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NC_006432

1 cggacacaca aaaagaaaga aaagtittit atactttttg tgtgcgaata actatgagga

61 agattaatca ttttcctcaa actcaaacta atattaacat tgagattgat ctcatcattt

121 accaattgga gacaatttaa ctagtcaatc ccccatttgg gggeattect aaagtgttge

181 aaaggptatgt gggtogtatt gettigoctt ticctaacet ggeteetect acaatictaa

241 cctgettgat aaptptgatt acctgagtaa tagactaatt fegtoctggt aattageatt

301 ttctagtaaa accaatacta tetcaagtce taagagaagg tgagaagage gtecogaggt
361 atccetceag tecacaaaat ctagetaatt ttagetgagt ggactgatta ctotcatcac

421 acgctaacta ctaagggttt acctgagage ctacaacatg gataaacggg tgapagptte
481 atgggoccty ggaggacaat ctgaagitga tcttgactac cacaaaatat taacagecgg
541 gettteggtc caacaaggga tigtgegaca aagagteate coggtatatg tigtgagtea
601 tcttgagggt atttgtcaac atatcattca ggectttgaa geaggegtag atitccaaga

661 taatgetgac agcttecttt tacttttatg titacateat gettaccaag gagatcatag

721 getettecte aaaagtgatg cagttcaata cttagaggge catggttica gatttgagpt

781 ccgagaannag gagaatgtge accetotgga tgaatigtty cecaatgtea coggtggaaa
841 anatcitagg agaacatigg ctgcaatgoc tgaagaggag acaacagaag claatgetgg
901 tcagttttta toctttgeea gtttgtttct acceaaactt giogitggge agaaagegtg

961 tctgganaaa gtacaaagge agattcaggt ccatgeagaa caagggetea ticaatatec
1021 aactfectgg caatcagttg gacacatgat ggigatette cgtitgatga gaacaaactt
1081 tttaatcaag ttcctactaa tacatcaggg gatgeacatg gtegeaggee atgatgegaa
1141 tgacacagta atatctaatt ctgttgecca ageaaggttc tetggtette tgattgtaaa

1201 gactgttctg gaccacatce tacaaaaaac agatctigga gtacgactic atceactgge
1261 caggacagca aaagtcaaga atgaggtcag ttcattcaag geagetetig getcactige
1321 caagcatgga gaatatgete catttgeacg totecteaat cittetggag teaacaactt
1381 ggaacatggg cfttatccac aactctcage cattgetttg gatgttecaa ctgeccacgg
1441 gagcacgetg getggtgtia atgtagggga geaatatcag caactgegtg aggetgotac
1501 tgaagcigaa aagcaactce aacaatatge tganacacgt gagttggaca accitggget
1561 tgatgaacag gaanagaaga tctcatgag cticcaccag aagaagaatg agatcagett
1621 ccageaaact aacgeaatgg taaccetgag gaaagagegg ctggccaasc tgaccgaage
1681 catcacgact gcatcaaaga tcaaggiige agategttat cetgatgaca atgatattee
1741 atttccegge cogatctatg atgaaaccca coccaacecet {etgatgata atectgatga
1801 ttcacgtgat acaactatcc cagptpgtet tgttgacecg tatgatgatg agagtaataa
1861 ttatcetgac tacgaggatt cggctgaagg caccacagga gatcttgate tcticaattt
1921 ggacgacgac gatgacgaca gccaaccage accaccagac agggegcaga geaaggaaag
1981 agcggctegg acacatggee tecaagatee gaceltggac ggagegaaaa aggtgeegga
2041 gttgacccea ggtteccace aaccaggeaa cetecacate accaageegg gttcaaacac
2101 caaccaacca caaggeaata igtcatctac tciccagagt atgacoccta tacaggaaga
2161 atcagagecc gatgatcaga aagatgatga tgacgagagt cteacatcce ttgactetga
2221 aggtgacgaa gatgttgaga gegtatcagg ggagaacaac ccaacigtag cteccaccage
2281 accagtctac aaagatactg gagtagacac taatcagcaa aatggaccaa geaatgetgt
2341 agatggtcaa ggttctgaaa ptgaagctct cecaatcaac cccgaaaagg gatetgeact
2401 ggaagaaaca tattatcatc tcctananac acagggteca tttgaggeaa tcaattatta
2461 teacctaatg agtgatgage ceatipettt tageactgaa aglggceaagg aatatatett
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2521 cccagattct ctigaagaag cotaccegec ttggitgagt gagaaggagg cottagagaa
2581 agaaaatcgt tatctggtca ttgatggeca geaattoctc tggocagtaa tgagoctaca
2641 ggacaagttc cttgetgtic ttcaacatga ctgaggacce atgattagta gattttgttt
2701 attctgagcet tgattataat tgtitigata attcaagtat gagcaaccaa cccgaaatat
2761 aaaccctatt ttagttatga ggaaattaaa taaataatct gtaagtigta ggactatgaa
2821 gagotgettg tgtcaatita tcacgggeta atacceatac cgeaagaata attattiagt
2881 aattttpatc agcitatgat atgtaccaat aggaaaacat tatageatta aaacatasag
2941 tatcettega tgapgcttagg aggataatat cotgatgaat tetatagaac ttaggattaa
3001 gaaaaaatic atgatgaaga ttasaacctt catcatcct! taaaaagaga getattettt
3061 atctgaatgt ccttattaat gtctaagage tattattitg taccetctta gectagaecac

3121 tgeccageat ataagecatg cageaggata ggacttatag acatcatgga ccogaagtgt
3181 ctggctggtt tictgageaa ttaatgaccg geaaaatace gotaacagag gtgtitgttp
3241 atgittgaaaa caaaccaagt cctgeeccga taaccattat tagtaagaat cecaagacaa
3301 cacgtanaag tgataagcaa gtccaaacag atgatgecag tagettatlg acagaagaag
3361 tcaaggetge cataaattcg gtgatatcag cigtgegtcg geaaaccaat gotattgaat
3421 cactagaagg tcgagiaaca actetigagg ccagetiaaa accegticaa gacatggeaa
3481 agaccatatc atccctgaat cgeagetgly cogaaatggt tgoaaaatac gacctactgg
3541 igatgaccac tgggogagea actgecactg ctgeageaac agaageatat tggaatgaac
3601 atggacaage acctccagge ccatcattgt acgaggatga tgctattaag getaaattga
3661 aagatccgaa cgggaaggtt ccagaaagtg tcaaacagpe clacataaat ctagatagea
3721 caagtgeect caatgaggaa aatttecggge gaccttacat ttcageaaan gatcteaagg
3781 maatcatcta tgaccatctc ccaggatttg ggacagetit tcatcagtig gtgcaggita
3841 tctgeaaaat tggtaaggat aataatatce tagacataat tcatgcagaa ttccaageaa
3901 gettggetga gggagactce ceccagtgtg cattaatcea gataacaaaa cggatceotg
3961 ctitccaaga tgecteiect coaatigtge atatcaagtc tcgapgagat atacccaaag
4021 cctgicagaa aagectoogg ceggteccac cgtcaccaaa gatcgataga ggttggatet
4081 gtatttttca attccaagac gggaaggece ttgggctaaa aatatgatac agaageaagg
4141 taagcicatt ttgegatgge caaatgatac ttatgactgt ttaaaatcaa gitagactaa
4201 tagtctattg tgtcataage ttataagtca gititaaatt teccetetat cetaatcaat

4261 tgataatget gtcaataggg aaaticccet gtattgtaat aagaccteat taacatattt
4321 cecctgetta gtactatgea gaaacceceg ageaaatiaa aattgatgaa gattaagaaa
4381 aagagggatt ttctcaggaa aaatcttitt tcttacctic atctcattia aacaaatita

4441 ggactcagga aaaatgagaa gggteactgt geegactgea ceacetgoct atgetgacat
4501 tpgetateet atgageatge tteccatcaa gtoaageagg getgtgagte gaaticaaca
4561 gaaacaagag gtecttcotg gaatggatac accatcaaat tetatgagac ctgttgetga
4621 tgataacatt gatcatacaa gtcataccce gaacggaglg gectcageat teatettgga
4681 ggeaactgic aatgtgatct cggggeccaa agtectcatg aaacaaatec ctatitggtt
4741 gecactegga attgetgace aaanaacgta cagtitigac tcaacaacag cageaattat
4801 getcgeatet tatacgatca cecattitgg aaaggecaac aacceecteg ttagagtgaa
4861 tcgactiggt cagggaatac cggatcacce actcagattg clcapggatgg ggaaccagge
4921 titecticaa gagtttgtee taccaccagt teaactgecg caatatttca citttgatct

4981 gactgeactc aaactagtga cacagectet coctgetgea acatggacag atgagactee
5041 gagcaacctt tcaggageee ticgtecegg getticattt caccoaaage tgagacecgt
5101 tctacticea ggeaagacgg gaaagaaage geatgtitct gatoctgactg ccccagacaa
5161 aattcagaca attgtgaacc tgatgeaaga tticaanatc gigecaattg atccagetaa
5221 gagtatcatt gggatcgagg ticcagaatt getggtecac aagetcactg ggaagaaaat
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5281 gagtcagaag aatggacage ctataattce tgtettactc ccaaaataca ttggpctaga
5341 tccaatetea cciggagace tgactatgat cataacacca gattatgatg attgtcattc
5401 acotgecagt tgctetiate teagtgaaaa gtgattotea caaagtgaga gaaacacetc
5461 cagtaaagaa atcaaatctt atctatagea actcaatega cttttaggaa getageagte
5521 catatactat gggacaactc aaccctottg ttaaaatgta ctaatcgggt caaggaactc
5581 tcactgatca agectgaatc caagatagaa ccageccaaa gggectecce agagictett
5641 acaagcttag ccaatcaatt aacatpeata agcgatecat acttegecca atcagtgtee
5701 gatgttcace ccttcaagec tecticotag caaattgace tagetgtace aagagattec
5761 ctcagectee tictcaaata acctgatect cgagggttac accttcacea ctotatgete
5821 atttcaccea aacataaaat gaaatgtctt aacatgattyg caccattaag aaaaacaaat
5881 ctgatgaaga ttaagectga tgaaggecca acciteatet ttitaccata atettgttct

5941 cagtaccatt tgataagggt acactigeea atacgeecce atoctaaggy tetcgeaaty
6001 gegggtetta geetacteea attgeccagg gacaaatttc ggaaaagete ttottigtt
6061 tgggtcatca tcttattcca aaaggecttt tecatgectt tggptpttat gactaacage

6121 actttagaag taacagagat tgaccageta gictgeaagg atcatettge atctactgac
6181 cagctgaaat cagitggtct caacctegag gggageggag tatctactga tatcceatct
6241 gcaacaaage gitggggctt cagatetggt gitcctecea aggtggteag ctatgaageg
6301 ggagaatgpg ctgaaaatig clacaatett gaaataaaga agecggacgg gagegaatge
6361 ttacccceac cgocagatgg tgtcagagge titccaaggt geogetatgt teacaaagee
6421 caaggaaccg ggecetgece aggtgactac gectttcaca aggatggage ittcticcte
6481 tatgacagge tggcttcaac tgtaatitac agaggagtea atittgetga gpggptaatt
6541 geattcttga tattggetaa accaaaagaa acgttecttc agtcaccece cattcgagag
6601 gcagtaaact acactgaaaa tacatcaagt tattatgeca catectactt ggagtatgaa
6661 ategaaaatt ttggtgctca acactecacg accettttca asattgacaa taatactttt

6721 gttegtetgg acaggeccea cacgecteag ticetittce agotgaatga taccattcac
6781 cttcaccaac agttpagtaa tacaactggy agactaattt ggacactaga tgctaatatc
6841 aatgctgata ttggtgaatg ggcttitige gaaaataaaa aaatetetes gaacaactac
6901 gtggagaaga getgtottic gaagetttat cgetcaacga gacagaagac gatgatgegg
6961 catcgtcgag aattacaaag ggaagaatct ccgaccggge caccaggaag tattcggace
7021 tggttccaaa gaattcocet gggatgette cattgeacat accagaaggg gaaacaacat
7081 tgecgictea gaattegace gasggtogaa gagtagetat gaacacteag gagaccatta
7141 cagagacagc tgeaacaatt ataggeacta acggeaacca tatgeagate tccaccateg
7201 ggataagacc gagctecage casatccoega gticctcace gaccacggea ceaagecctg
7261 aggctcagac coccacaace cacacatcag gtecatcagt gatggecace gaggaaceaa
7321 caacaccacc gggaagotee ceeggeecaa caacagaage acccactetc accacceeag
7381 aaaatataac aacageggtt aaaactgtce tgecacagga gtecacaage aacggtetaa
7441 taacttcaac agtaacaggg atteitggea ptettggact tcgaaaacge ageagaagac
7501 aaactaacac casagcecacg ggtaagtgea atcccaactt acactactgg actgoacaag
7561 aacaacataa tgetgetggp attgectgga tecoghactt tggacegggt gegpaaggca
7621 tatacactga aggectgatg cataaccaaa atgecttagt ctgtggactt aggeaacttg
7681 caaatgaaac aactcaaget ctgeagettt tottaagage cacaacggag ctgoggacat
7741 ataccatact caataggaag gccatagatt tectictgeg acgatgggsce gpgacatgea
7801 ggatcctggg accagattgt tgcattgage cacatgattg gacaaaaaac atcactgata
7861 aaatcaacca aatcatccat gatttcatcg acaaccectt acctaatcag gataatgatg
7921 ataattggtg gacggpelgg agacagtgga tecctgeagg aataggeatt actggaatta
7981 ttattgcaat tattgetott cittgoptit peaagetget tigetgaata teaatttgaa
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8041 tcatcaattt aagcttgata cattictage attttaaatt ataaaccgat actgatactt

8101 gaaaatcagg ctaatgccaa gttctgtgea aaacttgaaa gtaggtttac aaaaatcctt
8161 tggactggaa tgetitgata ctetttctca atactatata agttecttee caagaataat

8221 attgatgaag attangaaaa agtgacatig tgeccactit tgtaatctte atecacctac
8281 acattcatat tcaggaatct ttgaattaac cotcacactt geftaggaaa gagectatee
8341 tctacaagaa tecegaggeg geaattcagt taatttcata tcaagataac atceatttcc
8401 aagaccacag ataactatat tattaatctt taccacaaat atggagagge gtcgtgageg
8461 cgggagatca aggaattcac gtgccgacea geaaaattea acaggtectc aatttaggac
8521 aagatccatt tcccgggata agacaacaac agactacegt agtagtcgaa gtacttcgea
8581 agttagagtc cctacggttt teccataagaa aggtactggg accettactg teectecage
8641 acctaaggal gittgtecta cletcagaaa aggatitota tgtgatagta attictgtaa

8701 aaaggaccat caacttgaaa gectageega ecgggagcete ctacttetta tagcacggaa
8761 gacctgtgga tcaactgatt categettaa tatagotgcet cotaaagace taagactage
8821 aaatcctacg geigatgact tcaageaaga cggeagteca aaattaacce taaaattact
8881 agtcgagact getgagtitt gggccaatca gaatattaat gaagtagatg atgcaaaact
8941 ccgtgetcte tigacgttga ptgctgtett agtgeggaaa ttctetaagt cacagettag
9001 tcaattatgt gagagtcatc ttaggaggga aaacttagga caagaccaag ctgaatcagt
9061 tetcgaggtt tatcaacgtt tacatagtga caaaggaggt getttigagg cagceactatg
9121 geaacagtgg gatagacaat cattaactat gittatatet getitectee atgtageatt
9181 geaactttee tgtgagagot ceactgtagt gatatcagge ctacgettac itgeccecee
9241 aagcgttaat gaagggctee ctectgeace aggggaatat acttggicag aagatagtac
9301 aacttagect gtagggagga caagtaaaac aagatgeoect tatectctat agatggtatt
9361 tttagagagg gggacaggat aggaataaag ataatgacta aagccaatat aaagatacga
9421 acacaagtag aaattaaaat agaaatcaaa acaatctccc citattcaat atgaaatata
9481 atagtgagta ttigtttcat gatgtcaatc atitattgtt aaaaataaac aaagtcagta

9541 agagtgitayg gatcgtiata ttgcaaggat coteoctaga agegttgaat catctcaagt
9601 agcctagaac aagaacagea gageattaaa ttgaaataga tastaaggat attgettgtt
9661 tttaagatag tittaggaag tttanaatta agasaaagaa cccatggaca cactctagea
9721 ttgaggatgg peticectig atgatagtat agiettaggt atagpptagt cotacacgta
9781 ctatattata cagtctaaac ttgtaaaatt aaactacaag aacatgatga aaattaatga
9841 gaaggticca agattgacit caatccaaac accttgetct gocaattttc atctecttaa
9901 gatatatgat tttgttcctg cgagataagg ttatcaaata gggigtgtat cicttitaca

9961 tatttgggct cccactagge tagggtttat agttaaggaa gactcatcac atittttatt
10021 gaactagtet actegeagaa tectaccggg aatagasatt agaacaittg tgatactttg
10081 actataggaa ataattitca acactacetg agatcagett attcttceaa cttattotge
10141 aagtaattgt ttagcatcat aacaacaacg ttataatita agastcaagt citgtaacag
10201 aaataaagat aacagaaaga acctitatta tacgggtcca ttaattttat aggagaaget
10261 ccttftacaa gectaagatt ccattagaga taaccagaat ggetaaagee acaggecggt
10321 acaacttggt aacaccaaaa cgggagetag agcaaggagt tgtgtttage gacctatgea
10381 acttcctagt gactccaact gtgcaaggat ggaaggttta ctgggetgga citgagtitg
10441 atgtcaacca aaagggtatt accctgttaa atcgicttaa agtgaatgat tttgeteetg
10501 catgggcgat gacccggaac ctettcccac acttgttcaa aaaccaacag tetgaagtee
10561 aaactcccat ttgggecttg aggstaattc ttgecgeegp gattettgac caattaatgg
10621 atcattcect cattgageeg ctatcagggg ccctgaacet aattgetgat tggttactaa
10681 caacatctac taatcactic aacatgagaa ctcaacgagt asaggaccaa ctgagcatga
10741 ggatgttatc tcttataagg tcaaatatia ttaactttat aaataagctc gagactcttc
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10801 atgtcgtiag tlacanggga citctaagea gigtigagat aggaacacca agetatgeaa
10861 tcatcattac caggactaat atgggttate ttgtcgaggt tcaggaacca gataaatetg
10921 cgatggatat acgacaccct ggtectgtca aattctectt actacatgaa tcgacactta
10981 aacctgttge cactcetaaa ccatcaagca ttacticatt gatcatggag ttcaacagtt
11041 ctttggcaat ttaattgeeg taataaaaat tgtacgatag ggctaacatt gattecataa
11101 tccatcgtag gacagaatca ttitcctgta tgatcitagt ttaatctete titatacaat
11161 gattaataag gagectgtit aaaatgitac aaaagtatac tgttigaace cotagtatce
11221 ctgtaaatat coteaticaa ttttttgett ttacatgtat agteacctgt atageatgac
11281 cctagteatg cettiaatta atacttaatc taacagttaa tataatgtat aactticeat
11341 gitcanagag tagtcaaaac aatgtgagat ccagtttcac tcacagcate tattcactat
11401 ttacagtatg atgagcceaa attaacacgg tagaggtcta gatttattaa tagaacgagg
11461 aagattaaga aaaagtecat aatgetgggg aggeaatect tgecaceata ggacttttte
11521 aattcctota ttttatgatg getacccaac atacacaata tcetgatgea agattgtett
11581 ccccaatigt cttagaccaa tgtgacctag tgacaagage atgtggacit tactctgagt
11641 attegctgaa ccctaaacta aagacatgee gtitaccgaa acatatetat agattaaaat
11701 atgacactat tgititacga tttattagtg atgteectgt agetacaate ccaatagact
11761 acaftgetec gatsttaata aatgttotge cagatagtaa aaatgtacca ttggaacctc
11821 cotgettgag tticitggat gaaatagtea attataccgt geaggatgea gocttectta
11881 attattacat gaatcagatt aaaacacagg aaggagtaat tacagatcaa ttaaaacaga
11941 acattcgtag ggtcattcac aaaaacagat atctatctge tetattettc tggeatgate
12001 ttgccatect cacecgtega gggagaatga accgaggaaa tgtgegetec acttggtitg
12061 taacgaatga ggtigitgac attctaggat atggtgatta tatcttetgg aagateccta
12121 ttpctctatt accaatgaac acagctaatg ttecacatge atcaactgac tggtaccaac
12181 ctaatatctt caaggaggct attcaaggac acacacatat tatttcagte tetacageeg
12241 aggtecttat tatgtgtaag gatcttgica caagtegttt taatacectt cigatigetg
12301 agftagccag gttggaagat ccagtgtetg ctgattatec actagtagat aatattcaat
12361 ctetgtataa cgcaggagac tacctgttgt ccatattggg atcagagggg tacaaaataa
12421 tcaaatatct cgaaccictg tgtttggcta agattcaact atgtteceaa tatacagaac
12481 gaaaagggcg gtititaacc cagatgeatc ttgeagttat tcagacattg cgtgaactee
12541 tccitaatag agggttgaaa aaatcacaat tgictaaaat cogegagtit caccaactgt
12601 tgetcagact cegatetaca ccacaacaat tatgtgaatt attttcaatc caaaaacact
12661 ggggccacce agtictgeat agtgaaaagg ceatccasaa ggttaaaaat catgeaacag
12721 tictaaagge attgeggeceg attatcatet ttgaaacgta ttgtgtattc aagtatagtg
12781 ttgcaaaaca ttictitgat agtcaaggcea cfiggtacag tgtgatatea gacegatgtt
12841 taacgccggg attgaattce tacattagge gaaatcaatt ecctccactt ccaatgatea
12901 aapatctttt atgggaattt taccatttgg atcatcctce attattctee acgaagatca
12961 ttagtgacct cageattttc attaaagacc gegeaacage agttgaacaa acctgttggg
13021 atgcagttit tgageotaac gitttgggot acagtccace ttategattc aataccaaac
13081 gtgtacctga acaattcetg gagcaagagg atttitctat tgagagteto ttacaatacg
13141 cccaagaact taggtactta ttgecccaga atcgaaattt tietttttea ttgaaggaaa
13201 aagaattaaa tptiggtagg acatttggaa aattgectia tttaaccagg aatgiccaaa
13261 cectctgega ageattactt geagatggtt tggctaaage cittccaage aatatgatgg
13321 ttgtcacaga gagggaacaa aaggagagcec tecttcacca ageatectgg caccatacaa
13381 gtgatgatit cggagagcat gccacagttc gtggaagtag tttigtcaca gacctggaaa
13441 aatacaatct ggecttcagg tatgaattca cagcetecctt catcaaatat tgeaaccaat
13501 gotatggget togeaatgte titgattgga tgcacttect aatteegeaa tgttacatge
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13561 atgttagtga ttattataac ccaccacata atgtaacctt agagaatagg gaatatccec
13621 ccgaaggace aagtgcttat apaggocace tiggeggtat tpaggggott caacaaaagt
13681 tatggactag tatcicatgt getcaaatet cattggtaga gatcaagace gggttcaaat
13741 tgcgatcagc agtcatgggg gataatcaat gtattacagt attatcagte tttecactag
13801 aatctagtce gaatgagcag gagagatgeg cagaagacaa tgeagecaga gtgectgcta
13861 gctiggecaa agicacaagt gectgtggga tattccteaa gectgatgag actttegtac
13921 actcaggett tatctatttt ggcaaaaage aatacttgaa cggaaticaa ttacctcaat
13681 cactcaagac ageagetagg atggecccte tetcagatge aattitigat gactigeaag
14041 gtacacttge cagtatagpa actgecittg agegateaat ctecgaaact agacatattt
14101 taccatgeeg tgttgeaget gectttcata catatticte tgttcggatce ttacaacate
14161 afcacctigg titccataag ggttcagacc ttggacaatt ggeaatcaat aaacctettg
14221 aittcgggac cattgeacta tccttageag ttectcaggt attgggtoga ttatecttec
14281 taaatccaga aaagtgectt tatcgeaact tgggtgatcee tgtaacttca ggectattic
14341 agttpaagea ttatctgica atgptgapgta tgagtgatat ctttcatgea citattgeas
14401 aaagcccagg gaattgtage geaattgact tigtictasa cocaggoggy ttaaatgtee
14461 ctggatcaca ggatttaaca tciticcttc gtcagattgt cagaaggagt atcacacttt
14521 cggeaaggaa caagttaate aacacgttat ticacgcttc tgeagatett gaagacgaat
14581 tagtatgtaa atggttactt tcticaacge cogtgatgag cogtitigea geegatattt
14641 tcteacgaac accaageggg aaaagatiac aaatcttggg atacctegag ggaaccagaa
14701 ctitattage atccaaaatg ataagceaata atgeagagac accaatcitg gagaggctea
14761 gaaaaataac acttcaaaga tggaatctat ggtttagtta cctagaccat tgtgacccag
14821 ctitaatpga ageaattcaa coaattaagt gtactgitga tattgetcaa attettagag
14881 aatacicetg ggcetcatate ctigatggta gacagttaat aggggcaaca ctgecatgta
14941 tacctgagca gitccaaacc acatggttaa aaccttacga goaatgtgte gaatgticat
15001 ccacaaacaa ttctagtcca tatgtatcag ttgeattaaa aaggaacgtg gttagtgett
15061 ggeotgatge atclagattg gggtggacga ttggtgatgg gattcoctac ataggetcaa
15121 gaactgagga caaaataggt cagecegeta ttaageegag gtgeccatea gotgeattaa
15181 gagaagctat tgaattgace tctaggtiga cetggpteac tcaagptagt geaaacageg
15241 atcagttaat tegeccttit cttgagpgeaa gagtaaactt gagtgtacaa gagattcttc
15301 aaatgaccec cteacattac tecggtaata ttgtgeatcg gtataatgat cagtatagee
15361 cteactectt tatggetaac cgeatgagta acacageaac gegettgatg gtatctacea
15421 acacactagg agagttttcc ggagggggtc aggeigeacg tgatageaac attatatttc
15481 aaaatgtgat taactttgea gtggecettgt atgacattag gtttcggaac acttptacat
15541 citctatica atatcacagg geocatattc acctgacgaa tigttgtacg agggaagtac
15601 cggcecaata cttaacatac acaaccacge taaatctaga ttigagiaag taccgtaata
15661 atgaactgat ttatgatica gatccactaa gaggaggtet caactgeaac ttatcgattg
15721 acagtecttt gatgaaggge ceacgtitaa atattattga ggatgactta atacggtige
15781 cacatitatc cggetgggaa ttagcaaaaa cagtottgea atcaataatce tetgatagta
15841 gcaattcatc aacagatcce attagcageg gtgaaacaag atccticaca acceacttct
15901 taacgtatcc caaaataggg ctictataca gttttggage cctcataagt tttatitgg
15961 gtaatactst tetatgeacy naanagatcg gactcacaga atttotatac tatctcecaga
16021 atcagatcca caacttatca catagatcee ttcgaatett caaaccgaca titagacact
16081 caagtgtcat giccaggtty atggatatag accccaactt ctoaatatat attggtggea
16141 ctgeaggtga cogtggalia teggacgety caagattatt tetoegaatt geaatitcaa
16201 ctttctigag cttigttgag gagigggtia tctttaggaa ggeaaacatc ccactatggg
16261 ttatctatee totcgaagge caacgetetg atoctectgg cgaatttitg aaccgagtaa
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16321 aatcictaat tgttgggact gaagatgata aaaataaagg ctotatactt tcasgatetg
16381 gagagaaatg cteticaaat ctagittata attgcaagag tacageaage aatittttec
16441 atgcatcatt ggcttactgg agaggtegac atagacctaa gaagactata ggtgcaacta
16501 acgcgacaac agctccacat atcattitge cactgggaaa tictgatcga cegeetggee
16561 tagaccttaa taggaacaat gatacttica ttcctaccag aattaaacag atagtccaag
16621 gagactctag aaacgacaga acgaccacca cgagatitce acceaaaagt aggtceactc
16681 caacatcage aaccgagect cctacaaaaa tgtatgaggg tlegacaace caccaaggga
16741 aattaacaga tacacatttg gatgaggatc acaatgeceaa agagticcea tecaateege
16801 atcgtttagt agtaccatic tttaaatiaa caaaagatgg ggaatacage atcgaaccit
16861 ctectgaaga aagecgeagt aatatasaag ggttacttca acatttaaga accatggttg
16921 atactaccat atattgtcge ttcactggaa ttgtitcatc aatgeattat aagitagatg
16981 aagtactatg ggaatataat aaatttgaat cagetgtaac cctageagaa gegpagpgptt
17041 caggtgccett actactgatc caaaaatacg gegttaagaa gtiatttttg aatacacttg
17101 ctactgaaca tagtattgag agtgaagtiga tatcaggtta caccacteca aggatgetac
17161 tcccaattat gectaanaca categtggty agotagagpt catattaaat aactcagceta
17221 gtcaaataac tgatattaca catcgagatt ggttttcaaa tcaaaaaaat aggaticeaa
17281 atgatgetga tattattacce atggatgetg aaactacaga aaacttagat egttccagat
17341 tatatgaagc agtatatacg attatttgta atcatatcaa tcctaaaact ttgaaagtgg
17401 tcaicttaaa agtcttecte agegattigg atgggatgtg ctggatiaac aattatettg
17461 ctcctatgtt tggatcagga tatttaatca aacctataac atcaagtgca aagtcaagtg
17521 agtggtattt atgcttatct aatctactit caaccttgag aactactcag catcaaacce
17581 aggcaaactg tctecatgtc gtacaatgtg ctettcaaca genagtacaa agagggteat
17641 attggctaag tcatcttace aaatacacca caagtagatt geacaatagt tatattpcat
17701 ttggttitce ticattagag aaggtectat atcataggta taacctigtt gaticgagaa
17761 atggaccatt agtttctata acgagacace ttgecctect ccaaactgag atcegggagt
17821 tggtaactga ttataatcag ctgcgacaaa gtegaaccca gacttateat ttcataaaaa
17881 catccaaggg acggataact aaactagtga atgattatct aagattigag ttggttatac
17941 gggctcttaa aaataatict acatggcacc atgagttata ctigetacca gaacttatag
18001 gtgtttgeca tegatitaat catacacgta actgtacatg cagtgaaagg ttoctggitc
18061 aaactitata tctacaccga atgagigatg cigagataaa acttatggac cggetcacca
18121 gectagtcaa tatgtttect gaaggtitca ggtetagitc agictaatic taactgeacc
18181 aaaggctcta aaaatatitt aaataaccag gigtatatca aagtcaatac aagtgtaaaa
18241 acaatatgca agggaccaca titaggatca gittattgac tcticcaata cacagagttg
18301 gaagcaccga ttcaaggttt ctaagacgece ctatcgatta tgttgataat gtaaataata
18361 gettitectg tetattatga citaaataat catatctata acgaccatea cagetaagtc
18421 pttgcectag ttcatatatt aaattaaaat ttagaagcta ggttgacict aattacataa
18481 gtattaagaa aaaattacta agactaatac tctcatgeca agaactagta atgtgitica
18541 catgacagat tatitctaac actaaatige aatttcaatt ttanagetaa gtttancace
18601 tatacagcca aaatatttca tagggecgat gggaataaca taagaggaac atgatcaatg
18661 aaccctttat tccaactagg cagtigatty ataatctaca aattecataa gatgiicita
18721 cgatattctt ttgtttttaa tetcaatgte aatgatttaa taagtaataa taaaaaaatc
18781 acattaaaga tgcaggaaga tettgacctc gccaggaaaa ttaagegeac acaaataaat
18841 taaaaaatct gtattttcte tttitigigt gtcca

(SEQ 1D MO 1)
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MAKATGRYNLVTPKRELEQGVVFSDLCNFLVTPTVQGWKVYWAG
LEFDVNQKGITLLNRLK VNDFAPAWAMTRNLFPHLFKNQQSEVQTPIWALRVIL
QSSIIJMDHSLIEPLSGALNLIADWLLTTSTNHFNMRTQRVKDQLSMRMLSLIRSNI
ggf(LETLHVVNYKGLLSSVEIGTPSYAHITRTNMGYLVEVQEPDKSAMDIRHPGP
;;;LHESTLKPVATPKPSSHSLIMEFNSSLA1 (SEQ D NO: 2)

NC_004161

1 cggacacaca aaaagaaaaa aggtititta agacttittg tgtgcgagta actatgagea

61 agattaacag ttitcoteag tttaagatat acactgaaat tgagattgag attctectet

121 ttgetattet gtaactttce ctggttgtga caattgaate agitttatet attaccaatt

181 accatcaaca tggtatgtet agtgatcitg gpactetict teatetggtt tttectagag

241 ctetgaatec atitigegag aagtteatce aaacgaccca gigtctgaaa atacaaaagg
301 ticcectite cgtcaagitt aagagatigt titgatigty tetagatttt ataatcctag

361 agtgecaagg agttgegtpt catcattgat tgggaagate aaggaaacaa titgticcaa
421 taatatcgta catettgact aagtcgaaca agggeaagtc gatatggatc gtgggaccag
481 aagaatctgg gigtcgeaaa atcaaggiga tactgatita gattatcata aaatttigac

541 agctggectt actgttcaac agggaattgt caggeagaaa ataatttctg tatatcttgt

601 tgataacttg gaggctatgt gtcaattgpt aatacaagec ittgaggeeg gaaitgattt

661 ccaagaaaat gccgacaget tectictgat getttgecta catcatgett accaaggtga

721 ctataaattg ticttggaga geaatgotgt acaptatitg gaaggtcatg gattcaaatt

781 tgagetecgg aagaaggacg gtatcaatcg getcgaggaa ttgettectg ctgeaacgag
841 tggaaaaaac atcaggegta cgitggeege actgectgaa gaggagacta cagaageaaa
901 tgecagggceaa tttcteteat tigegagttt gittctteee aaactggtte tgggagagaa

961 gacttgettg paaaaagicc agegacaaat tcaggticat geagaacagy ptttaattca
1021 atatcccact geatggeaat cagtiggaca catgatggta atcttcagat tgatgaggac
1081 taatticitg attaaatatt tactgatcca coagggtatg catatggtag ctggccacga
1141 tgccaatgat getgteattg ctaattcagt tgctcagpet cgetittcag gactectaat
1201 tgtcaaaacc gticttgatc atattctgea aaaaaccgac caaggagtaa gacttcacee
1261 tttggecega acagecaaag tgegiaatga ggttaaigea titaaggeog cectaagete
1321 actigetaag catggggaat atgcccettt tgetegectt ctcaatctet cggpagttaa
1381 caacctagaa catggtctct acccacagtt atcageaatt getcttggag ttgecacage
1441 acatggtage acccttgeag gagitaatgt {gptgagceag tatcageage tagagaggc
1501 tgeeactgaa getgagaage aactccaaca atatgetgag tccagagaac tegacagect
1561 aggcctggac gatcaggaaa gaagaatact aatgaactic catcagaaga aaaacgaaat
1621 tagtttccag cagaccaatg caatggtaac ccttaggaaa gagegactgg ctaaattaac
1681 agaagctata acgctggect caagacctaa cctegggict agacaagacg acggceaatga
1741 aataccgttc cetgggecta taageaacaa cocagaceaa gatcatetgg aggatgatee
1801 tagagactce agagacacca tcattoctaa tggtpeaatt gacccogage atggtpatit
1861 tgaaaattac aatggotate atgatgatga agitggpacg geaggtgact tggtectgtt
1921 cgatcttgac gatcatgagg atgacaataa agetittgag ccacaggaca petegecaca
1981 atcccaaagg gaaatagaga gagaaagatt aattcatcca cccccaggea acaacaagga
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2041 cgacaatcga gectcagaca acaatcaaca atcageagat tctgaggaac aaggaggtca
2101 atacaactgg caccgaggee cagaacgtac gaccgecaat cgaagactet caccagtgca
2161 cgaagaggac acccttatgg atcaaggiga tgatgatcee teaagettac ctecgetgga
2221 atctgatgat gacpgatgeat caagtageca acaagatcoe gattatacag ctgftgeece
2281 tectgetoct gtatacegea gtgcagaage ecacgagoet cocoacadat cotegaacga
2341 gecageigaa acatcacaat tgaatgaaga ccctgatate ggtcaatcaa agtctatgea
2401 aaaattagaa gagacatatc accatctget gagaactcaa ggtecatttg aagecateaa
2461 ttattatcac atgatgaagg atgagcegst aatatttage actgatgatg ggaaggaata
2521 cacctacceg gatteacttg aggaagecta tectecatgg ctcacegaga aagaacgact
2581 ggacaaagag aatcgetaca tttacataaa taatcaacag ticttctgge ctgteatgag
2641 tcccagagac aaatttcttg caatettgea geaccatcag taaccacage acaaagegeg
2701 giccactteg tanagctaaa tacacttaag acttgaccga ttcatctaca aaaactaate
2761 cattataact tattagtgct acttttctat aagtgattct taatctaagg ceattaagag

2821 ittaagtaat atacatatac acttacaccg gtctatccaa gatgtggcte aatgitottg

2881 attigaacat agtcataagg ggataaataa tacttiatat ttctgattgt ggattgacee

2941 attctgetta aaatgettog cocatigaaa atgtgatcta atagatagee ctgactagac
3001 aaattaagaa aaacatitga tgaagattaa aaccttcatc gecagtaaat gattatattg
3061 tctgtaggea gpigtttact ccacctiaaa titggaaata tectacctta ggaccattgt

3121 caagaggtgc ataggceatta ccacecttga gaacatgtac aataataaat tgaaggtatg
3181 ticaggecea gaaacgactg gatgeatite tgageaactt atgacaggta agaticcagt
3241 aactgatata ttcatigata tigataacan gecagateas atggaagice gacteaaace
3301 atcatcaagg agctcaacaa gaacttgtac aagtageagt cagacggagg tcaactatgt
3361 acctctectt anaaaggitg aggatacatt aactatgeta gigaatgeca ceagtegtea
3421 gaatgctgea atcgaggecc ttgaaaaceg ccteageaca cttgagagta gettaaagec
3481 aatccaagac atgggtaaag tgatitcate attgaatoge agitgtpccg aaatggttge
3541 aaaatatgat ctictagtta tgacaactgg acgggetact tcaactgeag ctgeagtaga
3601 tgegtattgs aaagageaca aacagocace accagggeca gogttgtatg aagagaatge
3661 geitanagga aaaatcgatg atccaaacag ctatgtacca gatgetgtge aagaggoetta
3721 caagaacctt gacagtacat cgaccetgac cgaggaaaat ttigggaaac cttatatatc
3781 tgctanagac ctgaaggaga tcatgtatga teatctacet ggttttggga ctgecttica
3841 ccaacttgtt caagtgatit gtaaaatagg aaaggataac aaccttitgg acacaatcca
3901 tgetgagttc caggeaagte tageagatge tgactctcee caatgtgeac tcatacagat
3961 aaccaaaagg gtcccaatct ttcaggatgt gecgececcg ataateeata ttagateceg
4021 tggtgacatc ccacgagceat gecaaaagag tetecgacea geaccaccat cacecaaaat
4081 tgategiggt tggetttatt tgtttaagat goaagatpgt anaacgettg gacttaagat
4141 ctaagaatca agatttattt aacaaggcaa gecacaacct tagatggaac ctcagecaga
4201 ctattgaact attgacgctg tigatgataa tatataatta atggtcttat ttgaatatga

4261 caacatcttg cttcttgtte tgectigtag ctotitgaat tggaagatea ttecaaactt

4321 acaaacatge acaagatgt! atggtttage aaagaatiga taggagtact ggtatataat
4381 gtaaatataa caagtgatga agattaagaa aaaccagicg glattttcca gacttggceat
4441 ttcttatett catctictaa agigagatat titatcatca aaaaatgagg cgcggagtgt

4501 taccaacgge tcctccagea tataatgata ttgcatacee tatgageata ctcecaacee
4561 gaccaagtgt catagtcaat gagaccaaat cagatgtact ggcagtgeca ggggeagatg
4621 ttccatcaaa ctccatgaga ccagtggetg atgataacat tgatcactca agcecatactc
4681 caagcggagt agcttetgec titatattgg aagetacagt gaatgtaatt tcgggaacaa
4741 aagtcotgat gaageaaata cotatttgge ttecactggg tgtagetgat cagaagatat
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4801 acagctttga ticaacaaca gccgeaatta tgttggcttc ctacacagtg acacacticg
4861 ggaagatatc taaccogetg glacgigica acaggetagg cocaggaata cocgatcate
4921 cgctacgact cctaagpttg gecaatcagg cattectica agagttigtt cticcaccag
4981 tccapcttce ccagtattte acatttgate taacagetcet aaagetcate actcaaccat
5041 tgecagetge aacctggaca gacgaaacte cageaggage agteaatget eftegtectg
5101 ggetcteact ceatcccaag cttegtecaa ttetootgec ggggaagaca ggaaagaaag
5161 gacatgcttc agacttaaca tcacctgaca agattcaaac aatcatgaat geaataccgg
5221 acctcaaaat tgtccogatt gatccaacca agaacatagt tggaattgag gttccagaat
5281 tactagtica aaggctgace ggeaaaaaac cacaacccaa aaatggecaa coaattatte
5341 cagttettct tecgaaatat gttggacttyg atcctatatc gecaggggac ttaactatgg
3401 ttatcaccca ggattgtgat teatgecact ctecagecag coatecgtat cacatggaca
5461 agcagaatag ttaccaataa tHaaatice attegageta ttattctget aglaattceg

5521 acggpatcaa tagactaaaa atctgattgt atagaattat anaagaatea agcagaggca
5581 acagacteac agcttacgec tagataacta atattaagga gtittitaat ctaatttice

5641 agtcttgagt aataatcatt tctiitgtaa ttaattatge atttgttaac ttatcggtge

5701 gagatttcet tgagaacceg geggagette tactatetge agtaaccaga agagaagtic
5761 aacccagtca aaactaaacc aagcaatatt ctgaatgctc tatagtctat tctaatcaga
5821 ggtataacaa tggetaagat ticaatgact cgitaacaat cgetagtaat tttaatctee
5881 agattaagaa aaagatatac gatgaagatt aaggegacaa cgageegaaa ctteatetet
5941 tttaaagatc taacattatc tgticcaaag tcatacaagg acacaticaa atcagggatt
6001 gtaagetget atttcttace tecccaaatt acctatacaa catggggtea ggatatcaac
6061 ttctecaatt gectcgggaa cgtiticgta aaacttegtt cttagtatgg gtaatcatec

6121 tcttccageg ageaatetee atgeegetty gtatagtgac aaatagcact ctcaaagcaa
6181 cagaaatiga tcaattggtt tgtcgggaca aactgtcatc aaccagteag cteaagtctg
6241 tggeggctgaa tetggaagga aatggaattg caaccgatgt cocatcagea acaaaacgot
6301 gggeatticg ticaggigtg cctcccaagg tggteageta tgaageegga gaatgggcag
6361 aaaattgcta caatetggag atcaaaaagt cagacggaag tgaatgecte ceteteeete
6421 ccgacggtst acgaggattc cctagatgtc getatgteca caaapttcaa ggaacaggte
6481 citgtcetpg tgacttaget ticcataaaa atggggctit tticttgtat gatagattpg

6541 cctcaactgt catctaccga gggacaactt ttgctgaagg tgtegtaget tttttaattc
6601 tgtcagagee caagaagcat tittggaagg ctacaccage tcatgaaccg gtgaacacaa
6661 cagatgatic cacaagctac tacatgaccc tgacactcag ctacgagatg tcaaattitg
6721 ggggeaatga aageaacace cittitaagg tagacaacca cacatatgtg caactagatc
6781 gtecacacac tecgeagttc ctigticage tcaatgaaac acttcgaaga aataategee
6841 ttagcaacag tacagggaga ttgacttgga cattggatce taaaattgaa coagatgitg
6901 gtgagtgese ctictgggaa actaaaaaaa ctittcocaa caacttcatg gagaaaactt
6961 geatttccaa aftecatcaa cecacaccaa caactectea gatcagagee Cggegggasc
7021 tgtccaagga aaaattaget accacceace cgecaacaac teegagetgg ttccaacgga
7081 ttececteea gtggttteag tgetcactge aggacggaca gaggaaatgt cgacccaagg
7141 tctaaccaac ggagagacaa tcacaggttt caccgegaac cecaatgacaa cecaceatige
7201 cccaagtcea accatgacaa goegaggttga taacaatgta ccaagtgaac agecgaacaa
7261 cacagcatcc attgaagact cccececate ggoaageaac gagacaattt accacteega
7321 gatggatcog atccaagget cgaacaacte cgeccagage coacagaccea agaceacges
7381 agcacccaca acatcccoga tgacccagga CCOgoaagag BCEECCaaca goageaaace
7441 aggaaccage ccaggaageg cagecggace aagtcagece ggactcacta taaatacagt
7501 aagtaaggta getgattcac tgagtceceac caggaaacaa aagegategg ttegacaaaa
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7561 caccgetaat aaatgtaacc cagatcitta ctattggaca getgttgatg agggegoage
7621 agtaggattg geatggattc catatttcgg acctgeagea gaaggcatet acattgagep
7681 tgtaatgeat aatcagaatg ggcttatitg cgggetacgt cagetageea atgaaactac
7741 ccaggctcett caattatttc tgcgggecac aacagaactg aggacttact cacttcttaa
7801 cagaaaagct attgatttic ttcttcaacg atggggaggt acctgtepaa fectaggace
7861 atcttgtige attgagecac atgattggac aaaaaatatt actgatgaaa ttaaccaaat
7921 taaacatgac titattgaca atccectace agaccacgga gatgatetta atetatggac
7981 aggttggaga caatggatce cggetggaat tgggattatt gpagtiatan ttgctataat
8041 agoectactt tgtatatgta agatttipty tigatttatt ctgagatetg agagagaaaa
8101 atctcagggt tactctaagg agaaatatta ttttaaaat ttacttgaat getgaccact
8161 tatcttaaat gagcaattaa taatatgtit ctgetict ttgottgatt tacaatatga
8221 tatttctctt aataatgatt aatatattaa gaaaaactta tgacgaagat taaagpagag
8281 gatcgttaac gggaaaacct cecatctegt tegicgaage cacgitggtg gtgctigeag
8341 ctgagaacaa ctccagagat tgtaggtaga aaggaccaac atttataggt agpgptcaga
8401 aagcaacaat asccataaaa ggagagectg acattgetat ttaatateet agaacctgat
8461 ttctaggtic tagetttaaa atccggatga tggageatic aagagaacgg ggtagatcta
8521 geaacatgeg acataatage cgggaaccat acgaaaatee atcaaggtet cgeteatiat
83581 ctegggacce taatcaggit gategtagac ageetegaag tgeateccaa attegtgite
8641 cgaatctgtt ccatcggaaa aagactgatg cacteatagt tectcegget cotaaagata
8701 tatgeccaac actcaaaaaa ggatteetet gegatageaa attttgeaaa aaagatcace
8761 aattggatag cttanatgat catgaattac tactgctaat tgcaagaaga acatgtggaa
8821 ttatcgagag caattcgeag attacatcce caaaegatat geggttageg aafccaacag
8881 ctgaagactt ctcacaaggt aatagtceta aattaacact tgeagtectt citcaaattg
8941 ctgaacatig ggcaaccaga gacctaagge aaattgagga cictaaactt agagctottt
9001 taaccettig tgecgtatta acaaggaaat titctaaatc ccaactgggt ctictatgty
9061 agacccacct acggeatgag gpecteggac aggaccaage tgattctgta ttagaggtet
9121 accaaagact ccacagtgat aaaggaggga attttgapge tgeectgtge caacaatggg
9181 accgacagtc attaataatg ttcatctetg ctttteteaa cattgetete cagatacctt
9241 gtpaaapttc tagtgtcgta gtetcaggte ttgecacatt gtacceagea caagacaatt
9301 ctacaccate cgaggceaact aatgatacca cotggtcaag tacagttgaa tagaasacea
9361 ctggagctat titiccacga tigetetcag tcaataaatt aatatagata taatacgact

- 9421 teggtgtgea attgicaaga gitccatita gtaataatga ticttaaaac aatctactat
9481 cgcaattatc gatggatcta ccotatttga cggtacatga ctigaatgta ataaggtaag
9541 ttggtatctg aggtattitg tetagagtat actcaaaate gtatgtetag caaattatca
9601 atageaaagt taaatictee taaccteata tttitgatcaa gtaatcatga ttttatgata
9661 attctittca gattatcggt ttaatettta ttaagaaana atcatgattg tagacaattt
9721 actggtagtc citgggtatc caagfitatg aatagagceta gagagaatit getacttcog
9781 aggtataact ttattatitg ctacttcgaa tgectaaaac cagtaatgea ggatgaagat
9841 taattgcgga ggaatcages attcaacttt agitectiaa ggectegtec gaatctteat
9901 cagttcgtaa gitcttitat agaagteatt agetictaag gtgattatat titagtatta
9961 aattttgeta atigettget ataaagtiga aatgtctaat gettaaatga acactitttt
10021 gaagctgaca tacgaataca tcatatcata tgaaaacate geaattagag cgicettgaa
10081 gictggcatt gacagtcace aggetgttct cagtagtetg tecttggaag ctettggepa
10141 gacaaaaaga ggteccagag agtcccaaca ggtiggeata aggteattaa caccageata
10201 gteggetega coaagactgt aagegagteg atttcaacta aaaagattat tcttgttgt
10261 ttaaacaaat tcctittgtg tgagacatee tcaaggeaca agatggctaa agecacagge
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10321 cgatacaatc tcgtgcecce aaagaaagat atggaaaagg gagtgatitt tagtgatctt
10381 tgtaatttct tgattactca aaccctgeaa ggtiggaagg tttattggee aggaattgag
10441 tttgatptaa gtcaaaaagg catggetett ctgacaagac tcaaaacaaa tgactitget
10501 cctgectggg cgatgacaag aaatcttitc ceacatetgt tecagaacce aaattoggtt
10561 attcaatctc ccatetggge tttgagggta attttggeag coggattgea ggatcagttg
10621 ttagaccatt catiggttga gecattgaca ggggcteteg gtotaattte tgattggcte
10681 ctaactacaa cgtcaacaca tttcaatctt cgtactagaa gegtaaagga ceagettagt
10741 cttcgtatgt tatctttgat caggtcaaac atettgeagt teatcaacaa gettgacgec
10801 ctgcatgttg teaattacaa tggtitactc agtagtatig agatcgggac tictacacac
10861 acaatcatta taactcgtac aaatatgget ttctegteg aagticaaga geetgacaaa
10521 tcagctatga attctaagog cccaggacca gtcaagtict cattactica tgagtctgee
10981 tteaaacctt tcactogtgt tecacaatet gggatgeaat cattaataat ggapttcaac
11041 agittgitgg caatttaaca aggtaatctt aaaataagta catgaatgag aattagitpt
11101 gggtcttatc tageattgtt gagttaacta tctaatctat tticgetaat tgeattgage
11161 actgctaata ggtitgtatc acgttaaaga tttagagtet atgaattgtg cagatttaaa
11221 cttgggtttt geettatget tcataggteg tettttigaa atggagatta tcagcatttc
11281 ttaaatggga ggagttagca atcagaaalt ggapataaat ggacatcggg atagaacaat
11341 gectaactat tgggeggett ceatttttac atgtgtatat aaccaatett ttectatett
11401 tgcttatatt getptaactt tattitaata acatgtcaal gotatactgt taagagaagg
11461 tctgaggaag attaagaaaa aggoctogty tteactiggt tpcegicaag tateetgigg
11521 tttttttcta cotaactice teatgeceata tggetaccea geatacecag tacccggatg
11581 cacgtttatc ctcacctata gicctggatc aatgtgattt ggtaactcga geatgtgpst
11641 tatattcatc ttattctcta aatcctcaac taaggeaatg taaattacca aaacatatat
11701 atcgacttaa gitcgacaca atagtatcea aattcetaag tgatacacet gtageaacac
11761 tgcegataga ctatttagta ccaattctee tgegticect aacggggeac ggtgatagge
11821 cattgaccce gacttgoaat caattecttg atgaaattat taattacact cttcatgatg
11881 cagcctttct tzattactat cicaaggeaa caggtgcaca ggaccalitg acaaacattg
11941 caactagaga gaagcitaaa aacgaaattc taaacaatga tiatgtccat caatigitet
12001 tctggeatga cetttetatt ttggetegac gtggpcgtet gaategegeyg aacaacegtt
12061 caacctggtt tgttcatgat gaattcattg atattttagg atatggcegat tatatttttt
12121 ggaaaatacc tttatcatta ttaccagtta ctatagacgg ggtcceacac geageaactg
12181 actggtatca accgactctt tttaaagaat ccatectagg geatagecaa atectatetg
12241 tgtcaacage tgaaatacta atfaigtgta aagatattat cacctgtagg tttaatacat
12301 cactgattge atccatigea asatiagage atgtagatgt gictgaitat cotgaccega
12361 gtgatattct taagatatac aatgetggag actatptaat atctatictt ggctcagagg
12421 gttataagat aataaagtac cttgaaccac ttgtitggc caaaatocaa ctitgeteta
12481 aattcacaga aagaaaaggt cgtttectea cacagatgca titatcagta ataaatgate
12541 ttcgggagit gatttctaac cgeaggttaa aggactatca geaagagaag attagagatt
12601 ttcacaaaat attattacaa ttgcaattat ctectoaaca gttttgtgaa ttattetetg
12661 ttcaaaaaca ttgggggcat ccaatittac atagtgagaa agctatacaa aaagtaaaac
12721 ggeatgcaac catocttaag getcteagac claatgicat ctttgagaca tattgtgtat
12781 tcaagtacaa tattgccaag cactattteg acagecaagg aacttggtac agtgtaatct
12841 cagacaggaa tttaactcea ggactcaact cottcataaa acgtaateac titcotteac
12901 tacccatgat taaggatett ctatgggaat tetatcatet taatcaccct cegttattet
12961 ctacaaaggt gattagtgac ttaagtattt tcatcaaaga tagggecaca getgttgaac
13021 agacatgttg ggatgcagtc tttgaaccca atgtgetapg ttacaatcct ccaaacaaat
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13081 tctccactaa aagggigecg gaacaatitc tagaacaaga ggatttitca atcgaaagtg
13141 tcctgaatia tgecacaggaa ttacattatt tattaccaca gaataggaat tittecttit

13201 cteicaaaga aaaggaatia aatatiggac gaacattigg gaagctacca tatctcacac
13261 ggaatgtcca aactttatgt gaggctetgt tagcagatgg actggecaag gecttcceea
13321 gtaacatgat ggtagtaact gaacgtgadac aaaaagagag ccitcticat caggeatcat
13381 ggeaccacac cagtgatgat titggagaga atgetacegt tegagggagt agtittgtaa
13441 ctgatitaga gaagtacaat cttgcatttc getatgagtit cactgeacca titattgagt
13501 actgcaacca ttgetatggt gtgegtaatg tetttaattg gatgeattat ttaatccege
13561 agtgttacat gcatgtaagt gattattata atcegectea caatgttaat citageaatc
13621 gagaatatce tectgaagge cogagticgt accgagggcea citaggagge atagagggat
13681 tacaacaaaa actgtggacg agtatatect gtgeacaaat ctecttagtg gaaattaaaa
13741 ctggttitaa gttacgatca geggtcatgg gagacaatea gtgtataace gtattgtetg
13801 utitccact tanaacagac cctgaagage aggageaaag cgeegaagac aatgetgeaa
13861 gagtagoagce aagtcttgea aaagtaacca gigeatgige gatottictt aaaccagatg
13921 agacattigt acactcaggt ttcatttatt tcgganaaaa acaatatetc aatggtgtac
13981 aattaccgcea atcactcaaa acagceageaa gaatggeacc actetctgat getatatteg
14041 atgatctaca aggaacactt gecagtattg gaactgectt cgaacgtget atatcggaaa
14101 cgegacatat ccteccatgt cgtattptag cagettteca tacgtattte geegttegga
14161 ttttacaata tcaccatett ggatttaata aaggeatega tttaggacag tigteactta
14221 gtaaaccatt agactatgge actattactc taacattgge ggttecacaa giecttgggg
14281 gattgtctit tctaaatcca gaaaagtgft tttatcgaaa cttcggagat cetgtgactt
14341 ctggactttt ccagetacgg gtgtacctag aaatggtiaa catgaaagac ctattitgte
14401 cattaatatc gaaaaatcca ggaaattgta gtgccatiga ttitgictta aatecateeg
14461 gattaaatgt tccaggatca caagacttga catccitttt gegacaaate gttaggegta
14521 gtattaccct aactgetaga aataagttaa ttaacactct cttecatgec tetgetgatt
14581 tggaagatga gatggttigt aagtggctee titcatcaaa cectgteaty agiegotitg
14641 cageggatat titttccagg acaccgagtg gtaaacgtot ccaaatatta ggttatottg
14701 aagggaccag gactetattg goctccaaaa teatasacaa caacagtgag acacctgtac
14761 ttgataaget gaggaagatc accctacaaa gatggaatet gtggttcagt tatitggace
14821 attgtpacca attactagea gatgetetac aganaattag ttgeacggtg gatttggece
14881 agattttgeg tgagtataca tggicacaca fcttagagey tagatcattg atcggagega
14941 cattaccatg tatggtggag caattcaaag ttaagtggct aggacaatat gaaccitgte
15001 cagaatgtct caacanaasa ggctoaaatg cltatgictc agttgcagtc aaagatcaag
15061 tggtcagtge ttggectaat acttctcgaa taagttpgac aatagggagt gatgteccct
15121 atatagpgtc aagaaccgag gataaaatcg gacagcectge tatcaageeg cgatgecctt
15181 catctgeoct caaggaggot atagaattag catcaagget cacttggptt acacaaggag
15241 gttctaatag tgaacaatta atccggectt tottggaage gagagtcaac cttagtgica
15301 gtgaagicet geaaatgaca ccatcacatt attcaggaaa tattgtccat cgatataacg
15361 accaatacag cccgeactea titatggega atcgeatgag caatactgeg acecgtetca
15421 tagtgtcaac taatacactt pgagaatttt caggtpgagg geaggeegec agggatagea
15481 atataatttt ccagaatgtt ataaatitag cagttgeect ttatgatatt agaticegga
15541 atacaaacac ctctgatata aggcataata gggctcatct tcacctgaca gagtgetgta
15601 ctaaagaggt cccggeccag tatttgacat atacaagtge acttaatctg gatttaagec
15661 gttatcgiga taatgaacta atatatgact caaatccact gaagggapgga ttgaactgea
15721 atttaacaat agatagtcct tagtgaagg gicetaggct taacatgatt gaagatgate
15781 ttetecgelt tecacacett tetggatggs agttagepaa aacggtgpta caatccatca
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15841 tctcagacaa tageaactca tcaacagate caatcagtag cggagaaaca cgetetttca
15901 caactcattt tctcacttac cctcagattg geottetita cagtttcgga geagtattat
15961 gceitttatct aggeaatact atcctatgga ctaaaaaact tgattacgaa cagttictat
16021 attatttgca taaccagctg cacaacttac ctcatcgage actccgtgtt titaaaccaa
16081 catttaagea tgccagigtg atgtceegat taatggaaat tgattctaac tictcaattt
16141 atattggcgg gacatctgga gatcgaggsc tgtetgatge tgetegactg titeticgga
16201 cageaatcge gagtttttta caatttotta aaagotggat categatege casaagacaa
16261 ttectttatg gatagtatat cogettgaag gteaacagee ggaatecate aatgaattic
16321 tacataaaat ttigggtetg ctcaaacaag geoecaaaag taticcaaag gaggteagea
16381 tccaaaatga tggacatttg gatttggcag aaaataatia tgittacaat agtaagagea
16441 ctgctagtaa tticttccat geateettag cttactggag aagtaggaaa tetcggaaaa
16501 ctcaagacca taatgatitc tcaagagggeg atggaacact tacagaacce gtgegtaagt
16561 titcaagcaa tcatcagtca gatgaaaagt actacaatgt gacatgtgga aagtcaccga
16621 agcegeaaga acgeaaagac ttetcgeaat acagactcag caataacggg caaacaatga
16681 gtastcatcg taagasaggp aagttccaca agtggaatec ctgeaaaatg ttaatggaga
16741 gtcaaaggpg aactgitcta acagapggptp actactttca asacaatact ccaccaacag
16801 atgatgtatc aagtectcac cgacteatte taccatittt taaattggga aatcacaace
16861 atgcacatga tcaagatgec caagaattga tgaatcaaaa tattaaacag tacctacate
16921 agctaaggtc tatgttggac accactatat attgtagatt cacagggatt gtotcatcea
16981 tgcattacaa atiggacgaa gticttctag aatacaatag tttcgatica getatcacat
17041 tagctgaagg tgaggggtca ggggctctat tactttigea aaaatatagt acaaggttat
17101 tatttttgaa cacattggea acagaacaca gtatagaatc agaagtigta tcaggttitt
17161 ctactcogag aatgtigtta ccaataatge asaagptica tgaaggacaa gtcactgtta
17221 tctiaaataa tteageaagt cagataactg acataactag cteaatgtgg ttaagtaatc
17281 aaaaatataa {ctacctigt caagitgaaa teattatgat ggatgetgaa acaacagaga
17341 acttaaacag gicccaactc taccgageag tatataactt aatacttgat cacattgatc
17401 cgcagtatct caaggtgstg gtactcaaag tatttctgag tgatatagaa ggaatattat
17461 ggattaatga ttacttgget ccattaticg gggetggtta cttgattaaa ccgattacat
17521 caagtgeecg gtoaagtgaa tggtaccitt gottatonaa titgatatet actaacagga
17581 gateggecca tcagacteac aaggceatgte tiggtptiat cagagatget ttgeaageac
17641 aagtccageg aggegtptac tggttgagtc acatcgeaca gtatgetaca aagaatctec
17701 attgtgaata cataggectt ggtttcccat ctetagaaaa ggtectatat cacaggtata
17761 atctagtiga tactggactc ggtccattgt cgteagttat tagacattta actaacctee
17821 agpceagagat acgagactta gtattagatt ataacctgat gagggagagt cgcactcaaa
17881 cptaccattt tattaagact gcaaaaggea gaatcacaaa gttagtcaat gacttictga
17941 agitttcttt aattgtccag geactcaaaa ataaticttc ttggtatact gagettaaaa
18001 aattacctga ggttattaat gtgtptaate gattttatca tactcacaat tgegaatgtc
18061 aggaaaaatt cttigtccag acgetttatt tacaacgeet acgegatgea gaaatcaage
18121 taattgaacg ccttaccggg ttaatgepgat tttatccaga agggttaata tattccaate
18181 acacataggt actasatcat catagtatga ggaataagat aatgataatt cetgacgaca
18241 gitttagttc cgaticiaag tatatcggaa gagagtatge caatcitaat tgttagaggt
18301 aacaagctat tagttattac ttattgataa gaatacactt tatcatagcg taacacatca
18361 taactttata acgattttge atttctaatc ctagtatita ttagaatgta ctaccagaga
18421 aatgacccca gitcctatct tiaaataatg attgtptgta ttaaattatt agtttattag
18481 gittatgagt tggttacaca gtgagtatta gtaatigagg attatgtaga taggtaatct
18541 aacactgaat cacccatctg atgtcaccat atccaaatgt tgtgctagte geatttaaac
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18601 atgctatett cagitaagta acatagactg aasatgetaa gaagagattg gagtaaaspt
18661 ataaaataaa titaattaaa cttcaaagtg attaaatgat aatgatcttg ggaactegat

18721 atgacctcaa gicaaaaata atgtcaatat aatigtitag taatatgagt gatastgtaa

18781 atittgataa ctaactaget ttagtagtta agatcaaatg caaacattat aagaatgita

18841 agegceacaca aaaacattat aaaaaaccaa ttitttectt titgtgtgte c (SEO 0 NO: 3\
W . /

VP30

MEHSRERGRSSNMRHNSREPYENPSRSRSLSRDPNQVDRRQPRS
ASQIRVPNLFHRKKTDALIVPPAPKDICPTLKKGFLCDSKFCKKDHQLDSLNDHE
EKRRTCGIIESNSQ[TSPKDMRLANPTAEDFSQGNSPKLTLAVLLQIAEHWATRD
IéI;EDSKLRALLTLCAVLTRKFSKSQLGLLCETHLRHEGLGQDQADSVLEVYQRL
g(SBII)\IIIEEAALWQQWDRQSLIMFISAFLNIALQIPCESSSVVVSGLATLYPAQDNSTPS
TNDTTWSSTVE (SEQ D NO: 4)

AY769362

1 cggacacaca aaaagaasaaa aggttitita agacttittg tgtgcgagta actatgagga

61 agattaacag ttitcctcag titaagatat acactgaaat tgagattgag attctectet

121 ttgctatict gtaactttee ctggttgtga caatigaate agtittatet attaccaatt

181 accatcaaca tggtatgtct agtgatcttg ggactettet tcateiggtt titectagag

241 ctctgaatcc atitcgegag aagttcatee asacgaccea gigictgaaa atacaasagg
301 tteceetttc cgicaagttt aaggpgttat titgattgte tatagatitt ataatoctag

361 agtgecaagg agttgeptst catcattgat tgggaagatc aaggaaacaa titgttccaa
421 taatatcgta catcttgact aagtcgaaca cggggaagtic gatatggate gtgggaccag
481 aagaatctgg gtgtcgcaaa atcaaggtga tactgattta gattatcata aaattitgac

541 agctgtcctt actgttcaac agggaattgt caggcagaaa ataatttctg tatatcttgt

601 tgataacttg gaggctatgt gtcaattggt antacaagec titgaggeeg gaattgattt
661 ccgagaaaat gecgacagcet tecttctgat getttgecta catcatgett accaaggtga
721 ctataaattg ttcttggaga peaatgetgt acagtattig gaaggteatg gattcaaatt

781 tgagctcegg aagaaggacg gigtcaateg getegaggaa tigettectg ctgeaacgag
841 tggaaaaaac atcaggegta cgttggecge actgectgaa gaggagacta cagaageaaa
901 tgcagggcaa titetcteat tigegagtet giticttece aaactggttg tggeagagaa
961 ggcttgetig gaaaaagtce agegacanat tcaggticat geagaacagy gtttaattea
1021 atatcccact gcatggceaat cagttggaca catgatggta atcttcagat tgatgaggac
1081 taatttcttg attaaatatt tactgatcea ccagggtatg catatggtag ctggecacga
1141 tgccaatgat getgteattg ctaattcagt tgetcaggct cgettttcag gactectaat
1201 tgtcaaaacc gitcttgatc atattctgea aaaaaccgac caaggagtaa gacttcacce
1261 titggecoga acagecaaay tgogtaatga gettaatgea itiaaggeeg cectaagete
1321 acttgctaag catggggaat atgeeccttt tgetegectt cteaatetet cgggagtiaa
1381 caacctagaa catggictet acccacagtt atcageaatt getetiggag Hgccacage
1441 acatggtagc accetigeag gagttaatgt tggtgagcag tatcageage ttagagagge
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1501 tgccactgaa getgagaage aactecaaca atatgetgag tecagagaac tegacageet
1561 aggectggac gatcaggaag gaagaatact aatgaactic catcagaaga anaacgaaat
1621 tagtticcag cagaccaatg caatggtaac ccitaggaaa gagcgactgg ctaaattaac
1681 agaagctata acgetggect caagacetaa cetegggtcet agacaagacg acggeaatga
1741 aataccgttc cotgggecta taageaacaa cccagaceaa gatcateigg aggatgatee
1801 tagagactce agagacacea teattectaa tggtgeaatt gacecegagg atggtgattt
1861 tgasaattac aatggetate atgatgatga agtiggpacg geaggtgact gepteetgtt
1921 cgaictigac gatcatgagg atgacaataa agettitgag coacaggaca gotcgecacs
1981 atcccaaagg gaaatagaga gagaaagalt aacteatcea coeccaggea acaacaagga
2041 cgacaatcga gectcagaca acaatcaaca atcageagat totgaggaac aaggaggtea
2101 atacaactgg caccgaggee cagaacgtac gaccgecaat cgaagactct caccagtgea
2161 cgaagaggac accettatgg atcaaggtga tgatgatece tcaagettac cteegeigga
2221 atctgatgat gacgatgeat caagtageca acaagatccec gattatacag ctgtigeeee
2281 tectgetect gtataccgea gtgeagaage ceacgagect coccacaaat cetcgaacga
2341 gecagetgaa acatcacaat tgaatgaapa coctgatate ggteaatcaa agtetatgea
2401 aaaatiagaa gagacatatc accatctget gagaactcaa ggtceatitg aagecatcaa
2461 ttattatcac atgatgaagg atgageeggt aatatitage actgatgatg ggasggaata
2521 cacctaceeg gatteacttg aggaagecta tectocatgg cteaccgaga aagaacgact
2581 ggacaaagag aatcgetaca titacataaa taatcaacag ttcteetgge ctgteatgag
2641 tcccagagac aaatticttg caatcttgea geaccatcag taaccacage acaaagegeg
2701 gtecacttcg taaagctaaa tacacttaag actigaccga ttcatctaca aaaactaatc
2761 cattataact tattagtgct acttitctat aagtgattct taatctaagg ceattaagag

2821 tttaagtaat atacatatac acttacaccg gtctatccaa gatgtgpctc aatgticitg

2881 atttgaacat agtcataagg ggataaataa tactitatat ttetgattgt ggattgacce

2941 attetgctta aaatgettcg cocattgaaa atgtgatcta atagatagee ctgactagac
3001 aaattangaa aaacatttga tgaagattaa aaccttcatc gecagtaaat gaftatatig
30061 tetgtaggcea gatgtttact ceaccttaaa titggaaata tectacetta ggaccattgt

3121 caagaggtge ataggeatta ceaccettga gaacatgtac aataataaat tgaaggtaty
3181 ttcaggeeca gaaacgactg gatggattic tgageaactt atgacaggta agattccagt
3241 aactgatata ttcattgata ttpataacaa gecagatcaa atggaagtee gactcaaacc
3301 atcatcaagg agctcaacaa gaactigtac aagtageagt cagacggagg tcaactatgt
3361 accictectt acaaaggitg aggatacatt aactatgota gigaatgeea ceagtogtea
3421 gaatgcetgca atcgaggece ttgaaaaceg ceteageaca citgagagta gettaaagee
3481 aatccaagac atgggtaaag tgatttcate attpaatege agtigtgecy aaatggitge
3541 anaatatgat cttctagita tgacaactgg acgggctact tcaactgeag ctgeagtaga
3601 tgeptattge aaagagcaca aacagecace accagggeca gegttptatg aagagaatge
3661 gettaaagga aaaatcgatg atcctaacag ctatgtacea gatgetgtge aagaggctta
3721 caagaacctt gacagtacat cgaccctgac cgaggaaaat titgggaaac citatatatc
3781 tgctaaagac ctgaaggaga tcatgtatga tcatctacet gpttttggea cigecttica
3841 ccaactigtt caagtgatit gtaaaatagg aaaggataac aacctittgg acacaatcea
3901 tgctgagttc caggcaagtc tagcagatgg tgactetcee caatgtgeac tcatacagat
3961 aaccaaaagg gtcccaatet ttcaggatgt geegececeg ataatceata ttagateceg
4021 tggtgacatc ccacgageat gecaaaagag totecgacea geaccaceat cacccaaaat
4081 tgatcgtggt tggatttett totttaagat gcaagatget aasacgettg gacttaagat
4141 ctaagaatca agatttattt aacaaggeaa gecacaacct tagatggaac cteagecaga
4201 ctattgaact attgacgctg ttgatgataa tatataatta atggtcttat ttgaatatga
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4261 caacatcttg cttcttgitc tgcettgtag ctetttgaat tggaagatca ttecaaactt

4321 acaaacatgc acaagatgtt atggtttage aaagaattga taggagtact ggtatataat
4381 gtaaatataa caagtgatga agattangaa aaaccagtcg gtatttteca gacttggeat
4441 ttettatett catcttctaa agtgagatat titatcatea aasaatgagg cgeggagtst
4501 taccaacgge toctccagea tataatgata tigeataces tatgageata cteccaacce
4561 gaccaagtpt catagtcaat gagaccaaat cagatgtact pgcagigeca ggggeagatg
4621 ttccatcaaa ctecatgaga ccagtggety atgataacat tgateactca agecatactc
4681 caagcggagt agetictgec fitatattgg aagctacagt gaatgtaatt tegggaacaa
4741 aagtcctgat gaagcaaata cctattigge ticcactggg tgtagetgat cagaagatat
4801 acagctitga ttcaacaaca geegeaatta tgtiggettc ctacacagig acacacticg
4861 ggaagatatc taaccegety gtacgtgtca acaggetagg ccoaggaata cocgatcate
4921 cgttceggct cetgaggitg gacaaaaaag cgttocttce cggptttgtt cttccaccag
4981 tccagetice coagtatite acatttgate taacagetct aaageteatc actcaaceat
5041 tgecagetge aacctggaca gacgaaactc cageaggage agtcaatget cttegtectg
5101 ggctetcact ccatcocaag cttegtecaa ttetectgee ggggaagaca ggaaagaaag
5161 gacatgcttc agacttaaca tcacctgaca agattcaaac aatcatgaat geaatacegg
5221 acctcaaaat tgiccegatt gatccaacca agaacatagt tggaattgag gttccagaat
5281 tactagitca aaggetgace ggoaaaaaac cacaacccaa aaatggecaa ceaattatic
5341 cagttcttct tcogaaatat gttggacttg atectatate geeaggggac ttaactatgg
5401 ttatcaccca ggattgteat teatgocact ctecageocag coatacgtat cacatggaca
5461 agcagaatag ttaccaataa titaaatice attcgageta ttattetget agtaattceg
5521 acgggatcaa tagactaaaa atctgattgt atagaattat anaagaatca agcagaggcea
5581 acagactcac agettacgee tapataacta atattaagga gttttttaat ctaatitice
5641 agtcttgagt aataatcatt tctittgtaa ttaattatge atttgttaac ttatcggtec

5701 gagatttcet tgagaacceg geggagettc tactatetge agtaaccaga agagaagttc
5761 aacccagtca aaactaaacc aagcaatatt ctgaatgetc tatagtctat tctaatcaga
5821 gptataacaa tggotaagat ticaatgact cgttaacaat cgetagtaat tttaatetee
5881 agattaagaa aaagatatac gatgaagait aaggegacaa cgagoegaaa cticatctet
5941 titaaagatc taacattatc tgitccaaag tcalacaagg acacattcaa atcagggatt
6001 gtaagcetget atttcttace tecccanatt acctatacaa catggggica ggatatcaac
6061 ttctceaatt gectegggaa cgttttcgta aaactiogtt cttagtatgg gtaatcatee
6121 tcttccageg ageaatetec atgecgettg gtatagtgac aaatageact ctcaaageaa
6181 cagaaattga tcaatiggit tgtcgggaca aactgtcatc aaccagtcag ctcaagtetg
6241 tgggactgaa tetggaagpa aatggaatty caaccgatgt cccatcagea acaaaacget
6301 ggggatitcg ttcaggtptg cotecccaagg tggloageta tgaageegga gaatgggeag
6361 aaaattgeta caatctggag atcasaaagt cagacggaag tgaatgecte coteteccte
6421 cogacggigt acgaggatte cctagatgte getatgtcea canagtican ggaacaggte
6481 ctigtcetgp tgacttaget ticcataaaa atgggectit ttcttgtat gatagattgg

6541 cctcaactgt catctaccga gggacaactt ttgetgaagg tgicgtagct tttttaatte
6601 tgtcagagee caagaagcat tittggaagg ctacaccage tcatgaaccg gtgaacacaa
6661 cagatgattc cacaagctac tacatgaccc tgacactcag ctacgagatg tcaaatiitg
6721 ggpgeaatga aagtaacacce ctftttaagg tagacaacea cacatatgtg caactagatc
6781 gtceacacac teegeagttc cftgttcage teaatgasac acttegaaga aataategee
6841 ttagcaacag tacagggaga ttgacttgga cattgpatee tagaattgaa coagatgttg
6901 gtgagtgggce cttctgggaa sctaaanaaa citttcccaa caacticatg gagaaaactt
6961 geatttceaa attctatcaa cccacaccaa caactectca gatcagagec cggegggaac
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7021 tgiccaagga aaaattaget accacccace cgocaacaac teogagetgg tiecaacgga
7081 ttceceteea gtggtitcag tgetcactge aggacggaca gaggaaatgt cgacccaagg
7141 tctaaccaac ggagagacaa tcacaggttt caccgogaac ccaatgacaa ceaceattge
7201 ccoaagtcca accatgacaa gegaggtiga taacaatgta ccaagtgaac aaccgaacaa
7261 cacageatce attgaagact coccceccate gpeaageaac gagacaaftt accacteega
7321 gatggaiceg atccaagget cgaacaactc cgeecagage ceacagacca agaceacgee
7381 agcacceaca acatcccega tgacceaga Ccocgeagag acggeeaaca geageasice
7441 aggaaccagce ccaggaageg cageeggace aagteageee ggactcacta taratacagt
7501 aagtaaggta getgattcac tgagicecac caggaaacaa aagegategg ticgacaaaa
7561 caccgcetaat aaatgtaace cagatcttia ctattggaca gelgttgatg agggggcage
7621 agtaggattg geatggattc catatitcgg acctgeagea gaaggeatct acatigaggg
7681 tgtaatgcat aatcagaatg ggettatttg cgggotacgt cagetageca atgaaactac
7741 ccaggcetett caattattic tgcgggecac aacagaactg aggacttact cactictiaa
7801 cagaaaagct attgattitc ttcticaacg atggggaggt acctgicgaa tectaggace
7861 atettgttge attgagecac atgattggac saaaaatatt actgatgaaa ttasccaaat

7921 taaacatgac tttattgaca atcccctace agaccacgga gatgatetta atetatggac
7981 aggttgpaga caatggatce cggetpgaat tgggattatt ggagttataa ttgetataat
8041 agccctactt tgtatatgta agatitigtg itgatitatt cigagatctg agagagaaaa

8101 atcteagggt tactctaagg agaaatatta titttaaaat ttacttgaat getgaceact

8161 tatcttaaat gagcaattaa taatatgtit tictgettct ttgettgatt tacaataiga

8221 tatttctctt aataatgatt aatatatiaa gaaaaactia tgacgaagat taaaggagag

8281 gategttaac gggaaaacct ceoatetegt tegtegaage cacgttgety stacttgcag

8341 ctgagaacaa clccagagat tgtaggtaga aaggaccaac atitataggt aggggteaga
8401 aagcaacaat aaccatasaa ggagagectg acattgetat ttaatatcet agaacctgat

8461 ttetaggttc tagetttaaa atcoggatga tggageatic aagagaacgg ggtagateta
8521 geaacatgep acataatage cgggaaccat acgaaaatce atcaaggtct cgetcatiat
8581 ctegggacce taatcaggtt gatcgtagac agectegaag tgeatcecaa attegigite
8641 cgaatctgtt ccatcggaaa aagactgatg cactcatagt tecteegact cctaaagata
8701 tatgeccaac actcaaaaaa ggattectet gegatageaa attttgcaaa aaagatcace
8761 aattggatag cttaaatgat catgaattac tactgctaat tgeaagaaga acatgiggaa
8821 ttatcgagag caattegeag attacatcce caaaagatat geggtiageg aatccaacag
8881 ctgaagactt ctecacatggt aatagtccta aattaacact tgeagtectt citcaaattg
8941 ctgaacattg ggcaaccaga gacctaagge aaatigagga cictaaactt agagetettt
9001 taacccitig tgeogtatta acaaggaaat titctaaatc coaactgget cttctatgly
9061 agacccacet acggeatgag ggocteggac aggaccaage tgatictgta ttagaggtct
9121 accaaagact ccacagtgat aaaggaggega aftitgagge tgeectgteg caacaatggg
0181 accgacagtc attaataatg ttcatetetg citttcteaa cattgetete cagatacett
9241 gtgaaagttc tagtgtcgta gictcaggte ttgecacatt gtacccagea caagacaatt
9301 ctacaccatc cgaggcaact aatgatacca cctggtcaag tacagttgaa tagaaaacca
9361 ctggagetat tittccacga ttgetctoag tcaataaatt aatatagata taatacgact
9421 teggtgtgea attgtcaaga gitccattia gtaataatga ticitaaaac aatctactat
9481 cgcaattatc gatggateta ceclatitga cgglacatga ctigaatgta ataaggtaag
0541 tiggtatotg agglatittg tctagagtat acleaaaate gtatgtotag caaattatea
9601 atagcaaagt taaattctee taacctcata ttttgatcaa gtaatcatga tittatgata

9661 attcititca gattatcggt ttaatctita ttaagaaaaa atcatgatty tagacaatit

9721 actggtagtc ctigggtatc caagtttatg aatagageta gagagaatit getacticeg
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9781 aggtataact ttattatitg ciacttcgaa tgectanaac cagtaatgea ggatgaagat
9841 taattgegga gpaatcagga attcaacttt agttocttaa ggectegtec gaatettcat
9901 cagttcgtaa gttctittat agaagtcatt agetictaag gtgattatat ttaptatta

9961 aatittgcta attgettget atanagttga aatgtctaat gottaaatga acactittit
10021 gaagctgaca tacgaataca tcatatcata tgaaaacatc geaattagag cgtecttgaa
10081 gtctggeatt gacagtcace aggotgtict cagtagtotg teottggaag ctottggega
10141 gacaazaaga ggtcecagag agtcecaaca ggttgpcata agptcattaa caccagceata
10201 gtcggetega ccaagactgt aageggsteg atttcaacta aaaagattat ttettgitgt
10261 ttaaacaaat tccttttgtg tzagacatec tcaaggeaca agatggetaa agecacagge
10321 cgatacaate tcgtgeccee anagaaagat atggaaaagg gagtgatttt tagtgatctt
10381 tgtaatitct tgattactca aacectgoaa ggttggaage tttattgpsc aggaatigag
10441 tttgatgtaa gtcaaaaagg catggcetctt cigacaagac tcaaaacaaa tgacttiget
10501 cotgectggg cgatgacaag aaatctitic ccacatetgt tccagaacce aaatteggit
10561 attcaatcte ceatctggge titgaggeta attttggcag coggattgea ggatcagttg
10621 ttagaccatt cattggttga gecattgaca ggggcicteg gictaatttc tgattggete
10681 ctaactacaa cgtcaacaca {tteaatctt cgtactagaa gegtaaagga coagettagt
10741 cttcgtatgt tatctttgat caggtcaaac atcttgeagt tcatcaacaa gottgacgee
10801 ctgcatgttg tcaattacaa tggtitacte agtagtattg agatcgggac ttetacacac
10861 acaatcatta taactcgtac aaatatgggt tttctcgtgg aagticaaga gectgacaaa
10921 tcagctatga attctaageg cccaggacca gicaagitct cattactica tgagtetgec
10981 ttcaaacctt teactcgtgt tecacaatcet gggatgeaat cattaataat ggagttcaac
11041 agtttgitpe caatttaaca aggtaatctt aaaataagta catgaatgag aattapttot
11101 gggtcttate tageattgtt gagttaacta tetaatetat tttegetaat tgeattgage
11161 actgctaata ggtttptatc acgttaaaga titggagtpt atgaattgtg cagatttasa
11221 cttggatttt gecttatget tcataggtgg tetittigaa atggagatta tcageatttc
11281 ttaaatggea ggagtiagea atcagaaatt ggagataaat ggacatcggy atagaacaat
11341 gectaactat tgggcggett ccattittac atgtgtatat aaccaatett ticctatett
11401 tgcttatatt ggtptaactt tattttaata acatgtcaat gctatactgt taagagaagg
11461 {ctgaggaag attaagaaaa aggeetegtg ttcacttggt tgocgteaag tatectglgg
11521 tittttteta cetaacttee teatgeeata tggetaccea geatacecag tacecggatg
11581 cacgtttatc cteacctata gtoctggate aatptpattt ggtaactcga geatgtggat
11641 tatattcate tiatictcta aatcetcaac taaggcaatg taaattacca aaacatatat
11701 atcgacttaa gttcgacaca atagiatcea aattectaag tgatacacct gtageaacac
11761 tgeopataga ctatttagta ccaattetec tgegitcoct aacggggcac gptgatagge
11821 cattgaccce gacttgeaat caattecttg atgaaattat taattacact cticatgatg
11881 cagcctttct tgattactat cicaaggeaa caggtgeaca ggaccatttg acaaacattg
11941 caactagaga gaagcttaaa aacgaaattc taaacaatga ttatgtocat caattgttet
12001 tetggcatga cetitctatt ttggetegac gtgggegtet gaategeggg aacaacegit
12061 caacctggit tpttcatgat gaattcattg atattttagg atatggegat tatattittt
12121 ggagaatacc titatcatta ttaccagtta ctatagacgg ggicecacac geageaacig
12181 actggtatca acegactett titaaagaat ccatcetagg geatagecaa atectatetg
12241 tgtcaacage tgaaatacta attatgtgta aagatattat cacctgtagg tttaatacat
12301 cactgattge atccattgea aaattagagg atgtagatgt gtctgattat cctgaceega
12361 gtgatatict taagatatac aaigctggag actatgtaat atctattctt ggetcagagg
12421 gftataagat aataaagtac ctigaaccac titgtitggc caaaatccaa ctitgeteta
12481 aattcacaga aagaaaaggt cgtttcctea cacagatgeg tttatcagta ataaatgate
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12541 ttcgggagtt gatttctasc cgeaggttaa aggactatea geaagagaag attagagatt
12601 ttcacaaaat attattacaa ttgcaattat cicctcaaca gtittgigaa ttattetetg

12661 ttcaaaaaca ttggggecat ccaattitac atagtgagaa agetatacaa aaagtaaaac
12721 ggeatgeaac catccttaag getctcagac ctaatgteat ctttgagaca tattgtgtat
12781 tcaagtacaa tattgccaag cactatitcg acagecaagg aacttggtac agigtaatct
12841 cagacaggaa titaacteca ggacteaact cogteataaa acgiaateac tttecttcac
12901 tacccatgat taaggatcett ctatgggaat totatcatet taatcacoct cegitatict
12961 ctacanaggt gattagtgac ttaagtattt toatcaaaga tagggecaca getgtigaac
13021 agacatgttg ggatgeagtc tttgaaccea atgtgetagg ttacaatcct ccanacaaat
13081 tctccactaa aagggtgecg gaacaatitc tagaacaaga ggattittca atcgaaagtg
13141 tcctgaatta tgcacaggaa tiacattatt tattaccaca gaataggaat ttticctttt
13201 ctctcaaaga aaaggaatta aatattggac gaacatttgg gaagcetacca tafctcacac
13261 ggaatgtcca aactttatgt gaggctetgt tagcagatgg actggecaag gecttcceea
13321 gtaacatgat ggtagtaact gaacgiggac aaaaagagag ccttettcat caggeatcat
13381 ggeaccacac cagtgatgat tttggagapa atpctacegt togagggagt agtittotaa
13441 ctgatitapa paagtacaat ctigcattte getatgagit cactgeacca titattgagt
13501 actgcaacca tigetatggt gtgegtaatg totttaattg gatgeatiat tiaatccoge
13561 agipttacat geatgtaagt gattattata atccgectea caatgttaat cttageaate
13621 gagaatatce toctgaagge ccgagttegt accgagggcea cttaggagec atagagggat
13681 tacaacaaaa actgtggacg agtatatcct gtgcacaaat ctecttagtg gaaattaaaa
13741 ctggttttaa gttacgatca geggtcatgg gagacaatca gtgtataace gtattgtetg
13801 tttttceact tganacagac cctgaagage aggageaaag cgecgaagac aatgetgeaa
13861 gagtagcage aagtottgea asagtaacca gigeatgtgg gatcttictt aaaccagatg
13921 agacattigt acactcaggt ttoatitatt tcggaaaaaa acaatatctc aatggtgtac
13981 aattaccgea atcactcaaa acageageaa gaatggeace actetetgat gotatatteg
14041 atgatctaca aggaacactt gccagtattg gaactgectt cgaacgtgcet atatcggaaa
14101 cgcgacatat ccteccatgt cgtattgtag cagetticca tacgtatttc gecgticgga
14161 ttttacaata tcaccatctt ggatttaata aaggcatcga titaggacag ttgtcactta
14221 gtaaaccatt agactatggg actattactc taacattgge ggttccacaa gtectigggg
14281 gattgtcttt tctaaatcca gaaaagtgtt tttatcgaaa ctteggagat cetgtgactt
14341 ctggactitt ccagetacgg gtgtacctag aaatggitaa catgaaagac clatttigtc
14401 catiaatatc gaaaaatcca ggaaattgta gtpccatiga tiitgictta aatccatecg
14461 gattasatgt tccaggatca caagactiga catectttit gegacaaate gttaggegta
14521 gtattaccct aactgetaga aataagttaa ttaacactct cticcatgee tetgetgatt
14581 tggaagatga gatggttigt aagtggctce tttcatcaaa cectgteatg agtegettig
14641 cagcggatat titttccagg acaccgagtg gtaaacgtct ccaaatatta ggttatcttg
14701 aagggaccag gactctattg gectccaaaa teataancaa caacagtgag acacctgtac
14761 tigataagcet gaggaagatc accctacaaa gatggaatct gtggitcagt tatttggace
14821 attgtzacea attactagea gatgetctac agaaaattag ttgcacggty gatttggeeo
14881 agattitgog tgagtataca tggloacaca tottagaggg tagalcattg atcggagega
14941 cattaccatg tatggtgeag caattcaaag ttaagiggct aggacaatat gaacctigtc
15001 cagaatgtct caacaaaaaa ggetcaaatg cttatgictc agtigeagic aaagatcaag
15061 tggtcagtge ttggcctaat acttctegaa taagttggac aatagggagt ggtgteccct
15121 atataggptc aagaaccgag gataaaatcg gacagectge tatcaagecg cgatgeeott
15181 catctgeect caaggaggcet atagaattag catcaaggcet cacttgggtt acacaaggag
15241 gtictaatag tgaacaatta atceggcectt tettggaage gagagteaac cttagtgica
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15301 gtgaagtcet geaaatgaca ccatcacatt attcaggaaa tattgtccat cgatataacg
15361 accaatacag ccogeactca titatggega ategeatgag caatactgeg accegtetea
15421 tagtgtcaac taatacactt ggagaaitit caggtggage geaggecgec agggatagea
15481 atataatttt ccagaatgtt ataaatttag cagttgccect ttatgatatt agattccgga
15541 atacaaacac ctctgatata aggcataata gggctcatet tcacctgaca gagtgetgta
15601 ctaaagagpt cccggeccag tatttgacat atacaagtge acttaatetg gatttgagec
15661 gitatcgtgg taatgaacta atatatgact caaatccact gaagggagga ttgaactgea
15721 atitaacaat agatagtcet ttagtgaage gtoctagget taacatgatt gaagatgate
15781 tictcegett tecacaccit tetggatgge agttagepaa aacggtggta caatccaica
15841 tctcagacaa tageaactca tcaacagate caatcagtag cggagaaaca cgetctitca
15901 caactcatit tetcacitac coteagattg gecticttita cagfttegga geagtattat
15961 gettitatct aggeaatact atoctatgga ctaaaaaact tgattacgac cagtitetat
16021 attatitgea taaccagetg cacaacttac cteategage acteegtgtt tttaaaccaa
16081 catttaagca tgccagtgtg atgiccegat taatggaaat tgattctaac tictcaattt
16141 atattggcgg gacatctgga gatcgaggge tgtotgatge tgetegactg tticttegga
16201 cagcaatcge gagtitttta caatitctta aaagctggat catcgatcge caaaagacaa
16261 ticctttatg gatagtatat cogettgaag gtcaacagec ggaatccate aatgaattic
16321 tacataaaat tttgggtetg ctcaaacaag gecocaaaag taticcaaag gaggteagea
16381 tccaaaatga tggacatitg gatttggcag anaataatta tgittacaat agtaagagea
16441 ctgctagtaa titcttceat geatecttag cttactggag aagtaggaaa teteggaaaa
16501 cteaagacca taatgatitc tcaagaggeg atggaacact tacagaacee gtgegtaagt
16561 tttcaagcaa tcatcagtea gatgeaaagt actacaatgt gacatgtgga aagtcaccga
16621 agecgeaaga acgeaaagac ttctegeaat acagacteag caataacggg caaacaatga
16681 gtaatcatcy taagaaaggp aagttccaca agtggaatce ctgeaaaatg ttaatggaga
16741 gicaaagggyg aactgticta acagagggtg actactitca aaacaatact ccaccaacag
16801 atgatgtatc aagtccteac cgacteatte taccattitt taaattggga aatcacaace
16861 atgcacatga tcaagatgec caagaattga tgaatcaaaa tattaagoag tacctacatc
16921 agctaaggtc tatgttggac accactatat attgtagatt cacagpgata gtcteateca
16981 tpcattacaa attggacgaa gttettctag aatacaatag titcgattca getateacat
17041 tagctgaage tgagggetca gggpotetat tactitigea aanatatagt acaaggttat
17101 tatttttgaa cacatiggea acagaacaca giatagaatc agaagtigta teaggttttt
17161 ctactcogag aatgtigita coaataatge aaaaggitca tgaaggacaa gteactgtta
17221 tcitaaataa ttcatcaagt cacataactg acataactag ctcaatgigg claagtagta
17281 atcaaaaata taatctacct tgtcaagitg aaatcattat gatggatget gaaacaacag
17341 agaacttaaa caggtcecaa ctetaccgag cagtatataa ctiaatactt gatcacattg
17401 atccgeagla tetcaaggtg gtggtactca aagtatitet gagtgatata gaaggaatat
17461 tatggattaa tgattacttg getceattat toggggetgp ttacttgatt aaaccgatta
17521 catcaagtge ceggteaagt gaatggtace titgettate aaatitgata tetactaaca
17581 ggagatcgge ceatcagact cacaaggeat gtetiggtgt tatcagagat getttgeaag
17641 cacaagicea gegaggegtg tactggtiga gteacatege acagtatget acazagaate
17701 tccatigtga atacatagge cttggtitce catctetaga asaggtocta fatcacaggt
17761 ataatctagt tgatactgga ctcggtocat tgtcgteagt tattagacat ttaactaace
17821 tccaggcaga gatacgagac ttagtattag attataacct gatgagggag agtegeacic
17881 aaacgtacca tiitattaag actgcaaaag geagaatcac aaagitagtc aatgactttc
17941 tgaagtttic titaattgtc caggeactca aaaataattc ttetiggtat actgagctta
18001 aaaaattacc tgaggitatt aatgtgigta atcgatitta tcatactcac aattgegaat

Jip 100



U.S. Patent Dec. 29, 2015 Sheet 32 of 123 US 9,222,118 B2

18061 gicaggaana attctitgic cagacgcttt atttacaacg cctacgegat geagaaatca
18121 agctaattga acgceettace gggttaatge gattttatec agaagggtta atatattcca
18181 atcacacata ggtactaaat catcatagta tgaggaataa gataatgata attcetgacg
18241 acagttttag ttcegattct aagtatatcg gaagagagta tgceaatott aaltgttaga
18301 ggtaacaage tattagttat tacttatiga taagaataca ctitatcata gegtaacaca
18361 teataactit ataacgatit tgcatitcta atcctagtat tattagaat gtactaccag
18421 agaaatgacc ccagticcta tetttaaata atgattgtgt gtattaaatt attagtttat
18481 taggtttatg agitggttac acagtgagta ttagtaattg aggattatpt apataggtaa
18541 tctaacactg aatcacceat ctgatgtcac catatccaaa tgttgtgeta gtegcattta
18601 aacatgctat cticagttaa gtaacatagg ctgaaaatge taagaagaga {tggagtaaa
18661 agtataaaat anatitaatt anacttcana gtgattasat gataatgatc tigggaactc
18721 gatatgacet caagicaasa ataatgtcaa tataatigtt tagtaatatg agtgataatg
18781 taaatitiga taactaacia getttagtag ttaagatcaa atgcaaacat tataagaatg
18841 ttaagegcac acaaaaacat tataaaaaac caattitttc cttitigtgt gteca (SEC 0 NO: 5)

VP 30!

