt gaa gat cat att att gga gca tat 192
Pro Thr Leu Thr Val Ile Tyr Ser Glu Asp His Ile Ile Gly Ala Tyr
50 55 60
gca gaa gag agt tac cag gaa gga aag tat gct tcc atc atc ctt ttt 240
Ala Glu Glu Ser Tyr Gln Glu Gly Lys Tyr Ala Ser Ile Ile Leu Phe
65 70 75 80
gca ctt caa gat act aaa att tca gaa tgg aaa cta gga cta tgt aca 288
Ala Leu Gln Asp Thr Lys Ile Ser Glu Trp Lys Leu Gly Leu Cys Thr
85 90 95
cca gaa aca ctg ttt tgt tgt gat gtt aca aaa tat aac tcc cca act 336
Pro Glu Thr Leu Phe Cys Cys Asp Val Thr Lys Tyr Asn Ser Pro Thr
100 105 110
aat ttc cag ata gat gga aga aat aga aaa gtg att atg gac tta aag 384
Asn Phe Gln Ile Asp Gly Arg Asn Arg Lys Val Ile Met Asp Leu Lys
115 120 125
aca atg gaa aat ctt gga ctt gct caa aat tgt act atc tct att cag 432
Thr Met Glu Asn Leu Gly Leu Ala Gln Asn Cys Thr Ile Ser Ile Gln
130 135 140
gat tat gaa gtt ttt cga tgc gaa gat tca ctg gat gaa aga aag ata 480
Asp Tyr Glu Val Phe Arg Cys Glu Asp Ser Leu Asp Glu Arg Lys Ile
145 150 155 160
aaa ggg gtc att gag ctc agg aag agc tta ctg tct gcc ttg aga act 528
Lys Gly Val Ile Glu Leu Arg Lys Ser Leu Leu Ser Ala Leu Arg Thr
165 170 175
tat gaa cca tat gga tcc ctg gtt caa caa ata cga att ctc ctc ctg 576
Tyr Glu Pro Tyr Gly Ser Leu Val Gln Gln Ile Arg Ile Leu Leu Leu
180 185 190
ggt cca att gga gct ccc aag tcece age ttt tte aac tca gtg agg tct 624
Gly Pro Ile Gly Ala Pro Lys Ser Ser Phe Phe Asn Ser Val Arg Ser
195 200 205
gtt ttc caa ggg cat gta acg cat cag gct ttg gtg gge act aat aca 672
Val Phe Gln Gly His Val Thr His Gln Ala Leu Val Gly Thr Asn Thr
210 215 220
act ggg ata tct gag aag tat agg aca tac tct att aga gac ggg aaa 720
Thr Gly Ile Ser Glu Lys Tyr Arg Thr Tyr Ser Ile Arg Asp Gly Lys
225 230 235 240
gat ggc aaa tac ctg ccg ttt att ctg tgt gac tca ctg ggg ctg agt 768
Asp Gly Lys Tyr Leu Pro Phe Ile Leu Cys Asp Ser Leu Gly Leu Ser
245 250 255
gag aaa gaa ggc ggc ctg tgce agg gat gac ata ttc tat atc ttg aac 816
Glu Lys Glu Gly Gly Leu Cys Arg Asp Asp Ile Phe Tyr Ile Leu Asn
260 265 270
ggt aac att cgt gat aga tac cag ttt aat ccc atg gaa tca atc aaa 864
Gly Asn Ile Arg Asp Arg Tyr Gln Phe Asn Pro Met Glu Ser Ile Lys
275 280 285
tta aat cat cat gac tac att gat tcc cca tcg ctg aag gac aga att 912
Leu Asn His His Asp Tyr Ile Asp Ser Pro Ser Leu Lys Asp Arg Ile
290 295 300
cat tgt gtg gca ttt gta ttt gat gcc agc tct att caa tac ttc tcce 960

His Cys Val Ala Phe Val Phe Asp Ala Ser Ser Ile Gln Tyr Phe Ser
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305 310 315 320

tct cag atg ata gta aag atc aaa aga att caa agg gag ttg gta aac 1008
Ser Gln Met Ile Val Lys Ile Lys Arg Ile Gln Arg Glu Leu Val Asn
325 330 335

gct ggt gtg gta cat gtg gct ttg ctce act cat gtg gat agc atg gat 1056
Ala Gly Val Val His Val Ala Leu Leu Thr His Val Asp Ser Met Asp
340 345 350

ttg att aca aaa ggt gac ctt ata gaa ata gag aga tgt gag cct gtg 1104
Leu Ile Thr Lys Gly Asp Leu Ile Glu Ile Glu Arg Cys Glu Pro Val
355 360 365

agg tcc aag cta gag gaa gtc caa aga aaa ctt gga ttt gect ctt tet 1152
Arg Ser Lys Leu Glu Glu Val Gln Arg Lys Leu Gly Phe Ala Leu Ser
370 375 380

gac atc tcg gtg gtt agc aat tat tcc tct gag tgg gag ctg gac cct 1200
Asp Ile Ser Val Val Ser Asn Tyr Ser Ser Glu Trp Glu Leu Asp Pro
385 390 395 400

gta aag gat gtt cta att ctt tct gct ctg aga cga atg cta tgg gct 1248
Val Lys Asp Val Leu Ile Leu Ser Ala Leu Arg Arg Met Leu Trp Ala
405 410 415

gca gat gac ttc tta gag gat ttg cct ttt gag caa ata ggg aat cta 1296
Ala Asp Asp Phe Leu Glu Asp Leu Pro Phe Glu Gln Ile Gly Asn Leu
420 425 430

agg gag gaa att atc aac tgt gca caa gga aaa aaa tag 1335
Arg Glu Glu Ile Ile Asn Cys Ala Gln Gly Lys Lys
435 440

<210> SEQ ID NO 36

<211> LENGTH: 444

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

Met Ala Val Thr Thr Arg Leu Thr Trp Leu His Glu Lys Ile Leu Gln
1 5 10 15

Asn His Phe Gly Gly Lys Arg Leu Ser Leu Leu Tyr Lys Gly Ser Val
20 25 30

His Gly Phe Arg Asn Gly Val Leu Leu Asp Arg Cys Cys Asn Gln Gly
35 40 45

Pro Thr Leu Thr Val Ile Tyr Ser Glu Asp His Ile Ile Gly Ala Tyr
50 55 60

Ala Glu Glu Ser Tyr Gln Glu Gly Lys Tyr Ala Ser Ile Ile Leu Phe
65 70 75 80

Ala Leu Gln Asp Thr Lys Ile Ser Glu Trp Lys Leu Gly Leu Cys Thr
85 90 95

Pro Glu Thr Leu Phe Cys Cys Asp Val Thr Lys Tyr Asn Ser Pro Thr
100 105 110

Asn Phe Gln Ile Asp Gly Arg Asn Arg Lys Val Ile Met Asp Leu Lys
115 120 125

Thr Met Glu Asn Leu Gly Leu Ala Gln Asn Cys Thr Ile Ser Ile Gln
130 135 140

Asp Tyr Glu Val Phe Arg Cys Glu Asp Ser Leu Asp Glu Arg Lys Ile
145 150 155 160

Lys Gly Val Ile Glu Leu Arg Lys Ser Leu Leu Ser Ala Leu Arg Thr
165 170 175

Tyr Glu Pro Tyr Gly Ser Leu Val Gln Gln Ile Arg Ile Leu Leu Leu
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180 185 190

Gly Pro Ile Gly Ala Pro Lys Ser Ser Phe Phe Asn Ser Val Arg Ser
195 200 205

Val Phe Gln Gly His Val Thr His Gln Ala Leu Val Gly Thr Asn Thr
210 215 220

Thr Gly Ile Ser Glu Lys Tyr Arg Thr Tyr Ser Ile Arg Asp Gly Lys
225 230 235 240

Asp Gly Lys Tyr Leu Pro Phe Ile Leu Cys Asp Ser Leu Gly Leu Ser
245 250 255

Glu Lys Glu Gly Gly Leu Cys Arg Asp Asp Ile Phe Tyr Ile Leu Asn
260 265 270

Gly Asn Ile Arg Asp Arg Tyr Gln Phe Asn Pro Met Glu Ser Ile Lys
275 280 285

Leu Asn His His Asp Tyr Ile Asp Ser Pro Ser Leu Lys Asp Arg Ile
290 295 300

His Cys Val Ala Phe Val Phe Asp Ala Ser Ser Ile Gln Tyr Phe Ser
305 310 315 320

Ser Gln Met Ile Val Lys Ile Lys Arg Ile Gln Arg Glu Leu Val Asn
325 330 335

Ala Gly Val Val His Val Ala Leu Leu Thr His Val Asp Ser Met Asp
340 345 350

Leu Ile Thr Lys Gly Asp Leu Ile Glu Ile Glu Arg Cys Glu Pro Val
355 360 365

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

Asp Ile Ser Val Val Ser Asn Tyr Ser Ser Glu Trp Glu Leu Asp Pro
385 390 395 400

Val Lys Asp Val Leu Ile Leu Ser Ala Leu Arg Arg Met Leu Trp Ala
405 410 415

Ala Asp Asp Phe Leu Glu Asp Leu Pro Phe Glu Gln Ile Gly Asn Leu
420 425 430

Arg Glu Glu Ile Ile Asn Cys Ala Gln Gly Lys Lys
435 440

<210> SEQ ID NO 37

<211> LENGTH: 1590

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 37

atgagccagg acaccgaggt ggatatgaag gaggtggage tgaatgagtt agagcccgag 60
aagcagccga tgaacgcegge gtctggggeg gecatgtece tggegggage cgagaagaat 120

ggtctggtga agatcaaggt ggcggaagac gaggceggagg cggcagecge ggctaagtte 180

acgggectgt ccaaggagga gctgctgaag gtggcaggca gecceggetg ggtacgcacce 240
cgetgggcac tgctgetget cttetggete ggetggeteg gecatgetgge gggtgecgtg 300
gtcataatcg tgcgggcgcece gegttgtege gagctaccegg cgcagaagtg gtggcacacg 360
ggcgecectet accgecatcgg cgaccttcag gecttccagg gccacggege gggcaacctg 420
gecgggtcetga aggggegtcet cgattacctg agctectctga aggtgaaggg ccttgtgetg 480

ggcccaatte acaagaacca gaaggatgat gtcgctcaga ctgacttget gcagatcgac 540
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cccaattttg gctccaagga agattttgac agtctcttgc aatcggctaa aaaaaagagc 600
atccgtgtca ttctggacct tactcccaac taccggggtg agaactcgtg gttctccact 660
caggttgaca ctgtggccac caaggtgaag gatgctectgg agttttgget gcaagetgge 720
gtggatgggt tccaggttcg ggacatagag aatctgaagg atgcatcctc atttttgget 780
gagtggcaaa acatcaccaa gggcttcagt gaagacaggc tcttgattge ggggactaac 840
tcctecgace ttcagcagat cctgagecta ctcgaatcca acaaagactt gctgttgact 900
agctcatacc tgtctgattc tggttctact ggggagcata caaaatccct agtcacacag 960

tatttgaatg ccactggcaa tcactggtgc agctggagtt tgtctcaggce aaggctcctg 1020
acttccttet tgccggctca acttcteccga ctctaccage tgatgctcett caccctgeca 1080
gggaccecctg ttttcageta cggggatgag attggcecctgg atgeggectge ccttectgga 1140
cagcctatgg aggctccagt catgctgtgg gatgagtcca gectteccctga catcccaggg 1200
gctgtaagtg ccaacatgac tgtgaagggc cagagtgaag accctggcectce cctectttece 1260
ttgttcegge ggctgagtga ccagcecggagt aaggagcgct ccctactgca tggggactte 1320
cacgcgttet cecgectgggec tggactcectte tectatatcce gecactggga ccagaatgag 1380
cgttttetgg tagtgcttaa ctttggggat gtgggectet cggcectggact gcaggcectece 1440
gacctgcctg ccagegecag cctgccagec aaggctgacce tcctgetcag cacccageca 1500
ggcegtgagg agggctccce tcecttgagetg gaacgcctga aactggagcc tcacgaaggyg 1560
ctgctgctee gettececta cgcggectga 1590
<210> SEQ ID NO 38

<211> LENGTH: 1590

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1590

<400> SEQUENCE: 38

atg agc cag gac acc gag gtg gat atg aag gag gtg gag ctg aat gag 48
Met Ser Gln Asp Thr Glu Val Asp Met Lys Glu Val Glu Leu Asn Glu
1 5 10 15

tta gag ccc gag aag cag ccg atg aac geg geg tet ggg geg gec atg 96
Leu Glu Pro Glu Lys Gln Pro Met Asn Ala Ala Ser Gly Ala Ala Met
20 25 30

tce ctg geg gga gec gag aag aat ggt ctg gtg aag atc aag gtg gcg 144
Ser Leu Ala Gly Ala Glu Lys Asn Gly Leu Val Lys Ile Lys Val Ala
35 40 45

gaa gac gag gcg gag gcg gca gecc gog get aag ttce acg gge ctg tce 192
Glu Asp Glu Ala Glu Ala Ala Ala Ala Ala Lys Phe Thr Gly Leu Ser
50 55 60

aag gag gag ctg ctg aag gtg gca ggc agc ccc gge tgg gta cge acc 240
Lys Glu Glu Leu Leu Lys Val Ala Gly Ser Pro Gly Trp Val Arg Thr
65 70 75 80

cge tgg gca ctg ctg ctg cte tte tgg cte gge tgg cte gge atg ctg 288
Arg Trp Ala Leu Leu Leu Leu Phe Trp Leu Gly Trp Leu Gly Met Leu
85 90 95

gcg ggt gee gtg gte ata ate gtg cgg geg ccg cgt tgt cge gag cta 336
Ala Gly Ala Val Val Ile Ile Val Arg Ala Pro Arg Cys Arg Glu Leu
100 105 110

cecg geg cag aag tgg tgg cac acg ggc gece cte tac cge atc gge gac 384
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Pro Ala Gln Lys Trp Trp His Thr Gly Ala Leu Tyr Arg Ile Gly Asp

115 120 125
ctt cag gcc ttc cag ggc cac ggc gcg ggc aac ctg geg ggt ctg aag 432
Leu Gln Ala Phe Gln Gly His Gly Ala Gly Asn Leu Ala Gly Leu Lys
130 135 140
ggg cgt ctc gat tac ctg age tct ctg aag gtg aag ggc ctt gtg ctg 480
Gly Arg Leu Asp Tyr Leu Ser Ser Leu Lys Val Lys Gly Leu Val Leu
145 150 155 160
ggc cca att cac aag aac cag aag gat gat gtc gct cag act gac ttg 528
Gly Pro Ile His Lys Asn Gln Lys Asp Asp Val Ala Gln Thr Asp Leu
165 170 175
ctg cag atc gac ccc aat ttt ggc tcc aag gaa gat ttt gac agt ctce 576
Leu Gln Ile Asp Pro Asn Phe Gly Ser Lys Glu Asp Phe Asp Ser Leu
180 185 190
ttg caa tcg gct aaa aaa aag agc atc cgt gtc att ctg gac ctt act 624
Leu Gln Ser Ala Lys Lys Lys Ser Ile Arg Val Ile Leu Asp Leu Thr
195 200 205
cce aac tac cgg ggt gag aac tcg tgg ttc tcc act cag gtt gac act 672
Pro Asn Tyr Arg Gly Glu Asn Ser Trp Phe Ser Thr Gln Val Asp Thr
210 215 220
gtg gcc acc aag gtg aag gat gct ctg gag ttt tgg ctg caa gct ggce 720
Val Ala Thr Lys Val Lys Asp Ala Leu Glu Phe Trp Leu Gln Ala Gly
225 230 235 240
gtg gat ggg ttc cag gtt cgg gac ata gag aat ctg aag gat gca tcc 768
Val Asp Gly Phe Gln Val Arg Asp Ile Glu Asn Leu Lys Asp Ala Ser
245 250 255
tca ttt ttg gct gag tgg caa aac atc acc aag ggc ttc agt gaa gac 816
Ser Phe Leu Ala Glu Trp Gln Asn Ile Thr Lys Gly Phe Ser Glu Asp
260 265 270
agg ctc ttg att gcg ggg act aac tcc tcec gac ctt cag cag atc ctg 864
Arg Leu Leu Ile Ala Gly Thr Asn Ser Ser Asp Leu Gln Gln Ile Leu
275 280 285
agc cta ctc gaa tcc aac aaa gac ttg ctg ttg act agc tca tac ctg 912
Ser Leu Leu Glu Ser Asn Lys Asp Leu Leu Leu Thr Ser Ser Tyr Leu
290 295 300
tct gat tcet ggt tet act ggg gag cat aca aaa tcc cta gtc aca cag 960
Ser Asp Ser Gly Ser Thr Gly Glu His Thr Lys Ser Leu Val Thr Gln
305 310 315 320
tat ttg aat gcc act ggc aat cac tgg tgc agc tgg agt ttg tct cag 1008
Tyr Leu Asn Ala Thr Gly Asn His Trp Cys Ser Trp Ser Leu Ser Gln
325 330 335
gca agg ctc ctg act tcc tte ttg ccg gect caa ctt cte cga cte tac 1056
Ala Arg Leu Leu Thr Ser Phe Leu Pro Ala Gln Leu Leu Arg Leu Tyr
340 345 350
cag ctg atg ctc ttec acc ctg cca ggg acc cct gtt ttec age tac ggg 1104
Gln Leu Met Leu Phe Thr Leu Pro Gly Thr Pro Val Phe Ser Tyr Gly
355 360 365
gat gag att ggc ctg gat gcg gct gcc ctt cct gga cag cct atg gag 1152
Asp Glu Ile Gly Leu Asp Ala Ala Ala Leu Pro Gly Gln Pro Met Glu
370 375 380
gct cca gte atg ctg tgg gat gag tcc age tte cct gac atc cca ggg 1200
Ala Pro Val Met Leu Trp Asp Glu Ser Ser Phe Pro Asp Ile Pro Gly
385 390 395 400
gct gta agt gcc aac atg act gtg aag ggc cag agt gaa gac cct ggce 1248
Ala Val Ser Ala Asn Met Thr Val Lys Gly Gln Ser Glu Asp Pro Gly
405 410 415

tce cte ctt tee ttg tte cgg cgg ctg agt gac cag cgg agt aag gag 1296
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Ser Leu Leu Ser Leu Phe Arg Arg Leu Ser Asp Gln Arg Ser Lys Glu

420 425 430
cge tece cta ctg cat ggg gac ttc cac gecg ttc tcc get ggg cct gga 1344
Arg Ser Leu Leu His Gly Asp Phe His Ala Phe Ser Ala Gly Pro Gly
435 440 445
ctc tte tece tat atc cge cac tgg gac cag aat gag cgt ttt ctg gta 1392
Leu Phe Ser Tyr Ile Arg His Trp Asp Gln Asn Glu Arg Phe Leu Val
450 455 460
gtg ctt aac ttt ggg gat gtg ggc ctc tcg gct gga ctg cag gcc tecce 1440
Val Leu Asn Phe Gly Asp Val Gly Leu Ser Ala Gly Leu Gln Ala Ser
465 470 475 480
gac ctg cct gcec age gcec age ctg cca gecc aag gct gac cte ctg cte 1488
Asp Leu Pro Ala Ser Ala Ser Leu Pro Ala Lys Ala Asp Leu Leu Leu
485 490 495
agc acc cag cca ggc cgt gag gag ggc tcc cct ctt gag ctg gaa cgc 1536
Ser Thr Gln Pro Gly Arg Glu Glu Gly Ser Pro Leu Glu Leu Glu Arg
500 505 510
ctg aaa ctg gag cct cac gaa ggg ctg ctg ctc cgc ttec ccec tac gcg 1584
Leu Lys Leu Glu Pro His Glu Gly Leu Leu Leu Arg Phe Pro Tyr Ala
515 520 525
gce tga 1590

Ala

<210> SEQ ID NO 39

<211> LENGTH: 529

<212> TYPE: PRT

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 39

Met Ser Gln Asp Thr Glu Val Asp Met Lys Glu Val Glu Leu Asn Glu
1 5 10 15

Leu Glu Pro Glu Lys Gln Pro Met Asn Ala Ala Ser Gly Ala Ala Met
20 25 30

Ser Leu Ala Gly Ala Glu Lys Asn Gly Leu Val Lys Ile Lys Val Ala
35 40 45

Glu Asp Glu Ala Glu Ala Ala Ala Ala Ala Lys Phe Thr Gly Leu Ser
50 55 60

Lys Glu Glu Leu Leu Lys Val Ala Gly Ser Pro Gly Trp Val Arg Thr
65 70 75 80

Arg Trp Ala Leu Leu Leu Leu Phe Trp Leu Gly Trp Leu Gly Met Leu
85 90 95

Ala Gly Ala Val Val Ile Ile Val Arg Ala Pro Arg Cys Arg Glu Leu
100 105 110

Pro Ala Gln Lys Trp Trp His Thr Gly Ala Leu Tyr Arg Ile Gly Asp
115 120 125

Leu Gln Ala Phe Gln Gly His Gly Ala Gly Asn Leu Ala Gly Leu Lys
130 135 140

Gly Arg Leu Asp Tyr Leu Ser Ser Leu Lys Val Lys Gly Leu Val Leu
145 150 155 160

Gly Pro Ile His Lys Asn Gln Lys Asp Asp Val Ala Gln Thr Asp Leu
165 170 175

Leu Gln Ile Asp Pro Asn Phe Gly Ser Lys Glu Asp Phe Asp Ser Leu
180 185 190

Leu Gln Ser Ala Lys Lys Lys Ser Ile Arg Val Ile Leu Asp Leu Thr
195 200 205
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Pro Asn Tyr Arg Gly Glu Asn Ser Trp Phe Ser Thr Gln Val Asp Thr
210 215 220

Val Ala Thr Lys Val Lys Asp Ala Leu Glu Phe Trp Leu Gln Ala Gly
225 230 235 240

Val Asp Gly Phe Gln Val Arg Asp Ile Glu Asn Leu Lys Asp Ala Ser
245 250 255

Ser Phe Leu Ala Glu Trp Gln Asn Ile Thr Lys Gly Phe Ser Glu Asp
260 265 270

Arg Leu Leu Ile Ala Gly Thr Asn Ser Ser Asp Leu Gln Gln Ile Leu
275 280 285

Ser Leu Leu Glu Ser Asn Lys Asp Leu Leu Leu Thr Ser Ser Tyr Leu
290 295 300

Ser Asp Ser Gly Ser Thr Gly Glu His Thr Lys Ser Leu Val Thr Gln
305 310 315 320

Tyr Leu Asn Ala Thr Gly Asn His Trp Cys Ser Trp Ser Leu Ser Gln
325 330 335

Ala Arg Leu Leu Thr Ser Phe Leu Pro Ala Gln Leu Leu Arg Leu Tyr
340 345 350

Gln Leu Met Leu Phe Thr Leu Pro Gly Thr Pro Val Phe Ser Tyr Gly
355 360 365

Asp Glu Ile Gly Leu Asp Ala Ala Ala Leu Pro Gly Gln Pro Met Glu
370 375 380

Ala Pro Val Met Leu Trp Asp Glu Ser Ser Phe Pro Asp Ile Pro Gly
385 390 395 400

Ala Val Ser Ala Asn Met Thr Val Lys Gly Gln Ser Glu Asp Pro Gly
405 410 415

Ser Leu Leu Ser Leu Phe Arg Arg Leu Ser Asp Gln Arg Ser Lys Glu
420 425 430

Arg Ser Leu Leu His Gly Asp Phe His Ala Phe Ser Ala Gly Pro Gly
435 440 445

Leu Phe Ser Tyr Ile Arg His Trp Asp Gln Asn Glu Arg Phe Leu Val
450 455 460

Val Leu Asn Phe Gly Asp Val Gly Leu Ser Ala Gly Leu Gln Ala Ser
465 470 475 480

Asp Leu Pro Ala Ser Ala Ser Leu Pro Ala Lys Ala Asp Leu Leu Leu
485 490 495

Ser Thr Gln Pro Gly Arg Glu Glu Gly Ser Pro Leu Glu Leu Glu Arg
500 505 510

Leu Lys Leu Glu Pro His Glu Gly Leu Leu Leu Arg Phe Pro Tyr Ala
515 520 525

Ala

<210> SEQ ID NO 40

<211> LENGTH: 1861

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 40

ggggggggag atgcagtage cgaaaactgc gcggaggcac gagaggcecegyg ggagagegtt 60
ctgggtecga gggtccaggt aggggttgag ccaccatctg accgcaaget gegtegtgte 120

gecttetetyg caggcaccat gagecaggac accgaggtgg atatgaagga ggtggagetg 180
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aatgagttag agcccgagaa gcagccgatyg aacgeggegt ctggggegge catgtceecty 240

geggaagceceg agaagaatgg tctggtgaag atcaaggtgg cggaagacga ggeggaggeg 300

gecagccgegyg ctaagttcac gggectgtece aaggaggage tgctgaaggt ggcaggcage 360
cceggetggg tacgcacceg ctgggcactg ctgetgetet tetggetegg ctggetegge 420
atgettgetg gtgeegtggt gataatcegtg cgagegecge gttgtegega gctaccggeyg 480
cagaagtggt ggcacacggg ccccctctac cgcateggeg accttcagge cttccaggge 540
cacggegegg gcaacctgge gggtctgaag gggegteteg attacctgag ctcetctgaag 600
gtgaagggcce ttgtgetggg tccaattcac aagaaccaga aggatgatgt cgctcagact 660
gacttgctge agatcgacce caattttgge tccaaggaag attttgacag tctcttgcaa 720
tcggctaaaa aaaagagcat ccgtgtcatt ctggacctta ctcccaacta ccggggtgac 780
aactcgtggt tctccactca ggttgacact gtggecacca aggtgaagga tgctctggag 840
ttttggetge aagetggegt ggatgggtte caggtteggg acatagagaa tctgaaggat 900
gecatcctcat tettggetga gtggcaaaat atcaccaagg gecttcagtgg agacaggete 960

ttgattgcgg ggactaactc ctceccgacctt cagcagatcc tgagectact cgaatccaac 1020
aaagacttgc tgttgactag ctcatacctg tctgattctg gttctactec ccagcataca 1080
aaatccctag tcacacagta tttgaatgcc actggcaatc gctggtgcag ctggagtttg 1140
tctcaggcaa ggctcectgac ttecttettg ccggctcaac ttcectceccgact ctaccagetg 1200
atgctcttca ccctgccagg gacccctett ttcagctacg gggatgagat tggcctggat 1260
gcagctgeec ttectcecaca gectatggag gctcecagtca tgctgtggga tgagtcecage 1320
ttccctgaca tcecccaggggce tgtaagtgcce aacatgactg tgaagggcca gagtgaagac 1380
cctggectecece tectttectt gttececggegg ctgagtgacce agecggagtaa ggagcgctcece 1440
ctactgcatg gggacttcca cgcgttctce gectgggectg gactcttcecte ctatatcecge 1500
cactgggacc agaatgagcg ttttctggta gtgcttaact ttggggatgt gggcctcecteg 1560
gectggactge aggcctceccga cctgectgece agegecagec tgccagecaa ggctgaccte 1620
ctgctcagca cccagccagg ccgtgaggag ggctccecte ctgagetggg acgectgaaa 1680
ctggagcectce acgaagggct gctgctecge tteccctacg cggectgacce tcagcectgac 1740
atggacccac tacccttcte ctttceccttec caggcecttt ggcttetgat tttttttete 1800
ttttttaaaa caaacaaaca aactgttgca gattatgagt gaaccccaaa tagggtgttt 1860
t 1861
<210> SEQ ID NO 41

