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ABSTRACT

Antibodies useful to prevent, inhibit or treat Ebola virus

infection, vectors encoding and host cells expressing one or

more heavy chains or light chains that bind Ebola virus, are
provided.
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Ebola GP mAb 133/3.16

Heavychain variable region; HV 1-4, HV 2-2, 3, 4, 5

Mouse sequence

GGATCCGAGGTCAAGCTGCAGGAGTCAGGACCTGGCCTGGTGGCACCCTCACAGAGCCTGTCCAT
CACATGCACTGTCTCTGGATTCTCATTTTCCAGATATACTGTACACTGGGTTCGCCAGCCTCCAGGAA
AGGGTCTGGAGTGGCTGGGAATGATATGGGGTGGTGGAAGCACAGACTATAATTCAGCTCTCAAAT
CCAGACTGAGCATCAGTAAGGACAACTCCAAGAGCCAAGTTTTCTTAGAAATGAACAGTCTGCAAAC
CGATGACACAGCCATGTACTACTGTGTCAGATCTGGTAACTGGAATGCTATGGACTACTGGGGTCAA
GGAACCTCAGTCACCGTCTCCTCAGCCAAAACGACACCCCCATCTGTCTATGGTGGCGGTGGTTCT
(SEQ ID NO:94)

Optimized human sequences

Sequence #1

GGGTCCGAGG TGAAGCTGCA GGAGTCTGGA CCTGGACTGG TGGCACCATC TCAAAGCCTG

AGCATCACTT GTACCGTTAG TGGCTTCTCA TITTCCCGAT ACACCGTCCA TTGGGTCAGA

CAGCCTCCCG GTAAAGGGCT GGAATGGCTG GGCATGATAT GGGGTGGAGG ATCCACTGAT

TACAATAGCG CACTGAAAAG CCGCCTGTCT ATTTCCAAGG ACAATTCCAA AAGTCAGGTG

TTTCTCGAAA TGAACAGCCT GCAGACAGAT GACACAGCAA TGTATTATTG CGTTCGGAGT

GGAAACTGGA ACGCGATGGA CTACTGGGGC CAGGGAACCT CAGTGACAGT TTCCAGCGCT

AAGACTACGC CCCCAAGCGT GTACGGGGGC GGAGGGTCT(SEQ ID NO:95)

Sequence #2

GGCAGCGAGG TCAAACTGCA GGAATCCGGG CCAGGCCTTG TCGCCCCCTC CCAATCACTG

AGCATCACCT GCACGGTTAG TGGCTTCTCC TTTAGTAGAT ATACGGTTCA CTGGGTCCGA

CAGCCCCCGG GAAAGGGACT GGAGTGGCTT GGTATGATTT GGGGGGGCGG CTCCACAGAC

TACAACTCTG CACTCAAGAG TAGACTGTCA ATCAGCAAGG ATAACAGCAA GTCCCAGGTC

TICTTGGAGA TGAACTCCCT TCAGACAGACG GATACTGCCA TGTACTACTG CGTGAGATCG

GGAAACTGGA ATGCTATGGA TTATTGGGGA CAGGGAACCA GTGTGACAGT TAGCTCTGCA

AAAACAACCC CCCCTTCCGT CTATGGCGGG GGAGGTAGC(SEQ ID NO:96)

Sequence #3

GGCAGCGAAG TGAAGCTGCA AGAGAGCGGG CCAGGGCTGG TCGCACCTTC CCAGAGTCTC

TCCATTACCT GCACTGTCTC CGGGTTCTCC TTCTCTCGAT ACACTGTGCA TTGGGTCCGA

CAGCCACCTG GAAAGGGCCT GGAGTGGCTC GGGATGATTT GGGGCGGCGG CTCCACCGAT

TATAATAGGG CCCTCAAATC CAGACTGAGT ATATCTAAGG ATAATTCTAA GAGTCAGGTA

TTCCTCGAGA TGAATTCCCT GCAGACGGAC GACACTGCAA TGTACTATTG CGTTAGATCT

GGCAATTGGA ACGCTATGGA CTACTGGGGA CAGGGTACGT CAGTGACGGT CTCAAGCGCC

AAGACCACTC CGCCTAGTGT CTACGGCGGG GGCGGTAGT(SEQ ID NO:97)

FIG. 1A
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Sequence #8

GGATCAGAGG TGAAACTGCA AGAGTCTGGG CCAGGTCTTG TGGCTCCGTC ACAGTCCCTG

TCAATCACTT GTACTGTCTC TGGATTCAGC TTTTCTAGAT ACACCGTCCA CTGGGTGCGG

CAGCCCCCGG GCAAGGGGCT CGAGTGGCTG GGAATGATCT GGGGAGGGGG

TACAACTCCG CTTTGAAAAG TCGGCTCTCA ATCTCCAAAG ACAACTCCAA

TTCCTCGAAA TGAACTCCCT TCAGACCGAT GATACAGCGA TGTATTACTG

GGGAACTGGA ACGCAATGGA TTATTGGGGT CAAGGCACCT CAGTTACGGT

AAAACTACCC CCCCCAGCGT GTATGGCGGC GGCGGATCT(SEQ ID NO:13)

Sequence #9

GGCAGCGAAG TAAAGTTGCA AGAATCAGGA CCTGGACTTG TAGCTCCGAG

TCCATTACAT GCACAGTTTC TGGCTTCTCT TTICAGCCGAT ATACCGTGCA

CAGCCCCCCG GTAAAGGGCT GGAATGGCTG GGGATGATTT GGGGCGGAGG

TATAACTCCG CTCTGAAATC AAGGCTCAGC ATATCCAAGG ACAACAGCAA

TTCTTGGAAA TGAATAGCCT TCAGACGGAC GACACTGCCA TGTACTATTG

GGGAACTGGA ATGCGATGGA TTACTGGGGC CAGGGAACTT CCGTTACAGT

AAAACTACGC CCCCCAGCGT GTACGGCGGC GGCGGGTCT(SEQ ID NO:14)

Sequence #10

GGGTCCGAGG TGAAGTTGCA AGAGTCTGGC CCCGGTCTTG TGGCTCCTAG

TCTATAACTT GCACAGTGTC CGGCTTCTCT TTTAGCCGAT ATACAGTCCA

CAGCCTCCTG GAAAGGGCCT CGAGTGGCTG GGTATGATCT GGGGGGGCGG

TATAATAGTG CCCTGAAATC TCGCCTCTCA ATCAGCAAGG ATAACAGTAA

TTCCTCGAAA TGAACAGCCT CCAGACAGAT GATACGGCCA TGTATTATTG

GGAAACTGGA ATGCTATGGA CTATTGGGGG CAGGGGACAT CCGTGACTGT

AAAACTACGC CACCTTCAGT CTATGGTGGC GGGGGTTCC (SEQ ID NO:15)

Optimized Nicotiana benthamiana sequences

Sequence #1

GGTTCAGAAS TCAASCTGCA AGAGTCTGGT CCC

GTACAGTTTG TGGCTITTOT THTTCTAGAT ATA

CTCCACTGAC

GTCTCAAGTG

CGTGAGGTCA

TTCCAGCGCT

CCAGTCCCTG

CTGGGTTAGG

GAGTACCGAC

GAGTCAGGTG

CGTCAGAAGC

GTCTAGTGCG

TCAAAGCCTT

TTGGGTGAGA

CAGTACAGAC

GAGCCAGGTG

CGTGCGCAGC

TAGTAGCGCC

GGOTTTGGS TAGCTCCTAG TOAATCOCTS TSCATTACCT

GSTTCA TTGGGTCOGT CAGCCTCOCG GAAAGGGATT
GGAGTGGCTY GGTATGATAT GGGGTGGTGS GTCTACAGAT TACAATTOCTG CACTAAAGAG COGTCTTTCT

ATTTCTAAGG ATAACASTAA GAGCOAGGTT TTCCTFGAAA

TSTATTATTGS TGTTCGTTCT GGTAACTGGA

TICTAGTGCT AAGACCACTC CACCTICTGT CTATGGGGGA GGCGGTTCA (SEQ ID NO:16)

Fig. 7

TGAAGCTCATT AGAAACTGAT

ATGOCCATGGA TTATTGGGGA CAAGGAAGT

GATACGICAA

COGTGACTST
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Ebola GP mAb 226/8.1

Heavy chain variable region; HV 1-2, 3, HV 2-2, 4,5

Mouse sequence

GGATCCCAAGTCAAGCTGCAGGAGTCAGGGGCTGAGCTGGCAAAACTTGGGGCCTCAGTGAAGAT

GTCCTGCAAGGCTTCTGGCTACACCTTTACTAAATACTGGATGCACTGGATAAAACAGAGGCCTGGA

CAGGGTCTGGAATGGATTGGATATATTAATCCTAGTACTGGTTATAGTGAGAACAATCAGAAGTTCAA

GGGCAAGGCCATATTGACTGCAGACAAATCTTCCAGCACAGCCTACATGCAACTGAGCAGCCTGAC

ATCTGATGACTCTGCAGTCTATTACTGTGTAAGAGGCTATGATTCTCATTACTATGTTATGGACTATTG

GGGTCAAGGAACCTCAGTCACCGTCTCCTCAGCCAAAACGACACCCCCATCTGTCTATGGTGGCGG

TGGTTCT (SEQ ID NO:48)

Optimized human sequences

Sequence #1

GGATCACAGG TAAAGCTGCA GGAGTCCOGGG GCTGAGCTGG CTAAACTTGG GGCTAGTGTT AAGATGAGCT

SCAAGGCATC CGGRETACACS TITTACGAAAT ACTGGATGCA CTGGATAAAG CAGCECOCTS GCCAGGGGCT

GGAGTGGATG GGCTACATCA ACCCAAGTAG AGGGTAGTCA GAGAATAATC AAAAGTTCAA GGECAAAGCC

ATCOTGACAS CAGACAAGAG CTCTTCAACS GCATACATGC AGCTCAGTAG COTTACATCA GATGATTCAG

CABTGTACTA TIGTGTCOGA GETTACGACT COCATTACTA CGTCATGGAC TATTGGGGCS AGSGTACATC

TGTGACCSTG TCATCCOGCTA AGACGACASC CCCCAGCGTC TATGSCGGCG GCGGTAGC (SEQ ID NO:49)

Sequence #2

SGAAGECAGSG TCAAGCTTCA GGAGTCAGEC GCTGAACTSG CTAAGCTGSGS CGCCAGTETG AAGATGTCAT

GSTAAAGSCATC CGGATATACA TICASCCAAGT ACTGGATGCA CTGGATCAAG CAGCGACCCG GCCAAGGGST

TGASTGGATA GGTTACATTA ACCCAAGCAC GGGATACTCT GAAAATAACS AAAAATTTAA GGGGAAGGCC

ATCOTGASGG CAGACAASTC CTCCAGTACE GCCTATATGS AGCTGTCATC TOTGACATCT GACGACASTS

COGTGTACTA TTGTGTTAGG GGATACGATT GCCCATTATTA CGTGATGGAT TACTGGGGAS AGGGCACGTE

TOTGACAGTS TCCAGEGOCA AGACAACGCE GCOTTECGTG TATGGCSGTS GOGGCAGC (SEQ ID NO:50)

Sequence #3

GGGTCAGCAGG TGAAGCTGGA GGAAAGTGGA GCAGAGCTGGS CTAAGTTOGSG CGCCTCTGTS AASATGASCT

GTAAAGCTAG CGGCTATACS TTTACCAAGT ACTGGATGCA CTGGATCAAG CAGCGGCOCS GTCAGGGGTT

GGAGTGGATC GGTTATATAA ACCOCAAGCAC GGGGTACAGE GAGAACAADC AAAAGTTTAA GGGAAAAGCA

ATTCTCAGCAG SCTGATAAATC TAGCTCTACC GCCTATATGS AATTGAGTTC CCTGACGTCT GATGACAGSCG

CGOTTITATTA CTGTGTGAGG GGGTACGACA GTCATTATTA CGTCATGGAC TACTGGGGTC ASGGAACAAG

CGTTAGAGTS AGCAGCGCTA AAACAACTCS COCTAGTGTG TATGGTGGCG GCGGAAGT (SEQ ID NO:51)

Sequence #4

GGGTCTCAGSG TGAAGCTTCA GGAGTCCGGA GCTGAGTTSGS CGAAGTTGGG GGCATCAGTT ASAATGTCTT
GCAAGGCOTC CEGTTATACS TTTACAAAGT ATTGGATGCA CTGGATCAAG CAGAGACSTG GOCASGGCTT

GGAATGGATT GGGTACATCA ACGCAAGTAS AGGGTATTCS GAGAAGAACG AGAAGTTTAA AGGGAAGGSCS
ATTCTGASSG CGGACAAATS TTCTTCAACA GOCTACATGOS AGCTGAGCAGS TOTCACGAGS GATGACAGTS

CAGTTTACTA TTGOSTGOGG GGATATGATT CCOCACTACTA CGTCATGGAT TATTGGGGCO AGGGTACATS

ASTGACCETA TCAAGTGCAA AAACGACTCS TCCOGAGCGTG TATGGAGGTS GCGGCTCA (SEQ ID NO:52)

PIG. 3A
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Sequence #5

GGGCTCACAGG TTAAGCTGCA AGAATCCGGS GCCGAGCTGG COAAGCTTGG GGCATCAGTT AAGATGAGTT

GCASAGCOCTC AGGCTATACT TICACTAAST ATTGGATGCA CTGGATCAAGS CAGAGACCAG GOCAGGGATT

GGAATGGATC GGATACATTA ACOCATCTAC CGGATATTCS GASAACAACE AGAAGTTTAA AGGGAAAGCA

ATICTGACAG CCGATAAGTC TTCCTCCACS GOGTACATGO AGCTGTCTAGS TCTCACTAGT GACGACTCCG

CTGTTTACTA CTGTGTCCGS GGCTACGACT CTCACTATTA CGTGATGGAG TACTGGGGGCC AAGGTACCTS

TGTCACGGTT TCTAGCGCGCA AGACCACACCS GOCRTCARTG TACGGAGGTG GAGGCTCT (SEQ ID NO:53)

Sequence #6

GGCTCOSAGG TCAAGCTTGA AGAATCCOGGS GCAGAGCTCS COAAGCTGGG TECOAGSCTA AAGATGAGST

GTAAAGSCOTS TSGATACACA TICACAAAGT ATTGGATGCA CTGGATAAAG CAGSCGCCOAG GCCAGGGECOT
CGAATGGATT GISTTATATTA ASCOGAGSTAC CGGCTAGAGS GAAAATAASC AGAAATTCAA GGGAAAAGCG

ATCOTGACGGS CTGATAAAAG TICCTOTACA GOTTACATGS AGOTGTCTTC COTTACCAGS GATGACTOTG

CAGTTTACTA TIGCGTGCGS GSGTACGATA GTCATTACTA TGTCATGGAT TATTGGGGAC AAGGAACSTC

AGTAACAGTG TCCTCGGGCAA AGACCACGLC GCOTAGTSTG TATGGCSGCG GTGGCAGC (SEQ ID NO:54)

Sequence #7

GGTAGCCAGG TGAAACTGCA GGAATCCGGO GCCOGAACTGS CCAAGCTOGG CGCCTCTGTT AAAATGTOAT

GTAAAGCAAG TGGATACACG TTCACTAAGT ACTGGATGOA CTGGATASAG CAGCGCOCGG GCCAGGGCTTE

GGASTGGATC GGATACASTCA ATCCASAGTAC TGGGTATTCA GAGAATAATG AGAAATTTAA GGGCAAAGCA

ATTCTGACTG CCGATAASATC TTCCAGTACC GCCTATATGC AGCTGTCTTS ACTTACCAGS GATGATTCAG

OOGTTTATTA CTGCGTGLGGS GGGTACGAST CACATTATTA CGTSATGGAT TACTGGGGTG AGGGCACECTS

AGTTAGAGTG AGTTCOGCTA AGACCAGACS TOCAAGCGTS TACGGTGGGS SGGSGTCS (SEQ ID NO:55)

Sequence #8

GGATCTCAGG TAAAGCTSCA GGAGAGTGGT GCTGAACTOG CAAAGCTOCGG TECAAGCGTG AAAATGAGTT

GTSAAGCCTS AGGGTACACS TICACCAAGT ATTGGATGCA CTSGATAAAG CAGCGGCCGEG GGCAGGGCOT

TGAGTSGATS G&STTACATCA ATCCAAGCAD AGGATATTCS GAGAACAACE AAAAGTTICAA GOSCAAGGCS

ATTCTGACAG COGATAAAAG CTCOTCAACG GCOTATATGC AGCTTAGTAG COTCACAAST GACGATTCTG

CTGTGTATTA TTGTGTCOGG GGGTATGACT CTCACTATTA CGTGATGGAS TACTGGGGAS AGGGCACSTS

AGTTACAGTC TCATCAGCAA AAATAACACT ACCAAGEGTG TATGGTGGTG GCGGCTCT (SEQ ID NO:56)

Sequence #9

GGTICACAGG TGAAGSTCCA AGAGAGTGGT GOCGAGCTGGS CTAAGTTGGG AGCATCTGTG AAGATGTOTT

GCAAAGCAAG COGGTACACT TTTACAAAAT ATTGGATGCA CTGGATTAAG CAGCGCCCCG GACAGGGATT

GGAATGGATT GGGTATATCA ACCCOTCCAG CGGCTATTCE GAGAACAAGC AGAAATTTAA GGGCAAGGCG

ATACTCACAG CAGATAAGTO GCTOCAAGCACA GCOTATATGO AGOTTAGTTOC ACTGACGTCT GACGATTCTG

COGTGTATTA CTGTGTGCSA GGCTATGACA GOCCACTACTA CGTGATGGAT TATTGSGGCG AGGGAACATC

AGTGACAGTA AGTTCTGCCA AAACAACEOO ASCOTCTGTG TATGGTGGAG GTGGSCTCA (SEQ ID NO:57)

Sequence #10

GGTAGCCAGG TAAAGCTGOCA GGAGAGCGGST GCOGAACTGG COAAGCTGGG GGCOTOCSTGS AAGATGTCAT

GCAAAGCTAG CSGGTACACE TTTACASAAT ACTGGATGCA TTGGATTAASA CAGAGGCOTS GCCAGGGECTT

GGAGTGGATC GGCTATATCA ATCCATCTAS GGGTTACTCS GAAAACAATC AGAAGTTOAA GGGCAAGGCES

ATICTGASCG SCGACAAGAG CTCTTCAACA GOCTATATGC AGTTGASCTC ATTGACGAGT GACGACAGTG

CTSTCTACTA TTGTGTGOGC GGATACGACA GSTCATTACTA TGTAATGSAT TACTGGGGOC AGGGAACCAG

CSTGACTGTG TCCAGTGCTA AGACTACCOS TCCTAGTSTG TACGGCGSCS GCGGCAST (SEQ ID NO:58)

riG. 38
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Optimized Nicotiana benthamiana sequences

Sequence #1

GGAAGCCAGG TGAAGCTOCA AGAGAGTGST GCAGAGCTTS CTAAACTGGGS TGCCTCAGTS AAGATGAGST

GTAAGGCOAG TGGTTACACC TITAGTAAGT ACTGGATGSA CTGGATGCAAA CAAAGACCAG GTCAAGGTTT

GGAGTGGATT SGCTATATCA ACCOGTCTAS AGGATATAGC GAAAAGAATC AGAAATTTAA AGGAAAGGCT

ATCTTGASGG GTGAGAASAG TAGTTCTACT GCCTATATGS AATTATCATS ATTGACAAGC GACGATTCOTG

CAGTTTACTA CTGCGTGCGA GGATACGATT CCOACTATTA CGOTTATGGAT TATTGGGGTC AGGGTACAAGS

TGTTACAGTT TCCTCTGGAA ASACAACTCE ACCATCTGTT TATGGAGGTG GCGGATCT (SEQ ID NO:59)

Sequence #2

GGGTCTCAAG TGAAGTTGSCA GGAATCTGGA GCTGAGTTGGS CTAAGTTGGS TOCTTCOGTS AAGATGAGTT

GTAAAGSCTTC CGGATACAST TTCACCAAAT ACTGGATGCA TTGGATCAAA CAGCGGCOGGS GICAG&SGTCT

AGAGTGGATT GGGTATATTA ATCCGTCCAG CGGATAGAGC GAGAACAATG AGAAATTTAA GGGAAAGGCA

ATACTTASTG CTGATAAGAG CTCAASTACT GCATATATGO AGTTGTCTAG TCTTACCTCA GATGACAGTS

CYGTGTATTA TIGCGTTCGA GGGTACGATT CACATTACTA TGTAATGGAG TACTGGGGAC AGGGCACGAG

TGTTACTGTT TCAAGCGCTA AGACAACCES TCOTICCGTG TACGGCGGAG GAGGCAGC (SEQ ID NO:60)

Sequence #3

GOGAGTCAAG TGAASCTTCA AGAGAGTGGA GCAGAGCTAG CAAASCTCGS CGCATCAGTT AAGATSTCAT

GTAAAGOCAS CGGTTATACT TITACTAAGT ATTGGATGCA TTGGATAASA CAAAGGCOAG GTCAAGGCOT

GGASTGGATC GOCTACATCA ATCCATCAAC AGGTTATTCT GAAAATAATC AGAAATTCAA AGGAAAAGCT

ATTTTGASGG CAGACAAAAG CTCCAGTAST GCTTATATGG AATTGTCTTC COTTACGTCA GATGATTCAS

CTSTTTACTA CTGCGTGAGA GGTTACGATA GTCACTATTA CGTAATGGAT TACTGSGGTC AAGGAACCTG

TGTAACTGTT TCTICTGCAA AGACTACTCE TCCAAGOGTC TACGGAGGTG GTGSTAST (SEQ ID NO:61)

Sequence #4

GGTAGCCAAG TGAAGCTTCA GGAGAGTGGT GOTGAACTSGS CTASACTGGG TGCTTCTGTS AAGATGAGTT

GTAAAGCTAG CGGTTACAGCA TICAGTAAAT ATTGGATGOA CTGGATCAAA CAGAGACOCTG GTCAAGGCOT

GAATGGATA GGATACATTA ACCOTAGTAG AGGTTACTCA GAGAATAATC AAAAGTTCAA AGGCAAAGCA

ATTTTGASTG CTGACAAATS ATCTTCTACG GCOTACATSC AACTCTCTTC ATTGACTAST GACSATTCOG

CYGTGTACTA TTGTGTGAGA GGATATGACT CTCACTATTA TGTTATGGAT TACTGGGGAC AAGGGACATC

TGTTACAGTA TCTTCAGCAA AGACTACTCS TCCOTCAGTT TATGGTGGAG GAGGTTCT (SEQ ID NO:62)

Sequence #5

GGCTCTCAAS TTAAACTACA GGAATCCGGA GCCGAGTTSGS CTAAACTTGGS GGCTAGTGTT AAAATGOTCOT

STAAGGOCTC TGGTTACACA TITACCAAGT ATTGGATGCA TITGGATTAAG CAGAGGCCTG GTCAAGGACT

CGAATGGATS GGTTATATTA ATCCAAGOCAG AGGATATTCT GAGAATAACE AAAAATTCAA AGGTAAAGCA

ATCCTGACAG CAGATAAAAG CAGCAGCACE GCATATATGC AGTIGAGTAS CTIGACATCA GATGATAGTG

CYSTTTACTA TTGCGTACGT GGCTACGATT CCCACTACTA CGTCATGGAT TATTGGGGTC AAGGCACATC

AGTTACGGTA TCATCTGCTA AGACAACACE TCCTAGTGTA TATGGAGGAG GAGGCAST (SEQ ID NO:63)

Sequence #6

BSGCAGTCAGG TTAAACTGCA GBAGAGCGGT GCTBAGTTAG CAAAGTTGSG TGCATCABTA AAGATGTCTT

GTAAAGCAAG TGGCTATACA TTTACGAAAT ATTGGATGSA CTGGATTAAG CAACGACTAG GACAAGGCOT

TGAATGGATA GGATATATAA ATCCCTCAAC CGGCTATTCO GAGAATAACE AAAAGTTCAA GGGTASAGCT

ATTTTGACTG CTGATAAATC TTCTTOAAGCG GOCOTATATGS AACTATCATG TOTGACTTST GACGATTCOG

CTGTGTATTA TISTGTTCGA GGTTACGATT CTCATTACTA TGTGATGGAC TACTGGGGAC AAGGTACTTS

CGTTACGGTC TCATCTGCTA AGACTACCES CCCATCTSTG TATGGAGGTG GTGGATCE (SEQ ID NO:64)

Fig, 3G
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Ebola GP mAb 226/8.1

Light chain variable region; KV-2, 3, 4, 7, 10

Mouse sequence

GGTGGCGGTGGTTCTGATATIGTGCTCACCCAATCTCCTGCTTCCTTAGCTGTATCTCTGGGGCAGA

GGGCCACCATCTCATACAGGGCCAGCAAAAGTGTCAGTACATCTGGCTATAGTTATATGCACTGGAA

CCAACAGAAACCAGGACAGCCACCCAGACTCCTCATCTATCTTGTATCCAACCTAGAATCTGGGGTC

CCTGCCAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACCCTCAACATCCATCCTGTGGAGGAG

GAGGATGCTGCAACCTATTACTGTCAGCACATTAGGGAGCTTACACGTTCGGAGGGGGGACCAAGC

TGGAAATAA (SEQ ID NO:69)

Optimized human sequences

Sequence #1

EGCGSTGGCEG GCAGCGATAT CGTGCTTACG CAGASTCCAG CATCACTGGC AGTCTOCCTG GGTCAGAGGG
CCACAATCTC GTATAGAGCO TCCASAAGTG TTTGAACTAG CGGATACTCT TATATGCATT GGAATCAGCA
AAAACCCOGGT CAGCCGCOTA GACTGCTTAT CTATCTGGTG TOCAASCTCG AATCCGGGGT CCOTGCOOGA
TTETCTGSCT CAGGTTCAGGS CACSGATTTC ACACTGAACA TTCATCOEGGST CGAGGAGGAG GATGCOGCCA

CTTATTACTG CCAGCATATT CGGGAGCTCA CACGCAGCGA GGGGGGGCCT TCTTGGAAGT GA (SEQ ID
NO:70)

Sequence #2

GGGGGGGGAG GCTCAGATAT AGTTTTGACA CAGAGTGCTG COAGCOTGGS AGTTTCOCTG GGTCAGCGGG

CCACCATCTC ATACAGGGCT TCAAAGAGTG TGTCAACCTC TGGCTATAGT TATATGCATT GGAATCAGCA

GAASATCAGGA CAGCECOGGA GGCTGCTTAT TTATCTGGTG AGCAACCTTG AAAGTEGCGT TOCTECOCEC

TICTCAGGGT CCGGTAGCGG CACAGATTTT ACCCTGAACA TACATCOCGT CGAGGAGGAG GATGCAGCTA
CCTACTATTG TCAGCACATT AGAGAGCTGA CTCGCTCCGA GGGAGGGCCA AGCTGGAAGT AG (SEQ ID

NO:71)

Sequence #3

GGCGGAGGAG GCAGCGATAT TGTASTGAST CAGAGCCCGG CAAGCETSEGS TGTTAGSCTTG GGSCAATCGSG

SCACAATAAG TTACCGCGCO TCTAAGAGTG TGTCAACCTC AGGCTATTCT TACATGCACT GGAATCAACA
GAAGCOGGGS CAGCCOCOGA GGCTGCTGAT CTACCTGGTA AGCAACCTCG AGAGTGGAGT CCCGGCTAGA
TITTCAGGCT CTGGGTCTGG CACAGACTTIT ACGTTGAACA TICACCOTGT TGAAGAGGAG GATGCTGCTA
CATATTATTG CCAGCACATC AGGGAGCTGA CTAGATCAGA GGGGGGCCCC TCTTGGAAGT AG (SEQ ID
NO:72)

Sequence #4

GGAGGCGGCG GGAGCGATAT CGTGCTTACT CAATCTCOCG CATCTCTGGC TGTGTCTCTC GGACAGAGGG
CTACAATITC CTATAGGGCA TOCAAAAGCG TTTCCACAAG TGGCTACTCT TACATGCATT GGAACCAGCA
GAAGCOGGGC CAACCGCOTA GGCTGCTGAT TTACCTGGTA TCCAATCTTG AGAGCGGAGT GCCTGCCOGG
TTITAGCGGAT CAGGCTCOGS TACCGATTITG ACCCTCAATA TTCATCCGGT GGAAGAGGAG GACGCTGCAA

CCTACTACTG TCAGCATATC CGCGAACTTA CCAGATCOGA GGGAGGGCOCT TCCTGGAAAT GA (SEQ ID
NO:73)

FIG. 4A
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Sequence #5

SGCGGTGGGG GCTCOGACAT AGTSTTGACE CAATCCOOTG COTCOOCTCGSC COTGTCTCTC GGCCAGAGGS

COACAATTTGS CTACAGAGCA AGCAAGTCOG TGTCCACCTC TGGATACTCA TATATGCACT GGAATCAGGCA
SAAGCTEOGGS CAACCTCOCA GACTTCTTAT OTATCTTGTG TCTAACCTGG AATCTGGCGT CCOCGCGlGSGS

TITTCAGGCT COGGATCAGGS AACCGATTTT AGACTGAACA TOGACCCTGT SGAAGAGGAA GATGCTGCAA

CTTACTACTG TCAGCATATT CGAGAGTIGA CCAGATCOGA GGGTGGCOCG AGTTGGAAAT AG (SEQ ID

NO:74)

Sequence #6

GGGGGAGGAG SGTCAGACAT TOTTCTGACA CAGTCACTGSG CTTCCCTTGS TETGAGCOTS GGCCAGOGGSS

CTACTATCTS CTACAGGGSCT AGGAAATCAG TOTCAACATG OGGATATTC® TACATGGATT GGAAGCAAGA
SASACCAGGG CAGCOGOCAA GACTCCTGAT CTATTTSGTG AGCAATCTGS AATOTGGAGT GCCAGCOCGSG

TITTCCOGGAA GOGGTTCTSEG AACAGASTTS ACTCTGAATA TTCACCCCGT CGAAGAGGAG GACGOCGCTA

CGTACTACTG TCAGGATATT GGCGAGTTGA CGAGATCTGA GGGAGGTCCT TCOTGGAAGT AA (SEQ ID

NO:75)

Sequence #7

GGGGGCGGSCSE GGTCOGATAT TGTTTTGACE CAGTCTCCOG CATCACTTGCS AGTCTCCCTS GGGCAGCGSAG

CACCATTTC CTATCGAGCT AGTAAATCTG TCAGTAGCATC TGGATATAGT TATATGCATT GGAACCAGCA

AAAGCCAGGA CAGCECCETS GGCTGCTGAT ATACCTGGTG TCAAACCTGS AGTCTGGGGT TOECTGCCSOGS

TITTCOGGSAT STGGSCTCCGG GACGGACTTT ACACTGAATA TOCACCOCGT TGAGGAAGAG GATSCCGCCA

SCTACTATTG GCAGCATATE CGCGAACTTA CCOCGAAGTGA GGGGGGCCEC TCOTGGAAGT AA (SEQ ID

NO:76)

Sequence #8

GSTGSTGGCG GTICCGACAT AGTCCTGACS CAGAGCCCAG CATCCOTGGSC AGTTAGTCTT GGGCAGCSSG

CCACCATCAG CTACCGCGCA AGCAAGTCCG TTAGTACTTC CGGATACTCA TACATGCACT GGAATCAGTA

AAAGCCAGGT CAGCCOCCCOCA GGCTGCTGAT CTATCTGSTG TCTAACCTGS AGAGTGGOGT ACCAGCACGA

TTITAGCGGCT CTGGGAGCGG CACTGATTTC ACTCTGAATA TTCACCCOGT GGAGGAGSGAG GATGSCTGCTA

CATACTACTG TCAGCACATT CGGGAACTGA CCAGGTCTGA AGGAGGTCCA AGTTGGAAGT GA (SEQ ID

NO:77)

Sequence #9

GGAGGCGSTG GAAGCGACAT CGTICTGACT CAGAGCCOGG CATCOTTGGS AGTCAGCTTG GGCCAGOGGG
CCACAATCTC ATACCGCGCT TCCAAATCAG TCAGCACCTC CGGTTACAGC TATATGCACT GGAACCAACA
GAAACCAGGA CAACCOCETA GGCTGCTCAT CTATCTTGTT TCTAACCTGG AATCOGGAGT GCCTGCCCGS
TICTCAGGTT CCGGAAGTGG AACTGATTTC ACTCTCAATA TCCATCCAGT AGAGGAGGAG GATGCTGCTA
CATACTATTG CCAGCACATC CGCGAGCTGA CCAGATCCGA AGGAGGCCCC AGTTGGAAGT GA (SEQ ID
NO:78)

Sequence #10

GEGCEGGCGGG GCAGCGACAT CETGCTGACC CAGTCTCCAG CTTCACTGSC CGTGAGTCTG GGCCAASGGG
CTACCATTTC TTATCGGGCO TCTAAGTCCG TTTCAACCTC AGGGTATAGS TATATGCACT GGAACCAGCA
GAAACCAGGA CAGCOCCCAG GACTCCTGAT CTACTTGGTC AGTAATCTCG AGAGTGGCGT COCGGCACGA
TICAGCGGCT CTGGCTCAGG CACTGACTTC ACCCTGAATA TCCATCCAGT TGAAGAAGAG GACGCTGCGA
CCTASTACTG CCAACATATC AGGGAATTGA CICGGAGCGA GGGAGGCOCO AGTTGGAAGT AA (SEQ ID
NO:79)

FIG. 4B
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18953 bp

DEFINITION Ebola virus - Mayinga, Zaire

1 cggacacaca aaaagaaaga agaattttta ggatcttttg tgtgcgaata actatgagga
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aatgattata

aaaggacgaa

ttaaaacata

ctcaccttca

catctacatt

atcctctaaa

aacagctgaa

tagctaagac

ttagcagtgg

ttctgtacag

agaaattaac

atcgctcatt

tgagtattga

cagatgcggce

aatggataat

aaaatccaac

catcaagaca

ttgtttacac

ggagcaggca

gcacaaacaa

atgatggcac

ttccacaaga

geggtacage

atcataactc

etttctttac

aagatgagat

gtaggtttac

tagagaattt

tgattcagaa

tagagtcaga

aattccataa

taacaaatcc

taaccatgga

ataaattgat

ttctaagtga

ctgggtattt

tgacgaactt

aggtaatact

taactcagta

tagagaaagt

ctgtcactca

atcaacageg

tcacaaaact

atgggacatg
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tctaactaag

ggatttagat

aggaggactc

cattatagaa

catcatgcaa

agaaacaaga

ttttggggec

acttgacaat

gcegaatactt

tececatttt

caggttattt

taatcgcgga

acctgttaat

ecaggetttt

atgtaagagt

cagaaacagc

cagtgatggt

tgaacggagt

gaacacgcac

aaacccaaaa

agcatccaag

attatctcaa

atcaaagtac

eggtatagtc

taagtcggct

ataccaagtt

aatagtatca

tgaccaaatt

tacttggttt

tgcagagacg

ettacaccat

taccgagggt

aattaagcca

cttatcaact

tacggcattg

tgctgactgc

actataccac

gcacttagca

acaaagtcgg

agtcaatgat

gcaagctgag

tgttgcacce

ttaacaagat

aattgcaata

gatgacctta

tcaattattt

tcattcacta

tttgtaagtt

tttttatatt

aagcecaacat

tctatttaca

ttgagaacgt

acaattgtcc

aatttectce

aaaactacca

acagccagca

aaccgaaaag

catattaaga

ctagtecctge

cagggtccgt

ctaaatttcg

agggaaggtc

gggacacgcec

ttacggcaat

tcegtccatge

gtgacgctgg

aagaccttat

ggaatgacta

gagattattc

aaagaccaaa

acagagaata

gttgatccca

atgttatggc

ataacgtcaa

acacgtaaga

caactgcaaa

gatttacatt

aggtataacc

catcttaggg

actcaaacat

tatttaaaat

tttaagaaat

FIG. 5W

gggaggtacc

accgagaaaa

tctcatttga

ttcgactgcc

cagatagcaa

ceccatttctt

attatcttgg

acttaactac

tcaaacatge

taggeggtge

ecatttcate

etttatggat

atcagatcgt

taaatgatca

atttcttcca

acttgacaag

gaagtcaaga

aaatgagcca

egttccagtc

atagatcgag

atcaaataat

aattaacgtc

tgagateccgt

attacaaact

cagagggaga

tcttcaacac

ctcctaggat

ttaacaactc

gagcaaggct

taaacagatc

gcgtattgaa

taaatgataa

gtgccaggtc

tgccacacca

ttcaacggag

taagctatat

ttgtcgattec

cagagattcg

atcactttat

tetttcttat

taccagagtt
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agctcagtac

tgaattgatt

taacccattt

tcacttatct

taattcgtct

aacttatcce

caatacaatt

ccaaattcat

aagcgttatg

tgcaggtgac

ttttettaca

agtatatcca

agaactgctg

tgtacatect

tgcegtcattg

aaactcttca

acaaaccacc

tgaaataaaa

atttctaagt

acacaatgtg

cetcacatcgt

atccaatgag

cattgatacc

tgatgaggtc

aggtgctggt

gcetagctact

gettctacct

agcaagccaa

acctaggcaa

gaaattgtac

agcagtggtc

tetagecccg

tagtgagtgg

aaaccatctc

eccatactgg

cegecttggt

aaaaagaggt

agaattgacc

tegtactgca

tgtacaagca

gattagtgtg
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18061

18121

18181

18241

18301

18361

18421

18481

18541

18601

18661

18721

18781

18841

18901

KRO75000

DEFINITION

tgceaataggt

ttatatttac

ctgagtttat

atacttgtaa

acatcatctt

tatacactat

tgtgacatat

attaagettt

tatcttgcca

ctttaagatt

tagecttaat

gtaagctact

gaaatacctt

ggcattgacc

aaaaatggtc

tcetatcatat

atagaatgca

ttccagatgg

aggttggtta

gatctgattt

atttggectc

tactgctgca

aacgataggt

gatggaatag

aagtttttta

ctttgtgtaa

attccattca

ctttacaata

acgctcatca

gcacacaaaa

18958 bp
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tagagattgt

ggattctgaa

tetctacagg

tcaacataca

caataaataa

tetcectgcg

atgagtctaa

etgggctcat

tgctttggtt

taattgtcat

aataagagat

gaatgataaa

tagcagacta

gaaggctcac

atttaaaaat

cRNA

Zaire ebolavirus isolate Ebola

H.sapicns-wt/LBR/2015/Makona-Libcria-DQE6
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aattgtgaag

gttaagctta

ttcgattgaa

gattataaaa

ctatttagat

tgataatcaa

cgcaacataa

attgttattg

gataacacga

tgctttaatt

taggtgtaat

attaaaagaa

gataataatc

tagaataaac

aaatctattt

linear

virus

aacgtttctt

tcgaaaggct

taaccgtgca

aactcataaa

aacgaaagga

aaaattcaca

taaactccgc

atatagtaat

cttcttaaaa

tgtcgattta

aactttaaca

aagacatgac

ttcgtgttaa

gttgcaaaaa

ettctttttt
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agttcaaace

gacagggctt

tagtattttg

ttgetctcat

gtccttacat

atacagcatg

actctttata

gttgtatcaa

caaaactgat

aaaatggtga

tttttgtcta

tgtaaaatca

tgataattaa

ggatccctgg

gtgtgtcc

VRL 14-APR-2015

l cggacacaca aaaagaaaga agaattttta ggatcttttg tgtgcgaata actatgagga

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

agattaataa

taatcatacc

ggagggggca

tcacatcaca

tattgttaaa

ttttgaacct

attagaaata

tcectcagaaa

cttgacagca

tcaagtaaac

tgattttcaa

aggagattac

ecgttttgaa

atctagtggg

agctaatgcc

agaaaaggct

gatacaatat

gcgaacaaat

acatgatgcc

attgattgtc

ttttectcte

tggtttgttt

agggcatcag

agttcegect

ggacageatt

gaacacccag

gtttaaagac

gtctggatga

ggtctgtccg

aatcttgagg

gagagtgcgg

aaacttttct

gtcaagaagt

agaaacatta

ggtcagttce

tgcecttgaga

ecaacagctt

tttttgatca

aacgatgctg

aaaacagtac

attgaaattt

cagagecata

tgtgetcagt

taaactctge

agttcacagt

aggactggag

aaattgctcg

egecgagtct

ttcaacaggg

aaatttgcca

acagtttcct

tggaaagtgg

gtgatggagt

agagaacact

tetcctttgec

aggttcaaag

ggcaatcagt

aatttcttct

tgatttcaaa

ttgatcatat

FIG, 5X

atatcggaat

tceaccaagat

tgaaaatece

agggtgatce

caaacaagca

actcaacaac

gaatcacaaa

cactgaatct

gattgttcgg

acttatcata

tetcatgctt

cgcagtcaag

gaagegcectt

tgctgccatg

aagtctattc

gcaaattcaa

aggacacatg

aatacaccaa

ttcagtggct

ectacaaaag

ttaaattgaa

agagaacaac

ttgtcaacat

aacaacctta

agattgagaa

ectaaagect

attccgagta

gacatggatt

caaagagtca

caggcctttg

tgtcttcatc

tatttggaag

gaggaattge

ecggaagagg

cttccgaaat

gtacatgcag

atggtgattt

gggatgcaca

caagctcgtt

acagaacgag

attgttactg

ctaggtctce

ctaggectta

atagcaacat

ttaactttga

ggggtaaaac

tggattctcg

accacaagat

teccagtgta

aagcetggtgt

atgcegtacca

ggceacgggtt

tgcecagcagt

agacgactga

tggtagtagg

agcaaggact

tecgtttgat

tggttgccgg

tttcaggtct

gagttcgtct
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1261

1321

1381

1441

1501

1561

le2l

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

ecatectctt

cagetccctg

agtaaataat

cacageccac

agaggcagcc

ecatcttgga

egaaatcage

gctgacagaa

tgacgacatt

tgatcegact

aggctacggc

ectattcgat

gggtqgacaa

cacgccaact

cacggacaat

aatcaacgaa

cttagagtca

etceccaccg

acaacaagat

agaacattct

egttttgtat

agagtacacg

ggccatgaat

aatgaatcac

ataatgggat

aagaattttt

aatttaaagc

aaataagcgt

tatctaaatt

acgatcgttt

egtcaattga

ctaacaagat

acagaatgcc

ttcctgtaaa

aaatgcaaca

tttgcaatca

aacaacaaac

taaagecagt

tggttgcaaa

caactgaggc

aaagtgcgat

gcaaggaccg

gccaagcatg

cttgagcatg

gggagceacec

actgaggctg

ettgatgatc

ttccageaaa

gctatcactg

ecectttccag

gactcacagg

gaataccaaa

ctagacgagg

cagaaaaaca

caaaacgtca

gacagaagaa

gaggcagace

gatgatgaag

gceteccegtat

caggaccaca

tttgaggaga

tatcatatga

tatecggact

gatgagaata

aggaataaat

gatttaatcg

gatgtctaag

tagcttatta

taagccacag

aaattacatt

tataattaag

attctctage

gacaactaga

aggcecctgag

egacatctte

aacgaagcca

tagttttgag

categcatca

ttatgatatg

atatgatctt

ttattggget

teggggtaag

ccaaggtaaa

gagagtatgce

gtcttttccec

tegeaggagt

agaagcaact

aggaaaagaa

caaacgegat

ctgcatcact

gacccatcaa

atacgaccat

gttactcgga

acgacgagga

gtcaaaaggg

caggccctcg

acgaaccctc

cactggacga

aacaggacag

acagagatca

ttcaagagge

tgtatcgcca

tgaaggatga

cecttgaaga

gatttgttac

tcatggcaat

acaaatagcet

gtgtgaatta

ttactagccg

ttatagecat

atgcttttat

aaaaaactaa

actagaagcet

acaaagggca

etttceggget

tgtgatattg

aacccgaaga

gaggtagtac

gaatcattag

gcaaaaacaa

ctggtgatga

gaacatggtc

attgaatcta

FIG. 5Y
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aaatgaggtg

tectttcgec

tcaactgtcg

aaatgttgga

ccaacaatat

aattcttatg

ggtaactcta

gcccaaaaca

tgatgacgac

teecgatgtg

aaacggcatg

caccaagceca

ecagcataca

cagaacaatc

eggctcaacc

tgecgacgac

ggacggaact

ctccgaaaag

caggaaccaa

cattctaaga

gectgtagtt

ggaatatcca

actggatggt

ectgcaacat

aacattaaat

ttatcacaat

tttttcaaag

aatggtaact

aacttaccta

tgatgaagat

tattgtctte

ggggccatac

ggatctctga

agaacaatcce

tgcgcaacag

aaacattggc

aacaacgcat

tetcctcatt

caaccggtcg

aaccaccacc

gagatgagac

aactccttca

cgacttttga

gcaattgcac

gaacagtatc

gcggagtctc

aacttccatc

agaaaagage

agtggacatt

aatcctggcc

gtagttgace

agtgcaccag

gtgectaaca

gagggceagac

caccatgcca

agecctcgca

gagacgtcta

tctaaccgca

aaagaactcc

gacagtgaca

tcacaggggc

ttcagtacca

ecatggctca

caacaatttt

catcagtgaa

agtcaaggaa

aaaagtgatt

ttcaatttga

caatatctta

ctagcectgcc

taaaaccttc

aatgtaaaag

tgtggccacg

gcagctaatg

aggattatge

tcaaacccaa

ttcattggct

tacgagtctt

gaacagggtt

ggcaacagca

tggaccatca

tgtccctcaa
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aggetgcact

acctttctgg

teggagtcgc

aacagcetcag

gtgaacttga

agaaaaagaa

gectggccaa

acgatgatga

atcaagatga

ecgatgatgg

atgacttggt

gatcgaccaa

agacacaatc

gtgctccact

tgctgaccce

gecttecgec

cacccactgt

cgcaagatga

acacccagec

catttgatgc

gtgatggtaa

ctgaaaaaga

attggccagt

tgagcatgta

egcaaacagg

cttagttttg

gtcttaatgce

gcecagegatt

caacatttac

atcatcctta

aaaagetggce

actcaaaacg

accggaagga

tacgcatccc

acggacccaa

actgttgtgc

gagaatggtc

tgtgctgaga

accgctgcgg

etttatgaag

agtgttaggg
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3781

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041

5101

Slel

5221

5281

S341

5401

5461

5521

5581

S641

5701

5761

S821

5881

S941

6001

6061

6l2l

aggcattcaa

acatttcggc

ctttccacca

ttattcatge

ttcaaattac

gctctcgagg

ccaagattga

teaaaatttg

etgetgaact

tataagtcaa

aaatgtaata

accaaaaatg

ecttcatctt

ctgetecctec

ggggtggcaa

egaateccact

gtgtgtcatc

taatgaagca

ttgactcaac

caaccaatcc

ggctcctgcg

taccccagta

ctgcaacatg

catttcatec

gtgecgatct

agatcgttcc

tecacaagct

ttttgecaaa

cacaggattg

tgcaataatt

tttaataatc

acaccattgt

gtttttaaaa

taatcaatac

ctcaaattgc

gaggaaaaat

taattaagaa

ttagattatt

taagcettcac

agttacctcg

aaagaacatt

caatctagac

aaaggatttg

attagtacaa

tgagttccag

aaaaagagtt

tgacattccce

tcgaggttgg

agecaatctc

atagggtatg

ttaaacaace

ggagctatac

atgaagatta

gtaaacgttg

tgaatatatg

cagcaataca

caggccaatt

agcattcatc

aattccaatt

tacggcecgec

gcttgtcaga

aattggaaac

tttcaccttt

gaccgatgac

aaaacttcge

aacatctccg

aattgatcca

gaccggtaag

gtacattggg

tgacacgtgt

gactcagatc

egtctactag

etcttttcte

gattgattga

ggtgattcaa

ctacatgctt

eggggeccat

aaaatcggcg

tgtcttccag

tagaaggata

tgatcgattc

ttccateccg
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agtaccactt

agaaacatta

gtgatttgta

gecagectgg

cecaatcttce

egagcettgcec

gtatgtgttt

ttttecctce

ttacattaat

aagataaaat

ctctgacagt

agaaaaacct

agcaaaattg

gaggccatat

ggcttcctga

gctgatgaca

ctcgaagcta

tggettccte

atcatgcttg

gtcaatcgge

caggetttce

gatttgacag

actccaactg

eccattcttt

gagaaaatcc

accaaaaata

aaggtgactt

ttgqgacccgg

cattctcctg

cagttttaca

aagagatact

tectaaatgt

tgaaagatca

atgtcaatct

acatctgagg

ttctaagttg

atgaagatta

agtaggggtc

ttgtgaggcg

aagaggacat

cttggagtta

FIG. 5Z

cactaactga

tgtatgatca

aattgggaaa

ctgaaggaga

aagatgctgc

agaagagctt

ttcagcttca

gaaagaggca

gatacacttg

tgttcatate

attataatta

acctcgactg

ttaaaaatat

accctgcecag

caccggagtc

ecatcgacca

tggtgaatgt

taggtgtcge

cttcatatac

tgggtcctgg

tccaggagtt

cactcaaact

gatcaaatgg

tacccaacaa

aagcaataat

tcatgggtat

ccaaaaatgg

tggcetccagg

caagtcttce

gaatcttctc

tctaattgat

agagcttaac

tgactaataa

ttctcattge

acagccagtg

ttcacaatct

agcecgacagt

atcaggtcct

acaacacaat

cattctttct

tccacaatag

ggaaaatttt

ettgectggt

agatagcaat

cteccctcaa

tecacctgte

gegtccagtc

agatggtaaa

actaatagca

tgagtatcag

ecgctagcag

attgttatta

agagagtgtt

gaggcgggtt

gtcaaattca

agtcaatgga

tgecagecac

catatcgggce

tgatcaaaag

tatcacccat

aatcecggat

egttcttcca

gatcactcaa

agegttgcegt

aagtgggaag

gacttcactc

cgaagtgcca

acaaccaatc

agacctcacc

agctgtggtt

agggatagtg

caatatacta

aaaagactca

cattacaaac

acatactctt

tgacttggat

aagtacagac

gagcgtaate

tttcaattgg

gggtgttaca

ttgggtaatt

tacattacag
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gggaaacctg

tttggaactg

tcattggaca

tgtgcecctaa

atccacatcc

ecaccatcac

acacttggac

gaggcttcaa

ecctagataa

ctttaaagat

agtaacccaa

ttttcattaa

atattgccta

acaattgcta

gacactccat

acaccaggca

cccaaagtge

acctacagct

ttcggcaagg

cacecectca

ccagtccaac

ccactgcectg

ecaggaattt

aaggggaaca

caggacttta

gaaactctgg

atccectgttc

atggtaatca

gagaagtaat

ataacatctt

aaggtgcttt

taatatacct

aatcctacta

tgtecttate

tggagatgtg

attgcetcttc

ttcatctctc

ataaccaaaa

ggaatattge

atccttttcc

gttagtgatg
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6361
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7021
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7441
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7561