MMEHSRERGRSSNMRHNSREPYENPSRSRSLSRDPNQVDRRQPR
SASQIRVPNLFHRKKTDALIVPPTPKDICPTLKKGFLCDSKFCKKDHQLDSLNDHE
EEIARRTCGHESNSQITSPKDMRLANPTAEDFSHGNSPKLTLAVLLQIAEHWATR
E(BIEDSKLRALLTLCAVLTRKFSKSQLGLLCETHLRHEGLGQDQADSVLEVYQRL
gf}r()}NFEAALWQQWDRQSLIMFISAFLNIALQIPCESSSVVVSGLATLYPAQDNST
ATNDTTWSSTVE (SEQ 1D NO: 6

AY142960

1 cggacacaca aaaagaaaga agaattttta ggatcttttg tgtgcgaata actatgagga

61 agattaataa titicctete attgaaattt atatcggaat ttaaattgaa atigttactg

121 taatcacacc tggtttgttt cagagecaca tcacasagat agagaacaac ctaggtetee
181 gaagggagca agggcatcag tgtgctcagt tgaaaatece ttgtcaacac ctaggtetta
241 tcacatcaca agttccacct cagactetge agggtgatec aacaacctia atagaaacat
301 tatipitaaa ggacageatt agttcacagt caaacaagca agattgagaa aacctigg
361 tittgaactt gaacacttag gggatigaag attcaacaac cotaaagett ggggtaaaac
421 attggaaata gttaaaagac aaattgctcg gaatcacaaa attccgagta tggattcteg
481 tcctcagaaa atctggatgg cgecgagict cactgaatet gacatggatt accacaagat
541 citgacagea ggtetptecg ttcaacaggg gattgttcge canagagica teecagigta
601 tcangtaaac aatctigaag asatttgecn acttatcata caggcectitg aageaggtgt
661 tgattttcaa gagagtgcge acagtticet teteatgett tgtetteate atgeptacea

721 gggagattac aaacttttct tggaaagtgg cgeapteaag tatitggaag ggcacgggtt
781 ccgttttzaa gicaagaage gtgatggagt gaagegectt gaggaattge tgecageagt
841 atctagigga aaaaacatta agagaacact tgetgecatg coggaagagg agacaactga
901 agctaatgee ggteagitic tetectttge aagtctatte cticcgaaat tggtagtagg
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961 agaaaaggct tgcecttgaga aggitcaaag geaaattcaa gtacatgeag agcaaggact
1021 gatacaatat ccaacagcett ggcaatcagt aggacacatg atggtgattt teegtitgat
1081 gcgaacaaat titetgatca aatttctect aatacaccaa gggatgeaca tggtigeogg
1141 gcatgatgee aacgatgetg tgatttcaan tteagtgget caagotegtt tttcaggett

1201 attgattgtc aaaacagtac tigatcatat cctacaaaag acagaacgag gagticgtet
1261 ccatcctott geaaggaccg ccaaggtaaa aaatgaggtg aactcctita aggetgeact
1321 cagetcectg gecaageoatg gagagtatge tectttegoc cgacttitga accittctgg
1381 agtaaataat cttgagcatg gicttticec tecaactatcg geaattgeac teggagtege
1441 cacagcacac gggagtacce tcgeaggagt aaatgtigga gaacagtatc aacaacicag
1501 agaggctgece actgaggetg agaageaact ccaacaatat geagagtete gegaacttga
1561 ccatcttgga cttgatgatc aggaaaagaa aatfottatg aacttceatc agaaaaagaa
1621 cgaastcage ttccageaaa caaacgctat ggtaactcta agaaaagage geetggecaa
1681 getgacagaa getatcactg ctgegteact geccaaaaca agtggacatt acgatgatga
1741 tgacgacatt ccetttccag gacceatcaa tgatgacgac aatectggee atcaagatga
1801 tgatccgact gactcacagg atacgaccat tccegatgtg gtggttgate cogatgatgg
1861 aagctacgge gaataccaga gttactcgga aaacggeatg aatgeaccag atgacttggt
1921 cctattegat ctagacgagg acgacgagga cactaageca gtgeetaata gatcgaccaa
1981 pgptggacaa cagaagaaca gicaaaageg coeageatata gagggeagac agacacaate
2041 caggccaatt caaaatgice caggecetca cagaacaatc caccacgeca gtgegecact
2101 cacggacaat gacagaagaa atgaacecte cggeteaace agecetegea tgotgacace
2161 aattaacgaa gaggeagace cactggacga tgecgacgac gagacgicta gecttcegee
2221 cttggagica gatgatgaag agcaggacag ggacggaact tccaaccgea cacceactgt
2281 cgeeecaceg getecegtat acagagatcea ctotgaaaag aaagaactce cgeaagacga
2341 geaacaagat caggaccaca ctcaagagge caggaaccag gacagigaca acacceagtc
2401 agaacactct titgaggaga tgtatogeea cattetaaga tcacaggggc cattigatge
2461 tguttgtat tatcatatga tgaaggatga goctgtagit ticagtacea gtgatggcaa

2521 agagtacacg tatccagact coettgaaga ggaatatcca ccatggetea ctgaaaaaga
2581 gpctatgaat gaagagaata gattigttac attggatggt caacaatitt attggecggt
2641 gatgaatcac aagaataaat tcatggcaat cctgeaacat catcagtgaa tgageatgga
2701 acaatgggat gattcaaceg acaaataget aacattaagt agtcaaggan cgasaacagy
2761 aagaattitt gatgtctaag gtgtgaatta ttatcacaat aaaagtgatt cttattittg

2821 aatttaaagc tagcttatta tfactageeg tttttcaaag ticaatttga gtettaatge

2881 aaataggegt taagecacag tatagecat aattgtaact caatatteta actagegatt
2941 tatctaaatt aaaftacatt atgettitat aacttaccta ctageetgee caacatttac

3001 acgatcgttt tataattaag aaaaaactaa tgatgaagat taaaacctic atcatectta

3061 cgteaattga attotctage actcgaaget tattgtictic aatgtasaag aaaagetggt
3121 ctaacaagat gacaactaga acaaagggea ggggocatac tgeggecacg actcaaaacg -
3181 acagaatgee aggecctgag ctttegggct ggatetctga geagetaatg accggaagaa
3241 ttectgtaag cgacatctic tgtpataitg agaacaatee aggattatge tacgeatcee
3301 aaatgcaaca aacgaagcca aaccegaaga cgegeaacag tcaaacccaa acggacceaa
3361 titgoaaica tagtitigag gaggtagtac asacattgge ticatigect actgtiptge

3421 aacaacaaac catcgcatca gaatcattag aacaacgeat tacgagictt gagaatggtc
3481 taaagccagt ttatgatatg gcaaaaacaa tctecteatt gaacagggtt tgtgctgaga
3541 tggttgcaaa atatgatctt ctggtgatga caaccggteg ggeaacagea accgotgegg
3601 caactgaggce ttattgggee gaacatggte aaccaccace tggaccatea ctttatgaag
3661 anagtgcgat tegggataag attgaatcta gagatgagac cgtecctcaa agigtiaggg
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3721 aggcattcaa caatctaaac agtaccactt cactaactga ggaaaatttt gggaaaccty
3781 acatttcgge aaaggatitg agaaacatta tgtatgatca cttgectgpt tttggaactg
3841 cittccacca attagtacaa pigatitgta aattgggaaa agatagcaac tcattggaca
3901 tcattcatge tgagttccag gecageotgg ctgaaggaga ctetectcaa tgigeectaa
3961 ttcaaattac aaaaagagtt ccaatcttce aagatgetge tecacetgtice atccacatce
4021 getctcgagg tgacaticce cgagettgoe agaaaagelt gogiccagte coaccatege
4081 ccaagattga tcgaggtigg gtatgtgtit tteagetica agatggtaaa acacttggac
4141 tcaaaatitg agccaatete cettecctee gaaagaggeg aataatagea gaggeticaa
4201 ctgctgaact atagggtacg tiacattaat gatacacttg tgagtatcag ceotggataa
4261 tataagtcaa ttaaacgacc aagataaaat tgttcatatc tegetageag cttaaaatat
4321 aaatgtaata ggagctatat ctotgacagt attataatca atigttatta agtaacccaa
4381 accaaaagtg atgaagatta agaaaaacct acctcggetg agagagtett tittcattaa
4441 ccttcatctt gtaaacgttg agcaaaattg ttaaaaatat gaggcggett atatigecta
4501 ctgetectee tgaatatatg gaggecatat accetgteag gteaaattea acaattgeta
4561 gaggtggcaa cageaataca ggettectga caccggaglc agicaatggg gacactceat
4621 cgaatccact caggeceaatt gecgatgaca ccatcgacea tgeeagecac acaccaggea
4681 gtetgtcate ageaticate ciigaageta tggtgaatgt catatcggge cccaaagtge
4741 taatgaagca aattccaatt tggeticetc taggtgtege tgatcaaaag acctacaget
4801 ttgactcaac tacggoegee ateatgettg cticatacac tatcacceat tieggeaagg
4861 caaccaatce acttgteaga gicaatcgge tgggtectgg aatcocggat cateccctca
4921 ggctcetgeg aattggaaac caggetitoc tecaggagtt cgticttecg ccagtecaac
4981 taccccagta titcacettt gatttgacag cactcaaact gatcacccaa ccactgeetg
5041 ctgcaacatg gaccgatgac actecaacag gatcaaatgg agegttgegt ccaggaatit
5101 catttcatce aaaacttcge cecattettt tacceaacaa aaglgggaag aaggggaaca
5161 gtgcogatcet aacatcteeg gagasaatec sageaataat gactteacte caggacitta
5221 agatogttce aattgatcea accaaaaata tcatgggaal cgaagtgeca gaaactetpg
5281 tccacaaget gacoggtaag aaggtgactt ctaaaaatgg acaaccaate atceetgtic
5341 ditgccaaa gtacattggyg tiggaccegg tggetccage agacctcace atggtaatca
5401 cacaggattg tgacacgtgt cattctectg caagtetice agetgtgatt gagaagtaat
5461 tgcaataatt gactcagatc cagttttata gaatcttctc agggatagtg ataacatcta
5521 tttagtaatc cgtecattag aggagacact titaattgat caatatacta anggtgetit

5581 acaccatigt ctittttctc tectaaatgt agaacttaac aaaagactca taatatactt

5641 gittttanag gattgattga igaaagatca taactaataa cattacaaat aatcctacta
3701 taatcaatac ggtgattcaa atgtiaatet tictcattge acatactitt tgeccttate

3761 ctcaaattge ctgoatgett acatctgagg atagecagtg tgactiggat tggaaatgty
5821 gagaaaaaat cgggacceat ttetaggtig ttcacaatee aagtacagac attgeocttc
5881 taattaagaa aaaatcggcg atgaagatta agecgacagt gagegtaate ttcatetete
5941 ttagattatt tgftttccag agtaggggte gtcaggtect tttcaatcgt gtaaccaaaa
6001 taaactccac tagaaggata ttgtggggca acaacacaat gggegttaca ggaatattge
6061 agttaccteg tgatogatte aagaggacat cattcttict tigggtaatt atccltttee

6121 aaagaacatt ttccatccea cttggagtea tccacaatag cacattacag gttagigatg
6181 tcgacaaact agtttgtogt gacasactgt catecacaaa tcaattgaga teagtiggac
6241 tgaatctoga agggaatgga giggeasclg acgigocate tgeaactaaa agatggggct
6301 teaggtcopg tgicccacea aaggtggica attatgaage tggtgaatgg getganaact
6361 getacaatct tgaaatcaaa aaacctgacg ggagtgagty telaccagea gegeeagacg
6421 ggatteggpg cticccecgg tgecggtatg tgeacaaagt atcaggaacg ggacegigtg
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6481 ccggagactt tgcettceat aaagagggtg ctitettcct gtatgatcga cttgetteca

6541 cagttatcta ccgaggaacg acttfegetg aaggtgtegt tgeatttetg atactgecce
6601 aagctaagaa ggacttctic agetcacace cettgagaga geeggicaat geaacggagy
6661 acccgtotag tggetactat tetaccacaa ftagatatca ggctacoggt tiiggaacca
6721 atgagacaga gtacttgtic gaggttgaca atttgaccta cgiecaactt gaatcaagat
6781 tcacaccaca gittetgete cagetgaatg agacaatata tacaaglggg asaaggagea
6841 ataccacggg aasactaatt tggaaggtca accccgaaat tgatacaaca atcggggagt
6901 gggecttctg ggaaactaaa aaaaccteac tagaaaaatt cgeagigaag agtigtettt
6961 cacagttgta tcaaacggag ccaaaaacat cagtgptcag agtceggege gaacttctte
7021 cgacccaggg accaacacaa caactgaaga ccacaaaate atggceticag aaaattecte
7081 tgeaatggtt caagtgeaca gicaaggaag ggaagetgea gtgtegeate taacaaccct
7141 tgecacaate tocacgagtc cocaateect cacaaccaaa ccaggteogg acaacageac
7201 ccataataca ccogtgtata aacttgacat ctctgaggea actcaagtty aacaacatea
7261 cegeagaaca gacaacgaca geacagecte cgacacteee tetgecacga cCgeagecgy
7321 acccccanaa geagagaaca ccaacacgag caagageact gacttcetgg acccegeeac
7381 cacaacaagt ccccaaascc acagegagac cgetggeaac aacaacactc atcaccaaga
7441 taccggagaa gagagtgeea geagegggaa gotagpcetia attaccaata ctatigetgg
7501 agtcgeagga ctgateacag gegggagaag aactcgaaga gasgeaattg teaatgetea
7561 acccaaatge aaccctaatt tacattactg gactactcag gatgaaggtg ctgcaategg
7621 actggeetgg ataccatalt togggccage agecgaggga attiacacag aggggetaat
7681 geacaatcaa gatggtitaa tetgtgggtt gagacagety gecaacgaga cgactcaage
7741 tetteaactg toectgagag ccacaactga getacgeacc ttttcaatee teaaccgtaa
7801 ggcaattgat ttettgetge agegatgggg cggeacatge cacattelgg gaccggactg
7861 ctgtatcgaa ccacatgatt ggaccaagaa cataacagac aaaattgatc agattatica
7921 tgatttigit gataaaacce ttocggacca gggggacaat gacaattggt ggacaggaty
7981 gagacaatgg ataccggcag gtattggagt tacaggegtt ataatigeag ttatcgettt
8041 attctgtata tgeaaatttg fettttagtt tttcticaga ttgeticatg gaaaagetca

8101 geetcaaate aatgaaacca ggatitaatt atatggatta cttgaatcta agattacttg

8161 acaaatgata atataataca ctggagotit aaacatagee aatgtgatte taactoctit

8221 aaactcacag ttaatcataa acaaggtitg acatcaatcet agttatcict tigagaatga

8281 taaacttgat gaagattaag aaasaggtaa tctttcgatt atcittaatc teatcettg

8341 attctacaat catgacagit gtetitagtg acaagggaaa gaagectttt tattaagtty

8401 taataatcag atctgcgaac cggtagagtt tagttgeaac ctaacacaca taaagcattg
8461 gtcaaaaagt caatagaaat ttaaacagtg agtggagaca acttitaaat ggaagcttca
8521 tatgagagag gacgcceacg agetgecaga cageattcaa gggatggaca cgaccaccat
8581 gttcgageac gatcatcate cagagagaat tatcgaggtg agtaccgtca atcaaggage
8641 gecteacaag tgegegtice tactgtattt cataagaaga gagtigaace attaacagt
8701 cctccageac ctaaagacat atgtcegace ttgaaaaasg gatittegtg tgacagtagt
8761 tittgcaaaa aagatcacca gitggagagt ttaactgata gggaattact cctactaatc
8821 gecegtaaga cttgtggate agtagaacaa caattaaata taactgeace caaggactcg
8881 cgettageaa atccaacgge tgaigattic cagcaagagg aaggiccaaa aattaccttg
8941 ttgacactga tcaagacgge agaacactgg gegagacaag acatcagaac catagaggat
9001 tcaaaattaa gagcatigtt gactctatgt getgtgatga cgaggaaatt ctcaaaatce
9061 cagctgagtc ttttatgtga gacacaccta aggegegagg gectigggea agatcaggea
9121 gaacccgtic tcgaagtata tcaacgatta cacagtgata aaggaggeag tittgaaget
9181 geactatgge aacaatggga cegacaatee ctaattatgt ttatcactge aticitgaat
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9241 attgotetec agttacogtg tgaaagtict gotgtegtty tttcagggtt aagaacatig
9301 gttcctcaat cagataatga ggaagettca accaaccegg ggacatgote atggtetgat
9361 gagggtacce ctiaataagg ctgactaaaa cactatataa cettctactt gatcacaata
9421 ctecgtatac ctatcateat atatitaatc aagacgatat cctttaaaac ttattcagta

9481 ctataatcac tctcgittca aattaataag atgtgeatga ttgeectaat atatgaagag
9541 gtatgataca accctaacag tgatcaaaga aaatcataat cicgtatcge tegtaatata
9601 acctgecaag catacctett geacaaagty attcitgtac acaaataatg tittactcta
9661 caggaggtag caacgatcea teccatcaaa aaataagiat tteatgactt actaatgate
9721 tcitaaaata tfaagaaaaa ctgacggaac ataaattett tatgettcaa gotgtgpage
9781 aggtatttog tattgpetat tgttatatta caatcaataa caagettgta aaaatattgt

9841 tcttgtttca agaggtagat tgtgaccgga aatgetaaac taatpatgaa gattaatgeg
9901 gaggtctgat aagaataaac citattattc agattaggcc ccaagaggca ttettcatet
9961 cctittagea aagtactatt tcagggtagt ccaattagig geacgtettt tagetgtata
10021 teagtegeee ctgagatacg ccacaaaagt gictctaage tasattggte tgtacacatc
10081 ccatacattg tattaggggc aataatatct aattgaactt agocegtttaa aatttagtge
10141 ataaatctgg getaacacca ccaggteaac tocattgget paaaagaage ttacctacaa
10201 cgaacatcac titgagegee ctcacaatta aaaaatagga acgicgtice aacaatcgag
10261 cgcaaggttt caaggttgaa ctpagagtgt ctagacaaca aaatattgat actccagaca
10321 ccaageaaga cctgagaaaa aaccatgget aaagetacgg gacgatacaa tetaatateg
10381 cccaaaaagg acciggagaa agggettgte ttaagegace tetgtaactt cttagttage
10441 caaactatic aggggtggaa gotttatigp gctgptatip agtitgatet gactcacaaa
10501 ggaatggcec tattgcatag actgaaaact aatgactttg cecctgeatg gtcaatgaca
10561 aggaatctet ticctcattt atttcaaaat cogaattcea caattgaate accgotgigg
10621 gcattgagag tcaiccitge agcagggata caggaccago tgattgacea gtetitgatt
10681 gaacccttag caggagecct tggteigate tetgattgge tgetaacaac caacactaac
10741 catttcaaca tgogaacaca acgigicaag gaacaattga gectaaaaat getgtegtig
10801 attcgatcoa atattctcaa gittattaac aaattggatg ctctacatgt cgtgaactac
10861 aacggattpt tgagcagtat tgaaattgga actcaaaatc atacaatcat cataactega
10921 actaacatgg gttttctggt ggagceteccaa gaacecgaca aatcggeaat gaacegeatg
10981 aagcectggpe cggegaaatt thecctectt catgagtoca cactgaaage atttacacaa
11041 ggatcctega cacgaatgea aagtttgatt cttgaattta atagetetet tgetatctaa
11101 ctaaggtaga atacticata ttgagctaac tcatatatge tgactcaata gitatcttga
11161 catctctget tteataatca gatatataag cataataaat aaatactcat atttctigat
11221 aatttgtita accacagata aatceteact gtaagecage ttccaagttg acacecttac
11281 aaaaaccagg actcagaatc cctcaaacaa gagattccaa gacaacatca tagaattget
11341 ttattatatg aataagcatt ttatcaccag asatcctata tactasatgg ttaattgtaa
11401 ctgaacccge aggteacatg tgitaggtit cacagatict atataitact aactctatac
11461 tcgtaattaa catingataa gtagattaag aaaaaagect gaggaagatt aagaaaaact
11521 gettattggg tetitcegtg tittagatga agcagttgaa attetccte ttgatattaa
11581 atggctacac aacataccca atacccagac getaggttat catcaccaat tgtattggac
11641 caatgtgacc tagtcactag agettgeggg ttatattcat catacteect taatcogceaa
11701 ctacgcaact gtaaactcee gaaacatate tacogtttga aatacgatgt aactgttace
11761 sagttctige gtgatgtace agiggegaca ttgeccatag attteatagt cocagtictt
11821 cicaaggeac tgtoaggeaa tggattctgt cotgiigage cgoegptgeca acagttctta
11881 gatgaaatea ttaagtacac aatgeaagat geteictict {gaaatatta tctcaaaaat
11941 gtgegtgelc aagaagacig tgitgatgaa caclttcaag agaaaatett atcttcaatt
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12001 cagggcaatg aatttttaca tcaaatgitt ttctggtatg atctggctat tttaactega
12061 aggggtagal taaatcgagg aaactctaga icaacatggt tigticatga tgatitaata
12121 gacatcttag getatgggga ctatgititt tggaagatee caatttcaat gttaccactg
12181 aacacacaag gaatccecca tgetgetatg gactggtate aggeatcagt attcaaagaa
12241 geggttcaag ggeatacaca cattgttict gtitctactg cegacgtett gataatgtge
12301 aaagatttaa ttacatgtcg attcaacaca actctaatct casaaatage agagattgag
12361 gatccagttt gtictgatta toccaatttt aagatigtet ctatgettta ccagagegga
12421 gattacttac ictccatatt agggtctgat gggtataaaa ttattaagit cetegaacca
12481 ttgtgcttgg ccanaattca attatgctca aagtacactg agaggaaggg cogattctta
12541 acacaaatgc atttagetgt aaatcacace ctagaagaaa ttacagaaat gegtgeacta
12601 aagccttcac aggeticaaaa gatccgtgaa ticcatagaa catigataag geiggagatg
12661 acgccacaac aactitgtga getatitice attcaaaaac actggggecea tectgigeta
12721 catagtgaaa cagcaatcon aaaagttaaa aaacatgeta cggigetaaa ageattacge
12781 cctatagtga tittcgagac atactgtgtt tttaaatata gtatigecaa acattatttt

12841 gatagtcaag gatcttggta cagtgttact tcagatagga atctaacace gggtettaat
12901 teitatatca aaagaaatca attccetceg ttgecaatga ttanagaact actatgggaa
12961 ttttaccace ttgaccacce tecacttttc tcaaccaaaa ttattagtga cltaagtatt
13021 ttrtataaaag acagagetac cgeagtagaa aggacatget gggatgeagt attcgagect
13081 aatgttctag gatataatce acctcacaaa tttagtacta aacgtgtacc ggaacaattt
13141 ttagagcaag aaaacttttc tattgagaat gtictttcet acgcacaaaa actcgagtat
13201 ctactaccac aatatcggaa cttttcittc tcattgaaag agaaagagtt gaatgtaggt
13261 agaaccticg gasaattgec ttatccgact cgeaatgtte aaacactity tgaagetetg
13321 ttagetgatg gtetigetaa ageatttect ageaatatga tggtagtiac ggaacgigag
13381 caaaaagaaa gettattgea tcaagceatca tggeaccaca caagtgatga titiggigaa
13441 catgecacag ttagagggag tagotitgta actgatttag agaaatacaa tettgeatit
13501 agatatgagt ttacagcace ttitatagaa taltgcaace pttgetatgg tgttaagaat
13561 gtttttaatt ggatgcatta tacaatccca cagtgttata tgeatgtcag tgattatiat
13621 aatccaccac ataaccteac actggagaat cgagacaace cccecgaagg gectagttea
13681 tacaggggtc atatggpagy gattgaagga ctgeaacaan aactotggac aagtaftica
13741 tgtpctcaaa titctitagt tgaaattaag actggttita agitacgetc agetgtgatg
13801 getgacaate agtgeattac tgtittatea gtottccect tagagactga cgeagacgag
13861 caggaacaga gcgeogaaga caatgeageg agggtggeog ccagectage aaaagifaca
13921 agtgcotgty gaatettilt aaaaccigat gaaacatitg tacattcagg tittatctat
13981 titggaasaa aacaatatit gaatgggetc caattgecte agtcecttaa aacggetaca
14041 agaatggcac cattgtctga tgeaatttit gatgatcttc aagggaccet ggotagtata
14101 ggeactgctt ttgagegate catetetgag acacgacata tettteettg caggataace
14161 geagcttice atacgttttt tteggtgaga atcttgeaat atcatcatet cgggticaat
14221 aaaggttitg accttggaca gttaacactc ggeaaaccic tggatttcgg aacaatatca
14281 ttggcactag cggtaccgea ggtacttgga gggttatect icttgaatee tgagaaatgt
14341 ttctacegga atctaggaga tecagitace tcaggettat tccagitaaa aactfatete
14401 cgaatgatig agatggatga tttatictta cctitaattg cgaagaacce tgggaactge
14461 actgeoattg actttgtget aaatcetage ggattaaatg tecclgggte geaagactia
14521 acticatitc tgegecagat tgtacgeagg accatcacee taagigegaa aaacaaactt
14581 attaatacct tatttcatge gtcagetgac ttcgaagacg aaatggtitg taaatggeta
14641 ttatcatcaa cteotgttat gagtegtttt geggecgata tetttteacg cacgeegage
14701 gggaapcgat tgeaaattct aggatacctg gaaggaacac geacattatt agectetaag
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14761 atcatcaaca ataatacaga gacacoggtt tiggacagac tgaggaaaat aacatigeaa
14821 aggtggagco tatggtttag ttatcttgat cattgtgata atatcetgge ggaggcttta
14881 acccaaataa cttgcacagt tgatitagca cagattctga gggaatattc atgggcteat
14941 attttagagg gaagacctct tattggagee acactcccat gtatgattga geaattcaaa
15001 gtgttttgge tgaaacecta cgaacaatgt cogeagtgtt caaatgcaaa geaaccaggt
15061 gggaaaccat togtgtcagt ggeagtoaag aaacatattg ttagtgeatg gecgaacgea
15121 tecogaataa getggactat cggggatgea ateccataca ttggatcaag gacagaagat
15181 aagataggac aacctgetat tanaccaaas tglecitecg cagectiaag agaggecatt
15241 gaattggegt cecgtttaac atgggtasct caaggeaght cgaacagiga cttgetaata
15301 aaaccattit tggaagcacg agtaaatita agtgttcaag aaatacttca aatgacccct
15361 tcacattact caggaaatat tgttcacagg tacaacgatc aatacagtce teattettic
15421 atggccaatc gtatgagtaa ticageaacg cgattgatig titctacaaa cactttaggt
15481 gagttitcag gaggtggeca gietgeacge gacageaata ttattttcea gaatgttata
15541 aattatpcag ttpcactgtt cgatattaaa titagaaaca ctgaggcetac agatatccaa
15601 tataatcgtg ctcaccttea tetaactaag tgitgeacce gggaagtace agetcagtat
15661 ttaacataca catctacatt gpatttagat ttaacaagat accgagaaaa cgaattgatt
15721 tatgacagta atcctetaaa aggaggacte aattgeaata tetcattega taatecattt
15781 ttccaaggta aacggetgaa cattatagaa gatgatctia ttegactgee teacttatet
15841 ggatggpage tagecaagac catcatgeaa teaattattt cagatageaa caattcatet
15901 acagacccaa ttagcagtgg agaaacaaga teattcacta cecattictt aacttatcee
15961 aagataggac ttctgtacag titigggecc titgtaagtt attatctipg caatacaatt
16021 cttcggacta agaaattaac acttgacaat tititatatt acttaactac tcaaattcat
16081 aatctaccac atcgetcatt gegaatactt aagecaacat tcaaacatge aagegttatg
16141 tcacggtiaa tgagtattga tccteatttt tetatitaca taggeggtge tgeaggtgac
16201 agaggacict cagatgegge caggttattt tigagaacgt ccatttcatc ttticttaca
16261 titgtaaaag aatggataat taatcgogea acaattgtee ctttatggat agtatatecg
16321 ctagagggte aaaacccaac accigtgaat aatttictot atcagategt agaactgetg
16381 gtgcatgatt catcaagaca acaggetitt anaactacca taagtgatea tgtacateet
16441 cacgacaatc tigtttacac atgtaagagt acagecagea atttettcea tgcatcatig
16501 gegtactgga ggageagaca cagaaacage aaccgaadat actiggeaag agactettca
16561 actggatcaa geacaaacaa cagtgatggt cataitgaga gaagtcaaga acaaaccacc
16621 agagatceac atgatggeac tgaacggaat ctagteetac aaatgageea tgaaataaas
16681 agaacgacaa ttccacaaga saacacgeac cagggteegt cgttecagte cttictaagt
16741 gactetgett gtggtacage asatceaaan claaatticg atcgategag acacaatgtg
16801 aaatttcagg atcataactc ggeatceaag agggaaggte atcaaataat cteacacegt
16861 ctagtectac ctitetttac attatctcaa gggacacgee aattaacgtc atccaatgag
16921 tcacasacce aagacgagat atcaaagtac ttacggeaat tgagateegt cattgatace
16981 acapgtttatt gtagatttac cggtatagte tegtecatge attacaaact tgatgaggic
17041 ctitgggaaa tagagagttt caagtcgact gtgacgetag cagagggaga aggtgetggt
17101 gecttactat tgattcagaa ataccaagtt aagaccttat tittcaacac getagetact
17161 gagtccagta tagagtcaga aatagtatca ggaatgacta ctcetaggat getictacct
17221 gttatgtcaa aattccataa tgaccaaatt gagattatic ttaacaactc agcaagccaa
17281 ataacagaca taacaaatce tacttggttt asagaccaaa gagcaagget acctaageaa
17341 gtegaggtta taaccatgga tgeagagaca acagagaata taaacagate gaaatigtac
17401 gaagctgtat ataaattgat citacaccat atigatceta gegtatigaa ageagiggte
17461 cttaaagtct ttctaagtga tactgaggpt atgttatgge taaatgataa tttageececg
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17521 ttititgeca ctggttatit aattaageca ataacgtcaa gtgetagate tagtgagigg
17581 tatctitpte tgacgaactt cttatcaact acacgtaaga tgecacacca aaaccatcte
17641 agitgtaaac aggtaatact tacggcatig caactgeaaa ticaacgaag ceeatactgg
17701 ctaagteatt taactcagta tgctgactpt gagttacatt taagtiatat cogeetiggt
17761 tttecateat tagagaaagt actataccac aggtataace tegtegatic asaaagagpt
17821 ccactagtct ctatcactea geacttagea catcttagag cagagatteg agaattaact
17881 aatgatfata atcaacagcg acaaagicgg actcaaacat atcactitat teglactgea
17941 aaaggacgaa tcacaaaact agtcaatgat taittaaaat tetttettat tgtgcaagea
18001 ttaaaacata atgggacatg geaagcetgag titaagaaat taccagagtt gaitagtaty
18061 tgcaatagpt tctaccatat tagagattge aattgtgaag aacgttictt agticaaace
18121 tiatatttac atagaatgca ggatictgaa gttaagcetta tcgaaaggcet gacagggett
18181 ctgagtttat ticcggatge tetctacagg titgattpaa ttaccgtgea tagtatectg
18241 atactigcaa aggfttggtta ttaacataca gattataaaa aactcataaa ttgetcteat
18301 acatcatait gatctaatct caataaacaa ctatftaaat aacgaangga gicectatat
18361 tatatactat atttagecte tetceotgeg tgataatcaa aaaattcaca atgeageatg
18421 tgtgacatat tactgcogea atgaatttaa cgeaacataa taaactetge acictitata
18481 attaagettt aacgaaaggt ciggectcat attgttattg atataataat gitgtatcaa
18541 tatcctgica gatggaatag tgtittggtt gataacacaa cticttaaaa caaaatigat
18601 ctitaagatt aagttttita taattatcat tactitaatt tgtegtitta aaaacggiga

18661 tagcottaat ctitgtgtaa aataagagat taggtataat ascettaaca ttittgicta
18721 gtaagctact atttcataca gaatgataaa aftasaagas aaggeaggac tgtanaatca
18781 gaaatacctt ctitacaata tagcagacta gataataatc ticgtgitaa tgataattaa
18841 gacattgacc acgctcatca gaaggetcge cagaataaac gttgcaaaaa ggattectgg
18901 aaaaatggtc gcacacaaaa atttaaaaat aaatctattt cttcttittt gtgtptcca (S—Q D NO: 7‘)

VP30

MEASYERGRPRAARQHSRDGHDHHVRARSSSRENYRGEYRQSRS
ASQVRVPTVFHKKRVEPLTVPPAPKDICPTLKKGFLCDSSFCKKDHQLESLTDRE
i:LIAFRKTCGSVEQQLNITAPKDSRLANPTADDFQQEEGPKITLLTLIKTAEHWARQ
'II?IISDSKLRALLTLCAVMTRKFSKSQLSLLCETHLRREGLGQDQAEPVLEVYQRLH
E}%IgFEAALWQQWDRQSLIMFITAFLNKALQLPCESSAVWSGLRTLVPQSDNEEA
géNTCSWSDEGTP (SEQ D NO: 8]

AF522874

1 cggacacaca aaaagaaaaa aggittttta agactititg tgigcgagta actatgagga

61 agaitaacag tittcctcag tttaagatat acacigaaat tgagattgag atictcctct

121 ttgetattet gtaactttce ctggttgtga caattgaate agttttatet attaccaatt

181 accatcaaca tggtatgict agtgatettg ggactetict teatctgptt titectagag
241 ctetgaatee attttgegag aagticatce asacgaccea gtgtetgaaa atacaaaagg
301 tiecectttc cgteaagtit aaggggtiat tttgatigty tgtagatitt ataatectag
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361 agtgccaagg agttgegtgt catcattgat tgggaagatc aaggaaacaa ttigticcaa
421 taatatcgta catcttgact aagtcgaaca aggggaagic gatatggatc gtgggaccag
48] aagaatctgg gtetcgeaaa atcaaggtga tactgattta gattatcata aaatftigac

541 agetggectt actgitcaac agggaatigt caggeagaaa ataatttetg tatatcttgt

601 tgataacitg gaggctatgt gteaattget aatacaagcee titgaggerg gaattgatit

661 ccaagaaaat gecgacaget teettctgat getttgecta catcatgett accaaggtpa

721 ctataaattg ttcttggaga geaatgetgt acagtatitg gaaggtcatg gattcaaatt

781 tgagctcegg aagaaggacg gtgtcaateg getcgaggaa ttgettectg cigeaacgag
841 tggaanaaac atcaggegta cgttggoege actgectgaa gaggagacta cagaageaaa
901 tgcagpgcaa tttcicteat itgegagtt gliteticce aaactggiig tgggagagaa

961 ggctigetig gaaanagtec agegacaaat tcaggticat geagascagg gittaattea
1021 atatcecact geatggeaat cagtiggaca catgatggta atettcagat tgatgaggac
1081 taatitctig attaaatatt tactgatcea ccagggtatg catatggtag ctggecacga
1141 tgccaatgat getgteattg ctaattcagt tgctcagget cgettttcag gactectaat

1201 tgtcaaaacc gttcitgate atattctgea aaaaaccgac caaggagtaa gacticacec
1261 tttggeoega acagecanag tgogtaatga ggttaatgea tttaaggeeg coctaagete
1321 acttpctaag catggggaat atgeeecttt tgetegectt cteaatetct cgggagttaa
1381 caacctagaa catggtetet acccacagtt atcageaatt getettggag ttgecacage
1441 acatggtage accettgeag gagtiaatgt tggtgageag tatcageage ttagagaggce
1501 tgceactgaa getgagaage aaciceaaca atatgetgag tocagagaac tegacagect
1561 aggectpgac gatcaggaaa gaagaatact aatgaacttc catcagaaga aaancgaaat
1621 tagiitccag cagaccaatg caatggtaac cettaggana gagegactgg etaaattaac
1681 agaagctata acgetggect caagacctaa cetegggtet agacaagacg acggeaatga
1741 aataccgttc cctgggcoeta taagcaacaa cccagaceaa gatcatetgg aggatgatee
1801 tagagactcc agagacacca tcaftcctaa tggtgeaatt gacccegagg atggtgatit
1861 tgaaaattac aatpgctatc atgatgatga agttgggacg geaggtgact tggtoctgtt
1921 cpatcttgac gatcatgagg atgacaataa agctitigag ccacaggaca gotcgecaca
1981 atcccaaagg gaaatagaga gagaaagatt aattcatcca cecccaggea acaacasgga
2041 cgacaatcga gectcagaca acaatcaaca atcageagat fotgaggaac aaggaggtcea
2101 atacaactgg caccgaggce cagaacgtac gaccgecaat cgaagacict caccagtgea
2161 cgaagaggac acccttatgg atcaaggiga tgatgatcce teaagettac ctecgetgga
2221 atctgatgat gacgatgceat caagtageca acaagatcece gattatacag ctgitgeece
2281 teetgetect gtataccgea gtgeagaage ccacgagect ceccacaaat cetcgaacga
2341 gecagetgaa acatcacaat tgaatgaaga ceetgatate ggteaatcaa agtctatgea
2401 aaaattagaa gagacatatc accatciget gagaactcaa ggtecatttg aagecatcaa
2461 ttattatcac atgatgaagyg atgagceget aatatttage actgatgatg ggaaggaata
2521 cacetacceg gattcactig aggaagecta tectecatgg ctcacegaga aagaacgact
2581 ggacaaagag aatcgctaca fttacataaa taatcaacag ticttctgge ctgtcatgag
2641 tccecagagac aaatttcttg caatcttgea geaccatcag taaccacage acaaagegeg
2701 gtccacttcg taaagctaaa tacacttaag actigaccga itcatctaca asaactaatc
2761 cattataact tattagtgct actttictat aagtgatict taatctaagg ccattaagag

2821 tttaagiaat atacatatac acttacaccg gictatccaa gatgtggcte aatgttetig
2881 atttgaacat agtcataagg ggataaataa tacittatat ttctgatigt ggattgacce

2941 attcigetia aaatgottcg cocatigaaa atgtgateta atagatagee ctgactagac
3001 asattaagaa aaacatt{ga tgaagattaa aaccttcatc gecagtaaat gattatattg
3061 tctgtaggea getgtttact ceaccttaaa titggaaata tectacetta ggaccattgt
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3121 caagaggtgc ataggeatia ccacccitga gaacatgtac aataataaat tgaaggtatg
3181 ttcaggeeca gaaacgactg gatggatttc tgageanctt atgacaggta agattccagt
3241 aactgatata ttcaitgata ttgataacaa gecagatcaa atggaagtee gacleasace
3301 atcatcaagg agetcaacaa gaacttgtac aagtageagt cagacggagg teaactatgt
3361 acctcteett aaaaaggtty aggatacatt aactatgeta gigaatgeea ceagtegtea
3421 gaatgetgea atcgaggece ttgaaaaccg ceteageaca cttgagagta gettaaagec
3481 aatccaagac atgggtaaag tgatticatc attgaatcge agttgigecg aaatggtige
3541 aaaatatgat ctictagtta tgacaactgg acgggetact tcaactgeag ctgecagtaga
3601 tgcgtattgg aaagagcaca aacagecace accagggeca gegtigtatg aagagaatge
3661 gettaaagga aaaatcgatg atccaaacag ctatgtacca gatgetgtge aagaggetta
3721 caagaacctt gacagtacat cgaccctgac cgaggaaaat ttigggaaac cftatatatc
3781 tgctaaagac ctgaaggaga tcatgtatga teatctacet ggitttggga cgectttca
3841 ccaacitgtt caagtgatit ptaaaatagg aaaggataac aacctittgg acacaatcca
3901 tgetgagttc caggeaagte tageagatgg tgacictoce caatgtgeac teatacagat
3961 aaccaaaagg gicccaatet ttcaggatgt gecgeecceg ataatccata ttagateeeg
4021 tggtgacatc ccacgageat gecaaaagag tetecgacca geaccaccat cacccaaaat
4081 tgatcgtggt tgggtitgtt tgtttaagat pcaagatggt aaaacgettg gacttaagat
4141 ctaagaatca agatttatft aacaaggeaa gecacaacet tagatggaac cteagecaga
4201 ctattgaact attgacgetg ttgatgataa tatataatta atggtctiat tigaatatga

4261 caacafcttg cticttgttc tgootigtag ctotttgaat tggaagatca ticcaaactt

4321 acaaacatgc acaagatgtt atggtitage aaagaattga taggagtact ggtatataat
4381 gtaaatataa caagtgatga agattaagaa aaaccagicg glaitticca gacttggcat
4441 ttcttatctt catcttctaa agtgagatat titatcatca aaaaatgagg cgeggagtet
4501 taccaacgge tectccagea tataatgata tigeatacce tatgageata cteecaacec
4561 gaccaagtgt catagtcaat gagaccaaat cagatgtact ggcagtgeca ggggeagatg
4621 ticcatcaaa ctecatgaga ccagtggetg atgataacat tgatcactea agecatacte
4681 caageggagt agetictgee titatattgg aagctacagt gaatgtaatt tcgggaacaa
4741 aagtcctgat gaagcaaata cctatttgge ticcactggg tgtagetgat cagaagatat
4801 acagctitga ticaacaaca gecgeaatta tgitggottc ctacacagtg acacactteg
4861 ggaagatatc taaccegetg gtacgtgtca acaggetagg cecaggaata ccegatcate
4921 cgetacgact cctaaggttg ggcaatcagg cattoctica agagttigtt cttccaccag
4981 tccagettcc coagtatite acatttgatc taacagctct aaagctcate actcaaccat
5041 tgccagetge aacctggaca gacgaaacte cageaggage agtcaatget cttegtectg
5101 ggoteteact ccateccaag cttegtecaa ticteetgec geggaagaca ggaaagaaag
5161 gacatgcttc agacttaaca tcacctgaca agattcasac aatcatgaat geaataccgy
5221 acctcaaaat tgiccegatt gatccaacca agaacatagt tggaattgag gttccagaat
5281 tactagttca aaggctgace ggcaaaaaac cacaaccecaa aaatggecaa coaattattc
5341 cagtictict tccgaaatat gitggacttg atcctatatc gecaggggac ttaactaigg
5401 tatcaccca ggatigigat tcatgecact ctecagecag ccatcegtat cacatggaca
5461 agcagaatag ttaccaataa tttaaattcc attcgagceta ttattotget agtaattccg
5521 acgggatcaa {agactaaaa afcigattgt atagaattat aaaagaatca agcagaggea
5581 acagactcac agettacgec tagataacta atattaagga gtittttaat ctaatittce
5641 agtotigagt aataatcatt tcttttgtaa tiaattatge atttgtiaac ttatcggtge

5701 gagatitect tgagaacceg geggagetic tactatetge agtaaccaga agagaagiic
5761 aacccagtca aaactaaacc aagcaatatt ctgaatgete tatagtctat tctaatcaga
5821 ggtataacaa tggctaagat ttcaatgact cgttaacaat cgetagtaat tttaatctee
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5881 agattaagaa anagatatac gatgaagatt aaggcgacaa cgagecgaaa citcatctet
5941 tttaaagatc taacattatc tgticcaaag tcatacaagg acacaticaa atcagggatt
6001 gtaagctget atttettace tocccaaatt acctatacaa catggggtea ggatatcaac
6061 tictceaatt gectegggaa cgttttegta aaactteglt citagtatgg ptaatcatce
6121 tettccageg ageaatetec atgocgettg gtatagtgac aaatageact ctcaaageaa
6181 cagaaattga tcaaitggtt tgicgggaca aactgicate aaccagicag ctcaagtetg
6241 tgggectgaa tetggaagga aatggaatig caaccgatgt cccatcagea acaaaacget
6301 ggggatticg ttcaggtgtg cotcccaagg tggtcageta tgaagecgga gaatgggeag
6361 aaaattgcta caatctggag atcaaaaagt cagacggaag tgaatgecte ceteteecte
6421 ccgacggtgt acgagpatic cetagatglc gotatgicca caaagttcaa ggaacaggte
6481 ctigtectgg tgacttaget ticoataaaa atggggottt tttctigtat gatagattgg

6541 ccteaactgt catctaccga gggacaactt tigetgaagg tgtegtaget ttittaatic
6601 tgtcagagee caagaageat tittggaagg ctacaccage teatgaaceg gtgaacacaa
6661 cagatgattc cacaagetac tacatgacce tgacactcag ctacgagatg tcaaattitg
6721 gggpcaatga aagcaacacc ctititaagg tagacaacca cacatatgtg caactagatc
6781 gtccacacac tecgeagtte ctigttcage tecaatgaaac acttcgaaga aataatcgec
6841 ttagcaacag tacagggaga ttgacttgga cattggatcc taaaattgaa ccagatgttg
6901 gtgagtggpc ctictgggaa actaaaaaaa ctitteccaa caacttcatg gagaaaactt
6961 geatttceaa attecatcaa cceacaccaa caactoctca gatcagageo cggoggpaac
7021 tgtccaagga aaaattaget accacceace cgecaacaac tecgagetgg tiecaacgga
7081 ttccecteca giggtitcag tactcactge aggacggaca gaggaaatgt cgacccaagg
7141 tctaaccaac ggagagacaa tcacaggtit caccgegaac ccaatgacaa ccaccattge
7201 cccaagtceca accatgacaa gegaggttga taacaatgia ccaagtgaac agecgaacaa
7261 cacagcatce attgaagact ceceeccate ggeaageaac gagacaattt accactcega
7321 gatggatceg atccaaggcet cgaacaactc CECCCagage €ccacagacca agaccacgec
7381 agcacccaca acatccCega tgacceagga ceogeaagag acggeeaaca geageaaace
7441 aggaaccage ccaggaageg cagecggace aagitcageee ggactcacta taaatacagt
7501 aagtaaggta getgaticac tgagtcccac caggaaacaa aagegatogg tiogacaaaa
7561 caccgetaat aaatgtaace cagatctita ctattggaca getgttgatg agggggceage
7621 agtaggattg geatggattc catatttcgg acctgeagea gaaggcatct acattgaggg
7681 tgtaatgcat aatcagaatg ggettatitg cgggcetacgt cagetageea atgaaactac
7741 ccaggoetcett caattatitc tgegggccac aacagaactg aggacttact cacttcttaa
7801 cagaaaagct attgattttc ttcticaacg atgggpagpt acctgtcgaa tectaggace
7861 atcttgttge attgagecac atgattgpac aaaaaatatt actgatgaaa ttaaccaaat
7921 tagacatgac titattgaca atcecctace agaccacgga gatgatetta atctatggac
7981 aggtiggaga caatggatce cggetggaat tgggattatt ggagttataa itgcelataat
8041 agccctactt tgtatatgta agatittgty ttgatttatt ctgagatetg agagagaaaa

8101 atctcagget tactctaagg agaaatatia tititaaaat ttacttgaat getgaccact

§161 tatcttaaat gagcaattaa taatatgttt ttctgettet ttgettgatt tacaatatga

8221 tatttctctt aataatgatt aatatattaa gaaaaactta tgacgaagat taaaggagag
8281 gatcgttaac gggaaaacct cccatctegt tegtogaage cacgttggtg gtgcitgeag
8341 ctgagaacaa clccagagal tgtaggtaga aaggaccaac atttataggt aggggteaga
8401 aagcaacaat aaccataaaa ggagagoctg acaitgetat ttaatatect agaacetgat
8461 ttetaggtic tagetitaaa atcoggatga tggageatic aagagaacgg getagatcta
8521 gcaacatgeg acataatage cggganccat acgaaaatce atcaaggtet cgeteattat
8581 ctegggacce taatcaggtt gatcgtagac agectegaag tgcatcecaa attegtgtic
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8641 cgaatetgtt ceatcggana aagactgatg cactcatagt tecteogget cetasagata
8701 tatgeccaac aclcaaaaaa ggattectct gogatageaa atittgeasa aaagatcace
8761 aattggatag cttaaatgat catgaattac tactgctaat tgcaagaaga acatgtggaa
8821 ttatcgagag caaticgcag attacatcce caaaagatat geggttages aatccaacag
8881 ctgaagactt ctcacaaggt aatagtccta aattaacact tgeagtectt citcaaattg
8941 cigaacattg ggcaaccaga gacctaagge aaattgagga ctctaaactt agagetcttt
9001 taaccetttg tgcegtatta acaaggaaat tttctagate cecaactgget cttctatgtg
9061 agacccacct acggcatgag ggecteggac aggaccaage tgattetgta ttagagetet
9121 accaaagact coacagigat aaaggagega attitgagge tgeectptpe caacaatggy
9181 accgacagtc attaataatg ttcatctetg cttttctcaa cattgctcte cagatacett
9241 gtgaaagttc tagtgtegta gteteaggte ttgecacatt gtacccagea caagacaatt
9301 ctacaccatc cgaggcaact aatgatacca cetggtcaag tacagttgaa tagaaaacca
9361 ctggagcetat ttttccacga ttgetctcag tcaataaatt aatatagata taatacgact
9421 tcggtgtgca attgtcaaga gitccattta gtaataatga ttettaaaac aatetactat
9481 cgcaattatc gatggatcta coctatttga cggtacatga citgaatgta ataaggtaag
9541 ttggtatctg aggtattitg tetagagtat actcaaaatce gtatgictag caaattatca
9601 atagcaaagt taaattctce taacctcata titigatcaa gtaatcatga ttttatgata

9661 attcttitca gattatcggt taatcttia ttaagaaaaa atcatgattg tagacaattt

9721 actggtagtc cttgggtatc caagtitatg aatagagceta gagagaattt getacticeg
9781 aggtataact tiattattig ctacttcgaa tgectaaaac cagtaatgea ggatgaagat
9841 taattgcgga ggaatcagga attcaacttt agticettaa ggectcgtce gaatcttcat
9901 cagttegtaa gitctittat agaagteatt agettctaag gtgattatat tttagtatta

9961 aattitgeta attgetiget ataaagttga aatgtotaat gettaantga acacttittt
10021 gaagctgaca tacgaataca tcatatcata tganaacatc goaattagag cgtectigaa
10081 gtetggeatt gacagtcace aggetgtict cagtagtetg tectiggang ctettgggea
10141 gacaaaaaga ggtcceagag agtcecaaca ggttggeata aggtcattaa caccageata
10201 gtcggctcga ccaagactgt aagegagteg atttcaacta aaaagattat ttettgitgt
10261 ttaaacaaat tccttitgtg tgagacatec tcaaggeaca agatggcetaa ageccacagge
10321 cgatacaatc tcgtgccece aaagaaagat atggaaaagg gagtgatttt tagtgatctt
10381 tptaatttct tgattactca aaccetgeaa gptiggaage tttattggpc agpaattgag
10441 tttgatgtaa gtcaanaagg catggctett ctgacaagac tcaaaacaaa tgacttiget
10501 cctgectgag cgatgacaag aaatetitte ceacatetgt tecagaacec aaattogptt
10561 attcaatctc ccatctggge titgaggeta atittggeag coggatigea ggateagttg
10621 ttagaccatt cattggttga gecattgaca ggggetetcg gictaattic tgattggete
10681 ctaactacaa cgtcaacaca tticaatctt cgtactagaa gegtaaagga ccagettagt
10741 cttcgtatgt tatctttgat caggtcaaac afcttgeagt tcatcaacaa gettgacgee
10801 ctgcatgttg tcaattacaa tggtitactc agtagtattg agatcgggac ttctacacac
10861 acaalcatta taactcgtac aaatatgggt titctogtge aagticaaga gectgacaaa
10921 tcagctatga attctaageg cocaggacca gtcaagtict cattactica tgagtotgee
10981 ttcaaacctt tcactegtgt tccacaatet gggatgeaat cattaataat ggagttcaac
11041 agtttgttgg caatttaaca aggtaatett aaaataagta catgaatgag aattagiigt
11101 gggtcttate tagcattgtt gagttaacta tetaatctat titcgetaat tgeattgage
11161 actgctaata ggtitgtatc acgttaaaga fttagagtgt atgaattgtg cagatitaaa
11221 cttgpgttit gectiatget tcataggtgg tetittigan atggagatta teageatitc

11281 ttaaatggga ggagitagca atcagaaatt gpagataaat ggacatcggg atagaacaat
11341 gectasctat tgggeggett ceatitttac atgtgtatat aaccaatett tectatett
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11401 tgcttatatt ggtgtaactt tattttaata acatgtcaat getatactgt taagagaagg
11461 tctgaggaag aftaagaaaa aggccteglg ttcactiggt tgecgtcaag tatectgigg
11521 tittttteta cctaactice teatgeeata tggetaceea geatacceag tacecggatg
11581 cacgtitatc ctecacctata gtectggate aatgtgatit ggtaacicga geatgtgggt
11641 tataticatc ttattcteta aatccteanc taaggeaatg tasattacca aaacatatat
11701 atcgacttaa gttcgacaca atagtatcea aattcetaag tgatacacct gtagceaacac
11761 tgecgataga ctatitagta ccaattetec tgegtteect ancggggeac ggtgatagge
11821 cattgaccee gacttgeaat caattecttg atgaaattat taattacact cticatgatg
11881 cagcctttct tgattactat ctcaaggeaa caggtgeaca ggaccatitg acaaacattg
11941 caactagaga gaagcttaaa aacgaaatic taaacaatga ttatgtceat caattgtict
12001 tctggeatga cotitctatt ttggetegac gtggpegtet gaatcgoeggg aacaacegit
12061 caacctggtt tgttcatgat gaattcaftg atattttagg atatggcgat tatatttitt
12121 ggaaaatacc titatcatta ttaccagtia clatagacgg ggieccacac geageaactg
12181 actggtatca accgactctt titaaagaat ccatcctagg geatagecaa atcetatetg
12241 tgtcaacagc tgaaatacta attatgtgta aagatattat cacctgtagg tttaatacat
12301 cactgattgce atccattgea aaattagagg dtgtagatgt gictgattat cetgaccega
12361 gtgatattct taagatatac aatgctggag actatgtaat atctattctt ggetcagagg
12421 gttataagat aataaagtac citgaaccac titgtitgge caaaatceaa cittgetcta
12481 asttcacaga aagaaaaggt cgtticctea cacagatgea titatcagta ataaatgate
12541 ttcgggagtt gatttctaac cgoaggitaa aggactatca geaagagaag attagagatt
12601 tteacaaaat attattacaa tigeaattat ctectcaaca gittigigaa ttattctctg
12661 ttcaaaaaca ttgggggcat ccaattttac atagtgagaa agctatacaa aaagtaaaac
12721 ggcatgcaac catccttaag geictcagac ctaatgteat ctttgagaca tattgtgtat
12781 tcaagtacaa tattgccaag cactatticg acagccaagg aacttggtac agtgtaatct
12841 cagacaggaa tttaactcca ggactcaact ccttcataaa acgtaatcac tttceticac
12901 tacccatgat taaggatctt ctatgggaat tctatcatet taateacceet cegttattet
12061 ctacaaaggt gattagtgac ttaagtattt tcatcaaaga tagggocaca getgtigaac
13021 agacatgttg ggatgeagtc titgaaccca atgtgctagg ttacaatect ccaaacaaat
13081 tetccactaa aagggtgecg gaacaatttc tagaacaaga ggattittca atcgaaagtg
13141 tectgaatta tgcacaggaa ttacattatt tattaccaca gaataggaat ttttcetttt
13201 ctctcaaaga aaaggaatta aatattggac gaacatttgg gaagetacca taictcacac
13261 ggaatgtcca aactitatgt gaggetctet tageagatgg actggecaag gecticecca
13321 giaacatgat ggtagtaact gaacgtgaac aaaaagagag ccticttcat caggcatcat
13381 ggeaccacac cagtgatgat tiiggagaga atgctacegt togagggagt agtitigtaa
13441 ctgatttaga gaagtacaat ctigcatttc getatgagtt cactgeaccea titattgagt
13501 actgeaacca tigetatget gtpcgtaatg totttaatty gatgeattat ttaatccege
13561 agtgttacat geatgtaagt gattattata atcegectea caatgttaat cttageaatc
13621 gagaatatce tectgaagge cogagttegt accgagggea citaggaggoc atagagggat
13681 tacaacaaaa actgtggacg agtatatcct gtgeacaaat cteettagtg gaaattaaaa
13741 ctggttttaa gttacgatca geggtcatzg gagacaatca gtgtataace glattgtetg
13801 titticcact taaaacagac ccigaagage aggageaaag cgecgaagac aafgetgeaa
13861 gagtagcage aagtcttgea asagtaacca gtgeatgigg gatcttictt aaaccagatg
13921 agacaittgt acactcaggt ttcatttatt tcggaaaaaa acaatatete aatggtgtac
13981 aattaccgea atcactcaaa acageageaa gaatggeacc actctetgat getatatteg
14041 atgatctaca aggaacactt gecagtattg gaactgeett cgaacgtget atatcggasa
14101 cgcgacatat ceteccatgt cgtattgtag cagetttcea tacgtatttc geegttcgga
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14161 ttttacaata tcaccatett ggaittaata aaggeatcga titaggacag tigtcactta
14221 gtaaaccatt agactatggg actattactc taacattgge ggttccacaa giecttggeg
14281 gaitgicttt tctaaatcca gaaaagtgtt tttatcgaaa cticggagat cetgtgactt
14341 ctggactttt ccagctacgg gtgtacctag aaatggttaa catgaaagac ctattitgtc
14401 cattaatatc gaaaaatcca ggaaatigta gtgccattga titigicita aatccatecg
14461 gattaaatgt tccaggatca caagacttga catcctittt gogacaaate gitaggegta
14521 gtattaccct aactgetaga aataagttaa ttaacactet ettceatgec tetgotgatt
14581 tggaagatga gatggtitgt aagtggctee ttcatcaaa coctgtoatly agicgelity
14641 cageggatat ttittccagg acaccgagtg glaaacgict ccaaatatta ggttatettg
14701 aagggaccag gactetatig gectocaaaa teataaacaa caacagtgag acacctgtac
14761 ttgataagct gaggaagatc accctacaaa gatggaatet gtpgttcagt tattiggace
14821 attgtgacca attactagca gatgctctac agaaaattag ttgcacggtg gatttggeee
14881 agattitgcg tgagtataca tggtcacaca tettagaggg tagateatig atcggagega
14941 cattaccatg tatgptggag caattcaaag ttaagtggct aggacaatat gascctigic
15001 cagaatgtct caacaagaaa ggeteaaatg citatgtete agtigeagic saagatcaag
15061 tggtcagtec ttggectaat acttctegaa taagttggac aatagggagt ggtgteceet
15121 atatagggtc aagaaccgag gataaaatcg gacageetge tatoaageeg cgatgeectt
15181 catctgeect caaggagget atagaattag catcaaggcet cactigggtt acacaaggag
15241 gtictaatag tgaacaatta atccggectt tettggaage gagagtcaac cttagtgtca
15301 gtgaagtcct goaaatgaca ccatcacatt attcaggaaa tattgtccat cgatataacg
15361 accaatacag cccgeactca titatggega atcgeatgag caatactgeg accogtetea
15421 tagtgteaac taatacactt ggagaatitt caggtggagg geaggecgee agggatagea
15481 atataatttt ccagaatgtt ataaatttag cagttgecct ttatgatatt agattcegga
15541 atacaaacac ctctgatata aggeataata gggetcatet tcaccigaca gagtgetgta
15601 ctaaagaggt ccoggeccag tattigacat atacaagtge acttaatetg gatitaagee
15661 gttatcgtga taatgaacta atatatgact caaatccact gaagggagga tigaactgea
15721 atttaacaat agatagtcct ttagtgaagg gtectagget taacatgatt gaagatgatc
15781 ttetecgett tecacacctt tetggatgeg agttagegaa aacggiggta caatecatca
15841 tctcagacaa tagcaactea tcaacagatc caatcagtag cggagaaaca cgetctttca
15901 caactcattt tctcacttac cetcagattg gecttetita cagittcgpa goagtattat
15961 getitiatct aggeaatact atcctatgga ctanaaaact tgattacgaa cagttictat
16021 attatttgca taaccagetg cacaacttac cteatcgage actcegtgtt tttaaaccaa
16081 catttaagea tgecagtgte atgteccgat taatggaaat tgattetaac ttctoaattt
16141 atattggcgg gacatctgga gatcgagggc tgtetgatge tgetegactg titeticgga
16201 cagcaatcge gagttttita caatttctta aaagcetggat catcgatcge caaaagacaa
16261 ttectitatg gatagtatat ccgettgaag gteaacagee ggaatecate aatgaatttc
16321 tacataaaat titggptctg ctcaaacaag gecccaaaag tattccaaag gaggtcagea
16381 tccasaatga tggacatttg pattiggcag aaaataatta tgtttacaat agtaagagea
16441 ctgctagtaa tticticeat geatcettag cttactggag aagtaggaaa tcteggaaaa
16501 cteaagacca taatgatttc tcaagagggg atggaacact tacagaacce gigogtaagt
16561 tttcaagceaa tcatcagtoa gatgaasagt actacaatgt gacatgtgea aagicaccga
16621 agccgeaaga acgeaaagac ttetegeaat acagactcag caataacggg caaacaatga
16681 gtaatcatcg taagaaaggg aagttccaca agtggaatce ctgeaaaatg ttaatggaga
16741 gicaaagggg aactgttcta acagagggtg actactitca aaacaatact ccaccaacag
16801 atgatgtatc aagtcctcac cgacteattc taccattitt taaattggga aatcacaacc
16861 atgcacatga tcaagatgec caagaattga tgaatcaaaa tattaaacag tacctacate
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16921 agctaaggte tatgttggac accactatat attgtagatt cacagggatt gictcatcca
16981 tgcattacaa attggacgaa gttcttctag aatacaatag tttcgattca getatcacat
17041 tagcigaagg tgaggegtca gggpctotat tactittgea aaaatatagt acaaggtiat
17101 tattittgaa cacattggea acagaacaca gtatagaatc agaagitgta tcaggtttit
17161 ctactccgag aatgttgtta ccaataatge aaaaggtica tgaaggacaa gicactgtta
17221 tettaaataa ttcageaagt cagataactg acataactag ctcaatgtgg ttaagtaatc
17281 anaaatataa tctacctigt caagttgaaa teattaigat ggatgetgaa acaacagaga
17341 acttaaacag gtcccaacte taccgageag tatataactt aatacttgat cacattgate
17401 cgeagtatet caaggtggts gtactcaaag tattictgag tgatatagaa pgaatattat
17461 ggattaatga ttacttgget ceattatteg gagotggtta ctigattaaa cogattacat
17521 caagtgecog gicaagtgaa tggtaccttt gettaicaaa tttgatatet actaacagga
17581 gatcggeeca tcagactcac aaggeatgte tiggtgttat cagagatgct ttgecaageac
17641 aagtccageg aggcegtgtac tggttgagtc acatcpcaca gtatgctaca aagaatctce
17701 attgtgaata cataggectt ggtttcocat ctetagaaaa ggtoctatat cacaggtata
17761 atctagttga tactggacte ggtocattgt cgteagtiat tagacattta actaacctec
17821 aggceagagat acgagactta gtattagatt ataacctgat gagggagagt cgeactcaaa
17881 cgtaccattt tattaagact gcaaaaggea gaatcacaaa gitagteaat gactttetga
17941 agfittctit aattgtccag geactcaaaa ataatictte ttggtatact gagettaaaa
18001 aattacctga ggttattaat gtotptastc gattttatca tactcacaat tgegaatgte
18061 aggaaaaatt cittgtccag acgetitatt tacaacgeot acgegatgea gaaatcaage
18121 taattgaacg ccttaccggg ttaatgegat titatceaga agggttaata tattecaate
18181 acacataggt actaaatcat catagtatga ggaataagat aatgataatt cctgacgaca
18241 gttttagttc cgattctaag tatatcggaa gagagtatgc caatcttaat tgttagaggt
18301 aacaagctat tagttattac ttattgataa gaatacactt tatcatageg taacacatca
18361 taactttata acgatttige attictaatc ctagtatita ttagaatgta ctaccagaga
18421 aatgacceea giteotatet ttaaataatg atfgigtgta ttaaattatt agtitattag
18481 gtttatpagt tggitacaca gigagtatta glaattgage attatgtaga taggtaatet
18541 aacactgaat cacccatelg atgtcaccat atccaaatgt tgtgctagtc geatitaaac
18601 atgctatctt cagitaagta acatagactg aaaatgctaa gaagagattg gagtaaaagt
18661 ataaaataaa tttaattana cttcaaagtg attaaatgat aatgatettg geaactegat
18721 atgacctcaa glcaaaaata atgtcaatat aattgtttag taatatgagt gataatgtaa
18781 attttgataa ctaactaget ttagtagita agatcaaatg canscattat angaatgtta
18841 agcgeacaca aaaacattat aaaaaaccaa ttitttectt ttigtgigic ¢ (SEQ 0D NO: 1 O)
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1 cggacacaca aaaagaaaga agaattttia ggatctttg tgtgcpaata actatgagga

61 agattaataa ttttcetcte attgaaattt atatcggaat ttaaaitgaa attgttactg

121 taatcacacc tggtitgtit cagagecaca icacaaagat agagaacaac ctaggtetee

181 gaagggagoea agggeatcag tgtgetcagt tgaaaatcee ttgtcaacac ctaggtctta
241 tcacatcaca agttccacct cagactetge agggigatce aacaacctta atagaaacat

301 tattgttaaa ggacagceatt agttcacagt caaacaagea agatigagaa ttaaccttgg

361 ttttgaactt gaacacttag gggattgaag aticaacaac cctaaagett ggpgtaaaac

421 attggaaata pttaaaagac aaattgctcg gaatcacaaa aticcgagta tggaticteg

481 tectcagaaa atctggatgg cgecgagtet cactgaatet gacatggatt accacaagat
541 cttgacagca ggtetgteeg ttcaacaggg gattgttcgg caaagagtca teccagtgta
601 fcaagtaaac aatcttgaag aaatttgeea acttatcata caggectttg aageaggtpt

661 tgattttcaa gagagtgegg acggiticct totcatgett tgteticate atgegtacca

721 gggagattac aaactittct tggaaagtgg cgeagtcaag tatttggaag ggeacggett
781 cegitttgaa gtcaagaage gtgatggagt gaagegeett gaggaatige tgecageagt
841 aictagtgga aaaaacatta agagaacact tgetgceatg ccggaagagg agacaactiga
901 agctaatgce ggteagtttc tctectttge aagtctattc cttccgaaat tggtagtagg

961 agaaaaggct tgecttgaga aggticaaag geaaattcaa gtacatgeag ageaaggact
1021 gatacaatat ccaacagett ggeaatcagt aggacacatg atggtgatit tcegttigat
1081 gcgaacaaat titctgatea aatitctect aatacaccaa gggatgeaca tggtigeegg
1141 geatgatgee aacgatgetg tgatttcaaa tcagtggot caagetegtt titcaggett

1201 atigattgtc aaaacagtac ttgatcatat cctacaaaag acagaacgag gagttegtet
1261 ccatectett geaaggaccg coaaggtaaa aaatgagete aactecttta aggetgeact
1321 cagetecetg gecaageatg gagagiatge toctitcgee cgactttiga acclitetgg
1381 agtaaataat cttgagcatg gicttttcec tcaactateg geaattgeac teggagiege
1441 cacagcacac gggagtacce tcgeaggagt aaatgttgga gaacagtate aacaactcag
1501 agaggctgec actgaggctg agaagcaact ccaacaatat gecagagtcte gegaacttga
1561 ccatettgga cttgatgatc aggaaaagaa aattcitatg aacttccatc agaaaaagaa
1621 cgaaatcage ttccagcaaa caaacgetat ggtaactcta agaaaagage gectggeeaa
1681 getgacagaa goetatcactg ctgegteact geccaaaaca agtggacatt acgaigatga
1741 tgacgacatt coetttecag gacecatcaa tgatgacgac aatectggec atcaagatga
1801 tgatcegact gactcacagg atacgaccat tceegatgtg gtggitgate cogatgatge
1861 aagctacgge gaataccaga gitactcgga aaacggoatg aatgeaccag atgacttggt
1921 cctattcgat ctagacgagg acgacgagga cactaageca gtgectaata gatcgaccaa
1981 gggtggacaa cagaagaaca gicaanaggg ccageatata gagggcagac agacacaate
2041 caggccaatt caaaatgtcc caggecctca cagaacaatc caccacgeea gtgegecact
2101 cacggacaat gacagaagaa atgaacccte cggetcaace agecctegea tgetgacace
2161 anttaacgaa gaggeagacc cactggacga tgecgacgac gagacgteta gectteegee
2221 cttggagtca gatgatgaag agcaggacag ggacggaact tccaaccgea cacceactgt
2281 cgeeccaceg getecegtat acagagatca ctctgaaaag aaagaactce cgeaagacga
2341 geaacaagat caggaccaca ctcaagagge caggaaccag gacagigaca acacccagic
2401 agaacactct tttgaggaga tgtaccgecea cattctaaga tcacaggggc catttgatge
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2461 tgttttgtat tatcatatga tgaaggatga gectgtagtt ticagtacca gtgatggeaa
2521 agagtacacg tatccagact cccitgaaga ggaatatcea ccatggcetea ctgaaaaaga

2581 ggetatgaat gaagagaata gatttgtiac atiggatgpt caacaattit attggeogst
2641 gatgaatcac angaataaat tcatggeaat cetgeaacat catcagtgaa tgagceatgga
2701 acaatgggat gattcaaceg acaaataget aacattaagt agtcaaggaa cgasaacagg
2761 aagaattttt gatgtctaag gtgtgaatta ttatcacaat asaagtgati citatititg

2821 aatttaaagc tagcttatta ttactagceg tttttcaaag ttcaattiga gicttaatge

2881 aaataggegt taagccacag ttatagecat aattgtaact caatattcta actagegatt
2941 tatctaaatt aaattacatt atgcitttat aacttaceta ctagectgec caacatttac

3001 acgatcgttt tataattaag aaaaaactaa tgatgaagat taaaaccttc atcatectta
3061 cgteaattga attetetage actcgaaget tattgtetic aatgtaaaag aaaageiggt
3121 ctaacaagat gacaactaga acaaagggea ggggocatac tgtggecacy actcaaaacg
3181 acagaatgee aggecctgag cittcggpet ggatctetga geagetaatg acoggaagaa
3241 ttectgtang cgacatcttc tgtgatattg agaacaatce aggattatge tacgeateec
3301 aaatgcaaca aacgaagcca aacccgaaga cgegeaacag tcaaacecaa acggacccaa
3361 tttgcaatea tagttttgag gaggtagtac aaacattgge ttcattggct actgtigtge
3421 aacaacaaac catcgcatca gaatcattag aacaacgcat tacgagtctt gagaatggtc
3481 taaagccagt ttatgatatg gcaaaaacan tetcctcatt gaacaggptt tgtgetgaga
3541 tgpttgcaaa atatgatett ciggtgatga caaccgglog ggeaacagea accgetgegs
3601 caactgagge ttattgggee gaacatggte aaccaccace tggaccatca ctttatgaag
3661 asagtgegat teggggtaag atigaatcta gagatgagac cgtcectcaa agipttagey
3721 aggeaticaa caatctaaac agtaccacit cactaactga ggaaaatttt gggaaacctg
3781 acaittcgge aaaggatitg agaaacatta tgtatgatca cttgectggt titggaactg
3841 ctttccacca attagtacaa gtgattigta aattgggaaa agatageaac tcatiggaca
3901 tcattcatge tgagttccag gecageetgg ctgaaggaga ctetectcaa tgtgeectaa
3961 ticaaattac aaaaagagtt ccaatcttce aagatgetge tecacotgic atccacatee
4021 getetegagg tgacatteee cgagetigee agaaaagcett gegtecagie ceaccatege
4081 ccaagattga tegaggttgg gtatgtgtit ticagettca agatggtaaa acactiggac
4141 tcaaaatitg agecaatcte cetteectee gaaagaggeyg aataatagea gaggettcaa
4201 ctgetgaact atagggtacg ttacattaat gatacacttg tgagtatcag ccciggataa
4261 tataagtcaa ttaaacgacc aagataaaat tgitcatate tcgetageag citaaaatat
4321 aaatgtaata ggagctatat ctetgacagt attataatca attgttatta agtaacccaa
4381 accaaaagtg atgaagatta agaaaaacct acctoggetg agagagtgtt tittcattaa
4441 cctteatett gtaaacgttg ageaaaattg tiaaaaatat gaggegegtt atatigecta
4501 ctgetectee tgaatatatg gaggecatat accetgicag gteaaatica acaattgeta
4561 gaggtggeaa cagcaataca ggctteetga caccggagte agtcaatgge gacacteeat
4621 cgaatcoact caggecaatt geegatgaca ceatcgacca tgecagecac acaccaggea
4681 gtgtgtcatc agcatteate ctigaageta tggigaatgt catatcggge cccaaagtge
4741 taatgaagca aattccaatt tggetteete taggtgtegc tgatcaaaag acctacaget
4801 ttgactcaac tacggccgee atcatgettg cttcatacac tatcacceat ticggeaagg
4861 caaccaatce acttgtcaga gtcaatcgge tgggtectgg aatcceggat cateccctca
4921 ggetectgeg aattggaaac caggetttes tecaggagtt cgticttceg coagtecaac
4981 taccccagta tttcaccttt gatttgacag cactcaaact gatcaccecaa ccactgectg
5041 ctgcaacatg gaccgatgac actccaacag gatcaaatgg agegitgegt ceaggaatit
5101 catttcatce aaaacttcge cecaticttt tacccaacaa aagtgggaag aaggggaaca
5161 gtgccgatct aacatctceg gagaaaatce aagcaataat gacttcacte caggactica
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5221 agatcgttce aattgatcca accaaaaata teatgggaat cgaagigeca gaaactetgg
5281 tecacaagcet gaccggtaag aaggtgactt ctaaaaatgg acaaccaate atceotgttc
5341 ttttgecaaa gtacattgeg tiggacecege iggclocagg agaccicace atgptaatca
5401 cacaggattg tgacacgtgt cattctectg caagtottec agetgtgatt gagaagtaat
5461 tgeaataatt gactcagate cagittiata gaatettoic agggatagtg ataacatcta

5521 titagtaatc cgtccattag aggagacact titaattgat caatatacta aaggtgettt

5581 acaccattgt ctittttcte tectaaatgt agaacttaac aaaagactca taatatactt

5641 gtttttaaag gattgattga tgaaagatca taactaataa cattacaaat aatcctacta

5701 taatcaatac ggtgattcaa atgttaatct ttctcattge acatacttit tgecettate

5761 cteaaattge ctgeatgett acatctgagg atagecagtg tgactiggat tggaaatgty
5821 gagaaaaaat cgggacccat ttctaggttg ticacaatee aagtacagac attgeccttc
5881 taattaagaa aaaatcggeg atgaagatta agccgacagt gagegtaate ticatetete
5941 itagaitatt tgitttccag agtaggggtc gteaggtcet tttcaatogt gtaaccaaaa

6001 taaactccac tagaaggata ttgtggggca acaacacaat gggegttaca ggaatatige
6061 agitaccicg tgatcgattc aagaggacat cattetitet ttgggtaatt atcetttice

6121 aaagaacatt ttcoatccca citggagtca tecacaatag cacattacag gitagtgatg
6181 tcgacaaact agtttgtept gacaaactgt catccacaaa teaattgaga coagtiggac
6241 tgaatctega agggaatgga gtggoaactg acgtgecate tgeaactaaa agatgggget
6301 teaggtcegy tgtcccacea aaggtggiea attaigaage tggtgaalgy getgaaaact
6361 getacaatet tgagatcaaa aaacctgacg ggagigaglg tetaccagea gegecagacg
6421 gpattcgggg cttcoccegg tgceggtatg tgcacaaagt atcaggaacg ggaccglgtg
6481 ccggagactt tgecttecat aaagagggtg cittcttcet gtatgatega ctigetteca
6541 cagttatcta cogaggaacg actitcgelg aaggtgtogt tgcatttetg atactgecee
6601 aagctaagaa ggacttctic ageteacace cetigagnga geeggicaat geaacgpage
6661 accegtctag tggetactat tetaceacaa ttagatatca ggctaceggat titggaacca
6721 atgagacaga gtacttgttc gaggttgaca atttgaccta cgtccaactt gaaccaagat
(781 tcacaccaca gtttctgete cagetgaatg agacaatata tacaagtggg aaaaggagea
6841 ataccacggg aaaactaatt tgpaaggtea accecgaaat tgatacaaca ateggggagt
6901 gggccttctg ggaaactaaa aaaacctcac tagaaaaatt cgeagtgaag agttgtettt
6961 cacagtteta tcaaacggag ccaaaaacat cagtggleag agtccggege gaacttetic
7021 egacceaggg accaacacaa caactgaaga ccacaaaatc atggoettcag aaaattcctc
7081 tgcaatggtt caagtgeaca gtcaaggaag ggaagetgea gigtogeate taacaaccet
7141 tgecacaate tecacgagte cecaateect cacaaccana ceaggtecgg acaacageac
7201 ccataataca cocgtgtata aacttgacat ctotgaggea actcaagitg aacaacatca
7261 ccgeagaaca gacaacgaca geacagecte cgacactcee tetgecacga cogeageegg
7321 acccocaaaa geagagaaca ccaacacgag caagageact gacttectgg accecgecac
7381 cacaacaagt ccccaaaace acagegagac cgetggeaac aacaacactc atcaccaaga
7441 taccggagaa gagagtgcca geagegggaa getaggctta attaccaata ctattgetgg
7501 agtcgeagga ctgatcacag gegggagaag aactegaaga gaageaattg teaatgetea
7561 acccaaatge aaccctaatt tacattactg gactactcag gatgaaggtg ctgeaatcgg
7621 actggecetgg ataccatatt tegggecage agecgaggga atttacacag aggggotaat
7681 geacaatcaa gatggtttaa tetgtgegtt gagacagetg gocaacgaga cgacicaage
7741 tcticaactg ttcctgagag ccacaactga getacgeace tittcaatee tcaaccgtaa
7801 ggcaattgat ticttgetge agegatggge cggeacatge cacattctgg gaccggactg
7861 ctgtatcgaa ccacatgatt ggaccaagaa cataacagac aaaattgatc agattatica
7921 tgatttigtt gataaaacec ttecggacca gggggacaat gacaatiggt ggacaggatg
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7981 gagacaatgg ataccggeag glattggagt tacaggogtt ataattgeag ttatcgetit
8041 attctgtata tgcaaatttg tottttagtt tttcttcaga ttgettcatg paaaagetca