<211> LENGTH: 1861

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (139)..(1728)

<400> SEQUENCE: 41

ggggggggag atgcagtagc cgaaaactgc gcggaggcac gagaggcecgg ggagagcegtt 60
ctgggtccga gggtccaggt aggggttgag ccaccatctg accgcaaget gegtegtgte 120

gecttetetg caggcace atg age cag gac ace gag gtg gat atg aag gag 171
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Met Ser Gln Asp Thr Glu Val Asp Met Lys Glu
1 5 10
gtg gag ctg aat gag tta gag ccc gag aag cag ccg atg aac gcg gcg 219
Val Glu Leu Asn Glu Leu Glu Pro Glu Lys Gln Pro Met Asn Ala Ala
15 20 25
tct ggg geg gec atg tce ctg gecg gaa gec gag aag aat ggt ctg gtg 267
Ser Gly Ala Ala Met Ser Leu Ala Glu Ala Glu Lys Asn Gly Leu Val
30 35 40
aag atc aag gtg gcg gaa gac gag gcg gdag gcg gca gcc gcg get aag 315
Lys Ile Lys Val Ala Glu Asp Glu Ala Glu Ala Ala Ala Ala Ala Lys
45 50 55
ttc acg ggc ctg tcc aag gag gag ctg ctg aag gtg gca ggc agc ccc 363
Phe Thr Gly Leu Ser Lys Glu Glu Leu Leu Lys Val Ala Gly Ser Pro
60 65 70 75
ggc tgg gta cgc acc cgce tgg gca ctg ctg ctg cte tte tgg cte ggc 411
Gly Trp Val Arg Thr Arg Trp Ala Leu Leu Leu Leu Phe Trp Leu Gly
80 85 90
tgg ctc ggc atg ctt gect ggt gecc gtg gtg ata atc gtg cga gcg ccg 459
Trp Leu Gly Met Leu Ala Gly Ala Val Val Ile Ile Val Arg Ala Pro
95 100 105
cgt tgt cge gag cta ccg gcg cag aag tgg tgg cac acg ggc ccc cte 507
Arg Cys Arg Glu Leu Pro Ala Gln Lys Trp Trp His Thr Gly Pro Leu
110 115 120
tac cgc atc ggc gac ctt cag gcc ttc cag ggc cac ggce gcg ggc aac 555
Tyr Arg Ile Gly Asp Leu Gln Ala Phe Gln Gly His Gly Ala Gly Asn
125 130 135
ctg gcg ggt ctg aag ggg cgt ctc gat tac ctg agc tct ctg aag gtg 603
Leu Ala Gly Leu Lys Gly Arg Leu Asp Tyr Leu Ser Ser Leu Lys Val
140 145 150 155
aag ggc ctt gtg ctg ggt cca att cac aag aac cag aag gat gat gtc 651
Lys Gly Leu Val Leu Gly Pro Ile His Lys Asn Gln Lys Asp Asp Val
160 165 170
gct cag act gac ttg ctg cag atc gac ccc aat ttt ggc tcc aag gaa 699
Ala Gln Thr Asp Leu Leu Gln Ile Asp Pro Asn Phe Gly Ser Lys Glu
175 180 185
gat ttt gac agt ctc ttg caa tcg gct aaa aaa aag agce atc cgt gtce 747
Asp Phe Asp Ser Leu Leu Gln Ser Ala Lys Lys Lys Ser Ile Arg Val
190 195 200
att ctg gac ctt act ccc aac tac cgg ggt gac aac tcg tgg ttc tcce 795
Ile Leu Asp Leu Thr Pro Asn Tyr Arg Gly Asp Asn Ser Trp Phe Ser
205 210 215
act cag gtt gac act gtg gcc acc aag gtg aag gat gct ctg gag ttt 843
Thr Gln Val Asp Thr Val Ala Thr Lys Val Lys Asp Ala Leu Glu Phe
220 225 230 235
tgg ctg caa gct ggc gtg gat ggg ttc cag gtt cgg gac ata gag aat 891
Trp Leu Gln Ala Gly Val Asp Gly Phe Gln Val Arg Asp Ile Glu Asn
240 245 250
ctg aag gat gca tcc tca ttc ttg gect gag tgg caa aat atc acc aag 939
Leu Lys Asp Ala Ser Ser Phe Leu Ala Glu Trp Gln Asn Ile Thr Lys
255 260 265
ggce ttc agt gga gac agg cte ttg att gecg ggg act aac tcc tee gac 987
Gly Phe Ser Gly Asp Arg Leu Leu Ile Ala Gly Thr Asn Ser Ser Asp
270 275 280
ctt cag cag atc ctg agc cta ctc gaa tcc aac aaa gac ttg ctg ttg 1035
Leu Gln Gln Ile Leu Ser Leu Leu Glu Ser Asn Lys Asp Leu Leu Leu
285 290 295
act agc tca tac ctg tct gat tct ggt tct act ccc cag cat aca aaa 1083
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Thr Ser Ser Tyr Leu Ser Asp Ser Gly Ser Thr Pro Gln His Thr Lys

300 305 310 315
tce cta gtc aca cag tat ttg aat gcc act ggc aat cgc tgg tgce agce 1131
Ser Leu Val Thr Gln Tyr Leu Asn Ala Thr Gly Asn Arg Trp Cys Ser
320 325 330
tgg agt ttg tct cag gca agg ctc ctg act tece tte ttg ccg gect caa 1179
Trp Ser Leu Ser Gln Ala Arg Leu Leu Thr Ser Phe Leu Pro Ala Gln
335 340 345
ctt ctc cga ctc tac cag ctg atg ctec ttc acc ctg cca ggg acc cct 1227
Leu Leu Arg Leu Tyr Gln Leu Met Leu Phe Thr Leu Pro Gly Thr Pro
350 355 360
ctt ttc agc tac ggg gat gag att ggc ctg gat gca gct gece ctt cct 1275
Leu Phe Ser Tyr Gly Asp Glu Ile Gly Leu Asp Ala Ala Ala Leu Pro
365 370 375
cca cag cct atg gag gct cca gtc atg ctg tgg gat gag tcc age ttce 1323
Pro Gln Pro Met Glu Ala Pro Val Met Leu Trp Asp Glu Ser Ser Phe
380 385 390 395
cct gac atc cca ggg gct gta agt gcc aac atg act gtg aag ggc cag 1371
Pro Asp Ile Pro Gly Ala Val Ser Ala Asn Met Thr Val Lys Gly Gln
400 405 410
agt gaa gac cct ggc tece cte ctt tee ttg tte c¢gg c¢gg ctg agt gac 1419
Ser Glu Asp Pro Gly Ser Leu Leu Ser Leu Phe Arg Arg Leu Ser Asp
415 420 425
cag c¢gg agt aag gag cgc tcc cta ctg cat ggg gac ttc cac gcg ttce 1467
Gln Arg Ser Lys Glu Arg Ser Leu Leu His Gly Asp Phe His Ala Phe
430 435 440
tce get ggg cct gga cte tte tee tat atc cge cac tgg gac cag aat 1515
Ser Ala Gly Pro Gly Leu Phe Ser Tyr Ile Arg His Trp Asp Gln Asn
445 450 455
gag cgt ttt ctg gta gtg ctt aac ttt ggg gat gtg ggc ctc tcg gct 1563
Glu Arg Phe Leu Val Val Leu Asn Phe Gly Asp Val Gly Leu Ser Ala
460 465 470 475
gga ctg cag gcc tcc gac ctg cct gecec age gec age ctg cca gcec aag 1611
Gly Leu Gln Ala Ser Asp Leu Pro Ala Ser Ala Ser Leu Pro Ala Lys
480 485 490
gct gac cte ctg ctec age acce cag cca ggc cgt gag gag ggc tce cct 1659
Ala Asp Leu Leu Leu Ser Thr Gln Pro Gly Arg Glu Glu Gly Ser Pro
495 500 505
cct gag ctg gga cgc ctg aaa ctg gag cct cac gaa ggg ctg ctg ctce 1707
Pro Glu Leu Gly Arg Leu Lys Leu Glu Pro His Glu Gly Leu Leu Leu
510 515 520
cge ttce cce tac gcg gee tga cctcagectg acatggacce actaccctte 1758
Arg Phe Pro Tyr Ala Ala
525

tcetttectt cccaggcccect ttggettcectg atttttttte tecttttttaa aacaaacaaa 1818
caaactgttg cagattatga gtgaacccca aatagggtgt ttt 1861
<210> SEQ ID NO 42

<211> LENGTH: 529

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 42

Met Ser Gln Asp Thr Glu Val Asp Met Lys Glu Val Glu Leu Asn Glu
1 5 10 15

Leu Glu Pro Glu Lys Gln Pro Met Asn Ala Ala Ser Gly Ala Ala Met
20 25 30
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Ser Leu

Glu Asp

Lys Glu
65

Arg Trp

Ala Gly

Pro Ala

Leu Gln

130

Gly Arg
145

Gly Pro

Leu Gln

Leu Gln

Pro Asn
210

Val Ala
225

Val Asp

Ser Phe

Arg Leu

Ser Leu
290

Ser Asp
305

Tyr Leu

Ala Arg

Gln Leu

Asp Glu

370

Ala Pro
385

Ala Val

Ser Leu

Ala

Glu

Glu

Ala

Ala

Gln

115

Ala

Leu

Ile

Ile

Ser

195

Tyr

Thr

Gly

Leu

Leu

275

Leu

Ser

Asn

Leu

Met

355

Ile

Val

Ser

Leu

Glu

Ala

Leu

Leu

Val

100

Lys

Phe

Asp

His

Asp

180

Ala

Lys

Phe

Ala

260

Ile

Glu

Gly

Ala

Leu

340

Leu

Gly

Met

Ala

Ser
420

Ala

Glu

Leu

Leu

85

Val

Trp

Gln

Tyr

Lys

165

Pro

Lys

Gly

Val

Gln

245

Glu

Ala

Ser

Ser

Thr

325

Thr

Phe

Leu

Leu

Asn

405

Leu

Glu

Ala

Lys

70

Leu

Ile

Trp

Gly

Leu

150

Asn

Asn

Lys

Asp

Lys

230

Val

Trp

Gly

Asn

Thr

310

Gly

Ser

Thr

Asp

Trp

390

Met

Phe

Lys

Ala

55

Val

Leu

Ile

His

His

135

Ser

Gln

Phe

Lys

Asn

215

Asp

Arg

Gln

Thr

Lys

295

Pro

Asn

Phe

Leu

Ala

375

Asp

Thr

Arg

Asn

Ala

Ala

Phe

Val

Thr

120

Gly

Ser

Lys

Gly

Ser

200

Ser

Ala

Asp

Asn

Asn

280

Asp

Gln

Arg

Leu

Pro

360

Ala

Glu

Val

Arg

Gly

Ala

Gly

Trp

Arg

105

Gly

Ala

Leu

Asp

Ser

185

Ile

Trp

Leu

Ile

Ile

265

Ser

Leu

His

Trp

Pro

345

Gly

Ala

Ser

Lys

Leu
425

Leu

Ala

Ser

Leu

90

Ala

Pro

Gly

Lys

Asp

170

Lys

Arg

Phe

Glu

Glu

250

Thr

Ser

Leu

Thr

Cys

330

Ala

Thr

Leu

Ser

Gly

410

Ser

Val

Lys

Pro

75

Gly

Pro

Leu

Asn

Val

155

Val

Glu

Val

Ser

Phe

235

Asn

Lys

Asp

Leu

Lys

315

Ser

Gln

Pro

Pro

Phe

395

Gln

Asp

Lys

Phe

60

Gly

Trp

Arg

Tyr

Leu

140

Lys

Ala

Asp

Ile

Thr

220

Trp

Leu

Gly

Leu

Thr

300

Ser

Trp

Leu

Leu

Pro

380

Pro

Ser

Gln

Ile

Thr

Trp

Leu

Cys

Arg

125

Ala

Gly

Gln

Phe

Leu

205

Gln

Leu

Lys

Phe

Gln

285

Ser

Leu

Ser

Leu

Phe

365

Gln

Asp

Glu

Arg

Lys

Gly

Val

Gly

Arg

110

Ile

Gly

Leu

Thr

Asp

190

Asp

Val

Gln

Asp

Ser

270

Gln

Ser

Val

Leu

Arg

350

Ser

Pro

Ile

Asp

Ser
430

Val

Leu

Arg

Met

95

Glu

Gly

Leu

Val

Asp

175

Ser

Leu

Asp

Ala

Ala

255

Gly

Ile

Tyr

Thr

Ser

335

Leu

Tyr

Met

Pro

Pro

415

Lys

Ala

Ser

Thr

80

Leu

Leu

Asp

Lys

Leu

160

Leu

Leu

Thr

Thr

Gly

240

Ser

Asp

Leu

Leu

Gln

320

Gln

Tyr

Gly

Glu

Gly

400

Gly

Glu
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Arg Ser Leu Leu His Gly Asp Phe His Ala Phe Ser Ala Gly Pro Gly
435 440 445

Leu Phe Ser Tyr Ile Arg His Trp Asp Gln Asn Glu Arg Phe Leu Val
450 455 460

Val Leu Asn Phe Gly Asp Val Gly Leu Ser Ala Gly Leu Gln Ala Ser
465 470 475 480

Asp Leu Pro Ala Ser Ala Ser Leu Pro Ala Lys Ala Asp Leu Leu Leu
485 490 495

Ser Thr Gln Pro Gly Arg Glu Glu Gly Ser Pro Pro Glu Leu Gly Arg
500 505 510

Leu Lys Leu Glu Pro His Glu Gly Leu Leu Leu Arg Phe Pro Tyr Ala
515 520 525

Ala

<210> SEQ ID NO 43
<211> LENGTH: 1437
<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 43

atgagtacaa atggtgatga tcatcaggtc aaggatagtc tggagcaatt gagatgtcac 60
tttacatggg agttatccat tgatgacgat gaaatgcctg atttagaaaa cagagtcttg 120
gatcagattg aattcctaga caccaaatac aatgtgggaa tacacaacct actagcctat 180
gtgaaacacc tgaaaggcca gaatgaggaa gccctgaaga gcttaaaaga agctgaaaac 240
ttaatgcagg aagaacatga caaccaagca aatgtgagga gtctggtgac ctggggcaac 300
tttgcctgga tgtattacca catgggcaga ctggcagaag cccagactta cctggacaag 360
gtggagaaca tttgcaagaa gctttcaaat cccttccget atagaatgga gtgtccagaa 420
atagactgtg aggaaggatg ggccttgctg aagtgtggag gaaagaatta tgaacgggcc 480
aaggcctget ttgaaaaggt gcttgaagtg gaccctgaaa accctgaatc cagegetggg 540
tatgcgatct ctgcctateg cctggatgge tttaaattag ccacaaaaaa tcacatacca 600
ttttetttge ttcecectaag gcaggctgte cgtttaaatce cggacaatgg atatatgaag 660
gttectccttg ccctgaagct tcaggatgaa ggacaggaag ctgaaggaga aaagtacatt 720
gaagaagctc tagccaacat gtcctcacag acctatgtct ttcgatatgc agccaagttt 780
taccgaagaa aaggctctgt ggataaagct cttgagttat tagaaaaggc cttgcaggaa 840
acacccactt ctgtcttact gcatcaccag atagggcttt gctacaaggc acaaatgatc 900
caaatcaagg aggctacaaa agggcagcct agagggcaga acagagaaaa gctagacaaa 960

atgataagat cagccatatt tcattttgaa tctgcagtgg aaaaaaagcc cacatttgag 1020
gtggctcatc tagacctggc aagaatgtat atagaagcag gcaatcacag aaaagctgaa 1080
gagagttttc gaaaaatgtt atgcatgaaa ccagtggtag aagaaacaat gcaagacata 1140
catttccact atggtcggtt tcaggaattt caaaagaaat ctgacgtcaa tgcaattatc 1200
cattatttaa aagctataaa aatagaacag gcatcattag caagggataa aagtatcaat 1260
tctttgaaga aattggtttt aaggaaactt cggagaaagg cattagatct ggaaagcttg 1320
agcctecttg ggttecgteta caaattggaa ggaaatatga atgaagccct ggagtactat 1380

gagcgggccece tgagactggce tgctgacttce gagaactctg tgagacaagg tccttag 1437
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<210> SEQ ID NO 44

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

<400> SEQUENCE:

atg agt
Met Ser
1

ttg aga
Leu Arg

cct gat
Pro Asp

aaa tac
Lys Tyr
50

aaa ggc
Lys Gly
65

tta atg
Leu Met

acc tgg
Thr Trp

gaa gcc
Glu Ala

tca aat
Ser Asn
130

gaa gga
Glu Gly
145

aag gcc
Lys Ala

tce age
Ser Ser

tta gcc
Leu Ala

gct gte
Ala Val
210

ctg aag
Leu Lys
225

gaa gaa

Glu Glu

gca gecc

aca
Thr

tgt
Cys

tta
Leu
35

aat
Asn

cag
Gln

cag
Gln

gge
Gly

cag
Gln
115

ccce

Pro

tgg
Trp

tge
Cys

gct
Ala

aca
Thr
195

cgt
Arg

ctt
Leu

gct
Ala

aag

aat
Asn

cac
His

gaa
Glu

gtg
Val

aat
Asn

gaa
Glu

aac
Asn
100

act

Thr

ttc
Phe

gce
Ala

ttt
Phe

g99
Gly
180

aaa
Lys

tta
Leu

cag
Gln

cta
Leu

ttt

1437

Pan

CDs

(1) .

44

ggt
Gly
5

ttt
Phe

aac
Asn

gga
Gly

gag
Glu

gaa
Glu
85

ttt
Phe

tac
Tyr

cge
Arg

ttg
Leu

gaa
Glu
165

tat

Tyr

aat
Asn

aat
Asn

gat
Asp

gce
Ala
245

tac

troglodytes

. (1437)

gat
Asp

aca
Thr

aga
Arg

ata
Ile

gaa
Glu
70

cat
His

gce
Ala

ctg
Leu

tat
Tyr

ctyg
Leu
150

aag

Lys

geg
Ala

cac
His

ceg
Pro

gaa
Glu
230

aac
Asn

cga

gat
Asp

tgg
Trp

gte
Val

cac
His
55

gce
Ala

gac
Asp

tgg
Trp

gac
Asp

aga
Arg
135

aag

Lys

gtg
Val

atc
Ile

ata
Ile

gac
Asp
215

dga
Gly

atg
Met

aga

cat
His

gag
Glu

ttyg
Leu

aac
Asn

ctyg
Leu

aac
Asn

atg
Met

aag
Lys
120

atg

Met

tgt
Cys

ctt
Leu

tct
Ser

cca
Pro
200

aat
Asn

cag
Gln

tce
Ser

aaa

cag
Gln

tta
Leu
25

gat
Asp

cta
Leu

aag
Lys

caa
Gln

tat
Tyr
105

gtg
Val

gag
Glu

gga
Gly

gaa
Glu

gce
Ala
185

ttt
Phe

gga
Gly

gaa
Glu

tca
Ser

ggc

gte
Val

tce
Ser

cag
Gln

cta
Leu

agc
Ser

gca
Ala
90

tac
Tyr

gag
Glu

tgt
Cys

gga
Gly

gtg
Val
170

tat

Tyr

tct
Ser

tat
Tyr

get
Ala

cag
Gln
250

tect

aag
Lys

att
Ile

att
Ile

gcc
Ala

tta
Leu
75

aat
Asn

cac
His

aac
Asn

cca
Pro

aag
Lys
155

gac

Asp

cge
Arg

ttg
Leu

atg
Met

gaa
Glu
235

acc
Thr

gtg

gat
Asp

gat
Asp

gaa
Glu

tat
Tyr
60

aaa
Lys

gtg
Val

atg
Met

att
Ile

gaa
Glu
140

aat

Asn

cect
Pro

ctg
Leu

ctt
Leu

aag
Lys
220

dgga
Gly

tat
Tyr

gat

agt
Ser

gac
Asp

ttc
Phe

gtg
Val

gaa
Glu

agg
Arg

gge
Gly

tge
Cys
125

ata

Ile

tat
Tyr

gaa
Glu

gat
Asp

cece
Pro
205

gtt
Val

gaa
Glu

gte
Val

aaa

ctg
Leu

gat
Asp

cta
Leu

aaa
Lys

gct
Ala

agt
Ser

aga
Arg
110

aag

Lys

gac
Asp

gaa
Glu

aac
Asn

gge
Gly
190

cta
Leu

cte
Leu

aag
Lys

ttt
Phe

gct

gag
Glu

gaa
Glu

gac
Asp

cac
His

gaa
Glu

ctg
Leu
95

ctg
Leu

aag
Lys

tgt
Cys

cg99
Arg

cct
Pro
175

ttt
Phe

agg
Arg

ctt
Leu

tac
Tyr

cga
Arg
255

ctt

caa
Gln

atg
Met

acc
Thr

ctyg
Leu

aac
Asn
80

gtyg
Val

gca
Ala

ctt
Leu

gag
Glu

gce
Ala
160

gaa

Glu

aaa
Lys

cag
Gln

gce
Ala

att
Ile
240

tat
Tyr

gag

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816
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Ala Ala Lys Phe Tyr Arg Arg Lys Gly Ser Val Asp Lys Ala Leu Glu
260 265 270

tta tta gaa aag gcc ttg cag gaa aca ccc act tct gte tta ctg cat 864
Leu Leu Glu Lys Ala Leu Gln Glu Thr Pro Thr Ser Val Leu Leu His
275 280 285

cac cag ata ggg ctt tgc tac aag gca caa atg atc caa atc aag gag 912
His Gln Ile Gly Leu Cys Tyr Lys Ala Gln Met Ile Gln Ile Lys Glu
290 295 300

gct aca aaa ggg cag cct aga ggg cag aac aga gaa aag cta gac aaa 960
Ala Thr Lys Gly Gln Pro Arg Gly Gln Asn Arg Glu Lys Leu Asp Lys
305 310 315 320

atg ata aga tca gcc ata ttt cat ttt gaa tct gca gtg gaa aaa aag 1008
Met Ile Arg Ser Ala Ile Phe His Phe Glu Ser Ala Val Glu Lys Lys
325 330 335

cce aca ttt gag gtg gct cat cta gac ctg gca aga atg tat ata gaa 1056
Pro Thr Phe Glu Val Ala His Leu Asp Leu Ala Arg Met Tyr Ile Glu
340 345 350

gca ggc aat cac aga aaa gct gaa gag agt ttt cga aaa atg tta tgc 1104
Ala Gly Asn His Arg Lys Ala Glu Glu Ser Phe Arg Lys Met Leu Cys
355 360 365

atg aaa cca gtg gta gaa gaa aca atg caa gac ata cat ttc cac tat 1152
Met Lys Pro Val Val Glu Glu Thr Met Gln Asp Ile His Phe His Tyr
370 375 380

ggt c¢gg ttt cag gaa ttt caa aag aaa tct gac gtc aat gca att atc 1200
Gly Arg Phe Gln Glu Phe Gln Lys Lys Ser Asp Val Asn Ala Ile Ile
385 390 395 400

cat tat tta aaa gct ata aaa ata gaa cag gca tca tta gca agg gat 1248
His Tyr Leu Lys Ala Ile Lys Ile Glu Gln Ala Ser Leu Ala Arg Asp
405 410 415

aaa agt atc aat tct ttg aag aaa ttg gtt tta agg aaa ctt cgg aga 1296
Lys Ser Ile Asn Ser Leu Lys Lys Leu Val Leu Arg Lys Leu Arg Arg
420 425 430

aag gca tta gat ctg gaa agc ttg agc ctc ctt ggg ttc gtc tac aaa 1344
Lys Ala Leu Asp Leu Glu Ser Leu Ser Leu Leu Gly Phe Val Tyr Lys
435 440 445

ttg gaa gga aat atg aat gaa gcc ctg gag tac tat gag cgg gcc ctg 1392
Leu Glu Gly Asn Met Asn Glu Ala Leu Glu Tyr Tyr Glu Arg Ala Leu
450 455 460

aga ctg gct gct gac ttc gag aac tct gtg aga caa ggt cct tag 1437

Arg Leu Ala Ala Asp Phe Glu Asn Ser Val Arg Gln Gly Pro
465 470 475

<210> SEQ ID NO 45

<211> LENGTH: 478

<212> TYPE: PRT

<213> ORGANISM: Pan troglodytes
<400> SEQUENCE: 45

Met Ser Thr Asn Gly Asp Asp His Gln Val Lys Asp Ser Leu Glu Gln
1 5 10 15

Leu Arg Cys His Phe Thr Trp Glu Leu Ser Ile Asp Asp Asp Glu Met
20 25 30

Pro Asp Leu Glu Asn Arg Val Leu Asp Gln Ile Glu Phe Leu Asp Thr

Lys Tyr Asn Val Gly Ile His Asn Leu Leu Ala Tyr Val Lys His Leu
50 55 60

Lys Gly Gln Asn Glu Glu Ala Leu Lys Ser Leu Lys Glu Ala Glu Asn
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65