7621
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T7AL

7801

7861

7921

7981

8041

8101

8161

8221

8281

8341

8401

8461

8521

8581

tcegacaaact

tgaatctcga

tcaggtccgg

gctacaatct

ggattcgggg

ecggagactt

cagttatcta

aagctaagaa

acccgtcgag

atgagacaga

tcacaccaca

acaccacggg

gggecttctg

cacagctgta

cgacccagag

tgcaatggtt

tgccacaatc

ecataataca

ecgtagagca

acecttaaaa

cacgacaage

taccggagaa

agtagcagga

acccaaatge

attggcectdg

gcacaaccaa

tctccaactg

ggcaattgac

cetgtatcgaa

tgattttgtt

gagacaatgg

attctgtata

acctcaaatc

acaaatgata

aaactcacag

taaacttgat

attctacaat

taataatcag

gtaaaaaagt

tatgagagag

gttcgagcac

agtttgtcgt

ggggaatgga

tgtcccacca

tgaaatcaaa

ettecccegg

tgecettccac

ccgaggaacg

ggacttcttc

tggcetattat

gtacttgttc

gtttctgcetc

aaaactaatt

ggaaactaaa

tcaaacggac

accaacacaa

caagtgcaca

tccacgagtc

ecegtgtata

gacaacgaca

gcagagaaca

ccccaaaact

gagagtgcca

ctgatcacag

aaceccaatt

ataccatatt

gatggtttaa

ttectgagag

ttcctgctge

ecacatgatt

gataaaaccc

ataccggcag

tgcaaatttg

aatgaaacta

acataataca

ttaatcataa

gaagattaag

catgacagtt

atctgcaaac

caatagaaat

gacgeccecg

gatcatcatc
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gacaaactgt

gtggcaactg

aaggtggtca

aaacctgacg

tgecggtatg

aaagagggtg

actttcgctg

agctcacacc

tetaccacaa

gaggttgaca

cagctgaatg

tggaaggtca
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aagaccttat
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gagattattc
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acagagaata
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ataacgtcaa
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ctatttagat

tgataatcaa

cgcaacataa
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Clone 226/8.1Hybridoma Sequence

Heavy chain variable region sequence

HV1-2,3;HV2-2,4,5

GGATCCCAAGTCAAGCTGCAGGAGTCAGGGGCTGAGCTGGCAAAACTTGGG

GCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACACCTTTACTAAATACTG

GATGCACTGGATAAAACAGAGGCCTGGACAGGGTCTGGAATGGATTGGATAT

ATTAATCCTAGTACTGGTTATAGTGAGAACAATCAGAAGTTCAAGGGCAAGG

CCATATTGACTGCAGACAAATCTTCCAGCACAGCCTACATGCAACTGAGCAG

CCTGACATCTGATGACTCTGCAGTCTATTACTGTGTAAGAGGCTATGATTICTC

ATTACTATGTTATGGACTATTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA

GCCAAAACGACACCCCCATCTGTCTATGGTGGCGGTGGTTCT(SEQ ID NO:7)

Translated protein:

GSQVKLQESGAELAKLGASVKMSCKASGYTFTKYWMHWIKORPGQGLEWIGYI

NPSTGYSENNOKFKGKAILTADKSSSTAYMQLSSLTSDDSAVYYCVRGYDSHYY

VMDYWGQGTSVTVSSAKTTPPSVYGGGGS(SEQ ID NO:3)

Light chain variable region sequence

KV-2,3,4,7,10

GGTGGCGGTGGTTCTGATATTGTGCTCACCCAATCTCCTGCTTCCTTAGCTGT

ATCTCTGGGGCAGAGGGCCACCATCTCATACAGGGCCAGCAAAAGTGTCAGT

ACATCTGGCTATAGTTATATGCACTGGAACCAACAGAAACCAGGACAGCCAC

CCAGACTCCTCATCTATCTTGTATCCAACCTAGAATCTGGGGTCCCTGCCAGG

TTCAGTGGCAGTGGGTCTGGGACAGACTTCACCCTCAACATCCATCCTGTGGA

GGAGGAGGATGCTGCAACCTATTACTGTCAGCACATTAGGGAGCTTACACGT

TCGGAGGGGGGACCAAGCTGGAAATAA(SEQ ID NO:8)

Translated protein:

GGGGSDIVLTQSPASLAVSLGQRATISYRASKSVSTSGYSYMHWNQQKPGOQPPR

LLIYLVSNLESGVPARFSGSGSGTDFTLNIHPVEEEDAATYYCQHIRELTRSEGGP

SWK(SEQ ID NO:4)

FIG. 6A
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Heavychain variable region sequence Clone 133/316

HV1-4,HV2-2,3,4,5

GGATCCGAGGTCAAGCTGCAGGAGTCAGGACCTGGCCTGGTGGCACCCTCAC

AGAGCCTGTCCATCACATGCACTGTCTCTGGATTCTCATTTTCCAGATATACT

GTACACTGGGTTCGCCAGCCTCCAGGAAAGGGTCTGGAGTGGCTGGGAATGA

TATGGGGTGGTGGAAGCACAGACTATAATTCAGCTCTCAAATCCAGACTGAG

CATCAGTAAGGACAACTCCAAGAGCCAAGTTTTCTTAGAAATGAACAGTCTG

CAAACCGATGACACAGCCATGTACTACTGTGTCAGATCTGGTAACTGGAATG

CTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAGCCAAAAC

GACACCCCCATCTGTCTATGGTGGCGGTGGTTCT (SEQ ID NO:5)

Translated protein:

GSEVKLQESGPGLVAPSQSLSITCTVSGESFSRYTVHWVRQPPGKGLEWLGMIW

GGGSTDYNSALKSRLSISKDNSKSQVFLEMNSLOTDDTAMYYCVRSGNWNAMD

YWGQGTSVTVSSAKTTPPSVYGGGGS(SEQ ID NO:1)

Light chain variable region sequence

KV-2,3,4,5,10

GGTGGCGGTGGTTCTGACATTGTGATGACACAATCTCCTGCTTCCTTAGCTGT

ATCTCTGGGGCAGAGGGCCACCATCTCATACAGGGCCAGCAAAAGTGTCAGT

ACATCTGGCTATAGTTATATGCACTGGAACCAACAGAAACCAGGACAGCCAC

CCAGACTCCTCATCTATCTTGTATCCAACCTAGAATCTGGGGTCCCTGCCAGG

TTCAGTGGCAGTGGGTCTGGGACAGACTTCACCCTCAACATCCATCCTGTGGA

GGAGGAGGATGCTGCAACCTATTACTGTCAGCACATTAGGGAGCTTACACGT

TCGGGGGGGGGACCAAGCTGGAAATAA(SEQ ID NO:6)

Translated protein:

GGGGSDIVMTQSPASLAVSLGQRATISYRASKSVSTSGYSYMHWNQQKPGQPPR

LLIYLVSNLESGVPARFSGSGSGTDFTLNIHPVEEEDAATYYCQHIRELTRSGGGP

SWK(SEQ ID NO:2).

FIG. 6B
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POTENT GLYCOPROTEIN ANTIBODY AS A
THERAPEUTIC AGAINST EBOLA VIRUS

CROSS-REFERENCE TO RELATED

APPLICATIONS

[0001] This application claimsthe benefit ofthe filing date

of U.S. application Ser. No. 62/189,466, filed on Jul. 7,
2015, the disclosure of which is incorporated by reference

herein.

STATEMENT OF GOVERNMENT RIGHTS

[0002] This invention was made with governmentsupport

under AI057153 awarded by the National Institutes of

Health. The governmenthascertain rights in the invention.

BACKGROUND

[0003] Ebola virus, a filamentous, enveloped, nonseg-

mented negative-strand RNAvirusin the family Filoviridae,
has caused sporadic outbreaks of lethal hemorrhagic disease

for which no effective vaccine or antiviral treatment is
available. The virus contains at least seven structural pro-

teins, all of which are translated from monocistronic poly-

adenylated mRNAtranscripts (Feldmann and Kiley, 1999;
Sanchez et al., 2001). The fourth gene from the 3' end of the

Ebola virus genome encodes two glycoproteins: the enve-
lope glycoprotein (GP), which is responsible for receptor

binding and fusion ofthe virus with the host cell membrane
(Takada et al., 1997; Wool-Lewis and Bates, 1998), and the

nonstructural secretory glycoprotein (sGP), which is

released from infected cells (Sanchez et al., 1996; Volchkov
et al., 1995).

[0004] Since GP is the only viral surface protein respon-
sible for virus entry (Takada et al., 1997; Wool-Lewis and

Bates, 1998), it must be an important target of neutralizing

antibodies. However, DNA immunization of mice with the
GPofthe Zaire species of Ebola virus producedinfectivity-

enhancing antibodies, as well as neutralizing antibodies,
raising issues about the development of passive prophylaxis

or treatment with Ebola virus GP antibodies (Takada, 2001).
The passive transfer of hyperimmuneanimalsera has been

evaluated in mice, guinea pigs, and monkeys (Jahrlinget al.,

1999; Jahrling et al., 1996; Kudoyarova-Zubavicheneet al.,
1999; Peters and Khan, 1999) with inconsistent results.

Although whole-blood transfusion from convalescent
patients was also tested in patients during the Kikwit out-

break of Ebola hemorrhagic fever in 1995 (Mupapa, 1999),
reliable conclusions could not be drawn from these studies

owing to the inevitable lack of controls. Serum from mice

subcutaneously infected with live Ebola virus protected
recipient mice from a lethal challenge (Guptaet al., 2001).

However, it is unclear whether virus-induced immune fac-
tors other than antibodies (e.g., cytokines) may haveaffected

the efficacy of such treatment. Although the protective
efficacy of immunesera varies, as described above, passive

transfer of neutralizing MAbs completely protected mice

from a lethal Ebola virus infection (Wilson et al., 2000).

[0005] B-cell epitopes are not well defined on Ebola virus

GP. Thus, it is important not only to analyze the antigenic
structure of the proteins hut also to understand the mecha-

nisms by which the antibodies interfere with the protein’s

function (e.g., inhibition of viral receptor binding and
fusion). By using synthetic peptides derived from amino

acid sequencesofEbola virus species Zaire GP, Wilsonet al.
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(2000) identified three epitopes recognized by neutralizing
antibodies. However, it is generally believed that the use of

synthetic peptides provides limited information about the
B-cell epitopes of heavily glycosylated proteins such as

Ebola virus GP (Sanchezet al., 2001). Since sugar chains are
often important in the tertiary structure of these proteins,

small synthetic peptides are not usually identical to those of

the corresponding regions in the actual glycoprotein. Finally,
synthetic peptides do not provide an optimal means of

identifying conformational epitopes.

[0006] One potential therapeutic option in the treatment of

Ebola virus infection is antibody therapy. ZMapp, a combi-

nation of three monoclonal antibodies, is one such therapy
in humanclinicaltrials.

SUMMARY

[0007] The nucleotide sequences disclosed herein, when
recombinantly expressed, have therapeutic activity against

Ebola virus. In one embodiment, the expressed polypeptides
have therapeutic activity against Ebola virus that is equal to

or greater than the ZMapp cocktail. A side-by-side blinded

comparison of over 85 Ebola virus glycoprotein monoclonal
antibodies including those antibodies in the ZMapp cocktail,

were screenedfor activity. In particular, mAb226, described
herein, demonstrated potent therapeutic activity against

Ebola virus. In one embodiment, a disclosed polypeptide,
e.g., in the form of an antibody, that is encoded by an

expression vector, may be administered before or after

exposure to Ebola virus, e.g., 1, 2,3, 4, 5 or more days after
exposure. In one embodiment, neutralizing antibody cock-

tails (including antibodies such as those disclosed herein)
provide for cross-reactive protection. In one embodiment, an

expression vector (e.g., DNA or RNA vector) encoding a

polypeptide having one or more of the disclosed antibody
variable region sequences, e.g., encoding a ScFv, is admin-

istered to a mammal. In one embodiment, the expression
vector encodes an antibody heavy chain comprising a vari-

able region having SEQ ID NO:1 or SEQ ID NO:3, or a
polypeptide with at least 80%, 85%, 90%, 95%, 97%, 98%

or more amino acid sequence identity thereto. In one

embodiment, the expression vector encodes an antibody
light chain comprising a variable region having SEQ ID

NO:2 or SEQ ID NO:4 or a polypeptide with at least 80%,
85%, 90%, 95%, 97%, 98% or more amino acid sequence

identity thereto. In one embodiment, a sequence with less
than 100% identity to one of SEQ ID NOs. 1-4 is one with

one or more substitutions relative to SEQ ID NOs:1-4,

including conservative substitutions. In one embodiment, a
sequence with less than 100% identity to one of SEQ ID

NOs. 1-4 is one with one or more substitutions relative to
SEQ ID NOs:1-4, including non-conservative substitutions.

Tn one embodiment, a sequence with less than 100% identity
to one of SEQ ID NOs. 1-4 is one with one or more

substitutions relative to SEQ ID NOs:1-4, including a com-

bination of conservative and non-conservative substitutions.
In one embodiment, the invention relates to antibody

sequences, as described herein, including any functional
parts (fragment or portion) thereof, which antibody or part

thereof binds to Ebola virus and may have 1, 2, 3, 4, 5 or at
least 10, and up to 20 or 30 substitutions, e.g., conservative

substitutions, relative to a polypeptide having one of SEQ ID

Nos. 1-4. In one embodiment, the expression vector com-
prises a nucleotide sequence with at least 80%, 85%, 90%,

95%, 97%, 98% or more nucleic acid sequence identity to a
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nucleic acid sequence encoding an antibody heavy chain
comprising a variable region having SEQ ID NO:1 or SEQ

ID NO:3, or a polypeptide with at least 80%, 85%, 90%,
95%, 97%, 98% or more amino acid sequence identity

thereto, wherein the nucleotide sequence encodes a heavy
chain that alone or in combination with a light chain, binds

Ebola virus with substantially the sameefficiency as, e.g., a

Kd(M) within about 0.5, 1 or 2 logs that of or has a
protective effect that is at least 70% that of, an antibody

heavy chain comprising a variable region having SEQ ID
NO:1 or SEQ ID NO:3 alone or in combination with a light

chain. In one embodiment, the expression vector comprises
a nucleotide sequence with at least 80%, 85%, 90%, 95%,

97%, 98% or more nucleic acid sequence identity to a

nucleic acid sequence encoding an antibody light chain
comprising a variable region having SEQ ID NO:2 or SEQ

ID NO:4, or a polypeptide with at least 80%, 85%, 90%,
95%, 97%, 98% or more amino acid sequence identity

thereto, wherein the nucleotide sequence encodes a light

chain that alone or in combination with a heavy chain, binds
Ebola virus with substantially the same efficiency, e.g., a

Kd(M) within about 0.5, 1 or 2 logs that of or has a
protective effective that is at least 70% that of, an antibody

light chain comprising a variable region having SEQ ID
NO:2 or SEQ ID NO:4 aloneor in combination with a heavy

chain. In one embodiment, the nucleotide sequence includes

one or more nucleotide substitutions, relative to the nucleic
acid sequence encoding one of SEQ ID NO:1-4, that

increase expression of the antibody sequencesin a hostcell.

[0008] In one embodimentof the invention, nucleic acid

sequences, or hostcells, e.g., CHO cells, having at least one

of the disclosed variable regions, encoding an antibody or a
polypeptide having SEQ ID NO:1 or SEQ ID NO:3, or a

polypeptide with at least 80%, 85%, 90%, 95%, 97%, 98%
or more amino acid sequenceidentity thereto, SEQ ID NO:2

or SEQ ID NO:4 or a polypeptide with at least 80%, 85%,

90%, 95%, 97%, 98% or more amino acid sequenceidentity
thereto, are provided, e.g., a polypeptide, such as an Ig heavy

chain, Ig light chain, or a fusion of Ig heavy andlight chain
sequences, including any functional parts thereof, which

bind to, neutralizes or otherwise inhibits Ebola virus infec-
tion or replication.

[0009] Accordingly, it is an embodiment to provide host

cells expressing an antibody, e.g., a monoclonal antibody,
including any functional parts thereof as described herein,

which antibodyis capable of inhibiting Ebola virus infection

in a mammal.

[0010] Accordingly, it is an embodiment to provide a

method of making and using an antibody, including any
functional parts thereof, which antibody or part thereof is

capable of inhibiting Ebola virus infection or replication in

a mammal. In one embodiment, the antibody according to
the present invention, including any functional parts thereof,

bindsto the Zaire strain of Ebola virus. An antibody accord-
ing to the invention including any functional parts thereof

may decrease viral load by at least 20%, by at least 25%, by
at least 30%, or more than 30%.

[0011] Thus, a vector is provided having a nucleic acid

sequence encoding a polypeptide having SEQ ID NO:1, a
polypeptide having SEQ ID NO:2 or a polypeptide having at

least 90% amino acid identity to SEQ ID NO:1 or 2, or an

Ebola virus antigen binding fragmentof the polypeptide. In
one embodiment, the nucleic acid sequence is a cDNA, In

one embodiment, the nucleic acid sequence is not SEQ ID
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NO:5. In one embodiment, the nucleic acid sequenceis not
SEQ ID NO:2& In one embodiment, the polypeptide having

SEQ ID NO:1 is encoded by any of SEQ ID NO:5-25. In one
embodiment, the polypeptide having SEQ ID NO:2 is

encoded by any of SEQ ID NO:26-46. In one embodiment,
the vector further comprises a promoter In one embodiment,

the polypeptide has at least 95% aminoacid identity to SEQ

ID NO:1 or 2. In one embodiment, the polypeptide encodes
an Ig heavy chain or an Ig light chain, or a ScFv. In one

embodiment, the vector encodes an IgG or IgA heavychain.
The vector may be employed as a nucleic acid vaccine.

[0012] Also provided is a vector having a nucleic acid

sequence encoding a polypeptide having SEQ ID NO:3, a
polypeptide having SEQ ID NO:4, or a polypeptide having

at least 90% aminoacid identity to SEQ ID NO:3or 4, or an

Ebola virus binding fragment of the polypeptide. In one
embodiment, the polypeptide having SEQ ID NO:3 is

encoded by any of SEQ ID NO:48-68, In one embodiment,
the nucleic acid sequence is a cDNA.In one embodiment,

the nucleic acid sequence is not SEQ ID NO:48. In one
embodiment, the nucleic acid sequence is not SEQ ID

NO:69. In one embodiment, the polypeptide having SEQ ID

NO:4 is encoded by any of SEQ ID NO:69-89. In one
embodiment, the vector further comprises a promoter.In one

embodiment, the polypeptide has at least 95% amino acid
identity to SEQ ID NO:3 or 4. In one embodiment, the

polypeptide encodes an Ig heavy chain or an Ig light chain,
or a ScFv. In one embodiment, the vector encodes an IgG or

IgA heavy chain. The vector may be employed as a nucleic

acid vaccine.

[0013] Further providedis an isolated host cell having one

or more ofthe vectors. In one embodiment, the host cell is

a bacterium. In one embodiment, the host cell is a mamma-
lian cell. In one embodiment, the host cell is not a

hybridoma. In one embodiment, the host cell is an insect
cell. In one embodiment, the host cell is a plant cell, e.g., a

dicot cell. Host cells useful to express antibody sequences
include but are not limited to mammalian cells, e.g., CHO

cells, PERC.6 cells and HEK293cells, yeast cells, bacterial

cells, insect cells, and plant cells, e.g., tobacco cells. Further
provide is a hybridoma which secretes the antibodies

described herein. For example, a hybridomais provided that
secretes an antibody comprising a polypeptide comprising at

least 90% amino acid sequence identity to SEQ ID NO:1,

and optionally comprising a polypeptide comprising at least
90% amino acid sequence identity to SEQ ID NO:2; or an

isolated antibody comprising a polypeptide comprising at
least 90% amino acid sequence identity to SEQ ID NO:2,

and optionally comprising a polypeptide comprising at least
90% amino acid sequence identity to SEQ ID NO:1; or an

isolated antibody comprising a polypeptide comprising at

least 90% amino acid sequence identity to SEQ ID NO:3,
and optionally comprising a polypeptide comprising at least

90% amino acid sequence identity to SEQ ID NO:4; or an
isolated antibody comprising a polypeptide comprising at

least 90% amino acid sequence identity to SEQ ID NO:4,
and optionally comprising a polypeptide comprising at least

90% amino acid sequence identity to SEQ ID NO:3.

[0014] Also provided is a composition comprising a com-
bination of antibodies including an antibody or an Ebola

virus binding portion thereof comprising, or a polypeptide

having SEQ ID NO:1, 2, 3 or 4, or a sequence with at least
90% amino acid sequence identity thereto. In one embodi-

ment, the composition comprises a combination of antibod-
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ies including an antibody comprising a polypeptide having
SEQ ID NO:1, 2, 3 or 4, or a sequence with at least 90%

amino acid sequence identity thereto, or an Ebola virus
binding portion thereof.

[0015] The vectors, polypeptides, antibodies and parts

thereof, and compositions having the vectors, polypeptide or

antibody or antibody parts, including a composition having
a combination of antibodies, may be employed in a method

to prevent, inhibit or treat Ebola virus infection. In one
embodiment, an effective amount of a composition having

an antibody comprising a polypeptide comprising SEQ ID
NO:1 or a polypeptide having at least 90% amino acid

identity thereto, or an Ebola virus binding portion thereof,

and a polypeptide comprising SEQ ID NO:1 or a polypep-
tide having at least 90% amino acid identity thereto, or an

Ebola virus binding portion thereof, is administered. In one
embodiment, an effective amount of a composition having

an antibody comprising a polypeptide comprising SEQ ID
NO:3 or a polypeptide having at least 90% amino acid

identity thereto, or an Ebola virus binding portion thereof,

and a polypeptide comprising SEQ ID NO:4 or a polypep-
tide having at least 90% amino acid identity thereto, or an

Ebola virus binding portion thereof, is administered. Also
provided is an isolated antibody comprising a polypeptide

having at least 90% but not 100% identity to SEQ ID NO:1,

comprising a polypeptide having at least 90% but not 100%
identity to SEQ ID NO:2, comprising a polypeptide having

at least 90% but not 100% identity to SEQ ID NO:3, or
comprising a polypeptide having at least 90% but not 100%

identity to SEQ ID NO:4.

[0016] In one embodiment, an antibody comprising a

polypeptide having at least 90% but not 100% identity to
SEQ ID NO:1 and comprising a polypeptide havingat least

90% identity to SEQ ID NO:2 is provided. In one embodi-
ment, an antibody comprising a polypeptide having at least

90% identity to SEQ ID NO:1 and comprising a polypeptide
having at least 90% identity but not 100% to SEQ ID NO:2

is provided. In one embodiment, an antibody comprising a

polypeptide having at least 90% but not 100% identity to
SEQ ID NO:1 and comprising a polypeptide havingat least

90% identity but not 100% to SEQ ID NO:2 is provided. In
one embodiment, the antibody comprises IgG1.

[0017] In one embodiment, an antibody comprising a

polypeptide having at least 90% but not 100% identity to

SEQ ID NO:3 and comprising a polypeptide havingat least
90% identity to SEQ ID NO:4 is provided. In one embodi-

ment, an antibody comprising a polypeptide having at least
90% identity to SEQ ID NO:3 and comprising a polypeptide

having at least 90% identity but not 100% to SEQ ID NO:4
is provided. In one embodiment, an antibody comprising a

polypeptide having at least 90% but not 100% identity to

SEQ ID NO:3 and comprising a polypeptide havingat least
90% identity but not 100% to SEQ ID NO:4is provided. In

one embodiment, the antibody comprises IgG1.

BRIEF DESCRIPTION OF THE FIGURES

[0018] FIGS. 1A-1E. Heavy chain variable region

sequences for MAb 133/316 (SEQ ID NOs:5-25 (nucleic
acid)).

[0019] FIGS. 2A-2E. Light chain variable region
sequences for MAb 133/316 (SEQ ID NOs:26-46 (nucleic

acid)).
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[0020] FIGS. 3A-3D. Heavy chain variable region
sequences for MAb 226/81 (SEQ ID NOs:48-68 (nucleic

acid)).
[0021] FIGS. 4A-4D, Light chain variable region

sequences for MAb 226/81 (SEQ ID NOs:69-89 (nucleic
acid)).

[0022] FIGS. 5A-5FF. Representative genome sequences

for the Zaire strain of Ebola virus (SEQ ID NOs:90-93).

[0023] FIG. 6A-6B. Heavy chain andlight chain variable

region amino acid and nucleotide sequences for MAb 226/
81 (SEQ ID NO:3 and 4 (amino acid) and SEQ ID NOs:7

and 8 (murine nucleic acid)), and heavy chain and light

chain variable region amino acid and nucleotide sequences
for MAb 133/316 (SEQ ID NO:1 and 2 (amino acid) and

SEQ ID NOs:5 and 6 (murine nucleic acid)).

DETAILED DESCRIPTION

Definitions

[0024] As used herein with respect to polypeptides, the

term “substantially pure” means that the polypeptides are
essentially free of other substances with which they may be

foundin nature or in vivo systems to an extent practical and

appropriate for their intended use. In particular, the poly-
peptides are sufficiently pure and are sufficiently free from

other biological constituents of their host cells so as to be
useful in, for example, generating antibodies, sequencing, or

producing pharmaceutical preparations. By techniques well
known in the art, substantially pure polypeptides may be

produced in light of the nucleic acid and amino acid

sequences disclosed herein. Because a substantially purified
polypeptide of the invention may be admixed with a phar-

maceutically acceptable carrier in a pharmaceutical prepa-
ration, the polypeptide may comprise only a certain percent-

age by weight of the preparation. The polypeptide is
nonetheless substantially pure in that it has been substan-

tially separated from the substances with which it may be

associated in living systems.

[0025] As used herein with respect to nucleic acids, the

term “isolated” means:(i) amplified in vitro by, for example,
polymerase chain reaction (PCR); (ii) recombinantly pro-

duced by cloning; (iii) purified, as by cleavage and gel

separation; or (iv) synthesized by, for example, chemical
synthesis. An isolated nucleic acid is one which is readily

manipulable by recombinant DNAtechniques well known in
the art. Thus, a nucleotide sequence contained in a vector in

which 5' and 3' restriction sites are known or for which
polymerase chain reaction (PCR) primer sequences have

been disclosed is considered isolated but a nucleic acid

sequence existing in its native state in its natural host is not.
An isolated nucleic acid may be substantially purified, but

need not be. For example, a nucleic acid that is isolated
within a cloning or expression vector is not pure in that it

may comprise only a tiny percentage of the material in the
cell in which it resides. Such a nucleic acid is isolated,

however, as the term is used herein because it is readily

manipulable by standard techniques known to those of
ordinary skill in theart.

[0026] As used herein, a coding sequence and regulatory
sequences are said to be “operably joined” or “operably

linked” when they are covalently linked in such a way as to

place the expression or transcription of the coding sequence
underthe influence or control of the regulatory sequences.If

it is desired that the coding sequences be translated into a
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functional protein, two DNA sequences are said to be
operably joined if induction of a promoter in the 5' regula-

tory sequences results in the transcription of the coding
sequence and if the nature of the linkage between the two

DNAsequences does not (1) result in the introduction of a
frame-shift mutation, (2) interfere with the ability of the

promoter region to direct the transcription of the coding

sequences,or (3) interfere with the ability of the correspond-
ing RNAtranscript to be translated into a protein. Thus, a

promoter region would be operably joined to a coding
sequence if the promoter region were capable of effecting

transcription of that DNA sequence such that the resulting
transcript might be translated into the desired protein or

polypeptide.

[0027] The precise nature of the regulatory sequences

needed for gene expression may vary between speciesorcell
types, but shall in general include, as necessary, 5' non-

transcribing and 5' non-translating sequences involved with

initiation of transcription and translation respectively, such
as a TATA box, capping sequence, CAAT sequence, and the

like. Especially, such 5' non-transcribing regulatory
sequences will include a promoter region which includes a

promoter sequence for transcriptional control of the oper-
ably joined gene. Regulatory sequences may also include

enhancer sequences or upstream activator sequences, as
desired.

[0028] As used herein, a “vector” may be any of a number
of nucleic acids into which a desired sequence may be

inserted by restriction and ligation for transport between

different genetic environments or for expression in a host
cell, Vectors are typically composed of DNA although RNA

vectors are also available. Vectors include, but are not
limited to, plasmids and phagemids. A cloning vector is one

whichis able to replicate in a host cell, and which is further
characterized by one or more endonucleaserestriction sites

at which the vector may be cut in a determinable fashion and

into which a desired DNA sequence maybeligated such that
the new recombinant vectorretains its ability to replicate in

the host cell, An expression TO vector is one into which a
desired DNA sequence may be inserted by restriction and

ligation such that it is operably joined to regulatory
sequences and may be expressed as an RNAtranscript.

Vectors may further contain one or more marker sequences

suitable for use in the identification and selection of cells
which have been transformed or transfected with the vector.

Markers include, for example, genes encoding proteins
which increase or decrease either resistance or sensitivity to

antibiotics or other compounds, genes which encode
enzymes whoseactivities are detectable by standard assays

known in the art (e.g., B-galactosidase or alkaline phos-

phatase), and genes which visibly affect the phenotype of
transformedor transfected cells, hosts, colonies or plaques.

In some embodiments, the vectors are those capable of
autonomousreplication and expression ofthe structural gene

products present in the DNA segments to which they are
operably joined.

[0029] The terms “polypeptide”, “peptide”, and “protein”,
as used herein, are interchangeable and are defined to mean

a biomolecule composed of amino acids linked by a peptide
bond.

[0030] The terms “a’’, “an” and “the” as used herein are
defined to mean “one or more” andinclude the plural unless

the context is inappropriate.
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[0031] The terms “detecting” or “detected” as used herein
mean using known techniques for detection of biologic

molecules such as immunochemicalor histological methods
and refer to qualitatively or quantitatively determining the

presence or concentration of the biomolecule under inves-
tigation. For example, the binding of an antibody including

any functional parts thereof, to Ebola virus may be deter-

mined by an ELISA-type or immunofluorence-based assay.

[0032] The terms “antibody” or “antibodies” as used
herein are art recognized terms and are understood to refer

to molecules or active fragments of molecules that bind to
known antigens, particularly to immunoglobulin molecules

and to immunologically active portions of immunoglobulin
molecules, i.e. molecules that contain a binding site that

immunospecifically binds an antigen. The immunoglobulin

according to the invention can be of any type (igG, IgM,
IgD, IgE, IgA and IgY) or class (IgG1, IgG2, IgG3, IgG4,

IgA1 and IgA2) or subclasses of immunoglobulin molecule.

[0033] “Antibodies” are intended within the scope of the
present invention to include monoclonal, polyclonal, chime-

ric, single chain, bispecific or bi-effective, simianized,
human and humanized antibodies as well as active frag-

ments thereof. Examples of active fragments of molecules
that bind to known antigens include Fab, F(ab'),, scFv and

Fv fragments, including the products of an Fab immuno-

globulin expression library and epitope-binding fragments
of any of the antibodies and fragments mentioned above,

Such active fragments can be derived from an antibody of
the present invention by a numberofart-known techniques.

For example, purified monoclonalantibodies can be cleaved
with an enzyme,such as pepsin, and subjected to HPLC gel

filtration. The appropriate fraction containing Fab fragments

can then be collected and concentrated by membranefiltra-
tion and the like. For further description of general tech-

niquesforthe isolation of active fragments of antibodies, see
for example, Khaw et al., (1982); Rousseaux et al., (1986).

[0034] The terms “antibody” and “immunoglobulin” are

used interchangeably herein. An antibody or immunoglobu-
lin comprises at least the variable domain of a heavy chain,

and normally comprises at least the variable domains of a

heavy chain and a light chain. Basic immunoglobulin struc-
tures in vertebrate systems are relatively well understood.

See, e.g., Harlow et al. (1988). Antibodies or immunoglobu-
lins include broad classes of polypeptides that can be

distinguished biochemically. Those skilled in the art will
appreciate that heavy chains are classified as gamma, mu,

alpha, delta, or epsilon, with some subclasses among them

(e.g., gammal-gamma4). It is the nature of this chain that
determines the “class” ofthe antibody as IgG, IgM,IgA IgG,

or IgE, respectively. The immunoglobulin subclasses (iso-
types) e.g., IgGl, IgG2, IgG3, IgG4, IgA1, etc. are well

characterized and are known to confer functional special-
ization. Modified versions of each of these classes and

isotypes are readily discernible to the skilled artisan in view

of the instant disclosure and JCV neutralizing antibodies of
different classes can be obtained or engineered as described

herein. It should be appreciated that all immunoglobulin
classes are within the scope of the present invention. How-

ever, the following discussion will generally be directed to
the IgG class of immunoglobulin molecules. With regard to

IgG, a standard immunoglobulin molecule comprises two

identical light chain polypeptides of molecular weight
approximately 23,000 Daltons, and two identical heavy

chain polypeptides of molecular weight 53,000-70,000. The
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four chains are typically joined by disulfide bonds in a “Y”
configuration wherein the light chains bracket the heavy

chains starting at the mouth of the “Y” and continuing
through the variable region.

[0035] Light chains are classified as either kappa or

lambda. Each heavy chain class may be bound with either a
kappa or lambdalight chain. In general, the light and heavy

chains are covalently bonded to each other, and the “tail”
portions ofthe two heavy chains are bonded to each other by

covalent disulfide linkages or non-covalent linkages when

the immunoglobulins are generated either by hybridomas, B
cells or genetically engineered hostcells. In the heavy chain,

the amino acid sequences run from an N-terminus at the
forked ends of the Y configuration to the C-terminus at the

bottom of each chain.

[0036] Both the light and heavy chains are divided into
regions of structural and functional homology. The terms

“constant” and “variable” are used functionally. In this
regard, it will be appreciated that the variable domains of

both the light (VL) and heavy (VH) chain portions deter-

mine antigen recognition and specificity. Conversely, the
constant domainsofthe light chain (CL) and the heavy chain

(CH1, CH2 or CH3) confer important biological properties
such as secretion, transplacental Fe receptor binding,

complementbinding, and the like. By convention the num-
bering of the constant region domains increases as they

become moredistal from the antigen binding site or amino-

terminus of the antibody. The N-terminal portion is a vari-
able region and at the C-terminal portion is a constant

region; the CH3 and CL domains actually comprise the
carboxy-terminus of the heavy andlight chain, respectively.

[0037] As described herein, the variable region allows the

antibody to selectively recognize and specifically bind
epitopes on antigens. That is, the VL domain and VH

domain, or subset of the complementarity determining
regions (CDRs), ofan antibody combine to form the variable

region that defines a three dimensional antigen bindingsite.

This quaternary antibody structure formsthe antigen binding
site present at the end of each arm of the Y, More specifi-

cally, the antigen binding site is defined by three CDRs on
each of the VH and VL chains. In some instances, e.g.,

certain immunoglobulin molecules derived from camelid
species or engineered based on camelid immunoglobulins, a

complete immunoglobulin molecule may consist of heavy

chains only, with no light chains. See, e.g., Hamers-Caster-
manet al. (1993).

[0038] In naturally occurring antibodies, the six “comple-

mentarity determining regions” or “CDRs”present in each
antigen binding domainare short, non-contiguous sequences

of amino acids that are specifically positioned to form the
antigen binding domain as the antibody assumesits three

dimensional configuration in an aqueous environment. The
remainder of the amino acids in the antigen binding

domains, referred to as “framework” regions, show less

inter-molecular variability. The framework regions largely
adopt a beta-sheet conformation and the CDRs form loops

which connect, and in some cases form part of, the beta-
sheet structure. Thus, framework regions act to form a

scaffold that provides for positioning the CDRsin correct
orientation by inter-chain, non-covalent interactions. The

antigen binding domain formed by the positioned CDRs

defines a surface complementary to the epitope on the
immunoreactive antigen. This complementary surface pro-

motes the non-covalent binding of the antibody to its cog-
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nate epitope. The amino acids comprising the CDRs andthe

framework regions, respectively, can be readily identified

for any given heavy or light chain variable region by one of
ordinary skill in the art, since they have been precisely

defined (see, Kabat et al. (1983); and Chothia and Leak,

(1987)), which are incorporated herein by reference in their
entireties).

[0039] It should be appreciated that antibodies obtained as
described herein can be altered to remove or replace one or

more CDRs. In some embodiments, antigen binding frag-
ments can be generated that retain antigen specificity but

that lack one or more of the six CDRs of a full-length
antibody. Alternatively, one or more CDRs from an antibody

can be retained (for example CDR3) and one or more of the

other CDRs can be engineered and or replaced with a
different CDR, for example, to alter antigen binding speci-

ficity and/or affinity.

[0040] As used herein, the term “heavy chain portion”

includes amino acid sequences derived from an immuno-
globulin heavy chain. A polypeptide comprising a heavy

chain portion comprises at least one of: a CH1 domain, a
hinge (e.g., upper, middle, and/or lower hinge region)

domain, a CH2 domain, a CH3 domain, or a variant or

fragment thereof. For example, a binding polypeptide for
use in the invention may comprise a polypeptide chain

comprising a CH1 domain; a polypeptide chain comprising
a CH1 domain,at least a portion of a hinge domain, and a

CH2 domain;a polypeptide chain comprising a CH1 domain
and a CH3 domain; a polypeptide chain comprising a CH1

domain, at least a portion of a hinge domain, and a CH3

domain, or a polypeptide chain comprising a CH1 domain,
at least a portion of a hinge domain, a CH2 domain, and a

CH3 domain. In another embodiment, a polypeptide of the
invention comprises a polypeptide chain comprising a CH3

domain. Further, a binding polypeptide for use in the inven-
tion may lack at least a portion of a CH2 domain (e.g., all

or part of a CH2 domain). As set forth above, it will be

understood by one of ordinary skill in the art that these
domains (e.g., the heavy chain portions) may be modified

such that they vary in amino acid sequence from the natu-
rally occurring immunoglobulin molecule.

[0041] As used herein, the term “light chain portion”
includes amino acid sequences derived from an immuno-

globulin light chain. In one embodiment, the light chain
portion comprises at least one of a VL or CL domain.

[0042] By “specifically binds,” it is generally meant that
an antibody binds to an epitope via its antigen binding

domain, and that the binding entails some complementarity
between the antigen binding domain and the epitope. An

antibody is said to “specifically bind” to an epitope when it

binds to that epitope, via its antigen binding domain more
readily than it would bind to a random, unrelated epitope.

The term “specificity” is used herein to qualify the relative
affinity by which a certain antibody binds to a certain

epitope.

[0043] An antibody is said to competitively inhibit bind-

ing of a reference antibody to a given epitope if it prefer-
entially binds to that epitope to the extent that it blocks, to

some degree, binding of the reference antibody to the

epitope. Competitive inhibition may be determined by any
method knownin the art, for example, competition ELISA

assays. An antibody may be said to competitively inhibit
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binding of the reference antibody to a given epitope by at
least 90%, at least 80%,at least 70%, at least 60%, orat least

50%.
[0044] The minimum size of a peptide or polypeptide

epitope for an antibody is thought to be about four to five

amino acids. Peptide or polypeptide epitopes may contain at
least seven, at least nine or betweenat least about 15 to about

30 amino acids. Since a CDR can recognize an antigenic
peptide or polypeptide in its tertiary form, the amino acids

comprising an epitope need not be contiguous, and in some
cases, may not even be on the same peptide chain. In some

embodiments, a peptide or polypeptide epitope recognized

by neutralizing antibodies may contain a sequenceofat least
4, at least 5, at least 6, at least 7, e.g., at least 8, at least 9,

at least 10, at least 15, at least 20, at least 25, or about 15 to
about 30 contiguous or non-contiguous amino acids.

[0045] As used herein, the term “affinity” refers to a

measure of the strength of the binding of an individual
epitope with the CDR of an immunoglobulin molecule. See,

e.g., Harlow etal. (1988). As used herein, the term “avidity”
refers to the overall stability of the complex between a

population of immunoglobulins and an antigen, that is, the

functional combining strength of an immunoglobulin mix-
ture with the antigen. See, e.g., Harlow, Avidity is related to

both the affinity of individual immunoglobulin molecules in
the population with specific epitopes, and also the valencies

of the immunoglobulins and the antigen. For example, the
interaction between a bivalent monoclonal antibody and an

antigen with a highly repeating epitope structure, such as a

polymer, would be one of high avidity.

[0046] Neutralizing antibodies, or antigen-binding frag-

ments, variants, or derivatives thereof disclosed herein may
be described or specified in terms of the epitope(s) or

portion(s) of an antigen, e.g., a target polypeptide of the

Ebola virus protein that they recognize or specifically bind.
The portion of a target polypeptide which specifically inter-

acts with the antigen binding domain of an antibody is an
“epitope,” or an “antigenic determinant.” A target polypep-

tide may comprise a single epitope, but typically comprises
at least two epitopes, and can include any number of

epitopes, depending on the size, conformation, and type of

antigen, Furthermore,it should be noted that an “epitope” on
a target polypeptide may be or include non-polypeptide

elements, e.g., an “epitope may include a carbohydrate side
chain.

[0047] Neutralizing antibodies or antigen-binding frag-

ments, variants or derivatives thereof described herein may,
also be described or specified in terms of their cross-

reactivity. As used herein, the term “cross-reactivity” refers
to the ability ofan antibody, specific for one antigen, to react

with a second antigen; a measure ofrelatedness between two

different antigenic substances. Thus, an antibody is cross
reactive if it binds to an epitope other than the one that

induced its formation. The cross reactive epitope generally
contains many of the same complementary structural fea-

tures as the inducing epitope, and in some cases, may
actually fit better than the original.

[0048] For example, certain antibodies have some degree

of cross-reactivity, in that they bind related, but non-iden-
tical epitopes, e.g., epitopes with at least 95%, at least 90%,

at least 85%, at least 80%, at least 75%, at least 70%,at least

65%, at least 60%, at least 55%, and at least 50% identity (as
calculated using methods known in the art and described

herein) to a reference epitope. An antibody maybesaid to
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havelittle or no cross-reactivity if it does not bind epitopes
with less than 95%, less than 90%, less than 85%, less than

80%, less than 75%, less than 70%, less than 65%, less than
60%, less than 55%, and less than 50% identity (as calcu-

lated using methods knownin the art and described herein)
to a reference epitope. An antibody may be deemed “highly

specific” for a certain epitope, if it does not bind any other

analog, ortholog, or homolog of that epitope.

