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DOMIb-131-511 derived seguences

»>1-1
GAGGTGCAGCTGTTGGAGTCTGGGGRGAGGCATGETACAGCLTGGRGEGTCCCTGCGTLTCTICC
TGTGCAGCCTCCGGATTCACCTTTGCGLATGAGACGATGGTGTGGETCCECCAGGLTCCAGGEA
AGGGTCTAGAGTGGGTCTCACATATTCLUCCGETTGGTCAGGATCCCTTCTACGCAGACTCCGET
GAAGGGCCGGTTCACCATCTCCCOGCGACAATTCCAAGAACACGUTATATCTGCAAATGAACAGC
CTGCGTGUCGAGGACACAGCGGTATATTACTGTGCGCTGCTTCCTAAGAGGGGGCCTTGGTTIG
ACTACTGGGGTCAGGGAACCCTGGTCACCGTCTIGAGCS

>1-2
GAGGTGLAGCTGTTGGAGTCTGGEGGGAGGLTTGETACAGLITGGGEGGGETCCCTGCETCTCTIC
TCTGCAGCCTCCGGATTCGCCTITGCGCATGAGACGATGGTGTGGGTCCGCCAGGCTCCAGGG
AAGGCGTCTAGAGTGGGTCTCACATATTCCCCCGGTTGGT CAGGATCCCTTCTACGCAGACTCCGTY
GAAGGGCCGETTCACTATCTCCCGCGACAATTCCAAGAACACGCTATATCTGCAAATGAACAGE
CTGCGAGCCGAGGACACAGLGGTATATTACTGTGCGCTECTTCCTAAGAGGEGGGCCTTIGGTTTG
ACTACTGGGGTCAGGGAACCCTGGTCACCGTCTCGAGLS

»1-3
GAGGTGCAGCTGTTGGAGTCTGGGGGAGGCTTGETACAGCCTGGGEGETCCCTEUGTCTCTCC
TETGCAGCCTCCGGATTCAACTTITGLGCATGAGACGATGGTGTGGGTCCGUIAGHCTCCAGGGA
AGGGTCTAGAGTGGGTCTCACATATTCCCCOGGTTGGETCAGGATCCCTTCTACGCAGACTCLGT
GAAGGGCUGGTICACCATCTCCCGUGACAATTCCAAGAACACGUTATATCTGCARATGAACAGC
CYGCETGCCBAGBACACAGUGGTATATTACTETGCEUTGCTTCCTAAGAGGGGSCCITEGTITG
ACTACTGGGGTCAGGGAALCCTGGTCACCETCTCGAGLG

>DOMIh-131-201
GAGGTGCAGCTGTTGGAGTCTGGGRGAGGCTTGETACAGCCTGGGGAETCCCTGLETCTCICC
TETGCAGCCTCCGEATYCACCTTTGCGCATGAGACGATGGTGTGEETCCGLCAGGCTCLAGGGA
AGGGTICTAGAGTGGGTUTCACATATTCCOCCGGTTGGTCAGGATICCTTCTACGCAGACTUCGT
GAAGGGLLGGTTCACCATCTCCCGUGALGATTCCAAGAACACGCTATATCTGCAAATGAACAGL
CTGUGTGUCCAGGACACAGCGGTATATTACTETGCECTECTTCCTAAGAGGGGECCTIGEITTG
ACTACTGGGGTCAGGGAACCUTGETCACCETCTCGAGCS

FIG. 19A
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>1-5
GAGGTGCAGLTGTTGGAGTCTGGGEGAGGCTTGGTACAGCCTGGLGGGTCCCTGCETETCTCC
TGTGCAGCCTCLGGATTCACCTTTGCGCATGAGACGATGGTGTGGGTCCGUCAGGLTCCAGGGA
AGGGTCTAGAGTGGGTCTCACATATTCCCCCGGTTGGTCAGGATCCCTTCTATGCAGACTCCGTG
AAGGGCCGGTTCACCATCTCCCGUGACAATTCUAAGAACACGUTATATCTGCARATGAACAALCT
GCGCGLCGAGGACACAGCGGTATATTACTGOTGCGUTOGUTTCCTAAGAGGGGGICTTGGTTTGAL
TACTGGGGTCAGGGAACCCTGGTCACCGTCTCGAGLS

»>1-6
GAGGTGCAGCTGTTGGAGTCTGGGEGAGGLUTTGRTACAGCLTGRGLEGTCCCTGUETCTTCL
TETGCAGCCTCCGHBATTCALCTITGCGUATGAGALGATGGTETGGGTCLGCCAGHCCCCAGHG
AAGGGTCTAGAGTGGHTCTUACATATTCCCCCGECTGGTUAGGATCCOITCTALGCAGACTILG
TGAAGGGCCGGTTCACCATCTCCCGUGACAATTCCAAGAGCACGCTATATCTGCAAATGAACGEH
COCTGEGTGCCGAGGACACAGUGGTATATTACTGY GLGCTGCTTCCTAAGAGGGGGCCYTGGYTY
GACTACTGGGGTCAGGGAACCCTGGTCACCGTCTCGAGLG

>1-7
GAGGTGCAGCTGTTGGAGTCTGGGGGAGGCTTGGTARAGCTTGEGGGRTCCCTGLGTCICICC
TGTGCAGCCTCCGGATTCACCTTTGCGCATGAGACGATGGTGTGGGTCCGCCAGGCTCCTGGGA
AGGGTCTAGAGTGGGTCTCACATATTCCCCCGGLUTGGTCAGGATCCCTTCTACGCAGACTCCGT
GAAGGGCCGGTTCACCATCTCCCGUGACAATTCCAAGAACACGUTATATCTGCAAATGAACAGC
CTGCGTGUCGAGGACACAGCGGTATATTACTGTGCGLTGCTTCCTAAGAGGGGGLCTTIGHTTIG
ACTACTLGGGTCAGGGAACTLITGGTCACCGTCTCGALCE

>DOMIh-131-202
GAGGTGCAGUTGTTGGAGTUTGGOGCAGHCTTGETACAGCCTGGLGGGTCCCTECETLICTICC
TOTGCAGLETCLGGATTCACCTTTGLGCATGAGACGATGGTGTGGETCCELAGGLITTAGGH
AAGGGTCTAGAGTGOGGTCTCACATATTCCCCUGGACGGTCAAGATCCCTTCTACGLAGACTCLG
TGAAGGGCCGGTTCACCATCTCCCGCGACAATTCCAAGAACACGCTATATCTGCAAATGAACAGE
CTGCGTGCCGAGGACACAGCGGTATATTACTGTGLGCTGCTTCCTAAGAGGEGGCCTTGGTITG
ACTACTGGGGTCAGGGAACCCTGGTCACCGTCTCGAGCG

FIG. 198
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>DOM1h-131-203
GAGGTGLAGCTGTGGGAGTCTGGEGEAGGCTTGGTACAGCCTGGEGEGTCCCTGLETCTCTCC
TGTGCAGCCTCCGGATTCACCTTTGCGLATGAGACGATGGTGTGGGTCCGLCAGGCTCCAGGGA
AGGGTCTAGAGTGGGTCTCACATATTCCCCCGGATGGTCAGGATCCCTTCTACGCAGACTCCGT
GAAGGGULGGTTCACCATCTCCCGUGACAATTCCAAGAACACGUTATATCTGCAARTGAALAGC
CTGCETGUIGAGGACACAGCGHGTATATTACTCTGUGCTGCTTCLTAAGAGGGGGLUTTGURATIG
ACTACTEGGGTCAGGGAACCCTHEGTCACCGTCTCGAGLS

>DOM1h-131-204
GAGGTGCAGCTGTCGGAGTCTGGGGGAGGLTIGGTACAGCCTGGGEEGTCCCTGLGTCTCICL
TGTGCAGCCTCCGGATTCACCTTTGLGCATGAGACGATGGTGTGGGTCCGLCAGGUTCCAGGGA
AGGGTCTAGAGTGGGTCTCACATATTCCCCCAGATGLTCAGGATCCOTTCTACGLAGACTCCGT
GAAGGGCCGHGTTCACCATCTTCCGCGACAATTCCAAGAACACGCTATATCTGLAAATGAACAGT
CTGCGTGCCGAGGACACAGUGGTATAT TACTGTGCRUTGCTTCCTAATAGGGGGCTYTGRTITIG
ACTACTGGOGTCAGGGAACCCTGGTCACCOTCTCGAGLS

>D0OMih-131-205
CGAGGTGCAGCTGTTGGAGTCTGGGEGAGGCTTGGTACAGLLTGGGGGGTCCCTGCGTCTCTCC
TGTGCAGULTCCGGATTCACCTTTGCGLATGAGALGATGGTGETOGHTCCGCCAGGLTCCAGGGA
AGGOTCTAGAGTGGGTCTCACATATTCCCCCGHATCGTEAGGATCCCITCTACGCAGACTCCGT
GAAGGGCCGGTTCACCATCYTCCCGUGACAATTCCAAGAACACGCTATATCTGCAAATGAALAGC
CTGCGTGCCGAGGACACAGCGGTATATTACTGTGCGCTGCTTCCTAAGAGGGGGCCTTIGGTTTG
ACTACTGGGGTCAGGGAACCCAGGTCACCGTCTCGAGLG

»1-12

GAGGTGUGGUTGTIGGAGTUTGGGHGGAGGUTTGETACAGULTGGGHBGG TECCTGCETCTCICC
TETACAGUCTCCGGATTCACCTTIGCGLATGAGALGATGETGTGGETCCGCCAGGUTCCAGGGA
AGGGTCTAGAGTGGGTCTCACATATTCCCCCGGATGGTCAGGATCCCTTCTACGCAGACTCEGT
GAAGAGCCGGTTCACCATCTCCCGCGACAATTCCAAGAACACGUTATATCTGCAGATGAACAGT
CTGCGTGUUGAGGACACAGCGLTGTATTACTGTGCGCTGLTTCCTAAGAGAGGGLITIGHTTIG
ACTACTGGGGTCAGGGAATTCAGGTCALLGTCTCGAGLG

FIG, 18C
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>1~13
GAGHTGCGHLCTGTTGGAGTCTCGHGGAGGUTTGETACAGUCTGAGGEGGTLLICTLCGTCICTCC
TGTGCAGCCTCCGGATTCACCTTTGLGCATGAGACGATGGTGTGGGTCCGCCAGGUTCCAGGGA
AGGGTCTAGAGTGGGTCTCACATATTCCCCCGGATAGCCAGGATCCCTTCTACGCAGACTCCGTY
GAAGGGUCGGTTCACCATCTCCCGCGACAAT TCCAAGAACACGUTATATCTGLAAATGAACAGT
CTGCOTGCCGAGGACACAGCGGTATATTACTGTGEGCTGCTTCCTAAGAGGGRGLCTIGHTITG
ACTACAGGGGTCAGGGAACCCTGGTCACCGTCTCGAGCG

>1-14
GAGGTGCAGCTGTTGGAGTCTGGGGGAGGLTTGGTACAGCCTGGGGEGTCCCTGUGTCTITICT
TOTGCAGCCTCCGGATTCACCATTGCGCATGAAACGATGGTGTGEGTCCGCCAGGCTCCAGGGA
AGGGTCTAGAGTGRGTCTCACATATTCCCCCOGHGTTGGTCAGGATCCCTICTACGCAGALTCCGT
GAAGGGCCGGYTTCACCATCTCCCGUGACAATTCCAAGAATACGCTATATCTGCAAATGAALCAGC
CTGCGTCLLUGAGHGACACAGCGGTATATTACTGTGLLGCTGCTTCCTAAMGAGHGLGUITTGHLTTIG
ACTACCGGGGETCAGGGAACCCTGGTCACCGTCTLGAGLG

»>1-15
GAGGTGCAGCTGTTGGAGTCTGGGGGAGGETTGGTACAGCCTGGGEGGETCCCTGLGTTTCTCC
TGTGCAGCCTCCGGATTCACCTTTGUGCATGAGACGATGGTGTGGEGETCCGLCAGGUTCCAGGGA
AGGGTCTAGAGTGGETCTUACATATICCTCCGGTTGGTCAGGATCCCTTUTALGCAGACTCUGTG
AAGGGLUGGTTCACCATCTCCCGUGACAATTCCAAGAACACGETATATCTGCAAATGAALAGCCY
GUGTGCCGAGGACACAGUGGTATATTACTGTGCGRLGGUTTCCTAAGAGGEGGUCTTGGTITGAC
TACTGGGGTCAGGGAACCTTGGTCACCGTCTCGAGCG

>DOM1h-131-206
GAGHTGCAGUTGTTGGAGTUTGGGGGAGGUTTGHTACAGUITGGGHEGETICCTGCETCTCTCC
TGIGCAGCCTCCEGATTCACCTTTGCGCATGAGACBATGGTGTGEGTUCGCCAGGCATTAGGH
AAGGGTCTAGAGTGGGTCTCACATATTCCCCCGGATGGTCAGGATCCCTTCTACGCAGACTCCG
TGAAGGGCCOGTTCACCATCTCCCGUGACAATTICCAAGAACACGLTATATCTGLAAATGAACAGC
CTGCGTGUCGAGGACACAGCOGTATATCACTGTGCGUTGETTCCTAAGAGGGLGCCTIGGTITG
ACTACTGGGGTCAGGGAACCCTGGTCACCGTCTCGAGC

FIG. 19D
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>1-18

GAGGTGCAGLTETTGGAGTCT GLGGHLAGGCTTGETACAGLITGGEEEGTCLCTGUGTETCTICT
TETGCAGLLTCCOGATTCACCTTITGUGCATGAGALGATGE TG TEEGTUIGCCGHGUYCCAGHG
AAGGGTCTABAGTGGGTCTCACATATTCCCCLGGATGGTTAGGATCCCTTCTALGCAGALTCCG
TGAAGGGCCGGTICACCATCTCCUGCGACARTTCCAAGAAZALGCTATATCTGCARATGAALZAGC
CTGCGTGUCGAGGACACAGUGGTATATTACTGTGLGCTGCTTCCTAAGAGEGGGCCTTGGTTIG
ACTACTGGGHTCAGGGAACCCTGETCATLGTCTCGAGT

»>1-19

GAGGTGCAGLTGTTGGAGTCY GEGGHBAGECTTGGTACAGELTGLGGGGTCCOTGLGTLTIICE
TGTGCAGCCACCGGATTCACCTTTGLGLAT GAGACGATGGTGTGGG TCCGCCAGGCTCCAGEG
AGGGGTCTAGAGTGGGTCTCACATATTCCCCCGRATEGTCAGGATCCCTTCTACGCAGACTCOG
TGAAGGGCCGGTTCACCATCTCCCGCGACAATTCCAAGAATACGCTATATCTGCAAATGAACAGC
CTGCGTGUCGAGGACACAGUGGTATATTACTGTGCGCTGET TCCTAAGAGGGGGCCTIGGTTTG
ACTACTGGGGTCAGGGAACCCTGETCACCGTCTCGAGT

>1-20
GAGGTGCAGCTGTTGGAGTCTGEGGLAGGCCTGGTACAGCCTGGEGGETLCCTGCGTCTCTCL
TCTGCAGCCTCCGGATTCACCTTTGCGCATGAGACGATGGTGTGGGTCCGLCAGGLTCCAGGGA
GGGGTCTAGAGTGGGTCTCACATATTICCCTCGGATGGTCAGGATCCCTTCTACGCAGACTCCGT
GAAGGGCCGGTTCACCATCTCCCGUGACAAT TCCAAGAACALGCTATATCTGCAAATGAACAGT
CTGLGTGCCGAGGACACAGCGGTATATTACTGTGCGCTGUT TCCTAAGAGGGGGLCTIGETICG
ACTACTGGGGTCAGGGAACLCTGGTCACCGTCICGAGC

»>1-21
GAGGTGLAGCTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTOGRGGGTCCCTGCGTCTCTCC
TGTGCAGCCTCCGGATTCACCTTTGLGUATGAGACGATGETGTGGGTCCGLUCAGGITCCAGGGA
AGGGTCTAGAGTGGGTUTCACATATTCOCCCGGATLGTCAGHATCCOCTTCTACGLAGACTICGT
GAAGGGCCGHGTTCALCATCTCCCGUGACAATTCCAAGAACALGLTATATCTGCAAATGAALCALC
CYGUGTGCCGAGGACATAGCGETATATTALTGTGCGITGUITCCTAAGARALGGGHCCITGEYTTG
ACTACTGGOGTCAGLGAALCITGGTCACCGTCTCGALC

FIG. 19E
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>1-22
GAGGTGCAGCTGTTGGAGTCTGGEEGAGGCTTGGTACAGLCTGGGEEGTCCCTGEGTCTCICC
TETGCAGECTCCGHATTCACCTTTGCGUGTGAGALUGATGGTGTGGGTCIGCCAGGUTLCAGHG
AAGGGTCTAGAGTGGGTCTCACATATTCCCCCGGTTGGTCAGGATCCCTTCTACGCAGACTCCGT
GARAGGHRCCGGTTCACCATUTCCCGCGACAATTCCARGAACALGCTATATCTGCARATEAACAGL
CTGCGTGCCGAGGACACAGCGHGTATATTACTGTGEGCTGCTTCCTAAGAGGGGGLCTTGETTIG
ACTACTGGGGTCAGGGAACCCTGGTCACCGTCTICGAGC

>31-23
GAGGTGCAGCTGTTGGAGTCTGGEGGAGGLTTGGTACAGCCTGGGLGETCCCTGLGTCTICICC
TCTGCAGCCTCCGGATTCACCTTTGLGCAAGAGACGATGGTGT GGG TCCGLCAGGUTCCAGGS
AAGGGTCTAGAGTGGGTCTCACATATTCCCLOGGTTGGTCAGGATCCOTTCTACGCAGACTCCGT
GAAGGGUCGGTTCACCATCTCCCGLGACAATTCCAAGAACACGCTATATCTGCAAATGAACAGC
CTGCOTGCCGAAGACACAGCGGTATATTACTGTGCGCGGCTTCCTAAGAGGGOGGCCTIGGTTIG
ACTACTGGGGTCAGGGAACCCTGOTCACCGTOTCGAGC

»>1-24
GAGGTGCAGCTGYTTGGAGTCTGGEGEGAGECTTGGTACAGELTEGEGEGTCCCTECETTICICC
TOTGCAGCTTCCGGATTCACCTTTGLGUATGAGACGATGGTGTGGGTCCGLCAGGITCCAGGGA
AGGGYTCTAGAGTGGGTTTCACATATTCCCCCGOGTTGGICAGGATCCCTTCTACGCAGACYCCGET
GAAGGGLUGGTTCACCATCTCCCGLGACAATTCCAAGAACACGUTATATCTGUARATGAACAGC
CTGCGTGUUGABGALACAGCGGTATATTACTGTGCGUTGCTTCCTAAGAAGGGGLCTTGGTTIG
ACTACTGHGGTCAGGGAACCCTGGTCACCGTCTOGAGT

>1-25
GAGGTGCAGCTGTTGGAGTCTGGEEGAGGLT TGO TACAGLCTGGGGRETCCCTGCGTOTCICC
TETGCAGCUTCCGGATTCACCTTTGCGUATGAGACGATLGTETGGLTCCGLCAGGCYCCAGGHA
AGGGTCTAGAGTGGGTCTCACATATTCCCCCGGCTGGTCAGGATCCCTTCTACGCAGACTCOGTY
GAAGGHGCCGETTCACCATUTCCLGCGACAATTCCAAGAACALGCTATATUTGCARATGAACAGC
CTGCGTGCCGAGGACACAGCGGTATATTACTGTGCGCGGUTTCCTAAGAGGGGGCCTTGLTTTG
ACTACTLGGGTCAGGRAACCCTGETCALGTCTCGAGC

FIG. 19F
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DOMA-138-34 derived sequences

»4-1
GACATCCTOGATGACCCAGTCTCCATCCTCOCTOTCTRUCATCTGTAGGAGACCOTGTCACCATCACTT
GCCGGGUAAGTCAGGATATTTACCTGAATTITAGACTGGTATCAGUAGAAACCAGGGAAGGLCCCT
AAGCTCCTGATCAATCYTGOTTCCOAGTIGCAAAGTGGTOTCCCATCACGTTTCAGTGGUAGTGGA
TATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATOTCGCTACGTACTACTGY
CAACCOGTCTTTITACTTCCCTTATACGTTCRGUCAAGGGACCAAGGTORAAATCAAACGGG

42
GACATCCTGATGACCCAGTCTCCATCCTCCOCTGTCTGRCATCTGTAGGAGACCGTGTCACCATCACTT
GCCGGUUAAGTCAGGATATTTACCTGAATITAGACTGGTATCAGCAGAAACCAGGHAAAGCCCCT
AAGCTCCTGATCAATTITIGGUTCCGAGTTGCAAAGTGOTOTCCCATCACGTYICAGTGGUAGCGGA
TATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTICOLTACGTACTACTGY
CAACCGTCTTTTITACTTCCCTTATACGTTCRGUCAGGGGATCAAGGTGRAAATCAAACGGG

