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SEQ ID NO: 1

CCAAAT T Z-GTTGGCTGTGCCCATTGGCACTGETGEETCATGCAGCGCTCATACAAGCCTAGTGGCAGTAGCCACTATGA
TCCCTATGATAGGGTACTACAACATGGCAGTGTCAAAGCACGGATACAGGGCCTTCAGCTTAATARAGTAGCTAAAACC
AAGCTTGAAGAGATTITTITICATGTGGTGGECCCTTGTGTTTITGGCTATGGTGATGTIGAGACTACTICGIGICICAAATS
GAGTTGTTGAGCCACAACCTITITAATIGTITAAGACGGTCTATGTICTICAGGAGT GAGAGAGGGTAATGAATATGTICACTITIA
CCTT T ARAACCGGGACTTAATGATTGGGTTGAGGTTGATGCTAACATACATAAACCTACTGCCATIGTITIGGIGTIATIS
TATCATGAGTATAACAGGCTTAAATTAGAGAATGAAAGTTTGARAACAGAGCGCTCATCTTTACAATTGGATATATCAA
TCCTCAGACATGAGCTTGAGCGTGCAAGACCACCAACTAAAATAATTAGGCCT T ZCAGTGTIGGGIGCATIATACTGTA
TGGTTTACTGATTGGCCTTTTIGTITTITCACACATCTCACAAGCTTITTAGGACTGGTGTIGTIGICTITIGATCCAGATGTTIGGET
GAAACACTAAAGCCACAAACCTGCTATAAACTGCAAGTGGGATGGTGGAAT “GAATCAGATGAGACTATICCATITIATS
ATAGGTTTACAGCTTIGGTATACAGGTITAATACAACAGTTTAARAGTATGTACAATGACATTIGTCATTIGATTITAGTGGT
CCAGGCTTTTGGCTTTGCTTACACATGGACAGCTATAGCACTGATGATAGGCACATATTATATGTIGAAATCCACCAGC
CCAGCATATATGCTGGTGACATTIGATGATGGCAACTGTGTCAAGAATGCAGT TATTTGCAATATCTGCTATACCTAATA
TGGAGGTCACTTCAATGTTTTICATTIGTGGTGCTGTATGGTATTATACTAT T AATCAGGTIGCAGCAATGGCTIGCETIC
ATTAATGATAGCAGCTATGTIGCTICTATTIGTTITGCCTTTTCATGGGTGATGCTGAGTATGTGAAAGTGATAAGGGGCCAT
GGCGTGGTTATCTTAACTGTTGTTGTTTCCCACATCTTTAGTGTCTTGTTAGTGCCACACTGGGTICACAGTGTICCTIAA
TAGTCGCT CTTAGAATTIGTTAGGTTAATIGGAGCAGTTGTTGGTGAGAAAATAGAAGTTAGAAATTCTGAGGGARAAGT

AGAACTGGTATAATGTCAACAGCTAGAGTGATACCTAATGGTGTTGTCATTGTCGARATCARAAGARAGCTCAGGTACTS
GCTTCAGGGTTCAAAATTACATAGTCACAGCCEGEECATGTTGTTGGCAATGAAACACAAATAAAGGTTAAGTGGGGAGA
TGTTAATGTTTACACAAAAGTTIGTTITACATGCATCCCACTAAGGATATAGCCTATCTTIGCCTTACCATCAGAGTATCAA
GCACTCCCAACATACAAGTTTGCTAAGCTGATTGAGGATGGCACCGTTGTCATAACATCAATGGAGGACTGTIGGTIGICC
TCGCCGTTGCGGTTACAGAAGGTGTTATTIGTTARAAGATAACATAACATATGCTGTTAGCACCCGARACGGCATGAGTGS
TCCACCTGTTACAAATGTTGATGCTAGAATTGTTGGCATACATCAAGCCAACACTGGATTTACAGGCGGTIGCTIGTICATT
ATAAAGCAAGAGGATTITACCACCCCAAAAGAAGCCACAAAGGGAGATAGACCT ZGAGAACAAAATTAMAGAATTAGAGS
ATGCCCTTAAAGGTCAGATGAATCAAGGCCTAAATGAAAATCAGATAGTCGAATTGATTICGGCTIGCIGTITIGGICGIGA
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GATCGAAATCTTACGGCATGAAATCAATATGAACCAAGCAAAAGGTAAAAATANAAGGARAGARATCACCACARGAGGEGE
AAGACCTTTTGGAAAAGGGATTTACCAGACAGCAATTACGGGACA
TGGCTGAAGTGCTAAGAGAGGCAGATTATTICTGAAGATGATGAAAGTGATGAGTATGACACTGGTTATCCGCAATGETE