[0049] Neutralizing antibodies or antigen-binding frag-

ments, variants or derivatives thereof described herein may
also be described or specified in terms of their binding

affinity to a polypeptide. For example, a Ebola virus neu-

tralizing antibody may bind to a Ebola virus peptide with a
dissociation constant or Kd less than 10-7M, 10-7M,10-*M,
10°°M, 10-°M, 10-°M, 107-'°M, 107-''M, 107'°M, 10°-'°M,
10-'4M,or 1071°M.
[0050] Neutralizing antibodies or antigen-binding frag-

ments, variants or derivatives thereof described herein may
be “multispecific,” e.g., bispecific, trispecific or of greater

multispecificity, meaning that it recognizes and binds to two
or more different epitopes present on one or more different

antigens (e.g., proteins) at the same time. Thus, whether a

neutralizing antibody is “monospecfic” or “multispecific,”
e.g., “bispecific,” refers to the numberofdifferent epitopes

with which a binding polypeptide reacts. Multispecific anti-
bodies may be specific for different epitopes of a target

polypeptide described herein or may be specific for a target
polypeptide as well as for a heterologous epitope, such as a

heterologous polypeptide or solid support material.

[0051] A “humanized antibody”refers to a type of engi-
neered antibody having its CDRs derived from a non-human

donor immunoglobulin, the remaining immunoglobulin-de-
rived parts of the molecule being derived from one (or more)

human immunoglobulin(s). In addition, framework support

residues maybealtered to preserve binding affinity, Methods
to obtain “humanized antibodies” are well known to those

skilled in the art. (See, e.g., Queen et al., (1989), Hodgson
et al., (1991)).

[0052] A “humanized antibody” may also be obtained by

a novel genetic engineering approach that enables produc-
tion of affinity-matured humanlike polyclonal antibodies in

large animals such as, for example, rabbits (see, e.g. U.S.
Pat. No. 7,129,084).
[0053] The term “monoclonal antibody”is also well rec-

ognized in the art and refers to an antibody that is mass
produced in the laboratory from a single clone and that

recognizes only one antigen. Monoclonal antibodies are
typically made by fusing a normally short-lived, antibody-

producing B cell to a fast-growingcell, such as a cancercell

(sometimesreferred to as an “immortal”cell), The resulting
hybrid cell, or hybridoma, multiplies rapidly, creating a

clone that produces large quantities of the antibody. For the
purpose of the present invention, “monoclonal antibody”is

also to be understood to comprise antibodies that are pro-
duced by a mother clone which has not yet reached full

monoclonality.

[0054] The term “CDR”refers to the hypervariable region
of an antibody. The term “hypervariable region”, “HVR”, or

“HV”, when used herein refers to the regions of an antibody
variable domain which are hypervariable in sequence and/or

form structurally defined loops. Generally, antibodies com-

prise six hypervariable regions; three in the VH (H1, H2,
H3), and three in the VL (L1, L2, L3). A number of

hypervariable region delineations are in use and are encom-
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passed herein. The Kabat Complementarity Determining
Regions are based on sequence variability and are the most

commonly used (Kabat et al., Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service,

National Institutes of Health, Bethesda, Md. (1991)).

[0055] The letters “HC” and “LC” preceding the term

“CDR”refer, respectively, to a CDR of a heavy chain and a
light chain. Chothia refers instead to the location of the

structural loops (Chothia and Leak J. Mol. Biol. 196:901-
917 (1987)). The AbM hypervariable regions represent a

compromise between the Kabat CDRs and Chothia struc-
tural loops, and are used by Oxford Molecular’s AbM

antibody modeling software. The “contact” hypervariable

regions are based on an analysis of the available complex
crystal structures. The residues from each of these hyper-

variable regions are noted below.

 

 

 

 

 

Loop Kabat AbM Chothia Contact

Li 1L24-L34 L24-L34 L26-L32 L30-L36

L2 LS50-L58 L50-L56 L50-L52 L46-L55

L3 L89-L97 L89-L97 L91-L96 L89-L96

Hl H31-H35B H28-H35B H28-H32 H30-H35B

(Kabat Numbering)

Hl H31-H35 H26-H35 H26-H32 H30-H35

(Chothia Numbering)

H2 H50-H65 H50-H58 H53-H55 H47-H58

H3 H95-H102 H95-H102 H96-H101 H93-H101

[0056] Hypervariable regions may comprise “extended
hypervariable regions” as follows: 24-36 or 24-34 (L1),

46-56 or 50-56 (L2) and 89-97 or 89-96 (L3) in the VL and
26-35 (H1), 50-65 or 49-65 (H2) and 93-102, 94-102, or
95-102 (H3) in the VH. The variable domain residues are
numberedaccording to Kabatet al., supra, for each of these

definitions.

[0057] The term “variable domain residue numberingas in

Kabat”or “amino acid position numbering as in Kabat,” and
variations thereof, refers to the numbering system used for

heavy chain variable domains or light chain variable
domains of the compilation of antibodies in Kabat et al.,

Sequences of Proteins of immunological interest, 5th Ed.

Public Health Service, National Institutes of Health,
Bethesda, Md. (1991).

[0058] Using this numbering system, the actual linear

amino acid sequence may contain fewer or additional amino
acids corresponding to a shortening of, or insertion into, a

FR or HVRof the variable domain. For example, a heavy

chain variable domain may include a single amino acid
insert (residue 52a according to Kabat) after residue 52 of

H2 andinserted residues (e.g. residues 82a, 82b, and 82c,
etc. according to Kabat) after heavy chain FR residue 82.

The Kabat numbering of residues may be determined for a

given antibody by alignmentat regions of homology of the
sequenceofthe antibody with a “standard” Kabat numbered

sequence.

[0059] Incamelid species, the heavy chain variable region,
referred to as VHH, forms the entire antigen-binding

domain. The main differences between camelid WHH vari-

able regions and those derived from conventional antibodies
(VH)include (a) more hydrophobic aminoacids in the light

chain contact surface ofVH as comparedto the correspond-

May4, 2017

ing region in VHH,(b) a longer CDR3 in VHH,and(c) the
frequent occurrence of a disulfide bond between CDR1 and

CDR3 in VHH.
[0060] “Functional part” is understood within the scope of

the present invention to refer to a polypeptide or complex of

polypeptides which substantially shares at least one major
functional property with an antibody, for example, binding

to or inhibiting infection or replication by, for example, the
Zaire strain of Ebola virus, when administered prophylac-

tically or therapeutically. The antibodies can be of any class
such as IgG, IgM,or IgA, ete or any subclass such as IgG1,

IgG2a, etc and other subclasses described herein above or

knownin theart, but particularly of the IgG4 class. Further,
the antibodies can be produced by any method, such as

phage display, or produced in any organism orcell line,
including bacteria, insect, mammal or other type of cell or

cell line which produces antibodies with desired character-
istics, such as humanized antibodies. Antibodies can also be

formed by combining a Fab portion and an Fe region from

different species.

[0061] The term “bispecific” or “bifunctional” and “hi-

effective” is used synonymously within the scope of this
application to characterize an antibody which exhibits both

an inhibition property on amyloid or amyloid-like fiber

formation as well as a disaggregation property of amyloid or
amyloid-like fibers.

[0062] As used herein, the term “soluble” meanspartially
or completely dissolved in an aqueoussolution.

[0063] Also as used herein, the term “immunogenic”

refers to substances which elicit or enhance the production
of antibodies, T-cells or other reactive immunecells directed

against an immunogenic agent, e.g., Ebola virus, and con-
tribute to an immuneresponse in humansor animals.

[0064] The term “hybridoma” is art recognized and is

understood by those of ordinary skill in the art to refer to a
cell produced by the fusion of an antibody-producing cell

and an immortalcell, e.g., a multiple myelomacell. Such a
hybrid cell is capable of producing a continuous supply of

antibody, See the definition of“monoclonal antibody” above

and the Examples below for a more detailed description of
one art known method of fusion.

[0065] Further, the term “therapeutically effective

amount” refers to the amount of antibody or polypeptide, or
DNA encoding the polypeptide or antibody, which, when

administered to a human or animal, elicits an immune
response whichis sufficient to result in a therapeutic effect

in said human or animal. The effective amount is readily
determined by one of ordinary skill in the art following

routine procedures.

[0066] “Homology” between two sequencesis determined
by sequence identity. If two sequences which are to be

compared with each other differ in length, sequence identity
mayrelate to the percentage ofthe nucleotide residues ofthe

shorter sequence which are identical with the nucleotide

residues of the longer sequence, Sequence identity can be
determined conventionally with the use of computer pro-

grams such as the Bestfit program (Wisconsin Sequence
Analysis Package, Version 8 for Unix, Genetics Computer

Group, University Research Park, 575 Science Drive Madi-
son, Wis. 53711), Bestfit utilizes the local homology algo-

rithm of Smith and Waterman, (1981), in order to find the

segment having the highest sequence identity between two
sequences. When using Bestfit or another sequence align-

ment program to determine whether a particular sequence
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has for example 95% identity with a reference sequence of

the present invention, the parameters may be adjusted so that

the percentage ofidentity is calculated over the entire length

of the reference sequence and homology gaps of up to 5%

of the total number of the nucleotides in the reference

sequence are permitted. When using Bestfit, the so-called

optional parameters may be left at their preset (“default”)

values. The deviations appearing in the comparison between

a given sequence and the above-described sequences of the

invention may be caused for instance by addition, deletion,

substitution, insertion or recombination. Such a sequence

comparison may also be carried out with the program

“fasta20u66”(version 2.0u66, September 1998 by William

R. Pearson and the University of Virginia; see also Pearson

(1990), appended examples and http://workbench.sdsc.

edu/). For this purpose,the “default” parameter settings may

be used.

[0067] As used herein a “conservative change”refers to

alterations that are substantially conformationally or anti-

genically neutral, producing minimal changesin the tertiary

structure of the mutant polypeptides, or producing minimal

changes in the antigenic determinants of the mutant poly-

peptides, respectively, as compared to the native protein.

Whenreferring to the antibodies and antibody fragments of

the invention, a conservative change means an amino acid

substitution that does not render the antibody incapable of

binding to the subject receptor. One of ordinary skill in the

art will be able to predict which amino acid substitutions can

be made while maintaining a high probability of being

conformationally and antigenically neutral, Such guidance is

provided, for example in Berzofsky (1985) and Bowieet al,

(1990), Factors to be considered that affect the probability of

maintaining conformational and antigenic neutrality

include, but are not limited to: (a) substitution of hydropho-
bic amino acids is less likely to affect antigenicity because

hydrophobic residues are more likely to be located in a

protein’s interior; (b) substitution of physiochemically simi-
lar, amino acidsis less likely to affect conformation because

the substituted amino acid structurally mimics the native
amino acid; and (c) alteration of evolutionarily conserved

sequencesis likely to adversely affect conformation as such
conservation suggests that the amino acid sequences may

have functional importance. One of ordinary skill in the art

will be able to assess alterations in protein conformation
using well-known assays, such as, but not limited to micro-

complement fixation methods (see, e.g. Wasserman et al.
(1961); Levine et al. (1967)) and through binding studies

using conformation-dependent monoclonal antibodies (see,
e.g. Lewis et al. (1983)).

[0068] Conservative amino acid substitutions refer to the
interchangeability of residues having similar side chains.

For example, a group of amino acids having aliphatic side

chains is glycine, alanine, valine, leucine, and isoleucine; a
group of amino acids having aliphatic-hydroxyl side chains

is serine and threonine: a group of amino acids having
amide-containing side chains is asparagine and glutamine; a

group of amino acids having aromatic side chains is phe-
nylalanine, tyrosine and tryptophan; a group of aminoacids

having basic side chainsis lysine, arginine andhistidine: and

a group of amino acids having sulfur-containing side chain
is cysteine and methionine. In one embodiment, conserva-

tive amino acid substitution groups are: threonine-valine-
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leucine-isoleucine-alanine; phenylalanine-tyrosine; lysine-
arginine; alanine-valine; glutamic-aspartic; and asparagine-

glutamine.
[0069] The term “hybridize” as used herein refers to

conventional hybridization conditions, e.g., hybridization
conditions at which 5xSSPE, 1% SDS, 1xDenhardts solu-

tion is used as a solution and/or hybridization temperatures

are between 35° C. and 70° C., for instance, 65° C. After
hybridization, washing may becarried out first with 2xSSC,

1% SDS and subsequently with 0.2xSSC at temperatures
between 35° C. and 70° C., e.g., at 65° C. (regarding the

definition of SSPE, SSC and Denhardts solution see Sam-
brook et al. Molecular Biology: A Laboratory Manual, Cold

Spring Harbor Press, Cold Spring Harbor, N.Y., 1989).

Stringent hybridization conditions as for instance described
in Sambrooket al, supra, may be employed. In one embodi-

ment, stringent hybridization conditions are for instance
present if hybridization and washing occur at 65° C. as

indicated above. Non-stringent hybridization conditions, for

instance with hybridization and washing carried out at 45°
C. or at 35° C. or evenless.

[0070] The phrases “parenteral administration” and
“administered parenterally” as used herein means modes of

administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intra-

venous, intramuscular, intraarterial, intrathecal, intracapsu-

lar, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intraarticulare,

subcapsular, subarachnoid, intraspinal and intrasternal injec-
tion and infusion.

[0071] The phrases “systemic administration,” “adminis-
tered systemically,” “peripheral administration” and

“administered peripherally” as used herein mean the admin-

istration of an antibody or other material other than directly
into the central nervous system, such that it enters the

patient’s system and, thus, is subject to metabolism and
other like processes, for example, subcutaneous administra-

tion.
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Antibody Sequences

[0072] The present invention derives, in part, from the

isolation and characterization of antibodies that selectively

bind to and/or neutralize Ebola virus and are defined by the
aminoacid (aa) sequences ofthe immunoglobulin heavy and

light chain V-regions described in SEQ ID NO:1 through
SEQ ID NO:4.
[0073] In one set of embodiments, the present invention
provides full-length antibodies or fragments thereof in iso-

lated form and in pharmaceutical preparations. Similarly, as

described below, the present invention provides isolated
nucleic acids, host cells transformed with nucleic acids, and

pharmaceutical preparations including isolated nucleic acids
encoding the antibodies or fragments thereof, isolated poly-

peptides or isolated antibodies or parts thereof. The present
invention also provides methods, as described more fully

below, employing these antibodies and nucleic acids in the

in vitro and in vivo diagnosis, prevention and therapy of
Ebola virus infection.

[0074] Significantly, as is well-known in the art, only a
small portion of an antibody molecule is involved in the

binding of the antibody to its epitope (see, in general, Clark

(1986); Roitt, (1991)). The pFc' and Fe regions, for example,
are effectors of the complement cascade butare not involved

in antigen binding. An antibody from which the pFc' region
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has been enzymatically cleaved, or which has been produced
without the pFc' region, designated an F(ab')2 fragment,

retains both of the antigen binding sites of a full-length
antibody. Similarly, an antibody from which the Fe region

has been enzymatically cleaved, or which has been produced
without the Fe region, designated an Fab fragment, retains

one of the antigen binding sites of a full-length antibody

molecule. Proceeding further, Fab fragments consist of a
covalently bound antibody light chain and a portion of the

antibody heavy chain denoted Fd. The Fd fragments are the
major determinant of antibody specificity (a single Fd frag-

ment may beassociated with upto ten different light chains
without altering antibody specificity) and Fd fragments

retain epitope-binding ability in isolation.

[0075] Within the antigen-binding portion of an antibody,

as is well-known in the art, there are complementarity
determining regions (CDRs), which directly interact with

the epitope of the antigen, and framework regions (FRs),
which maintain thetertiary structure of the paratope (see, in

general. Clark, 1986, supra; Roitt, 1991, supra). In both the
heavy chain Fd fragment and the light chain of IgG immu-

noglobulins, there are four framework regions (FR1 through

FR4) separated respectively by three complementarity deter-
mining regions (CDR1 through CDR3). The CDRs, and in

particular the CDR3 regions, and more particularly the
heavy chain CDR3, are largely responsible for antibody

specificity.

[0076] The non-CDR regions of a mammalian antibody
may be replaced with similar regions of conspecific or

heterospecific antibodies while retaining the epitopic speci-
ficity of the original antibody. This is most clearly mani-

fested in the development and use of “humanized”antibod-

ies in which non-human CDRsare covalently joined to
human FR and/or Fe/pFc' regions to produce a functional

antibody. Thus, for example, PCT International Publication
Number WO 92/04381 teaches the production and use of

humanized murine RSV antibodies in which at least a
portion of the murine FR regions have been replaced by FR

regions of human origin. Such antibodies, including frag-

ments of full-length antibodies with antigen-bindingability,
are often referred to as “chimeric” antibodies.

[0077] Thus, as will be apparentto one of ordinary skill in

the art, the present invention also provides for F(ab')2, Fab,
Fv and Fd fragments of anti-Ebola virus antibodies; chime-

ric antibodies in which the Fe and/or FR and/or CDR1
and/or CDR2 and/or light chain CDR3 regions of the

anti-Ebola virus antibodies have been replaced by homolo-

gous human or non-human sequences; chimeric F(ab')2
fragment antibodies in which the FR and/or CDR1 and/or

CDR2 and/or light chain CDR3 regions of the anti-Ebola
virus antibodies have been replaced by homologous human

or non-human sequences; chimeric Fab fragment antibodies
in which the FR and/or CDR1 and/or CDR2 and/or light

chain CDR3 regions have been replaced by homologous

human or non-human sequences; and chimeric Fd fragment
antibodies in which the FR and/or CDR1 and/or CDR2

regions have been replaced by homologous human or non-
human sequences. Thus, those skilled in the art may alter the

anti-Ebola virus antibodies by the construction of CDR
grafted or chimeric antibodies or antibody fragments con-

taining all, or part thereof, of the disclosed heavy and light

chain V-region CDR aa sequences (Jones et al, (1986);
Verhoeyen et al. (1988); and Tempestet al. (1991)), without

destroying the specificity of the antibodies. Such CDR
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grafted or chimeric antibodies or antibody fragments can be
effective in prevention and treatment of Ebola virus infec-

tion in animals (e.g., horses) and man.

[0078] In some embodiments, the antibodies are fully
human monoclonal antibodies including at least the heavy

chain CDR3 region of the Ebola virus antibodies. As noted
above, such chimeric antibodies may be produced in which

some or all of the FR regions of the anti-Ebola virus
antibodies have been replaced by other homologous human

FRregions. In addition, the Fc portions may be replaced so

as to produce IgA or IgM as well as IgG antibodies bearing
someorall of the CDRsof the anti-Ebola virus antibodies,

Ofparticular importance is the inclusion of the Ebola virus
antibodies heavy chain CDR3 region and, to a lesser extent,

the other CDRsofthe anti-Ebola virus antibodies. Such fully
human or chimeric antibodies will have particular utility in

that they will not evoke an immune response against the

antibody itself.

[0079] For inoculation or prophylactic uses, the antibodies

of the present invention may be full-length antibody mol-

ecules including the Fe region. Such full-length antibodies
often have longer half-lives than smaller fragment antibod-

ies (e.g., Fab) and may be more suitable for intravenous,
intraperitoneal, intramuscular, intracavity, subcutaneous, or

transdermal administration.

[0080] In some embodiments, Fab fragments, including
chimeric Fab fragments, may be employed. Fabs offer

several advantages over F(ab‘), and whole immunoglobulin
molecules for this therapeutic modality. First, because Fabs

have only one binding site for their cognate antigen, the

formation of immune complexes is precluded whereas such
complexes can be generated when bivalent F(ab‘), s and

whole immunoglobulin molecules encounter their target
antigen. This is of some importance because immune com-

plex deposition in tissues can produce adverse inflammatory
reactions. Second, because Fabs lack an Fe region they

cannot trigger adverse inflammatory reactions that are acti-

vated by Fe, such as activation of the complement cascade.
Third, the tissue penetration of the small Fab molecule is

likely to be much better than that of the larger whole
antibody. Fourth. Fabs can be producedeasily and inexpen-

sively in bacteria, such as F. coli, whereas whole immuno-
globulin antibody molecules require mammalian cells for

their production in useful amounts. The latter entails trans-

fection of immunoglobulin sequences into mammalian cells
with resultant transformation, Amplification of these

sequences must then be achieved by rigorous selective
procedures and stable transformants must be identified and

maintained. The whole immunoglobulin molecules must be
produced bystably transformed, high expression mamma-

lian cells in culture with the attendant problems of serum-

containing culture medium.In contrast, production of Fabs
in £. coli eliminates these difficulties and makesit possible

to produce these antibody fragments in large fermenters
which are less expensive than cell culture-derived products.

[0081] In addition to Fabs, smaller antibody fragments and

epitope-binding peptides having binding specificity for the
epitopes defined by the anti-Ebola virus antibodies are also

contemplated by the present invention and can also be used
to bind or neutralize the virus. For example, single chain

antibodies can be constructed according to the method of

USS. Pat. No. 4,946,778, to Ladner et al. Single chain
antibodies comprise the variable regions of the light and

heavy chains joined by a flexible linker moiety. Yet smaller
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is the antibody fragment knownas the single domain anti-

body or Fd, which comprises an isolated VH single domain.

Techniques for obtaining a single domain antibody with at

least some of the binding specificity of the full-length

antibody from which they are derived are knownin theart.

[0082] It is possible to determine whether an altered or

chimeric antibody or fragment thereof has the same speci-

ficitty as the anti-Ebola virus antibodies by ascertaining

whether the former blocks the latter from binding to the

virus. If the antibody or fragment thereof being tested

competes with the anti-Ebola virus antibody as shown by a

decrease in binding of the anti-Ebola virus antibody, thenit

is likely that the two monoclonal antibodies bind to the

same, or a closely spaced, epitope. Still another way to

determine whether an antibody has the specificity of the

anti-Ebola virus antibodies is to pre-incubate the anti-Ebola

virus antibody with the virus with which it is normally

reactive, and then add the antibody being tested to determine

if the antibody being tested is inhibited in its ability to bind

the virus.If the antibody being tested is inhibited then,in all

likelihood, it has the same, or a functionally equivalent,

epitope and specificity as the disclosed anti-Ebola virus

antibodies. Screening of anti-Ebola virus antibodies also can
be carried out by utilizing Ebola viruses and determining

whether the mAb neutralizes the virus.

[0083] By using the disclosed antibodies, it is now pos-

sible to produce anti-idiotypic antibodies which can be used
to screen other antibodies to identify whether the antibody

has the same binding specificity as an antibody of the

invention. In addition, such antiidiotypic antibodies can be
used for active immunization (Herlyn et al. (1986)). Such

anti-idiotypic antibodies can be produced using well-known
hybridoma techniques (Kohler and Milstein (1975)). An

anti-idiotypic antibody is an antibody which recognizes
unique determinants present on the monoclonal antibody

producedbythe cell line of interest. These determinants are

located in the hypervariable region of the antibody.It is this
region which binds to a given epitope and, thus, is respon-

sible for the specificity of the antibody. An anti-idiotypic
antibody can be prepared by immunizing an animal with the

monoclonal antibody of interest. The immunized animal will
recognize and respondto the idiotypic determinants of the

immunizing antibody and produce an antibody to these

idiotypic determinants. By using the anti-idiotypic antibod-
ies of the immunized animal, it is possible to identify other

clones with the same idiotype as the antibody of the
hybridoma used for immunization. Idiotypic identity

between monoclonal antibodies of two cell lines demon-
strates that the two monoclonal antibodies are the same with

respectto their recognition ofthe same epitopic determinant.

Thus, by using anti-idiotypic antibodies, it is possible to
identify other hybridomas expressing monoclonalantibodies

having the same epitopic specificity.

[0084] It is also possible to use the anti-idiotype technol-

ogy to produce monoclonal antibodies which mimic an
epitope. For example, an anti-idiotypic monoclonalantibody

madeto a first monoclonal antibody will have a binding
domain in the hypervariable region whichis the image ofthe

epitope bound bythe first monoclonal antibody. Thus, the

anti-idiotypic monoclonal antibody can be used for immu-
nization, since the anti-idiotype monoclonal antibody bind-

ing domain effectively acts as an antigen.
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Nucleic Acids Encoding Anti-Ebola Virus Antibodies

[0085] Given the disclosure herein of the amino acid

sequences of the heavy chain Fd and light chain variable
domains of the anti-Ebola virus antibodies, one of ordinary

skill in the art is now enabled to produce nucleic acids which
encode this antibody or which encode the various fragment

antibodies or chimeric antibodies described above. It is
contemplated that such nucleic acids will be operably joined

to other nucleic acids forming a recombinant vector for

cloning or for expression of the antibodies. The present
invention includes any recombinant vector containing the

coding sequences, or part thereof, whether for prokaryotic or
eukaryotic transformation, transfection or gene therapy.

Such vectors may be prepared using conventional molecular
biology techniques, known to those with skill in theart, and

would comprise DNA coding sequences for the immuno-

globulin V-regions of the anti-Ebola virus antibodies,
including framework and CDRs or parts thereof, and a

suitable promoter either with (Whittle et al. (1987) and
Burton et al, (1994)) or without (Marascoet al. (1993) and

Duan et al. (1994)) a signal sequence for export or secretion.
Such vectors may be transformed or transfected into pro-

karyotic (Huse et al. (1989); Ward et al. (1989); Marksetal.

(1991); and Barbasetal. (1991)) or eukaryotic (Whittle etal.
(1987) and Burton et al. (1994)) cells or used for gene

therapy (Marascoet al. (1993) and Duanet al. (1994)) by
conventional techniques, knownto those with skill in the art.

[0086] The expression vectors of the present invention
include regulatory sequences operably joined to a nucleotide

sequence encoding oneofthe antibodies. As used herein, the

term “regulatory sequences” means nucleotide sequences
which are necessary for or conduciveto the transcription of

a nucleotide sequence which encodes a desired polypeptide
and/or which are necessary for or conducive to the transla-

tion of the resulting transcript into the desired polypeptide.
Regulatory sequences include, but are not limited to, 5

sequences such as operators, promoters and ribosome bind-

ing sequences, and 3' sequences such as polyadenylation
signals. The vectors of the invention may optionally include

5' leader or signal sequences, 5' or 3' sequences encoding
fusion products to aid in protein purification, and various

markers which aid in the identification or selection of

transformants. The choice and design of an appropriate
vector is within the ability and discretion of one of ordinary

skill in the art. The subsequentpurification of the antibodies
may be accomplished by anyofa variety of standard means

knownin theart.

[0087] One vector for screening antibodies, but not nec-

essarily for the mass production of antibodies, is a recom-

binant DNA molecule containing a nucleotide sequence that
codes for and is capable of expressing a fusion polypeptide

containing, in the direction of amino- to carboxy-terminus,
(1) a secretion signal domain, (2) a polypeptide of the

invention, and, optionally, (3) a fusion protein domain. The
vector includes DNA regulatory sequences for expressing

the fusion polypeptide, in one embodiment, eukaryotic,

regulatory sequences, Such vectors can be constructed by
those with skill in the art and have been described by Smith

et al. (1985); Clackson et al. (1991); Kang et al. (1991);
Barbaset al. (1991); Roberts et al. (1992)).

[0088] To achieve high levels of gene expression in E.

Golf, it is necessary to use not only strong promoters to
generate large quantities of mRNA, but also ribosome

binding sites to ensure that the mRNAisefficiently trans-
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lated. In E. coli, the ribosome binding site includes an
initiation codon (AUG) and a sequence 3-9 nucleotides long

located 3-11 nucleotides upstream from the initiation codon
(Shine and Dalgarno (1975)). The sequence, which is called

the Shine-Dalgarno (SD) sequence, is complementary to the
3' end of E, coil 16S rRNA. Binding of the ribosome to

mRNAand the sequenceat the 3' end of the mRNA can be

affected by several factors: the degree of complementarity
between the SD sequence and 3' end of the 16S rRNA; the

spacing lying between the SD sequence and the AUG; and
the nucleotide sequence following the AUG, which affects

ribosome binding. The 3' regulatory sequences defineat least
one termination (stop) codon in frame with and operably

joined to the heterologous fusion polypeptide.

[0089] In some embodiments with a prokaryotic expres-

sion host, the vector utilized includes a prokaryotic origin of
replication or replicon, i.e, a DNA sequence having the

ability to direct autonomousreplication and maintenance of

the recombinant DNA molecule extrachromosomally in a
prokaryotic host cell, such as a bacterial host cell, trans-

formed therewith. Such origins of replication are well
known in the art. In one embodiment, the origins of repli-

cation are those thatare efficient in the host organism. One
host cell is £. coli. For use of a vector in F. coli, one origin

of replication is ColEI found in pBR322 and a variety of

other common plasmids. Also, the p15A origin ofreplication
found on pACYCandits derivatives. The ColEI and p15A

replicons have been extensively utilized in molecular biol-
ogy, are available on a variety of plasmids and are described

by Sambrook et al., 1989, in Molecular Cloning: A Labo-
ratory Manual, 2nd edition, Cold Spring Harbor Laboratory

Press.

[0090] In addition, those embodiments that include a

prokaryotic replicon may also include a gene whose expres-
sion confers a selective advantage, such as drug resistance,

to a bacterial host transformed therewith. Typical bacterial

drug resistance genes are those that confer resistance to
ampicillin, tetracycline, neomycin/kanamycin or chloram-

phenicol. Vectors typically also contain convenientrestric-
tion sites for insertion of translatable DNA sequences.

Exemplary vectors are the plasmids pUC18 and pUC19 and
derived vectors such as those commercially available from

suppliers such as Invitrogen (San Diego, Calif.).

[0091] When the antibodies include both heavy chain and

light chain sequences, these sequences may be encoded on
separate vectors or, more conveniently, may be expressed by

a single vector. The heavy and light chain may, after
translation or after secretion, form the heterodimeric struc-

ture of natural antibody molecules. Such a heterodimeric

antibody may or may not be stabilized by disulfide bonds
between the heavy and light chains.

[0092] A vector for expression of heterodimeric antibod-

ies, such as the full-length antibodies or the F(ab),, Fab or

Fv fragment antibodies, is a recombinant DNA molecule
adapted for receiving and expressing translatable first and

second DNA sequences, That is, a DNA expression vector
for expressing a heterodimeric antibody provides a system

for independently cloning (inserting) the two translatable
DNAsequences into two separate cassettes present in the

vector, to form two separate cistrons for expressing the first

and second polypeptides of a heterodimeric antibody. The
DNA expression vector for expressing two cistrons is

referred to as a dicistronic expression vector.
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[0093] The vector comprising a first cassette includes
upstream and downstream DNAregulatory sequences oper-

ably joined via a sequence of nucleotides adapted for
directional ligation to an insert DNA. The upstream trans-

latable sequence may encode the secretion signal. The
cassette includes DNA regulatory sequences for expressing

the first antibody polypeptide that is produced when an

insert translatable DNA sequence (insert DNA)is direction-
ally inserted into the cassette via the sequence of nucleotides

adapted for directional ligation.
[0094] A dicistronic expression vector also contains a

second cassette for expressing the second antibody polypep-
tide. The second cassette includes a second translatable

DNA sequence that may encode a secretion signal, as

described above, operably joined at its 3' terminus via a
sequence of nucleotides adapted for directional ligation to a

downstream DNA sequence of the vector that typically
defines at least one stop codon in the reading frame of the

cassette. The second translatable DNA sequence is operably

joined at its 5' terminus to DNA regulatory sequences
forming the 5' elements. The second cassette is capable,

upon insertion of a translatable DNA sequence (insert
DNA), of expressing the second fusion polypeptide com-

prising a secretion signal with a polypeptide coded by the
insert DNA.

[0095] The antibodies of the present invention may be

produced by eukaryotic cells such as CHO cells, insect cells,
human or mouse hybridomas, immortalized B-lymphoblas-

toid cells, and the like. In this case, a vector is constructed
in which eukaryotic regulatory sequences are operably

joined to the nucleotide sequences encoding the antibody
polypeptide or polypeptides. The design and selection of an

appropriate eukaryotic vector is within the ability and dis-

cretion of one of ordinary skill in the art. The subsequent
purification of the antibodies may be accomplished by any

of a variety of standard means knownin theart.

[0096] The antibodies of the present invention may fur-

thermore, of course, be produced in plants. In 1989, Hiatt et

al. (1989)first demonstrated that functional antibodies could
be producedin transgenic plants. Since then, a considerable

amountof effort has been invested in developing plants for
antibody (or “plantibody”) production (for reviews see Gid-

dings et al. (2000); Fischer and Emans, (2000)). Recombi-
nant antibodies can be targeted to seeds, tubers, or fruits,

making administration of antibodies in such plant tissues

advantageous for immunization programs in developing
countries and worldwide.

[0097] In another embodiment, the present invention pro-
vides host cells, both prokaryotic and eukaryotic, trans-

formed or transfected with, and therefore including, the
vectors of the present invention.

Diagnostic and Pharmaceutical Antibody Preparations

[0098] The invention also relates to a method for prepar-

ing diagnostic or pharmaceutical compositions comprising
antibodies or polynucleotide sequences encoding the dis-

closed antibodies or parts thereof, the pharmaceutical com-
positions being used for immunoprophylaxis or immuno-

therapy of Ebola virus. The pharmaceutical preparation
includes a pharmaceutically acceptable carrier. Such carri-

ers, as used herein, means a non-toxic material that does not

interfere with the effectiveness of the biological activity of
the active ingredients. The term “physiologically accept-

able” refers to a non-toxic material that is compatible with
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a biological system such as a cell, cell culture, tissue, or
organism. The characteristics of the carrier will depend on

the route of administration. Physiologically and pharmaceu-
tically acceptable carriers include diluents, fillers, salts,

buffers, stabilizers, solubilizers, and other materials which
are well known in theart.

[0099] The antibodies are suited for in vitro use, for

example, in immunoassays in which they can be utilized in
liquid phase or boundto a solid phasecarrier. In addition, the

monoclonal antibodies in these immunoassays can be detect-

ably labeled in various ways, Examples of types of immu-
noassays which can utilize the antibodies are competitive

and non-competitive immunoassays in either a direct or
indirect format. Examples of such immunoassays are the

radioimmunoassay (RIA) and the sandwich ((mmunometric)
assay. Detection of antigens using the disclosed antibodies

can be done utilizing immunoassays which are run in either

the forward, reverse, or simultaneous modes, including
immunohistochemical assays on physiological samples.

Those of skill in the art will know, or can readily discern,
other immunoassay formats without undue experimentation.

[0100] The I antibodies can be bound to many different

carriers and used to detect the presence of Ebola virus.
Examples of well-knowncarriers include glass, polystyrene,

polypropylene, polyethylene, dextran, nylon, amylase, natu-
ral and modified cellulose, polyacrylamide, agarose and

magnetite. The nature of the carrier can be either soluble or

insoluble for purposesof the invention. Those skilled in the
art will know of other suitable carriers for binding mono-

clonal antibodies, or will be able to ascertain such, using
routine experimentation.

[0101] For purposes of the invention. Ebola virus may be

detected by antibodies when present in biological fluids and
tissues. Any sample containing a detectable amount ofEbola

virus can be used. A sample can be a liquid such as urine,
saliva, cerebrospinal fluid, blood, serum orthe like; a solid

or semi-solid such as tissues, feces, or the like; or, alterna-

tively, a solid tissue such as those commonly used in
histological diagnosis.

In Vivo Detection of Ebola Virus

[0102] In using antibodies for the in vivo detection of

antigen, the detectably labeled antibody is given in a close
which is diagnostically effective. The term “diagnostically

effective” means that the amount of detectably labeled
antibody is administered in sufficient quantity to enable

detection ofthe site having the Ebola virus antigen for which
the antibodies are specific.

[0103] The concentration of detectably labeled antibody

which is administered should be sufficient such that the

binding to Ebola virus is detectable compared to the back-
ground. Further, it is desirable that the detectably labeled

antibody be rapidly cleared from the circulatory system in
order to give the best target-to-background signal ratio.

[0104] As arule, the dosage of detectably labeled antibody

for in vivo diagnosis will vary depending on such factors as
age, sex, and extent of disease of the individual. The dosage

of antibody can vary from about 0.01 mg/kg to about 50
mg/kg, e.g., 0.1 mg/kg to about 20 mg/kg, or about 0.1

mg/kg to about 2 mg/kg. Such dosages may vary, for

example, depending on whether multiple injections are
given, on the tissue being assayed, and other factors known

to those of skill in the art.
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[0105] For in vivo diagnostic imaging, the type of detec-
tion instrument available is a major factor in selecting an

appropriate radioisotope. The radioisotope chosen must
have a type of decay which is detectable for the given type

of instrument, Still another important factor in selecting a
radioisotope for in vivo diagnosis is that the half-life of the

radioisotope be long enough suchthatit is still detectable at

the time ofmaximum uptakeby the target, but short enough
such that deleterious radiation with respect to the host is

acceptable. Ideally, a radioisotope used for in vivo imaging
will lack a particle emission but produce a large number of

photons in the 140-250 keV range, which maybereadily
detected by conventional gamma cameras.

[0106] For in vivo diagnosis, radioisotopes may be bound

to immunoglobulin either directly or indirectly by using an
intermediate functional group. Intermediate functional

groups which often are used to bind radioisotopes which
exist as metallic ions are the bifunctional chelating agents

such as diethylenetriaminepentacetic acid (DTPA) and eth-

ylenediaminetetra-acetic acid (EDTA) and similar mol-
ecules, Typical examples of metallic ions which can be

boundto antibodies are ‘In, ?’Ru, °’Ga, °8Ga, 7*As, °°Zr
and 7°!T1.
[0107] The antibodies can also be labeled with a paramag-
netic isotope for purposes of in vivo diagnosis, as in mag-

netic resonance imaging (MRI) or electron spin resonance

(ESR). In general, any conventional method for visualizing
diagnostic imaging can be utilized. Usually gamma and

positron emitting radioisotopes are used for camera imaging
and paramagnetic isotopes for MRI. Elements which are

particularly useful in such techniques include '°’Gd, *°Mn,
'82Dy, °?Cr and **Fe.
[0108] The antibodies can be used in vitro and in vivo to

monitor the course of Ebola virus therapy. Thus, for
example, by measuring the increase or decrease in the

numberofcells infected with Ebola virus or changes in the
concentration of Ebola virus present in the body or in

various body fluids, it would be possible to determine

whether a particular therapeutic regimen aimed at amelio-
rating Ebola virus is effective.

Prophylaxis and Therapy of Ebola Virus Disease

[0109] The antibodies, polypeptides or nucleic acid mol-
ecules described herein can also be used in prophylaxis and

as therapy for Ebola virus in both humansandother animals.
The terms, “prophylaxis” and “therapy” as used herein in

conjunction with the antibodies, polypeptides or nuclenic
acid molecules described herein denote both prophylactic as

well as therapeutic administration and both passive immu-

nization with substantially purified polypeptide products, as
well as gene therapy by transfer ofpolynucleotide sequences

encoding the product or part thereof. Thus, the antibodies,
polypeptides or nucleic acid molecules described herein can

be administered to high-risk subjects in order to lessen the
likelihood and/or severity of Ebola virus disease or admin-

istered to subjects already evidencing active Ebola virus

infection.

[0110] As used herein, a “prophylactically effective

amount” of the antibodies or polypeptides is a dosage large
enough to produce the desired effect in the protection of

individuals against Ebola virus infection for a reasonable

period of time, such as one to two months or longer
following administration. A prophylactically effective

amount is not, however, a dosage so large as to cause
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adverse side effects, such as hyperviscosity syndromes,
pulmonary edema, congestive heart failure, and the like.

Generally, a prophylactically effective amount may vary
with the subject’s age, condition, and sex, as well as the

extent of the disease in the subject and can be determined by
one of skill in the art. The dosage of the prophylactically

effective amount may be adjusted by the individual physi-

cian or veterinarian in the event of any complication. A
prophylactically effective amount may vary from about 0.01

mg/kg to about 50 mg/kg, e.g., y from about 0.1 mg/kg to
about 20 mg/kg, or from about 0.2 mg/kg to about 2 mg/kg,

in one or more administrations (priming and boosting).

[0111] As used herein, a “therapeutically effective
amount” of the antibodies, polypeptides or nucleic acid

molecules described herein is a dosage large enough to
produce the desired effect in which the symptoms of Ebola

virus are ameliorated or the likelihood of infection is

decreased. A therapeutically effective amount is not, how-
ever, a dosage no large as to cause adverse side effects, such

as hyperviscosity syndromes, pulmonary edema, congestive
heart failure, and the like. Generally, a therapeutically effec-

tive amount may vary with the subject’s age, condition, and
sex, as well as the extent ofthe disease in the subject and can

be determined by one of skill in the art. The dosage of the

therapeutically effective amount may be adjusted by the
individual physician or veterinarian in the event of any

complication. A therapeutically effective amount may vary
from about 0.01 mg/kg to about 50 mg/kg,for instance from

about 0.1 mg/kg to about 20 mg/kg, or from about 0.2 mg/kg
to about 2 mg/kg, in one or more dose administrations daily,

for one or several days. In one embodiment, administration

of the antibody is for 2 to 5 or more consecutive days in
order to avoid “rebound”ofvirusreplication from occurring.

[0112] The antibodies or polypeptides, or isolated nucleic

acid encoding the antibody or polypeptide, can be admin-
istered by injection or by gradual infusion over time. The

administration of the antibodies, polypeptides or nucleic
acid molecules described hereimay, for example, be intra-

venous, intraperitoneal, intramuscular, intracavity, subcuta-
neous, or transdermal. Techniques for preparing injectate or

infusate delivery systems containing antibodies are well

knownto those of skill in theart.

[0113] Preparations for parenteral administration include

sterile aqueous or non-aqueous solutions, suspensions, and

emulsions. Examples of non-aqueoussolvents are propylene
glycol, polyethylene glycol, vegetable oils such as olive oil,

and injectable organic esters such as ethyl oleate. Aqueous
carriers include water, alcoholic/aqueous solutions, emul-

sions or suspensions, including saline and buffered media.
Parenteral vehicles include sodium chloride solution. Ring-

er’s dextrose, dextrose and sodium chloride, lactated Ring-

er’s or fixed oils. Intravenous vehicles include fluid and
nutrient replenishers, electrolyte replenishers (such as those

based on Ringer’s dextrose), and the like. Preservatives and
other additives may also be present such as, for example,

antimicrobials, anti-oxidants, chelating agents, and the like.

[0114] As described herein, Ebola virus binding antibodies
or antigen-binding fragments, or varia thereof include, but

are not limited to, polyclonal, monoclonal, multispecitic,
human, humanized, primatized, or chimeric antibodies,

single chain antibodies, epitope-binding fragments, e.g.,

Fab, Fab' and F(ab')2, Fd, Fvs, single-chain Fvs (scFv),
single-chain antibodies, disulfide-linked Fvs (sdFv), frag-

ments comprising either a VL or VH domain, fragments
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produced by a Fab expression library, and anti-idiotypic
(anti-Id) antibodies (including, e.g., anti-Id antibodies to

neutralizing antibodies disclosed herein). ScFv molecules
are knownin the art and are described, e.g., in U.S. Pat. No.

5,892,019. Neutralizing antibody molecules can be of any
type (e.g., IgG, IgE, 10/1, IgD, IgA, and IgY), class (e.g.,

IgG1, IgG2, IgG3, IgG4, IgA1 and IgA2) or subclass of

immunoglobulin molecule.
[0115] Ebola virus neutralizing antibody fragments,

including single-chain antibodies, may comprise the vari-
able region(s) alone or in combination with the entirety or a

portion of the following: hinge region, CH1. CH2, and CH3
domains. Also, Ebola virus neutralizing antigen-binding

fragments can comprise any combination of variable region

(s) with a hinge region, CH1, CH2, and CH3 domains.

Humanization

[0116] In some embodiments, an animal antibody (e.g.,

rabbit antibody) can be modified, for example by, exchang-
ing the Fe region with an Fe region from a different species

(for example with a human Fc region). In some embodi-
ments, one or more humanization changes also may be made

(for example in one or more of the framework regions of the

antibody).

[0117] In some embodiments, antibodies described herein

may be engineered, by partial framework region replace-
ment and sequence changing. In some embodiments. CDRs

are derived from an antibody of a different class and/or a
different species than the framework regions. In some

embodiments, an engineered antibody contains one or more

“donor” CDRsfrom a non-human antibody of knownspeci-
ficity that are grafted into a human heavyor light chain

framework region. It may not be necessary to replace all of
the CDRswith the complete CDRsfrom the donorvariable

region to transfer the antigen binding capacity of one
variable domain to another. Rather, it may only be necessary

to transfer those residues that are necessary to maintain the

activity of the target binding site, Given the explanationsset
forth in, e.g., U.S. Pat. Nos. 5,585,089, 5,693,761, 5,693,
762, and 6,180,370,it will be well within the competence of
those skilled in the art, either by carrying out routine

experimentation or by trial and error testing to obtain a

functional engineered or humanized antibody.

[0118] EP 239 400 (Winteret al.) describes altering anti-

bodies by substitution (within a given variable region) of
their complementarity determining regions (CDRs) for one

species with those from another. CDR-substituted antibodies
are predicted to be less likely to elicit an immuneresponse

in humans comparedto true chimeric antibodies because the

CDR-substituted antibodies contain considerably less non-
human components. (Riechmann etal. (1988); Verhoeyen et

al. (1988)). Typically, CDRs of a murine antibody substi-
tuted into the corresponding regions in a human antibody by

using recombinant nucleic acid technology to produce
sequences encodingthe desired substituted antibody. Human

constant region gene segments of the desired isotype (usu-

ally gamma I for CH and kappa for CL) can be added and
the humanized heavy and light chain genes are co-expressed

in mammalian cells to produce soluble humanized antibody.

[0119] Queen et al. (1989) and WO 90/07861 have

described a process that includes choosing human V frame-

work regions by computer analysis for optimal protein
sequence homology to the V region framework of the

original murine antibody, and modelingthetertiary structure
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of the murine V region to visualize framework amino acid
residues which are likely to interact with the murine CDRs.

These murine aminoacid residues are then superimposed on
the homologous human framework. See also U.S. Pat. Nos.

5,693,762; 5,693,761; 5,585,089; and U.S. Pat. No. 5,530,
101. Tempestet al. (1991) utilize, as standard, the V region

frameworks derived from NEWM and REI heavy andlight

chains respectively for CDR-grafting without radical intro-
duction of mouse residues. An advantage of using the

Tempestet al., approach to construct NEWM and REIbased
humanized antibodies is that the three-dimensional struc-

tures of NEWMand REIvariable regions are known from
x-ray crystallography and thus specific interactions between

CDRs and V region framework residues can be modeled.

However, it should be appreciated that similar approaches
may be based on one or more other known antibody struc-

tures (e.g., based on one or more Fab structures). In some
embodiments, a human germline framework may be used

(e.g., as described for antibody 399 herein).

[0120] Non-human antibodies can be modified to include
substitutions that insert human immunoglobulin sequences,

é.g., consensus human amino acid residues at particular

positions, e.g., at one or more of the following positions
(e.g., at least five, ten, twelve, or all); (in the FR of the

variable domain ofthe light chain) 4L, 35L, 36L, 38L, 43L,
44L, 58L, 46L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 69L,

70L, 71L, 73L, 85L, 87L, 98L, and/or (in the FR of the
variable domain of the heavy chain) 2H, 4H, 24H, 36H,

37H, 39H, 43H, 45H, 49H5 58H, 60H, 67H, 68H, 69H, 70H,

73H, 74H, 75H, 78H, 91H, 92H, 93H,and/or 103H (accord-
ing to the Kabat numbering). See, e.g., U.S. Pat. No.