8101 gectcaaate aatgasacca ggatttaatt atatggatta ctigaatcta agattacttg
8161 acaaatgata atataataca ctggagcetit aaacatagec aatgtgattc taacteetit
8221 aaactcacag ttaatcataa acaaggtitg acatcaatct agttatctet ttgagaatga
8281 taaacttgat gaagattaag aaaaaggtaa tetticgatt atetitaate ticatcctty

8341 attctacaat catgacagtt gtctttagtg acaagggaaa gaagcectitt tattaagttg
8401 taataatcag atctgcgaac cggtagagit tagttgcaac ctaacacaca taaagcattg
8461 gtcaaaaagt caatagaaat ttaaacagtg agtggagaca acttttaaat ggaagettca
8521 tatgagagag gacgeccacg agetgecaga cageattcaa gggatggaca cgaccaccat
8581 giicgageac gateatcate cagagagaat tatcgaggty agtaccgica atcaaggage
8641 gectcacaag tgegegtice tactgtatit cataagaaga gagttgaacc attaacagtt
8701 cotecageac ctaaagacat atgtecgace ttgaaaaaag gattittgty tgacagtagt
8761 ttttgcaaaa aagatcacca gitggagagt ttaactgata gggasattact cctactaate
8821 geecgtaaga ctigtggate agtagaacaa caattaaata taactgcace caaggacteg
8881 cgcttagcaa atccaacgge tgatgatttc cageaagagg aaggtccaaa aattacettg
8941 ttgacactga tcaagacgge agaacactgg gegagacaag acatcagaac catagaggat
9001 tcaaaattaa gageattgtt gactetatgt getgtgatga cgagganatt cteaaaatee
9061 cagetgagtc ttttatgtea gacacaccta aggegegagy ggotigggcea agatcaggea
9121 gaaccegttc tcgaagtata tcaacgatta cacagtgata aaggaggeag tttigaaget
9181 geactatgge aacaatggga ccgacaatec ctaattatgt tatcactge attetigaat
9241 attgetetee agttacogig tgaaagiict gotgtogitg titcagggtt aagaacatig
9301 gttectcaat cagataatga ggaagcettca accaaccogg ggacatgete atggtetgat
9361 gagggtacce cttaataagg ctgactaaaa cactatataa cctictactt gatcacaata
9421 ctecgtatac ctatcatcat atatttaatc aagacgatat cctttaaaac ttattcagta

9481 ctataatcac ictegtitca aaitaataag atgtgeatga tigeectaat atatgaagag
0541 gtatgataca accctaacag tggtcaaaga aaatcataat ctegtatege tegtaatata
9601 acctgecaag catacctett gecacaaagtyg attetiglac acaaataalg ttttactcta
9661 caggaggtag caacgatcea teecatcaaa aaataagtat tteatgactt actaatgate
9721 tcitaaaata ttaagaaaaa ctgacggaac ataaatictt tatgcttcaa getgtggagg
9781 aggtgtiteg tattggetat tgitatatta caatcaataa caagettgta aaaatattgt

9841 tottgtttcn agaggtagat (glpaccgga aalyclaaac lualgatgaa gaftaatgeg
0901 gaggtctgat aagaataaac cttattatic agattaggcee ccaagaggca ttcttcatct
0961 cctitiagea aagtactatt icagggtagt ceaattagtg geacgtetit tagetgtata
10021 tcagicgece ctgagatacg ccacaaaagt gictctaage tanattggte tgtacacate
10081 ceatacattg tattagggec aataatatct aattgaactt agcegtttaa aatttagtec
10141 ataaatctgg getaacacca ccaggicaac tecattgget gaaaagaage ttacctacaa
10201 cgaacatcac tttgagegee ctcacaatta aaaaatagga acgtegttce aacaategag
10261 cgeaaggttt caaggtigaa ctgagagtgt ctagacaaca aaatatigat actccagaca
10321 ccaageaaga cctgagaaaa aaaccatgge taaagetacg ggacgataca atctaatate
10381 gcccaaaaag gacctggaga aaggggttgt cttaagegac ctotgtaact tettagttag
10441 ceaaactatt caggggtega aggittattg ggctggtatt gagtitgatg tgattcacaa
10501 aggaatggec ctattgeata gactgaaaac taatgacttt gecectgeat ggteaatgac
10561 aaggaatctc titcctcatt tatttcaaaa tecgaattce acaattgaat cacegetgtg
10621 ggeattgaga gteatecttg cageagggat acaggaceag ctgattgace agietitgat
10681 tgaaccctta gecaggagece ttggtctgat ctetgattgg clgetaacaa ccaacactaa
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10741 ccatttcaac atgcgaacac aacgtgtcaa ggaacaattg agectaaaaa tgetgtogtt
10801 gattcgatec aatattctca agtitatiaa caaattggat getctacatg tegtgaacta
10861 caacggattg ttgagcagta ttgaaattgg aactcaaaat catacaatca teataactcg
10921 sactaacatg gettitctgg tgpagctcca agaaccogac aaatcggeaa tgaacegeat
10981 gaageetgeg ceggepgaaat titcectect teatgagice acactgaaag catttacaca
11041 aggatccteg acacgaatge aaagtitgat tettgaatit aatagetete tigetatcta
11101 actaaggtag aatacttcat attgagctaa ctcatatatg ctgactcaat agitatcitg
11161 acatctetgc tttcataatc agatatataa geataataaa taaatactea tatticttga
11221 taatttgtit aaccacagat aaatccteac tgtaagecag cttccaagtt gacaccectia
11281 caaaaaccag gactcagaat coctcaaaca agagaticca agacaacatc atagaatige
11341 tttattatat gaataageat tttatcacca gaaatcctat atactaaatg gtaatigta
11401 actgaacccg caggtcacat gtgttaggtt tcacagatic tatatattac taactetata
11461 ctcgtaatta acattagata agtagatina gasaasagee tgaggaagat taagaaaaac
11521 tgettattgg gtettteogt gtittagatg aageagttga aattctiect citgatatia
11581 aatggctaca caacatacce aatacccaga cgetaggita tcatcaccaa tigtattgga
11641 ccaatgtgac ctagtcacta gagettgegg gitatatica tcatactcee ttaatecgea
11701 actacgcaac tgtaaactce cgaaacatat ctaccgtitg aaatacgatg taactgftac
11761 caagttctig agtgatgtac cagtggegac attgeccata gattteatag teccagttet
11821 totcaaggea ctgtcaggea atggatictg tectgttgag cegeggtgec aacagtictt
11881 agatgaaatc attaagtaca cantgcaaga tgetetetic ttgaaatatt atctcaaaaa
11941 tgtgegtget caagaagact gtattgatga acactttcaa gagaaaaict tatcitcaat
12001 tcagggcaat gaatitttac atcaaatgft tttctggtat gatctggeta tittaacteg
12061 aaggggtaga ttaaatcgag gaaactctag atcaacatgg tttgticatg atgatttaat
12121 agacatctta ggctatgggg actatgtttt tiggaagatc ccaatttcaa tgttaccact
12181 gaacacacaa ggaatcccce atgetgetat ggactggtat caggeateag taticaaaga
12241 agcggttcaa ggpcatacac acattgtite tgittotact gecgacgtet tgataatgtg
12301 caaagatita attacatgte gattcaacac aactetaatc tcanaaatag cagagatiga
12361 ggatccagtt tgttctgatt atcecaattt taagattgty ictatgettt accagagegg
12421 agattactta ctofccatat tagggtetga tgggtataas attattaagt tcetcgaace
12481 attgtgcttg gecaaaattc aattatgetc aaagtacact gagaggaagg gecgattett
12541 aacacaaatg catttagctg taaatcacac cctagaagaa attacagaaa tgegtgeact
12601 aaagccttca caggetcaaa agatcegtga attccataga acattgataa ggcetggagat
12661 gacgecacaa caactttgtg agctattitc cattcaaaaa cactgggggc atcetgtget
12721 acatagtgaa acagcaatce aagaagitaa aaaacatget acggtgcetaa aageattacg
12781 ccctatagtg attttcgaga catactgtgt tittaaatat agtattgeca aacattattt
12841 tgatagtcaa ggatcttggt acagtgttac ttcagatagg aatctaacac cgggtettaa
12901 ttcttatatc aaaagaaatc aattccetee gttgecaatg attasagaac tactatggga
12961 attttaccac ctigaccace ctecacttit cicaaccaaa attattagtg acttaagtat
13021 tittatasaa gacagagcta ccgeagtaga aaggacatgo tgggatgeag tattcgagee
13081 taatgttcta ggatataatc cacctcacaa atttagiact aaacgtgtac cggaacaatt
13141 titagagcaa gaaaactttt ctattgagaa tgttctttce tacgcacana aactegagta
13201 tctactacca caatatcgga acttticttt ctcattgaaa gagaaagagt tgaatgtagg
13261 tagaaccitc ggaaaattge cttatccgac tegeaatgtt caaacacttt gtgaagetet
13321 gtagetgat ggtettgeta aageatttec tageaatatg atggtagtta cggaacgtga
13381 geaaaaagaa agcttattge atcaagcatc atggeaccac acaagtgatg attttggtga
13441 acatgccaca gttagaggga gtagetttgt aactgattta gagaaataca atcttgeatt
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13501 tagatatgag tttacageac ctittataga atattgeaac cgttgetatg gtettaagaa
13561 tgtitttaat tggatgcatt atacaatcee acagtgttat atgeatgtea gtgattatta
13621 taatccacca cataacctea cactgagaa topagacaac coeccecgaag ggectagtic
13681 atacaggggt catatgggag guattgaagg actgeascaa aaactetgga caagtattic
13741 atgtgeteaa atticittag tigaaattaa gactgptitt aagttacget cagetgtgat
13801 gggtgacaat cagtgeatta cigitttate agtettcoor ttagagactg acgeagacga
13861 geaggaacag agcgecgaag acantgeage gagggiggee gecageetag caaaagitac
13921 aagtgeetgt ggaatctttt taaaacctga tgaaacattt gtacaticag gtittatcta
13981 uttggaaaa asacaatatl tgaatgggpt coaattgect cagiecctia aaacggetac
14041 nagaatggea coattgictg atgeaatitt tgatgatolt caagggaccc tggotagtat
14101 aggcactgot tttgagegal coatctelga gacacgacat atefticott geaggataac
14161 cgeagetiic catacgtitt tteggteag aatctigeaa tatcateate tegggticaa
14221 taaaggitit gaccttggac agttaacact cpgeaaacct ciggatiteg gaacaatate
14281 attggeacta goggtacege aggtgettgs agggitatee ttettgaate ctgagaaatg
14341 titctaccgg aatctagpag atccagitac cleapgetia ciccagtiaa aaacttatet
14401 cegaatgatt gagatggatg atttattett acctttaatt gegaagaacc ctgggaactg
14461 cactgecatt gacttigtge taaatcctag cggattaaat gicectgggt cgeaagactt
14521 ancttcattt ctgegecaga tiglacgcag gaccatcace ctaagtgega aaaacaaact
14581 tattaatace ftatticatg cgteagetga cticgaagac gaaatggttt gtanatgget
14641 attatcatea actoctgita tgagtegtit tgeggcegat atctittcac goncgecgag
14701 cgggaagega ttgcaaattc taggatacct ggaagganca cgeacatiat tagoctotaa
14761 gatcatcasc aataatacag agacaccggt titggacaga ctgaggaaaa taacatigea
14821 aaggtggagce ctatggitta ptiatotiga teatigtgat aatatcetgg opgaggettt
14881 aacccaaats acttgeacag itgatitage acagatictg agggaatatt catgggctca
14941 tattttagag ggaagaceto ttattggage cacactccca tgtatgattg ageaaticaa
15001 agtgttitgg ctgaaaccct acgaacaatg tecgeagtgt tcaaatgeaa ageaaccagg
15001 tggpaaacca ttegtgtcag tpgeagtcaa gaaacatatt ghtagtgeat ggeegaacge
15121 atcccpanta agetgpacta teggagatgg aatcecatac attggatcaa gpacagaaga
15181 taagatagga caacctgcta ttaaaccaaa atgtcetice geagecttaa gagaggecat
15241 tgaattggog teccgtttan catggataac teaaggeagt togaacagly actigetaat
13301 aaaaccattt tiggaangcac gagtanattt aagtgiicaa ganatactic aaatgacces
15361 ttcacattac fcaggaaata ttgticacag gtacaacgat caatacagte cteattcttt
15421 catggecaat cglatgagta attoageaac gegattgatt gtttetacaa acacittagy
15481 tgagtittca gpapgtgecc agtctgeacg cgacageaat attattttce apaatgttat
15541 aaattatgea gitgeactgt tcgatattaa atitagaaac actgagpcta cagatateca
15601 atataatcgt getcacctte atctaactaa gtgttgeace cgggaagtac cagoteagla
15661 titaacatac acatctacat tggatttaga ittaacaaga taccgagaaa acgaatigat
15721 ttatgacagt aatcctctan aaggaggact canttgeaat atctcaticg ataatccatt
15781 tttccaaggt aaacggelga acatiatags agatgatol! attegactge cleactiaic
15841 iggatggpay ctagccaaga ccatcatgea atcaatiatt tcagatagea acaattcate
15901 tacagaccca attageagtg gagasacaag atcaticact acceattict taaciatec
15961 caagatagga cttotgtaca gtittgggpc cittgtaagt tattatctig geaatacaat
16021 tcticggact aagaaattaa cactigacaa fittttatat tacttaacta cteaaatica
16081 taatctacea categeteat tgegaatact taageeasaca iteanacatg cangegtiat

16141 gteacggtta atgagiattg atceteatit Hetgittac ataggegate ctgeaggtga
16201 cagaggacte tcagatgegg ceaggitatt titgagaacg teeattteat cititottac
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16261 atitgtaaaa gaatggataa ttaatcgcgg aacaattgtc ccittatgga tagtatatcc
16321 gctagagpet caaaacccaa cacctgtgaa taattticte tatcagateg tagaactget
16381 ggtgcatgat tcatcaagac aacaggettt taaaactacc ataagtgate atgtacatce
16441 tcacgacaat cttgtttaca catglaagag tacagecage aatitetice atgeateatt
16501 ggcgtactgg aggageagac acagaaacag caaccgaaaa tacttggeaa gagactctic
16561 aactggatca agcacaaaca acagigatgg tcatattgag agaagtcaag aacaaaccac
16621 cagagatcea catgatggea ctgaacggaa tetagtecta caaatgagee atgaaataaa
16681 aagaacgaca aticcacaag aaaacacgca ccagggteeg tegttccagt cctitctaag
16741 tgacictget tgtgggacag caaatccaaa actaaatitc gatcgatcga gacacaatgt
16801 gaaatttcag gatcataact cggeatecaa gagggaaget catcaaataa tetcacaceg
16861 tctagtceta cctttettta cattatetoa agggacacgce caattaacgt catccaatga
16921 gtcacaaace caagacgaga tatcasagta citacggeaa ttgagateeg teattgatac
16981 cacagtttat tgtagattta coggtatagt ctegtecatg caltacaaac ftgatgaggt
17041 cctitgggaa atagagagtt tcaagicgge tgtgacgcla geagagggag aaggigeigg
17101 tgcecttacta ttgattcaga aataccaagt taagacctta titttcaaca cgetagetac
17161 tgagtccagt atagagtcag aaatagtatc aggaatgact actcctagga tgetictace
17221 tgttatgtca aaattcoata atgaccaaat tgagattatt cttaacaact cagcaageea
17281 aataacagac ataacaaatc ctacttggtt taaagaccaa agageaagge tacctaagea
17341 agtcgaggtt ataaccatgg atgcagagac aacagagaat ataaacagat cgaaatigta
17401 cgaagcetgta tataaattga icitacacca tattgatcet agegtattga aageagtpgt
17461 ccttaaagte titctaagig atuctgagge tatgtiatgp ctaaatgata atftagecec
17521 gttttitgee aciggttatt taattaagee aataacgtca agtgctagat ctagigagty
17581 gtatctitgt ctgacgaact tcttatcaac tacacgtaag atgecacace aaaaccatct
17641 cagttgtaaa caggtaatac ttacggeatt gcaactgeaa attcaacgaa geecatactg
17701 gctaagtcat ttaactcagt atgetgactg tgagttacat ttaagitata tecgectigg
17761 ttitccatea ttagagaaag tactatacca caggtataac ctegtcgatt caaaaagagg
17821 tecactagtc tctatcacte agcacttage acatcitaga geagagatic gagaattaac
17881 taatgattat aatcaacage gacaaagtcg gactcaaaca tatcactita ttogtactge
17941 aaaaggacga atcacaaaac tagtcaatga ttatitaaaa tictitctta ttgtgeaage
18001 attaaaacat aatgggacat ggcaagetga gittaagaaa ttaccagagt tgattagtgt
18061 gtgcaatagg ttetaccata ttagagattg caattgigaa gaacgtttct tagttcaaac
18121 cttatattta catagaatgc aggattctga agttaagett atcgaaagge tgacagggot
18181 tctgagttta titccggatg gicictacag gtttgattga attaccgtge atagtatect
18241 gatacttgca aaggttggtt attaacatac agattataaa aaactcataa attgctetca
18301 tacatcatat tgatctaatc tcaatasaca actatitaaa taacgaaagg agtcectata
18361 tiatatacta tatttagect cictooetge gtgataatca aaaaaticac aatgeageat
18421 glgtgacata itactgecge aatgaatita acgeaacata ataaactetg cactctitat
18481 aattaagctt taacgaaagg tctgpgotca tattgttatt gatataataa tgtigtatca
18541 atatcctgic agatggaata gtgttitggt tgatancaca acticttaaa acaaaattga
18601 tctttaagat taagtttttt ataattatca ttactttaat tigicgitit asaaacggtg
18661 atagecttaa tctitgtgta aaataagaga ttaggtgtaa taaccttaac atttitgtct
18721 agtaagctac tatttcatac agaatgataa aattaaaaga aaaggcagga ctgtaaaatc
18781 agaaatacct tctttacaat atagcagact agataataat citcgtgtta atgataatta
18841 agacattgac cacgeteate agaaggeteg ccagaataaa cgtigeanaa aggaticctg
18901 gaaaaatggt cgcacacaaa aatttaaaaa taaatctatt tetictittt tgtgtgteca /
(SEQ 0 N0
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MEASYERGRPRAARQHSRDGHDHHVRARSSSRENYRGEYRQSRS
ASQVRVPTVFHKKRVEPLTVPPAPKDICPTLKKGFLCDSSFCKKDHQLESLTDRE
i&RKTCGSVEQQLNITAPKDSRLANPTADDFQQBEGPKITLLTLIKTAEHWARQ
’?IISDSKLRALLTLCAVMTRKFSKSQLSLLCETHLRREGLGQDQAEPVLEVYQRLH
?i%I;FEAALWQQWDRQSLMFITAFLN]ALQLPCESSAVVVSGLRTLVPQSDNEEA
IS’I}?CSWSDEGTP {SEQ 0 NO: 13‘)

L11365

1 cggacacaca aaraganaga agaatiitta ggatottttg tgtgcgaata actatgagga

61 agattaataa ftitcctctc attpaaatit atatcggaat ttaaattgaa attgttactg

121 taatcacacc tggtttgttt cagagecaca tcacaaagat agagaacaac ctaggictce
181 gaagggagea agggcatcag tetgetcagt tgaaaatcee ttgteaacac claggictia
241 tcacatcaca agttccacct cagactetge agggtgatce aacaacctta atagaaacat
301 tattgttaaa ggacagcatt agticacagt caaacaagea agatigagaa ttaacctigg

361 tittgaactt paacacttag pggattgaag aticaacaac cctaaagett ggggtaaaac
421 attggaaata gttaasagac aaattgeteg gaatcacaaa aticcgagta tggaticieg

481 tcctcagaaa atctggatgg cgeegagtet cactgaatet gacatggatt accacaagat
541 cttgacagca ggictgtceg ticaacaggg gattgticgg caaagagica teccagtgta
601 tcaagtaaac aatcttgaag aaatttgeca acttatcata caggectitg aageaggtgt

661 tgattttcaa gagagtgegg acagtitect tetcatgett tgtetteate atgegtacea

721 gggagattac aaactittct tgpanagtgg cgcagtcaag tatttggaag ggcacgggtt
781 ccgttttgaa gteaagaage gtgatggagt gaagegectt gaggaattge tgccageagt
841 atctagtgga aaaaacatta agagaacact tgotgecatg ccggaagagg agacaactga
901 agctaatgec ggtcagtite totecttige aagtotatte cttcogaaat tggtagtagy

961 agaaaagget igectigaga aggticaaag geaaaticaa gtacatgeag ageaaggact
1021 gatacaatat ccaacagett ggeaatcagt aggacacatg atggigatit tecgtitgat
1081 gegaacaaat titctgatca aatticteet aatacaccaa gggatgeaca tggtigeegg
1141 geatgatgee aacgatgetg tgatticaaa ticagtgget caagetegtt tticaggett
1201 attgattgtc aaaacagtac ttgatcatat cctacaaaag acagaacgag gagttegtot
1261 ccatcetett goaaggaceg coaaggtaaa aaatgaggtg aactecttta aggetgeact
1321 cageteoctg gocaageatg gagagtatge tectitcgee cgacttttga acettictgg
1381 agtaaataat cttpagcatg gtcttttcee tcaactatcg goaatigeac teggagtege
1441 cacagcacac gggagtacce togeaggagt aaatgttgga gaacagtatc aacaactcag
1501 agaggctgee actgaggetg agaageaact ccaacaatat geagagtetce gogaactiga
1561 ccatctigga cttgatgatc aggaaaagaa aaticttatg aacttccatc agaaaaagaa
1621 cgaaatcage ticcagcaaa caaacgetat ggtaactcta agaaaagage gectggecaa
1681 getgacagaa getatcactg cigegteact geccaaaaca agtggacatt acgatgatga
1741 tgacgacatt cectttccag gacceateaa tgatgacgac aatcelggee atcaagatga
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1801 tgatcegact gactcacagg atacgaccat tcecgatgtg ptgpttgate cogatgatgg
1861 aagctacggce gaataccaga gttactcgga aaacggeatg aatgcaccag atgacttggt
1921 cctattcgat ctagacgagg acgacgagga cactaageca gtgectaata gatcgaccaa
1981 gggtggacaa cagaagaaca gicaaaaggg ccageatata gagggcagac agacacaatc
2041 caggecaatt caaaatgtce caggeccica cagaacaate caccacgeca gtgegecact
2101 cacggacaat gacagaagaa atgaaccete cggeteaace agecctegea tgetgacace
2161 aattaacgaa gaggcagacc cactggacga tgecgacgac gagacgicta gectteegee
2221 cttggagtea gatgatgaag ageaggacag ggacggaact tecaacogea cacccactgt
2281 cgeeecaceg getceogtat acagagatea ctctgaaaag aaagaactcs cgeaagacga
2341 geaacaagat caggaccaca ctcaagagge caggaaccag gacagtgaca acacceagtc
2401 agaacactct titgaggaga tgtatcgeea cattctaaga tcacagggec catttgatge
2461 tettttgtat tatcatatga tgaaggatga geotgtagtt ttcagtacca ggatggeaa

2521 agagtacacg tatccagact ccctigaaga ggaatatcca ccatggetea ctgaaaaaga
2581 ggctatgaat gaagagaata gatttgttac attggatggt caacaattit attggecggt
2641 patgaatcac aagaatanat tcatggcaat cetgeaacat catcagtgaa tgageatgga
2701 acaatgggat gattcaaccg acaaataget aacattaagt agtcaaggaa cgaaaacagg
2761 aagaattitt gatgtctaag gtgtgaatta ttatcacaat aaaagtgatt citatititg

2821 astttaaagce tagecttatt attactagee gitittcaaa gttcaatttg agtctisatg

2881 caaataggeg ttaagecaca gitatageea taattgtaac teaatattet aactagegat
2941 ttatctaaat taaattacat tatgetttta taacttacct actageetge ceaacatita

3001 cacgatcgtt itataattaa gaaaaaacta atgatgaaga ttaaaacctt catcatcctt

3061 acgteaattg aattctctag cactcgaage ttattgtctt caatgtaaaa gaaaagctgg
3121 tctaacaaga tgacaactag aacaaaggge aggggecata ctgeggeeac gactcaaaac
3181 gacagaatge caggeectga geittegpge tggatotetg ageagetaat gaccggaaga
3241 attcetgtaa gegacatett ctgtgatatt gagaacaate caggattatg ctacgeatce
3301 caaatgcaac aaacgaages aaaccegaag acgegeaaca gteaaaceea aacggaceca
3361 atttgeaatc atagtitiga ggaggtagta caaacatigg cttcatigge tactgtigts

3421 caacaacaaa ccatcgeatc agaatcatta gaacaacgea ttacgagtct tgapgaatggt
3481 ctaaagecag titatgatat ggeaaaaaca atetecteat tgaacagggt ttgtgetgag
3541 atggtigcaa aatatgatct totggtgaty acaaccggte gggcaacage aaccgetgeg
3601 geaactgagg cttattggge cgaacatggt caaccaccac ctggaccatc actitatgaa
3661 gaaagtgega ttcggggtaa gattgaatet agagatgaga cogteectea aagtgttagg
3721 gaggcattca acaatctaaa cagtaccact teactaactg aggaaaatit tgggaaacct
3781 gacaiticgg caaaggattt gagaaacatt atgtatgaic actigeoigg ttttggaact
3841 getttccace aattagtaca agtgatttgt aaattgggaa aagatageaa cicattggac
3901 atcattcatg ctgagttcca ggecagectg getgaaggag actetectea atgtgeecta
3961 attcaaatta canaaagagt tecaatcttc caagatgetg ctecacetgt catecacate
4021 cgetetegag gtgacattee cegagettge cagaaaaget tgegtecagt cocaccateg
4081 cccaagattg atcgaggttg potatgtott tticagette aagatggtaa aacacttgga
4141 ctcaaaattt gagccaatct ccctteecte cgaaagagge gaataatage agaggcttca
4201 actgctgaac tatagggtac gttacattaa tgatacactt gtgagtatca gecetggata
4261 atataagtca attaaacgac caagataaaa tigttcatat ctcgetagea gettanaata
4321 taaatgtaat aggagcetata tctetgacag tattataatc aattgttatt aagtaaceca

4381 aaccaaaagt gatgaagatt aagaaaaacc tacctegget gagagaptet tttticatta
4441 accitcatct tgtaaacgtt gagcaaaatt gtiaaaaata tgaggeggpt tatattgoct
4501 actgetecte ctgaatatat ggaggecata tacectgica ggtcaaattc aacaattget
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4561 agaggtggca acageaatac aggcticctg acaccggagt cagtcaatgg ggacacteca
4621 tcgaatccac teaggecaat tgeegatgac accategace atgecageea cacaccagge
4681 agtgtgtcat cageatteat cettgaaget atggtgaatg teatatoggg coccaaagtg
4741 ctaatgaage aaattccaat tiggeticet ctaggtgteg ctgatcaaaa gacctacage
480! ttigactcaa ctacggecge catcatgett gettcataca ctateaceca ttteggeaag
4861 geaaccaatc cactigtcag agtcaatcgg ctgggicetg gaastcecgga teatecocte
4921 aggetcctge gaattggaaa ceaggettte ctecaggagt tegttettee gecagtecas
4981 ctaccceagt atttcacctt tgatttgaca geactcaaac tgatcaccca accactgect
5041 getgeaacat ggaccgatga cactccaaca ggatcaaatg gggegttgeg tecaggaatt
5101 teatttcate caaaacttcg coceattctt ttacccaaca aaagtgggaa gaaggggaac
5161 agtgecgatc taacatctce ggagaaaatce caageaataa tgacticact ceaggacttt
5221 aagatcgtic caattgatcc aaccaaaaat atcatgggaa togaagtgec agaaactetg
5281 giccacaagc tgaccggtaa gaaggtgact tetaaaaatg gacaaccaat cateoctgtt
5341 ctittgecan agtacattgg gttggacceg gtggctecag gagaccteac catggtaate
5401 acacaggatt gtgacacgtg tcattctect geaagtettc cagetgtgat tgagaagtaa
5461 ttgcaataat tgactcagat coagtittat agaatcttct cagggatagt geataacate
5521 tatttagtaa tccgtceatt agaggagaca cltttaattg atcaatatac taaaggtget

5581 ttacaccatt gieitititc totcotaaat gtagaactta acaaaagact cataatatac

5641 tigtitttaa aggattgatt gatgaaagat cataactaat aacattacaa ataatcctac

5701 tataatcaat acggtgattc aaatgttaat ctétctcatt geacatactt tttgecctta

5761 tecteaaatt goctgeatge ttacatetga ggatagecag tgtgactigy attggaaatg
5821 tggagaaaaa atcgggacce atttctaggt tgttcacaat ccaagtacag acattgecct
5881 tctaattaag aaaaaatcgg cgatgaagat taagecgaca gigagegtaa tettcatcte
5941 tcttagatta titgtttice agagtaggeg togtcaggte ctittcaate gtgtaaccaa

6001 aataaactcc actagaagga tattgiggeg caacaacaca atgggegtia caggaatait
6061 geagttacct cgigatcgat tcaagaggac atcattettt ctttgggtaa ttafcetitt

6121 ccaaaganaca itttccatce cactiggagt catccacaat ageacattac aggttagtga
6181 tgtcgacaaa ctagtttgte gtgacaaact gtcatccaca aatcaatiga gatcagtigg
6241 actgaatetc gaagpgaatg gagtggcaac tgacgtgeca totgeaacta aaagatgegs
6301 cttcaggtce getgicceac canaggtggt caattatgaa getggtgaat gggctgaaaa
6361 ctgetacaat ctigaaatca aaaaacctga cgggagtgag tgictaccag cagegecaga
6421 cgggattegg ggotteccee pgigeeggta tptgcacaaa giatcaggaa cgggaceglg
6481 tgceggagac tttgecttce ataaagagge tgctitette cigtatgate gacltgetto
6541 cacagttatc taccgaggaa cgactticge tgaaggtgte gitgeattte tgatactgee
6601 ccaagctaag aaggacttct tcagcteaca ceccttgaga gagecggtea atgeaacgga
6661 ggacecgict agtggctact attctaccac aattagatat caggetaccg gttitggaac
6721 caatgagaca gagtacttgt tcgaggttga caatttgace tacgtccaac ttgaatcaag
6781 attcacacca cagittcige tecagctgaa tgagacaata tatacaagtg ggaaaaggag
6841 caataccacg ggaaaactaa titggaaggt caacccegaa atigatacaa caategggga
6901 ptgggecttc tgggaaacta anaaaaacct cactagaaaa attegeagtg aagagttgtc
6961 tttcacagtt gtatcanacg gagcecaaaaa catcagtggt cagagteegg cgegaacttc
7021 ttecgaccea gggaccaaca caacaactga agaccacaaa atcatggelt cagaaaattc
7081 ctctgeaatg gticaagtge acagicaapg aagggaaget geagtgtege atctaacaac
7141 ccttgecaca atetccacga gtececaate cctecacaacc aaaccaggic cggacaacag
7201 cacccataat acaccegtgt ataaactiga catctctgag geaactcaag ttgaacaaca
7261 tcaccgceaga acagacaacg acageacage ctocgacact cecteigeca cgacegeage
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7321 cggacccoca aaageagaga acaccaacac gageaagage actgactice tggacccege
7381 caccacaaca agtccccaaa accacagega gaccgetgge aacaacaaca ctcatcacca
7441 agataccgga gaagagagtg ccageagegg gaagetagge ttaattacca atactattge
7501 tggagtcgea ggactgatca caggeggpag aagaactcga agagaageaa ttgtcaatge
7561 tcaacccaaa tgeaacceta atttacatta ctggactact caggatgaag gtgctgcaat
7621 cggactggec tggataccat atttcgggec ageageegag ggaatttaca tagaggggct
7681 aatgcacaat caagatggtt taatctgtgg gttgagacag ctggecaacg agacgactea
7741 agctettcaa ctgticotga gagccacaac tgagetacge acctttican tecteaaceg
7801 taaggcaatt gatitetige tgeagegatg gggeggcaca tgecacattc tgggacegga
7861 ctgetgtate gaaccacatg attggaccaa gaacataaca gacaaaattg atcagattat
7921 tcatgatttt gtigataaaa ccoticegga cecagggggac aatgacaatt ggtggacagg
7981 atggagacaa tggataccgg caggtattgg agttacagge gttataattg cagttatcge
8041 titattctgt atatgcaaat tigtctttta gtitticttc agattgetic atggaaaage

8101 tcagecicaa aicaatgaaa ccaggattta attatatgga ttactigaat ctaagattac

8161 ttgacaaatg ataatataat acactggage tttaaacata gecaatgtgs ttctaactec
8221 titaaactea cagitaatca taaacaaggt ttgacatcaa tetagitate teittgagaa

8281 tgataaactt gatgaagatt aagaaaaagg taatetttcg attatettta atcticatec

8341 tigattctac aatcatgaca gttgtctita gtgacaaggy aaagaagcect tittattaag

8401 ttgtaataat cagatetgeg aaccggtaga gtitagttge aacctaacac acataaagca
8461 ttggtcaaaa gtcaatagaa atttaaacag tgagtggaga caactittaa atggaagctt
8521 catatgagag aggacgceea cgagetgoea gacageattc aagggatgga cacgaccace
8581 atgttcgage acgatcatca tccagagaga attatcgagg tgagtacegt caatcaagga
8641 gogectcaca agtgegegtt cotactgtat ttcataagaa gagagtigaa ceattaacag
8701 ttectcecage acctaaagac atatgtccga cettgaaaaa aggattittg tetgacagta
8761 gtitttgcaa aaaagatcac cagttggaga gittaactga tagggaatia ctectactaa
8821 tcgeecgtaa gacttgtgga teagtagaac aacaattaaa tataactgea cccaaggact
8881 cgcegettage aaatccaacg getgatgatt tecagcaaga ggaaggteca aaaattacct
8941 tgitgacact gatcaagacg geagaacact gggegagaca agacatcaga accatagagg
9001 attcaaaatt aagagcatlg tigactctat glgetgtgat gacgaggaaa ttctcaaaat
9061 cccagetgag tettttatgt gagacacace taaggegega ggggotigep caagatcagy
9121 cagaaccegt teicgaagta tatcaacgat tacacagtga taaaggagge agttttgaag
9181 ctgcactatg geaacaatgg gaccgacaat cectaattat gtttatcact geattettga
9241 atattgetct ccagttaceg tgtgaaagtt ctgotgegtt gtitcagggt taagaacatt

9301 ggttccteaa tcagataatg aggaagetic aaccaacecg gggacatget catggictga
9361 tgaggptace ccttaataag getgactaaa acactatata accftctact tgatcacaat
9421 acicegtata cetateatca tatatttaat caagacgata tectttaaaa ctiattcagt

9481 actataatca ctotegttte aaattaataa gatgageatg attgecctaa tatatgaaga

9541 ggtatgatac aaccctaaca gtgatcaaag aaaatcataa tetcgtatcg ctegtaatat
9601 aacctgccaa geataccict tgcacaaagt gattcttgte cacaaataat gttttactct

9661 acaggaggta gcaacgatee atcccatcaa aaaataagta ttteatgact tactaatgat
9721 ctcitaaaat attaagaaaa actgacggaa cataaattct tiatgcitca agetgtggag
9781 gaggtatttg gtattggota tigttatatt acaatcaata acaagcttgt aaaaatattg

9841 ticttgtitc aagagptaga tigtgaccgg aaatgotaaa ctaatgatga agattaatge
9901 ggagptctga taagaataaa cottattatt cagattagge cocaagagge attcttcate
9961 tccttttage anagtactat ttcaggptag tecaattagt ggeacgtctt tagotgtat

10021 atcagtegee cetgagatac gecacaaaag tgtetctaag ctaaattggt ctgtacacat
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10081 cccatacatt gtattagggg caataatatc taattgaact tageegtita aaatttagty
10141 cataaatctg ggcetaacace accaggtcaa ctecattgge tgaaaagaag cttacctaca
10201 acgaacatca ctitgagegce cctcacaatt aaaaaatagg aacgtcgitc caacaatega
10261 gegeaagptt tcaaggttga actgagagty tetagacaac aaaatatiga tactccagac
10321 accaagcaag acctgagaaa asaacatggc taaagetacg ggacgataca atctaatatc
10381 geecaaaaag gacctggaga aagggsttgt citaagegac ctetgtaact tottagtiag
10441 ccaaactatt cagggpteoa agptitattg ggctgptatt gagtitgatg tgacicacaa
10501 aggaatggeo ctattgeata gactgaaaac taatgacttt geecctgeat ggteaatgac
10561 aaggaatctc tttectcatt tatttcaaaa tccgaattce acaattgaat caccgetgty
10621 ggcattgaga gicatecttg cageagggat acaggaccag ctgattgace agictitgat
10681 tgaaccetta geaggageec ftgptetgat ctetgattgg ctgetaacaa ceaacactaa
10741 ccatttcaac atgegaacac aacgtgtcaa ggaacaatlg ageetaaaaa tgetgtegtt
10801 gattegatec aatatictea agtttatiaa caaatiggat getotacatg tegtgaacta
10861 caacggattg ttgagcagta tigaaatigg aactcaaaat catacaatca teataacteg
10921 aactaacatg ggttitctgg tggageteca agaacccgac aaatcggeaa tgaaccgeat
10981 gaageotggg coggegaaat tticectect teatgagice acactgaaag catttacaca
11041 aggatceteg acacgaatge aaagittgat tettgaattt aatagetete tigetateta
11101 actaaggtag aatacttcat attgagctaa cteatatatg ctgactcaat agttatcttg
11161 acatctetge titcataate agatatataa geataataaa taaatactcea tatttetiga
11221 taatttgttt aaccacagat aaatccteac tgtaagecag cticcaagtt gacaccctta
11281 caaaaccagg actcagaatc cctcaaacaa gagattccaa gacaacatca tagaattget
11341 ttattatatg aataagcatt ftatcaccag aaatcctata tactaaatgg ttaattgtaa
11401 ctgaacecge aggteacatg tgttaggttt cacagattot atatattact aactctatac
11461 tcptaattaa cattagataa gtagattaag aaaaaagcct gaggaagatt aagaaaaact
11521 geitatiggg tetlicogtg tittagatga ageagiigaa attcttecte itgatattaa
11581 atggctacac aacataccea afacccagac getaggttat catcaccaat tgtatiggac
11641 caatgtgacc tagtcactag agetigeggg ttataticat catactecct taatccgeaa
11701 ctacgcaact gtaaactccc gaaacatatc tacogtitga aa (SEQ 0 NO: ] 4)

VP30

MEASYERGRPRAARQHSRDGHDHHVRARSSSRENYRGEYRQSRS

ASQVRVPTVFHKKRVEPLTVPPAPKDICPTLKK GFLCDSSFCKK DHQLESLTDRE
t&RKTCGSVEQQLNITAPKDSRLANPTADDFQQEEGPKITLLTLIKTAEHWARQ
?IIII%{DSKLRALLTLCAVMTRKFSKSQLSLLCETHLRREGLGQDQAEPVLEVYQRLH
?%;FEAALWQQWDRQSLMFITAFLNIALQLPCESSAALFQG (SEQ 10 NG: 1)

NC_001608
1 gacacacaaa aacaagagat gatgatittg tgtatcatat aaataaagaa gaatattaac
61 attgacattg agacttgtca gtetgttaat aftcttgaaa agatggattt acatagettg

121 ttagagttgg gtacaaaacc cactgeccct catgttcgta ataagaaggt gatattattt
181 gacacaaatc atcaggttag tatctglaat cagataatag atgeaataaa ctcagggatt
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241 gatcttggag atcttctaga aggggetits ctgacgttpt gtgttgaaca ttactataat

301 tccgataaag ataaaticaa cacaagtcct atcgcaaaat actigegiga tgeggectat
361 gagtttgatg tcgtcaagaa tgcagatgea accegettic tggatgtgat tectaacgaa
421 cctcattaca gtectttaat tttggecett angacatigg aaagtactga atctcagagg

481 gggagaattg ggctetittt gteattttge agtetitttc teccgaaact tptigtegga

541 gatcgggcta gtatcgaaaa ggctitaaga caagtaacag tacatcaaga acaggggatc
601 gtcacatacc ctaatcactg gettactaca ggecatatga aagtaatttt tgggatittg

661 aggictaget ttatcttaaa atttgtgtta attcatcaag gagtaaaitt pgtgacaggt

721 catgatgcect atgacagtat cattagtaat tcagtaggtc aaactagatt ctcaggactt

781 cttattgiga aaacagtict tgagttcate tigeaaaaaa ctgaticagg ggtgacacta

841 cateotitgg igeggaccte caaagtaaaa aatgaagttg ctagtiicaa geaggegtiy
901 ageaacctag ccogacatgg agaatacgea cogitcgeac ggettetgaa tttatcaggg
961 attaacaacc togaacalgg actotatcet cageiticgg cgatigepet gggtetigea
1021 acagcacacg geagtacatt ggetggtgtc aatgttggeg aacagtatca acagetacga
1081 gaggeggeac atgatgegga aataaaacta caaaggegac atgaacatca ggaaaticaa
1141 gctattgecag aggatgatga ggagagpgaag atattagaac aattccacct tcagaaaact
1201 gaaatcacac acagtcagac actagecgte cteagecaga aacgagaaaa attagetegt
1261 cttgetgeag aaatiganaa caatatigte gaagatcagg gattiaaaca atcacagaat
1321 caggtgtcac agtegttttt gaatgaccet acacetptgg aagtaacggt tcaagecagg
1381 cccataaatc gaccaactge tetgectece ceagitgaca acasaattga goacgaatet
1441 acagaagata geicttctic aagcageitt gttgatetta atgatecatt tgegetgetg
1501 aatgaggacg aagacactct tgacgacagt gteatgatce cgageacaac atcgagagaa
1561 tttcaaggga ttecageace accaagacaa tetcaggace teaacaacag ccaaggaaag
1621 caggaagatg aatcaacaaa tccgattaag aaacagtttc tgagatatca agaactgect
1681 ccggttcaag aggatgatga atcggaatac acaacegact ctcaggagag tatcgaccaa
1741 ccaggatctg acaatgaaca aggagttgat cticcaccte ctecatigta cgetcaggaa
1801 aaaaggcaag atccaataca geacccagea gtaagetcte aggatecett tggcagtait
1861 ggtgatgtaa atggteatat cttagaacce ataagatcac cticticacc atctgetect
1921 caggaagaca caagggeaag agaagectat gaatigicge ctgatitcac aaattatgag
1981 gacaatcage agaattggece acaaagagty gtgacaaaga agggtaggac titootitat
2041 cctaatgate ttctgeagac aaatecteca gaatcactta taacageect cgtagaggaa
2101 taccaaaatc cigictcage taaggagoete caageagatt ggeecgacat gieatttgat
2161 gasaggagac atgttgetat gaacitgtag tccagataac acageacggt tacctacita
2221 tctactttga teogattegt cetcagatea cagtaatcaa atttattiga atattcaaac

2281 tactititag gatcctatta ctigttacta ttgtgtgaga caacataage fatcaaataa

2341 caatcacggg caagaaccgg geatactatg gtgatgegag ggcattatic agtgetacaa
2401 attctitttt caattgetat aatgatacaa ctacgaacct ccatacattt geegeaatac

2461 tgtaatcaac actgetgtat ctetecttca agecatetga titaacttaa taaacatgac
2521 ttgattcaga gagigigctg aaaatgtiat igatigaget teteaaatgg tgeactatee
2581 tactgttttg ctcagectag tatactgtaa catataagtg gactcteeac ttcteticte

2641 gagtattcee tataagtgat ttacttgata gaatgtcaag teeactggtt tggagtitce
2701 ttactctaat gattgtaata attaactgtt ggettagatg ataacagata cgaggttata
2761 taaftactca tagtataaag tataattctt gectetgttt cttctgtttt cictttcett

2821 tgtaatatge caattaagaa aaactaaaaa tcgaagaata ttaaaggttt tctttaatat
2881 tcagaaaagg ttttttatic tctictttct titigcaaac atattgaaat aataatittc

2941 acaatgtgge acteateata tatgcaacaa gtoagtgage gatlgatgac tggaaaagtt
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3001 cccatagatc aagtgtttgg tgccaateee tcagagaagt tacacaagag aaggaaacca
3061 aaaggcacag ttggactaca atgcagecct tgtctaatgt caaaggegac aagcactgat
3121 gatattgttt ggpaccaact gatcgtgaag aaaacactag ctgatctact tataccgata
3181 aataggcaga tatcggacat teaaageact ctaaacgaag taacaacaag agtccatgaa
3241 attgagcgge aattacatga gataacceca gigttaaaaa tgggaaggac actggaagea
3301 atttccaagg ggatgteaga aatgttagee aaatacgace acctegtaat ttcaactgga
3361 agaaccactg caccagetge tgectitgat gettacttan atgagceatgg tgteccteee
3421 ccccaacctg cgattitcaa agatettggg gtigetcaac aagetigtag taaggggacc
3481 atpgttaaaa atgaaacaac agatgcagee gacaagatgt cgaaagtict tgaactcagt
3541 gaggagacgt tctecaagee aaatcttica gctaaggatt tagcocettit gitgtitace
3601 catctacceg geaacaacac tecattccat atcotagete aagtectitc aaaaattget
3661 tacaagtcag gasagteogg ageattittg gatgcatttc accagattct aagtgaagga
3721 gagaatgetc aggeageatt gactegacta agcagaacat tigatgettt ccteggagta
3781 gticctecag tgataagagt caaasactic caaacagtec ctegeecatg teaaaaaagt
3841 cttegggetg ticetcccaa cocaacaatt gacaanggat gegtetgtet ttattcatet
3901 gagcaaggtg agacacggge cotgaaaatc taattctcat tgttaacagt tgcaggggga
3961 gtgatctitc cgagttgata caaagacact aaacattica aaagcatata tgtgggcaaa
4021 acgtgactag accatcttaa tagaagtagt aatttattic tgtcttaagt pigatittca

4081 ccttgaaaga gttaaatggt gatagattan tocttgaagt aactitttta tatattatag

4141 agganactaat aftactaaca aaaggggict acctaacagg tatgactgag tgatcagtat
4201 atttiataaa ccaagceaatt gacticteac titttaagaa tcaactaaca acatagaaaa
4261 catatttatc cttgigtaat tctcggetta gitggaatta actitigitg caatteangn

432] cgctiattca tagtagatta tatgatittt tataagftta agatatctta aattatacce

4381 acaagagata ctgititaat taagaaaaac tatgaagaac attaagaaga tctitctetc
4441 gtagtgttct tttactggaa ggagtatcce aatcteaget tgttgaatta attgttactt

4501 aagtcattet ttttaaaatt aattcacaca aggtagtitg ggtttatatc tagaacaaat
4561 titaatatgg ccagttceag caattacaac acatacatge aatacttgaa ccoocctect
4621 tatgetgate acggtgeaaa ceagtigate coggogpate agotatcaaa teageagggt
4681 ataactccaa attatgigeg tgacttaaac ctagatgate agttcaaagg gaatgtetge
4741 catgctttea ctttagagge aataattgac atatctgegt ataatgaacc aacagtcaaa
4801 ggtgttccag catggetgee tetegggatt atgageaatt tigaatatee ttageteat
43861 actgtggetg cgttgeteac aggeagetat acaatcacce aatttactea taatgggeaa
4921 aaattcgtee gtgtaaateg actcggtaca ggaatcccag cacacccact cagaatgttg
4981 cgtgaaggaa atcaagottt tattcagaat atggtgatce ccagaaattt ticcactaat
5041 caattcacct acaatcteac taacttagta ttgagtgtge aaaagctice igatgatgee
5101 tggcgeccat ccaaggacaa attaattggg aacaccatge atecegeagt ctecatacac
5161 ccgaattige cacccattgt tctaccaaca gtcaagaage aggettateg tcageataaa
5221 aatcccaaca atggaccact getggecata tetggeatee ttcaccaact gagggtegag
5281 aaagtcccag agaagacaag cotgtttagg atttcacttc ctgecgatat gtictcagta
5341 aaagaaggta tgatgaagaa aaggggagaa aattccoegg tggtttaitt tcaageacct
5401 gagaacttce ctitgaatgg cticaacaac agacaagttg tactagegta tgegaateca
5461 acgetcagtg cegittgaaa taatgetcaa atgagacagg agtecatelg cataagaage
5521 atggcctaaa tgggtgtetg ttaagtictc acaagattag tttgiattga tttcaataat
5581 getttaacct tacattgetg ctttaaatgg ttaattaage tgatcagett gcaagatgta
5641 atctettttg ggtcatcaga totataatgg gtttactaga ttatatasaa gaaatagtaa
5701 tgttttataa acaattctig citagiitta ctttgattta ctaacatata tcattgtgec
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5761 ctteattget aagtaaactc aactgatgat gatattoctt ctgaaatagt aagaaaaact

5821 aatgaagaac attaattgec gggtaagagt gatiaagtic tttaaatttg accaaagtaa
5881 tgtittgtta gtgaatacat fettatattg ctigattaaa aacaagaaat tatcctaaca

5941 tgaagaccac atgtctctit atcagtctta tettaatcea agggataaaa acteteecta

6001 ttttagagat agctagtaac aatcaaccce aaaatgtgga tleggtatge tecggaacte
6061 tccagaagac agaagatgtc catctgatgg gattcacact gagtgggcaa aaagitgetg
6121 attcceettt ggaggeatee aagegatggg ctitcaggac aggigtacet cecaagaatg
6181 ttgagtatac agaaggggag gaagecaaaa catgetacaa tataagtgta acggateect
6241 ctggaaaatc cttgetgtig gatceteeta ceaacateeg tgactatect aaatgcaaaa
6301 ctatccatca tattcaaggt caaaaccotc atgegeaagg gatcgecctc cattigiggg
6361 gagcatittt ccigtatgat cgeattgect ccacaacaat gtaccgaggc agagtctica
0421 ctgaagggaa catagcaget atgattgica ataagacagt geacaaaatg attitctoga
6481 ggcaaggaca gggetaccgt cacatgaate tgactictac taataaatat tggacaagta
6541 acaatggaac acaaacgaat gacactggat getteggtge tettcaagaa tacaacteca
6601 cgaagaatca aacatgtget cegtocaaaa tacecteace actgeecaca geeegteeag
6661 agatcasacc cacaageace ccaactgatg cecaccacact €aacaccaca gacecaaaca
6721 atgatgatga ggacctcata acatecggtt cagggteegg agaacaggaa cectatacaa
6781 cttcagatgc ggtcactaag caagggettt catcaacaat gecaceeact cecteaccac
6841 aaccaagcac gecacageaa gaaggaaaca acacagacca ticccaaggt actgtgactg
6901 aacccaacaa aaccaacaca acggcacaac cgtecatgec cecccacaac accactgcaa
6961 tetctactaa caacacctce aagaacaact tcageacect cictgtatea ctacaaaaca
7021 ccaccaatta cgacacacag agcacageca ctgaaaatga acaaaccagt geeceetega
7081 azacaaccct gectecaaca ggaaatctta ccacageaaa gageactaac aacacgaaag
7141 gececaceac aacggeacca aatatgacaa atgggeattt aaccagteee tececcacce
7201 ccaacccgac cacacaacat ctigtatatt tcagaaagaa acgaagtate cictggagge
7261 aaggcgacat gtttcctttt ctggacggpt taataaatge tccaattgat ttigatecag

7321 ttccaaatac aaagacgate titgatgaat cictagltc tggtgcitcg gotgaggaag
7381 atcaacatge cteccecaat atcagtitaa cittatecta fittectaat ataaatgaaa

7441 acactgcota ctetggagaa aatgagaacg attgtgatge agagttaaga atttggageg
7501 tcaggagga tgacctggea goagggetea ghtggatace gittittgge cctgpaateg
7561 aaggacttta tactgetggt ttaattanaa accaaaacaa titggtetge aggtigagge
7621 gtctageeaa tcaaactgec aaatcettgg aactottatt aagagtcaca acegaggaaa
7681 ggacattttc citaattaat agacatgeea ttgactitet acteacaagg tggggagpaa
7741 catgcaaagt getiggacct gattgttgea ttggaataga agacttgtcc aggaatattt
7801 cggaacaaat tgaccaaate aaaaaagatg aacaaaaaga ggggactgst tgpgogtctag
7861 gtggtaaatg gtggacatce gactggpegtg tictiactaa citgggcatt tigctactat
7921 tatccatage tgtettgatt getctatect gtatttgteg tatctttace aaatatatcg

7981 ggtaatatta agtgtgtatt gattaaaget ttaggacaat tgetactgag coottetict

8041 aatctactga aatcaacttg ggapgatiitt aagaagetga taatttaatg tgaatcagta

8101 gtttacglat tottgatipt tatgptitea tattoaatty ttatcatagt caagagtaac

8161 ctittetatt tpatgeatta atgttitaaa ctacctetta agetittgty gatgptttca

8221 atatgtgegt agaggttaat ttaaagagat tctigttpc acagttttit gtattactta

8281 cttgggettg aagacatagt taagactgge cgaaaatgct ctccagtcaa ctecattcee
8341 cctcagaaga gacgtgeegt tcaaagagic ttgatitata actaaccatt gtaagaatta
8401 atttacictt tcocgttatac ttatctacat taattcctig aatgtccage atcattaacg

8461 acttgtcita attcaatctt ttggatgeaa accataagga aaaatgagec acttteecte
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8521 tactctgaac taagganatt totcitatea goctasaate tgateegita geteatgpge
8581 ccttcataat cigttigage atgaatgtty atcasatgac caaataatag tgeattigta
8641 tagattcaat tatcctttat taagaaaaag atagacagaa cacaaagaat tgataaaata
8701 ttactitgat caatttigeg aggaatiata aaastctiga gggacaaatt attgtaacgt
8761 agagtcgaag aacattaagt gitctitptt agaattatic atceaagttg ttttgagtat
8321 actegetica atacaacttc cottcatatt tgaticaaga titasaatge aacaacoecg
8881 tggaaggagt cgaactcgea accaccaase cgeateatot atatatcatg aaactcagtt
8941 geoctceaaa coteactaca ccaateatea tecacgtgea agategatga getcaaceog
9001 cagtagtgea gasagcagtc ccaccaatea tatteccogt getegaceac ecceaacatt
9061 cascttateg asacceecte ctecteoaaa agacatglgt aggaacatga asattggatt
9121 geegtgeact gatcocactt gaatagaga teatgacett gataatctaa caaatogtga
9181 acttttgeta tgatggeec paaaaatget coccaataca gacangactt ttagaagtet
9241 geaggattgt gggteacegt ctetttotaa agggctcica aaagataaac aggagoaaac
9301 gaaagatgtg ttgacctigg aaaatctagg acacattety aactacctee acagatcaga
9361 iatigggasa tggatgaga catcacteeg tgcageatta agittgacgt gogctggaat
9421 tcpanagacg aatagatect tgatcaacac catgacegap tacacatta accatgaaaa
9481 tetecegean gaccaaaacg gtgttatcan acagacatat acaggtattc accttgacaa
9541 aggaggtcaa tiegaageog cetiatggon agpttgggat aagagatega tatotttatt
9601 cgtacaagca gelitatatg taatgaacaa tatcecttgt gaateatcaa ceagtgtgea
9661 agcetcatac gatcatttta ttctteeten aagteasagt anaggacaat gattatigit
9721 tgaaagitga cantcaaatc aciticagtt titagtitca acteltatty cgagactiga
9781 acacagttct actaacitos ataagigace ceasattcaa gittactgaa gactacgacg
9841 ataataatca craattcatt gtaaaitact cgatiaaaat attcttaage tatcttaaac

9901 tigatgatge apetotgitt caccttictg tigatttcaa tpttacaget atatctaagt

9961 gtctaattaa caacttgtac ctctaapgaa aateatgaag aacattaaga aaaaggatgt
10021 tettattitt caactaanct tgeatatect tigitgatac cottgagaga caactitiga
10081 cactagatea cggateaage atatttcatt canacacccr aaattttcas icatacacat
10141 aataaccatt ttagtagegt tacciticaa tacaatctag gtgatigiga aaagactice
10201 aaacatgpea gaattatcas cgegttacaa ctigectgea aatgtiacgg aasaaageat
10261 aaatcitgac cttaaticca cageacgalg gataanagaa cceagtgtig ggggctgrac
10321 agigaaptgg goaaactitg tittccacat accaaatact gggatggeat tgitgoatoa
10381 titaaagtct ascttogitg ttecagagty goaacaaaca aggastotat tetoccacet
10441 ctitaaasac ceaaagtcaa caattataga accgtictig gotitgagea totipotigg
103501 agttgetttg aaggatcaag aattacagcea atcattaatt cotggattta gatctatigt
10561 tcatatgett teagaatggt tgetectaga ggtaacgteg goaatceata ttagececaa
10621 totgitgega atetattiga cotcagacat gittaagatt clgatggcag gtgtgaasaa
10681 titotttaat angatgitca cicttcatgt {ptaaatpac cacgganaac ceageagiat
10741 tgaaastaaag ttaactggac aacagatcat tatcactegt gitaatatgg getttctagt
10801 ggaagtcagg aggatigata ttgaaccttg ttgtegtpag acagtectet cagaatcagt
10861 tgtititgge ctagtggctg aggeagtict aagagaacae agtcaaatgg agaagggeca
10921 accectegat ctgacacaat acatgaacag caaaattget atataagtgg cltaaatiag
10981 catggatatt catagttiaa coacataata atgitggagg cacagtacat talagitaat
11041 tatccigtat aacaaagaat atacctacce (gatitatat ttactggtat anastagigg
11101 tatcatctta ttanatagtt gtcatataac aggetgtice tataatotga ttgtgagatt
11161 ataaacttgt agaattaceg tggatcacaa cfgttgeata tettecanan tatatotttt
11221 geasgegatg tgtgettgas tacgtogata taatacatac taataacgat tgattaagaa
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11281 aaaccaatga tggatattas atatccates ageagptgic geagaatace aggpgttica
11341 tatgetgeca tatttactaa atcttacata ggattataic aticteticg atacacgtta
11401 tatctttage aaagtaatga aaatagoctt gtoatgtiag acgocagtta tecatcttaa
11461 gtgaatcett tettcaatat geageateea acteaatate ctgatgesag gttgtectee
11521 cctataatce tagaccagtg tgacttatta gecagaagtt taggpttgta tagteattat
11581 tcacataaic cgaaatigeg taatigtagg aftccacate atatttaceg itiaaggaat
11641 tcgacagceat taaaaacatt feticagaac tgitcaatac teacegtecc fiticattea
11701 atetgggate atatittaac ticoattcan tatgatgoaa ttaatoatgt tgatgatitt
11761 aaatacctat tgeectetga getagicaag tatgoaaatt gggacaacga gitcttgaag
11821 geatatctta ataagatctt aggactigac catgtttite cagetictge aaggtcacaa
11881 tgggaggait tttetectan ggaaaateot tattatigeg ggatgetgtt actegtgeat
11941 ttatctcaac tigecaggag gataaaagga caaagagggt cattaagaag taaciggaag
12001 titataggaa cagatttaga gotstitzga atagcagatt ttattatitt taaagttcca
12061 gtaaaaacaa taatccgaaa tgetgtaage ttacaagett caaaaccagg gitaagagta
12121 1ggtaccgty accaaasctt gaccocttat ctatgogatg atgagittat tataagegtc
12181 getagttatg aatptitiat catgatiaan gacptetica ttgagagata taacacgtgg
12241 ganataigtg cocgogeotg gotcgaagac agigatggag otgatiatet coctotigat
12301 gtattagptp agitatacas coagggagat caaaltattg ccatgtactt ggaagacggt
12361 ticaaattga tcasacactt ggaacceitg tgtgtcaget gtatacaaac acatggeatc
12421 ittacaccag gaaaatactg gticcaatca cagaggaftg agtcatatta tgaggagete
12481 igtagtctea attggaaatt taaaattica ggeaataaag ctgagtgtge toaaaactit
12541 attaasacta taattcaggg gaaatigact ceicaacaat acigtgaatt attetotcta
12601 caaangcatt gggptcacce cgitttatac aitgatgtte cactagataa ggitasanaa
12661 catgcgcaat cigiaaaaat citanaacct agagteatgt tiganacttt {tgtgtitic
12721 aaatttatag tagcaaagaa teattaicat totoaaggat catgptataa aaccacasty
12781 gatitgeatt taactceata tettagacaa catattgtgt caaatteatt tecegteacaa
12841 gecegaaatit atcageaict tigggagtes tatttegtes ageatgaace totitictea
12901 actaaaataa taagigattt aagtattitt ataanagaca gggctactge tgtgaaccag
12961 gagigttgge acagigtitt cgatagaagt glattagpggt ataaccctoc tgltagatit
13021 cagicaaaga gagtgccaga goaatititg ggocangeag actiticott gaatcanata
13081 ttgeatittp ctgannagtt agaataitlg gotorticit ataggaattt ttoctictea
13141 ttaaasgnaa aagapttgaa tataggaaga aciitiggea aattaccata tegtgteaga
13201 aatgtccaaa cactegeaga agectigeta geagatggac tageaaaage attcectage
13261 aacalgatgg ttpitactga gagggaacag asapaageat tatigeatca ggetictige
13321 caccacaatt cagcaageat aggggaaaac getatagtaa ggggtgcaag titigttact
13381 gaicitgaga aatacaacct tgeeticoga tatgaatita cacgacattt catagactac
13441 tgtaatcgat gttatggtgt gaagaatita ttegattgga tgoacttitt aataccacta
13501 tgitatatge atgteagtga titttatage coaccacatt gegtaacaga agataaccga
13561 sataacccac cggattgtec taatgotial cattateact tagggggtat agagggactt
13621 caacagaaat tgiggacatg lutatcatgt goccagatea cecitgtapa gitanaaact
13681 anattanaat taasatecag {gitatggpt gatastcaat glatascanac tetaagtett
13741 tttccaattg atgetecega cgattatcaa gagaacgaag clgaattaaa tgeggeacga
13801 gitgctgteg aattagetat tactacgggt tatgatggta tatittigaa goctgaagaa
13861 acatttgtcc attcagggit catttatttt ggtaanaage aatacctcaa cgptgticaa
13921 ctgecacaat cattgaaaac aatggeaaga tgtggaccet tatctgactc tattittgat
13981 gatetteaag ghtecctgge cagtattgpt acatectity agagaggaac aagtgagaca
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14041 eggoacatit ticogagteg tiggataget teatitoatt caatgtiage aataaatita
14101 ttaaatcaga atcaccttgg gtitccecta gogticagta tigatatite tigtitcaaa
14161 aagecictta cettttcgga aaaattaatt getcttataa cgecccaagt tetaggaggs
14221 ttatcatitt tgaatccgga gaaattgitc taccggaaca taagigatee geteacticg
14281 ggictatitc aacttaagaa tgcattagaa Hicttgaaa aggaagaatt atictatatc
14341 ttgatigcta aazaacctgg tttageagal gecteagalt tegteatgaa tecattagge
14401 ttaaatgtac caggatcaag ggaaataata acgitectta gacaaacagt togtgaaaat
14461 atcacgatca cgicacanaa tagaataata aattocctt ticacatagg tictgattta
14521 gaggaccnaa gggtptetes giggctitta teatcaaace cogtaatgag tegattiget
14581 getgacatct titcaagaac goctagligea aaacgectte aggtottage ctatctggaa
14641 ggaacaagaa cattactage ticicggaca ataagtttaa ctacagaagg gacaatgitg
14701 atgaaattaa gggaattaac aagaaaccga tggaaaaget getttictta tattgatgea
14761 ttggacgatg atttatctga gtecttagaa aaatfcacat gtactgtigs tatagctaat
14821 ttettgapgy catatteatg gelegacgte tasaaggga anaggetaat tggtgecaca
14881 ttgccatgtt tactagages atttaaggta aagtggatta attigtetga geatttaagy
14941 gaacaatita atatgteftc agaatcagaa toaactataa atitattgee gtatgacige
15001 aaggaactge gacttggang aapcaatgac acagagitaa actatgtoag tgtgctete
15061 gaccggaaag ttgtecagaa acatecctet ghtaategte tggettggac aataggaaat
15121 cgageaccgt atataggate acggacagaa gacaagateg gttatecice cttaagagta
15181 aattgtccat cageggcact taaagaagec atigagatgg tttctagatt gitgtgeete
15241 actcaaggea cigcagaceg agsaaaattg ottattcote toctcaattc gaggotaaat
13301 ctggactatc agacagtget taacttttta cctacacadt actcaggeaa catagttcat
13361 agatataatg accaatatgg acaacatice tttatggeaa acaggatgag taatacatet
15421 acacgtgeaa ttatatcaac taacacactg ggeaaatatg clpgpapeep teaagetget
15481 gttgatagta atataatctt ccaaaatact ateastitag gagtggeagt titagatatt
15541 geattatete itgetaaatt gtegteagea teaaatgtes ctitcogtit gatgttaant
15601 aagtgcigea cgeggeatpt goeatetgaa tacctatitt ttgataaace Htagatgty
15661 gattigaaca agtatatgga caatgagtta gtttatgaca atgaccctet ttgeagtggg
15721 attasaggga gattaggcag agtatcecga teaacactet cgtigagttt gaatgteagt
15781 gacattgett ctiatgactt tccaactatt getgoatgga cactaggaga aactatagtc
15841 gpaagcattt tttctgatga gtettcteaa agtacagate caataagite aggttgeaca
15901 aaaactiteg tcacacattt cottgigtat coagttgaga gtatttitia tgoaticggg
15961 getaacttaa tagtagaaag titaagtota aglaggatca aatcaattaa gaacctetea
16021 gattigacat tccttatate atccscaate aggaatitat cacatagato actteggatt
16081 cticaatcta cottccgaca tgaattggta cicaccegac tageocacea catacegtta
16141 atttctttaa tgttaggggg tictgcagga gagaaaagtt catcagatge tgttegpeta
16201 fitctiacag caagitacca gaatttcatc aacaacttca gttgtttgat gaaaaaggec
16261 cagtcatcac taccgpttig gotttactit colagtgaag ggeaacaatt aasacctata
16321 ttasaaatct tacagagatt atcagactty ttatcacctg acanagtica aaageateaa
16381 atcttagetg acacolgity tecaattgac agetittggg tolatecaag caagtocaca
16441 aggactaacc actattatge aagecttaat {attggagag acaaagctaa taaggtcaag
16501 aatactectt tticgeattt gataaatigt teatticttg aactitcttc acacaceagt
16561 teggictett ctaatcaaca agtgaccaat togaaatata ttgttcatec agagaatate
16621 cctgaaataa atgcaagaac caaattaata gattatggat caacagetet acaggggatg
16681 patatcaaga tgecactctc ggageaaaat ctggtigeaa atigtogace atcaaaggge
16741 attagattca aggacaatce aaagacaaca aaacatgace agggaitigt peggaaggac
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16801 toticaccge gaccaatgtc coctgaagac aacatgeaga ctectgeata catacatagt
16861 tececcceat atcaaaceot tacaaaetca coagatgtac atgaggactt tgatgecteg
16921 aaggtaatct tasattciga aataaataac cttaaccita cggatigtac gettaataca
16981 aagtcatiga caactcetac cgggacapaa atcftaggta taagtecgtt cagatectct
17041 agatattcat caacticeag ggaacggtet cpactateta gagaacaago ttcataltly
17101 tatgttpatt geagtaatat teectetate tetetagace oggptittca gaatatgtot
17161 gatcagaatc aagttcaaat gtiaatcaat acctacaaac gigatttaca tgettgitit
17221 gatagraate aattetgteg gtitacaggp gtaglcteat caatgeatia caagottiat
17281 gatetettge ctecaggtga atigagaaag geaatftget tggecgaage agaaggaagt
17341 ggtgetoggt tactitigaa gtggangaag acggattait tattiitcaa cacttigsct
17401 acppattcac ageasgaage agagatitia agtggecgep taataccgag aatgttatat
17461 aacatagata ggitaaatge titgettgan tcaagaagat taatatigaa caacctaact
17521 atccaaatta cagatattac aagtccacta tggetagatt ctgtaataca atacttacct
17581 gaagatageg acatfcttac aatggacpca gagaccacta aagatgaaac aagggaacag
17641 ctitataaga ctatigtgaa tatttggaca cptacticte ctaatatice araaattage
17701 atcatcaagg tatiittalt agactatgas gggactitgt tottanigag gaatgecatt
17761 cagtattatg ggcaggtica actcaagaaa ccatataget caaatgeaaa aaactcagaa
17821 iggtacttgt gtigegatan acgaagaatt caacgactca aaattgattt ctcagaccag
17881 gtaggaatit tictgatitg taaageaaty tcgogocaaa gacaageaat tocttactgg
17941 ttaaaacats tagaasagaa ttatcctget teattacata agtitticet aactttggat
18001 tieecttet! tagagtoate titctgoeat cgitatacta ttocaticag tgaaggaasg
18061 geicttittc ataaggtoca atcttatght cgicaaggea aacaacattt acattctett
18121 atgttggatt atgaaaacaa ttcaccicta ctagactiga gaaatcacit tattgctca
18181 ipaggpean agataactaa gtattacaal gatatattaa agitaaatct agitatcaag
18241 gcagtagaga aaggtaaaaa tiggtcacaa cligtigaga coctiectaa tatgeattea
18301 gtotgcatag tacacgtgpa teatgagtpc titggatgte agaaacgpit actacicasa
18361 tiggattita ttagaaacac aaagatcgea gaacaaaaat tacttaatag agtastcggg
18421 tatattttat tettteegtt cgatotatit aaatetgaat cattaacage ataactttaa
18481 casagagaac fteatitaat tcacgasaat satctaltia aaaatgagge ttacatttic
18541 tapagtattg tatgagaaat antaaaatan acaagaagaa gaaaaaacta ttagacaget
18601 tgcittacac aagataatct tatatcgtct caaaccgtac acaagtaggg asatcacgeg
18661 cacaaatiaa cttgtgattg aacgttcgpt cacaccagtg gtaactttic aatgttagtt
18721 actcaaatat tattgctcat aattgptatt gatatiggta cattgggipa gtecttgape
18781 titatcctta atataatgta agasattagg gaaatactpa gatatactag ttgaattgag
18841 tatgacata ccatataica taaatataaa agaacgatet getgtaatet ataageatet
18901 ctittacata cattggpeaa agaactaggt tatcgttpag attasaaaga ctacgttacg
18961 ttttotetga tgacaagiga casaatttcg tagitaaait tctagaatgt caatgtpant
19021 gtaaatiaag aaassccaat atataaaatt anaaauttaa aaaactttga tataagtaac
19081 acaaaacatt citcatettt ittgtptptc ca ,Q 0L ND 8\?
\y / iR J
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NRELLLLMARKMLPNTDKTFRSLQDCGSPSLSKGLSKDKQEQTKDVLTLENLGH
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?{L}IHLDKGGQFEAALWQGWDKRSELFVQAALYVMNNIPCESSTSVQASYDHFI
QKR (500 1 K: 19

DQ447652

1 agacacacaa aaacaagaga tgatgatttt gigtatcata taaataaaga agnatattaa

61 cattgacatt sagactagtc attttgttaa tattctttaa aagatggatt tacatagtit

121 getagaatta ggtacaaaac ceacageoce featgttogt aatangaagy tgatatigt

181 tgatacaaac catcaggtia gtatcigtaa ccagataata gatgenataa actcagggat
241 cpatttagga gatcititgg aaggoggelt gitgacaita tgigtigaac attattacan

301 Hetgacaaa gataaatica atacaagtce tattgeaaaa tatctgeggg acgeggacta
361 tgagttigat gtcatcaaga atcctgatge aactegettt ctagaggtta ttcccaatga

421 acctcatiac agecettiga tittggotet canaacctta gaaageactg aatctcaaag

481 ggeeaggatt gogoictite tgicattitg cagtetitit cteccgaaac toghgtegg

541 agaccgaget ageategaaa aggecotgag acasgtaaca gigeateagy aacaagggat
601 tgtaacatac cecaateatt ggeteactac aggteacatg aasgtaatet tigggatitt

661 aagatctage ttcattitaa agittgtctt patecatcag ggagtaaact tgptoacagg

721 teatgatgee tatgacagta teatcagtaa teagtagga caaactagat teteaggact

781 tottatigtg asaacagttc tagagticat cotacaaaaa actgaticag pggtggeatt

841 geatoccactt gtgeggacct caaaagtaaa asatgaagit geaageticn ascaggoatt
901 gagtaactta getegteatg gagagtacge accatitgea cgggititgs atttatcagg

961 gatcaataac ctigageatg ggotctatce tcagettica geaattgeac tgggegtige
1021 aacageacat ggeagtacat tggetgptat taacgtigge gancaatace aacaactgeg
1081 agaageagcea catgatgeag aagtaaaatt acaaaggega catgaacace aggasatica
1141 ggecategee gagpatgacg aagagagaaa aatattagaa cagttceate tecagaagac
1201 tgagattaca cacagtcaga catiggecgt cclcagecag aaacgagaga aactagetcg
1261 tettgetgea gaaatigaaa acaacattge agaggatcag gegticaaac aatcgeagaa
1321 tcaggtstca caatctitet taaatgatce cacaccigla gaagtgacag tecaagecag
1381 giotataaat cgaccaacag coctgeocce coeagicgac aacaaaatiy ageatgaaac
1441 1gaagaggac agetectcat caagtagttt tgtigactty aatgatocat tigoactget
1501 azacgaagae gaggatactc tigaaaatag tgieatggee coangeacta clitgagaga
1561 acccaaagaa gtitecgaac cactaaggea aacteaggac cttgatatta gecaasagaa
1621 acagggaaat gaatcaacag atccageaag aaaacastte tigogatate aagaattace
1681 teetgtican gaagacgaty aatcagaata cacaactgat feteaggaaa gtgacpatca
1741 accaggatet gateatgaac aaggegttga toteccacca cotecatiat atgeteagga
1801 agagagacag gatcecatac agcatecaga cglgagetec caagatecct ttggeagtat
1861 tggagatgta gatggtgata tittggaacc tataagateg ccitcttcac cgietgetee
1921 tcaggaggac acaaggatgg gagaagecta tgaattatca cotgatitta caagcetatga
1981 gpataatcag capaatigge cacagagapt ggtaacaaag asaggcagga coticottta
2041 tcctaatgac ctittacaga cgagtecotee agagicatia atascagece ttgtigaaga
2101 gtaccaasac ccigictcag casaagagel tcaageggat tggoctgaca tgteatttga
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2161 tgagaggagy catgitgeta tgancttata atttcgacaa cacageacga ctacteatit
2221 atttacttea atatatttta cotcogaaac ataatagtca aatttattta astatctaga

2281 ccactttcan ataccitget atatatcact gttatgtgag atggtacaaa cettagaatg
2341 ataaccaaag glaggaactg gitatatgac agtacctega aggtgtiatt caatggitte
2401 gatctetect ctaattgeta cgagaataca actacaaace tetttacctt ggttacaata
2461 ctgtaataga tatgatigta titetttctt aaatcatetg attcaactty atagatataa

2521 ctigattcag agaacattit gggaacgica ttaactaaat totetanaty atgtactgta
2581 ttactgtitc acecgactaa tiatatagta geatattaat ggatecttia cctetectee

2641 tatgctcttc ttataagica cfcaacoggt garacgecga gittgtigac tagagtitt
2701 cotgtittac tgaatgtagt aattastgst tgacttgagt gitgatggaa toangatagt
2761 gegatgatic atattataag gtacaattic cattecight ttgecaatgt atcttcttce

2821 ttatcacatg ccaatfaaga asaacaaaga gtcgaagaat attaaagatt ctctttaata
2881 ticanaaaca ptictiaatt ottttecttt cotttattaa tataatatat cgataaatet

2541 tacaatgigg gactogtcat acatgeanca agtgagigag gractpatgs ciggaanapt
3001 tccaatagat caagtgticg goactaatee cttagaaaag tiatataaga gaagasagec
3061 gaaagggaca gippgatiac aatgtagicc tigettaata tcasaatcaa caagtaciga
3121 cgacattgtt tgggatcage taatogtaaa gaaaacattg getgactige tiatacctat
3181 naataggceaa atgicggaca ttcaaageac cctaagogaa atgacaacaa aagiccatga
3241 pategagegt caactacatg atatcacece agitgtaana ntgggaasas cgelagaage
3301 aatttcoman ggaatgicag agatgetage taagtacgat catctogiga ttcaactgg
3361 aagaaccace geaccagotg cigeotitga tgottactta aacgageatg gagtoccoee
3421 coetcagect genatcetica aagatottge agitgeccaa caagectaca gicasaagac
3481 tatggtcaaa aaccazacaa cagatgeage tgacaaaatg tcanaggtic tggaactcag
3541 tgaagaaaca ftitccaage caaacettic apetaaggat ttgpetetat tattatttac
3601 teatctcoct ggoaacaaca ctecaticea catactogee caagiccttt caaaaattge
3661 ttacaaatca ggasagtctg gageatictt ggatgeatte catcagattt taagegasge
3721 ggagaatget caggetgeat taactegalt aagcagaaca ttegalgett teettggapc
3781 agttecteca gtantnaaag ttaaasactt icaaacggte coocgecett gicaaaasag
3841 cotecgaget gticcoccaa atceascaat tgacaagpes tgpgtotglg totatteate
3901 tgaacagggt ganaccegay cictiasaat ctaateottg cgattcatic ttgaacaaag
3961 aatgatctt ctaggttaat aanasaccac taaacattic aagagtitgt ggatgatita
4021 agcatatitg ggtanattia atcaggptag tagtitaaat tigtittaag cgtgatitic

4081 attaagagag ggitaattag tiatagatty atctitagte tactccatat geataatata
4141 gagaaattas tattactaac aaasaggptt tittaaacgg attigatiaa tagatcagta
4201 tatctcaaaa gecasataat tgactietta ciotitggpa atitactaac aatataggaa
4261 agatattiat tcttacgtaa tecttggece nacggaaact aaccteentg gtenticant
4321 atgettgote atgatatait cagagatitt (tataagitc asaacgtigt anattatact

4381 tgcataaaat actgtittaa ttaagaaaaa ctatgaagaa cattaagtgg afttitcelt
4441 cttagtgttc ttitacaaag caagptttit anatfcaagt apatcaagtc tactctiget
4501 gaacttactt ctitasaaat taatitacac tasacaatic gitiftgitg acgpaacaan
4561 ttcagatatg gocagltcea geaattataa tacgtatatg caataceiga aceetcecee
4621 ttatgetgat catggtgeaa atcagttaat cccageagal cagcetatcaa atcaacaigg
4681 tataactccg aattatgtgg gegatitgaa totagatgat cagtitasag ggaatgtity
4741 teacgectic actitggaag caataattga tatatetget tatantgage ggacggtcaa
4801 aggagtccea gegiggetge ctettggpat catgageaat titgaatace ctitagecea
4861 cactgttgct geattgetta cagggageta cacgattace caatteacge acaatgggea
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4921 aanatttght cgtgtiaate gactigggac aggaatecea geacatooac teagaatget
4981 gegggaagga aaccaagett ttgtecaaaa catggtgatt cocaggaact tttctacaag
5041 tcagtttacg tacaatctta ctaatctagt attgagegtg casaagettc ctgatgatge
5101 ttggegeocg tocaaagaca aattaatcgg asacaceatg caccotgegg titetglaca
5161 cecaaacetg cogeotaitg teetaccaac agttaaaaaa caagetate gteageataa
5221 gaatcctaac aatggaccac tgetggecat atetggeate cticateaac tgaggettgn
5281 aasagtccea gagaagacga gettaticag gatitcactt cetgeegaca tgticteagt
5341 anaagaggge stgatgaaga asagaggaga aggticteeg glagtttatt tecaagegec
5401 tgagaatttt ceitigaaty gettcaacaa coggeaagtt gtgotageat atgetaacce
5461 gacactcagt gotgtilaat aagataatig ggtasgacaa tggeectict glacaaaggg
3521 totgattcag atagatatit gteagatica tpcapgatea ttitaagitg attttaatag

5581 tgctttaace cticactget accotasagg attgattgag ctgattaace tataatgtat
3641 aacttctitt aaaccgctaa atcaatcata agtitgicag atcatatagg atgaatptta
5701 atacgtgata aatgaticet attcagiitt actitaacct catagtaaat citatangac

5761 tactcatclt caagttgatc aattcasaga taatttcoet totasaataa tangasaasc
5821 taaignagaa cattaattgc taggtasagg caattaagtt clitgaactt tgcaanagta
5881 aggtttcact agtgagtaaa ticcigtatt ageagsttaa aaccnaggaa geacecegac
5941 atgaagacca tatactitet gattagtote attttaatce aaagtatasa sactetecct

6001 gttttagaaa tigotagtaa cagecaacet caagatgtag attcagtgtg ctocggaace
6061 cteccaaaaga cagaagatgt teatctgatg ggatttacac tgagteggca aasagtiget
6121 gattccoctt tggasgeate taaacgatgg getitcagga caggtgtice tcccaagaac
6181 gltgagtata cggaaggaga agaagecaaa acalgitaca atataagigt aacagacect
6241 tetggaaaat ccttgetget ggatoctece agtaatatee gogattacee tasatgtaaa
6301 actgttcate atattcaagg tcaaaaccet catgoacagg ggattgecet ceaitigigg
6361 geggcattit tottgtatga togegitgee totacaacaa iglacogagy caaggtctic
6421 actgaaggaa atatagcage tatgattgt! aataagacag tteacagaat gatitttct
6481 aggcaaggac aaggttatcg tcacatgaac ttgacctcca coaataaata tiggacaage
6541 agcaatgaaa cgoggagaaa tgatacgegn tgititggea teciccaaga atacaactco
6601 acanacaatc aaacatgete tecatetett aaacetecat coctgoccac agtaacteey
6661 ageattcact ctacanatac tcaaatiaat actgotaaat ctggnactat geacccangt
6721 agegacgatg aggacetiat gatitcogge teaggatelg gagascaggy gocecacaca
6781 actettaatg tagicactga acagasacaa tegicaacaa tattgtecac tecticacta
6841 catccaagea cetcacaaca tgageaaaac agtacgaate cttcccgaca tgetgtaact
6901 gagecacaatg gaaccgacce aackacacasa ccageaacge toctcaacaa tactaatges
696] acteecacct ataacacict caagtacaac cteagiacte citceectoc aacecgeaac
7021 atcaccaata atgatacaca acgigaacta geagaaageg aacaagocas tgotcaghig
7081 aacacaactc tagatcolac agaaastcec SCCACARCAC RAZACACCAR CAKCACARCT
7141 aacatcgtca tgacgacatc agatataaca agcaaacace coacanattc ttctceggat
7201 totagtcega caaccegecc toctatatac (ttagaaaga ascgaageat tttetggasa
7261 gaaggtgata tattocegtt ttiagatggg tinataaata cigasatiga ftitgatcca
7321 atcccaaaca cagaaacaat cittgatgaa tcceccaget Haatacttc aactaatgag
7381 gaacaacaca cittccopgaa tatcagtita actiictett altitectga tasaaatgga
744] gatactgect actctgpgga asacgaggat gatigtgatyg cagagttgag gatitggagt
7501 gtgcaggagg acgatttgge ggeaggeclt agetggatac cattitttpg coctggaate
7561 paaggactct atactgeogy ttaatcaaa aatcagaaca atitagtity taggitgapg
7621 cgettageta atcaaactge taaatccttg gagelcttgt taagggtcac aactgaggaa
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7681 aggacatttt cottaatcna taggoatgea attgactitt tgottacgag gtagagegea
7741 acatgeaagg tgetaggacc tgattgiige ataggaatag asgatetate taaaaatate
7801 tcagaacaaa Higacaaaat caganagpat gaacanaapg apgaaactge ctgggetota
7861 gatggeaaat ggtggacate tgactgggpt gltctcacca atttgggeat cotgetacta
7921 ttgtctatag ctgttcetgat tgetetgtec tgtatetgic gtatcttcac taaatacatt

7981 ggatgacata aagtitacaa tggitagage tagpaaag tigotgetga geoetitgte
8041 taatctactg aaatcgactt aaagaatect cagggagolt ataactcast gigaategat
8101 tcectatata tigitgatig tgotgatata geaglcaagt gtoaccaica Haggageaa
8161 ttettotgat ceaatgoatt gaagtcacta attacticta anatectiat ctitaatecg

8221 aatattcaca tagaaatcaa titigggaaa attccagtag tgogtctitt catgtoactt

8281 ctctgaacct aagaccataa taaatattgg ttaaagaggt cagetgglea atettctatt
8341 ttcatattaa agatatactg ctcagaaact cotagtttge aacecaatct tggaaaaaga
8401 aacctectet titgatcata actatcteta teaatgictt gaacactiaa tattatiaac

8461 aacttatttt tatttaatct tttanatgea aatcaanaga ggacatgage caceecteact
8521 ttacticaat acgaaggaat teftoticte ageetacatt Haatttace aggigataaa

8581 citatgptaa ittaccttas cataggtget gataagatga ttggatgata acacatttac
8641 cgagatitaa togtatetes ttaagaasaa gataatiaga acactggaaa ttgataaact
8701 tctattitga tcaatgtaga aaagaattat aaaaatctia giasataaat tactgeaaag
8761 taaaaacgan gaacaitaag tgtictttat taaagttgtt catectittt gettttgatt

8821 atatttgatc aaatacaact teatttggta ticaticcaa gattcagaat geaacagect
8881 cgtggpagaa gecgaaatog tagecaccaa gitgeactat ceacatacea tgaaaatcas
8941 ttaccotcta aacctcaata cattaaccal catecacgtg caagaicaat gagtteaace
9001 cgtagtagta cagaaggtag ccetactaat catgettece gigotegace actttcaaca
9061 titaatetat cgasacctce teccccoceg aaagacatgt goaggaacat gaaaatiggg
9121 ttaccetgta ctgacceoge ttgoaacagg gatcatgace ttgataalct agcagatogt
9181 gaactcttge tgttgatgge acggaagaty cteoecaata cagataagge ttcaaaagt
9241 cageaggact gtggatcgec atetctitee aaagggctit caaaggacaa geaggaacaa
9301 geaaagpatg tactgacttt ggaaaatota gggoacatat tgaattatet teatagatca
9361 gaaatcggaa aatiggacga gacatcacte cgtgeageat tgagtitaac atgtgecgga
9421 atccgaaaga caaataggtc titgattaat actatgacag aattgeatat caaccatgag
9481 aatcticcac aggaccaana tgptyttatt aagoagacat atacaggtiat teatettgae
9541 asagggggte aatitgaage tgecttatgg cagggetggp acaagaagte aatatetttg
9601 titgtgcaag ctacattata tgtgatgaat aatatcccet gigaategte catcagtgty
9661 caggecteat atgatcactt taticteect cpaaatcagg gtgaaagaca atgatigica
9721 tttcaaaatc aacgatataa {tattgitaa cattctacct tggtteitat tgtaagactt