4
GACATCCAGACGACCCAGTCTCCOTCCTCCCTGYCTGCATCTGTAGGAGACCGTGTCACCATCACT
TGCCGGGUAAGTCAGGATATTTACCAGAATTTAGACTOGTATCAGCAGAAACCAGGGAAAGCCCC
TAAGCTCCTGATCAATTTTGOYTCCOAGT TOCAAAGTGGTOTCCCATCTCOTTTCAGTGGCAGTGO
ATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGUAACUTGAAGATTTCGCTACGTAUTACTG
TCAACCGTCTTTTVACTTCCCTTATACGYTCGGLCAA

GGGACCAAGOTGUAAATCAAACGGG

>4-4
GACATCCAGGTOGACCCAGTCTCCATCCACCOTGTCTGUATCTGTAGGAGACCGTGTCACCATCALT
TGCCGGOGCAAGTCAGGATATTTACCTGAATTTAGACTGGTATCAGCAGAAACCAGGGAAAGCLCT
TAAGUTICCTGATUCAACTTITGOTTCCOAGTTGCAMAGTGUGTOTCCCATCACGTTYTCAGTGGCAGTGG
ATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCYGAAGATTTCGUTACGTACTACTG
TCAACCGTCTTTTTACTTCCCTTATACGTTOCGGUCGAGGGACCAAGOGTGGAAATCAAACGGG

>4-5
GACATCCAGATOACCCAGTCTCCATCOTTCCTOTCTGCATCTGTAGGAGACCGTGTCACCATCACTT
GCCGGGCAAGTCAGGATATTTACCAGAATITAGACTGOTATCAGCAGAAACCAGGGAAAGCCLCT
AAGCTCCTGATCAATTTITGOGTTCCGAGTTGCAAAGTGOTOTCCCATCATCGTITCAGTGGCAGTGGA
TACGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATATCGCTACGTACTACTGT
CAACCGTCTTTTITACTTCCCTTATACGTTIGHUCAAGGGACCAAGGTGGAAATCAAAGGGE

(57

FIG. 196G
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>80
GACATCCAGATGALCCAGTCTCCATCCTCCCTOTOGGCATCTGAAGGAGACCGTGTCACCATCALT
TGCCGGGCAAGTCAGCGATATITACCAGAATTTAGACTGGTATCAGCAGAAACCAGGGAAAGCCCO
TAAGCTCCTGATCAATTTTIGGTTICCCAGTTGCAAAGTGGTGTCCCATCACGTTTCAGTGGLAGTGR
ATATGGGACAGAATTCACTCTCACCATCAGCAGTCTGCAACCTRAAGACTTCGUTACGTACT AT
TCAACCGTCTTITTACTTCCCTTATACGTTCGGCCAAGGGACCAAGGYGUAAATCAAACGGE

=47
GACATCCAGATCGACCCAGTCTCCATECTCCCTGTCTGCATCTGTAGGAGACCGTGTCACCGTCACT
TGCCGGGUAAGTCAGGATATTTACCTOAATTTAGACTGGTATCAGCAGAAACCAGHGAAAGCCCC
TAAGCTCCTGATCAATTTTGGTTUCGAGTTGCAAAGTGGTGTCCCATCACGTITCAGTGGCAGTGE
ATATOGGGACAGATTITCACTCTCACCATCAGCAGTCTGCAGLCTORAAGATTTCGCTACGTALTALTG
TCAACCHTUTTTITACTTCCCTTATACGTTCGGLUAAGGHACCAAGHTOGAAATUAAACGGG

»4-8
GACATCCAGATGACCCAGTUTCCATCCTCCCTGTCTGCATCTGTAGGAGACCGTOTCACCATCACT
TGCCGGGUAAGTCAGCGATATTTACCTGOATTTAGACTGOTATCAGCAGAAACCAGGGAAAGCCCC
TAAGUTCCTGATCAATTTTGOTTCCCAGTTOCAAAGTOGTGTCCUATCACGTTTUAGTGGUAGTOG
ATATGGGACAGATTTCACTCTCACCATCAGUGGTCYGUCAACUTOAAGATTTCGUTACGTACTACTG
TCAACCCTCTTTTTACTTCCCTTATACGTTCRGCCGALRGGALCAGGGTGGAAATCAAALGGG

FACATCOAGATGACCCAGTCTCCATCCTCOCTRTCTGUATCTATAGGAGACCGTGTCACCATCACT
TGCCGGGCAAGTCAGGATATITACCTGAATITAGACTGGTATCAGCAGAAALCAGGGAAAGLULCL
TAAGCTCOTGATCAGTITIGGTTCCGAGTTOCAAAGTGGTGTCCCATCACGTTTCAGTOGCAGTGE
ATATGGGACAGATTTICACTCTCACCATCAGCAGTCTOCAACCTGAAGATTTCGUTACGTACTACTG
TCAACCOTCTTTITACTTCCCTTACACGTTCGRUUAAGGGACCAAGGTGCAAATCAAALGGG
>P0M4-1530-201
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACCETGTCACCATCACT
TGCCGGGCAAGTCAGOATATTTACCTGAATTTAGACTGOTATCAGCAGAAACCAGHGAAALGCCCC
TAAGCTCCTGATCAAATITGOTICCGAGTTIOCAAALTOOTEICCCATCACGTTTCAGTGGLAGTGG
ATATOOQGACAGATITCALTCTCACCATCAGCAATCTGCAACCTOAAGATTTCGCTACOTALTALTG
TCAACCGTCTTTTITACTTCCCTTATACGTTCGGUCAAGGGACCAAGHTGGAAATCAAARTGGG

F1G. 19H
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411
GACATCCAGATGACCCAGTCICCATCCTCCCTGYCTGCATCTGTAGGAGACCGTGTCACCATCACT
TGCCGORGCAAGTCAGGATATTITACCTGAATTITAGACTOGTATCAGLAGAAACCAGOGAAAGCCCC
TAAGCTCCTGATCATITATGGTTCCCAGTTOCAAAGTGGTGTCCCACCACGTITICAGTGGCAGTGE
ATATGGOACAGATTTCACTCTCALCATCAGCAGTCTGCAACCTGAAGATTCCGUTACGTYACTACTG
TCAACCGTCTITTTACTTCCCTTATACGTICGGCCAAGGGACCAAGGTROAAATCAMAACGHEG

»4-12
CGACATCCAGATCACTCAGTOTCCATCCTOCCTRTCTQUATCTRTAGGAGACCGTGTCACCATCACT
TGCCGOGCAAGTCAGGATATATACCTOAATTTAGACTGOTATCAGCAGAAACCAGGGAAAGCCCC
TAAGCTCCTGATCAATTTTGGTTCCGAGTTOCAAAGTGGTGTCCCACCACGTTITCAGTGGUAGT G
ATATOGGACAGATTTCACTCICACCATCAGCAGTCTGCAACCTCAAGATTTCGCTACGTALTALTG
TCAACCGTCTTITTACTTCCCTTATACGTTCOGCCAAGGGACCAAGGTGGAAATCAAACAGEG

>4.13
GACATCCAGATGACCCAGTCTCCATCCTCCCTOTCTGUATCTOTAGGAGACCGTGTCALCATCALT
TRCCGGGUCAAGTCAGGATATTTACCTRAATTTAGACTGGTATUAGCAGAAACCAGGGAAAGCCCC
TAAGCTCCTGATCAATTTIGGTICCGAGTTGCAAAGTGGTGTCCCATCACGTITCAGTGGCAGTGG
ATATGGGACAGATTTCGCTUTCACCATCAGCAGTUTGUAALCTGAAGATTCCGCTYACGTACTACTG
TCAACCGTCTTTTTACTYCCCATATACGTTICGRGLLAAGGGACCAAGGTGOAAATCAAACAGS
>4.14
GACATCCAGATGACCCAGTCTCCATCCTCCCTOTCTGCATCTOTAGGAGACCGTOTCACTATCALTT
GCCGGOCAAGTCAGGATATTTACCTGAATTTAGACTOGTATCAGCAGAAACCAGGRAAAQUUCCT
AAGUTCCTGATCAATTITIGGTTCCGAGTIGCAAAGTGGTGTCCCATCACGTTTCAGTGGLAGTGGA
TATGGOACAGATTTCACTCTCACCATCAGUAGTCTGCAACCUTOAAGATOTCGCTACGTACTACTGT
CAACCGTCTTTTTACTICCCTTATACGTTCGGUCAAGGGACCAAGGTGGAAATCAAACGGES

=4.15
GACATCCAGATGACCCAQTUTCCATCCTCCCTGYCTGCATCTGTAGOAGALCGTGTCACCATCACT
TOGCCGOGGCAAGTCAGOATATTTACCTGAATTTAGACTGGTATCAGCAGAAACCAGGGAAAGCCCC
TAAGCTCCTCATCAATTITTGOTITCCGAGTTGCAAAGTGUGTOTCCCATCACGTTTCAGTGGCAGTGE
ATATGGOACAGATTITCACTCTCACCATCAGCAGTCTGCAACCTGAAGACTTCOCTACGTACTACTG
TCAACCGTCTTTTITACTTCCCATATACGTTTGOGCCAAGGGACCAAGGTGGAAATCAAACAGE
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>4-16
GACATCCAAATGGCCCAGTCTCCATCCTCCCTGTCTGLATCTGTAGGAGACCGTGTCACCATCAC
TTIGCCOGGGCAAGTCAGGATATTTACCTGAATTTGGACTGG TATCAGCAGAAACCAGGGAAAGCC
COTAAGCTCCTGATCAGTTTTGGTTCCGAGTTGCAAAGTGGTGTCCCATCACGTTTCAGTGGLAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTCCGCTACGTACT
ACTGTCAGCCGTCTTITTACTTCCCTTATACGTTCGGCCAAGGGACCAAGGTGGAAATCARACAG
G

»>4-17

GACATCCAGATGATCCAGTCACCATCCTUCCTGTCTGCATCTG TAGGAGACCETGTCACCATCAL
TTGCCGHGCAAGTUAGGATATTTACCTGAATTTAGACTGGTATCAGIAGAAACCAGGGARAGCC
CCTAAGCTCOTGATCAATTTTGGRTTCCGAGTTGCAAAGTGG TG TCCCATCACGT TTCAGTGGCAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTCGUTACGTALT
ACTGTCRACCGTCTITTITACTTCCCTTATACGTTCGGCCAAGGGATTAAGGTGGAAATCAAACGS
G

»>4-18
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCGTCTGTAGGAGACCGTGTCACCATCAC
TTGCCGOGCAAGTCAGGATATTTACCTGAATTTAGACTGGTATCAGCAGAAACCAGGGAAAGCC
CCTAAGCTCCTGATCAATTTTGGTTCCGAGTTGCAAAGTGGTGTCCCATCALGTTTCAGTGGTAG
TGGATATGGGACAGATTTCACACTCACCATCAGCAGTCTGCAACCTGAAGATTTCGCTACGTACT
ACTGTCAACCGTCTTTITACTTCCOTTATACGTTCGGUCAAGGGACCAAGHTGGAMATLAAALTG
»4-19
GACATCCAGATAALTCAGTCTCCATICICCITGTCTGCATUTGTAGGAGACCGTGTCACCATCAC
TTGCCGGGCAAGTCAGGATATTTACCTGAATTTAGACTGGTATCAGLAGAAACTAGGGAAAGCC
CCTAAGCTCCTGATCAATTTTGGTTICCGAGTTGCARAGTGGTGTCCCATCACGTITCAGTGGCAG
TGGATATGGGACAGATT TCACTCTCACCATCAGCAGTCTGLAACCTGAAGATTTCGCTACGTACT
ACTGTCAACCGTCTTTTTACTTCCCTTATACGTTCGGCCAAGGGACCAAGGTGGARATCAAACCS
>4-20
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGLATCTGTAGGAGACCGTGTCACCATCAL
TTGCCGGGCAAGTCAGGATATTTACCTGAATTTAGACTGGTATCAGCAGAAACCAGGGAAAGCC
CCTAAGCTCCTGATCAATTTTGGTTCCGAGTTGCARAGTGGTGTCCCATCACGTTTCAGTGGLAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTCGUTACGTALT
ACTGTCAACCGTCTTTTTACTACCCTTATACGTTCGGLCAAGGGACCAAGGTGGAAATCAAALAG

FiG.19)
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>DOM4-130-202
GACATCCAGATGACACAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACLCGTGTCACCATCTC
TTGCCGGGCAAGTCAGGATATITACCTGAATTTAGACTGGTATCAGCAGAAACCAGGGAAAGCC
COTAAGCTCCTGATCAGTTITGGTTCCGAGTTGLAAAGTGGTGTTCCTTCACGTTTCAGTGGLAG
TGGATATGGGACAGATTTCACTCTCACCATCAGLAGTCTGCAGLCTGAAGATTCCGCTACGTALT
ACTGTCAACCGTOCTTTTTACTACCCTTATACGTTCGGUCAAGGGACCAAGGTGGAAATCAAACGG
422
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACCGTGTCACCATCAC
TTGCCGOGUAAGTCAGGATATITACCTGAATT TAGACTGETATCAGUAGAARALCAGGGAAAGCC
CCTAAGCTCOTGATCAATTTTGGTTCLGAGTTGCARAGTGGTGTCLCATCACGTTTEAGYGGLAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTCGETACGTACT
ACTGTCAACCGTCTITTTACTACCCTTATACGTTCGGUCAAGGGACCAAGGTGGAAATCARALGG
»4-23
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACCGTGTCACCATCAC
TTGCCGGGUAAGTCAGGATATTTACCTGAATTTAGACTGGTATCAGTAGARALCAGGGAAAGLC
CCTAAGCTCCTGATCAATTTTGGTTCCGAGTTGCAAALGTGGAGTCLCATCACGTTTCAGTGICAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAALCTGAAGATTCCGCTACGTALTY
ACTGTCAACCGTCTTITTACTTCCCTTATACGTTCOGGLUAAGHGALCAAGGTGGAAATCARTEGE
»>4-24
GACATCCAGATGACCCAGTCTCCATCCTCCUTOTCTGCATATGTAGGAGALCGTGTCACCATCAL
TTGCCGGGLAAGTCAGGATATT TACCTGAATTTAGACTGGTATCAGLAGAAACCAGGGAAAGLC
CCTAAGCTCCTGATCAGTTTTGGTTCCGAGTTGCAAAGTGGTGTCCCATCACGT TTCAGTGGCAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTCGGTACGTALT
ACTGTCAACCGTCTTTTTACTTCCCTTATACGTTCGGLLAAGGGACCAAGGTGGARATCAAACGG
»4-25
GACATCCAGATGACCCAGTCTCCATCCTCCOTOTCTGLATCIGTAGGAGALCGTLTCACCATEAL
TTGTCGGGCAAGTCAGGATATTTACCTGAATTTAGACTGGTATCAGCAGARALCCAGGGAAAGCT
CCTAAGCTCCTGATCAATTTTGGTTCCGAGTTGLAAAGTGGTGTCCCATCACGTTTCAGTGGCAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTCGGTACGTALT
ACTGTCAACCGTCTTTTTACTTCCCTTATACGTTCGGLCAAGGGACCAAGGTGGAAATCAAACGG

FIG. 18K
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>4~ 26

GACATCCAGATGACCCAGTCYTCCGTCCTCCCTGTCTGUATCTGTAGGAGACCTIGTCACCATIAL
TTGLCGGGCAAGTCAGGATATTTACCTGAATTTAGACT GG TATCAGCAGAAACCAGGGAAAGCC
CCTAAGCTCCTGATCAATTTAGGTTCCGAGTTGCAAAGTGGTGTCCCATCACGTTTCAGTGGCAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTETGCAACCTGAAGAT T TCGCTACGTACT
ACTGTCAACCGTCTTTTTACTTCCCTTATALGTTCGGLCAAGGGACCAAGGTGGAAATCAARLGT
»4-27

GACATCCTGATGACCCAGTCTCCATCCTCCCTGTCTGLATCTGTAGGAGALCGTGTCACCATCAC
TIGCCOGGGCAAGTCAGGATATT TACCTGAAT TTAGACTGGTATCAGLAGAAACCAGGGAAGGLL
CCTAAGUICCTGATCAATCTTGETTCCGAGTTGCAAAGTHLGTGTCCCATCACGTITCAGTGGCAG
TGGATATGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATGTCGUTACGTACT
ACTGTCAACCGTCTTTITACTTCCCTTATACGTTCGGUCAAGGGACCAAGGTGGAAATCARALGG

FIG. 191
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Nebuliser testing in Britton-Robinson buffer
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FIG. 53

Codon Optimised Ssguence 1
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POLYPEPTIDES, ANTIBODY VARIABLE
DOMAINS & ANTAGONISTS

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 15/386,141 filed on Dec. 21, 2016, which is a
divisional of U.S. application Ser. No. 13/763,768 filed on
Feb. 11, 2013, which is a continuation of the US National
Stage application Ser. No. 12/663,502 filed Jun. 8, 2010,
made under 35 USC § 371, of International Application No.
PCT/GB2008/050405, filed Jun. 4, 2008 and published in
English which claims priority under 35 USC § 119, or 35
USC § 365, to U.S. Provisional Application No. 60/933,632
filed Jun. 6, 2007 and United Kingdom, Application No.
0724331 .4, filed Dec. 13, 2007. The entire teachings of the
above applications are incorporated herein by reference.
[0002] The present invention relates to protease resistant
polypeptides, immunoglobulin (antibody) single variable
domains and anti-Tumor Necrosis Factor 1 (TNFR1, p55,
CD120a, P60, TNF receptor superfamily member 1A,
TNFRSF1A) antagonists comprising these. The invention
further relates to uses, formulations, compositions and
devices comprising such anti-TNFR1 ligands.

BACKGROUND OF THE INVENTION

[0003] Polypeptides and peptides have become increas-
ingly important agents in a variety of applications, including
industrial applications and use as medical, therapeutic and
diagnostic agents. However, in certain physiological states,
such as inflammatory states (e.g., COPD) and cancer, the
amount of proteases present in a tissue, organ or animal
(e.g., in the lung, in or adjacent to a tumor) can increase.
This increase in proteases can result in accelerated degra-
dation and inactivation of endogenous proteins and of thera-
peutic peptides, polypeptides and proteins that are admin-
istered to treat disease. Accordingly, some agents that have
potential for in vivo use (e.g., use in treating, diagnosing or
preventing disease) have only limited efficacy because they
are rapidly degraded and inactivated by proteases.

[0004] Protease resistant polypeptides provide several
advantages. For example, protease resistant polypeptides
remaining active in vivo longer than protease sensitive
agents and, accordingly, remaining functional for a period of
time that is sufficient to produce biological effects. A need
exists for improved methods to select polypeptides that are
resistant to protease degradation and also have desirable
biological activity.

TNFR1

[0005] TNFRI is a transmembrane receptor containing an
extracellular region that binds ligand and an intracellular
domain that lacks intrinsic signal transduction activity but
can associate with signal transduction molecules. The com-
plex of TNFR1 with bound TNF contains three TNFR1
chains and three TNF chains. (Banner et al., Cell, 73(3)
431-445 (1993).) The TNF ligand is present as a trimer,
which is bound by three TNFR1 chains. (Id.) The three
TNFR1 chains are clustered closely together in the receptor-
ligand complex, and this clustering is a prerequisite to
TNFR1-mediated signal transduction. In fact, multivalent
agents that bind TNFR1, such as anti-TNFR1 antibodies,
can induce TNFR1 clustering and signal transduction in the
absence of TNF and are commonly used as TNFR1 agonists.
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(See, e.g., Belka et al., EMBO, 14(6):1156-1165 (1995);
Mandik-Nayak et al., J. Immunol, 167:1920-1928 (2001).)
Accordingly, multivalent agents that bind TNFR1, are gen-
erally not effective antagonists of TNFR1 even if they block
the binding of TNFa to TNFRI1.

[0006] The extracellular region of TNFR1 comprises a
thirteen amino acid amino-terminal segment (amino acids
1-13 of human TNFR1; amino acids 1-13 of mouse TNFR1),
Domain 1 (amino acids 14-53 of human TNFR1; amino
acids 14-53 of mouse TNFR1), Domain 2 (amino acids
54-97 of human TNFR1; amino acids 54-97 of mouse
TNFR1), Domain 3 (amino acids 98-138 of human TNFR1;
amino acid 98-138 of mouse TNFR1), and Domain 4 (amino
acids 139-167 human TNFR1; amino acids 139-167 of
mouse TNFR1) which is followed by a membrane-proximal
region (amino acids 168-182 of human TNFR1; amino acids
168-183 mouse TNFR1). (See, Banner et al., Cell 73(3)
431-445 (1993) and Loetscher et al., Cell 61(2) 351-359
(1990).) Domains 2 and 3 make contact with bound ligand
(TNFpB, TNFe). (Banner et al., Cell, 73(3) 431-445 (1993).)
The extracellular region of TNFR1 also contains a region
referred to as the pre-ligand binding assembly domain or
PLAD domain (amino acids 1-53 of human TNFR1; amino
acids 1-53 of mouse TNFR1) (The Government of the USA,
WO 01/58953; Deng et al., Nature Medicine, doi: 10.1038/
nm1304 (2005)).

[0007] TNFRI1 is shed from the surface of cells in vivo
through a process that includes proteolysis of TNFR1 in
Domain 4 or in the membrane-proximal region (amino acids
168-182 of human TNFR1; amino acids 168-183 of mouse
TNFR1), to produce a soluble form of TNFR1. Soluble
TNFR1 retains the capacity to bind TNFa, and thereby
functions as an endogenous inhibitor of the activity of
TNFa.