Leu Met Gln

Thr Trp Gly

Glu Ala Gln

115

Ser Asn Pro
130

Glu Gly Trp
145

Lys Ala Cys

Ser Ser Ala

Leu Ala Thr

195

Ala Val Arg
210

Leu Lys Leu
225

Glu Glu Ala

Ala Ala Lys

Leu Leu Glu

275

His Gln Ile
290

Ala Thr Lys
305

Met Ile Arg

Pro Thr Phe

Ala Gly Asn

355

Met Lys Pro
370

Gly Arg Phe
385

His Tyr Leu

Lys Ser Ile

Lys Ala Leu

435

Leu Glu Gly
450

Arg Leu Ala
465

Glu

Asn

100

Thr

Phe

Ala

Phe

Gly

180

Lys

Leu

Gln

Leu

Phe

260

Lys

Gly

Gly

Ser

Glu

340

His

Val

Gln

Lys

Asn

420

Asp

Asn

Ala

Glu

85

Phe

Tyr

Arg

Leu

Glu

165

Tyr

Asn

Asn

Asp

Ala

245

Tyr

Ala

Leu

Gln

Ala

325

Val

Arg

Val

Glu

Ala

405

Ser

Leu

Met

Asp

70
His

Ala

Leu

Tyr

Leu

150

Lys

Ala

His

Pro

Glu

230

Asn

Arg

Leu

Cys

Pro

310

Ile

Ala

Lys

Glu

Phe

390

Ile

Leu

Glu

Asn

Phe
470

Asp

Trp

Asp

Arg

135

Lys

Val

Ile

Ile

Asp

215

Gly

Met

Arg

Gln

Tyr

295

Arg

Phe

His

Ala

Glu

375

Gln

Lys

Lys

Ser

Glu

455

Glu

Asn

Met

Lys

120

Met

Cys

Leu

Ser

Pro

200

Asn

Gln

Ser

Lys

Glu

280

Lys

Gly

His

Leu

Glu

360

Thr

Lys

Ile

Lys

Leu

440

Ala

Asn

Gln

Tyr

105

Val

Glu

Gly

Glu

Ala

185

Phe

Gly

Glu

Ser

Gly

265

Thr

Ala

Gln

Phe

Asp

345

Glu

Met

Lys

Glu

Leu

425

Ser

Leu

Ser

Ala

90

Tyr

Glu

Cys

Gly

Val

170

Tyr

Ser

Tyr

Ala

Gln

250

Ser

Pro

Gln

Asn

Glu

330

Leu

Ser

Gln

Ser

Gln

410

Val

Leu

Glu

Val

75

Asn

His

Asn

Pro

Lys

155

Asp

Arg

Leu

Met

Glu

235

Thr

Val

Thr

Met

Arg

315

Ser

Ala

Phe

Asp

Asp

395

Ala

Leu

Leu

Tyr

Arg
475

Val

Met

Ile

Glu

140

Asn

Pro

Leu

Leu

Lys

220

Gly

Tyr

Asp

Ser

Ile

300

Glu

Ala

Arg

Arg

Ile

380

Val

Ser

Arg

Gly

Tyr

460

Gln

Arg

Gly

Cys

125

Ile

Tyr

Glu

Asp

Pro

205

Val

Glu

Val

Lys

Val

285

Gln

Lys

Val

Met

Lys

365

His

Asn

Leu

Lys

Phe

445

Glu

Gly

Ser

Arg

110

Lys

Asp

Glu

Asn

Gly

190

Leu

Leu

Lys

Phe

Ala

270

Leu

Ile

Leu

Glu

Tyr

350

Met

Phe

Ala

Ala

Leu

430

Val

Arg

Pro

Leu

95

Leu

Lys

Cys

Arg

Pro

175

Phe

Arg

Leu

Tyr

Arg

255

Leu

Leu

Lys

Asp

Lys

335

Ile

Leu

His

Ile

Arg

415

Arg

Tyr

Ala

80

Val

Ala

Leu

Glu

Ala

160

Glu

Lys

Gln

Ala

Ile

240

Tyr

Glu

His

Glu

Lys

320

Lys

Glu

Cys

Tyr

Ile

400

Asp

Arg

Lys

Leu



US 2009/0304653 Al
90

-continued

Dec. 10, 2009

<210> SEQ ID NO 46

<211> LENGTH: 1642

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 46

ccagatctea gaggagectg gctaagcaaa accctgcaga acggetgect aatttacage
aaccatgagt acaaatggtg atgatcatca ggtcaaggat agtctggagce aattgagatg
tcactttaca tgggagttat ccattgatga cgatgaaatg cctgatttag aaaacagagt
cttggatcag attgaattcc tagacaccaa atacagtgtg ggaatacaca acctactagce
ctatgtgaaa cacctgaaag gccagaatga ggaagccctg aagagcttaa aagaagctga
aaacttaatg caggaagaac atgacaacca agcaaatgtg aggagtctgg tgacctgggg
caactttgece tggatgtatt accacatggg cagactggca gaagcccaga cttacctgga
caaggtggag aacatttgca agaagctttce aaatccctte cgetatagaa tggagtgtee
agaaatagac tgtgaggaag gatgggcctt gectgaagtgt ggaggaaaga attatgaacyg
ggccaaggece tgctttgaaa aggtgettga agtggaccct gaaaaccctyg aatccagege
tgggtatgeg atctetgect atcgectgga tggcetttaaa ttagccacaa aaaatcacaa
gccattttet ttgcttecee taaggcagge tgtccgetta aatccagaca atggatatat
taaggttcte cttgccctga agettcagga tgaaggacag gaagctgaag gagaaaagta
cattgaagaa gctctagcca acatgtcctce acagacctat gtctttcgat atgcagcecaa
gttttaccga agaaaaggct ctgtggataa agctcttgag ttattaaaaa aggccttgca
ggaaacaccce acttetgtet tactgcatca ccagataggg ctttgctaca aggcacaaat
gatccaaatc aaggaggcta caaaagggca gcctagaggg cagaacagag aaaagctaga
caaaatgata agatcagcca tatttcattt tgaatctgeca gtggaaaaaa agcccacatt
tgaggtgget catctagacce tggcaagaat gtatatagaa gcaggcaatc acagaaaage
tgaagagaat tttcaaaaat tgttatgcat gaaaccagtg gtagaagaaa caatgcaaga
catacatttc tactatggtc ggtttcagga atttcaaaag aaatctgacg tcaatgcaat
tatccattat ttaaaagcta taaaaataga acaggcatca ttaacaaggg ataaaagtat
caattctttg aagaaattgg ttttaaggaa acttcggaga aaggcattag atctggaaag
cttgagecte cttgggttceg tctataaatt ggaaggaaat atgaatgaag ccctggagta
ctatgagegg gecctgagac tggctgctga ctttgagaac tctgtgagac aaggtcectta
ggcacccaga tatcagccac tttcacattt catttcattt tatgctaaca tttactaatc
atcttttetg cttactgttt tcagaaacat tataattcac tgtaatgatg taattcttga
ataataaatc tgacaaaata tt

<210> SEQ ID NO 47

<211> LENGTH: 1642

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (65)..(1501)

<400> SEQUENCE: 47

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1642
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ccagatctca gaggagectg gctaagcaaa accctgcaga acggctgect aatttacage 60
aacc atg agt aca aat ggt gat gat cat cag gtc aag gat agt ctg gag 109

Met Ser Thr Asn Gly Asp Asp His Gln Val Lys Asp Ser Leu Glu
1 5 10 15

caa ttg aga tgt cac ttt aca tgg gag tta tcc att gat gac gat gaa 157
Gln Leu Arg Cys His Phe Thr Trp Glu Leu Ser Ile Asp Asp Asp Glu
20 25 30

atg cct gat tta gaa aac aga gtc ttg gat cag att gaa ttc cta gac 205
Met Pro Asp Leu Glu Asn Arg Val Leu Asp Gln Ile Glu Phe Leu Asp
35 40 45

acc aaa tac agt gtg gga ata cac aac cta cta gce tat gtg aaa cac 253
Thr Lys Tyr Ser Val Gly Ile His Asn Leu Leu Ala Tyr Val Lys His
50 55 60

ctg aaa ggc cag aat gag gaa gcc ctg aag agc tta aaa gaa gct gaa 301
Leu Lys Gly Gln Asn Glu Glu Ala Leu Lys Ser Leu Lys Glu Ala Glu
65 70 75

aac tta atg cag gaa gaa cat gac aac caa gca aat gtg agg agt ctg 349
Asn Leu Met Gln Glu Glu His Asp Asn Gln Ala Asn Val Arg Ser Leu
80 85 90 95

gtg acc tgg ggc aac ttt gce tgg atg tat tac cac atg ggc aga ctg 397
Val Thr Trp Gly Asn Phe Ala Trp Met Tyr Tyr His Met Gly Arg Leu
100 105 110

gca gaa gcc cag act tac ctg gac aag gtg gag aac att tgc aag aag 445
Ala Glu Ala Gln Thr Tyr Leu Asp Lys Val Glu Asn Ile Cys Lys Lys
115 120 125

ctt tca aat ccc ttc cge tat aga atg gag tgt cca gaa ata gac tgt 493
Leu Ser Asn Pro Phe Arg Tyr Arg Met Glu Cys Pro Glu Ile Asp Cys
130 135 140

gag gaa gga tgg gcc ttg ctg aag tgt gga gga aag aat tat gaa cgg 541
Glu Glu Gly Trp Ala Leu Leu Lys Cys Gly Gly Lys Asn Tyr Glu Arg
145 150 155

gec aag gece tge ttt gaa aag gtg ctt gaa gtg gac cct gaa aac cct 589
Ala Lys Ala Cys Phe Glu Lys Val Leu Glu Val Asp Pro Glu Asn Pro
160 165 170 175

gaa tcc agce get ggg tat geg atc tet gec tat cge ctg gat gge ttt 637
Glu Ser Ser Ala Gly Tyr Ala Ile Ser Ala Tyr Arg Leu Asp Gly Phe
180 185 190

aaa tta gcc aca aaa aat cac aag cca ttt tect ttg ctt ccc cta agg 685
Lys Leu Ala Thr Lys Asn His Lys Pro Phe Ser Leu Leu Pro Leu Arg
195 200 205

cag gct gtc cgc tta aat cca gac aat gga tat att aag gtt ctc ctt 733
Gln Ala Val Arg Leu Asn Pro Asp Asn Gly Tyr Ile Lys Val Leu Leu
210 215 220

gee ctg aag ctt cag gat gaa gga cag gaa gct gaa gga gaa aag tac 781
Ala Leu Lys Leu Gln Asp Glu Gly Gln Glu Ala Glu Gly Glu Lys Tyr
225 230 235

att gaa gaa gct cta gcc aac atg tcc tca cag acc tat gtc ttt cga 829
Ile Glu Glu Ala Leu Ala Asn Met Ser Ser Gln Thr Tyr Val Phe Arg
240 245 250 255

tat gca gcc aag ttt tac cga aga aaa ggc tect gtg gat aaa gct ctt 877
Tyr Ala Ala Lys Phe Tyr Arg Arg Lys Gly Ser Val Asp Lys Ala Leu
260 265 270

gag tta tta aaa aag gcc ttg cag gaa aca ccc act tct gtce tta ctg 925
Glu Leu Leu Lys Lys Ala Leu Gln Glu Thr Pro Thr Ser Val Leu Leu
275 280 285

cat cac cag ata ggg ctt tge tac aag gca caa atg atc caa atc aag 973
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His His Gln Ile Gly Leu Cys Tyr Lys Ala Gln Met Ile Gln Ile Lys
290 295 300

gag gct aca aaa ggg cag cct aga ggg cag aac aga gaa aag cta gac 1021
Glu Ala Thr Lys Gly Gln Pro Arg Gly Gln Asn Arg Glu Lys Leu Asp
305 310 315

aaa atg ata aga tca gcc ata ttt cat ttt gaa tct gca gtg gaa aaa 1069
Lys Met Ile Arg Ser Ala Ile Phe His Phe Glu Ser Ala Val Glu Lys
320 325 330 335

aag ccc aca ttt gag gtg gct cat cta gac ctg gca aga atg tat ata 1117
Lys Pro Thr Phe Glu Val Ala His Leu Asp Leu Ala Arg Met Tyr Ile
340 345 350

gaa gca ggc aat cac aga aaa gct gaa gag aat ttt caa aaa ttg tta 1165
Glu Ala Gly Asn His Arg Lys Ala Glu Glu Asn Phe Gln Lys Leu Leu
355 360 365

tgc atg aaa cca gtg gta gaa gaa aca atg caa gac ata cat ttc tac 1213
Cys Met Lys Pro Val Val Glu Glu Thr Met Gln Asp Ile His Phe Tyr
370 375 380

tat ggt cgg ttt cag gaa ttt caa aag aaa tct gac gtc aat gca att 1261
Tyr Gly Arg Phe Gln Glu Phe Gln Lys Lys Ser Asp Val Asn Ala Ile
385 390 395

atc cat tat tta aaa gct ata aaa ata gaa cag gca tca tta aca agg 1309
Ile His Tyr Leu Lys Ala Ile Lys Ile Glu Gln Ala Ser Leu Thr Arg
400 405 410 415

gat aaa agt atc aat tct ttg aag aaa ttg gtt tta agg aaa ctt cgg 1357
Asp Lys Ser Ile Asn Ser Leu Lys Lys Leu Val Leu Arg Lys Leu Arg
420 425 430

aga aag gca tta gat ctg gaa agc ttg agc ctc ctt ggg ttc gtc tat 1405
Arg Lys Ala Leu Asp Leu Glu Ser Leu Ser Leu Leu Gly Phe Val Tyr
435 440 445

aaa ttg gaa gga aat atg aat gaa gcc ctg gag tac tat gag cgg gcc 1453
Lys Leu Glu Gly Asn Met Asn Glu Ala Leu Glu Tyr Tyr Glu Arg Ala
450 455 460

ctg aga ctg gct gct gac ttt gag aac tct gtg aga caa ggt cct tag 1501
Leu Arg Leu Ala Ala Asp Phe Glu Asn Ser Val Arg Gln Gly Pro

465 470 475
gcacccagat atcagccact ttcacatttc atttcatttt atgctaacat ttactaatca 1561
tcttttetge ttactgtttt cagaaacatt ataattcact gtaatgatgt aattcttgaa 1621
taataaatct gacaaaatat t 1642
<210> SEQ ID NO 48
<211> LENGTH: 478
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 48

Met Ser Thr Asn Gly Asp Asp His Gln Val Lys Asp Ser Leu Glu Gln
1 5 10 15

Leu Arg Cys His Phe Thr Trp Glu Leu Ser Ile Asp Asp Asp Glu Met
20 25 30

Pro Asp Leu Glu Asn Arg Val Leu Asp Gln Ile Glu Phe Leu Asp Thr
35 40 45

Lys Tyr Ser Val Gly Ile His Asn Leu Leu Ala Tyr Val Lys His Leu
50 55 60

Lys Gly Gln Asn Glu Glu Ala Leu Lys Ser Leu Lys Glu Ala Glu Asn
65 70 75 80
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Leu Met Gln

Thr Trp Gly

Glu Ala Gln

115

Ser Asn Pro
130

Glu Gly Trp
145

Lys Ala Cys

Ser Ser Ala

Leu Ala Thr

195

Ala Val Arg
210

Leu Lys Leu
225

Glu Glu Ala

Ala Ala Lys

Leu Leu Lys

275

His Gln Ile
290

Ala Thr Lys
305

Met Ile Arg

Pro Thr Phe

Ala Gly Asn

355

Met Lys Pro
370

Gly Arg Phe
385

His Tyr Leu

Lys Ser Ile

Lys Ala Leu

435

Leu Glu Gly
450

Arg Leu Ala
465

Glu

Asn

100

Thr

Phe

Ala

Phe

Gly

180

Lys

Leu

Gln

Leu

Phe

260

Lys

Gly

Gly

Ser

Glu

340

His

Val

Gln

Lys

Asn

420

Asp

Asn

Ala

Glu

85

Phe

Tyr

Arg

Leu

Glu

165

Tyr

Asn

Asn

Asp

Ala

245

Tyr

Ala

Leu

Gln

Ala

325

Val

Arg

Val

Glu

Ala

405

Ser

Leu

Met

Asp

His

Ala

Leu

Tyr

Leu

150

Lys

Ala

His

Pro

Glu

230

Asn

Arg

Leu

Cys

Pro

310

Ile

Ala

Lys

Glu

Phe

390

Ile

Leu

Glu

Asn

Phe
470

Asp

Trp

Asp

Arg

135

Lys

Val

Ile

Lys

Asp

215

Gly

Met

Arg

Gln

Tyr

295

Arg

Phe

His

Ala

Glu

375

Gln

Lys

Lys

Ser

Glu

455

Glu

Asn

Met

Lys

120

Met

Cys

Leu

Ser

Pro

200

Asn

Gln

Ser

Lys

Glu

280

Lys

Gly

His

Leu

Glu

360

Thr

Lys

Ile

Lys

Leu

440

Ala

Asn

Gln

Tyr

105

Val

Glu

Gly

Glu

Ala

185

Phe

Gly

Glu

Ser

Gly

265

Thr

Ala

Gln

Phe

Asp

345

Glu

Met

Lys

Glu

Leu

425

Ser

Leu

Ser

Ala

90

Tyr

Glu

Cys

Gly

Val

170

Tyr

Ser

Tyr

Ala

Gln

250

Ser

Pro

Gln

Asn

Glu

330

Leu

Asn

Gln

Ser

Gln

410

Val

Leu

Glu

Val

Asn

His

Asn

Pro

Lys

155

Asp

Arg

Leu

Ile

Glu

235

Thr

Val

Thr

Met

Arg

315

Ser

Ala

Phe

Asp

Asp

395

Ala

Leu

Leu

Tyr

Arg
475

Val

Met

Ile

Glu

140

Asn

Pro

Leu

Leu

Lys

220

Gly

Tyr

Asp

Ser

Ile

300

Glu

Ala

Arg

Gln

Ile

380

Val

Ser

Arg

Gly

Tyr

460

Gln

Arg

Gly

Cys

125

Ile

Tyr

Glu

Asp

Pro

205

Val

Glu

Val

Lys

Val

285

Gln

Lys

Val

Met

Lys

365

His

Asn

Leu

Lys

Phe

445

Glu

Gly

Ser

Arg

110

Lys

Asp

Glu

Asn

Gly

190

Leu

Leu

Lys

Phe

Ala

270

Leu

Ile

Leu

Glu

Tyr

350

Leu

Phe

Ala

Thr

Leu

430

Val

Arg

Pro

Leu

95

Leu

Lys

Cys

Arg

Pro

175

Phe

Arg

Leu

Tyr

Arg

255

Leu

Leu

Lys

Asp

Lys

335

Ile

Leu

Tyr

Ile

Arg

415

Arg

Tyr

Ala

Val

Ala

Leu

Glu

Ala

160

Glu

Lys

Gln

Ala

Ile

240

Tyr

Glu

His

Glu

Lys

320

Lys

Glu

Cys

Tyr

Ile

400

Asp

Arg

Lys

Leu
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<210> SEQ ID NO 49

<211> LENGTH: 1341

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 49

atggatttct cagtaaaggt agacatagag aaggaggtga cctgeccccat ctgecctggag
ctectgacag aacctctgag cctagattgt ggecacaget tcetgecaage ctgcatcact
acaaagatca aggagtcagt gatcatctca agaggggaaa gcagctgtce tgtgtgtcag
accagattece agectgggaa cctccgacct aatcggeate tggccaacat agttgagaga
gtcaaagagg tcaagatgag cccacaggag gggcagaaga gagatgtctyg tgagcaccat
ggaaaaaaac tccagatctt ctgtaaggag gatggaaaag tcatttgetg ggtttgtgaa
ctgtcteecgg aacaccaagg tcaccaaaca ttccgcataa acgaggtggt caaggaatgt
caggaaaagc tgcaggtagc cctgcagagg ctgataaagg aggatcaaga ggctgagaag
ctggaagatg acatcagaca agagagaacc gcctggaaga attatatcca gatcgagaga
cagaagattc tgaaagggtt caatgaaatg agagtcatct tggacaatga ggagcagaga
gagctgcaaa agctggagga aggtgaggtg aatgtgctgg ataacctggce agcagctaca
gaccagcetgg tccagcagag gcaggatgcece agcacgctca tctcagatcet ccageggagg
ttgaggggat cgtcagtaga gatgctgcag gatgtgattg acgtcatgaa aaggagtgaa
agctggacat tgaagaagcc aaaatctgtt tccaagaaac taaagagtgt attccgagta
ccagatctga gtgggatgct gcaagttctt aaagagctga cagatgtcca gtactactgg
gtggacgtga tgctgaatce aggcagtgcc acttcgaatg ttgctattte tgtggatcag
agacaagtga aaactgtacg cacctgcaca tttaagaatt caaatccatg tgatttttct
gettttggtyg tetteggetg ccaatattte tcttegggga aatattactyg ggaagtagat
gtgtctggaa agattgcctg gatcctggge gtacacagta aaataagtag tctgaataaa
aggaagagct ctgggtttge ttttgatcca agtgtaaatt attcaaaagt ttactccaaa
tatagacctc aatatggcta ctgggttata ggattacaga atacatgtga atataatgcect
tttgaggact cctectette tgatcccaag gttttgacte tetttatgge tgtgetcect
gtcgtattgg ggttttecta g

<210> SEQ ID NO 50

<211> LENGTH: 1341

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 50

atggatttct cagtaaaggt agacatagag aaggaggtga cctgccccat ctgcctggag
ctcctgacag aacctctgag cctagattgt ggccacagect tcectgccaagce ctgcatcact
acaaagatca aggagtcagt gatcatctca agaggggaaa gcagctgtcce tgtgtgtcag
accagattcc agcctgggaa ccteccgacct aatcggcatce tggccaacat agttgagaga
gtcaaagagg tcaagatgag cccacaggag gggcagaaga gagatgtcetyg tgagcaccat
ggaaaaaaac tccagatctt ctgtaaggag gatggaaaag tcatttgetg ggtttgtgaa
ctgtectecgg aacaccaagg tcaccaaaca ttecgcataa acgaggtggt caaggaatgt

caggaaaagc tgcaggtage cctgcagagg ctgataaagg aggatcaaga ggctgagaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1341

60

120

180

240

300

360

420

480
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ctggaagatg acatcagaca agagagaacc gcctggaaga attatatcca gatcgagaga 540
cagaagattc tgaaagggtt caatgaaatg agagtcatct tggacaatga ggagcagaga 600
gagctgcaaa agctggagga aggtgaggtg aatgtgctgg ataacctgge agcagctaca 660
gaccagctygg tccagcagag gcaggatgcc agcacgctca tctcagatct ccageggagg 720
ttgaggggat cgtcagtaga gatgctgcag gatgtgattg acgtcatgaa aaggagtgaa 780
agctggacat tgaagaagcc aaaatctgtt tccaagaaac taaagagtgt attccgagta 840
ccagatctga gtgggatgct gcaagttctt aaagagctga cagatgtcca gtactactgg 900
gtggacgtga tgctgaatcc aggcagtgcc acttcgaatg ttgctatttce tgtggatcag 960

agacaagtga aaactgtacg cacctgcaca tttaagaatt caaatccatg tgatttttcect 1020
gcttttggtg tetteggetg ccaatattte tecttecgggga aatattactg ggaagtagat 1080
gtgtctggaa agattgcctg gatcctggge gtacacagta aaataagtag tctgaataaa 1140
aggaagagct ctgggtttgce ttttgatcca agtgtaaatt attcaaaagt ttactccaaa 1200
tatagacctc aatatggcta ctgggttata ggattacaga atacatgtga atataatgct 1260
tttgaggact cctcecctette tgatcccaag gttttgacte tectttatgge tgtgctecect 1320
gtcgtattgg ggttttecta g 1341
<210> SEQ ID NO 51

<211> LENGTH: 2811

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 51

gaattcggca cgagetette tcccctgatt caagactcect ctgetttgga ctgaagcact 60
gcaggagttt gtgaccaaga acttcaagag tcaagacaga aggaagccaa gggagcagtg 120
caatggattt ctcagtaaag gtagacatag agaaggaggt gacctgccce atctgectgyg 180
agctectgac agaacctctg agectagatt gtggecacag cttetgecaa gectgcatca 240
ctgcaaagat caaggagtca gtgatcatct caagagggga aagcagcetgt cctgtgtgte 300
agaccagatt ccagectggg aacctccgac ctaatcggea tctggccaac atagttgaga 360
gagtcaaaga ggtcaagatg agcccacagg aggggcagaa gagagatgte tgtgagcacce 420
atggaaaaaa actccagatc ttctgtaagg aggatggaaa agtcatttge tgggtttgtg 480
aactgtctca ggaacaccaa ggtcaccaaa cattccgeat aaacgaggtg gtcaaggaat 540
gtcaggaaaa gctgcaggta gecctgcaga ggctgataaa ggaggatcaa gaggctgaga 600
agctggaaga tgacatcaga caagagagaa ccgcctggaa gatcgagaga cagaagattce 660
tgaaagggtt caatgaaatg agagtcatct tggacaatga ggagcagaga gagctgcaaa 720
agctggagga aggtgaggtg aatgtgcetgg acaacctgge agcagctaca gaccagetgyg 780
tccagecagag gcaggatgec agcacgetca tcetcagatet ccageggagg ttgacgggat 840
cgtcagtaga gatgetgcag gatgtgattg acgtcatgaa aaggagtgaa agctggacat 900
tgaagaagcce aaaatctgtt tccaagaaac taaagagtgt attccgagta ccagatctga 960

gtgggatgct gcaagttctt aaagagctga cagatgtcca gtactactgg gtggacgtga 1020
tgctgaatcc aggcagtgcc acttcgaatg ttgctattte tgtggatcag agacaagtga 1080

aaactgtacg cacctgcaca tttaagaatt caaatccatg tgatttttct gettttggtg 1140
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tcttecggectg ccaatattte tcttcecgggga aatattactg ggaagtagat gtgtctggaa 1200
agattgcctg gatcctggge gtacacagta aaataagtag tctgaataaa aggaagagct 1260
ctgggtttge ttttgatcca agtgtaaatt attcaaaagt ttactccaga tatagacctc 1320
aatatggcta ctgggttata ggattacaga atacatgtga atataatgct tttgaggact 1380
cctectette tgatcccaag gttttgactce tcectttatgge tgtgctcect gtcegtattgg 1440
ggttttccta gactatgagg caggcattgt ctcatttttc aatgtcacaa accacggacg 1500
actcatctac aagttctctg gatgtcgett ttctcgacct gecttatcegt atttcaatcce 1560
ttggaactgc ctagtcccca tgactgtgtg cccaccgage tcctgagtgt tetcattect 1620
ttacccactt ctgcatagta gcccttcectgt gagactcaga ttctgcacct gagttcatcect 1680
ctactgagac catctcttcc tttctttcce cttettttac ttagaatgtce tttgtattca 1740
tttgctaggg cttccatagce aaagcatcat agattgctga tttaaactgt aattgtattg 1800
ccgtactgtg ggctgaaatc ccaaatctag attccagcag agttggttct ttctgaggtce 1860
tgcaaggaag ggctctgttce catgcctcte tecttggett gtagaaggca tcttgtceect 1920
atgactcttc acattgtctt tatgtacatc tctgtgcecca agtttteccct ttttattaag 1980
acaccagtca tactggcctc agggcccacc gctaatgect taatgaaatc attttaacat 2040
tatattgtgt acaaagacct tatttccaaa taagataata tttggaggta ttgggaataa 2100
aatttgagga aggcgatttc actcataaca atcttaccct ttcttgcaag agatgcttgt 2160
acattatttt cctaatacct tggtttcact agtagtaaac attattattt tttttatatt 2220
tgcaaaggaa acatatctaa tccttcectat agaaagaaca gtattgctgt aattcetttt 2280
cttttcttece tcatttccte tgccccttaa aagattgaag aaagagaaac ttgtcaactce 2340
atatccacgt tatctagcaa agtcataaga atctatcact aagtaatgta tccttcagaa 2400
tgtgttggtt taccagtgac accccatatt catcacaaaa ttaaagcaag aagtccatag 2460
taatttattt gctaatagtg gatttttaat gctcagagtt tctgaggtca aattttatct 2520
tttcacttac aagctctatg atcttaaata atttacttaa tgtattttgg tgtattttcecc 2580
tcaaattaat attggtgttc aagactatat ctaattcctc tgatcacttt gagaaacaaa 2640
cttttattaa atgtaaggca cttttctatg aattttaaat ataaaaataa atattgttct 2700
gattattact gaaaagatgt cagccatttc aatgtcttgg gaaacaattt tttgtttttg 2760
ttectgtttte tttttgcttc aataaaacaa tagctggctc taaaaaaaaa a 2811
<210> SEQ ID NO 52