9781 gtacactcte ctatcaactg tgattactag ttcaaaatta aaactcacas aaaticaatc
9841 geattgtaat caattattta tcatcgatta tttagtitga ggoattccac atcatctiaa

9901 atccaataac scgatittgt tigaititic titaattic tacaccatan caacatacas

9961 gigtetgacg aacaaceligt giitelatgg aadaacaiga agaacatiaa gaaaaaggat
10021 gitettgtat ticaaccaag gtigtatata ttiggecgat atectoggag aataatigte
10081 aatatctgac aaltgateat acacattcon ataatacatt atagactitt tatcagatat
10141 agaactggga ttctaatagt totacttett agtgeagtac aggtttitge aaagaaactt
10201 ctgagtatgg cagaacigic aacacgitac aactlaccaa caaatattac agagaagage
10261 ataaatcttg atcteaatic tactgeacgg tgggtaaaag ageccagtgt tgggapcteg
10321 acagtgaaat gggggaattt tatctttcac atcocaaata ceggaatgac attgttgeat
10381 catttaaaat ctaatttigt tottccagaa tggeaacana caaggagtct cticteceat
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10441 ctctitasaa acceaaaatc aaccatcatg gagecttict tggetitgag gatettactt
10501 ggogttgctt tgaaagatca agaatigeag caateatiga ticceggatt tagatecatt
10561 gtpcatatge titcagaatg gotgettita gaagttacgt cagetatoca tatcagtect
10621 aacctgttpg ggatotattt gaccteagac atgtttaaaa tectaatgge aggtateana
10681 aactttitta ataagetgtt tacectoeat gitgtaaatg alcatggana acclageagt
10741 attgaaatan aattaaccgg acancagate ataatcacte gagitaacat ggggtictia
10801 gtagaagtta ggaggattga cattgaacct tgetgeggeg agaetgtect ctecagaatcea
10861 gttatgtitg ggctagtage tgaageagte ctaagggaac acagecagat tgagagagat
10921 caacctctta atttgacaca atacatgaac agcaaaattg ctatttagac agettgatic
10981 ggeaictaaa getitaattc agetgtatas ggatattgag aagacagtgg atcataatca
11041 attgecctit ataatanaag atgtagtige cotaatitgh aticactaac ctaaaataat
11101 agtattates cactagatag tcatcacata ataagtigtt totatgaatt aateatgata
11161 glataatctt gtagaattac tatgggtict atatacggea tiattcogg actgtatect
11221 ttgtaaacaa tgeatgetia aglatictea tatcatacat gHatcactg ectgattaag
11281 aaaaaccaat gatggatatt aaacatcett caattgactg ittigagact ttaaaatcit
11341 acaggetgte ttgatcitia aattctetac gggattatac agteacetit ageatacatt
11401 atgceitcteg cgaaataata taagtgactc tatgacattc cgagecaggt ctttatetty
11461 aattaaccct ctttttggta tgcaacacee gactcaatat ccagatgoaa gattatette
11521 tccoataat! ttagatcagt gtgatitatt gaccagaagt clagggtipt atagicatta
11581 cteacacaat coasaactac gtaatigtag gattccatac cacatitate gettgaggaa
11641 ttetacagea taaagacat ticttcagaa cigttcgata ctoacagtic cttttcacte
11701 aatitgggat cacatcataa cticaatica acacgatgea attantcata tcaatgattt
11761 caaataccta ttaccatcag aacicataaa gtatgetaat tgggacaatg agttcttaag
11821 agtattcctt aacaagatct tgagactega toatgetttt acaaatictg caaagtiaca
11881 acgtgaggat tictctocea aagagaatee ttattattgg ggpgatetiat tgctegtgea
11941 titatctcaa ctigecagaa ggattaaggg acaaagaggg totttaagea geaactggan
12001 gtitatagga gtigatitgy aactatitgg aatageagat titgttatit tfaaagtice
12061 getaaaagea ataattcgga atgetacaag titacaggec tcanaaccag ggitaaagac
12121 atggtacegt gatcaasact taacteetta totgtgipat gatgaattig tigtaagoat
12181 cgctagttat gaatgttita toatgattaa agatgtetic atcgaanggt acaacacatg
12241 pgagatctgt gotcgegett gggtegaaga taatgaagaa getgattace cacetettgg
12301 tatattaaga gattiptaca atcaagggga ccaaattata accatgtate tagaggatgy
12361 tttcaaatin ataasacact tagaaccttt atgtgicagt tgtatacaaa cgtacggtat
12421 ttttacgeeg aggeagtact ggtttcaaic toagatgat! aaatcatatl atgacgaact
12481 tegaagtctt aacctaasac ficagatice ggataatagg actpaaigtg cacagaactt
12541 tattaaaacc ataattcagg caaaactgac tecteaacaa tactgtgaat tgttetettt
12601 acaaaaacat tgggetcace cagititata caatgatgtt geactagaca aagigaagaa
12661 acatgeccaa tcaacaaaaa tittaaaace taaagicatg titgaaactt tgtgictt
12721 taagtttata gtggcaaaaa atcattatca ctetocaagga tegtggtaca aaaccacaca
12781 tpatcracat #gacceeat atctacggea goacatiglg teaaaitcat ticcategea
12841 agecgagatt tatcagcacc teigggaatg gtactitgta gageatgaac ctetitttte
12901 tacaasaata ataagtgat! tgagtatitt cataaaagat agagotactg ctgtaaateg
125961 agagtgitgp gacagegtit tigatapgag tgigctagga tacaatcoee cigicagat!
13021 tcaatcaaag agggtacctg ageaattett aggteaagea gatitcielt taaatcaaat
13081 actggattit getgagaaat tagagtatet agetectica tatagaaact ttteettite
13141 attanaggaa aaagaatiga atatigggag aacaticgpg aagttgecct ategtgicag
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13201 aaatgtocas acacttgeag aagecttatt ageagatgga ctagegaagg cattecetag
13261 taatatgatg gttgttactg agagagagea gaaagaagcet ctatigeate aagectotty
$3321 geaccataat tcageaagta taggggagaa tgeeatagta agaggtgeaa gittigtiac
13381 tgatcitgag aaatacaatc ttgectitag atatgagttt acacgacatt tcatagacta
13441 ctgtaataga tgttacggtg ttaraaattt attcgactgg atgeatttct taataccact
13501 atgotatatg catgteagty actittatag cectectear tgogtgacag aanataaceg
13561 aaataacceca cotgattgtg ceaatgetta teattateat itaggageta tagaaggact
13621 acaacagaaa ttgigzacat glatatoatg tgetcanate acgotiglag aactgasaac
13681 tuagitaana ttgasateca giglcalgge tgataateaa tgtataacas clotaagtet
13741 titccctatt gatgetocea atgattatea agaanatgag geagaattaa atgetgeacg
13801 agttgetglt gaattageta ttactacagg ctatagtgge atattettaa aacctgaaga
13861 gacatttgtg caticagggt ttatttactt tgetaaaang caataccina atggtgtica
13921 attaccacaa tcattgasga caatggcaag ptgtggacct ttatcagatt ccatittcga
13981 tgaicticaa gpitcactag ccagialigg cacatcatit gagagaggeg caagcgagac
14041 acggcatatt tticcaagtc gttgpatage tgeattteat tecatgitag ceataaattt
14101 gttaaatcag aatcaccicg gatitcccet agpatitagt attpatgtat cotgttttaa
14161 aaagectet! actttctogg agaaatiaat tgetitgatc acacctcaay tgetaggeeg
14221 attatctitc ttagacccgg agaaattatt ctateggaac atcagtgate cicttacttc
14281 agggttatit caacicagga atgeatiaga gttocttaga aagpaagagt tgtictacat
14341 cttgattget anaaaacceg gtttagetga tgettcagat ttegitatga atccattagg
14401 titaaatgig coaggateta gggaaataat aacgittcte aggeaaacag ttegtgaaaa
14461 cataacgatt acatcacaaa atagaataat anatictelt titcacatag gttcogactt
14521 agaggaicaa agagtatgtg aatggottit ateatoaaac cocgtaatga geogattige
14581 tgetgatatt tttcacgaa cacetagtog aanasgactt caagtitiag gitactigga
145641 agggaccaga acgitattag cticocgeac gatcagitia accactgagg gtacaatgtt
14701 gatgagatta agagapttaa ctaagagtcg stggaagagt iggititelt atatigatge
14761 attagatgat gatttgtetg agtetcttga aaagttcata tgeactgttg atgtpgctaa
14821 ttcttgaga geatattcat gpicagatgt cttgaaaggs aagaagtiaa ttggtgecac
14881 actaccatgt tlactggagc aattcaatgt aaagtgggtc aactigtctg aagacttaaa
14941 ggagcaatit aagetatett cagatciggg atcacctacg gattiattge agtacgattg
15001 caatggacty caticaaagg gggeogataa cgeagaatia aattatgiga gitgtgeect
15061 tgaceggasna atigticaaa ageatecate {gacaatege clggeatgea caataggaaa
15121 wcpageaceg tatatagggt cacgascaga agataaaalt ggttaccete cittnagagt
15181 aaactgceces teggeageee ttaaagaage tatigaaatp ptetctagac tattgtgget
15241 gactcaagge accgeagatc gagaaaaatt getcattect ctictcaatt caagagttaa
15301 tttagactat cagacagtge tcaacticel geccacteac tactcaggea atatagttca
15361 cagatacaat patcaatatg gacaacactc ctttatggea satagaatga geaatacaic
15421 cactegtgca atcatatcaa ctaacacact agggaaatat gotggagges gleaageige
15481 igitgatagt aatataatct tccagaacac taitaatita getgtigeag ttttggacat
15541 tgeattgtet ctitetasat tgicatcaac atcaaatgtt tetiteogit taatgttaag
15601 taaatgttge acacggeatg tacegtetga gtatitatic tttgataaac ctttagatgt
15661 ggatttgaac aagtacatgg acaacgagtt agtitacgat aatgatcete tetgtagtag
15721 aataaaggga agatiaggta gagtatcaag atcaacactc featigagte taaatgtaag
15781 cgatattgga tcttacgact ttecgactat tgctgegtag actitaggag agacaattat
15841 tggaagtatt tittctgatg aatettctea aagtacagac cctataagit caggetgtac
15501 aaaaactitt giascacact ttettgtgte tocagtigag agtatittit atgecttigy
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15961 agctaatcta atagtggaaa gittaagttt aagcaggate aattcaatca agagectcte
16021 agatttaaca titottatat catccacaat cagaaattig tcacacagat cacttcgaat
16081 tettcantet actttecgac atgaattggt atieactaga clageteste atataceatt
16141 gatttcctta atgetaggag giicigegge tzagaaaagt teatcggatg cigicogact
16201 aittettacg gesagttate aaaactitat caataatitc aghigtitga tgagasagaa
16261 ceaatcacca ttaccagitt ggetttatit cectagtgaa gggeaacaac taaaacciat
16321 titaaaaatt ttgcaaaggt tatcatgttt attaacaact aaaaaggetc aaaatcacag
16381 acctgtaget gatacttglt ttitgactgs taattittgg gictatecaa geaaatcaac
16441 gapaactaat cattattatg caagtcttaa Haltggaga gacaaageta ataagattas
16501 gaatacttca ttttcacatt tgataaacta ttcattttet gaaceetete tacatgegag
16361 ctetatetet totagtenag aagtggteaa titaaaacac actagtogtt tagatgaaac
16621 acctaatatg agtgaaaggp ctcaateaac aaatcatgag ccaacagett tacaagaggt
16681 gtocactgag ataccccict cggaacaaga tocagecaaa agttatitge tgttagagaa
16741 cactagatic agggataatc agasaatatt aagacatgat cagnacgetg agaggagtga
16801 acctetttea ttgcaagtyt cttctagpep ttgoctpcag gotoitactt geccteatca
16861 ccectececa teteaances coacagnace actaageatg cttaggnatt gtgacgeeat
16921 aaaagcagcece ttacgttelg agacgaatga toccegtett atgageagta teottgatat
16981 gagatcattg aaaacicoca tgagaataga atelegaaac acgagtctat (geaacetic
17041 tgagtigtetg tcascticta aggpaasate tgtactgtct agagaacagg cttcatucct
17101 ptatgttgat tgeagtaata tetctictat tictotgpat teaggttfte gaaatatgte
17161 tgatagaaat caagtcoaas tgctaataaa tacttacaaa cgogacttat acacttgtit
17221 tgatagtaac caattctgea ggtttacagg ggtogtttea tcaatgeatt ataagetita
17281 tgatcttitg ccageaggea aactcggaaa ggoaatetge ctagecgaag gggaagpeag
17341 {ggegoetega ciactoliga agiggaagga gacagattat tatictica atacitigge
17401 cacagatica caacaggaag cagasalttt gagtggtcpa gitaticcaa ggatgtigta
17461 taacatagat aagetaagtp titactiga atecagaaaa ttastetiga ataatetaac
17521 tattcaaatc acggatatta cacacceact atggctggac tetgteatac aatacetace
17581 tgaagatagt gacaitctaa caatggatge agagaccact anagaagaga caagagagca
17641 actctataaa actatcataa atatttggge acgtacttet cetaatatce ctaaaaccag
17701 catcattaaa gtgtiiitat tagattatgg gggaaccetig tettnatge agaatgctat
17761 tcaatattat ggacangtic ascitasgea accatatagt toaastgoas agaaticaga
17821 atggtactia tgtigiggan aacgangagt tcaacgacte cgagtigalt ttecagacca
17881 agtaggaata ticiigatct gtaaageaat gicacgtcag aggeaageaa tteettactg
17941 getasageac atagaaaaga attacccige ticatigeac pagttcitta taactitagg
18601 ttitectict tlagagteat ctttctgeea togetacace attocgitea ctgagggaac
18061 ggetetettt cacaaggtce agtettacgt cegacaaggt agacaacace tacactetet
18121 tatgttagat tacgaaaata attcaccect cotagatetg aganateact teatatgete
18181 attgapgepa aagatapcoa agtattacaa tgacatatlg aaatiaagit tagtagtpag
18241 agcagtagaa agagEgaana attggtegea actegtigag teecticeta atatgeacte
18301 agtatgeata acacatgitg atcacgaaty tattgpctet pagagacgst tattacttaa
18361 atiggactit gtecagaaata caaagatage agaacaaaag tlaciosats gggteatigg
18421 gtatattcta ticitcectt tiggtticic cagacceaag tgactacaga tatatictic
18481 aataaaggaa getcagteta actcacagaa ataatccact tcaaaacaag gatcacccat
18541 tttggaacat tgtataagaa actgcaagac asataataag ganaggatac tactgtataa
18601 cttgttatat ccaanaggat cttgggteat titaageatg atgoaaataa asaatcgtet
18661 acatagecga actgaccget caglacttat teacaateat getaactitt aghtittaat
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18721 tgtpcaaaaa ttactaagaa taattaatat tgatattaaa acattasalg gacatttgag
18781 tittatgect agaataatat aaagaaattt angagatatt tagatatatc agttgaattg
18841 atttatgaca catagtgceat catgaataca aagagaaaaa tegttgeaat teaggaatat
18901 citatttaaa tptattagag agaaagicag attattatca aaatcaagca aaatacaata
18961 ggtittitca aagaataggt ggtaaagect tatggtiatt ttttaaagat gteaatgtga
19021 atttttatta agaaaaagta atgcatgaaa ttaaaaaatt asagaacttt gatataagta
19081 acacaaaaca ctctteatct ttttagtgtg teca (S 0D N0 7 0)

VP30

MQQPRGRSRNRSHQVALSTYHENQLPSKPQYINHHPRARSMSST

RSSTEGSPTNHASRARPLSTFNLSKPPPPPKDMCRNMKIGLPCTDPACNRDHDLD
II:IHI{II;LLLLMARKMLPNTDKAFKSQQDCGSPSLSKGLSKDKQEQAKDVLTLENLG
?II{IIJ?.I\;;IGKLDETSLRAALSLTCAGIRKTNRSLINTMTELHINHENLPQDQNGVIKQ
%}IJHLDKGGQFEAALWQGWDKKSISLFVQAALYVMNNIPCESSISVQASYDHF!L

QGERQ (SEQ 1D NO: 21)
DQ447649

1 agacacacaa aaacaagaga tgatgattt gtgtatcata taaataaaga agaatatiaa

61 caitgacatt aagactagtc attttgitaa tattctifan aagatggatt tacatagttt

121 gctagaatta ggtacaaaac ccacagecec tcatgttcgt aataagaagg tgatattgtt

181 tgatacaaac catcaggtta gtatctgtaa ccagataata gatgcaataa actcagggat

241 cgatitagga gatcttttgg aaggeggctt gitgacatta tgtgtigaac attattacaa

301 ttctgacaaa gataaattca atacaagtce tattgeaaaa tatctgeggg acgegggcta

361 tgagttitgat gicatcaaga atcctgatge aactogettt ctagaggtta ttcoccaatga

421 accteattac agecctttga ttitggetet caaaacctta gaaageactg aatctcaaag

481 ggegaggatt gggetetttc tgteattttg cagtettiit cteccgaaac tegtigtegg

541 agaccgaget ageatcgaaa aggecctgag acaagtaaca gtgeatcagg aacaagggat
601 tgtaacatac cccaatcatt ggeteactac aggtcacatg aaagtaatct ttggpatitt

661 aagatctage ticattttaa agtttgtett aatccatcag ggagtaaact tggtgacagg

721 tcatgatgee tatgacagta tcatcagtaa ticagtagga caaactagat tctcaggget

781 tcttattgte aaaacagttc tagagticat cctacaaaaa actgattcag gpgtogcatt

841 geatecactt gtgcggacct caaaagtaaa aaatgaagtt gecaagctica aacaggeatt
901 gagtaactta gctegtcatg gagagtacge accatttgea cgggttttga atitatcagg

961 gatcaataac cttgagcatg ggctctatee teagcetttea geaattgeac tgggegtige
1021 aacagcacat ggcagtacat tggetggtgt taacgtigge gaacaatace aacaactgeg
1081 agaagcagea catgatgeag aagtaaaatt acaaaggega catgaacace aggaaatica
1141 ggeeategee gaggatgacg aagagagaaa aatattagaa cagttccate tecagaagac
1201 tgagatiaca cacagtcaga caftggcegt cotcagecag aaacgagaga aactageeeg
1261 tcttgetgea gaaattgaaa acaacattge agaggatcag ggettcaaac aatcgeagaa
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1321 tcaggtgtea cagtctttct taaatgatce cacacetgta gaagtgacag tccaagecag
1381 gtctataaat cgaccaacag cectgecece cecagtegac aacadaatig ageatgaaac
1441 tgaagaggac agetcctcat caagtagttt tgttgacttg aatgatccat tigeactget
1501 gaacgaagac gaggatactc ttgaaaatag tgicatggec ccaageacta cittgagaga
1561 acccaaagaa gtttccgaac cactaaggea aactcaggac cttgatatta gccaaaagaa
1621 acagggaaat gaatcaacag atccageaag amaacaatic ttacgatate aagaattace
1681 tectgticaa gaagacgaty aatcagaata cacaactgat tctcaggaaa gtgacgatca
1741 accaggatct gataatgaac aaggtgttga tetcecacca cetecattat atgetcagga
1801 aaagagacag gatcccatac ageatccage cgigagetee caagatecet ttggcagtat
1861 tggtgatgta gatggtgata tittggaace tataagatcg ccttecteac cgtetgetee
1921 tcaggaggac acaaggatgg gagaagecta tgaattatca cetgatitta caagctatga
1981 ggataatcag cagaattgge cacagagagt ggtaacaaag aaaggeagga ccttccttta
2041 tectaatgac ctittacaga cgagtecice agagicatta ataacagceec ttgttgaaga
2101 gtaccaaaac ccigtcteag caaaagaget tcaageggat tggecigaca tgteatitga
2161 tgagaggags catgitgota tgaacttgta atttcgacaa cacageacga ctacteattt
2221 atttactica atatattita cctecgaaac ataatagtca aatttattta aatatctaga

2281 ccactttcaa atacctigtt atatatcact gttatgigag atggtgeaaa cettagaatg
2341 ataaccaaag gtaggaactg gitatatgac agtacctega aggtgttatt caatggtita
2401 gatcictect ctaattgeta cgataataca actacaaace tetttacett ggttacaata
2461 ctgtaataga tatgattgta ttictttctt anatcatetg attcaacttg atagatataa

2521 citgattcag agaacatttt gggaacgtca ttaactaaat tctctaaatg atgtactgta
2581 ttactgttic acccgactaa ttatatagta geatattaat ggatecttta cetctectoc

2641 tatgetctic ttataagica cicaaccggt gasacgeega gttigttgge ttagagtttt
2701 cctgttitac tgaatgtagt aattaatgat tgacttgagt ptigatggaa tcaagatagt
2761 gegatgatte atattataag gtacaatitc catitctgtt ttgecaatgt atcetetice

2821 ttatcacatg ccaatcaaga aaaacaaaga gtegaagaat attaaagatt ctetttaata
2881 ticananaca gttettaatt citttcettt cctitattaa tataatatat cgataaatct

2941 tacaatgtgg gactcgtcat acatgeaaca agtgaglgag ggactgatga ctggaaaagt
3001 tccaatagat caagtgttcg geactaatee ctiagaaaag ttatataaga gaagaaagec
3061 gaaaggpaca gtgggattac aatgtagice ttgcttaata tcaaaatcaa caagtactga
3121 cgacatigtt tgggatcage taalcgtaaa gasaacattg getgactige ttatacctat
3181 aaataggcaa atgtcggaca ttcaaageac cctaagegaa atgacaacaa aagtecatga
3241 gategagegt caactacatg atatcacecc agttgtaaaa atgggaaasa cgetagaage
3301 aatttccaaa ggaatgtcag agatgetage taagtacgat caictegtga tticaactgg
3361 aagaaccacc geaccagetg ctgeottiga tgettacita aacgageatg gagtcoccoe
3421 ccetcagect geaatctica aagatettgg agttgeccaa caageetaca gicaaaagac
3481 tatggtcaaa aaccaaacaa cagatgeage tgacaaaatg icaaaggttc tggaactcag
3541 tgaagaaaca ttticcaage caaaccittc agetaaggat ttagetctat tattatttac
3601 tcatcteect ggeaacaaca ctecatteea catactegee caagtecttt caaaaattge
3661 ttacaaatca ggaaagtctg gagceaticit ggatgcatic catcagattt taagcgaagg
3721 gpagaatget caggetgeat taaccegatt aageagaaca ttegatgett tecttggage
3781 agttecteea gtaataaaag ttaaaaactt tcaaacggte ceccgecectt gtcaaaaaag
3841 cctecgaget gitcecccaa atecaacaat tgacaaggga tgggtetgte tctattcate
3901 tgaacaggget gaaacccggg ciettaaaat ctaatcettg cgattcattc ttgaacanag
3961 aatgatcttt ctagpttaat acaaaaacac taaacatitc aagagttigt ggatgatita
4021 agcatatttg ggtaaatita atcaggatag tagtitaaat tigttttaag cgtgattitc
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4081 attaagagag ggttaattag Hatagattg atotttagte tactecatac goataatata
4141 gagaaattaa {attactaac aasaagggptt tittaaacgg aitigaitas tagatcagta
4201 tatctcaaaa gecaaataat igactictta ctetitggea attiactaac aatataggan
4261 agatatttat tcttacgiaa toctiggece ascgganact ancoteaatg gteaticaat
4321 atgetigete atgatatatc cagagattit ttataagtic aaaacgtigt aaattatact

4381 tgeatanaat actgititan ttaagaaaas ctatgaapaa cattaagtgg atttticett
4441 ctiagtgttc tittacaaag caaggttitt aaaticaagt agatcaagic tactottget

4501 gaacttactt citiaaaaat taatttacac tagacaattc ghttigttg acggaacaaa
4561 ttcagatatg gocagticea goaattataa tacgtatatg caatacetga accetoecoe
4621 ttatgetgat catgptacaa atcagttaat cccageagac cagetaicaa atcaacatgg
4681 tataactccg aattalgigg gegacttgaa totagatgat cagfttaaag ggaatpttty
4741 tcacgectic acttiggaag caataattga tatatctget tataatgage ggacggteaa
4801 aggagtceca goglggetge otcttgggat catgageaat ttgaatace cittagecca
4861 cactgttget geatigotta cagggageta cacgatiace cuaticacge acaatggaca
4921 aasattiptt cgtgtinate gactigggac aggaatecca geacatecae teagaatget
4981 gegpgaagga aaccaagett tgteccaaaa catggipatt cecaggaact titctacaaa
5041 tcagtttacg tacaatctta ctaatctagt attgageste cannagetic ctgatgatge
5101 tiggegeecg tocaaagaca aattaategg aaacaccatp caccetgegg titotgtaca
5161 ccoaaacetg cogectattg tectaccaac aghtasaaaa casgectate gtoagcatan
5221 gaatcctaac aatggaccac tgotggecat atetggeate cticaicaac tgaggettea
5281 aaaagiccca gagaagacga gettattoag gatttcactt cotgeogaca tgticteagt
5341 aaaagaggge atgatgaaga anagagpaga aggitotcog plagtttatt tocaagegee
5401 tgagaatttt cctttgaatg gettcancaa coggeaagtt gigetageat atgetascce
54561 gacactcagt getgtttaat angatastty ggtaagacas tggocctict gtacaangge
5521 tetgaticag atagatatit gtoagatica tgeaggatea titaagtty atittaatag

5581 tgctttaacc ctfcactget acoctaasgg attgattpag ctgattaace tataatgtat
5641 aacttctitt aaaccgcetaa atcaateata agtitgtcag atcatatagg atgaatgita
5701 atacgtgata aatggttcet attcagittt actttaacct catagtaaat cttataagac

5761 tactcatctt caagttgatlc aattcaaaga taatttecct {ctanaatas taagaaaaac
5821 taatgaagaas cattaattge taggtanagy caattaagt! clitgaactt tgcasaagta
5881 aggtitcact agtgagtaas ttcetgtatt agtagatiaa aaccaaggaa goacecegac
5941 atgaagacca tatattttct gattagicte attitaatce aaagtataaa aactcteoct
6001 pttttagaaa ttgetagtaa cagecaacct caagatgtag atteaptgte ctecggaace
6061 ctccaaaaga cagaagatgt teatctpatg ggattiacac tgagiggaca asaagtiget
6121 gattcccctt tggaageate taaacgatgg getttcagga caggtgtice toccaagaac
6181 gitpagtata cggaaggaga agaagocaan acatgitaca atataagtgt aacagaceet
6241 tctggaaaat cottgetget ggatecteoe agtaatatce gogattacee tasatgiaaa
6301 actgttcatc ataticaagg tcaaaacect catgeacagg ggattgecet ceatftgtgg
6361 pgpecattit tetigtatga tegegtigee tetacaacaa tgtacegage caaggictic
6421 actgnaggna statagcage tatgattgtt aataagacag ttcacagaat gattititet
6481 aggoaaggac aaggitateg tcacatganc ttgaceteca coaataaata tiggacaage
0541 agcaatgaaa cgoagagaaa tgatacggga tgtittgoea teclccaaga atacaacteo
6601 acaaacaatc aaacatgecc tecatetett aaacctecat cectgeecac agtaacteeg
6661 agcaticact ctacaaatac fcaaattaat actgctaaat ctggaactat gaacccaagt
6721 agcgacgatg aggaccttat gatttcegge icaggatctg gagaacaggg gececacaca
6781 actcttaatg tagtcaciga acagaaacaa tegicaacaa tatigiceac tectteacta
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6841 calcoaagea cotcacaaca tgageaaaac agtacgaate cticoegaca tgeigtasct
6901 gageacaatg gaaccgacee aacyacacas ccageaacge toctcaacaa tactaataca
6961 actcccacct ataacacict caagtacaac cteagtacte cttecectee aacecgeaac
7021 atcaccaata atgatacaca acgigaacta geagaaageg aacagaccaa tgeteagitg
7081 aacacaactc tagetccanc agaazatect accacaggac aagacaceaa cageacaace
7141 aacatcatcn tgacgacate agatataaca agcasacace ccacaaatic tictcoggat
7201 tetagtecga caaccegecc tectatatac tilagaaaga aacgaageat tttetggaas
7261 gasggtgata taticcegtt titagatgag tiaataanta clganattpa tittpatcea

7321 atcccaaaca cagaaacaat ctitgatgaa teteccaget ttaatacttc aactaatgag
7381 gaacaacaca ctcececgas tatcagitta actitcielt attttcetga taaanatgga
7441 gatactgeet actetgggea aaacgagaat gatigigalg cagagiigag gattiggagt
7501 gigeaggagg acgatitgge ggcagggett agetggatac cattititgg coctggaate
7561 gaaggactet atactgeogg titagtcaaa aatcagaaca stttagitig taggtigagy
7621 cgettageta atcanactge taaatecttg gagetottgt taagggleac aaccgaggaa
7681 aggacatttt ccttaatcaa taggeatgea altgacttlt tgettacgag glgpgeegpa
7741 acatgcaagg tgelaggace tgatigitge ataggaatag aagatetale taaaaatate
7801 tcagaacaaa tcgacaanat cagaaaggat gaacaaaagg agganactgg ctggpeteta
7861 gotgpcaaat ggtggacate tgactggget gitctcacea atttgggeat cetgetacta
7921 ttatctatag ctgttetgat tgeteigtee tgtatotgte glatcttcac taaatacatt

7981 geatgacata aagtitacaa tggttagage titaggaaag tigetgetga geectttgte
3041 taatctacty aaatcgactt asagaatect cagggagcett ataactcaat gtgaatcgat
8101 tecctatata ttgtigatey tgatgatata goapteaagt gicaccatca ttaggageaa
R161 ttetictgat ceaatgeatt gaagicacta attacticta aastcettat ctttaatceg

8221 aatattcaca tagaastcaa tittgggaaa attecaglag tgogtetitt catgteactt

8281 cictgaacct aagaccataa taaatattgg ttaaagaget cagetggiea atcttctatt
8341 ttentattaa agatatactg ctcagaaact cctagtitge aacccaatet tggaaaaata
8401 aacctoctet ttigatcata actatotota teaatgictl gaacacttaa tattattaac

8461 aacttattit tatttaatc! titaaatgea aatcaaaaga ggacatgage caccetcatt

8521 ttacttcaat acgaaggaat tcticttetc agoctacatt taatttace aggtgataan

8581 citttpgtas tttacettaa cataggtget gatangatge itggatgata acacatttac
8641 cgagattiaa tcgtateica ttaagaaaaa gataattaga acactggaaa ttgataaact
8701 tctatttiga tcaatgtaga aaagaattat aaaaatcita gtaaataaat tactgeaaag
8761 taaaaacgaa gaacaltaag tptictttat taasattgtt catcotitte gettitgatt

8821 atatttgatc asatacanct {catttggta ticattccaa gatteagaat geaacagect
8881 cgigpgagua geogaaatig tagecaccaa gitgoactat coacatacca tgaaaatcaa
8941 ttacccteta ancctcagla cattaaccat catecacglg caagatcaat gagttcaace
9001 cgtagtagta cagaaggtag coctactaat catgettece glgetegace actitcaaca
9061 tttaatctat cgaaaceter tecceecceg aaagacatgt geaggaacat gaaaattggg
0121 ttaccotgta ctgaceocge ttgeaacagy gatcatgacce ttgataatct aacaaategt
0181 gaacttitge tgitgatzge acggaagatg clecccaata cagataagge titcaaaagt
9241 cageaggact gtggatcgee atctetttec aaagggcetit caaaggacaa geaggaacaa
9391 geaaaggaty tactgactit ggaaaateta gggeacatat tgaattatct teatagatca
9361 gaaatcggaa aattggacga gacateacte cgigeageat igngtitaac atgtgecgga
9421 atecganaga caaataggtc ttigatiaat actatgacag aattgeatat caaccatgag
9481 aatcitccac aggaccasaa fggigitat! asgragacal atacaggtat teatctigac
9541 asagggggtc aattigaage tgocttatgg cagggelggg acaagaagic aatatcgiiy
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9601 ttigtgcaag ctgceattata tgtgatpant aatatcecet gigaategte catcagtgtg
9661 caggcctcat atgatcactt tattctccct cgaaatcagg gtgaaagaca atgattgtea
9721 titcaaaatc aacgatataa ttattgttaa cattctacct tggttcttat tgtaagactt

9781 gtatactctc ctatcaactg tgactactag ttcaaaatta aaactcacaa aaattcaatc
09841 gcattgtaat caattattta tcatcgattg tttagtttga gggattecac atcatettaa

9901 atccaataac acgattttgt tigatttttc ttitaatitc tacaccacaa czacatacaa

9961 gtgtctgacg aacgacctgt gttictatgg aasaacatga agaacatiaa gaaaaaggat
10021 gttcttgtat ttcaaccaag gitptatata titggocgat atcctcggag aataattgte
10081 aatatctgac aattgatcat acacatteca ataatacatt atagactttt tatcatatat
10141 agaactggga tictaatagt tctactictt agtgeagtac aggtttitge aaagaaactt
10201 ctgagtatgg cagaactgtc aacacgitac aacttaccaa caaatattac agagaagage
10261 ataaatcttg atctcaattc tactgeacgg tgggtaanag ageccagtat tggggpctge
10321 acagtgaaat gggggaattt tatctttcac atcceaaata coggaatgac attgtigeat
10381 catttaaaat ctaattttgt {gttecagaa tggeaacaaa caaggagtet cttcicecat
10441 ctetttaaaa acccaaaatc aaccatcatg gagectitet tggetttgag gatettactt
10501 ggcgitgett tgaaggatea agaatigeag caatcatiga ttectggatt tagatecatt
10561 gtgcatatge tttcagaatg getgetttta gaagttacgt cagetateea tatcagtect
10621 aacctgttgg ggatotatit gaccicagac atgttiaaaa tectaatgge aggtgtgaaa
10681 aacittitica ataagetgtt taccetecat gitgtaaatg atcatggaaa acctageagt
10741 attgaaataa aattaaccgg acaacagatc ataatcactc gagttaacat ggggtictta
10801 gtagaagtta ggagpatiga cattgaacct tgotgeggeg agactgtoct cteagaatea
10861 gttgipttip gpctaptage tgaageagte ctaagggaac acagecagat tgagagaggt
10921 caacctetta atfttgacaca atacatgaac agcaaaatig ctatttagac agettgattc
10981 ggeatctaaa getttaattc agetgtataa ggatattgag aagacagtgg atcataatca
11041 attgcecttt ataataaaag atgtagitge cctaattigt attcactaac ctaaaataat
11101 agtattatca cactagatag tcatcacata ataagtigit tctatgaatt aatcatgata
11161 gtataatctt gtagaattac tatgggttet atatacggea tttattcegg actgtatect
11221 ttgtaaacaa tgcatgetta agtatictea talcatacat gitatcactg cetgaitaag
11281 aaaaaccaat gatggatatt aaacatcctt caattgactg ttttgagact ttaaaatctt
11341 acaggctstce tigattttta aattctotac gggattatac agteacctit ageatacatt
11401 atgectetcg cgaaataata taagigacte tatgacatic cgagecaggt ctttatctig
11461 aattaaccct cittttggta tgcaacacce gactcaatat ccagatgeaa gattatette
11521 tcecataatt ttagatcagt gtgatttatt gaccagaagt ctaggpttgt atagteatta
11581 cteacacaat ccaaaactac gtaattgiag gattceatac cacatttatc gotigaggaa
11641 ttctacagea ttaaagacat ttcttcagaa cigttegata cteacagtic ctittcacte
11701 aatttgggat cacatcataa cttcaatica acacgatgea attaatcata tcaatgatit
11761 caaataccta ttaccatcag aactcataan gtatgctaat tgggacaatg agttcttaag
11821 agtattectt aacaagatet tgagactcga teatgettit acaaattctg caaagttaca
11881 atgtgaggat ttctctceea aagagaatec tHattatigg ggpatgttat tgctegtgea
11941 ttiatetcaa cttgecagaa ggattaagge acaaagaggg tetttaagga geaactggaa
12001 gtttatagga gitgatiigg aactattigg aatagcagat titgttatit ttaaagttce
12061 gataaaagca ataattogga atgctacaag tttacaggee tcaaaaccag ggttaaagac
12121 atggtaccgt gatcaaaact taactectta tetgtgtgat gatgaatitg ttgtaageat
12181 cgctagttat gaatgtitta teatgattaa agatgtottc atcgaaaggt acaacacgty
12241 ggagatctgt getegegett gegtcgaaga taatgaagaa getgattace cacciettgg
12301 tatattaaga gatitgtaca atcaagggga ccaaattata accatgtatc tagaggatgg
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12361 iticasatta atasaacact tagaaceett atgtgicagt tgtatacaaa cgtacggtat
12421 tittacgecg aggaagtact ggittcaate toagatgatt aaatcatatt atgatgaact
12481 tcaaagtctt aacctaasac ticagatice agataatagg actgaatgtg cacagaactt
12541 tattaaaacc ataattcagg caaaactgac toctcaacaa tactgtgaat tgttetottt
12601 acaaaaacat tggggtcace cagttitata caatgatgtt peactagaca aagigaagaa
12661 acatgeccaa tcaacaaaaa titaaasce taaggtcalg tttgaaact! ttgtgtett
12721 taagtitata glggcaaaaa atcattates cteteaagga tegtggtaca aasccacaca
12781 tgatctacst itgaccecat atctacggea geacatipty teanaticat Hecatcgea
12841 agecgagatt tatcageace tetgggaatg gtactitgla gageatgaac cictititic
12901 tacaauaata ataagigatt tgagtatttt cataaaagat agagetactg cigtaaateg
12961 agagtgtige gacagogiit tigataggag tgtactagga tacaatccrc cigicagatt
13021 tcaatcaaag agggtacetg ageaatictt aggtcasgea gatticiett tagatcaaat
13081 attggatiti getgagaaat tagagtatet agetoctica tatagaaact tttecttttc
13141 attaaaggaa aasgaatiga atatiggeag aacaticggy aagitgecct ategtgtcag
13201 amatgiceaa acactigeag aagocitatt ageagatgga ctagegaagg caticoctag
13261 taatatgatyg gtitgttacty agagagagea gaaagaagot clattgeate aagoctetiy
13321 geaccataat tcageaagta tagggpagaa tgecatagla agagptgeaa gitttgitac
13381 tzaicligag aaatacaatc tigectiiag atatgagitt acacgacatt tcatagacta
13441 ctgtaatega tgttacggty ttaaaaatit aticgactgg atgeatitct taataccact
13501 atgetatatz catgleagty actiitatag ceclectcae tgeptpacag aagataaceg
13561 aaatazccea cotgatigty ccaatgcetta teattatcat Haggaggta tagnaggact
13621 acaacagaaa itgtggacat glatatcatg tgetvaanic acgetigtag aactgaaaac
13681 tangttaaas tigaaatcea gigtcatggy tgataatcaa tgtataacaa ctctaagtct
13741 tttccctatt gatgeteeca atgatiatca agaaaatgag geagaatiaa atgetgeacy
13801 aptigctgtt gaattagota ttactacagg ctatagtoyg ataticttas aacctgaaga
13861 gacatitgty cattcagggt tatttactt tggtaaaaag caatacctaa atggtgtica
13921 attaccacaa tcattgaaga caatggcaag gtetggacct ttatcagatt ceattttepa
13981 cgatcticaa ggticactag ccagtattgg cacateattt gagagaggge caagegagac
14041 acggcatatt titccaaghe gitggatage tpeattteat tecatgttag cogtaaattt
14101 gtiaaatcag aatcaccleg gattteccet aggatitagt altgatgtat cotgtitiaa
14161 aaageetctt actticicgg agaaatiaat tgotitgate acaccicaag tgctaggarg
14221 attatctitc ttaaaccogg agaaattatt clatcggaac atcagtgate cteltactic
14281 aggptiattt caacteagga atgoattaga gticcitaga anggaagagt tptictacat
1434} ctigatiget aaaaaacceg gittagetgs tgeticagat ticgitatga atccattagg
14401 titaaatgtg ceaggatcta gggaaataat aacgtttcte aggeaaacag ttegigaaaa
14461 cataacaatt acatcacaan atagaatast aastictett tticacatag giteegactt
14521 agaggatcaa agagtatgty aatggctiit atcatcaaac cetgtaatga gocgatitge
14581 tpctgatatt ttitcacgaa cacctagtgy aaaaagactt caagtittag gitacttggn
14641 aggaaccaga acgliattag cticccgeac gatcagitta aceactgagy glacastght
14701 gatgagatta agagagitaa ctaugagicg atggaagagt tggtittctt acattgatge
14761 attagatgat gatttgietg agtotcttga aaagttcata tgeactgity atgtggetaa
14821 ittetigaga geatatteat ggteagatgt cttgaaagga aaaaggttaa tiggtgeeac
14881 actaceatgt ttactggage aattcaatgt asagtggatc aactigictg aagacttaaa
14941 pgageasttt aagetatott cagatelgeg atcacctacy gatttatige agtacgatty
15001 cantggactpg cattcaaagp gggoogataa cgoagaatta aaltatgiga gitgtgeect
15061 tgaccggaaa attgticaaa agentceate tgacaatege ctggeatpga caataggaaa
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15121 tcgageaccg tatatagggt cacgaacaga agataaaatt ggttaccecic ctttaagagt
15181 aaactgecca teggeagece ttaaagaage tattgaaatg gictetagac tattgtggat
15241 gacteaagge accgoagatc gagaaaaatt geteattecet cltcicaatt caagagttaa
15301 tttagactat cagacagtge teaacttoot goocacteac tactcaggea atatagtica
15361 cagatacaat gatcsatatg gacaacacte cittatggea antagaatga geaatacatc
15421 cactegtgea atcatatcan ctaacacact agggaaatat getpgagpgs gteaagetge
15481 tgttgatagt aatataatet tccagaacac tattaattta ggtgttecag tittggacat
15541 tacaftgtet ctitctaaat tgteatcaac atcaaatgit totticoptt taatgitaag

15601 taaatgtige acacggeatg taccgtetga gtattiatic tttgataaac cittagatgt
15661 pgattigaac aagtacatgg acaacgagtt agtttacgat aatgatcote toigtagteg
15721 aataaaggga agattagpta gagtalcaag atcaacactc teatigagic tasatgtaag
15781 cgatattgga tettacgact ttcegactat tgetgegtgg actitaggag agacaattat
15841 tpgaagtatt ttttctgaty aatcttctea aagtacagac celataagtt caggetgtac
15901 aaaaactttt gtaacacact tcttpteta tecagtigag agtatetitt atgectttgg
15961 agctaateta ntagiggaaa gtttaaghtt aagcaggate aatfcaatca agagectete
16021 agatitaaca titcftatat catccacuat cagaaattig tcacacagat cacticgaat
16081 tcitcaatct actttcogac atgaattggt attaactaga ctagoteate atataccatt
16141 gaittcctta atgetaggag gttctgegge tgagaaaagt togtogratg ctgtecgact
16201 atttcttacg peaagttate anaattitat caataattic agtiptiipa tgagaaagan
16261 ccaatcacca ttaccagitt ggotitattt coctagigaa gggeaacaac taanacotat
16321 tttaaaaatt {tgcanagpt tatcatgtit attaacaact asaaaggltc aasatcacag
16381 acctgtaget gatactigtt ttitgactga taatiittgg gictatecaa geaaatcaac
16441 gagaactaat cattatiatg caagtcttaa ttattggaga gacaaagota ataagattaa
16501 gaatactica tittcacatt tgataaacta ftoattitet gaaceetets tacatgepag
16561 ctotateict totagtcang aagtggticaa ttaaaacac aceagtogtt tagatgaasc
16621 acctaatatg agtgasageg ctcaatcaac aaatcatgag cosacageott tacaagaggt
16681 gtgcactgag ataccotact cggaacaaga fecagecaaa agttattige tgttagagaa
16741 tactagattc agggatgate agaaaatatt aagacatgat cagaaagotg agaggpetea
16801 acctetttes tigeaagtpt cltctaggee ttgoctgeag getottactt goccteatca
16861 ceccctoccea tofoasacea coacagaace actaageaty cttaggaatt ptgacgecat
16921 aaaageagee ttacgticty agacgaatga toeeogtott stgageapta teettgatat
16981 gagatcatty asaactoecy tgagaataga atctcgaanc acgagtotat tgeaacctic
17041 tgagtgtctg teaacticta agggaaaate tgtactgtet agagaacagg cticatacct
17101 gtatgitgat tgcagtaata totottetat ticictggat teaggttitc gaaatatgic
17161 tgatagaaat caagtccaaa igetantaan facttacaaa cgtgacttat acactitgtit
17221 tgatagtaac caattctgea ggittacagg gategttica toaatpeatt ataagettta
17281 tgatetttta ccageaggea aactcggaaa ggoaatelge ctageogaag ggaaggRag
17331 tggegctoga ctactettga agtggaaggs gacagattat ttattcitea atactttgge
17401 cacagattca caacagpaag cagaaatitt gagteatepa gttattccaa ggatgtipta
17461 tancetagat angetaaglg tittactiga atccagaaas Haatcliga ateatctaac
17521 tattcaaate scggatatta cagacccact atggetggac tetgteatac aatacctace
17581 tgaagatagt gacatictaa caatgpatge agagaccact aaagasgaga caagagagca
17641 actctataaa actatcataa atatttggge acgtactict cclaatatec ctaaaaccag
17701 catcattaaa gtptttitat tagattatep ggoaaccitg ticttaatga agaatgctat
17761 tcaatattat ggacaagtic aacttangaa scoatatagt tcaaaigcan aaaaticaga
17821 atggtactta tgitgtagaa aacgaagagt teaacgacte cgagtigatt ttecagacca
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17881 agtaggaata itcttgatct gtaaageaat gioacgicag aggcaageaa Hocttactg
17941 gctasagoac atagaaaaga attaccetge ticattgcac gagttctita taactitagg
18001 titicettet ttagagtcat ctttetgeea tegetacace atteegitea ctgagggaac
18061 ggcteictit cacaaggtcee agicttatgt cogacaaggt agacaacace tacactetet
18121 tatpttapat tacgaaaata attcaccect cctagatety agaaateact teatatgetce
18181 attgapgggpa aagataacca agtattacaa tgacatattg aaattaaatc tagtagtgag
18241 ageagtagus agaggpaaaa attggtegea actegligag teecttecta atatgeactc
18301 agtatgeata acacatgttg atcacgaatg tattggctet gagagacgat tattacttaa
18361 attggactit gicagasata craagatage agaacazsag ttactcaata gegtaatigy
18421 giatattela tteticoott ttggtticte cagacceaag tgactacaga tatatietic
18481 aatasaggaa gcicagtcta actcacagaa ataatctact tcaaaacaag gatcacccat
18541 ttiggaacat tgtataagaa actgcaagac aaataataag gasaggatac tactgtataa
18601 ctigitatat ccaaaapggat ctigggteat thaageatg atgeaaataa aaaategtet
18661 acatagecga actgaccget cagtacttat teacaateat getaactttt agtititaat
18721 tgtgcaanaa tiactangaa taattaatat tgatattana acattanatg gacattigag
18781 tittatpcct aguataatat anagaaattt aagagacatt tagatatatc agitgaattg
18841 aitiatgaca catagtgoat catgaatacs aagagaasaa tigttgeaat tcaggaatat
18901 cttatitaaa tgtattagag agaaagteag attattatca aaatcaagea aaatacaata
18961 ggititttca aagaataget gotanagect tatggttatt tittaaagat gicaatgtga
19021 attittatta agasanagta atgeatgaaa ttagaaastt aaaguacttl gatataagta
19081 acacaaaaca cteticatet ttitagtate toca {SEQ 0N 27}

VP10

MQQPRGRSRNRSHQVALSTYHENQLPSKPQYINHHPRARSMSST

RSSTEGSPTNHASRARPLSTENLSKPPPPPKDMCRNMKIGLPCTDPACNRDHDLD
ggLLLLMARKMLPNTDKAFKSQQDCGSPSLSKGLSKDKQEQAKDVLTLENLG
E}I;I/{I\STEIGKLDETSLRAALSLT CAGIRKTNRSLINTMTELHINHENLPQDONGVIKQ
%IHLDKGGQFEAALWQGWDKKSISLFVQAALYVMNNWCESSISVQASYDHF!L
ggm (SEQ 1D NO: 23)

/

ABO50936

1 gggacacaca anagaanaag gitititaag atittitgtg igogagtaac tatgaggaag

61 attaacagtt ttccteagtt taaggtatac actgaaattg agattgagat tetectetit

121 getattetgt aactticcet ggitgigaca attgaateag ttttatoial taceaaliac

181 calcaacatg gtatgtctag tgatettgge actettctte atctggtitt toctagagoet

241 cigaatctat titgtgagaa gttcatccaa acgacceagt gietgaaaat acaagaggtt
301 cecctttcog teaagtttaa gggetightt tgattgigte tagattttat aatcctagag

361 tgecaaggag ttpoptgtca teattaattg ggaagatcaa ggaaacaatt tgttecaata
421 atatcgtaca tcitgactaa glegaacaag gegaagicgas tatggatogt ggpaccagaa
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481 gaatctgggt glcgcaaaat caaggtpata cigatttaga ttatcataaa attitgacag

541 ciggecttac tgitcaacag ggaattgtca ggoagaaaat aatttcigta tatcttgttg

601 ataacttgga ggctatgtgt caattggtaa tacaageett tgaggcogga attgatitce

661 aagaaaatge cgacagettc cttctgatge titgoctaca teatgettac caaggtgact

721 ataaattgtt cttggagage aatgetgtac agtatttgga aggteatgga ttcaaattig

781 agctecggaa gaaggacggt gteaategge togaggaatt gettoctget geaacgagtg
841 gaaaaaacat caggegtacg ttggecgeac tgectgaaga ggagactaca gaageaaatg
901 cagggcaatt teteteattt gogagtitgt ticticocaa actggitgte ggagagaagg

961 citgettgga aaaagtecag cgacaaattc aggttcatge agaacagggt ttaattcaat
1021 atcccactge atggoaatca gttggacaca tgatggtaat citcagatig atgaggacta
1081 atttcttgat taaatattta ctgatccacc agggtatgca tatggtaget ggecacgatg
1141 ccaatgatge tgteattget aattcagttg cteaggoetog cttttcagga ctectaattg
1201 tcaaaaccgt tettgateat attctgeaga aaaccgacca aggagtaaga cttcaccett
1261 tggeccgaac agecaaagtg cgtaatgagg ttaatgcatt taaggeegee ctaageteac
1321 ttgetaagea tggggagtat goceettityg clegectict caatcteteg ggagttaaca
1381 acctagaaca {ggtoictac ccacagttat cageaattge tottggagtt gocacageac
1441 atggtagcac cettgeagga pttaatgttg gtgageagta tcageagett agagaggetg
1501 ccactgaage tgagaagceaa ciccaacaat atgetgagic cagagaactc gacagectag
1561 geotagacga tcaggaaaga agaatactaa tgaacticca {cagaagaaa aatgaaatta
1621 gtttccagea gaccaatgea atggtaacce ttagpaaaga gegactggct aaattaacag
1681 aagctataac getggectca agacctaace tegggtctag acaagacgac gacaatgaaa
1741 tacegttece tgggectata agcaacaacc cagaccaaga tcatetggag gatgatecta
1801 gagactccag agacactatce attcctaata gtgeaattga cecogaggat gptgattity
1861 aaaattacaa tggctaticat gatgatgaag ttgggacgge aggtgacttg gietigticg
1921 atcttgacga tcatgaggat gacaataaag ctittgaget acaggacage tcaccacaat
1981 cccaaaggga aatagagaga gaaagatiaa ticatccace cocaggeaac aacaaggacg
2041 acaatcggge ctcagacaac aatcaacaat cageagattc tgaggaacaa gaaggtcaat
2101 acaacaggca cegaggecca gaacgtacga cogecaateg aagacictea ceagtgeacg
2161 aagaggacac ccctatagat caaggegatg atgatcccte aageccacct cogetggaat
2221 ctgatgatga cgatpeatea agtagecaac aagatecega ttatacaget gitgececte
2281 ctgeteotgt ataccpeagt geagaageee acgageetce ceacaaatee tegaacgage
2341 cagctgaaac atcacaattg aatgaagace ctgatatcgg icaatcaaag tetatgeaaa
2401 aattaggaga gacatatcac catctgetga gaactcaagg tocatttgaa getatcaatt
2461 attatcacat gatgaaggat gageeggtaa tatttageac tgatgatggg aaggaataca
2521 cotaccegga ttcacttgag gaagectate ciccatgget caccgagaaa gaacgactgyg
2581 acaatgaaaa tcgatacatt tacataaata atcaacagit cttctggect gtcatgagte
2641 ccagagacaa attictigea atettgeage accatcagta accacageac aaagegeggt
2701 ccacttcgta aagctaaata cacttaaage ttgaccgatt catctacaaa aactaatcea
2761 ttataactia ttagtgctac tttotataa gtgattctea atctaaggoc attaagagtt

2821 taagcaatat acatatacac ttacaccggt ctatccaaga tgtggcetcaa tgticttaat
2881 ttgaacatag tcataaggeg ataaataata citfatattt ctgattgtgs actgacceat
2941 tctgettaan atgettegec cattaaaaat gtgatctaat agatagecot gactagacea
3001 attasgaaaa acatttgatg aagattaaaa ccttcatcge cagtaaatga ttatatigtc
3061 tgtaggcagg tgtitactce accttaaagt cggaaatate ctaccttagg accattgtta
3121 agaggtpcat aggceattace afccitgaga acatgtataa tgatasattg aapatatgtt
3181 caggeccaga aacaactgga tggatitctg agcaactaat gacaggtaag attccagtaa
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3241 ctgatatatt cattgatatt gataacaagc cagatcaaat ggaagtccgg ctcaaaccat
3301 catcaaggag ctecaaccaga actigtacaa gtageagtea gacggaggtc aactaigtac
3361 ctctecttaa asaggttgag gatacattaa ctatgetagt gagtgeaace agtegtcaga
3421 atgctgeaat cgaggecctt gaaaaccgee feageacact tgagagtage ttasagecaa
3481 tccaagacat gggtaaagty atticatcat tgaatcgeag tigtgeegaa atggtagceaa
3541 aatatgatet totagttatg acaactggac gggetactte aaccgeaget geagtagatg
3601 cgtactggaa agagcacaaa cagccaccac cagggeeage gitgtatgaa gagaatgege
3661 ttanaggaaa aatcgatgat ccaaacaget atgtaccaga tgotgtgeag gaggottaca
3721 agaacctiga cagtacatcg accctgaccg aggaaaatit tgggaaacct tatatatctg
3781 ctaaagatct gaaggagatc atgtatgatc atctacctgg tittgggact gectttcace
3841 aacttgtica agtgatitgt anaataggaa aggataacaa cctettggac acaatccatg
3901 ctgagticca ggeaagicta goagatzgty acteteecca atgtgoacte atacagataa
3961 ccaaaagagt cccaatettt caggatgtge cgeccecgac aatccacatt agatocogtg
4021 gtgatatcee acgageatge caaaagagic tecgaccage accaccatca coccaaaattg
4081 atcgtgpttg getttgttty titaagatgce aagatggtaa aacgcettgea cttaagatet
4141 aaggatcaag atitatttaa caaggcaage cacaacctta gatagaacct cagecagact
4201 attgaactat tgacgctgtt gatgataata tataattaat ggtcatattt gaatatgaca

4261 acatcttget tettgtittg cottgtatet ctitgagitg gaagateatt ccaaacttac

4321 aaacatgcac aagatgttat ggtttagcaa agaatigata ggagtactgg tatataatgt
4381 aaatataaca agtgatgaag attaagaaaa accagteggt attticcaga cttggeattt
4441 cttatettea tettctaaag tgagatattt tatcatcaaa asatgagacg cggagtgtia
4501 ccaacggete cteccageata taatgatatt goatacteta tgagceatact cocaaccega
4561 ccaagtgtea tagtcaatga gaccaaatca gatgtactgg cagtgccagg ageagatgit
4621 ccatcaaact ccatgagacc agtggetgat gataacattg atcactcaag coatacteca
4681 agoggagtag cttctgectt tatattggaa gotaaagtpa atgtaattic gggaacaaaa
4741 gtectgatza ageaaatace tatttggett ccactgggtg tagetgatca gaagatatac
4801 agctttgatt caacaacage cgeaattatg ttggettect acacagtgac acacticggg
4861 aagatatcta accegetggt acgtgtcaac aggetaggee caggaatace cgatcateeg
4921 ctacgactce taaggitggg caatcaggea ticcticaag agtttgttct tecaccagic
4981 cagcttccee agtatttcac atttgatcta acagetetaa agetcateac teaaccattg
5041 ccagetgeaa cetggacaga cgasacteca goaggageag teaatgetet togiootggg
5101 cteteactce atcccaagcet tegtocaatt citctacegg ggaagatagg aaagaaaggt
5161 catgcttcag acttaacatc acctgacaaa attcaaacea tcatgaatge aataccggac
5221 ctcaaaattg teccgattga tecaatcang aacatagttg gaattgagpt tocagaatia
5281 ctagttcaaa ggetgaccgg caaaaaacca caacccaaaa atggecaace aattattoca
5341 gttctictic cgaaatatgt tggacttgat cctatatcge caggggactt aactatggtt
5401 atcacccagg attgtgattc atgccactct ccagecagee atecgtatea catggacaag
5461 caggatagtt accaataatt taaattccat togagctatt attctgetag taattcogac
5521 gpgatcaata gactaaaaat ctgattgtat agaatiataa aagaatcaag cagaggcaac
5581 agactcacag cttacgecta gatgactaat attaaggagt tttttaatet aattticcag
5641 icttaagtaa taatcatttc ttitgtaatt aattatgcat tigttaactt atcggtgega

5701 gatttccttg agaaccegge ggggcttota ctatcigtag taaccagaag agaagitcaa
5761 cccagtcaaa actaaaccaa geaatattct gaatgctcta tagtctattc taatcagagg
5821 tataacaatg gctaagattt caatgactcg ttaacaatcg ctagtaattt taatctccag
5881 attaagaaaa agatatacga tgaagattaa ggcgacaacg agecgaaact tcatotcttt
5941 taaagatcta acattatctg ttccaaagtc atacaaggac acaticaaat cagggattet
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6001 aageigctat ticttacctc cocaaatcac ctatacaaca tggggtcagg atatcaactt
6061 ctccaattge cteggpaacg tttegtaaa acticgttot tagtatggpt aatcatccte

6121 ttccagegag caatctceat geegetiggt atagigacaa atageactct caaageaaca
6181 gaaattgatc aattggtttg tcgggacaaa ctgtcatcaa ccagtcaget caagictgtg
6241 ggpctgaatc tggaaggaaa tggaattgea accgatgtee catcageaac aaaacgetgg
6301 ggattcegtt caggtgtgee teccaaggtg gteagetatg aagecggaga atgggeagaa
6361 aattgctaca afctggapat caaaaagtca gacggaagtg agtgecticee teteectece
6421 gacggtetac ggggatteec tagatgtege tatgtceaca aagttcaagg aacaggtect
6481 tgtccogetg acttagettt ccataaaaat ggggettitt tettgtatga tagatigpec

6541 tcaactgtca tetaccgtgg gacaactitt getgaaggtg teatagcetit tttaattetg

6601 tcagagcecca agaageattt tiggaagpet acaccagcelc atgaaccggt gaacacaaca
6601 gatgattcca caagotacta catgaceetg acactcaget acgagatgtc aaatttigga
6721 ggegaggaaa glaacaccct tittaaggta gacaaccaca catatgtgea actagategt
6781 ccacacacte cgeagticct tgticagete aatgaaacac ttcgaagaaa taatcgectt
6841 agcaacagta cagggagatt gacttggaca gtggatceca aaattgaacc agatgtigot
6901 gagtgggcct tctgggaaac taaaaaaact tttcccaaca acttcatgga gaaaacttge
6961 atttccaaat tctatcansec cacaccaaca actcetcaga tcagageccg gegggaactg
7021 tccaaggaaa aattagetac cacceaccea ccaacaacte cgagetggtt ccaacggatt
7081 ccectecagt ggtttoagty cteactgeag gacggacaga ggaaatgtcg acccaaggte
7141 taactaacgg agagacaatc acaggitica ccgegaacce aatgacaace accattgeee
7201 caagtccaac cafgacaage gaggttgata acaatgtace aagtgaacaa ccgaacaaca
7261 cagcatccat tgaagactec ccececatcgg caageaacga gacaattgac cacteegaaa
7321 tgaattcgat ccaaggcteg aacaactceg cccagagece acagaccaag geeacgecag
7381 cgeccacage atccocgatg accetggace cgeaagagac ggecaacate ageaaaccag
7441 gaaccagecc aggaagegea geeggaccaa gicageecgg acteactata aatacaataa
7501 gtaaggtage tgaticactg agtcccacca ggaaacaaaa gegateggtt cgacaaaaca
7561 ccgctaataa atgtaaccca gatctteact attggacage tgttgatgag ggegeageag
7621 caggattgge atggaticea tattitggac ctgeagcaga aggceatctac attgagegte
7681 taatgcataa tcagaatggg cttattigeg ggotacgtea gotageeaat gaaactacee
7741 aggetcitca attatttetg cgggocacaa cagaactgag gacitactea cticttaaca
7801 gaaaagctat tgatitictt cttcaacgat gggpagatac ctgtegaate ctaggaccat
7861 cttgttgeat tgagecacat gattggacaa aaaatattac tgatgaaatt aaccaaatta
7921 aacatgactt tattgacaat cccctaccag accacggaga igatcttaat ctatggacag
7981 gttggagaca atggatcceg gotggaattg ggattaitgg agtiataatt getataatag
8041 ccctactttg tatatgtaag attitgtgtt gatitattot gagatctgag agaaaaaaat

8101 ctcagggtta ctctaaggag aaatattatt titaaaattt acttaaatge tgaccactta

8161 tcttaaatga geaattaata atatgttttt ctacticttt gettgattita caatatgata

8221 tttctettaa taatgattaa tatattaaga aaaacttatg acgaagatta aaggggagea
8281 tegttaacgg gaaaatctee catotegttc glegaageea cgtigptget gotigeagot
8341 gagaacaact ccagagattg taggtagaaa ggaccagceat ttataggtag gggtcagaas
8401 gcaacaatag ccataasagg agagectgac attgetatit aatatcctag aacctgattt
8461 ctaggttcta gitgtacaat coggatgatg gagcattcaa gagaacgegg tagatctage
8521 aacatgcgac ataatagecg ggaaccatac gaaaatccat caaggictcg cteattatet
8581 cgggacccta atcaggtiga tegtaggeag cetegaagtg catcecaaat tegtgtteeg
8641 aatctgttce atcggaaaaa gactgatgea cteatagtic ctcoggetec caaagatata
8701 tgeccaacac tcaaaaaagg attectctge gatagtaaat ttigeaaaaa agatcaccaa
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8761 ttggatagct taaatgatca tgaattacta ctgetaattg caagaagaac atgiggaatt
8821 atcgagagca atfcgcagat tacatcecca aaagatatge ggttagegaa tecaacaget
8881 gaagactict cacaaggtaa tagicctaaa tiaacacttg cagtectict tcaaattget
8041 gaacattggg caaccagaga cctaaggcaa attgaggact ctaaacttag agetctitta
9001 accctitgtg cogtattaac aagganatit tctaaatcee aactgggtet tctatgtgag
9061 acccacctac ggeatgaggp ceteggacag gaccaagetg attetgtatt agagptetac
0121 caaagactce acagtgataa aggaggpaat ttigaggetg cectgtggea acaatgggac
9181 cgacagtcgt taataatgtt catctetget tttctcaaca tigetetcca gacacettgt

0241 gaaagticta gtgtcgtagt ctcaggtctt geeacattgt acccageaca agacaattet
9301 acaccgtecg aggeaactaa tgataccace tggteaagta cagttgaata gaaaaccact
9361 ggagetatit ticcacgatt getetcagtc aataaattaa tatagatata atacgactic
9421 ggtgtecaat tgtcaagggt tecatttgpt aataatgatt cttaaaacaa totactateg
9481 taattatcga tggatctace ctatttgacg gtacatgact tgaatgtaat aaggtaagtt
9541 getatctgap gtattitgle tagagtatac tcaaaategt atgictagea aattatcaat
9601 agcaaagtta aattctocta acctcatatt ttgatcaagt aatcatgatt ttatggtaat

9661 tctttgcaga ttatcggttt aatetitatt aagasaaaat catgatigta gacaatttac

0721 tggtagtcec tgggtatcca agtitatgaa cagagetaga gagaattige tacttcegag
9781 giataactit attatttget acttcgaatg cctaaaacca gtaatgeagg atgaagatia
9841 attgcggage aatcaggaat tcaactitag ttecttaagg cotegtetga atcttcatca
9901 pttagtaagt tctittatag aagtcattag cttctaaggt gattatatit tagtattaaa

9961 ttitgttaat tgcttgotat aaagttgaaa t@tctaatge tfaaatgaac atttctttga

10021 agctgacata cgaatacatc atatcatatg agaacatcge aattagageg tectigaagt
10081 ctggcattga cagtcaccag getgtictea gtagtetgte ctiggaaget cttggpgaga
10141 caagaagagg tcccagapgag teccaacagg ttggeataag gteattaaca coageatagt
10201 cagetogate aagactgtaa gegagtegat tgeaactaaa aagattatit cttgitgtit
10261 aaacaaatic cttitgtgtg agacaccctc aaggeacaag atggetaaag ccacaggecg
10321 atacaatcte gtgcccccaa agaaagatat ggaaaaggga gtgattitta gtgatcittg
10381 taatitcttg attactcaaa ccetgeaagg ttggaaggtt tattggpcag gaattgagtt
10441 tgatgtaagt caaaaaggea tggctetict gacaagactc aaaacaaatg acttigetce
10501 tgectggecg atgacaagaa atetettece acatetgiic caaaacecaa atteggttat
10561 tcaatctece atctgggett tgagggteat tiggoagee ggattgoagg atcagtigtt
10621 agaccatica tiggtigage cattgacagg ggetcteggt claatttetg atiggeteet
10681 aactacaacg tcaacacatt tcaatcttcg tactagaage gtaaaggacc agettagtet
10741 tcgtatgita tctitgatca ggtcaaacat cttgeagtic atcaacaage ttgacgeect
10801 geatgttptc aattacaatg gittactcag tagtatigag atcgggactt ctacacacac
10861 aatcattata actcgtacaa atatgggttt tetegtggaa gttcaggage ctgacaaate
10921 agctatgaat tctaagegec caggaccagt caagtictea ttacticatg agtctgectt
10981 canacctitc acteogtgtic cacaatctgg gatgcaatea ttaataatgg agitcaacag
11041 tttpttggea atitaacaag gtgatctiaa aataagtaca tgaatgagaa ttagtigtgg
11101 gtcttaccta geattgttga gttagetate taatetattt tcactaatty cattgageac
11161 tgctagtagg tttgeaccac gitaaagatt cagagtgtat gaatigtgea gatttaaact
11221 tgggtittge cttatgettc acaggtggte titttaaaat ggagattate agceatitett -
11281 caatgggagg agttagcaat cagaaattgg agataaatgg acatcgggat agaacaatge
11341 ctaactattg ggegectttc atttttaaat gtgtatataa ccaatctitt cctateitlg
11401 cttatattgg tgtaacitta ctttaataac atgtcaatgc tatactgtta agagaaggtc

11461 tgaggaagat taagaaaaag gietogigtt cacttggitg cegteaagta tectgtgptt
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11521 tttttetace taacttcotc atgecatatg getacceage atacccagta coecggatgea
11581 cgtttatctt cacctatagt cctggatcaa tgtgattigg taactcgage atgtgggita
11641 tatteatett attcictaaa toctcageta aggeaatgta aattaceaaa acatatatat
11701 cgacttaagt tcgacacaat agtatccaaa ttoctaagtg atacacctgt agcaacactg
11761 ccgatagact atttagtacc aattctectg cgticectaa cggggeacgp tgataggecg
11821 ttgacccega cttgtaatea aticettgat ggaattatta attacactct tcatgatgea
11881 gecttteitg attactatct caaggeaaca ggtgeacagg accatttgac aaacattaca
11941 actagagaga agcttaaaaa cgaaattcta aacaatgatt atgtccatca attgtictte
12001 iggcatgace tgtetatttt ggetegacgt gggegtetga ategegggaa caacegtica
12061 acctggttty ttcatgatga attcattgat attttaggat atggogatta tatttitigg
12121 aaaatacctt tatcattatt accagttact atagacgggg toceacacge ggeaactgac
12181 tggtatcaac cgactetttt tasagaatee atcctaggge acagecaaat cotatetgtg
12241 icgacagetg aaatactaat tatgtgtaaa gatattatea coigtagptt taatacatca
12301 ctgattgcat ceattgcana attagaggat gtagatgtgt ctgaftatee tgaccegagt
12361 gatattctta agatatacaa tgctggagac tatgtaatat ctattettgg ctcagaaggt
1242} tataagataa taaagtacct tgaaccactt tgtttggeea aaatecaact ttgetctaaa
12481 itcacagaaa gaaaaggtcg tticetcaca cagatgeatt tatcagtaat aaatgatett
12541 cgggagttga titctaaceg caggtiaaag gactatcage aagagaagat taggeatttt
12601 cacaaaatat tattacaatt geaattatet cctcaacagt ttigtgaatt atictetpit
12661 caaaaacatt gggggoatcc aattttacat agtgagaaag ctatacaaaa agtaaaacgg
12721 catgcaacca tocttaagec tetcagacet aatgteattt tgagacata tigtgtatic
12781 aagtacaata ttgccaagcea ctatttcgac agecaaggaa ctiggtacag tgtaatctea
12841 gacaggaatt taactccagg actcaactee ttcataaaac gtaatcactt toettcacta
12901 cccatgatta aggatcttct atgggaatic tatcatctta atcaccetce gttattetct
12961 acaaaggiga ttagtgactt aagtatitic atcaaggata gggccacage tgttgaacag
13021 acatgttggg atgeagtcti tgaacccaat gigotaggtt acaatcetce aaacaaatte
13081 tccactaaaa gggtgcegga acaatticta gaacaggage atttttcaat cgaaagtgic
13141 ctgaattatg cacaggaatt acattattta ttaccacaga ataggaattt ttcctittet
13201 cttaaagaaa aagaattaaa tattggacga acatltggta agotaccata tetcacacgg
13261 aatgtccaaa ctttatgtga ggctoigita geagatggac tggetaagge cttececagt
13321 aacatgatgg tagtaactga acgigaacaa aaagagagcec ttcttcatca ggeatcatgg
13381 caccacacca gtgatgatit tggagageat getacegtic gaggpagtag ttitgtaact
13441 gattiagaga agtacaatct tgeatttcge tatgagttea ctgeaceatt tattgagtac
13501 tgeaaccatt getatggtet gegtaatgte tttaatigea tgcattattt aatccegeag
13561 tgttacatgc atgtaagtga ttattataat cogecteaca atgttaatet tagcaatega
13621 gaatatccte ctgaaggecee gagticgtac cgagggeact taggaggceat agagggatta
13681 caacaaaaac tgtggacgag tatatcetgt geacaaatet cottagtgga aattaaaact
13741 gettitaagt tacgatcage ggteatggga gacaatcagt gtataaccgt attgtetgtt
13801 titccacttg aaacagacce tgaagageag gageaaageg cegaagacaa tgetgeaaga
13861 gtagcagceaa gtetigeaaa agtasccagt geatgiggea tetticttaa accagaagag
13921 acattegtac actcaggttt catttattic ggaaaaaaac aatatctcaa tggtgtacaa
13981 ttaccgcaat cactcaaaac agcagceaaga atggegecac tetctgatge tatattcgat
14041 gatctacaag gaacacttge cagtattgga actgectteg aacgtgcetat atcggaaacg
14101 cgacatatce tcecatgteg tattgtagea getttceata cgtatitege cgtteggatt
14161 ttacaatatc accatcttgg atttaataaa ggcatcgatt tagggcagtt gtcacttagt
14221 aaaccattag actatgggac tattactcla acatiggegg ttocacaagt cettggggga
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14281 ttgtctittc taaatccaga aaagtgtitit tatcgaaact toggagatceo tgtgactict
14341 ggacttttcc agctacgggt gtacctagaa atggitaaca tgaaagacct atittatcca
14401 ttaatatcga aaaatccagg aaattgtagt gecattgatt tigicttaaa tccatcegga
14461 ttaaatgtic caggatcaca agacttgaca toctitttge gacagatogt taggegtagt
14521 attacactaa ctgcaagaaa taagitaatt aacactctct tecatgecte tgetgatttg
14581 gaagatgaga tggittgtaa atggcteett tcatcaaace ctgieatgag tegetitgea
14641 geggatattt tttecagpac acctagiggt aaacgictee aaatattagg ttatcttgaa
14701 ggpaccagga ctetattgge ctccaaaatc ataaacaaca acagtgagac accigtactt
14761 gataagetga ggaagateac cctacaaaga tggaatctgt ggtteagtta titggaccat
14821 tgtgaccaat tactagcaga tgctctacag aaaattagtt geacggtgga titggeecag
14881 attitgogtg agtatacatg gicacacate ttagagpgta gaccattgat cggagegaca
14941 ttaccatgta tggtegapea attcaaagtt aagtggetaa gacaatatga acctigtcea
15001 gaatgectca acaaaaaagg ctcaaatgct tatgictcag tigeagtcaa agatcaagtg
15061 gtcagtgett ggectaatac ttetogaata agltggacaa tagggagteg tgteccctat
15121 ataggpgtcaa gaaccgagga taaaatcgga cagectgoaa tcaageogeg atgecctica
15181 tetgecctea aggaggetat agaattagea teaaggetea citgggtiac acaaggaagt
15241 tctaatagiy aacaattaat coggectttc ttagaagega gagtcaacct tagtgicagt
15301 gaagtcctge aaatgacace atcacattat tcaggaaata tigtccateg atataacgac
15361 caatatagce cgeactcatt tatggegaat cgeatgagea atactgegac cegtetcata
15421 gtgteaacta atacacttgg agaatitica ggtggaggec aggeegeeag gatageaat
15481 ataatittcc agaatgitat aaatttagea gttgecctit atgatattag attcoggaat
15541 acgaacacct ctgatataag geataatagg getcatcttc acctgacaga gtgotgtact
15601 aaagaggtce cggeccagta tttgacatat acaagtgeac teaatctgga titaageegt
15661 tatcgtgata atgaactaat atatgactca aatccactga ggggaggatt gaactgeaat
15721 ttaacaatgg atagtccttt agtgaagggt cctaggetta acatgattga agatgatctt
15781 ctecgettte cacacctitc tggatgggag ttagegaaaa cggtggtaca atecatcate
15841 tcagacaata geaactcate aacagatcea atcagtageg gagaaacacg ctetitcaca
15901 actcattitc teacttacce teagattgge cttctitaca giticgggge agtattatge
15961 tittatctag geaatactat cotatggact aaaanactig attatgaaca gttictatat
16021 tatttgcata accagetgea caacttacet catcgageac tecgtgttit taaaccaaca
16081 tttaagcatg ccagtgtgat gtccogatta atggaaatig aticcaactt ctcaatitat
16141 attggeggga catctggaga tcgagggetg tetgatgetg cicgactgtt teticggaca
16201 geaatcgega gitttttaca atttcttaaa agcetggatca tegatcgeca aaaggeaatt
16261 cctttatgga tagtatatee gettgaaggt caacagecgg aatccatcas tgaatticta
16321 cataaaatit ttggtctget caaacaagge cccaaaaata ttccaaagga ggtcageatt
16381 caaaatgatg gacattigga titggcagaa aataatiatg titacaatag taagagcact
16441 getagtaatt tettccatge atccttaget tactpgagaa glaggaaate tcggaaaact
16501 caagaccata atgatttctc aagaggggat ggaacactta cagaaccegt gtgtaagtic
16561 tcaagcaatc atcagtcaga tgaaaagtac tacaatgiga catgtggaaa gteaccgaag
16621 ccgcaagaac geaaagactt ctegeaatac agactcagea ataacgggca aacaatgagt
16681 aatcatcgta agaaagggaa gitccacaag tggaateect geaaagtgtt aatggagapt
16741 caaaggggaa ctgitctaaa agagggtgac tactitcaaa acaatacice accaacagat
16801 gatgtatcaa giccteaceg acteattcta ceatttttta aatigggaaa tcacaaccat
16861 geacatgatc aagatgecca agaattgata aatcaaaata ttanacagta cetacatcag
16921 ctaaggtcta tgttggacac cactatatat {gtagatica cagggattgt ctcatccatg
16981 cattacaaat tgpacgaagt tcttctagaa tacaatagtt tcgattcage tatcacatta
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17041 getgaaggtg aggggteagg ggctetatta ctittgoaga aatatagtac aaggttatta
17101 titttgaaca cattggecaac agaacacagt atagagtcag aagttgtate aggtttttet
17161 actccgagaa tgttgttace aataatgeaa aaggttcatg aaggacaagt cactgttatc
17221 ttaaataatt cagcaagtca gataactgac ataactaget caatgtggtt aagtaatcaa
17281 aaatataatc taccttgtca agttgaaatc attacgatgg atgetgaaac aacagagaac
17341 ttaaacaggt cccaactcta cogageagta tataacttaa tactigatca cattgatceg
17401 cagtatcica aggtgetgget actcaaagta titctgagty atatagaagg aatattatgg
17461 attaatgatt acttggetes attattcggg geiggttact tgattaaace gattacatea
17521 agtgeceggt caagtgaatg gtacctttge itatcaaatt tgatatctac taacaggaga
17581 tegpoecate agactcacaa ggeatgtett ggatattatca gagatgettt geaageacaa
17641 gtccagegag gegtgtactg gttgagtcac atcgeacagt atgetacaaa gaatctecat
17701 tgtgaataca tatgecttgg ttteccacct ctagaaaagg tectatatca caggtataat
17761 ctagttgata ctggactcgg tccattgteg teagttatia gacatttaac taacctecag
17821 gcagagatac gagacttagt attagattat accctgatga gagagagicg caclcaaacg
17881 taccattita ttaagacigc aasaggeaga atcacaaagt tagtcaatga ctttcigaag
17941 titicittaa ttgiccagge aclcaaaaat aattctictt ggtatactga gottaaaaaa
18001 ttacctgagy tgattaatgt gtataatcga tittatcata ctcacagitg cgaatgteag
18061 gaanaatict ttgtccagac getttatita caacgceetac gegatgeaga aatcaageta
18121 attgaacgce ttaccgggtt aatgegattt tatccagaag ggttaatata ttccaatcac
18181 acataggtac taaatcatca tagtatgagg aataaaataa tgataattcc {gacgacagt
18241 tttagttccg attctaagta tatcggaaga gagtatgcea atcttaatta ttaaaggtaa
18301 caagctatta gttattactt attgataaga ataaacttta tcatagegta acacatcata
18361 actttatage gattitgeat tictaatcct agtatttatt agaatgtact atcagagaaa
18421 tgaccccagt tectatettt aaataatgat tgtgtgtatt aaattattag fitattaggt
18481 ttatgapttg gttacacagt gagtatiagt aattgaggat tatgtagata ggtaatctaa
18541 cactgaatca cccatetgat gtcaccatat coaaatattg tgetagtege atttaaacat
18601 getatctica gttaagtaac atagactgaa aatgetaaga agagatigga gtaaaagtat
18661 aaaataaatt taattaaact tcaaagtgat taaatgataa tgatcttggg aactcgatat
18721 gacctcaagt caaaaataat gtcaatataa tigittagta atatgagtta taatgtgaat
18781 ttigataact aactagettt agtagttaag atcaaatgea aacattctaa gaatgttaag
18841 cgeacacaaa aacattataa aaaaccaatt ttttcctitt tgtgtstece

(SEQ D NO: 24)

VP30

MEHSRERGRSSNMRHNSREPYENPSRSRSLSRDPNQVDRRQPRSASQIRVPNLFH
RKKTDALIVPPAPKDICPTLKKGFLCDSKFCKKDHQLDSLNDHELLLLIARRTCGI
IESNSQITSPKDMRLANPTAEDFSQGNSPKLTLAVLLQIAEHWATRDLRQIEDSKL
RALLTLCAVLTRKFSKSQLGLLCETHLRHEGLGQDQADSVLEVYQRLHSDKGGN
FEAALWQQWDRQSLIMFISAFLNIALQTPCESSSVVVSGLATLYPAQDNSTPSEA
TNDTTWSSTVE ¢ .