6,407,213.

Applications

[0121] In some embodiments, an antibody, isolated poly-
peptide or isolated nucleic acid can be administered to a

subject to prevent or treat an Ebola virus infection.

[0122] In some embodiments, aspects of the invention

relate to compositions that inhibit Ebola virus activity, for
example, that inhibit one or moreofviral proliferation (e.g.,

viral replication) and infectivity. In some embodiments, such
compositions can be used to treat or suppress conditions

associated with Ebola virus activity in subjects that are
infected with an Ebola virus, or to lowerthe risk of infection

with the Ebola virus, Such compositions may be used to

prevent viral infection, to prevent an increase in virusviral
activity, to prevent virus proliferation, to prevent symptoms

associated with viral infection, to treat a subject infected
with a virus, or treat a subject at risk of infection with a

virus, or to treat a subject that has developed a disease or
condition associated with infection by a virus. Compositions

ofthe invention also may be administeredto a subject at risk

of a viral infection or at risk of an increase in viral activity
(e.g., viral proliferation), regardless ofwhether the subjectis

actually known to have been exposedto, or infected by, the
virus.

[0123] In some embodiments, one or more compositions

of the invention may be administered alone or in combina-
tion with other compositions described herein or along with

other therapeutic agents. Compositions of the invention may

be provided (e.g., administered) in pharmaceutical prepara-
tions. Compositions of the invention may be provided in

kits.
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[0124] In some embodiments, an isolated antibody, iso-
lated polypeptide or isolated nucleic acid can be useful to

slow the progression of an Ebola virus infection.

[0125] In some embodiments, the invention provides

methods of inhibiting viral replication, the methods com-

prising contacting a cell comprising an Ebola virus with an
isolated antibody, isolated polypeptide or isolated nucleic

acid composition. In certain embodiments, the preparation is
administered intravenously. In other embodiments, the

preparation is administered orally. Alternative routes of
administration include sublingual, intramuscular, and trans-

dermal administrations. Accordingly, preparations of the

present invention may be given orally, parenterally, topi-
cally, or rectally. They are of course given in forms suitable

for each administration route.

[0126] The compositions may be administered to humans
and other animals for therapy by any suitable route of

administration. Actual dosage levels may be adjusted to
obtain an amount that is effective to achieve the desired

therapeutic response for a particular patient, composition,
and mode of administration, without being toxic to the

patient.

[0127] The selected dosage level will depend upon a
variety of factors including the activity of the isolated

antibody, isolated polypeptide or isolated nucleic acid the
clearance rate of the isolated antibody, isolated polypeptide

or isolated nucleic acid, the duration of the treatment, other

drugs, compounds and/or materials used in combination
with the particular isolated antibody, isolated polypeptide or

isolated, the age, sex, weight, condition, general health and
prior medical history of the patient being treated, and like

factors well known in the medical arts. Such an effective
dose will generally depend upon the factors described

above. In some embodiments, at least 0.5-1 mg/kg may be

used. However, higher or lower amounts may be used. In
some embodiments, an effective dose of an antibody or

polypeptide described herein may be about 100 mg/kg or
more. In some embodiments, 300 to 600 mg/kg may be used.

[0128] A physician or veterinarian having ordinary skill in

the art can readily determine and prescribe the effective
amount of the isolated antibodies, isolated polypeptides or

isolated nucleic acid molecules described herein. For
example, the physician or veterinarian could start doses of

the compositions at levels lower than that required to

achieve the desired therapeutic effect and then gradually
increasing the dosage until the desired effect is achieved.

[0129] For example, antibody preparations may be formu-

lated for administration in any convenient way for use in
humanor veterinary medicine, by analogy with other anti-

bodies. In some embodiments, aspects of the invention also
relate to a method of making a medicament for use in

treating a subject, e.g., for treating or preventing an Ebola
virus infection, or for inhibiting Ebola virus replication or

proliferation. Such preparations can be used for prophylactic

treatment of a subject at risk for or suspected of having an
Ebola virus infection. Accordingly, one or more antibody

compositions described herein that modulate virus replica-
tion or proliferation as described herein may be used for the

preparation of a medicamentfor use in any of the methods
of treatment described herein. In some embodiments, the

invention provides for the use of one or more antibody

compositions of the invention for the manufacture of a
medicament or pharmaceutical for treating a mammal(e.g.,

a human) having one or more symptomsof, or at risk for,
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Ebola virus infection, replication and/or proliferation.

Accordingly, the invention also relates to one or more

antibody compositions described herein for use as a medi-
cament. The invention also relates to one or more of these

antibody compositions for use in methods described herein,

for example in methods of inhibiting replication, or of
treating or preventing a disease associated with Ebola virus

replication or proliferation.

[0130] Antibodies can be prepared in a physiologically

acceptable formulation and may comprise a pharmaceuti-
cally acceptable carrier, diluent and/or excipient using

known techniques. Suitable pharmaceutical carriers,
diluents and/or excipients are well known in the art and

include, for example, phosphate buffered saline solutions,

water, emulsions such as oil/water emulsions, various types
of wetting agents, sterile solutions, etc.

[0131] Formulation of the pharmaceutical composition
according to the invention can be accomplished according to

standard methodology knowto those of ordinary skill in the
art.

[0132] The compositions of the present invention may be
administered to a subject in the form of a solid, liquid or

aerosol at a suitable, pharmaceutically effective dose.
Examples of solid compositions include pills, creams, and

implantable dosage units. Pills may be administered orally.
Therapeutic creams may be administered topically. Implant-

able dosage units may be administered locally, for example,

at a tumorsite, or may be implanted for systematic release
of the therapeutic composition, for example, subcutane-

ously, Examples of liquid compositions include formula-
tions adapted for injection intramuscularly, subcutaneously,

intravenously, intra-arterially, and formulations for topical

and intraocular administration, Examples of aerosol formu-
lations include inhaler formulations for administration to the

lungs.

[0133] The compositions may be administered by standard

routes of administration. In general, the composition may be
administered by topical, oral, rectal, nasal, interdermal,

intraperitoneal, or parenteral (for example, intravenous, sub-
cutaneous, or intramuscular) routes. In addition, the com-

position may be incorporated into sustained release matrices
such as biodegradable polymers, the polymers being

implanted in the vicinity of where delivery is desired, for

example, at the site of a tumor. The method includes
administration of a single dose, administration of repeated

doses at predetermined time intervals, and sustained admin-
istration for a predetermined period of time.

[0134] A sustained release matrix, as used herein, is a
matrix made of materials, usually polymers which are

degradable by enzymatic or acid/base hydrolysis or by
dissolution. Once inserted into the body, the matrix is acted

upon by enzymes and body fluids. The sustained release

matrix desirably is chosen by biocompatible materials such
as liposomes, polylactides (polylactide acid), polyglycolide

(polymer of glycolic acid), polylactide co-glycolide (copo-
lymers of lactic acid and glycolic acid), polyanhydrides,

poly(ortho)esters, polypeptides, hyaluronic acid, collagen,
chondroitin sulfate, carboxylic acids, fatty acids, phospho-

lipids, polysaccharides, nucleic acids, polyamino acids,

amino acids such phenylalanine, tyrosine, isoleucine, poly-
nucleotides, polyvinyl propylene, polyvinylpyrrolidone and

silicone. In one embodiment, the biodegradable matrix is a
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matrix of one of either polylactide, polyglycolide, or poly-
lactide co-glycolide (co-polymersoflactic acid and glycolic

acid).
[0135] It is well knownto those of ordinary skill in the art

that the dosage of the composition will depend on various
factors such as, for example, the condition of being treated,

the particular composition used, and other clinical factors

such as weight, size, sex and general health condition of the
patient, body surface area, the particular compound or

composition to be administered, other drugs being admin-
istered concurrently, and the route of administration.

[0136] Proteinaceous pharmaceutically active matter may
be present in amounts between 1 ng and 10 mgper dose.

Generally, the regime of administration should be in the

range of between 0.1 ug and 10 mg ofthe antibody accord-
ing to the invention,particularly in a range 1.0 pg to 1.0 mg,

and more particularly in a range of between 1.0 ug and 100
ug, with all individual numbers falling within these ranges

also being part of the invention. If the administration occurs

through continuous infusion a more proper dosage may be in
the range of between 0.01 ug and 10 mg units per kilogram

of body weight per hour with all individual numbersfalling
within these ranges also being part of the invention.

[0137] Preparations for parenteral administration include
sterile aqueous or non-aqueous solutions, suspensions and

emulsions, Non-aqueous solvents include without being

limited to it, propylene glycol, polyethylene glycol, veg-
etable oil such asolive oil, and injectable organic esters such

as ethyl oleate, Aqueous solvents may be chosen from the
group consisting of water, alcohol/aqueous solutions, emul-

sions or suspensions including saline and buffered media.
Parenteral vehicles include sodium chloride solution, Ring-

ers dextrose, dextrose and sodium chloride, lactated Ringers,

or fixed oils, Intravenous vehicles include fluid and nutrient
replenishers, electrolyte replenishers (such as those based on

Ringers dextrose) and others. Preservatives may also be
present such as, for example, antimicrobials, anti-oxidants,

chelating agents, inert gases,etc.

Diagnostic Applications and Kits:

[0138] In some embodiments, antibodies or polypeptides

described herein can be used as detection reagents for in

vivo diagnostics, and/or coupled to contrast dye reagents for
radiology,

[0139] In some embodiments, aspects of the invention
include using immobilized or non-immobilized, anti-Ebola

virus antibodies or polypeptides as detection moieties to

assess the presence and/or level of Ebola virus in a sample.
Detection assays may include the use of one or more labeled

detection moieties (VP-binding antibody containing or
attached to a detectable label). A detectable label is defined

as any moiety that can be detected using an assay. The
antibodies and functional antibody fragments can be coupled

to specific labeling agents for detecting binding according to

standard coupling procedures. A wide variety of detectable
labels can be used, such as those that provide direct detec-

tion (e.g., a radioactive label, a fluorophore, [e.g. Green
Fluorescent Protein (GFP), Red Fluorescent Protein (RFP),

etc.), a chromophore, an optical or electron denselabel, etc.)
or indirect detection (e.g., an enzyme tag such as horseradish

peroxidase, etc.). Non-limiting examples of detectablelabels

that have been attached to or incorporated into antibodies
include: enzymes, radiolabels, fluorescent labels, phospho-

rescent molecules, chemiluminescent molecules, chro-
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mophores, luminescent molecules, photoaffinity molecules,

and colored particles or ligands such as biotin, etc. In some

embodiments, detection methods of the invention may

include electrochemiluminescence methods (ECL).

[0140] A variety ofmethods may be usedto detect a label,

depending on the nature of the label and other assay com-

ponents. Labels may be directly detected through optical or

electron density, radioactive emissions, non-radiative energy

transfers, etc. or indirectly detected with antibody conju-

gates, streptavidin-biotin conjugates, etc. Many additional

detectable labels are known in the art, as are methods for

their attachment to antibodies.

[0141] Labeled antibodies or polypeptides may be used in

vitro, e.g., in an immunoassay such as an ELISA. Such

detectably labeled antibodies or polypeptides that have a

detectable label incorporated into the antibody or polypep-

tide or may belinked to a secondary binding ligand and/or

to an enzyme (an enzymetag)that will generate a detectable

(e.g., colored) product upon contact with a chromogenic

substrate, Examples of suitable enzymesinclude, but are not

limited to, urease, alkaline phosphatase, (horseradish)

hydrogen peroxidase or glucose oxidase. Examples of suit-

able secondary binding ligands include, but are not limited

to, biotin and/or avidin and streptavidin compounds. The use

of such labels is well known to those of skill in the art and

is described, for example, in U.S. Pat. Nos. 3,817,837;

3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149 and

4,366,241; each incorporated herein by reference.

[0142] Numerous methods for the attachment or conjuga-

tion of an antibody or polypeptide to its detectable label are

knownin the art. An attachment method may include the use

of a metal chelate complex employing, for example, an

organic chelating agent such a diethylenetriaminepen-

taacetic acid anhydride (DTPA); ethylenetriaminetetraacetic

acid; N-chloro-p-toluenesulfonamide; and/or tetrachloro-

3alpha-6alpha-diphenylglycouril-3 attached to the antibody

(see, for example, U.S. Pat. Nos. 4,472,509 and 4,938,948,

each incorporated herein by reference). Antibodies or parts

thereof also can be reacted with an enzymein the presence

of a coupling agent such as glutaraldehyde or periodate.

Antibodies may be labeled with fluorescein markers in the

presence of these coupling agents or by reaction with an

isothiocyanate. In other embodiments, antibodies may be

labeled by derivatization, for example, by selectively intro-

ducing sulfhydryl groups in the Fe region of the antibody,

using reaction conditions that do not alter the antibody

recognition site.

[0143] Detection of a detectable label in an assay of the

invention is also referred to herein as detecting the “signal”
Methodsfor detecting the signal in an immunoassayare well

knownin the art. In some embodiments, an assay signal can

be detected using a multi-well plate reader (e.g., microplate
reader) to assess the amount and/or location of a signal,

Signal detection can be optical detection or other detection
meanssuitable for detecting a detectable label utilized in the

invention.

[0144] The invention will be further described by the

following non-limiting example.
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Example

Materials and Methods

[0145] Viruses and Cells.

[0146] Ebola virus species Zaire, strain Mayinga (wild
type), and a mouse-adapted Ebola virus strain were propa-

gated in Vero E6 cells and stored at -80° C. until use. VSV
pseudotyped with Ebola virus GP (VSVAG*-EbolaGP)

expressing green fluorescent protein (GFP) was generated as
previously described (Takada et al., 1997). Human embry-

onic kidney 293 cells were grown in Dulbecco modified

Eagle medium complemented with 10% fetal bovine serum,
L-glutamine, and antibiotics. VSV genomic plasmid pVSV-

XN2and plasmids for nucleoprotein, polymerase, and phos-
phoprotein expression were kindly provided by J. Rose, Yale

University, New Haven, Conn. A recombinant VSV con-
taining the Ebola virus GP-encoding gene instead of the

VSV G protein-encoding gene (chimeric VSV-EbolaGP)

was generated as follows. The open reading frame of the
Ebola virus GP-encoding gene was cloned into plasmid

pVSV-XN2 lacking the VSV G protein-encoding gene
(VSV-AG)at the site where the VSV G protein-encoding

gene was deleted. The recombinant VSV expressing Ebola
virus GP instead of VSV G protein (chimeric VSV-Ebo-

laGP) was then generated as previously described (Schnell

et al., 1996). The virus was propagated in Vero E6 cells, and
its titer was determined by plaque assay (107 PFU/mL). A

characterization of the recombinant virus will be published
elsewhere. All infectious materials involving chimeric VSV-

EbolaGP were handled in a biosafety level 4 facility at the
Canadian Science Centre for Human and Animal Health.

[0147] MAbs.
[0148] MAbs were produced as described previously
(Takada et al., 2001). The hybridomas producing MAbs

133/3.16 Gmmunoglobulin G1 [IgG1]), 226/8.1 UgG1), and
42/3.7 (IgG1) were grown in PFHM II (GIBCO BRL), and

the antibodies were purified from the supernatants with
protein A agarose columns (Bio-Rad). Mouse ascites was

obtained by a standard procedure, and the concentration of

GP-specific antibodies in the ascites was determined by
enzyme-linked immunosorbent assay (ELISA) by using the

purified antibodies as standards.
[0149] Virus Neutralization Tests of VSV Pseudotyped

with Ebola Virus GP and Ebola Virus.

[0150] VSVAG*-EbolaGP or Ebola virus species Zaire
was incubated with MAbs for 1 hour at room temperature

and inoculated onto monolayers of 293cells. Infectivities of
the viruses were determined by counting the fluorescent

cells as described previously (Takada et al., 1997). The
relative percentage of infected cells was determined by

setting the numberofinfected cells in the presence ofnormal

mouse IgG or ascites (approximately 50 to 100 fluorescent
cells per microscopic field) to 100.

[0151] Immunofluorescence Assay.

[0152] 293 cells infected with Ebola virus were fixed with

2% paraformaldehyde 1 day after infection and treated with

0.1% Triton X-100 in phosphate-buffered saline, To detect
virus-infected cells, rabbit antiserum to VP40 of Ebola virus

(Jasenosky et al., 2001) was used as the primary antibody.
Goatanti-rabbit IgG conjugated with fluorescein isothiocya-

nate was purchased from Sigma (St. Louis, Mo.).

[0153] Selection of Escape Mutants.

[0154] Tenfold dilutions of chimeric VSV-EbolaGP were

incubated with appropriately diluted mouse ascites (250 to
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500 ug of specific antibodies/ml) at room temperature for 1
hour, and the mixtures were inoculated onto Vero E6 cells.

Mutantviruses that grew in the presence of the MAbs were
harvested from the highest dilution of the virus. This pro-

cedure was repeated, After confirming the growth of the
virus in the presence of the antibodies, the viral RNA was

extracted and the nucleotide TO sequences of the GP-

encoding genes determined by standard procedures.

[0155] Passive Immunization and Protection Tests with

Mice.

[0156] Five-week-old female BALB/c mice (Charles
River) were given 100 uL of appropriately diluted ascites

(250 ug of specific antibodies/mouse) intraperitoneally on
days—1 and 2. On day 0, all mice were intraperitoneally

infected with 30 50% lethal doses of the mouse-adapted

Ebola virus strain. The mice were monitored for clinical
signs of infection for 24 days after the challenge.

[0157] Results

[0158] Specificity of MAbs.

[0159] VSV pseudotyped with GP from species Zaire was

first used for virus neutralization tests and found that of the
10 clones we generated, two MAbs, 133/3.16 (IgG1) and

226/8.1 (igG1), neutralized the infectivity of the virus. Then

it was confirmed that authentic Ebola virus species Zaire
infectivity was also neutralized by these antibodies. MAb

42/3.7 recognized GPs from all of the Ebola virus species in
an ELISA (data not shown) but did not neutralize virus

infectivity. While both MAbs 133/3.16 and 226/8.1 effi-
ciently neutralized the infectivity ofVSV pseudotyped with

GP from species Zaire, neither of these MAbs appreciably

neutralized the infectivity ofthe virus pseudotyped with GPs
from the other Ebola virus species, Sudan, Ivory Coast, and

Reston. Limited cross-neutralizing activity was found with
MAb 133/3.16 when the viruses were treated with the

antibody at a higher concentration (100 ug/mL). The species
specificity of these MAbs was also confirmed by ELISA

with cells transfected with plasmids expressing these GPs

(data not shown).

[0160] Protective Effects of Passive Immunization of

Mice with Neutralizing Antibodies.

[0161] Next, the protective potential of the neutralizing
antibodies was tested in a mouse model (Table 1). Mice were

treated with the antibodies twice, 1 day prior to and 2 days

after a challenge with the mouse-adapted Ebola virus strain
(Bray et al., 1998). All mice treated with either MAb

133/3.16 or 226/8.1 were protected from a lethal infection
without disease signs, while untreated mice and those

treated with MAb 42/3.7, which lacks virus-neutralizing
activity, lost weight and died by day 8 post-challenge,

TABLE1
 

Protection conferred by passive immunization

of mice with neutralizing antibodies®

 

Antibody No. of survivors/total

133/3.16 6/6
226/8.1 6/6
42/3.7b 0/5
None 0/7
 

“Each mouse wasintraperitoneally inoculated with 250 ug of the indicated antibody 1 day
before and 2 days after an intraperitoneal challenge with 30 50% lethal doses of Ebola
virus.
bThis antibody reacts with the GPs of all Ebola virus species but does not neutralize virus
infectivity in vitro.
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[0162] Identification of Neutralizing Epitopes with Chi-
meric GPs.

[0163] To identify GP regions involved in neutralization

by these MAbs, a series of chimeric proteins was generated

with GPs from the Zaire and Reston species (FIG. 4). MAb
133/3.16 neutralized the infectivity of VSV pseudotyped

with RBbZGP(Reston, positions 1 to 415; Zaire, positions
418 to 676), RXZGP (Reston, positions 1 to 304; Zaire,

positions 304 to 676), REZGP (Reston, positions 1 to 236;
Zaire, positions 236 to 676), ZNRGP (Zaire, positions 1 to

560; Reston, positions 562 to 677), and RBsZNRGP (Res-

ton, positions 1 to 461 and 562 to 677; Zaire, positions 461
to 560) hut not others, suggesting that this antibody recog-

nizes a region in amino acid positions 521 to 560 of Zaire
GP, By contrast, MAb 226/8.1 bound to a different region

(positions 1 to 232) of Zaire GP, as indicated by the
neutralization of infectivity of the virus with ZERGP (Zaire,

positions 1 h/232; Reston, positions 234 to 677) or ZNRGP

(Zaire, positions 1 to 560; Reston, positions 562 to 677), but
not those with the other chimeric GPs. Since all three

previously identified neutralizing epitopes are located in the
region of amino acid positions 389 to 493 (Wilson etal.,

2000), these results suggested the existence of two other
neutralizing epitopes on GP.

[0164] Identification of Neutralizing Epitopes with a
Recombinant VSV Containing the Ebola Virus GP-Encod-

ing Gene.

[0165] To conclusively determine the neutralizing

epitopes for these antibodies, antigenic variants were sought
that escape from neutralization by the antibodies. A recom-

binant VSV containing the Ebola virus GP-encoding gene
instead of the VSV G protein-encoding gene (chimeric

VSV-EbolaGP) was generated. This virus expresses Ebola
virus GP in the context of the VSV genome, utilizes Ebola

virus GP for entry into cells, and grows rapidly in cell

culture (107 to 108 PFU/ml in 2 to 3 days), as is the case
with wild-type VSV, Thus, this VSV-EbolaGP chimera is

useful for rapid selection of antigenic variants from GP-
encoding gene pools in the VSV genome.

[0166] Chimeric VSV-EbolaGP was grownin the presence
of either MAb 133/3.16 or 226/8.1, and antigenic variants

that escaped from neutralization were isolated 3 days after
infection. Three variants for each antibody were biologically

cloned as described in Materials and Methods. The frequen-
cies of isolation of the antigenic variants from the parent

virus were 10-°?° and 10-*7° with MAbs 133/16.3 and

226/8.1, respectively. Sequence analysis of these variants’
GPs revealed that each variant had a single amino acid

change in the GP. All three variants selected with MAb
133/3.16 had the same His-to-Arg substitution at position

549 in GP2, which is adjacent to the fusion domain (10
amino acids downstream) ofGP2. By contrast, MAb 226/8.1

selected three variants with different amino acid substitu-

tions: Lou at position 199, Phe at position 194, or Arg at
position 134 in GP1 was replaced with Ser. Ser, or Gln,

respectively, suggesting that MAb 226/8.1 recognized a
conformational epitope on the GP molecule. Consistent with

this finding, this antibody did not react to GP in an immu-
noblot assay (data not shown). All amino acid substitutions

were located in the regions predicted by the use of VSV

pseudotyped with chimeric proteins. However, neither anti-
body boundto synthetic peptides containing the GP regions

identified by the neutralization assay.
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Discussion

[0167] To identify B-cell epitopes for neutralization of

Ebola virus, a recombinant VSV was used that contained the
Ebola virus GP-encoding gene in place of the VSV G

protein-encoding gene. This chimeric virus utilizes Ebola
virus GP for cell entry, relying on VSV genes and proteins

for replication and transcription of its genomeandfor viral
protein synthesis. It therefore grows rapidly in cell culture,

comparably to wild-type VSV. Consequently, this virus can

be used to select GP antigenic variants moreefficiently than
wild-type Ebola virus, which does not grow in cultured cells

as rapidly as VSV (taking a week to develop complete
cytopathic effects). Hence, this chimeric VSV system should

be useful for selecting antigenic variants from glycoproteins

of viruses incapable of being culturedsatisfactorily in vitro.

[0168] Since GP and sGPshare approximately 300 N-ter-

minal aminoacids, they possess several epitopes in common
(Sanchez et al., 2001; Volchkovet al., 1995). In fact, sGP

adsorbs neutralizing antibodies in anti-Zaire GP serum (Ito
et al., 2001). Since sGP is detected at a high concentration

in the blood of acutely infected patients (Sanchez et al.,

2001; Sanchez et al., 1996), neutralizing antibodies that do
not react to sGP would be more effective for treatment of

Ebola virus infection than those reacting to this molecule. In
accord with this concept, neutralizing antibodies reacting

with GP but not with sGP were reported to protect mice from
lethal Ebola virus infection (Wilson et al., 2000). Single

aminoacid residues were identified in two other neutralizing

epitopes, and neither of the antibodies used in this study
bound to sGP in an ELISA (data not shown). Interestingly.

MAb 226/8.1 did not bind to sGP even though Lou at
position 199. Phe at position 194, and Arg atposition 134 are

shared by GP and sGP. Since Ebola virus GP and sGP are

composed oftrimers ofGP1-GP2 andantiparallel-orientated
homodimers, respectively (Sanchez et al., 1998; Volchkova

et al., 1998), different oligomerization formslikely affect the
tertiary structure of the conformational epitope. It is also

conceivable that this epitope is not present on sGP mono-
mers or mayreside inside sGP dimers.

[0169] Neither of the MAbsusedin this study neutralized

the infectivity of VSV pseudotyped with GPs from the
Sudan, Ivory Coast, and Reston species. It seems that there

are few cross-neutralizing epitopes among Ebola virus spe-
cies (Takada and Kawaoka, 2001). This antigenic difference

must be considered for both passive prophylaxis and vac-
cination for Ebola virus infection. The use of neutralizing

antibody cocktails, ideally cross-reactive among, different

Ebola virus species, may increase the protective effects of
the treatments and reducethe possibility ofthe emergence of

antigenic variants in the infected individuals.

REFERENCES

[0170] Barbas et al., Proc. Natl. Acad. Sci. 88:7978

(1991).

[0171] Berzofsky, Science. 229:932 (1990).

[0172] Better et al., Science, 240:1041 (1988).

[0173] Bowie et al., Science, 247:1306 (1990),

[0174] Brayet al., J. Infect. Dis., 178:651 (1998).

[0175] Burton et al., Science, 266:1024 (1994).

[0176] Chothia and Lesk, J. Mol. Biol., 196901 (1987).

[0177] Clackson et al., Nature, 352:624 (1991),

[0178] Clark, The Experimental Foundations of Modern

Immunology Wiley & Sons, Inc., New York (1986).

May4, 2017

[0179] Duan et al., Proc. Natl. Acad. Sci, U.S.A., 91:5075
(1994).

[0180] Feldmann et al., Curr. Top. Microbiol. Immunol.,
235:1 (1999).

[0181] Fischer and Emans, Transgenic Res., 9:279 (2000).
[0182] Giddingset al., Nat Biotechnol., 18:1151 (2000).

[0183] Gupta et al., J Virol., 75:4649 (2001).

[0184] Hamers-Casterman et al., Nature, 363:446 (1993),
[0185] Harlow et al., Antibodies: A Laboratory Manual,

(Cold Spring Harbor Laboratory Press, 2nd ed. (1988).
[0186] Herlyn et al., Science, 232:100 (1986).

[0187] Hiatt et al., Nature, 342:76 (1989).
[0188] Hodgsonet al., Bio/Technology, 9:421 (1991).

[0189] Huseet al., Science, 246:1275 (1989).

[0190] Ito et al., 2 Virol, 75:1576 (2001).
[0191] Jahrling et al., Arch. Virol. Suppl., 11:135 (1996).

[0192] Jahrling et al., J Infect. Dis., 179:S224 (1999).
[0193] Jasenoskyet al., J. Virol., 75:5205 (2001).

[0194] Jones et al., Nature, 321:522 (1986).

[0195] Kabat et al., U.S. Department ofHealth and Human
Services, (1983).

[0196] Kang et al., Methods: A Companion to Methodsin
Enzymology, vol. 2, (1991).

[0197] Khawet al., J. Nucl. Med., 23:1011 (1982).
[0198] Kohler and Milstein, Nature, 256:495 (1975).

[0199] Kudoyarova-Zubavichene et al., J. Infect. Dis.

79:S218 (1999).
[0200] Lerner and Burton, Academic Press, NY, pp 111

[0201] Levine et al., Meth, Enzymol., 11:928 (1967).
[0202] Lewis et al., Biochem., 22:948 (1983).

[0203] Marasco et al., Proc. Natl Acad. Sci, U.S.A.,
90:7889 (1993),

[0204] Markset al., J Mol Biol., 222:581 (1991).

[0205] Mullinax et al., Proc, Natl. Acad. Sci, U.S.A.,

87:8095 (1990).

[0206] Mupapaetal., J. Infect. Dis., 179:S18 (1999),
[0207] Pearson, Methods in Enzymology, 183:63 (1990).

[0208] Peters and Khan, Curr. Top. Microbiol, Immunol.,
235:85 (1999).

[0209] Queenet al., Proc. Natl. Acad. Sci. USA, 86:10029

(1989).
[0210] Riechmann et al., Nature, 332:323 (1988).

[0211] Roberts et al., Proc. Natl. Acad. Sci. U.S.A.,
89:2429 (1992).

[0212] Roitt, Essential Immunology, 7th Ed., (1991).

[0213] Rousseaux et al., Methods Enzymology, 121:663
(1986).

[0214] Sanchezet al., In D. M. Knipe and P. M. Howley

(ed.), Fields virology, 4th ed, Lippincott Williams &

Wilkins, Philadelphia, Pa., p. 1279 (2001).

[0215] Sanchezet al., J. Virol., 72:6442 (1998).

[0216] Sanchez et al., Proc. Natl. Acad. Sci. USA, 93:3602

(1996).

[0217] Sastry et al., Proc. Natl. Acad. Sc i. U.S.A., 86:5728
(1989).

[0218] Schnell et al., Proc. Natl. Acad. Sci. USA, 93:11359
(1996).

[0219] Shine and Dalgarno. Nature, 254:34 (1975), Smith

and Waterman, Advances in Applied Mathematics, 2:482
(1981).

[0220] Smith et al., Science, 228:1315 (1985).

[0221] Takada and Kawaoka, Trends Microbiol., 9:506
(2001).

[0222] Takada et al., J Virol, 75:2324 (2001).



US 2017/0121391 Al

[0223] Takada et al., Proc. Natl. Acad. Sci. USA, 94:14764
(1997).

[0224] Tempest et al., Biotechnology. 9:266 (1991).
[0225] Verhoeyenet al., Science, 239:1534 (1988).

[0226] Volchkov et al., Proc. Natl. Acad. Sci. USA,
95:5762 (1998).

May4, 2017

[0232] Wilson et al., Science, 287:1664 (2000).
[0233] Wool-Lewis and Bates, /. Virol., 72:3155 (1998).

[0234] All publications, patents and patent applications
are incorporated herein by reference. Whilein the foregoing

specification, this invention has been describedin relation to
certain preferred embodiments thereof, and many details

 

[0227] Volchkovet al., Virology, 214:421 (1995). have been set forth for purposes of illustration, it will be

[0228] Volchkovaet al., Virology, 250:408 (1998). apparent to those skilled in the art that the invention is
[0229] Ward et al., Nature, 341:544 (1989). susceptible to additional embodiments andthatcertain ofthe

[0230] Wasserman etal., J. Immunol., 87:290 (1961). details herein may be varied considerably without departing
[0231] Whittle et al., Protein Eng., 1:499 (1987). from the basic principles of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 97

<210> SEQ ID NO 1

<211> LENGTH: 133

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 1

Gly Ser Glu Val Lys Leu Gln Glu Ser Gly Pro Gly Leu Val Ala Pro

1 5 10 15

Ser Gln Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Phe Ser

20 25 30

Arg Tyr Thr Val His Trp Val Arg Gln Pro Pro Gly Lys Gly Leu Glu

35 40 45

Trp Leu Gly Met Ile Trp Gly Gly Gly Ser Thr Asp Tyr Asn Ser Ala

50 55 60

Leu Lys Ser Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val

65 70 75 80

Phe Leu Glu Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Met Tyr Tyr

85 90 95

Cys Val Arg Ser Gly Asn Trp Asn Ala Met Asp Tyr Trp Gly Gln Gly

100 105 110

Thr Ser Val Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val Tyr

115 120 125

Gly Gly Gly Gly Ser

130

<210> SEQ ID NO 2

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

Gly Gly Gly Gly Ser Asp Ile Val Met Thr Gln Ser Pro Ala Ser Leu

1 5 10 15

Ala Val Ser Leu Gly Gln Arg Ala Thr Ile Ser Tyr Arg Ala Ser Lys

20 25 30

Ser Val Ser Thr Ser Gly Tyr Ser Tyr Met His Trp Asn Gln Gln Lys

35 40 45

Pro Gly Gln Pro Pro Arg Leu Leu Ile Tyr Leu Val Ser Asn Leu Glu

50 55 60

Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe

65 70 75 80

Thr Leu Asn Ile His Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr
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-continued
 

85 90 95

Cys Gln His Ile Arg Glu Leu Thr Arg Ser Gly Gly Gly Pro Ser Trp

100 105 110

Lys

<210> SEQ ID NO 3

<211> LENGTH: 136

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 3

Gly Ser Gln Val Lys Leu Gln Glu Ser Gly Ala Glu Leu Ala Lys Leu

1 5 10 15

Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr

20 25 30

Lys Tyr Trp Met His Trp Ile Lys Gln Arg Pro Gly Gln Gly Leu Glu

Trp Ile Gly Tyr Ile Asn Pro Ser Thr Gly Tyr Ser Glu Asn Asn Gln

50 55 60

Lys Phe Lys Gly Lys Ala Ile Leu Thr Ala Asp Lys Ser Ser Ser Thr

65 70 75 80

Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Asp Asp Ser Ala Val Tyr

85 90 95

Tyr Cys Val Arg Gly Tyr Asp Ser His Tyr Tyr Val Met Asp Tyr Trp

100 105 110

Gly Gln Gly Thr Ser Val Thr Val Ser Ser Ala Lys Thr Thr Pro Pro

115 120 125

Ser Val Tyr Gly Gly Gly Gly Ser

130 135

<210> SEQ ID NO 4

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

Gly Gly Gly Gly Ser Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu

1 5 10 15

Ala Val Ser Leu Gly Gln Arg Ala Thr Ile Ser Tyr Arg Ala Ser Lys

20 25 30

Ser Val Ser Thr Ser Gly Tyr Ser Tyr Met His Trp Asn Gln Gln Lys

35 40 45

Pro Gly Gln Pro Pro Arg Leu Leu Ile Tyr Leu Val Ser Asn Leu Glu

50 55 60

Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe

65 70 75 80

Thr Leu Asn Ile His Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr

85 90 95

Cys Gln His Ile Arg Glu Leu Thr Arg Ser Glu Gly Gly Pro Ser Trp

100 105 110

Lys

<210> SEQ ID NO 5

<211> LENGTH: 399
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-cont inued

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 5

ggatccgagg tcaagctgca ggagtcagga cctggcectgg tggcaccctc acagagectg 60

tccatcacat gcactgtcte tggattctca ttttccagat atactgtaca ctgggttcge 120

cagectccag gaaagggtct ggagtggetg ggaatgatat ggggtggtgg aagcacagac 180

tataattcag ctctcaaate cagactgage atcagtaagg acaactccaa gagccaagtt 240

ttcttagaaa tgaacagtct gcaaaccgat gacacageca tgtactactg tgtcagatct 300

ggtaactgga atgctatgga ctactggggt caaggaacct cagtcaccgt ctectcagec 360

aaaacgacac ccccatctgt ctatggtgge ggtggttct 399

<210> SEQ ID NO 6

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 6

ggtggeggtg gttctgacat tgtgatgaca caatctcctg cttccttage tgtatctctg 60

gggceagaggg ccaccatcte atacagggce agcaaaagtg tcagtacate tggctatagt 120

tatatgcact ggaaccaaca gaaaccagga cagcecaccca gactcctcat ctatcttgta 180

tecaacctag aatctggggt ccctgcecagg ttcagtggca gtgggtctgg gacagacttec 240

accctcaaca tecatcctgt ggaggaggag gatgctgcaa cctattactg tcagcacatt 300

agggagctta cacgttcggg ggggggacca agctggaaat aa 342

<210> SEQ ID NO 7

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 7

ggatcccaag tcaagctgca ggagtcaggg gctgagctgg caaaacttgg ggectcagtg 60

aagatgtcct gcaaggctte tggctacace tttactaaat actggatgca ctggataaaa 120

cagaggectg gacagggtct ggaatggatt ggatatatta atcctagtac tggttatagt 180

gagaacaatec agaagttcaa gggcaaggcee atattgactg cagacaaate ttccagcaca 240

gectacatge aactgagcag cctgacatct gatgactctg cagtctatta ctgtgtaaga 300

ggctatgatt ctcattacta tgttatggac tattggggtc aaggaaccte agtcaccgtc 360

tectcageca aaacgacace cccatctgte tatggtggeg gtggttct 408

<210> SEQ ID NO 8

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 8

ggtggeggtg gttctgatat tgtgctcace caatctectg cttccttage tgtatctctg 60

gggeagaggg ccaccatctc atacagggcce agcaaaagtg tcagtacate tggctatagt 120

tatatgcact ggaaccaaca gaaaccagga cagcecaccca gactcctcat ctatcttgta 180

tecaacctag aatctggggt ccctgcecagg ttcagtggea gtgggtctgg gacagactte 240
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accctcaaca tecatcctgt ggaggaggag gatgctgcaa cctattactg tcagcacatt 300

agggagctta cacgttcgga ggggggacca agctggaaat aa 342

<210> SEQ ID NO 9

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 9

gggtcagagg tgaagetcca ggagtceggg cccggectgg tggcacctte tcagagtcte 60

agtatcacct gcacagtaag cgggttttct ttctccegat atactgtgca ctgggtcaga 120

cagecccccg gaaaaggect ggagtggetg ggcatgatct ggggaggtgg cagcacggac 180

tacaattccg ctctcaaaag ccgectcagt atctccaaag ataatagcaa atcccaagtt 240

ttecttgaaa tgaattctct tcaaacagac gacaccgceca tgtactactg tgtgcgatct 300

gggaattgga acgctatgga ttactggggt caggggacca gtgtaacagt atecttctgceg 360

aagactacte ctccaagegt ctacggaggt ggaggaage 399

<210> SEQ ID NO 10

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 10

ggctctgagg tgaagctgea ggagtccgga ccaggecttg tegeececag ccagagectg 60

ageatcactt gtaccgtcag cgggttctce tttagtcggt atacagtcca ttgggtgaga 120

cageccccceg ggaagggatt ggagtggett ggtatgatat gggggggagg aagcactgat 180

tataattctg cccttaaate caggctgage atttcaaaag acaacagcaa gagcecaggtc 240

tttctcgaaa tgaactcact gcaaacggac gacaccgcta tgtattactg cgtgcgcagt 300

ggcaactgga acgctatgga ttattggggg cagggaacat ccgtcacggt atcatctgec 360

aagaccacac cccectcagt gtatggeggg ggcggttce 399

<210> SEQ ID NO 11

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 11

ggtagtgaag tgaagetgea ggagagegga cctggectgg tegegeccag tcagtcectg 60

teaatcactt gcacegttte eggcttttce ttctccagat ataccgtgca ctgggtacge 120

caaccacegg ggaaggggct ggaatggett ggcatgatet ggggeggagg gtctactgac 180

tacaactcag ccctgaagag tagactttce atctccaaag ataactccaa gagecaggtg 240

ttcttggaga tgaattcect ccagacegac gatacageca tgtactactg cgtgeggtct 300

ggaaattgga acgcaatgga ttactgggga cagggaacat ccgtcacagt cagtageget 360

aagacaacce cacccagtgt gtacggtggt gggggaage 399
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<210> SEQ ID NO 12

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 12

ggcagegaag tgaaactcca ggaaagegge cctggectcg tegetcegtce acagagectt

teaattactt gcactgtgag cggatttagt tttagtcget acacagtgca ttgggttaga

cagectccag gtaagggect cgagtggetg ggcatgattt ggggeggggg ctcaaccgat

tacaatagtg ccctgaagte cagactctca attagtaagg acaatagcaa atctcaggtg

ttcectggaga tgaattcect tcagactgac gacacagcaa tgtactactg cgtgceggage

gggaactgga atgccatgga ctactgggge caaggcacta gegtgacggt aagctcagea

aagactactc ccccttctgt ttacggaggt ggtggaage

<210> SEQ ID NO 13

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 13

ggatcagagg tgaaactgca agagtctggg ccaggtcttg tggctccgtce acagtcectg

teaatcactt gtactgtcte tggattcage ttttctagat acaccgtcca ctgggtgegg

cagecccegg gcaaggggct cgagtggetg ggaatgatet ggggaggggg ctccactgac

tacaactccg ctttgaaaag tceggctctca atctccaaag acaactccaa gtctcaagtg

ttcctcgaaa tgaactcect tcagacegat gatacagega tgtattactg cgtgaggtca

gggaactgga acgcaatgga ttattggggt caaggcacct cagttacggt ttecageget

aaaactacce cccccagegt gtatggegge ggeggatct

<210> SEQ ID NO 14

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 14

ggcagegaag taaagttgca agaatcagga cctggacttg tagctccgag ccagtcectg

tecattacat gcacagttte tggcttctct ttcagecgat ataccgtgca ctgggttagg

cagecccccg gtaaagggct ggaatggetg gggatgattt ggggeggagg gagtaccgac

tataactccg ctctgaaate aaggctcage atatccaagg acaacagcaa gagtcaggtg

ttcttggaaa tgaatagect tcagacggac gacactgcca tgtactattg cgtcagaage

gggaactgga atgcgatgga ttactgggge cagggaactt ccgttacagt gtctagtgeg

aaaactacge cccccagegt gtacggegge ggegggtct

<210> SEQ ID NO 15

<211> LENGTH: 399

60

120

180

240

300

360

399

60

120

180

240

300

360

399

60

120

180

240

300

360

399
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 15

gggtcegagg tgaagttgcea

tetataactt gcacagtgtc

cagectcctg gaaagggect

tataatagtg ccctgaaatc

ttectcgaaa tgaacagect

ggaaactgga atgctatgga

aaaactacge caccttcagt

<210> SEQ ID NO 16

<211> LENGTH: 399

<212> TYPE: DNA

agagtctggec

eggettctct

egagtggctg

tegectctca

ccagacagat

ctattggggg

ctatggtgge

cceggtcttg

tttagecgat

ggtatgatct

atcagcaagg

gatacggeca

caggggacat

gggggttce

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

tggctectag

atacagtcca

gggggggcgg

ataacagtaa

tgtattattg

cegtgactgt

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 16

ggttcagaag tcaagetgcea

tecattacct gtacagtttc

cagectcccg gaaagggatt

tacaattctg cactaaagag

ttecttgaaa tgaactcatt

ggtaactgga atgccatgga

aagaccactc caccttctgt

<210> SEQ ID NO 17

<211> LENGTH: 399

<212> TYPE: DNA

agagtctggt

tggettttct

ggagtggett

cegtctttct

acaaactgat

ttattgggga

ctatggggga

cceggtttgg

ttttctagat

ggtatgatat

atttctaagg

gatacggcaa

caaggaactt

ggeggttca

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

tagetcctag

atacagttca

ggggtggtgg

ataacagtaa

tgtattattg

cegtgactgt

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 17

ggttcagagg tgaagetgca

tetatcacct gtactgtctc

cagectcctg ggaaaggttt

tataattctg ctctcaagtc

tttcttgaaa tgaattetct

ggaaattgga atgctatgga

aaaactactc caccaagtgt

<210> SEQ ID NO 18

<211> LENGTH: 399

<212> TYPE: DNA

agaaagtgga

agggttttca

ggagtggttg

cagactctca

tcaaaccgac

ttactgggga

ttatggaggg

cetggtctgg

ttttecagat

ggtatgattt

atatcaaagg

gatactgcaa

cagggaacgt

ggaggatct

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

tagececgtec

acacagttca

gggggggagg

acaactcaaa

tgtattattg

ctgttacegt

<223> OTHER INFORMATION: A synthetic oligonucleotide

tceaaagectt

ttgggtgaga

cagtacagac

gagecaggte

egtgegcage

tagtagegee

teaatccctg

ttgggtcegt

gtctacagat

gagecaggtt

tgttegttct

ttetagtget

tceaaagectt

ttgggtccega

atcaactgat

gagecaagta

tgtaaggage

atcttcagca

60

120

180

240

300

360

399

60

120

180

240

300

360

399

60

120

180

240

300

360

399
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<400> SEQUENCE: 18

ggcagtgagg ttaagttgca agagtcceggt ccaggactcg tageccctte tcagtctctg 60

tecattactt gtacagttte tggattttct ttctctagat atactgtaca ctgggtgagg 120

cagectcctg gtaaaggtct cgagtggcetg ggtatgatat ggggaggggg tagcaccgac 180

tataatagceg cactcaagag taggttgtcc atatctaagg ataattctaa gtcccaggtg 240

tttctagaaa tgaatagect gcagacagat gacacagcaa tgtactattg cgtteggtct 300

ggcaattgga atgctatgga ctactggggt cagggaacga gtgtgactgt ttectctgca 360

aagacaacge cgectagtgt ttacggtggt ggaggctce 399

<210> SEQ ID NO 19

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 19

ggaagegaag taaagttgca ggaaagtggg cctggacttg tggcacctte tcaatctttg 60

agcatcacat gtacagtaag cggattctct tttagtcgat ataccgtgca ttgggttaga 120

caacctccag ggaaaggect cgagtggttg ggaatgatct ggggeggtgg tagtactgat 180

tacaactctg ctcttaaate acgactgtct atatccaagg acaattcaaa atcccaggtt 240

ttcttagaga tgaattcttt acagacagac gataccgcaa tgtattactg cgttcgtage 300

ggcaactgga atgccatgga ttattggggt caggggactt ccgttacagt gagtagtgec 360

aaaacgacac cacccagtgt ttatggtgga ggtgggtca 399

<210> SEQ ID NO 20

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 20

ggttcagagg ttaagttgca ggaatctgga ccaggactag tggeccecte tcagtctcta 60

ageattacct gtactgtcte cggtttcagt ttctctaggt acactgtcca ttgggttagg 120

cagecacctg gtaaaggttt ggaatggttg ggtatgattt ggggtggagg atcaacggat 180

tataacagtg cactgaagte ccgtttgtct ataagtaagg ataactcaaa atctcaagtt 240

ttcttggaaa tgaattctct ccaaacagat gatacggcaa tgtactactg tgtgaggtca 300

ggtaattgga atgccatgga ctactggggg caaggaacct ctgttaccgt tagttccgca 360

aagacaacac ctccatcagt atacggtgga ggcggaage 399

<210> SEQ ID NO 21

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 21

ggatctgagg ttaaattgca ggaaagegga ccggggttag tggctcctag tcaatctttg 60
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tcaatcacat gtacagtcte aggtttttca ttctctaggt atactgtgca ttgggtcaga 120

caaccaccgg gtaaaggatt ggaatggctt ggaatgatat ggggtggagg tagtactgat 180

tacaacageg ctttgaaaag ccggttatce atttctaaag ataactctaa atcacaagtg 240

tttttggaga tgaattccct ccagactgat gatacggcaa tgtattactg cgtgagatca 300

ggcaactgga acgcaatgga ctactgggga caaggaactt cagttactgt ttcatectget 360

aagacaacac ctccateccgt gtacggtgge gggggttca 399

<210> SEQ ID NO 22

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 22

ggcagtgaag taaagctcca ggaaagtggt cctggattag tagctcctag ccaaagtctg 60

tetattacct gcactgttte aggcettcagt ttttccaggt atacagttca ttgggtgegt 120

cagectccag gtaaggggct ggaatggett ggtatgatct gggggggegg gtctacagac 180

tataactcag ctcttaaate acgtctctct atctctaagg ataacagcaa gtctcaagta 240

tttcttgaaa tgaacagcett gcaaacagat gataccgcta tgtactactg tgtacgatct 300

gggaattgga acgcaatgga ttattgggge caggggacta gcegttacagt ttctagtget 360

aagacaacac caccatcagt ttacggagge ggagggtce 399

<210> SEQ ID NO 23

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 23

ggaagegaag ttaagettca ggagagtggg ccaggtttgg tagcacctte tcagtctttg 60

agtattacat gtacggtgtec cggattctca ttttctcgat atactgttca ttgggttaga 120

caaccacctg gaaagggttt agagtggttg ggtatgattt ggggeggtgg ttecactgat 180

tacaactcag cactgaagag taggttaagt ataagtaagg ataactctaa atcacaggtt 240

tttcttgaaa tgaactcttt acagactgat gatactgcta tgtactactg cgtcagatct 300

ggaaactgga acgcaatgga ttattgggge cagggaactt ctgttactgt tagetceget 360

aagaccacac ccccgagtgt ctacgggggt gggggaage 399

<210> SEQ ID NO 24

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 24

ggcagtgagg ttaagcttca agaaagegga cccggectcg ttgctccate tcaatcactg 60

tetattacct gtaccgttte cggattttca ttctctagat atactgttca ttgggtgegg 120

caaccacctg ggaagggact cgaatggett ggtatgatat ggggtggtgg ttcaacagat 180
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tataacagtg ctcttaagte tcgactctce atctccaaag ataactcaaa gagecaggtt 240

ttcttggaaa tgaatagect tcaaacagac gatacggcta tgtattattg cgtacgttce 300

gggaattgga atgcaatgga ctactggggt caaggtacgt cagttacagt gtctagtgec 360

aagaccacac caccatctgt ctatggtgga ggtgggagt 399

<210> SEQ ID NO 25

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 25

gggagegagg ttaaattaca ggagtctggg cctgggttag tggctccaag tcagagtctec 60

tetattactt gtactgtcte tggattttct ttttcaagat atactgttca ttgggttcgt 120

caacctccag ggaagggtct ggagtggttg ggaatgatct ggggeggegg atcaacggat 180

tataattccg ctttgaagtc cagattatct attagcaaag ataacagtaa gtcccaggtt 240

tttttagaaa tgaatagctt acaaaccgat gatacagcta tgtattattg tgttagatca 300

ggtaattgga atgctatgga ttactgggga cagggtacaa gtgttactgt ctecageget 360

aagactacac caccaagtgt gtatggtgge gggggttca 399

<210> SEQ ID NO 26

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 26

ggtggeggtg gttctgacat tgtgatgaca caatctcctg cttccttage tgtatctctg 60

gggceagaggg ccaccatcte atacagggce agcaaaagtg tcagtacate tggctatagt 120

tatatgcact ggaaccaaca gaaaccagga cagcecaccca gactcctcat ctatcttgta 180

tecaacctag aatctggggt ccctgcecagg ttcagtggca gtgggtctgg gacagacttec 240

accctcaaca tecatcctgt ggaggaggag gatgctgcaa cctattactg tcagcacatt 300

agggagctta cacgttcggg ggggggacca agctggaaat aa 342

<210> SEQ ID NO 27

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 27

ggagggggeg gatccgatat cgtaatgacg cagtcccctg catctctgge tgtgtcectc 60

ggacaaaggg ccactatcte ttatagagct agcaagtctg tatcaacatc cggatacagt 120

tacatgcact ggaatcagca gaageceggt caacegecte gectgetgat ctacctggtg 180

tecaacttgg agtcceggegt gcecagccaga tttagtgggt cceggttcagg gacegacttt 240

acacttaata ttcacccagt tgaagaggaa gacgcageca cttactattg ccagcacate 300

agggaactga cgcgaagegg cggceggtccg tcatggaagt ga 342
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<210> SEQ ID NO 28