A
AGGAAGGGAAAAGTTTGGACTGAAGAGGAGTAC
3

AGACCCAGAAGACTCTIGAGGAGGTTIGAAAGGGAATGGTTTGGGCCAAAGAAAAAGATACTIGATGAGGTIGAAGAAGGT
TGGTCCAATACTGATTTCTGGGAGCAGTGTCAGAAGGTGTGGAAGGAGATGGAGCCCATGCCGGAAGAATCTIGTITAACA
CTCCTACCGTCACACTIGAGTIGATAAGTATGGTATTACATGCTATGTTIGTICACARAAGAGTGATATGGAAGCCTTAGCELS
TGAT--GCAGGAATACCAAGCCAAGGTTGCAGGAGAAGATTAAGGCAAATGT G CGIGGICAGIGGCTIGAGGGAGTC
AATCCAAAAACTATCATAAGTGAGTTIGGATGAATTATGGCTGAAACTGAACCACT TAATGTGGACCCATGGTATAGICE
CTCTCATACAGAGGAAAAAAATTAACAGAAAGAAACAGCAAAAANNACTTGAAGGGGGCCCCGAAACAGGGGCCCCAAAA
CCAGAACAACTAAGGCTIGGGTACTGGAGAGAACTATTAAAACCTGGTGAATATTATCTTACCCCCCCACATIGCCELT
TAGT-GGTGTTTTACCAATAGATAGGCCTATAAGTGATTATGATGAGCCAAT T GATGATTITACTAAATTITIGTIGCCAAA
ATGTGAGGAAAAGCCGCCATACGCACCGICTACATGGGGACCAGAAGCGTATAGGCGGICATTITIGATAAGTICTITITIIAL
AGAAAGCCAACTGAAAATATAAGAGAAAAATATCCTAGGGAGTGGAAAT "GCAATGTICAGTIGCTICAGAAGAGAATTTS
ATTTCCTACAGGACAGTGTICTTATTIGACATAACATCCACTTCAAAGAATGCTGACTCCACACCTGCTTATCCAAAGAT
ATTATGGTGGAAAACTGAAACAGAATACCTTAAAGAGCGGGGTTACCAAGAT T ACATTAAAGAGTTAGATICAATAAGA
TCTGGAGAGAGGCCTGATGTICTTATGGTATTTATTTTTAAAAAAAGAGAT TTTARAGATARGTARRAATTGAGGAAGAAG
ACATTAGGCAAATTGTTTIGCTGCTGATCCCATTTTTTCTAGAATTIGGTTG GT AT _GAAGAGCACCAAAATCAATTGAT
GAAAAATCGAACCCTIGACACGTATGGGTICAATGTGGATGGTCACCATTITATGGGAGGTITIICCATARAACGCATAAAGEGE
CTAGTTGATAAAGGCAATGATTACTTICATTGAGTTCGACTGGACGCGTTATGATGGTACCATCCCTAATGAAGTICTTITA
AGGCTATTAAGGACTTITAGATICTICGTIGICTTAGGGGAGACTTGCAAACAARAAGARRACAGAGATGTICTATAATTIGETA
TCGTGAGAACATATTITAGAAGATATGCTGATSTTACCTTCAGGAGAAGTGACAATCCAGGACAGGGGGAACCCCTICTGEA
CARATATCCACAACTATGGATAATAACATCTGTAATGTICTTITTITCCAGGCAT T TGAGTTTIGCATATCTGAATACTGAAT
TGGATTCTGATGAATTGAAGGAAAATTGGEATAAGTATGACTCACTTATCTATGGAGATGACAGGCTAACCACAACTCC
TAT T CATGTGACAATTATGTGGACAGAGTTATTAAAATGTATGCTGATGTCTTZGGGATGTGGGTCAAGAGAGAGARAR
GTAAAAGT _TCAAATGAAATTAATGGATTGACCTTTTGTGGCTTITACTGT TCAAGAGTCAAATGGCCTTITITIIGICCCCA
TACCAACTGATACAGATAAATTACTTIGCTGGCTTAATAACACCAATAAAGARAAT TGCCTGATATTITIGICACTCTATGS
GAAGCTCCTTTGCTACCGCATCCTTGGCCATAACTTGCCTGATGACCATAAAT T TAAAAATTATATCTIGGTICGCCTITS
GAGGTAGTGGCCAGGCACATCCGTIGCTAGTGGETGGEGEGAAGAACCCTATTATATCACGGATAGCATGCTGGATAGGCTTT
GGAGGGGAGGTCCAAAGCAAAGTCATGGCTGETAGGCAGCCCCAGCAGGCCCTGCCCAAGGCAGCGGCAAAGCAAATAG
CCAAGGAGGTAGTCAAACAGGAGAAGAAGGAACCAGTGGTGCGTAAAAAGAAACAGTTTTATCCARAATCCARAAGTTTAA
TAATAGATTAATAAGCAAATTTIGCTGAAAAAACAGCTAGATAAAAATTTGAAGAAACAAGGGTTITGAAGGACCAAAACCT
AGATTTGCTGTCACCGTICTICTIGCCACCATTGGECAAGGTCGGGCCAAATAAAAGT CAGGGACCTGAACTCCARAATATECA
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CTTTCAZGCATCCCAGCTCGATGARAGAGCCAAATGATGGCACAAATT T TGGTCCCCTACAGTCAGCAGCTGCACAATG
GGGT-TGTGGCGCT-GARAAAAT T TCAGCSTCACGTTTACTCCCCTTSTCGETCCATCAGCAGTTACCGGGTCTGTTITTIC
CGCATATZCCCTRARCATGGCACAGTCACCTGGAGCCACSTCATGGEGEGEGTCTTGGTGCTAGGAAGCACAAGGATGTTGC
CTGTGGGAAAGCAGTTCACTCGGAAGCTACAGAAGGGAGACCTCACAGGCCCCAGGGAAACCTGGTGGCTTACAGACAC
ARATGAAGAGGGAGCACRAARAGTCTGTGGGCCICTTCT - GAGATCCATSGCCTTGGTGARACAACTTICTACATACAAGGAT
GCAGCATZGGEGUTGGAGACCTCT ZCATCGTIGAGGTCAGSGETCGLTESGEAGTTTGCARATTACAACAGCAAACCTGCAT
TAGGCATGTTGGAGAGGG-GACTGAAACTACCAATGET-CAATTGAAGTAGCTAATGGCAATATGATTATGACAGTTCC
ACAGAATTCCCAGCTTGCARAGGCATATGAGTGARAGSTCCGAGAGGACCACAAATGCAAGTACTGTTGGTGARACAATA
CGGCAGATTGTGGATGAGEGIGITIGGTTTGETCGCAAATGTCGCACCACCICCGTTCACTTGGTTGATCAAAGGGGGAT
GGTGGTCTSTCRAAGARAT TACTAGSTAGATCASCARATACTGATGTCCAATATCTAGTTTATGCATCATTGGCAGACGC
CCARAACAATAGACITIGCTAGAGGCACAAAATTACACARAASTCACACGACAGACAACACTTTCTTCCACGCAAATCAAT
GCACCTAACACAGGCCCTAACACCACTACAGGGETCAAT - GGAAATAACAACCAACAGTGGCCGATACCTCCGACAGGGG
TGCCGGTTGGTGACTITTATSTCTSTGGCASGATGACAACATTGCATATGGGTGGTCAGTCTGGCATTCAAGCCACGAC
CCTAGTGAATGGGATGATATATCGTACAGACCACCCAGAATCATCAACAASCCCAGTTTICCAATTGGGAATTCACAGTT
TTGGAAAACAACACAATTGTCGGTGCTGGAATGGEGIGTGTGTGGTTTCAGAAATCCGAAGCACTAGTGTGGACGCTAG
ATGGCCAGARGCTGTCAGGATGGCAACACACTAGATGSTSTCGGTACARCCCAATTGACAGTCGCCTGGAGACAGCATAA
CAGAACAATTTACGGATGGEGCTAATGTTGT-GCTTGGAACTCTGAAGAATGGCATACAAATGCAGAACAACCACACCAG
CCTATATTGAGGCTGACATATTGGCTAGTARAAAATTAATG T TCTGTCTGAACCAGAAGATTTTGATGTTGTCCARAAAAT
CCCCATZAGCTTAT_TAGAAGATTATACTACAGCACAATCARAATCTGCCATCCARARGCTCAACTTCCARACGTTTICA
GAAACCTGAAGGGGGAGGCACTCTGCGGGCACAATACTCAACTACTCCCAGGCAAGGGGATTTTGCCGTAATATGGCAG
ATCGGTAGACATARTTCTGACATGTCTACCOGTAAGSGTACACCAGTTGARASTTTGAGTGATTATGTCATGCCCCAGL
AGAAAGATGCCCATATCGGTATGTGGTATCETGCT T AACCAGTSTCGGACCAAGATCAGATGTTITTGACCCTTCATTT
CCACTTGCCAACTGTGGAAAAAGATTCGGT-GAGCAGATCAT-GATCAAATTCAGCATCGCTACAGATTGACCCCACTG
GATTCGGATTCAGACTICCTCTAGTCCTGATCCCGAT T TCGAGCCTGAAGATAGATTTGAGAAGTTAAARATCTATGAGG
GTCTCAGGZCCAGTGG-CTZGTCACACCATGTATCCGATGGTGCTGCGATAGCTGTCAAGAAAAAATTGCGCCGAGGCCA
CGCCGAGTAGGATCGAGGETACAGCGCTARAT T GATTACTAGAGETSTCAATCAATAAATCATTGATTTGGTGATTGAT
ATGATCAATT _GAAATCGAAATTTCCAGCAAAAAAZAANAAANAARNAAANAR
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SEQ ID NO: 2 (ORFla)