<211> LENGTH: 2811

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (123).. (1451

<400> SEQUENCE: 52

gaattcggca cgagctette tceccctgatt caagactcect ctgetttgga ctgaagcact 60
gcaggagttt gtgaccaaga acttcaagag tcaagacaga aggaagccaa gggagcagtg 120
ca atg gat ttc tca gta aag gta gac ata gag aag gag gtg acc tgc 167

Met Asp Phe Ser Val Lys Val Asp Ile Glu Lys Glu Val Thr Cys
1 5 10 15
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cce
Pro

cac

ate
Ile

cag
Gln

aga
Arg
80

gte
Val

gga
Gly

cac

ctg
Leu

aag
Lys
160

aga

Arg

aat

gtg
Val

cag
Gln

tcg
Ser
240

gaa

Glu

agt
Ser

gag
Glu

gge
Gly

atc
Ile

agce
Ser

atc
Ile

cct
Pro
65

gte
Val

tgt
Cys

aaa
Lys

caa
Gln

cag
Gln
145

ctg
Leu

cag
Gln

gag
Glu

ctyg
Leu

gat
Asp
225

tca
Ser

agc
Ser

gta
Val

ctyg
Leu

agt
Ser
305

tge
Cys

ttc
Phe

tca
Ser
50

999
Gly

aaa
Lys

gag
Glu

gtc
Val

aca
Thr
130

gta
Val

gaa
Glu

aag
Lys

gag
Glu

gac
Asp
210

gce
Ala

gta
Val

tgg
Trp

tte
Phe

aca
Thr
290

gce
Ala

ctg
Leu

tge
Cys
35

aga
Arg

aac
Asn

gag
Glu

cac
His

att
Ile
115

tte
Phe

gce
Ala

gat
Asp

att
Ile

cag
Gln
195

aac
Asn

agc
Ser

gag
Glu

aca
Thr

cga
Arg
275

gat

Asp

act
Thr

gag
Glu
20

caa
Gln

999
Gly

cte
Leu

gte
Val

cat
His
100

tgc
Cys

cge
Arg

ctg
Leu

gac
Asp

ctg
Leu
180

aga
Arg

ctg
Leu

acyg
Thr

atg
Met

ttg
Leu
260

gta

Val

gtec
Val

teg
Ser

cte
Leu

gece
Ala

gaa
Glu

cga
Arg

aag
Lys
85

gga
Gly

tgg
Trp

ata
Ile

cag
Gln

ate
Ile
165

aaa
Lys

gag
Glu

gca
Ala

cte
Leu

ctg
Leu
245

aag

Lys

cca
Pro

cag
Gln

aat
Asn

ctg
Leu

tge
Cys

age
Ser

cct
Pro
70

atg
Met

aaa
Lys

gtt
Val

aac
Asn

agg
Arg
150

aga
Arg

999
Gly

ctyg
Leu

gca
Ala

atc
Ile
230

cag
Gln

aag
Lys

gat
Asp

tac
Tyr

gtt
Val
310

aca
Thr

atc
Ile

age
Ser
55

aat
Asn

agc
Ser

aaa
Lys

tgt
Cys

gag
Glu
135

ctg
Leu

caa
Gln

ttc
Phe

caa
Gln

gct
Ala
215

tca
Ser

gat
Asp

cca
Pro

ctyg
Leu

tac
Tyr
295

gct
Ala

gaa
Glu

act
Thr
40

tgt
cys

cgg

cca
Pro

cte
Leu

gaa
Glu
120

gtg
Val

ata
Ile

gag
Glu

aat
Asn

aag
Lys
200

aca
Thr

gat
Asp

gtg
Val

aaa
Lys

agt
Ser
280

tgg
Trp

att
Ile

cct
Pro
25

gca
Ala

cct
Pro

cat
His

cag
Gln

cag
Gln
105

ctyg
Leu

gte
Val

aag
Lys

aga
Arg

gaa
Glu
185

ctyg
Leu

gac
Asp

cte
Leu

att
Ile

tct
Ser
265

999
Gly

gtg
Val

tct
Ser

ctg
Leu

aag
Lys

gtg
Val

ctg
Leu

gag
Glu
90

ate
Ile

tect
Ser

aag
Lys

gag
Glu

acc
Thr
170

atg
Met

gag
Glu

cag
Gln

cag
Gln

gac
Asp
250

gtt
Val

atg
Met

gac
Asp

gtg
Val

agc
Ser

atc
Ile

tgt
Cys

gee
Ala
75

999
Gly

tte
Phe

cag
Gln

gaa
Glu

gat
Asp
155

gee
Ala

aga
Arg

gaa
Glu

ctyg
Leu

<¢gg9
Arg
235

gte
Val

tece
Ser

ctyg
Leu

gtg
Val

gat
Asp
315

cta
Leu

aag
Lys

cag
Gln
60

aac
Asn

cag
Gln

tgt
Cys

gaa
Glu

tgt
Cys
140

caa
Gln

tgg
Trp

gte
Val

ggt
Gly

gte
Val
220

agg
Arg

atg
Met

aag
Lys

caa
Gln

atg
Met
300

cag
Gln

gat
Asp

gag
Glu
45

acc
Thr

ata
Ile

aag
Lys

aag
Lys

cac
His
125

cag
Gln

gag
Glu

aag
Lys

atc
Ile

gag
Glu
205

cag
Gln

ttg
Leu

aaa
Lys

aaa
Lys

gtt
Val
285

ctyg

Leu

aga
Arg

tgt
Cys
30

tca
Ser

aga
Arg

gtt
Val

aga
Arg

gag
Glu
110

caa
Gln

gaa
Glu

gct
Ala

atc
Ile

ttg
Leu
190

gtg
Val

cag
Gln

acyg
Thr

agg
Arg

cta
Leu
270

ctt

Leu

aat
Asn

caa
Gln

ggce
Gly

gtg
Val

tte
Phe

gag
Glu

gat
Asp
95

gat
Asp

ggt
Gly

aag
Lys

gag
Glu

gag
Glu
175

gac
Asp

aat
Asn

agg
Arg

gga
Gly

agt
Ser
255

aag

Lys

aaa
Lys

cca
Pro

gtg
Val

215

263

311

359

407

455

503

551

599

647

695

743

791

839

887

935

983

1031

1079
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aaa act gta cgc acc tgc aca ttt aag aat tca aat cca tgt gat ttt 1127
Lys Thr Val Arg Thr Cys Thr Phe Lys Asn Ser Asn Pro Cys Asp Phe

320 325 330 335

tct get ttt ggt gtc tte gge tgc caa tat ttc tect teg ggg aaa tat 1175
Ser Ala Phe Gly Val Phe Gly Cys Gln Tyr Phe Ser Ser Gly Lys Tyr

340 345 350
tac tgg gaa gta gat gtg tct gga aag att gcc tgg atc ctg ggc gta 1223
Tyr Trp Glu Val Asp Val Ser Gly Lys Ile Ala Trp Ile Leu Gly Val
355 360 365
cac agt aaa ata agt agt ctg aat aaa agg aag agc tct ggg ttt get 1271
His Ser Lys Ile Ser Ser Leu Asn Lys Arg Lys Ser Ser Gly Phe Ala
370 375 380
ttt gat cca agt gta aat tat tca aaa gtt tac tcc aga tat aga cct 1319
Phe Asp Pro Ser Val Asn Tyr Ser Lys Val Tyr Ser Arg Tyr Arg Pro
385 390 395

caa tat ggc tac tgg gtt ata gga tta cag aat aca tgt gaa tat aat 1367
Gln Tyr Gly Tyr Trp Val Ile Gly Leu Gln Asn Thr Cys Glu Tyr Asn

400 405 410 415

gct ttt gag gac tcc tece tet tet gat cec aag gtt ttg act cte ttt 1415
Ala Phe Glu Asp Ser Ser Ser Ser Asp Pro Lys Val Leu Thr Leu Phe

420 425 430
atg gct gtg ctc cct gtce gta ttg ggg ttt tcc tag actatgaggce 1461
Met Ala Val Leu Pro Val Val Leu Gly Phe Ser
435 440

aggcattgtc tcatttttca atgtcacaaa ccacggacga ctcatctaca agttctctgg 1521
atgtcgettt tctcgacctg cttatccgta tttcaatcct tggaactgcc tagtccccat 1581
gactgtgtgc ccaccgagcet cctgagtgtt ctcattcecctt tacccactte tgcatagtag 1641
ccettetgtg agactcagat tcectgcacctg agttcatcte tactgagacc atctcttect 1701
ttcttteocece ttettttact tagaatgtct ttgtattcat ttgctagggce ttccatagceca 1761
aagcatcata gattgctgat ttaaactgta attgtattgc cgtactgtgg gctgaaatcc 1821
caaatctaga ttccagcaga gttggttctt tctgaggtct gcaaggaagg gctcectgttcece 1881
atgcctetet cecttggettg tagaaggcat cttgtcecccta tgactcecttca cattgtettt 1941
atgtacatct ctgtgcccaa gttttccctt tttattaaga caccagtcat actggcectca 2001
gggcccacceg ctaatgectt aatgaaatca ttttaacatt atattgtgta caaagacctt 2061
atttccaaat aagataatat ttggaggtat tgggaataaa atttgaggaa ggcgatttca 2121
ctcataacaa tcttaccctt tcttgcaaga gatgcttgta cattattttc ctaatacctt 2181
ggtttcacta gtagtaaaca ttattatttt ttttatattt gcaaaggaaa catatctaat 2241
ccttcecctata gaaagaacag tattgctgta attcctttte ttttettcecct catttcectet 2301
gcceccttaaa agattgaaga aagagaaact tgtcaactca tatccacgtt atctagcaaa 2361
gtcataagaa tctatcacta agtaatgtat ccttcagaat gtgttggttt accagtgaca 2421
ccccatatte atcacaaaat taaagcaaga agtccatagt aatttatttg ctaatagtgg 2481
atttttaatg ctcagagttt ctgaggtcaa attttatctt ttcacttaca agctctatga 2541
tcttaaataa tttacttaat gtattttggt gtattttcct caaattaata ttggtgttca 2601
agactatatc taattcctct gatcactttg agaaacaaac ttttattaaa tgtaaggcac 2661

ttttctatga attttaaata taaaaataaa tattgttctg attattactg aaaagatgtc 2721

agccatttca atgtcttggg aaacaatttt ttgtttttgt tcectgttttet ttttgcttca 2781



US 2009/0304653 Al

99

-continued

Dec. 10, 2009

ataaaacaat agctggctct aaaaaaaaaa

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 53

LENGTH :

TYPE:

PRT

ORGANISM:

SEQUENCE :

Met Asp Phe Ser

1

Ile Cys Leu

Ser Phe Cys

35

Ile Ser Arg

Pro Gly Asn

65

Val Lys Glu

Cys Glu His

Lys Val Ile

115

Gln Thr Phe
130

Gln Val Ala

145

Leu Glu Asp

Gln Lys Ile

Glu Glu Gln

195

Leu Asp Asn
210

Asp Ala Ser

225

Ser Val Glu

Ser Trp Thr

Val Phe Arg

275

Leu Thr Asp
290

Ser Ala Thr

305

Thr Val Arg

Ala Phe Gly

Glu

20

Gln

Gly

Leu

Val

His

100

Cys

Arg

Leu

Asp

Leu

180

Arg

Leu

Thr

Met

Leu

260

Val

Val

Ser

Thr

Val
340

442

Homo sapiens

53

Val

Leu

Ala

Glu

Arg

Lys

85

Gly

Trp

Ile

Gln

Ile

165

Lys

Glu

Ala

Leu

Leu

245

Lys

Pro

Gln

Asn

Cys

325

Phe

Lys

Leu

Cys

Ser

Pro

70

Met

Lys

Val

Asn

Arg

150

Arg

Gly

Leu

Ala

Ile

230

Gln

Lys

Asp

Tyr

Val

310

Thr

Gly

Val

Thr

Ile

Ser

Asn

Ser

Lys

Cys

Glu

135

Leu

Gln

Phe

Gln

Ala

215

Ser

Asp

Pro

Leu

Tyr

295

Ala

Phe

Cys

Asp

Glu

Thr

40

Cys

Arg

Pro

Leu

Glu

120

Val

Ile

Glu

Asn

Lys

200

Thr

Asp

Val

Lys

Ser

280

Trp

Ile

Lys

Gln

Ile

Pro

25

Ala

Pro

His

Gln

Gln

105

Leu

Val

Lys

Arg

Glu

185

Leu

Asp

Leu

Ile

Ser

265

Gly

Val

Ser

Asn

Tyr
345

Glu

10

Leu

Lys

Val

Leu

Glu

90

Ile

Ser

Lys

Glu

Thr

170

Met

Glu

Gln

Gln

Asp

250

Val

Met

Asp

Val

Ser

330

Phe

Lys

Ser

Ile

Cys

Ala

75

Gly

Phe

Gln

Glu

Asp

155

Ala

Arg

Glu

Leu

Arg

235

Val

Ser

Leu

Val

Asp

315

Asn

Ser

Glu

Leu

Lys

Gln

Asn

Gln

Cys

Glu

Cys

140

Gln

Trp

Val

Gly

Val

220

Arg

Met

Lys

Gln

Met

300

Gln

Pro

Ser

Val

Asp

Glu

45

Thr

Ile

Lys

Lys

His

125

Gln

Glu

Lys

Ile

Glu

205

Gln

Leu

Lys

Lys

Val

285

Leu

Arg

Cys

Gly

Thr

Cys

30

Ser

Arg

Val

Arg

Glu

110

Gln

Glu

Ala

Ile

Leu

190

Val

Gln

Thr

Arg

Leu

270

Leu

Asn

Gln

Asp

Lys
350

Cys

15

Gly

Val

Phe

Glu

Asp

95

Asp

Gly

Lys

Glu

Glu

175

Asp

Asn

Arg

Gly

Ser

255

Lys

Lys

Pro

Val

Phe

335

Tyr

Pro

His

Ile

Gln

Arg

Val

Gly

His

Leu

Lys

160

Arg

Asn

Val

Gln

Ser

240

Glu

Ser

Glu

Gly

Lys

320

Ser

Tyr

2811



US 2009/0304653 Al Dec. 10, 2009
100

-continued

Trp Glu Val Asp Val Ser Gly Lys Ile Ala Trp Ile Leu Gly Val His
355 360 365

Ser Lys Ile Ser Ser Leu Asn Lys Arg Lys Ser Ser Gly Phe Ala Phe
370 375 380

Asp Pro Ser Val Asn Tyr Ser Lys Val Tyr Ser Arg Tyr Arg Pro Gln
385 390 395 400

Tyr Gly Tyr Trp Val Ile Gly Leu Gln Asn Thr Cys Glu Tyr Asn Ala
405 410 415

Phe Glu Asp Ser Ser Ser Ser Asp Pro Lys Val Leu Thr Leu Phe Met
420 425 430

Ala Val Leu Pro Val Val Leu Gly Phe Ser
435 440

<210> SEQ ID NO 54

<211> LENGTH: 825

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 54

atgtcctett teggttacag gaccctgact gtggecctet tcaccctgat ctgetgteca 60
ggatcggatg agaaggtatt cgaggtacac gtgaggccaa agaagcetgge ggttgagecce 120
aaagggtcee tcgaggtcaa ctgcagcacce acctgtaacce agectgaagt gggtggtetg 180
gagacctcte tagataagat tctgctggac gaacaggctce agtggaaaca ttacttggte 240
tcaaacatct cccatgacac ggtcctccaa tgccactteca cetgetcecegg gaagcaggag 300
tcaatgaatt ccaacgtcag cgtgtaccag cctccaagge aggtcatcct gacactgcaa 360
cccactttgg tggetgtggg caagtcctte accattgagt gcagggtgcc caccgtggag 420
ccectggaca gectcaccct cttectgtte cgtggcaatg agactctgca ctatgagace 480
ttegggaagg cagecccctge tecgcaggag gocacageca cattcaacag cacggctgac 540
agagaggatg gccaccgcaa cttctectge ctggetgtge tggacttgat gtctegeggt 600
ggcaacatct ttcacaaaca ctcagcccceg aagatgttgg agatctatga gectgtgteg 660
gacagccaga tggtcatcat agtcacggtg gtgtceggtgt tgetgteect gttegtgaca 720
tctgtectge tetgettcat ctteggecag cacttgegece agcageggat gggcacctac 780
ggggtgcgag cggcttggag gaggctgcece caggecttee ggeca 825

<210> SEQ ID NO 55

<211> LENGTH: 825

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(825)

<400> SEQUENCE: 55

atg tcc tct ttc ggt tac agg acc ctg act gtg gece cte ttc acc ctg 48
Met Ser Ser Phe Gly Tyr Arg Thr Leu Thr Val Ala Leu Phe Thr Leu
1 5 10 15
atc tgc tgt cca gga tcg gat gag aag gta ttc gag gta cac gtg agg 96
Ile Cys Cys Pro Gly Ser Asp Glu Lys Val Phe Glu Val His Val Arg

20 25 30
cca aag aag ctg gcg gtt gag ccc aaa ggg tcc cte gag gtc aac tgc 144

Pro Lys Lys Leu Ala Val Glu Pro Lys Gly Ser Leu Glu Val Asn Cys
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35 40 45

agc acc acc tgt aac cag cct gaa gtg ggt ggt ctg gag acc tct cta 192
Ser Thr Thr Cys Asn Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu
50 55 60

gat aag att ctg ctg gac gaa cag gct cag tgg aaa cat tac ttg gtc 240
Asp Lys Ile Leu Leu Asp Glu Gln Ala Gln Trp Lys His Tyr Leu Val
65 70 75 80

tca aac atc tee cat gac acg gtc ctc caa tge cac ttce acc tgce tce 288
Ser Asn Ile Ser His Asp Thr Val Leu Gln Cys His Phe Thr Cys Ser
85 90 95

ggg aag cag gag tca atg aat tcc aac gtc age gtg tac cag cct cca 336
Gly Lys Gln Glu Ser Met Asn Ser Asn Val Ser Val Tyr Gln Pro Pro
100 105 110

agg cag gtc atc ctg aca ctg caa ccc act ttg gtg gct gtg gge aag 384
Arg Gln Val Ile Leu Thr Leu Gln Pro Thr Leu Val Ala Val Gly Lys
115 120 125

tce ttc acc att gag tgc agg gtg ccc acc gtg gag ccc ctg gac agc 432
Ser Phe Thr Ile Glu Cys Arg Val Pro Thr Val Glu Pro Leu Asp Ser
130 135 140

ctc acc cte ttc ctg tte cgt ggc aat gag act ctg cac tat gag acc 480
Leu Thr Leu Phe Leu Phe Arg Gly Asn Glu Thr Leu His Tyr Glu Thr
145 150 155 160

tte ggg aag gca goc cct get ceg cag gag gee aca gec aca ttce aac 528
Phe Gly Lys Ala Ala Pro Ala Pro Gln Glu Ala Thr Ala Thr Phe Asn
165 170 175

agc acg get gac aga gag gat ggc cac cge aac ttce tee tgce ctg get 576
Ser Thr Ala Asp Arg Glu Asp Gly His Arg Asn Phe Ser Cys Leu Ala
180 185 190

gtg ctg gac ttg atg tct cge ggt ggc aac atc ttt cac aaa cac tca 624
Val Leu Asp Leu Met Ser Arg Gly Gly Asn Ile Phe His Lys His Ser
195 200 205

gcc ccg aag atg ttg gag atc tat gag cct gtg tcg gac agc cag atg 672
Ala Pro Lys Met Leu Glu Ile Tyr Glu Pro Val Ser Asp Ser Gln Met
210 215 220

gtc atc ata gtc acg gtg gtg tcg gtg ttg ctg tce ctg tte gtg aca 720
Val Ile Ile Val Thr Val Val Ser Val Leu Leu Ser Leu Phe Val Thr
225 230 235 240

tet gte ctg cte tge tte ate tte gge cag cac ttg cge cag cag cgg 768
Ser Val Leu Leu Cys Phe Ile Phe Gly Gln His Leu Arg Gln Gln Arg
245 250 255

atg ggc acc tac ggg gtg cga gcg get tgg agg agg ctg ccc cag gec 816
Met Gly Thr Tyr Gly Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala
260 265 270

ttc cgg cca 825
Phe Arg Pro
275

<210> SEQ ID NO 56

<211> LENGTH: 275

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 56

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

Ile Cys Cys Pro Gly Ser Asp Glu Lys Val Phe Glu Val His Val Arg
20 25 30
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Pro Lys Lys Leu Ala Val Glu Pro Lys Gly Ser Leu Glu Val Asn Cys
35 40 45

Ser Thr Thr Cys Asn Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu
50 55 60

Asp Lys Ile Leu Leu Asp Glu Gln Ala Gln Trp Lys His Tyr Leu Val
65 70 75 80

Ser Asn Ile Ser His Asp Thr Val Leu Gln Cys His Phe Thr Cys Ser
85 90 95

Gly Lys Gln Glu Ser Met Asn Ser Asn Val Ser Val Tyr Gln Pro Pro
100 105 110

Arg Gln Val Ile Leu Thr Leu Gln Pro Thr Leu Val Ala Val Gly Lys
115 120 125

Ser Phe Thr Ile Glu Cys Arg Val Pro Thr Val Glu Pro Leu Asp Ser
130 135 140

Leu Thr Leu Phe Leu Phe Arg Gly Asn Glu Thr Leu His Tyr Glu Thr
145 150 155 160

Phe Gly Lys Ala Ala Pro Ala Pro Gln Glu Ala Thr Ala Thr Phe Asn
165 170 175

Ser Thr Ala Asp Arg Glu Asp Gly His Arg Asn Phe Ser Cys Leu Ala
180 185 190

Val Leu Asp Leu Met Ser Arg Gly Gly Asn Ile Phe His Lys His Ser
195 200 205

Ala Pro Lys Met Leu Glu Ile Tyr Glu Pro Val Ser Asp Ser Gln Met
210 215 220

Val Ile Ile Val Thr Val Val Ser Val Leu Leu Ser Leu Phe Val Thr
225 230 235 240

Ser Val Leu Leu Cys Phe Ile Phe Gly Gln His Leu Arg Gln Gln Arg
245 250 255

Met Gly Thr Tyr Gly Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala
260 265 270

Phe Arg Pro
275

<210> SEQ ID NO 57

<211> LENGTH: 825

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 57

atgtcctctt tcagttacag gaccctgact gtggcectct tegccctgat ctgctgtceca 60
ggatcggatg agaaggtatt cgaggtacac gtgaggccaa agaagctggc ggttgagccc 120
aaagggtccc tcaaggtcaa ctgcagcacc acctgtaacc agcctgaagt gggtggtctg 180
gagacctctc tagataagat tctgctggac gaacaggctc agtggaaaca ttacttggtce 240
tcaaacatct cccatgacac ggtcctccaa tgccacttca cctgctcegg gaagcaggag 300
tcaatgaatt ccaacgtcag cgtgtaccag cctccaaggc aggtcatcct gacactgcaa 360
cccactttgg tggctgtggg caagtcectte accattgagt gcagggtgece caccgtggag 420
cccctggaca gectcacccet cttectgtte cgtggcaatg agactctgea ctatgagacce 480
ttcgggaagg cagcccctge tccgcaggag gccacagtca cattcaacag cacggctgac 540

agagacgatg gccaccgcaa cttctectge ctggetgtge tggacttgat gtetegeggt 600
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ggcaacatct ttcacaaaca ctcagccccg aagatgttgg agatctatga gectgtgteg 660
gacagccaga tggtcatcat agtcacggtg gtgtceggtgt tgctgteccct gttcgtgaca 720
tetgtectge tctgettecat ctteggccag cacttgegece agcageggat gggcacctac 780

ggggtgcgag cggcttggag gaggctgecce caggecttee ggeca 825

<210> SEQ ID NO 58
<211> LENGTH: 825

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(825)