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 28

gggggeggag gaagtgacat tgtgatgacg caaagtcctg cctcectgge egtgtctctg

ggacagagag cgacgatcte ctacagggct agcaagtcceg tttccacgtc aggatatagt

tacatgcact ggaatcagca gaagecegge cageccecaa gattgttgat ttacctcgte

agtaaccttg aatctggegt geccgecegg ttcagtgggt ctggttccgg aacggattte

acactgaaca ttcaccctgt tgaagaggaa gatgecgcca catactactg tcagcatate

egggagctga caaggagtgg cggaggacca agctggaagt aa

<210> SEQ ID NO 29

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 29

ggeggtggtg gctcegatat cgtgatgace cagtccccag ccagtcttge egtttcectc

ggtcaacgag caactatcag ctaccgggcce tcaaagageg tctccacatec tggatattec

tacatgcact ggaatcagca aaagectgge caaccaccce ggctcctgat atacttggta

tctaatctgg aatcaggagt gcccgcaaga ttttctggta gtggctccgg cacagactte

accctcaaca ttcaccctgt ggaggaagag gacgecgcaa cttattattg tcagcatate

egegaactga cgagatcagg gggcggtcca agttggaagt ga

<210> SEQ ID NO 30

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 30

ggagggggag gatctgacat tgtgatgact cagtcecctg ctagectcge egttagtctg

ggacagagag ccaccatcte ctatcgagct agcaagtccg taagcacaag cgggtacagt

tatatgcact ggaaccaaca gaagecagga cagecgecca gactgctgat ttatctggtg

agtaacttgg agtcceggegt gectgccaga ttcagtgget cagggagtgg caccgactte

accctcaata ttcatcccegt cgaggaagaa gatgcagega catactactg ccagcacatt

agggagctga ccceggagtgg eggegggece tcatggaaat ga

<210> SEQ ID NO 31

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 31

ggtgggggeg gaagegacat cgtcatgaca cagtctcctg ccagtctgge egtgagettg

60

120

180

240

300

342

60

120

180

240

300

342

60

120

180

240

300

342

60
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ggccagegag ccacaatcte ttacagagct agcaaatctg tgagcacgte aggctattca 120

tacatgcact ggaaccagca aaaacccggg cagecaccce gacttttgat atatctcgtg 180

agtaacctgg aatceggegt gcceggegegg ttttccggtt ccgggagtgg gacagattte 240

acacttaaca ttcatcccgt tgaagaagag gacgecgcga cgtactattg ccagcacatt 300

egggaactta cgcgatcagg tggeggtcce agctggaaat aa 342

<210> SEQ ID NO 32

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 32

ggeggaggtg gttccgatat agtgatgact cagtctccceg cctcectgge tgtgtcactc 60

ggccaaaggg ctaccattte ctaccgegct agcaaaageg ttagtaccte tggctacagt 120

tatatgcatt ggaaccagca aaagectggg cagecgecce gattgcttat ctacctegtt 180

ageaacctcg agagtggggt gccagetcge ttetcegggt ccegggtctgg caccgattte 240

accctgaaca ttcaccctgt ggaagaagag gacgcagcega cctattactg ccagcatate 300

egcegaactga ctcggagtgg agggggacca tcttggaaat aa 342

<210> SEQ ID NO 33

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 33

ggaggtggeg ggagegatat cgtgatgace caatcccctg cctcecttge cgtgtcactt 60

ggecagaggg ccactatcte ttaccgegee tcaaagtctg tgtctaccte tggatattca 120

tatatgcact ggaatcagca gaageccgga cageccccga gattgctgat ttatctggtg 180

ageaaccttg agtctggagt gceccgecaga ttcagtggat ctggcagegg aaccgatttt 240

acactgaata ttcaccctgt ggaggaagaa gacgcagcaa catactattg ccagcatatec 300

agagagctca cteggteccgg cggeggtcce tettggaaat ga 342

<210> SEQ ID NO 34

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 34

gggggagggg gcagegatat tgtcatgact caatccccag ccagtcttge egtctcactt 60

gggeagagag ctactatcag ctacagggece agcaagtccg tgagcacctc cggatactct 120

tatatgcact ggaatcagca gaagecegge cagcecaccaa gactgttgat ctacctcgtt 180

agceaatctgg agtctggtgt cccecgetegg ttttcaggat cceggatctgg gacggatttt 240

actctcaaca tccacectgt agaggaggag gatgetgcaa cctactactg ccagcatate 300

agggagctta ctagatcagg tggceggacca tettggaagt ga 342
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<210> SEQ ID NO 35

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 35

ggaggeggtg gctccegacat cgtcatgact cagagtcecg catcectege tgtctcactec

ggccagagag caaccattte ttaccgggct tcaaagtcag tcagcacaag cggttactcc

tacatgcatt ggaaccagca gaageccegga caacececte gectgetgat ttatctggtg

agcaatctcg agtceggggt gectgccagg ttttcaggat cagggtctgg tacagacttt

acactcaata ttcatcctgt tgaggaagaa gacgcetgcaa catactattg ccagcatate

agagaactca ccagaagegg aggtggacca tcatggaaat ga

<210> SEQ ID NO 36

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 36

ggegggggeg gctctgacat tgtaatgaca cagagtcecg cttcacttge agtcagectg

gggcaaaggg cgactattag ttaccgegcea tctaaaageg tgagcacctec tggctattct

tatatgcatt ggaaccagca gaaaccegge caacececee gactgctcat ctaccttgtt

agcaacctgg aaageggegt geccgcacgg ttcageggea gegggtcagg tacegacttt

actctgaata tccacecctgt tgaggaggag gatgeggeca catattactg ccagcacata

egggagctga ctcgatcagg agggggecce tectggaagt ga

<210> SEQ ID NO 37

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 37

ggaggtggag gatcagatat tgttatgact caaageccag catcattgge tgtatctctt

ggacagagag caactattte ttaccgtgct agtaagtcag ttagtacctc tggttattca

tatatgcatt ggaatcaaca gaagectggt caacctccaa gactgctaat ttatctcgtt

tctaatcttg aatctggagt acctgctaga ttttcaggta gtggaagegg gaccgattte

acattgaaca ttcacccggt ggaggaagaa gatgetgcta cgtattattg tcaacatatt

agagagctta caagatctgg ggggggacca tcatggaaat aa

<210> SEQ ID NO 38

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 38

60

120

180

240

300

342

60

120

180

240

300

342

60

120

180

240

300

342
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ggaggaggag gaagtgacat tgtgatgact caatcacctg ctagecttge agtgtctttg 60

gggcaacgtg ctactataag ttatagagca tctaaatctg tgtctacaag tgggtactca 120

tatatgcatt ggaatcaaca aaagcecagga caaccacctc gtttgttgat ttatctagtt 180

agcaacctag agagceggagt tcctgcaagg tttageggat ctgggagtgg cacagattte 240

actcttaaca tccatccagt tgaggaagag gatgctgcta cttattactg tcaacatatt 300

egagaactaa ccegttctgg ggggggtcca tectggaaat aa 342

<210> SEQ ID NO 39

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 39

ggtgggggtg gatctgatat tgttatgacg caatctcctg cttctttage agtgtcattg 60

ggtcagagag ctacgatcag ttatagagct agtaagagtg tttctacgte tggttattct 120

tatatgcatt ggaatcaaca gaagectgge caacctccga gactactcat ctacctcgte 180

tctaacttgg aaagtggagt cccagcaaga tttagtggcet ccggttcagg aaccgatttt 240

actttaaata tccatcccgt cgaagaggag gacgcagcaa cctactattg tcagcatatt 300

agggagttaa ctcgaagtgg tggaggtcca tcttggaaat aa 342

<210> SEQ ID NO 40

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 40

ggcggaggag gttctgatat tgttatgact cagtctccag cttcactage tgtgtcattg 60

ggcecagegag caactattte atatagagcee tctaagagtg tgtcaacate cggatatagt 120

tatatgcatt ggaatcagca aaaacctggg cagecgecaa ggcttcttat ttacctagtt 180

tcaaatctag aatcaggtgt gcctgctaga ttttcaggat ccggtagegg tactgatttt 240

actttaaata ttcaccccegt tgaagaggaa gatgcagcaa cctattattg tcaacatatt 300

agagaactca caagatccgg aggtggaccg tcttggaaat ga 342

<210> SEQ ID NO 41

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 41

gggggaggtg gttctgatat tgtaatgaca cagtccccag catccttgge agtcagttta 60

gggcaaagag ctacaatcag ttaccgagct tccaaaageg tatctacttc tggctacage 120

tatatgcatt ggaatcagca gaagectggt cagectecta ggttgcttat atatttggte 180

tctaacttag aatcaggggt tccggcaaga ttctcaggat cagggtcagg aaccgatttt 240

actctgaata tccatectgt tgaggaagag gacgetgcta cctattattg ccaacatatt 300
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agggaactta cgagatccgg tggaggtcct agctggaaat ga

<210> SEQ ID NO 42

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 42

ggtggagggg gttcagatat

ggccagegtg caactatcag

tatatgcatt ggaaccaaca

agceaatctgg aaagtggegt

accctcaata ttcacccagt

egtgaattaa ctaggtctgg

<210> SEQ ID NO 43

<211> LENGTH: 342

<212> TYPE: DNA

tgttatgact

ttategtget

aaaaccagga

tecagetegt

agaagaggaa

tggeggacca

cagagtcctg

tecaaaageg

cagcecaccac

tteageggtt

gacgecegcta

tettggaagt

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

cttcattgge

tgtccactte

gtctacttat

caggctctgg

egtattattg

ag

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 43

ggaggaggag gtagegatat

ggccagaggg ccacaatttec

tatatgcatt ggaatcagca

tetaatttgg aatcaggtgt

acattaaata tccacccagt

agggagttga ctagatcagg

<210> SEQ ID NO 44

<211> LENGTH: 342

<212> TYPE: DNA

tgtgatgact

ctacagggct

gaagecaggg

cecagecegt

ggaagaagaa

egggggccca

caatctccag

agcaagagtg

cagectccaa

ttttetggaa

gatgccgcaa

tcatggaagt

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

catecttgge

ttagtacgtec

ggettettat

gtggtagtgg

egtactattg

ga

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 44

ggaggtggag gatctgacat

ggacagegtg caacgattte

tacatgcatt ggaatcagca

agtaatctcg aatctggtgt

acattgaata tccatecggt

cgagagttaa ccagaagtgg

<210> SEQ ID NO 45

<211> LENGTH: 342

<212> TYPE: DNA

tgttatgace

ttatagagcet

aaagectggt

tecegetegg

ggaagaagag

aggeggtcce

cagtcecegg

agt aagageg

cagectccaa

tttageggat

gacgctgcta

tettggaaat

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

ettecccttge

tgtctacatec

gactgctaat

ceggaagtgg

catattactg

ga

<223> OTHER INFORMATION: A synthetic oligonucleotide

tgttagecta

aggttacagt

atacttggtc

gacagattte

ccagcatatt

egtgtetttg

aggatatagt

etatettgte

tacggatttt

ccagcatatec

agtatcactt

aggatattce

ttatttggte

aacegatttec

ccagcacata

342

60

120

180

240

300

342

60

120

180

240

300

342

60

120

180

240

300

342
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<400> SEQUENCE: 45

ggtggagggg gttcagatat cgtgatgacg cagtcccecg catcacttge agttagtttg 60

gggcagegtg caacaatcag ctatcgtgca tctaaaagtg tctcaacgte aggttattca 120

tatatgcatt ggaaccaaca aaagecagga cagecacctec ggttgctgat atacctagta 180

tcaaatctag agageggagt gccggctaga tttagtggta gtggttctgg gacagattte 240

actcttaata tccacccggt ggaagaggaa gatgcagcaa cttattactg ccaacatata 300

egtgagctta cgagaagcegg tggaggtcct tectggaaat aa 342

<210> SEQ ID NO 46

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 46

ggeggeggtg gatcagatat tgttatgaca cagagtcctg catctcttge cgtttcattg 60

ggccaacggg ccacaattte atatagagct agcaagtccg tctccacgte cggatacage 120

tatatgcatt ggaatcagca gaaaccagga cagectccta gacttttaat ttatttggta 180

tcaaatcttg aaageggagt tcccegecagg ttcagtggat ctggttctgg gaccgattte 240

acccttaata tacaccctgt tgaagaggaa gatgecgeca cttactattg tcagcatatt 300

agggagctaa ctcgttctgg aggaggacct tcatggaaat aa 342

<210> SEQ ID NO 47

<400> SEQUENCE: 47

000

<210> SEQ ID NO 48

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 48

ggatcccaag tcaagctgca ggagtcaggg gctgagctgg caaaacttgg ggectcagtg 60

aagatgtcct gcaaggctte tggctacace tttactaaat actggatgca ctggataaaa 120

cagaggectg gacagggtct ggaatggatt ggatatatta atcctagtac tggttatagt 180

gagaacaatec agaagttcaa gggcaaggcee atattgactg cagacaaate ttccagcaca 240

gectacatge aactgagcag cctgacatct gatgactctg cagtctatta ctgtgtaaga 300

ggctatgatt ctcattacta tgttatggac tattggggtc aaggaaccte agtcaccgtc 360

tectcageca aaacgacace cccatctgte tatggtggeg gtggttct 408

<210> SEQ ID NO 49

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 49
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ggatcacagg taaagctgca ggagtccggg gctgagcetgg ctaaacttgg cgctagtgtt 60

aagatgagct gcaaggcate cgggtacace tttacgaaat actggatgca ctggataaag 120

cagegecctg gecaggggct ggagtggatc ggctacatca acccaagtac agggtactca 180

gagaataatc aaaagttcaa gggcaaagece atcctgacag cagacaagag ctcttcaacec 240

gcatacatge agctcagtag ccttacatca gatgattcag cagtgtacta ttgtgtccga 300

ggttacgact cccattacta cgtcatggac tattggggcee agggtacatec tgtgaccegtg 360

tcatcegcta agacgacace ccccagegte tatggeggeg gcggtage 408

<210> SEQ ID NO 50

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 50

ggaagecagg tcaagettca ggagtcagge gctgaactgg ctaagetggg cgecagtgtg 60

aagatgtcat gtaaagcate cggatataca ttcaccaagt actggatgca ctggatcaag 120

cagegaccecg gcecaagggct tgagtggata ggttacatta acccaageac gggatactct 180

gaaaataacc aaaaatttaa ggggaaggee atcctgacgg cagacaagtec ctecagtacc 240

gectatatge agetgtcate tctgacatct gacgacagtg ccgtgtacta ttgtgttagg 300

ggatacgatt cccattatta cgtgatggat tactggggac agggcacgtc tgtgacagtg 360

tecagegeca agacaacgee gecttcegtg tatggeggtg ggggcage 408

<210> SEQ ID NO 51

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 51

gggtcacagg tgaagcetgca ggaaagtgga gcagagetgg ctaagttggg cgectctgtc 60

aaaatgagct gtaaagctag cggctatace tttaccaagt actggatgca ctggatcaag 120

cageggececeg gtcaggggtt ggagtggate ggttatataa acccaageac ggggtacage 180

gagaacaace aaaagtttaa gggaaaagea attctcacag ctgataaatec tagctctacc 240

gectatatge aattgagtte cctgacgtct gatgacageg cggtttatta ctgtgtgagg 300

gggtacgaca gtcattatta cgtcatggac tactggggtc agggaacaag cgttacagtc 360

agceagegcta aaacaactce ccctagtgtg tatggtggeg geggaagt 408

<210> SEQ ID NO 52

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 52

gggtctcagg tgaagettca ggagtccgga gctgagttgg cgaagttggg ggcatcagtt 60

aaaatgtctt gcaaggecte cggttatace tttacaaagt attggatgca ctggatcaag 120
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cagagacctg gccagggctt ggaatggatt gggtacatca acccaagtac agggtattcc 180

gagaacaacc agaagtttaa agggaaggce attctgaccg cggacaaatec ttcttcaaca 240

gcctacatge agctgagcag tctcacgage gatgacagtg cagtttacta ttgcgtgcegg 300

ggatatgatt cccactacta cgtcatggat tattggggee agggtacatc agtgaccgta 360

tcaagtgcaa aaacgactce tccgagegtg tatggaggtg gcggctca 408

<210> SEQ ID NO 53

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 53

gggtcacagg ttaagctgca agaatccggg gecgagetgg ccaagettgg ggcatcagtt 60

aagatgagtt gcaaagecte aggctatact ttcactaagt attggatgca ctggatcaag 120

cagagaccag gccagggatt ggaatggate ggatacatta acccatctac cggatattce 180

gaaaacaace agaagtttaa agggaaagea attctgacag ccgataagte ttectccacc 240

gegtacatge agetgtctag tctcactagt gacgactccg ctgtttacta ctgtgtecgg 300

ggctacgact ctcactatta cgtgatggac tactggggcee aaggtaccte tgtcacggtt 360

tetagegeca agaccacace gccgtcagtg tacggaggtg gaggcetct 408

<210> SEQ ID NO 54

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 54

ggctccecagg tcaagettca agaatccgge gcagagctcg ccaagetggg tgecagegta 60

aagatgagct gtaaagecte tggatacaca ttcacaaagt attggatgca ctggataaag 120

cagegeccag gecagggect cgaatggatt ggttatatta acccegagtac cggctacage 180

gaaaataacc agaaattcaa gggaaaageg atcctgacgg ctgataaaag ttectctaca 240

gettacatge agetgtcttce ccttaccage gatgactctg cagtttacta ttgcegtgcegg 300

gggtacgata gtcattacta tgtcatggat tattggggac aaggaacctc agtaacagtg 360

tectcegcaa agaccacgee gectagtgtg tatggeggeg gtggcage 408

<210> SEQ ID NO 55

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 55

ggtagecagg tgaaactgca ggaatccgge gecgaactgg ccaagetcgg egectctgtt 60

aaaatgtcat gtaaagcaag tggatacacg ttcactaagt actggatgca ctggataaag 120

cagegeceegg gecagggett ggagtggate ggatacatca atccaagtac tgggtattca 180

gagaataatc agaaatttaa gggcaaagea attctgactg ccgataaatc ttecagtacc 240
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gcctatatge agctgtctte acttaccage gatgattcag ccgtttatta ctgcegtgegg 300

gggtacgact cacattatta cgtcatggat tactggggtc agggcacctc agttacagtg 360

agttccgcta agaccacace tccaagegtg tacggtgggg gggggtcc 408

<210> SEQ ID NO 56

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 56

ggatctcagg taaagetgca ggagagtggt gctgaactcg caaagetcgg tgcaagegtg 60

aaaatgagtt gtaaagecte agggtacace ttcaccaagt attggatgca ctggataaag 120

cageggeegg ggcagggect tgagtggate ggttacatca atccaageac aggatattce 180

gagaacaace aaaagttcaa gggcaaggeg attctgacag ccgataaaag ctectcaacg 240

gectatatge agettagtag cctcacaagt gacgattctg ctgtgtatta ttgtgtecgg 300

gggtatgact ctcactatta cgtgatggac tactggggac agggcacgtc agttacagtc 360

teatcagcaa aaacaacace accaagegtg tatggtggtg geggetct 408

<210> SEQ ID NO 57

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 57

ggttcacagg tgaagctcca agagagtggt gecgagctgg ctaagttggg ageatctgtg 60

aagatgtctt gcaaagcaag cgggtacact tttacaaaat attggatgca ctggattaag 120

cagegecccg gacagggatt ggaatggatt gggtatatca acccctccac cggctattce 180

gagaacaace agaaatttaa gggcaaggcg atactcacag cagataagtc ctcaagcaca 240

gectatatge agcettagtte actgacgtct gacgattctg ccgtgtatta ctgtgtgcga 300

ggctatgaca gccactacta cgtgatggat tattggggee agggaacatec agtgacagta 360

agttctgcca aaacaaccce accctctgtg tatggtggag gtggctca 408

<210> SEQ ID NO 58

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 58

ggtagecagg taaagetgea ggagageggt gecgaactgg ccaagetggg ggectcegtg 60

aagatgtcat gcaaagctag cgggtacace tttacaaaat actggatgca ttggattaaa 120

cagaggectg gecagggett ggagtggate ggctatatca atccatctac gggttactce 180

gaaaacaate agaagttcaa gggcaaggee attctgaccg ccgacaagag ctcttcaaca 240

gectatatge agttgagcte attgacgagt gacgacagtg ctgtctacta ttgtgtgcege 300

ggatacgaca gtcattacta tgtaatggat tactggggcee agggaaccag cgtgactgtg 360
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tecagtgcca agactacece tectagtgtg tacggeggeg geggcagt

<210> SEQ ID NO 59

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 59

ggaagecagg tgaagetcca

aagatgagct gtaaggcecag

caaagaccag gtcaaggttt

gaaaacaatc agaaatttaa

gectatatge aattatcatec

ggatacgatt cccactatta

tectctgcaa aaacaactcc

<210> SEQ ID NO 60

<211> LENGTH: 408

<212> TYPE: DNA

agagagtggt

tggttacace

ggagtggatt

aggaaaggct

attgacaage

egttatggat

accatctgtt

geagagettg

tttactaagt

ggctatatca

atcttgacgg

gacgattctg

tattggggtc

tatggaggtg

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

ctaaactggg

actggatgca

accegtctac

ctgacaaaag

cagtttacta

agggtacaag

geggatct

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 60

gggtctcaag tgaagttgcea

aagatgagtt gtaaagcttc

cageggeegg gtcagggtct

gagaacaatc agaaatttaa

geatatatge agttgtctag

gggtacgatt cacattacta

teaagegcta agacaaccce

<210> SEQ ID NO 61

<211> LENGTH: 408

<212> TYPE: DNA

ggaatctgga

eggatacact

agagtggatt

gggaaaggca

tcttacctca

tgtaatggac

tecttccegtg

gctgagttgg

ttcaccaaat

gggtatatta

atacttactg

gatgacagtg

tactggggac

tacggcggag

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

ctaagttggg

actggatgca

atcegtccac

ctgataagag

etgtgtatta

agggcacgag

gaggeage

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 61

gggagtcaag tgaagettca

aagatgtcat gtaaagecag

caaaggecag gtcaaggect

gaaaataatc agaaattcaa

gettatatge aattgtctte

ggttacgata gtcactatta

tettctgcaa agactactcc

<210> SEQ ID NO 62

agagagtgga

eggttatact

ggagtggatc

aggaaaagcet

cettacgtca

egtaatggat

tecaagegtc

gceagagctag

tttactaagt

ggctacatca

attttgacgg

gatgattcag

tactggggtc

tacggaggtg

caaagcetcgg

attggatgca

atccatcaac

cagacaaaag

etgtttacta

aaggaacctc

gtggtagt

tgectcagte

ctggatcaaa

aggatatage

tagttctact

ctgegtgega

tgttacagtt

tgettcegte

ttggatcaaa

eggatacage

ctcaagtact

ttgegttcega

tgttactgtt

egeatcagtt

ttggataaaa

aggttattct

ctccagtact

ctgegtgaga

tgtaactgtt

408

60

120

180

240

300

360

408

60

120

180

240

300

360

408

60

120

180

240

300

360

408
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<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 62

ggtagecaag tgaagettca ggagagtggt gctgaactcg ctaaactggg tgettctgtc

aagatgagtt gtaaagctag cggttacaca ttcactaaat attggatgca ctggatcaaa

cagagacctg gtcaaggect cgaatggata ggatacatta accctagtac aggttactca

gagaataatc aaaagttcaa aggcaaagea attttgactg ctgacaaatec atecttctacg

gectacatge aactctctte attgactagt gacgattccg ctgtgtacta ttgtgtgaga

ggatatgact ctcactatta tgttatggat tactggggac aagggacatc tgttacagta

tettcagcaa agactactce tcectcagtt tatggtggag gaggttct

<210> SEQ ID NO 63

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 63

ggctctcaag ttaaactaca ggaatccgga gcecgagttgg ctaaacttgg ggctagtgtt

aaaatgtcct gtaaggecte tggttacaca tttaccaagt attggatgca ttggattaag

cagaggectg gtcaaggact cgaatggate ggttatatta atccaageac aggatattct

gagaataacc aaaaattcaa aggtaaagea atcctgacag cagataaaag cagcageacce

geatatatge agttgagtag cttgacatca gatgatagtg ctgtttacta ttgcgtacgt

ggctacgatt cccactacta cgtcatggat tattggggtc aaggcacatc agttacggta

teatctgcta agacaacace tectagtgta tatggaggag gaggcagt

<210> SEQ ID NO 64

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 64

ggcagtcagg ttaaactgcea ggagageggt gctgagttag caaagttggg tgcatcagta

aagatgtctt gtaaagcaag tggctataca tttacgaaat attggatgca ctggattaag

caacgaccag gacaaggect tgaatggata ggatatataa atccctcaac cggctattce

gagaataacc aaaagttcaa gggtaaaget attttgactg ctgataaatec ttcttcaacc

gectatatge aactatcate tctgacttct gacgattccg ctgtgtatta ttgtgttcga

ggttacgatt ctcattacta tgtgatggac tactggggac aaggtacttc cgttacggtc

teatctgcta agactacece cccatctgtg tatggaggtg gtggatce

<210> SEQ ID NO 65

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

60

120

180

240

300

360

408

60

120

180

240

300

360

408

60

120

180

240

300

360

408
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<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 65

ggcagecagg tcaagttgca agaatctggt gctgaactgg ccaaattggg ggcatctgtg 60

aaaatgagtt gcaaagecte cgggtacaca tttacaaagt attggatgca ttggataaag 120

cagagacctg ggcaaggatt ggagtggatt ggttacataa acccttctac tggatattct 180

gagaataatec agaagttcaa aggtaaggca attcttacag ccgataaaag ctcaagtacg 240

gectatatge aactctcaag cctgacatct gatgatageg cagtgtatta ctgcgttaga 300

ggatacgata gccactacta cgtaatggat tactggggcee aaggtacatc tgttacagtg 360

tetagtgcaa aaactacace tcectcagtt tacggagggg gaggtage 408

<210> SEQ ID NO 66

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 66

ggttctcaag taaaattaca agagagegga gctgagcttg ctaagetcgg cgettcagtt 60

aaaatgtctt gtaaggctag tgggtacact tttactaaat actggatgca ttggattaaa 120

cagagaccag ggcagggatt agaatggatc ggatatataa atectagcac ggggtactct 180

gagaataatc agaaattcaa aggcaaggct atattgacgg cagataagag tagctctact 240

gectacatge aactgtccag cctaactagt gatgatagtg ctgtttacta ctgtgttcgt 300

ggttatgaca gccactacta tgtaatggat tactggggtc aaggtacaag tgttactgtt 360

tetagtgcta agaccacgee accgtctgtt tatggtggeg gtgggtca 408

<210> SEQ ID NO 67

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 67

ggatcccaag tgaagttgca agaaageggt gcagagttag ctaaacttgg agectctgtt 60

aaaatgagtt gcaaagecte cggatatact tttaccaaat actggatgca ttggattaaa 120

cagaggceceg gtcaaggect ggagtggatt ggatatatca acccaageac tggctattct 180

gagaataacc agaaatttaa gggaaaggee atcttgaccg ctgataagte ttcatcaact 240

geatatatge agctcagcag ccttacgtce gatgacageg ctgtgtatta ctgtgtgcga 300

ggttatgatt cccattatta cgtaatggat tattggggtc aaggaacaag tgttacagtt 360

teaagtgcaa aaacgacace tecttctgta tatggaggtg gaggctca 408

<210> SEQ ID NO 68

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 68
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ggttctcagg taaaattaca agaaagtgga gcagaattag ctaaattggg agcaagegtg 60

aagatgtcat gcaaggcaag cggttatact ttcactaagt attggatgca ttggatcaag 120

cagegtcctg gtcagggatt ggagtggata ggatatatta atecttctac aggctattca 180

gaaaacaace aaaagtttaa aggtaaggct atactcactg cagataaaag cagttccact 240

gcttacatge agctcagtag tcttacaage gatgactctg ctgtgtacta ttgtgtaagg 300

ggctatgata gccattacta cgtaatggac tactggggge aaggtactte tgtgactgtt 360

agcagtgcta aaactactce accgtcagtg tacggtggtg gaggttca 408

<210> SEQ ID NO 69

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 69

ggtggeggtg gttctgatat tgtgctcace caatctcctg cttccttage tgtatctctg 60

gggceagaggg ccaccatcte atacagggce agcaaaagtg tcagtacate tggctatagt 120

tatatgcact ggaaccaaca gaaaccagga cagcecaccca gactcctcat ctatcttgta 180

tecaacctag aatctggggt ccctgcecagg ttcagtggca gtgggtctgg gacagacttec 240

accctcaaca tecatcctgt ggaggaggag gatgctgcaa cctattactg tcagcacatt 300

agggagctta cacgttcgga ggggggacca agctggaaat aa 342

<210> SEQ ID NO 70

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 70

ggeggtggeg gcagegatat cgtgcttacg cagagtccag catcactgge agtctccctg 60

ggtcagaggg ccacaatcte ctatagagee tccaaaagtg tttcaactag cggatactct 120

tatatgcatt ggaatcagca aaaacccggt cagecgecta gactgcttat ctatctggtg 180

tecaacctcg aatceggggt cectgcccega ttetctggct caggttcagg caccgattte 240

acactgaaca ttcatccggt cgaggaggag gatgecgeca cttattactg ccagcatatt 300

egggagctca cacgcagega gggggggect tettggaagt ga 342

<210> SEQ ID NO 71

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 71

ggggggggag gctcagatat agttttgaca cagagtcctg ccagectgge agtttcectg 60

ggtcageggg ccaccatcte atacagggct tcaaagagtg tgtcaacctc tggctatagt 120

tatatgcatt ggaatcagca gaaaccagga cageccecga ggctgcttat ttatctggtg 180

agcaaccttg aaagtggegt tectgecege ttetcagggt cceggtagegg cacagatttt 240

accctgaaca tacatccegt cgaggaggag gatgeagcta cctactattg tcagcacatt 300
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agagagctga ctcgctccega gggagggeca agctggaagt ag

<210> SEQ ID NO 72

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 72

ggcggaggag gcagegatat

gggeaacgeg ccacaataag

tacatgcact ggaatcaaca

ageaacctcg agagtggagt

acgttgaaca ttcacectgt

agggagctga ctagatcaga

<210> SEQ ID NO 73

<211> LENGTH: 342

<212> TYPE: DNA

tgtactgact

ttacegegec

gaagecgggc

cceggctaga

tgaagaggag

ggggggeece

cagagecegg

tetaagagtg

cagececega

ttttcagget

gatgctgcta

tettggaagt

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

caagectgge

tgtcaacctec

ggctgetgat

etgggtctgg

catattattg

ag

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 73

ggaggeggeg ggagegatat

ggacagaggg ctacaatttec

tacatgcatt ggaaccagca

tecaatcttg agageggagt

accctcaata ttcatecggt

egegaactta ccagatccga

<210> SEQ ID NO 74

<211> LENGTH: 342

<212> TYPE: DNA

egtgcettact

ctatagggca

gaagecgggc

gectgecegg

ggaagaggag

gggagggect

caatctcecg

tecaaaageg

caaccgecta

tttageggat

gacgctgcaa

tectggaaat

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

catctctgge

tttccacaag

ggctgetgat

caggctcegg

ectactactg

ga

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 74

ggeggtgggg gctccgacat

ggccagaggg ccacaatttec

tatatgcact ggaatcagca

tetaacctgg aatctggegt

acactgaaca tccacectgt

egagagttga ccagatccga

<210> SEQ ID NO 75

<211> LENGTH: 342

<212> TYPE: DNA

agtgttgacc

ctacagagca

aaagececgge

cecegegegg

ggaagaggaa

gggtggcecce

caatcecctg

agcaagtccg

caacctccca

ttttcagget

gatgctgcaa

agttggaaat

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

cetccctege

tgtecacctec

gacttcttat

ceggatcagg

cttactactg

ag

<223> OTHER INFORMATION: A synthetic oligonucleotide

tgttagettg

aggctattct

ctacctggta

cacagacttt

ccagcacatc

tgtgtetete

tggctactct

ttacctggta

tacegatttec

tceageatate

egtgtctcte

tggatactca

etatettgtg

aacegatttt

teageatatt

342

60

120

180

240

300

342

60

120

180

240

300

342

60

120

180

240

300

342
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<400> SEQUENCE: 75

gggggaggag ggtcagacat tgttctgaca cagtcacegg cttcecttge tgtgagectg 60

ggecageggg ctactatcte ctacagggct agcaaatcag tctcaacate cggatattcc 120

tacatgcatt ggaaccaaca aaaaccaggg cagcecgcecaa gactcctgat ctatttggtg 180

agcaatctgg aatctggagt gcecageccege ttttccggaa geggttctgg aacagacttc 240

actctgaata ttcaccccegt cgaagaggag gacgecgcta cgtactactg tcagcatatt 300

egegagttga ccagatctga gggaggtect tectggaagt aa 342

<210> SEQ ID NO 76

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 76

gggggeggeg ggtccgatat tgttttgace cagtctcccg catcacttge agtctccctg 60

gggcagegag ccaccattte ctatcgagct agtaaatctg tcagtacate tggatatagt 120

tatatgcatt ggaaccagca aaagecagga cageccecte ggctgctgat atacctggtg 180

tcaaacctgg agtctggggt tectgecegg ttttccggat ctggctccgg gacggacttt 240

acactgaata tccaccccegt tgaggaagag gatgecgeca cctactattg ccagcatatec 300

egegaactta cccgaagtga ggggggeece tectggaagt aa 342

<210> SEQ ID NO 77

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 77

ggtggtggeg gttccgacat agtcctgace cagageccag catccctgge agttagtctt 60

gggeageggg ccaccatcag ctaccgegca agcaagtccg ttagtacttc cggatactca 120

tacatgcact ggaatcagca aaagecaggt cageccccca ggctgctgat ctatctggtg 180

tctaacctgg agagtggegt accagcacga tttageggcet ctgggagegg cactgattte 240

actctgaata ttcaccceggt ggaggaggag gatgctgcta catactactg tcagcacatt 300

egggaactga ccaggtctga aggaggtcca agttggaagt ga 342

<210> SEQ ID NO 78

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 78

ggaggeggtg gaagegacat cgttctgact cagagecegg catccttgge agtcagettg 60

ggecageggg ccacaatcte ataccgegct tccaaatcag tcagcacctc cggttacage 120

tatatgcact ggaaccaaca gaaaccagga caacccecta ggctgetcat ctatcttgtt 180

tetaacctgg aatccggagt gectgcecegg ttctcaggtt ccggaagtgg aactgattte 240
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actctcaata tccatccagt agaggaggag gatgetgcta catactattg ccagcacate 300

egegagctga ccagatccga aggaggecce agttggaagt ga 342

<210> SEQ ID NO 79

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 79

gggggggggg gcagegacat cgtgctgace cagtctccag cttcactgge cgtgagtctg 60

ggccaacggg ctaccattte ttatcgggcee tctaagtccg tttcaaccte agggtatage 120

tatatgcact ggaaccagca gaaaccagga cageccccac gactcctgat ctacttggte 180

agtaatctcg agagtggegt cccggcacga ttcagegget ctggctcagg cactgacttec 240

accctgaata tccatccagt tgaagaagag gacgctgcga cctactactg ccaacatatc 300

agggaattga ctcggagcega gggaggecece agttggaagt aa 342

<210> SEQ ID NO 80

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 80

ggaggeggag gttctgacat cgtcttaace cagtctcctg catctctcge agttagettg 60

ggtcaaaggg caactattte ttatcgtgce agtaaatcag tatctacate tggatattcc 120

tatatgcact ggaatcaaca gaaacctgga cagcecaccaa ggcttcttat atatctagta 180

tecaacttgg aaageggtgt tcectgcecaga ttcagtgggt ccggtagegg tactgattte 240

accttgaata tccatcccgt agaagaggaa gatgctgcca cctattactg tcagcacatt 300

egtgagctca ctagaagega ggggggacct agttggaagt ag 342

<210> SEQ ID NO 81

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 81

ggtggtgggg gctcagatat agtgcttact caaageccag catcattgge cgttagttta 60

ggacagaggg ctactattte ataccgtgca tcaaaatctg tatccaccte tggttacagt 120

tacatgcatt ggaaccagca gaaaccagge cageccccga ggcttctgat ctaccttgtt 180

agcaatctgg aaageggagt cccagctagg ttttcaggta gtggcagtgg tacagatttt 240

actttgaata ttcatcctgt cgaagaggaa gatgcagcta cctattattg tcagcatatec 300

egtgagctaa cacgatctga aggeggeect tectggaagt ga 342

<210> SEQ ID NO 82

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
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<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 82

ggtggeggag gatcagacat

gggeagegtg ctaccatatec

tacatgcatt ggaaccaaca

teaaaccttg aateccggtgt

acacttaata tacacectgt

egtgaactta cacgttcaga

<210> SEQ ID NO 83

<211> LENGTH: 342

<212> TYPE: DNA

tgtgcttaca

ctatagggec

gaagecagga

gectgeacgt

tgaagaggag

gggaggtcca

caatcaccag

tcaaagtctg

caaccgccaa

ttttcaggta

gacgcecgcaa

agetggaagt

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

catcattage

tttcaacttec

gactgcttat

gtgggtcagg

cttactactg

aa

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 83

ggtggtggtg gatccgatat

ggtcaaaggg ctactattte

tacatgcact ggaaccaaca

teaaatctcg agagtggtgt

acattaaaca tccatecegt

egagagttga ccagatccga

<210> SEQ ID NO 84

<211> LENGTH: 342

<212> TYPE: DNA

tgttcttaca

atatagggca

aaaaccaggg

tecggcaaga

egaggaagag

aggtgggcece

caaagtccgg

agtaagagtg

cagececctc

ttttetggat

gatgccgcaa

tcatggaaat

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

catcactgge

tgtcaacatec

ggttgttaat

cagggtcagg

egtattactg

ga

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 84

ggggg¢egggg gatccgatat

ggacagagag caactattag

tatatgcatt ggaatcaaca

tetaatttag agtcceggtgt

actcttaata ttcatccagt

egggaactta ctcgttccga

<210> SEQ ID NO 85

<211> LENGTH: 342

<212> TYPE: DNA

egttctaact

ttatagagca

aaageegggt

gectgetegt

ggaagaggaa

gggtggacct

caatctccag

agcaaatctg

caacctccaa

ttcagtggaa

gatgcagcaa

tcatggaagt

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

ctagtttage

tgtctacatec

gattactcat

gtgggtcagg

ettattattg

ga

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 85

tgtttectta

aggatactca

ttatttagtt

aacagatttt

ccaacatatt

tgtgtcttta

eggctactca

ttatttggtg

gactgatttt

ccaacatatt

egtgtcctta

aggatattca

etatettgtt

aacegacttc

ccagcacata

ggeggtgggg ggtctgatat agtcttaact cagtccecegg cctctcttge egttagtctg

ggccagagag ctacaatcte atatagggct tcaaaaagtg tgtccactte aggttactct

tacatgcact ggaatcaaca aaagecggga cagecaccte gtctactgat ataccttgte

60

120

180

240

300

342

60

120

180

240

300

342

60

120

180

240

300

342

60

120

180
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tcaaacttgg agagtggagt gccagctagg tttagtggat ccggatccgg tactgatttt 240

actcttaata ttcatcctgt tgaggaagag gacgecgcaa cttattattg ccaacatatt 300

agggaattaa ctaggtccga aggagggecg agctggaagt ag 342

<210> SEQ ID NO 86

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 86

ggtggagggg gtagtgacat agttctgaca cagageccag cttcactcege tgtgtctctt 60

ggacagaggg caaccattag ttaccgtgct tctaagtctg tgagtacate tggttattca 120

tatatgcatt ggaatcaaca aaaacctggt caaccaccac gacttttaat ctacttagtg 180

tctaatttgg aaageggtgt tectgecagg ttttcaggtt caggaagegg tacagatttt 240

actctgaaca tacacccagt ggaggaagaa gacgcagcta cttactattg tcaacacata 300

agggagctga cgagatctga gggcgggect tectggaagt ga 342

<210> SEQ ID NO 87

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 87

ggaggtgggg gatctgacat tgttttaaca cagtctcctg ccagtctcge tgtttcactg 60

ggccaacggg ctactataag ttacagagca tcaaaaagtg tttctacgag tggttactct 120

tatatgcact ggaaccagca gaaaccaggt cagectccta gattacttat ttaccttgtg 180

agcaatctag agagtggtgt tccagctaga ttctcaggtt ctgggtctgg taccgatttt 240

accctaaaca ttcatcctgt tgaagaagaa gatgctgcca catattattg tcagcatata 300

egagagttga ctaggagtga aggeggacce agctggaagt aa 342

<210> SEQ ID NO 88

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 88

ggtggeggag gatccgatat tgtgttgact caatcacccg catcactgge agtttcactg 60

gggcaacggg ctactatcag ttatagagct tcaaagtccg tgagtactte cggttactct 120

tacatgcact ggaaccaaca aaaacccgga caacctccte gtcttcttat ttatttggtt 180

agtaacctag aatccggtgt tcectgccaga ttctctggta gtggttctgg caccgacttec 240

actttgaata tacacccagt cgaagaggaa gatgcecgceca cttattactg ccaacatatt 300

egagaattga cacgttcaga gggtggacce tcatggaagt ag 342

<210> SEQ ID NO 89

<211> LENGTH: 342

<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 89

ggeggtgggg gttccgatat cgtattgace caaagtccceg ctagettgge agtctctttg 60

ggacaacgtg ctactattag ttaccgagct tcaaagtctg tgtccactag cggatattct 120

tacatgcatt ggaaccagca gaaacccgga cagectccac gactcctaat ttatttggta 180

tcaaaccttg aatctggtgt cccagecagg ttttccggaa gegggtcagg cacagatttt 240

accttgaata tccatccagt ggaagaagaa gacgcagcta cttactactg tcagcatatt 300

agggagctca ccaggtccga aggaggacca agttggaaat aa 342

<210> SEQ ID NO 90

<211> LENGTH: 18959

<212> TYPE: DNA

<213> ORGANISM: Ebola virus

<400> SEQUENCE: 90

eggacacaca aaaagaaaga agaattttta ggatcttttg tgtgcgaata actatgagga 60

agattaataa ttttcctcte attgaaattt atatcggaat ttaaattgaa attgttactg 120

taatcacace tggtttgttt cagagccaca tcacaaagat agagaacaac ctaggtctce 180

gaagggagca agggcatcag tgtgctcagt tgaaaatcce ttgtcaacac ctaggtctta 240

tcacatcaca agttccacct cagactctge agggtgatcc aacaacctta atagaaacat 300

tattgttaaa ggacagcatt agttcacagt caaacaagca agattgagaa ttaaccttgg 360

ttttgaactt gaacacttag gggattgaag attcaacaac cctaaagett ggggtaaaac 420

attggaaata gttaaaagac aaattgctcg gaatcacaaa attccgagta tggattctcg 480

tectcagaaa atctggatgg cgccgagtct cactgaatct gacatggatt accacaagat 540

ettgacagea ggtctgtccg ttcaacaggg gattgttcgg caaagagtca tecccagtgta 600

tcaagtaaac aatcttgaag aaatttgcca acttatcata caggectttg aagcaggtgt 660

tgattttcaa gagagtgcgg acagtttcct tctcatgett tgtcttcate atgcegtacca 720

gggagattac aaacttttct tggaaagtgg cgcagtcaag tatttggaag ggcacgggtt 780

cegttttgaa gtcaagaage gtgatggagt gaagegectt gaggaattge tgcecagcagt 840

atctagtgga aaaaacatta agagaacact tgctgccatg ccggaagagg agacaactga 900

agctaatgee ggtcagttte tctcctttge aagtctattc cttccgaaat tggtagtagg 960

agaaaaggct tgeccttgaga aggttcaaag gcaaattcaa gtacatgcag agcaaggact 1020

gatacaatat ccaacagett ggcaatcagt aggacacatg atggtgattt tecgtttgat 1080

gcgaacaaat tttctgatca aatttctcct aatacaccaa gggatgcaca tggttgecgg 1140

gcatgatgce aacgatgctg tgatttcaaa ttcagtggct caagetcgtt tttcaggett 1200

attgattgtc aaaacagtac ttgatcatat cctacaaaag acagaacgag gagttecgtct 1260

eccatcctctt gcaaggaccg ccaaggtaaa aaatgaggtg aactccttta aggctgcact 1320

cagetccctg gccaagcatg gagagtatge tectttcgee cgacttttga acctttctgg 1380

agtaaataat cttgagcatg gtcttttcce tcaactatcg gcaattgceac tcggagtcge 1440

cacagcacac gggagtacce tcgcaggagt aaatgttgga gaacagtate aacaactcag 1500
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agaggctgece actgaggctg agaagcaact ccaacaatat gcagagtcte gcgaacttga 1560