ATGGAGCGCTCATACAAGCCTAGTGGCAGTAGCCACTATGATCCCTATGATAGGGTACTACAACATGGCAGTGICARAG
CACGGATACAGGGCCTICAGCTIAATAAAGTASCTAAAACCAAGCTIGAAGAGATTTTCTCATGTIGGTGGGCCCTITIGTIG
T-TTGGCTATGGTGATGTIGAGACTACTCGTIGICTCARAATGGAGTTGT - GAGCCACAACCTTICAATTIGTTAAGAZGGTIC
TATGIC-CAGGAGTGAGAGAGGGTAATCAATATG-CACTCACCTTITITAAACCGGGACTTAATGATIGGGTTIGAGGTIG
ATGCIAACATACATAAACCTIACTGCCATTIGTITIGGTGTAT - GTATCATGAGTATAACAGGCTITAAATTAGAGAATGARAG
T-TGAARAACAGAGCGCTCATCTIITACAATTGGATATATCAATCCTCAGACATGAGCTTGAGCGTGCAAGACCACCAACT
ARAATAATTAGGCCITTCAGTGTITGGGIGCATTATACTGTATGGTTTIACTGATCGGCCTITITIGTTTITCACACATETICAC
AAGCTITTTAGGACIGGTIGIGTGICT-GATCCAGATGTTGGTGAAACACTAAAGCCACAAACCTGTATAAACTGGAAGTG
GGATGGTGGARTTGAATCAGATGAGACTATTCCATTTTATGATAGGTTCACAGCTTGGTATACAGGTTTAATACRAACAG
T-TARAAGTATGTACAATGACATTIGT CATTGATT CAGTGGTCCAGGCTI T ITTGGCTTITGCTTACACATGGACAGCTATAG
CACTGATGATAGGCACATAT ATATGTTGAAATCCACCAGCCCAGCATATATGCTGGTGACATTGATGATGGCAACTGT
GTCAAGAATGCAGTTATTIGCAATATCTGCTATACCTARTATGGAGGSTCACTTICAATGTITTICATIGTGGTGCTGTATG
GTATTATACTATTTITAATCAGGTITGCAGCAATGGCTGCGTCATTAATGATAGCAGCTATGTIGCTCTIATTGTTICTGCCTTT
TCATGGGTGATGCTGAGTATGTGAAAGTGATAAGGGGCCATGGCGTGGTTATCTTAACTGTITGTTGTITTCCCACATCTT
TAGTIGICTTGICAGTGCCACACTGGGTCACAGTGTICCTAATAGTTGCTTTTAGAATIGTTAGGTTAATTIGGAGCAGTT
GTTGGTGAGAAAATAGAAGTTAGAAATTICTGAGGGAAAAGTTACAAGTGTCATACCAACAACAACGTCCTIGGTTAAATC
GGATTTICTGGATTTIGTTCAGTCCAAATTITACCCAAAAAGTTAGAACTGGTATAATGTCAACAGCTAGAGTGATACCTAA
TGGTGT-GICATTGCTCGAATCAAAAGAAAGCTCAGGTACTGGCTTCAGGGTICAAAAT TACATAGTICACAGCCGGGCAT
GTTGTTIGGCAATGAAACACARATAAAGSTTAASTGGGGAGATCTTAATGTTTACACAAAAST GTITACATGCATCCCA
CTAAGGATATAGCCTATCTTIGCCTITACCATCAGAGTATCAAGCACTCCCAACATACAAGTTTGCTAAGCTGATTGAGGA
TGGCACCGTIIGTCATAACATCAATGGAGGACTSTGGIGICCTTGCCST GUGGTTACAGAAGGTGITATTIGT ARAGAT
AACATAACATATGTIGTTAGCACCCGARACGGEIATGAGTGGTTCACCIGTTACAAATG  ITGATGGTAGAATIGTIGGCA
TACATCAAGCCAACACTGGATTTIACAGGCGGTISCTGTICATTATAAASCAAGAGGATTTACCACCCCAAAAGAAGTCACA
AAGGGAGATAGACCT -GAGAACAAAATTAAAGAATTAGAGGATGCCCITAAAGGTCAGATSGAATCAAGGCCTAAATGAA
AATCAGATAGTCGAATTIGATTCGGCTIGCTIGTIIGGTCGTGASATCGARAATCTTACSGCATGAAATCAATATGAACCAAG
CAAARAGGTAARAATARAAGGAAGAAT CACCACAAGAGGCGCAGGAAGGGAAANGTTTGGACTGAAGAGGAGTACAAAGA
CCTTTTIGGAARAGGGATTTACCAGACAGCAATTACGGGACATGGCTGAAGTGCTAAGAGAGGCAGATTATTICTGAAGAT
GATGAAAGTIGATGAGTATGACACTGGTTATCCGCAATGGT CAGACCCAGAAGACTCTGAGGAGGTIGAAAGGGAATGGET
TZGGGCCAAAGAAAAAGATACTIGATGAGGTTGAAGAAGGTTIGGTCCAATACTGATTITCTGGGAGCAGTGTCAGAAGGT
GTGGAAGGAGATGGAGCCCATGCCGGAAGAATCTGTTAACACTTTACCGTCACACTTGAGTGATAAGTATGGTATTACA
TGCTATGTIGICACAAAGAGTGATATGGAAGCCTTAGCCCGTGATTIGCAGGAATACCAAGCCAAGGT TGAGGAGAAGA
TTAAGGCAAATGTTGTTICGIGGICAGTGGCTTGAGGGAGT CAATCCARAAACTATCATAAGSTGAGTITGGATGAATTATG
GCTGRAAACTGAACCACTTAATGIGGACCCATGGTATAGTICCCTTTCATACAGAGGAAAARRATTAACAGAAAGARACAG
CAARRRAACTTGAAGGGGGCCCCGRAAACAGGGGCCCCARAACCAGAACAACTAA

Figure 3

SEQ ID NO: 3 (ORFla)

MERSYKPSGSSHYDPYDRVLQHGSVKARIQGLONKVAKTKLEEIFSCGGPLCEFGYGDVETTRVSNGVVEPQP LIVKTV
YVSGVREGNEYVIY_FKPGLNDWVEVDANIHKPTAIVGVLYHEYNRLKLENESLKTERSSLQLDISILRHELERARFPT
KZIRPFSVGCIZLYGLLIGLLFSHISQAFRTGVCLDPDVGETKPQIC_NWKWDGGIESDET - PEFYDRFTAWYTGLIQQ
FKSMYNDIVIDLVVQAFGFAYIWIAZALMIGTYYMLKSTSPAYMLVI_MMATVSRMQLFAISAIPNMEVISME SLWCCM
VLYYFNQVAAMAAS_MIAAMCSIVCLEFMGDAEYVKVIRGHGVVILIVVVSHIFSVLLVPHWVC_VFLIVAFRIVRLIGAV
VGEKIEVRNSEGKVISVIPTTTISWLNRISGEVOSKETOQKVRIGIMSTARVIPNGVVIVESKESSGTGEFRVONYIVIAGH
VVGNETQIKVKWGDVNVYTKVVYMHPTKDIAYLALPSEYQAILPTYKFAKLIEDGTIVVITSMEDCGVLAVAVIEGVIVKD
NIZITYAVSTRNGMSGSPVINVDGRIVGIHQANTGF ZGGAV. IKQEDLPPOKKPQREIDLENKIKELEDALKGOMNQGLNE
NQIVELZRLAVGREIEILRHEINMNQAKGKNKRKNHHKRRRKGKVWIEEEYKDLLEKGF TROQLRDMAEV_READYSED
DESDEYDTIGYPQWSDPEDSEEVEREWFGPKKKILDEVEEGWSNTIDFWEQCOKVWKEMEPMPEESVNTLPSHLSDKYGIT
CYVVIKSDMEALARDLOEYQAKVEEKIKANVVRGOWLEGVNPKTIISELDELWLKLNHLMWTHGIVPF ICRKKINRKKQ
QOKNLKGAPKQGPONONN
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SEQ ID NO: 4 (ORF1b)

AAAAARCTITGAAGGGGGCCCCGAAACAGGGGCCCCARRACCAGAACAACTAAGGCTIGGGTACTGGAGAGAACTATIAA
AACCTGGTGAATATTATCITACCCCCCCACATIGCCCCTTAGTIGG TG I TACCAATAGATAGGCCTATAAGTGATTA
TGATGAGCCAATTGATGATTTACTAAATTGTTGCCARAAATGTGAGGAAAAGCCGCCATACGCACCGETCTACATGGGGA
CCAGAAGCGTATAGGCGGTICATICGATAAGTITCTTITITACAGAAAGCCAACTGAARAATATAAGAGAAAAATATCCIAGGG
AGTGGAAATTTGCAATGTCAGTGCTICAGAAGAGAATTTGATTTCCTACAGGACAGTIGTTCTTATTGACATAACATCCAC
TTCAAAGAATGCTGACTCCACACCIGCTTATCCAAAGACATIATGG-GGAAAACTGAAACAGAATACCTITAAAGAGCGG
GTTACCAAGATTACATTAAAGAGT TAGATTCAATAAGATCTGGAGAGAGGCCTGATGTCTTATGGTATCTATTTITTAA
AAAAAGAGATTITARAGATAAGTIAAAATTIGAGGAAGAAGACATTAGGCAAATTGTITGIGCTGATCCCATTITITTICTIAG
AATTGGTIGIGTATTTGAAGAGCACCAAAATCAATTGATGAAAAATCGAACCCTIGACACGTATGGGTCAATGTGGATGG
TCACCATTTATGGGAGGTITTICCATAAACGCATAAAGCGCCTAGITGATAAAGGCAATGATTACTICATIGAGITZCGACT
GGACGCGTITATGATGGTACCATCCCTAATGAAGTCTITTAAGGCTIAT AAGGACTTTAGATTICTCGETGTCTTAGGGGAGA
CTT”GCAAACAAAAGAAAACAGAGATGICTATAATTIGGTATTGTGAGAACATATITAGAAGATATSTGATGITACCTICA
GGAGAAGTGACAATCCAGGACAGGGGGAACCCUTCIGGACAAATATCCACAACTATGGATAATAACATC TGTAATGICT
TTTTICCAGGCATTTIGAGTTITGCATATCTGAATACTGAATTGGATTCTGATGAATTGAAGGAARATTGGGATAAGTATGA
CTCACTZ”ATCTATGGAGATGACAGGCTAACCACAACCCCIATTITATG GACAATTATGTGGACAGAGTITATTAAAATG
TATGCTGATGTICTTTIGGGATGTGGGT CAAGAGAGAGAAAGTAAAAGTTTCAAATGAAATTAATGGAT-GACCTITTIGTG
GCTTTACTIGTICAAGAGTICAAATGGCCTITTITGTCCCCATACCAACTGATACAGATAAATTACTTIGCTGGCTIAATAAC
ACCAATAAAGAAATTGCCTIGATATTI TIGTCACTCTATGGGAAGCTCCTTTGCTACCGCATCCTTGGCCATAACTTGCCT
GATGACCATARATTITAAAAATTATATCTIGCTCGCCTTGGAGGTAGTGGCCAGGCACATCCGTGCTAGTGGTGGGGAAG
AACCCTATTATATCACGGATAGCATGC-GGATAGGCTTTGGAGGGGAGGTCCAAAGCAAAGTCATGGCTGGTAG