SEQ 1D NG 25)

NC002549
1 cggacacaca aaaagaaaga agaattitta ggatctittg tgtgcgaata actatgagga

61 agattaataa fittcotetc attgaaattt atatcggaat ttaaattgaa attgttactg
121 taatcacace tggittgttt cagagcecaca tcacaaagat agagaacaac ctaggtctee
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1B1 gaagggagca agggceateag tgtgetcagt tgaaaatece tigicaacac ctaggtetta
241 tcacatcaca agttceacct cagactelge aggstgatee aacaacctta atagaaacat

301 tattgttaaa ggacageatt agttcacagt caaacaagea agatigagaa ttaacctigg

361 tittgaactt gaacacttag gggattgaag aticaacaac cctaaagctt ggggtaaaac

421 attggaaata gttanaagac aaattgctcg gaatcacaaa attocgagta tggaticteg

481 tcctcagaaa atctggatgg cgeegagtet cactgaatet gacatggatt accacaagat

541 cttgacagea ggtetglocg ticaacaggg gattgticgg caaagagtca tcccagtgta
601 tcaagtaaac aatcttgaag aaatttgoca acttatcata caggectitg aageaggtet

661 tgattttcaa gagagtacpg acagtticet tetcatgett tgteticate atgegtacca

721 gggagaltac aaactitict tggaaagtgg cgeagtcaag tatitggaag gecacgggtt

781 cegttttpaa gicaagaage gtgatggagt paagegectt gaggaattge tgecageagt
841 atctagtgga aaaaacatta agagaacact tgctgecatg cecggaagagg agacaactga
901 agotaatgee ggteagttic totectttge aagtetatte cttcegaaat tggtagtagg

961 agaaaaggct tgectigaga aggitcaaag geaaatteaa giacatgeag ageaaggact
1021 gatacaatat ccaacagcett ggeaatcagt aggacacatg atggtgatit tcogttigat
1081 gepaacaaat ttictgatca aatitctect aatacaccaa gggatgeaca tggtigecgg
1141 geatgatgee aacgatgetg tgatticaaa teagtgpgot caagetegtt titcaggott

1201 attgattgtc aaaacagtac ttgatcatat cctacaaaag acagaacgag gagttegtet
1261 ccatectett geaaggacog ecaaggtaaa aaatgaggte aactccttta aggetgeact
1321 cagetocctg gecaageatg gagagtatge tectitegee cgacttttga accttictgg
1381 agtaaataat cttgageatg gicttttcce teaactateg geaattgeac teggagtege
1441 cacagceacac gggagtacce tecgeaggagt aaatgitgga gaacagtatc aacaactcag
1501 agaggctgee actgaggctg agaageaact ccaacaatat geagagtetc gegaacttga
1561 ccatcttgga cttgatgatc aggaasaagaa aaticttatg aacticcate agaaaaagan
1621 cgaaatcage ttccageaaa caaacgetat ggtaacteta agaaaagage gectggecaa
1681 geigacagaa gotateactg ctpegteact geccaaaaca agtggacatt acgatgatga
1741 tgacgacatt ccetttccag gacceatcaa igatgacgac aatcctggec atcaagatga
1801 tgatccgact gactcacagg atacgaccat tecegatgtg gtegtigate cegatgatgg
1861 aagctacgge gaataccaga gttactcgga aaacggeatg aatgcaccag atgactiggt
1921 cctattegat ctagacgagg acgacgagga cactaagcoa gtgectaata gategaccaa
1981 gggtggacaa cagaagaaca gicaaaaggg ccagcatata gagggcagac agacacaatc
2041 caggccaatt caaaatgtce caggecctea cagaacaate cacecacgeea gtgegeeact
2101 cacggacaat gacagaagaa atgaacceic cggeteaace ageectegea tgetgacace
2161 aattaacgaa gaggeagacc cactggacga tgeegacgac gagacgicta geettecgee
2221 cttggagtca gatgatgaag ageaggacag ggacggaact tccaacogea cacccactgt
2281 cgececaceg geleccgtat acagagatea ctctgaaaag aaagaactce cgeaagacga
2341 gcaacaagat caggaccaca ctcaagagge caggaaccag gacagigaca acacccagte
2401 agaacactct tttgaggaga tgtatcgeca catictaaga tcacaggggce catttgatge
2461 tgtttégtat tatcatatga tgaaggatga geetgtagtt ticagtacca gigatggeaa

2521 agagtacacg tatccagact coctigaaga ggaatatcca ccatggetca ctgaaaaaga
2581 ggctatgaat gaagagaata gattigttac attggatest caacaatttt attggecggt
2641 gatgaatcac aagaataaat teatggeaat cetgeaacat catcagtgaa tgageatgga
2701 acaatgggat gattcaaccg acaaataget aacattaagt agtcaaggaa cgaaaacagg
2761 aagaatttit gatgtctaag gigtgaatta ttatcacaat asaagigatt citatitity

2821 aatttaaage tagcttatta ttactagecg tititcanag ttcaatttga gtettaatge

2881 aaataggogt taagecacag ttatageceat aattgtaact caatattcta actagegatt
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2941 tatctaaatt aaattacatt atgctittat aacttaccta ctagectgec caacaftttac

3001 acgategttt tataattaag ananaactaa tgatgaagat taaaacctte atcatcetta
3061 cgtcaattga attctetage actcgaaget tattgtette aatgtasang anaagetggt
3121 ctaacaagat gacaactaga acaaagggea ggagoecatac tgeggecacg actcaaaacg
3181 acagaatgce aggecetgag cittcggget ggatetetga goagetaatg accggaagaa
3241 ttectgtaag cgacatcitc tgigatattg agaacaatce aggattatge tacgeatece
3301 aaatgcaaca aacgaagcca aacccgaaga cgegeaacag tcaaacceaa acggacceaa
3361 ittgcaatea tagtittgag gaggtagiac asacatigge ttcattgget actgtigtge
3421 aacaacaaac catcgeatca gaatcattag aacaacgceat tacgagictt gagaatggtc
3481 taaagccagt ttatgatatg geaaaaacaa tetecteatt gaacagggtt tgtgctgaga
3541 tggttgeaaa atatgatctt ctggigatga caaccggteg ggeaacagea accgelgegg
3601 caactgaggc ttattgggec gaacatggtc aaccaccace tggaccatcea cittatgaag
3661 aaagtgcgat tcggggtaag attgaatcta gagatgagac cgteccteaa agtgitages
3721 aggeaticaa caatctaaac agtaccactt cactaactga ggaaaattit gggaaacctg
3781 acatttegge aaaggatitg agaaacatta tgtatgatea ctigectggt ttiggaactg
3841 cittccacca attagtacaa gtgatitgta aattgggaaa agatageaac teattggaca
3901 tcattcatge tgagitccag gecageetgg clgaaggaga ciclecteaa tgtgeectaa
3961 ttcaaattac aaaaagagit ceaatctice aagatgetge tecacetgtc atecacatee
4021 getetegagg tgacattcee cgagettgee agaaaagctt gegtocagte ceaccatege
4081 ccaagattga tcgaggttgg gtatgtgttt ttcagettca agatggtaaa acactiggac
4141 tcaaaatttg agceaatcte cettcectee gaaagaggeg aataatagea gaggettcaa
4201 ctgctgaact atagggtacg ttacattaat gatacacttg tgagtatcag ceetggataa
4261 tataagtcaa tiaaacgacc aagataaaat tgticatatc tegetageag cttanaatat
4321 aaatptaata ggagctatat ctetgacagt attataatea attgitatta agtaacccaa
4381 accaaaagtg atgaagatia agaaaaacct acctoggetg agagagigtt tittcattaa
4441 ccttcatett gtaaacgttg agcaaaattg ttaaaaatat gaggegeglt atattgecta
4501 ctgctectee tgaatatatg gaggecatat accetgtcag gteaaattca acaattgeta
4561 gaggtggcaa cagcaataca ggcttcetga caccggagte agtcaatggg gacactecat
4621 cgaatccact caggecaatt gcogatgaca ceategacea tgecageeac acaccaggea
4681 gigteteate ageattcate cttgaageta tggtgaatgt catatcggec cocaaagige
4741 taatgaagca asttccaatt tggettccte taggtgtoge tgatcaanag acctacaget
4801 ttgactcaac tacggeogee atcatgettg cttcatacac tatcacceat ticggeaagg
4861 caaccaatce actigicaga gicaatcgge tgggtoetgg aatceeggat catecectea
4921 ggctectgeg aattggaaac caggctitce tocaggagtt cgticttceg ceagtecaac
4981 taccccagta tttcaccttt gatttgacag cactcaaact gatcacceaa ceactgectg
5041 ctgeaacatg gaccgatgac actccaacag gatcaaatgg agegtigegt ccaggaatit
5101 catttcatce aaaacttege cceattettt taceccaacaa aagtgggaag aaggggaaca
5161 gtgeegatct aacatotecg gagaaaatce aageaataat gactteacte caggactita
5221 agatcgttce aattgatcca accaaaaata tcatggpaat cgaagtgeea gaaactetgg
5281 tecacaaget gaccggtaag aaggtgactt ctaaaaatgg acaaccaatc atcectgtte
5341 tittgocaaa gtacattggg ttggaccegg tggetocagy agacctcace atggtaatea
5401 cacaggattg tgacacgigt catictectg caagtcttee agetgtgatt gagaagtaat
5461 tgeaataatt gacicagatc cagtittala gaatctictc agggatagtg ataacatcta
5521 titagtaaic cgtccattag aggagacact tttaattgat caatatacta aaggtgcettt

5581 acaccattgt cttttttcte tectaaatgt agascttaac aaaagactca taatatactt

5641 gitittaaag gattgattga tgaaagatca taactaataa cattacaaat aatcctacta
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5701 taatcaatac ggtgatfcaa atgtiaatct tictcattge acatactitt tgeocttate

5761 ctcaaattgc ctgcatgett acatctgagg atagccagtg tgactiggat tggaaatgty
5821 gaganaaaat cgggacccat ttetaggttg ttcacaatee aagtacagac attgeccttc
5881 taattaagaa aaaatcggeg atgaagatta agocgacagt gagegtaate teatetete
5941 ttagattatt tgitttccag agtaggggte gtecaggtect titcaategt gtaaccaaaa

6001 taaactccac tagaaggata tigtgggoca acaacacaat gggcgitaca ggaatattge
6061 agttacctcg tgatcgatic aagaggacat cattctttct ttgggtaatt atccttttce

6121 aaagaacatt ttccatceca cttggagtca tccacaatag cacattacag gitagtgatg
6181 tcgacaaact agtttgtcpt gacaaactgt catccacaaa tcaattgaga teagttggac
6241 tgaatctega agggaatgga giggcaactg acgtgecate tgeaactaaa agatgggget
6301 tcapgtcegg tgteccacca aaggtggtoa attatgaage tggtgaatgg getgaaaact
6361 getacaatct tganatcaaa aaaccigacg ggagtgagteg tetacoagea gogeeagacg
6421 ggattcgggg cltcceccgg tgecpgtatg tgeacaaagt atcaggaacg ggacegigle
6481 ccggagactt tgcettecat aaagaggegtg cttictteet gtatgatoga cttgetteca
6541 cagttatcta ccgaggaacg actticgetg aaggtgtegt tgeatttetg atactgecce
6601 aagctaagaa ggacttcttc agetcacace cettgagaga geoggteaat geaacggagg
6661 accegtctag tggotactat tetaccacaa ttagatatca ggetaceggt titggaacca
6721 atgagacaga glactigitc gaggtigaca attigaccta cglocaactt gaatcaagat
6781 tcacaccaca gtttctgete cagetgaatg agacaatata tacaagtgge aaaaggagca
6841 ataccacggg aaaactaalt tggaaggtca accccgaaat tgatacaaca ateggggapt
6901 gggcctictg ggaaactaaa aaaacctcac tagaaaaatt cgeagtgaag agttgtotit
6961 cacagttgta tcaaacggag ccaaaaacat cagtggtcag agtceggege gaactictte
7021 cgacccaggg accaacacaa caactgaaga ccacaaaatc atggoticag aaaattecic
7081 tgcaatggtt caagtgeaca gtcaaggaag ggaagetgoa gigtogeate taacaaccot
7141 tgecacaatc tecacgagte cocaatecet cacaaccaaa ceaggteegg acaacageac
7201 ccataataca ccegtgtata aacttgacat ctetgaggea actcaagttg aacaacatca
7261 ccgeagaaca gacaacgaca geacagecte cgacactece tetgecacga cogeageogg
7321 acccccaaaa goagagaaca ccaacacgag caagageact gactteetgg acccegeeac
7381 cacaacaagt ccccaaaace acagegagac cgetggeaac aacaacacic atcaccaaga
7441 taccggagaa gagagtgeca geagegggaa gotagpcelta attaccaats ctattpelgg
7501 agtogeagga ctgatcacag gogggagaag aactcgaaga gaageaattg tcaatgotca
7561 acccaaatge aaccctaatt tacattactg gactactcag gatgaaggts ctgeaategg
7621 actggeetgg ataccatatt togggecage ageegaggga afftacatag aggggctaat
7681 gcacaatcaa gatggittaa tetgtggett gagacagetlg gecaacgaga cgactcaage
7741 tettcaactg ttectgagag cocacaactga getacgeace titteaatee teaacegtaa
7801 ggcaattgat tictigetge agegatggge cgpeacatge cacatictgg gaccggactg
7861 ctgtatcgaa ccacatgatt ggaccaagaa cataacagac aaaatigatc agattatica
7921 tpattttptt gatanaacce ttcegpacca ggggpacaat gacaattggt ggacaggatg
7981 gagacaatgg ataccggcag gtattggagt tacaggogtt ataattgeag ttatcgeltt
8041 attctgtata tgeaaatttg tottttagtt tttettcaga ttgettcatg gaaaagetea

8101 geeteaaate aatgaaacca ggatitaatt atatggatta ctigaatcta agattactig
8161 acaaatgata atataataca ctggagetit aaacatagcec aatgtgatic taactecttt
8221 aaactcacag ttaatcataa acaaggtttg acatcaatct agtiatcict ttgagaatga
8281 taaacttgat gaagattaag aaaaaggtaa tctttcgatt atctttaatc ttcatecttg

8341 attctacaat catgacagit gtcittagteg acaagggaaa gaagectitt tattaagitg
8401 taataatcag atetgegaac cggtagagtt tagitgeaac ctaacacaca taaageattg
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8461 gicaaaaagt caatagaaat ttaaacagtg agtggagaca actittaaat ggaagcttca
8521 tatgagagag gacgeccacg agotgecaga cageaticaa gggatggaca cgaccaccat
8581 gticgageac gatcatcate cagagagaat tategaggtg agtaccgtea atcaaggage
8641 geeteacaag tgegegtice tactgtattt cataagaaga gagttgaace attaacagtt
8701 cetecageac ctaaagacat atgtccgace {tgaaaaaag gattittgty tgacagtagt
8761 tittgcaaaa aagatcacca gttggagagt ttaactgata gggaattact cctactaate
8821 geecgtaaga ctigtggate agtagaacaa caattaaata taactgeace caaggacteg
8881 cgcttageaa atccaacgge tgatgatttc cageaagagg aaggtecaaa aattacciig
8941 ttgacactga tcaagacggce agaacactgg gegagacaag acatcagaac catagaggat
9001 tcaaaattaa gagcatigit gactetatgt getptgatga cgaggaaatt ctcaaaatce
9061 cagctgagtc ttitatgtga gacacaccta aggegcgage gectiggeca agatcaggea
9121 gaacccgtic tegaagtata tcaacgatta cacagigata aaggaggeag ttttgaaget
9181 geactatgge aacaatggga ccgacaatec ctaattatgt ttatcactge attettgaat
9241 attgetctee agttacegtg tgaaagtict getgtogtig titcaggptt aagaacattg
9301 gttectcaat cagataatga ggaagctica accaaccogg ggacatgetc atggtetgat
9361 gagggtacce cttaataagg ctgactaaaa cactatataa cettctactt gatcacaata
9421 ctecgtatac ctatcatcat atatttaatc aagacgatat ccittanaac ttattcagta

9481 ctataatcac tctegtitca aattaataag atgtgcatga tigeoctaat atatgaagag
9541 gtatgataca accctaacag tgatcaaaga aaatcataat ctcgtatcge tegtaatata
9601 acctgccaag cataccictt gcacaaagtg aticttgtac acaaataatg ttttactcta
9661 caggaggtag caacgatcca tcccatcaaa aaataagtat tteatgactt actaatgate
9721 tctiaaaata ttaagaaaaa cigacggaac ataaatictt tatgettcaa getgtgpagp
9781 aggtgttigg tatiggctat tgttatatta caatcaataa caagettgta aaaatattgt

9841 tcitgtitca agaggtagat tgtgaccgga aatgetaaac taatgatgaa gattaatpeg
9901 gaggtctgat aagaataaac cttattattc agattaggee ccaagaggea ttettcatct
9961 cotittagea aagtactatt tcagggtagt ceaattagtg goacgtcttt tagetgtata
10021 tcagtcgeec ctgagatacg ccacaaaagt gtetctaage taaattggte tgtacacatc
10081 ccatacattg tattagggge aataatatct satigaactt agcegtitaa aatttagtge
10141 ataaatctgg getaacacea ceaggteaac toeattgget gaaaagaage ttacctacaa
10201 cgaacatcac titgagegee cteacaatta aaaaatagga acgtegtice aacaatcgag
10261 cgcaaggttt caaggtigaa ctgagagtgt ctagacaaca aaatattgat actccagaca
10321 ccaagcaaga cetgagaaaa aaccatggcet aaagetacgg gacgatacaa tctaatatcg
10381 cccananagg acctggagaa aggggtigtc ttaagegace tetgtaactt cttagttage
10441 caaactattc agggatggaa gotitattge gotgatattg aptitgatot pactcacaaa
10501 ggaatggece taftgeatag actgaaaact aatgactitg ceccctgeatg gteaatgaca
10561 aggaatctct ttccteattt atttcaaaat ccgaattcea caattgaate accgetgtgg
10621 gcattgagag tcatccttge agecagggata caggaccage tgattgacea gictttgatt
10681 gaacccttapg caggagecct tggtetgate tetgatigae tpctaacaac caacactaac
10741 catttcaaca tgcgaacaca acgtgtcaag gaacaattga gectaaaaat getgtegttg
10801 attcgatcca atattctcaa gtttattaac aaattggatg ctetacatgt cgtgaactac
10861 aacggatigt tgagcagtat tgaaattgga acteaaaate atacaatcat cataactega
10921 actaacatgg gitttctggt gegagetecaa gaaccegaca aatcggeaat gaacegeatg
10981 aagectggge cggogaaatt ttcoctectt catgagteca cactgaaage atttacacaa
11041 ggatcctega cacgaatgea aagtttgatt cttgaattta atagctetet tgctatetaa
11101 ctaaggtaga atacticata ttgagctaac {catatatge tgactcaata gttatettga
11161 catctetget tteataatca gatatataag cataataaat aaatactcat atttcttgat
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11221 aatttgttta accacagata aatcctcact gtaagecage ticcaagtig acacccttac
11281 aaaaaccagg actcagaatc ccicaaacaa gagaticcaa gacaacatca tagaattget
11341 tattatatg aataageatt ttatcaccag anatcctata tactaaatgg tiaattgtaa
11401 ctgaacccge aggtcacatg tgttaggttt cacagattet atatattact aactctatac
11461 tcgtaattaa cattagataa gtagattaag aaaaaagect gaggaagatt aagaaaaact
11521 gettattggg tctttcogtg ttitagatga ageagttgaa attcttecte ttgatattaa
11581 atggctacac aacataccca atacceagac getaggttat catcaccaat tgtattggac
11641 caatgigace tagtcactag agettgeggg tatattcat catactceet taatccgeaa
11701 ctacgcaact gtaaactcce gaaacatate taccgtttga aatacgatgt aactgttace
11761 aagttctiga gtgatgtacc agtggegaca ttgeceatag atticatagt cecagttett
11821 ctcaaggeac tgtcaggeaa tggatictgt cotgfigage cgoggtgeca acagtictta
11881 gatgaaatca ttaagtacac aatgcaagat getetettct tgaaatatta tctcaaaaat
11941 gtegstpctc aagaagactg tgttgatgaa cactttcaag agaaaatctt atcttcaatt
12001 cagggcaatg aatttttaca tcaaatgitt tictggtatg atctggetat titaactcga
12061 aggggtagat taaatcgagg aaactctaga teaacatggt tigttcatga tgatttaata
12121 gacatcttag getatgggga ctatgttiit tggaagatee caatttcaat gitaccactg
12181 aacacacaag gaatccceea tgotgetatg gactggtate aggeatcagt attcaaagaa
12241 geggticaag ggeatacaca cattgtitct gtttetactg cegacgtctt gataatgtee
12301 aaagatttaa ttacatgtcg attcaacaca actctaatct caaaaatage agagatigag
12361 gatccagttt gtictgatta tcccaatttt aagattgtgt clatgettta ccagagegga
12421 gattacttac tciccatatt agggtctgat ggptataaaa ttattaagtt cctcgaacca
12481 ttgtgettgp ccaaaatica attatgetea aagtacactg agaggaagge cegattctta
12541 acacaaatgce atttagetgt aaatcacacc clagaagaaa ttacagaaat gegtgeacta
12601 aagcceticac aggctcaaaa gatccgtgaa tecatagaa catigataag getggagatg
12661 acgccacaac aactttgtga getattitce attcaaaaac actggpggea tectgtgeta
12721 catagtgaaa cagcaatcca aaaagttaaa aaacatgeta cggtgetaaa agceattacge
12781 cctatagtga ttttcgagac atactgtgtt titaaatata gtattgecaa acattatttt

12841 gataptcaag gatcttggta cagtgttact tcagatagga atctaacacc gggtcttaat
12901 tcttatatca aaagaaatca attcecteeg ttgecaatga ttaaagaact actatgggaa
12961 tittaccace itgaccacee tecactittc teaaccaaaa ttattagiga ctiaagtatt
13021 titataaaag acagagctac cgeagtagaa aggacatget gggatgeagt attegagect
13081 aatgttctag gatataatce acctcacaaa ttagtacta aacgtgtace ggaacaattt
13141 ttagagcaag aaaactttic tattgagaat gttctitect acgeacaaaa actegagtat
13201 ctactaccac aatatcggaa cttttctitc tcattgaaag agaaagagit gaatgtagat
13261 ageaccticg gaaaatigee ttatcegact cgeaatgttc anacactttg tgaagetetg
13321 ttagetgatg gteitgetaa ageatttect ageaatatga tggtagttac gpaacgtgag
13381 caaaaagaaa geftattgea tcaageatea tggeaccaca caagtgatga ttttggtgaa
13441 catgecacag ttagagggag tagetttgta actgatttag agaaatacaa tettgeattt
13501 agatatgagt ttacageacc tittatagaa tattgcaacc gitgetatgg tgttaagaat
13561 gttttiaatt ggatgcatta tacaatccca cagtgttata tgeatgicag tgattattat
13621 aatccaccac ataacctcac actggagaat cgagacaace ccocccgaagg goectagtica
13681 tacaggggtc atatgggagg pattgaagga ctgcaacaaa aactciggac aagtattica
13741 tgtgctcaaa ttictitagt tgaaattaag actggttita agttacgete agetgtgatg
13801 ggtgacaatc agtgcattac tetittatca gteticeect tagagactga cgeagacgag
13861 caggaacaga gogecgaaga caatgeageg agggiggeeg ceagectage aaaagttaca
13921 agtgcctgtg gaatcttitt anaacctgat gaaacatttg tacattcagg ttttatctat
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13981 tttggaaass aacastatit gaatggggic caatigeete agtecctiaa aacggetaca
14041 agaatggcac cattgtctga tgeaattttt gatgatcttc aagggacect ggetagtata
14101 ggcactgett ttgagegatc catctetgag acacgacata tetttecttg caggataace
14161 geagctttce atacgittit tteggtgaga atcttgeaat atcatcatct cgggttcaat
14221 aaaggtittg accitggaca gttaacactc ggcaaacctc tggatttcgg aacaatatca
14281 ttggcactag cggtaccgea ggtgottgga gppttatect teitgaatee tgagaaatgt
14341 ttctaccgga atctaggaga tecagttace tcaggettat tecagttaaa aacttatote
14401 cgaatgattg agatggaiga titattctia cctttaattg cgaagaacce tgggaactge
14461 actgccattg actttgtget aaatcctage ggattaaatg tecctgggte geaagactta
14521 acttcatttc tgegecagat tgiacgeagg accatcacce taagtgegaa aaacaaactt
14581 attaatacct tattteatge gtcagotgac ttcgaagacg aaatggtits taaatggota
14641 ttatcatcaa cteetgttat gagtegttit geggecgata tetttftcacg cacgecgage
147701 gggaagcgat tgeaaatict aggatacctg gaaggaacac geacattatt agectctaag
14761 atcatcaaca ataatacaga gacaccggtt ttggacagac tgaggaaaat aacatigeaa
14821 aggtggagcee tatgatitag ttatcttgat cattgtgata atatccigge ggaggetita
14881 acccaaataa cttgcacagt tgatttagea cagattctga ggpaatatte atgggeteat
14941 attttagagg paagacctct fattggagee acactcccat gtatgatiga geaattcaaa
15001 gigttttgge tgasacceta cgaacaatgt cogeagtgtt canatgeaaa geaaccaggt
15061 gggaaaccat tcgtgicagt ggeagtcaag aaacatattg ttagtgcatg geogaacgea
15121 teccgaataa getggactat cggggatgpa ateccataca ttggatcaag gacagaagat
15181 aagataggac aacctgetat taaaccaaaa tgtecttecg cagecttaag agaggecatt
15241 gaattggegt ccegtttaac atgggtaact caaggeagtt cgaacagtga cttgetaata
13301 aaaccatttt tggaageacg agtaaattta agtgticaag aaatacttca aatgaccect
15361 tcacattact caggaaatat tgttcacagg tacaacgatc aatacagtce teattctiic
15421 atggcecaate gtatgagtaa ttcagcaacg cgattgattg tttctacaaa cactttaggt
15481 gagttttcag gaggtggeca gtetgeacge gacageaata ttattitcea gaatgitata
15541 aattatgcag ttgcactgtt cgatattaaa tttagaaaca ctgaggctac agatatccaa
15601 tataatcgtg ctecaccttca tetaactaag tgttgeacce gggaagtace agetcagtat
15661 ttaacataca catctacatt ggatttagat ttancaagat accgagaaaa cgaaitgatt
15721 tatgacagta atcctctaaa aggaggacte aattgeaata tetcattoga taatecattt
15781 ticcaaggta aacggctgaa cattatagaa gatgatctfa tiegactgeo teacitatet
15841 ggatgggage tagceaagac catcatgeaa teaattattt cagatageaa caatteatcet
15901 acagacccaa ttagoagtpgg agaaacaaga tcattcacta cocatttctt aacttatcee
15961 aagataggac tictgtacag ttttggggoc titgtaagtt attatcttgg caatacaatt
16021 cttcggacta agaaatiaac acttgacaat ttittatatt acttaactac tcaaattcat
16081 antctaccac atcgeteatt gogaatactt apgecaacat tcasacatge aagegttatg
16141 tcacgpttaa tgagtattga tecteatttt totatttaca taggoggtge tgcaggtgac
16201 agaggactct cagatgegge caggtiattt ttgagaacgt ccatttcatc ttttettaca
16261 ittgtaaaag aatggataat taatcgegga acaattgtec ctitatggat agtatatceg
16321 ctagagggtc aaaacccaac acctgtgaat aattttctet atcagatept agaactgetg
16381 gtgcatgatt catcaagaca acaggetttt aaaactacca taagtgatea tgtacatcct
16441 cacgacaatc tigitiacac atgtaagagt acagecagca atttcticea tgeatcattg
16501 gegtactgga ggageagaca cagaaacage aaccgaaaat acttggeaag agacictica
16561 actggatcaa geacaaacaa cagtgatggt catattgaga gaagtcaaga acasaccace
16621 agagatccac atgatggcac tgaacggaat ctagtcctac aaatgageca tgaaataaaa
16681 agaacgacaa ttccacaaga aaacacgeac cagggteegt cgttceagte ctttctaagt
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16741 gactetgett giggtacage aaatccaaaa claaatticg atcgatcgag acacaatgtg
16801 aaatticagg atcataactc ggoatccaag agggaaggte atcasataat cteacacegt
16861 ctagtectac ctitetttac attatcteaa gggacacgec aattaacgtc atocaatgag
16921 tcacaaacce aagacgagat atcaaagtac Hacggoaat tgagateegt cattgatace
16981 acagtttatt gtagatttac cgptatagte togtocatge attacasact tgatgaggte
17041 ctitgggnaa tagagagtit caagtopgct ptgacgetag cagagggaga aggigeiget
17101 gecttactat igattcagaa ataccaagtt aagacctiat ttitcaacac getagetact
17161 gagtccagta tagagicaga satagtatea ggaatgacta ctectaggat gettotacet
17221 gitatgicaa aaitccataa tgaccaaatt gagattattc itascaacte ageaagecaa
17281 ataacagaca taacaaatco tactiggtit anagaccaas gageaaggct acctaageaa
17341 gtegaggtta taaccatgga tgeagagaca acagagaata taaacagatc gaaattgiac
17401 gaagctgtat ataaattgat ctincaccat attgatcota gegtattgaa ageagtggte
17461 cttanagict ttctaagtga tacigagget atgttatgge tasatgataa tttageceeg
17521 tittttgeca ciggttattt anttaagecea ataacgicaa gigotagate tagigagiey
17581 tatettiptc tgacgaactt citatcaact acacgiaaga tpecacacea asgocntote
17641 agttgtasac aggtaatact tacggeattg caactycana ticancgaag cocatacigg
17701 ctaagtcatt taactcagta tgotgactst gagttacatt taagttatat cogoettggt
17761 tttceatcat tagagaaagt actataccac aggtataace tegtegatic anaaagaggt
17821 ceactagtet ctatcactea goacttagea catcttagag cagagattey agaattaact
17881 aatgattata atcancageg acaaagicgg actcaaacat atcacitiat tegtactgea
17941 asaggacgaa fcacagaact aglcaatgat tatttaaaal totttettat (gtgeaagea
18001 ttaaaacata atgggacaig goaagetgag tttaagaaat taccagagtt gattagipty
18061 tgcantaggt tetaccatat tagagattge aattgtgaag aacgtitelt agticaaace
18121 ttatatttac atagaatgea ggattctgaa gttaagctia tcgaaaggct gacagggett
18181 ctgagtitat ttocggatgg tetctacagg ttgaitgaa tlaccgigea tagtateoig
18241 atacttgena aggttggtta ttaacataca gattataaaa asctcatasa ttgetotoat
18301 acatcaiatt gatctaatet caatanacaa ctatttaaat aacgasagga gtecctatat
18361 tatatactat atttageetce fotecctgep tgataatcaa aaaattcaca atgcapeatg
18421 tgtgacatat tactgcogea atgaattiaa cgeaacataa taaactetge actetitata
18481 attaagetit asacgaaaggt ctgggoteat atigitattg atataataat gtigtatcaa
18541 tatcotgion gatggaatag tgtittgett gataacacaa cftcttaaaa caasattgat
18601 ctitaagatt aagiittita taatiatcat tactttaatt tgtogitita azascgpiga

18061 tagocttaat ctilptglaa autungagat taggtatant aaccttaaca titigicta
18721 gtaagctact atttcataca gaatgataaa attaaaagaa aaggcaggac tgtaaaatca
18781 gaaatacctt ctitacaata tagcagacta gataataato ticgtgttaa tgataatiaa
18841 gacattgacc acgcteatca gaaggetepe cagaataaac gitgcaanaa ggattcctgg
18901 aaaaatggtc peacacaaaa atttaagaat aastctatit ctctittit gigtetcea (s Qo 9
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1 agacacacaa aaacaagaga tgatgatttt gtgtaicata taaataaaga agaatattaa

61 cattgacatt gagactigic agtctgttaa tatictigaa gapgatggatt tacacagttt

121 gtiggagttg ggtacaaaac ccactgeece teatgttcgt aataagaaag tgatattatt

181 tgacacaaat catcaggtta gtatctgtaa tcagataata gatgcaataa actcagggat
241 tgatcttgga gatctectag adgggggtit getgacatty tgtgtigage attactataa

301 tictgataag gataaattca acacaagice tatcgegaag tacttacgty atgeggecta
361 tgaatttgat gtcatcaaga atgcagatge aacccgcettt ctggatgtga ttcctaatga

421 accteattac agecetttan tictageect taagacatig gaaagtactg aatctcagag

481 ggggagaatt gggctotttt tatcattitg cagtettttc cteccaaaac ttgtegtegg

541 agaccgagct agtatcgaaa aggetitaag acaagtaaca gtgcatcaag aacaggggat
601 cgtcacatac cctaatcatt ggeftaccac aggecacatg aaagtaattt tegggatitt

661 gaggtecage ttcaitttaa agtitgtett gattcatcaa ggagtaaatt tgglgacagg

721 tcatgatgce tatgacagta tcattagtas ttcagtaggt caaactagat tctcaggact

781 tcttatcgtg aaaacagtic tegagttcat cttgeaaaaa actgattcag ggptgacact

841 acatcctitg gtgcggacct ccasagtaaa aaatgaagtt getagitica ageaggegtt
901 gageaaccta gcecegacatg gggaatacge accattigea cgggttctga atttatcagg
961 gattaacaac ctcgaacatg gactctatco teagetttea geaattgege tgggtgtgge
1021 aacagceacac ggcagtacat tggetggtpt caatgitgge gaacaatate aacaactacy
1081 agaggcggca catgatgegg aagtaaaact acaaaggega catgaacatc aggaaatica
1141 agctattgee gaggatgacg aggaaaggaa gatattagaa caattceace ticagaaaac
1201 tgaaatcaca cacagtcaga cactageegt cctcagecag aaacgagaaa aattageteg
1261 tetcgetgea gaaattgaaa acaatattgt ggaagatcag ggatttaage aatcacagaa
1321 teggatgtea cagtegtttt tgaatgacce tacacetgtg gaagtaacgg ticaagecag
1381 geccatgaat cgaccaactg cictgectee cecagitgac gacaagatig ageatgaatc
1441 tacagaagat agctcttctt caagtagcett tgttgacttg aatgatccat ttgcactget
1501 gaatgaggac gaggatactc tigatgacag tgteatgatc ccgggeacaa catcgagaga
1561 atttcaaggg attcctgaac cgecaagaca atcceaagac cicaataaca gecaaggaaa
1621 geaggaagat gaatccacaa atccgattaa gaaacagtit ctgagatate aagaattpce
1681 tectgticaa gaggatgatg aatcggaata cacaactgac tetcaagaaa geatcgacea
1741 accaggatcc gacaatgaac aaggagtiga tcttecacct cetecgttgt acgeteagga
1801 aaaaagacag gacccaatac agcacccage ageaaaccct caggateect toggeagtat
1861 tggtgatgta aatggtgata tettagaace tataagatca cettcttcac catctgotee
1921 tcaggaagac acaaggatga gggaagecta tgaatigicg cotgattica caaatgatga
1981 ggataatcag cagaattgge cacaaagagt ggtgacaaag aagggtagaa ctitccttia
2041 tcctaatgat cttctgeaaa caaatector agagteactt ataacagece tegttgagea
2101 ataccaaaat cctgtcteag ctaaggaget tcaageagat tggecegaca tgteatttga
2161 tgaaaggaga catgttgega tgaactigta gtccagataa cacageacgg tacteactt
2221 atctattttg atatgactca tectcagate acagcaatca aatttattig aatattigaa

2281 ceacetttta gtatcetatt acttgttact attgtagtgag acaacataag ceatcaaata
2341 acaatcacgg geaaggactg ggeatactat ggtggtotta gageattgte cagigotaca
2401 aattctittt tcaatigeta taattataca actacaaacc tccatacatt tgecgeaaca

2461 ctgtaatcaa cactgetgta tetettettc aageeatetg atttaactta ataaacatga
2521 cttgattcaa agaatatact gacaatgtta ctgtttgaat tictcaagtg gtgcactatc
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2581 ctactgittt gotcagetia gtatattgta atatgtaagt ggactctecc cticteetet

2641 cptptatict tiataaatca cttactigat agaatgtcga gictactggt tiggagttic

2701 citactctaa tggatgtaat aattasctgt {ggcctagat gataacagat atgaggttat
2761 ataattactc atagigtaas gtataaftct tacctetgit tottetgitt tecotitett

2821 ttatastatg coaattaaga aaaactaaaa atcgaagaat attaaagatt tictttaata
2881 tteagaaaag potttttatt ctattettic titftacsaa cgtattgasa tagtaattct

2941 cacaatgtgg gacteateat acatgeagea agicagegan gggttgatga ciggaaaagt
3001 accoatagat caagigttte gtgccaatee cttagagaag tiatucaaga gaagaasace
3061 aasaaggcaca gitggactac aatgtagece tigictastg teaaaggoga caaptaciga
3121 tgatattatt tgggaccanc tgategtgaa gagaacacta getgatctac ttatacegat
3181 anataggceag atatcagaca tfcaaageac tctaagegaa glaacaacaa gagtecatga
3241 aattgagegg caattacatg agattaccee agttttaaaa atggpaagga cactggaage
3301 aatttccaag ggeatgtcag aaatpttage casatacgac cacctigtaa titcaactgg
3361 aagaaccact geaccagotg ctgeotttga tgoctacita aatgagestg gigiocotee
3421 cecteaacce gogattttca aagatettgg patigeecaa caagetigia gtaagggpac
3481 catggtiaaa antgcaacaa cagatgcage cgacaagatg togaaggtic tigaacteag
3541 igaggaaacg tictccaage caaaccttic agotaaggat ttagecettt tattgtitac
3601 coatctacce ggeaacaaca ciccatteca tatoctaget caggiecttt caaaaatige
3661 ttacaagtca ggaaaatcog gagceattctt geatgeattf caccagattc tasgtgaapg
3721 agagaatget caggopgeat taactcgact aageagaaca titgacgett teottggagt
3781 gaitecteca gtgataagag tcaaaaactt ccaaacagic cotegtecat gtcaananag
3841 tetteggget gtecetecaa atccaacaat tgacaaagga tggatetgty titaticate
3901 tgageaaget gaaacacggg cocttaaaat ctaalfctea tigttcatag ttgcaagepa
3961 agtgatetit cogagtigat acaaagacac taaacattic aaaageatgt atgtggacaa
402} aacataatta gaccaiclia attggagtag taatitatlt ctgtotiaaa tgtgatitic

4081 actitaraag cgttaaatgy {gatagatta stecttgaag Hactettot atatattata

4141 gagaaaccaa tgttactaac anaaggggte tacctaacge atatgatiga gtaatcogta
4201 tattttataa accaaacaat taactictta cittttasga atcaactaac aacatagana
4261 agacatitat cottatgtaa teetcggett agttganatt aactittglt ggacctoaag
4311 acgettatic atagtatatt atatgattit ttataagttt aagatatctt saattatace

4381 cacanangat acigtitiaa ttaagaaaaa clatgaagaa catiangaag atetitetit
4441 cgtaptgttc ttitactgga aggagtatic caatticage tgtigpatt aatigttact

4501 taaattgtce tttttgaaat taattcacae aaggiagttt aaatttatat ccaaaatasa

4561 ttttgatatg gecagticoa goaattacaa cacatacatg caatacttga accceoctee
4621 ttatgetgat cacggtgeaa accagitgat coeggeggat cagetatcaa atcageaggg
4681 tatasctoca aattacgipgy gtgatttaas cotagatgat cagitcaaap ggaatgtoty
4741 ceatgettte actitagagy caataaftga catatotgea tataacgage gaacagtcaa
4801 aggegtteeg geatggotge ciettgggat tatgageaat tttgaatate ctttagetea
4861 tactgtggee gogtigetea caggeageta tacaatcace caatitacte acaacggges
4921 aaaattcgic cgigttaatc gactiggtac aggaatcocca goacacceac tcagaatgit
4981 gogtegaagga aatcaagett tiaticagaa tatggtgate cocaggaatt titcaactaa
5041 tcaaticacc tacaatcica ctaattiagt attgagtgtg caaasactic ctgatgatge
5101 ctggegeeca tecaaggaca aattaattgg gaacactatg catcecgeag teteeateca
5161 cecgaatetg cegectatty tictaceaac agteaagaag caggottate gicageacaa
5221 amatcocanc aatggaccat tgetggecst stetggoate ciocatcaac igaggatoga
5281 aaaagtccea gagaagacgs gectgtitag gatetegett cotgecgaca tgticteagt

Ve



U.S. Patent Dec. 29, 2015 Sheet 97 of 123 US 9,222,118 B2

5341 aaaagagggt atgatgaaga aaaggggaga aaattccoce giggtitatt ttecaageace
5401 tgagaacttc cctitgaatg gettcaataa cagacaagtt gtgctagegt atgegaatee
5461 aacgceteagt gecgtttgaa atgatgetca aatgagacag gagtccatct gtataagaag
5521 tatggettaa atggatattt gtcaaattct tacaagatta gtttgtattg atticaacaa

5581 tgetttaace ttacattget getitaaata gitgattaag ctgatcaget tgiaatatgt

5641 aatctcttct gggecateag atccataatg ggtttactag actatataag agaaatagta
5701 atattttata aacaattctt getcagtttt actgtgattt aataacatat gteattgtge

5761 cctccattge taagtcaact caactgacga taatactect tetgaaatag taagaaaaac
5821 taatgaagaa caitaattge tgggtaaaag tgattaattt ctitaaattt gaccagaata

3881 atatitigtc agtgaatata ttctcatatc actigatiaa agacagaaaa ttaccctaac

5941 atgaagacca catgtttcet tatcagtott atcttaatic aagggacaaa aaatetcece

6001 attttagaga tagctagtaa taatcaacce caaaatgigg attcggtatg cleceggaact
6061 ciccagaaga cagaagacgt ccatcigatg ggattcacac tgagtgggea aaaagttget
6121 gattccectt tggaggeate caagegatgg getttcagga caggtgtace tcccaagaat
6181 gttgagtaca cagaggggga ggaagceaaa acatgetaca atataagigt aacggatece
6241 tctggaaaat cottgetgtt agatccteet accaacatee gtgactatee taaatgeaaa
6301 actatceatc atattcaagg tcaaaaccet catgeacagg ggatcgecect teatttatgg
6361 ggagceattit ttctgtatga tegeattgee tecacaacas tgtaccgagg canagtetic
6421 actgasgpga acatageage tatgattgte aataagacag tgcacaaaat gatiticteg
6481 cggcaaggac aagggtaceg tcatatgaat ctgacticta ctaataaata ttggacaagt
6541 agtaacggaa cgoaaacgaa tgacactgga tgtiteggeg ctottcaaga atacaattct
6601 acaaagaacc aaacatgtge tccgtceaaa atacctecac cactgeceac ageeegteeg
6661 gagatcaaac tcacaagcac cccaactgat geccaccaaac teaataccac ggacccaage
6721 agtgatgatg aggacctege aacatcegge teagggteeg gagaacgaga aceccacaca
6781 acifctgatg cggtcaccaa geaagggett teatcaacaa tgecacceac teectcacea
6841 caaccaagca cgecacagea aggaggaaac aacacaaace attcccaaga tgetgtgact
6901 gaactagaca aaaataacac aactgcacaa ccgtecatge ccectcataa cactaccaca
6961 atctctacta acaacacctc caaacacaac ttcageactc tetetgeace attacaaaac
7021 accaccaatg acaacacaca gageacaatc actgaaaatg agcaaaccag tgeeeccteg
7081 ataacaacce tgectccaac gggaaatcee accacageaa agageaccag cagcaaaaaa
7141 ggeecegeca caacggeaco aaacacgaca aatgagcatt tcaccagtec tecceccace
7201 cecagetoga ctgeacaaca tottgtatat ftcapgaagaa agegaagtat cotctggagg
7261 gaaggcgaca tgttcecttt tetggatggg ttaataaatg ctecaattga tittgaccea
7321 gttccaaata caaaaacaat ciitgatgaa tectetagtt ctggtgecte gectgaggaa
7381 gatcaacatg cctecceccaa tattagtita actftatett attttectaa tataaatgag

7441 aacactgcet actetggaga aaatgagaat gattgtgatg cagagttaag aatttggage
7501 gttcaggagg atgacctgge cgeagggetle agttggatac cgittttigg ccotggaatt
7561 gaaggacttt acactgetgt titaattaaa aatcaaaaca atttggtetg caggitgagg
7621 cgtetageca atcaaactge caaatectig gaacicttat tgagagtcac aactgaggaa
7681 agaacattct ccttaatcaa tagacatget attgactttc tactcacaag atggggagea
7741 acatgcaaag tgcttggace tgattgitge atcgggatag aagacttgtc caaasatatt
7801 tcagagcaaa ttgaccaaat taaaaaggac gaacaaaaag aggggactgg tiggggtclg
7861 gotggtaaat ggtggacate cgactgggst gttettacta acttgggcat tttgetacta
7921 ttatccatag ctgtcttgat tgotetatee tgtatitgic gtatctttac taaatatatc

7981 ggataacgtt aaatgtgtaa tgattaggac titaggacaa ttgctactga goccttittc

8041 taatctactg aaatcaactt gggagatitt taagaagety ataacttaat gtgaatcaat
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8101 agtttatgta ttatcgatia ttatggittg atattcaatt gttattatig tcaggagtga

8161 ccttttctat tigatgeatt aatgtittaa actacctett aagecttiga gggeggtoce

8221 aatatgtgeg tagggsttaa tttaaaggga titcttattg tacagititc tgtattactt

8281 atttgggctt gaagacatag ttaagatttg ccgaaaatgc tetocagtea attecatece
8341 ctctcagaaa agacgtgetg ttcaaagagt cttaatttat aaccaactat tgecaagaatt
8401 aatttacttt ticcgttata cttagttaca ttaatctitt gactgticag cattattaac

8461 gacttgtctt aattcaatcg ticggatgaa attcataagg aaaaatgagce ctectteece
8521 ctattctggg ctgagaaaat tctettate cgectaaaat ctgaictglt aggtcatggg
8581 tccttcataa tetgttigag catgaatatt gatcaaatga ccaaatgata gtgcattigt
8641 atagactcaa ttatcctita ttaagaaaaa gataaataga acacaaagaa ttgacaaaat
8701 titactttga ttgattttge aaggagttat aaaaatctty anggataaat tgttataaag

8761 tagagticgaa gaacattaas tgttctitgt tagaattatt catctaagtt gtitttgagt

8821 atattcgett caatacaact cetetitata titgatitaa gttttaaaat geaacaacct

8881 cgcggaagaa gtegaacceg caaccaccaa gicacaccga ctatatatca tgaaactcaa
8941 ttgeecteca aaccteatta taccaattat catccacgtg caagategat gagetcaace
9001 cgtagtagte cagaaagtag tcccaccaat catattecee gtgetegace aceetcaaca
9061 ttcaacttat cgaaaccece tectecteca aangacatgt geaggaacat gaaaatigga
9121 ttgecgtecg ctgateccac tigtaataga gatcatgacc ttgafaatet aacaaatcgt
9181 gaacttitge taitgatgge cogaaaaatg clcocccaata cagacaagac ctitagaagt
9241 ccgeaggact gtggatcace gictettict aaaggtctct caaaagataa acaggagcaa
9301 acgaaagatg tgitgacctt ggaaaatcta ggacacatic tgagetatet ccacagatca
9361 gaaattggpa aattggatga gacatcactt cgtgeageat taagtetgac giotgctgea
9421 attcgaaaga cgaatagatc citgatcaac accatgacag aattacacat gaaccatgaa
9481 aatctccoge aagaccaaaa cggtgtiatc aagcagacct atacaggtat tcaccttgac
9541 aaaggaggte aattcgaage cgecttatgg caaggtigge ataagagate gatatcteta
9601 ttcptacaag cagcetttata tgtaatgaac aatatccoct gtgaatcate aatcagtgtg
9661 caagccteat acgatcattt tattettect caaagtcaag gtaaaggaca gtgattattg
9721 ttcganagtt gacaattiga tcactttcag tittcagtit caaccettat cgegagactt

9781 gaatacaatc ctactaactt caataagtga ccccaaattc aagtitgetg aaagctaaga
9841 tgacaatgat cactagtica ttgtaaatta ctegatcaaa atgttcttaa getatettaa
9901 gettactgat geggetetge teactttte ttttgatttt anageeatag ctatatctaa

9961 gtgtctaatt aacaactigt acctctaagg aaaaacatga agaacattaa gaaaaaggat
10021 gltcttattc titgactaaa cctgeatatt citigttgat accetegaga gacaactttt
10081 gacaccagat cacggatcaa geacactica atcaageacc ctaaatttic aatcatacac
10141 ataataacca ttttagtage gtigectttc agtacagict aggtgattgt tgaaagacit
10201 ccaagcatgg cagaattatc aacgegttac aacttgeotg caaatgttac ggaaaatagt
10261 ataaatcttg accttaattc cacagcacga tggataaaag aacccagtgt tggggecteg
10321 acagigaagt ggeeaaactt tpttttcoat ataccaaata ctggaatgac attgtigeat
10381 catttaaagt ctaacttcgt tgttccagag tggeaacaaa caaggaalcet atteteccac
10441 ctetttaaaa acccaaaatc aacaattata gaacegtitt tgpecctgag gatittgett
10501 gpagttgctt tgaaggatca agaattacag caatcattga ttcctggatt tagatctatt
10561 gttcatatgc tatcagaatg getgetectg gaggtcacgt cggeaatcca tattageect
10621 aatctgitgg gaatctatit gacticagac atgittaaaa tictgatgge aggtgtgaaa
10681 aatttcttca ataagatgtt cactcticat gtigtaaatg accacggaaa acccageagt
10741 attgaaataa agttaactgg acaacagatc attatcactc gtgttaatat ggggtitcta
10801 gtggaagica ggaggattga tattgaacct tgetgtpgteg agacagicct ctcagaatca
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10861 gtigttttte gactagiege (gaggeagtt claagagaac acagtcaaat ggagaaggge
10921 caacctctea atctgacaca atacaigaac agcaaaaitg ctatataagt ggcttaaatt
10981 agcatgggta ttectagtic gaccacataa taatgtigga ggcacagtac attatagita
11041 attgtctipt atactaaggg atatacctaa cctgatttat atttactggt ataaaatagt
11101 agcatcatct tattgaatag ttatcataca ataggetgtt cctataatct gattgtgaga
11161 ttataaactt gtagaattac cgtgggtcac aactgttgea tatcetecaa aatatatett
11221 ttgcaagtga tgigtpcettg aatacttcga tataatacat actaataacg attgattaag
11281 aaaaaicaat gatggatatt aaatgtccat caageaagtg ttgtagaata ccaggggttt
11341 cacaggetge taaacitact aaatittaca taggattata taattcittt cgatacacgt
11401 tatatctita gcaaagtgag gaaaacagct ttatcatgtt agatgecagt tatceatttt
11461 aagtgaatce titcctcaac atgeageate caactcaata toctgatgea aggtigteot
11521 ctectataat cetagaccag fgtgacttat tagecagaag tttaggpttg tatagtoatt
11581 attcacataa tecgaaattg cgtaatigta ggattceaca tcacattiac cgittaagga
11641 attcgacage attaaagaca tttcttcaga attgticgat actcaccgtt cottitcatt
11701 caatitggga tcatatitta acticcatic aatatgatgc aattaatcat gttgatgatt
11761 ttaaatacct attgocatet gagetagtca agtatgegaa ttgggacaac gagttettas
{1821 aagcatatct tantaagatc ttaggacttg accatgitit ttcagettet geaagpteac
11881 agtgtgagea ttitictect aaggaaaate citattattg ggggatgtta ttactegige
11941 atctatctea actigccagg aggataaaag gacasagagg glcattaaga agtaactgga
12001 aatitatagg aacagatttg gagcigtitg gaatagcaga tittgttatt titaaggtic
12061 cagtaaaaac aataatcoga aatgctgtaa gettacaage ttcaaaaccg ggattaagaa
12121 tatggtaccg tgaccaaaac tigaccectt atctatgega cgatgagitt attgtaageg
12181 tegctagita tgaatgtitt atcatgatta aagacgtett cattgagagg tataacacat
12241 gggaaatetg tgcecgeget tggetogaag acagtgatgs agetgattat cotectettg
12301 atgtgttagg tgaattatac aaccagggag accaaattat tgecatgtac ctggaggacg
12361 gtttcaaatt gattaaacac ttagaaccct tgtgtgtcag ctgtatacaa acacatggea
12421 tctitacacc aagaaaatac tggttccaat cacagatgat taagtcatat tatgatgaac
12481 tccatgatct caatitgaaa cttcaaatit cagacaataa ggetgagtgt geccaaaact
12541 ttattaaaac tatagitcag gegaaattga cicctcaaca atactgtgaa ttattetece
12601 tacaaaagca tigpggteat cocptittatl acaatgatgt tgcactagat aaggitasaa
12661 aacatgegea atcgacaaaa atcttasaac ctaaagtcat gtitgaaact tittgtgttt
12721 tcaaatitat agtagcaaag aatcattatc attctcaagg atcatggtat asaaccacac
12781 atgatttgea titgacteca tatcttagac aacatatigt gtcaaattca titccatcac
12841 aagccgaaat ttatcageat citigggagt gotatitcgt ggagcatgaa cetettitct
12901 caactaaaat aataagtgat ttaagtatet ttataaaaga cagggctace getgtgaace
12961 aggagtgttg ggacagtptc ttcgatagaa gtgtattagg atataaccet cotgtiagat
13021 ttcaatcaaa gagagtgeca gagceaatitt tgggicaage agactittce ttgaatcaaa
13081 tattagagtt tgctgaaaag ttagagtatt tggctocttc ttataggaat ttttcctct
13141 cattaaaaga aaaagagttg aatataggaa gaactitigg gaagitaccg tategtgtca
13201 gaaatgtcea aacactegea gaageectge tageagatgg actggeaaaa geattcecta
13261 gtaacatgat ggttgteact gagagggaac agaaagaage aitattacat caggotteti
13321 ggcaccacaa ttcageaage ataggegaga acgetatagt gagggptoca agtittgita
13381 ctgatctiga gaaatacaac ctegectice gatatgaati tacacggcat ticatagact
13441 actgtaatcg atgttatggt gtgaagaatt tatitgaitg gatgeattit itaataccac
13501 tatgttatat geatgteagt gactttiata gcceaccaca tigtgtgaca gaagataate
13561 gaaataaccc acctgattgt gotaatgett atcattatca citaggaggt atagagggac
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13621 ttcagcagaa attgtggaca tgeatatcat gtgeceaaat caccettgtg gagttaaaaa
13681 ctaaattaaa attgaagtce agegtcatgg gtgataatca atgtataaca actetaagtc
13741 tttitccaat tgatgeteeo aacgattate aagagaacga ggetgaattg aatgeggeac
13801 gagttgetgt cgaattaget attactacag gitatagtpg tatatitita aagectgagg
13861 aaacattigt ccaitcaggg ttcatttatt ttggtaaaaa goaatatctc aacggtgtic
13921 aactgecges atcattgaaa acaatggeaa ggtgiggace cttatetgac tetattticg
13981 atgatctica aggttctetg geeagtattg gtacatcett tgagagagga acaagegaga
14041 cacggeacat itticcgage cgtiggatag citcaticea ticaatgita geaataaatt
14101 tattazatca gaatcacctt gggtttccte tagggticaa tattgatati tetigtitca
14161 aaaagectct tacctictog gaaaaattaa ttgetcteat aacgeeccaa gitttaggag
14221 ggitatcatt tttaaatcea gaaaaattgt tetaccggaa cataagtgat ceteteactt
14281 caggtctatt tcaactcaag aatgeatigg aatttctiga aaaggaagaa ttatictata
14341 tcttgattic tanaaaacct ggtttagcag atgeotcaga tttigtcatg aatccattag
14401 getiaaatgt accaggatca aaggaaataa taacgticet tagacaaaca gltcgegaaa
14461 atatcacgat cacgtcacaa aatagaataa taaatictct tttccacata ggttctgatt
14521 tagagpacca aagagigtgt gagtopctit tatcatcaaa coctgtaatg agecgattty
14581 ctgotgacat citttcaaga acacciagtg gaaaacggcet tcaagtetta ggctatctag
14641 aaggaacaag aacattacta gettetegga caatcagttt aactacagas ggaacaatgt
14701 tgatgaaatt aagagaatia acgagaaacc gatggaaaag ttggtitict tatattgatg
14761 cactggacga tgatttatct gagtcottgg aaaagticac atgtactgtt gatgtggeta
14821 atttcttgag ggcatatica tggtetgacg tottaaaagg gaaaaggeta attggtgeca
14881 cactgecatg tttactagag caatitgagg taaagtggat taatitatct gaggatttaa
14941 gggaacaatt taatctatct tcagactcaa aatcaactat asactigttg cogtatgact
15001 gtaaggaact gogacttgaa ggaageaatg acacagagtt aaattatgtc agttgtgcete
15061 ttgaccggaa agttgtccag aaacateect ctgttaateg tetagottag acgataggaa
15121 atcgagcacc gtatattggce tcacggacag aagataagat cggttateet cocttaagag
1518] taaattgcee atcageagea cttanagaag ctattgagat ggttictaga tigttatggg
15241 tgactcaagg cactgeagac cgagaaaaat tgettattce tettcicaat tcaagagtaa
15301 atctggacta tcagacggtg cttaactitt tacctacaca ctactcagge aacatagttc
15361 atagatataa tgatcaatat ggacaacatt cctttatgge aaacaggatg agtaatacat
15421 ctacacgige aattatatca actaacacac tgggtaaata tgetgegega ggtecaagetg
15481 ctattgatag taatataatc tttcaaaata ctattaattt aggagitgca gttttagata
15541 ttgcattgte tettgetaaa tigtcgteag catcaaatgt cactticegt ttaatgttaa
15601 ataagtgctg cacgeggeat glaccegtoog aatacctata ttitgataas cetttagatg
15661 tggatttgaa caagtatatg gacaatgagt tggtitatga caatgaccct ctitgeagty
15721 ggatiaaagg gagattagge agagtateic gatcaacact cacatigagt ttgaatgtca
15781 gtgacatigg ttcitatgac titccaacta itgetgeatg gacactagga gaaactatag
15841 tcggaagceat tttitctgat gaateticte aangtacgga tccaataage teaggttgea
15901 caaaaacttt cgtcacacat ttccttgtpt atccagitga gagtatatit tatgeaticg
15961 gagctaactt aatagttgaa agtttaagtc taagtaggat caaatcaatt aagaacctct
16021 cagatttgac attccttata tcatccacaa tcaggaattt atcacataga teacttcgga
16081 ticttcaate tactitcega catgaattgg tgctcacceg actagoccac cacatacogt
16141 taatttcttt aatgttaggg ggctetgeag gagagaagag ttcatcagat getgttcgge
16201 tatttcttac agcaagtiat cagaatttta tcaataatit cagitgtctg atgaagaagg
16261 gteagtcate getaceggtt tggotttact ttectagtga agggeaacaa ttaaagecta
16321 tattaaaaat cttacagaga ttatcagact tgttatcacc tgacaanatt caanagegta
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16381 aaattttgge tgacacetgt tgiccaattg geagetittg ggtotateca agcaagicea
16441 caaggactaa ccattattat gcaagectta attattggag agacaaagct aataaggtia
16501 agaatactcc ttiticacac tigataaatt gttcattice tgaatittet tcacatacca
16561 gitcagtcte cictaatcaa caagtgacca aticgaagta tattgitiat ccagaaaata
16621 tcactgaaat aaatgcaaga accagattaa taaattatgg atcaacaget ctacagggga
16681 tggacaccaa gatgecactc tcagageaaa atctagtega aaattgtega ccatcagagg
16741 gcatcagatt caaggacaat caaaaaataa casaacatga ccagagatgt gagagegagg
16801 aatcttcacc gcaacagatg ttcectgaag ataacatgea gactectgeg cacatacata
16861 gttccteces atttcaaate cttataaaat cactagatge acatgaggac titgatgect
16921 cgaagataat cttanattct ganataaata atettaacct tacggagtat actettaata
16981 caaagttait gacaactect accaggacag aaaititaga tacaagiceg ttacaatect
17041 ctagatatic atcaacticc agggaacggt ctctactatc cagagaacaa gettcataft
17101 tgtacgttga ttgeagtaat attecttcta teteictaga cecaggtitt cggagtatgt
17161 ctgatcagaa tcaagticaa atgttaatca atacctacaa acgtgatita catgettgtt
17221 ttgatageaa tcaattetgt cggtitacag gggtagtcte atcaatgceat tacaagettt
17281 atgatettit gecctccagpt aaattgaaaa aggeaattig tttggeegaa ggggaaggaa
17341 gtggtgcteg gitactitty aagtggaagg aaacggatta tiattcttc aacacttigg
17401 ctacggatic acaacaagaa gecgagattt igagtgsceg ggtaataceg agaatgttgt
17461 ataacataga cagattaagt gotttgcttg aatcangpag actaataitg aacaacctaa
17521 ctatccaaat tacagatatt acaaatccat tatggetaga tteigtaata caatatttac
17581 cigaagatag tgacalictt acaatggacg cagagaccac caaggatgaa acaagggaac
17641 agctttataa aactattgtg aatatttgga cacgtacttc tcctaatatce ccaaaaatta
17701 gcatcatcaa ggtattttia ttagactatg aagggacttt attcttaatg aagaatgeta
17761 ttcagtatta tgggcaagit caactcaaga aaccatatag ctcaaatgea aaaaactcag
17821 aatggtactt gtgttgcggt aaacgaagaa ttcaacggct ccaaatigat ttcteagace
17881 aggtgggaat ttttctgatt tgtaaageaa tgtcacgeca aagacaagea attocttact
17941 ggttaaaaca tatagaaaag aattatectg citcatiaca cgagttitic ctaactitgg
18001 gtttcectic titagagtea tetttctgee ategttatac taticcattc agtgaaggaa
18061 aggctctttt tcacaaggte cagtettatg tiogtcaagg caaacaacat ttacattcte
18121 ttatpitgga ttatgaaaac aattcacctc tactagactt gagaaatcac tttatttget
18181 cattaagggg aaagataact aaatattaca atgatatatt aaagttaaat ctagicatca
18241 aggeagtaga aaaaggtaaa aattggtcac aactigtiga gatccticet aatatgeatt
18301 cagtatgcat agtgcacgtg gatcatgagt gitciggatg cgagaaacgg ttattactta
18361 aattggatit tatcagaaat acaaagatcg cagaacaaaa attacttaac agagtaateg
18421 ggtatatcct atteltteca toggtetgt ttaaatetgg atcattaagg geataatitc
18481 aacagagaga acttcattta attcacaaaa acaatctatt taagagtpag gettacatty
18541 tctaagatat tgtatgagaa gtaataaaat aaataagaan acgaasagac tattagacag
18601 cttattttat acaagataat cttatatcgc titaggecte acacaagiga gaaaattacg
18661 cgeacagatt aactagtgat tagtgtitgy tcacaccaga ggtaactttt taacgttaat
18721 tactcagatg ttattgetca taattageat taatatigge acattgggte aatecttgag
18781 ctttatccct aatatgptet aagaaattaa ggaaatactg agatacacta gtigaattga
18841 attatgacat accatatatc ataaatataa agaagtgtct getgtaatct acaageacct
18901 cttitaaata cattaggaaa agaatiaagt taccgttgag atcaaaaaaa ccacgteatg
18961 tittctctga tgacaagiga taaaacticg tagtiaaatt tetagaatgt cgatgtgaat
19021 gtaaattaag aaaaaccaat atataaaatt aaaaaattaa aaagctitga tataagtaac
cttt c \
19081 acaaancatt cttcatcttt ttigtgtgte < S Q DNG: ) 8)
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VP30

MQOPRGRSRTRNHQVTPTIYHETQLPSKPHYTNYHPRARSMSSTRSSAESSPTNH
IPRARPPSTFNLSKPPPPPKDMCRNMKIGLPCADPTCNRDHDLDNLTNRELLLLM
ARKMLPNTDKTFRSPQDCGSPSLSKGLSKDKQEQTKDVLTLENLGHILSYLHRSE
IGKLDETSLRAALSLTCAGIRKTNRSLINTMTELHMNHENLPQDONGVIKQTYTG
THLDKGGQFEAALWQGWDKRSISLFVQAALY VMNNIPCESSISVQASYDHFILPQ

SQGKGQ  (SF) | NO: 29)
AF086833

1 cggacacaca asaagaaaga agaatittia ggatctittg igtgcgaata actatgaggs

61 agattaatas ttttcotete attgaaattt atatcggaat ttaaattgaa attgttactg

121 taatcacacc tggtttgitt cagagecaca tcacaaagat agagaacaac ctaggtetee
181 gaagggagca agggeatcag {gtgoteagt tgaaaateos ttgtcaacac ctaggtetta
241 tcacatcaca agttcecacct cagactetge agggtgatee aacaacctia atagaaacat
301 tattgttana ggacagcatt agticacagt caaacasgea agattgagaa ttaaccttgg

361 ttttgaactt gaacacttag gggatigaag attcaacaac cotaaagett ggggtaaaac
421 attggaaata gttaasagac aaattgeicg gaatcacaaa attccgagta tggaticteg

481 tectoagaaa atctggatgg cgeegagtet cactgaatet gacatggatt accacaagat
541 cttgacagea ggtctgteeg ttcaacaggg gattgiicgg caaagagtea teceagtgta
601 tcaagtaaac aatcttgaag aaatttgeea acttatcata caggeotttg aageaggtat

661 tgatiticaa gagagtgege acagtttect tetcatgett tgtcticate atgegtacca

721 gggagattac aaacttttct tggaaagigg cgeagticaag tatttggaag ggcacgggtt
781 ccgtittgaa gtcaagaage gtgatggagt gaagegoctt gaggaattge tgecageagt
841 atctagtgga aaaaacatta agagaacact tgetgecatg ceggaagagg agacaactga
901 agctaatgee ggteagtttc totectitge aagtetatte cticcgaaat tggtagtagg

961 agaaaaggct tgcctigaga aggticaaag geaaaticaa gtacatgeag agcaaggact
1021 gatacaatat ccaacagctt ggeaatcagt aggacacatg atggtgattt tcogtitgat
1081 gegaacaaat tttctgatca aatttctect aatacaccaa gggatgeaca tggttgecgg
1141 geatgatgee aacgatgetg tgatitcaaa ttoagtgget caagetegtt tttcaggcett
1201 attgatigtc aaaacagtac tigatcatat cctacaaaag acagaacgag gagticgtct
1261 ccatcetett geaaggacog ceaaggtaaa aaatgaggtg aactcctita aggetgcact
1321 cagetcectg gecaageatg gagagtatge tectticgee cgacttttga accttictgg
1381 agtaaataat cttgageatg gtcttitcec tcaactateg geaattgeac teggagioge
1441 cacagcacac gggagtacce tegeaggagpt aaatgttgga gaacagtate aacaactcag
1501 agaggctgee actgaggetg agaageaact ceaacaatat geagagtete gegaacitga
1561 ccatcttgga ctigatgatc aggaaaagaa aattcitatg aacttccatc agaaaaagaa
1621 cgaaatcage ticcageaaa caaacgcetat ggtaacicta agaaaagage geetggecaa
1681 getgacagaa getatcactg ctgegteact goceaaaaca agtggacatt acgatgatga
1741 tgacgacatt ccctttccag gacceatcaa tgatgacgac aatectggec atcaagatga
1801 tgatccgact gactcacagg atacgaccat teeegatgtg gtggitgate cogatgatgg
1861 aagctacgge gaataccaga gitactcgga aaacggoatg aatgeaccag atgactiggt
1921 cctaticgat ctagacgagg acgacgagga cactaageca gigectaata gatcgaccaa
1981 gggtgpacaa cagaagaaca gtcaaaaggg ccagcatata gagggcagac agacacaatc
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2041 caggecaatt caaaatgice caggecctea cagaacaate caccacgeca gigegecact
2101 cacggacaat gacagaagaa atgaacectc cggeteaaco agecctegea tgetgacace
2161 aattaacgaa gaggeagacc cactggacga tgeocgacgac gagacgicta gocttcegec
2221 cttggagtca gatgatgaag agcaggacag ggacggaact tccaaccgea cacceactgt
2281 cgececaceg getcocgtat acagagatca cictgaaaag aaagaactce cgeaagacga
2341 gcaacaagat caggaccaca ctcaagagge caggaaccag gacagigaca acacccagic
2401 agaacactct titgaggaga tgtatcgeca cattetaaga tcacagggece catttgatge
2461 tgitttgtat tatcatatga tgaaggatga goctgtagtt ticagtacca gtgatggceaa

2521 agagtacacg tatccagact cecitgaaga geaatateca ceatggetea ctgaanaaga
2581 pgctatgaat gaagagaata gatttgttac atiggatget caacaattit attggeeggt
2641 gatgaatcac aagaataaat tcatggeoaat cotgeaacat catcagigaa tgageatgga
2701 acaatgggat gattcaaccg acaaataget aacattaagt agtcaaggaa cgaasacagg
2761 aagaatittt gatgtctaag gtgteaatta ttatcacaat aaaagtgatt citattittg

2821 aatttaaagc tagcttatta ttactagecg tttttcaaag ttcaatttga gtcttaatge

2881 aaataggcgt taagccacag ttatagecat aattgtaact caatatteta actagogatt
2941 tatctaaatt aaattacatt atgettitat aacttaccta ctageetgee caacatttac

3001 acgatcgttt tataattaag aaaaaactaa tgatgaagat taaaaccitc atcatcctta

3061 cgtcaattga attctetage actcgaaget tattgtette aatgtaaaay aaaagetggt

3121 ctaacaagat gacaactaga acaaagggea ggggccatac tgeggecacg actcaaaacg
3181 acagaatgce aggcoctgag ctitcgggct ggatcictga geagotaatg accggaagaa
3241 ttcctgtaag cgacaicttc igtgatattg agaacaatce aggattatge tacgcateec
3301 aaatgcaaca aacgaagcca aaccegaaga cgegeaacag tcanacccaa acggacccaa
3361 ttigcaatca tagttitgag gaggtagtac aaacattgge ttcattgpet actgttgtge

3421 aacaacaaac catcgcatca gaatcattag aacaacgceat tacgagtctt gagaatggtc
3481 taaagccagt tiatgatatg geaaaaacaa tctectcatt gaacagggtt tgtgetgaga
3541 tggttgcaaa atatgatctt ctggtgatga caaccggteg ggeaacagea accgotgegg
3601 caactgagge tatigpgec gaacatggte aaccaccace tggaceatea ctitatgaag
3661 aaagtgcgat tcggggtaag attgaatcta gagatgagac cgteectcaa agtgttaggs
3721 aggcaticaa caatctaaac agiaccactt cactaactga ggaaaattit gggaaacctg
3781 acatticgge araggatttg agaaacatta tgtatgatca cttgeotgat tttggaactg
3841 ctttccacca attagtacaa gtgatttgta aatigggaaa agatagcaac teattggaca
3901 tcattcatge tgagttccag gecageetgg ctgaaggaga ctetoeicaa tgtgecctaa
3961 ttcaaattac anaaagagtt ccaatettce aagatgcige tocacctgic atccacatce
4021 getetegagg tgacattecce cgageltgee agaaaagctt gogtocagtc ccaccatege
4081 ccaagattga tcgaggttgg gtatgtattt ttcagetica agatggtaaa acacttggac
4141 tcaaaatttg agecaatcle cottcoctee gaaagaggeg aataatagea gaggottcaa
4201 ctgctgaact atagggtacg ttacattaat gatacacttg tgagtatcag cectggataa
4261 tataagicaa ttaaacgace aagataaaat tgttcatatc tegetageag cttaaaatat
4321 aaatgtaata ggagctatat ctetgacagt attataatca attgttatta agtaacccaa

4381 accaaaagtg atgaagatia agaaaaacct accteggety agagagtgtt tittcattaa
4441 ccttcatctt gtaaacgttg agcaaaattg ttaaaaatat gaggegggtt atatigeeta

4501 ctgetectee tgaatatatg gaggocatat accetgteag gteaaattea acaatigeta
4561 gaggtggcaa cagcaataca ggettectga caccggagte agicaatggg gacactecat
4621 cgaatccact caggceaatt gecgatgaca ccatcgacea tgecagecac acaccaggea
4681 gtgtgtcatc ageattcate citgaageta tggtgaatpt catatcggge cccaaagtge
4741 taatgaagca aattccaatt tggcticete taggtgtege tgatcaaaag acctacaget
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4801 ttgactcaac tacggecgec atcatgeltg ctcatacac tatcacceat tteggeaagg
4861 caaccaatce acttgtcaga gicaategge tgggtectgg aatcceggat catecectca
4921 ggcteetgeg aattggaaac caggetttce tccaggagtt cgttctteeg ceagiccaac
4981 taccccagta tttcaccttt gatttgacag cactcaaact gatcacccaa ccactgeetg
5041 ctgcaacatg gaccgatgac actccaacag gatcaaatgg agegttgegt coaggaattt
5101 cattteatce aaaacttcge cocaticttt tacccaacan angtggpaag aagggeaaca
5161 gtgeegatet aacatctceg gagaaaatce aageaataat gacttcacte caggacttia
5221 agatcgttee aattgatcea accaaaaata tcatgggaat cgaagtgeca gaaactotgg
5281 tecacaaget gaceggtaag aaggtgactt ctasaaatgg acasccaatc atcectgitc
5341 ttttgecaaa gtacattggp ttggaccegg tggetecagg agaccteace atggtaatca
5401 cacaggatig tgacacgtgt caitctcetg caagicttce agetgtgatt gagaagtaat
5461 tgcaataatt gactcagatc cagtittata gaatcttctc agggatagtg ataacatcta

5521 tttagtaatc cgtecattag aggagacact tttaattgat caatatacta aaggtgcettt

5381 acaccattgt ctittticic tectaaatgt agaacttaac asaagactca taatatactt

5641 gtititaaag gattgattga tgaaagatca taactaataa cattacaaat aatcctacta

5701 taatcaatac ggtgattcaa atgttaatet ftctcattge acatactttt tgecettate

5761 ctcaaattge ctgeatgett acatctgagg atagocagtg tgactiggat tggaaatgty
5821 gagaaaaaat cgggacccat totaggtig ticacaatce aagtacagac attgecctte
5881 taattaagaa aaaatcggeg atgaagatta agcegacagt gagegtaatc ticatctete
5941 ttagatiatt tgttttccag agtaggggtce gtecaggtect tttcaategt gtaaccaaaa

6001 taaactccac tagaaggata tigtggegca acaacacaat gggegttaca ggaatattge
6061 agttaccteg tgategattc aagaggacat cattettict ttgggtaatt atecttttee

6121 aaagaacait ttccatccea citggagtea tecacaatag cacattacag gitagtgatg
6181 tegacaaact agtttgtogt gacaaactgt catccacaaa tcaattgaga teagitggac
6241 tgaatcicga agggaatgga glggoaacty acgtgecate tgeaactaaa agatggggot
6301 tcaggtocgg tgteccacca aaggtgptea attatgaage tggtgaatgg getgaaaact
6361 gctacaatct tgaaatcaaa aaaccigacg ggagtgagtg tetaccagea gegeoagacg
6421 gpattogggg cttcecoegg tgocggtatg tgcacaaagt atcaggaacg ggaccgtgtg
6481 coggagactt tgecttccat aaagagggtg ctitcttoct gtatgatoga cttgeticea
6541 cagttatcta cegaggaacg actticgetg aaggtgtogt tgeatttetg atactgecee
6601 aagctaagaa ggacticttc agetcacace ecttgagaga geogpteaat geaacggagp
6661 acccgtctag tggetactat tetaccacaa ttagatatca ggetaceggt ttitggascea
6721 atgagacaga gtacttgttc gaggttgaca atttgaccta cgtccaactt gaatcaagat
6781 tcacaccaca gittetgete cagetgaatg agacaatata tacaagtggg aaaaggagea
6841 ataccacggg aaaactaatt tggaaggtca acccogaaat tgatacaaca atcggggagt
6901 gggecttotg ggaaactaan aaaacctcac tagaaaaatt cgeagtgaag agttgtettt
6961 cacapttgta tcanacpgag ccaaaaacat cagtggicag agtccggege gaactictic
7021 cgacceaggg accaacacaa caactgaaga ccacaaaate atggcettcag aaaattccte
7081 tgecaatggtt caagtgeaca gicaaggaag ggaagetgea ptgtegeate taacaaceet
7141 tgceacaate tccacgagte cocaateect cacaaccaaa ceaggiccgg acaacageac
7201 ccataataca ccogtgtata aactigacat ctetgaggea aclcaagttg aacaacatca
7261 ccgeagaaca gacaacgaca geacagecte cgacactoce tetgecacga cegeagecgg
7321 acccecaaaa geagagaaca ceaacacgag caagageact gacticetgg accccgeeac
7381 cacaacaagt ccocanaace acagegagac cgelggeaac aacaacacte atcaccaaga
7441 taccggagaa gagagtgeca geagegggaa getaggetta attaccaata ctattgetgg
7501 agtcgcagga ctgatcacag gegggagaag aactcgaaga gaagcaattg tcaatgetca
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7561 acccaaatge aaccetastt tacattactg gactacteag gatgaaggtg cigeaategg
7621 actggectgg ataccatatt tegggecage agecgaggea atttacatag aggggetaat
7681 gcacaatcaa gatggttiaa tetgtgggtt gagacagetg gecaacgaga cgactcaage
7741 tcttcaactg ttcetgagag ccacaactga getacgeacc tiitcaatce tcaaccgtaa
7801 ggcaattgat ticttgetge agegatgggg cggcacatge cacattelgg gaccggactg
7861 ctgtatcgaa ccacatgatt ggaccaagaa cataacagac aaaattgatc agattatica
7921 tgatittgtt gataaaacec ttecggacca ggggpacaat gacaattggt ggacaggaty
7981 gagacaatgg ataccggeag gtattggagt tacaggegtt ataattgeag ttategettt
8041 attctgtata tgeaaatttg tetittagtt titcttcaga ttgettcatg ganaagcica
8101 gectcaaatc aatgaaacca ggatifaatt atatggatta cttgaatcta agattacity
8161 acaaatgata atataataca ctggagcettt anacatagee aatgtgattc taactcettt
8221 asactcacag ttaatcataa acaaggtitg acatcaatct agtiatctet ttgagaatga
8281 taaactigat gaagattaag aaaaaggtaa tetttcgatt atctitaate ttcatccttg
8341 attctacaat catgacagtt gteittagtg acaagggaaa gaagectttt tattaagttg
8401 taataatcag atctgogaac cggtagagtt tagtigeaac ctaacacaca taaagcattg
8461 gicaaaaagt caatagaaat ttasacagtg agtggagaca actittaaat ggaagettca
8521 tatgagagag gacgeccacg agetgecaga cageattcaa gggatggaca cgaccaccat
8581 gitcgageac gatcatcatc cagagagaat tatcgaggte agtaccgica atcaaggage
8641 gectcacaag tgegegttce tactgtattt cataagaaga gagttgaacc attaacagtt
8701 cctecageac ctaaagacat atgtecgace ttgaaaaaag gatttttgtg tgacagtagt
8761 tittgeaaaa aagatcacca gitggagagt ttaactgata gggaattact cctactaatc
8821 sceegtaaga citgiggatc agtagaacaa caattaaata taactgeace caaggactcg
8881 cgcttageaa atccaacgge tgatgatttc cageaagagg aaggtecaaa aattacctig
8941 ttgacactga tcaagacgge agaacactgg gegagacaag acatcagaac catagaggat
9001 tcaaaattaa gagcattgtt gactctatgt getgtgatga cgaggaaatt clcaaaatce
9061 cagetgagte ttitaigiga gacacaccta aggogoepagg ggetiggeca agatcaggea
9121 gaaccogtic tcgaagtata tcaacgaita cacagtgata aaggaggcag tittgaaget
9181 geactatgge aacaatggga ccgacaatee ctaattatgt ttatcactge attetigaat
9241 attgctetee agttaccgtg tgaaagtict getgtegtty titcagggtt aagaacattg
9301 gttccteaat cagataatga ggaagetica accaaccegg ggacatgete atggtetgat
9361 gagggtacce cttaataagg ctgactanaa cactatataa cettctactt gatcacaata
9421 ctecgtatac ctatcatcat atatttaatc aagacgatat cetttaaaac tiattcagta
9481 ctataatcac tetegtttea aattaataag atgtgcatga ttgeectaat atatgaagag
9541 gtatgataca accctaacag tgatcaaaga aaatcataat ctogtatcge tegtaatata
9601 acctgecaag cataccictt geacaaagtg attetigtac acaaataatg tittacteta
9661 caggaggtag caacgatcca tcccatcaaa aaataagtat ticatgactt actaatgate
9721 tcttaanata ttaagaaaaa cigacggaac ataaattctt tatgettcaa getgtagagg
9781 aggtgtttpg tatigpctat tgttatatta caatcaataa caagctigta aaaatatigt
9841 tcttgtitca agagptagat tgtgaccgga aatgetaaac taatgatgaa gattaatgeg
9901 gaggtctgat aagaataaac cttattattc agattaggec ccaagaggea ticticatct
9961 cctittagea aagtactatt tcagggtagt ceaattagtg geacgtetit tagetgtata
10021 tcagtegeec ctgagatacg ccacaaaagt gietetaage taaattggte tgtacacate
10081 ccatacattg taftaggggc aataatatct aatigaactt agecgtttaa aatttagtge

- 10141 ataaatctgg getaacacca ceaggteaac tecattgpct gaaaagaage ttacctacaa
10201 cgaacatcac tttgagegee cteacaatta aaaaatagga acgicgitce aacaatcgag
10261 cgcaaggttt caaggtigaa ctgagagtgt ctagacaaca aaatattgat actccagaca
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10321 ccaagecaaga cctgagaaaa aaccatgget aaagetacgg gacgatacaa ictaatateg
10381 cceaaaaagg acciggagas aggggtigtc tiaagegace totgtaactt citagttage
10441 caaactatic aggggtggaa ggittattgg getggtattg agtttgatgt gactcacaaa
10501 ggaatggcecc tattgeatag actgaaaact aatgactttg cecctgeatg gteaatgaca
10561 aggaatctct ttecteattt atticanaat cogaatteea caattgaate acogetgtgg
10621 geattgagag tcatecttge ageagggata caggaccage tgattgacca gtotttgatt
10681 gaacccitag caggagcecct tggictgate tetgattgge tgetaacaac caacactaac
10741 caiticaaca tgegaacaca acgigtcaag gaacaattga geotaanaat getgtegttg
10801 attcgatcca atatictcaa gtttattaac aaatiggatg cictacatgt cgtgaactac
10861 aacggattgt tgageagtat tgaaatigga actcaaaato atacaatcat cataactega
10921 actaacatgg gtittetggt ggagctecaa gaaccegaca aateggeaat gaaccgeatg
10981 aagectggge cggogaaalt ticcoteott catgagicca cactgaaage atttacacas
11041 ggatcctega cacgaatgea aagtitgatt cttgaattta atagetetet tgctatctaa
11101 ctaaggtaga atacttcata ttgagetaac tcatatatge tgactcaata gttatetiga
11161 catcictgcet ttcataaton gatatataag cataataaat aaatacteat atttettgat
11221 aaittgtita accacagata aatcetcact gtaagecage ttecaagitg acacecttac
11281 aaaaaccagg actcagaatc colcanacaa gagaticeaa gacaacatea tagaattget
11341 ttattatatg aataageatt ttatcaccag aaatcctata tactaaatgg ttaattgtaa
11401 ctgaaccepe aggteacatg tgttaggttt cacagattct atatattact aactetatac
11461 tcgtaattan cattagataa gtagattaag aaasaagcct gaggaagatt aagaaaaact
11521 gettattggg tctttcegtg tiitagatga ageagttgaa attettecte ttgatattaa
11581 atggetacac aacataccea atacccagac getaggttat catcaccaat tgtattggac
11641 caatgtgace tagtcactag agettgeggg tiatatteat catactecct taatcegeaa
11701 ctacgcaact gtaaactcce gaaacatate taccgtttga aatacgatgt aactgttace
11761 aagtictiga gtgatgtacc agtggcgaca tigeceatag atttcatagt cceagtictt
11821 ctcaaggceac tgtcaggeaa tggatictpt cotgttgage cgeggtgeca acagttctta
11881 gatgaaatca ttaagtacac aatgcaagat getetcttct tgaaatatta tctcaaaaat
11941 gtgggtgctc aagaagactg tgtigatgaa cactttcaag agaaaatctt atcttcaatt
12001 cagggceaatg aatttttaca tcaaatgttt ttetggtatg atetggoetat titaactcga
12061 aggggtagat taaatcgagg aaactctaga tcaacatggt ttgticatga tgatttaata
12121 gacatcttag gotatggega ctatgtittt tggaagatce caatitcaat gttaccactg
12181 aacacacaag gaatccecea tgetgotaty gactggtate aggeatcagt attcaangaa
12241 geggttcaag ggoatacaca cattgittct gtitctactg cegacgtett gataatgtge
12301 aaagatttaa ttacatgtcg attcaacaca actctaatct caaaaatage agagattgag
12361 gatccagitt gtictgatta tcocaatttt aagatigtgt catgettta ccagagegga
12421 gattacttac tetceatatt agggtotgat gggtataaaa ttattaagtt cctogaacea
12481 ttgtgcttgg ccaaaattca attatgetca aagtacactg agaggaaggge cogattctta
12541 acacaaatge atttapgctgt aaatcacace ctagaagaaa ttacagaaat gegtgeacta
12601 aagecttcac aggetcaaaa gatcegtgaa ticcatagaa cattgataag gotggagatg
12661 acgccacaac aactttgtga getattttce attcaaaaac actgggggea teotgtgeta
12721 catagtgaaa cagcaatcca aaaagtiaaa aaacatgeta cggtgctaaa ageattacge
12781 cclatagtga ttticgagac atactgigtt tttaaatata gtatigecaa acattatttt
12841 gatagtcaag gatctiggta cagtgtiact tcagatagga atctaacace gggicttaat
12901 fcttatatca aaagaaatca attcectecg ttgecaatga tHaaagaact actatgggaa
12961 ttttaccacc ttgaccaccc tecactttic tcaaccaaaa ttattagtga cttaagtatt
13021 tttataaaag acagagctac cgeagtagaa aggacatget gggatgeagt attcgagect
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13081 aatgtictag gatataatce accicacaaa tttagtacta aacgtgtace ggaacaattt
13141 ttagagcaag aaaacttttc tattgagaat gttctttcct acgcacaaaa actcgagtat
13201 ctactaccac aatatcggaa citttctttc tcattgaaag agaaagagtt gaatgtaggt
13261 agaaccticg gaaaattgec ttatccgact cgeaatgtte asacactttg tgaagetctg
13321 ttagctgatg gtettgetaa ageatttcet ageaatatga tggtagttac ggaacgtgag
13381 caanaagaaa gottattgea tcaageatca tggeaccaca caagigatga tittggtgaa
13441 catgecacag ttagagggag tagetttgta actgatitag agaaatacaa tottgeatit
13501 agatatgagt ttacagcacc ttttatagaa tattgcaace gitgetatgg tgttaagaat
13561 gtitttaait ggatgcatta tacaatceca cagtgtiata tgcatgteag tgattattat
13621 aatccaccac ataacctcac actggagaat cgagacaace cceecgaagg gectagtica
13681 tacaggggtc atatgggage gattgaagga ctgeaacaaa aactetggac aagtattica
13741 tgtgctcaaa titctttagt tgaaattaag actggtttta agttacgete ageigigatg
13801 ggtgacaatc agtgeattac tgitttatca gtettecoet tagagactga cgeagacgag
13861 caggaacaga gegecgaaga caatgeageg agggtggecg ccagectage aaaagttaca
13921 agtgectgtg gaatcttitt anaacctgat gaaacatttg tacattcagg tittatetat
13981 tttggaaaaa aacaatatit gaatggggte caattgecte agteccttaa aacggcetaca
14041 agaatggcac catigtctga tgeaattttt gatgatcttc aagggaccct ggetagtata
14101 ggcactgett ttgagegatce catctetgag acacgacata tetttccttg caggataace
14161 geagctttce atacgtitit ttcggtgaga atcttgeaat atcatcatct cgggtteaat
14221 aaaggtittg acctiggaca gttaacactc ggcaaaccte tggatitcgp aacaatatca
14281 ttggeactag cggtaccgea ggtgettgga gggttatect tettgaatee tgagaaatgt
14341 tictaccgga atctaggaga tocagttace teaggettat tccagtiaaa aacttatcte
14401 cgaatgattg agatggatga tttattctta cctttaattg cgaagaacce tgggaactge
14461 actgecattg actttgtget aaatectage ggattaaatg teoctggpte geaagactta
14521 acttcatttc tgcgecagat tgtacgeagg accatcacce taagtgegaa aaacaaactt
14581 attaatacct tatttcatge gtcagetgac ttegaagacg aaatggtity taaatggeta
14641 ttatcatcaa ctectgttat gagtegtttt geggocgata tettttcacg cacgecgage
14701 gggaagegat tgcaaatict aggatacctg gaaggaacac geacattatt agecictaag
14761 atcatcaaca ataatacaga gacaccggtt ttggacagac tgaggaaaat aacaitgeaa
14821 aggiggageo tatggtitag ttatctigat cattgtgata atatcetgge ggagectita
14881 acccaaataa cttgeacagt tgatttagea cagattetga gggaatattc atgggeteat
14941 attttagagg gaagacctct tattggagee acacteccat gtatgattga goaattcaaa
15001 gtgttttgge tgaaacccta cgaacaatgt cogeagigtt canatgeaaa geaaccaggt
15061 gggaaaccat tegtgteagt ggcagtcaag aaacatattg ilagtgeatg goecgaacgea
15121 tcccgaataa getggactat cggggatgga atcccataca tiggatcaag gacagaagat
15181 aagstaggac aacctgotat taaaccaaaa tgtocticeg cagoctiaag agaggecatt
15241 gaattggegt ccegtttaac atgggtaact caaggeagtt cgaacagtga ctigetaata
15301 aanccatitt tggaagcacg agtaaattta agtgttcaag aaatactica aatgaccect
15361 teacattact caggaaatat tgttcacagg tacaacgatc aatacagtec teattetite
15421 atggecaatc gtatgagtaa ttcagcaacg cgattgattg titctacaaa cactitaggt
15481 gagtitcag gaggtggeca gtetgeacge gacageaata ttattttcca gaatgtltata
15541 aattatgcag ttgeactgit cgatattaaa titagaaaca ctgaggetac agatatccaa
15601 tataatcgtg cteaccitca tetaactaag tgttgeacee gggaagtace ageteagtat
15661 ttaacataca catctacatt ggatitagat ttaacaagat accgagaaaa cgaattgatt
15721 tatgacagta atcctctaaa aggaggacte aattgeaata tetcattoga taatccattt
15781 ttccaaggta aacggetgaa cattatagaa gatgatctta ttegactgee teacttatct
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15841 ggatggpapc tagccaagac catcatgeaa teaattattt cagatageaa caatieatot
15901 acagacccaa tiageagtgg agaaacaaga tcattcacta cceattictt aacttatcec
15961 aagataggac ttctgtacag ttttggggoe tttgtaagtt attatcttpg caatacaatt
16021 cticggacta agaaattaac acttgacaat ttittatatt acttaactac tcaaattcat
16081 aatctaccac atcgeteatt gegaatactt aagccaacat fcaaacatge aagegttatg
16141 tcacggttaa tgagtatiga tecteatitl tetatttaca taggeggtgc tgcaggtgac
16201 agaggactct cagatgegge caggttattt ttgagaacgt ceatttcate tiitcttaca
16261 thgtanaag aatggataat taatcgegga acaatigtee ctttatggat agtatatceg
16321 ctagagggtc aaaacccaac acctgtgaat aatittcict atcagategt agaactgetg
16381 gtgcatgatt catcaagaca acaggctttt aaaactacca taagtgatea tgtacatcet
16441 cacgacaatc tigittacac atgtaagagt acagccagea atttcttoca tgeateattg
16501 gegtactgga ggageagaca cagaascage aaccgaaaat acttggeaag agactetica
16561 actggatcaa geacaaacaa cagtgatggt catatigaga gaagtcaaga acaaaccace
16621 agagatccac atgatggeac tgaacggaat ctagtoctac aaatgageca tgaaataaaa
16681 agaacgacaa ttcecacaaga aaacacgeac cagggtecgt cgitccagte ctitctaagt
16741 gactctgett gtggtacage aaatccaaaa ctaaatiteg atcgatcgag acacaatgtg
16801 aaatitcagg atcataactc ggcatccaag agggaaggtc atcaaataat cteacacegt
16861 ctagtoctac ctttcitiac attatctcaa gggacacgec aattaacgte atccaatgag
16921 tcacaaaccc aagacgagat atcaaagiac ttacggeaat tgagateegt cattgatace
16981 acagtitatt gtagatttac cggtatagtc tegtceatge attacaaact tpatgaggte
17041 ctttgggaaa tagagagttt caagtcgget gitgacgetag cagagggaga agptgetggt
17101 gecttactat tgattcagaa ataccaagit aagaccitat ttttcaacac getagetact
17161 gagtccagta tagagtcaga aatagtatca ggaatgacta ctectaggat gettctacet
17221 gttatgtcaa aattccataa tgaccaaatt gagattatic ttaacaactc agcaagecaa
17281 ataacagaca taacaaatce tacttggttt aaagaccaaa gagcaaggcet acctaageaa
17341 gtcgaggtta taaccatgga tgcagagaca acagagaata taancagatc gaaattgtac
17401 gaagctgtat ataaattgat cttacaccat attgatccta gegtattgaa ageagtggic
17461 citaaagtct ttctaagiga tactgaggat atgttatgec taaatgataa tttagecceg
17521 tittttgoca ctggtiattt aattaagecea ataacgtcaa gtgctagate tagtgagteg
17581 tatctitgte tgacgaactt cttatcaact acacgtaaga tgecacacca aaaccatcte
17641 agttgtaaac aggtaatact tacggoattg caactgeaaa ticaacgaag cccatactgg
17701 ctaagtcatt taactcagta tgetgactgt gagttacatt taagttatat cogecttggt
17761 titccatcat tagagaaagt actataccac aggtataace togtegatic aaaaagaget
17821 ccactagtct ctatcactca geacttagea catcttagag cagagaiteg agaattaact
17881 aatgattata atcaacageg acaaagtegg actcaaacat atcactttat tcgtactgea
17941 anaggacgaa tcacaaaact agtcaatgat tatttasaat tetitettat tgtgcaagea
18001 ttaaaacata atgggacatg gcaagetgag tttaagaaat taccagagtt gattagtgty
18061 tgcaataggt totaccatat tagagattge aattgtgaag aacgtitett agttcaaace
18121 tatatttac atagaatgca ggattctgaa gttaagetta tcgaaagget gacagggctt
18181 ctgagtttat ttccggatgg tetctacagg ttgatigaa ttaccgtgea tagtatectg
18241 atacttgcaa aggttggita ttaacataca gattatnaan anctcataaa ttgetcteat
18301 acatcatatt gatctaatct caataaacaa ciatttaaat aacgaaagga gtocctatat
18361 tatatactat atttagectc tetecetgeg tgataatcaa aaaattcaca atgeageatg
18421 tgtgacatat tactgcogea atgaatttaa cgeaacataa taaactetge actetttata
18481 attaagcettt aacgaaaggt ctgggcteat attgttattg atataataat gttgtatcaa
18541 tatccigtca gatggaatag tgttitggtt gataacacaa ctictiasaa caaaattgat
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18601 ctttaagatt aagitttita taattatcat tactitaatt tgtogttita anaacggiga