SUMMARY OF THE INVENTION

[0008] Inone aspect, the invention provides a polypeptide
comprising an amino acid sequence that is at least 93%
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3 and SEQ ID NO: 4). In one embodiment,
the percent identity is at least 94, 95, 96, 97, 98 or 99%. In
one embodiment, the polypeptide is DOM1h-131-206. The
invention further provides (substantially) pure DOM1h-131-
206 monomer. In one embodiment, the DOM1h-131-206 is
at least 98, 99, 99.5% pure or 100% pure monomer.
[0009] Inone aspect, the invention provides a polypeptide
encoded by an amino acid sequence that is at least 80%
identical to the nucleotide sequence of the nucleotide
sequence of DOM1h-131-206 (shown in FIG. 19). In one
embodiment, the percent identity is at least 70, 80, 85, 90,
91, 92, 93, 94, 95, 96, 97, 98 or 99%.

[0010] Inone aspect, the invention provides a polypeptide
encoded by a nucleotide sequence that is at least 57%
identical to the nucleotide sequence of DOM1h-131-206
(shown in FIG. 19) and wherein the polypeptide comprises
an amino acid sequence that is at least 93% identical to the
amino acid sequence of DOM1h-131-206 (shown in FIG. 3).
In one embodiment, the percent identity of the nucleotide
sequence is at least 60, 65, 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98 or 99%. In one embodiment, the percent
identity of the amino acid sequence is at least 94, 95, 96, 97,
98 or 99% or 100%. For example, the nucleotide sequence
may be a codon-optimised version of the nucleotide
sequence of DOM1h-131-206 (shown in FIG. 19). Codon



US 2019/0040148 Al

optimization of sequences is known in the art. In one
embodiment, the nucleotide sequendce is optimized for
expression in a bacterial (eg, . coli or Pseudomonas, eg P
Auorescens), mammalian (eg, CHO) or yeast host cell (eg.
Picchia or Saccharomyces, eg P. pastoris or S. cerevisiae).
[0011] In one aspect, the invention provides a fusion
protein comprising the polypeptide of the invention.
[0012] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is at
least 93% identical to the amino acid sequence of DOM1h-
131-206 (shown in FIG. 3). In one embodiment, the percent
identity is at least 94, 95, 96, 97, 98 or 99%.

[0013] In one aspect, the invention provides a protease
resistant anti-TNFa receptor type 1 (TNFR1; p55) immu-
noglobulin single variable domain comprising an amino acid
sequence that is at least 90% identical to the amino acid
sequence of DOM1h-131-206. In one embodiment of these
aspects, the percent identity is at least 80, 85, 90, 91, 92, 93,
94, 95, 96, 97, 98 or 99%.

[0014] In one embodiment, the immunoglobulin single
variable domain comprises aspartic acid at position 53,
wherein numbering is according to Kabat (“Sequences of
Proteins of Immunological Interest”, US Department of
Health and Human Services 1991).

[0015] In one embodiment, the immunoglobulin single
variable domain comprises histidine at position 91, wherein
numbering is according to Kabat.

[0016] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is
identical to the amino acid sequence of DOM1h-131-206.

[0017] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain encoded by a nucleotide sequence that is at least
80% identical to the nucleotide sequence of DOM1h-131-
206 (shown in FIG. 19). In one embodiment, the percent
identity is at least 70, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97,
98 or 99%.

[0018] In one aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain encoded by a nucleotide sequence that is at least
57% identical to the nucleotide sequence of DOM1h-131-
206 (shown in FIG. 19) and wherein the variable domain
comprises an amino acid sequence that is at least 93%
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3). In one embodiment, the percent identity
of the nucleotide sequence is at least 60, 65, 70, 75, 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%. In one embodi-
ment, the percent identity of the amino acid sequence is at
least 94, 95, 96, 97, 98 or 99% or 100%. For example, the
nucleotide sequence may be a codon-optimised version of
the nucleotide sequence of DOM1h-131-206 (shown in FIG.
19). Codon optimization of sequences is known in the art. In
one embodiment, the nucleotide sequendce is optimized for
expression in a bacterial (eg, . coli or Pseudomonas, eg P
fuorescens), mammalian (eg, CHO) or yeast host cell (eg.
Picchia or Saccharomyces, eg P. pastoris or S. cerevisiae).
[0019] In one aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain encoded by a sequence that is identical to the
nucleotide sequence of DOM1h-131-206 (shown in FIG.
19).
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[0020] In one aspect, the invention provides a TNFa
receptor type 1 (INFRI1; p55) antagonist comprising an
anti-TNFR1 immunoglobulin single variable domain
according to the invention. In one embodiment, the antago-
nist comprises first and second immunoglobulin single vari-
able domains, wherein each variable domain is according to
invention. For example, wherein the antagonist comprises a
monomer of said single variable domain or a homodimer of
said single variable domain. In one embodiment, the amino
acid sequence of the or each single variable domain is
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3).

[0021] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3) or differs from the amino acid sequence
of DOM1h-131-206 at no more than 25 amino acid positions
and has a CDR1 sequence that is at least 50% identical to the
CDRI1 sequence of DOM1h-131-206. In one embodiment,
the difference is no more than 24, 23, 22, 21, 20, 19, 18, 17,
16, 15,14,13,12,11, 10,9, 8,7, 6, 5,4,3, 2 or 1 amino acid
position. In one embodiment, the CDR sequence identity is
at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99%.

[0022] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3) or differs from the amino acid sequence
of DOM1h-131-206 at no more 25 than amino acid positions
and has a CDR2 sequence that is at least 50% identical to the
CDR2 sequence of DOM1h-131-206. In one embodiment,
the difference is no more than 24, 23, 22, 21, 20, 19, 18, 17,
16, 15,14,13,12,11, 10,9, 8,7, 6, 5,4,3, 2 or 1 amino acid
position. In one embodiment, the CDR sequence identity is
at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99%.

[0023] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3) or differs from the amino acid sequence
of DOM1h-131-206 at no more than 25 amino acid positions
and has a CDR3 sequence that is at least 50% identical to the
CDR3 sequence of DOM1h-131-206. In one embodiment,
the difference is no more than 24, 23, 22, 21, 20, 19, 18, 17,
16, 15,14,13,12,11, 10,9, 8,7, 6, 5,4,3, 2 or 1 amino acid
position. In one embodiment, the CDR sequence identity is
at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99%.

[0024] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3) or differs from the amino acid sequence
of DOM1h-131-206 at no more than 25 amino acid positions
and has a CDR1 sequence that is at least 50% identical to the
CDRI1 sequence of DOM1h-131-206 and has a CDR2
sequence that is at least 50% identical to the CDR2 sequence
of DOM1h-131-206. In one embodiment, the difference is
no more than 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,
12,11, 10,9,8,7,6, 5, 4,3, 2 or 1 amino acid position. In
one embodiment, one or both CDR sequence identities is
respectively at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97,
98 or 99%.
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[0025] In one aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3) or differs from the amino acid sequence
of DOM1h-131-206 at no more than 25 amino acid positions
and has a CDR1 sequence that is at least 50% identical to the
CDRI1 sequence of DOM1h-131-206 and has a CDR3
sequence that is at least 50% identical to the CDR3 sequence
of DOM1h-131-206. In one embodiment, the difference is
no more than 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,
12,11, 10,9,8,7, 6,5, 4,3, 2 or 1 amino acid position. In
one embodiment, one or both CDR sequence identities is
respectively at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97,
98 or 99%.

[0026] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3) or differs from the amino acid sequence
of DOM1h-131-206 at no more than 25 amino acid positions
and has a CDR2 sequence that is at least 50% identical to the
CDR2 sequence of DOM1h-131-206 and has a CDR3
sequence that is at least 50% identical to the CDR3 sequence
of DOM1h-131-206. In one embodiment, the difference is
no more than 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,
12,11, 10,9,8,7, 6,5, 4,3, 2 or 1 amino acid position. In
one embodiment, one or both CDR sequence identities is
respectively at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97,
98 or 99%.

[0027] Inone aspect, the invention provides an anti-TNFa
receptor type 1 (INFR1; p55) immunoglobulin single vari-
able domain comprising an amino acid sequence that is
identical to the amino acid sequence of DOM1h-131-206
(shown in FIG. 3) or differs from the amino acid sequence
of DOM1h-131-206 at no more than 25 amino acid positions
and has a CDR1 sequence that is at least 50% identical to the
CDRI1 sequence of DOM1h-131-206 and has a CDR2
sequence that is at least 50% identical to the CDR2 sequence
of DOM1h-131-206 and has a CDR3 sequence that is at least
50% identical to the CDR3 sequence of DOM1h-131-206.
In one embodiment, In one embodiment, the difference is no
more than 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12,
11,10,9,8,7, 6, 5, 4, 3, 2 or 1 amino acid position. In one
embodiment, one or two or each CDR sequence identity is
at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99%
respectively.

[0028] In one aspect, the invention provides a TNFa
receptor type 1 (TNFR1; p55) antagonist having a CDR1
sequence that is at least 50% identical to the CDR1 sequence
of DOM1h-131-206 (shown in FIG. 3). In one embodiment,
the CDR sequence identity is at least 55, 60, 65, 70, 75, 80,
85, 90, 95, 96, 97, 98 or 99%. The antagonist may be
resistant to protease, for example one or more of the
proteases as herein described, for example under a set of
conditions as herein described.

[0029] In one aspect, the invention provides a TNFa
receptor type 1 (TNFR1; p55) antagonist having a CDR2
sequence that is at least 50% identical to the CDR1 sequence
of DOM1h-131-206 (shown in FIG. 3). In one embodiment,
the CDR sequence identity is at least 55, 60, 65, 70, 75, 80,
85, 90, 95, 96, 97, 98 or 99%. The antagonist may be
resistant to protease, for example one or more of the
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proteases as herein described, for example under a set of
conditions as herein described.

[0030] In one aspect, the invention provides a TNFa
receptor type 1 (TNFR1; p55) antagonist having a CDR3
sequence that is at least 50% identical to the CDR1 sequence
of DOM1h-131-206 (shown in FIG. 3). In one embodiment,
the CDR sequence identity is at least 55, 60, 65, 70, 75, 80,
85, 90, 95, 96, 97, 98 or 99%. The antagonist may be
resistant to protease, for example one or more of the
proteases as herein described, for example under a set of
conditions as herein described.

[0031] In one aspect, the invention provides a TNFa
receptor type 1 (TNFR1; p55) antagonist having a CDR1
sequence that is at least 50% identical to the CDR1 sequence
of DOMI1h-131-206 (shown in FIG. 3) and a CDR2
sequence that is at least 50% identical to the CDR2 sequence
of DOM1h-131-206. In one embodiment, the CDR sequence
identity of one or both CDRs is at least 55, 60, 65, 70, 75,
80, 85, 90, 95, 96, 97, 98 or 99% respectively. The antago-
nist may be resistant to protease, for example one or more
of the proteases as herein described, for example under a set
of conditions as herein described.

[0032] In one aspect, the invention provides a TNFa
receptor type 1 (TNFR1; p55) antagonist having a CDR1
sequence that is at least 50% identical to the CDR1 sequence
of DOM1h-131-206 (shown in FIG. 3) and a CDR3
sequence that is at least 50% identical to the CDR3 sequence
of DOM1h-131-206. In one embodiment, the CDR sequence
identity of one or both CDRs is at least 55, 60, 65, 70, 75,
80, 85, 90, 95, 96, 97, 98 or 99% respectively. The antago-
nist may be resistant to protease, for example one or more
of the proteases as herein described, for example under a set
of conditions as herein described.

[0033] In one aspect, the invention provides a TNFa
receptor type 1 (TNFR1; p55) antagonist having a CDR2
sequence that is at least 50% identical to the CDR2 sequence
of DOM1h-131-206 (shown in FIG. 3) and a CDR3
sequence that is at least 50% identical to the CDR3 sequence
of DOM1h-131-206. In one embodiment, the CDR sequence
identity of one or both CDRs is at least 55, 60, 65, 70, 75,
80, 85, 90, 95, 96, 97, 98 or 99% respectively. The antago-
nist may be resistant to protease, for example one or more
of the proteases as herein described, for example under a set
of conditions as herein described.

[0034] In one aspect, the invention provides a TNFa
receptor type 1 (TNFR1; p55) antagonist having a CDR1
sequence that is at least 50% identical to the CDR1 sequence
of DOMI1h-131-206 (shown in FIG. 3) and a CDR2
sequence that is at least 50% identical to the CDR2 sequence
of DOM1h-131-206 and a CDR3 sequence that is at least
50% identical to the CDR3 sequence of DOM1h-131-206.
In one embodiment, the CDR sequence identity of one or
two or each of the CDRs is at least 55, 60, 65, 70, 75, 80,
85, 90, 95, 96, 97, 98 or 99% respectively. The antagonist
may be resistant to protease, for example one or more of the
proteases as herein described, for example under a set of
conditions as herein described.

[0035] In one aspect, the invention provides a TNFa
receptor type 1 (INFRI1; p55) antagonist comprising an
immunoglobulin single variable domain comprising the
sequence of CDR1, CDR2, and/or CDR3 (eg, CDR1, CDR2,
CDR3, CDRI and 2, CDR1 and 3, CDR2 and 3 or CDRI1,
2 and 3) of DOM1h-131-206 (shown in FIG. 3). The
antagonist may be resistant to protease, for example one or
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more of the proteases as herein described, for example under
a set of conditions as herein described.

[0036] In one aspect, the invention provides a TNFa
receptor type 1 (TNFR1; p55) antagonist that competes with
DOM1h-131-511-206 for binding to TNFR1. Thus, the
antagonist may bind the same epitope as DOM1h-131-206
or an overlapping epitope. In one embodiment, the antago-
nist comprises an immunoglobulin single variable domain
having an amino acid sequence that is at least 93% identical
to the amino acid sequence of DOM1h-131-206 (shown in
FIG. 3). In one embodiment, the percent identity is at least
94, 95, 96, 97, 98 or 99%. The antagonist may be resistant
to protease, for example one or more of the proteases as
herein described, for example under a set of conditions as
herein described. In one embodiment, the antagonist is an
antibody or antigen-binding fragment thereof, such as a
monovalent antigen-binding fragment (e.g., scFv, Fab, Fab',
DAB™) that has binding specificity for TNFR1. Other
examples of antagonists are ligands described herein that
bind TNFR1. The ligands may comprise an immunoglobulin
single variable domain or domain antibody (DAB™) that
has binding specificity for TNFR1, or the complementarity
determining regions of such a DAB™ in a suitable format.
In some embodiments, the ligand is a DAB™ monomer that
consists essentially of, or consists of, an immunoglobulin
single variable domain or DAB™ that has binding specific-
ity for TNFR1. In other embodiments, the ligand is a
polypeptide that comprises a DAB™ (or the CDRs of a
DAB™) in a suitable format, such as an antibody format.

[0037] Some antagonist of TNFR1 of the invention do not
inhibit binding of TNFa to TNFR1, but do inhibit signal
transduction mediated through TNFR1. For example, an
antagonist of TNFR1 can inhibit TNFa-induced clustering
of TNFR1, which precedes signal transduction through
TNFR1. Such antagonists provide several advantages. For
example, in the presence of such an antagonist, TNFa can
bind TNFR1 expressed on the surface of cells and be
removed from the cellular environment, but TNFR1 medi-
ated signal transduction will not be activated. Thus, TNFR1
signal-induced production of additional TNFa and other
mediators of inflammation will be inhibited. Similarly,
antagonists of TNFR1 that bind TNFR1 and inhibit signal
transduction mediated through TNFR1, but do no inhibit
binding of TNFa to TNFR1, will not inhibit the TNFa-
binding and inhibiting activity of endogenously produced
soluble TNFR1. Accordingly, administering such an antago-
nist to a mammal in need thereof can complement the
endogenous regulatory pathways that inhibit the activity
TNFa and the activity of TNFR1 in vivo. The invention also
relates to ligands that (i) bind TNFR1 (eg, in Domainl), (ii)
antagonize the activation of TNFR1 mediated signal trans-
duction, and (iii) do not inhibit the binding of TNFa to
TNFR1. Such a ligand binds soluble TNFR1 and does not
prevent the soluble receptor from binding TNFa, and thus
administering such an antagonist to a mammal in need
thereof can complement the endogenous regulatory path-
ways that inhibit the activity TNFa in vivo by increasing the
half-life of the soluble receptor in the serum. These advan-
tages are particularly relevant to ligands that have been
formatted to have a larger hydrodynamic size, for example,
by attachment of a PEG group, serum albumin, transferrin,
transferrin receptor or at least the transferrin-binding portion
thereof, an antibody Fc region, or by conjugation to an
antibody domain. For example, an agent (e.g., polypeptide,
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variable domain or antagonist) that i) binds TNFR1 (eg, in
Domainl), (ii) antagonizes the activation of TNFR1 medi-
ated signal transduction, and (iii) does not inhibit the binding
of TNFa to TNFR1, such as a DAB™ monomer, can be
formatted as a larger antigen-binding fragment of an anti-
body or as and antibody (e.g., formatted as a Fab, Fab',
F(ab),, F(ab")2, IgG, scFv). The hydrodynaminc size of a
ligand and its serum half-life can also be increased by
conjugating or linking a TNFR1 binding agent (antagonist;
variable domain) to a binding domain (e.g., antibody or
antibody fragment) that binds an antigen or epitope that
increases half-live in vivo, as described herein (see, Annex
1 of WO2006038027 incorporated herein by reference in its
entirety). For example, the TNFR1 binding agent (e.g.,
polypeptide) can be conjugated or linked to an anti-serum
albumin or anti-neonatal Fc receptor antibody or antibody
fragment, eg an anti-SA or anti-neonatal Fc receptor
DAB™, Fab, Fab' or scFv, or to an anti-SA affibody or
anti-neonatal Fc receptor affibody.

[0038] Examples of suitable albumin, albumin fragments
or albumin variants for use in a TNFR1-binding ligand
according to the invention are described in WO 2005/
077042A2 and WO2006038027, which are incorporated
herein by reference in their entirety.

[0039] In other embodiments of the invention described
throughout this disclosure, instead of the use of a “DAB™”
in an antagonist or ligand of the invention, it is contemplated
that the skilled addressee can use a domain that comprises
the CDRs of a DAB™ that binds TNFR1 (e.g., CDRs
grafted onto a suitable protein scaffold or skeleton, eg an
affibody, an SpA scaffold, an LDL receptor class A domain
or an EGF domain) or can be a protein domain comprising
a binding site for TNFR1, e.g., wherein the domain is
selected from an affibody, an SpA domain, an LDL receptor
class A domain or an EGF domain. The disclosure as a whole
is to be construed accordingly to provide disclosure of
antagonists, ligands and methods using such domains in
place of a DAB™.

[0040] Polypeptides, immunoglobulin single variable
domains and antagonists of the invention may be resistant to
one or more of the following: serine protease, cysteine
protease, aspartate proteases, thiol proteases, matrix metal-
loprotease, carboxypeptidase (e.g., carboxypeptidase A, car-
boxypeptidase B), trypsin, chymotrypsin, pepsin, papain,
elastase, leukozyme, pancreatin, thrombin, plasmin, cathe-
psins (e.g., cathepsin 3), proteinase (e.g., proteinase 1,
proteinase 2, proteinase 3), thermolysin, chymosin, entero-
peptidase, caspase (e.g., caspase 1, caspase 2, caspase 4,
caspase 5, caspase 9, caspase 12, caspase 13), calpain, ficain,
clostripain, actinidain, bromelain, and separase. In particular
embodiments, the protease is trypsin, elastase or leucozyme.
The protease can also be provided by a biological extract,
biological homogenate or biological preparation. In one
embodiment, the protease is a protease found in sputum,
mucus (e.g., gastric mucus, nasal mucus, bronchial mucus),
bronchoalveolar lavage, lung homogenate, lung extract,
pancreatic extract, gastric fluid, saliva or tears. In one
embodiment, the protease is one found in the eye and/or
tears. In one embodiment, the protease is a non-bacterial
protease. In an embodiment, the protease is an animal, eg,
mammalian, eg, human, protease. In an embodiment, the
protease is a GI tract protease or a pulmonary tissue pro-
tease, eg, a GI tract protease or a pulmonary tissue protease
found in humans. Such protease listed here can also be used
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in the methods described herein involving exposure of a
repertoire of library to a protease.