eccatcttgga cttgatgatc aggaaaagaa aattcttatg aacttccatc agaaaaagaa 1620

egaaatcage ttccagcaaa caaacgctat ggtaactcta agaaaagage gectggccaa 1680

gctgacagaa gctatcactg ctgcgtcact gcccaaaaca agtggacatt acgatgatga 1740

tgacgacatt ccctttccag gacccatcaa tgatgacgac aatectggce atcaagatga 1800

tgatccgact gactcacagg atacgaccat teccgatgtg gtggttgate ccgatgatgg 1860

aagctacgge gaataccaga gttactcgga aaacggcatg aatgcaccag atgacttggt 1920

ectattcgat ctagacgagg acgacgagga cactaageca gtgectaata gatcgaccaa 1980

gggtggacaa cagaagaaca gtcaaaaggg ccagcatata gagggcagac agacacaatc 2040

caggccaatt caaaatgtce caggcecctca cagaacaatc caccacgeca gtgcegecact 2100

cacggacaat gacagaagaa atgaaccctc cggctcaace agecctcgcea tgctgacace 2160

aattaacgaa gaggcagace cactggacga tgccgacgac gagacgtcta gecttccegee 2220

ettggagtca gatgatgaag agcaggacag ggacggaact tccaaccgca cacccactgt 2280

egecccaccg gctcccgtat acagagatca ctctgaaaag aaagaactcce cgcaagacga 2340

gcaacaagat caggaccaca ctcaagagge caggaaccag gacagtgaca acacccagtc 2400

agaacactct tttgaggaga tgtatcgeca cattctaaga tcacagggge catttgatge 2460

tgttttgtat tatcatatga tgaaggatga gectgtagtt ttcagtacca gtgatggcaa 2520

agagtacacg tatccagact cccttgaaga ggaatatcca ccatggctca ctgaaaaaga 2580

ggctatgaat gaagagaata gatttgttac attggatggt caacaatttt attggecggt 2640

gatgaatcac aagaataaat tcatggcaat cctgcaacat catcagtgaa tgagcatgga 2700

acaatgggat gattcaaccg acaaatagct aacattaagt agtcaaggaa cgaaaacagg 2760

aagaattttt gatgtctaag gtgtgaatta ttatcacaat aaaagtgatt cttatttttg 2820

aatttaaage tagcettatta ttactagecg tttttcaaag ttcaatttga gtcttaatge 2880

aaataggcegt taagccacag ttatagccat aattgtaact caatattcta actagegatt 2940

tatctaaatt aaattacatt atgcttttat aacttaccta ctagectgcce caacatttac 3000

acgatcgttt tataattaag aaaaaactaa tgatgaagat taaaacctte atcatcctta 3060

egtcaattga attctctage actcgaagct tattgtctte aatgtaaaag aaaagetggt 3120

ctaacaagat gacaactaga acaaagggca ggggcecatac tgcggcecacg actcaaaacg 3180

acagaatgece aggecctgag ctttcgggct ggatctctga gcagctaatg accggaagaa 3240

ttectgtaag cgacatctte tgtgatattg agaacaatce aggattatge tacgceatcce 3300

aaatgcaaca aacgaagcca aacccgaaga cgcgcaacag tcaaacccaa acggacccaa 3360

tttgcaatca tagttttgag gaggtagtac aaacattgge ttcattggct actgttgtge 3420

aacaacaaac catcgcatca gaatcattag aacaacgcat tacgagtctt gagaatggtec 3480

taaagecagt ttatgatatg gcaaaaacaa tctcctcatt gaacagggtt tgtgctgaga 3540

tggttgcaaa atatgatctt ctggtgatga caaccggtcg ggcaacagca accgetgegg 3600

caactgagge ttattgggcee gaacatggtc aaccaccace tggaccatca ctttatgaag 3660

aaagtgcgat tcggggtaag attgaatcta gagatgagac cgtecctcaa agtgttaggg 3720

aggcattcaa caatctaaac agtaccactt cactaactga ggaaaatttt gggaaacctg 3780



US 2017/0121391 Al May4, 2017

48

-continued
 

acatttcgge aaaggatttg agaaacatta tgtatgatca cttgcectggt tttggaactg 3840

etttccacca attagtacaa gtgatttgta aattgggaaa agatagcaac tcattggaca 3900

teattcatge tgagttccag gccagectgg ctgaaggaga ctctcctcaa tgtgecctaa 3960

ttcaaattac aaaaagagtt ccaatcttcce aagatgctge tccacctgte atccacatce 4020

gctctcgagg tgacattcce cgagettgee agaaaagett gcegtccagte ccaccatcge 4080

ccaagattga tegaggttgg gtatgtgttt ttcagcttca agatggtaaa acacttggac 4140

tcaaaatttg agecaatcte ccttccctcce gaaagaggceg aataatagca gaggcttcaa 4200

etgctgaact atagggtacg ttacattaat gatacacttg tgagtatcag ccctggataa 4260

tataagtcaa ttaaacgacc aagataaaat tgttcatate tcgctagcag cttaaaatat 4320

aaatgtaata ggagctatat ctctgacagt attataatca attgttatta agtaacccaa 4380

accaaaagtg atgaagatta agaaaaacct acctcggctg agagagtgtt ttttcattaa 4440

ecttcatctt gtaaacgttg agcaaaattg ttaaaaatat gaggcgggtt atattgccta 4500

etgcetcctce tgaatatatg gaggecatat accctgtcag gtcaaattca acaattgcta 4560

gaggtggcaa cagcaataca ggcttcctga caccggagte agtcaatggg gacactccat 4620

egaatccact caggccaatt gcecgatgaca ccatcgacca tgccagecac acaccaggca 4680

gtgtgtcate agcattcate cttgaagcta tggtgaatgt catatcggge cccaaagtge 4740

taatgaagca aattccaatt tggecttccte taggtgtcge tgatcaaaag acctacaget 4800

ttgactcaac tacggecgee atcatgcttg cttcatacac tatcacccat ttcggcaagg 4860

caaccaatce acttgtcaga gtcaatcgge tgggtcctgg aateccggat catcccctca 4920

ggctcctgcg aattggaaac caggetttce tccaggagtt cgttettccg ccagtccaac 4980

taccccagta tttcaccttt gatttgacag cactcaaact gatcacccaa ccactgectg 5040

etgcaacatg gaccgatgac actccaacag gatcaaatgg agegttgegt ccaggaattt 5100

catttcatce aaaacttcge cccattcttt tacccaacaa aagtgggaag aaggggaaca 5160

gtgccgatct aacatctccg gagaaaatce aagcaataat gacttcacte caggacttta 5220

agatcgttce aattgatcca accaaaaata tcatgggaat cgaagtgeca gaaactctgg 5280

tecacaagcet gaccggtaag aaggtgactt ctaaaaatgg acaaccaate ateccctgtte 5340

ttttgccaaa gtacattggg ttggacccgg tggctccagg agacctcacec atggtaatca 5400

cacaggattg tgacacgtgt cattctcctg caagtcttce agetgtgatt gagaagtaat 5460

tgcaataatt gactcagate cagttttata gaatcttcte agggatagtg ataacatcta 5520

tttagtaate cgtccattag aggagacact tttaattgat caatatacta aaggtgcttt 5580

acaccattgt cttttttcte tcctaaatgt agaacttaac aaaagactca taatatactt 5640

gtttttaaag gattgattga tgaaagatca taactaataa cattacaaat aatcctacta 5700

taatcaatac ggtgattcaa atgttaatct ttctcattge acatactttt tgceccttate 5760

etcaaattge ctgcatgcett acatctgagg atagecagtg tgacttggat tggaaatgtg 5820

gagaaaaaat cgggacccat ttctaggttg ttcacaatce aagtacagac attgecctte 5880

taattaagaa aaaatcggcg atgaagatta agcecgacagt gagecgtaate ttcatctcte 5940

ttagattatt tgttttccag agtaggggtc gtcaggtcct tttcaatcgt gtaaccaaaa 6000

taaactccac tagaaggata ttgtggggca acaacacaat gggcgttaca ggaatattge 6060
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agttacctcg tgatcgattc aagaggacat cattctttct ttgggtaatt atecttttece 6120

aaagaacatt ttecatccca cttggagtca tccacaatag cacattacag gttagtgatg 6180

tegacaaact agtttgtcgt gacaaactgt catccacaaa tcaattgaga tcagttggac 6240

tgaatctcga agggaatgga gtggcaactg acgtgecate tgcaactaaa agatggggcet 6300

teaggtccgg tgtcccacca aaggtggtca attatgaage tggtgaatgg gctgaaaact 6360

gctacaatct tgaaatcaaa aaacctgacg ggagtgagtg tctaccagea gegcecagacg 6420

ggattcgggg cttcccccgg tgccggtatg tgcacaaagt atcaggaacg ggaccgtgtg 6480

eceggagactt tgecttccat aaagagggtg ctttcttcct gtatgatcga cttgcettcca 6540

cagttatcta ccgaggaacg actttcgctg aaggtgtcgt tgcatttctg atactgccce 6600

aagctaagaa ggacttctte agetcacace ccttgagaga gcecggtcaat gcaacggagg 6660

acccgtctag tggctactat tctaccacaa ttagatatca ggctaccggt tttggaacca 6720

atgagacaga gtacttgtte gaggttgaca atttgaccta cgtccaactt gaatcaagat 6780

teacaccaca gtttctgctc cagctgaatg agacaatata tacaagtggg aaaaggagca 6840

ataccacggg aaaactaatt tggaaggtca accccgaaat tgatacaaca atcggggagt 6900

gggecttctg ggaaactaaa aaaacctcac tagaaaaatt cgcagtgaag agttgtcttt 6960

cacagttgta tcaaacggag ccaaaaacat cagtggtcag agtccggcege gaacttctte 7020

egacccaggg accaacacaa caactgaaga ccacaaaatc atggcttcag aaaattcctec 7080

tgcaatggtt caagtgcaca gtcaaggaag ggaagctgca gtgtcgcate taacaaccct 7140

tgccacaate tecacgagte cccaatccct cacaaccaaa ccaggtccgg acaacagcac 7200

ccataataca cccgtgtata aacttgacat ctctgaggca actcaagttg aacaacatca 7260

cegcagaaca gacaacgaca gcacagectc cgacactcce tetgcecacga cegcagecgg 7320

acccccaaaa gcagagaaca ccaacacgag caagagcact gacttcctgg accccgcecac 7380

cacaacaagt ccccaaaace acagcgagac cgctggcaac aacaacactc atcaccaaga 7440

taccggagaa gagagtgcca gcagegggaa gctaggctta attaccaata ctattgctgg 7500

agtcgcagga ctgatcacag gcgggagaag aactcgaaga gaagcaattg tcaatgctca 7560

acccaaatge aaccctaatt tacattactg gactactcag gatgaaggtg ctgcaatcgg 7620

actggcctgg ataccatatt tcegggccage agcecgaggga atttacatag aggggctaat 7680

gcacaatcaa gatggtttaa tetgtgggtt gagacagctg gccaacgaga cgactcaage 7740

tettcaactg ttectgagag ccacaactga gctacgcace ttttcaatce tcaaccgtaa 7800

ggcaattgat ttecttgctge agcgatgggg cggcacatge cacattctgg gaccggactg 7860

etgtatcgaa ccacatgatt ggaccaagaa cataacagac aaaattgate agattattca 7920

tgattttgtt gataaaacce ttecggacca gggggacaat gacaattggt ggacaggatg 7980

gagacaatgg ataccggcag gtattggagt tacaggegtt ataattgcag ttategettt 8040

attctgtata tgcaaatttg tcttttagtt tttcttcaga ttgcttcatg gaaaagctca 8100

gcctcaaate aatgaaacca ggatttaatt atatggatta cttgaatcta agattacttg 8160

acaaatgata atataataca ctggagcttt aaacatagee aatgtgattec taactecttt 8220

aaactcacag ttaatcataa acaaggtttg acatcaatct agttatctct ttgagaatga 8280

taaacttgat gaagattaag aaaaaggtaa tetttcgatt atctttaate ttcateccttg 8340
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attctacaat catgacagtt gtctttagtg acaagggaaa gaagectttt tattaagttg 8400

taataatcag atctgcgaac cggtagagtt tagttgcaac ctaacacaca taaagcattg 8460

gtcaaaaagt caatagaaat ttaaacagtg agtggagaca acttttaaat ggaagcttca 8520

tatgagagag gacgeccacg agctgccaga cagcattcaa gggatggaca cgaccaccat 8580

gttcgagcac gatcatcatce cagagagaat tatcgaggtg agtaccgtca atcaaggage 8640

gcectcacaag tgcgegttce tactgtattt cataagaaga gagttgaace attaacagtt 8700

ectccagcac ctaaagacat atgtccgacc ttgaaaaaag gatttttgtg tgacagtagt 8760

ttttgcaaaa aagatcacca gttggagagt ttaactgata gggaattact cctactaate 8820

gcccgtaaga cttgtggatc agtagaacaa caattaaata taactgcace caaggactcg 8880

egcettagcaa atccaacgge tgatgatttc cagcaagagg aaggtccaaa aattaccttg 8940

ttgacactga tcaagacgge agaacactgg gcgagacaag acatcagaac catagaggat 9000

tcaaaattaa gageattgtt gactctatgt gctgtgatga cgaggaaatt ctcaaaatecc 9060

cagcetgagte ttttatgtga gacacaccta aggcegcegagg ggcttgggca agatcaggca 9120

gaaccecgtte tcgaagtata tcaacgatta cacagtgata aaggaggcag ttttgaaget 9180

gcactatgge aacaatggga ccgacaatce ctaattatgt ttatcactge attcttgaat 9240

attgctctce agttaccgtg tgaaagttct getgtcgttg tttcagggtt aagaacattg 9300

gttcctcaat cagataatga ggaagcttca accaacccgg ggacatgcte atggtctgat 9360

gagggtacce cttaataagg ctgactaaaa cactatataa ccttctactt gatcacaata 9420

etccgtatac ctatcatcat atatttaatc aagacgatat cctttaaaac ttattcagta 9480

ctataatcac tctegtttca aattaataag atgtgcatga ttgecctaat atatgaagag 9540

gtatgataca accctaacag tgatcaaaga aaatcataat ctcgtatcge tcgtaatata 9600

acctgccaag catacctctt gcacaaagtg attcttgtac acaaataatg ttttactcta 9660

caggaggtag caacgatcca tcccatcaaa aaataagtat ttcatgactt actaatgate 9720

tcttaaaata ttaagaaaaa ctgacggaac ataaattctt tatgcttcaa gctgtggagg 9780

aggtgtttgg tattggctat tgttatatta caatcaataa caagcttgta aaaatattgt 9840

tettgtttca agaggtagat tgtgaccgga aatgctaaac taatgatgaa gattaatgceg 9900

gaggtctgat aagaataaac cttattatte agattaggce ccaagaggca ttcttcatct 9960

ecttttagca aagtactatt tcagggtagt ccaattagtg gcacgtcttt tagectgtata 10020

teagtcgece ctgagatacg ccacaaaagt gtctctaage taaattggtc tgtacacatc 10080

ccatacattg tattagggge aataatatct aattgaactt agecgtttaa aatttagtge 10140

ataaatctgg gctaacacca ccaggtcaac tecattggct gaaaagaage ttacctacaa 10200

egaacatcac tttgagegee ctcacaatta aaaaatagga acgtcgttcc aacaatcgag 10260

egcaaggttt caaggttgaa ctgagagtgt ctagacaaca aaatattgat actccagaca 10320

ccaagcaaga cctgagaaaa aaccatggct aaagctacgg gacgatacaa tctaatatcg 10380

eccaaaaagg acctggagaa aggggttgtc ttaagegace tctgtaactt cttagttage 10440

caaactatte aggggtggaa ggtttattgg gctggtattg agtttgatgt gactcacaaa 10500

ggaatggece tattgcatag actgaaaact aatgactttg cccctgcatg gtcaatgaca 10560

aggaatctct ttectcattt atttcaaaat ccgaattcca caattgaatc accgctgtgg 10620
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gcattgagag tcatecttge agcagggata caggaccage tgattgacca gtctttgatt 10680

gaacccttag caggageect tggtctgate tctgattgge tgctaacaac caacactaac 10740

catttcaaca tgcgaacaca acgtgtcaag gaacaattga gcctaaaaat gcetgtcgttg 10800

attcgatcca atattctcaa gtttattaac aaattggatg ctctacatgt cgtgaactac 10860

aacggattgt tgagcagtat tgaaattgga actcaaaatec atacaatcat cataactcga 10920

actaacatgg gttttctggt ggagctccaa gaacccgaca aatcggcaat gaaccgcatg 10980

aagectggge cggcgaaatt ttecctcctt catgagtcca cactgaaage atttacacaa 11040

ggatcctcga cacgaatgca aagtttgatt cttgaattta atagetctct tgctatctaa 11100

ctaaggtaga atacttcata ttgagctaac tcatatatge tgactcaata gttatcttga 11160

catctctgct ttcataatca gatatataag cataataaat aaatactcat atttcttgat 11220

aatttgttta accacagata aatcctcact gtaagecage ttccaagttg acacccttac 11280

aaaaaccagg actcagaatec cctcaaacaa gagattccaa gacaacatca tagaattgcet 11340

ttattatatg aataagcatt ttatcaccag aaatcctata tactaaatgg ttaattgtaa 11400

etgaacccge aggtcacatg tgttaggttt cacagattct atatattact aactctatac 11460

tegtaattaa cattagataa gtagattaag aaaaaagect gaggaagatt aagaaaaact 11520

gcttattggg tctttccgtg ttttagatga agcagttgaa attcttccte ttgatattaa 11580

atggctacac aacataccca atacccagac gctaggttat catcaccaat tgtattggac 11640

caatgtgace tagtcactag agettgcggg ttatattcat catactccct taatccgcaa 11700

etacgcaact gtaaactcce gaaacatatc taccgtttga aatacgatgt aactgttacc 11760

aagttcttga gtgatgtace agtggcgaca ttgcccatag atttcatagt cccagttctt 11820

etcaaggcac tgtcaggcaa tggattctgt cctgttgage cgcggtgeca acagttctta 11880

gatgaaatca ttaagtacac aatgcaagat gctctcttct tgaaatatta tctcaaaaat 11940

gtgggtgcte aagaagactg tgttgatgaa cactttcaag agaaaatctt atcttcaatt 12000

cagggcaatg aatttttaca tcaaatgttt ttctggtatg atctggctat tttaactcga 12060

aggggtagat taaatcgagg aaactctaga tcaacatggt ttgttcatga tgatttaata 12120

gacatcttag gctatgggga ctatgttttt tggaagatce caatttcaat gttaccactg 12180

aacacacaag gaatccecca tgctgctatg gactggtate aggcatcagt attcaaagaa 12240

geggttcaag ggcatacaca cattgtttct gtttctactg ccgacgtctt gataatgtge 12300

aaagatttaa ttacatgtcg attcaacaca actctaatct caaaaatage agagattgag 12360

gatccagttt gttctgatta teccaatttt aagattgtgt ctatgcettta ccagagegga 12420

gattacttac tctccatatt agggtctgat gggtataaaa ttattaagtt cctcgaacca 12480

ttgtgcttgg ccaaaattca attatgctca aagtacactg agaggaaggg ccgattctta 12540

acacaaatge atttagctgt aaatcacacc ctagaagaaa ttacagaaat gcegtgcacta 12600

aagecttcac aggctcaaaa gatccgtgaa ttccatagaa cattgataag gctggagatg 12660

acgcecacaac aactttgtga gctattttcce attcaaaaac actgggggca tectgtgcta 12720

catagtgaaa cagcaatcca aaaagttaaa aaacatgcta cggtgctaaa agcattacge 12780

ectatagtga ttttcgagac atactgtgtt tttaaatata gtattgecaa acattatttt 12840

gatagtcaag gatcttggta cagtgttact tcagatagga atctaacace gggtcttaat 12900
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tettatatca aaagaaatca attccctccg ttgccaatga ttaaagaact actatgggaa 12960

ttttaccace ttgaccacce tcecacttttc tcaaccaaaa ttattagtga cttaagtatt 13020

tttataaaag acagagctac cgcagtagaa aggacatgct gggatgcagt attcgagect 13080

aatgttctag gatataatcce acctcacaaa tttagtacta aacgtgtacc ggaacaattt 13140

ttagagcaag aaaactttte tattgagaat gttctttcct acgcacaaaa actcgagtat 13200

ectactaccac aatatcggaa cttttctttc tcattgaaag agaaagagtt gaatgtaggt 13260

agaaccttcg gaaaattgcee ttatccgact cgcaatgttce aaacactttg tgaagetctg 13320

ttagetgatg gtcttgctaa ageatttcct agcaatatga tggtagttac ggaacgtgag 13380

Caaaaagaaa gcttattgcea tcaagcatca tggcaccaca caagtgatga ttttggtgaa 13440

catgccacag ttagagggag tagctttgta actgatttag agaaatacaa tcttgcattt 13500

agatatgagt ttacagcace ttttatagaa tattgcaacc gttgctatgg tgttaagaat 13560

gtttttaatt ggatgcatta tacaatccca cagtgttata tgcatgtcag tgattattat 13620

aatccaccac ataacctcac actggagaat cgagacaacc cccccgaagg gcctagttca 13680

tacaggggte atatgggagg gattgaagga ctgcaacaaa aactctggac aagtatttca 13740

tgtgctcaaa tttctttagt tgaaattaag actggtttta agttacgctc agcetgtgatg 13800

ggtgacaate agtgceattac tgttttatca gtcttcccct tagagactga cgcagacgag 13860

caggaacaga gcgcecgaaga caatgcageg agggtggecg ccagectage aaaagttaca 13920

agtgectgtg gaatcttttt aaaacctgat gaaacatttg tacattcagg ttttatctat 13980

tttggaaaaa aacaatattt gaatggggtc caattgecte agtcccttaa aacggctaca 14040

agaatggcac cattgtctga tgcaattttt gatgatctte aagggacect ggctagtata 14100

ggcactgcett ttgagegate catctctgag acacgacata tetttecttg caggataacc 14160

gceagetttce atacgttttt ttcggtgaga atcttgcaat atcatcatct cgggttcaat 14220

aaaggttttg accttggaca gttaacactc ggcaaaccte tgygatttcgg aacaatatca 14280

ttggcactag cggtaccgea ggtgcttgga gggttatcct tcttgaatce tgagaaatgt 14340

ttctaccgga atctaggaga tccagttacc tcaggcttat tccagttaaa aacttatctc 14400

egaatgattg agatggatga tttattctta cctttaattg cgaagaacce tgggaactge 14460

actgccattg actttgtgct aaatcctage ggattaaatg teectgggtc gcaagactta 14520

acttcattte tgcgccagat tgtacgcagg accatcacce taagtgcgaa aaacaaactt 14580

attaatacct tatttcatge gtcagctgac ttcgaagacg aaatggtttg taaatggcta 14640

ttatcatcaa ctectgttat gagtcgtttt geggecgata tecttttcacg cacgecgage 14700

gggaagegat tgcaaattct aggatacctg gaaggaacac gcacattatt agectctaag 14760

atcatcaaca ataatacaga gacaccggtt ttggacagac tgaggaaaat aacattgcaa 14820

aggtggagee tatggtttag ttatcttgat cattgtgata atatcctgge ggaggcttta 14880

acccaaataa cttgcacagt tgatttagca cagattctga gggaatattec atgggctcat 14940

attttagagg gaagacctct tattggagee acactcccat gtatgattga gcaattcaaa 15000

gtgttttgge tgaaacccta cgaacaatgt ccgcagtgtt caaatgcaaa gcaaccaggt 15060

gggaaaccat tegtgtcagt ggcagtcaag aaacatattg ttagtgcatg gecgaacgca 15120

teccgaataa gctggactat cggggatgga atcccataca ttggatcaag gacagaagat 15180
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aagataggac aacctgctat taaaccaaaa tgtccttccg cagecttaag agaggecatt 15240

gaattggcgt cccgtttaac atgggtaact caaggcagtt cgaacagtga cttgctaata 15300

aaaccatttt tggaagcacg agtaaattta agtgttcaag aaatacttca aatgacccct 15360

teacattact caggaaatat tgttcacagg tacaacgate aatacagtce tcattctttce 15420

atggccaate gtatgagtaa ttcagcaacg cgattgattg tttctacaaa cactttaggt 15480

gagttttcag gaggtggeca gtctgcacge gacagcaata ttattttcca gaatgttata 15540

aattatgcag ttgcactgtt cgatattaaa tttagaaaca ctgaggctac agatatccaa 15600

tataatcgtg ctcaccttca tctaactaag tgttgcacce gggaagtacce agctcagtat 15660

ttaacataca catctacatt ggatttagat ttaacaagat accgagaaaa cgaattgatt 15720

tatgacagta atcctctaaa aggaggactc aattgcaata tctcattcga taatccattt 15780

ttccaaggta aacggctgaa cattatagaa gatgatctta ttegactgcece tcacttatct 15840

ggatgggage tagccaagac catcatgcaa tcaattattt cagatagcaa caattcatct 15900

acagacccaa ttagcagtgg agaaacaaga tcattcacta cccatttctt aacttatccce 15960

aagataggac ttctgtacag ttttggggece tttgtaagtt attatcttgg caatacaatt 16020

ettcggacta agaaattaac acttgacaat tttttatatt acttaactac tcaaattcat 16080

aatctaccac atcgctcatt gcgaatactt aagccaacat tcaaacatge aagegttatg 16140

teacggttaa tgagtattga tectcatttt tetatttaca taggcggtge tgcaggtgac 16200

agaggactct cagatgegge caggttattt ttgagaacgt ccatttcate ttttcttaca 16260

tttgtaaaag aatggataat taatcgcgga acaattgtce ctttatggat agtatatccg 16320

ectagagggtc aaaacccaac acctgtgaat aattttctct atcagatcgt agaactgctg 16380

gtgcatgatt catcaagaca acaggctttt aaaactacca taagtgatca tgtacatcct 16440

cacgacaate ttgtttacac atgtaagagt acagecagca atttcttcca tgcatcattg 16500

gegtactgga ggagcagaca cagaaacage aaccgaaaat acttggcaag agactcttca 16560

actggatcaa gcacaaacaa cagtgatggt catattgaga gaagtcaaga acaaaccacc 16620

agagatccac atgatggcac tgaacggaat ctagtcctac aaatgageca tgaaataaaa 16680

agaacgacaa ttccacaaga aaacacgcac cagggtccgt cgttccagtc ctttctaagt 16740

gactctgctt gtggtacage aaatccaaaa ctaaatttcg atcgatcgag acacaatgtg 16800

aaatttcagg atcataactc ggcatccaag agggaaggtc atcaaataat ctcacaccgt 16860

etagtcctac ctttctttac attatctcaa gggacacgee aattaacgtc atccaatgag 16920

tcacaaacce aagacgagat atcaaagtac ttacggcaat tgagateccgt cattgatacc 16980

acagtttatt gtagatttac cggtatagtc tegtccatge attacaaact tgatgaggtc 17040

etttgggaaa tagagagttt caagtcggct gtgacgctag cagagggaga aggtgctggt 17100

gcecttactat tgattcagaa ataccaagtt aagaccttat ttttcaacac gctagctact 17160

gagtccagta tagagtcaga aatagtatca ggaatgacta ctcctaggat gettctacct 17220

gttatgtcaa aattccataa tgaccaaatt gagattatte ttaacaact¢ec agcaagecaa 17280

ataacagaca taacaaatce tacttggttt aaagaccaaa gagcaaggct acctaagcaa 17340

gtcgaggtta taaccatgga tgcagagaca acagagaata taaacagat¢e gaaattgtac 17400

gaagctgtat ataaattgat cttacaccat attgatccta gcgtattgaa agcagtggtc 17460
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ettaaagtct ttctaagtga tactgagggt atgttatgge taaatgataa tttagececcg 17520

ttttttgeca ctggttattt aattaageca ataacgtcaa gtgctagatc tagtgagtgg 17580

tatctttgte tgacgaactt cttatcaact acacgtaaga tgccacacca aaaccatctc 17640

agttgtaaac aggtaatact tacggcattg caactgcaaa ttcaacgaag cccatactgg 17700

ctaagtcatt taactcagta tgctgactgt gagttacatt taagttatat ccgecttggt 17760

tttccatcat tagagaaagt actataccac aggtataacc tegtcgattc aaaaagaggt 17820

ecactagtct ctatcactca gcacttagea catcttagag cagagattcg agaattaact 17880

aatgattata atcaacagcg acaaagtcgg actcaaacat atcactttat tcgtactgca 17940

aaaggacgaa tcacaaaact agtcaatgat tatttaaaat tctttcttat tgtgcaagca 18000

ttaaaacata atgggacatg gcaagctgag tttaagaaat taccagagtt gattagtgtg 18060

tgcaataggt tctaccatat tagagattgc aattgtgaag aacgtttctt agttcaaacc 18120

ttatatttac atagaatgca ggattctgaa gttaagctta tcgaaaggct gacagggctt 18180

etgagtttat ttecggatgg tctctacagg tttgattgaa ttaccgtgca tagtatcctg 18240

atacttgcaa aggttggtta ttaacataca gattataaaa aactcataaa ttgctctcat 18300

acatcatatt gatctaatct caataaacaa ctatttaaat aacgaaagga gtccctatat 18360

tatatactat atttagecte tctccctgcg tgataatcaa aaaattcaca atgcagcatg 18420

tgtgacatat tactgcecgca atgaatttaa cgcaacataa taaactctge actctttata 18480

attaagcttt aacgaaaggt ctgggctcat attgttattg atataataat gttgtatcaa 18540

tatcctgtca gatggaatag tgttttggtt gataacacaa cttcttaaaa caaaattgat 18600

etttaagatt aagtttttta taattatcat tactttaatt tgtcgtttta aaaacggtga 18660

tagecttaat ctttgtgtaa aataagagat taggtgtaat aaccttaaca tttttgtcta 18720

gtaagctact atttcataca gaatgataaa attaaaagaa aaggcaggac tgtaaaatca 18780

gaaatacctt ctttacaata tagcagacta gataataate ttcgtgttaa tgataattaa 18840

gacattgace acgctcatca gaaggctcge cagaataaac gttgcaaaaa ggattcctgg 18900

aaaaatggte gcacacaaaa atttaaaaat aaatctattt cttetttttt gtgtgtcca 18959

<210> SEQ ID NO 91

<211> LENGTH: 18797

<212> TYPE: DNA

<213> ORGANISM: Ebola virus

<400> SEQUENCE: 91

gaataactat gaggaagatt aataattttc ctctcattga aatttatatc ggaatttaaa 60

ttgaaattgt cactgtaate acacctggtt tgtctcagag ccacatcaca aagatagaga 120

acaacctagg tctccgaagg gagcaaggge atcagtgtge tcagttgaaa atccecttgte 180

aacacctagg tcttatcaca tcacaagtte cacctcagac tetgcagggt gatccaacaa 240

ccttaataga aacattattg ttaaaggaca gcattagttc acagtcaaac aagcaagatt 300

gagaattaac cttggttttg aacttgaaca cttaggggat tgaagattca acaaccctaa 360

agcettggggt aaaacattgg aaatagttaa aagacaaatt gctcggaate acaaaattce 420

gagtatggat tctcgtcctc agaaaatctg gatggcegecg agtctcactg aatctgacat 480

ggattaccac aagatcttga cagcaggtct gtccgttcaa caggggattg tteggcaaag 540
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agtcatccca gtgtatcaag taaacaatct tgaagaaatt tgccaactta tcatacagge 600

etttgaagea ggtgttgatt ttcaagagag tgcggacagt ttecttctca tgetttgtct 660

tcatcatgeg taccagggag attacaaact tttcttggaa agtggcgcag tcaagtattt 720

ggaagggeac gggttcegtt ttgaagtcaa gaagegtgat ggagtgaage gecttgagga 780

attgctgcca gcagtatcta gtggaaaaaa cattaagaga acacttgctg ccatgcecgga 840

agaggagaca actgaagcta atgccggtca gtttctctce tttgcaagte tattecttce 900

gaaattggta gtaggagaaa aggcttgect tgagaaggtt caaaggcaaa ttcaagtaca 960

tgcagagcaa ggactgatac aatatccaac agcttggcaa tcagtaggac acatgatggt 1020

gattttccgt ttgatgcgaa caaattttct gatcaaattt ctcctaatac accaagggat 1080

gcacatggtt gecgggcatg atgccaacga tgctgtgatt tcaaattcag tggctcaage 1140

tegtttttca ggcttattga ttgtcaaaac agtacttgat catatcctac aaaagacaga 1200

acgaggagtt cgtctccate ctcttgcaag gaccgccaag gtaaaaaatg aggtgaactec 1260

etttaagget gcactcagcet ccctggccaa gcatggagag tatgcetectt tegeecgact 1320

tttgaacctt tctggagtaa ataatcttga gcatggtctt ttecctcaac tatcggcaat 1380

tgcactcgga gtcgccacag cacacgggag taccctcgca ggagtaaatg ttggagaaca 1440

gtatcaacaa ctcagagagg ctgccactga ggctgagaag caactccaac aatatgcaga 1500

gtctcgcegaa cttgaccate ttggacttga tgatcaggaa aagaaaatte ttatgaactt 1560

ccatcagaaa aagaacgaaa tcagcettcca gcaaacaaac gctatggtaa ctctaagaaa 1620

agagegectg gccaagctga cagaagctat cactgctgceg tcactgcecca aaacaagtgg 1680

acattacgat gatgatgacg acattccctt tccaggacce atcaatgatg acgacaatcec 1740

tggecatcaa gatgatgate cgactgactc acaggatacg accattcecg atgtggtggt 1800

tgatcccgat gatggaagct acggcgaata ccagagttac tcggaaaacg gcatgaatge 1860

accagatgac ttggtcctat tcgatctaga cgaggacgac gaggacacta agecagtgec 1920

taatagatcg accaagggtg gacaacagaa gaacagtcaa aagggccage atatagaggg 1980

cagacagaca caatccagge caattcaaaa tgtcccagge cctcacagaa caatccacca 2040

egecagtgeg ccactcacgg acaatgacag aagaaatgaa ccctceggcet caaccagece 2100

tegeatgctg acaccaatta acgaagagge agacccactg gacgatgecg acgacgagac 2160

gtctagectt ccgeecttgg agtcagatga tgaagagcag gacagggacg gaacttccaa 2220

cegeacacce actgtcgcce caceggctce cgtatacaga gatcactctg aaaagaaaga 2280

actcccgcaa gacgagcaac aagatcagga ccacactcaa gaggccagga accaggacag 2340

tgacaacace cagtcagaac actcttttga ggagatgtat cgccacattc taagatcaca 2400

ggggecattt gatgetgttt tgtattatca tatgatgaag gatgagectg tagttttcag 2460

taccagtgat ggcaaagagt acacgtatcce agactccctt gaagaggaat atccaccatg 2520

gctcactgaa aaagaggcta tgaatgaaga gaatagattt gttacattgg atggtcaaca 2580

attttattgg ccggtgatga atcacaagaa taaattcatg gcaatcctge aacatcatca 2640

gtgaatgage atggaacaat gggatgattec aaccgacaaa tagctaacat taagtagtca 2700

aggaacgaaa acaggaagaa tttttgatgt ctaaggtgtg aattattatc acaataaaag 2760

tgattcttat ttttgaattt aaagetaget tattattact agecgttttt caaagttcaa 2820
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tttgagtctt aatgcaaata ggcgttaage cacagttata gccataattg taactcaata 2880

ttctaactag cgatttatct aaattaaatt acattatgct tttataactt acctactage 2940

etgceccaaca tttacacgat cgttttataa ttaagaaaaa actaatgatg aagattaaaa 3000

ecttcatcat ccttacgtca attgaattct ctagcactcg aagettattg tcttcaatgt 3060

aaaagaaaag ctggtctaac aagatgacaa ctagaacaaa gggcagggge catactgcegg 3120

eccacgactca aaacgacaga atgecaggee ctgagettte gggctggate tctgagcage 3180

taatgaccgg aagaattcct gtaagegaca tecttctgtga tattgagaac aatccaggat 3240

tatgctacge atcccaaatg caacaaacga agccaaacce gaagacgcege aacagtcaaa 3300

eccaaacgga cccaatttge aatcatagtt ttgaggaggt agtacaaaca ttggcettcat 3360

tggctactgt tgtgcaacaa caaaccatcg catcagaate attagaacaa cgcattacga 3420

gtcttgagaa tggtctaaag ccagtttatg atatggcaaa aacaatctce tcattgaaca 3480

gggtttgtge tgagatggtt gcaaaatatg atcttctggt gatgacaace ggtcgggcaa 3540

cageaaccge tgcggcaact gaggcttatt gggcecgaaca tggtcaacca ccacctggac 3600

catcacttta tgaagaaagt gcgattcggg gtaagattga atctagagat gagaccgtce 3660

ectcaaagtgt tagggaggca ttcaacaate taaacagtac cacttcacta actgaggaaa 3720

attttgggaa acctgacatt tcggcaaagg atttgagaaa cattatgtat gatcacttge 3780

etggttttgg aactgetttce caccaattag tacaagtgat ttgtaaattg ggaaaagata 3840

gcaactcatt ggacatcatt catgctgagt tccaggecag cctggctgaa ggagactcte 3900

etcaatgtge cctaattcaa attacaaaaa gagttccaat cttccaagat gctgetccac 3960

etgtcatcca cateccgctct cgaggtgaca ttccccgage ttgccagaaa agettgcgtec 4020

cagtcccace atcgcccaag attgatcgag gttgggtatg tgtttttcag cttcaagatg 4080

gtaaaacact tggactcaaa atttgageca atctccctte cctccgaaag aggcgaataa 4140

tagcagagge ttcaactgct gaactatagg gtacgttaca ttaatgatac acttgtgagt 4200

atcagecctg gataatataa gtcaattaaa cgaccaagat aaaattgtte atatectcget 4260

agcagcttaa aatataaatg taataggage tatatctctg acagtattat aatcaattgt 4320

tattaagtaa cccaaaccaa aagtgatgaa gattaagaaa aacctaccte ggctgagaga 4380

gtgtttttte attaacctte atcttgtaaa cgttgagcaa aattgttaaa aatatgagge 4440

gggttatatt gectactget cctcctgaat atatggagge catataccct gtcaggtcaa 4500

attcaacaat tgctagaggt ggcaacageca atacaggctt cctgacaccg gagtcagtca 4560

atggggacac tccatcgaat ccactcagge caattgccga tgacaccatec gaccatgcca 4620

gccacacace aggcagtgtg tcatcagcat tcatccttga agctatggtg aatgtcatat 4680

egggccccaa agtgctaatg aagcaaattec caatttgget tectctaggt gtcgetgate 4740

aaaagaccta cagcetttgac tcaactacgg ccgecatcat gcttgcttca tacactatca 4800

eccatttcgg caaggcaace aatccacttg tcagagtcaa teggcetgggt cctggaatec 4860

eggatcatce cctcaggcte ctgcgaattg gaaaccagge tttectccag gagttcgtte 4920

ttecgecagt ccaactacce cagtatttca cctttgattt gacagcactc aaactgatca 4980

eccaaccact gectgctgca acatggaccg atgacactcc aacaggatca aatggagegt 5040

tgcgtccagg aatttcattt catccaaaac ttcgecccat tcttttacce aacaaaagtg 5100
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ggaagaaggg gaacagtgee gatctaacat ctccggagaa aatccaagca ataatgactt 5160

cactccagga ctttaagate gttccaattg atccaaccaa aaatatcatg ggaatcgaag 5220

tgccagaaac tctggtccac aagcetgaccg gtaagaaggt gacttctaaa aatggacaac 5280

caatcatcce tgttcttttg ccaaagtaca ttgggttgga cccggtggct ccaggagace 5340

teaccatggt aatcacacag gattgtgaca cgtgtcatte tcectgcaagt cttccagctg 5400

tgattgagaa gtaattgcaa taattgacte agatccagtt ttatagaate ttctcaggga 5460

tagtgataac atctatttag taatccgtcc attagaggag acacttttaa ttgatcaata 5520

tactaaaggt gctttacace attgtctttt ttctctccta aatgtagaac ttaacaaaag 5580

actcataata tacttgtttt taaaggattg attgatgaaa gatcataact aataacatta 5640

caaataatce tactataate aatacggtga ttcaaatgtt aatectttcte attgcacata 5700

etttttgece ttatcctcaa attgectgcea tgcttacate tgaggatage cagtgtgact 5760

tggattggaa atgtggagaa aaaatcggga cccatttcta ggttgttcac aatccaagta 5820

cagacattge ccttctaatt aagaaaaaat cggcegatgaa gattaagecg acagtgageg 5880

taatcttcat ctctcttaga ttatttgttt tecagagtag gggtcgtcag gtcecttttca 5940

atcgtgtaac caaaataaac tccactagaa ggatattgtg gggcaacaac acaatgggcg 6000

ttacaggaat attgcagtta cctcgtgate gattcaagag gacatcatte tttctttggg 6060

taattatcct tttccaaaga acattttcca teccacttgg agtcatccac aatagcacat 6120

tacaggttag tgatgtcgac aaactagttt gtcgtgacaa actgtcatce acaaatcaat 6180

tgagatcagt tggactgaat ctcgaaggga atggagtgge aactgacgtg ccatctgcaa 6240

ctaaaagatg gggcttcagg tecggtgtcce caccaaaggt ggtcaattat gaagetggtg 6300

aatgggctga aaactgctac aatcttgaaa tcaaaaaace tgacgggagt gagtgtctac 6360

cageagcegee agacgggatt cggggcettce cecggtgecg gtatgtgcac aaagtatcag 6420

gaacgggace gtgtgccgga gactttgect tccataaaga gggtgcettte ttectgtatg 6480

atcgacttge ttccacagtt atctaccgag gaacgacttt cgctgaaggt gtcgttgcat 6540

ttctgatact gccccaagct aagaaggact tettcagcte acaccccttg agagagecgg 6600

teaatgcaac ggaggacccg tctagtggct actattctac cacaattaga tatcaggcta 6660

ceggttttgg aaccaatgag acagagtact tgttcgaggt tgacaatttg acctacgtcce 6720

aacttgaate aagattcaca ccacagttte tgctccaget gaatgagaca atatatacaa 6780

gtgggaaaag gagcaatacce acgggaaaac taatttggaa ggtcaaccce gaaattgata 6840

caacaatcgg ggagtgggee ttctgggaaa ctaaaaaaac ctcactagaa aaattcgcag 6900

tgaagagttg tctttcacag ttgtatcaaa cggagccaaa aacatcagtg gtcagagtecc 6960

ggegegaact tettccgace cagggaccaa cacaacaact gaagaccaca aaatcatgge 7020

ttcagaaaat tecctctgcaa tggttcaagt gcacagtcaa ggaagggaag ctgcagtgtec 7080

gceatctaaca acccttgceca caatctccac gagtccccaa tecctcacaa ccaaaccagg 7140

tecggacaac agcacccata atacacccgt gtataaactt gacatctctg aggcaactca 7200

agttgaacaa catcaccgca gaacagacaa cgacagcaca gectcegaca ctccctctge 7260

cacgacegca gecggaccce caaaagcaga gaacaccaac acgagcaaga gcactgactt 7320

cetggaccce gccaccacaa caagtcccca aaaccacage gagacegetg gcaacaacaa 7380
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cactcatcac caagataccg gagaagagag tgccagcage gggaagctag gcttaattac 7440