18661 tagecttaat ctttgtgtaa aataagagat taggtgtaat aaccttaaca tttttgtcta

18721 gtaagctact atitcataca gaatgataaa attaaaagaa aaggcaggac tgtaaaatca

18781 gaaatacctt cittacaata tagcagacta gataataatc ticgtgttaa tgataattaa

18841 gacattgacc acgetcatca gaaggctege cagaataaac gitgcaaaaa ggattectgg

18901 aaaaatggtc pcacacaaaa atttaaaaat aaatctaftt cttcttttit gtatgtcca ( SEQ D NO: O)

VP30

MEASYERGRPRAARQHSRDGHDHHVRARSSSRENYRGEYRQSRSASQVRVPTV
FHKKRVEPLTVPPAPKDICPTLKKGFLCDSSFCKKDHQLESLTDRELLLLIARKTC
GSVEQQLNITAPKDSRLANPTADDFQQEEGPKITLLTLIKTAEHWARQDIRTIEDS
KLRALLTLCAVMTRKFSKSQLSLLCETHLRREGLGQDQAEPVLEVYQRLHSDKG
GSFEAALWQQWDRQSLIMFITAFLNIALQLPCESSAVVVSGLRTLVPQSDNEEAS
TNPGTCSWSDEGTP S0 D NG 31)

AF272001

1 cggacacaca aaaagaaaga agaattttta ggatctittg tgtgcgaata actatgagga

61 agattaataa ttttcctete attgaaatit atatcggaat ttaaattgaa attgttactg

121 taatcacacc tggtitgttt cagagecaca tcacanagal agagaacaac ctaggicice
181 gaaggeagcea agggeateag tgtgotoagt tgaaaateec tigtcaacac clagptctta
241 tcacatcaca agticcacct cagactelge agggtgatce aacaaccita atagaaacat
301 tattgttaaa ggacageatt agttcacagt caaacaagea agattgagaa itaaccttgg
361 ttttgaactt gaacactiag gggatigaag attcaacaac cctaaagett ggggtaaaac
421 attggaaata gitaaaagac aaattgcteg gaatcacaaa aticcgagta tggaitteteg
481 tectcagaaa atctggatgg cgecgagtet cactgaatet gacatggatt accacaagat
541 cttgacagea ggtetgtecg ttcaacaggg gattgticgg caaagagtca teecagtgta
601 tcaagtaaac aatcttgaag aaatttgeca acttatcata caggectttg aageaggtet
661 tgattttcaa gagagtgegg acagtttect tetcatgett tgtettcate atgegtacea

721 gggagattac aaacttitct tggaaagtgg cgeagicaag tattiggaag ggcacgggtt
781 ccgitttgaa gicaagaagce gtgatggagt gaagegeett gaggeattge tgecageagt
841 atctagtgga aaaaacatta agagaacact tgetgeeatg coggaagagg agacaactga
901 agctaatgee ggteagtite tetectttge angtetattc citccgaaat tggtagtagy

961 agaaaaggct tgoctigaga aggticaaag geaaaticaa gtacatgeag ageaaggact
1021 gatacaatat ccaacagett ggeaatcagt aggacacatg atggtgatti tecgtitgat
1081 gegaacaaat titctgatea aatttetect aatacaccaa gggatgeaca tggttgeegg
1141 geatgatgece aacgatgetg tgatticaaa ttcagtgget caagetegtt tticaggett
1201 attgattatc anaacagtac ttgatcatat cctacaaaag acagaacgag gagticgtct
1261 ccatcetett geaaggaceg ccaaggtaaa aaatgaggtg aactcctita aggetgeact
1321 cagetccetg gecaageatg gagagtatge tecittegee cgactittga accittetgg
1381 agtaaataat cttgageatg gtotittcoe tcaactateg geaattgeac teggagtege
1441 cacagcacac gggagtacce tcgeaggagt aaatgitgga gaacagtate aacaactcag
1501 agaggetgec actgaggetg agaageaact ccaacaatat geagagicte gegaacttga
1561 ccatettgga cttgatgatc aggaaaagaa aattctiatg aacticcatc agaaaaagaa
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1621 cganatcage ttccageaaa caaacgetat ggtaacteta agaaaagage gectggecaa
1681 getgacagaa getatcactg ctgegicact geccaaaaca agtggacatt acgatgatga
1741 tgacgacatt cectttccag gacccatcaa tgatgacgac aatcetggece atcaagatga
1801 tgatccgact gactcacagg atacgaccat tccogatgtg gtggttgate ctgatgatgg
1861 aagctacgge gaataccaga gttactcgga aaacggeatg aatgeaccag atgacttggt
1921 cctattegat ctagacgagg acgacgagga cactaageca gtgeetaata gategaccaa
1981 gggtezgacaa cagaagaaca gicaaaaggg ceageatata gaggpcagac agacacaatt
2041 caggccaatt caaaatgtee caggceoctea cagaacaate caccacgeea gigegeeact
2101 cacggacaat gacagaagaa atgaacccte cggeteaace agecctegea tgetgacace
2161 aattaacgaa gaggeagacc cactggacga tgecgacgac gagacgteta gecttcegee
2221 cttggagtca gatgatgaag agcaggacag ggacggaact tccaaccgea cacecactgt
2281 cgececaccg getecegtat acagagatea cteigaaaag aaagaactce cgeaagacga
2341 gcaacaagat caggaccaca ctcaagagpc caggaaccag gacagigaca acacecagic
2401 agaacactce ctigaggaga tgtatcgeea cattCtaaga teacagggge catttgatge
2461 tgtitigiat tatcatatga tgaaggatga geotgtagtt ticagtacca gtgatggeaa

2521 agagtacacg tatccagact ccottgaaga ggaatatcea ccatgectea ctgaaaaaga
2581 gectatgaat gaagagaata gatttgtiac attggatget caacaaittt attggecggt
2641 gatgaatcac aagaataaat teatggeaat cetgeaacat catcagigaa tgageatgga
2701 acaatgggat gattcaaccg acaaataget aacattaagt agtcaaggaa cganaacagg
2761 aagaatttit gatgtetaag gtgtgaatta ttatcacaat aaaagtgatt cttatitttg

2821 aatttaaagc tagcttatta ttactageceg ttiticaaag ttcaattiga gtettaatge

2881 aaataggogt taagecacag ttatagecat aattgtaact caataticta actagepatt
2941 tatctaaatt aaattacatt atgcttitat aacttaccta ctageetgee caacatttac

3001 acgatcgtit tataattaag aaaaaactaa tgatgaagat taaaacctic atcatectia

3061 cgtcaattga atictctage actcgaaget tattgtcttc aatgtaaaag aaaagetggt
3121 ctaacaagat gacaactaga acaaagggca ggggecatac tgeggocacg actcaaaacg
3181 acagaatgce aggeectgag cttteggact ggatetetga geagetaatg accggaagaa
3241 ttectgtaag cgacatcttc tgtgatattg agaacaatce aggattatge tacgeatece
3301 asatgeaaca aacgaageca aaccegaaga cgoegoaacag 16aaacceaa acggaceeaa
3361 ttigeaatea tagtittgag gaggtagtac aaacattgge tteattgget actgtigtge

3421 aacaacaaac catcgcatca gaatcattag aacaacgcat tacgagtctt gagaatggtc
3481 taaagccagt ttatgatatg geaaaaacaa tetecteatt gaacagggtt tgtgetgaga
3541 tggttgcaaa atatgatctt ctggtgatga caaccggicg ggeaacagea acegelgegp
3601 caactgaggc ttattgggec gaacatggte aaccaccace tggaccatea cittatgaag
3661 asagtgepat fcgggetaag attgaatcta gagatgagac cgteceteaa agtgttaggy
3721 aggeattcaa caatctaaac agtaccactt cactaactga ggasaattit ggpaaacctg
3781 acatttcgge aaaggatttg agaaacatta tgtatgatca cttgectggt tttggaacty
3841 citiccacca attagtacaa gtgatttgta aattgggaaa agatagcaac tcattggaca
3901 tcattcatgce tgagttccag gecagectgg ctgaaggaga ctetectcaa tgtgeectaa
3961 ticaaattac aaaaagagtt ccaatctice aagatgetge tcoacetgtc atccacatee
4021 getctegagg tgacaticee cgagcetigee agaaaagctt gegtccagte ceaccatege
4081 ccaagattga tcgaggtigg gtatgtgttt ticagettca agatggtaaa acacttggac
4141 tcaaaatttg agccaatete cettecctee ganagaggeg aataatagea gaggciicaa
4201 ctgctgaact atagggtacg ttacattaat gatacacttg tgagtatcag coctggataa
4261 tataagtcaa ttaaacgacc aagataaaat tgttcatate tegcetageag citaaaatat
4321 aaatgtaata ggagctatat ctctgacagt attataatca attgttatta agtaacccaa
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4381 accaaaagtg atgaagatta agaaaaacct acctcggetg agagagtgtt ttttcattaa
4441 cetteatctt gtaaacgttg agcaaaattg ttaaaaatat gaggcggett atattgecta
4501 ctgetectee tgaatatatg gaggecatat acectgicag gteaaattca acaattgeta
4561 gaggtggcaa cagcaataca ggetteetga caccggagte agtcaatggg gacactceat
4621 cgaatceact caggecaatt gecgatgaca ceategacca tgeoagocac acaccagges
4681 gtgtgtcate ageattcate cttgasgeta tggtgaatgt catateggee cecaaagtge
4741 taatgaagca aattccaatt tggcttccic taggtgtege tgatcaaaag acctacaget
4801 ttgactcaac tacggecgoec atcatgettg cttcatacac tatcacccat ttcggeaagg
4861 caaccaatce acttgtcaga gtecaatcgge tgggtoctgg aatcccggat catcecctea
4921 ggctectgeg aattggaaac caggottice tocaggagit egticttecg ccagtccaac
4981 taccccagta tttcacctit gatttgacag cacicaaact gatcacccaa ccactgectg
5041 ctgeaacatg gaccgatgac actccaacag gatcaaatgg agegtigegt ccagpaatit
5101 catticatee aaaacttcge cccattettt tacccaacaa aagtgggaag aaggggaaca
5161 gteccgatct aacatcteeg gagaaaatee aageaataat gacttcacte caggactita
5221 agatcgttce aattgatcea accaaaaata tcatgggaal cgaagigeca gaaactetgg
5281 tccacaaget gaccggtaag aaggtgactt ctasaaatgg acaaccaate atecetgtte
5341 ttitgceaaa gtacattggg ttggaccegg tggctecagy agaceicacc atggtaatca
5401 cacagpgattg tgacacgigt cattcteetg cangtotice agetgtgatt gagaagtaat
5461 igcaataatt gactcagatc cagitttata gaatctictc agggatagtg ataacatcta
3521 tttagtaatc cgtccattag aggagacact titaattgat caatatacta aaggtgcttt

5581 acaccaitgt cttttttctc tcotaaatgt agaactiaac aaaagactca taatatacit

5641 gittttanag gatigatiga tgaaagatca taactaataa cattacaaat aatcctacta
5701 taatcaatac ggigaticaa atgttaatct tictcattge acatacttit tgeccttate

5761 ctcaaattge ctgeatgott acatctgagy atagecagtyg tgacttggat tggaaatgte
5821 gagaaaanat cgggacceat tictaggttg ttcacaatee aagtacagac attgeccttc
5881 taattaagaa aaaatcggog atgaagatta agcegacagt gagogtaatc ttcatctete
5941 ttagattatt tgttttccag agtaggggtc gtecaggtoct titcaategt gtaaccaaaa
6001 taaactccac tagaaggata ttgtggggea acaacacaat gggegttaca ggaatattge
6061 agttacctcg tgatcgatic aagaggacat cattetttet ttgggtaatt atecttttee

6121 aaagaacatt ttccatceca cttggagtca tecacaatag cacattacag gttagtgatg
6181 tcgacaaact agtttgtcgt gacaaactgt catccacaaa teaattgaga teagttggac
6241 tgaatctcga agpgaatgga gtggcaactg acgtgocate tgcaactana agatgggpct
6301 tcaggtcecgg tgteccacea aaggtggtea attatgaage {ggtgaatgy gotgaaaact
6361 getacaatct tgaaatcaaa aaacctgacg ggaglgaglg tetaccagea gegecagacg
6421 ggattoggeg cttcccocgg tgeoggtatg tgcacaaagt atcaggaacg ggaccegtgtg
6481 coggagactt tgecticeat aaagagggtg ctticticet gtatgatega ctigeticea
6541 cagttatcta cegaggaacg actitcgetg aaggtgicgt tgeatttetg atactgeeee
6601 aagctaagaa ggactfctic agetcacace cetigagaga gecggtcaat geaacggagg
6661 accegtetag tggetactat totaccacaa ttagatatea ggetaceggt tttggaacca
6721 atgagacaga gtacttgtic gaggttgaca atttgaccta cgiceaactt gaatcaagat
6781 tcacaccaca gtttetgete cagetgaatg agacaatata tacaagtggg aaaaggagea
6841 ataccacggg aaaactaat! tggaaggtca accccgaaat tgatacaaca atcggggagt
6901 gggccttctg gganactaas aaaacctcac tagaaaaatt cgeagtgaag agitgtettt
6961 cacagttgta tcasacggag ccaaaaacat cagtggicag agtecggege gaactictlc
7021 cgacecaggg accaacacaa caactgaaga ccacaaaate atggotteag aaaattocte
7081 tgcaatggtt caagtgeaca gicaaggaag ggaagetgea gigtegeatc taacaacect
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7141 tgccacaatc tecacgagte cccaatcect cacaaccaaa ccaggicegg acaacageac
7201 ccataataca cccgtgtata aactigacat cteigaggea actcaagiig aacaacatca
7261 cogragaaca gacaacgaca geacagecte cgacacteee tetgocacga cogeagecgyg
7321 acceccaasa geagagaaca ccaacacgag caagageact gacttcetgg accecgecac
7381 cacaacaagt ccecanaaace acagegagac cgetggeaac aacaacactc atcaccaaga
7441 taccggagaa gagagtgeca geagoegggaa getaggetta atiaccaata ctatigetgg
7501 agtcgeagga ctgatcacag gegggagaag aactcgaaga gaageaattg teaatgetea
7561 acccaaatge aaccctaatt tacattactg gactactcag gatgaaggte ctgeaategg
7621 actggectgg ataccatatt tcgggeoage ageogaggga atitacatag agggpctaat
7681 geacaatcaa gatggtitaa tetgtgggtt gagacagetg gecaacgaga cgactcaage
7741 tettcaactg ttectgagag ceacaactga getacgeace ttttcaatee tcaacegtaa
7801 ggcaattgat ttctigctge agegatggeg cggcacatge cacattotgg gaceggactg
7861 ctgtatcgaa ccacatgatt ggaccaagaa cataacagac aaaatigatc agattatica
7921 igattttgtt gataaaacce ttceggacca gggggacaat gacaattggt pgacaggaty
7981 gagacaatgg ataccggeag glatiggagt tacaggegtt ataattgeag Haicgetit
8041 attctgtata tgcaaattty tetittagtt titcttcaga trgettcatg gaaaagetea

8101 gecteaaatc aatgaaacca ggatitaatt atatggatta cttgaatcta agattacitg

8161 acaaatgata atataataca ctggagettt aascatagece aatgtgatic taactecttt

8221 aaactcacag ttaatcataa acaaggtitg acatcaatct agttatcict tigagaatga

8281 taaacttgat gaagatiaag aaaaaggtaa tctttcgatt atctttaatc ticatecttg

8341 attctacaat catgacagtt gtctitagtg acaaggpaaa gaagectttt tattaagttg

8401 taataatcag atctgegaac cggtagagtt tagttgeaac ctaacacaca taaageaitg
8461 gtcaaaaagt caatagaaat ttanacagtg agtggagaca acttitaaat ggaagettca
8521 tatgagagag gacgeocacg agetgecaga cageaticaa gggatggaca cgaccaccat
8581 gitcgapcac gatcatcatc cagagagaat tatcgagety agtaccgtca atcaaggage
8641 gectcacaag tgegegttoe tactgiattt cataagaaga gagitgaacc attaacagft
8701 cctecageac ctaaagacat atgicegacc ttgaaaaaag gatttitgty tgacagtagt
8761 tittgcaaaa aagatcacca gitggagagt ttaactgata gggaattact cetactaate
8821 gcocgtaaga cttgtggatc agtagaacaa caattaaata taactgeace caaggactcg
8881 cgcttageaa atccaacgpc tgatgatitc cageaagagg aaggteeaaa aattacettg
8941 ttgacactga tcaagacgge agaacactpg gegagacaag acatcagaac catagaggat
9001 tcaaaattaa gagceattgtt gactetatgt getgtgatga cgaggaaatt cteaaaaice
0061 cagctgagtc tittatgtga gacacaccta aggegogagg gectiggeca agatcaggcea
9121 gaaccegtte tocgaagtata teaacgatia cacagtgata aaggaggeag ttttgaagct
9181 geactatgge sacaatggga ccgacaatee ctaattatgt Hatcactge attctigaat
9241 attgetetee agttacegty tgaaagitet getgiogttg titcagggtt aagaacatty

9301 gttectcaat cagataatga ggaagettca accaaccegg ggacatgete atggictgat
9361 gagggtacce cttaataagg ctgactaaaa cactatataa ccttctactt gatcacaata
9421 cteegtatac ctatcatcat atatttaatc aagacgatat cctttaaaac ttattcagta

9481 ctataatcac tetcgtitca aattaataag atgtgeatga ttgecctaat atatgaagag

9541 gtatgataca accctaacag tgatcaaaga aaatcataat cegtaicge tegaaatata
9601 acctgceaag catacetett geacaaagtg attetigtac acaaataatg tittacicta

9661 caggaggtag caacgatcca toccatcaaa aaataagtat ttcatgactt actaatgate
9721 tctiaaaata ttaagaaaaa ctgacggaac ataaattctt tatgettcaa getgtgpage
9781 aggigtitgg tattggetat tgtiatatia caatcaataa caagettgta aaaatattgt

0841 tettgtitca agaggtagat tgtgaccgga aatgctaaac taatgatgaa gattaatgeg
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9901 gaggtctgat aagaataaac cttattattc agattaggee ccaagaggea ttcticatet
9961 ccititagca aagtactatt tcagggtagt ceaattagtp geacgietit tagetgtata
10021 tcagtegeee ctgagatacg ccacaaaagt gicictaage taaattggte tgtacacate
10081 ccatacattg tattaggggc aataatatet aattgaactt agecgtttaa aatttagtge
10141 ataaatetgg getaacacca ccaggicaac tecattgget gaaaagaagce ttacctacaa
10201 cgaacatcac titgagegec ctcacaatia aaaaatagga acgtepticc aacaategag
10261 cgeaaggttt caaggtigaa ctgapagtigt ctagacaaca aaatattgat actccagaca
10321 ccaagcaaga cctgagaaaa aaccatggcet aaagetacgg gacgatacaa totaatatcg
10381 cccaanaagg acctggagaa aggegitgtc ttaagogace tetgtaactt cttagttage
10441 caaactattc aggggtggaa ggtttattgg getgptatly agittgatgt gactcacaaa
10501 ggaatggece tattgcatag actgaaaact aatgactitg ccoctgeatg gtcaataaca
10561 aggaatctct ttecteattt atttcaaaat cogaatteca caattgaate acogetgtgg
10621 geattgagag teatceitge ageagggata caggaccage tgattgacca gtetttgatt
10681 gaacccttag caggagececet tggtotgate tetgattgee tgetaacaac caacactaac
10741 catttcaaca tgegaacaca acgtgtcaag gaacaatiga goeccaaaaat getgtogtig
10801 attcgatcca atattctcaa gtttattaac aaattggatg clctacatgt cgtgaactac
10861 ancggatigt tgagcagtat tgaaattgga actcaaaatc atataatcat cataactcga
10921 actaacatgg gitttctggt ggagelccaa gaaccegaca aatcggeaat gaaccgeatg
10981 aagectggge cggegaaatt ttcectectt catgagteca cacigaaage atitacacaa
11041 ggatectega cacgaatgea aagtitgatt cttgaattta atagetctct tgetatctaa
11101 ctaaggtaga atacttcata ttgagctaac teatatatge tgacteaata gitatcttga
11161 catctetget ttcataatca gatatataag cataataaat aaatactcat atttctigat
11221 aatttgttta accacagata aatccteact gtaagccage ticcaagitg acacccttac
11281 aaaaaccagg actcagaatc cctcaaacaa gagattccaa gacaacatca tagaatiget
11341 ttattatatg aataageatt ttatcaccag aaatcctata tactaaatgg ttaattgtaa
11401 ctgaaccege aggteacatg tgttaggitt cacagattet atatattact aactctatac
11461 tcgtaattaa cattagataa gtagattaag aaaaaagcct gaggaagatt asgaaaaact
11521 gettattggg tetttcegtg ttitagatga ageagttgaa aticttecte tigatattaa
11581 atggetacac aacataccea atacccagac getaggttat catcaccaat tgtatiggac
11641 caatgtgace tagtcactag agettgeggg ttatattcat catactecct taatccgeaa
11701 ctacgcaact gtaaactcce gaaacatatc taccgtttga aatacgatgt aactgttace
11761 aagttctiga gtgatgtace agtggegaca ttgeccatag atttcatagt cecagttett
11821 ctcaaggceac tgtcaggeaa tggattetgt cotgttgage cgoggtgeca acagticita
11881 gatgaaatca ttaagtacac aatgeaagat getctettet tgasatatta tetcaaaaat
11941 gtggetgctc aagaagactg tgttgatgaa cactttcaag agaaaatctt atcticaatt
12001 cagggcaatg aatttttaca tcaaatgtit tictggtatg atetggetat titaactcga
12061 aggggtagat tasatcgagg aaactctaga tcaacatggt tigttcatga tgatttaata
12121 gacatcttag getatgggga ctatgttitt tggaagatec caatticaat gttaccactg
12181 aacacacaag gaatccecea tgotgetatg gactggtate aggeatcagt attcaaagaa
12241 geggttcaag ggeatacaca cattgttict gittctactg ccgacgtiett gataatgtge
12301 aaagatttaa ttacatgtog attcaacaca actctaatct caaaaatage agagatigag
12361 gatccagtit gttctgatta tcccaattit aagatigtgt ctatgetita ccagagegga
12421 gattacttac tctecatatt agggtetgat ggptataaaa ttattaagtt cctegaacca
12481 ttgtgeltgg ccaaaattca attatgctea aagtacactg agaggaaggg cegatictia
12541 acacaaatgc atttagetgt aaatcacacc ctagaagaaa ttacagaaat gegtgcacta
12601 aagcettcac aggetcaaaa gatcegtgaa ticcatagaa cattgataag getggagatg
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12661 acgccacaac aactttgtga getatttice attcaaaaac actgggggea tectgtgeta
12721 catagtgaaa cagcaatcca aasaagitaaa aaacatgeta cggtgclaaa ageattacge
12781 cctatagtga ttttcgagac atactgtgtt titaaatata gtattgecaa acattatitt

12841 gatagtcaag gatcitgpta cagtgtiact tcagatagga atctaacace gggtetiaat
12901 tcttatatca asagaaatca attcocteeg ttgecaatga ttaaagaact actatgggaa
12961 itttaccacc itgaccacee tecacttttc teaaccaaaa ttattagtga cttaagtatt
13021 tttataaaag acagagctac cgeagtagaa aggacatget gggatgeagt attcgageet
13081 aatgtictag gatataatce acctcacaaa titagtacta aacgtgtace ggaacaattt
13141 ttagagcaag aaaactittc tattgagaat gtictitcct acgeacaaaa actegagtat
13201 ctactaccac aatatcggaa citttcttic tcattgaang agasagagit gaatgtagst
13261 agaacctteg gaaaatigec ttatccgact cgeaatgtic asacactitg tgaagetetg
13321 ttagctgatg gtottgetaa ageatticet ageaatatga tggtagttac ggaacgtgag
13381 caaaaagaaa geitattgea tcaagceatea tggeaccaca caaglgatga tittggtaaa
13441 catgeoacag ttagaggpag tagotitgta actgatttag agaaatacaa tettgeattt
13501 agatatgagt ttacagcacc itttatagaa tatigcaacc gttgetatgg tgttaagaat
13561 gtitttaatt ggatgcatta tacaatccea cagtgttata tgeatgteag igattattat
13621 aatccaccac ataaccteac actggagaat cgagacaace ccocegaagg geetagtica
13681 tacaggggtc atatgggage gattgaagga ctgeaacaaa aactetggac aagtatitea
13741 tgtgeteaaa titettingt tgaaattaag actggiitta agttacgete ageigtgatg
13801 ggtgacaatc agtgeattac tgttttatca giettceect tagagactga cgeagacgag
13861 caggaacaga gegocgaaga caatgeageg agggtggeeg ceagectage azaagttaca
13921 agtgcctgtg gaatctittt aaaacctgat gaaacatttg tacattcagg tittatctat
13981 titggaaaaa aacaatatit gaatggggte caattgecte agteectiaa aacggetgea
14041 agaatgpcac cattgtctga tgcaattitt gatgatcttc aagggaccot ggetagtata
14101 ggeactgett ttgagegate catctetgag acacgacata tetitocttg caggataace
14161 gragcetitce atacgttttt ttoggtgaga atcttgeaat atcatcatet cgggttcaat
14221 aaaggittig accttggaca gitaacacte ggeaaaccte tggatttegg aacaatatea
14281 ttggeactag cgptacegea ggtgottgga gggtiateet tettgaatee tgagaaatgt
14341 ttctaccgga atctaggaga tecagttace teaggettat tecagttaaa aacttatete
14401 cgaatgattg agatggatga titattctta cetitaatig cgaagaacee tgggaactge
14461 actgecattg acttigtget aaatcctage ggattaaatg tecctgggic geaagactia
14521 acticatttc tgegecagat tgtacgeagg accatcaccee taagtgogaa aaacaaactt
14581 attaatacet tatticatge gteagetgac ttegaagacg aaatggitig taaatggcta
14641 ttatcatcaa ctectgttat gagtegtitt geggecgata tettttcacg cacgecgage
14701 gggaagegat tgcaaatict aggatacctg gaaggaacac geacattatt agectctaag
14761 atcatcaaca ataatacaga gacaccgett tiggacagac tgaggaaaat aacatigcaa
14821 aggiggagec tatggtitag ttatcttgat cattgtgata atatcctgge ggaggettta
14881 acccaaataa ctigeacagt tgatttagea cagatictga gggaatatic atgggoteat
14941 attttagagg gaagacctct tattggagec acactcccat gatgattga geaattcaaa
15001 gtptttigec tgaaacceta cgaacaatgt cogeagtgit caaatgeaaa geaaccaggt
15061 gggaaaccat tcgtgteagt ggeagicaag aaacatatig ttagigeatg gecgaacgea
15121 tcccgaataa getggactat cggggatgga ateccataca ttggatcaag gacagaagat
15181 aagataggac sacetgetat taaaccaaaa tgtecticeg cagecttaag agaggoecatt
15241 gaattggegt ceegtttaac atgggtaact caaggeagtt cgaacagiga ctigotaata
15301 aaaccatttt tiggaagcacg agtaaattta agtgticaag aaatactica aatgaccect
15361 tcacaitact caggaaatat tgttcacagg tacaacgatc aatacagtee teattettic
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15421 atggccaatc gtatgagtaa ttcagcaacg cgattgattg titctacaaa cactitaggt
15481 gagtittcag gaggtggeea gtetgeacge gacageaata tattticea gaatgttata
15541 aattatgeag tipeactgtt cgataitaaa titagaaaca ctgaggetac agatatccaa
15601 tataatcgig cteaccttca tctaactaag tgtigeacee ggpaagtace agetcagtat
15661 ttaacataca catctacatt ggatttagat ttaacaagat accgagaana cgaattgatt
15721 tatgacagta atcctctaaa aggaggactc aattgcaata totcattoga taatceattt
15781 ttccaaggta aacggcetgaa cattatagaa gatgatctta tegactgee teactiatet
15841 ggatgggagc tagccaagac catcatgeaa teaattattt cagatageaa caatteatot
15901 acagacccaa ttageagtgg agaaacaaga tcattcacta cccatitett aacttatece
15961 aagataggac tictgtacag tttgggece titgtaaglt attatctigg caatacaatt
16021 ctteggacta agaaattaac acttgacaat titttatatt acttaactac tcaaattcat
16081 aatctaccac atcgotcatt gogaatactt aagceaacat tcaaacatge aagegttatg
16141 tcacggttaa tgagtattga toctcatitt tetatitaca taggeggtac tgoagptgac
16201 agaggacict cagatgcgge caggttattt ttgagaacgt ccatticatc ttitettaca
16261 titgtaaaag aatggataat taatcgegga acaatigice ciitatggat agtatatceg
16321 ctagagggtc aaaacccaac acctgtgaat aatttictet atcagategt agaactgetg
16381 gtgeatgatt catcaagaca acaggetttt asaactacca taagtgatca tgtacatcet
16441 cacgacaalc ttgtttacac atgtaagagt acagccagea atttcticea tgeatcattg
16501 gegtactgga ggageagaca cagaaacage aaccgaaaat actiggeaag agactettca
16561 actggatcaa geacaaacaa cagigatggt catatigaga gaagicaaga acaaaccace
16621 agagatccac atgatggeac tgaacggaat ctagtcctac aaatgageca tgaaataaaa
16681 agaacgacaa ticcacaaga aaacacgeac cagggtecgt cgttccagte cittetaagt
16741 gactctgett gtggtacage aaatccaaaa ctaaatttcg atcgategag acacaatgtg
16801 aaatttcagg atcataactc ggeatccaag agggaaggte atcaaataat cteacacegt
16861 ctagtcctac ctitctttac attatcteaa gggacacgec aattaacgtc atocaatgag
16921 tcacaaacce aagacgagat atcanagtac ttacggcaat tgagatecgt cattgatace
16981 acagtttatt gtagaittac cggtatagtc tegtecatge attacaaact tgatgaggic
17041 ctitgggaaa tagagagttt caagtcgget gtgacgetag cagagggaga agatgetgat
17101 gecttactat tgaticagaa ataccaagtt aagaccttat tittcaacac getagetact
17161 gagtccagta tagagtcaga aatagtatca ggaatgacta ctectaggat gottetacet
17221 gttatgican aattccataa tgaccaaatt gagattatic ttaacaacic agcaagecaa
17281 ataacagaca taacaaatcc tacttggitt aaagaccaaa gagcaagget acctaageaa
17341 gtegaggtta taaccatgga tgeagagaca acagagaata taaacagatce gaaattgtac
17401 gaagetgtat ataaattgat cttacaccat attgatccta gegtattgaa ageagtggtc
17461 cttaaagtct ttctaagtga tactgagggt atgttatgge taaatgataa tttagececg
17521 tittttgeea ctggtiatit aattaageca ataacgtcaa gtgetagate tagtgagtgg
17581 tatctitgtc tgacgaactt cttatcaact acacgtaaga tgccacacea aaaccatctc
17641 agttgtaaac aggtaatact tacggeattg caactgeaaa ttcaacgaag cocatactgg
17701 ctaagtcatt taactcagta tgetgactgt gagttacatt taagttatat cogeeitggt
17761 tttccatcat tagagaaagt actataccac aggtataace tegtegattc anaaagaggt
17821 ccactagtct ctatcactca geacttagea catcitagag cagagattcg agaattaact
17881 aatgattata atcaacagcg acaaagtcgg actcaaacat atcactttat tegtactgea
17941 aaaggacgaa tcacaaaact agtcaatgat fatttaaaat tctttctiat tgtgcaagea
18001 ttaaaacata atgggacatg geaagetgag tttaagaaat taccagagtt gattagtgtg
18061 tgcaataggt tctaccatat tagagattge aatigtgaag aacgttictt agttcaaacc
18121 ttatatitac atagaatgca ggattcetgaa gttaagetta tcgaaagget gacagggett
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18181 ctgagtttat ttccggatgg tetotacagg titgattgaa ttaccgtgea tagtatoctg

18241 atacttgcaa aggttggtta ttaacataca gattataaaa aactcataaa tigctcicat

18301 acatcatatt gatctaatet caataaacaa ctatitaaat aacgaaagga giccclatat

18361 tatatactat atttagecte tetecctgeg tgataateaa aaaattcaca atgeageatg

18421 tgtgacatat tactgecgea atgaatttaa cgeaacataa taaactetge actctttata

18481 attaagcttt aacgaaaggt ctgggctcat attgitattg atataataat gttgtatcaa

18541 tatcctgtea gatggaatag tgttitggtt gataacacaa cttcttanaa caaaattgat

18601 ctttaagatt aagtttitta taattatcat tactitaatt tgicgttitta aaaacggtga

18661 tagcecttaat cittgtgtaa aataagagat taggtataat aaccttaaca tittigtcta

18721 giaagctact atttcataca gaatgataaa attaasagaa aaggcaggac tgtaaaatca

18781 gaaatacett ctttacaata tagcagacta gataataatc ticgtgttaa tgataattaa

18841 gacatigacc acgotcatca gaaggetcge cagaataaac gttgcaaaaa ggattectgg

18901 aaaaatggtc gecacacaaaa atttaaaaat aaatctatit ctictttit gtgtgtcca ( N
SEQ 1D NO: 32)

VP30
MEASYERGRPRAARQHSRDGHDHHVRARSSSRENYRGEYRQSRSASQVRVPTV
FHKKRVEPLTVPPAPKDICPTLKKGFLCDSSFCKKDHQLESLTDRELLLLIARKTC
GSVEQQLNITAPKDSRLANPTADDFQQEEGPKITLLTLIKTAEHWARQDIRTIEDS
KLRALLTLCAVMTRKFSKSQLSLLCETHLRREGLGQDQAEPVLEVYQRLHSDKG
GSFEAALWQQWDRQSLIMFITAFLNIALQLPCESSAVVVSGLRTLVPQSDNEEAS
TNPGTCSWSDEGTP <SEQ D NO: 53)
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SCREEN FOR INHIBITORS OF FILOVIRUS
AND USES THEREFOR

STATEMENT OF GOVERNMENT RIGHTS

The invention was made with a grant from the Government
of the United States of America (Grant AI057153 from the
National Institutes of Health). The Government has certain
rights in the invention.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a nationalization under 35 U.S.C. §371
of PCT/US2009/006019, filed Nov. 6, 2009 and published as
WO 2010/053573 on May 14, 2010, which claims the benefit
of'the filing date of U.S. application Ser. No. 61/112,524, filed
on Nov. 7, 2008 and U.S. application Ser. No. 61/150,486,
filed on Feb. 6, 2009, the disclosures of which are incorpo-
rated by reference herein.

BACKGROUND

Ebolaviruses (family Filoviridae) cause severe hemor-
rhagic fevers in humans and nonhuman primates, with mor-
tality rates as high as 90% (Sanchez et al., 2007). Ebolavi-
ruses and the closely related Marburgviruses belong to the
Filoviridae family (Feldman et al., 2004). Currently, there are
no approved vaccines or antivirals for use against filoviruses.
Antivirals are not only desirable for local populations in
epidemic areas and for health care workers during an out-
break, but also for researchers studying these viruses. Short
interfering RNA molecules (Geisbert et al., 2006), and S-ad-
enosylhomocysteine hydrolase inhibitors (Bray et al., 2000;
Huggins et al., 1999) have been shown to inhibit Ebola viral
growth in vitro and/or in vivo. However, the most effective
approach to filovirus control will likely come from a combi-
nation of pharmacologic agents with different mechanisms of
action (Bray & Paragas, 2002).

High throughput molecular screening (HTS) is an auto-
mated, simultaneous testing of thousands of distinct chemical
compounds in models of biological mechanisms or disease.
Since authentic Ebolaviruses are biosafety level 4 (BSL-4)
agents, HTS with the viruses is not feasible. The lack of
sufficient BSL-4 space, trained personnel, and the rigors of
working in BSL-4 laboratories have severely hampered basic
research with Ebolaviruses as well as the development of
vaccines. These limitations have prompted examination of
various steps in the Ebolavirus viral life cycle in the absence
of'infectious virus: (i) replication and transcription were stud-
ied by use of reporter gene assays that are based on the
expression of necessary viral components from plasmids
(Boehmann et al., 2005; Groseth et al., 2005; Muhlberger et
al., 1999; Modrof et al., 2003; Modrof et al., 2002); (ii) entry
and fusion processes were assessed with pseudotyping assays
that rely on the use of recombinant vesicular stomatitis or
retroviruses (Yonezawa et al., 2005; Wool-Lewis et al., 1998;
Takada et al., 1997; Marzi et al., 2006); and (iii) budding was
examined using virus-like particles that are generated from
viral proteins provided by protein expression plasmids (Jas-
enosky et al., 2001; Licata et al., 2004; Noda et al., 2002;
McCarthy et al., 2006; Johnson et al., 2006). However, sev-
eral recent findings suggest that data obtained with these
artificial systems may not always be reproducible with live,
authentic Ebolavirus (Neumann et al., 2005).

SUMMARY OF THE INVENTION

The invention provides a method to identify modulators,
e.g., inhibitors, of filovirus infection. The method includes
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contacting a host cell, e.g., a mammalian cell including a
human cell or non-human primate cell, with one or more
agents and, in one embodiment, a replication incompetent
rhabdovirus having filovirus glycoprotein and a mutant rhab-
dovirus genome with sequences for a reporter gene product. It
is then determined whether the one or more agents inhibit the
expression or levels of the reporter gene product, e.g., a
reporter protein. In one embodiment, at least one agent inhib-
its reporter expression or levels by at least 50%, 60%, 70% or
more, e.g., 80%, 85%, 90% or more, for instance, by at least
95%, that of reporter expression or levels in a corresponding
host cell not contacted with the agent(s). In one embodiment,
the host cell is contacted with one agent. In one embodiment,
the host cell is contacted with a library of agents. For instance,
the host cell may be contacted with a chemically synthesized
library, ¢cDNA library or siRNA library. The replication
incompetent pseudotyped rhabdovirus may be prepared by
contacting a host cell with a vector to express mutant rhab-
dovirus vRNA with a deletion of rhabdovirus glycoprotein
sequences and an insertion of reporter gene sequences. Vec-
tors for protein expression include vectors expressing a filovi-
rus glycoprotein and optionally one or more vectors for pro-
tein expression of at least one of P, M, N or L rhabdovirus
proteins.

In one embodiment, the invention provides a method to
identify one or more agents that inhibit viral infection or
replication, e.g., Ebolavirus infection or replication. The
method includes contacting a host cell, e.g., a mammalian cell
including a human cell or non-human primate cell, with at
least one agent and a recombinant negative-sense, single
stranded RNA virus, the genome of which contains a deletion
of'viral sequences, i.e., it is a mutant genome. In one embodi-
ment, the host cell is infected with the virus before being
contacted with the one or more agents and in one embodi-
ment, a lysate is prepared, e.g., after contact with the one or
more agents. In one embodiment, the deleted viral sequences
correspond to those for a viral glycoprotein. In one embodi-
ment, the deleted viral sequences correspond to those for a
nonstructural or nonglycosylated viral protein that is essential
in trans for viral replication. In one embodiment, the deletion
is effective to inhibit or prevent viral replication upon infec-
tion of a cell with the recombinant negative-sense, single
stranded RNA virus. For example, the deletion may be effec-
tive to prevent expression of a functional nonstructural or
nonglycosylated protein, or functional glycoprotein, upon
infection of a cell with the recombinant negative-sense, single
stranded RNA virus. In one embodiment, the deletion may be
in filovirus sequences for a viral protein corresponding to
Ebola virus VP30. Such a deletion may include a deletion of
1 or more nucleotides, e.g., a deletion of at least 0.1%, 1%,
5%, 10%, 50%, 60%, 70%, 80%, 90%, or any integer in
between, and up to 100% of the viral sequences correspond-
ing to those for a nonstructural or nonglycosylated viral pro-
tein that is essential in trans for viral replication, e.g.,
sequences that do not overlap with those for another viral
protein encoded by the viral genome. The deletion is one that
is stable over multiple passages and is readily detectable, e.g.,
by RT-PCR. In one embodiment, the deletion may be in
rhabdovirus sequences for a rhabdovirus glycoprotein.

As described herein, a biologically contained Ebolavirus
(EbolaAVP30) was employed to identify anti-Ebolavirus
candidates using a high throughput screening assay. To deter-
mine the steps in the viral life cycle inhibited by an anti-viral
compound, an Ebolavirus binding/entry assay and a minige-
nome replication assay were employed. Anti-viral specificity
was defined by using viral growth inhibition tests with Ebo-
1aAVP30, veccinia virus, adenovirus, influenza virus, and
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vesicular stomatitis virus. Gedunin and gedunin derivatives
were identified as anti-Ebolavirus candidates in the high
throughput screening assay. These compounds inhibited the
growth of EbolaAVP30 but not that of vaccinia virus, aden-
ovirus, influenza virus, or vesicular stomatitis virus. Further,
these compounds inhibited Ebolavirus binding/entry and
some also inhibited viral genome replication and protein
expression. Thus, gedunin and gedunin derivatives are potent
inhibitors of Ebolavirus in vitro. Their inhibitory mechanisms
rely mainly upon virus binding/entry.

In one embodiment, an isolated recombinant, biologically
contained Ebola virus includes a genome which contains a
deletion in sequences corresponding to Ebola virus VP30
sequences. The deletion is effective to inhibit or prevent viral
replication, e.g., by preventing expression of a functional
protein corresponding to Ebola virus VP30 protein, upon
infection of a cell that lacks sequences that encode the func-
tional protein (e.g., the cell that does not express functional
VP30 in trans) with the recombinant, biologically contained
Ebola virus. In one embodiment, at least 90% of sequences
corresponding to VP30 sequences in the viral genome of the
virus are deleted. In one embodiment, the genome of the
recombinant, biologically contained filovirus further com-
prises heterologous sequences, for instance, positioned
within the deletion. The heterologous sequences may be
selected as ones that are not toxic to one or more host cells,
e.g., reporter, selectable marker or viral sequences (for
instance, neo®, a fluorescent protein such as green fluorescent
protein (GFP), luciferase or influenza virus sequences for
mammalian cells).

To prepare such virus, a reverse genetics systems for nega-
tive-sense RNA viruses was exploited to generate Ebolavi-
ruses that lack the VP30 gene (which encodes an essential
transcription factor), termed FEbolaAVP30 virus. These
viruses were maintained, genetically stable, and biologically
confined to a cell line expressing VP30. Hence, the Ebo-
1laAVP30 virus fulfills several criteria of a vaccine virus: it can
be grown to reasonably high titers in helper cells, is geneti-
cally stable (as determined by sequence analysis after seven
serial passages in VP30-expressing Vero cells), and is safe.
Moreover, as described herein, the resultant viruses resemble
wild-type virus in their life cycle, their morphology, and their
growth properties, but could be handled in a non-BSL-4 labo-
ratory, opening new opportunities for study of the Ebolavirus
life cycle and for the identification of effective antiviral com-
pounds.

Other negative-sense, single stranded RNA viruses may
likewise be manipulated, e.g., the genome of Nipah virus,
Hendravirus, Henipavirus, and the like, may be manipulated
to mutate or delete sequences corresponding to those for a
nonstructural or nonglycoslyated viral protein that is required
for viral replication. Thus, genomes of viruses in the follow-
ing families may be manipulated to provide for an infectious,
biologically contained virus that resembles wild-type virus in
its life cycle, morphology, and growth properties, can be
grown to reasonably high titers in helper cells, is genetically
stable, and is safe: Bornaviridae, Rhabdoviridae, Filoviridae
(genera Marburgvirus and Ebolavirus), Paramyxoviridae,
Avulavirus, Henipavirus, Morbillivirus, Respirovirus, or
Rubulavirus.

The invention further provides screening methods for anti-
virals that employ the recombinant infectious, biologically
contained virus. In one embodiment, the methods include
those that identify one or more agents that inhibit virus infec-
tion or replication. The methods include contacting the
recombinant infectious, biologically contained virus of the
invention, a host cell, e.g., a helper cell, such as a mammalian
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cell including a human cell or non-human primate cell, and
one or more agents. Then it is determined whether the one or
more agents inhibit viral replication or infection. In one
embodiment, the one or more identified agents do not sub-
stantially decrease host cell viability, e.g., host cell viability is
at least 65%, 70%, 75%, 80% or more in the presence of the
one or more agents. Further provided is a method to identify
one or more agents that inhibit virus infection or replication,
which includes contacting a host cell infected with a recom-
binant infectious, biologically contained filovirus, or a lysate
thereof, and one or more agents. Then it is determined
whether the one or more agents inhibit viral replication or
infection. In one embodiment, the one or more identified
agents do not substantially decrease host cell viability, e.g.,
host cell viability is at least 65%, 70%, 75%, 80% or more. In
one embodiment, the anti-viral agent has an IC,, of less than
about 10.0 uM, e.g., less than 5 uM, 1 uM, or 0.1 uM, e.g., an
1C5, from 0.001 uM to 10 uM. In one embodiment, the anti-
viral agent has a CCs, of more than than about 0.1 uM, e.g.,
more than 1 uM, 5 uM, 10 uMor 50 uM, e.g., a CCy, from 0.1
uM to 100 uM. In one embodiment, the agent has an IC,, of
less than about 10.0 uM, e.g., less than 5 uM, 1 uM, or 0.1 uM
and a CCs, of more than about 0.1 uM, e.g., more than than 1
uM, 5 uM, 10 pM or 50 uM.

Inone embodiment, the screening method identifies inhibi-
tors of filovirus glycoprotein receptor binding or fusion. The
method includes contacting a host cell, e.g., a mammalian cell
including a human cell or non-human primate cell, with one
or more agents and a recombinant replication incompetent
pseudotyped rhabdovirus comprising filovirus glycoprotein
and a mutant negative sense rhabdovirus genome which lacks
sequences for a rhabdovirus glycoprotein but comprises a
sequence for a reporter protein, e.g., a fluorescent proteinor a
bioluminescent protein. At least one agent is identified that
inhibits reporter protein levels or expression in the host cell.

Also provided is a method which includes contacting a host
cell with a plurality of agents, for example, a composition
having the plurality of agents, and recombinant virus, e.g.,
sequentially or simultaneously.

Further provided are agents identified by the methods and
the use of anti-virals in methods to prevent, inhibit or treat
viral infection in a mammal, e.g., a human. Agents identified
by the method or useful to prevent, inhibit or treat viral, e.g.,
filovirus, infection, include but are not limited to, an inhibitor
of Hsp90, gedunin and gedunin derivatives, a triphenylethyl-
ene, an inhibitor of calcium-independent phospholipase A,
and/or of magnesium-dependent phosphatidate phosphohy-
drolase, an inhibitor of PGE, synthase, a steroid, dopamine
antagonist, or anticholinergic, including a compound of for-
mula (I)-(XIII). Such agents are useful treatments in Ebolavi-
rus infection management and biosafety defense, as well as
platforms for developing new chemical entities for use in
Ebolavirus treatment.

In addition, the invention provides a method to prevent,
inhibit or treat viral infection in a mammal, e.g., a human, by
administering a composition having an effective amount of a
triphenylethylene, tamoxifen or a derivative thereof such as
raloxifene and clomiphene, a calcium channel blocker, a tet-
ranortriterpenoid, an antipsychotic, a sigma receptor agonist,
an anticholinergic, a steroid, an inhibitor of calcium-indepen-
dent phospholipase A, an inhibitor of magnesium-dependent
phosphatidate phosphohydrolase, an inhibitor of the induc-
ible microsomal PGE, synthase, a Hsp90 inhibitor, a dopam-
ine antagonist, or a compound of formula (I)-(XIII), includ-
ing compositions having those agents or compounds and
pharmaceutically acceptable carriers and/or excipients. In
one embodiment a composition for administration in prophy-
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lactic or therapeutic methods includes but is not limited to
bepridil hydrochloride, clomiphene citrate, benzotropin
mesylate, 7-deacetoxy-3-deacetyl-7-oxokhivorin, 1,2alpha-
epoxy-7-deacetoxy-7-oxodihxdrogedunin, epoxygedunin,
1,3-dideacetyl-7-deacetoxy-7-oxokhivorin, gedunin,
gedunol, dihydrogedunin, 3beta-acetoxydeoxodihydrogedu-
nin, 3alpha-hydroxydeoxodihydrogedunin, deacetoxy-7-ox-
ogedunin, 3beta-hydroxydeoxodihydrogedunin, deacetoxy-
7-oxogedunin, 1,2alpha-epoxydeacetoxydihydrogedunin,
3beta-hydroxydeoxydesacetoxy-7-oxogedunin,  tridesac-
etoxykhivorin, 1,3-dideacetylkhivorin, heudelottin C, tamox-
ifen citrate, fluspirilene, raloxifene hydrochloride, bro-
moenol lactone, cortexolone maleate, (R,R)-cis,diethyl
tetrahydro-2,8-chrysenediol, MK-866, 1.-687, 384 hydro-
chloride, cycloheximide, HTS00384, NRB03063, CD03565,
KMO0483, SPB06885, CDO04265, CD02075, PD00647,
HTS07940, HTS13483, JFD02423, and/or HTS04029.

Thus, the invention provides compounds for use in medical
therapy, such as agents that prevent, inhibit or treat filovirus
infection in a mammal, optionally in conjunction with other
compounds. Also provided is the use of the compounds for
the manufacture of a medicament to prevent, inhibit or treat
filovirus infection.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Schematic diagram of EbolaAVP30 constructs.
(Top row) Schematic diagram of the Ebolavirus genome
flanked by the leader sequence (1) and the trailer sequence (t)
in positive-sense orientation. Two unique restriction sites for
Sall and Sacl (positions 6180 and 10942 of the viral antige-
nome, respectively) allowed the subcloning of a fragment that
spans the VP30 gene. The subgenomic fragment was then
used to replace the VP30 gene with genes encoding neomycin
(neo) or enhanced green fluorescence protein (eGFP), respec-
tively. Using the unique restriction sites, the altered subge-
nomic fragments were cloned back into the full-length Ebo-
lavirus cDNA construct.

FIG. 2. Characterization of EbolaAVP30-neo virus. (A)
Expression of Ebolavirus antigens by infected VeroVP30
cells. Confluent VeroVP30 cells (left panel) or wild-type Vero
cells (right panel) were infected with EbolaAVP30-neo for 60
minutes, washed, and overlaid with propagation medium with
1.5% methyl cellulose. Seven days later, cells were fixed with
10% buffered formaldehyde and an immunostaining assay
with an antibody to Ebolavirus VP40 protein was performed.
The formation of plaques in the VeroVP30 cell monolayer
(left panel), but not in monolayers of wild-type Vero cells
(right panel), illustrates that EbolaAVP30-neo virus is bio-
logically contained. (B) Detection of EbolaAVP30-neo viral
proteins. Supernatants derived from infected VeroVP30 (la-
beled “+°) or wild-type Vero (labeled ‘) cells were collected
5 days after infection and partially purified over 20% sucrose.
Protein pellets were suspended in PBS and separated on poly-
acrylamide gels, transferred to membranes and probed with
specific antibodies to Ebolavirus proteins.

FIG. 3. Replication kinetics of wild-type Ebolavirus and
EbolaAVP30-neo virus. VeroVP30 cells (top panels) and
wild-type Vero cells (bottom panels) were infected with Ebo-
lavirus or EbolaAVP30-neo at a high m.o.i. of 1.0 (left panels)
or a low m.o.i. of 0.01 (right panels). Supernatants were
harvested every 24 hours postinfection for 6 days. Viral titers
of the respective viruses were determined by infecting con-
fluent VeroVP30 cells or wild-type Vero cells with tenfold
dilutions of the supernatants and subsequent immunostain-
ing. Virus titers for EbolaAVP30-neo virus (solid squares)
and wild-type Ebolavirus (open circles) were comparable in
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VeroVP30 cells (top panels). In wild-type Vero cells (bottom
panels), no replication was detected for EbolaAVP30-neo
virus (solid squares).

FIG. 4. Morphology of Ebolaviruses budding from
infected cells. Vero cells infected with wild-type Ebolavirus
(left panels) and VeroVP30 cells infected with EbolaAVP30-
neo virus (right panels) were processed for TEM 3 days
postinfection. The pictures show virus budding from infected
cells. No significant differences in morphology or budding
efficiencies were observed for wild-type Ebolavirus and Ebo-
1laAVP30-neo virus. Top panel, 6,000x magnification; bottom
panel, 20,000x magnification of boxed area from top panel.

FIG. 5. Ebola AVP30 virus generates an antibody response
against the Ebola virus glycoprotein, GP. (A) Flow chart of
vaccination of 4-week-old Balb/c mice with EbolaAVP30
virus to determine the antibody titer to Ebola GP. Mice (n=4)
were vaccinated three times with 10" FFU of Ebola AVP30 at
three-week intervals; control mice (n=4) were simulta-
neously mock-vaccinated. Serum samples were collected two
weeks after each vaccination. (B) The amounts of IgG against
purified Ebola virus GP in the samples was determined by
ELISA. Results are expressed as the mean absorbance at 405
nm (+/- standard deviations) of samples diluted to 1:100.

FIG. 6. Cellular immune response in Ebola AVP30-vacci-
nated mice. Mice (n=4) were vaccinated with EbolaAVP30;
control mice (n=2) were simultaneously mock-vaccinated.
Splenocytes were collected 8 days after the second vaccina-
tion and stimulated with an NP peptide. Cells were stained for
the cell surface antigen CD8* and for intracellular IFNy. The
number of cytokine-producing CD8* T cells was determined
by using a FACSCalibur flow cytometer (BD Biosciences).

FIG.7.Flow chart of the vaccination schedule to determine
the protective efficacy of the EbolaAVP30 virus. Four-week-
old Balb/c mice were vaccinated with EbolaAVP30 virus. In
group 1, mice (n=14) were vaccinated with nonpurified Ebo-
1laAVP30 virus directly from cell culture supernatant, while
control mice (n=8) were mock-vaccinated. In group 2, mice
(n=15) were vaccinated with purified EbolaAVP30 virus,
while control mice (n=10) were mock-vaccinated. All mice
were challenged witha 1000 MLD;, of mouse-adapted Ebola
virus.

FIG. 8. Body weight changes (A) and Kaplan-Meier sur-
vival curve (B) of mice vaccinated with EbolaAVP30 com-
pared to control mice. Mice from group 1 were vaccinated
three times with non-purified EbolaAVP30 virus while mice
from group 2 were vaccinated twice with purified Ebo-
1laAVP30 virus. Mice from the vaccinated groups and control
groups were challenged with a 1000 MLD,, of mouse-
adapted Ebola virus.

FIG. 9. Virus titers in the serum of mice following lethal
challenge. Vaccinated (n=3) and control (n=3) mice from
groups 1 and 2 were euthanized on day 4 post-challenge.
Virus titers from the serum were determined by the plaque
assay. ND, not detectable.

FIG. 10A-10BBBBB. Representative filovirus sequences
(Accession numbers NC006432, NC004161, AY769362,
AY142960, AF522874, AF499101, 111365, NC001608,
DQ447652, DQ447649, AB050936, NC002549, NC001608,
AF086833 and AF272001, the disclosures of which are incor-
porated by reference herein; SEQ ID NOs:1-30).

FIG. 11. Compounds screened in an assay of the invention.

FIG. 12. Chemical structures of gedunin (1), epoxygedu-
nin (2), 1,3-Dideacetly-7-Deacetoxy-7-Oxokivorin (3),
7-Deacetoxy-3-deacetyl-7-Oxokhivorin (4), and 1,2alpha-
Epoxy-7-Deacetoxy-7-Oxo-Deoxyhydrogedunin (5).

FIG. 13. Growth kinetics of viruses. Compounds were
added to cell culture media 2 hours prior to virus infections.
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Cells were inoculated with EbolaAVP30 virus, vaccinia
virus, or adenovirus at an MOI of 1073, or influenzavirus or
VSV at an MOI of 107>, Cell culture media (EbolaAVP30,
influenzavirus, and VSV) or cell culture media and cells (vac-
cinina virus and adenovirus) were collected 24, 48, and 72
hours post-infection for virus titer determinations. Dots and
error bars indicate mean titers and standard deviations from
three individual experiments, respectively.

FIG. 14. Gedunin and gedunin-like compounds inhibit
Ebolavirus GP-dependent virus entry. Compounds were
added to cell culture media at 2 hours prior to VSVAG*-
Ebolavirus GP or VSVAG*-VSV G virus infection. The num-
ber of GFP-positive cells was determined after an overnight
incubation. % infectivity=100xnumber of GFP-positive
cells+compound/number of GFP-positive cells+DMSO. Col-
umns and error bars indicate mean % infectivities and stan-
dard deviations from four individual experiments, respec-
tively.

FIG. 15. Gedunin and epoxygedunin inhibit protein
expression from the Ebolavirus minigenome. Compounds
were added to cell culture media 6.5 hours post-transfection.
Luciferase (luc) activities, expressed from the Ebolavirus
minigenome, were measured on day 3 post-transfection. %
luc activity=100xluc  activity+compound/luc  activity+
DMSO. Columns and error bars indicate mean % luc activi-
ties and standard deviations from three individual experi-
ments, respectively.

FIG. 16. Hsp90 inhibitors inhibit protein expression from
the Ebolavirus minigenome. (A) Hsp90 inhibitors (10 uM)
inhibit growth of EbolaAVP30-GFP. Dots and error bars indi-
cate mean titers and standard deviations from three individual
experiments, respectively. (B) and (C) Hsp90 inhibitors (10
1uM) do not substantially reduce Ebolavirus GP-mediated (or
VSV-G-mediated) virus binding/entry. (D) Hsp90 inhibitors
(10 uM) reduce protein expression from the Ebolavirus mini-
genome. Columns and error bars indicate mean % infectivi-
ties and standard deviations from four individual experi-
ments, respectively.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term “isolated” when used in relation to a nucleic acid
(e.g., vector or plasmid), peptide, polypeptide or virus refers
to a nucleic acid sequence, peptide, polypeptide or virus that
is identified and separated from at least one contaminant
nucleic acid, polypeptide or other biological component with
which it is ordinarily associated in its natural source, e.g., so
that it is not associated with in vivo substances, or is substan-
tially purified from in vitro substances. Isolated nucleic acid,
peptide, polypeptide or virus is present in a form or setting
that is different from that in which it is found in nature. For
example, a given DNA sequence (e.g., a gene) is found on the
host cell chromosome in proximity to neighboring genes;
RNA sequences, such as a specific mRNA sequence encoding
a specific protein, are found in the cell as a mixture with
numerous other mRNAs that encode a multitude of proteins.
An example of such DNA “isolated” from a source would be
a useful DNA sequence that is excised or removed from said
source by chemical means, e.g., by the use of restriction
endonucleases, so that it can be further manipulated, e.g.,
amplified, for use in the invention, by the methodology of
genetic engineering. The isolated nucleic acid molecule may
be present in single-stranded or double-stranded form. When
an isolated nucleic acid molecule is to be utilized to express a
protein, the molecule will contain at a minimum the sense or
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coding strand (i.e., the molecule may single-stranded), but
may contain both the sense and anti-sense strands (i.e., the
molecule may be double-stranded).

A “vector” or “construct” (sometimes referred to as gene
delivery or gene transfer “vehicle”) refers to a macromolecule
or complex of molecules comprising a polynucleotide to be
delivered to a host cell, either in vitro or in vivo. The poly-
nucleotide to be delivered may comprise a coding sequence of
interest for gene therapy. Vectors include, for example, viral
vectors (such as adenoviruses, adeno-associated viruses
(AAV), lentiviruses, herpesvirus and retroviruses), liposomes
and other lipid-containing complexes, and other macromo-
lecular complexes capable of mediating delivery of a poly-
nucleotide to a host cell. Vectors can also comprise other
components or functionalities that further modulate gene
delivery and/or gene expression, or that otherwise provide
beneficial properties to the targeted cells. Such other compo-
nents include, for example, components that influence bind-
ing or targeting to cells (including components that mediate
cell-type or tissue-specific binding); components that influ-
ence uptake of the vector nucleic acid by the cell; components
that influence localization of the polynucleotide within the
cell after uptake (such as agents mediating nuclear localiza-
tion); and components that influence expression of the poly-
nucleotide. Such components also might include markers,
such as detectable and/or selectable markers that can be used
to detect or select for cells that have taken up and are express-
ing the nucleic acid delivered by the vector. Such components
can be provided as a natural feature of the vector (such as the
use of certain viral vectors which have components or func-
tionalities mediating binding and uptake), or vectors can be
modified to provide such functionalities. A large variety of
such vectors are known in the art and are generally available.
When a vector is maintained in a host cell, the vector can
either be stably replicated by the cells during mitosis as an
autonomous structure, incorporated within the genome of the
host cell, or maintained in the host cell’s nucleus or cyto-
plasm.

A “recombinant viral vector” refers to a viral vector com-
prising one or more heterologous genes or sequences. Since
many viral vectors exhibit size constraints associated with
packaging, the heterologous genes or sequences are typically
introduced by replacing one or more portions of the viral
genome. Such viruses may become replication-defective
(biologically contained), requiring the deleted function(s) to
be provided in trans during viral replication and encapsida-
tion (by using, e.g., a helper virus or a packaging cell line
carrying genes necessary for replication and/or encapsida-
tion). Modified viral vectors in which a polynucleotide to be
delivered is carried on the outside of the viral particle have
also been described.
“Gene delivery,” “gene transfer,” and the like as used
herein, are terms referring to the introduction of an exogenous
polynucleotide (sometimes referred to as a “transgene”) into
a host cell, irrespective of the method used for the introduc-
tion. Such methods include a variety of well-known tech-
niques such as vector-mediated gene transfer (by, e.g., viral
infection/transfection, or various other protein-based or lipid-
based gene delivery complexes) as well as techniques facili-
tating the delivery of “naked” polynucleotides (such as elec-
troporation, “gene gun” delivery and various other techniques
used for the introduction of polynucleotides). The introduced
polynucleotide may be stably or transiently maintained in the
host cell. Stable maintenance typically requires that the intro-
duced polynucleotide either contains an origin of replication
compatible with the host cell or integrates into a replicon of
the host cell such as an extrachromosomal replicon (e.g., a
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plasmid) or a nuclear or mitochondrial chromosome. A num-
ber of vectors are known to be capable of mediating transfer
of genes to mammalian cells, as is known in the art.

By “transgene” is meant any piece of a nucleic acid mol-
ecule (for example, DNA) which is inserted by artifice into a
cell either transiently or permanently, and becomes part of the
organism if integrated into the genome or maintained extra-
chromosomally. Such a transgene may include at least a por-
tion of an open reading frame of a gene which is partly or
entirely heterologous (i.e., foreign) to the transgenic organ-
ism, or may represent at least a portion of an open reading
frame of a gene homologous to an endogenous gene of the
organism, which portion optionally encodes a polypeptide
with substantially the same activity as the corresponding
full-length polypeptide or at least one activity of the corre-
sponding full-length polypeptide.

By “transgenic cell” is meant a cell containing a transgene.
For example, a cell stably or transiently transformed with a
vector containing an expression cassette is a transgenic cell
that can be used to produce a population of cells having
altered phenotypic characteristics. A “recombinant cell” is
one which has been genetically modified, e.g., by insertion,
deletion or replacement of sequences in a nonrecombinant
cell by genetic engineering.

The term “wild-type” or “native” refers to a gene or gene
product that has the characteristics of that gene or gene prod-
uct when isolated from a naturally occurring source. A wild-
type gene is that which is most frequently observed in a
population and is thus arbitrarily designated the “normal” or
“wild-type” form of the gene. In contrast, the term “modified”
or “mutant” refers to a gene or gene product that displays
modifications in sequence and or functional properties (i.e.,
altered characteristics) when compared to the wild-type gene
or gene product. It is noted that naturally-occurring mutants
can be isolated; these are identified by the fact that they have
altered characteristics when compared to the wild-type gene
or gene product.

The term “transduction” denotes the delivery of a poly-
nucleotide to a recipient cell either in vivo or in vitro, via a
viral vector and in one embodiment via a replication-defec-
tive viral vector.

The term “heterologous™ as it relates to nucleic acid
sequences such as gene sequences encoding a protein and
control sequences, denotes sequences that are not normally
joined together, and/or are not normally associated with a
particular cell, e.g., are from different sources (for instance,
sequences from a virus are heterologous to sequences in the
genome of an uninfected cell). Thus, a “heterologous” region
of'a nucleic acid construct or a vector is a segment of nucleic
acid within or attached to another nucleic acid molecule that
is not found in association with the other molecule in nature.
For example, a heterologous region of a nucleic acid construct
could include a coding sequence flanked by sequences not
found in association with the coding sequence in nature, i.e.,
a heterologous promoter. Another example of a heterologous
coding sequence is a construct where the coding sequence
itself is not found in nature (e.g., synthetic sequences having
codons different from the native gene). Similarly, a cell trans-
formed with a construct which is not normally present in the
cell would be considered heterologous for purposes of this
invention.

By “DNA” is meant a polymeric form of deoxyribonucle-
otides (adenine, guanine, thymine, or cytosine) in double-
stranded or single-stranded form found, inter alia, in linear
DNA molecules (e.g., restriction fragments), viruses, plas-
mids, and chromosomes. In discussing the structure of par-
ticular DNA molecules, sequences may be described herein
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according to the normal convention of giving only the
sequence in the 5' to 3' direction along the nontranscribed
strand of DNA (i.e., the strand having the sequence comple-
mentary to the mRNA). The term captures molecules that
include the four bases adenine, guanine, thymine, or cytosine,
as well as molecules that include base analogues which are
known in the art.

As used herein, the terms “complementary” or “comple-
mentarity” are used in reference to polynucleotides (i.e., a
sequence of nucleotides) related by the base-pairing rules.
For example, the sequence “A-G-T,” is complementary to the
sequence “T-C-A”” Complementarity may be “partial,” in
which only some of the nucleic acids’ bases are matched
according to the base pairing rules. Or, there may be “com-
plete” or “total” complementarity between the nucleic acids.
The degree of complementarity between nucleic acid strands
has significant effects on the efficiency and strength of
hybridization between nucleic acid strands. This is of particu-
lar importance in amplification reactions, as well as detection
methods that depend upon binding between nucleic acids.

DNA molecules are said to have “5' ends” and “3' ends”
because mononucleotides are reacted to make oligonucle-
otides or polynucleotides in a manner such that the 5' phos-
phate of one mononucleotide pentose ring is attached to the 3'
oxygen of its neighbor in one direction via a phosphodiester
linkage. Therefore, an end of an oligonucleotide or poly-
nucleotide is referred to as the “5' end” if its 5' phosphate is
not linked to the 3' oxygen of a mononucleotide pentose ring
and as the “3' end” if its 3' oxygen is not linked to a 5'
phosphate of a subsequent mononucleotide pentose ring. As
used herein, a nucleic acid sequence, even if internal to a
larger oligonucleotide or polynucleotide, also may be said to
have 5' and 3' ends. In either a linear or circular DNA mol-
ecule, discrete elements are referred to as being “upstream” or
5" of the “downstream” or 3' elements. This terminology
reflects the fact that transcription proceeds in a 5' to 3' fashion
along the DNA strand. The promoter and enhancer elements
that direct transcription of a linked gene are generally located
5' or upstream of the coding region. However, enhancer ele-
ments can exert their effect even when located 3' of the pro-
moter element and the coding region. Transcription termina-
tion and polyadenylation signals are located 3' or downstream
of the coding region.

A “gene,” “polynucleotide,” “coding region,” “sequence,”
“segment,” “fragment” or “transgene” which “encodes” a
particular protein, is a nucleic acid molecule which is tran-
scribed and optionally also translated into a gene product,
e.g., a polypeptide, in vitro or in vivo when placed under the
control of appropriate regulatory sequences. The coding
region may be present in either a cDNA, genomic DNA, or
RNA form. When present in a DNA form, the nucleic acid
molecule may be single-stranded (i.e., the sense strand) or
double-stranded. The boundaries of a coding region are deter-
mined by a start codon at the 5' (amino) terminus and a
translation stop codon at the 3' (carboxy) terminus. A gene
can include, but is not limited to, cDNA from prokaryotic or
eukaryotic mRNA, genomic DNA sequences from prokary-
otic or eukaryotic DNA, and synthetic DNA sequences. A
transcription termination sequence will usually be located 3'
to the gene sequence.

The term “control elements” refers collectively to pro-
moter regions, polyadenylation signals, transcription termi-
nation sequences, upstream regulatory domains, origins of
replication, internal ribosome entry sites (“IRES”), enhanc-
ers, splice junctions, and the like, which collectively provide
for the replication, transcription, post-transcriptional pro-
cessing and translation of a coding sequence in a recipient
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cell. Not all of these control elements need always be present
so long as the selected coding sequence is capable of being
replicated, transcribed and translated in an appropriate host
cell.

The term “promoter” is used herein in its ordinary sense to
refer to a nucleotide region comprising a DNA regulatory
sequence, wherein the regulatory sequence is derived from a
gene which is capable of binding RNA polymerase and initi-
ating transcription of a downstream (3' direction) coding
sequence.

By “enhancer” is meant a nucleic acid sequence that, when
positioned proximate to a promoter, confers increased tran-
scription activity relative to the transcription activity result-
ing from the promoter in the absence of the enhancer domain.

By “operably linked” with reference to nucleic acid mol-
ecules is meant that two or more nucleic acid molecules (e.g.,
a nucleic acid molecule to be transcribed, a promoter, and an
enhancer element) are connected in such a way as to permit
transcription of the nucleic acid molecule. “Operably linked”
with reference to peptide and/or polypeptide molecules is
meant that two or more peptide and/or polypeptide molecules
are connected in such a way as to yield a single polypeptide
chain, i.e., a fusion polypeptide, having at least one property
of each peptide and/or polypeptide component of the fusion.
The fusion polypeptide is, in one embodiment, chimeric, i.e.,
composed of heterologous molecules.

“Homology” refers to the percent of identity between two
polynucleotides or two polypeptides. The correspondence
between one sequence and to another can be determined by
techniques known in the art. For example, homology can be
determined by a direct comparison of the sequence informa-
tion between two polypeptide molecules by aligning the
sequence information and using readily available computer
programs. Alternatively, homology can be determined by
hybridization of polynucleotides under conditions which
form stable duplexes between homologous regions, followed
by digestion with single strand-specific nuclease(s), and size
determination of the digested fragments. Two DNA, or two
polypeptide, sequences are “substantially homologous™ to
each other when at least about 80%, e.g., at least about 90%,
or at least about 95% of the nucleotides, or amino acids,
respectively match over a defined length of the molecules, as
determined using the methods above.

By “mammal” is meant any member of the class Mamma-
lia including, without limitation, humans and nonhuman pri-
mates such as chimpanzees and other apes and monkey spe-
cies; farm animals such as cattle, sheep, pigs, goats and
horses; domestic mammals such as dogs and cats; laboratory
animals including rodents such as mice, rats, rabbits and
guinea pigs, and the like.

By “derived from” is meant that a nucleic acid molecule
was either made or designed from a parent nucleic acid mol-
ecule, the derivative retaining substantially the same func-
tional features of the parent nucleic acid molecule, e.g.,
encoding a gene product with substantially the same activity
as the gene product encoded by the parent nucleic acid mol-
ecule from which it was made or designed.

By “expression construct” or “expression cassette” is
meant a nucleic acid molecule that is capable of directing
transcription. An expression construct includes, at the least, a
promoter. Additional elements, such as an enhancer, and/or a
transcription termination signal, may also be included.

The term “exogenous,” when used in relation to a protein,
gene, nucleic acid, or polynucleotide in a cell or organism
refers to a protein, gene, nucleic acid, or polynucleotide
which has been introduced into the cell or organism by arti-
ficial or natural means. An exogenous nucleic acid may be
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from a different organism or cell, or it may be one or more
additional copies of a nucleic acid which occurs naturally
within the organism or cell. By way of a non-limiting
example, an exogenous nucleic acid is in a chromosomal
location different from that of natural cells, or is otherwise
flanked by a different nucleic acid sequence than that found in
nature.

As used herein, the term “recombinant nucleic acid” or
“recombinant DNA sequence, molecule or segment” refers to
anucleic acid, e.g., to DNA, that has been derived or isolated
from a source, that may be subsequently chemically altered in
vitro, and includes, but is not limited to, a sequence that is
naturally occurring, is not naturally occurring, or corresponds
to naturally occurring sequences that are not positioned as
they would be positioned in the native genome. An example of
DNA “derived” from a source, would be a DNA sequence that
is identified as a useful fragment, and which is then chemi-
cally synthesized in essentially pure form. An example of
such DNA “isolated” from a source would be a useful DNA
sequence that is excised or removed from said source by
chemical means, e.g., by the use of restriction endonucleases,
so that it can be further manipulated, e.g., amplified, for use in
the invention, by the methodology of genetic engineering.

The term “recombinant protein” or “recombinant polypep-
tide” as used herein refers to a protein molecule that is
expressed from a recombinant DNA molecule.

The term “peptide”, “polypeptide” and “protein” are used
interchangeably herein unless otherwise distinguished.

The term “sequence homology” means the proportion of
base matches between two nucleic acid sequences or the
proportion amino acid matches between two amino acid
sequences. When sequence homology is expressed as a per-
centage, e.g., 50%, the percentage denotes the proportion of
matches over the length of a selected sequence that is com-
pared to some other sequence. Gaps (in either of the two
sequences) are permitted to maximize matching; gap lengths
of 15 bases or less are usually used, 6 bases or less are
preferred with 2 bases or less more preferred. When using
oligonucleotides as probes or treatments, the sequence
homology between the target nucleic acid and the oligonucle-
otide sequence is generally not less than 17 target base
matches out of 20 possible oligonucleotide base pair matches
(85%); such as not less than 9 matches out of 10 possible base
pair matches (90%), and, for example, not less than 19
matches out of 20 possible base pair matches (95%).

The term “selectively hybridize” means to detectably and
specifically bind. Polynucleotides, oligonucleotides and frag-
ments of the invention selectively hybridize to nucleic acid
strands under hybridization and wash conditions that mini-
mize appreciable amounts of detectable binding to nonspe-
cific nucleic acids. High stringency conditions can be used to
achieve selective hybridization conditions as known in the art
and discussed herein. Generally, the nucleic acid sequence
homology between the polynucleotides, oligonucleotides,
and fragments of the invention and a nucleic acid sequence of
interest is at least 65%, and more typically with increasing
homologies of at least about 70%, about 90%, about 95%,
about 98%, and 100%.

Two amino acid sequences are homologous if there is a
partial or complete identity between their sequences. For
example, 85% homology means that 85% of the amino acids
are identical when the two sequences are aligned for maxi-
mum matching. Gaps (in either of the two sequences being
matched) are allowed in maximizing matching; gap lengths of
5 or less are preferred with 2 or less being more preferred.
Alternatively, two protein sequences (or polypeptide
sequences derived from them of at least 30 amino acids in
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length) are homologous, as this term is used herein, if they
have an alignment score of at more than 5 (in standard devia-
tion units) using the program ALIGN with the mutation data
matrix and a gap penalty of 6 or greater. The two sequences or
parts thereof are more likely homologous if their amino acids
are greater than or equal to 50% identical when optimally
aligned using the ALIGN program.

The term “corresponds to” is used herein to mean that a
polynucleotide sequence is homologous (e.g., is identical, not
strictly evolutionarily related) to all or a portion of a reference
polynucleotide sequence that encodes a polypeptide or its
complement, or that a polypeptide sequence is identical in
sequence or function to areference polypeptide sequence. For
illustration, the nucleotide sequence “TATAC” corresponds
to a reference sequence “TATAC” and is complementary to a
reference sequence “GTATA”.

The following terms are used to describe the sequence
relationships between two or more polynucleotides: “refer-
ence sequence”, “comparison window”, “‘sequence identity”,
“percentage of sequence identity”, and “substantial identity”.
A “reference sequence” is a defined sequence used as a basis
for a sequence comparison; a reference sequence may be a
subset of a larger sequence, for example, as a segment of a
full-length cDNA or gene sequence given in a sequence list-
ing, or may comprise a complete cDNA or gene sequence.
Generally, a reference sequence is at least 20 nucleotides in
length, frequently at least 25 nucleotides in length, and often
at least 50 nucleotides in length. Since two polynucleotides
may each (1) comprise a sequence (i.e., a portion of the
complete polynucleotide sequence) that is similar between
the two polynucleotides, and (2) may further comprise a
sequence that is divergent between the two polynucleotides,
sequence comparisons between two (or more) polynucle-
otides are typically performed by comparing sequences of the
two polynucleotides over a “comparison window” to identify
and compare local regions of sequence similarity.

A “comparison window”, as used herein, refers to a con-
ceptual segment of at least 20 contiguous nucleotides and
wherein the portion of the polynucleotide sequence in the
comparison window may comprise additions or deletions
(i.e., gaps) of 20 percent or less as compared to the reference
sequence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. Optimal align-
ment of sequences for aligning a comparison window may be
conducted by using local homology algorithms or by a search
for similarity method, by computerized implementations of
these algorithms (GAP, BESTFIT, FASTA, and TFASTA
Genetics Software Package or by inspection, and the best
alignment (i.e., resulting in the highest percentage of homol-
ogy over the comparison window) generated by the various
methods is selected.

The term “sequence identity” means that two polynucle-
otide sequences are identical (i.e., on a nucleotide-by-nucle-
otide basis) over the window of comparison. The term “per-
centage of sequence identity”” means that two polynucleotide
sequences are identical (i.e., on a nucleotide-by-nucleotide
basis) over the window of comparison. The term “percentage
of sequence identity” is calculated by comparing two opti-
mally aligned sequences over the window of comparison,
determining the number of positions at which the identical
nucleic acid base (e.g., A, T, C, G, U, or I) occurs in both
sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of
positions in the window of comparison (i.e., the window
size), and multiplying the result by 100 to yield the percent-
age of sequence identity. The terms “substantial identity” as
used herein denote a characteristic of a polynucleotide
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sequence, wherein the polynucleotide comprises a sequence
that has at least 85 percent sequence identity, e.g., at least 90
to 95 percent sequence identity, more usually at least 99
percent sequence identity as compared to a reference
sequence over a comparison window of at least 20 nucleotide
positions, frequently over a window of at least 20-50 nucle-
otides, wherein the percentage of sequence identity is calcu-
lated by comparing the reference sequence to the polynucle-
otide sequence which may include deletions or additions
which total 20 percent or less of the reference sequence over
the window of comparison.

As applied to polypeptides, the term “substantial identity”
means that two peptide sequences, when optimally aligned,
such as by the programs GAP or BESTFIT using default gap
weights, share at least about 80% sequence identity, e.g., at
least about 90% sequence identity, including at least about
95% percent sequence identity, or at least about 99%
sequence identity.

A “protective immune response” and “prophylactic
immune response” are used interchangeably to refer to an
immune response which targets an immunogen to which the
individual has not yet been exposed or targets a protein asso-
ciated with a disease in an individual who does not have the
disease, such as a tumor associated protein in a patient who
does not have a tumor.

A “therapeutic immune response” refers to an immune
response which targets an immunogen to which the individual
has been exposed or a protein associated with a disease in an
individual who has the disease.

The term “prophylactically effective amount™ is meant to
refer to the amount necessary to, in the case of infectious
agents, prevent an individual from developing an infection,
and in the case of diseases, prevent an individual from devel-
oping a disease.

The term “therapeutically effective amount” is meant to
refer to the amount necessary to, in the case of infectious
agents, reduce the level of infection in an infected individual
in order to reduce symptoms or eliminate the infection, and in
the case of diseases, to reduce symptoms or cure the indi-
vidual.

“Inducing an immune response against an immunogen” is
meant to refer to induction of an immune response in a naive
individual and induction of an immune response in an indi-
vidual previously exposed to an immunogen wherein the
immune response against the immunogen is enhanced.

As used herein, “substantially pure” means an object spe-
cies is the predominant species present (i.e., on a molar basis
it is more abundant than any other individual species in the
composition), and may be a substantially purified fraction is
a composition wherein the object species comprises at least
about 50 percent (on a molar basis) of all macromolecular
species present. Generally, a substantially pure composition
will comprise more than about 80 percent of all macromo-
lecular species present in the composition, for example, more
than about 85%, about 90%, about 95%, and about 99%. Min
one embodiment, the object species is purified to essential
homogeneity (contaminant species cannot be detected in the
composition by conventional detection methods) wherein the
composition consists essentially of a single macromolecular
species.

“Transfected,” “transformed” or “transgenic” is used
herein to include any host cell or cell line, which has been
altered or augmented by the presence of at least one recom-
binant DNA sequence. The host cells of the present invention
are typically produced by transfection with a DNA sequence
in a plasmid expression vector, as an isolated linear DNA
sequence, or infection with a recombinant viral vector.
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As used herein, “pharmaceutically acceptable salts” refer
to derivatives of the disclosed compounds wherein the parent
compound is modified by making acid or base salts thereof.
Examples of pharmaceutically acceptable salts include, but
are not limited to, mineral or organic acid salts of basic
residues such as amines; alkali or organic salts of acidic
residues such as carboxylic acids; and the like. The pharma-
ceutically acceptable salts include the conventional non-toxic
salts or the quaternary ammonium salts of the parent com-
pound formed, for example, from non-toxic inorganic or
organic acids. For example, such conventional non-toxic salts
include those derived from inorganic acids such as hydro-
chloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric
and the like; and the salts prepared from organic acids such as
acetic, propionic, succinic, glycolic, stearic, lactic, malic,
tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phe-
nylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-acetoxy-
benzoic, fumaric, toluenesulfonic, methanesulfonic, ethane
disulfonic, oxalic, isethionic, and the like.

The pharmaceutically acceptable salts of the compounds
useful in the present invention can be synthesized from the
parent compound, which contains a basic or acidic moiety, by
conventional chemical methods. Generally, such salts can be
prepared by reacting the free acid or base forms of these
compounds with a stoichiometric amount of the appropriate
base or acid in water or in an organic solvent, or in a mixture
of the two; generally, nonaqueous media like ether, ethyl
acetate, ethanol, isopropanol, or acetonitrile are preferred.
Lists of suitable salts are found in Remington’s Pharmaceu-
tical Sciences, 17th ed., Mack Publishing Company, Easton,
Pa., p. 1418 (1985), the disclosure of which is hereby incor-
porated by reference.

The phrase “pharmaceutically acceptable” is employed
herein to refer to those compounds, materials, compositions,
and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues
of human beings and animals without excessive toxicity, irri-
tation, allergic response, or other problem or complication
commensurate with a reasonable benefit/risk ratio.

One diastereomer of a compound disclosed herein may
display superior activity compared with the other. When
required, separation of the racemic material can be achieved
by HPLC using a chiral column or by a resolution using a
resolving agent such as camphonic chloride as in Thomas J.
Tucker, et al., J. Med. Chem. 1994 37, 2437-2444. A chiral
compound of Formula I may also be directly synthesized
using a chiral catalyst or a chiral ligand, e.g. Mark A. Huff-
man, et al., J. Org. Chem. 1995, 60, 1590-1594.

Asused herein, “treating” or “treat” includes (i) preventing
a pathologic condition from occurring (e.g. prophylaxis); (ii)
inhibiting the pathologic condition or arresting its develop-
ment; (iii) relieving the pathologic condition; and/or dimin-
ishing symptoms associated with the pathologic condition.

Asused herein, the term “patient” refers to organisms to be
treated by the methods of the present invention. Such organ-
isms include, but are not limited to, mammals such as
humans. In the context of the invention, the term “subject”
generally refers to an individual who will receive or who has
received treatment (e.g., administration of a compound of the
invention).

“Stable compound” and “stable structure” are meant to
indicate a compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction mixture,
and formulation into an efficacious therapeutic agent. Only
stable compounds are contemplated by the present invention.