<400> SEQUENCE: 58

atg tcc tct tte agt tac agg acc ctg act gtg gee ctc ttc gee ctg 48
Met Ser Ser Phe Ser Tyr Arg Thr Leu Thr Val Ala Leu Phe Ala Leu
1 5 10 15

atc tgce tgt cca gga tcg gat gag aag gta ttc gag gta cac gtg agg 96
Ile Cys Cys Pro Gly Ser Asp Glu Lys Val Phe Glu Val His Val Arg
20 25 30

cca aag aag ctg gcg gtt gag ccc aaa ggg tce cte aag gtc aac tgc 144
Pro Lys Lys Leu Ala Val Glu Pro Lys Gly Ser Leu Lys Val Asn Cys
35 40 45

agc acc acc tgt aac cag cct gaa gtg ggt ggt ctg gag acc tct cta 192
Ser Thr Thr Cys Asn Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu
50 55 60

gat aag att ctg ctg gac gaa cag gct cag tgg aaa cat tac ttg gtc 240
Asp Lys Ile Leu Leu Asp Glu Gln Ala Gln Trp Lys His Tyr Leu Val
65 70 75 80

tca aac atc tcc cat gac acg gtc ctc caa tgce cac ttc acc tge tcecce 288
Ser Asn Ile Ser His Asp Thr Val Leu Gln Cys His Phe Thr Cys Ser
85 90 95

ggg aag cag gag tca atg aat tcc aac gtc age gtg tac cag cct cca 336
Gly Lys Gln Glu Ser Met Asn Ser Asn Val Ser Val Tyr Gln Pro Pro
100 105 110

agg cag gtc atc ctg aca ctg caa ccc act ttg gtg gct gtg ggc aag 384
Arg Gln Val Ile Leu Thr Leu Gln Pro Thr Leu Val Ala Val Gly Lys
115 120 125

tce tte ace att gag tgc agg gtg ccc acc gtg gag ccc ctg gac age 432
Ser Phe Thr Ile Glu Cys Arg Val Pro Thr Val Glu Pro Leu Asp Ser
130 135 140

ctc acc cte tte ctg tte cgt ggc aat gag act ctg cac tat gag acc 480
Leu Thr Leu Phe Leu Phe Arg Gly Asn Glu Thr Leu His Tyr Glu Thr
145 150 155 160

ttc ggg aag gca gcc cct gect cecg cag gag gcoc aca gtc aca ttc aac 528
Phe Gly Lys Ala Ala Pro Ala Pro Gln Glu Ala Thr Val Thr Phe Asn
165 170 175

agc acg gct gac aga gac gat ggc cac cgc aac tte tce tge ctg get 576
Ser Thr Ala Asp Arg Asp Asp Gly His Arg Asn Phe Ser Cys Leu Ala
180 185 190

gtg ctg gac ttg atg tct cge ggt ggc aac atc ttt cac aaa cac tca 624
Val Leu Asp Leu Met Ser Arg Gly Gly Asn Ile Phe His Lys His Ser
195 200 205

gce ccg aag atg ttg gag atc tat gag cct gtg tcg gac age cag atg 672
Ala Pro Lys Met Leu Glu Ile Tyr Glu Pro Val Ser Asp Ser Gln Met
210 215 220

gtc atc ata gtc acg gtg gtg tcg gtg ttg ctg tce ctg tte gtg aca 720
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Val Ile Ile Val Thr Val Val Ser Val Leu Leu Ser Leu Phe Val Thr
225 230 235 240

tct gte ctg ctec tge tte atc ttc ggc cag cac ttg cgc cag cag cgg 768
Ser Val Leu Leu Cys Phe Ile Phe Gly Gln His Leu Arg Gln Gln Arg
245 250 255

atg ggc acc tac ggg gtg cga gcg gct tgg agg agg ctg ccc cag gcc 816
Met Gly Thr Tyr Gly Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala
260 265 270

ttc cgg cca 825
Phe Arg Pro
275

<210> SEQ ID NO 59

<211> LENGTH: 275

<212> TYPE: PRT

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 59

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

Ile Cys Cys Pro Gly Ser Asp Glu Lys Val Phe Glu Val His Val Arg
20 25 30

Pro Lys Lys Leu Ala Val Glu Pro Lys Gly Ser Leu Lys Val Asn Cys
35 40 45

Ser Thr Thr Cys Asn Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu
50 55 60

Asp Lys Ile Leu Leu Asp Glu Gln Ala Gln Trp Lys His Tyr Leu Val
Ser Asn Ile Ser His Asp Thr Val Leu Gln Cys His Phe Thr Cys Ser
85 90 95

Gly Lys Gln Glu Ser Met Asn Ser Asn Val Ser Val Tyr Gln Pro Pro
100 105 110

Arg Gln Val Ile Leu Thr Leu Gln Pro Thr Leu Val Ala Val Gly Lys
115 120 125

Ser Phe Thr Ile Glu Cys Arg Val Pro Thr Val Glu Pro Leu Asp Ser
130 135 140

Leu Thr Leu Phe Leu Phe Arg Gly Asn Glu Thr Leu His Tyr Glu Thr
145 150 155 160

Phe Gly Lys Ala Ala Pro Ala Pro Gln Glu Ala Thr Val Thr Phe Asn
165 170 175

Ser Thr Ala Asp Arg Asp Asp Gly His Arg Asn Phe Ser Cys Leu Ala
180 185 190

Val Leu Asp Leu Met Ser Arg Gly Gly Asn Ile Phe His Lys His Ser
195 200 205

Ala Pro Lys Met Leu Glu Ile Tyr Glu Pro Val Ser Asp Ser Gln Met
210 215 220

Val Ile Ile Val Thr Val Val Ser Val Leu Leu Ser Leu Phe Val Thr
225 230 235 240

Ser Val Leu Leu Cys Phe Ile Phe Gly Gln His Leu Arg Gln Gln Arg
245 250 255

Met Gly Thr Tyr Gly Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala
260 265 270

Phe Arg Pro
275
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<210> SEQ ID NO 60
<211> LENGTH: 825
<212> TYPE: DNA
<213> ORGANISM: Gorilla gorilla
<400> SEQUENCE: 60
atgtcctett tcggttacag gacactgact gtggccctcet tegeccctgat ctgetgtceca 60
ggatctgatg agaaggtatt tgaggtacac gtgaggccaa agaagctggc ggttgagecc 120
aaagcgtccce tcgaggtcaa ctgcagcacc acctgtaacc agectgaagt gggtggtcetg 180
gagacctctc tagataagat tctgctggac gaacaggctc agtggaaaca ttacttggtce 240
tcaaacatct cccatgacac ggtcctccaa tgccacttca cctgctcegg gaagcaggag 300
tcaatgaatt ccaacgtcag cgtgtaccag cctccaaggc aggtcatcct gacactgcaa 360
cccactttgg tggctgtggg caagtccttce accattgagt gcagggtgcc caccgtggag 420
cccctggaca gectcaccct cttectgtte cgtggcaatg agactctgea caatcagacce 480
ttcgggaagg cagcccctge tctgcaggag gccacagcca cattcaacag cacggcetgac 540
agagaggatg gccaccgcaa cttctecctge ctggetgtge tggacttgat atctegeggt 600
ggcaacatct ttcaggaaca ctcagcccca aagatgttgg agatctatga gectgtgteg 660
gacagccaga tggtcatcat agtcacggtg gtgtecggtgt tgctgtecct gttcgtgaca 720
tctgtectge tctgcttcat ctteggccag cacttgegec agcagcggat gggcacctat 780
ggggtgcgag cggcttggag gaggctgccc caggccttece ggeca 825
<210> SEQ ID NO 61
<211> LENGTH: 825
<212> TYPE: DNA
<213> ORGANISM: Gorilla gorilla
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(825)
<400> SEQUENCE: 61
atg tce tet ttce ggt tac agg aca ctg act gtg gecc cte tte gee ctg 48
Met Ser Ser Phe Gly Tyr Arg Thr Leu Thr Val Ala Leu Phe Ala Leu
1 5 10 15
atc tgc tgt cca gga tct gat gag aag gta ttt gag gta cac gtg agg 96
Ile Cys Cys Pro Gly Ser Asp Glu Lys Val Phe Glu Val His Val Arg
20 25 30
cca aag aag ctg gcg gtt gag ccc aaa gcg tcc cte gag gtc aac tgc 144
Pro Lys Lys Leu Ala Val Glu Pro Lys Ala Ser Leu Glu Val Asn Cys
35 40 45
agc acc acc tgt aac cag cct gaa gtg ggt ggt ctg gag acc tct cta 192
Ser Thr Thr Cys Asn Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu
50 55 60

gat aag att ctg ctg gac gaa cag gct cag tgg aaa cat tac ttg gtc 240
Asp Lys Ile Leu Leu Asp Glu Gln Ala Gln Trp Lys His Tyr Leu Val
65 70 75 80
tca aac atc tcc cat gac acg gtc ctce caa tgce cac tte acc tge tcece 288
Ser Asn Ile Ser His Asp Thr Val Leu Gln Cys His Phe Thr Cys Ser

85 90 95
ggg aag cag gag tca atg aat tcc aac gtc agc gtg tac cag cct cca 336

Gly Lys Gln Glu Ser Met Asn Ser

100

Asn Val Ser
105

Val Tyr Gln Pro Pro
110
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agg cag gtc atc ctg aca ctg caa ccc act ttg gtg gct gtg ggce aag 384
Arg Gln Val Ile Leu Thr Leu Gln Pro Thr Leu Val Ala Val Gly Lys
115 120 125

tce tte acc att gag tgc agg gtg ccc acc gtg gag ccc ctg gac agce 432
Ser Phe Thr Ile Glu Cys Arg Val Pro Thr Val Glu Pro Leu Asp Ser
130 135 140

ctec acc cte ttce ctg tte cgt ggc aat gag act ctg cac aat cag acc 480
Leu Thr Leu Phe Leu Phe Arg Gly Asn Glu Thr Leu His Asn Gln Thr
145 150 155 160

ttc ggg aag gca gcec cct get ctg cag gag gee aca gec aca ttce aac 528
Phe Gly Lys Ala Ala Pro Ala Leu Gln Glu Ala Thr Ala Thr Phe Asn
165 170 175

agc acg get gac aga gag gat ggc cac cge aac ttce tee tgce ctg get 576
Ser Thr Ala Asp Arg Glu Asp Gly His Arg Asn Phe Ser Cys Leu Ala
180 185 190

gtg ctg gac ttg ata tct cgc ggt ggc aac atc ttt cag gaa cac tca 624
Val Leu Asp Leu Ile Ser Arg Gly Gly Asn Ile Phe Gln Glu His Ser
195 200 205

gee cca aag atg ttg gag atc tat gag cct gtg tcg gac agc cag atg 672
Ala Pro Lys Met Leu Glu Ile Tyr Glu Pro Val Ser Asp Ser Gln Met
210 215 220

gtc atc ata gtc acg gtg gtg tecg gtg ttg ctg tce ctg tte gtg aca 720
Val Ile Ile Val Thr Val Val Ser Val Leu Leu Ser Leu Phe Val Thr
225 230 235 240

tct gte ctg cte tge tte atc tte gge cag cac ttg cge cag cag cgg 768
Ser Val Leu Leu Cys Phe Ile Phe Gly Gln His Leu Arg Gln Gln Arg
245 250 255

atg ggc acc tat ggg gtg cga gcg get tgg agg agg ctg ccc cag gec 816
Met Gly Thr Tyr Gly Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala
260 265 270

ttc cgg cca 825
Phe Arg Pro
275

<210> SEQ ID NO 62

<211> LENGTH: 275

<212> TYPE: PRT

<213> ORGANISM: Gorilla gorilla

<400> SEQUENCE: 62

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

Ile Cys Cys Pro Gly Ser Asp Glu Lys Val Phe Glu Val His Val Arg
20 25 30

Pro Lys Lys Leu Ala Val Glu Pro Lys Ala Ser Leu Glu Val Asn Cys
35 40 45

Ser Thr Thr Cys Asn Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu
50 55 60

Asp Lys Ile Leu Leu Asp Glu Gln Ala Gln Trp Lys His Tyr Leu Val
65 70 75 80

Ser Asn Ile Ser His Asp Thr Val Leu Gln Cys His Phe Thr Cys Ser
85 90 95

Gly Lys Gln Glu Ser Met Asn Ser Asn Val Ser Val Tyr Gln Pro Pro
100 105 110

Arg Gln Val Ile Leu Thr Leu Gln Pro Thr Leu Val Ala Val Gly Lys
115 120 125
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Ser Phe Thr Ile Glu Cys Arg Val Pro Thr Val Glu Pro Leu Asp Ser
130 135 140

Leu Thr Leu Phe Leu Phe Arg Gly Asn Glu Thr Leu His Asn Gln Thr
145 150 155 160

Phe Gly Lys Ala Ala Pro Ala Leu Gln Glu Ala Thr Ala Thr Phe Asn
165 170 175

Ser Thr Ala Asp Arg Glu Asp Gly His Arg Asn Phe Ser Cys Leu Ala
180 185 190

Val Leu Asp Leu Ile Ser Arg Gly Gly Asn Ile Phe Gln Glu His Ser
195 200 205

Ala Pro Lys Met Leu Glu Ile Tyr Glu Pro Val Ser Asp Ser Gln Met
210 215 220

Val Ile Ile Val Thr Val Val Ser Val Leu Leu Ser Leu Phe Val Thr
225 230 235 240

Ser Val Leu Leu Cys Phe Ile Phe Gly Gln His Leu Arg Gln Gln Arg
245 250 255

Met Gly Thr Tyr Gly Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala
260 265 270

Phe Arg Pro
275

<210> SEQ ID NO 63

<211> LENGTH: 762

<212> TYPE: DNA

<213> ORGANISM: Macaca mulatta

<400> SEQUENCE: 63

tctgatgaga aggcattcga ggtacatatg aggctagaga agctgatagt aaagcccaag 60
gagtccttcg aggtcaactg cagcaccacc tgtaaccagce ctgaagtggg tggtctggag 120
acttctctaa ataagattct gctgctcgaa cagactcagt ggaagcatta cttgatctca 180
aacatctcece atgacacggt cctectggtge cacttcacct gectcetgggaa gcagaagtca 240
atgagttcca acgtcagcegt gtaccagect ccaaggcagg tcttectcac actgcagcecc 300
acttgggtgg ccgtgggcaa gtcecttcace atcgagtgca gggtgcccege cgtggagecce 360
ctggacagcce tcaccctcag cctgctecegt ggcagtgaga ctcetgcacag tcagacctte 420
gggaaggcag cccctgcect gcaggaggcece acagccacat tcagcagcat ggctcacaga 480
gaggacggcce accacaactt ctecctgectg gectgtgetgg acttgatgte tegeggtgge 540
gaagtcttct gcacacactc agccccgaag atgctggaga tctatgagce cgtgccggac 600
agccagatgg tcatcatcgt cacagtggtg tcagtgttgc tgttcctgtt cgtgacatct 660
gtcctgctcet gettcatctt cagccagcac tggcgccage ggcggatggg cacctacggg 720
gtgcgagcgg cttggaggag gctaccccag gecttccgge ca 762

<210> SEQ ID NO 64

<211> LENGTH: 762

<212> TYPE: DNA

<213> ORGANISM: Macaca mulatta
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(762)

<400> SEQUENCE: 64

tct gat gag aag gca tte gag gta cat atg agg cta gag aag ctg ata 48
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Ser Asp Glu Lys Ala Phe Glu Val His Met Arg Leu Glu Lys Leu Ile
1 5 10 15

gta aag ccc aag gag tcc ttc gag gtc aac tgc agc acc acc tgt aac 96
Val Lys Pro Lys Glu Ser Phe Glu Val Asn Cys Ser Thr Thr Cys Asn
20 25 30

cag cct gaa gtg ggt ggt ctg gag act tct cta aat aag att ctg ctg 144
Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu Asn Lys Ile Leu Leu

ctc gaa cag act cag tgg aag cat tac ttg atc tca aac atc tcc cat 192
Leu Glu Gln Thr Gln Trp Lys His Tyr Leu Ile Ser Asn Ile Ser His

gac acg gtc ctc tgg tge cac ttc acc tgc tct ggg aag cag aag tca 240
Asp Thr Val Leu Trp Cys His Phe Thr Cys Ser Gly Lys Gln Lys Ser

atg agt tcc aac gtc agc gtg tac cag cct cca agg cag gtc tte ctce 288
Met Ser Ser Asn Val Ser Val Tyr Gln Pro Pro Arg Gln Val Phe Leu

aca ctg cag ccc act tgg gtg gce gtg gge aag tce tte acc atc gag 336
Thr Leu Gln Pro Thr Trp Val Ala Val Gly Lys Ser Phe Thr Ile Glu
100 105 110

tgc agg gtg ccc gec gtg gag ccc ctg gac age cte acc ctc age ctg 384
Cys Arg Val Pro Ala Val Glu Pro Leu Asp Ser Leu Thr Leu Ser Leu
115 120 125

cte cgt gge agt gag act ctg cac agt cag acc ttc ggg aag gca gcc 432
Leu Arg Gly Ser Glu Thr Leu His Ser Gln Thr Phe Gly Lys Ala Ala
130 135 140

cct gee ctg cag gag gcoc aca gec aca tte age age atg get cac aga 480
Pro Ala Leu Gln Glu Ala Thr Ala Thr Phe Ser Ser Met Ala His Arg
145 150 155 160

gag gac ggc cac cac aac ttc tcec tge ctg gect gtg ctg gac ttg atg 528
Glu Asp Gly His His Asn Phe Ser Cys Leu Ala Val Leu Asp Leu Met
165 170 175

tet cge ggt ggc gaa gtc tte tge aca cac tca gec ccg aag atg ctg 576
Ser Arg Gly Gly Glu Val Phe Cys Thr His Ser Ala Pro Lys Met Leu
180 185 190

gag atc tat gag ccc gtg ccg gac agc cag atg gtc atc atc gtc aca 624
Glu Ile Tyr Glu Pro Val Pro Asp Ser Gln Met Val Ile Ile Val Thr
195 200 205

gtg gtg tca gtg ttg ctg ttc ctg ttc gtg aca tct gtc ctg ctc tgce 672
Val Val Ser Val Leu Leu Phe Leu Phe Val Thr Ser Val Leu Leu Cys
210 215 220

ttc ate tte age cag cac tgg cgc cag cgg cgg atg ggc acc tac ggg 720
Phe Ile Phe Ser Gln His Trp Arg Gln Arg Arg Met Gly Thr Tyr Gly
225 230 235 240

gtg cga gcg gct tgg agg agg cta ccc cag gcc tte cgg cca 762
Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala Phe Arg Pro
245 250

<210> SEQ ID NO 65

<211> LENGTH: 254

<212> TYPE: PRT

<213> ORGANISM: Macaca mulatta

<400> SEQUENCE: 65

Ser Asp Glu Lys Ala Phe Glu Val His Met Arg Leu Glu Lys Leu Ile
1 5 10 15

Val Lys Pro Lys Glu Ser Phe Glu Val Asn Cys Ser Thr Thr Cys Asn
20 25 30
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Gln Pro Glu Val Gly Gly Leu Glu Thr Ser Leu Asn Lys Ile Leu Leu
35 40 45

Leu Glu Gln Thr Gln Trp Lys His Tyr Leu Ile Ser Asn Ile Ser His
50 55 60

Asp Thr Val Leu Trp Cys His Phe Thr Cys Ser Gly Lys Gln Lys Ser
65 70 75 80

Met Ser Ser Asn Val Ser Val Tyr Gln Pro Pro Arg Gln Val Phe Leu
85 90 95

Thr Leu Gln Pro Thr Trp Val Ala Val Gly Lys Ser Phe Thr Ile Glu
100 105 110

Cys Arg Val Pro Ala Val Glu Pro Leu Asp Ser Leu Thr Leu Ser Leu
115 120 125

Leu Arg Gly Ser Glu Thr Leu His Ser Gln Thr Phe Gly Lys Ala Ala
130 135 140

Pro Ala Leu Gln Glu Ala Thr Ala Thr Phe Ser Ser Met Ala His Arg
145 150 155 160

Glu Asp Gly His His Asn Phe Ser Cys Leu Ala Val Leu Asp Leu Met
165 170 175

Ser Arg Gly Gly Glu Val Phe Cys Thr His Ser Ala Pro Lys Met Leu
180 185 190

Glu Ile Tyr Glu Pro Val Pro Asp Ser Gln Met Val Ile Ile Val Thr
195 200 205

Val Val Ser Val Leu Leu Phe Leu Phe Val Thr Ser Val Leu Leu Cys
210 215 220

Phe Ile Phe Ser Gln His Trp Arg Gln Arg Arg Met Gly Thr Tyr Gly
225 230 235 240

Val Arg Ala Ala Trp Arg Arg Leu Pro Gln Ala Phe Arg Pro
245 250

<210> SEQ ID NO 66

<211> LENGTH: 1608

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 66

agggcctget ggactetget ggtetgetgt ctgetgacee caggtgteca ggggcaggag 60
ttecttttge gggtggagee ccagaaccct gtgetetetg ctggagggte cetgtttgty 120
aactgcagta ctgattgtce cagctctgag aaaatcgect tggagacgtce cctatcaaag 180
gagetggtgg ccagtggeat gggetgggea gecttcaate tcagcaacgt gactggcaac 240
agtcggatcce tetgetcagt gtactgcaat ggctcccaga taacaggetce ctctaacatce 300
accgtgtaca ggctcccgga gegtgtggag ctggcaccee tgectecttg gecagegggtyg 360
ggccagaact tcaccctgeg ctgccaagtg gagggtgggt cgccccggac cagcectcacyg 420

gtggtgctge ttcgetggga ggaggagetyg agecggcage ccgcagtgga ggagccageg 480

gaggtcactg ccactgtget ggccagcaga gacgaccacg gagecccttt ctcatgecge 540
acagaactgg acatgcagcc ccaggggctg ggactgtteg tgaacaccte agecccccge 600
cagcteegaa cetttgtect geccgtgace cceeegegee tegtggecce ceggttettyg 660
gaggtggaaa cgtcgtggec ggtggactge accctagacyg ggetttttee agectcagag 720

gceccaggtet acctggeget gggggaccag atgctgaatg cgacagtcat gaaccacggg 780
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gacacgctaa cggccacagc cacagccacg gcgcgcgegg atcaggaggg tgcccgggag 840
atcgtetgea acgtgaccct agggggcgag agacgggagg cccgggagaa cttgacggtce 900
tttagcttce taggacccac tgtgaacctc agcgagecca ccgeccctga ggggtccaca 960
gtgaccgtga gttgcatggce tggggctcga gtccaggtca cgctggacgg agttceccggece 1020
geggeccegg ggcagecage tcaacttcag ctaaatgcta ccgagagtga cgacagacgce 1080
agcttecttet gcagtgccac tctcgaggtg gacggcgagt tcecttgcacag gaacagtagce 1140
gtccagectge gagtcctgta tggtcccaaa attgaccgag ccacatgccce ccagcacttg 1200
aaatggaaag ataaaacgac acacgtcctg cagtgccaag ccaggggcaa cccgtacccce 1260
gagctgeggt gtttgaagga aggctccage cgggaggtgce cggtggggat cccgttette 1320
gtcaacgtaa cacataatgg tacttatcag tgccaagcgt ccagctcacg aggcaaatac 1380
accctggteg tggtgatgga cattgaggct gggagctccce actttgtcce cgtecttegtg 1440
gcggtgttac tgaccctggg cgtggtgact atcgtactgg ccttaatgta cgtcttcagg 1500
gagcacaaac ggagcggcag ttaccatgtt agggaggaga gcacctatct gecccctcacy 1560
tctatgcage cgacacaagc aatgggggaa gaaccgtcca gagctgag 1608
<210> SEQ ID NO 67

<211> LENGTH: 1608

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1608

<400> SEQUENCE: 67

agg gcc tgc tgg act ctg ctg gtc tgc tgt ctg ctg acc cca ggt gtc 48
Arg Ala Cys Trp Thr Leu Leu Val Cys Cys Leu Leu Thr Pro Gly Val
1 5 10 15
cag ggg cag gag ttc ctt ttg cgg gtg gag ccc cag aac cct gtg ctc 96
Gln Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Leu
20 25 30
tct get gga ggg tee ctg ttt gtg aac tge agt act gat tgt ccc age 144
Ser Ala Gly Gly Ser Leu Phe Val Asn Cys Ser Thr Asp Cys Pro Ser
35 40 45
tct gag aaa atc gcc ttg gag acg tcc cta tca aag gag ctg gtg gcc 192
Ser Glu Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Ala
50 55 60
agt ggc atg ggc tgg gca gcc ttc aat ctc agc aac gtg act ggc aac 240
Ser Gly Met Gly Trp Ala Ala Phe Asn Leu Ser Asn Val Thr Gly Asn
65 70 75 80
agt cgg atc ctc tgc tca gtg tac tgc aat ggc tcc cag ata aca ggc 288
Ser Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Thr Gly
85 90 95
tce tet aac atc acc gtg tac agg ctc ccg gag cgt gtg gag ctg gca 336
Ser Ser Asn Ile Thr Val Tyr Arg Leu Pro Glu Arg Val Glu Leu Ala
100 105 110
cce ctg cct cct tgg cag ¢gg gtg ggc cag aac ttce acce ctg cge tge 384
Pro Leu Pro Pro Trp Gln Arg Val Gly Gln Asn Phe Thr Leu Arg Cys
115 120 125
caa gtg gag ggt ggg tcg ccc cgg acc agce ctc acg gtg gtg ctg ctt 432