[0041] In one aspect, the invention provides a protease
resistant immunoglobulin single variable domain compris-
ing a TNFa receptor type 1 (INFR1; p55) binding site,
wherein the variable domain is resistant to protease, eg
trypsin, when incubated with

(1) a concentration (c) of at least 10 micrograms/ml protease
at 37° C. for time (t) of at least one hour; or

(i1) a concentration (c') of at least 40 micrograms/ml pro-
tease at 30° C. for time (t) of at least one hour, wherein the
variable domain comprises and amino acid sequence that is
at least 90% identical to the amino acid sequence of
DOM1h-131-206 (shown in FIG. 3). In one embodiment,
the ratio (on a mole/mole basis) of protease, eg trypsin, to
variable domain is 8,000 to 80,000 protease:variable
domain, eg when C is 10 micrograms/ml, the ratio is 800 to
80,000 protease:variable domain; or when C or C' is 100
micrograms/ml, the ratio is 8,000 to 80,000 protease:vari-
able domain. In one embodiment the ratio (on a weight/
weight, eg microgram/microgram basis) of protease (eg,
trypsin) to variable domain is 16,000 to 160,000 protease:
variable domain eg when C is 10 micrograms/ml, the ratio
is 1,600 to 160,000 protease:variable domain; or when C or
C' is 100 micrograms/ml, the ratio is 1,6000 to 160,000
protease:variable domain. In one embodiment, the concen-
tration (¢ or ¢') is at least 100 or 1000 micrograms/ml
protease. In one embodiment, the concentration (c or ¢') is at
least 100 or 1000 micrograms/ml protease. Reference is
made to the description herein of the conditions suitable for
proteolytic activity of the protease for use when working
with repertoires or libraries of peptides or polypeptides (eg,
w/w parameters). These conditions can be used for condi-
tions to determine the protease resistance of a particular
immunoglobulin single variable domain. In one embodi-
ment, time (t) is or is about one, three or 24 hours or
overnight (e.g., about 12-16 hours). In one embodiment, the
variable domain is resistant under conditions (i) and the
concentration (¢) is or is about 10 or 100 micrograms/ml
protease and time (t) is 1 hour. In one embodiment, the
variable domain is resistant under conditions (ii) and the
concentration (c¢') is or is about 40 micrograms/ml protease
and time (1) is or is about 3 hours. In one embodiment, the
protease is selected from trypsin, elastase, leucozyme and
pancreatin. In one embodiment, the protease is trypsin. In
one embodiment, the protease is a protease found in sputum,
mucus (e.g., gastric mucus, nasal mucus, bronchial mucus),
bronchoalveolar lavage, lung homogenate, lung extract,
pancreatic extract, gastric fluid, saliva or tears. In one
embodiment, the protease is one found in the eye and/or
tears. In one embodiment, the protease is a non-bacterial
protease. In an embodiment, the protease is an animal, eg,
mammalian, eg, human, protease. In an embodiment, the
protease is a GI tract protease or a pulmonary tissue pro-
tease, eg, a GI tract protease or a pulmonary tissue protease
found in humans. Such protease listed here can also be used
in the methods described herein involving exposure of a
repertoire of library to a protease.

[0042] In one embodiment, the variable domain is resis-
tant to trypsin and/or at least one other protease selected
from elastase, leucozyme and pancreatin. For example,
resistance is to trypsin and elastase; trypsin and leucozyme;
trypsin and pacreatin; trypsin, elastase and leucozyme;
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trypsin, elastase and pancreatin; trypsin, elastase, pancreatin
and leucozyme; or trypsin, pancreatin and leucozyme.
[0043] In one embodiment, the variable domain is dis-
played on bacteriophage when incubated under condition (i)
or (ii), for example at a phage library size of 10° to 10* eg
108 to 10'? replicative units (infective virions).

[0044] In one embodiment, the variable domain specifi-
cally binds TNFR1 following incubation under condition (i)
or (i), eg assessed using BIACORE™ or ELISA, eg phage
ELISA or monoclonal phage ELISA.

[0045] In one embodiment, the variable domains of the
invention specifically bind protein A or protein L. In one
embodiment, specific binding to protein A or L is present
following incubation under condition (i) or (ii).

[0046] In one embodiment, the variable domains of the
invention may have an OD,,, reading in ELISA, eg phage
ELISA or monoclonal phage ELISA) of at least 0.404, eg,
following incubation under condition (i) or (ii).

[0047] In one embodiment, the variable domains of the
invention display (substantially) a single band in gel elec-
trophoresis, eg following incubation under condition (i) or
().

[0048] In certain embodiments, the invention provides a
TNFR1 antagonist that is a dual-specific ligand that com-
prises a first DAB™ according to the invention that binds
TNFR1 and a second DAB™ that has the same or a different
binding specificity from the first DAB™. The second
DAB™ may bind a target selected from ApoE, Apo-SAA,
BDNF, Cardiotrophin-1, CEA, CD40, CD40 Ligand, CD56,
CD38, CD138, EGF, EGF receptor, ENA-78, FEotaxin,
Eotaxin-2, Exodus-2, FAPa, FGF-acidic, FGF-basic, fibro-
blast growth factor-10, FLT3 ligand, Fractalkine (CX3C),
GDNF, G-CSF, GM-CSF, GF-f1, human serum albumin,
insulin, IFN-y, IGF-1, IGF-II, IL-1c, IL-1p, IL-1 receptor,
IL-1 receptor type 1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8
(72 a.a.), IL-8 (77 a.a.), IL-9, IL-10, IL-11, IL-12, 1L-13,
1L-15, IL-16, IL-17, 1L-18 (IGIF), Inhibin c, Inhibin f,
1P-10, keratinocyte growth factor-2 (KGF-2), KGF, Leptin,
LIF, Lymphotactin, Mullerian inhibitory substance, mono-
cyte colony inhibitory factor, monocyte attractant protein,
M-CSF, MDC (67 a.a.), MDC (69 a.a.), MCP-1 (MCAF),
MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC (69 a.a.),
MIG, MIP-1a., MIP-1$, MIP-3a, MIP-3§, MIP-4, myeloid
progenitor inhibitor factor-1 (MPIF-1), NAP-2, Neurturin,
Nerve growth factor, f-NGF, NT-3, NT-4, Oncostatin M,
PDGF-AA, PDGF-AB, PDGF-BB, PF-4, RANTES,
SDF1a, SDF1p, SCF, SCGF, stem cell factor (SCF), TARC,
TGF-a, TGF-p2, TGF-p3, tumour necrosis factor (TNF),
TNF-a, TNF-f, TNF receptor I, TNF receptor 11, TNIL-1,
TPO, VEGF, VEGF A, VEGF B, VEGF C, VEGF D, VEGF
receptor 1, VEGF receptor 2, VEGF receptor 3, GCP-2,
GRO/MGSA, GRO-f, GRO-y, HCC1, 1-309, HER 1, HER
2, HER 3, HER 4, serum albumin, vWF, amyloid proteins
(e.g., amyloid alpha), MMP12, PDK1, IgE, IL-13Ral,
IL-13Ra2, IL-15, IL-15R, IL-16, IL-17R, IL-17, IL-18,
IL-18R, IL-23 IL-23R, IL-25, CD2, CD4, CD11a, CD23,
CD25, CD27, CD28, CD30, CD40, CD40L, CD56, CD138,
ALKS, EGFR, FcER1, TGFb, CCL2, CCL18, CEA, CRS,
CTGF, CXCL12 (SDF-1), chymase, FGF, Furin, Endothe-
lin-1, Eotaxins (e.g., Eotaxin, FEotaxin-2, Fotaxin-3), GM-
CSF, ICAM-1, ICOS, IgE, IFNa, 1-309, integrins, [.-selec-
tin, MIF, MIP4, MDC, MCP-1, MMPs, neutrophil elastase,
osteopontin, OX-40, PARC, PD-1, RANTES, SCF, SDF-1,
siglec8, TARC, TGFb, Thrombin, Tim-1, TNF, TRANCE,
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Tryptase, VEGF, VLA-4, VCAM, a4p7, CCR2, CCR3,
CCR4, CCRS, CCR7, CCRS, alphavbeta6, alphavbeta8,
cMET, CD8, vWF, amyloid proteins (e.g., amyloid alpha),
MMP12, PDK1, and IgE.

[0049] In one example, the dual-specific ligand comprises
a first DAB™ that binds a first epitope on TNFR1 and a
second DAB™ that binds an epitope on a different target. In
another example, the second DAB™ binds an epitope on
serum albumin.

[0050] In other embodiments, the ligand is a multispecific
ligand that comprises a first epitope binding domain that has
binding specificity for TNFR1 and at least one other epitope
binding domain that has binding specificity different from
the first epitope binding domain. For example, the first
epitope binding domain can be a DAB™ that binds TNFR1
or can be a domain that comprises the CDRs of a DAB™
that binds TNFRI1 (e.g., CDRs grafted onto a suitable protein
scaffold or skeleton, e.g., an affibody, an SpA scaffold, an
LDL receptor class A domain or an EGF domain) or can be
a domain that binds TNFR1, wherein the domain is selected
from an affibody, an SpA domain, an LDL receptor class A
domain or an EGF domain).

[0051] In certain embodiments, the polypeptide, antago-
nist, ligand or anti-TNFR1 DAB™ monomer is character-
ized by one or more of the following: 1) dissociates from
human TNFR1 with a dissociation constant (K,) of 50 nM
to 20 pM, and a K, rate constant of 5x107" to 1x1077 57" as
determined by surface plasmon resonance; 2) inhibits bind-
ing of Tumor Necrosis Factor Alpha (TNFa) to TNFR1 with
an IC50 of 500 nM to 50 pM; 3) neutralizes human TNFR1
in a standard [.929 cell assay with an ND50 of 500 nM to 50
pM; 4) antagonizes the activity of the TNFR1 in a standard
cell assay with an ND, of <100 nM, and at a concentration
of <10 uM the DAB™ agonizes the activity of the TNFR1
by =5% in the assay; 5) inhibits lethality in the mouse
LPS/D-galactosamine-induced septic shock model; 6)
resists aggregation; 7) is secreted in a quantity of at least
about 0.5 mg/L. when expressed in E. coli or Pichia species
(e.g., P. pastoris); 8) unfolds reversibly; 9) has efficacy in a
model of chronic inflammatory disease selected from the
group consisting of mouse collagen-induced arthritis model,
mouse AARE model of arthritis, mouse AARE model of
inflammatory bowel disease, mouse dextran sulfate sodium-
induced model of inflammatory bowel disease, mouse
tobacco smoke model of chronic obstructive pulmonary
disease, and suitable primate models (e.g., primate collagen-
induced arthritis model); and/or 10) has efficacy in treating,
suppressing or preventing a chronic inflammatory disease.
Reference is made to W0O2006038027 for details of assays
and tests and parameters applicable to conditions (1) to (10),
and this incorporated herein by reference.

[0052] In particular embodiments, the polypeptide,
antagonist, ligand or DAB™ monomer dissociates from
human TNFR1 with a dissociation constant (K,) of 50 nM
to 20 pM, and a K, rate constant of 5%107  to 1x1077 57 as
determined by surface plasmon resonance; inhibits binding
of Tumor Necrosis Factor Alpha (TNFa) to TNFR1 with an
1C50 of 500 nM to 50 pM; and neutralizes human TNFR1
in a standard [.929 cell assay with an ND50 of 500 nM to 50
pM. In other particular embodiments, the polypeptide,
antagonist, ligand or DAB™ monomer dissociates from
human TNFR1 with a dissociation constant (K,) of 50 nM
to 20 pM, and a K, rate constant of 5x107" to 1x1077 s™";
inhibits binding of Tumor Necrosis Factor Alpha (TNFa) to
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TNFR1 with an IC50 of 500 nM to 50 pM; and has efficacy
in a model of chronic inflammatory disease selected from
the group consisting of mouse collagen-induced arthritis
model, mouse AARE model of arthritis, mouse AARE
model of inflammatory bowel disease, mouse dextran sulfate
sodium-induced model of inflammatory bowel disease,
mouse tobacco smoke model of chronic obstructive pulmo-
nary disease, and suitable primate models (e.g., primate
collagen-induced arthritis model). In other particular
embodiments, the polypeptide, antagonist, ligand or DAB™
monomer dissociates from human TNFR1 with a dissocia-
tion constant (K,) of 50 nM to 20 pM, and a K, rate
constant of 5x107" to 1x1077 s7* as determined by surface
plasmon resonance; neutralizes human TNFR1 in a standard
1.929 cell assay with an ND50 of 500 nM to 50 pM; and
antagonizes the activity of the TNFR1 in a standard cell
assay with an NDy,, of <100 nM, and at a concentration of
=10 uM the DAB™ agonizes the activity of the TNFR1 by
=5% in the assay.

[0053] The protease resistant polypeptides, immunoglobu-
lin single variable domains and antagonists of the invention
have utility in therapy, prophylaxis and diagnosis of disecase
or conditions in mammals, eg, humans. In particular, they
have utility as the basis of drugs that are likely to encounter
proteases when administered to a patient, such as a human.
For example, when administered to the GI tract (eg, orally,
sublingually, rectally administered), in which case the poly-
peptides, immunoglobulin single variable domains and
antagonists may be subjected to protease in one or more of
the upper GI tract, lower GI tract, mouth, stomach, small
intestine and large intestine. One embodiment, therefore,
provides for a protease resistant polypeptide, immunoglobu-
lin single variable domain or antagonist to be administered
orally, sublingually or rectally to the GI tract of a patient to
treat and/or prevent a disease or condition in the patient. For
example, oral administration to a patient (eg, a human
patient) for the treatment and/or prevention of a TNF alpha-
mediated condition or disease such as arthritis (eg, rheuma-
toid arthritis), IBD, psoriasis or Crohn’s disease. In another
example, the polypeptide, variable domain or antagonist is
likely to encounter protease when administered (eg, by
inhalation or intranasally) to pulmonary tissue (eg, the lung
or airways). One embodiment, therefore, provides for
administration of the protease resistant polypeptide, immu-
noglobulin single variable domain or antagonist to a patient
(eg, to a human) by inhalation or intranasally to pulmonary
tissue of the patient to treat and/or prevent a disease or
condition in the patient. Such condition may be asthma (eg,
allergic asthma), COPD, influenza or any other pulmonary
disease or condition disclosed in W0O2006038027, incorpo-
rated herein by reference. In another example, the polypep-
tide, variable domain or antagonist is likely to encounter
protease when administered (eg, by intraocular injection or
as eye drops) to an eye of a patient. One embodiment,
therefore, provides for ocular administration of the protease
resistant polypeptide, immunoglobulin single variable
domain or antagonist to a patient (eg, to a human) by to treat
and/or prevent a disease or condition (eg, a disease or
condition of the eye) in the patient. Administration could be
topical administration to the eye, in the form of eye drops or
by injection into the eye, eg into the vitreous humour. The
antagonists, polypeptides and immunoglobulin single vari-
able domains according to the invention may display
improved or relatively high melting temperatures (Tm),
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providing enhanced stability. High affinity target binding
may also or alternatively be a feature of the antagonists,
polypeptides and variable domains. One or more of these
features, combined with protease resistance, makes the
antagonists, variable domains and polypeptides amenable to
use as drugs in mammals, such as humans, where proteases
are likely to be encountered, eg for GI tract or pulmonary
tissue administration.

[0054] Thus, in one aspect, the invention provides the
TNFR1 antagonist for oral delivery. In one aspect, the
invention provides the TNFR1 antagonist for delivery to the
Gl tract of a patient. In one aspect, the invention provides the
use of the TNFR1 antagonist in the manufacture of a
medicament for oral delivery. In one aspect, the invention
provides the use of the TNFR1 antagonist in the manufacture
of' a medicament for delivery to the GI tract of a patient. In
one embodiment, the variable domain is resistant to trypsin
and/or at least one other protease selected from elastase,
leucozyme and pancreatin. For example, resistance is to
trypsin and elastase; trypsin and leucozyme; trypsin and
pacreatin; trypsin, elastase and leucozyme; trypsin, elastase
and pancreatin; trypsin, elastase, pancreatin and leucozyme;
or trypsin, pancreatin and leucozyme.

[0055] In one aspect, the invention provides the TNFR1
antagonist for pulmonary delivery. In one aspect, the inven-
tion provides the TNFR1 antagonist for delivery to the lung
of a patient. In one aspect, the invention provides the use of
the TNFR1 antagonist in the manufacture of a medicament
for pulmonary delivery. In one aspect, the invention pro-
vides the use of the TNFR1 antagonist in the manufacture of
a medicament for delivery to the lung of a patient. In one
embodiment, the variable domain is resistant to leucozyme.
[0056] In one aspect, the invention provides a method of
oral delivery or delivery of a medicament to the GI tract of
a patient or to the lung or pulmonary tissue of a patient,
wherein the method comprises administering to the patient
a pharmaceutically effective amount of a TNFR1 antagonist
of the invention.

[0057] In one aspect, the invention provides the TNFR1
antagonist of the invention for treating and/or prophylaxis of
an inflammatory condition. In one aspect, the invention
provides the use of the TNFR1 antagonist in the manufacture
of a medicament for treating and/or prophylaxis of an
inflammatory condition. In one embodiment, the condition
is selected from the group consisting of arthritis, multiple
sclerosis, inflammatory bowel disease and chronic obstruc-
tive pulmonary disease. For example, said arthritis is rheu-
matoid arthritis or juvenile rheumatoid arthritis. For
example, said inflammatory bowel disease is selected from
the group consisting of Crohn’s disecase and ulcerative
colitis. For example, said chronic obstructive pulmonary
disease is selected from the group consisting of chronic
bronchitis, chronic obstructive bronchitis and emphysema.
For example, said pneumonia is bacterial pneumonia. For
example, said bacterial pneumonia is Staphylococcal pneu-
monia.

[0058] In one aspect, the invention provides the TNFR1
antagonist for treating and/or prophylaxis of a respiratory
disease. In one aspect, the invention provides the use of the
TNFR1 antagonist in the manufacture of a medicament for
treating and/or prophylaxis of a respiratory disease. For
example, said respiratory disease is selected from the group
consisting of lung inflammation, chronic obstructive pulmo-
nary disease, asthma, pneumonia, hypersensitivity pneumo-
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nitis, pulmonary infiltrate with eosinophilia, environmental
lung disease, pneumonia, bronchiectasis, cystic fibrosis,
interstitial lung disease, primary pulmonary hypertension,
pulmonary thromboembolism, disorders of the pleura, dis-
orders of the mediastinum, disorders of the diaphragm,
hypoventilation, hyperventilation, sleep apnea, acute respi-
ratory distress syndrome, mesothelioma, sarcoma, graft
rejection, graft versus host disease, lung cancer, allergic
rhinitis, allergy, asbestosis, aspergilloma, aspergillosis,
bronchiectasis, chronic bronchitis, emphysema, eosinophilic
pneumonia, idiopathic pulmonary fibrosis, invasive pneu-
mococcal disease, influenza, nontuberculous mycobacteria,
pleural effusion, pneumoconiosis, pneumocytosis, pneumo-
nia, pulmonary actinomycosis, pulmonary alveolar proteino-
sis, pulmonary anthrax, pulmonary edema, pulmonary
embolus, pulmonary inflammation, pulmonary histiocytosis
X, pulmonary hypertension, pulmonary nocardiosis, pulmo-
nary tuberculosis, pulmonary veno-occlusive disease, rheu-
matoid lung disease, sarcoidosis, and Wegener’s granulo-
matosis. For example, the disease is chronic obstructive
pulmonary disease (COPD). For example, the disease is
asthma.

[0059] An antagonist of the invention comprising an agent
that inhibts TNFR1 (e.g., wherein the agent is selected from
the group consisting of antibody fragments (e.g, Fab frag-
ment, Fab' fragment, Fv fragment (e.g., scFv, disulfide
bonded Fv), F(ab')2 fragment, DAB™), ligands and DAB™
monomers and multimers (eg, homo- or heterodimers) can
be locally administered to pulmonary tissue (e.g., lung) of a
subject using any suitable method. For example, an agent
can be locally administered to pulmonary tissue via inhala-
tion or intranasal administration. For inhalation or intranasal
administration, the antagonist of TNFR1 can be adminis-
tered using a nebulizer, inhaler, atomizer, aerosolizer, mister,
dry powder inhaler, metered dose inhaler, metered dose
sprayer, metered dose mister, metered dose atomizer, or
other suitable inhaler or intranasal delivery device. Thus, in
one embodiment, the invention provides a pulmonary deliv-
ery device containing the TNFR1 antagonist. In one embodi-
ment, the device is an inhaler or an intranasal delivery
device.

[0060] In one aspect, the invention provides an oral for-
mulation comprising the TNFR1 antagonist. The formula-
tion can be a tablet, pill, capsule, liquid or syrup.

[0061] In one embodiment, the invention provides a pul-
monary formulation for delivery to the lung, wherein the
formulation comprise an antagonist, polypeptide or variable
domain of the invention with a particle size range of less
than 5 microns, for example less than 4.5, 4, 3.5 or 3 microns
(eg, when in Britton-Robinson buffer, eg at a pH of 6.5 to
8.0, eg at a pH of 7 to 7.5, eg at pH7 or at pH7.5).

[0062] In one embodiment, the formulations and compo-
sitions of the invention are provided at a pH from 6.5 to 8.0,
for example 7 to 7.5, for example 7, for example 7.5.
[0063] Variable domains according to any aspect of the
invention may have a Tm of at least 50° C., or at least 55°
C., or at least 60° C., or at least 65° C., or at least 70° C. An
antagonist, use, method, device or formulation of the inven-
tion may comprise such a variable domain.