Figure 5

SEQ ID NO: 5 (ORF1b)

KKLEGGPEZGAPKPEQ_RLGYWRELLKPGEYYLTPPHCP_LVGV_PIDRPISDYDEPIDDLLNLLPKCEEKPPYAPSTWG
PEAYRRSFDKFEYRKPTENIREKYPREWKFAMSVLRREFDE LQDSVLIDITSTSKNADSTPAYPKTLWWKTETEYLKER
GYQDYIKELDSIRSGERPDV_LWYLFLKKEZILKISKIEEEDIRQIVCADPIFSRIGCVFEEHQNQIMKNRTLTRMGQCGW
SPFMGGFHKRIKRLVDKGNDYFIEFDWC RYDGTIPNEVFKAIKDFRFSCLRGDLQTKENRDVYNWYCENZFRRYVMLP S
GEVTZQODRGNPSGQISTIMDNNICNVEFFQAFEFAYLNTELDSDELKENWDKYDSLIYGDDRLTTTPILCDNYVDRVIKM
YADVEGMWVKREKVKVSNEINGLTEFCGEFIVQESNGLFVPIPIDIDKLLAGLITPIKKLPDILSLYGKLLCYRILGHNLP
DDHKFKNY_LVALEVVARHIRASGGEEPYYITDSMLDRLWRGGPKQSHGH

Figure 6
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SEQ ID NO: 6 (ORF2)

ATGGCTGGTAGGCAGCCCCAGCAGGCCCTGCCCAAGGCAGCGGCARAGCAARATAGCCAAGGAGGTAGT CAAACAGGAGA
AGAAGGAACCAGIGGIGCGTAAAAAGAAACAGTTT ATCCAAAT CCAAAGT T AATAATAGATTITAATAAGAAATTTIGCT
GCAAAAAACAGCTAGATAAAAATTTGAAGAAACARGGGTTTGAAGCACCAAAACCTAGATTITGCTGTCACCGTCTICIGCC
ACCATTGGCAAGGTCGGGCCAAATAAAAGTCAGGGACCTGAACTCCARATATCCACTTTCATGCATCCCAGCTTGATGA
AAGAGCCAAATGATGGCACAAATTTTGGTCCCCTACAGTCAGCAGCTGCACAATGGGEGETITGTIGGCGCTTGAAAAATTT
GAGCGTCACGTTTACTCCCCTCGTIGEICCATCAGCAGTTACCGGGTCTGT T TCCGCATATCCCTARACATGECACAG
TCACCTGGAGCCACGTICATGGGGGGGTCITGGTGCTAGGAAGCACAAGGATGTTGCTGTGGGAAAGCAGTTCACTIGGA
AGCTACAGAAGGGAGACCTICACAGGCCCCAGGGAAACCTGGTGGCTTACAGACACAAATGAAGAGGGAGCACAAAGTTG
TGGGCCTICTTICTIGAGATCCATGGCCTIGGIGARACAACTTCTACATACAAGGATGCAGCATGGGCTGGAGACCICTIC
ATTGTCGAGGTCAGGGGTICGCTGGGAGTTTGCAAAT TACAACAGCAARACCTGCATTAGGCATGTTIGGAGAGGGTGACTG
AARACTACCAATGCTICAAT T GAAGTAGCTAATGGCAATATGATTATGACAGT ZCCACAGAATTICCCAGCTTGCAAGGCA
TATGAGTGAAAGSTTICGAGAGGACCACAAATGCAAGTACTGT TGO TCAAACAATATGGCAGATIGTGGATGAGEGIGCT
GGT--GGTTGCARATGTCGCACCACCCCCGTTICACT TGGTTGATCARAAGGGGGATGGTGGTTITGTICAAGAAATTACTAG
GTAGAZCAGCAAATACTGATGCCCAATATCTIAGTITATGCATCATTGGCAGACGCCCARRACAATAGACCTGTAGAGGC
ACAAAATTACACAAAAGTICACACGACAGACAACACT TTCTTCCACZGCAAATCAATGCACCTAACACAGGCCCTAACACC
ACTACAGGGTCAATTGGARATAACAACCAACAGTGGCCGATACITICCGACAGGGGTGCCGGTIGGTIGACTTTTATSICT
GTGGCAGGATGACAACATTIGCATATGGEGTIGGTICAGTCTGGCATTCAAGCCACGACTCTAGTGAATGGGATGATATATCG
TACAGACCACCCAGAACCATCAACAAGCCCAGTTIICCAATTGGGAATTICACAGTTTTGGAAAACAACACAATTIGTIGGT
GCTGGAATGGGGETIGTIGIGTIGGTTTCAGAAATCCGAAGCACTAGTGTGGACGCTAGATGGCCAGAAGCTGTCAGGATGGA
ACACACTAGATGGTGITGGTACAACCCAATTGACAGTCGCCTGGAGACAGCATAACAGAACAATTIATGGATGGGCTAA
TGT-GTTGCTTSGAACTCTGAAGAATSGCATACAAATGCAGAACAACCACACCAGCCTATATTIGAGGCTGACATATIGG
CTAGTAAAAATTAATGTTTI-GCCTGAACCAGAAGAT TTTGATGTTIGTCCAAARAATCCCCATTAGCT ATTTAGAAGATT
ATACTACAGCACAATCAAAATCTGCCATCCAAAAGCTCAACTTCCAAACGT T ZCAGAAACCTGAAGGGGGAGGCACTTT
GCGGGCACAATACTCAACTACTCCCAGGCAAGGGGATTTTGCCGTAATATGGCAGATTGGTAGACATAATTTTIGACATG
TCTACCGGTAAGGGTACACCAGTITGAAAGTTITGAGTGATTATGTCATGCCCCAGCAGARAGATGCCCATATTIGETATGT
GGTATCGTIGCTTTAACCAGTGTTGGACCAAGATCAGATGTTTTGACCCTTCATTTCCACTITGCCAACTGTGGAAAAAGA
TTTGGTTGAGCAGATCATIGATCAAATTICAGCATCGCTACAGATTGACCCCACTGGATTCGGATTICAGACTCCICIAGT
TCTGATTCCGATTITCGAGCCTGAAGATAGATTITGAGAAGTTAARAAATCTATGAGGGTCTCAGGTCCAGTGGTCTGICAC
ACCATGTIATCIGATGGIGCTGCGATAGCTIGTICAAGAAAAAATTGCGCCGAGGCCACGCEGAGTAG

Figure 7

SEQ ID NO: 7 (ORF2)