Gln Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu
130 135 140
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cge
Arg
145

gag
Glu

tte
Phe

tte
Phe

gtg
Val

tcg
Ser
225

gece
Ala

atg
Met

gcg
Ala

gge
Gly

gga
Gly
305

gtg
Val

gga
Gly

gct
Ala

gag
Glu

gte
Val
385

aaa

Lys

aac
Asn

gtg
Val

tgg
Trp

gtc
Val

tca
Ser

gtg
Val

acc
Thr
210

tgg
Trp

cag
Gln

aac
Asn

gat
Asp

gag
Glu
290

cce
Pro

acce
Thr

gtt
Val

acc
Thr

gtg
Val
370

cty

Leu

tgg
Trp

ccg
Pro

ccg
Pro

gag
Glu

act
Thr

tge
Cys

aac
Asn
195

cce
Pro

ccg
Pro

gtc
Val

cac
His

cag
Gln
275

aga
Arg

act
Thr

gtg
Val

ceg
Pro

gag
Glu
355

gac
Asp

tat
Tyr

aaa
Lys

tac
Tyr

gtg
Val
435

gag
Glu

gcc
Ala

cge
Arg
180

acc
Thr

ccg
Pro

gtg
Val

tac
Tyr

999
Gly
260

gag
Glu

cgg

gtg
Val

agt
Ser

gce
Ala
340

agt
Ser

gge
Gly

ggt
Gly

gat
Asp

cce
Pro
420

g99
Gly

gag
Glu

act
Thr
165

aca
Thr

tca
Ser

cge
Arg

gac
Asp

ctyg
Leu
245

gac
Asp

ggt
Gly

gag
Glu

aac
Asn

tgce
Cys
325

geg
Ala

gac
Asp

gag
Glu

cce
Pro

aaa
Lys
405

gag
Glu

ate
Ile

ctg
Leu
150

gtg
Val

gaa
Glu

gce
Ala

cte
Leu

tgc
Cys
230

geg
Ala

acyg
Thr

gce
Ala

gece
Ala

cte
Leu
310

atg
Met

gecc
Ala

gac
Asp

tte
Phe

aaa
Lys
390

acg

Thr

ctg
Leu

ccg
Pro

agc
Ser

ctyg
Leu

ctg
Leu

cece
Pro

gtg
Val
215

acc
Thr

ctyg
Leu

cta
Leu

<¢gg
Arg

<€gg
Arg
295

agc
Ser

gct
Ala

ceg
Pro

aga
Arg

ttyg
Leu
375

att

Ile

aca
Thr

<cg9
Arg

tte
Phe

<cgg
Arg

gecc
Ala

gac
Asp

cge
Arg
200

gce
Ala

cta
Leu

999
Gly

acg
Thr

gag
Glu
280

gag
Glu

gag
Glu

999
Gly

999
Gly

cge
Arg
360

cac
His

gac
Asp

cac
His

tgt
Cys

tte
Phe
440

cag
Gln

agc
Ser

atg
Met
185

cag
Gln

cce
Pro

gac
Asp

gac
Asp

gce
Ala
265

atc
Ile

aac
Asn

cce
Pro

get
Ala

cag
Gln
345

age

Ser

agyg

cga
Arg

gtc
Val

ttg
Leu
425

gte
Val

cce
Pro

aga
Arg
170

cag
Gln

cte
Leu

cgg
Arg

999
Gly

cag
Gln
250

aca
Thr

gte
Val

ttyg
Leu

acc
Thr

cga
Arg
330

cca
Pro

tte
Phe

aac
Asn

gce
Ala

ctyg
Leu
410

aag

Lys

aac
Asn

gca
Ala
155

gac
Asp

cce
Pro

cga
Arg

tte
Phe

ctt
Leu
235

atg
Met

gce
Ala

tge
Cys

acg
Thr

gce
Ala
315

gte
Val

gct
Ala

tte
Phe

agt
Ser

aca
Thr
395

cag

Gln

gaa
Glu

gta
Val

gtg
Val

gac
Asp

cag
Gln

acc
Thr

ttyg
Leu
220

ttt
Phe

ctyg
Leu

aca
Thr

aac
Asn

gte
Val
300

cct
Pro

cag
Gln

caa
Gln

tge
Cys

agc
Ser
380

tge
Cys

tge
Cys

gge
Gly

aca
Thr

gag
Glu

cac
His

999
Gly

ttt
Phe
205

gag
Glu

cca
Pro

aat
Asn

gece
Ala

gtg
Val
285

ttt
Phe

gag
Glu

gte
Val

ctt
Leu

agt
Ser
365

gte
Val

cece
Pro

caa
Gln

tce
Ser

cat
His
445

gag
Glu

gga
Gly

ctg
Leu
190

gte
Val

gtg
Val

gce
Ala

gcg
Ala

acg
Thr
270

acc
Thr

agc
Ser

999
Gly

acg
Thr

cag
Gln
350

gce
Ala

cag
Gln

cag
Gln

gce
Ala

agc
Ser
430

aat
Asn

cca
Pro

gee
Ala
175

gga
Gly

ctg
Leu

gaa
Glu

tca
Ser

aca
Thr
255

gcg
Ala

cta
Leu

tte
Phe

tce
Ser

ctyg
Leu
335

cta
Leu

act
Thr

ctg
Leu

cac
His

agg
Arg
415

<cgg
Arg

ggt
Gly

gcg
Ala
160

cect
Pro

ctg
Leu

cce
Pro

acyg
Thr

gag
Glu
240

gte
val

cge
Arg

999
Gly

cta
Leu

aca
Thr
320

gac
Asp

aat
Asn

cte
Leu

cga
Arg

ttyg
Leu
400

gge
Gly

gag
Glu

act
Thr

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344
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tat cag tgc caa gcg tcc age tca cga ggc aaa tac acc ctg gtc gtg 1392
Tyr Gln Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu Val Val
450 455 460

gtg atg gac att gag gct ggg agc tcc cac ttt gte ccec gte tte gtg 1440
Val Met Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val Phe Val
465 470 475 480

gcg gtg tta ctg acc ctg gge gtg gtg act atc gta ctg gece tta atg 1488
Ala Val Leu Leu Thr Leu Gly Val Val Thr Ile Val Leu Ala Leu Met
485 490 495

tac gtc ttc agg gag cac aaa cgg agc ggc agt tac cat gtt agg gag 1536
Tyr Val Phe Arg Glu His Lys Arg Ser Gly Ser Tyr His Val Arg Glu
500 505 510

gag agc acc tat ctg ccc ctc acg tct atg cag ccg aca caa gca atg 1584
Glu Ser Thr Tyr Leu Pro Leu Thr Ser Met Gln Pro Thr Gln Ala Met
515 520 525

ggg gaa gaa ccg tcc aga gct gag 1608
Gly Glu Glu Pro Ser Arg Ala Glu
530 535

<210> SEQ ID NO 68

<211> LENGTH: 536

<212> TYPE: PRT

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 68

Arg Ala Cys Trp Thr Leu Leu Val Cys Cys Leu Leu Thr Pro Gly Val
1 5 10 15

Gln Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Leu
Ser Ala Gly Gly Ser Leu Phe Val Asn Cys Ser Thr Asp Cys Pro Ser
35 40 45

Ser Glu Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Ala
50 55 60

Ser Gly Met Gly Trp Ala Ala Phe Asn Leu Ser Asn Val Thr Gly Asn
65 70 75 80

Ser Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Thr Gly
85 90 95

Ser Ser Asn Ile Thr Val Tyr Arg Leu Pro Glu Arg Val Glu Leu Ala
100 105 110

Pro Leu Pro Pro Trp Gln Arg Val Gly Gln Asn Phe Thr Leu Arg Cys
115 120 125

Gln Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu
130 135 140

Arg Trp Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu Pro Ala
145 150 155 160

Glu Val Thr Ala Thr Val Leu Ala Ser Arg Asp Asp His Gly Ala Pro
165 170 175

Phe Ser Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu Gly Leu
180 185 190

Phe Val Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val Leu Pro
195 200 205

Val Thr Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Val Glu Thr
210 215 220

Ser Trp Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser Glu
225 230 235 240
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Ala Gln Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr Val
245 250 255

Met Asn His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Thr Ala Arg
260 265 270

Ala Asp Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Thr Leu Gly
275 280 285

Gly Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Val Phe Ser Phe Leu
290 295 300

Gly Pro Thr Val Asn Leu Ser Glu Pro Thr Ala Pro Glu Gly Ser Thr
305 310 315 320

Val Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu Asp
325 330 335

Gly Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu Asn
340 345 350

Ala Thr Glu Ser Asp Asp Arg Arg Ser Phe Phe Cys Ser Ala Thr Leu
355 360 365

Glu Val Asp Gly Glu Phe Leu His Arg Asn Ser Ser Val Gln Leu Arg
370 375 380

Val Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His Leu
385 390 395 400

Lys Trp Lys Asp Lys Thr Thr His Val Leu Gln Cys Gln Ala Arg Gly
405 410 415

Asn Pro Tyr Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser Arg Glu
420 425 430

Val Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly Thr
435 440 445

Tyr Gln Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu Val Val
450 455 460

Val Met Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val Phe Val
465 470 475 480

Ala Val Leu Leu Thr Leu Gly Val Val Thr Ile Val Leu Ala Leu Met
485 490 495

Tyr Val Phe Arg Glu His Lys Arg Ser Gly Ser Tyr His Val Arg Glu
500 505 510

Glu Ser Thr Tyr Leu Pro Leu Thr Ser Met Gln Pro Thr Gln Ala Met
515 520 525

Gly Glu Glu Pro Ser Arg Ala Glu
530 535

<210> SEQ ID NO 69

<211> LENGTH: 1610

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 69

ccagggectg ctggactctg ctggtcetget gtetgetgac cccaggtgte caggggcagg 60
agttcctttt gegggtggag ccccagaacce ctgtgetcete tgctggaggg tcectgtttyg 120
tgaactgcag tactgattgt cccagctctg agaaaatcgc cttggagacg tccctatcaa 180
aggagctggt ggccagtggce atgggctggg cagccttcaa tctcagcaac gtgactggca 240

acagtcggat cctcetgetca gtgtactgea atggetccca gataacagge tectctaaca 300
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tcaccgtgta caggctcceg gagegtgtgg agetggcacce cctgectect tggcageggyg 360
tgggccagaa cttcaccctg cgctgccaag tggagggtgg gtegeccegg accagectca 420

cggtggtget gettegetgg gaggaggage tgagccggca geccgcagtg gaggagccag 480

cggaggtcac tgccactgtg ctggccagca gagacgacca cggagcccct ttctcatgece 540
gcacagaact ggacatgcag ccccaggggce tgggactgtt cgtgaacacc tcagcccccce 600
geccagecteeg aacctttgte ctgccegtga ccceecegeg cctegtggece ceecggttet 660
tggaggtgga aacgtcgtgg ccggtggact gcaccctaga cgggcttttt ccagectcag 720
aggcccaggt ctacctggceg ctgggggacc agatgctgaa tgcgacagtc atgaaccacg 780

gggacacgct aacggccaca gccacagcca cggcgcgcege ggatcaggag ggtgcccggg 840
agatcgtctg caacgtgacc ctagggggcg agagacggga ggcccgggag aacttgacgg 900
tctttagett cctaggaccce actgtgaacc tcagcgagcc caccgcccct gaggggtcca 960
cagtgaccgt gagttgcatg gctggggctc gagtccaggt cacgctggac ggagttccgg 1020
ccgecggecce ggggcageca gctcaactte agctaaatge taccgagagt gacgacagac 1080
gcagcttett ctgcagtgcece actctcgagg tggacggcga gttcecttgcac aggaacagta 1140
gcgtecaget gegagtectg tatggtcecca aaattgaccg agccacatge ccccagcact 1200
tgaaatggaa agataaaacg acacacgtcc tgcagtgcca agccaggggce aacccgtacce 1260
ccgagetgeg gtgtttgaag gaaggctcca gccgggaggt geccggtgggg atcccgttet 1320
tcgtcaacgt aacacataat ggtacttatc agtgccaagc gtccagctca cgaggcaaat 1380
acaccctggt cgtggtgatg gacattgagg ctgggagctce ccactttgte cccgtetteg 1440
tggecggtgtt actgaccctg ggcgtggtga ctatcgtact ggecttaatg tacgtcettca 1500
gggagcacaa acggagcggc agttaccatg ttagggagga gagcacctat ctgcccctca 1560
cgtctatgca gccgacagaa gcaatggggg aagaaccgtc cagagctgag 1610
<210> SEQ ID NO 70

<211> LENGTH: 1610

<212> TYPE: DNA

<213> ORGANISM: Pan troglodytes

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (3)..(1610

<400> SEQUENCE: 70

cc agg gec tge tgg act ctg ctg gtc tge tgt ctg ctg acc cca ggt 47

Arg Ala Cys Trp Thr Leu Leu Val Cys Cys Leu Leu Thr Pro Gly
1 5 10 15

gtc cag ggg cag gag ttc ctt ttg cgg gtg gag ccc cag aac cct gtg 95
Val Gln Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val
20 25 30

ctc tet get gga ggg tece ctg ttt gtg aac tge agt act gat tgt ccc 143

Leu Ser Ala Gly Gly Ser Leu Phe Val Asn Cys Ser Thr Asp Cys Pro

age tct gag aaa atc gec ttg gag acg tec cta tca aag gag ctg gtg 191
Ser Ser Glu Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val

gce agt gge atg gge tgg geca gec tte aat cte age aac gtg act ggce 239
Ala Ser Gly Met Gly Trp Ala Ala Phe Asn Leu Ser Asn Val Thr Gly
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aac agt cgg atc ctc tgc tca gtg tac tgc aat ggc tcc cag ata aca 287
Asn Ser Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Thr
80 85 90 95
gge tce tet aac atc acce gtg tac agg ctc ceg gag cgt gtg gag ctg 335
Gly Ser Ser Asn Ile Thr Val Tyr Arg Leu Pro Glu Arg Val Glu Leu
100 105 110
gca ccc ctg cct cect tgg cag cgg gtg ggc cag aac ttc acc ctg cgce 383
Ala Pro Leu Pro Pro Trp Gln Arg Val Gly Gln Asn Phe Thr Leu Arg
115 120 125
tgc caa gtg gag ggt ggg tcg ccc cgg acc agc cte acg gtg gtg ctg 431
Cys Gln Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu
130 135 140
ctt cgc tgg gag gag gag ctg agc cgg cag ccc gca gtg gag gag cca 479
Leu Arg Trp Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu Pro
145 150 155
gcg gag gtc act gcc act gtg ctg gcc agc aga gac gac cac gga gcc 527
Ala Glu Val Thr Ala Thr Val Leu Ala Ser Arg Asp Asp His Gly Ala
160 165 170 175
cct tte tca tgc cge aca gaa ctg gac atg cag ccc cag ggg ctg gga 575
Pro Phe Ser Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu Gly
180 185 190
ctg ttce gtg aac acc tca gec ccc cge cag ctce cga acc ttt gte ctg 623
Leu Phe Val Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val Leu
195 200 205
cce gtg acc ccc ceg cge cte gtg gec cce cgg tte ttg gag gtg gaa 671
Pro Val Thr Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Val Glu
210 215 220
acg tcg tgg ccg gtg gac tgc acc cta gac ggg ctt ttt cca gce tca 719
Thr Ser Trp Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser
225 230 235
gag gcc cag gtc tac ctg gcg ctg ggg gac cag atg ctg aat gcg aca 767
Glu Ala Gln Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr
240 245 250 255
gtc atg aac cac ggg gac acg cta acg gcc aca gcc aca gcc acg gcg 815
Val Met Asn His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Thr Ala
260 265 270
cge gcg gat cag gag ggt gcc c¢gg gag atc gtc tgce aac gtg acc cta 863
Arg Ala Asp Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Thr Leu
275 280 285
ggg ggc gag aga cgg gag gcc cgg gag aac ttg acg gtc ttt agc tte 911
Gly Gly Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Val Phe Ser Phe
290 295 300
cta gga ccc act gtg aac ctc agc gag ccc acc gcc cct gag ggg tcc 959
Leu Gly Pro Thr Val Asn Leu Ser Glu Pro Thr Ala Pro Glu Gly Ser
305 310 315
aca gtg acc gtg agt tgc atg gct ggg gct cga gtc cag gtc acg ctg 1007
Thr Val Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu
320 325 330 335
gac gga gtt ccg gcc geg gee ¢cg ggg cag cca gct caa ctt cag cta 1055
Asp Gly Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu
340 345 350
aat gct acc gag agt gac gac aga cgc agce ttc tte tge agt gec act 1103
Asn Ala Thr Glu Ser Asp Asp Arg Arg Ser Phe Phe Cys Ser Ala Thr
355 360 365
ctc gag gtg gac ggc gag ttc ttg cac agg aac agt agc gtc cag ctg 1151

Leu Glu Val Asp Gly Glu Phe Leu His Arg Asn Ser Ser Val Gln Leu
370 375 380
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cga gtc ctg tat ggt ccc aaa att gac cga gcc aca tgc ccc cag cac 1199
Arg Val Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His
385 390 395

ttg aaa tgg aaa gat aaa acg aca cac gtc ctg cag tgc caa gcc agg 1247
Leu Lys Trp Lys Asp Lys Thr Thr His Val Leu Gln Cys Gln Ala Arg
400 405 410 415
ggc aac ccg tac cecc gag ctg cgg tgt ttg aag gaa ggc tcc age cgg 1295
Gly Asn Pro Tyr Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser Arg

420 425 430
gag gtg ccg gtg ggg atc ccg ttc ttc gtc aac gta aca cat aat ggt 1343
Glu Val Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly

435 440 445
act tat cag tgc caa gcg tcc age tca cga ggce aaa tac acc ctg gtce 1391
Thr Tyr Gln Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu Val
450 455 460
gtg gtg atg gac att gag gct ggg agc tcc cac ttt gtc ccc gte tte 1439
Val Val Met Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val Phe
465 470 475

gtg gcg gtg tta ctg acc ctg ggc gtg gtg act atc gta ctg gcc tta 1487
Val Ala Val Leu Leu Thr Leu Gly Val Val Thr Ile Val Leu Ala Leu
480 485 490 495
atg tac gtc ttc agg gag cac aaa c¢gg agc ggc agt tac cat gtt agg 1535
Met Tyr Val Phe Arg Glu His Lys Arg Ser Gly Ser Tyr His Val Arg

500 505 510
gag gag agc acc tat ctg ccc ctc acg tct atg cag ccg aca gaa gca 1583
Glu Glu Ser Thr Tyr Leu Pro Leu Thr Ser Met Gln Pro Thr Glu Ala

515 520 525
atg ggg gaa gaa ccg tcc aga gct gag 1610
Met Gly Glu Glu Pro Ser Arg Ala Glu
530 535

<210> SEQ ID NO 71

<211> LENGTH: 536

<212> TYPE: PRT

<213> ORGANISM: Pan troglodytes
<400> SEQUENCE: 71

Arg Ala Cys Trp Thr Leu Leu Val Cys Cys Leu Leu Thr Pro Gly Val
1 5 10 15

Gln Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Leu
20 25 30

Ser Ala Gly Gly Ser Leu Phe Val Asn Cys Ser Thr Asp Cys Pro Ser
Ser Glu Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Ala
50 55 60

Ser Gly Met Gly Trp Ala Ala Phe Asn Leu Ser Asn Val Thr Gly Asn
65 70 75 80

Ser Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Thr Gly
85 90 95

Ser Ser Asn Ile Thr Val Tyr Arg Leu Pro Glu Arg Val Glu Leu Ala
100 105 110

Pro Leu Pro Pro Trp Gln Arg Val Gly Gln Asn Phe Thr Leu Arg Cys
115 120 125

Gln Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu
130 135 140

Arg Trp Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu Pro Ala
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145 150 155 160

Glu Val Thr Ala Thr Val Leu Ala Ser Arg Asp Asp His Gly Ala Pro
165 170 175

Phe Ser Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu Gly Leu
180 185 190

Phe Val Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val Leu Pro
195 200 205

Val Thr Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Val Glu Thr
210 215 220

Ser Trp Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser Glu
225 230 235 240

Ala Gln Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr Val
245 250 255

Met Asn His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Thr Ala Arg
260 265 270

Ala Asp Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Thr Leu Gly
275 280 285

Gly Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Val Phe Ser Phe Leu
290 295 300

Gly Pro Thr Val Asn Leu Ser Glu Pro Thr Ala Pro Glu Gly Ser Thr
305 310 315 320

Val Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu Asp
325 330 335

Gly Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu Asn
340 345 350

Ala Thr Glu Ser Asp Asp Arg Arg Ser Phe Phe Cys Ser Ala Thr Leu
355 360 365

Glu Val Asp Gly Glu Phe Leu His Arg Asn Ser Ser Val Gln Leu Arg
370 375 380

Val Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His Leu
385 390 395 400

Lys Trp Lys Asp Lys Thr Thr His Val Leu Gln Cys Gln Ala Arg Gly
405 410 415

Asn Pro Tyr Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser Arg Glu
420 425 430

Val Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly Thr
435 440 445

Tyr Gln Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu Val Val
450 455 460

Val Met Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val Phe Val
465 470 475 480

Ala Val Leu Leu Thr Leu Gly Val Val Thr Ile Val Leu Ala Leu Met
485 490 495

Tyr Val Phe Arg Glu His Lys Arg Ser Gly Ser Tyr His Val Arg Glu
500 505 510

Glu Ser Thr Tyr Leu Pro Leu Thr Ser Met Gln Pro Thr Glu Ala Met
515 520 525

Gly Glu Glu Pro Ser Arg Ala Glu
530 535

<210> SEQ ID NO 72
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<211> LENGTH: 1605
<212> TYPE: DNA
<213> ORGANISM: Gorilla gorilla
<400> SEQUENCE: 72
gectgetgga ctetgetget ctgetgtetg ctgaccccag gtgtccaggg gcaggagttce 60
cttttgeggg tggagcccca gaaccctgtg ctetetgetg gagggtecct gtttgtgaac 120
tgcagtactg attgtcccag ctctgagaaa atcgecttgg agacgtccct atcaaaggag 180
ctggtggcca gtggcatggyg ctgggcagcec ttcaatctca gcaacgtgac tggcaacagt 240
cggatcctcet gctcagtgta ctgcaatggce tcccagataa caggctcctce taacatcacce 300
gtgtacaggc tcccggagceg tgtggagctg gcacccctge ctccttggca gecggtggge 360
cagaacttca ccctgcgetg ccaagtggag ggtgggtcge cccggaccag cctcacggtg 420

gtgctgette getgggagga ggagetgage cggcageceg cagtggagga gecageggag 480

gtcactgcce ctgtgctgge cagcagaggce gaccatggag cccctttcte atgccgcaca 540
gaactggaca tgcagcccca ggggctggga ctgttcgtga acacctcage cccccgecag 600
ctccgaacct ttgtcctgec catgacccee ccgegecteg tggeccccceeg gttettggag 660
gtggaaacgt cgtggceggt ggactgcacc ctagacgggce tttttceegge ctcagaggcece 720
caggtctacc tggcgctggg ggaccagatg ctgaatgcga cagtcatgaa ccacggggac 780
acgctaacgg ccacagccac agccacggceg ctcgeggatc aggagggtgce ccgggagatce 840
gtctgcaacg tgaccctagg gggcgagaga cgggaggccce gggagaactt gacgatcttt 900
agcttcctag gacccattgt gaacctcagce gagcccaccg cccctgaggg gtccacagtg 960

accgtgagtt gcatggctgg ggctcgagte caggtcacge tggacggagt tccggecgeg 1020
gcececcgggge agccagctca acttcagecta aatgctaccg agagtgacga cggacgcagce 1080
ttcttectgeca gtgccactet cgaggtggac ggcgagttct tgcacaggaa cagtagcgtce 1140
cagctgegag tecctgtatgg tcccaaaatt gaccgagcca catgeccccca gcacttgaaa 1200
tggaaagata aaacgacaca cgtcctgcag tgccaagcca ggggcaaccc gtaccccgag 1260
ctgcggtgtt tgaaggaagg ctcecagecgg gaggtgceccegg tggggatccce gttettegte 1320
aacgtaacac ataatggtac ttatcagtgc caagcgtcca gctcacgagg caaatacacc 1380
ctggtcgtgg tgatggacat tgaggctggg agctcccact ttgtcccegt cttegtggeg 1440
gtgttactga ccctgggcgt ggtgactatc gtactggcect taatgtacgt cttcagggag 1500
cacaaacgga gcggcagtta ccatgttagg gaggagagca cctatctgcc cctcacgtcet 1560
atgcagccga cagaagcaat gggggaagaa ccgtccagag ctgag 1605
<210> SEQ ID NO 73

<211> LENGTH: 1605

<212> TYPE: DNA

<213> ORGANISM: Gorilla gorilla

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1605

<400> SEQUENCE: 73

gee tgc tgg act ctg ctg ctc tge tgt ctg ctg acc cca ggt gtc cag 48
Ala Cys Trp Thr Leu Leu Leu Cys Cys Leu Leu Thr Pro Gly Val Gln

1 5 10 15

ggg cag gag tte ctt ttg cgg gty gag ccc cag aac cct gtg cte tct 96
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Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Leu Ser

20 25 30
gct gga ggg tcece ctg ttt gtg aac tgc agt act gat tgt ccc age tct 144
Ala Gly Gly Ser Leu Phe Val Asn Cys Ser Thr Asp Cys Pro Ser Ser
35 40 45
gag aaa atc gcc ttg gag acg tcc cta tca aag gag ctg gtg gec agt 192
Glu Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Ala Ser
50 55 60
ggc atg ggc tgg gca gec ttce aat cte agc aac gtg act ggc aac agt 240
Gly Met Gly Trp Ala Ala Phe Asn Leu Ser Asn Val Thr Gly Asn Ser
65 70 75 80
cgg atc ctc tgc tca gtg tac tgc aat ggc tece cag ata aca ggc tcce 288
Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Thr Gly Ser
85 90 95
tct aac atc acc gtg tac agg ctc ccg gag cgt gtg gag ctg gca ccc 336
Ser Asn Ile Thr Val Tyr Arg Leu Pro Glu Arg Val Glu Leu Ala Pro
100 105 110
ctg cct cct tgg cag ccg gtg gge cag aac ttc acc ctg cge tgce caa 384
Leu Pro Pro Trp Gln Pro Val Gly Gln Asn Phe Thr Leu Arg Cys Gln
115 120 125
gtg gag ggt ggg tcg cce cgg acc age ctc acg gtg gtg ctg ctt cge 432
Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu Arg
130 135 140
tgg gag gag gag ctg agc cgg cag ccc gca gtg gag gag cca gcg gag 480
Trp Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu Pro Ala Glu
145 150 155 160
gtc act gcc cct gtg ctg gcc age aga ggc gac cat gga gcc cct tte 528
Val Thr Ala Pro Val Leu Ala Ser Arg Gly Asp His Gly Ala Pro Phe
165 170 175
tca tgc cgc aca gaa ctg gac atg cag ccc cag ggg ctg gga ctg ttc 576
Ser Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu Gly Leu Phe
180 185 190
gtg aac acc tca gcc cce cge cag cte cga acc ttt gte ctg cecc atg 624
Val Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val Leu Pro Met
195 200 205
acc ccc ccg cge cte gtg gee cce cgg tte ttg gag gtg gaa acg tcg 672
Thr Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Val Glu Thr Ser
210 215 220
tgg ccg gtg gac tgc acc cta gac ggg ctt ttt ceg gece tca gag gec 720
Trp Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser Glu Ala
225 230 235 240
cag gtc tac ctg gcg ctg ggg gac cag atg ctg aat gcg aca gtc atg 768
Gln Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr Val Met
245 250 255
aac cac ggg gac acg cta acg gcc aca gcc aca gcc acg gcg ctc gcg 816
Asn His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Thr Ala Leu Ala
260 265 270
gat cag gag ggt gcc cgg gag atc gtc tgc aac gtg acc cta ggg ggc 864
Asp Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Thr Leu Gly Gly
275 280 285
gag aga cgg gag gcc cgg gag aac ttg acg atc ttt age ttc cta gga 912
Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Ile Phe Ser Phe Leu Gly
290 295 300
cce att gtg aac ctc agc gag ccc acc gcec cct gag ggg tec aca gtg 960
Pro Ile Val Asn Leu Ser Glu Pro Thr Ala Pro Glu Gly Ser Thr Val
305 310 315 320

acc gtg agt tgc atg gct ggg gct cga gtc cag gtc acg ctg gac gga 1008
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Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu Asp Gly
325 330 335

gtt ccg gce geg gec ccg ggg cag cca get caa ctt cag cta aat get 1056
Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu Asn Ala
340 345 350

acc gag agt gac gac gga cgc agc ttc tte tge agt gecc act ctec gag 1104
Thr Glu Ser Asp Asp Gly Arg Ser Phe Phe Cys Ser Ala Thr Leu Glu
355 360 365

gtg gac ggc gag ttc ttg cac agg aac agt agc gtc cag ctg cga gtce 1152
Val Asp Gly Glu Phe Leu His Arg Asn Ser Ser Val Gln Leu Arg Val
370 375 380

ctg tat ggt ccc aaa att gac cga gcc aca tgc ccc cag cac ttg aaa 1200
Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His Leu Lys
385 390 395 400

tgg aaa gat aaa acg aca cac gtc ctg cag tgc caa gcc agg ggc aac 1248
Trp Lys Asp Lys Thr Thr His Val Leu Gln Cys Gln Ala Arg Gly Asn
405 410 415

ccg tac ccc gag ctg cgg tgt ttg aag gaa ggc tcc age cgg gag gtg 1296
Pro Tyr Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser Arg Glu Val
420 425 430

ccg gtg ggg atc ccg tte tte gtc aac gta aca cat aat ggt act tat 1344
Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly Thr Tyr
435 440 445

cag tgc caa gcg tec age tca cga ggc aaa tac acc ctg gtc gtg gtg 1392
Gln Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu Val Val Val
450 455 460

atg gac att gag gct ggg agc tcc cac ttt gte ccc gte tte gtg geg 1440
Met Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val Phe Val Ala
465 470 475 480

gtg tta ctg acc ctg ggc gtg gtg act atc gta ctg gcec tta atg tac 1488
Val Leu Leu Thr Leu Gly Val Val Thr Ile Val Leu Ala Leu Met Tyr
485 490 495

gtc ttc agg gag cac aaa c¢gg agc ggc agt tac cat gtt agg gag gag 1536
Val Phe Arg Glu His Lys Arg Ser Gly Ser Tyr His Val Arg Glu Glu
500 505 510

agc acc tat ctg ccc cte acg tct atg cag ccg aca gaa gca atg ggg 1584
Ser Thr Tyr Leu Pro Leu Thr Ser Met Gln Pro Thr Glu Ala Met Gly
515 520 525

gaa gaa ccg tcc aga gct gag 1605
Glu Glu Pro Ser Arg Ala Glu
530 535

<210> SEQ ID NO 74

<211> LENGTH: 535

<212> TYPE: PRT

<213> ORGANISM: Gorilla gorilla

<400> SEQUENCE: 74

Ala Cys Trp Thr Leu Leu Leu Cys Cys Leu Leu Thr Pro Gly Val Gln
1 5 10 15

Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Leu Ser
20 25 30

Ala Gly Gly Ser Leu Phe Val Asn Cys Ser Thr Asp Cys Pro Ser Ser
35 40 45

Glu Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Ala Ser
50 55 60

Gly Met Gly Trp Ala Ala Phe Asn Leu Ser Asn Val Thr Gly Asn Ser
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65 70 75 80

Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Thr Gly Ser
85 90 95

Ser Asn Ile Thr Val Tyr Arg Leu Pro Glu Arg Val Glu Leu Ala Pro
100 105 110

Leu Pro Pro Trp Gln Pro Val Gly Gln Asn Phe Thr Leu Arg Cys Gln
115 120 125

Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu Arg
130 135 140

Trp Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu Pro Ala Glu
145 150 155 160

Val Thr Ala Pro Val Leu Ala Ser Arg Gly Asp His Gly Ala Pro Phe
165 170 175

Ser Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu Gly Leu Phe
180 185 190

Val Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val Leu Pro Met
195 200 205

Thr Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Val Glu Thr Ser
210 215 220

Trp Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser Glu Ala
225 230 235 240

Gln Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr Val Met
245 250 255

Asn His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Thr Ala Leu Ala
260 265 270

Asp Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Thr Leu Gly Gly
275 280 285

Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Ile Phe Ser Phe Leu Gly
290 295 300

Pro Ile Val Asn Leu Ser Glu Pro Thr Ala Pro Glu Gly Ser Thr Val
305 310 315 320

Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu Asp Gly
325 330 335

Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu Asn Ala
340 345 350

Thr Glu Ser Asp Asp Gly Arg Ser Phe Phe Cys Ser Ala Thr Leu Glu
355 360 365

Val Asp Gly Glu Phe Leu His Arg Asn Ser Ser Val Gln Leu Arg Val
370 375 380

Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His Leu Lys
385 390 395 400

Trp Lys Asp Lys Thr Thr His Val Leu Gln Cys Gln Ala Arg Gly Asn
405 410 415

Pro Tyr Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser Arg Glu Val
420 425 430

Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly Thr Tyr
435 440 445

Gln Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu Val Val Val
450 455 460

Met Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val Phe Val Ala
465 470 475 480
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Val Leu Leu Thr Leu Gly Val Val

Val Phe Arg
Ser Thr Tyr
515

Glu Glu Pro
530

485

Glu His Lys Arg Ser

500

Leu Pro Leu Thr Ser

520

Ser Arg Ala Glu

<210> SEQ ID NO 75
<211> LENGTH: 1614

<212> TYPE:

DNA

535

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 75

tggcccaggy
caggagttcc
tttgtgaact
tcaaaggagc
ggcaacagte
aacatcaccy
ccggtgggece
ctcacggtygyg
ccagcggagg
tgccgeacag
ccecgecage
ttecttggagg
tcagaggccce
cacggggaca
cgggagatcg
acggtcttta
tccacagtga
ceggecgegy
ggacgcaget
agtagegtcec
cacttgaaat
taccccgage
ttcttegtea
aaatacaccc
ttegtggegy
ttcagggage

ctcacgtcta

cctgetggac
ttttgcgggt
gcagtactga
tggtggecag
ggatcctetyg
tgtacggget
agaacttcac
tgctgetteyg
tcactgecac
aactggacat
tccgaacctt
tggaaacgtc
aggtctacct
cgetaacgge
tctgcaacgt
gcttectagg
cegtgagtty
ceceeggggea
tecttetgeag
agctgegagt
ggaaagataa
tgcggtgttt
acgtaacaca
tggtegtggt
tgttactgac
accaacggag

tgcageegac

tctgetggte
ggagccecag
ttgtcccage
tggcatggge
ctecagtgtac
cceggagegt
cctgegetge
ctgggaggag
tgtgetggee
gcagecccag
tgtecctgece
gtggeeggtg
ggcgetggag
cacagccaca
gaccetaggg
acccattgtyg
catggctggy
gccagcetcaa
tgccactete
cctgtatggt
aacgagacac
gaaggaaggc
taatggtact
gatggacatt
cetgggegtyg
cggeagttac

agaagcaatg

Thr Ile Val Leu Ala Leu Met Tyr

490

495

Gly Ser Tyr His Val Arg Glu Glu
510

505

Met Gln Pro Thr Glu Ala Met Gly

tgctgtetge
aaccctgtge
tctgagaaaa
tgggcagect
tgcaatgget
gtggagctgg
caagtggagg
gagctgagcec
agcagagacg
gggctgggac
gtgaccccce
gactgcacce
gaccagatge
geccacggege
ggcgagagac
aacctcageg
gctegagtee
cttcagctaa
gaggtggacyg
cccaaaattyg
gtcetgeagt
tccageeggy
tatcagtgece
gaggctggga
gtgactatcg

catgttaggg

ggggaagaac

525

tgaccccagg
tctetgetygy
tcgecttgga
tcaatctcag
cccagataac
caccectgee
gtgggtcgee
ggcagcccge
accacggagce
tgttcgtgaa
cgegectegt
tagacgggcet
tgaatgcgac
gegeggatca
dggaggecceg
agcccaccge
aggtcacget
atgctaccga
gcgagttett
accgagcecac
gccaagccag
aggtgccggt
aagcgtccag
gcteccactt
tactggectt
aggagagcac

cgtecagage

tgtccagggyg

agggtcecty
gacgtcccta
caacgtgact
aggctectet
tcettggeay
ccggaccage
agtggaggag
ccetttetea
cacctcagee
ggcccceegg
ttttccagee
agtcatgaac
ggagggtgece
ggagaacttg
ccatgagggy
ggacggagtt
gagtgacgac
gcacaggaac
atgcccccag
gggcaacccg
ggggatcecg
ctcacgagge
tgtccecegte
aatgtacgtc

ctatctgece

tgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1614
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<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

SEQ ID NO

76

LENGTH: 1614

TYPE: DNA
ORGANISM :
FEATURE:

NAME /KEY :
LOCATION :

SEQUENCE :

tgg cce agg gee
Trp Pro Arg Ala

1

ggt gtc cag ggg9
Gly Val Gln Gly

20

gtg ctc tet get
Val Leu Ser Ala

35

cce age tct gag
Pro Ser Ser Glu

gtg gcc agt ggc
Val Ala Ser Gly

65

ggc aac agt cgg
Gly Asn Ser Arg

aca ggc tce tet
Thr Gly Ser Ser

100

ctg gca ccec ctg
Leu Ala Pro Leu

115

cgc tgc caa gtg
Arg Cys Gln Val
130

ctg ctt cge tgg
Leu Leu Arg Trp

145

cca gcg gag gtc
Pro Ala Glu Val

gce cct tte tca
Ala Pro Phe Ser

180

gga ctg ttc gtg
Gly Leu Phe Val

195

ctg ccc gtg acc
Leu Pro Val Thr
210

gaa acg tcg tgg
Glu Thr Ser Trp

225

tca gag gcc cag
Ser Glu Ala Gln

aca gtc atg aac
Thr Val Met Asn

Homo sapiens

CDs

(1) ..(1614)

76

tge
Cys

cag
Gln

gga
Gly

aaa

atg
Met

ate
Ile

aac
Asn

cct
Pro

gag
Glu

gag
Glu

act
Thr
165

tge
Cys

aac
Asn

ccc
Pro

ceg
Pro

gte
Val
245

cac
His

tgg
Trp

gag
Glu

999
Gly

atc
Ile

gge
Gly

cte
Leu

ate
Ile

cct
Pro

ggt
Gly

gag
Glu
150

gce
Ala

cge
Arg

acc
Thr

ccg
Pro

gtg
Val
230

tac

Tyr

999
Gly

act
Thr

tte
Phe

tee
Ser

gcc
Ala

tgg
Trp

tge
Cys

acc
Thr

tgg
Trp

999
Gly
135

gag
Glu

act
Thr

aca
Thr

tca
Ser

cgce
Arg
215

gac

Asp

ctg
Leu

gac
Asp

ctg
Leu

ctt
Leu

ctg
Leu
40

ttyg
Leu

gca
Ala

tca
Ser

gtg
Val

cag
Gln
120

tcg
Ser

ctyg
Leu

gtg
Val

gaa
Glu

gce
Ala
200

cte

Leu

tge
Cys

gcg
Ala

acy
Thr

ctg
Leu

ttyg
Leu
25

ttt
Phe

gag
Glu

gce
Ala

gtg
Val

tac

Tyr
105

ccg
Pro

cce
Pro

agc
Ser

ctg
Leu

ctg
Leu
185

ccce

Pro

gtg
Val

acc
Thr

ctg
Leu

cta
Leu

gte
Val
10

g9
Arg

gtg
Val

acg
Thr

tte
Phe

tac
Tyr
90

999
Gly

gtg
Val

cg9
Arg

cg9
Arg

gce
Ala
170

gac
Asp

cge
Arg

gece
Ala

cta
Leu

999
Gly
250

acyg
Thr

tge
Cys

gty
Val

aac
Asn

tce
Ser

aat
Asn
75

tge
Cys

cte
Leu

gge
Gly

acc
Thr

cag
Gln
155

age
Ser

atg
Met

cag
Gln

cece
Pro

gac
Asp
235

gac

Asp

gce
Ala

tgt
Cys

gag
Glu

tge
Cys

cta
Leu
60

cte
Leu

aat
Asn

ceg
Pro

cag
Gln

agc
Ser
140

cece
Pro

aga
Arg

cag
Gln

cte
Leu

cgg
Arg
220

999
Gly

cag
Gln

aca
Thr

ctg
Leu

cece
Pro

agt
Ser
45

tca
Ser

age
Ser

gge
Gly

gag
Glu

aac
Asn
125

cte
Leu

gca
Ala

gac
Asp

cece
Pro

cga
Arg
205

ttc

Phe

ctt
Leu

atg
Met

gee
Ala

ctg
Leu

cag
Gln
30

act
Thr

aag
Lys

aac
Asn

tce
Ser

cgt
Arg
110

ttc
Phe

acg
Thr

gtg
Val

gac
Asp

cag
Gln
190

acc

Thr

ttg
Leu

ttt
Phe

ctg
Leu

aca
Thr

acc
Thr
15

aac
Asn

gat
Asp

gag
Glu

gtg
Val

cag
Gln

gtg
Val

acc
Thr

gtg
Val

gag
Glu

cac
His
175

999
Gly

ttt
Phe

gag
Glu

cca
Pro

aat
Asn
255

gce
Ala

cca
Pro

cct
Pro

tgt
Cys

ctg
Leu

act
Thr
80

ata
Ile

gag
Glu

ctg
Leu

gtg
val

gag
Glu
160

gga
Gly

ctg
Leu

gte
Val

gtg
val

gce
Ala
240

geg
Ala

acyg
Thr

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816
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260 265 270

geg cgce geg gat cag gag ggt gec cgg gag atc gtc tge aac gtg acc 864
Ala Arg Ala Asp Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Thr
275 280 285

cta ggg ggc gag aga cgg gag gcc cgg gag aac ttg acg gtc ttt agce 912
Leu Gly Gly Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Val Phe Ser
290 295 300

ttc cta gga ccc att gtg aac ctc agc gag ccc acce gec cat gag ggg 960
Phe Leu Gly Pro Ile Val Asn Leu Ser Glu Pro Thr Ala His Glu Gly
305 310 315 320

tce aca gtg acc gtg agt tgc atg gect ggg gct cga gte cag gtc acg 1008
Ser Thr Val Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr
325 330 335

ctg gac gga gtt ccg gce gcg gee ccg ggg cag cca gct caa ctt cag 1056
Leu Asp Gly Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln
340 345 350

cta aat gct acc gag agt gac gac gga cgc agc ttc ttc tgc agt gcce 1104
Leu Asn Ala Thr Glu Ser Asp Asp Gly Arg Ser Phe Phe Cys Ser Ala
355 360 365

act ctc gag gtg gac ggc gag ttc ttg cac agg aac agt agc gtc cag 1152
Thr Leu Glu Val Asp Gly Glu Phe Leu His Arg Asn Ser Ser Val Gln
370 375 380

ctg cga gte ctg tat ggt ccc aaa att gac cga gec aca tgc ccc cag 1200
Leu Arg Val Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln
385 390 395 400

cac ttg aaa tgg aaa gat aaa acg aga cac gtc ctg cag tgc caa gcc 1248
His Leu Lys Trp Lys Asp Lys Thr Arg His Val Leu Gln Cys Gln Ala
405 410 415

agg ggc aac ccg tac ccc gag ctg cgg tgt ttg aag gaa ggc tcc agce 1296
Arg Gly Asn Pro Tyr Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser
420 425 430

cgg gag gtg ccg gtg ggg atc ccg ttc ttc gtc aac gta aca cat aat 1344
Arg Glu Val Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn
435 440 445

ggt act tat cag tgc caa gcg tce age tca cga ggce aaa tac acc ctg 1392
Gly Thr Tyr Gln Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu
450 455 460

gtc gtg gtg atg gac att gag gct ggg agc tce cac ttt gte cce gte 1440
Val Val Val Met Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val
465 470 475 480

ttc gtg gcg gtg tta ctg acc ctg ggc gtg gtg act atc gta ctg gcce 1488
Phe Val Ala Val Leu Leu Thr Leu Gly Val Val Thr Ile Val Leu Ala
485 490 495

tta atg tac gtc ttc agg gag cac caa cgg agc ggc agt tac cat gtt 1536
Leu Met Tyr Val Phe Arg Glu His Gln Arg Ser Gly Ser Tyr His Val
500 505 510

agg gag gag agc acc tat ctg ccc ctc acg tect atg cag ccg aca gaa 1584
Arg Glu Glu Ser Thr Tyr Leu Pro Leu Thr Ser Met Gln Pro Thr Glu
515 520 525

gca atg ggg gaa gaa ccg tce aga gct gag 1614
Ala Met Gly Glu Glu Pro Ser Arg Ala Glu
530 535

<210> SEQ ID NO 77

<211> LENGTH: 538

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 77

Trp Pro Arg Ala Cys Trp Thr Leu Leu Val Cys Cys Leu Leu Thr Pro
1 5 10 15

Gly Val Gln Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro
20 25 30

Val Leu Ser Ala Gly Gly Ser Leu Phe Val Asn Cys Ser Thr Asp Cys
35 40 45

Pro Ser Ser Glu Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu
50 55 60

Val Ala Ser Gly Met Gly Trp Ala Ala Phe Asn Leu Ser Asn Val Thr
65 70 75 80

Gly Asn Ser Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile
85 90 95

Thr Gly Ser Ser Asn Ile Thr Val Tyr Gly Leu Pro Glu Arg Val Glu
100 105 110

Leu Ala Pro Leu Pro Pro Trp Gln Pro Val Gly Gln Asn Phe Thr Leu
115 120 125

Arg Cys Gln Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val
130 135 140

Leu Leu Arg Trp Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu
145 150 155 160

Pro Ala Glu Val Thr Ala Thr Val Leu Ala Ser Arg Asp Asp His Gly
165 170 175

Ala Pro Phe Ser Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu
180 185 190

Gly Leu Phe Val Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val
195 200 205

Leu Pro Val Thr Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Val
210 215 220

Glu Thr Ser Trp Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala
225 230 235 240

Ser Glu Ala Gln Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala
245 250 255

Thr Val Met Asn His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Thr
260 265 270

Ala Arg Ala Asp Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Thr
275 280 285

Leu Gly Gly Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Val Phe Ser
290 295 300

Phe Leu Gly Pro Ile Val Asn Leu Ser Glu Pro Thr Ala His Glu Gly
305 310 315 320

Ser Thr Val Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr
325 330 335

Leu Asp Gly Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln
340 345 350

Leu Asn Ala Thr Glu Ser Asp Asp Gly Arg Ser Phe Phe Cys Ser Ala
355 360 365

Thr Leu Glu Val Asp Gly Glu Phe Leu His Arg Asn Ser Ser Val Gln
370 375 380

Leu Arg Val Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln
385 390 395 400
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His Leu Lys Trp Lys Asp Lys Thr Arg His Val Leu Gln Cys Gln Ala
405 410 415

Arg Gly Asn Pro Tyr Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser
420 425 430

Arg Glu Val Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn
435 440 445

Gly Thr Tyr Gln Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu
450 455 460

Val Val Val Met Asp Ile Glu Ala Gly Ser Ser His Phe Val Pro Val
465 470 475 480

Phe Val Ala Val Leu Leu Thr Leu Gly Val Val Thr Ile Val Leu Ala
485 490 495

Leu Met Tyr Val Phe Arg Glu His Gln Arg Ser Gly Ser Tyr His Val
500 505 510

Arg Glu Glu Ser Thr Tyr Leu Pro Leu Thr Ser Met Gln Pro Thr Glu
515 520 525

Ala Met Gly Glu Glu Pro Ser Arg Ala Glu
530 535

<210> SEQ ID NO 78

<211> LENGTH: 1650

<212> TYPE: DNA

<213> ORGANISM: pongo pygmaeus

<400> SEQUENCE: 78

gggcectgetg gactctgetg gtetgetgte tgctgaccee aggtgcccag gggcaggagt 60
tcectgetgeg ggtggagecce cagaaccctg tgctcectge tggagggtec ctgttggtga 120
actgcagtac tgattgtccc agctctaaga aaattgcctt ggagacgtcc ctatcaaagg 180
agctggtgga caatggcatg ggctgggcag ccttctacct cagcaacgtg actggcaaca 240
gtaggatcct ctgctcagtt tactgcaatg gctcccagat aataggctcc tctaacatca 300
cegtgtacag gctcccggag cgegtggage tggcacccct gectetttgg cagecggtgg 360
gccagaactt caccctgege tgccaagtgg agggtgggte gcecceccggacce agectcacgg 420

tggtgetget tegetgggag gaggagetga gecggcaace cgeagtggaa gagecagegyg 480

aggtcactge cactgtgctyg gecagcagag gccaccacgg ageccattte tecatgeegea 540
cagaactgga catgcagcce caggggcetgg gactgttegt gaacacctea geccccegec 600
agctccgaac ctttgtectg ccegtgacee cceegegect agtggctece cggttettgg 660
aggcggaaac gtegtggeceg gtggactgea cectagatgg gettttteeg gectcagagyg 720
cccaggteta cetggegetyg ggggaccaga tgctgaatge gacagtegtg aaccacgggyg 780
acacgctgac ggccacagec acagccatgg cgegegcegga tcaggagggt geccaggaga 840
tegtctgcaa cgtgacccta gggggcgaga gacgggaggce ccgggagaac ttgacggtet 900
ttagcttect aggacccatt ctgaatctca gecgagcccag cgeccctgag gggtcecacag 960

tgaccgtgag ttgcatggcet ggggctcgag tccaggtcac getggacgga gttceccggecyg 1020
cggcceeggg gcagcecaget caacttcage taaatgctac cgagagtgac gacggacgca 1080
gcttettetg cagtgccact ctcgaggtgg acggcgagtt ctttcacagg aacagtageg 1140

tccagetgeg tgtcectgtat ggtcccaaaa ttgaccgage cacatgcccce cagcacttga 1200
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agtggaaaga taaaacgaga cacgtcctgc agtgccaagc caggggcaac ccgcaccccg 1260
agctgcgatg tttgaaggaa ggctccagcce gggaggtgcce ggtggggatce ccgttcetteg 1320
ttaatgtaac acataatggt acttatcagt gccaagcgtc cagctcacga ggcagataca 1380
ccetggtegt ggtgatggac attgaggctg ggaactccca ctttgtecte gtettettgg 1440
cggtgttagt gaccectggge gtggtgactg tcecgtagtgge cttaatgtac gtcttcaggyg 1500
agcacaaacg gagcggcagg taccatgtta ggcaggagag cacctctctg cccctcacgt 1560
ctatgcagcc gacagaggca atgggggaag aaccgtccac agctgagtga cgctcggatce 1620
cggggtcaaa gttggcgggg acttggetgt 1650
<210> SEQ ID NO 79

<211> LENGTH: 1650

<212> TYPE: DNA

<213> ORGANISM: Pongo pygmeaus

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (3)..(1649)

<400> SEQUENCE: 79

gg gce tge tgg act ctg ctg gte tge tgt ctg ctg acc cca ggt gcc 47

Ala Cys Trp Thr Leu Leu Val Cys Cys Leu Leu Thr Pro Gly Ala

1 5 10 15
cag ggg cag gag ttc ctg ctg cgg gtg gag ccc cag aac cct gtg ctc 95
Gln Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Leu

20 25 30
cct get gga ggg tcee ctg ttg gtg aac tgc agt act gat tgt ccc agce 143
Pro Ala Gly Gly Ser Leu Leu Val Asn Cys Ser Thr Asp Cys Pro Ser

35 40 45
tct aag aaa att gcc ttg gag acg tcc cta tca aag gag ctg gtg gac 191
Ser Lys Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Asp
50 55 60
aat ggc atg ggc tgg gca gcc ttc tac ctc age aac gtg act ggc aac 239
Asn Gly Met Gly Trp Ala Ala Phe Tyr Leu Ser Asn Val Thr Gly Asn
65 70 75

agt agg atc ctc tgc tca gtt tac tgc aat ggc tecce cag ata ata ggc 287
Ser Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Ile Gly
80 85 90 95
tce tet aac atc acc gtg tac agg ctc ccg gag cge gtg gag ctg gca 335
Ser Ser Asn Ile Thr Val Tyr Arg Leu Pro Glu Arg Val Glu Leu Ala

100 105 110
ccc ctg cct ctt tgg cag ccg gtg ggc cag aac ttc acc ctg cgc tgc 383
Pro Leu Pro Leu Trp Gln Pro Val Gly Gln Asn Phe Thr Leu Arg Cys

115 120 125
caa gtg gag ggt ggg tcg ccc cgg acc agc ctc acg gtg gtg ctg ctt 431
Gln Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu
130 135 140
cge tgg gag gag gag ctg agc cgg caa ccc gca gtg gaa gag cca gcg 479
Arg Trp Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu Pro Ala
145 150 155

gag gtc act gecec act gtg ctg gece age aga ggce cac cac gga gcc cat 527
Glu Val Thr Ala Thr Val Leu Ala Ser Arg Gly His His Gly Ala His
160 165 170 175
ttc tca tge cgc aca gaa ctg gac atg cag ccc cag ggg ctg gga ctg 575

Phe Ser Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu Gly Leu
180 185 190
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ttc gtg aac acc tca gcc cce cge cag ctc cga acc ttt gtc ctg ccc 623
Phe Val Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val Leu Pro
195 200 205
gtg acc ccc ccg cge cta gtg get cce cgg tte ttg gag gog gaa acg 671
Val Thr Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Ala Glu Thr
210 215 220
tcg tgg ccg gtg gac tgce acc cta gat ggg ctt ttt ccg gee tca gag 719
Ser Trp Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser Glu
225 230 235
gee cag gtc tac ctg geg ctg ggg gac cag atg ctg aat gcg aca gtc 767
Ala Gln Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr Val
240 245 250 255
gtg aac cac ggg gac acg ctg acg gcc aca gcc aca gcc atg gcg cgce 815
Val Asn His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Met Ala Arg
260 265 270
gcg gat cag gag ggt gcc cag gag atc gtc tgc aac gtg acc cta ggg 863
Ala Asp Gln Glu Gly Ala Gln Glu Ile Val Cys Asn Val Thr Leu Gly
275 280 285
ggc gag aga cgg gag gcc c¢gg gag aac ttg acg gtc ttt agce ttc cta 911
Gly Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Val Phe Ser Phe Leu
290 295 300
gga ccc att ctg aat ctc age gag ccc age gece cct gag ggg tec aca 959
Gly Pro Ile Leu Asn Leu Ser Glu Pro Ser Ala Pro Glu Gly Ser Thr
305 310 315
gtg acc gtg agt tgc atg gct ggg gct cga gtc cag gtc acg ctg gac 1007
Val Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu Asp
320 325 330 335
gga gtt ccg gcc geg gec ccg ggg cag cca gct caa ctt cag cta aat 1055
Gly Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu Asn
340 345 350
gct acc gag agt gac gac gga cgc agc tte tte tge agt gec act cte 1103
Ala Thr Glu Ser Asp Asp Gly Arg Ser Phe Phe Cys Ser Ala Thr Leu
355 360 365
gag gtg gac ggc gag ttc ttt cac agg aac agt agc gtc cag ctg cgt 1151
Glu Val Asp Gly Glu Phe Phe His Arg Asn Ser Ser Val Gln Leu Arg
370 375 380
gtc ctg tat ggt ccc aaa att gac cga gcc aca tge cce cag cac ttg 1199
Val Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His Leu
385 390 395
aag tgg aaa gat aaa acg aga cac gtc ctg cag tgc caa gcc agg ggc 1247
Lys Trp Lys Asp Lys Thr Arg His Val Leu Gln Cys Gln Ala Arg Gly
400 405 410 415
aac ccg cac ccc gag ctg cga tgt ttg aag gaa ggc tcc agce c¢gg gag 1295
Asn Pro His Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser Arg Glu
420 425 430
gtg ccg gtg ggg atc ccg tte tte gtt aat gta aca cat aat ggt act 1343
Val Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly Thr
435 440 445
tat cag tgc caa gcg tcec age tca cga ggc aga tac acc ctg gtc gtg 1391
Tyr Gln Cys Gln Ala Ser Ser Ser Arg Gly Arg Tyr Thr Leu Val Val
450 455 460
gtg atg gac att gag gct ggg aac tcc cac ttt gte cte gte tte ttg 1439
Val Met Asp Ile Glu Ala Gly Asn Ser His Phe Val Leu Val Phe Leu
465 470 475
gcg gtg tta gtg acc ctg gge gtg gtg act gtc gta gtg gcc tta atg 1487