[0064] In one aspect of the invention, the polypeptides,
variable domains, antagonists, compositions or formulations
of the invention are substantially stable after incubation (at
a concentration of polypeptide or variable domain of 1
mg/ml) at 37 to 50° C. for 14 days in Britton-Robinson
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buffer. In one embodiment, at least 65, 70, 75, 80, 85, 86, 87,
88,90, 91, 92,93, 94, 95, 96, 97, 98, 99% of the polypeptide,
antagonist or variable domain remains unaggregated after
such incubation at 37 degrees C. In one embodiment, at least
65,70, 75, 80, 85, 86, 87, 88, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99% of the polypeptide or variable domain remains
monomeric after such incubation at 37 degrees C. In one
embodiment, at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 86, 87, 88, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99% of the polypeptide, antagonist or variable
domain remains unaggregated after such incubation at 50
degrees C. In one embodiment, at least 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 86, 87, 88, 90, 91,
92,93, 94, 95, 96, 97, 98, 99% of the polypeptide or variable
domain remains monomeric after such incubation at 50
degrees C. In one embodiment, no aggregation of the
polypeptides, variable domains, antagonists is seen after any
one of such incubations. In one embodiment, the pl of the
polypeptide or variable domain remains unchanged or sub-
stantially unchanged after incubation at 37 degrees C. at a
concentration of polypeptide or variable domain of 1 mg/ml
in Britton-Robinson buffer.

[0065] In one aspect of the invention, the polypeptides,
variable domains, antagonists, compositions or formulations
of the invention are substantially stable after incubation (at
a concentration of polypeptide or variable domain of 100
mg/ml) at 4° C. for 7 days in Britton-Robinson buffer at a pH
of 7t0 7.5 (eg, at pH7 or pH7.5). In one embodiment, at least
95, 95.5, 96, 96.5, 97, 97.5, 98, 98.5, 99 or 99.5% of the
polypeptide, antagonist or variable domain remains unag-
gregated after such incubation. In one embodiment, at least
95, 95.5, 96, 96.5, 97, 97.5, 98, 98.5, 99 or 99.5% of the
polypeptide or variable domain remains monomeric after
such incubation. In one embodiment, no aggregation of the
polypeptides, variable domains, antagonists is seen after any
one of such incubations.

[0066] In one aspect of the invention, the polypeptides,
variable domains, antagonists, compositions or formulations
of'the invention are substantially stable after nebulisation (at
a concentration of polypeptide or variable domain of 40
mg/ml) eg, at room temperature, 20 degrees C. or 37° C., for
1 hour, eg in a jet nebuliser, eg a PART LC+™ cup. In one
embodiment, at least 65, 70, 75, 80, 85, 86, 87, 88, 90, 91,
92,93, 94,95,95.5,96,96.5, 97, 97.5, 98, 98.5, 99 or 99.5%
of the polypeptide, antagonist or variable domain remains
unaggregated after such nebulisation. In one embodiment, at
least 65, 70, 75, 80, 85, 86, 87, 88, 90, 91, 92, 93, 94, 95,
95.5, 96, 96.5, 97, 97.5, 98, 98.5, 99 or 99.5% of the
polypeptide or variable domain remains monomeric after
such nebulisation. In one embodiment, no aggregation of the
polypeptides, variable domains, antagonists is seen after any
one of such nebulisation.

[0067] Variable domains according to any aspect of the
invention may neutralize TNFa stimulated IL.-8 release in an
MRC-5 cell assay with an ND50 of 2 nM to 50 pM. An
antagonist, use, method, device or formulation of the inven-
tion may comprise such a variable domain.

[0068] In one aspect, the invention provides an isolated or
recombinant nucleic acid encoding a polypeptide compris-
ing an immunoglobulin single variable domain according to
any aspect of the invention or encoding a polypeptide,
antagonist or variable domain according to any aspect of the
invention. In one aspect, the invention provides a vector
comprising the nucleic acid. In one aspect, the invention
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provides a host cell comprising the nucleic acid or the
vector. In one aspect, the invention provides a method of
producing polypeptide comprising an immunoglobulin
single variable domain, the method comprising maintaining
the host cell under conditions suitable for expression of said
nucleic acid or vector, whereby a polypeptide comprising an
immunoglobulin single variable domain is produced. The
method may further comprise isolating the polypeptide,
variable domain or antagonist and optionally producing a
variant, eg a mutated variant, having an improved affinity
and/or ND50 than the isolated polypeptide, variable domain
or antagonist. Techniques for improving binding affinity of
immunoglobulin single variable domain are known in the
art, eg techniques for affinity maturation.

[0069] Inone aspect, the invention provides a pharmaceu-
tical composition comprising an immunoglobulin single
variable domain, polypeptide or an antagonist of any aspect
of the invention, and a pharmaceutically acceptable carrier,
excipient or diluent.

[0070] In one embodiment, the immunoglobulin single
variable domain or the antagonist of any aspect of the
invention comprises an antibody constant domain, for
example, an antibody Fc, optionally wherein the N-terminus
of the Fc is linked (optionally directly linked) to the C-ter-
minus of the variable domain.

[0071] The polypeptide or variable domain of the inven-
tion can be isolated and/or recombinant.

[0072] There is herein described a method for selecting a
protease resistant peptide or polypeptide. The method com-
prises providing a repertoire of peptides or polypeptides,
combining the repertoire and a protease under conditions
suitable for protease activity, and recovering a peptide or
polypeptide that has a desired biological activity (eg, spe-
cific binding to TNFR1), whereby a protease resistant pep-
tide or polypeptide is selected.

[0073] The repertoire and the protease are generally incu-
bated for a period of at least about 30 minutes. Any desired
protease can be used in the method, such as one or more of
the following, serine protease, cysteine protease, aspartate
proteases, thiol proteases, matrix metalloprotease, carboxy-
peptidase (e.g., carboxypeptidase A, carboxypeptidase B),
trypsin, chymotrypsin, pepsin, papain, elastase, leukozyme,
pancreatin, thrombin, plasmin, cathepsins (e.g., cathepsin
Q3), proteinase (e.g., proteinase 1, proteinase 2, proteinase 3),
thermolysin, chymosin, enteropeptidase, caspase (e.g., cas-
pase 1, caspase 2, caspase 4, caspase 5, caspase 9, caspase
12, caspase 13), calpain, ficain, clostripain, actinidain, bro-
melain, and separase. In particular embodiments, the pro-
tease is trypsin, elastase or leucozyme. The protease can also
be provided by a biological extract, biological homogenate
or biological preparation. If desired, the method further
comprises adding a protease inhibitor to the combination of
the repertoire and the protease after incubation is complete.
[0074] In some embodiments, a peptide or polypeptide
that has a desired biological activity is recovered base on a
binding activity. For example, the peptide or polypeptide can
be recovered based on binding a generic ligand, such as
protein A, protein G or protein L. The binding activity can
also be specific binding to a target ligand. Exemplary target
ligands include ApoE, Apo-SAA, BDNE, Cardiotrophin-1,
CEA, CD40, CD40 Ligand, CD56, CD38, CD138, EGF,
EGF receptor, ENA-78, Fotaxin, Eotaxin-2, Exodus-2,
FAPa, FGF-acidic, FGF-basic, fibroblast growth factor-10,
FLT3 ligand, Fractalkine (CX3C), GDNF, G-CSF, GM-CSF,
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GF-p1, human serum albumin, insulin, IFN-y, IGF-I, IGF-II,
1IL-1¢, IL-18, IL-1 receptor, IL-1 receptor type 1, IL-2, IL-3,
1L-4, IL-5, IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.), IL-9,
1L-10, IL-11, IL-12, IL-13, IL-15, IL-16, IL-17, IL-18
(IGIF), Inhibin c, Inhibin f§, IP-10, keratinocyte growth
factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotactin, Mulle-
rian inhibitory substance, monocyte colony inhibitory factor,
monocyte attractant protein, M-CSF, MDC (67 a.a.), MDC
(69 a.a.), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC
(67 a.a.), MDC (69 a.a.), MIG, MIP-1a, MIP-1§3, MIP-3c.,
MIP-3p, MIP-4, myeloid progenitor inhibitor factor-1
(MPIF-1), NAP-2, Neurturin, Nerve growth factor, §-NGF,
NT-3, NT-4, Oncostatin M, PDGF-AA, PDGF-AB, PDGF-
BB, PF-4, RANTES, SDF1a, SDF1§, SCF, SCGF, stem cell
factor (SCF), TARC, TGF-a, TGF-B, TGF-2, TGF-f3,
tumour necrosis factor (TNF), TNF-a, TNF-f, TNF receptor
I, TNF receptor I, TNIL-1, TPO, VEGF, VEGF A, VEGF B,
VEGF C, VEGF D, VEGF receptor 1, VEGF receptor 2,
VEGF receptor 3, GCP-2, GRO/MGSA, GRO-f§, GRO-y,
HCC1, 1-309, HER 1, HER 2, HER 3, HER 4, serum
albumin, vWF, amyloid proteins (e.g., amyloid alpha),
MMP12, PDK1, IgE, IL-13Ral, IL-13Ra2, IL-15, IL-15R,
1L-16, IL-17R, IL-17, IL-18, IL-18R, IL-23 IL-23R, IL-25,
CD2, CD4, CDl1l1a, CD23, CD25, CD27, CD28, CD30,
CD40, CD40L, CD56, CD138, ALKS, EGFR, FcERI,
TGFb, CCL2, CCL18, CEA, CR8, CTGF, CXCL12 (SDF-
1), chymase, FGF, Furin, Endothelin-1, Eotaxins (e.g.,
Eotaxin, Fotaxin-2, Fotaxin-3), GM-CSF, ICAM-1, ICOS,
IgE, IFNa, 1-309, integrins, L-selectin, MIF, MIP4, MDC,
MCP-1, MMPs, neutrophil elastase, osteopontin, OX-40,
PARC, PD-1, RANTES, SCF, SDF-1, siglec8, TARC,
TGFb, Thrombin, Tim-1, TNF, TRANCE, Tryptase, VEGF,
VLA-4, VCAM, a4f7, CCR2, CCR3, CCR4, CCRS5, CCR7,
CCRS, alphavbeta6, alphavbeta8, cMET, CD8, vWE, amy-
loid proteins (e.g., amyloid alpha), MMP12, PDK1, and IgE.
[0075] In particular embodiments, the peptide or polypep-
tide is recovered by panning.

[0076] In some embodiments, the repertoire comprises a
display system. For example, the display system can be
bacteriophage display, ribosome display, emulsion compart-
mentalization and display, yeast display, puromycin display,
bacterial display, display on plasmid, or covalent display.
Exemplary display systems link coding function of a nucleic
acid and functional characteristics of the peptide or poly-
peptide encoded by the nucleic acid. In particular embodi-
ments, the display system comprises replicable genetic
packages.

[0077] In some embodiments, the display system com-
prises bacteriophage display. For example, the bacterio-
phage can be fd, M13, lambda, MS2 or T7. In particular
embodiments, the bacteriophage display system is multiva-
lent. In some embodiments, the peptide or polypeptide is
displayed as a pllIl fusion protein.

[0078] In other embodiments, the method further com-
prises amplifying the nucleic acid encoding a peptide or
polypeptide that has a desired biological activity. In particu-
lar embodiments, the nucleic acid is amplified by phage
amplification, cell growth or polymerase chain reaction.
[0079] Insome embodiments, the repertoire is a repertoire
of immunoglobulin single variable domains. In particular
embodiments, the immunoglobulin single variable domain is
a heavy chain variable domain. In more particular embodi-
ments, the heavy chain variable domain is a human heavy
chain variable domain. In other embodiments, the immuno-
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globulin single variable domain is a light chain variable
domain. In particular embodiments, the light chain variable
domain is a human light chain variable domain.

[0080] In another aspect, there is provided a method for
selecting a peptide or polypeptide that binds a target ligand
(eg, TNFR1) with high affinity from a repertoire of peptides
or polypeptides. The method comprises providing a reper-
toire of peptides or polypeptides, combining the repertoire
and a protease under conditions suitable for protease activ-
ity, and recovering a peptide or polypeptide that binds the
target ligand.

[0081] The repertoire and the protease are generally incu-
bated for a period of at least about 30 minutes. Any desired
protease can be used in the method, such as one or more of
the following, serine protease, cysteine protease, aspartate
proteases, thiol proteases, matrix metalloprotease, carboxy-
peptidase (e.g., carboxypeptidase A, carboxypeptidase B),
trypsin, chymotrypsin, pepsin, papain, elastase, leukozyme,
pancreatin, thrombin, plasmin, cathepsins (e.g., cathepsin
Q3), proteinase (e.g., proteinase 1, proteinase 2, proteinase 3),
thermolysin, chymosin, enteropeptidase, caspase (e.g., cas-
pase 1, caspase 2, caspase 4, caspase 5, caspase 9, caspase
12, caspase 13), calpain, ficain, clostripain, actinidain, bro-
melain, and separase. In particular embodiments, the pro-
tease is trypsin, elastase or leucozyme. The protease can also
be provided by a biological extract, biological homogenate
or biological preparation. If desired, the method further
comprises adding a protease inhibitor to the combination of
the repertoire and the protease after incubation is complete.

[0082] The peptide or polypeptide can be recovered based
on binding any desired target ligand, such as the target
ligands disclosed herein (eg, TNFR1). In particular embodi-
ments, the peptide or polypeptide is recovered by panning.

[0083] In some embodiments, the repertoire comprises a
display system. For example, the display system can be
bacteriophage display, ribosome display, emulsion compart-
mentalization and display, yeast display, puromycin display,
bacterial display, display on plasmid, or covalent display.
Exemplary display systems link coding function of a nucleic
acid and functional characteristics of the peptide or poly-
peptide encoded by the nucleic acid. In particular embodi-
ments, the display system comprises replicable genetic
packages.

[0084] In some embodiments, the display system com-
prises bacteriophage display. For example, the bacterio-
phage can be fd, M13, lambda, MS2 or T7. In particular
embodiments, the bacteriophage display system is multiva-
lent. In some embodiments, the peptide or polypeptide is
displayed as a pllIl fusion protein.

[0085] In other embodiments, the method further com-
prises amplifying the nucleic acid encoding a peptide or
polypeptide that has a desired biological activity. In particu-
lar embodiments, the nucleic acid is amplified by phage
amplification, cell growth or polymerase chain reaction.

[0086] Insome embodiments, the repertoire is a repertoire
of immunoglobulin single variable domains. In particular
embodiments, the immunoglobulin single variable domain is
a heavy chain variable domain. In more particular embodi-
ments, the heavy chain variable domain is a human heavy
chain variable domain. In other embodiments, the immuno-
globulin single variable domain is a light chain variable
domain. In particular embodiments, the light chain variable
domain is a human light chain variable domain.
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[0087] In another aspect, there is herein described a
method of producing a repertoire of protease resistant pep-
tides or polypeptides. The method comprises providing a
repertoire of peptides or polypeptides, combining the rep-
ertoire of peptides or polypeptides and a protease under
suitable conditions for protease activity, and recovering a
plurality of peptides or polypeptides that have a desired
biological activity, whereby a repertoire of protease resistant
peptides or polypeptides is produced.

[0088] In some embodiments, the repertoire and the pro-
tease are incubated for a period of at least about 30 minutes.
For example, the protease used in the method can be one or
more of the following, serine protease, cysteine protease,
aspartate proteases, thiol proteases, matrix metalloprotease,
carboxypeptidase (e.g., carboxypeptidase A, carboxypepti-
dase B), trypsin, chymotrypsin, pepsin, papain, elastase,
leukozyme, pancreatin, thrombin, plasmin, cathepsins (e.g.,
cathepsin G), proteinase (e.g., proteinase 1, proteinase 2,
proteinase 3), thermolysin, chymosin, enteropeptidase, cas-
pase (e.g., caspase 1, caspase 2, caspase 4, caspase 5,
caspase 9, caspase 12, caspase 13), calpain, ficain, clostri-
pain, actinidain, bromelain, and separase. In particular
embodiments, the protease is trypsin, elastase or leucozyme.
The protease can also be provided by a biological extract,
biological homogenate or biological preparation. If desired,
the method further comprises adding a protease inhibitor to
the combination of the repertoire and the protease after
incubation is complete.

[0089] In some embodiments, a plurality of peptides or
polypeptides that have a desired biological activity is recov-
ered based on a binding activity. For example, a plurality of
peptides or polypeptides can be recovered based on binding
a generic ligand, such as protein A, protein G or protein L.
The binding activity can also be specific binding to a target
ligand, such as a target ligand described herein. In particular
embodiments, a plurality of peptides or polypeptides that
has the desired biological activity is recovered by panning.
[0090] In some embodiments, the repertoire comprises a
display system. For example, the display system can be
bacteriophage display, ribosome display, emulsion compart-
mentalization and display, yeast display, puromycin display,
bacterial display, display on plasmid, or covalent display. In
particular embodiments, the display system links coding
function of a nucleic acid and functional characteristics of
the peptide or polypeptide encoded by the nucleic acid. In
particular embodiments, the display system comprises rep-
licable genetic packages.

[0091] In some embodiments, the display system com-
prises bacteriophage display. For example, the bacterio-
phage can be fd, M13, lambda, MS2 or T7. In particular
embodiments, the bacteriophage display system is multiva-
lent. In some embodiments, the peptide or polypeptide is
displayed as a pllIl fusion protein.

[0092] In other embodiments, the method further com-
prises amplifying the nucleic acids encoding a plurality of
peptides or polypeptides that have a desired biological
activity. In particular embodiments, the nucleic acids are
amplified by phage amplification, cell growth or polymerase
chain reaction.

[0093] Insome embodiments, the repertoire is a repertoire
of immunoglobulin single variable domains. In particular
embodiments, the immunoglobulin single variable domain is
a heavy chain variable domain. In more particular embodi-
ments, the heavy chain variable domain is a human heavy
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chain variable domain. In other embodiments, the immuno-
globulin single variable domain is a light chain variable
domain. In particular embodiments, the light chain variable
domain is a human light chain variable domain.

[0094] In another aspect, there is herein described a
method for selecting a protease resistant polypeptide com-
prising an immunoglobulin single variable domain (DAB™)
that binds a target ligand (eg, TNFR1) from a repertoire. In
one embodiment, the method comprises providing a phage
display system comprising a repertoire of polypeptides that
comprise an immunoglobulin single variable domain, com-
bining the phage display system and a protease selected
from the group consisting of elastase, leucozyme and
trypsin, under conditions suitable for protease activity, and
recovering a phage that displays a polypeptide comprising
an immunoglobulin single variable domain that binds the
target ligand.

[0095] In some embodiments, the protease is used at 100
ng/ml, and the combined phage display system and protease
are incubated at about 37° C. overnight.

[0096] In some embodiments, the phage that displays a
polypeptide comprising an immunoglobulin single variable
domain that binds the target ligand is recovered by binding
to said target. In other embodiments, the phage that displays
a polypeptide comprising an immunoglobulin single vari-
able domain that binds the target ligand is recovered by
panning.

[0097] There is also described an isolated protease resis-
tant peptide or polypeptide selectable or selected by the
methods described herein. In a particular embodiment, there
is provided an isolated protease (e.g., trypsin, elastase,
leucozyme) resistant immunoglobulin single variable
domain (e.g., human antibody heavy chain variable domain,
human antibody light chain variable domain) selectable or
selected by the methods described herein.

[0098] There is further described herein an isolated or
recombinant nucleic acid that encodes a protease resistant
peptide or polypeptide (e.g., trypsin-, elastase-, or leuco-
zyme-resistant immunoglobulin single variable domain)
selectable or selected by the methods described herein, and
to vectors (e.g., expression vectors) and host cells that
comprise the nucleic acids.

[0099] There is further described herein a method for
making a protease resistant peptide or polypeptide (e.g.,
trypsin-, elastase-, or leucozyme-resistant immunoglobulin
single variable domain) selectable or selected by the meth-
ods described herein, comprising maintaining a host cell that
contains a recombinant nucleic acid encoding the protease
resistant peptide or polypeptide under conditions suitable for
expression, whereby a protease resistant peptide or poly-
peptide is produced.

[0100] There is further described herein a protease resis-
tant peptide or polypeptide (e.g., trypsin-, elastase-, or
leucozyme-resistant  immunoglobulin  single variable
domain) selectable or selected by the methods described
herein for use in medicine (e.g., for therapy or diagnosis).
There is further described herein the use of a protease
resistant peptide or polypeptide (e.g., trypsin-, elastase-, or
leucozyme-resistant  immunoglobulin  single variable
domain) selectable or selected by the methods described
herein for the manufacture of a medicament for treating
disease. There is further described herein a method of
treating a disease, comprising administering to a subject in
need thereof, an effective amount of a protease resistant
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peptide or polypeptide (e.g., trypsin-, elastase-, or leuco-
zyme-resistant immunoglobulin single variable domain)
selectable or selected by the methods described herein.

[0101] There is further described herein a diagnostic kit
for determine whether TNFR1 is present in a sample or how
much TNFR1 is present in a sample, comprising a polypep-
tide, immunoglobulin variable domain (DAB™) or antago-
nist of the invention and instructions for use (e.g., to
determine the presence and/or quantity of TNFR1 in the
sample). In some embodiments, the kit further comprises
one or more ancillary reagents, such as a suitable buffer or
suitable detecting reagent (e.g., a detectably labeled anti-
body or antigen-binding fragment thereof that binds the
polypeptide or DAB™ of the invention or a moiety associ-
ated or conjugated thereto.

[0102] The invention also relates to a device comprising a
solid surface on which a polypeptide, antagonist or DAB™
of the invention is immobilized such that the immobilized
polypeptide or DAB™ binds TNFR1. Any suitable solid
surfaces on which an antibody or antigen-binding fragment
thereof can be immobilized can be used, for example, glass,
plastics, carbohydrates (e.g., agarose beads). If desired the
support can contain or be modified to contain desired
functional groups to facilitate immobilization. The device,
and or support, can have any suitable shape, for example, a
sheet, rod, strip, plate, slide, bead, pellet, disk, gel, tube,
sphere, chip, plate or dish, and the like. In some embodi-
ments, the device is a dipstick.