“Substituted” is intended to indicate that one or more
hydrogens on the atom indicated in the expression using
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“substituted” is replaced with a selection from the indicated
group(s), provided that the indicated atom’s normal valency
is not exceeded, and that the substitution results in a stable
compound. Suitable indicated groups include, e.g., alkyl, alk-
enyl, alkylidenyl, alkenylidenyl, alkoxy, halo, haloalkyl,
hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle,
cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino, alky-
lamino, acylamino, nitro, trifftuoromethyl, triftuoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkylthio, alkylsulfinyl,
alkylsulfonyl, cyano, NR*R” and/or COOR?, wherein each R*
and R” are independently H, alkyl, alkenyl, aryl, heteroaryl,
heterocycle, cycloalkyl or hydroxy. When a substituent is
keto (i.e., —O) or thioxo (i.e., —S) group, then 2 hydrogens
on the atom are replaced.

“Interrupted” is intended to indicate that in between two or
more adjacent carbon atoms, and the hydrogen atoms to
which they are attached (e.g., methyl (CH;), methylene (CH,)
or methine (CH)), indicated in the expression using “inter-
rupted” is inserted with a selection from the indicated
group(s), provided that the each of the indicated atoms’ nor-
mal valency is not exceeded, and that the interruption results
in a stable compound. Such suitable indicated groups include,
e.g., non-peroxide oxy (—O—), thio (—S—), carbonyl (—C
(=0)—), carboxy (—C(=—0)O—), imine (C—NH), sulfo-
nyl (SO) or sulfoxide (SO,).

Specific and preferred values listed below for radicals,
substituents, and ranges, are for illustration only; they do not
exclude other defined values or other values within defined
ranges for the radicals and substituents

“Alkyl” refers to a C,-C, ; hydrocarbon containing normal,
secondary, tertiary or cyclic carbon atoms. Examples are
methyl (Me, —CH,), ethyl (Et, —CH,CH,), 1-propyl (n-Pr,
n-propyl, —CH,CH,CH,), 2-propyl (i-PR, i-propyl, —CH
(CH,;),), 1-butyl (n-Bu, n-butyl, —CH,CH,CH,CHy;), 2-me-
thyl-1-propyl (i-Bu, i-butyl, —CH,CH(CH,),), 2-butyl
(s-Bu, s-butyl, —CH(CH;)CH,CH;), 2-methyl-2-propyl
(t-Bu, t-butyl, —C(CH;);), l-pentyl (n-pentyl,
—CH,CH,CH,CH,CH,), 2-pentyl (—CH(CH,;)
CH,CH,CHy,), 3-pentyl (—CH(CH,CH,),), 2-methyl-2-bu-
tyl (—C(CH,),CH,CH,), 3-methyl-2-butyl (—CH(CH,)CH
(CH;),), 3- methyl-1-butyl (—CH,CH,CH(CH,),),
2-methyl-1-butyl ~ (—CH,CH(CH,)CH,CH;), 1-hexyl
(—CH,CH,CH,CH,CH,CH,), 2-hexyl (—CH(CH,)
CH,CH,CH,CH,), 3-hexyl (—CH(CH,CH;)
(CH,CH,CH,)), 2-methyl-2-pentyl (—C(CH,),
CH,CH,CH,), 3-methyl-2-pentyl (—CH(CH;)CH(CH,)
CH,CH,), 4-methyl-2-pentyl (—CH(CH;)CH,CH(CH,),),
3-methyl-3-pentyl (—C(CH;)(CH,CH,),), 2-methyl-3-pen-
tyl (—CH(CH,CH,)CH(CH,),), 2,3-dimethyl-2-butyl (—C
(CH,),CH(CH,),), 3,3-dimethyl-2-butyl (—CH(CH;)C
(CH,)s.

The alkyl can optionally be substituted with one or more
alkenyl, alkylidenyl, alkenylidenyl, alkoxy, halo, haloalkyl,
hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle,
cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino, alky-
lamino, acylamino, nitro, trifftuoromethyl, triftuoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkylthio, alkylsulfinyl,
alkylsulfonyl, cyano, NR*R” and/or COOR?, wherein each R*
and R* are independently H, alkyl, alkenyl, aryl, heteroaryl,
heterocycle, cycloalkyl or hydroxyl. The alkyl can optionally
be interrupted with one or more non-peroxide oxy (—O—),
thio (—S—), carbonyl (—C(—0)—), carboxy (—C(—0)
0O—), sulfonyl (SO) or sulfoxide (SO,). Additionally, the
alkyl can optionally be at least partially unsaturated, thereby
providing an alkenyl.

“Alkenyl” refers to a C,-C, g hydrocarbon containing nor-
mal, secondary, tertiary or cyclic carbon atoms with at least



US 9,222,118 B2

17

one site of unsaturation, i.e. a carbon-carbon, sp> double
bond. Examples include, but are not limited to: ethylene or
vinyl (—CH—CH,), allyl (—CH,CH—CH,), cyclopentenyl
(—CsH,), and 5-hexenyl (—CH, CH,CH,CH,CH—CH,).
The alkenyl can optionally be substituted with one or more
alkyl, alkylidenyl, alkenylidenyl, alkoxy, halo, haloalkyl,
hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle,
cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino, alky-
lamino, acylamino, nitro, trifftuoromethyl, triftuoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkylthio, alkylsulfinyl,
alkylsulfonyl, cyano, NR*R* and/or COOR”, wherein each R*
and R” are independently H, alkyl, alkenyl, aryl, heteroaryl,
heterocycle, cycloalkyl or hydroxyl. Additionally, the alkenyl
can optionally be interrupted with one or more non-peroxide
oxy (—O—), thio (—S—), carbonyl (—C(—0)—), carboxy
(—C(=0)0O—), sulfonyl (SO) or sulfoxide (SO,).
“Alkylidenyl” refers to a C,-C, hydrocarbon containing
normal, secondary, tertiary or cyclic carbon atoms. Examples
are methylidenyl (—CH,), ethylidenyl (—CHCH,), 1-propy-
lidenyl (—CHCH,CHy,), 2-propylidenyl (—C(CH,),), 1-bu-
tylidenyl (—CHCH,CH,CH;), 2-methyl-1-propylidenyl
(—=CHCH(CH,;),), 2-butylidenyl (—C(CH,)CH,CH,),
1-pentyl (—CHCH,CH,CH,CH;), 2-pentylidenyl (—C
(CH;)CH,CH,CH,;), 3-pentylidenyl (—C(CH,CHs;),),
3-methyl-2-butylidenyl (—C(CH;)CH(CH,),), 3-methyl-1-
butylidenyl (—CHCH,CH(CH,),), 2-methyl-1-butylidenyl
(—CHCH(CH;)CH,CH,), 1-hexylidenyl

(—=CHCH,CH,CH,CH,CH,), 2-hexylidenyl (—C(CH,)
CH,CH,CH,CH,), 3-hexylidenyl (—C(CH,CH,;)
(CH,CH,CHs;)), 3-methyl-2-pentylidenyl (—C(CH;)CH
(CH;)CH,CH;),  4-methyl-2-pentylidenyl  (—C(CH,)

CH,CH(CH,),), 2-methyl-3-pentylidenyl (—C(CH,CH,;)
CH(CHs;),), and 3,3-dimethyl-2-butylidenyl (—C(CH;)C
3)3:

The alkylidenyl can optionally be substituted with one or
more alkyl, alkenyl, alkenylidenyl, alkoxy, halo, haloalkyl,
hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle,
cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino, alky-
lamino, acylamino, nitro, trifftuoromethyl, triftuoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkylthio, alkylsulfinyl,
alkylsulfonyl, cyano, NR*R* and/or COOR”, wherein each R*
and R” are independently H, alkyl, alkenyl, aryl, heteroaryl,
heterocycle, cycloalkyl or hydroxyl. Additionally, the alky-
lidenyl can optionally be interrupted with one or more non-
peroxide oxy (—O—), thio (—S—), carbonyl (—C
(=0)—), carboxy (—C(=0)0—), sulfonyl (SO) or
sulfoxide (SO,).

“Alkenylidenyl” refers to a C,-C, g hydrocarbon containing
normal, secondary, tertiary or cyclic carbon atoms with at
least one site of unsaturation, i.e. a carbon-carbon, sp> double
bond. Examples include, but are not limited to: allylidenyl
(—=CHCH—CH,), and 5-hexenylidenyl
(—=CHCH,CH,CH,CH—CH,).

The alkenylidenyl can optionally be substituted with one or
more alkyl, alkenyl, alkylidenyl, alkoxy, halo, haloalkyl,
hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle,
cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino, alky-
lamino, acylamino, nitro, trifftuoromethyl, triftuoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkylthio, alkylsulfinyl,
alkylsulfonyl, cyano, NR*R* and/or COOR”, wherein each R*
and R” are independently H, alkyl, alkenyl, aryl, heteroaryl,
heterocycle, cycloalkyl or hydroxyl. Additionally, the alk-
enylidenyl can optionally be interrupted with one or more
non-peroxide oxy (—O—), thio (—S—), carbonyl (—C
(=0)—), carboxy (—C(=—0)O—), sulfonyl (SO) or sulfox-
ide (SO,).
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“Alkylene” refers to a saturated, branched or straight chain
or cyclic hydrocarbon radical of 1-18 carbon atoms, and
having two monovalent radical centers derived by the
removal of two hydrogen atoms from the same or different
carbon atoms of a parent alkane. Typical alkylene radicals
include, but are not limited to: methylene (—CH,—) 1,2-
ethyl (—CH,CH,—), 1,3-propyl (—CH,CH,CH,—), 1,4-
butyl (—CH,CH,CH,CH,—), and the like.

The alkylene can optionally be substituted with one or
more alkyl, alkenyl, alkylidenyl, alkenylidenyl, alkoxy, halo,
haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, hetero-
cycle, cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino,
alkylamino, acylamino, nitro, trifluoromethyl, trifluo-
romethoxy, carboxy, carboxyalkyl, keto, thioxo, alkylthio,
alkylsulfinyl, alkylsulfonyl, cyano, NR*R” and/or COOR”,
wherein each R* and R” are independently H, alkyl, alkenyl,
aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl. Addi-
tionally, the alkylene can optionally be interrupted with one
or more non-peroxide oxy (—O—), thio (—S—), carbonyl
(—C(=0)—), carboxy (—C(—0)O—), sulfonyl (SO) or
sulfoxide (SO,). Moreover, the alkylene can optionally be at
least partially unsaturated, thereby providing an alkenylene.

“Alkenylene” refers to an unsaturated, branched or straight
chain or cyclic hydrocarbon radical of 2-18 carbon atoms, and
having two monovalent radical centers derived by the
removal of two hydrogen atoms from the same or two differ-
ent carbon atoms of a parent alkene. Typical alkenylene radi-
cals include, but are not limited to: 1,2-cthylene
(—CH—CH—).

The alkenylene can optionally be substituted with one or
more alkyl, alkenyl, alkylidenyl, alkenylidenyl, alkoxy, halo,
haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, hetero-
cycle, cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino,
alkylamino, acylamino, nitro, trifluoromethyl, trifluo-
romethoxy, carboxy, carboxyalkyl, keto, thioxo, alkylthio,
alkylsulfinyl, alkylsulfonyl, cyano, NR*R” and/or COOR”,
wherein each R* and R” are independently H, alkyl, alkenyl,
aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl. Addi-
tionally, The alkenylene can optionally be interrupted with
one or more non-peroxide oxy (—O—), thio (—S—), carbo-
nyl (—C(=0)—), carboxy (—C(—0)O—), sulfonyl (SO)
or sulfoxide (SO,).

The term “alkoxy” refers to the groups alkyl-O—, where
alkyl is defined herein. Preferred alkoxy groups include, e.g.,
methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-bu-
toxy, sec-butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy,
and the like.

The alkoxy can optionally be substituted with one or more
alkyl, alkylidenyl, alkenylidenyl, halo, haloalkyl, hydroxy,
hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl,
alkanoyl, alkoxycarbonyl, amino, imino, alkylamino, acy-
lamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy,
carboxyalkyl, keto, thioxo, alkylthio, alkylsulfinyl, alkylsul-
fonyl, cyano, NR*R” and COOR*, wherein each R™ and R* are
independently H, alkyl, aryl, heteroaryl, heterocycle,
cycloalkyl or hydroxyl.

The term “aryl” refers to an unsaturated aromatic carbocy-
clic group of from 6 to 20 carbon atoms having a single ring
(e.g., phenyl) or multiple condensed (fused) rings, wherein at
least one ring is aromatic (e.g., naphthyl, dihydrophenanthre-
nyl, fluorenyl, or anthryl). Preferred aryls include phenyl,
naphthyl and the like.

The aryl can optionally be substituted with one or more
alkyl, alkenyl, alkoxy, halo, haloalkyl, hydroxy, hydroxy-
alkyl, heteroaryl, heterocycle, cycloalkyl, alkanoyl, alkoxy-
carbonyl, amino, imino, alkylamino, acylamino, nitro, trif-
luoromethyl, triftuoromethoxy, carboxy, carboxyalkyl, keto,
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thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*R”
and COOR”, wherein each R* and R” are independently H,
alkyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl.

The term “cycloalkyl” refers to cyclic alkyl groups of from
3 to 20 carbon atoms having a single cyclic ring or multiple
condensed rings. Such cycloalkyl groups include, by way of
example, single ring structures such as cyclopropyl, cyclobu-
tyl, cyclopentyl, cyclooctyl, and the like, or multiple ring
structures such as adamantanyl, and the like.

The cycloalkyl can optionally be substituted with one or
more alkyl, alkenyl, alkoxy, halo, haloalkyl, hydroxy,
hydroxyalkyl, aryl, heteroaryl, heterocycle, alkanoyl, alkoxy-
carbonyl, amino, imino, alkylamino, acylamino, nitro, trif-
luoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto,
thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*R”
and COOR”, wherein each R* and R” are independently H,
alkyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl.

The cycloalkyl can optionally be at least partially unsatur-
ated, thereby providing a cycloalkenyl.

The term “halo” refers to fluoro, chloro, bromo, and iodo.
Similarly, the term “halogen” refers to fluorine, chlorine,
bromine, and iodine.

“Haloalkyl” refers to alkyl as defined herein substituted by
1-4 halo groups as defined herein, which may be the same or
different. Representative haloalkyl groups include, by way of
example, trifluoromethyl, 3-fluorododecyl, 12,12,12-trifluo-
rododecyl, 2-bromooctyl, 3-bromo-6-chloroheptyl, and the
like.

The term “heteroaryl” is defined herein as a monocyclic,
bicyclic, or tricyclic ring system containing one, two, or three
aromatic rings and containing at least one nitrogen, oxygen,
or sulfur atom in an aromatic ring, and which can be unsub-
stituted or substituted, for example, with one or more, and in
particular one to three, substituents, like halo, alkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkyl, nitro, amino,
alkylamino, acylamino, alkylthio, alkylsulfinyl, and alkylsul-
fonyl. Examples of heteroaryl groups include, but are not
limited to, 2H-pyrrolyl, 3H-indolyl, 4H-quinolizinyl, 4nH-
carbazolyl, acridinyl, benzo[b]thienyl, benzothiazolyl, §-car-
bolinyl, carbazolyl, chromenyl, cinnaolinyl, dibenzo[b,d]
furanyl, furazanyl, furyl, imidazolyl, imidizolyl, indazolyl,
indolisinyl, indolyl, isobenzofuranyl, isoindolyl, isoquinolyl,
isothiazolyl, isoxazolyl, naphthyridinyl, naptho[2,3-b],
oxazolyl, perimidinyl, phenanthridinyl, phenanthrolinyl,
phenarsazinyl, phenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, pteridinyl, purinyl, pyranyl,
pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyri-
midinyl, pyrrolyl, quinazolinyl, quinolyl, quinoxalinyl, thia-
diazolyl, thianthrenyl, thiazolyl, thienyl, triazolyl, and xan-
thenyl. In one embodiment the term “heteroaryl” denotes a
monocyclic aromatic ring containing five or six ring atoms
containing carbon and 1, 2, 3, or 4 heteroatoms independently
selected from the group non-peroxide oxygen, sulfur, and
N(Z) wherein Z is absent or is H, O, alkyl, phenyl or benzyl.
In another embodiment heteroaryl denotes an ortho-fused
bicyclic heterocycle of about eight to ten ring atoms derived
therefrom, particularly a benz-derivative or one derived by
fusing a propylene, or tetramethylene diradical thereto.

The heteroaryl can optionally be substituted with one or
more alkyl, alkenyl, alkoxy, halo, haloalkyl, hydroxy,
hydroxyalkyl, aryl, heterocycle, cycloalkyl, alkanoyl,
alkoxycarbonyl, amino, imino, alkylamino, acylamino, nitro,
trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl,
keto, thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano,
NR*R” and COOR”, wherein each R* and R” are indepen-
dently H, alkyl, aryl, heteroaryl, heterocycle, cycloalkyl or
hydroxyl.
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The term “heterocycle” refers to a saturated or partially
unsaturated ring system, containing at least one heteroatom
selected from the group oxygen, nitrogen, and sulfur, and
optionally substituted with alkyl or C(=0)OR”, wherein R”
is hydrogen or alkyl. Typically heterocycle is a monocyclic,
bicyclic, or tricyclic group containing one or more heteroat-
oms selected from the group oxygen, nitrogen, and sulfur. A
heterocycle group also can contain an oxo group (—O)
attached to the ring. Non-limiting examples of heterocycle
groups include 1,3-dihydrobenzofuran, 1,3-dioxolane, 1,4-
dioxane, 1,4-dithiane, 2H-pyran, 2-pyrazoline, 4H-pyran,
chromanyl, imidazolidinyl, imidazolinyl, indolinyl, isochro-
manyl, isoindolinyl, morpholine, piperazinyl, piperidine,
piperidyl, pyrazolidine, pyrazolidinyl, pyrazolinyl, pyrroli-
dine, pyrroline, quinuclidine, and thiomorpholine.

The heterocycle can optionally be substituted with one or
more alkyl, alkenyl, alkoxy, halo, haloalkyl, hydroxy,
hydroxyalkyl, aryl, heteroaryl, cycloalkyl, alkanoyl, alkoxy-
carbonyl, amino, imino, alkylamino, acylamino, nitro, trif-
luoromethyl, triftuoromethoxy, carboxy, carboxyalkyl, keto,
thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*R”
and COOR”, wherein each R™ and R” are independently H,
alkyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl.

Examples of nitrogen heterocycles and heteroaryls
include, but are not limited to, pyrrole, imidazole, pyrazole,
pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoin-
dole, indole, indazole, purine, quinolizine, isoquinoline,
quinoline, phthalazine, naphthylpyridine, quinoxaline,
quinazoline, cinnoline, pteridine, carbazole, carboline,
phenanthridine, acridine, phenanthroline, isothiazole, phena-
zine, isoxazole, phenoxazine, phenothiazine, imidazolidine,
imidazoline, piperidine, piperazine, indoline, morpholino,
piperidinyl, tetrahydrofuranyl, and the like as well as
N-alkoxy-nitrogen containing heterocycles. In one specific
embodiment of the invention, the nitrogen heterocycle can be
3-methyl-5,6-dihydro-4H-pyrazino[3,2,1-jk]carbazol-3-ium
iodide.

Another class of heterocyclics is known as “crown com-
pounds” which refers to a specific class of heterocyclic com-
pounds having one or more repeating units of the formula
[—(CH,—),A-] where a is equal to or greater than 2, and A at
each separate occurrence can be O, N, S or P. Examples of
crown compounds include, by way of example only,
[(CH,)s—NH—1,, [—(CH,),—0),—(CH,),—NH),]
and the like. Typically such crown compounds can have from
4 to 10 heteroatoms and 8 to 40 carbon atoms.

The term “alkanoyl” refers to C(—O)R, wherein R is an
alkyl group as previously defined.

The term “acyloxy” refers to —O—C(—O)R, whereinR is
an alkyl group as previously defined. Examples of acyloxy
groups include, but are not limited to, acetoxy, propanoyloxy,
butanoyloxy, and pentanoyloxy. Any alkyl group as defined
above can be used to form an acyloxy group.

The term “alkoxycarbonyl” refers to C(—O)OR, wherein
R is an alkyl group as previously defined.

The term “amino” refers to —NH,, and the term “alky-
lamino” refers to —NR,, wherein at least one R is alkyl and
the second R is alkyl or hydrogen. The term “acylamino”
refers to RC(—O)N, wherein R is alkyl or aryl.

The term “imino” refers to —C—NH.

The term “nitro” refers to —NO.,.

The term “trifluoromethyl” refers to —CF;.

The term “trifluoromethoxy” refers to —OCF ;.

The term “cyano” refers to —CN.

The term “hydroxy” or “hydroxyl” refers to —OH.

The term “oxy” refers to —O—.

The term “thio” refers to —S—.
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The term “thioxo” refers to (—S).

The term “keto” refers to (—0).

As to any of the above groups, which contain one or more
substituents, it is understood, of course, that such groups do
not contain any substitution or substitution patterns which are
sterically impractical and/or synthetically non-feasible. In
addition, the compounds of this invention include all stere-
ochemical isomers arising from the substitution of these com-
pounds.

Selected substituents within the compounds described
herein are present to a recursive degree. In this context,
“recursive substituent” means that a substituent may recite
another instance of itself. Because of the recursive nature of
such substituents, theoretically, a large number may be
present in any given claim. One of ordinary skill in the art of
medicinal chemistry understands that the total number of
such substituents is reasonably limited by the desired prop-
erties of the compound intended. Such properties include, by
of example and not limitation, physical properties such as
molecular weight, solubility or log P, application properties
such as activity against the intended target, and practical
properties such as ease of synthesis.

Recursive substituents are an intended aspect of the inven-
tion. One of ordinary skill in the art of medicinal and organic
chemistry understands the versatility of such substituents. To
the degree that recursive substituents are present in an claim
of the invention, the total number will be determined as set
forth above.

The compounds described herein can be administered as
the parent compound, a pro-drug of the parent compound, or
an active metabolite of the parent compound.

“Pro-drugs” are intended to include any covalently bonded
substances which release the active parent drug or other for-
mulas or compounds of the present invention in vivo when
such pro-drug is administered to a mammalian subject. Pro-
drugs of a compound of the present invention are prepared by
modifying functional groups present in the compound in such
a way that the modifications are cleaved, either in routine
manipulation in vivo, to the parent compound. Pro-drugs
include compounds of the present invention wherein a carbo-
nyl, carboxylic acid, hydroxy or amino group is bonded to any
group that, when the pro-drug is administered to a mamma-
lian subject, cleaves to form a free carbonyl, carboxylic acid,
hydroxy or amino group. Examples of pro-drugs include, but
are not limited to, acetate, formate and benzoate derivatives of
alcohol and amine functional groups in the compounds of the
present invention, and the like.

“Metabolite” refers to any substance resulting from bio-
chemical processes by which living cells interact with the
active parent drug or other formulas or compounds of the
present invention in vivo, when such active parent drug or
other formulas or compounds of the present are administered
to a mammalian subject. Metabolites include products or
intermediates from any metabolic pathway.

“Metabolic pathway” refers to a sequence of enzyme-me-
diated reactions that transform one compound to another and
provide intermediates and energy for cellular functions. The
metabolic pathway can be linear or cyclic.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings.
It is therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described herein.

Methods of the Invention

The present invention provides a method for screening for
compounds that prevent or inhibit viral infection, e.g., prevent
or inhibit viral binding to a host cell surface molecule, e.g.,
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receptor, or prevent or inhibit viral membrane fusion with
host cell membrane(s). In one embodiment, the screening
method includes contacting cells permissive for viral infec-
tion with one or more test agents and a recombinant virus,
e.g., a pseudotyed virus or a replication defective, e.g., bio-
logically contained, virus to identify agents that prevent or
inhibit viral infection. In one embodiment, cells are first con-
tacted with one or more test agents and then with a recombi-
nant virus to identify agents that prevent or inhibit viral infec-
tion. In one embodiment, cells are contacted with a
recombinant virus and then with one or more test agents. The
methods thus identify compounds that may be used alone or
in conjunction with other anti-virals, or other prophylactic or
therapeutic compounds.

Agents identified as having anti-viral properties, e.g.,
agents identified in the screening methods of the invention as
having anti-viral properties, are useful in methods to prevent,
inhibit or treat viral infection in a mammal. For example, a
dopamine antagonist identified as useful to inhibit viral infec-
tion or replication in vitro may be employed to prevent,
inhibit or treat viral infection in vivo.

Exemplary Viruses Useful in Methods of the Invention

The invention provides isolated vectors, e.g., plasmids,
which encode proteins of negative-sense, single stranded
RNA viruses and/or express VRNA from recombinant nucleic
acid corresponding to sequences for mutant negative-sense,
single stranded RNA viruses. In one embodiment, when
introduced into a cell, a combination of these vectors is
capable of yielding recombinant infectious, biologically con-
tained virus. Thus, the invention includes host cells that pro-
duce recombinant infectious, biologically contained virus. In
one embodiment, the invention provides isolated vectors,
e.g., plasmids, which encode filovirus proteins and/or express
mutant filovirus VRNA which, when introduced into a cell,
are capable of yielding recombinant infectious, biologically
contained filovirus. In one embodiment, the invention pro-
vides isolated vectors, e.g., plasmids, which express mutant
negative sense VRNA having reporter sequences and lacking
viral glycoprotein sequence and vectors that encode filovirus
glycoprotein and optionally non-filovirus proteins which,
when introduced into a cell, are capable of yielding a pseudot-
yped recombinant virus. The invention includes host cells that
transiently or stably produce the recombinant virus, including
helper cells, and isolated recombinant virus prepared by the
methods disclosed herein.

Thus, vectors of the invention include those for mRNA
production and vRNA production. In one embodiment, the
vectors include filovirus DNA, for example, vectors for
mRNA production with sequences corresponding to one or
more open reading frames encoding filovirus proteins, or
vectors for VRNA production that include a deletion of the
full-length genomic sequence, which deletion includes inter-
nal filovirus sequences corresponding to at least a portion of
one open reading frame. The RNA produced from the vRNA
vector is capable of being packaged into virions in the pres-
ence of filovirus proteins but as part of the resulting virion, is
not capable of being replicated and so does not result in virus
production when that virion is introduced to a cell that other-
wise supports filovirus replication and which cell does not
express at least one filovirus protein in trans, e.g., a cell that is
not a filovirus helper cell.

For example, Ebolaviruses possess a negative-sense, non-
segmented RNA genome, approximately 19 kilobases in
length that encodes seven structural proteins and at least one
non-structural protein (Sanchez et al., 2007). NP, viral protein
(VP)35, VP30, and L, the RNA-dependent RNA polymerase,
are components of the nucleocapsid involved in viral replica-



US 9,222,118 B2

23

tion and transcription (Muhlberger et al., 1999). VP40 is the
matrix protein and is involved in viral budding (Harty et al.,
2000; Panchal et al., 2003). VP24 is involved in the formation
of nucleocapsids composed of NP, VP35 and viral RNA
(Huang et al., 2002). The only viral surface glycoprotein, GP,
plays a role in viral attachment and entry (Chan et al., 2001;
Manicassamy et al., 2005; Shimojima et al., 2006; Chandran
et al., 2005). Candidate sequences for deletion/mutation and
optional replacement with heterologous sequences include
but are not limited to Ebola virus VP30 sequences or corre-
sponding sequences in other negative-sense, single stranded
RNA viruses, e.g., sequences for nonstructural, nonpoly-
merase and/or nonglycosylated viral proteins. Although dele-
tions in other Ebola virus sequences, i.e., in GP and VP40,
were prepared, only deletions in VP30 sequences resulted in
virus that could be recovered. However, deletions in
sequences that do not correspond to VP30 sequences in other
negative-sense, single stranded RNA viruses may yield infec-
tious, biologically contained virus that is useful in vaccines or
in drug screening.

The vectors may include gene(s) or portions thereof other
than those of a negative-sense, single stranded RNA virus
such as a filovirus (heterologous sequences), which genes or
portions thereof are intended to be expressed in a host cell,
either as a protein or incorporated into VRNA. Thus, a vector
of the invention may include in addition to viral sequences,
for instance, filovirus sequences, a gene or open reading
frame of interest, e.g., a heterologous gene for an immuno-
genic peptide or protein useful as a vaccine or a therapeutic
protein.

To express VRNA, e.g., mutant vVRNA, the promoter which
is operably linked to viral and reporter gene sequences, which
may be in antisense (antigenomic orientation for negative-
sense viruses), may be, for example, a RNA polymerase [
promoter, a RNA polymerase II promoter, a RNA polymerase
1T promoter, a T7 promoter, or a T3 promoter. The transcrip-
tion termination sequence may be a RNA polymerase I tran-
scription termination sequence, a RNA polymerase I tran-
scription termination sequence, a RNA polymerase III
transcription termination sequence, or a ribozyme.

Any promoter may be employed to express a viral protein.
A promoter for the vectors includes but is not limited to a
RNA polymerase [ promoter, a RNA polymerase II promoter,
a RNA polymerase 11l promoter, a T7 promoter, and a T3
promoter. Each vector comprising an open reading frame may
include a transcription termination sequence such as a RNA
polymerase 1 transcription termination sequence, a RNA
polymerase II transcription termination sequence, a RNA
polymerase III transcription termination sequence, or a
ribozyme. Preferred promoters for the vectors for vVRNA
include, but are not limited to, a RNA polymerase I promoter,
a RNA polymerase Il promoter, a RNA polymerase III pro-
moter, a T7 promoter, and a T3 promoter. In one embodiment,
the vector or plasmid which expresses VRNA comprises a
promoter, e.g., a RNA polymerase I, suitable for expression in
aparticularhost cell, e.g., avian or mammalian host cells such
as canine, feline, equine, bovine, ovine, or primate cells
including human cells. In one embodiment, the RNA poly-
merase | promoter is a human RNA polymerase [ promoter.
The vectors or plasmids comprising DNA useful to prepare
influenza vRNA may comprise RNA polymerase I transcrip-
tion termination sequences. Preferred transcription termina-
tion sequences for the vectors for VRNA include, but are not
limited to, a RNA polymerase I transcription termination
sequence, a RNA polymerase II transcription termination
sequence, or a RNA polymerase III transcription termination
sequence, or a ribozyme.
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If more than one vector is employed, the vectors may be
physically linked or each vector may be present on an indi-
vidual plasmid or other, e.g., linear, nucleic acid delivery
vehicle. The vectors or plasmids may be introduced to any
hostcell, e.g., aeukaryotic cell such as a mammalian cell, that
supports viral replication. Host cells useful to prepare virus of
the invention include but are not limited to insect, avian or
mammalian host cells such as canine, feline, equine, bovine,
ovine, or primate cells including simian or human cells. In
one embodiment, the host cell is one that is approved for
vaccine production.

The viruses produced by methods described herein are
useful in viral mutagenesis studies, drug screening and in the
production of vaccines (e.g., for AIDS, influenza, hepatitis B,
hepatitis C, rhinovirus, filoviruses, malaria, herpes, and foot
and mouth disease) and gene therapy vectors (e.g., for cancer,
AIDS, adenosine deaminase, muscular dystrophy, ornithine
transcarbamylase deficiency and central nervous system
tumors). In particular, infectious, biologically contained
filovirus of the invention which induces strong humoral and
cellular immunity may be employed as a vaccine vector, as
they are unlikely to give rise to infectious recombinant virus.

Thus, a virus for use in medical therapy (e.g., for a vaccine
or gene therapy) is provided. For example, the invention
provides a method to immunize an animal against a pathogen,
e.g., a bacteria, virus such as Ebola virus, or parasite, or a
malignant tumor. The method comprises administering to the
animal an effective amount of at least one isolated virus of the
invention which encodes and expresses, or comprises nucleic
acid for an immunogenic peptide or protein of a pathogen or
tumor, optionally in combination with an adjuvant, effective
to immunize the animal.

To prepare expression cassettes for transformation herein,
the recombinant DNA sequence or segment may be circular
or linear, double-stranded or single-stranded. A DNA
sequence which encodes an RNA sequence that is substan-
tially complementary to a mRNA sequence encoding a gene
product of interest is typically a “sense” DNA sequence
cloned into a cassette in the opposite orientation (i.e., 3(] to
500 rather than 5[] to 3[7). Generally, the DNA sequence or
segment is in the form of chimeric DNA, such as plasmid
DNA, that can also contain coding regions flanked by control
sequences which promote the expression of the DNA ina cell.
As used herein, “chimeric” means that a vector comprises
DNA from at least two different species, or comprises DNA
from the same species, which is linked or associated in a
manner which does not occur in the “native” or wild-type of
the species.

Aside from DNA sequences that serve as transcription
units, or portions thereof, a portion of the DNA may be
untranscribed, serving a regulatory or a structural function.
For example, the DNA may itself comprise a promoter that is
active in eukaryotic cells, e.g., mammalian cells, or in certain
cell types, or may utilize a promoter already present in the
genome that is the transformation target of the lymphotropic
virus. Such promoters include the CMV promoter, as well as
the SV40 late promoter and retroviral LTRs (long terminal
repeat elements), e.g., the MMTV, RSV, MLV or HIV LTR,
although many other promoter elements well known to the art
may be employed in the practice of the invention.

Other elements functional in the host cells, such as introns,
enhancers, polyadenylation sequences and the like, may also
be a part of the recombinant DNA. Such elements may or may
not be necessary for the function of the DNA, but may provide
improved expression of the DNA by affecting transcription,
stability of the mRNA, or the like. Such elements may be
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included in the DNA as desired to obtain the optimal perfor-
mance of the transforming DNA in the cell.

The recombinant DNA to be introduced into the cells may
contain either a selectable marker gene or a reporter gene or
both to facilitate identification and selection of transformed
cells from the population of cells sought to be transformed.
Alternatively, the selectable marker may be carried on a sepa-
rate piece of DNA and used in a co-transformation procedure.
Both selectable markers and reporter genes may be flanked
with appropriate regulatory sequences to enable expression in
the host cells. Useful selectable markers are well known in the
art and include, for example, antibiotic and herbicide-resis-
tance genes, such as neo, hpt, dhft, bar, aroA, puro, hyg, dapA
and the like. See also, the genes listed on Table 1 of Lundquist
et al. (U.S. Pat. No. 5,848,956).

Reporter genes are used for identifying potentially trans-
formed cells and for evaluating the functionality ofregulatory
sequences. Reporter genes which encode for easily assayable
proteins are well known in the art. In general, a reporter gene
is a gene which is not present in or expressed by the recipient
organism or tissue and which encodes a protein whose
expression is manifested by some easily detectable property,
e.g., enzymatic activity. Exemplary reporter genes include the
chloramphenicol acetyl transferase gene (cat) from Tn9 of .
coli, the beta-glucuronidase gene (gus) of the uid A locus of £.
coli, the green, red, or blue fluorescent protein gene, and the
luciferase gene. Expression of the reporter gene is assayed at
a suitable time after the DNA has been introduced into the
recipient cells.

The general methods for constructing recombinant DNA
which can transform target cells are well known to those
skilled in the art, and the same compositions and methods of
construction may be utilized to produce the DNA useful
herein. For example, Sambrook et al., Molecular Cloning: A
Laboratory Manual (2002) provides suitable methods of con-
struction.

The recombinant DNA can be readily introduced into the
host cells, e.g., mammalian, yeast or insect cells, by transfec-
tion with an expression vector comprising the recombinant
DNA by any procedure useful for the introduction into a
particular cell, e.g., physical or biological methods, to yield a
transformed (transgenic) cell having the recombinant DNA
so that the DNA sequence of interest is expressed by the host
cell. In one embodiment, at least one of the recombinant DNA
which is introduced to a cell is maintained extrachromosoma-
Ily. In one embodiment, at least one recombinant DNA is
stably integrated into the host cell genome.

Physical methods to introduce a recombinant DNA into a
host cell include calcium-mediated methods, lipofection, par-
ticle bombardment, microinjection, electroporation, and the
like. Biological methods to introduce the DNA of interest into
a host cell include the use of DNA and RNA viral vectors.
Viral vectors, e.g., retroviral or lentiviral vectors, have
become a widely used method for inserting genes into
eukaryotic, such as mammalian, e.g., human, cells. Other
viral vectors useful to introduce genes into cells can be
derived from poxviruses, e.g., vaccinia viruses, herpes
viruses, adenoviruses, adeno-associated viruses, baculovi-
ruses, and the like.

To confirm the presence of the recombinant DNA sequence
in the host cell, a variety of assays may be performed. Such
assays include, for example, molecular biological assays well
known to those of skill in the art, such as Southern and
Northern blotting, RT-PCR and PCR; biochemical assays,
such as detecting the presence or absence of a particular gene
product, e.g., by immunological means (ELISAs and Western
blots) or by other molecular assays.
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To detect and quantitate RNA produced from introduced
recombinant DNA segments, RT-PCR may be employed. In
this application of PCR, it is first necessary to reverse tran-
scribe RNA into DNA, using enzymes such as reverse tran-
scriptase, and then through the use of conventional PCR
techniques amplify the DNA. In most instances PCR tech-
niques, while useful, will not demonstrate integrity of the
RNA product. Further information about the nature of the
RNA product may be obtained by Northern blotting. This
technique demonstrates the presence of an RNA species and
gives information about the integrity of that RNA. The pres-
ence or absence of an RNA species can also be determined
using dot or slot blot Northern hybridizations. These tech-
niques are modifications of Northern blotting and only dem-
onstrate the presence or absence of an RNA species.

While Southern blotting and PCR may be used to detect the
recombinant DNA segment in question, they do not provide
information as to whether the recombinant DNA segment is
being expressed. Expression may be evaluated by specifically
identifying the peptide products of the introduced DNA
sequences or evaluating the phenotypic changes brought
about by the expression of the introduced DNA segment in the
host cell.

The recombinant viruses described herein have modifica-
tions in genomic sequences relative to a corresponding wild-
type viral genome, i.e., the genome of the recombinant virus
has a modification which includes a deletion, and optionally
aninsertion, in a region corresponding to sequences for a viral
protein that is associated with transcription, is nonstructural
or nonglycosylated, or is a glycoprotein. The mutation in the
viral genome is effective to inhibit or prevent production of at
least one functional viral protein from that genome when
those sequences are present in a nontransgenic cell which
supports viral replication. In one embodiment, the deletion
includes from 1 up to thousands of nucleotides, e.g., 1%,
10%, 50%, 90% or more of sequences corresponding to the
coding region for the viral protein. In one embodiment, the
deleted sequences correspond to sequences with a substantial
identity, e.g., at least 80% or more, e.g., 85%, 90% or 95% and
up to 100% or any integer in between, nucleic acid sequence
identity, to VP30 sequences.

In one embodiment, the viral genome in an infectious,
replication-incompetent negative-sense, single-stranded
RNA virus of the invention includes a deletion in sequences
corresponding to those in a wild-type viral genome for a
protein that is associated with transcription or is nonstructural
or nonglycoslyated, or is a glycoprotein, and includes heter-
ologous sequences that are nontoxic to host cells including
cells in an organism to be immunized. In one embodiment, the
heterologous sequence is a marker sequence, a selectable
sequence or other sequence which is detectable or capable of
detection, e.g., GFP or luciferase, or a selectable gene such as
an antibiotic resistance gene, e.g., a hygromycin B resistance
gene or neomycin phosphotransferase gene, which marker
gene or selectable gene is not present in the host cell prior to
introduction of the vector.

Pharmaceutical Compositions

Pharmaceutical anti-viral compositions of the present
invention, suitable for administration, e.g., nasal, parenteral
or oral administration, such as by intravenous, intramuscular,
topical or subcutaneous routes, optionally further comprising
sterile aqueous or non-aqueous solutions, suspensions, and
emulsions. The compositions can further comprise auxiliary
agents or excipients, as known in the art. The composition of
the invention is generally presented in the form of individual
doses (unit doses).
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Preparations for parenteral administration include sterile
aqueous or non-aqueous solutions, suspensions, and/or emul-
sions, which may contain auxiliary agents or excipients
known in the art. Examples of non-aqueous solvents are pro-
pylene glycol, polyethylene glycol, vegetable oils such as
olive oil, and injectable organic esters such as ethyl oleate.
Carriers or occlusive dressings can be used to increase skin
permeability and enhance antigen absorption. Liquid dosage
forms for oral administration may generally comprise a lipo-
some solution containing the liquid dosage form. Suitable
forms for suspending liposomes include emulsions, suspen-
sions, solutions, syrups, and elixirs containing inert diluents
commonly used in the art, such as purified water. Besides the
inert diluents, such compositions can also include adjuvants,
wetting agents, emulsifying and suspending agents, or sweet-
ening, flavoring, or perfuming agents.

When a composition of the present invention is used for
administration to an individual, it can further comprise salts,
buffers, adjuvants, or other substances which are desirable for
improving the efficacy of the composition. For vaccines,
adjuvants, substances which can augment a specific immune
response, can be used. Normally, the adjuvant and the com-
position are mixed prior to presentation to the immune sys-
tem, or presented separately, but into the same site of the
organism being immunized.

In one embodiment, the pharmaceutical composition is
partofacontrolled release system, e.g., one having a pump, or
formed of polymeric materials (see Medical Applications of
Controlled Release, Langer and Wise (eds.), CRC Pres., Boca
Raton, Fla. (1974); Controlled Drug Bioavailability, Drug
Product Design and Performance, Smolen and Ball (eds.),
Wiley, New York (1984); Ranger & Peppas, J. Macromol. Sci.
Rev. Macromol. Chem., 23:61 (1983); see also Levy et al.,
Science, 228:190 (1985); During et al., Ann. Neurol., 25:351
(1989); Howard et al., J. Neurosurg., 71:105 (1989)). Other
controlled release systems are discussed in the review by
Langer (Science, 249:1527 (1990)).

The pharmaceutical compositions of the present invention
comprise a therapeutically effective amount of one or more
anti-viral compounds, for instance, those identified by the
screening methods of the invention, and a pharmaceutically
acceptable carrier. In a specific embodiment, the term “phar-
maceutically acceptable” means approved by a regulatory
agency of the Federal or a state government or listed in the
U.S. Pharmacopeia or other generally recognized pharma-
copeiae for use in animals, and more particularly in humans.
The term “carrier” refers to a diluent, adjuvant, excipient, or
vehicle with which the pharmaceutical composition is admin-
istered. Saline solutions and aqueous dextrose and glycerol
solutions can also be employed as liquid carriers, particularly
for injectable solutions. Suitable pharmaceutical excipients
include starch, glucose, lactose, sucrose, gelatin, malt, rice,
flour, chalk, silica gel, sodium stearate, glycerol monostear-
ate, talc, sodium chloride, dried skim milk, glycerol, propy-
lene, glycol, water, ethanol and the like. These compositions
can take the form of solutions, suspensions, emulsion, tablets,
pills, capsules, powders, sustained-release formulations and
the like. These compositions can be formulated as a supposi-
tory. Oral formulation can include standard carriers such as
pharmaceutical grades of mannitol, lactose, starch, magne-
sium stearate, sodium saccharine, cellulose, magnesium car-
bonate, etc. Examples of suitable pharmaceutical carriers are
described in “Remington’s Pharmaceutical Sciences” by E.
W. Martin. Such compositions will contain a therapeutically
effective amount of the virus, such as one in purified form,
together with a suitable amount of carrier so as to provide the
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form for proper administration to the patient. The formulation
should suit the mode of administration.

The compositions may be systemically administered, e.g.,
orally, in combination with a pharmaceutically acceptable
vehicle such as an inert diluent. For oral administration, the
compound(s) may be combined with one or more excipients
and used in the form of ingestible capsules, elixirs, suspen-
sions, syrups, wafers, and the like. Such compositions should
contain at least 0.1% of active compound. The percentage of
the compositions and preparations may, of course, be varied
and may conveniently be between about 2 to about 60% ofthe
weight of a given unit dosage form. The amount of active
compound in such useful compositions is such that an effec-
tive dosage level will be obtained.

The compositions may also contain the following: binders
such as gum tragacanth, acacia, corn starch or gelatin; excipi-
ents such as dicalcium phosphate; a disintegrating agent such
as corn starch, potato starch, alginic acid and the like; a
lubricant such as magnesium stearate; and a sweetening agent
such as sucrose, fructose, lactose or aspartame or a flavoring
agent such as peppermint, oil of wintergreen, or cherry fla-
voring may be added. Various other materials may be present.
For instance, a syrup or elixir may contain the virus, sucrose
or fructose as a sweetening agent, methyl and propylparabens
as preservatives, a dye and flavoring such as cherry or orange
flavor. Of course, any material used in preparing any unit
dosage form, including sustained-release preparations or
devices, should be pharmaceutically acceptable and substan-
tially non-toxic in the amounts employed. The composition
also be administered intravenously or intraperitoneally by
infusion or injection. Solutions of the compound(s)can be
prepared in water or a suitable buffer, optionally mixed with
a nontoxic surfactant. Dispersions can also be prepared in
glycerol, liquid polyethylene glycols, triacetin, and mixtures
thereof and in oils. Under ordinary conditions of storage and
use, these preparations contain a preservative to prevent the
growth of undesirable microorganisms.

The pharmaceutical dosage forms suitable for injection or
infusion can include sterile aqueous solutions or dispersions
or sterile powders comprising the active ingredient which are
adapted for the extemporaneous preparation of sterile inject-
able or infusible solutions or dispersions, optionally encap-
sulated in liposomes. In all cases, the ultimate dosage form
should be sterile, fluid and stable under the conditions of
manufacture and storage. The liquid carrier or vehicle can be
a solvent or liquid dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like),
vegetable oils, nontoxic glyceryl esters, and suitable mixtures
thereof. The proper fluidity can be maintained, for example,
by the formation of liposomes, by the maintenance of the
required particle size in the case of dispersions or by the use
of surfactants. The prevention of the action of undesirable
microorganisms can be brought about by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, and the like. In many cases, it
may be preferable to include isotonic agents, for example,
sugars, buffers or sodium chloride.

Sterile injectable solutions are prepared by incorporating
the compound(s) in the required amount in the appropriate
solvent with various of the other ingredients enumerated
above, as required, followed by filter sterilization.

Useful liquid carriers include water, alcohols or glycols or
water-alcohol/glycol  blends, in which the present
compound(s) can be dissolved or dispersed at effective levels,
optionally with the aid of non-toxic surfactants. Adjuvants
such as fragrances and additional antimicrobial agents can be
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added to optimize the properties for a given use. The resultant
liquid compositions can be applied from absorbent pads, used
to impregnate bandages and other dressings, or sprayed onto
the affected area using pump-type or acrosol sprayers.

Useful dosages of the compositions of the invention can be
determined by comparing their in vitro activity and in vivo
activity in animal models.

Pharmaceutical Purposes

The administration of the composition may be for either a
“prophylactic” or “therapeutic” purpose. When provided pro-
phylactically, the compositions of the invention are provided
before any symptom or clinical sign of a pathogen infection
becomes manifest. The prophylactic administration of the
composition serves to prevent or attenuate any subsequent
infection.

When provided therapeutically, the compositions of the
invention are provided upon the detection of a symptom or
clinical sign of actual infection. The therapeutic administra-
tion of the compound(s) serves to attenuate any actual infec-
tion.

Thus, a composition of the present invention may be pro-
vided either before the onset of infection (so as to prevent or
attenuate an anticipated infection) or after the initiation of an
actual infection.

A composition is said to be “pharmacologically accept-
able” if its administration can be tolerated by a recipient
mammal. Such an agent is said to be administered in a “thera-
peutically effective amount™ if the amount administered is
physiologically significant. A composition of the present
invention is physiologically significant if its presence results
in a detectable change in the physiology of a recipient patient,
e.g., enhances at least one primary or secondary humoral or
cellular immune response against at least one strain of a virus.

The “protection” provided need not be absolute, i.e., the
infection need not be totally prevented or eradicated, if there
is a statistically significant improvement compared with a
control population or set of mammals. Protection may be
limited to mitigating the severity or rapidity of onset of symp-
toms or clinical signs of the virus infection.

Exemplary Compounds and Formulations

Compounds useful in methods of the invention include, but
are not limited to, triphenylethylenes, tamoxifen and deriva-
tives thereof such as raloxifene and clomiphene, calcium
channel blockers, tetranortriterpenoids, antipsychotics,
sigma receptor agonists, anticholinergics, steroids, inhibitor
of calcium-independent phospholipase A, inhibitors of mag-
nesium-dependent phosphatidate phosphohydrolase, inhibi-
tors of the inducible microsomal PGE, synthase, inhibitors of
Hsp90, and dopamine antagonists.

In one embodiment, the compound may be a compound of
formula (I):

@
RZ
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wherein

X is O or NH;

each R! is independently aryl, heteroaryl, (C,-C ,)alkyl, or
(C,-Cypalkaryl;

R?is (C,-C,y)alkyl; and

any aryl, heteroaryl, alkyl of R' and R* can optionally be
substituted with one or more (e.g., one, two, three, four, five,
etc.) hydroxy, halo, carboxy, nitro, amino, phenyl, or trifluo-
romethyl groups;

or a salt thereof.

The various salts of formula I, and of formulas II-VII
below, can be formed from, for example, pharmaceutically
acceptable acids such as methane sulfonic acid, benzene sul-
fonic acid, or toluene sulfonic acid. In one specific embodi-
ment, the compound of formula (I) is benztropine mesylate:

Me

'CH3SO3H.

0. Ph

T

Ph

In another embodiment, the compound may be a com-
pound of formula (II):

an

wherein

each R' is independently hydrogen, hydroxy, halo, car-
boxy, nitro, amino, trifluoromethyl, aryl, heteroaryl, (C,-C,,)
alkyl, or (C,-C,)alkaryl; and

any aryl, heteroaryl, or alkyl of R! can optionally be sub-
stituted with one or more (e.g., one, two, three, four, five, etc.)
hydroxy, halo, carboxy, nitro, amino, phenyl, or trifluorom-
ethyl groups;

or a salt thereof.

In one specific embodiment, the compound of formula (II)
may be Fluspirilene (8-[4,4-bis(4-fluorophenyl)butyl]-1-
phenyl-1,3,8-triazaspiro[4.5]decan-4-one):
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XL
A A
&

F

F

In another embodiment, the compound may be a com-
pound of formula (III):

(1)

A

/\/

wherein
Xis O or NH;
eachY is independently hydrogen or halo;

each R! is independently hydrogen, hydroxy, halo, car-
boxy, nitro, amino, trifluoromethyl, aryl, heteroaryl, (C,-C,,)
alkyl, or (C,-C,)alkaryl; and

any aryl, heteroaryl, or alkyl of R can optionally be sub-
stituted with one or more (e.g., one, two, three, four, five, etc.)
hydroxy, halo, carboxy, nitro, amino, phenyl, or trifluorom-
ethyl groups;

or a salt thereof.

In one specific embodiment, the compound of formula (I1I)
may be B1552 bromoenol lactone:

Br.

In another embodiment, the compound may be a com-
pound of formula (IV):
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av
Me

Me

wherein
each R* is independently —X—R?;
each X is independently O, NH, or a direct bond;

each R? is independently hydrogen, hydroxy, halo, car-
boxy, nitro, amino, trifluoromethyl, aryl, heteroaryl, (C,-C,)
alkyl, or (C,-C,)alkaryl; and

any aryl, heteroaryl, or alkyl of R* can optionally be sub-
stituted with one or more (e.g., one, two, three, four, five, etc.)
hydroxy, halo, nitro, amino, phenyl, or trifluoromethyl
groups;

or a salt thereof.

Inone specific embodiment, the compound of formula (IV)
may be cortexolone:

OH.
Me

oH
Me

In another embodiment, the compound may be a com-
pound of formula (V):

V)

wherein
each R! is independently —X—R?;
each X is independently O, NH, or a direct bond;

each R? is independently hydrogen, hydroxy, halo, car-
boxy, nitro, amino, trifluoromethyl, aryl, heteroaryl, (C,-C,)
alkyl, or (C,-C,)alkaryl; and

any aryl, heteroaryl, or alkyl of R* can optionally be sub-
stituted with one or more (e.g., one, two, three, four, five, etc.)
hydroxy, halo, carboxy, nitro, amino, phenyl, or trifluorom-
ethyl groups;

or a salt thereof.

In one specific embodiment, the compound of formula (V)
may be (R,R)-cis-diethyltetrahydro-2,8-chrysenediol:
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In another embodiment, the compound may be a com-
pound of formula (VI):

VD

wherein

each R is independently —X—R?;

each X is independently O, NH, or a direct bond;

each R? is independently hydrogen, hydroxy, halo, car-
boxy, nitro, amino, trifluoromethyl, carboxy, aryl, heteroaryl,
(C,-C,p)alkyl, or (C,-C,)alkaryl; and

any aryl, heteroaryl, or alkyl of R? can optionally be sub-
stituted with one or more (e.g., one, two, three, four, five, etc.)
hydroxy, halo, carboxy, nitro, amino, phenyl, or trifluorom-
ethyl groups;

or a salt thereof.

In two specific embodiments, the compound of formula
(VI) may be:

Me

In another embodiment, the compound may be a com-
pound of formula (VII):
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(VID)
Ve
5
N
AR
/X
wherein
each R! is independently —X—R?;

each X is independently O, NH, or a direct bond;

each R? is independently hydrogen, hydroxy, halo, car-
boxy, nitro, amino, trifluoromethyl, carboxy, aryl, heteroaryl,
(C,-C,p)alkyl, or (C,-C,)alkaryl; and

any aryl, heteroaryl, or alkyl of R* can optionally be sub-
stituted with one or more (e.g., one, two, three, four, five, etc.)
hydroxy, halo, carboxy, nitro, amino, phenyl, or trifluorom-
ethyl groups;

or a salt thereof.

In one specific embodiment, the compound of formula
(VID) may be L-687,384 (1-benzyl-spiro(1,2,3,4-tetrahy-
dronaphthalene-1,4-piperidine):

In another embodiment, the compound may be a com-
pound of formula (VIII)

(VIID)

(RHR*N(CH),0,

wherein Z is C—O0 or a covalent bond; Y is H or O(C,-C,)
alkyl, R' and R? are individually (C,-C,)alkyl or together
with N are a saturated heterocyclic group, R? is ethyl or
chloroethyl, R*is H,R” is I, O (C,-C,)alkyl or Hand R®is 1,
O(C,-Calkyl or H with the proviso that when R*, R®>, and R®
are H, R is not ethyl; or a pharmaceutically acceptable salt,
including mixtures thereof.

In another embodiment, the compound can be a compound
of formula (IX):
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Ix)

wherein

Ar is a substituted or unsubstituted aryl or heteroaryl moi-
ety;

X is —O—, —NH—, —NRx-, —CH,—, —CHRx-, or
—C(Rx),-, wherein Rx is a hydrogen, a halogen, a protecting
group, an aliphatic moiety, a heteroaliphatic moiety, an acyl
moiety; an aryl moiety; a heteroaryl moiety; hydroxy, alkoxy;
aryloxy; thioxy; alkylthio; arylthio; heteroaryloxy; or het-
eroarylthio moiety;

adashed line represents either the presence or absence of a
bond;

R, is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; —OH; —OR,; —C(—O)R_;
—CHO; —CO,H; —CO,R,; —CN; —SCN; —SR;
—SOR;; —SO,R,; —NO,; —N;; —NH,; —NHR;
—N®R,),; —NHC(=O)R,; —NR,C(=O)R,; —NR,C
(=ON(R ,),; —OC(=0O)OR ;; —OC(=O)R ;; —OC(=0)
NR),; —NR_ ,C(—O)OR ; or —C(R,);; wherein each
occurrence of R, is independently a hydrogen, a halogen, a
protecting group, an aliphatic moiety, a heteroaliphatic moi-
ety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
hydroxy, alkoxy; aryloxy; thioxy; alkylthio; arylthio; amino,
alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio
moiety;

R, is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; —OH; —ORB; —C(—O0)Rg;
—CHO; —CO,H; —CO,R; —CN; —SCN; —SRg;
—SORB; —SO,R;; —NO,; —N;; —NH,; —NHRy;
—N(Rp)y; —NHC(=O)R,; —NR,C(—O)Rj; —NR,C
(=OIN(Rp); —OC(=O)N(Rp)2; —NRzC(=0)OR; or
—C(Rp);; wherein each occurrence of RB is independently a
hydrogen, a halogen, a protecting group, an aliphatic moiety,
a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a
heteroaryl moiety; hydroxy, alkoxy; aryloxy; thioxy; alky-
Ithio; arylthio; amino, alkylamino, dialkylamino, heteroary-
loxy; or heteroarylthio moiety; or

R, and R, taken together form an epoxide ring, aziridine
ring, cyclopropyl ring, or a bond of a carbon-carbon double
bond;

R; is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or

20

25

30

35

40

45

50

55

60

65

36

unbranched heteroaryl;, —OH; —OR_.; —C(—=O)R;
—CHO; —CO,H; —CO,R; —CN; —SCN; —SR;
—SOR; —SO,R; —NO,; —N;; —NH,; —NHR;
—N(Rp)»; —NHC(=O)R.; —NR.C(=O)R,; —NRC
(OINR(),; —OC(=0O)OR,; —OC(=O)R.; —OC
(=ONR),; —NRC(=0O)OR_; or —C(R,);; wherein
each occurrence of R is independently a hydrogen, a halo-
gen, a protecting group, an aliphatic moiety, a heteroaliphatic
moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
hydroxy, alkoxy; aryloxy; thioxy; alkylthio; arylthio; amino,
alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio
moiety;

R, is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl;, —OH; —OR,; —C(—0)R,;
—CHO; —CO,H; —CO,R,; —CN; —SCN; —SR,;
—SOR,; —SO,R,; —NO,; —N;; —NH,; —NHR,;;
—N(Rp),; —NHC(=OR,; —NR,C(—=O)R,; NR,C
(—ONRp),; —OC(—O0)OR,; —OC(—O)R,; —OC
(FOINRp),; —OC(=0)OR,; —OC(=O)Rp; —OC
(=O)NRp),; —NR,C(—O0)OR,; or —C(R);; wherein
each occurrence of R, is independently a hydrogen, a halo-
gen, a protecting group, an aliphatic moiety, a hetero aliphatic
moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
hydroxy, alkoxy; aryloxy; thioxy; alkylthio; arylthio; amino,
alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio
moiety;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl;, —OH; —OR;; —C(—O0)R;
—CHO; —CO,H; —CO,Rz; —CN; —SCN; —SRg;
—SOR;; —SO,R;; —NO,; —N;; —NH,; —NHR;
—N(Rp)y; —NHC(=O)R; —NR,C(—O)Ry; —NR,C
(—O)N(Rp),; —OC(—O)OR; —OC(—O)R; —OC(—0)
N(Ry),; —NRC(—O)OR,; or —C(Ry);; wherein each
occurrence of R is independently a hydrogen, a halogen, a
protecting group, an aliphatic moiety, a heteroaliphatic moi-
ety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
hydroxy, alkoxy; aryloxy; thioxy; alkylthio; arylthio; amino,
alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio
moiety;

R is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl;, —OH; —OR,; —C(—O)Ry;
—CHO; —CO,H; —CO,Rz; —CN; —SCN; —SRy;
—SORg; —SO,R; —NO,; —N;; —NH,; —NHRy;
—N(Rp)y; —NHC(=O)R;; —NR,C(—O)R;; —NR,C
(=ON(Rf),; —OC(=0)ORz; —OC(=O)Rz; —OC(=0)
Rys —OC(—ON((Ry)5; —NRC(—O0)OR; or —C(R,)s:
wherein each occurrence of RF is independently a hydrogen,
a halogen, a protecting group, an aliphatic moiety, a het-
eroaliphatic moiety, an acyl moiety; an aryl moiety; a het-
eroaryl moiety; hydroxy, alkoxy; aryloxy; thioxy; alkylthio;
arylthio; amino, alkylamino, dialkylamino, heteroaryloxy; or
heteroarylthio moiety;



US 9,222,118 B2

37

R, is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl;, —OH; —OR,; —C(—O)Rg;
—CHO; —CO,H; —CO,R4; —CN; —SCN; —SRg;
—SOR,;; —SO,R5;; —NO,; —N;; —NH,; —NHR;
—NRy),; —NHC(=O)Rg; —NRC(=O)Ry; —NR,C
(=ONRg),; —OC(=0)OR;; —OC(=O)Rg; —OC
(=O)N(Ry),; —NR;C(—0O)OR4;; or —C(R)5; wherein
each occurrence of R, is independently a hydrogen, a halo-
gen, a protecting group, an aliphatic moiety, a heteroaliphatic
moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
hydroxy, alkoxy; aryloxy; thioxy; alkylthio; arylthio; amino,
alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio
moiety;

Ry is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or [mu]nsubstituted, branched or
unbranched heteroaliphatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or unsubstituted,
branched or unbranched aryl; substituted or unsubstituted,
branched or unbranched heteroaryl; —OH; —OR,;
—C(=0O)Ry; —CHO; —CO,H; —CO,R,;; —CN; —SCN;
—SRg —SORy; —SO,Ry —NO,; —Ni; —NH;
—NHR,; —N(Ry),; —NHC(—O)R,; —NR,C(—O)Ry;:
—NR,(C—=0O)N(2R,),; —OC(—O)OR,; —O(C—=0)R,;
—NR,C(—0)OR; or —C(R,,);; wherein each occurrence
of R;; is independently a hydrogen, a halogen, a protecting
group, an aliphatic moiety, a heteroaliphatic moiety, an acyl
moiety; an aryl moiety; a heteroaryl moiety; hydroxy, alkoxy;
aryloxy; thioxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety;

R, is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; —OH; —OR;; —0O; —C(—O)R;
—CHO; —CO,H; —CO,R;; —CN; —SCN; —S8Rj
—SOR,; —SO,R; —NO,; —N;; —NH,; —NHRj
—N(R),; —NHC(—O)R;; —NR,C(—O)R;; —NR,C(—O)
N(RI),; —OC(—O)OR; —OC(—O)R;; —OC(—O)N(R),:
—NR,C(—0)OR,; or —C(R,),; wherein each occurrence of
R,isindependently a hydrogen, a halogen, a protecting group,
an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heteroaryl moiety; hydroxy, alkoxy; ary-
loxy; thioxy; alkylthio; arylthio; amino, alkylamino, dialky-
lamino, heteroaryloxy; or heteroarylthio moiety;

R,, is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or
unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; —OH; —OR ; —0O; —C(—O0)R 5
—CHO; —CO,H; —CO,R,; —CN; —S8CN; —SRj
—SOR,; —SO,R;; —NO,; —N;; —NH,; —NHR
—NR,); —NHC(=OR,; —NR,C(=OR,; —NR,C
(—O)N(R,),; —OC(—O)OR,; —OC(—O)R ; —OC(—0)
N(R,),; —NR,C(—O)OR,; or —C(R);; wherein each
occurrence of R is independently a hydrogen, a halogen, a
protecting group, an aliphatic moiety, a heteroaliphatic moi-
ety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
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hydroxy, alkoxy; aryloxy; thioxy; alkylthio; arylthio; amino,
alkylamino, dialkylamino, heteroaryloxy; or hetero arylthio
moiety;

R,, is hydrogen, halo, hydroxy, or a carbonyl;
orapharmaceutically acceptable salt, stereoisomer, tautomer,
or pro-drug thereof.

In yet another embodiment, the compound (e.g., the com-
pound of formula IX) can be a compound of formula (X):

)

wherein

R, is hydrogen; hydroxy; oxo (—O); or acetyl-protected
hydroxyl; and

R, is hydrogen; hydroxy; oxo (—O); or acetyl-protected
hydroxyl.

In various embodiments, compounds of formulas (IX) and
(X) can include gedunin, gedunol, epoxygedunin, 1,2a-ep-
oxy-7-deacetoxy-7-oxodihydrogedunin,  dihydrogedunin,
3p-acetoxydeoxodihydrogedunin, 3a-hydroxydeoxodihy-
drogedunin, deacetoxy-7-oxogedunin, 3f-hydroxydeoxodi-
hydrogedunin, deacetoxy-7-oxogedunin, 1,2c-epoxydeac-
etoxydihydrogedunin, 3p-hydroxydeoxydesacetoxy-7-
oxogedunin, 7-deacetoxy-3-deacetyl-7-oxokhivorin, 1,3-
dideacetyl-7-deacetoxy-7-oxokhivorin,
tridesacetoxykhivorin, 1,3-dideacetylkhivorin,
Heudelottin C.

In another embodiment, the compound can be a compound
of formula (XI):

and/or

XD

wherein

R'is —X—R™;

X is O, NH, or a direct bond;

R¥ is hydrogen, hydroxy, halo, carboxy, nitro, amino, trif-
luoromethyl, aryl, heteroaryl, (C,-C,,)alkyl, (C,-C,)alk-
enyl, or (C,-C,)alkylaryl;

R? is hydrogen, trifluoromethyl, aryl, heteroaryl, (C,-C,)
alkyl, (C,-C,)alkenyl, (C,-C,)alkylaryl, or an oxygen pro-
tecting group;
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R? is hydrogen, triftuoromethyl, aryl, heteroaryl, (C,-C,,)
alkyl, (C,-C,yalkenyl, (C,-C,)alkylaryl, or an oxygen pro-
tecting group;

R* is hydrogen, triftuoromethyl, aryl, heteroaryl, (C,-C,,)
alkyl, (C,-C,yalkenyl, (C,-C,)alkylaryl, or an oxygen pro-
tecting group; and

any aryl, heteroaryl, or alkyl (e.g., of R*, R*, R?, or R*) can
optionally be substituted with one or more (e.g., one, two,
three, four, five, etc.) hydroxy, halo, carboxy, nitro, amino,
(C,-C,p)alkylamino, di(C,-C,)alkylamino, (C,-C,,)alk-
enyl, (C,-C,y)alkoxy, phenyl, benzyl, or trifluoromethyl
groups;

or a salt thereof.

In some embodiments, the compound of formula (XI) may
be geldanamycin, 17-AAG, or 17-DMAG.

In another embodiment, the compound can be a compound
of formula (XII):

(XII)

wherein

R' is H, (C,-C ,)alkyl or (C,-C,)alkylaryl;

R?is H, (C,-C ,)alkyl or (C,-C,)alkylaryl;

R? is hydrogen, triftuoromethyl, aryl, heteroaryl, (C,-C,,)
alkyl, (C,-C,)alkylaryl, or an oxygen protecting group;

R* is hydrogen, triftuoromethyl, aryl, heteroaryl, (C,-C,,)
alkyl, (C,-C,)alkylaryl, or an oxygen protecting group;

R® is H, (C,-C ,)alkyl or (C,-C,)alkylaryl;

R®is H or —X—R™; X is O, NH, or a direct bond;

R’ is —X—R*; X is O, NH, or a direct bond;

each R* is independently hydrogen, hydroxy, halo, car-
boxy, nitro, amino, trifluoromethyl, aryl, heteroaryl, (C,-C,,)
alkyl, or (C,-C,)alkaryl; and

any aryl, heteroaryl, or alkyl can optionally be substituted
with one or more (e.g., one, two, three, four, five, etc.)
hydroxy, halo, carboxy, nitro, amino, phenyl, or trifluorom-
ethyl groups;

or a salt thereof.

In one specific embodiment, the compound of formula
(XII) may be CCT-018159 (4-[4-(2,3-dihydro-1,4-benzo-
dioxin-6-yl)-5-methyl-1H-pyrazol-3-yl]-6-ethyl-1,3-ben-
zenediol):

—_
w
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In another embodiment, the compound can be a compound
of formula (XIII):

/ \ Na—S ﬁ_N/Rl
EDatle o

wherein

R'is H, (C,-C,,)alkyl, aryl, or (C,-C,,,)alkylaryl;

R?is H, (C,-C,,)alkyl aryl, or (C,-C,)alkylaryl;

each R? is independently H or —X—R™;

X is O, NH, or a direct bond;

each R” is independently hydrogen, hydroxy, halo, car-
boxy, nitro, amino, trifluoromethyl, aryl, heteroaryl, (C,-C,,)
alkyl, or (C,-C,)alkylaryl;

any aryl, heteroaryl, or alkyl can optionally be substituted
with one or more (e.g., one, two, three, four, five, etc.)
hydroxy, halo, carboxy, nitro, amino, phenyl, or trifluorom-
ethyl groups; and

nis1,2,3,4,or5;
or a salt thereof.

In one specific embodiment, the compound of formula
(XIII) may be AEG 3482 (6-phenylimidazo[2,1-b]-1,3,4-
thiadiazole-2-sulfonamide):

N S o
= I
O

The compounds of the invention, such as those having
formulas (I)-(XIII), can be formulated as pharmaceutical
compositions and administered to a mammalian host, such as
a human patient in a variety of forms adapted to the chosen
route of administration, i.e., orally or parenterally, by intra-
venous, intramuscular, topical or subcutaneous routes.

The present compounds may be systemically adminis-
tered, e.g., orally, in combination with a pharmaceutically
acceptable vehicle such as an inert diluent or an assimilable
edible carrier. They may be enclosed in hard or soft shell
gelatin capsules, may be compressed into tablets, or may be
incorporated directly with the food of the patient’s diet. For
oral administration, the active compound may be combined
with one or more excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions,
syrups, wafers, and the like. Such compositions and prepara-
tions should contain at least 0.1% of active compound. The
percentage of the compositions and preparations may, of
course, be varied and may conveniently be between about 2 to

(XIIT)
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about 60% of the weight of a given unit dosage form. The
amount of active compound in such useful compositions is
such that an effective dosage level will be obtained.

The tablets, troches, pills, capsules, and the like may also
contain the following: binders such as gum tragacanth, aca-
cia, corn starch or gelatin; excipients such as dicalcium phos-
phate; a disintegrating agent such as corn starch, potato
starch, alginic acid and the like; a lubricant such as magne-
sium stearate; and a sweetening agent such as sucrose, fruc-
tose, lactose or aspartame or a flavoring agent such as pep-
permint, oil of wintergreen, or cherry flavoring may be added.
When the unit dosage form is a capsule, it may contain, in
addition to materials of the above type, a liquid carrier, such
as a vegetable oil or a polyethylene glycol. Various other
materials may be present as coatings or to otherwise modify
the physical form of the solid unit dosage form. For instance,
tablets, pills, or capsules may be coated with gelatin, wax,
shellac or sugar and the like. A syrup or elixir may contain the
active compound, sucrose or fructose as a sweetening agent,
methyl and propylparabens as preservatives, a dye and fla-
voring such as cherry or orange flavor. Of course, any material
used in preparing any unit dosage form should be pharma-
ceutically acceptable and substantially non-toxic in the
amounts employed. In addition, the active compound may be
incorporated into sustained-release preparations and devices.

The active compound may also be administered intrave-
nously or intraperitoneally by infusion or injection. Solutions
of the active compound or its salts can be prepared in water,
optionally mixed with a nontoxic surfactant. Dispersions can
also be prepared in glycerol, liquid polyethylene glycols,
triacetin, and mixtures thereof and in oils. Under ordinary
conditions of storage and use, these preparations contain a
preservative to prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or
infusion can include sterile aqueous solutions or dispersions
or sterile powders comprising the active ingredient which are
adapted for the extemporaneous preparation of sterile inject-
able or infusible solutions or dispersions, optionally encap-
sulated in liposomes. In all cases, the ultimate dosage form
should be sterile, fluid and stable under the conditions of
manufacture and storage. The liquid carrier or vehicle can be
a solvent or liquid dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like),
vegetable oils, nontoxic glyceryl esters, and suitable mixtures
thereof. The proper fluidity can be maintained, for example,
by the formation of liposomes, by the maintenance of the
required particle size in the case of dispersions or by the use
of surfactants. The prevention of the action of microorgan-
isms can be brought about by various antibacterial and anti-
fungal agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, thimerosal, and the like. In many cases, it may be
preferable to include isotonic agents, for example, sugars,
buffers or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example,
aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating
the active compound in the required amount in the appropri-
ate solvent with various of the other ingredients enumerated
above, as required, followed by filter sterilization. In the case
of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum
drying and the freeze drying techniques, which yield a pow-
der of the active ingredient plus any additional desired ingre-
dient present in the previously sterile-filtered solutions.
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For topical administration, the present compounds may be
applied in pure form, i.e., when they are liquids. However, it
will generally be desirable to administer them to the skin as
compositions or formulations, in combination with a derma-
tologically acceptable carrier, which may be a solid or a
liquid.

Useful solid carriers include finely divided solids such as
talc, clay, microcrystalline cellulose, silica, alumina and the
like. Useful liquid carriers include water, alcohols or glycols
or water-alcohol/glycol blends, in which the present com-
pounds can be dissolved or dispersed at effective levels,
optionally with the aid of non-toxic surfactants. Adjuvants
such as fragrances and additional antimicrobial agents can be
added to optimize the properties for a given use. The resultant
liquid compositions can be applied from absorbent pads, used
to impregnate bandages and other dressings, or sprayed onto
the affected area using pump-type or acrosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty
acid salts and esters, fatty alcohols, modified celluloses or
modified mineral materials can also be employed with liquid
carriers to form spreadable pastes, gels, ointments, soaps, and
the like, for application directly to the skin of the user.

Useful dosages of the compounds of the invention can be
determined by comparing their in vitro activity and in vivo
activity in animal models. Methods for the extrapolation of
effective dosages in mice, and other animals, to humans are
known to the art; for example, see U.S. Pat. No. 4,938,949.

Generally, the concentration of the compounds of the
invention in a liquid composition, such as a lotion, will be
from about 0.1-25 wt-%, e.g., from about 0.5-10 wt-%. The
concentration in a semi-solid or solid composition such as a
gel or a powder will be about 0.1-5 wt-%, e.g., about 0.5-2.5
wt-%.

The amount of the compound, or an active salt or derivative
thereof, required for use alone or with other compounds will
vary not only with the particular salt selected but also with the
route of administration, the nature of the condition being
treated and the age and condition of the patient and will be
ultimately at the discretion of the attendant physician or cli-
nician.

In general, however, a suitable dose may be in the range of
from about 0.5 to about 100 mg/kg, e.g., from about 10 to
about 75 mg/kg of body weight per day, such as 3 to about 50
mg per kilogram body weight of the recipient per day, such as
in the range of 6 to 90 mg/kg/day, or in the range of 15 to 60
mg/kg/day.

The compound may be conveniently administered in unit
dosage form; for example, containing 5 to 1000 mg, conve-
niently 10 to 750 mg, most conveniently, 50 to 500 mg of
active ingredient per unit dosage form.

The active ingredient may be administered to achieve peak
plasma concentrations of the active compound of from about
0.5to about 75 uM, e.g., about 1 to 50 uM, such as about 2 to
about 30 uM. This may be achieved, for example, by the
intravenous injection of a 0.05 to 5% solution of the active
ingredient, optionally in saline, or orally administered as a
bolus containing about 1-100 mg of the active ingredient.
Desirable blood levels may be maintained by continuous
infusion to provide about 0.01-5.0 mg/kg/hr or by intermit-
tent infusions containing about 0.4-15 mg/kg of the active
ingredient(s).

The desired dose may conveniently be presented in a single
dose or as divided doses administered at appropriate intervals,
for example, as two, three, four or more sub-doses per day.
The sub-dose itself may be further divided, e.g., into a number
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of discrete loosely spaced administrations; such as multiple
inhalations from an insufflator or by application of a plurality
of drops into the eye.

The invention will be further described in the following
nonlimiting examples.

EXAMPLE 1
Methods and Materials

Cells and Cell Lines.

Vero cells (green monkey kidney cells) were grown in
Eagle’s minimal essential medium (MEM) supplemented
with 10% fetal calf serum (FCS), L-glutamine, vitamins,
nonessential amino acid solution and antibiotics. The
VeroVP30 cell line was established by cotransfecting Vero
cells with pCAG-VP30 (for the expression of VP30) and
pPur, a protein expression plasmid for the puromycin resis-
tance gene (Clontech, Mountain View, Calif.), using the trans-
fection reagent TransIT L'T-1 (Mirus, Madison, Wis.). Two
days after transfection, puromycin-resistant cells were
selected with 5 pg/ml puromycin (Sigma, St. Louis, Mo.).
Individual cell clones were screened for VP30 expression by
flow cytometry with a polyclonal peptide antibody to VP30.

Human embryonic kidney 293T cells were grown in high-
glucose Dulbecco’s modified Eagle medium containing 10%
FCS, L-glutamine, and antibiotics. All cells were maintained
at37° C. and 5% CO.,.

Flow Cytometry.

Cells were detached in phosphate-buffered saline (PBS)
containing 0.02% EDTA and then washed once with cold
PBS supplemented with 2% FCS and 0.1% sodium azide
(wash buffer). Cells were incubated with a VP30 antibody on
ice for 20 minutes. After washing in buffer, the cells were
further incubated with a secondary antibody labeled with
fluorescent isothiocyanate (Zymed Laboratories, Carlsbad,
Calif.). They were then washed with buffer and analyzed by
FACSCalibur with Cell Quest software (Becton Dickinson,
Franklin Lakes, N.J.).

Generation of EbolaAVP30 Viruses.

The plasmid pTM-T7G-Ebo-Rib, containing the full-
length Ebolavirus ¢cDNA flanked by T7 RNA polymerase
promoter and ribozyme sequences, is described in Newmann
et al. (2002). First, a fragment encompassing nucleotides
6180 to 10942 (numbers refers to the positive-sense antige-
nome) was subcloned into a kanamycin-resistant cloning vec-
tor. Next, the VP30 ORF was replaced with those encoding
neo or eGFP, respectively, by a series of overlapping PCR
amplification steps using Pfu Turbo (Stratagene, La Jolla,
Calif.). The altered subgenomic fragments were transferred
back into the full-length Ebolavirus cDNA plasmid using two
unique restriction sites, Sall and Sacl (FIG. 1). The resultant
plasmids, designated pTM-EbolaAVP30-neo or -eGFP, were
sequenced to verify the replacement of the VP30 ORF and the
lack of any unwanted mutations.

To artificially generate Ebolavirus, 5x10° 293T cells were
transfected with 1.0 ug pTM-EbolaAVP30, 2.0 pg pCAG-L,
1.0 ug pCAG-NP, 0.5 pg pCAG-VP35, 0.5 ug pCAG-VP30,
and 1.0 ug pCAG-T7 pol, using TransIT LT1 (Mirus, Madi-
son, Wis.) in BSL-4 containment (Neumann et al., 2002). Five
days after transfection, the supernatant was harvested, cellu-
lar debris removed by low speed centrifugation, and the virus
amplified in VeroVP30 cells at 37° C. and 5% CO, with
propagation medium containing 2% FCS in MEM supple-
mented with L-glutamine, vitamins, nonessential amino acid
solution and antibiotics without puromycin.
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Plaque Assay and Immunostaining Assay.

To determine the titers of wild-type Ebolavirus or Ebo-
1aAVP30 viruses, tenfold dilutions of the viruses were
absorbed to confluent VeroVP30 or wild-type Vero cells for 1
hourat37° C., after which any unbound virus was removed by
washing cells with propagation medium. The cells were then
overlaid with propagation medium containing 1.5% methyl
cellulose (Sigma). Seven days after infection, cells were fixed
with 10% buffered formaldehyde, taken out of BSL.-4, per-
meabilized with 0.25% Triton X-100 in PBS for 10 minutes,
and blocked with 4% goat serum and 1% bovine serum albu-
min (BSA) in PBS for 60 minutes. Cells were then incubated
for 60 minutes with a 1:1000 dilution of a mouse anti-VP40
monoclonal antibody, washed with PBS, and incubated for 60
minutes with a 1:1000 dilution of an antimouse 1gG-peroxi-
dase-conjugated secondary antibody (Kirkegaard & Perry
Laboratories Inc., Gaithersburg, Md.). After washing with
PBS, cells were incubated with 3,3'-diaminobenzidine tet-
rahydrochloride (DAB, Sigma) in PBS. The reaction was
stopped by rinsing cells with water.

Western Blotting.

Partially purified virus resuspended in lysis buffer (50 mM
Tris-HC1 [pH 7.5], 150 mM NaCl, 0.5% Triton X-100, and
0.1% SDS) containing protease inhibitors (complete protease
inhibitor cocktails [Roche]) was incubated at 100° C. for 5
minutes, taken out of BSL-4, and separated on 4-20% poly-
acrylamide gels. Resolved proteins were transferred to West-
ern polyvinylidine difluoride membranes (Schleicher &
Schuell, Sanford, Me.) and blocked overnight at 4° C. with
5% skim milk in PBST (0.05% Tween 20 [Sigma] in PBS).
Blots were incubated with primary antibodies (a mouse anti-
NP antibody, a rabbit anti-VP35 antibody, a rabbit anti-VP40
antibody, a mouse anti-GP antibody, a rabbit anti-VP30 anti-
body, or a mouse anti-VP24 antibody) for 60 minutes at room
temperature, washed three times with PBST, incubated with
the appropriate secondary antibody conjugated to horseradish
peroxidase (Zymed) for 60 minutes, and finally washed three
times with PBST. Blots were then incubated in Lumi-Light
Western blotting substrate (Roche, Indianapolis, Ind.) and
exposed to X-ray film (Kodak, Rochester, N.Y.).

RNA Isolation and RT-PCR.

Cell culture supernatant from virus-infected VeroVP30
cells was inactivated with guanidinium isothiocyanate buffer
and taken out of BSL-4. Viral RNA was isolated with the
RNeasy Mini kit (Qiagen, Valencia, Calif.). RT-PCR was
carried out with the RobusT One-Step RT-PCR kit
(Finnzyme, Espoo, Finland), using 1 pg of isolated RNA and
Ebo/avirus-specific primers. The resultant PCR products
were cloned into pT7Blue (Novagen, San Diego, Calif.) and
sequenced.

Transmission Electron Microscopy.

Ultrathin-section electronmicroscopy was performed as
described in Noda et al. (2002). Briefly, at 36 hours postin-
fection, VeroVP30 cells infected with EbolaAVP30-neo virus
were fixed and inactivated with 2.5% glutaraldehyde in 0.1 M
cacodylate buffer, taken out of BSL.-4 and posffixed with 2%
osmium tetroxide in the same buffer. Cells were then dehy-
drated with a series of ethanol gradients followed by propy-
lene oxide, before being embedded in Epon 812 Resin mix-
ture (TAAB Laboratories Equipment Ltd., Berkshire, UK).
Thin sections were stained with 2% uranyl acetate and
Raynold’s lead, and examined under a HITACHI H-7500
electron microscope at 80 kV.

Selection of Escape Mutants.

EbolaAVP30-eGFP was diluted tenfold (107! to 107%) and
incubated with the indicated mAbs at a concentration of 250
to 500 pg of mAb/mL at 37° C. for 60 minutes. The virus/
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mAb mixtures were inoculated onto VeroVP30 cells for 60
minutes. Viruses were amplified for 5 days in the presence of
antibodies. Then, viruses that grew in the presence of mAbs
(as determined by GFP expression) were harvested at the
highest virus-positive dilution and passaged for a total of 3-6
times in the presence of antibodies. Viral RNA was isolated,
RT-PCR amplified, and the GP sequence determined by
sequence analysis.

Results

Generation and Passage of EbolaAVP30-Neo Virus.

Previously a full-length cDNA clone of the Zaire ebolavi-
rus-Mayinga was generated (Newmann et al., 2002). Using a
subgenomic fragment that encompasses nucleotides 6180 to
10942 of the viral genome (numbers refers to the positive-
sense antigenome), the ORF for VP30 was replaced with that
of' neomycin (neo), using a series of overlapping PCR ampli-
fication steps. After confirmation of the authenticity of the
PCR fragments by sequence analysis, the altered subgenomic
fragment was inserted into the full-length Ebolavirus cDNA
construct via unique Sall and Sacl restriction sites (FIG. 1),
resulting in an Ebolavirus ¢cDNA genome deficient in the
VP30 ORF. The artificial generation of Ebolavirus from plas-
mids is afforded by flanking this viral cDNA with T7 RNA
polymerase promoter and hepatitis delta virus ribozyme
sequences (Neumann et al., 2002).

To amplity VP30-deficient Ebola viruses, a stable Vero E6
cell line (designated VeroVP30) was established by cotrans-
fecting Vero cells with two protein expression plasmids
encoding VP30 (pCAG-VP30) and puromycin (pPur, Clon-
tech), and selecting cell clones resistant to 5.0 pg/ml of
puromycin. VP30 expression in individual clones was deter-
mined by flow cytometry with antibodies to VP30. The clone
with the highest percentage of VP30-expressing cells (>90%
as measured by flow cytometry, data not shown) was used in
further studies to amplity EbolaAVP30 viruses.

EbolaAVP30-neo virus was rescued under BSL-4 condi-
tions as described for wild-type Ebolavirus (Neumann et al.,
2002). All work involving infectious EboAVP30 viruses and
all steps prior to inactivation of biological material were
performed under BSL.-4 conditions at the National Microbi-
ology Laboratory of the Public Health Agency of Canada.

Briefly, human embryonic kidney (293T) cells were trans-
fected with a plasmid for the transcription of the VP30-defi-
cient Ebolavirus RNA, with plasmids for the expression of the
Ebolavirus NP, VP30, VP35, and L proteins, and with a plas-
mid for the expression of T7 RNA polymerase. Five days after
transfection, VeroVP30 cells were incubated with undiluted
supernatant derived from plasmid-transfected cells. Seven
days later, the supernatant was harvested, diluted tenfold, and
used to infect fresh VeroVP30 cells for the next passage. A
total of seven passages were carried out, using the highest
dilution ofthe inoculum that still produced replicating viruses
for each passage. The presence of replicating virus was
assessed by cytopathic effects (CPE) and immunostaining of
infected VeroVP30 cells with an antibody to VP40 (FIG. 2A,
left panel). As a control, we also incubated the supernatants
from each passage with wild-type Vero cells. As expected,
CPE and viral antigens were undetectable in wild-type Vero
cells (FIG. 2A, right panel), demonstrating that replicating
EbolaAVP30-neo virus was confined to VeroVP30 cells.

Although the manifestation ofa CPE in infected VeroVP30
cells suggested the formation of infectious (but biologically
contained) Ebolaviruses, further evidence was sought for the
presence of virions in cell culture supernatant derived from
infected VeroVP30 cells. Briefly, 5 days after VeroVP30 cells
were infected with EbolaAVP30-neo virus, supernatant was
collected and partially purified over 20% sucrose. The pellet
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was suspended in PBS and separated on a 4-20% polyacry-
lamide gel. Western blot analyses were carried out with anti-
bodies specific to the respective Ebolavirus protein. All viral
proteins (with the exception of L, for which no antibody was
available) were detected (FIG. 2B, ‘+’ lanes). Note that VP30
protein in virions originates from VeroVP30 cells while the
remaining proteins are encoded by EbolaAVP30-neo virus.
By contrast, no viral proteins were detected in a control
sample derived from wild-type Vero cells infected with Ebo-
1laAVP30-neo virus (FIG. 2B, lanes).

Genetic Stability of EbolaAVP30-Neo Virus.