Ala Val Leu Val Thr Leu Gly Val Val Thr Val Val Val Ala Leu Met
480 485 490 495
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tac gtc ttc agg gag cac aaa c¢gg agc ggc agg tac cat gtt agg cag 1535
Tyr Val Phe Arg Glu His Lys Arg Ser Gly Arg Tyr His Val Arg Gln
500 505 510

gag agc acc tct ctg ccc cte acg tect atg cag ccg aca gag gca atg 1583
Glu Ser Thr Ser Leu Pro Leu Thr Ser Met Gln Pro Thr Glu Ala Met
515 520 525

ggg gaa gaa ccg tecc aca gct gag tga cge teg gat ccg ggg tca aag 1631
Gly Glu Glu Pro Ser Thr Ala Glu Arg Ser Asp Pro Gly Ser Lys
530 535 540

ttg gcg ggg act tgg ctg t 1650

Leu Ala Gly Thr Trp Leu
545

<210> SEQ ID NO 80

<211> LENGTH: 535

<212> TYPE: PRT

<213> ORGANISM: Pongo pygmeaus
<400> SEQUENCE: 80

Ala Cys Trp Thr Leu Leu Val Cys Cys Leu Leu Thr Pro Gly Ala Gln
1 5 10 15

Gly Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Leu Pro
20 25 30

Ala Gly Gly Ser Leu Leu Val Asn Cys Ser Thr Asp Cys Pro Ser Ser
35 40 45

Lys Lys Ile Ala Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Asp Asn
50 55 60

Gly Met Gly Trp Ala Ala Phe Tyr Leu Ser Asn Val Thr Gly Asn Ser
65 70 75 80

Arg Ile Leu Cys Ser Val Tyr Cys Asn Gly Ser Gln Ile Ile Gly Ser
Ser Asn Ile Thr Val Tyr Arg Leu Pro Glu Arg Val Glu Leu Ala Pro
100 105 110

Leu Pro Leu Trp Gln Pro Val Gly Gln Asn Phe Thr Leu Arg Cys Gln
115 120 125

Val Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu Arg
130 135 140

Trp Glu Glu Glu Leu Ser Arg Gln Pro Ala Val Glu Glu Pro Ala Glu
145 150 155 160

Val Thr Ala Thr Val Leu Ala Ser Arg Gly His His Gly Ala His Phe
165 170 175

Ser Cys Arg Thr Glu Leu Asp Met Gln Pro Gln Gly Leu Gly Leu Phe
180 185 190

Val Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Val Leu Pro Val
195 200 205

Thr Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Ala Glu Thr Ser
210 215 220

Trp Pro Val Asp Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser Glu Ala
225 230 235 240

Gln Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr Val Val
245 250 255

Asn His Gly Asp Thr Leu Thr Ala Thr Ala Thr Ala Met Ala Arg Ala
260 265 270

Asp Gln Glu Gly Ala Gln Glu Ile Val Cys Asn Val Thr Leu Gly Gly
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275 280 285

Glu Arg Arg Glu Ala Arg Glu Asn Leu Thr Val Phe Ser Phe Leu Gly
290 295 300

Pro Ile Leu Asn Leu Ser Glu Pro Ser Ala Pro Glu Gly Ser Thr Val
305 310 315 320

Thr Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu Asp Gly
325 330 335

Val Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu Asn Ala
340 345 350

Thr Glu Ser Asp Asp Gly Arg Ser Phe Phe Cys Ser Ala Thr Leu Glu
355 360 365

Val Asp Gly Glu Phe Phe His Arg Asn Ser Ser Val Gln Leu Arg Val
370 375 380

Leu Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His Leu Lys
385 390 395 400

Trp Lys Asp Lys Thr Arg His Val Leu Gln Cys Gln Ala Arg Gly Asn
405 410 415

Pro His Pro Glu Leu Arg Cys Leu Lys Glu Gly Ser Ser Arg Glu Val
420 425 430

Pro Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly Thr Tyr
435 440 445

Gln Cys Gln Ala Ser Ser Ser Arg Gly Arg Tyr Thr Leu Val Val Val
450 455 460

Met Asp Ile Glu Ala Gly Asn Ser His Phe Val Leu Val Phe Leu Ala
465 470 475 480

Val Leu Val Thr Leu Gly Val Val Thr Val Val Val Ala Leu Met Tyr
485 490 495

Val Phe Arg Glu His Lys Arg Ser Gly Arg Tyr His Val Arg Gln Glu
500 505 510

Ser Thr Ser Leu Pro Leu Thr Ser Met Gln Pro Thr Glu Ala Met Gly
515 520 525

Glu Glu Pro Ser Thr Ala Glu
530 535

<210> SEQ ID NO 81

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Pongo pygmeaus

<400> SEQUENCE: 81
Arg Ser Asp Pro Gly Ser Lys Leu Ala Gly Thr Trp Leu

1 5 10

<210> SEQ ID NO 82

<211> LENGTH: 1554

<212> TYPE: DNA

<213> ORGANISM: Macaca mulatta

<400> SEQUENCE: 82

caggagttce tgetgegggt ggagecccag aaccctgtgt ttectgetgg agggtcectyg 60
ttggtgaact gcagtactga ttgccccage tctaagaaaa tcatcttgga gacgtcecta 120
tcaaaggagc tggtggacaa tggcacagge tgggcagect tccagctcag caacgtgact 180

ggcaacagtc ggatcctetg ttcagggtac tgcaatgget cccagataac aggettctet 240
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gacatcaccg tgtacagcct cccggagege gtggagetgg caccectgece tecttggeag 300
ceggtgggee agaacttgat cctgegetge caagtggaag gtgggtcegece ccgcaccage 360

ctcacggtgg tgctgcteceg ctgggagaag gagctgacce ggcagccage agtgggggag 420

ccagcagagg tcaataccac tgtgctgacce agcagagagg accacggagce ccatttctca 480
tgccgecacag aactggacat gaagecccag gggetggaac tcttecggaa cacctceagece 540
ccecgecaac tecgaacctt tgecetgeeg gtgaccccee cgegectegt ggeccceegyg 600
ttettggagyg tggaaaagte gtggeeggtg aactgcacte tagatggget ttttecagece 660
tcagaggece aggtctacct ggcactgggg gaccagatge tgaatgcgac agtcatgaac 720
cacggggaca tgctaacgge cacagccaca gccacagcege gegecagatca ggagggtgeg 780
cgggaaatcg tctgcaacgt gatcctaggg ggcgagagac tggagacceg ggagaacttyg 840
acggtcttta gettectagg acccattctg aacctgageg ageccagege ccccgagggyg 900
tccacagtga ccgtgagetg catggetggg getecgagtcee aggtaacget ggacggagtt 960

ccagecegegg ccccggggea gccagctcaa cttcagttaa atgctaccga gagtgacgac 1020
ggacgcaact tcttctgcag tgccactcectce gaggtggacg gcgagttcett gtgtaggaac 1080
agtagcgtcce agctgcegtgt cctgtatggt cccaaaattg accgagccac atgcccccag 1140
cacttgaagt ggaaagacaa aacgagacac dgtcctgcagt gccaagccag gggcaacccg 1200
tacccccage tgcggtgttt gaaggaaggce tccaaccggg aggtgccggt ggggatccecg 1260
ttcttegtca atgtaacaca taatggcact tatcaatgecc aagcgtccag ctcacgaggce 1320
aaatacaccc tggtcgtggt gatggatatt gaggctccga agtcccactt tgtccctgte 1380
ttecttggegg tgttagtgac cctgggegtg gtgactgteg tagtggecctt aatgtacgtce 1440
ttcaaggagc ataaacggag cggcaggtac catgttaggc aggagagcac ctctctgccce 1500
ctcacgtcta tgcagccgac agaggcaatg ggggaagaac cgtccagagce tgag 1554
<210> SEQ ID NO 83

<211> LENGTH: 1554

<212> TYPE: DNA

<213> ORGANISM: Macaca mulatta

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1554)

<400> SEQUENCE: 83

cag gag ttc ctg ctg cgg gtg gag ccc cag aac cct gtg ttt cct gect 48
Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Phe Pro Ala

1 5 10 15

gga ggg tcc ctg ttg gtg aac tgc agt act gat tgc ccc agc tct aag 96
Gly Gly Ser Leu Leu Val Asn Cys Ser Thr Asp Cys Pro Ser Ser Lys

20 25 30
aaa atc atc ttg gag acg tcc cta tca aag gag ctg gtg gac aat ggc 144
Lys Ile Ile Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Asp Asn Gly
35 40 45
aca ggc tgg gca gce tte cag ctc agce aac gtg act ggce aac agt cgg 192
Thr Gly Trp Ala Ala Phe Gln Leu Ser Asn Val Thr Gly Asn Ser Arg
50 55 60
atc ctc tgt tca ggg tac tgc aat ggc tcc cag ata aca ggc tte tect 240

Ile Leu Cys Ser Gly Tyr Cys Asn Gly Ser Gln Ile Thr Gly Phe Ser
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gac atc acc gtg tac agc ctc ccg gag cgc gtg gag ctg gca ccc ctg 288
Asp Ile Thr Val Tyr Ser Leu Pro Glu Arg Val Glu Leu Ala Pro Leu
85 90 95
cct cct tgg cag ceg gtg gge cag aac ttg atc ctg cge tge caa gtg 336
Pro Pro Trp Gln Pro Val Gly Gln Asn Leu Ile Leu Arg Cys Gln Val
100 105 110
gaa ggt ggg tcg cecc cgce acce age cte acg gtg gtg ctg cte cge tgg 384
Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu Arg Trp
115 120 125
gag aag gag ctg acc cgg cag cca gca gtg ggg gag cca gca gag dgtc 432
Glu Lys Glu Leu Thr Arg Gln Pro Ala Val Gly Glu Pro Ala Glu Val
130 135 140
aat acc act gtg ctg acc agc aga gag gac cac gga gcc cat ttc tca 480
Asn Thr Thr Val Leu Thr Ser Arg Glu Asp His Gly Ala His Phe Ser
145 150 155 160
tgc cgc aca gaa ctg gac atg aag ccc cag ggg ctg gaa ctc ttc cgg 528
Cys Arg Thr Glu Leu Asp Met Lys Pro Gln Gly Leu Glu Leu Phe Arg
165 170 175
aac acc tca gcc cce cge caa ctc cga acc ttt gee ctg cecg gtg acc 576
Asn Thr Ser Ala Pro Arg Gln Leu Arg Thr Phe Ala Leu Pro Val Thr
180 185 190
cce ccg cge cte gtg gee cece c¢gg tte ttg gag gtg gaa aag tcg tgg 624
Pro Pro Arg Leu Val Ala Pro Arg Phe Leu Glu Val Glu Lys Ser Trp
195 200 205
ccg gtg aac tgc act cta gat ggg ctt ttt cca gcc tca gag gcc cag 672
Pro Val Asn Cys Thr Leu Asp Gly Leu Phe Pro Ala Ser Glu Ala Gln
210 215 220
gtc tac ctg gca ctg ggg gac cag atg ctg aat gcg aca gtc atg aac 720
Val Tyr Leu Ala Leu Gly Asp Gln Met Leu Asn Ala Thr Val Met Asn
225 230 235 240
cac ggg gac atg cta acg gcc aca gcc aca gcc aca gcg cgc gca gat 768
His Gly Asp Met Leu Thr Ala Thr Ala Thr Ala Thr Ala Arg Ala Asp
245 250 255
cag gag ggt gcg cgg gaa atc gtc tgc aac gtg atc cta ggg ggc gag 816
Gln Glu Gly Ala Arg Glu Ile Val Cys Asn Val Ile Leu Gly Gly Glu
260 265 270
aga ctg gag acc cgg gag aac ttg acg gtc ttt agce tte cta gga ccc 864
Arg Leu Glu Thr Arg Glu Asn Leu Thr Val Phe Ser Phe Leu Gly Pro
275 280 285
att ctg aac ctg agc gag ccc agc gcc ccc gag dggg tce aca gtg acc 912
Ile Leu Asn Leu Ser Glu Pro Ser Ala Pro Glu Gly Ser Thr Val Thr
290 295 300
gtg agc tgc atg gct ggg gct cga gtc cag gta acg ctg gac gga gtt 960
Val Ser Cys Met Ala Gly Ala Arg Val Gln Val Thr Leu Asp Gly Val
305 310 315 320
cca gcc gcg gcc ccg ggg cag cca gct caa ctt cag tta aat gect acc 1008
Pro Ala Ala Ala Pro Gly Gln Pro Ala Gln Leu Gln Leu Asn Ala Thr
325 330 335
gag agt gac gac gga cgc aac ttc ttc tge agt gcc act ctc gag gtg 1056
Glu Ser Asp Asp Gly Arg Asn Phe Phe Cys Ser Ala Thr Leu Glu Val
340 345 350
gac ggc gag tte ttg tgt agg aac agt agc gtc cag ctg cgt gte ctg 1104
Asp Gly Glu Phe Leu Cys Arg Asn Ser Ser Val Gln Leu Arg Val Leu
355 360 365
tat ggt ccc aaa att gac cga gcc aca tgc ccc cag cac ttg aag tgg 1152

Tyr Gly Pro Lys Ile Asp Arg Ala Thr Cys Pro Gln His Leu Lys Trp
370 375 380
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aaa gac aaa acg aga cac gtc ctg cag tgc caa gcc agg ggc aac ccg 1200
Lys Asp Lys Thr Arg His Val Leu Gln Cys Gln Ala Arg Gly Asn Pro
385 390 395 400
tac ccc cag ctg cgg tgt ttg aag gaa ggc tcc aac c¢gg gag gtg ccg 1248
Tyr Pro Gln Leu Arg Cys Leu Lys Glu Gly Ser Asn Arg Glu Val Pro

405 410 415
gtg ggg atc ccg ttc ttce gte aat gta aca cat aat ggc act tat caa 1296
Val Gly Ile Pro Phe Phe Val Asn Val Thr His Asn Gly Thr Tyr Gln

420 425 430
tgc caa gcg tcc age tca cga ggc aaa tac acc ctg gte gtg gtg atg 1344
Cys Gln Ala Ser Ser Ser Arg Gly Lys Tyr Thr Leu Val Val Val Met
435 440 445
gat att gag gct ccg aag tcc cac ttt gtc cct gte tte ttg geg gtg 1392
Asp Ile Glu Ala Pro Lys Ser His Phe Val Pro Val Phe Leu Ala Val
450 455 460

tta gtg acc ctg ggc gtg gtg act gtc gta gtg gcc tta atg tac gtc 1440
Leu Val Thr Leu Gly Val Val Thr Val Val Val Ala Leu Met Tyr Val
465 470 475 480
ttc aag gag cat aaa cgg agc ggc agg tac cat gtt agg cag gag agc 1488
Phe Lys Glu His Lys Arg Ser Gly Arg Tyr His Val Arg Gln Glu Ser

485 490 495
acc tct ctg ccc cte acg tet atg cag ccg aca gag gca atg ggg gaa 1536
Thr Ser Leu Pro Leu Thr Ser Met Gln Pro Thr Glu Ala Met Gly Glu

500 505 510
gaa ccg tcc aga gct gag 1554
Glu Pro Ser Arg Ala Glu
515

<210> SEQ ID NO 84

<211> LENGTH: 518

<212> TYPE: PRT

<213> ORGANISM: Macaca mulatta

<400> SEQUENCE: 84

Gln Glu Phe Leu Leu Arg Val Glu Pro Gln Asn Pro Val Phe Pro Ala
1 5 10 15

Gly Gly Ser Leu Leu Val Asn Cys Ser Thr Asp Cys Pro Ser Ser Lys
20 25 30

Lys Ile Ile Leu Glu Thr Ser Leu Ser Lys Glu Leu Val Asp Asn Gly
Thr Gly Trp Ala Ala Phe Gln Leu Ser Asn Val Thr Gly Asn Ser Arg
50 55 60

Ile Leu Cys Ser Gly Tyr Cys Asn Gly Ser Gln Ile Thr Gly Phe Ser
65 70 75 80

Asp Ile Thr Val Tyr Ser Leu Pro Glu Arg Val Glu Leu Ala Pro Leu
85 90 95

Pro Pro Trp Gln Pro Val Gly Gln Asn Leu Ile Leu Arg Cys Gln Val
100 105 110

Glu Gly Gly Ser Pro Arg Thr Ser Leu Thr Val Val Leu Leu Arg Trp
115 120 125

Glu Lys Glu Leu Thr Arg Gln Pro Ala Val Gly Glu Pro Ala Glu Val
130 135 140

Asn Thr Thr Val Leu Thr Ser Arg Glu Asp His Gly Ala His Phe Ser
145 150 155 160

Cys Arg Thr Glu Leu Asp Met Lys Pro Gln Gly Leu Glu Leu Phe Arg
165 170 175
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Thr Ala

180

Ser Pro Arg Gln Leu Arg Thr Phe Ala Leu

185

Val Ala Phe Glu Val Glu

205

Pro Pro Arg Leu Pro Leu

195

Arg
200

Val
210

Thr Phe Ala

220

Pro Asn Cys Leu Asp Leu Pro Ser

215

Gly

Val
225

Ala Gln Met Asn Ala Thr

235

Tyr Leu Leu Gly Leu

230

Asp

Thr Ala Thr Ala Thr

250

Gly Met Leu Ala Thr Ala

245

Asp

Gln Glu Ala

260

Gly Arg Glu Ile Val Cys Asn Val Ile Leu

265

Glu
275

Thr Glu Thr Val Phe Phe

285

Leu Ser

280

Arg Leu Arg Asn

Ile Glu Pro Ser Ala Pro Glu Ser

295

Leu Asn Leu Ser

290

Gly
300

Val
305

Met Ala Ala Val Gln Val

315

Ser Cys Gly Thr Leu

310

Arg

Ala Ala Ala Gln Ala Gln

330

Pro Pro Leu Gln Leu

325

Pro Gly

Glu Phe Phe

345

Ser Asp Asp Asn Ser Ala Thr

340

Gly Arg Cys

Glu
355

Phe Val Gln Leu

365

Asn Ser Ser

360

Asp Gly Leu Cys Arg

Ile Ala Thr Gln

380

Tyr Gly Pro Pro His

370

Lys Asp Arg

375

Cys

Thr Val Gln Gln

395

His Leu Ala

390

Lys
385

Asp Lys Arg Cys Arg

Tyr Pro Gln Leu Arg Leu Glu Ser Asn

405

Cys Lys Gly

410

Arg

Val Gly Ile Phe Phe Val Val His Asn

425

Pro Asn Thr

420

Gly

Gln Ala

435

Thr Val

445

Cys Ser Ser Ser Arg Gly Leu

440

Lys Tyr

Ile
450

Glu Ala Phe Val Val

460

Ser His Pro Phe

455

Asp Pro Lys

Val Thr Val

470

Val Thr Val Val Val

475

Leu Leu Ala Leu

465

Gly

Phe Lys Glu His Lys Ser His Val

485

Arg Gly Arg Tyr

490

Arg

Thr Thr Met Gln

505

Pro Leu Ser Pro Thr Glu Ala

500

Ser Leu

Glu Ser Ala Glu

515

Pro Arg

Pro

190

Lys

Glu

Val

Arg

Gly

270

Leu

Thr

Asp

Asn

Leu

350

Arg

Leu

Gly

Glu

Thr

430

Val

Leu

Met

Gln

Met
510

Val Thr

Ser Trp

Ala Gln

Met Asn

240

Ala
255

Asp
Gly Glu
Gly Pro
Val Thr

val
320

Gly

Ala
335

Thr
Glu Val
Val Leu
Lys Trp

Pro
400

Asn

Val
415

Pro
Tyr Gln
Val Met
Ala Val

Val
480

Tyr

Glu
495

Ser

Gly Glu

What is claimed is:

1. A method to identify an agent which may modulate
resistance to HIV-1-mediated disease, comprising contacting
at least one agent to be tested with a cell comprising human
ICAM-1, and detecting the cell’s resistance to HIV-1 viral
replication, propagation, or function, wherein an agent is

identified by its ability to increase the cell’s resistance to
HIV-1 viral replication, propagation, or function.

2. The method of claim 1, wherein the increased resistance
to HIV-1 viral replication, propagation, or function is mea-
sured relative to that of a cell transfected with an effective
amount of at least one of the following: a mutant human
ICAM-1 comprising one or more of the following mutations
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to human ICAM-1: L18Q, K29D, P45G, R49W, E171Q
wherein the mutant ICAM-1 is otherwise identical to human
ICAM-1; and a primate ICAM-1.

3. The method of claim 1, wherein the human ICAM-1
sequence is SEQ ID NO:3.

4. The method of claim 2, wherein the primate ICAM-1 is
a chimpanzee ICAM-1 comprising SEQ ID NO:85.

5. The method of claim 1, wherein the resistance to viral
replication or propagation is demonstrated by reduction of
HIV-1 expression in HIV-1 infected cells.

6. The method of claim 1, wherein the resistance to viral
replication or propagation is a result of increased dimeriza-
tion of two ICAM-1 polypeptides in the cell.

7. The method of claim 1, wherein the resistance to viral
replication or propagation is a result of decreased dimeriza-
tion of two ICAM-1 polypeptides in the cell.

8. The method of claim 1, wherein resistance to viral rep-
lication, propagation, or function is determined by measure-
ment of virus-mediated cellular pathogenesis, cell to cell
infectivity, virus-mediated cell fusion, virus-mediated syncy-
tia formation, HIV-1 expression by the cell, inflammatory
response suppression, and virus budding rate.

9. The method of claim 1, wherein the agent is a small
molecule.

10. A human mutant ICAM-1 polypeptide comprising one
or more of the following mutations to human ICAM-1: L18Q,
K29D, P45G, R49W, E171Q, wherein the mutant ICAM-1 is
otherwise identical to human ICAM-1, wherein said polypep-
tide confers increased resistance to HIV-1 viral replication,
propagation, or function in a human cell.

11. A human cell comprising heterologous DNA the
human mutant ICAM-1 polypeptide of claim 10; and a pri-
mate ICAM-1.

12. The composition of claim 11, wherein the primate
ICAM-1 is a chimpanzee ICAM-1 comprising SEQ ID
NO:85.

13. A method for inhibiting HIV-1 viral replication, propa-
gation, or function in a human subject by ICAM-1 gene
therapy, comprising the steps of: parenterally administering
to a human subject at least one of the following: a viral vector
comprising a mutant ICAM-1 comprising one or more of the
following mutations: L 18Q, K29D, P45G, R49W, E171Q,
and a viral vector comprising a non-human primate ICAM-1,
allowing said ICAM-1 protein to be expressed from said gene
in said subject in an amount sufficient to provide for inhibit-
ing HIV-1 viral replication, propagation, or function in the
human subject.

14. The method of claim 13, wherein increased resistance
to AIDS comprises inhibition of production of HIV-1 in the
subject.

15. The method of claim 13, wherein the primate ICAM-1
is a chimpanzee ICAM-1.

16. A method for inhibiting HIV-1 viral replication, propa-
gation, or function in a human subject by ICAM-1 gene
therapy, comprising the steps of: transfection of at least a
portion of the subject’s white blood cells with at least one of
the following: a viral vector comprising a mutant ICAM-1
comprising one or more of the following mutations: [.18Q,
K29D, P45G, R49W, E 171Q, and a viral vector comprising
a non-human primate ICAM-1, allowing said ICAM-1 pro-
tein to be expressed from at least a portion of the transfected
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white blood cells, in an amount sufficient to provide for
inhibiting HIV-1 viral replication, propagation, or function in
the human subject.

17. The method of claim 16, wherein the primate ICAM-1
is a chimpanzee ICAM-1.

18. The method of claim 16, wherein at least a portion of
the subject’s white blood cells are removed from the subject
prior to transfection and returned to the subject post-transfec-
tion.

19. A method to treat an HIV-1 infection in a human sub-
ject, comprising administering a pharmaceutically effective
amount of an agent which increases the human subject’s
resistance to HIV-1 viral replication, propagation, or function
by modulating the function of human ICAM-1.

20. The method of claim 19, wherein the modulation of the
function of human ICAM-1 results in resistance to HIV-1
viral replication, propagation, or function that is substantially
similar to that provided by at least one of the following: a
mutant human ICAM-1 comprising one or more of the fol-
lowing mutations to human ICAM-1: L.18Q, K29D, P45G,
R49W, E171Q wherein the mutant ICAM-1 is otherwise
identical to human ICAM-1; and a primate ICAM-1.

21. The method of claim 19, wherein the resistance to viral
replication or propagation is reduction of HIV-1 expression in
HIV-1 infected cells.

22. The method of claim 19, wherein the resistance to viral
replication or propagation is a result of increased dimeriza-
tion of two ICAM-1 polypeptides.

23. The method of claim 19, wherein the resistance to viral
replication or propagation is a result of decreased dimeriza-
tion of two ICAM-1 polypeptides.

24. The method of claim 19, wherein resistance to viral
replication, propagation, or function is determined by mea-
surement of virus-mediated cellular pathogenesis, cell to cell
infectivity, virus-mediated cell fusion, virus-mediated syncy-
tia formation, HIV-1 expression by the cell, inflammatory
response suppression, and virus budding rate.

25. The method of claim 19, wherein the agent is a small
molecule.

26. The method of claim 20, wherein the primate ICAM-1
is chimpanzee ICAM-1.

27. A small molecule modulator of human ICAM-1 iden-
tified by the method of claim 1.

28. A method to identify an agent which may modulate
resistance to HIV-1-mediated disease, comprising contacting
at least one agent to be tested with human ICAM-1, and
detecting the increased or decreased dimerization of human
ICAM-1, wherein an agent is identified by its ability to
increase or decrease dimerization of the human ICAM-1 sub-
units whereby said increased or decreased dimerization of
human ICAM-1 modulates resistance to HIV-1 modulated
disease.

29. A method to identify an agent which may modulate
resistance to HIV-1-mediated disease, comprising contacting
at least one agent to be tested with human ICAM-1, and
detecting a change in ICAM-1 mediated cell to cell signaling,
wherein an agent is identified by its ability to increase or
decrease ICAM-1 mediated cell to cell signaling whereby
said ICAM-1 mediated cell to cell signaling modulates resis-
tance to HIV-1 modulated disease.
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