MAGROPOOALPKAAAKQIAKEVVKQEKKEPVVRKKKQFYPNPKENNRENKKEVEKQLDKNLKKQGFEGPKPRFAVIVSA
TIGKVGPNKSQGPELQISTFMHP SLMKEPNDGTNFGP LOQSAAAQWGLWRLKNLSVIFTPLVGPSAVCGSVEFRISLNMAQ
SPGATSWGGLGARKHKDVAVGKOF TWKLCKGDLTGPRETWWLTDINEEGAQSCGPLLETHGLGETTSTYKDAAWAGDLFE
VEVRGRWEFANYNSKPALGMLERVTETTNAS IEVANGNMIMTIVPONSQLARHMSERFERTTNASTVGET INQIVDEGA
GLVANVAPPPFTWL IKGGWWEVKKLLGRSANTDVQYLVYASLADAQNNRPVEAQNYTKVIRQTTLSSTQINAPNTGPNT
TIGSIGNNNQOWPIPPTGVPVGDEFYVCGRMTITLHMGGOSGIQATTZVNGMIVRTDHPEPSTSPVSNWEFTVLENNTIVG
AGMGCVWEQKSEALVWILDGOKLSGWNTLDGVGTTQLTVAWROHNRT IYGWANVVAWNSEEWHINAEQPHOPILRITYW
VKZNVLSEPEDFDVVQKSPLAYLEDYTTAQSKSAZQKLNFQTFOQKPEGGGTLRAQYSTTPROGDFAV_WQIGRHNEDM
STGKGTPVESLSDYVMPQOKDAHIGMWYRALTSVGPRSDVLTLHFHLPTIVEKDLVEQIIDQIQHRYRLTPLDSDSDSSS
SDSDFEPEDRFEKIKIYEGLRSSGLSHHVSDGAATAVKKKLRRGHAE

Figure 8
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IDENTIFICATION OF ASTROVIRUS VAl
ASSOCIATED WITH GASTROENTERITIS IN
HUMANS

CROSS-REFERENCE TO RELATED
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This application claims benefit of U.S. Ser. No. 61/182,008
filed 28 May 2009. The contents of this document are incor-
porated herein by reference.

STATEMENT OF RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH

This work was supported in part by a grant from the
National Institutes of Health to the Midwest Regional Center
of Excellence for Biodefense and Emerging Infectious Dis-
eases Research (2 U54 AI057160-06). The U.S. government
has certain rights in this invention.

REFERENCE TO SEQUENCE LISTING
SUBMITTED VIA EFS-WEB

The entire content of the following electronic submission
of the sequence listing via the USPTO EFS-WEB server, as
authorized and set forth in MPEP §1730 I1.B.2(a)(C), is
incorporated herein by reference in its entirety for all pur-
poses. The sequence listing is identified on the electronically
filed text file as follows:

File Name Date of Creation Size (bytes)
2950020079008 eqlist.txt Jul. 28, 2010 37,002 bytes
TECHNICAL FIELD

This invention relates to virology and infectious disease.
More particularly, the invention relates to a new human astro-
virus.

BACKGROUND ART

Astroviruses are known to infect a variety of avian and
mammalian species and typically cause diarrhea. Clinical
symptoms usually last 2-4 days and consist of watery diarrhea
and, less commonly, vomiting, headache, fever, abdominal
pains, and anorexia. They are thought to be host specific with
little evidence for cross-species transmission. In humans, 8
serotypes of astroviruses have been described (Mendez, E., et
al., Fields Virology. 5th ed., Knipe, D. M., Howley, P. M.,
editors, Lippincott Williams & Wilkins, Philadelphia, Pa.
(2007) 981-1000. Recently, a novel astrovirus (Astrovirus
MLB1) (Finkbeiner, S. R., et al., Virol J. (2008) 5:117; Fink-
beiner, S. R., et al., PLoS Pathog (2008) 4:¢1000011) and a
novel picornavirus (Cosavirus E1) (Holtz, L. R., et al., Virol J.
(2008) 5:159) were identified in diarrhea patients by the
present inventors.

Human astroviruses have been associated with up to ~10%
of sporadic cases of viral diarrhea in children and with 0.5-
15% of outbreaks. Significantly, in some reports the etiolo-
gies of 12-41% of the outbreaks remain undetermined even
after extensive testing. Similarly, on average, approximately
40% of the cases of sporadic diarrhea are unexplained. It is
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therefore evident that additional infectious agents associated
with diarrhea remain undiscovered.

The present invention relates to an additional infectious
agent associated with diarrhea which provides a further
means to diagnose, prevent and treat this condition. This
agent, designated Astrovirus VA1 (AstV-VALl), was identified
and sequenced as associated with a gastroenteritis outbreak at
a child care center.

Astroviruses are a family of small, single-stranded, posi-
tive-sense RNA viruses. Their genomes are organized into
three open reading frames denoted ORF’s 1a, 1b, and 2,
which encode a serine protease, RNA-dependent RNA poly-
merase (RARP), and a capsid precursor protein, respectively.
Atboth the 5' and 3' ends, non-translated regions (NTR) flank
the 6.1-7.3 kb sized genomes. Two characteristic features of
astroviruses are the dependency on a ribosomal frameshift for
the translation of ORF 1b and the generation of a sub-genomic
RNA from which ORF2 is translated.

DISCLOSURE OF THE INVENTION

The invention relates to a novel astrovirus (AstV-VAl),
initially detected in fecal samples from an outbreak of acute
gastroenteritis in a child care center by two sequence inde-
pendent genome amplification and sequencing methods, high
throughput pyrosequencing and low throughput Sanger
sequencing. The identification and presence of the novel
astrovirus was confirmed in both sequencing methods.

Thus, in one aspect, the invention is directed to nucleic
acids and proteins associated with AstV-VA1 that are useful in
the diagnosis, prevention, and in identification and produc-
tion of methods of treatment of diarrhea caused by this virus.
As further explained below, the new virus is distantly related
to the known astrovirus agents associated with diarrhea, and
even more distantly related from other causative agents asso-
ciated with this condition.

While treatment of diarrhea is generally directed to simply
alleviating the symptoms, more sophisticated methods of pre-
vention and treatment may be desirable. Similarly, while
diagnosis of diarrhea as a condition is self-evident, identifi-
cation of the causative agent may permit control of epidemi-
ology. These aspects of diagnosis and treatment are specific to
the causative agent and thus the identification of this new
virus opens up these avenues of diagnosis and control.

Nucleic acids associated with the genome of the AstV-VA1
virus and their complements are useful in methods to produce
the proteins, and thus one aspect of the invention is recombi-
nant materials for such production. These include recombi-
nant expression systems wherein heterologous control
sequences effect expression of a viral protein or a useful
portion thereof. Thus, methods for recombinantly producing
viral proteins are included in the invention. These proteins or
fragments may then be used in several ways. They may be
used to produce antibodies which are also included in the
scope of the invention. They may also be used in vaccines for
immunizing individuals against infection. The proteins may
also be used as screening tools to identify small molecules
that may be used as therapeutic agents, somewhat analogous
to the development of protease inhibitors in controlling HIV.

The antibodies themselves may be used for passive immu-
nization and for detection of the presence of AstV-VALl in
biological samples or in the environment. They also may be
used as targeting agents to couple cytotoxic agents (or detec-
tion reagents to seek out the virus itself).

In addition to theiruse as a tool for recombinant production
of viral proteins, the nucleic acid of the AstV-VALl or its
complement, or, typically, portions thereof, may be used as
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probes or primers for detection of the virus. In addition, the
nucleic acids may be used to design ribosomes or antisense
nucleic acids that inhibit the replication of the virus or pro-
duction of viral proteins. Small interfering RNA or other
methods of gene silencing may also be used.

Methods for detecting AstV-VALl either at a protein or
nucleic acid level are within the scope of the invention, as are
methods to reduce the susceptibility of a subject to such
infection or to ameliorate the symptoms by prophylactically
administering an immunogenic portion of the virus protein or
the attenuated virus itself or by generating antibodies intrac-
ellularly using nucleic acids isolated from the invention anti-
bodies.

Methods of identifying therapeutics and designing them
are also included.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C illustrate the phylogenetic analysis of AstV-
VA1 Virus. Amino acid based phylogenetic trees were gener-
ated using PAUP with 1000 bootstrap replicates. Significant
bootstrap values are shown. A) ORF1la serine protease; B)
ORF1b polymerase; C) ORF2 capsid precursor.

FIG. 2 shows the sequence of the AstV-VA1 virus genome
(SEQ ID NO:1).

FIG. 3 shows the nucleotide sequence of ORF1la of the
AstV-VA1 virus (SEQ ID NO:2).