BRIEF DESCRIPTION OF THE DRAWINGS

[0103] FIG. 1 is an illustration of the multiple cloning site
of pDOM13 (aka pDOM33), as shown in SEQ ID NO: 2
(GAS leader is shown in SEQ ID NO: 1) which was used to
prepare a phage display repertoire.

[0104] FIG. 2 shows several NOVEX™ 10-20% TRI-
CENE™ gels run with samples from different time points of
DABT™s that were incubated with trypsin at 40 ug/ml at 30°
C. Samples were taken immediately before the addition of
trypsin, and then at one hour, three hours and 24 hours after
the addition of trypsin. The proteins were stained with 1x
SUREBLUE™. The gels illustrate that both DOM15-10 and
DOM15-26-501 were significantly digested during the first
three hours of incubation with trypsin. Digestion of
DOM15-26, DOM4-130-54 and DOM1h-131-511 only
became apparent after 24 hours of incubation with trypsin.

[0105] FIG. 3 is an illustration of the amino acid
sequences of DOM1h-131-511 (SEQ ID NO: 3) and 24
selected variants including DOM1h-131-206 (SEQ ID NO:
3). The amino acids that differ from the parent sequence in
selected clones are highlighted (those that are identical are
marked by dots). The loops corresponding to CDR1, CDR2
and CDR3 are outlined with boxes.

[0106] FIG. 4 is an illustration of the amino acid
sequences of DOM4-130-54 (SEQ ID NO: 5) and 27
selected variants. The amino acids that differ from the parent
sequence in selected clones are highlighted (those that are
identical are marked by dots). The loops corresponding to
CDR1, CDR2 and CDR3 are outlined with boxes.

[0107] FIG. 5is an illustration of the amino acid sequence
of DOM15-26-555 (SEQ ID NO: 7) and 21 selected vari-
ants. The amino acids that differ from the parent sequence in
selected clones are highlighted (those that are identical are
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marked by dots). The loops corresponding to CDR1, CDR2
and CDR3 are outlined with boxes. SYGA (SEQ ID NO: 6)
is also shown.

[0108] FIG. 6 is an illustration of the amino acid sequence
of DOM15-10 (SEQ ID NO: 10) and 16 selected variants.
The amino acids that differ from the parent sequence in
selected clones are highlighted (those that are identical are
marked by dots). The loops corresponding to CDR1, CDR2
and CDR3 are outlined with boxes. SYST (SEQ ID NO: 9)
is also shown.

[0109] FIGS. 7A-7D are BIACORE™ ftraces showing
bind of a parent DAB™, DOM1h-131-511 (FIG. 7A) and
three variant DAB™s, DOMI1h-131-203 (FIG. 7B),
DOM1h-131-204 (FIG. 7C) and DOM1h-131-206 (FIG.
7D), to immoblized TNFR1 after incubation with different
concentrations of trypsin (ranging from 0 to 100 pg/ml)
overnight at 37° C. The results show that all three variants
are more resistant than the parent to proteolysis at high
concentrations of trypsin (100 ug/ml).

[0110] FIGS. 8A-8C are BIACORE™ ftraces showing
binding of DAB™s DOM1h-131-511 (FIG. 8A), DOM1h-
131-202 (FIG. 8B) and DOMI1h-131-206 (FIG. 8C) to
immobilized TNFR1 after incubation with elastase and
leucozyme overnight. The DAB™Ss showed increased resis-
tance to proteolysis compared to the parent against both
elastase and leucozyme.

[0111] FIG. 9 shows two 4-12% NOVEX™ Bis-Tris gels
run with samples of DAB™s DOM1h-131-511, DOM1h-
131-203, DOMI1h-131-204, DOM1h-131-206, DOM1h-
131-54, DOM1h-131-201, and DOMI1h-131-202 before
incubation with trypsin and samples after incubation with
100 pg/ml of trypsin for 1 hour, 3 hours and 24 hours.
[0112] FIGS. 10A-10C are BIACORE™ traces showing
binding of DOM4-130-54 (FIG. 10A), DOM4-130-201
(FIG. 10B) and DOM4-130-202 (FIG. 10C) to immobilized
IL-1R1 fusion protein after incubation with different con-
centrations of trypsin (ranging from 0 to 100 ng/ml) over-
night at 37° C. The results show that both variants are more
resistant than their parent to proteolysis at high concentra-
tions of trypsin (100 pg/ml).

[0113] FIGS. 11A-11C are BIACORE™ traces showing
binding of DOM4-130-54 (FIG. 11A), DOM4-130-201
(FIG. 11B) and DOM4-130-202 (FIG. 11C) to immobilized
IL-1R1 fusion protein after incubation with elastase and
leucozyme overnight. The DAB™Ss showed increased resis-
tance to proteolysis compared to parent against both pro-
teases tested.

[0114] FIG. 12 is an illustration of the amino acid
sequence of DOM15-26-555 SEQ ID NO: 12 and 6 variants.
The amino acids that differ from the parent sequence in
selected clones are highlighted (those that are identical are
marked by dots). SYGA (SEQ ID NO: 11) is also shown.
[0115] FIGS. 13A and 13B are BIACORE™ traces show-
ing binding of the parent DAB™, DOM15-26-555 (FIG.
13A) and the most protease resistant variant, DOM15-26-
593 (FIG. 13B) to immobilized VEGF. The parent and the
variant were compared on the BIACORE™ for hVEGF
binding at the DAB™ concentration of 100 nM after incu-
bation with trypsin at a concentration of 200 pg/ml. The
reaction was carried out for three hours or 24 hours at 37°
C. The results show that the variant is more resistant than the
parent to proteolysis after 24 hours of trypsin treatment.
[0116] FIG. 14 is a graph showing effects of trypsin
treatment on hVEGF binding by DOM15-26-555 variants.
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The results clearly show that all variants are more resistant
than the parent (DOM15-26-555) to proteolysis after 24
hours of trypsin treatment.

[0117] FIG. 15 shows two NOVEX™ 10-20% Tricine gels
that were loaded with 15 pg of treated and untreated samples
of DOM15-26-555 or DOM15-26-593. Samples were taken
immediately before the addition of trypsin, and then at one
hour, three hours and 24 hours after the addition of trypsin.
The proteins were stained with 1x SUREBLUE™. The gels
illustrate that the trypsin resistance profile of DOM15-26-
593 varied from the profile shown by the BIACORE™
experiment.

[0118] FIG. 16 is an illustration of the amino acid
sequence of DOM15-10 (SEQ ID NO: 14) and a variant,
DOM15-10-11. The amino acids that differ from the parent
sequence in the variant are highlighted (those that are
identical are marked by dots). SYST (SEQ ID NO: 13) is
also shown.

[0119] FIGS. 17A and 17B are BIACORE™ traces show-
ing binding of the parent, DOM15-10 (FIG. 17A) and the
variant, DOM15-10-11 (FIG. 17B), to immobilized VEGF.
The parent and the variant were compared on the BIA-
CORE™ for hVEGF binding at the DAB™ concentration of
100 nM after incubation with trypsin at a concentration of
200 pg/ml. The reaction was carried out for one hour, three
hours and 24 hours at 37° C. The results show that the
variant is more resistant than the parent to proteolysis after
24 hours of trypsin treatment.

[0120] FIG. 18 shows two NOVEX™ 10-20% TRI-
CENE™ gels that were loaded with 15 pg of samples of
DOM15-10 and DOM15-10-11. Samples were taken imme-
diately before the addition of trypsin, and then at one hour,
three hours, and 24 hours after the addition of trypsin. The
proteins were stained with SUREBLUE™ (1x). The results
show that the binding activity seen in the BIACORE™ study
directly reflects the protein’s integrity.

[0121] FIGS. 19A-19L illustrate the nucleotide sequences
of several nucleic acids (as shown in SEQ ID NO:s 15-67)
encoding DAB™Ss that are variants of DOM1h-131-511 or
DOMA4-130-54. The nucleotide sequences encode the amino
acid sequences presented in FIG. 3 and FIG. 4, respectively.
[0122] FIGS. 20A-20F illustrate the nucleotide sequences
of several nucleic acids (as shown in SEQ ID NO:s 68-102)
encoding DAB™g that are variants of DOM15-26-555 or
DOM15-10. The nucleotide sequences encode the amino
acid sequences presented in FIG. 5 and FIG. 6, respectively.
[0123] FIG. 21 shows a vector map of pDOM 38.
[0124] FIG. 22: Shows a gel run on LABCHIP™ of
DOM10-53-474 and DOM15-26-593 proteins treated with
trypsin at 25:1 DAB™:trypsin ratio at 30° C. for different
time points. Arrows show full length protein.

[0125] FIG. 23: Is a size exclusion chromatography trace
showing the high level of purity obtained for each sample
after purification by MIVIC chromatography followed by
anion exchange. The UV was monitored at 225 nm and the
column was run in 1x PBS with 10% ethanol (v/v). The
percentage monomer was calculated by integration of the
peak area with baseline correction.

[0126] FIG. 24: Shows protease stability data for DOM1h-
131-511, DOM1h-131-202 and DOM1h-131-206.

[0127] FIG. 25: Is an SEC which illustrates 14 day sta-
bility data of DOMI1h-131-202, DOM1h-131-206 and
DOM1h-131-511 in Britton-Robinson buffer at 37 and 50°
C. The protein concentration for all the DAB™s was 1
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mg/ml. SEC was used to determine if any changes had
occurred in the protein during thermal stress and the amount
of monomer left in solution relative to the time=0 (TO)
sample.

[0128] FIGS. 26A-261: Show SEC traces showing the
effect of thermal stress (37 and 50° C.) on DOM1h-131-511
(FIGS. 26A-26C), -202 (FIGS. 26D-26F) and -206 (FIGS.
26G-261). Also shown is the percentage of monomer left in
solution relative to the T=0 at the given time point.

[0129] FIG. 27: Shows IEF analysis of DOM1h-131-202,
DOM1h-131-206 and DOM1h-131-511 at 24 hr, 48 hr and
7 and 14 days thermal stress. The samples had been incu-
bated at either 37 or 50° C. in Britton-Robinson buffer.
[0130] FIG. 28: TNFR-1 RBA showing the effect of 14
days incubation of DOM1h-131-202, DOM1h-131-206 and
DOM1h-131-511 at 50° C. The protein concentration was
assumed to be 1 mg/ml. A negative control DAB™ (VH
dummy) which does not bind antigen is also shown.
[0131] FIG. 29: Hlustrates Effects of storing A: DOM1h-
131-202, B: DOM1h-131-206 and C: DOM1h-131-511 at
~100 mg/ml for 7 days in Britton-Robinson buffer at +4° C.
The UV was monitored at 280 nm.

[0132] FIG. 30: Shows data from Nebuliser testing of
DOM1h-131-202, DOM1h-131-206 and DOM1h-131-511
in the PART EFLOW™ and PART LC+™. The protein
concentration was 5 mg/ml in either Britton-Robinson buf-
fer.

[0133] FIG. 31: Illustrates the Relative percentage
changes in monomer concentrations during nebulisation of
DOM1h-131-202, DOM1h-131-206 and DOM1h-131-511
in Britton-Robinson buffer at 5 mg/ml.

[0134] FIG. 32: Shows SEC traces of DOM1h-131-206
and DOM1h-131-511 in Britton-Robinson buffer post nebu-
lisation from the PART LC+™.

[0135] FIG. 33: Shows SEC traces of DOM1h-131-206
during the nebulisation process over 1 hour at 40 mg/ml in
PBS. The protein in both the nebuliser cup and aerosol are
highly resistance to the effects of shear and thermal stress
that may be experienced by the DAB™ during nebulisation.
[0136] FIG. 34: Shows the sedimentation velocity curves
for each of the three lead proteins (DOM1h-131-206 and
DOM1h-131-511 and DOM1h-131-202) The bimodal peak
observed for the lower concentration sample of DOM1h-
131-206 is an artefact owing to a sample leak from the cell
in this instance.

[0137] FIG. 35: Shows the effect of buffer and device on
nebulised droplet size of GSK 1995056A (DOM1h-131-
511).

[0138] FIG. 36: Stability of GSK1995056A (DOM1h-131-
511) after nebulisation in various devices assessed by dimer
formation as measured by SEC.

[0139] FIG. 37: Shows nebuliser testing of
GSK1922567A  (202), GSK1995057A  (206) and
GSK1995056A (511) in the PARI EFLOWTMand LC+. A)
testing in Britton-Robinson buffer, B) testing in PEG1000/
sucrose buffer.

[0140] FIG. 38: Depicts a TNF-a dose curve in the human
TNFR1 receptor binding assay. Each sample was tested as
four replicates.

[0141] FIG. 39: Shows Inhibition by GSKI1922567A
(DOM1h-131-202), GSK1995057A (DOM1h-131-206) and
GSK1995056A (DOM1h-131-511) in the human TNFRI1
receptor binding assay. Each sample was tested as four
replicates.
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[0142] FIG. 40: [lustrates potency of the DOM15-26 and
DOM15-26-593 DAB™s in the VEGF RBA.

[0143] FIG. 41: Shows pharmacokinetics of DMS1529
(DOM 15-26-593) and DMS1545 (DOM15-26-501) after
single bolus dose i.v. administration to rats at 5 mg/mg
[0144] FIG. 42A: Shows SEC-MALLs (Size exclusion
chromatograph-multi-angle laser light scattering) analysis of
DMS1529 Fc fusion (DOM 15-26-593 Fc fusion) confirm-
ing monomeric properties. Two different batches are shown
that demonstrate similar properties with regard to refractive
index (i.e. concentration; broken lines) and light scattering
(solid lines). The line marked with the arrow signifies the
molecular mass calculation.

[0145] FIG. 42B: Shows AUC (analytical ultracentrifuga-
tion) analysis of DMS1529 Fc fusion (DOM 15-26-593 Fc
fusion) confirming monomeric properties. One batch of
material was tested at three different concentrations,
approximating to 0.2, 0.5 & 1.0 mg/ml in PBS buffer. The
analysis of the sedimentation rate confirmed a molecular
mass of approx. 80 kDa.

[0146] FIG. 43: Shows DSC traces of DMS1529
(DOM15-26-593) and DOM15-26-501.

[0147] FIG. 44: Is a VEGF Binding ELISA for DMS1529
(DOM 15-26-593) before and after, 10 freeze-thaw cycles
on two different batches of material.

[0148] FIG. 45: Shows the consistency of DOM 15-26-
593 SEC profile before and after 10 freeze thaw cycles.
[0149] FIG. 46: Illustrates results from an accelerated
stability study of the DMS1529 fusion (DOM 15-26-593 Fc
fusion); binding ELISA demonstrating activity after 7 days
incubation at the temperature shown.

[0150] FIG. 47A: Shows stability of DMS1529 (DOM
15-26-593) in cynomolgus serum after 14 & 15 days incu-
bation at 37° C.

[0151] FIG. 47B: Shows stability of DMS1529 (DOM
15-26-593) in human serum after 14 & 15 days incubation
at 37° C.

[0152] FIG. 48: Shows potency of DOM15-26 & DOM15-
26-593 DAB™s as Fc fusions (DMS1564 & 1529 respec-
tively) in the VEGF RBA.

[0153] FIG. 49: Ilustrates inhibition of HUVEC cell pro-
liferation by the DMS1529 fusion (DOM15-26-593 FC
fusion).

[0154] FIG. 50: pDom33 vector map.

[0155] FIGS. 51A-51B: Depict sequences (amino acid and
nucleotide as shown in SEQ ID NO:s 103-221 and 263) of
DAB™s that bind serum albumin.

[0156] FIGS. 52A-52C: Depict the amino acid sequence
of DOM15-26-593-Fc¢ fusion (as shown in SEQ ID NO:
264), the amino acid sequence of the human IgG1 Fc portion
(as shown in SEQ ID NO: 265) of the DOM15-26-593-Fc
fusion and a nucleic acid sequence encoding the DOM15-
26-593-Fc fusion (as shown in SEQ ID NO: 266).

[0157] FIG. 53: Codon Optimised Sequence 1

[0158] FIG. 54: Codon Optimised Sequence 2

[0159] FIG. 55: Codon Optimised Sequence 3

[0160] FIG. 56: Codon Optimised Sequence 4

[0161] FIG. 57: Codon Optimised Sequence 5
DETAILED DESCRIPTION OF THE

INVENTION
[0162] Within this specification the invention has been

described, with reference to embodiments, in a way which
enables a clear and concise specification to be written. It is
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intended and should be appreciated that embodiments may
be variously combined or separated without parting from the
invention.

[0163] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art (e.g., in cell
culture, molecular genetics, nucleic acid chemistry, hybrid-
ization techniques and biochemistry). Standard techniques
are used for molecular, genetic and biochemical methods
(see generally, Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2d ed. (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et
al., Short Protocols in Molecular Biology (1999) 4™ Ed,
John Wiley & Sons, Inc. which are incorporated herein by
reference) and chemical methods.

[0164] As used herein, the term “antagonist of Tumor
Necrosis Factor Receptor 1 (TNFR1)” or “anti-TNFR1
antagonist” or the like refers to an agent (e.g., a molecule, a
compound) which binds TNFR1 and can inhibit a (i.e., one
or more) function of TNFR1. For example, an antagonist of
TNFR1 can inhibit the binding of TNFa to TNFR1 and/or
inhibit signal transduction mediated through TNFRI1.
Accordingly, TNFR1-mediated processes and cellular
responses (e.g., TNFa-induced cell death in a standard 1.929
cytotoxicity assay) can be inhibited with an antagonist of
TNFRI.

[0165] As used herein, “peptide” refers to about two to
about 50 amino acids that are joined together via peptide
bonds.

[0166] As used herein, “polypeptide” refers to at least
about 50 amino acids that are joined together by peptide
bonds. Polypeptides generally comprise tertiary structure
and fold into functional domains.

[0167] As used herein, a peptide or polypeptide (e.g. a
domain antibody (DAB™)) that is “resistant to protease
degradation” is not substantially degraded by a protease
when incubated with the protease under conditions suitable
for protease activity. A polypeptide (e.g., a DAB™) is not
substantially degraded when no more than about 25%, no
more than about 20%, no more than about 15%, no more
than about 14%, no more than about 13%, no more than
about 12%, no more than about 11%, no more than about
10%, no more than about 9%, no more than about 8%, no
more than about 7%, no more than about 6%, no more than
about 5%, no more than about 4%, no more than about 3%,
no more that about 2%, no more than about 1%, or substan-
tially none of the protein is degraded by protease after
incubation with the protease for about one hour at a tem-
perature suitable for protease activity. For example at 37 or
50 degrees C. Protein degradation can be assessed using any
suitable method, for example, by SDS-PAGE or by func-
tional assay (e.g., ligand binding) as described herein.
[0168] As used herein, “display system” refers to a system
in which a collection of polypeptides or peptides are acces-
sible for selection based upon a desired characteristic, such
as a physical, chemical or functional characteristic. The
display system can be a suitable repertoire of polypeptides
or peptides (e.g., in a solution, immobilized on a suitable
support). The display system can also be a system that
employs a cellular expression system (e.g., expression of a
library of nucleic acids in, e.g., transformed, infected, trans-
fected or transduced cells and display of the encoded poly-
peptides on the surface of the cells) or an acellular expres-
sion system (e.g., emulsion compartmentalization and
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display). Exemplary display systems link the coding func-
tion of a nucleic acid and physical, chemical and/or func-
tional characteristics of a polypeptide or peptide encoded by
the nucleic acid. When such a display system is employed,
polypeptides or peptides that have a desired physical, chemi-
cal and/or functional characteristic can be selected and a
nucleic acid encoding the selected polypeptide or peptide
can be readily isolated or recovered. A number of display
systems that link the coding function of a nucleic acid and
physical, chemical and/or functional characteristics of a
polypeptide or peptide are known in the art, for example,
bacteriophage display (phage display, for example phagemid
display), ribosome display, emulsion compartmentalization
and display, yeast display, puromycin display, bacterial
display, display on plasmid, covalent display and the like.
(See, e.g., EP 0436597 (Dyax), U.S. Pat. No. 6,172,197
(McCafferty et al.), U.S. Pat. No. 6,489,103 (Griffiths et al.))
[0169] As used herein, “repertoire” refers to a collection of
polypeptides or peptides that are characterized by amino
acid sequence diversity. The individual members of a rep-
ertoire can have common features, such as common struc-
tural features (e.g., a common core structure) and/or com-
mon functional features (e.g., capacity to bind a common
ligand (e.g., a generic ligand or a target ligand, TNFR1)).
[0170] As used herein, “functional” describes a polypep-
tide or peptide that has biological activity, such as specific
binding activity. For example, the term “functional polypep-
tide” includes an antibody or antigen-binding fragment
thereof that binds a target antigen through its antigen-
binding site.

[0171] As used herein, “generic ligand” refers to a ligand
that binds a substantial portion (e.g., substantially all) of the
functional members of a given repertoire. A generic ligand
(e.g., a common generic ligand) can bind many members of
a given repertoire even though the members may not have
binding specificity for a common target ligand. In general,
the presence of a functional generic ligand-binding site on a
polypeptide (as indicated by the ability to bind a generic
ligand) indicates that the polypeptide is correctly folded and
functional. Suitable examples of generic ligands include
superantigens, antibodies that bind an epitope expressed on
a substantial portion of functional members of a repertoire,
and the like.