caatactatt gctggagtcg caggactgat cacaggcggg agaagaactc gaagagaage 7500

aattgtcaat gctcaaccca aatgcaacce taatttacat tactggacta ctcaggatga 7560

aggtgctgca atcggactgg cctggatace atatttcggg ccagcagecg agggaattta 7620

catagagggg ctaatgcaca atcaagatgg tttaatctgt gggttgagac agetggccaa 7680

egagacgact caagctctte aactgttect gagagecaca actgagctac gcacctttte 7740

aatcctcaac cgtaaggcaa ttgatttctt gctgcagega tggggceggca catgecacat 7800

tetgggaccg gactgctgta tcgaaccaca tgattggacc aagaacataa cagacaaaat 7860

tgatcagatt attcatgatt ttgttgataa aacccttccg gaccaggggg acaatgacaa 7920

ttggtggaca ggatggagac aatggatacc ggcaggtatt ggagttacag gcgttataat 7980

tgcagttate gctttattct gtatatgcaa atttgtcttt tagtttttct tcagattget 8040

teatggaaaa gctcagectc aaatcaatga aaccaggatt taattatatg gattacttga 8100

atctaagatt acttgacaaa tgataatata atacactgga gctttaaaca tagcecaatgt 8160

gattctaact cctttaaact cacagttaat cataaacaag gtttgacate aatctagtta 8220

tetctttgag aatgataaac ttgatgaaga ttaagaaaaa ggtaatecttt cgattatctt 8280

taatcttcat ccttgattct acaatcatga cagttgtctt tagtgacaag ggaaagaage 8340

etttttatta agttgtaata atcagatctg cgaaccggta gagtttagtt gcaacctaac 8400

acacataaag cattggtcaa aaagtcaata gaaatttaaa cagtgagtgg agacaacttt 8460

taaatggaag cttcatatga gagaggacge ccacgagctg ccagacagca ttcaagggat 8520

ggacacgace accatgttcg agcacgatca tcatccagag agaattatcg aggtgagtac 8580

egtcaatcaa ggagegecte acaagtgege gttcctactg tatttcataa gaagagagtt 8640

gaaccattaa cagttcctce agcacctaaa gacatatgtec cgaccttgaa aaaaggattt 8700

ttgtgtgaca gtagtttttg caaaaaagat caccagttgg agagtttaac tgatagggaa 8760

ttactcctac taatcgeccg taagacttgt ggatcagtag aacaacaatt aaatataact 8820

gcacccaagg actcgegcett agcaaatcca acggctgatg atttccagca agaggaaggt 8880

ccaaaaatta ccttgttgac actgatcaag acggcagaac actgggcgag acaagacate 8940

agaaccatag aggattcaaa attaagagea ttgttgacte tatgtgctgt gatgacgagg 9000

aaattctcaa aateccagcet gagtctttta tgtgagacac acctaaggeg cgaggggcett 9060

gggcaagate aggcagaace cgttctcgaa gtatatcaac gattacacag tgataaagga 9120

ggcagttttg aagctgcact atggcaacaa tgggaccgac aatccctaat tatgtttate 9180

actgcattct tgaatattge tctccagtta ccgtgtgaaa gttctgetgt cgttgtttca 9240

gggttaagaa cattggttcc tcaatcagat aatgaggaag cttcaaccaa cccggggaca 9300

tgctcatggt ctgatgaggg taccccttaa taaggctgac taaaacacta tataacctte 9360

tacttgatca caatactccg tatacctatec atcatatatt taatcaagac gatatecttt 9420

aaaacttatt cagtactata atcactctcg tttcaaatta ataagatgtg catgattgec 9480

ctaatatatg aagaggtatg atacaaccct aacagtgate aaagaaaatec ataatctcgt 9540

atcgctcgta atataacctg ccaagcatac ctcttgcaca aagtgattct tgtacacaaa 9600

taatgtttta ctctacagga ggtagcaacg atccatccca tcaaaaaata agtatttcat 9660
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gacttactaa tgatctctta aaatattaag aaaaactgac ggaacataaa ttctttatge 9720

ttcaagcetgt ggaggaggtg tttggtattg gctattgtta tattacaatc aataacaage 9780

ttgtaaaaat attgttcttg tttcaagagg tagattgtga ccggaaatge taaactaatg 9840

atgaagatta atgcggaggt ctgataagaa taaaccttat tattcagatt aggcecccaag 9900

aggceattctt catctccttt tagcaaagta ctatttcagg gtagtccaat tagtggcacg 9960

tettttaget gtatatcagt cgceccctgag atacgccaca aaagtgtctc taagctaaat 10020

tggtctgtac acatcccata cattgtatta ggggcaataa tatctaattg aacttagecg 10080

tttaaaattt agtgcataaa tctgggctaa caccaccagg tcaactccat tggctgaaaa 10140

gaagcttace tacaacgaac atcactttga gcgecctcac aattaaaaaa taggaacgtc 10200

gttccaacaa tcgagcgcaa ggtttcaagg ttgaactgag agtgtctaga caacaaaata 10260

ttgatactce agacaccaag caagacctga gaaaaaacca tggctaaage tacgggacga 10320

tacaatctaa tatcgceccaa aaaggacctg gagaaagggg ttgtcttaag cgacttctgt 10380

aacttcttag ttagccaaac tattcagggg tggaaggttt attgggctgg tattgagttt 10440

gatgtgactc acaaaggaat ggccctattg catagactga aaactaatga ctttgeecct 10500

gcatggtcaa tgacaaggaa tctctttcct catttatttc aaaatccgaa ttccacaatt 10560

gaatcaccge tgtgggcatt gagagtcate cttgcagcag ggatacagga ccagetgatt 10620

gaccagtctt tgattgaace cttagcagga geccttggte tgatctctga ttggctgcta 10680

acaaccaaca ctaaccattt caacatgcga acacaacgtg tcaaggaaca attgagecta 10740

aaaatgctgt cgttgattcg atccaatatt ctcaagttta ttaacaaatt ggatgctcta 10800

catgtcgtga actacaacgg attgttgage agtattgaaa ttggaactca aaatcataca 10860

atcatcataa ctcgaactaa catgggtttt ctggtggage tccaagaacc cgacaaatcg 10920

gcaatgaace gcatgaagee tgggecggeg aaattttcce tecttcatga gtccacactg 10980

aaagcattta cacaaggate ctcgacacga atgcaaagtt tgattcttga atttaatage 11040

tetcttgcta tctaactaag gtagaatact tcatattgag ctaactcata tatgctgact 11100

caatagttat cttgacatct ctgctttcat aatcagatat ataagcataa taaataaata 11160

etcatattte ttgataattt gtttaaccac agataaatce tcactgtaag ccagcttcca 11220

agttgacace cttacaaaaa ccaggactca gaatccctca aacaagagat tccaagacaa 11280

catcatagaa ttgctttatt atatgaataa gcattttate accagaaatc ctatatacta 11340

aatggttaat tgtaactgaa cccgcaggtc acatgtgtta ggtttcacag attctatata 11400

ttactaacte tatactcgta attaacatta gataagtaga ttaagaaaaa agectgagga 11460

agattaagaa aaactgctta ttgggtcttt ccegtgtttta gatgaageag ttgaaattct 11520

tectcttgat attaaatgge tacacaacat acccaatacc cagacgctag gttatcatca 11580

ccaattgtat tggaccaatg tgacctagte actagagctt gegggttata ttcatcatac 11640

teccttaate cgcaactacg caactgtaaa ctcccgaaac atatctaccg tttgaaatac 11700

gatgtaactg ttaccaagtt cttgagtgat gtaccagtgg cgacattgee catagatttc 11760

atagtcccag ttcttctcaa ggcactgtca ggcaatggat tetgtcctgt tgagecgegg 11820

tgccaacagt tcttagatga aatcattaag tacacaatge aagatgcetct cttcttgaaa 11880

tattatctca aaaatgtggg tgctcaagaa gactgtgttg atgaacactt tcaagagaaa 11940
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atcttatctt caattcaggg caatgaattt ttacatcaaa tgtttttctg gtatgatctg 12000

gctattttaa ctcgaagggg tagattaaat cgaggaaact ctagatcaac atggtttgtt 12060

catgatgatt taatagacat cttaggctat ggggactatg ttttttggaa gatcccaatt 12120

teaatgttac cactgaacac acaaggaatec ceccatgctg ctatggactg gtatcaggca 12180

teagtattca aagaageggt tcaagggcat acacacattg tttctgtttec tactgecgac 12240

gtcttgataa tgtgcaaaga tttaattaca tgtcgattca acacaactct aatctcaaaa 12300

atagcagaga ttgaggatce agtttgttct gattatccca attttaagat tgtgtctatg 12360

etttaccaga gcggagatta cttactctce atattagggt ctgatgggta taaaattatt 12420

aagttcctcg aaccattgtg cttggccaaa attcaattat gctcaaagta cactgagagg 12480

aagggccgat tcttaacaca aatgcattta gctgtaaatec acaccctaga agaaattaca 12540

gaaatgegtg cactaaagee ttcacaggct caaaagatce gtgaattcca tagaacattg 12600

ataaggctgg agatgacgee acaacaactt tgtgagctat tttccattca aaaacactgg 12660

gggcatcctg tgctacatag tgaaacagca atccaaaaag ttaaaaaaca tgctacggtg 12720

ctaaaageat tacgecctat agtgattttc gagacatact gtgtttttaa atatagtatt 12780

gccaaacatt attttgatag tcaaggatct tggtacagtg ttacttcaga taggaatcta 12840

acaccgggtc ttaattctta tatcaaaaga aatcaattce cteccgttgcc aatgattaaa 12900

gaactactat gggaatttta ccaccttgac caccctccac ttttctcaac caaaattatt 12960

agtgacttaa gtatttttat aaaagacaga gctaccgcag tagaaaggac atgctgggat 13020

gcagtattcg agectaatgt tctaggatat aatccacctec acaaatttag tactaaacgt 13080

gtaccggaac aatttttaga gcaagaaaac ttttctattg agaatgttct ttcctacgca 13140

Ccaaaaactcg agtatctact accacaatat cggaactttt ctttctcatt gaaagagaaa 13200

gagttgaatg taggtagaac cttcggaaaa ttgecttate cgactcgcaa tgttcaaaca 13260

etttgtgaag ctctgttage tgatggtctt gctaaageat ttectagcaa tatgatggta 13320

gttacggaac gtgagcaaaa agaaagctta ttgcatcaag catcatggca ccacacaagt 13380

gatgattttg gtgaacatge cacagttaga gggagtagct ttgtaactga tttagagaaa 13440

tacaatcttg catttagata tgagtttaca gcacctttta tagaatattg caaccgttge 13500

tatggtgtta agaatgtttt taattggatg cattatacaa tceccacagtg ttatatgcat 13560

gtcagtgatt attataatcc accacataac ctcacactgg agaatcgaga caacccecce 13620

gaagggccta gttcatacag gggtcatatg ggagggattg aaggactgca acaaaaactc 13680

tggacaagta tttcatgtge tcaaatttct ttagttgaaa ttaagactgg ttttaagtta 13740

egcetcagcetg tgatgggtga caatcagtge attactgttt tatcagtctt ccccttagag 13800

actgacgcag acgagcagga acagagcgec gaagacaatg cagegagggt ggecgcecage 13860

ctagcaaaag ttacaagtge ctgtggaatec tttttaaaac ctgatgaaac atttgtacat 13920

teaggtttta tctattttgg aaaaaaacaa tatttgaatg gggtccaatt gectcagtcce 13980

ettaaaacgg ctacaagaat ggcaccattg tetgatgcaa tttttgatga tcttcaaggg 14040

accctggcta gtataggcac tgcttttgag cgatccatct ctgagacacg acatatcttt 14100

ecttgcagga taaccgcage tttccatacg tttttttcgg tgagaatctt gcaatatcat 14160

catctcgggt tcaataaagg ttttgacctt ggacagttaa cactcggcaa acctctggat 14220
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ttcggaacaa tatcattgge actagcggta ccgcaggtge ttggagggtt atccttcttg 14280

aatcctgaga aatgtttcta ccggaatcta ggagatccag ttacctcagg cttattccag 14340

ttaaaaactt atctccgaat gattgagatg gatgatttat tcttaccttt aattgcgaag 14400

aaccctggga actgcactge cattgacttt gtgctaaate ctagcggatt aaatgtccct 14460

gggtcgcaag acttaactte atttctgcge cagattgtac gcaggaccat caccctaagt 14520

gcgaaaaaca aacttattaa taccttattt catgcgtcag ctgacttcga agacgaaatg 14580

gtttgtaaat ggctattate atcaactcct gttatgagte gttttgcgge cgatatcttt 14640

teacgcacge cgagcgggaa gcgattgceaa attctaggat acctggaagg aacacgcaca 14700

ttattagect ctaagatcat caacaataat acagagacac cggttttgga cagactgagg 14760

aaaataacat tgcaaaggtg gagectatgg tttagttate ttgatcattg tgataatatc 14820

etggcggagg ctttaaccca aataacttgc acagttgatt tagcacagat tctgagggaa 14880

tattcatggg ctcatatttt agagggaaga cctcttattg gagccacact cccatgtatg 14940

attgagcaat tcaaagtgtt ttggctgaaa ccctacgaac aatgtccgca gtgttcaaat 15000

gcaaagcaac caggtgggaa accattcgtg tcagtggcag tcaagaaaca tattgttagt 15060

gcatggcecga acgcatcccg aataagetgg actatcgggg atggaatcce atacattgga 15120

tcaaggacag aagataagat aggacaacct gctattaaac caaaatgtce ttcecgcagee 15180

ttaagagagg ccattgaatt ggcegtcccgt ttaacatggg taactcaagg cagttcgaac 15240

agtgacttge taataaaace atttttggaa gcacgagtaa atttaagtgt tcaagaaata 15300

ettcaaatga ccccttcaca ttactcagga aatattgttc acaggtacaa cgatcaatac 15360

agtcctcatt ctttcatgge caatcgtatg agtaattcag caacgcegatt gattgtttct 15420

acaaacactt taggtgagtt ttcaggaggt ggccagtctg cacgcgacag caatattatt 15480

ttccagaatg ttataaatta tgcagttgca ctgttcgata ttaaatttag aaacactgag 15540

gctacagata tccaatataa tegtgctcac cttcatctaa ctaagtgttg cacccgggaa 15600

gtaccagcte agtatttaac atacacatct acattggatt tagatttaac aagataccga 15660

gaaaacgaat tgatttatga cagtaatcct ctaaaaggag gactcaattg caatatctca 15720

ttcgataate catttttcca aggtaaacgg ctgaacatta tagaagatga tcttattcga 15780

etgectcact tatctggatg ggagctagee aagaccatca tgcaatcaat tatttcagat 15840

agcaacaatt catctacaga cccaattage agtggagaaa caagatcatt cactacccat 15900

ttcttaactt atcccaagat aggacttctg tacagttttg gggcctttgt aagttattat 15960

ettggcaata caattcttcg gactaagaaa ttaacacttg acaatttttt atattactta 16020

actactcaaa ttcataatct accacatcgce tcattgcgaa tacttaagec aacattcaaa 16080

catgcaageg ttatgtcacg gttaatgagt attgatccte atttttctat ttacatagge 16140

ggtgctgcag gtgacagagg actctcagat geggccaggt tatttttgag aacgtccatt 16200

teatctttte ttacatttgt aaaagaatgg ataattaate gceggaacaat tgtcccttta 16260

tggatagtat atccgctaga gggtcaaaac ccaacacctg tgaataattt tctctatcag 16320

atcgtagaac tgctggtgca tgattcatca agacaacagg cttttaaaac taccataagt 16380

gatcatgtac atcctcacga caatcttgtt tacacatgta agagtacage cagcaatttc 16440

ttecatgceat cattggcegta ctggaggagce agacacagaa acagcaaccg aaaatacttg 16500
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gcaagagact cttcaactgg atcaagcaca aacaacagtg atggtcatat tgagagaagt 16560

caagaacaaa ccaccagaga tccacatgat ggcactgaac ggaatctagt cctacaaatg 16620

agccatgaaa taaaaagaac gacaattcca caagaaaaca cgcaccaggg tccgtcgttc 16680

cagtccttte taagtgacte tgcttgtggt acagcaaatc caaaactaaa tttcgatcga 16740

tegagacaca atgtgaaatt tcaggatcat aactcggcat ccaagaggga aggtcatcaa 16800

ataatctcac accgtctagt cctacctttc tttacattat ctcaagggac acgccaatta 16860

acgtcatcca atgagtcaca aacccaagac gagatatcaa agtacttacg gcaattgaga 16920

tecgtcattg ataccacagt ttattgtaga tttaccggta tagtctcgtc catgcattac 16980

aaacttgatg aggtcctttg ggaaatagag agtttcaagt cggctgtgac gctagcagag 17040

ggagaaggtg ctggtgcectt actattgatt cagaaatacc aagttaagac cttatttttc 17100

aacacgctag ctactgagtc cagtatagag tcagaaatag tatcaggaat gactactcct 17160

aggatgctte tacctgttat gtcaaaattc cataatgacc aaattgagat tattcttaac 17220

aactcagcaa gccaaataac agacataaca aatcctactt ggtttaaaga ccaaagagca 17280

aggcetaccta agcaagtcga ggttataacc atggatgcag agacaacaga gaatataaac 17340

agatcgaaat tgtacgaage tgtatataaa ttgatcttac accatattga tcctagegta 17400

ttgaaageag tggtccttaa agtctttcta agtgatactg agggtatgtt atggctaaat 17460

gataatttag ccccgttttt tgccactggt tatttaatta agccaataac gtcaagtgct 17520

agatctagtg agtggtatct ttgtctgacg aacttcttat caactacacg taagatgeca 17580

caccaaaace atctcagttg taaacaggta atacttacgg cattgcaact gcaaattcaa 17640

egaageccat actggctaag tcatttaact cagtatgctg actgtgagtt acatttaagt 17700

tatatccgee ttggttttce atcattagag aaagtactat accacaggta taacctcgtc 17760

gattcaaaaa gaggtccact agtctctate actcagcact tagcacatct tagagcagag 17820

attcgagaat taactaatga ttataatcaa cagcgacaaa gtcggactca aacatatcac 17880

tttattcgta ctgcaaaagg acgaatcaca aaactagtca atgattattt aaaattcttt 17940

ettattgtge aagcattaaa acataatggg acatggcaag ctgagtttaa gaaattacca 18000

gagttgatta gtgtgtgcaa taggttctac catattagag attgcaattg tgaagaacgt 18060

ttcttagtte aaaccttata tttacataga atgcaggatt ctgaagttaa gcttatcgaa 18120

aggcetgacag ggcttctgag tttatttecg gatggtctct acaggtttga ttgaattacc 18180

gtgcatagta tectgatact tgcaaaggtt ggttattaac atacagatta taaaaaactc 18240

ataaattgct ctcatacate atattgatct aatctcaata aacaactatt taaataacga 18300

aaggagtcce tatattatat actatattta gectctctce ctgcgtgata atcaaaaaat 18360

tcacaatgca gcatgtgtga catattactg ccgcaatgaa tttaacgcaa cataataaac 18420

tetgcactct ttataattaa gctttaacga aaggtctggg ctcatattgt tattgatata 18480

ataatgttgt atcaatatce tgtcagatgg aatagtgttt tggttgataa cacaacttct 18540

taaaacaaaa ttgatcttta agattaagtt ttttataatt atcattactt taatttgtcg 18600

ttttaaaaac ggtgatagee ttaatctttg tgtaaaataa gagattaggt gtaataacct 18660

taacattttt gtctagtaag ctactatttc atacagaatg ataaaattaa aagaaaagge 18720

aggactgtaa aatcagaaat accttcttta caatatagca gactagataa taatcttcgt 18780



US 2017/0121391 Al

63

-continued

May4, 2017

 

gttaatgata attaaga

<210> SEQ ID NO 92

<211> LENGTH: 18958

<212> TYPE: DNA

<213> ORGANISM: Ebola virus

<400> SEQUENCE: 92

eggacacaca aaaagaaaga agaattttta ggatcttttg tgtgcgaata actatgagga

agattaataa ttttectcte attgaaattt atatcggaat ttaaattgaa attgttactg

taatcatace tggtttgttt cagagecata tcaccaagat agagaacaac ctaggtctce

ggagggggca agggcatcag tgtgctcagt tgaaaatece ttgtcaacat ctaggectta

teacatcaca agttccegect taaactctge agggtgatcce aacaacctta atagcaacat

tattgttaaa ggacagcatt agttcacagt caaacaagea agattgagaa ttaactttga

ttttgaacct gaacacccag aggactggag actcaacaac cctaaagect ggggtaaaac

attagaaata gtttaaagac aaattgctcg gaatcacaaa attccgagta tggattctceg

tectcagaaa gtctggatga cgcecgagtct cactgaatct gacatggatt accacaagat

ettgacagea ggtctgtccg ttcaacaggg gattgttcgg caaagagtca teccagtgta

teaagtaaac aatcttgagg aaatttgeca acttatcata caggectttg aagetggtgt

tgattttcaa gagagtgegg acagtttect tetcatgett tgtcttcate atgegtacca

aggagattac aaacttttct tggaaagtgg cgcagtcaag tatttggaag ggcacgggtt

cegttttgaa gtcaagaagt gtgatggagt gaagegectt gaggaattge tgcecagceagt

atctagtggg agaaacatta agagaacact tgctgccatg cceggaagagg agacgactga

agetaatgee ggtcagttce tetectttge aagtctatte cttccgaaat tggtagtagg

agaaaaggect tgccttgaga aggttcaaag gcaaattcaa gtacatgcag agcaaggact

gatacaatat ccaacagett ggcaatcagt aggacacatg atggtgattt teegtttgat

gcgaacaaat tttttgatca aatttcttct aatacaccaa gggatgcaca tggttgcecgg

acatgatgce aacgatgctg tgatttcaaa ttcagtgget caagetegtt tttcaggtct

attgattgte aaaacagtac ttgatcatat cctacaaaag acagaacgag gagttcgtct

ccatecctctt gcaaggaccg ccaaggtaaa aaatgaggtg aactccttca aggctgcact

cagetcectg gcecaagcatg gagagtatge teetttegee cgacttttga acctttctgg

agtaaataat cttgagcatg gtcttttece tcaactgtcg gcaattgeac teggagtege

cacageccac gggagcacce tcegcaggagt aaatgttgga gaacagtatec aacagctcag

agaggcagee actgaggctg agaagcaact ccaacaatat geggagtcte gtgaacttga

ccatcttgga cttgatgatce aggaaaagaa aattcttatg aacttccatc agaaaaagaa

cgaaatcage ttccagcaaa caaacgegat ggtaactcta agaaaagage gectggccaa

gctgacagaa gctatcactg ctgcatcact gcccaaaaca agtggacatt acgatgatga

tgacgacatt cectttccag gacccatcaa tgatgacgac aatcctggece atcaagatga

tgatccgact gactcacagg atacgaccat tececgatgtg gtagttgace ccgatgatgg

aggctacggc gaataccaaa gttactcgga aaacggcatg agtgcaccag atgacttggt

cctattcgat ctagacgagg acgacgagga caccaageca gtgectaaca gatcgaccaa

18797

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



US 2017/0121391 Al May4, 2017

64

-continued
 

gggtggacaa cagaaaaaca gtcaaaaggg ccagcataca gagggcagac agacacaatc 2040

cacgccaact caaaacgtca caggecctcg cagaacaatc caccatgeca gtgctccact 2100

cacggacaat gacagaagaa acgaaccctc cggctcaace agecctcgea tgctgaccce 2160

aatcaacgaa gaggcagace cactggacga tgcecgacgac gagacgtcta gecttccegee 2220

ettagagtca gatgatgaag aacaggacag ggacggaact tctaaccgca cacccactgt 2280

egecccaccg gctcccgtat acagagatca ctccgaaaag aaagaactcce cgcaagatga 2340

acaacaagat caggaccaca ttcaagagge caggaaccaa gacagtgaca acacccagec 2400

agaacattct tttgaggaga tgtatcgeca cattctaaga tcacagggge catttgatge 2460

egttttgtat tatcatatga tgaaggatga gectgtagtt ttcagtacca gtgatggtaa 2520

agagtacacg tatccggact cccttgaaga ggaatatcca ccatggctca ctgaaaaaga 2580

ggccatgaat gatgagaata gatttgttac actggatggt caacaatttt attggcecagt 2640

aatgaatcac aggaataaat tcatggcaat cctgcaacat catcagtgaa tgagceatgta 2700

ataatgggat gatttaatcg acaaatagct aacattaaat agtcaaggaa cgcaaacagg 2760

aagaattttt gatgtctaag gtgtgaatta ttatcacaat aaaagtgatt cttagttttg 2820

aatttaaage tagcettatta ttactagecg tttttcaaag ttcaatttga gtcttaatge 2880

aaataagegt taagcecacag ttatagcecat aatggtaact caatatctta gccagegatt 2940

tatctaaatt aaattacatt atgcttttat aacttaccta ctagectgcce caacatttac 3000

acgatcgttt tataattaag aaaaaactaa tgatgaagat taaaacctte atcatcctta 3060

egtcaattga attctctage actagaagct tattgtctte aatgtaaaag aaaagetgge 3120

ctaacaagat gacaactaga acaaagggca ggggcecatac tgtggccacg actcaaaacg 3180

acagaatgece aggecctgag ctttcgggct ggatctctga gcagctaatg accggaagga 3240

ttectgtaaa cgacatctte tgtgatattg agaacaatce aggattatge tacgceatcce 3300

aaatgcaaca aacgaagcca aacccgaaga tgcgcaacag tcaaacccaa acggacccaa 3360

tttgcaatca tagttttgag gaggtagtac aaacattgge ttcattggct actgttgtge 3420

aacaacaaac catcgcatca gaatcattag aacaacgcat tacgagtctt gagaatggtec 3480

taaagecagt ttatgatatg gcaaaaacaa tctcctcatt gaacagggtt tgtgctgaga 3540

tggttgcaaa atatgatctt ctggtgatga caaccggtcg ggcaacagca accgetgegg 3600

caactgagge ttattgggct gaacatggtc aaccaccace tggaccatca ctttatgaag 3660

aaagtgcgat tcggggtaag attgaatcta gagatgagac tgtccctcaa agtgttaggg 3720

aggcattcaa caatctagac agtaccactt cactaactga ggaaaatttt gggaaacctg 3780

acatttcgge aaaggatttg agaaacatta tgtatgatca cttgcectggt tttggaactg 3840

etttccacca attagtacaa gtgatttgta aattgggaaa agatagcaat tcattggaca 3900

ttattcatge tgagttccag gccagectgg ctgaaggaga ctecccctcaa tgtgecctaa 3960

ttcaaattac aaaaagagtt ccaatcttcce aagatgctge tccacctgte atccacatce 4020

gctctcgagg tgacattcce cgagettgee agaagagett gcgtccagte ccaccatcac 4080

ccaagattga tegaggttgg gtatgtgttt ttcagcttca agatggtaaa acacttggac 4140

tcaaaatttg agecaatcte ttttecctcce gaaagaggca actaatagca gaggcttcaa 4200

etgctgaact atagggtatg ttacattaat gatacacttg tgagtatcag ccctagataa 4260
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tataagtcaa ttaaacaacc aagataaaat tgttcatate ccgctagcag ctttaaagat 4320

aaatgtaata ggagctatac ctctgacagt attataatta attgttatta agtaacccaa 4380

accaaaaatg atgaagatta agaaaaacct acctcgactg agagagtgtt ttttcattaa 4440

ecttcatctt gtaaacgttg agcaaaattg ttaaaaatat gaggcgggtt atattgccta 4500

etgcetcctce tgaatatatg gaggecatat accctgccag gtcaaattca acaattgcta 4560

ggggtggcaa cagcaataca ggcttcctga caccggagte agtcaatgga gacactccat 4620

egaatccact caggccaatt gctgatgaca ccattgacca tgccagecac acaccaggca 4680

gtgtgtcate agcattcate ctcgaagcta tggtgaatgt catatcggge cccaaagtge 4740

taatgaagca aattccaatt tggecttccte taggtgtcge tgatcaaaag acctacaget 4800

ttgactcaac tacggecgcee atcatgcttg cttcatatac tatcacccat ttcggcaagg 4860

caaccaatce gcttgtcaga gtcaatcgge tgggtcctgg aateccggat caccecctca 4920

ggctcctgcg aattggaaac caggetttce tccaggagtt cgttcttcca ccagtccaac 4980

taccccagta tttcaccttt gatttgacag cactcaaact gatcactcaa ccactgectg 5040

etgcaacatg gaccgatgac actccaactg gatcaaatgg agegttgegt ccaggaattt 5100

catttcatce aaaacttcge cccattcttt tacccaacaa aagtgggaag aaggggaaca 5160

gtgccgatct aacatctccg gagaaaatce aagcaataat gacttcacte caggacttta 5220

agatcgttce aattgatcca accaaaaata tcatgggtat cgaagtgeca gaaactctgg 5280

tecacaagcet gaccggtaag aaggtgactt ccaaaaatgg acaaccaate ateccctgtte 5340

ttttgccaaa gtacattggg ttggacccgg tggctccagg agacctcacec atggtaatca 5400

cacaggattg tgacacgtgt cattctcctg caagtcttce agetgtggtt gagaagtaat 5460

tgcaataatt gactcagate cagttttaca gaatcttcte agggatagtg ataacatctt 5520

tttaataate cgtctactag aagagatact tctaattgat caatatacta aaggtgcttt 5580

acaccattgt ctcttttcte tcctaaatgt agagcttaac aaaagactca taatatacct 5640

gtttttaaaa gattgattga tgaaagatca tgactaataa cattacaaac aatcctacta 5700

taatcaatac ggtgattcaa atgtcaatct ttctcattge acatactctt tgtccttate 5760

etcaaattge ctacatgctt acatctgagg acagecagtg tgacttggat tggagatgtg 5820

gaggaaaaat cggggeccat ttctaagttg ttcacaatct aagtacagac attgetctte 5880

taattaagaa aaaatcggcg atgaagatta agcecgacagt gagecgtaate ttcatctcte 5940

ttagattatt tgtcttccag agtaggggtc atcaggtcct tttcaattgg ataaccaaaa 6000

taagcttcac tagaaggata ttgtgaggcg acaacacaat gggtgttaca ggaatattge 6060

agttacctcg tgatcgattc aagaggacat cattctttct ttgggtaatt atecttttece 6120

aaagaacatt ttecatcccg cttggagtta tccacaatag tacattacag gttagtgatg 6180

tegacaaact agtttgtcgt gacaaactgt catccacaaa tcaattgaga tcagttggac 6240

tgaatctcga ggggaatgga gtggcaactg acgtgecate tgtgactaaa agatggggcet 6300

teaggtccgg tgtcccacca aaggtggtca attatgaage tggtgaatgg gctgaaaact 6360

gctacaatct tgaaatcaaa aaacctgacg ggagtgagtg tctaccagea gegcecagacg 6420

ggattcgggg cttccccegg tgccggtatg tgcacaaagt atcaggaacg ggaccatgtg 6480

ceggagactt tgecttccac aaagagggtg ctttcttcct gtatgatcga cttgcttcca 6540



US 2017/0121391 Al May4, 2017

66

-continued
 

cagttatcta ccgaggaacg actttcgctg aaggtgtcgt tgcatttctg atactgccce 6600

aagctaagaa ggacttctte agetcacace ccttgagaga gcecggtcaat gcaacggagg 6660

acccgtcgag tggctattat tctaccacaa ttagatatca ggctaccggt tttggaacta 6720

atgagacaga gtacttgtte gaggttgaca atttgaccta cgtccaactt gaatcaagat 6780

teacaccaca gtttctgctce cagctgaatg agacaatata tgcaagtggg aagaggagca 6840

acaccacggg aaaactaatt tggaaggtca accccgaaat tgatacaaca atcggggagt 6900

gggecttctg ggaaactaaa aaaacctcac tagaaaaatt cgcagtgaag agttgtcttt 6960

cacagctgta tcaaacggac ccaaaaacat cagtggtcag agtccggege gaacttctte 7020

egacccagag accaacacaa caaatgaaga ccacaaaatc atggcttcag aaaattcctec 7080

tgcaatggtt caagtgcaca gtcaaggaag gaaagctgca gtgtcgcate tgacaaccct 7140

tgccacaate tecacgagte ctcaacctcce cacaaccaaa acaggtccgg acaacagcac 7200

ccataataca cccgtgtata aacttgacat ctctgaggca actcaagttg gacaacatca 7260

cegtagagca gacaacgaca gcacagectc cgacactcce cccgecacga cegcagecgg 7320

acccttaaaa gcagagaaca ccaacacgag taagagegct gactcectgg acctcgcecac 7380

cacgacaage ccccaaaact acagcgagac tgctggcaac aacaacactc atcaccaaga 7440

taccggagaa gagagtgcca gcagegggaa gctaggctta attaccaata ctattgctgg 7500

agtagcagga ctgatcacag gcgggagaag gactcgaaga gaagtaattg tcaatgctca 7560

acccaaatge aaccccaatt tacattactg gactactcag gatgaaggtg ctgcaatcgg 7620

attggcctgg ataccatatt tcegggcecage agcecgaggga atttacacag aggggctaat 7680

gcacaaccaa gatggtttaa tetgtgggtt gaggcagcetg gccaacgaaa cgactcaage 7740

tetccaactg ttectgagag ccacaactga gctgcgaace ttttcaatce tcaaccgtaa 7800

ggcaattgac ttectgctge agcgatgggg tggcacatge cacattttgg gaccggactg 7860

etgtatcgaa ccacatgatt ggaccaagaa cataacagac aaaattgate agattattca 7920

tgattttgtt gataaaacce ttecggacca gggggacaat gacaattggt ggacaggatg 7980

gagacaatgg ataccggcag gtattggagt tacaggtgtt ataattgcag ttategettt 8040

attctgtata tgcaaatttg tcttttagte tttcttcaga ttgtttcacg gcaaaactca 8100

acctcaaate aatgaaacta ggatttaatt atatgaatca cttgaatcta agattacttg 8160

acaaatgata acataataca ctggagcttc aaacatagee aatgtgatte taactecttt 8220

aaactcacag ttaatcataa acaaggtttg acatcaatct agctatatct ttaagaatga 8280

taaacttgat gaagattaag aaaaaggtaa tetttcgatt atctttagte ttcateccttg 8340

attctacaat catgacagtt gtctttaatg aaaaaggaaa aaagectttt tattaagttg 8400

taataatcag atctgcaaac cggtagaatt tagttgtaac ctaacacaca caaagcattg 8460

gtaaaaaagt caatagaaat ttaaacagtg agtgcagaca actcttaaat ggaagcttca 8520

tatgagagag gacgceccccg agctgccaga cagcattcaa gggatggaca cgaccaccat 8580

gttcgagcac gatcatcatce cagagagaat tatcgaggtg agtaccgtca atcaaggage 8640

gcectcacaag tgcgegttce tactgtattt cataagaaga gagttgaace attaacagtt 8700

ectccagcac ctaaagacat atgtccgacc ttgaaaaaag gatttttgtg tgacagtagt 8760

ttttgcaaaa aagaccacca gttagaaagt ttaactgata gggaattact cctactaate 8820
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gcccgtaaga cttgtggatc agtagaacaa caattaaata taactgcace caaggactcg 8880

egcttagcaa atccaacgge tgatgatttc cagcaagagg aaggtcccaa aattaccttg 8940

ttgacactga tcaagacgge agaacactgg gcgagacaag acatccgaac catagaggat 9000

tecaaattaa gggcattgtt aactctatgt gctgtgatga cgaggaaatt ctcaaaatecc 9060

cagcetgagte ttttgtgtga gacacaccta aggcgcegaag ggcttgggca agatcaggca 9120

gaaccecgtte tcgaagtata tcaacgatta cacagtgata aaggaggcag ttttgaaget 9180

gcactatgge aacaatggga ccgacaatce ctaattatgt ttatcactge attcttgaat 9240

ategctctce agttaccgtg tgaaagttct getgtcgttg tttcagggtt aagaacattg 9300

gttcctcaat cagataatga ggaagcttca accaacccgg ggacatgcte atggtctgat 9360

gagggtacce cttaataagg ctgactaaaa cactatataa ccttctactt gatcacaata 9420

etccgtatac ctatcatcat atatttaatc aagacgatat cctttaaaac ttattcagta 9480

ctataatcac tctcatttca aattgataag atatgcataa ttgecttaat atataaagag 9540

gtatgatata acccaaacat tgaccaaaga aaatcataat ctcgtatcge tcgcaatata 9600

acctgccaag catacctctt gcacaaagtg attcttgtac acaaataatg tttgactcta 9660

caggaggtag caacgatcca tctcatcaaa aaataagtat tttatgattt actaatgate 9720

tcttaaaata ttaagaaaaa ctgacggaac ataaattctt tctgcttcaa gttgtggagg 9780

aggtctatgg tattcgctat tgttatatta caatcaataa caagcttgta aaaatattgt 9840

tettgtttca ggaggtatat tgtgaccgga aaagctaaac taatgatgaa gattaatgceg 9900

gaggtctgat gagaataaac cttattatte agattaggcee ccaagaggca ttcttcatct 9960

ecttttagcea aaatactatt tcaggatagt ccagctagtg acacgtcttt tagctgtata 10020

ecagttgece ctgagatacg ccacaaaagt gtctctgage taaagtggtc tgtacacatc 10080

teatacattg tattagggge aataatatct aattgaactt agecatttaa aatttagtge 10140

ataaatctgg gctaactcca ccaggtcaac tecattggct gaaaagaage ccacctacaa 10200

egaacattac tttgagegee ctcacaatta aaaaataaga gegtcgttcc aacaatcgag 10260

egcaaggtta caaggttgaa ctgagagtgt ctagacaaca aaatatcgat actccagaca 10320

ccaagcaaga cctgagaaaa aaccatggcc aaagctacgg gacgatacaa tctaatatcg 10380

eccaaaaagg acctggagaa aggggttgtc ttaagegace tctgtaactt cttagttagt 10440

caaactatte aagggtggaa agtttattgg gctggtattg agtttgatgt gactcacaaa 10500

ggaatggece tattgcatag actgaaaact aatgactttg cccctgcatg gtcaatgaca 10560

aggaacctat ttecccattt atttcaaaat ccgaattcca ctattgaatc accgctgtgg 10620

gcactgagag tcatecttge agcagggata caggaccagt taattgacca gtctttgatt 10680

gaacccttag caggageect tggtctgate tctgattgge tgctaacaac caacactaac 10740

catttcaaca tgcgaacaca acgtgtcaag gaacaattga gcctaaaaat gcetgtcgttg 10800

attcgatcca atattctcaa gtttattaac aaattggatg ctctacatgt cgtgaactac 10860

aatggattat tgagcagtat tgaaattgga actcaaaatec atacaatcat cataactcga 10920

actaacatgg gttttctggt ggagctccaa gaacccgaca aatcggcaat gaaccgcaag 10980

aagectggge cggcgaaatt ttecctcctt catgagtcca cactgaaage atttacacaa 11040

gggtcctcga cacgaatgca aagtttaatt cttgaattca atagetctct tgctatctaa 11100
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ctaagatgga atacttcata ttgggctaac tcatatatge tgactcaata gttaacttga 11160

catctctgcee ttcataatca gatatataag cataataaat aaatactcat atttcttgat 11220

aatttgttta accacagata aatcctcact gtaagecage ttccaagttg acacccttac 11280

aaaaaccagg actcagaatec cctcaaataa gagattccaa gacaacatca tagaattgcet 11340

ttattatatt aataagecatt ttatcactag aaatccaata tacgaaatgg ttaattgtaa 11400

ectaaacccge aggtcatgtg tgttaggttt cacaaattat atatattact aactccatac 11460

tegtaactaa cattagataa gtaggttaag aaaaaagcett gaggaagatt aagaaaaact 11520

gcttattggg tctttccgtg ttttagatga agcagttgac attcttccte ttgatattaa 11580

atggctacac aacataccca atacccagac geccaggttat catcaccaat tgtattggac 11640

caatgtgace ttgtcactag agettgcggg ttgtattcat catacteccct taatccgcaa 11700

ectacgcaact gtaaactcce gaaacatata taccgtttaa aatatgatgt aactgttacc 11760

aagttcttaa gtgatgtace agtggcgaca ttgcccatag atttcatagt cccaattctt 11820

etcaaggcac tatcaggcaa tgggttctgt cctgttgage cgcggtgeca acagttctta 11880

gatgaaatta ttaagtacac aatgcaagat gctctcttce tgaaatatta tctcaaaaat 11940

gtgggtgcte aagaagactg tgttgatgac cactttcaag aaaaaatctt atcttcaatt 12000

cagggcaatg aatttttaca tcaaatgttt ttctggtatg acctggctat tttaactcga 12060

aggggtagat taaatcgagg aaactctaga tcaacgtggt ttgttcatga tgatttaata 12120

gacatcttag gctatgggga ctatgttttt tggaagatce caatttcact gttaccactg 12180

aacacacaag gaatcceccca tgctgctatg gattggtatc agacatcagt attcaaagaa 12240

geggttcaag ggcatacaca cattgtttct gtttctactg ccgatgtctt gataatgtge 12300

aaagatttaa ttacatgtcg attcaacaca actctaatct caaaaatage agaggttgag 12360

gacccagttt gctctgatta teccaatttt aagattgtgt ctatgcettta ccagagegga 12420

gattacttac tctccatatt agggtctgat gggtataaaa tcattaagtt tctcgaacca 12480

ttgtgcttgg ctaaaattca attgtgctca aagtacaccg agaggaaggg ccgattctta 12540

acacaaatge atttagctgt aaatcacacc ctggaagaaa ttacagaaat acgtgcacta 12600

aagecttcac aggctcacaa gatccgtgaa ttccatagaa cattgataag gctggagatg 12660

acgecacaac aactttgtga gctattttcc atacaaaaac actgggggca tectgtgcta 12720

catagtgaaa cagcaatcca aaaagttaaa aaacatgcta cggtgctaaa agcattacge 12780

ectatcgtga ttttcgagac atattgtgtt tttaaatata gcattgcaaa acattatttt 12840

gatagtcaag gatcttggta cagtgttace tcagatagaa atctaacace aggtcttaat 12900

tettatatca aaagaaatca attccctccg ttgccaatga ttaaagaact gctatgggaa 12960

ttttaccace ttgaccatce tecacttttc tcaaccaaaa ttattagtga cttaagtatt 13020

tttataaaag acagagctac tgcagtagaa aggacatgct gggatgcagt attcgagect 13080

aatgttctgg gatataatcce acctcacaaa ttcagtacca aacgtgtacc ggaacaattt 13140

ttagagcaag aaaactttte tattgagaat gttctttcct acgcgcaaaa actcgagtat 13200

ectactaccac aatatcggaa tttttctttc tcattgaaag agaaagagtt gaatgtaggt 13260

agaactttcg gaaaattgcee ttatccgact cgcaatgtte aaacactttg tgaagetctg 13320

ttagectgatg gtcttgctaa ageatttcct agcaatatga tggtagttac ggaacgtgaa 13380
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Caaaaagaaa gcttattgca tcaagcatca tggcaccaca caagtgatga tttcggtgag 13440

catgccacag ttagagggag tagctttgta actgatttag agaaatacaa tcttgcattt 13500

aggtatgagt ttacagcace ttttatagaa tattgcaacc gttgctatgg tgttaagaat 13560

gtttttaatt ggatgcatta tacaatccca cagtgttata tgcatgtcag tgattattat 13620

aatccaccge ataacctcac actggaaaat cgaaacaacec cccctgaagg gcectagttca 13680

tacaggggte atatgggagg gattgaagga ctgcaacaaa aactctggac aagtatttca 13740

tgtgctcaaa tttctttagt tgaaattaag actggtttta agttgcgcetc agetgtgatg 13800

ggtgacaate agtgcattac cgttttatca gtcttcccct tagagactga tgcaggegag 13860

caggaacaga gcgecgagga caatgcageg agggtggecg ccagectage aaaagttaca 13920

agtgectgtg gaatcttttt aaaacctgat gaaacatttg tacattcagg ttttatctat 13980

tttggaaaaa aacaatattt gaatggggtc caattgecte agtcccttaa aacggctaca 14040

agaatggcac cattgtctga tgcaattttt gatgatctte aagggacect ggctagtata 14100

ggtactgctt ttgagegate catctctgag acacgacata tetttecttg cagaataacc 14160

gceagetttce atacgttctt ttcggtgaga atcttgcaat atcatcacct cggatttaat 14220

aaaggttttg accttggaca gttaacactc ggcaaaccte tgygatttcgg aacaatatca 14280

ttggcactag cggtaccgea ggtgcttgga gggttatcct tcttgaatce tgagaaatgt 14340

ttctaccgga atctaggaga tccagttacc tcaggtttat tccagttaaa aacttatctc 14400

egaatgattg agatggatga tttattctta cctttaattg cgaagaacce tgggaactge 14460

actgccattg actttgtgct aaatcctage ggattaaatg ttectgggtc gcaagactta 14520

acttcattte tgcgccagat tgtacgtagg actatcacce taagtgcgaa aaacaaactt 14580

attaatacct tatttcatge atcagctgac ttcgaagacg aaatggtttg taagtggctc 14640

ttatcatcaa ctectgttat gagtcgtttc gcagecgata tattttcacg cacgcecgage 14700

gggaagegat tgcaaattct aggatacttg gaaggaacac gcacattatt agectctaag 14760

atcatcaaca ataatacaga gacgccggtt ttggacagac tgaggaagat aacattgcaa 14820

aggtggagte tatggtttag ttatcttgat cattgtgata atatcctgge ggaggcttta 14880

acccaaataa cttgcacagt tgatttagca cagatcctga gggaatattec atgggcacat 14940

attttagagg ggagacctct tattggagece acactcccat gtatgattga gcaattcaaa 15000

gtggtttgge tgaaacccta cgaacaatgt ccgcagtgtt caaatgecaa gcaacctggt 15060

gggaaaccat tegtgtcagt agcagtcaag aaacatattg ttagtgcatg gcecaaatgca 15120

teccgaataa gctggactat cggggatgga atcccataca ttggatcaag gacagaagat 15180

aagataggge aacctgctat taaaccaaaa tgtccttccg cagecttaag agaggecatt 15240

gaattggcgt cccgtttaac atgggtaact caaggcagtt cgaacagtga cttgctaata 15300

aaaccatttt tggaagcacg agtaaattta agtgttcaag aaatacttca aatgacccct 15360

teacattact cgggaaatat tgttcatagg tacaacgate aatacagtce tcattctttce 15420

atggccaate gtatgagtaa ctcagcaacg cgattgattg tttctacaaa cactttaggt 15480

gagttttcag gaggtggeca atcggcacge gacagcaata ttattttcca gaatgttata 15540

aattatgcag ttgcactgtt cgatattaaa tttagaaaca ctgaggctac agatatccag 15600

tataatcgtg ctcaccttca tctaactaag tgttgceacce gggaggtace agcetcagtac 15660
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ttaacataca catctacatt ggatttagat ttaacaagat accgagaaaa tgaattgatt 15720