FIG. 4 shows the polypeptide sequence of ORF1a of the
AstV-VA1 virus (SEQ ID NO:3).

FIG. 5 shows the nucleotide sequence of ORF1b of the
AstV-VA1 virus (SEQ ID NO:4).

FIG. 6 shows the polypeptide sequence of ORF1b of the
AstV-VA1 virus (SEQ ID NO:5).

FIG. 7 shows the nucleotide sequence of ORF2 of the
AstV-VA1 virus (SEQ ID NO:6).

FIG. 8 shows the polypeptide sequence of ORF2 of the
AstV-VA1 virus (SEQ ID NO:7).

MODES OF CARRYING OUT THE INVENTION

The isolation of AstV-VA1 permits identification and/or
preparation of a therapeutic target, an immunogenic agent, a
diagnostic agent, or a therapeutic agent previously unavail-
able to assess and counteract the infectious agents associated
with cases of diarrhea that have not been previously charac-
terized. Although AstV-VAL is in the family of astroviruses
known to be associated with the symptoms of diarrhea, as
shown in FIGS. 1A-1C this virus is relatively distantly related
to the previously known astroviruses at the protein level.
Thus, FIG. 1A shows that the serine protease encoded by
ORF1la contains hundreds of amino acid substitutions as
compared to the previous family of eight human AstV’s and
even as compared to MLBI1. Similarly, the polymerase as
shown in FIG. 1B contains hundreds of such substitutions and
the capsid protein, as shown in FIG. 1C, contains thousands of
such substitutions. It is apparent that antibodies that would
successfully detect the known astroviruses would not neces-
sarily be crossreactive with the antibodies that would success-
fully detect AstV-VAl, nor would nucleic acid probes
directed against these prior art viruses be successful in detect-
ing the presence of AstV-VA1. Importantly, immunological
compositions which would enhance the resistance of an indi-
vidual to AstV-VAl are made available as administering
immunogenic portions of the capsid protein of the prior art
viruses would not successfully result in such enhancement of
the infective agent is AstV-VAl. In addition, antibodies
detected in a subject that are immunoreactive with the prior
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art viruses or their proteins would not offer the opportunity to
diagnose infection with AstV-VALl.

Further, the availability of the protease and polymerase of
AstV-VA1 permits these proteins to be used to screen for
inhibitors of the activity of these proteins which would be
useful as therapeutics once the subject is infected. The avail-
ability of the nucleic acid of this virus also permits the design
ofribozymes and antisense inhibitors of expression. Since the
AstV-VAL is only distantly related to other known astrovi-
ruses, and indeed other agents that cause diarrhea in humans,
its materials are vital to complete the fabric of diagnostics and
vaccines to detect the agent causing this condition as well as
immunogenic compositions for its prevention.

Diagnosis of diarrhea per se is, of course, not problematic,
but determination of the infectious agent associated with it is
important since this permits the epidemiology of an infection
to be traced. Thus, an outbreak of diarrhea may, by tracking
the causative agent, be traced to a particular source such as a
well or food manufacturing plant. Detection of the causative
agent is significant in controlling outbreaks of this condition.

The complete nucleotide sequence of AstV-VALl is shown
in FIG. 2. The invention includes useful portions of this
sequence and complements thereto. It further includes
nucleic acid molecules that hybridize under stringent condi-
tions to SEQ ID NO:1 or its complement or to a significant
portion thereof, comprising at least 100 nucleotides, prefer-
ably 200 or 300 nucleotides. The term “under stringent con-
ditions” refers to hybridization and washing conditions under
which nucleotide sequences having at least 80%, at least 85%,
atleast 90%, at least 95% or at least 98% identity to each other
remain hybridized to each other. In one example, stringent
hybridization conditions are hybridization in 6x sodium chlo-
ride/sodium citrate (SSC), 0.5% SDS at about 68° C. fol-
lowed by one or more washes (e.g., about 5 to 30 min each) in
2xSSC, 0.5% SDS at room temperature. In another example,
stringent hybridization conditions are hybridization in
6xSSC atabout 45° C. followed by one or more washes (e.g.,
about 5 to 30 min each) in 0.1xSSC, 0.1% SDS at about
45-65° C.

The nucleic acid molecules may be analogous to those
occurring in nature, or may have modified linkages such as
thioester or phosphoramidate linkages or may be peptide
nucleic acids or nucleic acids with other modified backbones
so long as the binding specificity of the sequence of bases is
retained.

The invention further includes the proteins encoded by the
open reading frames of AstV-VA1 or homologs thereof com-
prising at least 80%, or 85% or 90% or 95% or 98% identity
to these sequences. The proteins or polypeptides may also
include characteristic immunogenic portions of these
sequences and their homologs as well as means to produce
them.

By a “characteristic immunogenic portion” is meant a sig-
nificant portion of the peptide which will elicit antibodies that
are specifically reactive with the protein, as opposed to other
proteins likely to be present in the same context, such as the
proteins encoded by the genomes of other astroviruses or
other viruses that cause diarrhea. Thus, the portion will be
selected from regions of diversity in the amino acid sequences
of'the AstV-VA1 protein as compared to other proteins asso-
ciated with viruses causing diarrhea.

As used herein, “peptide”, “protein”, and “polypeptide”
are used interchangeably without regard to the length of the
amino acid chain.

The polypeptides of the invention are useful for the gen-
eration of antibodies directed against them or directed against
the virus. For use as a vaccine, compositions comprising a
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polypeptide of SEQ ID NO:7 or a characteristic immuno-
genic portion thereof are preferred, as these represent the
capsid proteins that are exposed on the virus. Attenuated virus
vaccines comprising the AstV-VAL1 virus itself may also be
employed. “Attenuated” virus includes killed or inactivated
virus, as well as virus that is merely weakened.

Chimeric AstV-VA1 viruses are also part of the invention.
These are recombinant AstV-VA1 viruses which further com-
prise a heterologous nucleotide sequence. The genome of a
chimeric virus contains a nucleotide sequence heterologous
to the AstV-VA1 genome.

As used here, “heterologous” refers to a portion of a
nucleic acid or a protein that is not natively found coupled to
the nucleic acid or protein referred to. Thus, for example
control sequences that are heterologous to a coding sequence
are those which are not found bound to said coding sequence
in nature.

Thus, the invention includes expression systems where
heterologous control sequences are coupled operably to
sequences encoding the proteins encoded by AstV-VA1 virus
or portions thereof. Such expression systems may be included
in vectors and transfected into suitable host cells for produc-
tion of the proteins. Cell types include prokaryotic cells,
insect cells, mammalian cells, yeast cells, plant cells and the
like.

Primers and probes useful for the amplification and detec-
tion of the human astrovirus AstV-VA1 are also included in
the invention, as well as methods to detect AstV-VA1 virus
employing them. Probes typically contain AstV-VA1 virus
(SEQ ID NO:1), sequences substantially identical thereto, or
their complements including portions comprising at least 20,
25, 30, 35, 40, 50, 75, 100, 150, 200, 300, 400, or 500 con-
secutive bases. In one embodiment, a primer or probe com-
prises an oligonucleotide comprising at least about 20 to 50
consecutive bases of the sequence.

Any suitable method for detecting the presence of AstV-
VA1 may be employed but methods that can be adapted to
detect the presence of AstV-VA1 virus are well known in the
art. For detection of nucleic acids associated with the virus,
typically a sample or nucleic acids isolated from the sample
are contacted with a probe which can be detected in a variety
of ways such as fluorescent or radioactive labels. Alterna-
tively, the nucleic acids in the sample may be first amplified
and then identified typically using suitable probes. The pres-
ence of viral proteins in the sample can be detected by a wide
variety of immunological assays using antibodies of the
invention.

The samples for detection may include any tissue or bodily
fluid or excretum which is expected to contain an infectious
agent. As AstV-VAl is associated with diarrhea, typically the
sample is a fecal sample.