[0172] “Superantigen” is a term of art that refers to generic
ligands that interact with members of the immunoglobulin
superfamily at a site that is distinct from the target ligand-
binding sites of these proteins. Staphylococcal enterotoxins
are examples of superantigens which interact with T-cell
receptors. Superantigens that bind antibodies include Protein
G, which binds the IgG constant region (Bjorck and Kro-
nvall, J. Immunol., 133:969 (1984)); Protein A which binds
the IgG constant region and V,, domains (Forsgren and
Sjoquist, J. Immunol., 97:822 (1966)); and Protein L which
binds V; domains (Bjorck, J. Immunol., 140:1194 (1988)).
[0173] As used herein, “target ligand” refers to a ligand
which is specifically or selectively bound by a polypeptide
or peptide. For example, when a polypeptide is an antibody
or antigen-binding fragment thereof, the target ligand can be
any desired antigen or epitope. Binding to the target antigen
is dependent upon the polypeptide or peptide being func-
tional.

[0174] As used herein an antibody refers to IgG, IgM, IgA,
IgD or IgE or a fragment (such as a Fab, F(ab'),, Fv,
disulphide linked Fv, scFv, closed conformation multispe-
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cific antibody, disulphide-linked scFv, diabody) whether
derived from any species naturally producing an antibody, or
created by recombinant DNA technology; whether isolated
from serum, B-cells, hybridomas, transfectomas, yeast or
bacteria.

[0175] As used herein, “antibody format” refers to any
suitable polypeptide structure in which one or more antibody
variable domains can be incorporated so as to confer binding
specificity for antigen on the structure. A variety of suitable
antibody formats are known in the art, such as, chimeric
antibodies, humanized antibodies, human antibodies, single
chain antibodies, bispecific antibodies, antibody heavy
chains, antibody light chains, homodimers and heterodimers
of antibody heavy chains and/or light chains, antigen-bind-
ing fragments of any of the foregoing (e.g., a Fv fragment
(e.g., single chain Fv (scFv), a disulfide bonded Fv), a Fab
fragment, a Fab' fragment, a F(ab")2 fragment), a single
antibody variable domain (e.g., a DAB™, V.. V.. V;),
and modified versions of any of the foregoing (e.g., modified
by the covalent attachment of polyethylene glycol or other
suitable polymer or a humanized V).

[0176] The phrase “immunoglobulin single variable
domain” refers to an antibody variable domain (Vg Vi,
V) that specifically binds an antigen or epitope indepen-
dently of other V regions or domains. An immunoglobulin
single variable domain can be present in a format (e.g.,
homo- or hetero-multimer) with other variable regions or
variable domains where the other regions or domains are not
required for antigen binding by the single immunoglobulin
variable domain (i.e., where the immunoglobulin single
variable domain binds antigen independently of the addi-
tional variable domains). A “domain antibody” or “DAB™”
is the same as an “immunoglobulin single variable domain”
as the term is used herein. A “single immunoglobulin
variable domain” is the same as an “immunoglobulin single
variable domain” as the term is used herein. A “single
antibody variable domain” or an “antibody single variable
domain” is the same as an “immunoglobulin single variable
domain” as the term is used herein. An immunoglobulin
single variable domain is in one embodiment a human
antibody variable domain, but also includes single antibody
variable domains from other species such as rodent (for
example, as disclosed in WO 00/29004, the contents of
which are incorporated herein by reference in their entirety),
nurse shark and Camelid V,,;; DAB™s. Camelid V,,; are
immunoglobulin single variable domain polypeptides that
are derived from species including camel, llama, alpaca,
dromedary, and guanaco, which produce heavy chain anti-
bodies naturally devoid of light chains. The V,,, may be
humanized.

[0177] A “domain” is a folded protein structure which has
tertiary structure independent of the rest of the protein.
Generally, domains are responsible for discrete functional
properties of proteins, and in many cases may be added,
removed or transferred to other proteins without loss of
function of the remainder of the protein and/or of the
domain. A “single antibody variable domain™ is a folded
polypeptide domain comprising sequences characteristic of
antibody variable domains. It therefore includes complete
antibody variable domains and modified variable domains,
for example, in which one or more loops have been replaced
by sequences which are not characteristic of antibody vari-
able domains, or antibody variable domains which have
been truncated or comprise N- or C-terminal extensions, as
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well as folded fragments of variable domains which retain at
least the binding activity and specificity of the full-length
domain.

[0178] The term “library” refers to a mixture of hetero-
geneous polypeptides or nucleic acids. The library is com-
posed of members, each of which has a single polypeptide
or nucleic acid sequence. To this extent, “library” is syn-
onymous with “repertoire.” Sequence differences between
library members are responsible for the diversity present in
the library. The library may take the form of a simple
mixture of polypeptides or nucleic acids, or may be in the
form of organisms or cells, for example bacteria, viruses,
animal or plant cells and the like, transformed with a library
of' nucleic acids. In one embodiment, each individual organ-
ism or cell contains only one or a limited number of library
members. In one embodiment, the nucleic acids are incor-
porated into expression vectors, in order to allow expression
of the polypeptides encoded by the nucleic acids. In an
aspect, therefore, a library may take the form of a population
of host organisms, each organism containing one or more
copies of an expression vector containing a single member
of the library in nucleic acid form which can be expressed
to produce its corresponding polypeptide member. Thus, the
population of host organisms has the potential to encode a
large repertoire of diverse polypeptides.

[0179] A “universal framework™ is a single antibody
framework sequence corresponding to the regions of an
antibody conserved in sequence as defined by Kabat (“Se-
quences of Proteins of Immunological Interest”, US Depart-
ment of Health and Human Services) or corresponding to the
human germline immunoglobulin repertoire or structure as
defined by Chothia and Lesk, (1987) J. Mol. Biol. 196:910-
917. Libraries and repertoires can use a single framework, or
a set of such frameworks, which has been found to permit
the derivation of virtually any binding specificity though
variation in the hypervariable regions alone.

[0180] As used herein, the term “dose” refers to the
quantity of ligand administered to a subject all at one time
(unit dose), or in two or more administrations over a defined
time interval. For example, dose can refer to the quantity of
ligand (e.g., ligand comprising an immunoglobulin single
variable domain that binds target antigen) administered to a
subject over the course of one day (24 hours) (daily dose),
two days, one week, two weeks, three weeks or one or more
months (e.g., by a single administration, or by two or more
administrations). The interval between doses can be any
desired amount of time.

[0181] The phrase, “half-life,” refers to the time taken for
the serum concentration of the ligand (eg, DAB™, poly-
peptide or antagonist) to reduce by 50%, in vivo, for
example due to degradation of the ligand and/or clearance or
sequestration of the ligand by natural mechanisms. The
ligands of the invention may be stabilized in vivo and their
half-life increased by binding to molecules which resist
degradation and/or clearance or sequestration. Typically,
such molecules are naturally occurring proteins which them-
selves have a long half-life in vivo. The half-life of a ligand
is increased if its functional activity persists, in vivo, for a
longer period than a similar ligand which is not specific for
the half-life increasing molecule. For example, a ligand
specific for human serum albumin (HAS) and a target
molecule is compared with the same ligand wherein the
specificity to HSA is not present, that is does not bind HSA
but binds another molecule. For example, it may bind a third
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target on the cell. Typically, the half-life is increased by
10%, 20%, 30%, 40%, 50% or more. Increases in the range
of 2x, 3x, 4x, 5x, 10x, 20x, 30x, 40x, 50x or more of the
half-life are possible. Alternatively, or in addition, increases
in the range of up to 30x, 40x, 50x, 60x, 70x, 80x, 90x,
100x, 150x of the half-life are possible.

[0182] As used herein, “hydrodynamic size” refers to the
apparent size of a molecule (e.g., a protein molecule, ligand)
based on the diffusion of the molecule through an aqueous
solution. The diffusion, or motion of a protein through
solution can be processed to derive an apparent size of the
protein, where the size is given by the “Stokes radius” or
“hydrodynamic radius” of the protein particle. The “hydro-
dynamic size” of a protein depends on both mass and shape
(conformation), such that two proteins having the same
molecular mass may have differing hydrodynamic sizes
based on the overall conformation of the protein.

[0183] As referred to herein, the term “competes” means
that the binding of a first target to its cognate target binding
domain is inhibited in the presence of a second binding
domain that is specific for said cognate target. For example,
binding may be inhibited sterically, for example by physical
blocking of a binding domain or by alteration of the structure
or environment of a binding domain such that its affinity or
avidity for a target is reduced. See W02006038027 for
details of how to perform competition ELISA and compe-
tition BIACORE™ experiments to determine competition
between first and second binding domains.

[0184] Calculations of “homology” or “identity” or “simi-
larity” between two sequences (the terms are used inter-
changeably herein) are performed as follows. The sequences
are aligned for optimal comparison purposes (e.g., gaps can
be introduced in one or both of a first and a second amino
acid or nucleic acid sequence for optimal alignment and
non-homologous sequences can be disregarded for compari-
son purposes). In an embodiment, the length of a reference
sequence aligned for comparison purposes is at least 30%, or
at least 40%, or at least 50%, or at least 60%, or at least 70%,
80%, 90%, 100% of the length of the reference sequence.
The amino acid residues or nucleotides at corresponding
amino acid positions or nucleotide positions are then com-
pared. When a position in the first sequence is occupied by
the same amino acid residue or nucleotide as the correspond-
ing position in the second sequence, then the molecules are
identical at that position (as used herein amino acid or
nucleic acid “homology™ is equivalent to amino acid or
nucleic acid “identity”). The percent identity between the
two sequences is a function of the number of identical
positions shared by the sequences, taking into account the
number of gaps, and the length of each gap, which need to
be introduced for optimal alignment of the two sequences.
Amino acid and nucleotide sequence alignments and homol-
ogy, similarity or identity, as defined herein may be prepared
and determined using the algorithm BLAST 2 Sequences,
using default parameters (Tatusova, T. A. et al., FEMS
Microbial Lett, 174:187-188 (1999)).

Selection Methods

[0185] The invention in one embodiment relates to poly-
peptides and DAB™s selected by a method of selection of
protease resistant peptides and polypeptides that have a
desired biological activity. Two selective pressures are used
in the method to produce an efficient process for selecting
polypeptides that are highly stable and resistant to protease
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degradation, and that have desired biological activity. As
described herein, protease resistant peptides and polypep-
tides generally retain biological activity. In contrast, pro-
tease sensitive peptides and polypeptides are cleaved or
digested by protease in the methods described herein, and
therefore, lose their biological activity. Accordingly, pro-
tease resistant peptides or polypeptides are generally
selected based on their biological activity, such as binding
activity.

[0186] The methods described herein provide several
advantages. For example, as disclosed and exemplified
herein, variable domains, antagonists, peptides or polypep-
tides that are selected for resistance to proteolytic degrada-
tion by one protease (e.g., trypsin), are also resistant to
degradation by other proteases (e.g., elastase, leucozyme).
In one embodiment protease resistance correlates with a
higher melting temperature (Tm) of the peptide or polypep-
tide. Higher melting temperatures are indicative of more
stable variable domains, antagonists, peptides and polypep-
tides. Resistance to protease degradation also correlates in
one embodiment with high affinity binding to target ligands.
Thus, the methods described herein provide an efficient way
to select, isolate and/or recover variable domains, antago-
nists, peptides, polypeptides that have a desired biological
activity and that are well suited for in vivo therapeutic and/or
diagnostic uses because they are protease resistant and
stable. In one embodiment protease resistance correlates
with an improved PK, for example improved over n variable
domain, antagonist, peptide or polypeptide that is not pro-
tease resistant. Improved PK may be an improved AUC
(area under the curve) and/or an improved half-life. In one
embodiment protease resistance correlates with an improved
stability of the variable domain, antagonist, peptide or
polypeptide to shear and/or thermal stress and/or a reduced
propensity to aggregate during nebulisation, for example
improved over an variable domain, antagonist, peptide or
polypeptide that is not protease resistant. In one embodiment
protease resistance correlates with an improved storage
stability, for example improved over an variable domain,
antagonist, peptide or polypeptide that is not protease resis-
tant. In one aspect, one, two, three, four or all of the
advantages are provided, the advantages being resistance to
protease degradation, higher Tm and high affinity binding to
target ligand.

[0187] In one aspect, there is provided a method for
selecting, isolating and/or recovering a peptide or polypep-
tide from a library or a repertoire of peptides and polypep-
tides (e.g., a display system) that is resistant to degradation
by a protease (e.g., one or more proteases). In one embodi-
ment, the method is a method for selecting, isolating and/or
recovering a polypeptide from a library or a repertoire of
peptides and polypeptides (e.g., a display system) that is
resistant to degradation by a protease (e.g., one or more
proteases). Generally, the method comprises providing a
library or repertoire of peptides or polypeptides, combining
the library or repertoire with a protease (e.g., trypsin,
elastase, leucozyme, pancreatin, sputum) under conditions
suitable for protease activity, and selecting, isolating and/or
recovering a peptide or polypeptide that is resistant to
degradation by the protease and has a desired biological
activity. Peptides or polypeptides that are degraded by a
protease generally have reduced biological activity or lose
their biological activity due to the activity of protease.
Accordingly, peptides or polypeptides that are resistant to
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protease degradation can be selected, isolated and/or recov-
ered using the method based on their biological activity,
such as binding activity (e.g., binding a general ligand,
binding a specific ligand, binding a substrate), catalytic
activity or other biological activity.

[0188] The library or repertoire of peptides or polypep-
tides is combined with a protease (e.g., one or more pro-
teases) under conditions suitable for proteolytic activity of
the protease. Conditions that are suitable for proteolytic
activity of protease, and biological preparations or mixtures
that contain proteolytic activity, are well-known in the art or
can be readily determined by a person of ordinary skill in the
art. If desired, suitable conditions can be identified or
optimized, for example, by assessing protease activity under
a range of pH conditions, protease concentrations, tempera-
tures and/or by varying the amount of time the library or
repertoire and the protease are permitted to react. For
example, in some embodiments, the ratio (on a mole/mole
basis) of protease, eg trypsin, to peptide or polypeptide (eg,
variable domain) is 800 to 80,000 (eg, 8,000 to 80,000)
protease:peptide or polypeptide, eg when 10 micrograms/ml
of protease is used, the ratio is 800 to 80,000 protease:
peptide or polypeptide; or when 100 micrograms/ml of
protease is used, the ratio is 8,000 to 80,000 protease:peptide
or polypeptide. In one embodiment the ratio (on a weight/
weight, eg microgram/microgram basis) of protease (eg,
trypsin) to peptide or polypeptide (eg, variable domain) is
1,600 to 160,000 (eg, 16,000 to 160,000) protease:peptide or
polypeptide eg when 10 micrograms/ml of protease is used,
the ratio is 1,600 to 160,000 protease:peptide or polypeptide;
or when 100 micrograms/ml of protease is used, the ratio is
16,000 to 160,000 protease:peptide or polypeptide. In one
embodiment, the protease is used at a concentration of at
least 100 or 1000 micrograms/ml and the protease:peptide
ratio (on a mole/mole basis) of protease, eg trypsin, to
peptide or polypeptide (eg, variable domain) is 8,000 to
80,000 protease:peptide or polypeptide. In one embodiment,
the protease is used at a concentration of at least 10
micrograms/ml and the protease:peptide ratio (on a mole/
mole basis) of protease, eg trypsin, to peptide or polypeptide
(eg, variable domain) is 800 to 80,000 protease:peptide or
polypeptide. In one embodiment the ratio (on a weight/
weight, eg microgram/microgram basis) of protease (eg,
trypsin) to peptide or polypeptide (eg, variable domain) is
1600 to 160,000 protease:peptide or polypeptide eg when C
is 10 micrograms/ml; or when C or C' is 100 micrograms/ml,
the ratio is 16,000 to 160,000 protease:peptide or polypep-
tide. In one embodiment, the concentration (c or ¢') is at least
100 or 1000 micrograms/ml protease. For testing an indi-
vidual or isolated peptide or polypeptide (eg, an immuno-
globulin variable domain), eg one that has already been
isolated from a repertoire or library, a protease can be added
to a solution of peptide or polypeptide in a suitable buffer
(e.g., PBS) to produce a peptide or polypeptide/protease
solution, such as a solution of at least about 0.01% (w/w)
protease/peptide or polypeptide, about 0.01% to about 5%
(w/w) protease/peptide or polypeptide, about 0.05% to about
5% (w/w) protease/peptide or polypeptide, about 0.1% to
about 5% (w/w) protease/peptide or polypeptide, about 0.5%
to about 5% (w/w) protease/peptide or polypeptide, about
1% to about 5% (w/w) protease/peptide or polypeptide, at
least about 0.01% (w/w) protease/peptide or polypeptide, at
least about 0.02% (w/w) protease/peptide or polypeptide, at
least about 0.03% (w/w) protease/peptide or polypeptide, at
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least about 0.04% (w/w) protease/peptide or polypeptide, at
least about 0.05% (w/w) protease/peptide or polypeptide, at
least about 0.06% (w/w) protease/peptide or polypeptide, at
least about 0.07% (w/w) protease/peptide or polypeptide, at
least about 0.08% (w/w) protease/peptide or polypeptide, at
least about 0.09% (w/w) protease/peptide or polypeptide, at
least about 0.1% (w/w) protease/peptide or polypeptide, a
least about 0.2% (w/w) protease/peptide or polypeptide, a
least about 0.3% (w/w) protease/peptide or polypeptide, a
least about 0.4% (w/w) protease/peptide or polypeptide, a
least about 0.5% (w/w) protease/peptide or polypeptide, a
least about 0.6% (w/w) protease/peptide or polypeptide, a
least about 0.7% (w/w) protease/peptide or polypeptide, a
least about 0.8% (w/w) protease/peptide or polypeptide, a
least about 0.9% (w/w) protease/peptide or polypeptide, a
least about 1% (w/w) protease/peptide or polypeptide, at
least about 2% (w/w) protease/peptide or polypeptide, at
least about 3% (w/w) protease/peptide or polypeptide, at
least about 4% (w/w) protease/peptide or polypeptide, or
about 5% (w/w) protease/peptide or polypeptide. The mix-
ture can be incubated at a suitable temperature for protease
activity (e.g., room temperature, about 37° C.) and samples
can be taken at time intervals (e.g., at 1 hour, 2 hours, 3
hours, etc.). The samples can be analyzed for protein deg-
radation using any suitable method, such as SDS-PAGE
analysis or ligand binding, and the results can be used to
establish a time course of degradation.

[0189] Any desired protease or proteases can be used in
the methods described herein. For example, a single pro-
tease, any desired combination of different proteases, or any
biological preparation, biological extract, or biological
homogenate that contains proteolytic activity can be used. It
is not necessary that the identity of the protease or proteases
that are used be known. Suitable examples of proteases that
can be used alone or in any desired combination include
serine protease, cysteine protease, aspartate proteases, thiol
proteases, matrix metalloprotease, carboxypeptidase (e.g.,
carboxypeptidase A, carboxypeptidase B), trypsin, chy-
motrypsin, pepsin, papain, elastase, leukozyme, pancreatin,
thrombin, plasmin, cathepsins (e.g., cathepsin ), proteinase
(e.g., proteinase 1, proteinase 2, proteinase 3), thermolysin,
chymosin, enteropeptidase, caspase (e.g., caspase 1, caspase
2, caspase 4, caspase 5, caspase 9, caspase 12, caspase 13),
calpain, ficain, clostripain, actinidain, bromelain, separase
and the like. Suitable biological extracts, homogenates and
preparations that contains proteolytic activity include spu-
tum, mucus (e.g., gastric mucus, nasal mucus, bronchial
mucus), bronchoalveolar lavage, lung homogenate, lung
extract, pancreatic extract, gastric fluid, saliva, tears and the
like. The protease is used in an amount suitable for pro-
teolytic degradation to occur. For example, as described
herein, protease can be used at about 0.01% to about 5%
(w/w, protease/peptide or polypeptide). When protease is
combined with a display system that comprises the reper-
toire of peptides or polypeptides (e.g., a phage display
system), for example, the protease can be used at a concen-
tration of about 10 pg/ml to about 3 mg/ml, about 10 pg/ml,
about 20 pug/ml, about 30 pug/ml, about 40 pg/ml, about 50
pg/ml, about 60 pg/ml, about 70 pg/ml, about 80 pg/ml,
about 90 pg/ml, about 100 ng/ml, about 200 pg/ml, about
300 pg/ml, about 400 pg/ml, about 500 pug/ml, about 600
pg/ml, about 700 pg/ml, about 800 pg/ml, about 900 pg/ml,
about 1000 pg/ml, about 1.5 mg/ml, about 2 mg/ml, about
2.5 mg/ml or about 3 mg/ml.