tatgacaata atcctctaaa aggaggactc aattgcaata tctcatttga taacccattt 15780

ttccaaggca aacagctgaa cattatagaa gatgacctta ttegactgcece tcacttatct 15840

ggatgggage tagctaagac catcatgcaa tcaattattt cagatagcaa taattegtct 15900

acagacccaa ttagcagtgg agaaacaaga tcattcacta cccatttctt aacttatccce 15960

aaaataggac ttctgtacag ttttggggee tttgtaagtt attatcttgg caatacaatt 16020

ettcggacta agaaattaac acttgacaat tttttatatt acttaactac ccaaattcat 16080

aatctaccac atcgctcatt gcgaatactt aagccaacat tcaaacatge aagegttatg 16140

tceacgattaa tgagtattga tecccatttt tetatttaca taggcggtge tgcaggtgac 16200

agaggactct cagatgegge caggttattt ttgagaacgt ccatttcate ttttcttaca 16260

tttgtaaagg aatggataat taatcgcgga acaattgtce ctttatggat agtatatcca 16320

ttagagggtc aaaatccaac acctgttaat aatttcctcce atcagatcgt agaactgctg 16380

gtgcatgatt catcaagaca ccaggctttt aaaactacca taaatgatca tgtacatcct 16440

cacgacaate ttgtttacac atgtaagagt acagecagcea atttcttcca tgegtcattg 16500

gegtactgga ggagcaggca cagaaacage aaccgaaaag acttgacaag aaactcttca 16560

actggatcaa gcacaaacaa cagtgatggt catattaaga gaagtcaaga acaaaccacc 16620

agagatccac atgatggcac tgaacggagt ctagtcctge aaatgageca tgaaataaaa 16680

agaacgacaa ttccacaaga gaacacgcac cagggtccgt cgttccagtc atttctaagt 16740

gactctgctt gcggtacage aaacccaaaa ctaaatttcg atagatcgag acacaatgtg 16800

aaatctcagg atcataactc agcatccaag agggaaggtc atcaaataat ctcacatcgt 16860

etagtcctac ctttctttac attatctcaa gggacacgee aattaacgtc atccaatgag 16920

tcacaaacce aagatgagat atcaaagtac ttacggcaat tgagatccgt cattgatacc 16980

acagtttatt gtaggtttac cggtatagtc tegtccatge attacaaact tgatgaggtc 17040

etttgggaaa tagagaattt taagtcgget gtgacgctgg cagagggaga aggtgcetggt 17100

gecttactat tgattcagaa ataccaagtt aagaccttat tcttcaacac gctagctact 17160

gagtccagta tagagtcaga aatagtatca ggaatgacta ctcctaggat gettctacct 17220

gttatgtcaa aattccataa tgaccaaatt gagattatte ttaacaact¢ec agcaagecaa 17280

ataacagaca taacaaatce tacttggttt aaagaccaaa gagcaaggct acctaggcaa 17340

gtcgaggtta taaccatgga tgcagagacg acagagaata taaacagat¢e gaaattgtac 17400

gaagctgtac ataaattgat cttacaccat gttgatccca gcgtattgaa agcagtggtc 17460

ettaaagtct ttctaagtga taccgagggt atgttatgge taaatgataa tctageeccg 17520

ttttttgeca ctgggtattt aattaageca ataacgtcaa gtgccaggtc tagtgagtgg 17580

tatctttgte tgacgaactt cttatcaact acacgtaaga tgccacacca aaaccatctc 17640

agttgtaage aggtaatact tacggcattg caactgcaaa ttcaacggag cccatactgg 17700

ctaagtcatt taactcagta tgctgactgce gatttacatt taagctatat ccgecttggt 17760

tttccatcat tagagaaagt actataccac aggtataacec ttgtcgattc aaaaagaggt 17820

ecactagtct ctgtcactca gcacttageca catcttaggg cagagattcg agaattgacc 17880

aatgattata atcaacagcg acaaagtcgg actcaaacat atcactttat tcgtactgca 17940
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aaaggacgaa tcacaaaact agtcaatgat tatttaaaat tctttcttat tgtacaagca 18000

ttaaaacata atgggacatg gcaagctgag tttaagaaat taccagagtt gattagtgtg 18060

tgcaataggt tctatcatat tagagattgt aattgtgaag aacgtttctt agttcaaacc 18120

ttatatttac atagaatgca ggattctgaa gttaagctta tcgaaaggct gacagggctt 18180

etgagtttat ttccagatgg tctctacagg ttcgattgaa taaccgtgca tagtattttg 18240

atacttgtaa aggttggtta tcaacataca gattataaaa aactcataaa ttgctctcat 18300

acatcatctt gatctgattt caataaataa ctatttagat aacgaaagga gtccttacat 18360

tatacactat atttggecte tctccctgcg tgataatcaa aaaattcaca atacagcatg 18420

tgtgacatat tactgctgca atgagtctaa cgcaacataa taaactccge actctttata 18480

attaagcttt aacgataggt ctgggctcat attgttattg atatagtaat gttgtatcaa 18540

tatcttgeca gatggaatag tgctttggtt gataacacga cttcttaaaa caaaactgat 18600

etttaagatt aagtttttta taattgtcat tgctttaatt tgtcgattta aaaatggtga 18660

tagecttaat ctttgtgtaa aataagagat taggtgtaat aactttaaca tttttgtcta 18720

gtaagctact attccattca gaatgataaa attaaaagaa aagacatgac tgtaaaatca 18780

gaaatacctt ctttacaata tagcagacta gataataate ttcgtgttaa tgataattaa 18840

ggcattgace acgctcatca gaaggctcac tagaataaac gttgcaaaaa ggatecctgg 18900

aaaaatggte gcacacaaaa atttaaaaat aaatctattt cttectttttt gtgtgtce 18958

<210> SEQ ID NO 93

<211> LENGTH: 18958

<212> TYPE: DNA

<213> ORGANISM: Ebola virus

<400> SEQUENCE: 93

eggacacaca aaaagaaaga agaattttta ggatcttttg tgtgcgaata actatgagga 60

agattaataa ttttcctcte attgaaattt atatcggaat ttaaattgaa attgttactg 120

taatcatace tggtttgttt cagagcecata tcaccaagat agagaacaac ctaggtctce 180

ggagggggea agggcatcag tgtgctcagt tgaaaatcce ttgtcaacat ctaggectta 240

tcacatcaca agttccgcect taaactctge agggtgatcc aacaacctta atagcaacat 300

tattgttaaa ggacagcatt agttcacagt caaacaagca agattgagaa ttaactttga 360

ttttgaacct gaacacccag aggactggag actcaacaac cctaaagect ggggtaaaac 420

attagaaata gtttaaagac aaattgctcg gaatcacaaa attccgagta tggattctcg 480

tectcagaaa gtctggatga cgccgagtct cactgaatct gacatggatt accacaagat 540

ettgacagea ggtctgtccg ttcaacaggg gattgttcgg caaagagtca tecccagtgta 600

tcaagtaaac aatcttgagg aaatttgcca acttatcata caggcectttg aagetggtgt 660

tgattttcaa gagagtgcgg acagtttcct tctcatgett tgtcttcate atgcegtacca 720

aggagattac aaacttttct tggaaagtgg cgcagtcaag tatttggaag ggcacgggtt 780

cegttttgaa gtcaagaagt gtgatggagt gaagegectt gaggaattge tgcecagcagt 840

atctagtggg agaaacatta agagaacact tgctgccatg ccggaagagg agacgactga 900

agctaatgee ggtcagttce tctcctttge aagtctattc cttccgaaat tggtagtagg 960

agaaaaggct tgeccttgaga aggttcaaag gcaaattcaa gtacatgcag agcaaggact 1020
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gatacaatat ccaacagett ggcaatcagt aggacacatg atggtgattt tecgtttgat 1080

gcgaacaaat tttttgatca aatttcttct aatacaccaa gggatgcaca tggttgcecgg 1140

acatgatgce aacgatgctg tgatttcaaa ttcagtggcet caagetcgtt tttcaggtct 1200

attgattgtc aaaacagtac ttgatcatat cctacaaaag acagaacgag gagttecgtct 1260

eccatcctctt gcaaggaccg ccaaggtaaa aaatgaggtg aactccttca aggctgcact 1320

cagetccctg gccaagcatg gagagtatge tectttcgee cgacttttga acctttctgg 1380

agtaaataat cttgagcatg gtcttttcce tcaactgtcg gcaattgeac tcggagtcge 1440

cacageccac gggagcacce tcgcaggagt aaatgttgga gaacagtatc aacagctcag 1500

agaggcagee actgaggctg agaagcaact ccaacaatat gcggagtcte gtgaacttga 1560

eccatcttgga cttgatgatc aggaaaagaa aattcttatg aacttccatc agaaaaagaa 1620

egaaatcage ttccagcaaa caaacgegat ggtaactcta agaaaagage gectggccaa 1680

gctgacagaa gctatcactg ctgcatcact gcccaaaaca agtggacatt acgatgatga 1740

tgacgacatt ccctttccag gacccatcaa tgatgacgac aatectggce atcaagatga 1800

tgatccgact gactcacagg atacgaccat teccgatgtg gtagttgace ccgatgatgg 1860

aggctacgge gaataccaaa gttactcgga aaacggcatg agtgcaccag atgacttggt 1920

ectattcgat ctagacgagg acgacgagga caccaageca gtgcctaaca gatcgaccaa 1980

gggtggacaa cagaaaaaca gtcaaaaggg ccagcataca gagggcagac agacacaatc 2040

cacgccaact caaaacgtca caggecctcg cagaacaatc caccatgeca gtgctccact 2100

cacggacaat gacagaagaa acgaaccctc cggctcaace agecctcgea tgctgaccce 2160

aatcaacgaa gaggcagace cactggacga tgcecgacgac gagacgtcta gecttccegee 2220

ettagagtca gatgatgaag aacaggacag ggacggaact tctaaccgca cacccactgt 2280

etccccaccg gctcccgtat acagagatca ctccgaaaag aaagaactce cgcaagatga 2340

acaacaagat caggaccaca ttcaagagge caggaaccaa gacagtgaca acacccagec 2400

agaacattct tttgaggaga tgtatcgeca cattctaaga tcacagggge catttgatge 2460

egttttgtat tatcatatga tgaaggatga gectgtagtt ttcagtacca gtgatggtaa 2520

agagtacacg tatccggact cccttgaaga ggaatatcca ccatggctca ctgaaaaaga 2580

ggccatgaat gatgagaata gatttgttac actggatggt caacaatttt attggcecagt 2640

aatgaatcac aggaataaat tcatggcaat cctgcaacat catcagtgaa tgagceatgta 2700

ataatgggat gatttaatcg acaaatagct aacattaaat agtcaaggaa cgcaaacagg 2760

aagaattttt gatgtctaag gtgtgaatta ttatcacaat aaaagtgatt cttagttttg 2820

aatttaaage tagcettatta ttactagecg tttttcaaag ttcaatttga gtcttaatge 2880

aaataagegt taagcecacag ttatagcecat aatggtaact caatatctta gccagegatt 2940

tatctaaatt aaattacatt atgcttttat aacttaccta ctagectgcce caacatttac 3000

acgatcgttt tataattaag aaaaaactaa tgatgaagat taaaacctte atcatcctta 3060

egtcaattga attctctage actagaagct tattgtctte aatgtaaaag aaaagetgge 3120

ctaacaagat gacaactaga acaaagggca ggggcecatac tgtggccacg actcaaaacg 3180

acagaatgece aggecctgag ctttcgggct ggatctctga gcagctaatg accggaagga 3240

ttectgtaaa cgacatctte tgtgatattg agaacaatce aggattatge tacgceatcce 3300
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aaatgcaaca aacgaagcca aacccgaaga tgcgcaacag tcaaacccaa acggacccaa 3360

tttgcaatca tagttttgag gaggtagtac aaacattgge ttcattggct actgttgtge 3420

aacaacaaac catcgcatca gaatcattag aacaacgcat tacgagtctt gagaatggtec 3480

taaagecagt ttatgatatg gcaaaaacaa tctcctcatt gaacagggtt tgtgctgaga 3540

tggttgcaaa atatgatctt ctggtgatga caaccggtcg ggcaacagca accgetgegg 3600

caactgagge ttattgggct gaacatggtc aaccaccace tggaccatca ctttatgaag 3660

aaagtgcgat tcggggtaag attgaatcta gagatgagac tgtccctcaa agtgttaggg 3720

aggcattcaa caatctagac agtaccactt cactaactga ggaaaatttt gggaaacctg 3780

acatttcgge aaaggatttg agaaacatta tgtatgatca cttgcectggt tttggaactg 3840

etttccacca attagtacaa gtgatttgta aattgggaaa agatagcaat tcattggaca 3900

ttattcatge tgagttccag gccagectgg ctgaaggaga ctecccctcaa tgtgecctaa 3960

ttcaaattac aaaaagagtt ccaatcttcce aagatgctge tccacctgte atccacatce 4020

gctctcgagg tgacattcce cgagettgee agaagagett gcgtccagte ccaccatcac 4080

ccaagattga tegaggttgg gtatgtgttt ttcagcttca agatggtaaa acacttggac 4140

tcaaaatttg agecaatcte ttttecctcce gaaagaggca actaatagca gaggcttcaa 4200

etgctgaact atagggtatg ttacattaat gatacacttg tgagtatcag ccctagataa 4260

tataagtcaa ttaaacaacc aagataaaat tgttcatate ccgctagcag ctttaaagat 4320

aaatgtaata ggagctatac ctctgacagt attataatta attgttatta agtaacccaa 4380

accaaaaatg atgaagatta agaaaaacct acctcgactg agagagtgtt ttttcattaa 4440

ecttcatctt gtaaacgttg agcaaaattg ttaaaaatat gaggcgggtt atattgccta 4500

etgcetcctce tgaatatatg gaggecatat accctgccag gtcaaattca acaattgcta 4560

ggggtggcaa cagcaataca ggcttcctga caccggagte agtcaatgga gacactccat 4620

egaatccact caggccaatt gctgatgaca ccatcgacca tgccagecac acaccaggca 4680

gtgtgtcate agcattcate ctcgaagcta tggtgaatgt catatcggge cccaaagtge 4740

taatgaagca aattccaatt tggecttccte taggtgtcge tgatcaaaag acctacaget 4800

ttgactcaac tacggecgcee atcatgcttg cttcatatac tatcacccat ttcggcaagg 4860

caaccaatce gcttgtcaga gtcaatcgge tgggtcctgg aateccggat caccecctca 4920

ggctcctgcg aattggaaac caggetttce tccaggagtt cgttcttcca ccagtccaac 4980

taccccagta tttcaccttt gatttgacag cactcaaact gatcactcaa ccactgectg 5040

etgcaacatg gaccgatgac actccaactg gatcaaatgg agegttgegt ccaggaattt 5100

catttcatce aaaacttcge cccattcttt tacccaacaa aagtgggaag aaggggaaca 5160

gtgccgatct aacatctccg gagaaaatce aagcaataat gacttcacte caggacttta 5220

agatcgttce aattgatcca accaaaaata tcatgggtat cgaagtgeca gaaactctgg 5280

tecacaagcet gaccggtaag aaggtgactt ccaaaaatgg acaaccaate ateccctgtte 5340

ttttgccaaa gtacattggg ttggacccgg tggctccagg agacctcacec atggtaatca 5400

cacaggattg tgacacgtgt cattctcctg caagtcttce agetgtggtt gagaagtaat 5460

tgcaataatt gactcagate cagttttaca gaatcttcte agggatagtg ataacatctt 5520

tttaataate cgtctactag aagagatact tctaattgat caatatacta aaggtgcttt 5580
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acaccattgt ctcttttcte tcctaaatgt agagcttaac aaaagactca taatatacct 5640

gtttttaaaa gattgattga tgaaagatca tgactaataa cattacaaac aatcctacta 5700

taatcaatac ggtgattcaa atgtcaatct ttctcattge acatactctt tgtccttate 5760

etcaaattge ctacatgctt acatctgagg acagecagtg tgacttggat tggagatgtg 5820

gaggaaaaat cggggeccat ttctaagttg ttcacaatct aagtacagac attgetctte 5880

taattaagaa aaaatcggcg atgaagatta agcecgacagt gagecgtaate ttcatctcte 5940

ttagattatt tgtcttccag agtaggggtc atcaggtcct tttcaattgg ataaccaaaa 6000

taagcttcac tagaaggata ttgtgaggcg acaacacaat gggtgttaca ggaatattge 6060

agttacctcg tgatcgattc aagaggacat cattctttct ttgggtaatt atecttttece 6120

aaagaacatt ttecatcccg cttggagtta tccacaatag tacattacag gttagtgatg 6180

tegacaaact agtttgtcgt gacaaactgt catccacaaa tcaattgaga tcagttggac 6240

tgaatctcga ggggaatgga gtggcaactg acgtgecate tgtgactaaa agatggggcet 6300

teaggtccgg tgtcccacca aaggtggtca attatgaage tggtgaatgg gctgaaaact 6360

gctacaatct tgaaatcaaa aaacctgacg ggagtgagtg tctaccagea gegcecagacg 6420

ggattcgggg cttccccegg tgccggtatg tgcacaaagt atcaggaacg ggaccatgtg 6480

ceggagactt tgecttccac aaagagggtg ctttcttcct gtatgatcga cttgcttcca 6540

cagttatcta ccgaggaacg actttcgctg aaggtgtcgt tgcatttctg atactgccce 6600

aagctaagaa ggacttctte agetcacace ccttgagaga gcecggtcaat gcaacggagg 6660

acccgtcgag tggctattat tctaccacaa ttagatatca ggctaccggt tttggaacta 6720

atgagacaga gtacttgtte gaggttgaca atttgaccta cgtccaactt gaatcaagat 6780

teacaccaca gtttctgctce cagctgaatg agacaatata tgcaagtggg aagaggagca 6840

acaccacggg aaaactaatt tggaaggtca accccgaaat tgatacaaca atcggggagt 6900

gggecttctg ggaaactaaa aaaacctcac tagaaaaatt cgcagtgaag agttgtcttt 6960

cacagctgta tcaaacggac ccaaaaacat cagtggtcag agtccggege gaacttctte 7020

egacccagag accaacacaa caaatgaaga ccacaaaatc atggcttcag aaaattcctec 7080

tgcaatggtt caagtgcaca gtcaaggaag gaaagctgca gtgtcgcate tgacaaccct 7140

tgccacaate tecacgagte ctcaacctcce cacaaccaaa acaggtccgg acaacagcac 7200

ccataataca cccgtgtata aacttgacat ctctgaggca actcaagttg gacaacatca 7260

cegtagagca gacaacgaca gcacagectc cgacactcce cccgecacga cegcagecgg 7320

acccttaaaa gcagagaaca ccaacacgag taagagegct gactcectgg acctcgcecac 7380

cacgacaage ccccaaaact acagcgagac tgctggcaac aacaacactc atcaccaaga 7440

taccggagaa gagagtgcca gcagegggaa gctaggctta attaccaata ctattgctgg 7500

agtagcagga ctgatcacag gcgggagaag gactcgaaga gaagtaattg tcaatgctca 7560

acccaaatge aaccccaatt tacattactg gactactcag gatgaaggtg ctgcaatcgg 7620

attggcctgg ataccatatt tcegggcecage agccgaagga atttacacag aggggctaat 7680

gcacaaccaa gatggtttaa tetgtgggtt gaggcagcetg gccaacgaaa cgactcaage 7740

tetccaactg ttectgagag ccacaactga gctgcgaace ttttcaatce tcaaccgtaa 7800

ggcaattgac ttectgctge agcgatgggg tggcacatge cacattttgg gaccggactg 7860
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etgtatcgaa ccacatgatt ggaccaagaa cataacagac aaaattgate agattattca 7920

tgattttgtt gataaaacce ttecggacca gggggacaat gacaattggt ggacaggatg 7980

gagacaatgg ataccggcag gtattggagt tacaggtgtt ataattgcag ttategettt 8040

attctgtata tgcaaatttg tcttttagte tttcttcaga ttgtttcacg gcaaaactca 8100

acctcaaate aatgaaacta ggatttaatt atatgaatca cttgaatcta agattacttg 8160

acaaatgata acataataca ctggagcttc aaacatagee aatgtgatte taactecttt 8220

aaactcacag ttaatcataa acaaggtttg acatcaatct agctatatct ttaagaatga 8280

taaacttgat gaagattaag aaaaaggtaa tetttcgatt atctttagte ttcateccttg 8340

attctacaat catgacagtt gtctttaatg aaaaaggaaa aaagectttt tattaagttg 8400

taataatcag atctgcaaac cggtagaatt tagttgtaac ctaacacaca caaagcattg 8460

gtaaaaaagt caatagaaat ttaaacagtg agtgcagaca actcttaaat ggaagcttca 8520

tatgagagag gacgceccccg agctgccaga cagcattcaa gggatggaca cgaccaccat 8580

gttcgagcac gatcatcatce cagagagaat tatcgaggtg agtaccgtca atcaaggage 8640

gcectcacaag tgcgegttce tactgtattt cataagaaga gagttgaace attaacagtt 8700

ectccagcac ctaaagacat atgtccgacc ttgaaaaaag gatttttgtg tgacagtagt 8760

ttttgcaaaa aagaccacca gttagaaagt ttaactgata gggaattact cctactaate 8820

gcccgtaaga cttgtggatc agtagaacaa caattaaata taactgcace caaggactcg 8880

egcttagcaa atccaacgge tgatgatttc cagcaagagg aaggtcccaa aattaccttg 8940

ttgacactga tcaagacgge agaacactgg gcgagacaag acatccgaac catagaggat 9000

tecaaattaa gggcattgtt aactctatgt gctgtgatga cgaggaaatt ctcaaaatecc 9060

cagcetgagte ttttgtgtga gacacaccta aggcgcegaag ggcttgggca agatcaggca 9120

gaaccecgtte tcgaagtata tcaacgatta cacagtgata aaggaggcag ttttgaaget 9180

gcactatgge aacaatggga ccgacaatce ctaattatgt ttatcactge attcttgaat 9240

ategctctce agttaccgtg tgaaagttct getgtcgttg tttcagggtt aagaacattg 9300

gttcctcaat cagataatga ggaagcttca accaacccgg ggacatgcte atggtctgat 9360

gagggtacce cttaataagg ctgactaaaa cactatataa ccttctactt gatcacaata 9420

etccgtatac ctatcatcat atatttaatc aagacgatat cctttaaaac ttattcagta 9480

ctataatcac tctcatttca aattgataag atatgcataa ttgecttaat atataaagag 9540

gtatgatata acccaaacat tgaccaaaga aaatcataat ctcgtatcge tcgcaatata 9600

acctgccaag catacctctt gcacaaagtg attcttgtac acaaataatg tttgactcta 9660

caggaggtag caacgatcca tctcatcaaa aaataagtat tttatgattt actaatgate 9720

tcttaaaata ttaagaaaaa ctgacggaac ataaattctt tctgcttcaa gttgtggagg 9780

aggtctatgg tattcgctat tgttatatta caatcaataa caagcttgta aaaatattgt 9840

tettgtttca ggaggtatat tgtgaccgga aaagctaaac taatgatgaa gattaatgceg 9900

gaggtctgat gagaataaac cttattatte agattaggcee ccaagaggca ttcttcatct 9960

ecttttagcea aaatactatt tcaggatagt ccagctagtg acacgtcttt tagctgtata 10020

ecagttgece ctgagatacg ccacaaaagt gtctctgage taaagtggtc tgtacacatc 10080

teatacattg tattagggge aataatatct aattgaactt agecatttaa aatttagtge 10140
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ataaatctgg gctaactcca ccaggtcaac tecattggct gaaaagaage ccacctacaa 10200

egaacattac tttgagegee ctcacaatta aaaaataaga gegtcgttce tacaatcgag 10260

egcaaggtta caaggttgaa ctgagagtgt ctagacaaca aaatatcgat actccagaca 10320

ccaagcaaga cctgagaaaa aaccatggcc aaagctacgg gacgatacaa tctaatatcg 10380

eccaaaaagg acctggagaa aggggttgtc ttaagegace tctgcaactt cttagttagt 10440

caaactatte aagggtggaa agtttattgg gctggtattg agtttgatgt gactcacaaa 10500

ggaatggece tattgcatag actgaaaact aatgactttg cccctgcatg gtcaatgaca 10560

aggaacctat ttecccattt atttcaaaat ccgaattcca ctattgaatc accgctgtgg 10620

gcactgagag tcatecttge agcagggata caggaccagt taattgacca gtctttgatt 10680

gaacccttag caggageect tggtctgate tctgattgge tgctaacaac caacactaac 10740

catttcaaca tgcgaacaca acgtgtcaag gaacaattga gcctaaaaat gcetgtcgttg 10800

attcgatcca atattctcaa gtttattaac aaattggatg ctctacatgt cgtgaactac 10860

aatggattat tgagcagtat tgaaattgga actcaaaatec atacaatcat cataactcga 10920

actaacatgg gttttctggt ggagctccaa gaacccgaca aatcggcaat gaaccgcaag 10980

aagectggge cggcgaaatt ttecctcctt catgagtcca cactgaaage atttacacaa 11040

gggtcctcga cacgaatgca aagtttaatt cttgaattca atagetctct tgctatctaa 11100

ctaagatgga atacttcata ttgggctaac tcatatatge tgactcaata gttaacttga 11160

catctctgcee ttcataatca gatatataag cataataaat aaatactcat atttcttgat 11220

aatttgttta accacagata aatcctcact gtaagecage ttccaagttg acacccttac 11280

aaaaaccagg actcagaatec cctcaaataa gagattccaa gacaacatca tagaattgcet 11340

ttattatatt aataagecatt ttatcactag aaatccaata tacgaaatgg ttaattgtaa 11400

ectaaacccge aggtcatgtg tgttaggttt cacaaattat atatattact aactccatac 11460

tegtaactaa cattagataa gtaggttaag aaaaaagcett gaggaagatt aagaaaaact 11520

gcttattggg tctttccgtg ttttagatga agcagttgac attcttccte ttgatattaa 11580

atggctacac aacataccca atacccagac geccaggctat catcaccaat tgtattggac 11640

caatgtgace ttgtcactag agettgcggg ttgtattcat catacteccct taatccgcaa 11700

ectacgcaact gtaaactcce gaaacatata taccgtttaa aatatgatgt aactgttacc 11760

aagttcttaa gtgatgtace agtggcgaca ttgcccatag atttcatagt cccaattctt 11820

etcaaggcac tatcaggcaa tgggttctgt cctgttgage cgcggtgeca acagttctta 11880

gatgaaatta ttaagtacac aatgcaagat gctctcttce tgaaatatta tctcaaaaat 11940

gtgggtgcte aagaagactg tgttgatgac cactttcaag aaaaaatctt atcttcaatt 12000

cagggcaatg aatttttaca tcaaatgttt ttctggtatg acctggctat tttaactcga 12060

aggggtagat taaatcgagg aaactctaga tcaacgtggt ttgttcatga tgatttaata 12120

gacatcttag gctatgggga ctatgttttt tggaagatce caatttcact gttaccactg 12180

aacacacaag gaatcceccca tgctgctatg gattggtatc agacatcagt attcaaagaa 12240

geggttcaag ggcatacaca cattgtttct gtttctactg ccgatgtctt gataatgtge 12300

aaagatttaa ttacatgtcg attcaacaca actctaatct caaaaatage agaggttgag 12360

gacccagttt gctctgatta teccaatttt aagattgtgt ctatgcettta ccagagegga 12420
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gattacttac tctccatatt agggtctgat gggtataaaa tcattaagtt tctcgaacca 12480

ttgtgcttgg ctaaaattca attgtgctca aagtacaccg agaggaaggg ccgattctta 12540

acacaaatge atttagctgt aaatcacacc ctggaagaaa ttacagaaat acgtgcacta 12600

aagecttcac aggctcacaa gatccgtgaa ttccatagaa cattgataag gctggagatg 12660

acgecacaac aactttgtga gctattttcc atacaaaaac actgggggca tectgtgcta 12720

catagtgaaa cagcaatcca aaaagttaaa aaacatgcta cggtgctaaa agcattacge 12780

ectatcgtga ttttcgagac atattgtgtt tttaaatata gcattgcaaa acattatttt 12840

gatagtcaag gatcttggta cagtgttace tcagatagaa atctaacace aggtcttaat 12900

tettatatca aaagaaatca attccctccg ttgccaatga ttaaagaact gctatgggaa 12960

ttttaccace ttgaccatce tecacttttc tcaaccaaaa ttattagtga cttaagtatt 13020

tttataaaag acagagctac tgcagtagaa aggacatgct gggatgcagt attcgagect 13080

aatgttctgg gatataatcce acctcacaaa ttcagtacca aacgtgtacc ggaacaattt 13140

ttagagcaag aaaactttte tattgagaat gttctttcct acgcgcaaaa actcgagtat 13200

ectactaccac aatatcggaa tttttctttc tcattgaaag agaaagagtt gaatgtaggt 13260

agaactttcg gaaaattgee ttacccgact cgcaatgttc aaacactttg tgaagetctg 13320

ttagectgatg gtcttgctaa ageatttcct agcaatatga tggtagttac ggaacgtgaa 13380

Caaaaagaaa gcttattgca tcaagcatca tggcaccaca caagtgatga tttcggtgag 13440

catgccacag ttagagggag tagctttgta actgatttag agaaatacaa tcttgcattt 13500

aggtatgagt ttacagcace ttttatagaa tattgcaacc gttgctatgg tgttaagaat 13560

gtttttaatt ggatgcatta tacaatccca cagtgttata tgcatgtcag tgattattat 13620

aatccaccge ataacctcac actggaaaat cgaaacaacec cccctgaagg gcectagttca 13680

tacaggggte atatgggagg gattgaagga ctgcaacaaa aactctggac aagtatttca 13740

tgtgctcaaa tttctttagt tgaaattaag actggtttta agttgcgcetc agetgtgatg 13800

ggtgacaate agtgcattac cgttttatca gtcttcccct tagagactga tgcaggegag 13860

caggaacaga gcgecgagga caatgcageg agggtggecg ccagectage aaaagttaca 13920

agtgectgtg gaatcttttt aaaacctgat gaaacatttg tacattcagg ttttatctat 13980

tttggaaaaa aacaatattt gaatggggtc caattgecte agtcccttaa aacggctaca 14040

agaatggcac cattgtctga tgcaattttt gatgatctte aagggacect ggctagtata 14100

ggtactgctt ttgagegate catctctgag acacgacata tetttecttg cagaataacc 14160

gceagetttce atacgttctt ttcggtgaga atcttgcaat atcatcacct cggatttaat 14220

aaaggttttg accttggaca gttaacactc ggcaaaccte tgygatttcgg aacaatatca 14280

ttggcactag cggtaccgea ggtgcttgga gggttatcct tcttgaatce tgagaaatgt 14340

ttctaccgga atctaggaga tccagttacc tcaggtttat tccagttaaa aacttatctc 14400

egaatgattg agatggatga tttattctta cctttaattg cgaagaacce tgggaactge 14460

actgccattg actttgtgct aaatcctage ggattaaatg ttectgggtc gcaagactta 14520

acttcattte tgcgccagat tgtacgtagg actatcacce taagtgcgaa aaacaaactt 14580

attaatacct tatttcatge atcagctgac ttcgaagacg aaatggtttg taagtggctc 14640

ttatcatcaa ctectgttat gagtcgtttc gcagecgata tattttcacg cacgcecgage 14700
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gggaagegat tgcaaattct aggatacttg gaaggaacac gcacattatt agectctaag 14760

atcatcaaca ataatacaga gacgccggtt ttggacagac tgaggaagat aacattgcaa 14820

aggtggagte tatggtttag ttatcttgat cattgtgata atatcctgge ggaggcttta 14880

acccaaataa cttgcacagt tgatttagca cagatcctga gggaatattec atgggcacat 14940

attttagagg ggagacctct tattggagece acactcccat gtatgattga gcaattcaaa 15000

gtggtttgge tgaaacccta cgaacaatgt ccgcagtgtt caaatgecaa gcaacctggt 15060

gggaaaccat tegtgtcagt agcagtcaag aaacatattg ttagtgcatg gcecaaatgca 15120

teccgaataa gctggactat cggggatgga atcccataca ttggatcaag gacagaagat 15180

aagataggge aacctgctat taaaccaaaa tgtccttccg cagecttaag agaggecatt 15240

gaattggcgt cccgtttaac atgggtaact caaggcagtt cgaacagtga cttgctaata 15300

aaaccatttt tggaagcacg agtaaattta agtgttcaag aaatacttca aatgacccct 15360

teacattact cgggaaatat tgttcatagg tacaacgate aatacagtce tcattctttce 15420

atggccaate gtatgagtaa ctcagcaacg cgattgattg tttctacaaa cactttaggt 15480

gagttttcag gaggtggeca atcggcacge gacagcaata ttattttcca gaatgttata 15540

aattatgcag ttgcactgtt cgatattaaa tttagaaaca ctgaggctac agatatccag 15600

tataatcgtg ctcaccttca tctaactaag tgttgceacce gggaggtace agcetcagtac 15660

ttaacataca catctacatt ggatttagat ttaacaagat accgagaaaa tgaattgatt 15720

tatgacaata atcctctaaa aggaggactc aattgcaata tctcatttga taacccattt 15780

ttccaaggca aacagctgaa cattatagaa gatgacctta ttegactgcece tcacttatct 15840

ggatgggage tagctaagac catcatgcaa tcaattattt cagatagcaa taattegtct 15900

acagacccaa ttagcagtgg agaaacaaga tcattcacta cccatttctt aacttatccce 15960

aaaataggac ttctgtacag ttttggggee tttgtaagtt attatcttgg caatacaatt 16020

ettcggacta agaaattaac acttgacaat tttttatatt acttaactac ccaaattcat 16080

aatctaccac atcgctcatt gcgaatactt aagccaacat tcaaacatge aagegttatg 16140

tceacgattaa tgagtattga tecccatttt tetatttaca taggcggtge tgcaggtgac 16200

agaggactct cagatgegge caggttattt ttgagaacgt ccatttcate ttttcttaca 16260

tttgtaaagg aatggataat taatcgcgga acaattgtce ctttatggat agtatatcca 16320

ttagagggtc aaaatccaac acctgttaat aatttcctcce atcagatcgt agaactgctg 16380

gtgcatgatt catcaagaca ccaggctttt aaaactacca taaatgatca tgtacatcct 16440

cacgacaate ttgtttacac atgtaagagt acagecagcea atttcttcca tgegtcattg 16500

gegtactgga ggagcaggca cagaaacage aaccgaaaag acttgacaag aaactcttca 16560

actggatcaa gcacaaacaa cagtgatggt catattaaga gaagtcaaga acaaaccacc 16620

agagatccac atgatggcac tgaacggagt ctagtcctge aaatgageca tgaaataaaa 16680

agaacgacaa ttccacaaga gaacacgcac cagggtccgt cgttccagtc atttctaagt 16740

gactctgctt gcggtacage aaacccaaaa ctaaatttcg atagatcgag acacaatgtg 16800

aaatctcagg atcataactc agcatccaag agggaaggtc atcaaataat ctcacatcgt 16860

etagtcctac ctttctttac attatctcaa gggacacgee aattaacgtc atccaatgag 16920

tcacaaacce aagatgagat atcaaagtac ttacggcaat tgagatccgt cattgatacc 16980
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acagtttatt gtaggtttac cggtatagtc tegtccatge attacaaact tgatgaggtc 17040

etttgggaaa tagagaattt taagtcgget gtgacgctgg cagagggaga aggtgcetggt 17100

gecttactat tgattcagaa ataccaagtt aagaccttat tcttcaacac gctagctact 17160

gagtccagta tagagtcaga aatagtatca ggaatgacta ctcctaggat gettctacct 17220

gttatgtcaa aattccataa tgaccaaatt gagattatte ttaacaact¢ec agcaagecaa 17280

ataacagaca taacaaatce tacttggttt aaagaccaaa gagcaaggct acctaggcaa 17340

gtcgaggtta taaccatgga tgcagagacg acagagaata taaacagat¢e gaaattgtac 17400

gaagctgtac ataaattgat cttacaccat gttgatccca gcgtattgaa agcagtggtc 17460

ettaaagtct ttctaagtga taccgagggt atgttatgge taaatgataa tctageeccg 17520

ttttttgeca ctgggtattt aattaageca ataacgtcaa gtgccaggtc tagtgagtgg 17580

tatctttgte tgacgaactt cttatcaact acacgtaaga tgccacacca aaaccatctc 17640

agttgtaage aggtaatact tacggcattg caactgcaaa ttcaacggag cccatactgg 17700

ctaagtcatt taactcagta tgctgactgce gatttacatt taagctatat ccgecttggt 17760

tttccatcat tagagaaagt actataccac aggtataacec ttgtcgattc aaaaagaggt 17820

ecactagtct ctgtcactca gcacttageca catcttaggg cagagattcg agaattgacc 17880

aatgattata atcaacagcg acaaagtcgg actcaaacat atcactttat tcgtactgca 17940

aaaggacgaa tcacaaaact agtcaatgat tatttaaaat tctttcttat tgtacaagca 18000

ttaaaacata atgggacatg gcaagctgag tttaagaaat taccagagtt gattagtgtg 18060

tgcaataggt tctatcatat tagagattgt aattgtgaag aacgtttctt agttcaaacc 18120

ttatatttac atagaatgca ggattctgaa gttaagctta tcgaaaggct gacagggctt 18180

etgagtttat ttccagatgg tctctacagg ttcgattgaa taaccgtgca tagtattttg 18240

atacttgtaa aggttggtta tcaacataca gattataaaa aactcataaa ttgctctcat 18300

acatcatctt gatctgattt caataaataa ctatttagat aacgaaagga gtccttacat 18360

tatacactat atttggecte tctccctgcg tgataatcaa aaaattcaca atacagcatg 18420

tgtgacatat tactgctgca atgagtctaa cgcaacataa taaactccge actctttata 18480

attcagcttt aacgataggt ctgggctcat attgttattg atatagtaat gttgtatcaa 18540

tatcttgeca gatggaatag tgctttggtt gataacacga cttcttaaaa caaaactgat 18600

etttaagatt aagtttttta taattgtcat tgctttaatt tgtcgattta aaaatggtga 18660

tagecttaat ctttgtgtaa aataagagat taggtgtaat aactttaaca tttttgtcta 18720

gtaagctact attccattca gaatgataaa attaaaagaa aagacatgac tgtaaaatca 18780

gaaatacctt ctttacaata tagcagacta gataataate ttcgtgttaa tgataattaa 18840

ggcattgace acgctcatca gaaggctcac tagaataaac gttgcaaaaa ggatecctgg 18900

aaaaatggte gcacacaaaa atttaaaaat aaatctattt cttectttttt gtgtgtce 18958

<210> SEQ ID NO 94

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 94

ggatcegagg tcaagetgca ggagtcagga cctggectgg tggcacectc acagagectg 60
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tecatcacat gcactgtcte tggattctca ttttccagat atactgtaca ctgggttcege 120

cagectccag gaaagggtct ggagtggetg ggaatgatat ggggtggtgg aagcacagac 180

tataattcag ctctcaaate cagactgage atcagtaagg acaactccaa gagccaagtt 240

ttcttagaaa tgaacagtct gcaaaccgat gacacageca tgtactactg tgtcagatct 300

ggtaactgga atgctatgga ctactggggt caaggaacct cagtcaccgt ctectcagec 360

aaaacgacac ccccatctgt ctatggtgge ggtggttct 399

<210> SEQ ID NO 95

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 95

gggtccgagg tgaagctgca ggagtctgga cctggactgg tggcaccate tcaaagectg 60

ageatcactt gtaccgttag tggcttctca ttttcccgat acaccgtcca ttgggtcaga 120

cagectcccg gtaaagggct ggaatggetg ggcatgatat ggggtggagg atccactgat 180

tacaatageg cactgaaaag ccgectgtct atttccaagg acaattccaa aagtcaggtg 240

tttctcgaaa tgaacagect gcagacagat gacacagcaa tgtattattg cgttcggagt 300

ggaaactgga acgcgatgga ctactgggge cagggaacct cagtgacagt ttecageget 360

aagactacge ccccaagegt gtacggggge ggagggtct 399

<210> SEQ ID NO 96

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 96

ggcagegagg tcaaactgca ggaatccgge ccaggecttg tegeecectc ccaatcactg 60

agceatcacct gcacggttag tggcttctce tttagtagat atacggttca ctgggtccga 120

cageccccegg gaaagggact ggagtggett ggtatgattt gggggggegg ctccacagac 180

tacaactctg cactcaagag tagactgtca atcagcaagg ataacagcaa gtcccaggtc 240

ttcttggaga tgaactccct tcagacagac gatactgcca tgtactactg cgtgagatce 300

ggaaactgga atgctatgga ttattgggga cagggaacca gtgtgacagt tagctctgca 360

aaaacaacce ccecttecgt ctatggcggg ggaggtage 399

<210> SEQ ID NO 97

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 97

ggcagegaag tgaagetgca agagageggg ccagggetgg tcgcaccttc ccagagtctc 60

tecattacct gcactgtcte cegggttctce ttetctcgat acactgtgca ttgggtccga 120

cagecacctg gaaagggect ggagtggete gggatgattt ggggeggegg ctccaccgat 180
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tataatagceg ccctcaaatc cagactgagt atatctaagg ataattctaa gagtcaggta 240

ttcctcgaga tgaattccct gcagacggac gacactgcaa tgtactattg cgttagatct 300

ggcaattgga acgctatgga ctactgggga cagggtacgt cagtgacggt ctcaagegec 360

aagaccactec cgcctagtgt ctacggeggg ggeggtagt 399
 

Whatis claimed is:

1. A vector having a nucleic acid sequence encoding a

polypeptide having SEQ ID NO:1, a polypeptide having
SEQ ID NO:2, a polypeptide having SEQ ID NO:3, a

polypeptide having SEQ ID NO:4,or a polypeptide having
at least 90% amino acid identity to SEQ ID NO:1, 2, 3 or 4,

or an Ebola virus binding fragment of the polypeptide.

2. The vector of claim 1 wherein the polypeptide having
SEQ ID NO:1 is encoded by any of SEQ ID NO:5-25, the

polypeptide having SEQ ID NO:2is encoded by any of SEQ
ID NO:26-46, the polypeptide having SEQ ID NO:3 is

encoded by any of SEQ ID NO:48-68, or the polypeptide
having SEQ ID NO:4 is encoded by any of SEQ ID

NO:69-89.
3. The vector of claim 1 further comprising a promoter.

4. The vector of claim 1 wherein the polypeptide has at

least 95% amino acid identity to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, or SEQ ID NO:4.

5. The vector of claim 1 wherein the polypeptide is

encoded by a nucleic acid sequence having at least 80%
nucleic acid sequence identity to a nucleic acid encoding

SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, or SEQ ID
NO:4.

6. The vector of claim 1 wherein the polypeptide encodes

an Ig heavy chain or an Ig light chain, or a ScFv.

7. The vector of claim 6 which encodes an IgG heavy

chain.

8. An isolated host cell having the vector of claim 1.

9. The host cell of claim 8 which has a vector having a

nucleic acid sequence encoding a polypeptide havingat least
90% aminoacid identity to SEQ ID NO:1, or an Ebola virus

binding fragment of the polypeptide, and a polypeptide

having at least 90% aminoacid identity to SEQ ID NO:2, or
an Ebola virus binding fragment of the polypeptide, or

which has a vector having a nucleic acid sequence encoding
a polypeptide having at least 90% amino acid identity to

SEQ ID NO:1, or an Ebola virus binding fragment of the
polypeptide, and a vector having a nucleic acid sequence

encoding a polypeptide having at least 90% amino acid

identity to SEQ ID NO:2, or an Ebola virus binding frag-
ment of the polypeptide.

10. The host cell of claim 8 which has a vector having a
nucleic acid sequence encoding a polypeptide havingat least

90% aminoacid identity to SEQ ID NO:3, or an Ebola virus

binding fragment of the polypeptide, and a polypeptide
having at least 90% aminoacid identity to SEQ ID NO:4, or

an Ebola virus binding fragment of the polypeptide or which
has a vector having a nucleic acid sequence encoding a

polypeptide having at least 90% amino acid identity to SEQ
ID NO:3, or an Ebola virus binding fragment of the poly-

peptide, and a vector encoding a nucleic acid sequence

encoding a polypeptide having at least 90% amino acid
identity to SEQ ID NO:4, or an Ebola virus binding frag-

ment of the polypeptide

11. The host cell of claim 8 which is a mammalian cell.

12. The host cell of claim 8 which is an insect, bacterial

or yeast cell.

13. The host cell of claim 8 which is a plantcell.

14. The host cell of claim 13 wherein the plantcell is a

dicot cell.

15. The host cell of claim 13 wherein the plantcell is a

monocotcell.

16. The host cell of claim 13 wherein the plantcell is a
tobacco cell, an alfalfa cell, a maize cell, a soybean cell, a

rice cell or an Arabidopsis cell.

17. A method to prevent, inhibit or treat Ebola virus

infection, comprising administering to a mammal an effec-

tive amount of a composition having an antibody comprising
a polypeptide comprising SEQ ID NO:1 and a polypeptide

comprising SEQ ID NO:2,or an isolated polypeptide com-
prising SEQ ID NO:1 and/or SEQ ID NO:2,or a polypeptide

having at least 95% aminoacid identity thereto, or an Ebola
virus binding portion thereof, or a composition comprising

an antibody comprising a polypeptide comprising SEQ ID

NO:3 and a polypeptide comprising SEQ ID NO:4, or an
isolated polypeptide comprising SEQ ID NO:3 and/or SEQ

ID NO:4, or a polypeptide having at least 95% amino acid
identity thereto, or an Ebola virus binding fragmentthereof.

18. An isolated antibody comprising a polypeptide com-

prising at least 90% but not 100% amino acid sequence
identity to SEQ ID NO:1, and optionally comprising a

polypeptide comprising at least 90% amino acid sequence
identity to SEQ ID NO:2;or an isolated antibody comprising

a polypeptide comprising at least 90% but not 100% amino

acid sequence identity to SEQ ID NO:2, and optionally
comprising a polypeptide comprising at least 90% amino

acid sequence identity to SEQ ID NO:1; or an isolated
antibody comprising a polypeptide comprising at least 90%

but not 100% amino acid sequenceidentity to SEQ ID NO:3,
and optionally comprising a polypeptide comprising at least

90% amino acid sequence identity to SEQ ID NO:4; or an

isolated antibody comprising a polypeptide comprising at
least 90% but not 100% amino acid sequence identity to

SEQ ID NO:4, and optionally comprising a polypeptide
comprising at least 90% amino acid sequence identity to

SEQ ID NO:3; or a hybridomasecreting an antibody com-
prising a polypeptide comprising at least 90% amino acid

sequence identity to SEQ ID NO:1, and optionally compris-

ing a polypeptide comprising at least 90% amino acid
sequence identity to SEQ ID NO:2; or an isolated antibody

comprising a polypeptide comprising at least 90% amino
acid sequence identity to SEQ ID NO:2, and optionally

comprising a polypeptide comprising at least 90% amino
acid sequence identity to SEQ ID NO:1; or an isolated

antibody comprising a polypeptide comprising at least 90%

amino acid sequenceidentity to SEQ ID NO:3,and option-
ally comprising a polypeptide comprising at least 90%

amino acid sequenceidentity to SEQ ID NO:4;or an isolated
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antibody comprising a polypeptide comprising at least 90%
amino acid sequenceidentity to SEQ ID NO:4, and option-

ally comprising a polypeptide comprising at least 90%
amino acid sequence identity to SEQ ID NO:3.

* * * * *
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