Thus, prior to detection one may amplify the virus or
nucleotides of the virus in order to improve sensitivity. Prim-
ers useful to amplify the virus bind specifically to AstV-VAL.
Exemplary primers include forward primer (5' AGG GGT
CGC TGG GAG TTT G 3') (SEQ ID NO:8) and reverse
primer (5' GTC TAT TGT TTT GGG CGT CTG C 3") (SEQ
ID NO:9) as well as forward primer (5' AGG GGT CGCTGG
GAGTTT G3") (SEQIDNO:10) and reverse primer (5' CGG
GGG TGG TGC GAC AT 3") (SEQ ID NO:11). These primer
pairs may be used in nested PCR. Optionally, real time PCR
may be used to detect the samples. See Example 3 for an
exemplary method of detecting AstV-VALI in a sample that
may be used in some embodiments.
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Amplification reactions can also quantify the amount of
nucleic acid in a sample, label the nucleic acid (e.g., to apply
it to an array or a blot), or detect the nucleic acid. Amplifica-
tion methods are well known in the art, and include, e.g.,
polymerase chain reaction (PCR); ligase chain reaction
(LCR); transcription amplification; self-sustained sequence
replication; Q-Beta replicase amplification; automated
Q-Beta replicase amplification assay; and other RNA poly-
merase mediated techniques.

Antibodies that specifically bind a polypeptide sequence
encoded by ORF1la, ORF1b, and ORF2 or portions thereof
are included in the invention. An antibody or an antibody
fragment is specific for a polypeptide of the AstV-VA1 virus
if it permits one of skill in the art to discern the presence of the
virus or a protein or peptide encoded by the virus in a sample,
and is not cross-reactive with non-AstV-VA1 viral antigens.
For detection antibodies include polyclonal, monoclonal, bi-
specific, multi-specific, single chain antibodies, diabodies,
nanobodies, single domain antibodies (e.g., camel antibod-
ies), Fab, F(ab'"),, Fvs, intrabodies and fragments containing
eithera V; or Vdomain or even a complementary determin-
ing region (CDR) that specifically binds to a polypeptide of
the AstV-VAL1 virus disclosed herein. Human, humanized and
chimeric forms are also included in the invention as these are
most useful for passive immunization. Particularly preferred
for this application are neutralizing antibodies that can be
identified using culture testing or other means.

Antibodies useful in the detection of AstV-VA1 virus can
be labeled with any suitable detectable label and employed in
assays such as enzyme linked immunosorbent assays (ELI-
SAs), Western blots, immunoprecipitations and immunofluo-
rescence.

Furthermore, provided herein are immunological compo-
sitions comprising the virus or portions thereof and a phar-
maceutically acceptable carrier. Thus, some compositions
can comprise one or more isolated proteins from the AstV-
VA1 virus, live AstV-VAL virus, attenuated AstV-VA1 virus,
or inactivated AstV-VAl virus.

Methods for detecting the presence or absence of a
polypeptide or nucleic acid from the AstV-VAl virus in a
biological sample comprises contacting the sample with a
compound or an agent capable of detecting an epitope on a
protein or nucleic acid (e.g., mRNA, genomic DNA) of the
AstV-VA1 virus such that the presence of AstV-VAL1 virus is
detected in the sample.

Another aspect provides for methods of detecting an anti-
body, which immunospecifically binds to the AstV-VAl
virus, in a biological sample, for example blood, plasma or
serum. In one embodiment, the method comprising contact-
ing the sample with the polypeptides or protein encoded by
the nucleotide sequence of AstV-VA1 virus, or a characteris-
tic portion thereof, directly immobilized on a substrate and
detecting the virus-bound antibody directly or indirectly by a
labeled heterologous anti-isotype antibody.

Kits for detecting the presence of AstV-VAl virus, or a
nucleic acid polypeptide thereof or antibody thereto are
included. Kits can also include instructions for use.

For antibody-based kits, the kit can comprise, for example:
(1) a first antibody (e.g., attached to a solid support) which
binds to a polypeptide or epitope encoded by the AstV-VAl
virus; and, optionally, (2) a second, different antibody which
binds to either the polypeptide or the first antibody and is
conjugated to a detectable agent.

For oligonucleotide-based kits, the kit can comprise, for
example: (1) an oligonucleotide, e.g., a detectably labeled
oligonucleotide, which hybridizes to a nucleic acid sequence
contained within SEQ ID NO:1 or to a sequence within the
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AstV-VAl viral genome and/or (2) a pair of primers useful for
amplifying a nucleic acid molecule containing an AstV-VAl
viral sequence. The kit can also comprise, e.g., a buffering
agent, a preservative, or a protein stabilizing agent. The kit
can also comprise components necessary for detecting the
detectable agent (e.g., an enzyme or a substrate). The kit can
also contain a control sample or a series of control samples
which can be assayed and compared to the test sample con-
tained. Each component of the kit is usually enclosed within

8

The following examples are offered to illustrate but not to
limit the invention.

Example 1
Genome Sequencing and Analysis
Five fecal specimens (labeled A, B, C, D and E) were

collected from a gastroenteritis outbreak at a child care center
in Virginia. Symptoms included vomiting and/or diarrhea.

an individual container and all of the various containers are 10 The five fecal specimens (A-E) (Table 1) tested negative for
within a single package along with instructions for use. enteric parasites, enteric bacteria by standard microscopy and
Yet another aspect provides a method of screening for culture, and negative for enteric viruses including rotavirus
anti-viral agents useful in reducing the symptoms of AstV- (RotaClone EIA), norovirus, sapovirus, human astrovirus,
VAl infections comprising: contacting a cell infected with the and adenovirus gp F by (RT)-PCR.
TABLE 1
Epidemiologic Data of the 5 Specimens from a Child
Care Center Outbreak of Acute Gastroenteritis.
Sample ID Sex  Age Onset Date Sample Date Symptoms

A M 2 years Aug. 19,2008  Aug. 19, 2008 Diarrhea,

vomiting

B F 36 years Aug. 26,2008  Aug. 28, 2008 Diarrhea,

vomiting

C M 6 months Aug. 25,2008  Aug. 25, 2008 Diarrhea

D M 19 months Aug. 5, 2008 Aug. 26, 2008 Diarrhea

E Unknown 20 months Aug. 5, 2008 Aug. 27, 2008 Diarrhea
human astrovirus AstV-VA1 with a candidate anti-viral agent; 30 Shotgun sequencing of fecal specimens. The fecal speci-

assaying the anti-viral agent activity by determining the effect
of the agent upon viral titer in the cell, and identifying the
agent as an anti-viral agent if it inhibits viral replication,
expression, or activity. The methods can be designed to screen
for agents in in vitro assays against cell lines infected with the
virus, against cells producing an enzyme from a virus or
against a purified viral enzyme. Alternatively, the agents may
be screened in in vivo assays where the virus is hosted by a
mammal.

The availability of the protease and polymerase encoded by
AstV-VAL1 also offers a screening tool since the inhibitors of
the activity of these proteins may be useful in controlling
infection.

Identified anti-viral agent can prevent or inhibit the binding
of'the virus or viral proteins to a host cell under a physiologi-
cal condition, thereby preventing or inhibiting the infection of
the host cell by the virus. Anti-viral agents may prevent or
inhibit replication of the viral nucleic acid molecules in the
host cell under a physiological condition by interacting with
the viral nucleic acid molecules or its transcription mecha-
nisms. The antiviral agent may also inhibit the activity of
essential viral proteins as set forth above.

Test viral inhibitory molecules also can be obtained from a
wide variety of sources including libraries of synthetic or
natural compounds. For example, numerous means are avail-
able for random and directed synthesis of a wide variety of
organic compounds and biomolecules, including expression
of randomized oligonucleotides and oligopeptides. Alterna-
tively, libraries of natural compounds in the form of bacterial,
fungal, plant and animal extracts are available or readily
produced. Additionally, natural or synthetically produced
libraries and compounds are readily modified through con-
ventional chemical, physical and biochemical means, and
may be used to produce combinatorial libraries. Known phar-
macological agents may be subjected to directed or random
chemical modifications, such as acylation, alkylation, esteri-
fication, amidification, etc. to produce structural analogs.
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mens were sequenced in parallel at Washington University
and at the CDC. At Washington University, the specimens
were diluted in PBS at a 1:6 ratio (w/v) and total nucleic acid
was extracted from 200 uL. of each fecal suspension using the
MAGNAPURE™ LC Automated Nucleic Acid Extraction
System (Roche). Total nucleic acid was randomly amplified
using the Round AB protocol as previously described with the
exception that each sample was independently amplified with
a different modified primer B containing a unique 6-nucle-
otide barcode at the 5' end of the primer (Wang, D., et al.,
PLoS Biol (2003) 1:E2). Amplification products from mul-
tiple samples were pooled, adaptor-ligated, and sequenced
using the Roche GS-FLX™ titanium platform (Roche) at the
Washington University Genome Sequencing Center.