A major concern with the use of VP30-deficient Ebolavi-
ruses is the potential recombination with VP30 sequences
integrated into the genome of the VeroVP30 helper cell line.
Thus, to assess the genomic stability of EbolaAVP30-neo
virus, three independent passage experiments were per-
formed (seven passages each). While EbolaAVP30-neo virus
replicated in VeroVP30 cells, viral replication was not
observed in wild-type Vero cells. Total viral RNA was iso-
lated from the cell culture supernatant of infected VeroVP30
cells after the seventh passage. A viral genomic fragment
spanning the neo gene was amplified by RT-PCR, cloned and
sequenced. A total of 20 clones were sequenced, and the
sequences were identical to that of the EbolaAVP30 ¢cDNA
construct used for virus generation. Hence, there was no
evidence of recombination in any of three independent pas-
sage experiments, attesting to the genomic stability of the
EbolaAVP30-neo viral genome.

To further demonstrate the biosafety of EbolaAVP30-neo
virus, EbolaAVP30-neo virus was collected after seven con-
secutive passages in VeroVP30 cells and this virus used for
three consecutive “blind” passages in wild-type Vero cells.
Briefly, Vero cells were infected at a multiplicity of infection
(m.o.i.) of 5 with EbolaAVP30-neo virus (passage 7). Six
days later, supernatant was used for the next “blind” passage
as well as for Western blot analysis. No viral NP protein was
detected after any of the “blind” passages (data not shown).
After three consecutive “blind” passages, plaque assays and
immunostaining were carried out in wild-type Vero cells to
confirm the absence of replicating Ebolavirus. As expected,
replicating virus was not detected (data not shown). Collec-
tively, these data further attest to the biosafety of the Ebo-
1laAVP30 system.

Growth Kinetics of EbolaAVP30-Neo Virus.

One of the major concerns raised by providing viral pro-
teins in trans is that their amounts, expression kinetics or both
may not match those found in cells infected with wild-type
virus, leading to reduced virus titers and/or aberrant virion
morphology. To address this potential pitfall, the growth
kinetics of EbolaAVP30-neo virus (FIG. 3, solid squares)
were compared with that of wild-type Ebolavirus (FIG. 3,
open circles). VeroVP30 cells (FIG. 3, top panels) or wild-
type Vero cells (FIG. 3, bottom panels) were infected at a high
m.o.. of 1.0 or a low m.o.i. of 0.01 and supernatant was
harvested every 24 hours. Virus titers of EbolaAVP30-neo
were determined in VeroVP30 cells, while virus titers of
wild-type Ebolavirus were determined in wild-type Vero
cells. To determine virus titers, cells were overlaid with 1.5%
methylcellulose and 7 days later, assayed for VP40 expres-
sion using an immunostaining assay. EbolaAVP30-neo virus
replicated efficiently in VeroVP30 cells at both conditions
tested, reaching 107 focal-forming units (FFU)/ml on day 6
postinfection (FIG. 3, top panels, solid squares). No replica-
tion of EbolaAVP30-neo was detected in wild-type Vero cells
(FIG. 3, bottom panels, solid squares); the low titers that were
detected for up to three days postinfection likely reflect input
virus. Together, these findings attest to the biological confine-
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ment of the EbolaAVP30 system. The replication kinetics of
EbolaAVP30-neo in VeroVP30 cells are similar to those of
wild-type Ebolavirus in either VeroVP30 (FIG. 3, top panels,
open circles) or wild-type Vero cells (FIG. 3, bottom panels,
open circles), establishing the described approach as a highly
efficient method for generating biologically contained Ebo-
laviruses.

Morphology of EbolaAVP30-Neo Virus.

Next, the morphology of EbolaAVP30-neo virus was
assessed by transmission electron microscopy (TEM).
VeroVP30 cells were infected with EbolaAVP30-neo virus
and fixed 36 hours later. Samples were processed for TEM as
described in Noda et al. (2002). As shown in FIG. 4 (right
panels), the particles budding from VeroVP30 cells infected
with EbolaAVP30-neo virus were indistinguishable in their
size and shape from wild-type Ebolaviruses (FIG. 4, left
panels). Thus, providing VP30 protein in trans does not have
adiscernable effect on virion morphology, suggesting that the
described system would be suitable for studies of virion for-
mation and budding, for example.

Taken together, the above results demonstrate that the Ebo-
1laAVP30-neo virus is biologically contained, replicates to
high titers in a helper cell line, is genetically stable, and is
morphologically indistinguishable from wild-type virions.
Having provided proof-of-concept for the generation of bio-
logically contained Ebolaviruses, the utility of this strategy in
basic research and drug screening applications was assessed.

Generation of an EbolaAVP30-eGFP Virus and its Useful-
ness for Basic Research Applications.

An EbolaAVP30 virus encoding enhanced green fluores-
cence protein (eGFP) instead of VP30 was generated (FIG. 1;
designated EbolaAVP30-eGFP), using the same procedures
described above for EbolaAVP30-neo virus. Analogous to
EbolaAVP30-neo virus, the eGFP variant replicated effi-
ciently with virus titers reaching 8.0x10” FFU/mL. Expres-
sion of eGFP was observed as early as 10 hours postinfection
(data not shown).

Takada et al. (2003) used replication-competent vesicular
stomatitis virus (VSV) pseudotyped with Ebolavirus GP and
two neutralizing monoclonal antibodies (mAb), 133/3.16 and
226/8.1, to map Ebolavirus GP epitopes and to generate
escape mutants. To confirm with authentic Ebolavirus virions
the findings of Takada et al. (2003) based on a VSV-pseudot-
yping system, escape mutants were generated by amplifying
EbolaAVP30-eGFP virus in the presence of mAb 133/3.16 or
226/8.1. Each of eight escape mutants to mAb 133/3.16 pos-
sessed a histidine-to-arginine substitution at position 549
(H549R) in GP, reported by Takada et al. (2003). Using mAb
226/8.1, 12 escape mutants were isolated that all contained an
arginine-to-tryptophan substitution at position 134 (R134W),
a mutation identical to one identified by Takada et al. (2003).
However, the remaining two escape mutations described by
Takada et al. (2003) were not detected. Whether this discrep-
ancy in escape mutants reflects differences between the bio-
logical systems used or random mutations is presently
unclear. Nonetheless, these experiments illustrated one of the
ways that biologically contained Ebolaviruses could be used
in basic research applications.

In conclusion, biologically contained Ebolaviruses lacking
the VP30 gene afford a safe, alternative way to study authen-
tic Ebolavirus, to develop Ebolavirus vaccines, and to screen
chemical libraries for compounds that interfere with the Ebo-
lavirus life cycle. Indeed, each of the three different biologi-
cally contained viruses generated (encoding neomycin or
eGFP instead of VP30) was biologically contained, as dem-
onstrated by their ability to replicate in VeroVP30 (a Vero cell
line that stably expresses VP30 in trans), but not in wild-type
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Vero cells. Moreover, virus titers were in the range of 107
FFU/mL and hence comparable to those obtained for wild-
type Ebolavirus (FIG. 3; Volchov et al., 2001; Neumann et al.,
2002; Ebihara et al., 2006) while morphological, biochemi-
cal, and virological analyses indicated that the tested proper-
ties of EbolaAVP30 viruses were indistinguishable from
those of wild-type Ebolavirus.

These physical properties, together with the results of stud-
ies to illustrate the potential of biologically contained Ebo-
laviruses in basic research and drug screening applications,
will greatly accelerate current filovirus research efforts.

EXAMPLE 2

Ebola viruses (family Filoviridae), cause severe hemor-
rhagic fever in humans and nonhuman primates with mortal-
ity rates up to 90% (Johnson et al., 1977). Currently, there are
no licensed vaccines or antivirals available against Ebola
virus. A vaccine against Ebola virus is not only desirable for
local populations in the epidemic areas of Africa, but also for
health care workers during an outbreak and for post-exposure
treatment of laboratory workers after accidental exposure to
the virus. A few vaccine candidates have been shown to
protect mice, guinea pigs, or nonhuman primates against a
lethal challenge of Ebola virus; however, each of these can-
didates has disadvantages, such as lack of protection in non-
human primates, preexisting immunity against the vector in
humans, or potential central nervous system involvement
(Reed et al., 2007). Moreover, the current vaccine candidates
are based on virus-like particles (VLPs) or virus-vectored
vaccines, none of which express the full components of the
viral antigens. On the other hand, the use of live attenuated
vaccines may not be feasible for Ebola virus from a biosafety
perspective. To overcome these potential limitations, biologi-
cally contained viruses offer an attractive option since they
are biologically safe but provide all the viral antigens.
Materials and Methods

Cells.

VeroVP30 cells were established as described in Example
1 and grown in Eagle’s minimal essential medium (MEM)
supplemented with 10% fetal calf serum (FCS), L-glutamine,
vitamins, non-essential amino acid solution, and 5 pg/mlL
puromycin (Sigma, St. Louis, Mo.).

Viruses.

The EbolaAVP30 virus was generated as described in
Example 1. Briefly, using the plasmid containing the full-
length Ebola ¢cDNA genome of the Zaire Mayinga strain of
Ebola virus (Neumann et al., 2002), the open reading frame
(ORF) of VP30 was replaced with the ORF of the drug-
resistant gene neomycin. Using Ebola virus reverse genetics
(Neumann et al., 2002), the EbolaAVP30 virus was generated
and passaged in a Vero cell line stably expressing VP30.
EbolaAVP30 was propagated in VeroVP30 cells in MEM
medium as described above, but supplemented with 2% FCS.
The virus was harvested six days after infection of the cells at
a multiplicity of infection (MOI) of 1 and directly stored at
-80° C. Harvested virus was also partially purified by ultra-
centrifugation at 27,000 rpm for 2 hours over 20% sucrose.
The viral pellet was resuspended in sterile PBS and stored at
-80° C. Viral titers were determined by plaque assay in con-
fluent VeroVP30 cells overlaid with 2% FCS-MEM contain-
ing 1.5% methyl cellulose (Sigma).

Since wild-type Ebola virus does not kill mice, challenge
studies were carried out with a mouse-adapted Ebola virus
(Bray et al., 1998). This virus was generated as described in
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Ebihara et al., 2006 and used under BSL-4 conditions at the
Canadian Centre for Human and Animal Health in Winnipeg,
Canada.

Antibody Titers.

The levels of Ebola glycoprotein (GP)-specific immuno-
globulin G (IgG) antibodies in vaccinated mice were exam-
ined by using an enzyme-linked immunosorbent assay
(ELISA). Briefly, wells of Immulon 2HB plates (Thermon
Labsystems, Franklin, Mass.) were coated with purified
Ebola GP (Takada et al., 2001) and blocked with PBS con-
taining 10 mg/ml. bovine serum albumin. After incubation of
Ebola GP-coated wells with mouse serum from control and
vaccinated mice, bound antibodies were detected with goat
anti-mouse IgG conjugated to horseradish peroxidase
(Kirkegaard & Perry Laboratories Inc., Gaithersburg, Md.)
by an ELISA plate reader at an absorbance of 405 nm.

Intracellular Staining and Flow Cytometry.

The number of cytokine-producing CD8" T cells was
determined by intracellular staining as described Murali-
Krishna et al. (1998). Briefly, splenocytes were stimulated
with the Ebola peptide NP, ,. (SFKAALSSLA, derived
from the nucleoprotein NP; SEQ ID NO: 31) (Olinger et al.,
2006; Simmons et al., 2004), VP40, ., ., (YFTFDLTALK,
derived from the matrix protein VP40; SEQ ID NO: 32), or
GP, 41160 (LYDRLASTYV, derived from GP; SEQ ID NO: 33)
(Olinger et al., 2005; Warfield et al., 2005) for 5 hours in the
presence of brefeldin A and IL-2. Following activation, cells
were stained for cell surface CD8* and intracellular IFNy by
using the Cytofix/Cytoperm kit from BD Biosciences (San
Jose, Calif.). The number of cytokine-producing CD8* T cells
was determined by using a FACSCalibur flow cytometer (BD
Biosciences).

Vaccination and Challenge.

Four-week-old female BALB/c mice (The Jackson Labo-
ratory, Bar Harbor, Me.) were anesthetized with isoflurane
and intraperitoneally (IP) inoculated twice at three-week
intervals with 10° focus forming units (FFU) of sucrose-
purified EbolaAVP30 virus (FIG. 7); control mice were
simultaneously inoculated with PBS. A second group of mice
received three immunizations (at three-week intervals) with
107 FFU of virus harvested from cell culture supernatant
(FIG. 7), or, as a control, 2% FCS-MEM. Vaccinations were
conducted at the University of Wisconsin-Madison. Mice
were then transported to the BSL.-4 laboratory at the National
Microbiology Laboratory of the Public Health Agency of
Canada, where they were challenged with 1000 mouse lethal
doses 50 (MLDs,; i.e., the dose required to kill 50% of
infected animals) of mouse-adapted Ebola virus. Four days
after challenge, viral titers were determined in the serum of
three control and three vaccinated mice from each group. The
remaining mice were monitored for survival for 28 days. All
animal experiments were performed in accordance with
approved animal use protocols and according to the guide-
lines set forth by the Canadian Council of Animal Care and
the University of Wisconsin-Madison.

Results

Antibody Response of Mice Immunized with EbolaAVP30
Virus.

To assess the EbolaAVP30 virus as a potential vaccine, its
immunogenicity in mice was determined. Mice vaccinated
with the EbolaAVP30 virus did not show any signs of disease,
demonstrating the lack of pathogenicity of the EbolaAVP30
virus. When serum samples, collected two weeks after each
vaccination to determine the levels of antibodies to the Ebola
glycoprotein (GP), were tested for IgG antibody by ELISA
with purified GP (FIG. 5), vaccinated animals showed
elevated levels of antibody titers against GP after the first
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vaccination compared to control mice (FIG. 5); these anti-
body titers further increased after the second and third vacci-
nations. This finding demonstrates the ability of the biologi-
cally contained EbolaAVP30 virus to elicit antibodies to GP.

CD8* T-Cell Responses in Vaccinated Mice.

The cellular response to vaccination in mice was examined.
Mice were vaccinated as described above. Eight days after the
second immunization, four vaccinated and two control mice
were euthanized and their spleens removed. Splenocytes
were isolated and stimulated with the Ebola peptide NP,
233(SFKAALSSLA; SEQ ID NO: 31), VP40,,, 5, (YFT-
FDLTALK; SEQ ID NO: 32) or GP, 4,160 (LYDRLASTYV;
SEQID NO: 33) for Shours in the presence of brefeldin A and
IL-2. Vaccinated mice had IFNy-positive CD8* cells in the
range of 0.017% to 0.22% for cells stimulated with Ebola
peptide NP, 44 (FIG. 6). For control mice, the number of
TFNy-positive CD8" cells was significantly lower, ranging
from 0.00513% to 0.00794% (FIG. 6). No IFNy-positive
CD8* cells were detected for cells stimulated with Ebola
peptide VP40, -, <o or GP 4, ;4o (data not shown).

Protective Efficacy of EbolaAVP30 Virus in Mice.

To assess the protective efficacy of the EbolaAVP30 virus,
two groups of 4-week-old mice were intraperitoneally immu-
nized, then subjected to lethal challenge with mouse-adapted
Ebola virus (FIG. 7). ‘Group 1’ mice were immunized three
times at three-week intervals with 107 FFU of non-purified
EbolaAVP30 virus (i.e., virus harvested from cell culture
supernatant); eight control mice were inoculated in the same
manner with 2% FCS-MEM. Mice from this group were
challenged seven weeks after the last immunization with
1000 MLD;,, of mouse-adapted Ebola virus, which consis-
tently kills mice (Bray et al., 1998; Ebihara et al., 2006).
‘Group 2° mice were immunized twice (with a three-week
interval) with 105 FFU of purified EbolaAVP30 virus; ten
control mice were similarly inoculated with PBS. Mice from
‘Group 2’ were challenged eight weeks after the last immu-
nization with 1000 MLDs,, of mouse-adapted Ebola virus. No
signs of disease or illness were seen in mice vaccinated with
purified or non-purified EbolaAVP30 virus, whereas control
mice from both groups began showing signs of sickness (e.g.,
ruffled fur) along with weight loss on day 3 post-challenge
(FIG. 8A). By day 7 post-challenge, all control mice had
succumbed to infection (FIG. 8B). By contrast, vaccinated
mice from both groups showed no signs of disease, as char-
acterized by ruffled fur and weight loss (FIG. 8A), and were
fully protected against lethal challenge (FIG. 8B) up to day
28, when all surviving mice were euthanized. On day 4 post-
challenge, mice were sacrificed to determine viral titers in the
sera (FIG. 9). Vaccinated mice from both groups showed a 3
to 4 log, , reduction in viral titers compared to their respective
control mice. Taken together, these data demonstrate that the
EbolaAVP30 virus efficiently protects mice against challenge
with a lethal dose of mouse-adapted Ebola virus.
Discussion

Here, it was demonstrated that EbolaAVP30-immunized
mice were completely protected from a lethal challenge with
mouse-adapted Ebola virus and that the virus titers in sera
from these mice were more than 1000-fold lower than those in
control mice. These results show the potential of this biologi-
cally contained Ebola virus as a vaccine.

The humoral response to Ebola virus infection is impor-
tant, as demonstrated by protection from a lethal challenge by
passive transfer of antibodies to the viral glycoprotein GP
(Guptaetal., 2001; Warfield et al., 2003 ). However, the ability
of a vaccine to elicit an antibody response does not in itself
correlate with protection from Ebola virus infection. For
example, classical vaccine approaches, such as y-irradiated
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Ebola and Marburg viruses, along with GP expressed in bacu-
lovirus generate a moderate antibody response; however, they
fail to protect mice against a lethal challenge (Ignatyeve et al.,
1996; Lupton et al., 1980; Mellquist-Riemenschneider et al.,
2003). By contrast, Ebola and Marburg VLPs protect mice
from a lethal challenge of Ebola or Marburg virus (Warfield et
al., 2003; Warfield et al., 2004; Warfield et al., 2005), and not
only elicit a humoral response, but also induce a CD8* T-cell
response, highlighting the importance of the latter response
for protection against a lethal challenge of Ebola virus (Wart-
ield et al., 2005). Similarly, in non-human primates (NHPs),
full protection from a lethal challenge appears to depend on
both the humoral response and a CD8* cellular response
(Sullivan et al., 2000). Vaccine candidates that protect NHPs
from a lethal Ebola virus challenge, such as recombinant
vesicular stomatitis virus (VSV) (Jones et al., 2005) and
adenovirus (Sullivan et al., 2000), induce a CD8" T-cell
response in NHPs, albeit to varying degrees (Jones et al.,
2005; Sullivan et al., 2000). The EbolaAVP30 virus induced
both humoral and CD8" T-cell (specific for an Ebola NP
epitope) responses, although the extent of the latter responses
varied among animals (FIG. 6). Whether this CD8"* T-cell
response is sufficient to provide protection to NHPs from a
lethal Ebola virus infection remains to be tested.

Although vaccine candidates such as recombinant VSV or
parainfluenza virus offer protection in various animal models
(Bukreyev et al., 2006; Jones et al., 2005), there are safety
concerns with the use of these vaccines in humans (Bukreyev
etal., 2006; Jones et al., 2005; Reed et al., 2007). Preexisting
immunity to a vaccine based on recombinant adenovirus is
also a concern, as is the large amount of virus (10'° particles)
needed to confer protection in NHPs (Jones et al., 2005;
Sullivan et al., 2000). Ebola and Marburg VL.Ps have been
shown to protect mice and guinea pigs from a lethal challenge
of these viruses (Warfield et al., 2004; Warfield et al., 2005).
While VLPs are safe and, due to the rarity of Ebola virus
infection, preexisting immunity to Ebola or Marburg viruses
is not a concern for VLP vaccines, it is difficult to produce
large quantities of VLPs from cell culture.

The biologically contained EbolaAVP30 virus is thus an
ideal vaccine candidate since it combines the advantages of
VLPs and vectored vaccines (i.e., safety and efficacy), yet it
can be propagated to high titers in VeroVP30 cells like stan-
dard viruses (Example 1). Further studies will include testing
the EbolaAVP30 virus for its protective efficacy in NHPs. In
addition, shorter, single vaccination protocols will be evalu-
ated to determine if the EbolaAVP30 virus vaccine could
elicit fast and effective immunity in the event of an outbreak
or bioterrorism attack. This includes evaluating the Ebo-
1laAVP30 virus as a vaccine for post-exposure treatment.

EXAMPLE 3
Generation of Noninfectious Ebola Particles

Materials and Methods

Cells.

293 and 293T human embryonic kidney cells were main-
tained in DMEM supplemented with 10% fetal calf serum,
2% L-glutamine, and penicillin-streptomycin solution
(DMEM-FCS) (Sigma). The cells were grown at 37° C.in 5%
CO,.

Construction of Plasmids.

To generate cDNA constructs encoding the VP40 protein,
primers were used that bind to the start and stop codons
(positions 4479 and 5459 of the positive-sense antigenomic
RNA) to reverse transcribe and PCR-amplify purified viral
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RNA (Titan RT-PCR Kit, Roche). The PCR product was
cloned in the pT7Blue vector (Novagen) resulting in
pT7EboZVP40. The cloned Ebola VP40 gene was sequenced
to ensure that unwanted nucleotide replacements were not
present.

To generate plasmid pETEB0oZVP40H is for the expres-
sion of 6-histidine-tagged VP40 in Escherichia coli,
pT7EboZVP40 was used as a template for PCR amplification
with the appropriate primers. The PCR product was blunt-end
ligated into the Smal-digested site of vector pM
(CLONETECH). This construct was digested with Ndel and
EcoRI and the fragment containing VP40 was ligated into the
expression vector pET-5a (Promega). To generate plasmids
pCEboZ VP40, pCEboZVP40AAXY, pCEboZVP40M 14A,
pCEboZVP40/1-276, pCEboZVP40/1-226, pCEboZVP40/
1-176, pCEboZVP40/50-326, and pCEboZVP40/100-326
(proteins expressed from these plasmids are designated
VP40, VP40AAXY, and the like) for expression of VP40 and
its mutants in eukaryotic cells, the Ebola Zaire VP40 gene
was amplified from pT7EboZVP40 using specific forward
primers, each containing an EcoRI site 5' to the start of the
coding region, and specific reverse primers, each containing a
Bglll site 3' to the stop codon for each construct, and blunt-
end ligated into the EcoRV-digested site of vector pT7Blue.
Each construct was digested with EcoRI and Bglll, and the
fragment containing the VP40 gene or modified VP40 gene
was cloned into the EcoRI and Bglll-digested eukaryotic
expression vector pPCAGGS/MCS (expression controlled by
the chicken f$-actin promoter) (Kobasa et al., 1997; and Niwa
etal, 1991).

Antibody.

A polyclonal antibody against Ebola Zaire VP40 was pro-
duced as follows: BL21 E. coli cells were transformed with
plasmid pETEboZVP40His. Expression of the 6-His-tagged
VP40 protein was induced with 1 mM IPTG for 3 hours. The
E. coli cells were lysed and cellular debris was remove by
centrifugation. The supernatant was purified over an Ni-NTA
agarose column (Qiagen). Expression of VP40 was verified
by SDS-PAGE followed by Western blotting using a mono-
clonal antibody against the histidine tag (Kodak). Rabbits
were immunized with approximately 0.5 mg of VP40, and
antibody against keratin present in the antiserum was
removed with a keratin column (Girault et al., 1989).

Cell Transfection for Expression of VP40 and its Mutants.

293 or 293T cells (60-mm plates) were transfected with
expression vectors with the use of the Trans [T LT-1 liposomal
reagent (Panvera) according to the manufacturer’s instruc-
tions. Briefly, DNA and transfection reagent were mixed (6
pL of Trans IT LT-1 with 3 ug of DNA) in 0.2 m[. OPTI-MEM
(Gibco-BRL), incubated for 30 minutes at room temperature,
and added to the cells. Transfected cells were incubated at 37°
C. until harvest of the supernatant and/or cell monolayer.

Particle Formation Assay.

Particles were assayed by the method of Li et al (1993) with
some modifications. Forty-eight hours after transfection of
293T cells with pCEboZVP40, pCEboZVP40AAXY,
pCEboZVP40M14A, or pCEboZVP40/1-276, the culture
medium was removed and placed on ice. The cell monolayer
was washed with phosphate-buffered saline (PBS), scraped
into lysis buffer (0.25 M Tris-HCI, pH 8.0, 0.5% Triton
X-100) and kept at 4° C. The culture medium (2 mlL.) was
centrifuged at 2,000 rpm in a microcentrifuge for 5 minutes to
remove cellular debris, layered over 20% sucrose in STE
buffer (0.01 M Tris-Cl, pH7.5,0.01 M NaCl, 0.001 MEDTA,
pH 8.0) (2 ml), and centrifuged at 150,000xg for 2 hours at 4°
C. After centrifugation, the supernatant was removed and
added to the cell lysate. This mixture was saved for analysis of
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total protein expression. The pellet was resuspended in 1 mL
STE buffer overnight at 4° C. The resuspended pellet was
layered over a 10-50% discontinuous sucrose gradientin STE
buffer, centrifuged at 150,000xg for 4 hours at 4° C., and
fractions (1 mL) were collected from the top of the gradient.
Each fraction was mixed with 0.25 ml of 50% trichloroacetic
acid (TCA) (10% TCA), the fractions were incubated for 30
minutes on ice, and the precipitated proteins were pelleted by
microcentrifugation for 15 minutes. The pellets were washed
once with cold acetone, air-dried, and resuspended in 0.05 ml
SDS-PAGE sample buffer. Proteins in the mixture of cell
lysate and supernatant from centrifugation through 20%
sucrose were precipitated with 10% TCA, washed with
acetone, and resuspended in 0.5 ml. SDS-PAGE sample
buffer. Proteins were separated by 12% SDS-PAGE and
detected by Western blotting. Fractions are numbered from
the top to the bottom of the gradient.

Protease Protection Assay.

293T cells were transfected with pCEboZVP40 and, at 48
hours post-transfection, the culture medium was removed.
The medium was microcentrifuged at 2,000 rpm for 5 min-
utes to remove cellular debris, layered over a 20% sucrose
cushion, and centrifuged at 165,000xg for 1 hour at 4° C. The
supernatant was removed and the pellet was resuspended
overnight at 4° C. in 0.4 mL. STE buffer. This resuspension
was divided into six aliquots and treated following a protocol
previously described (Mik et al., 1989): Aliquot 1 received no
further treatment; aliquot 2 was treated with soybean trypsin
inhibitor (Biofluids) to a final concentration of 3 mg/ml;
aliquot 3 with triton X-100 to a final concentration of 1%;
aliquot 4 with trypsin (Worthington) to a final concentration
of 0.1 mg/mlL,; aliquot 5 with both Triton X-100 to 1% and
trypsin to 0.1 mg/ml final concentration; and aliquot 6 with
both trypsin inhibitor (3 mg/ml final) and trypsin (0.1 mg/mL
final). The samples were incubated at room temperature for
30 minutes, after which an excess of trypsin inhibitor (5
mg/mL) was added to each aliquot. SDS-PAGE sample buffer
(6x) was added to each aliquot. Proteins from each aliquot
were separated by 12% SDS-PAGE and detected by Western
blotting.

Membrane-Association Assay.

The method of Bergmann and Fusco (1988) was used, with
some modifications, to determine membrane-association of
VP40 and its mutants. Briefly, 48 hours after transfection of
293 cells with pCEboZVP40 or a mutant-VP40 expression
plasmid, the culture medium was removed, and the cell
monolayer, after a wash with (PBS), was scraped into ice-cold
sucrose homogenization buffer (10% wt/wt sucrose, 10 mM
Tris-HCl (pH 7.4), 1 mM EDTA, and 10 mM iodoacetamide).
Cells were disrupted with 30 strokes of a Dounce homog-
enizer on ice and microcentrifuged for 3 minutes at 2,000 rpm
to remove nuclei. The resulting supernatant was made to 1 M
NaCl or left untreated, incubated at room temperature for 20
minutes, made to 80% sucrose (wt/vol), placed at the bottom
of'a Beckman SW41 centrifuge tube, and overlaid with 5 ml
of 65% (wt/vol) sucrose and 2.5 mL of 10% sucrose. The
gradient was centrifuged to equilibrium at 150,000xg for 18
hours at 4° C. Fractions (1 mL) were collected from the top of
the gradient, diluted 1:1 with TBS-Triton buffer (0.025 M
Tris-HCl, pH 7.5, 0.15 M NaCl, 0.5% Triton X-100) or, for
experiments involving expression of VP40/100-326, precipi-
tated with TCA (as described for the particle formation assay)
owing to the weak signal of this deletion construct in Western
analysis, and mixed with SDS-PAGE sample bufter. Proteins
from each aliquot were separated by 12% SDS-PAGE and
detected by Western blotting.
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Triton X-114 Phase Partitioning Analysis.

The method used was essentially that of Bordier (1981).
Forty-eight hours post-transfection 0f 293 cells pCEboZY 40,
pCEboZVP40/1-276, pCEboZVP40/1-226, pCEboZVP40/
1-176, pCEboZP40/50-326, pCEboZVP40/100-326, or, as a
control, a vector expressing A/WSN/33 (HIN1) influenza
virus hemagglutinin (HA), cells were scraped into cold TN
buffer (10 mM Tris-HCL, pH 7.4, 150 mM NaCl), disrupted
with 30 strokes in a Dounce homogenizer, and subjected to
centrifugation at 2,000 rpm for 3 minutes to remove nuclei.
Triton X-114 (Sigma) was added to each supernatant to 1%,
and the resulting solution was incubated for 15 minutes at 4°
C. with agitation. Unsolubilized material was pelleted by
centrifugation in a picofuge for 5 minutes at 4° C., and the
supernatant was heated to 37° C. for 5 minutes. The superna-
tant was layered onto a 37° C. sucrose (6%) cushion in TN
buffer containing 0.06% Triton X-114 and centrifuged at
2,000 rpm for 3 minutes at room temperature. The detergent
(lower) and aqueous (upper) phases were recovered sepa-
rately, the aqueous phase was extracted a second time, like
phases were pooled, and the detergent phase was diluted in
TN buffer. Proteins in each phase were precipitated with 50%
acetone and resuspended in SDS-PAGE sample buffer. Pro-
teins were separated by 12% SDS-PAGE and analyzed by
Western blotting.

Western Blotting.

Samples in sample buffer (10 pl.) were incubated at 100°
C. for 5 minutes and separated on 12% polyacrylamide gels.
Resolved proteins were transferred to Westran polyvinylidine
difluoride membranes (Schleicher & Schuell) and blocked
overnight at 4° C. with 5% skim milk in PBST (0.05% Tween
20 (Sigma) in PBS). Blots were incubated in primary anti-
body for 1 hour at room temperature, washed three times with
PBST, incubated in biotinylated anti-rabbit secondary anti-
body (Vector Laboratories) for 30 minutes, washed three
times with PBST, incubated in streptavidin-horseradish per-
oxidase reagent (Vector Laboratories) for 30 minutes and
washed three times with PBST. Blots were then incubated in
Lumi-Light Western blotting substrate (Boehringer-Man-
nheim) for 5 minutes and exposed to x-ray film (Kodak).
Results

Expression of VP40 in Mammalian Cells.

To ensure that VP40 is expressed at efficient levels in
human embryonic kidney 293T cells, the cell lysate was
analyzed 24 hours after transfection with pCEboZVP40 by
Western blotting. Two bands reacting with anti-VP40 poly-
clonal antibody were found, a small distance apart, in the
range of 40 kDa. The lysate from cells transfected with the
expression vector alone did not react with the antibody.

VP40 contains an internal start codon at nucleotides 40-42
(codon 14) that is in frame with the first AUG. To determine
whether protein synthesis from this internal start codon was
responsible for the faster-migrating band on the gel, a con-
struct was generated, pCEboZVP40M14A, which expresses
amutant VP40 with this second AUG changed to GCG, which
encodes alanine, and expressed it as described above. Analy-
sis of the cell lysate revealed a single, larger-sized band,
suggesting that the second AUG is used as a start codon to an
appreciable extent in this system.

To determine whether loss of the PPXY motif at amino
acids 10-13 of VP40 affects expression of the protein, 293T
cells were transfected with pCEboZVP40AAXY, which
expresses a mutant VP40 in which the PPEY sequence at
amino acids 10-13 was changed to AAEY. Two bands corre-
sponding to those seen with the expression of wild-type VP40
were detected. However, in contrast to the results obtained
with wild-type VP40 expression, where the slower-migrating
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band was the predominate product, pCEboZVP40AAXY
expressed the two products at similar levels, indicating that
loss of the PPXY motif affects either the translation of VP40
or its stability.

Production of Membrane-Bound Particles.

To determine whether VP40-associated vesicles are pro-
duced when the protein is expressed in the absence of other
viral proteins, 293T cells were transfected with pCE-
boZ VP40 and, after 48 hours, collected the supernatant. After
removal of cellular debris, the supernatant was subjected to
ultracentrifugation over a 20% sucrose cushion. The pellet
was resuspended and centrifuged through a 10-50% discon-
tinuous sucrose gradient, and fractions were analyzed by
Western blotting. Fractions 6-8 contained VP40, with the
majority of the protein found in fraction 7. The VP40 in
fractions 6-8 was most likely associated with membrane lip-
ids in a particle-like structure, as the sucrose densities in these
fractions ranged from 1.11 to 1.13 g/ml., which corresponds
to findings for matrix protein-generated particles of other
viruses (Giddings et al., 1998; Sandefur et al., 1998). Bands
detected below full-length protein in the total protein fraction
are likely degradation products. These data indicate that
VP40 expressed in the absence of other viral proteins can
produce membrane-bound particles.

Protease Protection Assay.

To confirm the ability of VP40 to produce membrane-
bound particles when expressed alone, a trypsin protection
assay was employed. Culture supernatant from cells trans-
fected with pCEboZVP40 was centrifuged at 165,000xg
through 20% sucrose, and the pellet was resuspended in STE
buffer and divided into six equal aliquots. Aliquots 1-3 served
as controls (untreated, trypsin inhibitor treated, and triton
X-100 treated), aliquot 4 was treated with trypsin, aliquot 5
with trypsin and triton X-100, and aliquot 6 with trypsin
inhibitor and trypsin. Trypsin degraded VP40 only in the
presence of triton X-100, indicating that the viral protein does
induce the production of fully membrane-bound particles;
that is, trypsin digestion of VP40 required disruption of the
lipid-bilayer surrounding the protein.

VP40 Mutants and Membrane-Bound Particle Formation.

Does the PPXY motif at amino acids 10-13 of VP40 con-
tribute to particle production? To address this question,
VP40AAXY was expressed in 2937 cells and assayed for
particles as described for wild-type VP40. VP40AAXY was
not detected in fractions corresponding to the sucrose densi-
ties to which wild-type VP40 particles migrated. Since
VP40AAXY was synthesized at levels similar to wild-type
VP40, this finding indicates that mutation of the PPXY motif
markedly disrupts VP40-generated vesicle formation.

A substantial amount of VP40M14A was present in frac-
tions 5-8 in the gradient, and the percentage of total
VP40M14A expressed in 293T cells that contributed to mem-
brane-bound particle formation was much greater than the
percentage of total wild-type VP40 involved in particle for-
mation. This result is consistent with the finding that the
PPXY motif present immediately upstream of the second
AUG is critical for VP40-associated particle formation.

To determine whether the C-terminus of VP40 is essential
for particle formation, a deletion mutant, VP40/1-276, was
assayed which lacks the final 50 amino acids of VP40, for
particle generation. Since this deletion mutant was not
present at the same sucrose densities that characterized the
migration of wild-type VP40, it was concluded that the first
276 amino acids of VP40 are not sufficient for particle for-
mation.
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VP40 Association with Cell Membranes and Structural
Requirements for Activity.

Flotation analysis was used to determine if VP40 binds
cellular membranes efficiently in mammalian cells. In this
method, postnuclear membrane fractions in 80% sucrose are
loaded at the bottom of a centrifuge tube and overlaid with
65% and 10% sucrose. During centrifugation, cellular mem-
branes and their associated proteins float to the 10-65%
sucrose interface, while soluble proteins remain in the dense
sucrose fractions at the bottom of the tube.

A large percentage of wild-type VP40 was found at the
10-65% sucrose interface (fraction 3), while the remaining
protein was found in the loading zone (fractions 8-12), indi-
cating that VP40 does indeed bind cellular membranes. To
clarify the interactions involved in this association, VP40-
associated membranes were treated with 1 M NaCl to deter-
mine whether electrostatic interactions were required for this
association and subjected them to flotation analysis. Salt
treatment had a negligible affect on the ability of VP40 to
associate with membranes, suggesting that the protein con-
tains at least one hydrophobic domain able to associate with
membranes.

To elucidate the domain(s) of VP40 important for mem-
brane association, deletion mutants were generated. Con-
structs expressing amino acids 50-326 (pCEboZVP40/50-
326), amino acids 100-326 (pCEboZVP40/100-326), amino
acids 1-176 (pCEboZVP40/1-176), amino acids 1-226 (pCE-
boZVP40/1-226), and amino acids 1-276 (pCEboZVP40/1-
276) of VP40 were expressed in 293 cells and their membrane
association in the presence or absence of 1 M NaCl was
examined. The mutants with the largest truncations, VP40/1-
176 and VP40/100-326, showed the highest level of associa-
tion with the lipid bilayer. Salt treatment did not affect these
interactions. Mutants VP40/1-226 and VP40/50-326 associ-
ated with membranes to the extent found with wild-type
VP40, and these interactions were also relatively unperturbed
by treatment with salt. By contrast, only a small portion of
VP40/1-276 associated with the lipid bilayer, and this inter-
action was eliminated upon treatment with salt. These results
indicate that loss of the C-terminal 50 amino acids of VP40
markedly alters the membrane-binding capabilities of VP40,
primarily by disrupting hydrophobic interactions. This effect
was ameliorated when 50 additional C-terminal amino acids
were deleted, and membrane-association was promoted when
the protein was further truncated to 176 amino acids. Deletion
of the N-terminal 49 amino acids of VP40 did not alter the
membrane-binding characteristics of the protein, although
truncation of 50 additional N-terminal amino acids did
enhance protein-membrane association, as seen with VP40/
1-176.

Since particle formation was markedly reduced with
VP40AAXY, cells expressing this mutant were subjected to
flotation analysis in order to determine whether a decreased
ability to bind membranes was involved in this deficiency.
The loss of the PPXY motif'in VP40 did not affect the ability
of the protein to bind membranes, indicating that lack of
particle production with this mutant was not due to the loss of
membrane association.

Flotation analysis was also used to determine whether the
more efficient particle formation induced by VP40M14A, by
comparison to wild-type VP40, could be attributed, at least in
part, to increased membrane binding by this mutant. The
percentage of VP40M14A associated with membranes was
only slightly greater than that determined for wild-type VP40,
indicating that this mutant relies on another mechanism to
increase particle formation.
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Triton X-114 Phase Partitioning Analysis.

To probe the nature of the VP40-membrane interaction
further, Triton X-114 phase partitioning analysis was used as
integral membrane proteins and lipid anchored proteins par-
tition in the detergent phase of a protein extraction and
peripheral membrane proteins partition in the aqueous phase.
HA, an integral membrane protein, was found entirely in the
detergent phase of the extraction, as expected. Only a small
portion of total VP40 was found in the detergent phase, while
VP40/1-276 was found almost entirely in the aqueous phase.
VP40/1-226 and VP40/50-326 partitioned in the detergent
phase in proportions similar to that found for wild-type VP40.
By contrast, when VP40/1-176 and VP40/100-326 were
expressed, large proportions of each partitioned in the deter-
gent phase. These results indicate that wild-type VP40 pos-
sesses only minor traits of an integral membrane protein, and
that deletion of its C-terminal 50 amino acids (VP40/1-276)
abrogates these features. Further truncation of the C-terminus
(VP40/1-226 and VP40/1-176) enhances the integral mem-
brane character of protein. Deletion of the N-terminal 49
amino acids of VP40 (VP40/50-326) does not alter the gen-
eral structural features of the protein, while deletion of amino
acids 1-99 (VP40/100-326) appears to increase the extent of
anchoring to lipids.

Discussion

Thus, VP40 of Ebola virus, when expressed in the absence
of other viral proteins, can induce the formation of mem-
brane-encompassed particles, much in the manner of the
matrix proteins of VSV, rabies, and simian immunodeficiency
virus (Giddings et al., 1998; Harty et al., 1999; Justice et al.,
1995; Li et al., 1993). Cellular proteins containing the WW
domain are, in all likelihood, crucial for this process, as VP40
containing an altered version of a PPXY motif at amino acids
10-13 induces little or no particle formation. Harty et al.
(1999) demonstrated that the matrix proteins of VSV and
rabies viruses, which possess this motif at their N-termini,
bind the cellular Yes-kinase-associated and Nedd4 proteins
via a PPXY motif-WW domain, interaction, and that the loss
of this motif results in impaired virus release from infected
cells. Jayakar et al. (2000) recently demonstrated that muta-
tion of the PPXY motif in the matrix protein of VSV impedes
budding of fully assembled virions at the plasma membrane.
The data described herein provides evidence for an important
role of the PPXY motif in particle formation induced by
VP40, and suggest that cellular proteins are crucial players in
this process.

The efficiency of particle production markedly increased
when the second ATG codon of VP40 (codon 14) was
changed to GCG (alanine), but the reason for this enhance-
ment remains unclear. This ATG codon immediately follows
the PPXY motif. Perhaps the faster-migrating version of
VP40, which lacks the PPXY motif, interferes with the
assembly or budding of full-length VP40 molecules at the cell
surface, or with the interaction between VP40 and a cellular
protein. Whether translation from this second ATG occurs in
actual viral infection or is an artifact of the system employed
in this study is unknown.

Ruigrok et al. (2000) reported that VP40 expressed in E.
coli can bind liposomes in vitro and that this interaction is
largely electrostatic. In mammalian cells, a substantial
amount of VP40 bound to the cellular membrane, and that this
interaction was disrupted negligibly by the presence of 1 M
NaCl, indicating that at least one hydrophobic domain is
involved in this interaction. A small but appreciable portion of
VP40 partitioned with detergent in the manner of an integral
membrane or lipid-anchored protein in Triton X-114 phase-
partitioning analysis. This result, together with the inability
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of 1 M NaCl to dissociate VP40 from the lipid bilayer, indi-
cates that the protein has certain properties of an integral
membrane protein, as do a number of matrix proteins of
negative-stranded RNA viruses (Chong et al., 1993; Zhang et
al., 1996), even though Ebola VP40 does not appear to contain
a region of significant length and hydrophobicity to span the
cell membrane. Short hydrophobic stretches of VP40 may be
able to penetrate the lipid bilayer to some extent, lending
modest integral-membrane character to the protein.

Ruigrok et al. (2000) also reported that a deletion mutant of
VP40 containing amino acids 31-212 failed to bind liposomes
efficiently, indicating that the C-terminus of VP40 is abso-
lutely required for membrane binding. To elucidate the
domains involved in the association of VP40 with cellular
membranes, carboxy and amino-terminal deletion mutants
were constructed. VP40 lacking its C-terminal 50 amino
acids demonstrated appreciably reduced membrane associa-
tion. The Kyte-Doolittle hydrophobicity plot (1982) of VP40
indicates that amino acids 277-326 of the protein are prima-
rily hydrophobic, so that deletion of amino acids 277-326
eliminates a substantial hydrophobic region that is likely
important for efficient membrane-binding by the full-length
protein. This hypothesis is supported by the fact that 1 M
NaCl completely disrupted this association, suggesting that
affinity of this deletion construct with the lipid bilayer
depends primarily on electrostatic interactions.

When amino acids 227-326 of VP40 were deleted, the
resulting truncated protein associated with the lipid bilayer as
efficiently as wild-type VP40; moreover, C-terminal deletion
ofamino acids 177-326 resulted in a protein with much higher
affinity for the lipid bilayer than was found for wild-type
VP40. Salt treatment did not perturb membrane association of
these truncated versions of VP40, indicating the presence of
hydrophobic interactions mediated by the N-terminal 176
amino acids of the protein.

The hydrophobicity plot indicates that amino acids 227-
276, and particularly amino acids 177-226, are primarily
hydrophilic. Deletion of the hydrophilic residues present in
this region of VP40 may allow the truncated protein to fold
into a structure capable of strong hydrophobic association
with the cell membrane, perhaps by effectively exposing the
highly hydrophobic central domain of the protein. These
results are consistent with data obtained by Triton X-114
extraction analysis. Since VP40 lacking its C-terminal 50
amino acids was unable to produce particles, and these C-ter-
minal residues appear to be required for efficient membrane
association of VP40, binding of this highly hydrophobic
region to the lipid bilayer may be an essential step in the
particle formation process.

The crystal structure of amino acids 31-326 of Ebola virus
was recently elucidated by Dessen et al. (2000). It shows
VP40 to be distinct from other viral matrix proteins, in that it
consists of two similar domains connected by a flexible linker
at amino acids 195-200. Ruigrok et al. (2000) showed that
amino acids 31-212 of VP40 form hexamers spontaneously in
solution. Dessen and associates postulate that, during the life
cycle of Ebola virus, VP40 molecules associate with the lipid
bilayer through interactions contributed primarily by their
C-termini. After membrane binding, the molecules undergo a
conformational change that frees their N-termini for hexam-
erization. These hexamers then form building blocks for a
lattice that underlies the plasma membrane, and subsequently
may interact with the cytoplasmic tails of viral glycoproteins
and/or the ribonucleoprotein complex. This model is based on
data demonstrating the hexamerization of VP40 molecules
that lack their N-terminal 30 amino acids as well as their
C-terminal 114 amino acids. The PPXY motif that appears
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crucial for membrane-bound particle formation is located at
amino acids 10-13 of VP40, and this motif most likely inter-
acts with a cellular protein that exhibits a WW domain during
virus particle assembly or budding. It has not yet been dem-
onstrated that VP40 with a truncated C-terminus can form
hexamers when the entire N-terminus is present. If hexamer-
ization does occur during virion morphogenesis, the 18 hex-
amers that form presumably must leave the PPXY motif
accessible to cellular proteins that participate in particle for-
mation and/or budding.

EXAMPLE 4

Particles Comprising Filovirus Matrix Protein and
Glycoprotein

Materials and Methods

Cells.

293T human embryonic kidney cells were maintained in
Dulbecco’s modified Eagle medium supplemented with 10%
fetal calf serum, [-glutamine and penicillin-streptomycin-
gentamicin solution. The cells were grown in an incubator at
37° C.in 5% CO,.

Plasmids.

Full-length ¢DNAs encoding the Ebola virus (species
Zaire) VP40 or GP were cloned separately into a mammalian
expression vector,pCAGGS/MCS (Kobasaet al., 1997; Niwa
et al., 1991), which contains the chicken f-actin promoter.
The resultant constructs were designated pCEboZVP40 and
pCEboZGP, respectively.

Cell Transfection for Expression of VP40 and GP.

293T cells (1x10°) were transfected with plasmids using
the Trans I'T LT-1 reagent (Panvera, Madison, Wis.) according
to the manufacturer’s instructions. Briefly, 1 ng of DNA in 0.1
mL Opti-MEM (Gibco-BRL) and 3 plL of the transfection
reagent were mixed, incubated for 10 minutes at room tem-
perature, and added to the cells. Transfected cells were incu-
bated at 37° C. for 24 or 48 hours.

Electron Microscopy.

Ultrathin section electron microscopy was performed as
follows. Twenty-four hours post-transfection of 293T cells
with plasmids, the cells were washed with phosphate-buff-
ered saline (PBS) and fixed for 20 minutes with 2.5% glut-
araldehyde (GLA) in 0.1 M cacodylate buffer (pH 7.4). They
were scraped off the dish, pelleted by low-speed centrifuga-
tion and then fixed for 30 minutes with the same fixative.
Small pieces of fixed pellet were washed with the same buffer,
postfixed with 2% osmium tetroxide in the same buffer for 1
hour at 4° C., dehydrated with a series of ethanol gradients
followed by propylene oxide, embedded in Epon 812 Resin
mixture (TAAB) and polymerized at 70° C. for 2 days. For
immune electron microscopy, cells were fixed with 4%
paraformaldehyde and 0.1% GL A, dehydrated and embedded
in LR White Resin (London Resin Company Ltd.). Thin
sections were stained with uranil acetate and lead citrate, and
examined with a JEM-1200EX electron microscope at 80 Kv.

For negative staining, culture media of 293T cells were
collected at 24 hours post-transfection onto a Formvar-coated
copper grid, stained with 2% phosphotungstic acid solution
(PTA) and examined with a JEM-1200 electron microscope at
80 Kv.

For immune electron microscopy, the samples were
absorbed to Formvar-coated nickel grids and washed with
PBS containing 0.5% bovine serum albumin (PBS-BSA).
The grids were then treated with mouse anti-GP monoclonal
antibody (a mixture of ZGP12, ZGP42, and ZGP133 (31);
1:150 in PBS-BSA) or rabbit anti-VP40 polyclonal antibody
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(1:300 in PBS-BSA), and rinsed six times with PBS, followed
by incubation with a goat antimouse immunoglobulin conju-
gated to 15-nm gold particles (1:50 dilution; BBInterna-
tional) or a goat antirabbit immunoglobulin conjugated to
5-nm gold particles (1:100 dilution; BBInternational). After
washing, the samples were fixed for 10 min in 2% glutaral-
dehyde and negatively stained with 2% PTA.

Results

Pleomorphic Particle Formation by GP.

To determine the morphology of vesicles induced by Ebola
virus GP expression, GP-expressing cells and their superna-
tants were analyzed by electron microscopy. The ultrathin
sections of these cells showed particle-like structures with
surface spikes budding from the plasma membrane; no such
structures were observed using cells transfected with the
expression vector alone. As previously observed in the
recombinant vaccinia virus system (Volchkov et al., 1998),
pleomorphic structures similar to virosomes with a range of
diameters were apparent in the supernatants of GP-express-
ing cells. The spikes on the surface of the vesicles reacted
with anti-GP monoclonal antibodies, confirming the GP deri-
vation of the structures.

VP40 Induces Filamentous Particle Formation.

To determine how VP40 protein expressed in 293T cells is
released into culture medium (Harty et al., 2000; Timmins et
al., 2001), the VP40-expressing cells were analyzed by trans-
mission electron microscopy. The ultrathin sections of the
cells expressing VP40 showed budding of filamentous struc-
tures (approximately 65 nm in diameter) on the cell surface.
In some cells, the plasma membranes appeared ruffled and to
consist of two bilayers. Aggregated ribosomes were occa-
sionally found in the cytoplasm of cells expressing VP40, as
were electron-dense filamentous structures (approximately
45 nm in diameter), which were never seen in cells transfected
with the expression vector alone. The budding particles and
membrane ruffles reacted with rabbit anti-VP40 polyclonal
antibody, confirming that VP40 had contributed to the gen-
eration of these structures. In studies to further determine the
size and morphology of the VP40 particles released from
cells, the supernatants of cells expressing this protein were
centrifuged through 20% sucrose, and the pelleted material
was negatively stained with 2% PTA and analyzed by electron
microscopy. Filamentous particles, which had uniform diam-
eters of approximately 65 nm but varied lengths, were
observed. These results indicate that VP40 alone can induce
the formation of filamentous particles, which bud from the
cell surface.

VP40-GP Interaction in Particle Morphogenesis.

To determine how GP expression affects VP40-driven par-
ticle formation, 293T cells were transfected with both VP40-
and GP-expressing plasmids. In ultrathin sections of the
transfected cells, filamentous particle-like structures of
80-nm external diameter were observed that were budding
from the plasma membrane. The structures possessed spikes
of approximately 10 nm on their surface, in contrast to the
structures observed in cells expressing VP40 alone. Also,
unlike the findings with expression of GP alone, few pleo-
morphic particles were observed. The particle structures were
studied in more detail after negative staining of the particles in
culture supernatants of cells expressing both VP40 and GP.
Filamentous Ebola virus-like particles with surface spikes of
approximately 85-nm in external diameter and lengths that
ranged to 10 um were observed. The spikes projected from the
particle surface at 5- to 10-nm intervals and were morpho-
logically indistinguishable from those on the Ebola virion
surface (Feldmann et al., 1996; Peters et al., 1995). Labeling
of'the spikes with a mixture of anti-GP monoclonal antibodies
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conjugated with gold particles confirmed their identity as GP.
Furthermore, when treated with 0.03% Triton X-100 and with
both the anti-VP40 antibody conjugated to 5-nm gold par-
ticles and a mixture of anti-GP monoclonal antibodies con-
jugated to 15-nm gold particles, the filamentous particles
became labeled with both antibodies, demonstrating that the
Ebola vires-like particles contained GP as well as VP40 pro-
teins. These results demonstrate GP incorporation into VP40-
generated filamentous structures, without affecting filamen-
tous particle formation.

Discussion

A hallmark of Ebola virus is its filamentous virions as
featured in its family name Filoviridae. The shape of envel-
oped viruses are determined by viral proteins in retroviruses
(Campbell et al., 1997; Gay et al., 1998; Joshi et al., 2000) or
by both viral RNA length and proteins in VSV (Pattnaik et al.,
1991). Because specific interactions among viral components
are required for the formation of defined virion shapes, under-
standing of such interactions can lead to the identification of
targets for the development of antiviral compounds.

As shown herein by electron microscopy, the expression of
VP40 in the absence of any other Ebola virus proteins leads to
the formation of filamentous particles, which resemble spike-
less virions released into the supernatant of cultured Ebola
virus-infected cells (Geisbert et al., 1995). Thus, these results
suggest that the Ebola virus VP40 possesses structural infor-
mation necessary and sufficient to induce the formation of
filamentous particles, which then bud from the plasma mem-
brane. Interestingly, some filamentous structures were
observed in the cytoplasm of cells expressing VP40 as have
been found in the cytoplasm of the cells infected with Ebola
virus. Similar structures have also been observed in cells
expressing the M1 protein of influenza virus or the GAG
protein of retrovirus (Delchambre et al., 1989; Gheyson et al.,
1989; Gomez-Puertas et al., 2000). However, the tubular
structures observed upon expression of influenza virus M1
alone were not seen during normal viral infection or when M1
was coexpressed with other influenza viral proteins. Thus,
VP40 may form intracellular filamentous structures by self-
aggregation.

Membrane ruffles containing VP40 protein were observed
in some VP40-expressing cells. The M protein of VSV
induces similar double-layered membranes at the cell surface
when expressed from recombinant Sendai virus (Sakaguchi
et al, 1999). IpaC protein secreted by Shigella flexneri has
also been linked to large-scale membrane extension in mac-
rophages, including lamellipodia and membrane ruffles (Ku-
wae et al, 2001; Tran Van Nhieu et al., 1999), while Salmo-
nella typhimurium triggers the formation of host cell
membrane ruffles in nonphagocytic cells (Ginocchio et al.,
1994; Zhou et al., 1999). These membrane ruffles are thought
to result from interactions between the bacterial proteins,
including IpaC, and the actin cytoskeletons ofhost cells (Tran
Van Nhieu et al., 1999; Zhou et al., 1999). In Ebola virus-
infected cells, host cell plasma membranes proliferate exten-
sively at the peak stage of viral budding (Geisbert et al, 1995),
as observed in cells expressing VP40 alone. Thus, VP40 may
interact with actin filaments during the assembly or budding
of Ebola virus at the cell surface.

The impact of glycoprotein interaction with the matrix
protein on virion morphology differs among viruses. For
example, deletion of the cytoplasmic tails of the influenza
virus hemagglutinin and neuraminidase alters virus morphol-
ogy (Jin et al., 1997; Mitnaul et al., 1996), while the charac-
teristic morphology ofrabies virus and VSV do not depend on
glycoprotein-matrix protein interaction (Mebatsion et al,
1996; Mebatsion et al., 1994; Schnell et al., 1998; Takada et
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al., 1997). The Ebola virus GP, like VSV-G, was incorporated
into filamentous particles without affecting the morphology
of' the particles. However, such interaction may contribute to
the efficiency of budding, as demonstrated by research on
VSV (Jayakar et al., 2000; Mebatsion et al., 1999).

In conclusion, VP40 induces VP40 containing-filamentous
particle formation and GP spikes are incorporated into VP40
induced-filamentous particles upon coexpression of GP and
VP40, resulting in Ebola virus-like particles.

EXAMPLE 5

A Method to Screen for Modulators of Viral
Transcription or Replication

To produce viral vectors for an antiviral screening method,
vectors were prepared that expressed a rhabdovirus or filovi-
rus protein and a reporter. In one embodiment, a reporter gene
replaces rhabdovirus GP sequences in genomic rhabdovirus
DNA. In one embodiment, a reporter gene replaces filovirus
GP sequences in genomic filoovirus DNA. In one embodi-
ment, viral protein expression vectors useful with the recom-
binant genomic DNA may include one expressing filovirus
GP and optionally one or more vectors expressing one or
more of rhabdovirus N, P, M and L. In another embodiment,
areporter gene replaces sequences in genomic filovirus DNA.
The Filovirus protein expression vectors, e.g., Marburg virus
or Ebola virus vectors, include one or more of the following
sequences: sequences for L, NP, VP30 and/or VP35. If more
than one vector is employed, the vectors may be physically
linked or each vector may be present on an individual plasmid
or other, e.g., linear, nucleic acid delivery vehicle.

To develop an antiviral to Ebolavirus, the entry process,
including receptor binding and/or fusion, was targeted. To
identify compounds that interfere with these steps in the viral
life cycle, a replication-incompetent Vesicular Stomatitis
Virus (VSV) was employed that lacks the VSV glycoprotein
gene and contains the GFP gene instead. This replication-
incompetent VSV was pseudotyped with Ebola GP glycopro-
tein. This pseudotyped virus infects cells once, resulting in
GFP gene expression. In the presence of compounds that
interfere with Ebola GP-mediated binding or fusion, reporter
gene expression is abrogated. This system was used to screen
about 6,300 compounds at The National Screening Labora-
tory for the Regional Centers of Excellence in Biodefense at
Harvard University, Boston, Mass., and 144 compounds were
identified that reduced reporter gene expression by more than
90%.

To verify whether the compounds indeed inhibit Ebolavi-
rus infection, a biologically contained Ebolavirus expressing
GFP protein (EbolaAVP30-GFP virus) (see Example 2) was
employed. 111 of the originally-identified 144 compounds
were tested and 24 were identified that reduced the infectivity
of'the biologically contained Ebolavirus by atleast 90% (FIG.
11). For those compounds, the 50% inhibitory concentration
(ICs,) and cytotoxic concentration (CCs,) were determined.
Benztropine mesylate emerged as a lead candidate.

Further studies revealed that benztropine mesylate effi-
ciently reduced the infectivity of VSV pseudotyped with GPs
of all known subtypes of Ebolavirus (i.e., Zaire, Reston,
Sudan, Ivory Coast); the titers of these pseudotyped viruses
were reduced by 98-99%. Benztropin mesylate was also
effective against VSV pseudotyped with the GP protein of
Marburgvirus, although to a lesser extent (reduction of virus
titers of about 75%). On the other hand, benztropine mesylate
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does not affect the growth of viruses such as VSV and influ-
enza virus, indicating the specificity of this compound for
Ebolavirus.

Binding of Ebolavirus to cell surface activates the phos-
phoinositide-3 (PI3) kinase-Akt pathway. It was determined
that benztropine mesylate did not inhibit the phosphoi-
nositide-3 (PI3) kinase-Akt pathway per se. However, benz-
tropine mesylate was found to inhibit infection of VSV
pseudotyped with Ebola GP that was bound to cell surfaces at
0-4° C., temperatures that may disrupt endocytosis and
vesicle trafficking.

Benztropine mesylate is a known and commercially avail-
able inhibitor of the dopamine transporter and is used to treat
the symptoms of Parkinsons’s disease and other neurological
disorders. Since benztropine mesylate is known to bind to
receptors for neurotransmitters, Ebolavirus might utilize
these receptors as second receptors for entry. Thus, benz-
tropine mesylate might inhibit binding of Ebolavirus to neu-
rotransmitter receptors, resulting in the inhibition of activa-
tion of PI3 kinase-Akt pathway for entry. Alternatively, or in
addition to blocking neurotransmitter receptors, benztropine
mesylate may inhibit fusion of the virus envelope with the
cellular membrane.

EXAMPLE 6
Materials and Methods

Cells.

VeroVP30 cells were established as previously described
(Halfmann et al., 2008) and grown in Eagle’s minimal essen-
tial medium (MEM) supplemented with 10% fetal calf serum
(FCS). Vero and CV-1 cells were cultured under the same
conditions as VeroVP30 cells. 293T cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% FCS. Madin-Darby canine kidney
(MDCK) cells were kept in MEM containing 5% newborn
calf serum (NCS). A549 cells were maintained in Kaighn’s
Modification of Ham’s F-12 (F-12K) medium with 10% FCS.
All cells were maintained at 37° C. with 5% CO,.

Viruses.

The EbolaAVP30 expressing GFP (EbolaAVP30-GFP)
and Influenzavirus A/WSN/33 (HIN1) were generated,
propagated, and titrated as previously described (Halfmann et
al., 2008; Neumann et al., 1999). Vesicular stomatitis virus
(VSV) strain Indiana, vaccinia virus, and adenovirus Ad-5
were propagated and titrated in Vero cells, CV-1 cells, and
A549 cells, respectively.

High Throughput Screening Assay.

For compound screening, VeroVP30 cells were seeded in
384-well culture plates. After about 2 hours of incubation at
37°C., 5% CO,, compounds dissolved in DMSO were added.
The cells were then incubated at 37° C. for another approxi-
mate 2 hours, before being inoculated with EbolaAVP30-
GFP virus. All plates included wells to which DMSO was
added without any compound for GFP-positive (virus inocu-
lated) and negative (no virus inoculated) controls for the
7'-factor calculation. GFP intensities were measured by use of
a Safire II plate reader (Tecan Group Ltd., Mannedorf, Swit-
zerland). Cell viabilities were determined by using a CellTi-
ter-Glo™ Luminescent Cell Viability Assay (Promega, Madi-
son, Wis., USA) and compared to GFP-positive controls,
which were cells treated with DMSO only and inoculated
with virus. The high throughput screen was carried out at the
Keck-UWCCC Small Molecule Screening Facility (Madi-
son, Wis.).
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Virus Binding and Entry Assay.

Recombinant VSV viruses, VSVAG*-Ebola virus GP and
VSVAG*-VSV G, were generated as previously described
(Ito et al., 1999; Takada et al., 1997). To determine whether
the compounds inhibit virus binding/entry, Vero cells in
12-well plates were treated with 500 pL. of 2% FCS-MEM
containing 10 uM compounds for 2 hours prior to infection
with the recombinant viruses. Since the recombinant virus
possesses the GFP reporter gene instead of the VSV G gene,
cells expressing GFP after virus inoculation indicate that the
virus bound, entered, and replicated the protein in the those
cells. Therefore, to determine the efficiency of virus binding/
entry mediated by Ebolavirus GP, GFP-positive cells were
counted under a fluorescence microscope 16 to 20 hours after
virus inoculation and the numbers compared between the two
recombinant VSV viruses.

Virus Minigenome Replication Assay.

A plasmid-based minireplicon assay was performed as
described by Watanabe et al. (Watanabe et al., 2007). To
determine whether the compounds inhibit protein expression
from the Ebolavirus minigenome, 293T cells were trans-
fected with plasmids for the expression of Ebolavirus nucle-
oprotein (NP), L, VP35, VP30, Ebolavirus minigenome
encoding firefly luciferase, and T7 polymerase. Compounds
were added into the media at a final concentration of 10 uM at
6.5 hours post-transfection. Three days post-transfection,
cells were disrupted and mixed with Steady Glo (Promega),
and luciferase activities were detected by using Glomax
(Promega). A reduction in luciferase activity indicates either
inhibition of Ebolavirus RNA-dependent RNA polymerase
activity or T7 polymerase activity, which is required for Ebola
minigenome expression.

Results
Anti-Ebolavirus High Throughput Compound Screening.

To identify anti-Ebolavirus compounds, Known Bioactive
Library 01, which consists of three commercially available
collections totaling 4,160 compounds, was screened with the
EbolaAVP30-VeroVP30 system. The 7'-factor, a measure of
assay quality, was consistently over 0.5 and averaged 0.66
(range; 0.50-0.76), indicating that the EbolaAVP30-
VeroVP30 system was suitable for the HTS assay. Nineteen
compounds were identified as anti-Ebolavirus candidates.
Six of these were gedunin-like limonoids that shared struc-
tural similarities; these six compounds were focused on for
further analysis.

Anti-Ebolavirus Activities of Qedunin and Qedunin-De-
rivatives.

Known Bioactive Library 01 contains 41 gedunin-like
limonoids. To assess whether all of these compounds show
anti-Ebolavirus activity, 39 accessible compounds were re-
screened. For this secondary screening, 1.5x10% cells/30
ul/well were seeded in a 384-well plate, compounds were
added at a concentration of 10 uM, and 30 pl. of the Ebo-
1aAVP30-GFP virus was added at an MOI of 0.1, so that the
final concentration of the compounds was 5 uM. Fourteen of
the compounds reduced the GFP intensity by more than 75%,
while cell viabilities were maintained at more than 70%,
relative to the positive control (cells that received DMSO and
inoculated the virus) (Table 1). The other 25 gedunin-like
limonoids tested reduced the GFP intensity by less than 45%
(range; 45%-negative 49%) or cell viabilities by more than
95%.
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TABLE 1
% GFP % cell
Compound inhibition viability
Epoxygedunin* 103 71
Gedunin* 102 77
1,3-Dideacetyl-7-deacetoxy-7-oxokhivorin* 100 78
Dihydrogedunin 96 79
7-Deacetoxy-3-deacetyl-7-oxokhivorin* 92 80
3beta-Acetoxydeoxodihydrogedunin 20 80
Tridesacetoxykhivorin 89 75
3alpha-Hydroxydeoxodihydrogedunin* 85 94
1,3-Dideacetylkhivorin 82 78
Deacetoxy-7-oxogedunin 80 79
Gedunol 79 82
3beta-Hydroxydeoxodihydrogedunin 75 79
1,2alpha-Epoxydeacetoxydihydrogedunin® 75 77
3beta-Hydroxydeoxydesacetoxy-7-oxogedunin 75 81
Heudelottin C 104 5
Deacetylgedunin 45 86
Deacetoxy-7-oxisogedunin 41 84
1,7-Dideacetoxy-1,7-dioxokhivorin 39 88
Isogedunin 35 86
6-Acetoxyangolensic acid methyl ester 32 88
Tridesacetoxykhivorin 28 94
7-Deacetoxy-7-oxokhivorin 26 90
1-Deacetoxy-1-oxo-3,7-dideacetylkhivorin 19 94
6-Hydroxyangolensic acid methyl ester 15 94
1,7-Dideacetoxy-1,7-dioxo-3-deacetylkhivorin 14 87
7-Deacetylkhivorin 13 91
3-Deacetylkhivorin 6 102
Utilin 4 75
7-Epikhivorin 4 79
Angolensic acid, methyl ester 4 85
7-Desacetoxy-6,7-dehydrogedunin 2 70
Khivorin 0 82
Entandrophragmin -12 83
Andirobin -12 91
Prieurianin -17 89
2,3-Dihydroisogedunin -17 91
11alpha-Acetoxykhivorin -47 93
Heudelottin E -49 93
7-Deacetyldihydrogedunin -30 85

*These are the compounds selected for further analyses.

Comparison of compounds with and without anti-Ebolavi-
rus activity indicated that those compounds with activity
against Ebolavirus had a core structure having four benzene
rings and a furan ring. In addition, the 1-Keto group of ring A
of these compounds may have reduced virus infectivity. For
further analysis, five gedunin-like limonoids were selected
(FIG. 12; gedunin, epoxygedunin, 1,3-Dideacetly-7-Deac-
etoxy-7-Oxokhivorin, 7-Deacetoxy-3-deacetyl-7-Oxokhi-
vorin, and 1,2alpha-Epoxy-7-Deacetoxy-7-Oxo-Deoxyhy-
drogedunin).

To confirm the anti-Ebolvirus activities of these 5 com-
pounds, the growth kinetics of EbolaAVP30-GFP were
assessed in their presence. The compounds (10 uM) were
added to Vero VP30 cell culture medium 2 hours prior to
infection (M01=0.001) and the medium was then harvested
24, 48, and 72 hours post-infection. As shown in FIG. 13, all
five gedunin-like compounds inhibited the growth of Ebo-
1laAVP30-GFP. Gedunin and epoxygedunin completely
inhibited EbolaAVP30-GFP growth, while the other three
compounds reduced virus growth by at least 1 log, , titer (85%
reduction) at 72 hours post-infection. These data confirm the
anti-Ebolavirus activity of these compounds.

To calculate the anti-Ebolavirus efficacies of the com-
pounds, their 50% inhibitory concentrations (ICs,) were
determined by measuring GFP intensity following virus
infection at an MOI of 0.1. The compounds showed signifi-
cant activity with ICs, values of 0.56 uM or lower, with the
exception of 1,2alpha-Epoxy-7-Deacetoxy-7-Oxo-Deoxy-
hydrogedunin (Table 2), whose I1Cs, was 7.12 uM. The 50%
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cytotoxic concentrations (CCs,) of the compounds were
greater than 10 uM, indicating low toxicity to cell culture.

TABLE 2

IC<.s and CCs,s of Gedunin and Gedunin derivatives

compound ICs50 (UM) CCso (UM)
Gedunin 0.33 >10
Epoxygedunin <0.15 >10
1,3-Dideacetly-7-Deacetoxy-7-Oxokhivorin <0.15 >10
7-Deacetoxy-3-deacetyl-7-Oxokhivorin 0.56 >10
1,2alpha-Epoxy-7-Deacetoxy-7-Oxo- 7.12 >10

Deoxyhydrogedunin

Virus-Specific Inhibition of Compounds.

Gedunin and some gedunin-derivatives have antimalarial
(MacKinnon etal., 1997), anti-HIV (http://home.ncifcrf.gov/
mtdp/Catalog/compounds/309912.html), anti-insect (Nathan
et al., 2005), and anti-cancer (Uddin et al., 2007) activities.
Therefore, it was determined whether these five compounds
inhibited other viruses, namely vaccinia virus, adenovirus,
VSV, and influenza virus. Experiments were carried out with
10 uM compounds and infections at an MOI of 0.001 (vac-
cinia virus, adenovirus) or 0.00001 (VSV and influenza
virus). As shown in FIG. 13, none of the compounds signifi-
cantly inhibited any of the viruses, although gedunin was
slightly inhibitory to adenovirus, indicating that the anti-virus
activities of these compounds are not universal.

Inhibition of Ebola GP-Dependent Virus Entry.

The first step of Ebolavirus infection is virus binding and
entry into the host cell via its surface glycoprotein (GP). To
examine whether gedunin and gedunin-like compounds
inhibit virus entry; we adapted a VSV pseudotype system (Ito
et al., 2001; Takada et al., 1997). The pseudotype viruses,
VSVAG*-Ebolavirus GP and VSVAG*-VSV G, possess
Ebolavirus GP and VSV G on their surfaces, respectively.
Initiation of infection relies upon those surface glycoproteins.
In addition, these recombinant viruses possess a GFP reporter
gene in place of the VSV G gene, such that infected cells can
be distinguished by GFP expression.

Compounds were added 2 hours prior to the pseudotype
virus infections, and virus infectivy was determined by count-
ing the number of GFP-positive cells after an overnight incu-
bation at 37° C. All five compounds appreciably reduced the
infectivity of VSVAG*-Ebolavirus GP but not that of
VSVAG*-VSV G (FIG. 14), indicating that these compounds
inhibit Ebolavirus GP-dependent virus entry. Interestingly,
2alpha-Epoxy-7-Deacetoxy-7-Oxo-Deoxyhydrogedunin,
which inhibited 75% of GFP expression from EbolaAVP30-
GFP virus (Table 2) and had an IC, of 7.12 uM (Table 2),
allowed 6.5£1.6% of VSVAG*-Ebolavirus GP infection,
whereas the other four compounds, which inhibited more
than 90% of GFP expression of EbolaAVP30-GFP virus
infection (Table 2) and had IC5,s more than 10 times lower
than that of 2alpha-Epoxy-7-Deacetoxy-7-Oxo-Deoxyhy-
drogedunin, allowed less than 3% of VSVAG*-Ebolavirus
GP infection. These data suggest that the level of Ebolavirus
inhibition of these compounds is associated with their ability
to inhibit Ebolavirus GP-dependent virus entry.

Inhibition of Protein Expression from the Ebolavirus
Minireplicon.

The next steps in Ebolavirus replication are virus genome
replication and virus protein expression. To examine whether
the tested compounds inhibit Ebolavirus genome replication
and protein expression, an Ebolavirus minigenome replica-
tion assay was performed. The compounds were added to cell
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culture media 6.5 hours post-transfection to avoid affecting
transfection efficacies. As shown in FIG. 15, gedunin and
epoxygedunin significantly reduced firefly luciferase reporter
protein expression from the Ebolavirus minireplicon. The
luciferase activities in cells treated with these two compounds
were 1.3%+0.2% and 1.0%=0.1% of those treated with
DMSO, respectively. The other three compounds did not
reduce the luciferase activities. Since gedunin and epoxyge-
dunin have a 7-acetate group on their ring B, but the other
three compounds do not, this residue may contribute to the
inhibition of Ebolavirus genome replication and/or protein
expression.

Hsp90 Inhibitors Reduce Protein Expression from the Ebo-
lavirus Minireplicon.

The inhibitor activities of gedunin and some of its deriva-
tives have been tied to the heat shock protein Hsp90 (Hiero-
nymus et al., 2006), suggesting that their Ebolavirus inhibi-
tory mechanisms may involve inhibition of Hsp90 or
degradation of its substrate proteins. Therefore, it was deter-
mined whether Hsp90 inhibitors have anti-Ebolavirus activ-
ity. Four Hsp90 inhibitors, geldanamycin (GM), 17-AAG
(17-Allylamino-17-demethoxygeldanamycin), CCT 018159
(4-[4-(2,3-Dihydro-1,4-benzodioxin-6-yl)-5-methyl-1H-
pyrazol-3-yl]-6-ethyl-1,3-benzenediol), and AEG 3482
(6-Phenylimidazo[2,1-b]-1,3,4-thiadiazole-2-sulfonamide)
were assessed for their anti-Ebolavirus activities by use of an
Ebolavirus growth assay, a VSV pseudotype virus assay, and
a minireplicon assay.

CCT and 17AAG reduced EbolaAVP30 virus growth (97%
and 92% reduction, respectively, at 72 hours post-infection),
but GM and AEG did not (30% and 5% reduction, respec-
tively, 72 hours post-infection) (FIG. 16A). Although all five
of the gedunin-like compounds significantly reduced virus
infection mediated by Ebolavirus GP, only CCT 018159 of
the Hsp90 inhibitors slightly reduced the Ebolavirus GP-
mediated virus infection (FIGS. 16B and 16C). Infectivities
of VSVAG*-Ebolavirus GP, which were standardized by the
infectivities of VSVAG*-VSV G, were 137% (GM), 110%
(17-AAG), 71% (CCT 018159) and 135% (AEG 3482). All
four Hsp90 inhibitors reduced reporter protein expression
from the Ebolavirus minigenome [luciferase activities were
7.9%=x1.5% (17-AAG), 8.8%=x2.6% (CCT 018159),
24.7%=7.7% (GM), and 34.0%=+8.0% (AEG 3482)] (FIG.
16D). These data demonstrate that Hsp90 inhibitors are
potential anti-Ebolavirus agents and that their inhibitory
mechanisms likely differ from those of gedunin and its
derivatives.

Discussion

A high throughput molecular screen for anti-Ebolavirus
agents identified gedunin and its derivatives as anti-Ebolavi-
rus candidates. Further analysis demonstrated that these com-
pounds inhibit Ebolavirus via Ebolavirus GP-dependent virus
binding/entry and that some of them also reduce Ebolavirus
genome replication and/or protein expression. Gedunin-like
limonoids are found in extracts of plants from the Meliaceae
(Mahogany) family and have been used in traditional medi-
cine in tropical America and in West and East Africa (Bray et
al., 1990), suggesting that there is potential for their use in
humans, if in vivo experiments confirm their anti-Ebolavirus
activities.

In this study, the specificity of anti-Ebolavirus compounds
was assessed by testing their inhibitory activities against
influenzavirus, VSV, vaccinina virus, and adenovirus because
these compounds are reported to have antimalarial (MacKin-
non et al.,, 1997), anti-HIV (http://home.ncifcrf.gov/mtdp/
Catalog/compounds/309912 html), anti-insect (Nathan et al.,
2005), and anti-cancer (Uddin et al., 2007) activities. How-
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ever, none of the compounds tested exhibited significant inhi-
bition of these viruses, although gedunin did slightly delay
the propagation of vaccinia virus, adenovirus and VSV. The
structural features of these compounds may be a determinant
of specificity since only 14 of the 41 gedunin-like limonoids
that were screened demonstrated inhibitory activity to Ebo-
lavirus and since 7-deacetoxy-7-hydroxygedunin and 7-deac-
etoxy-7-oxogeduin had been identified as anti-HIV com-
pounds but the other gedunin-derivatives had not (http://
www.stjuderesearch.org/guy/data/
parasite_bioactives_screen/MAL_ 3D7/Results/87 html).
These data suggest that gedunin-like limonoids have potential
as general antivirals and further screening of these com-
pounds using other microbial assays may be of value.

The mechanisms by which gedunin and its derivatives
inhibit Ebolavirus remain unknown; it is not clear whether
they interact with host cell components or with Ebolavirus
proteins and/or genomes. Since it was previously reported
that gedunin and its derivatives express anti-cancer activities
viadegradation of Hsp90 and/or its substrates (Hieronymus et
al., 2006) and DNA and RNA virus propagation can be
delayed by Hsp90 inhibitors (Basha et al., 2005; Burch &
Weller, 2005; Chase et al., 2008; Connor et al., 2007; Lietal.,
2004; Ujino et al., 2009), it seemed possible that Hsp90
inhibitory activities may contribute to the anti-Ebolavirus
activities of gedunin and its derivatives. Therefore, the anti-
Ebolavirus activities of Hsp90 inhibitors was examined.

Although the four Hsp90 inhibitors tested did not inhibit
Ebolavirus GP-dependent virus binding/entry to the same
extent as the gedunin-like compounds, they reduced protein
expression from the Ebolavirus minireplicon and two of the
four Hsp90 inhibitors also delayed EbolaAVP30-GFP repli-
cation. Since structurally different compounds have been
found with Hsp90 inhibitors to limit reporter protein expres-
sion from the Ebolavirus minireplicon, it has been suggested
that this inhibition may be due not to structural binding to
Ebolavirus directly, but to Hsp90 inhibitory activities. How-
ever, mechanisms other than Hsp90 inhibition should be con-
sidered since deacetylegedunin, which shows anti-cancer
activity via degradation of Hsp90 substrates (Hieronymus et
al., 2006) was one of the 41 gedunin-like limonoids tested, yet
it did not show any anti-Ebolavirus activity.

CCT 018159 displayed about a 30% reduction in Ebolavi-
rus GP-dependent virus infection, unlike GM, 17-AAG, and
AEG 3482. Ithas been reported that CCT 018159 binds to the
ATP site located in the N-terminal domain of Hsp90; how-
ever, GM and 17-AAG also bind at this location via the same
main amino acids (Cheung et al., 2005; Stebbins et al., 1997).
Therefore, why only CCT 018159 showed inhibitory activity
to Ebolavirus binding/entry is unclear. The data suggest that
blockage of virus binding/entry mediated by Ebolavirus GP
may not rely upon Hsp90 and/or its substrate/signaling.

Inhibitors of S-adenosylhomocysteine hydrolase (SAH)
have also shown anti-Ebolavirus activity in vitro and in vivo
(Huggins et al., 1999). Their IC,, values range from 2 to 64
uM, which is higher than gedunin and its derivatives in this
study. Although it is not strictly valid to directly compare
these values, since they were determined using different
assays, 1C;, values are not assay-dependent or Ebolavirus
strain-dependent (Huggins et al., 1999). Therefore, the anti-
Ebolavirus efficacies of gedunin and its derivatives are at least
equal to those of SAH inhibitors.

Ebolavirus outbreaks have occurred almost every year in
the 21% century in Africa, infecting and killing numerous
individuals. Moreover, many people and pigs were infected
with Ebolavirus Reston in the Philippines in 2008-2009.
These reports reflect that Ebolavirus infection is an ongoing
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threat and that therapeutic and prophylactic options are des-
perately needed. Gedunin-like limonoids are found in tradi-
tional medicine in tropical and subtropical regions, where
they have been used to treat humans. The compounds identi-
fied in the present screen thus show promise as anti-Ebolavi-
rus agents, and in vivo confirmation of their anti-Ebolavirus
activities is warranted.

SUMMARY

A library of compounds (Known Bioactive Library
(KB01)) at the Keck-UWCCC Small Molecule Screening
Facility, University of Wisconsin-Madison, Madison, Wis.)
was screened to determine whether any of the compounds
interfered with Ebolavirus replication and infection. The
compounds were screened using biologically contained Ebo-
lavirus expressing GFP protein (EbolaAVP30-GFP virus). In
particular, gedunin and gedunin-like compounds were
screened. Those compounds are found in extracts of plants
from the Meliaceae (Mahogany) family and have been used in
traditional medicine for the treatment of fevers in tropical
American and in West and East Africa. They are known for
their antimalarial, anti-HIV, anti-cancer, and anti-insect
activities. Gedunin is an inhibitor of Hsp90.

Through the use of EbolaAVP30-GFP virus and a follow-
up screen, 15 gedunin and gedunin-like compounds were
identified that reduced GFP expression by at least 75%.
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All publications, patents and patent applications are incor-
porated herein by reference. While in the foregoing specifi-
cation, this invention has been described in relation to certain
preferred embodiments thereof, and many details have been
set forth for purposes of illustration, it will be apparent to
those skilled in the art that the invention is susceptible to
additional embodiments and that certain of the details herein
may be varied considerably without departing from the basic
principles of the invention.

What is claimed is:

1. A method to inhibit or treat filovirus infection in a
mammal, comprising administering to the mammal an effec-
tive amount of a compound of formula (IX) or (X), wherein
formula (IX) is:

Ix)

wherein
Aris a furan;
Xis —O;

adashed line represents either the presence or absence of a
bond;

R, and R, taken together form an epoxide ring, aziridine
ring, cyclopropyl ring, or a bond of a carbon-carbon
double bond;

R, is hydrogen; methyl; ethyl; or propyl;

R, is hydrogen; methyl; ethyl; or propyl;

Rs is hydrogen; methyl; ethyl; or propyl;

R¢ is hydrogen; hydroxy; oxo (—O); acetyl protected
hydroxyl; methyl; ethyl; or propyl;

R is hydrogen; hydroxy; methyl; ethyl; or propyl;

Ry is hydrogen; hydroxy; methyl; ethyl; or propyl;

R, is hydrogen; hydroxy; oxo (—O); acetyl protected
hydroxyl; methyl; ethyl; or propyl;

R,, is hydrogen; hydoxy; oxo (—O); acetyl protected
hydroxyl; methyl; ethyl; propyl; or epoxy;

R,, is hydrogen, halo, hydroxy, or a carbonyl;
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or a pharmaceutically acceptable salt, stereoisomer, or tau-
tomer; and
wherein formula (X) is:

)

wherein
R is hydrogen; hydroxy; oxo (—O); or acetyl-protected
hydroxyl; and
R, is hydrogen; hydroxy; oxo (—O); or acetyl-protected
hydroxyl, or a pharmaceutically acceptable salt, stereoi-
somer, or tautometr.
2. The method of claim 1 wherein the mammal is a human.
3. A method to inhibit or treat filovirus infection in a
mammal, comprising administering to the mammal an effec-

tive amount of 7-deacetoxy-3-deacetyl-7-oxokhivorin, 1,2al-
pha-epoxy-7-deacetoxy-7-oxodihxdrogedunin, epoxygedu-
nin, 1,3-dideacetyl-7-deacetoxy-7-oxokhivorin, gedunin,
gedunol, dihydrogedunin, 3beta-acetoxydeoxodihydrogedu-
nin, 3alpha-hydroxydeoxodihydrogedunin, deacetoxy-7-ox-
ogedunin, 3beta-hydroxydeoxodihydrogedunin, 1,2alpha-
epoxydeacetoxydihydrogedunin, 3beta-
hydroxydeoxydesacetoxy-7-oxogedunin,
tridesacetoxykhivorin, 1,3-dideacetylkhivorin, heudelottin
C, deacetylgedunin, deacetoxy-7-oxisogedunin, 1,7-dideac-
etoxy-1,7-dioxokhivorin, isogedunin, or 6-acetoxyangolen-
sic acid methyl ester, or any combination thereof.

4. The method of claim 1 wherein the agent is orally admin-
istered.

5. The method of claim 1 wherein the agent is intrave-
nously administered.

6. The method of claim 1 wherein the agent is subcutane-
ously administered.

7. The method of claim 3 wherein the mammal is a human.

8. The method of claim 3 wherein the agent is orally admin-
istered.

9. The method of claim 3 wherein the effective amount is
intravenously administered.

10. The method of claim 3 wherein the effective amount is
subcutaneously administered.

11. The method of claim 1 wherein R, R,, R5, R, or Ry
independently is hydrogen or methyl.

12. The method of claim 3 wherein 7-deacetoxy-3-
deacetyl-7-oxokhivorin, 1,2alpha-epoxy-7-deacetoxy-7-0x-
odihxdrogedunin, epoxygedunin, 1,3-dideacetyl-7-deac-
etoxy-7-oxokhivorin, gedunin, gedunol, dihydrogedunin,
3beta-acetoxydeoxodihydrogedunin, 3alpha-hydroxydeox-
odihydrogedunin, deacetoxy-7-oxogedunin, 3beta-hydrox-
ydeoxodihydrogedunin, 1,2alpha-epoxydeacetoxydihy-
drogedunin, 3beta-hydroxydeoxydesacetoxy-7-oxogedunin,
tridesacetoxykhivorin, 1,3-dideacetylkhivorin, or heudelottin
C is administered.

13. The method of claim 3 wherein epoxygedunin, 1,3-
dideacetyl-7-deacetoxy-7-oxokhivorin, gedunin, gedunol,
dihydrogedunin, 3beta-acetoxydeoxodihydrogedunin,
3alpha-hydroxydeoxodihydrogedunin, deacetoxy-7-oxoge-
dunin, 3beta-hydroxydeoxodihydrogedunin, 1,2alpha-ep-
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oxydeacetoxydihydrogedunin, 3beta-hydroxydeoxydesac-
etoxy-7-oxogedunin, 1,3-dideacetylkhivorin, or heudelottin
is administered.

14. The method of claim 3 wherein epoxygedunin, 1,3-
dideacetyl-7-deacetoxy-7-oxokhivorin, gedunin, or 7-deac-
etoxy-3-deacetyl-7-oxokhivorin is administered.

15. The method of claim 1 wherein R or R, independently
is hydrogen, hydroxyl, oxo (—O), or acetyl-protected
hydroxyl.

16. The method of claim 1 wherein R,, is hydrogen,
hydroxyl or acetyl.
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