Sequences from each sample were identified by the unique
barcodes introduced during the Rd B amplification. Primer
and barcode sequences were then trimmed off prior to analy-
sis of the sequences. Sequences were clustered using CD-HIT
(Li, W., etal., Bioinformatics (2006) 22:1658-1659) to reduce
redundancy with the requirement that they had to be 98%
identical over 98% of their lengths. The longest sequence
from each cluster was selected for inclusion in the pool of
unique sequences to be analyzed. Unique sequences were
filtered for repetitive sequences and compared with the
human genome using BLASTn with an e-value cutoff of
1e-10. Sequences without significant similarity to the human
genome were then compared to the GenBank nucleic acid
database using BLASTn (cutoff: 1e-10) and tBLASTx (cut-
off: 1e-5), and remaining sequences without significant hits to
sequences in the database were then compared to the NCBI
All Viral Genome database located on the World Wide Web
using tBLASTx (cutoff: 1e-5) (Altschul, S. F., Nucleic Acids
Res. (1997) 25:3389-3402). Overlapping sequences with sig-
nificant sequence identity were assembled into contigs using
Newbler (454 Life Sciences) or CAP3 (Huang, X., et al.,
Genome Res. (1999) 9:969-877).



US 8,426,574 B2

9

At CDC, 10% fecal suspensions were first clarified by
centrifugation at 6,000xg for 10 minutes and the supernatant
was then filtered through a 0.22-um filter (ULTRAFREE®
MC; Millipore, Bedford, Mass.). Total nucleic acid (TNA)
was extracted from 200 pl of the cleared supernatant fluid
with the QIAAMP® MINELUTE™ Virus Spin kit
(QIAGEN, Valencia, Calif.) according to the manufacturer’s
instructions. After elution from the column in 50 pul of RNase-
free water, TNA was randomly amplified using the Round AB
protocol as previously described. The 300-800 bp amplicons
were then cloned using the TOPO TA CLONING® kit (Invit-
rogen, Carlsbad, Calif.) and plasmids were sequenced with a
BIGDYE® Terminators v3.1 ready reaction cycle sequencing
kit on an ABI PRISM® 3130 automated sequencer (Applied
Biosystems, Foster City, Calif.). Sequence analysis and gen-
eration of contigs were performed using Sequencher software
(Ann Arbor, Mich., USA). Sequence identification was per-
formed through NCBI nucleotide-nucleotide BLASTn simi-
larity searches. In addition, a set of eight overlapping RT-PCR
products with an average size of 900 bp which cover the entire
genome including the 3' end poly A tail were generated by
primer pairs designed from clone sequences as described
above, using the SUPERSCRIPT™III First-Strand Synthesis
System for RT-PCR and ACCUPRIME™ High Fidelity Taq
DNA polymerase (Invitrogen, Carlsbad, Calif., USA). Both
strands of each amplicon were sequenced with a BIGDYE®
Terminators v3.1 ready reaction cycle sequencing kit as
described above. The 5' end genome sequence was amplified
and determined using the 5'/3' RACE Kit (Roche, Mannheim,
Germany) following the manufacturer’s instructions. The
complete genome sequence of AstV-VA1 has been deposited
in Genbank and is shown in FIG. 2 as SEQ ID NO:1.

Following high throughput pyrosequencing of RNA and
DNA extracted from samples A, B, C and D (average of
12,730 reads per sample), 313 unique high quality sequence
reads were found in sample B and 1,017 unique high quality
reads were found in sample C most closely related to astro-
viruses. A 6,376 nucleotide (nt) contig was assembled from
the astrovirus-like sequences detected in sample B and 4
contigs totaling 6,026 nucleotides were assembled from
sample C. The translated contigs had only limited sequence
similarity (37-71% aa identity) to proteins from mink and
ovine astroviruses. The five original contigs were then
assembled to generate a larger contig of 6,581 nucleotides in
length.

Complete genome sequencing and genome analysis. Inde-
pendently, four of the five fecal samples (stool samples A, B,
C and E) were analyzed by Sanger sequencing. Three out of
96 clones from sample B and 69 out of 152 clones from
sample C contained sequence signatures that were most
closely related to previously known astroviruses by BLASTn
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similarity searches. Sequencing of 100 clones each from
samples A and E yielded no clones with detectable similarity
to astroviruses. The sequences of the 69 clones from sample
C were assembled into 4 contigs. Primers were then designed
to generate a series of eight overlapping RT-PCR amplicons
with an average size of ~900 bp that yielded a genomic
sequence of 6,537 nt. In order to define the 5' end of the
genome, three independent 5'RACE reactions were per-
formed and a total of 23 clones from these reactions were
sequenced. All clones extended the genome by 49 nt and
yielded the identical S'end sequence, suggesting that the
genome was complete with a total length of 6,586 nt, exclud-
ing the poly-A tail. Comparison of the genome sequences
generated by the two sequencing methods yielded nearly
identical sequences, with the exception of 5 missing nucle-
otides at the 5' end of the contig generated by pyrosequencing
and 3 nucleotide substitution differences. These were
resolved by direct PCR sequencing to generate the final,
corrected sequence. This virus has been provisionally named
Astrovirus VA1 (AstV-VAl).

Open Reading Frame Analysis. The genome of AstV-VA1
had three predicted open reading frames (ORF 1a, 1b, and 2)
as well as non-translated regions (NTRs) at both the 5' and 3'
ends of the genome. Open reading frames (ORFs) 1a and 2
were predicted by the NCBI ORF Finder located on the World
Wide Web. The end of ORF1b was also predicted by NCBI
OREF Finder, however the start of ORF1b was predicted based
on the location of the heptameric slippery sequence found in
other astroviruses. Protein motifs were identified by con-
served domain searches using BlastX and Pfam.

Several conserved protein motifs were identified including
a serine protease in ORF1a, an RNA dependent RNA poly-
merase in ORF1b, and capsid protein in ORF 2. ORFs 1a and
2 were predicted by the NCBI ORF Finder program; however
the full coding region for ORF1b was not predicted by the
program because translation of ORF1b is dependent on a -1
ribosomal frameshift that occurs during translation. This
frameshift is thought to be mediated by the presence of a
heptameric ‘slippery sequence’ (AAAAAAAC) near the end
of ORFla, which was also conserved in the AstV-VAl
sequence, suggesting that this new virus follows the same
paradigm. The sequence AUUUGGAGNGGNGGAC-
CNAAN,_ ,AUGNC (SEQ ID NO:12) located upstream of
ORF2, which has been proposed as the promoter for subge-
nomic RNA synthesis in all previously known astroviruses, is
also present in AstV-VA1 with only 2 nt differences. The
predicted size for each of the open reading frames is 2,661 nt,
1,575 nt, and 2,277 nt for ORFs 1a, 1b, and 2, respectively.
These sizes are similar to the ORF sizes of mink and ovine
astroviruses (Table 2).

TABLE 2

Genome Comparison of AstV-VA1 to Other Astroviruses.

Genorme 5NTR ORFla ORFlb  ORF2 3'NTR
Virus (bp) (nt) (nt) (nt) (nt) (nt)
Chicken AstV-1 6,927 15 3,017 1,533 2,052 305
Turkey AstV-1 7,003 11 3,300 1,539 2,016 130
Turkey AstV-2 7,325 21 3,378 1,584 2,175 196
Mink AstV 6,610 26 2,648 1,620 2,328 108
Ovine AstV 6,440 45 2,580 1,572 2,289 39
Human AstV-1 6,813 85 2,763 1,560 2,361 80
Human AstV-2 6,828 82 2,763 1,560 2,392 82
Human AstV-4% 6,723 84 2,763 1,548 2,316 81
Human AstV-5¢ 6,762 83 2,763 1,548 2,352 86
Human AstV-8 6,759 83 2,766 1,557 2,349 85