L e R R e = ==

Feb. 7, 2019

[0190] The protease is incubated with the collection of
peptides or polypeptides (library or repertoire) at a tempera-
ture that is suitable for activity of the protease. For example,
the protease and collection of peptides or polypeptides can
be incubated at a temperature of about 20° C. to about 40°
C. (e.g., at room temperature, about 20° C., about 21° C.,
about 22° C., about 23° C., about 24° C., about 25° C., about
26° C., about 27° C., about 28° C., about 29° C., about 30°
C., about 31° C., about 32° C., about 33° C., about 34° C.,
about 35° C., about 36° C., about 37° C., about 38° C., about
39° C., about 40° C.). The protease and the collection of
peptides or polypeptides are incubated together for a period
of time sufficient for proteolytic degradation to occur. For
example, the collection of peptides or polypeptides can be
incubated together with protease for about 30 minutes to
about 24 or about 48 hours. In some examples, the collection
of peptides or polypeptides is incubated together with pro-
tease overnight, or for at least about 30 minutes, about 1
hour, about 1.5 hours, about 2 hours, about 3 hours, about 4
hours, about 5 hours, about 6 hours, about 7 hours, about 8
hours, about 9 hours, about 10 hours, about 11 hours, about
12 hours, about 13 hours, about 14 hours, about 15 hours,
about 16 hours, about 17 hours, about 18 hours, about 19
hours, about 20 hours, about 21 hours, about 22 hours, about
23 hours, about 24 hours, about 48 hours, or longer.

[0191] It is generally desirable, at least in early selection
rounds (e.g. when a display system is used), that the protease
results in a reduction in the number of clones that have the
desired biological activity that is selected for by at least one
order of magnitude, in comparison to selections that do not
include incubation with protease. In particular examples, the
amount of protease and conditions used in the methods are
sufficient to reduce the number of recovered clones by at
least about one log (a factor of 10), at least about 2 logs (a
factor of 100), at least about 3 logs (a factor of 1000) or at
least about 4 logs (a factor of 10,000). Suitable amounts of
protease and incubation conditions that will result in the
desired reduction in recovered clones can be easily deter-
mined using conventional methods and/or the guidance
provided herein.

[0192] The protease and collection of peptides or poly-
peptides can be combined and incubated using any suitable
method (e.g., in vitro, in vivo or ex vivo). For example, the
protease and collection of peptides or polypeptides can be
combined in a suitable container and held stationary, rocked,
shaken, swirled or the like, at a temperature suitable for
protease activity. If desired, the protease and collection of
peptides or polypeptides can be combined in an in vivo or ex
vivo system, such as by introducing the collection of poly-
peptides (e.g., a phage display library or repertoire) into a
suitable animal (e.g., a mouse), and after sufficient time for
protease activity has passed, recovering the collection of
peptides or polypeptides. In another example, an organ or
tissue is perfused with the collection of polypeptides (e.g., a
phage display library or repertoire), and after sufficient time
for protease activity has passed, the collection of polypep-
tides is recovered.

[0193] Following incubation, a protease resistant peptide
or polypeptide can be selected based on a desired biological
activity, such as a binding activity. If desired, a protease
inhibitor can be added before selection. Any suitable pro-
tease inhibitor (or combination of two or more protease
inhibitors) that will not substantially interfere with the
selection method can be used. Examples of suitable protease
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inhibitors include, a1-anti-trypsin, a2-macroglobulin, amas-
tatin, antipain, antithrombin 111, aprotinin, 4-(2-Aminoethyl)
benzenesulfonyl fluoride hydrochloride (AEB SF), (4-ami-
dino-phenyl)-methane-sulfonyl fluoride (APMSF), bestatin,
benzamidine, chymostatin, 3,4-dichloroisocoumarin, diiso-
proply fluorophosphate (DIFP), E-64, ethylenediamine tet-
raacedic acid (EDTA), elastatinal, leupeptin, N-ethylma-
leimide, phenylmethylsulfonylfiuoride (PMSF), pepstatin,
1,10-phenanthroline, phosphoramidon, serine protease
inhibitors, N-tosyl-L-lysine-chloromethyl ketone (TLCK),
Na-tosyl-Phe-chloromethylketone (TPCK) and the like. In
addition, many preparations that contain inhibitors of sev-
eral classes of proteases are commercially available (e.g.,
ROCHE COMPLETE PROTEASE INHIBITOR COCK-
TAIL TABLETS™ (Roche Diagnostics Corporation; India-
napolis, Ind., USA), which inhibits chymotrypsin, thermoly-
sin, papain, pronase, pancreatic extract and trypsin). A
protease resistant peptide or polypeptide can be selected
using a desired biological activity selection method, which
allows peptides and polypeptides that have the desired
biological activity to be distinguished from and selected
over peptides and polypeptides that do not have the desired
biological activity. Generally, peptides or polypeptides that
have been digested or cleaved by protease loose their
biological activity, while protease resistant peptides or poly-
peptides remain functional. Thus, suitable assays for bio-
logical activity can be used to select protease resistant
peptides or polypeptides. For example, a common binding
function (e.g., binding of a general ligand, binding of a
specific ligand, or binding of a substrate) can be assessed
using a suitable binding assay (e.g., ELISA, panning). For
example, polypeptides that bind a target ligand or a generic
ligand, such as protein A, protein L or an antibody, can be
selected, isolated, and/or recovered by panning or using a
suitable affinity matrix. Panning can be accomplished by
adding a solution of ligand (e.g., generic ligand, target
ligand) to a suitable vessel (e.g., tube, petri dish) and
allowing the ligand to become deposited or coated onto the
walls of the vessel. Excess ligand can be washed away and
polypeptides (e.g., a phage display library) can be added to
the vessel and the vessel maintained under conditions suit-
able for the polypeptides to bind the immobilized ligand.
Unbound polypeptide can be washed away and bound
polypeptides can be recovered using any suitable method,
such as scraping or lowering the pH, for example.

[0194] When a phage display system is used, binding can
be tested in a phage ELISA. Phage ELISA may be per-
formed according to any suitable procedure. In one example,
populations of phage produced at each round of selection
can be screened for binding by ELISA to the selected target
ligand or generic ligand, to identify phage that display
protease resistant peptides or polypeptides. If desired,
soluble peptides and polypeptides can be tested for binding
to target ligand or generic ligand, for example by ELISA
using reagents, for example, against a C- or N-terminal tag
(see for example Winter et al. (1994) Ann. Rev. Immunology
12, 433-55 and references cited therein). The diversity of the
selected phage may also be assessed by gel electrophoresis
of PCR products (Marks et al. 1991, supra; Nissim et al.
1994 supra), probing (Tomlinson et al., 1992)J Mol. Biol.
227, 776) or by sequencing of the vector DNA.

[0195] In addition to specificity for TNFR1, an antagonist
or polypeptide (eg, a dual specific ligand) comprising an
anti-TNFR1 protease resistant polypeptide (e.g., single anti-
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body variable domain) can have binding specificity for a
generic ligand or any desired target ligand, such as human or
animal proteins, including cytokines, growth factors,
cytokine receptors, growth factor receptors, enzymes (e.g.,
proteases), co-factors for enzymes, DNA binding proteins,
lipids and carbohydrates.

[0196] In some embodiments, the protease resistant pep-
tide or polypeptide (eg, DAB™) or antagonist binds TNFR1
in pulmonary tissue. In one embodiment, the antagonist or
polypeptide also binds a further target in pulmonary tissue.
[0197] When a display system (e.g., a display system that
links coding function of a nucleic acid and functional
characteristics of the peptide or polypeptide encoded by the
nucleic acid) is used in the methods described herein it may
be frequently advantageous to amplify or increase the copy
number of the nucleic acids that encode the selected peptides
or polypeptides. This provides an efficient way of obtaining
sufficient quantities of nucleic acids and/or peptides or
polypeptides for additional rounds of selection, using the
methods described herein or other suitable methods, or for
preparing additional repertoires (e.g., affinity maturation
repertoires). Thus, in some embodiments, the methods com-
prise using a display system (e.g., that links coding function
of'a nucleic acid and functional characteristics of the peptide
or polypeptide encoded by the nucleic acid, such as phage
display) and further comprises amplifying or increasing the
copy number of a nucleic acid that encodes a selected
peptide or polypeptide. Nucleic acids can be amplified using
any suitable methods, such as by phage amplification, cell
growth or polymerase chain reaction.

[0198] The methods described herein can be used as part
of a program to isolate protease resistant peptides or poly-
peptides, eg DAB™s, that can comprise, if desired, other
suitable selection methods. In these situations, the methods
described herein can be employed at any desired point in the
program, such as before or after other selection methods are
used. The methods described herein can also be used to
provide two or more rounds of selection, as described and
exemplified herein.

[0199] In one example, the method is for selecting a
peptide or polypeptide, eg a DAB™, that is resistant to
degradation by elastase, comprising providing a library or
repertoire of peptides or polypeptides, combining the library
or repertoire with elastase (or a biological preparation,
extract or homogenate comprising elastase) under condi-
tions suitable for proteolytic digestion by elastase, and
selecting, isolating and/or recovering a peptide or polypep-
tide that is resistant to degradation by elastase and has
TNFR1 binding activity.

[0200] In particular embodiments, there is provided a
method for selecting an immunoglobulin single variable
domain (a DAB™) that is resistant to degradation by
elastase and binds TNFR1. In these embodiments, a library
or repertoire comprising DAB™s is provided and combined
with elastase (or a biological preparation, extract or homo-
genate comprising elastase) under conditions suitable for
proteolytic digestion by elastase. Elastase resistant DAB™s
are selected that specifically bind TNFR1. For example, the
elastase resistant DAB™ is not substantially degraded when
incubated at 37° C. in a 0.04% (w/w) solution of elastase for
a period of at least about 2 hours. In one embodiment, the
elastase resistant DAB™ is not substantially degraded when
incubated at 37° C. in a 0.04% (w/w) solution of elastase for
a period of at least about 12 hours. In one embodiment, the
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elastase resistant DAB™ is not substantially degraded when
incubated at 37° C. in a 0.04% (w/w) solution of elastase for
a period of at least about 24 hours, at least about 36 hours,
or at least about 48 hours.

[0201] In an embodiment, there is provided a method for
selecting an immunoglobulin single variable domain (a
DABT™) that is resistant to degradation by elastase and binds
TNFR1. The method comprises providing a phage display
system comprising a repertoire of polypeptides that com-
prise an immunoglobulin single variable domain, combining
the phage display system with elastase (about 100 pg/ml)
and incubating the mixture at about 37° C., for example,
overnight (e.g., about 12-16 hours), and then selecting phage
that display a DAB™ that specifically bind TNFRI1.

[0202] In one example, there is provided a method for
selecting a peptide or polypeptide (eg, a DAB™) that is
resistant to degradation by leucozyme, comprising providing
a library or repertoire of peptides or polypeptides, combin-
ing the library or repertoire with leucozyme (or a biological
preparation, extract or homogenate comprising leucozyme)
under conditions suitable for proteolytic digestion by leu-
cozyme, and selecting, isolating and/or recovering a peptide
or polypeptide that is resistant to degradation by leucozyme
and has specific TNFR1 binding activity.

[0203] In particular embodiments, there is provided a
method for selecting an immunoglobulin single variable
domain (a DAB™) that is resistant to degradation by leu-
cozyme and binds TNFR1. In these embodiments, a library
or repertoire comprising

[0204] DAB™s is provided and combined with leuco-
zyme (or a biological preparation, extract or homogenate
comprising leucozyme) under conditions suitable for pro-
teolytic digestion by leucozyme. Leucozyme resistant
DAB™s are selected that specifically bind TNFR1. For
example, the leucozyme resistant DAB™ is not substan-
tially degraded when incubated at 37° C. in a 0.04% (w/w)
solution of leucozyme for a period of at least about 2 hours.
In one embodiment, the leucozyme resistant DAB™ is not
substantially degraded when incubated at 37° C. in a 0.04%
(w/w) solution of leucozyme for a period of at least about 12
hours. In one embodiment, the leucozyme resistant DAB™
is not substantially degraded when incubated at 37° C. in a
0.04% (w/w) solution of leucozyme for a period of at least
about 24 hours, at least about 36 hours, or at least about 48
hours.

[0205] In an embodiment, there is provided a method for
selecting an immunoglobulin single variable domain (a
DAB™) that is resistant to degradation by leucozyme and
specifically binds TNFR1. The method comprises providing
a phage display system comprising a repertoire of polypep-
tides that comprise an immunoglobulin single variable
domain, combining the phage display system with leuco-
zyme (about 100 pg/ml) and incubating the mixture at about
37° C., for example, overnight (e.g., about 12-16 hours), and
then selecting phage that display a DAB™ that specifically
bind TNFRI.

[0206] In another example, there is provided a method for
selecting a peptide or polypeptide (eg, a DAB™) that is
resistant to degradation by trypsin, comprising providing a
library or repertoire of peptides or polypeptides, combining
the library or repertoire with trypsin under conditions suit-
able for proteolytic digestion by trypsin, and selecting,
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isolating and/or recovering a peptide or polypeptide that is
resistant to degradation by trypsin and specifically binds
TNFRI.

[0207] In particular embodiments, there is provided a
method for selecting an immunoglobulin single variable
domain (a DAB™) that is resistant to degradation by trypsin
and specifically binds TNFR1. In these embodiments, a
library or repertoire comprising DAB™s is provided and
combined with trypsin (or a biological preparation, extract
or homogenate comprising trypsin) under conditions suit-
able for proteolytic digestion by trypsin. Trypsin resistant
DAB™s are selected that bind TNFR1. For example, the
trypsin resistant DAB™ is not substantially degraded when
incubated at 37° C. in a 0.04% (w/w) solution of trypsin for
a period of at least about 2 hours. In one embodiment, the
trypsin resistant DAB™ is not substantially degraded when
incubated at 37° C. in a 0.04% (w/w) solution of trypsin for
a period of at least about 3 hours. In one embodiment, the
trypsin resistant DAB™ is not substantially degraded when
incubated at 37° C. in a 0.04% (w/w) solution of trypsin for
a period of at least about 4 hours, at least about 5 hours, at
least about 6 hours, at least about 7 hours, at least about 8
hours, at least about 9 hours, at least about 10 hours, at least
about 11 hours, or at least about 12 hours.

[0208] In an exemplary embodiment, there is provided a
method for selecting an immunoglobulin single variable
domain (a DAB™) that is resistant to degradation by trypsin
and specifically binds TNFR1. The method comprises pro-
viding a phage display system comprising a repertoire of
polypeptides that comprise an immunoglobulin single vari-
able domain, combining the phage display system with
trypsin (100 pg/ml) and incubating the mixture at about 37°
C., for example overnight (e.g., about 12-16 hours), and then
selecting phage that display a dAb that specifically bind
TNFRI.

[0209] In another aspect, there is provided a method of
producing a repertoire of protease resistant peptides or
polypeptides (eg, DAB™Ss). The method comprises provid-
ing a repertoire of peptides or polypeptides; combining the
repertoire of peptides or polypeptides and a protease under
suitable conditions for protease activity; and recovering a
plurality of peptides or polypeptides that specifically bind
TNFR1, whereby a repertoire of protease resistant peptides
or polypeptides is produced. Proteases, display systems,
conditions for protease activity, and methods for selecting
peptides or polypeptides that are suitable for use in the
method are described herein with respect to the other
methods.

[0210] In some embodiments, a display system (e.g., a
display system that links coding function of a nucleic acid
and functional characteristics of the peptide or polypeptide
encoded by the nucleic acid) that comprises a repertoire of
peptides or polypeptides is used, and the method further
comprises amplifying or increasing the copy number of the
nucleic acids that encode the plurality of selected peptides or
polypeptides. Nucleic acids can be amplified using any
suitable method, such as by phage amplification, cell growth
or polymerase chain reaction.

[0211] In particular embodiment, there is provided a
method of producing a repertoire of protease resistant poly-
peptides that comprise anti-TNFR1 DAB™s. The method
comprises providing a repertoire of polypeptides that com-
prise DAB™s; combining the repertoire of peptides or
polypeptides and a protease (e.g., trypsin, elastase, leuco-
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zyme) under suitable conditions for protease activity; and
recovering a plurality of polypeptides that comprise
DAB™s that have binding specificity for TNFR1. The
method can be used to produce a naive repertoire, or a
repertoire that is biased toward a desired binding specificity,
such as an affinity maturation repertoire based on a parental
DAB™ that has binding specificity for TNFR1.

Polypeptide Display Systems

[0212] In one embodiment, the repertoire or library of
peptides or polypeptides provided for use in the methods
described herein comprise a suitable display system. The
display system may resist degradation by protease (e.g., a
single protease or a combination of proteases, and any
biological extract, homogenate or preparation that contains
proteolytic activity (e.g., sputum, mucus (e.g., gastric
mucus, nasal mucus, bronchial mucus), bronchoalveolar
lavage, lung homogenate, lung extract, pancreatic extract,
gastric fluid, saliva, tears and the like). The display system
and the link between the display system and the displayed
polypeptide is in one embodiment at least as resistant to
protease as the most stable peptides or polypeptides of the
repertoire. This allows a nucleic acid that encodes a selected
displayed polypeptide to be easily isolated and/or amplified.
[0213] In one example, a protease resistant peptide or
polypeptide, eg a DAB™, can be selected, isolated and/or
recovered from a repertoire of peptides or polypeptides that
is in solution, or is covalently or noncovalently attached to
a suitable surface, such as plastic or glass (e.g., microtiter
plate, polypeptide array such as a microarray). For example
an array of peptides on a surface in a manner that places each
distinct library member (e.g., unique peptide sequence) at a
discrete, predefined location in the array can be used. The
identity of each library member in such an array can be
determined by its spatial location in the array. The locations
in the array where binding interactions between a target
ligand, for example, and reactive library members occur can
be determined, thereby identifying the sequences of the
reactive members on the basis of spatial location. (See, e.g.,
U.S. Pat. No. 5,143,854, WO 90/15070 and WO 92/10092.)
[0214] In one embodiment, the methods employ a display
system that links the coding function of a nucleic acid and
physical, chemical and/or functional characteristics of the
polypeptide encoded by the nucleic acid. Such a display
system can comprise a plurality of replicable genetic pack-
ages, such as bacteriophage or cells (bacteria). In one
embodiment, the display system comprises a library, such as
a bacteriophage display library.

[0215] A number of suitable bacteriophage display sys-
tems (e.g., monovalent display and multivalent display
systems) have been described. (See, e.g., Griffiths et al., U.S.
Pat. No. 6,555,313 B1 (incorporated herein by reference);
Johnson et al., U.S. Pat. No. 5,733,743 (incorporated herein
by reference); McCafferty et al., U.S. Pat. No. 5,969,108
(incorporated herein by reference); Mulligan-Kehoe, U.S.
Pat. No. 5,702,892 (Incorporated herein by reference); Win-
ter, G. et al., Annu. Rev. Immunol. 12:433-455 (1994);
Soumillion, P. et al., Appl. Biochem. Biotechnol. 47(2-3):
175-189 (1994); Castagnoli, L. et al., Comb. Chem. High
Throughput Screen, 4(2):121-133 (2001).) The peptides or
polypeptides displayed in a bacteriophage display system
can be displayed on any suitable bacteriophage, such as a
filamentous phage (e.g., fd, M13, F1), a lytic phage (e.g., T4,
T7, lambda), or an RNA phage (e.g., MS2), for example.
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[0216] Generally, a library of phage that displays a rep-
ertoire of peptides or phage polypeptides, as fusion proteins
with a suitable phage coat protein (e.g., fd plll protein), is
produced or provided. The fusion protein can display the
peptides or polypeptides at the tip of the phage coat protein,
or if desired at an internal position. For example, the
displayed peptide or polypeptide can be present at a position
that is amino-terminal to domain 1 of pIIl. (Domain 1 of pIlI
is also referred to as N1.) The displayed polypeptide can be
directly fused to pllI (e.g., the N-terminus of domain 1 of
pIII) or fused to pIll using a linker. If desired, the fusion can
further comprise a tag (e.g., myc epitope, His tag). Libraries
that comprise a repertoire of peptides or polypeptides that
are displayed as fusion proteins with a phage coat protein
can be produced using any suitable methods, such as by
introducing a library of phage vectors or phagemid vectors
encoding the displayed peptides or polypeptides into suit-
able host bacteria, and culturing the resulting bacteria to
produce phage (e.g., using a suitable helper phage or
complementing plasmid if desired). The library of phage can
be recovered from the culture using any suitable method,
such as precipitation and centrifugation.

[0217] The display system can comprise a repertoire of
peptides or polypeptides that contains any desired amount of
diversity. For example, the repertoire can contain peptides or
polypeptides that have amino acid sequences that corre-
spond to naturally occurring polypeptides expressed by an
organism, group of organisms (eg, a repertoire of sequences
of V; DAB™s isolated from a Camelid), desired tissue or
desired cell type, or can contain peptides or polypeptides
that have random or randomized amino acid sequences. If
desired, the polypeptides can share a common core or
scaffold. The polypeptides in such a repertoire or library can
comprise defined regions of random or randomized amino
acid sequence and regions of common amino acid sequence.
In certain embodiments, all or substantially all polypeptides
in a repertoire are of a desired type, such as a desired enzyme
(e.g., apolymerase) or a desired antigen-binding fragment of
an antibody (e.g., human V or human V;). In embodiments,
the polypeptide display system comprises a repertoire of
polypeptides wherein each polypeptide comprises an anti-
body variable domain. For example, each polypeptide in the
repertoire can contain a V, a V; or an Fv (e.g., a single
chain Fv).

[0218] Amino acid sequence diversity can be introduced
into any desired region of a peptide or polypeptide or
scaffold using any suitable method. For example, amino acid
sequence diversity can be introduced into a target region,
such as a complementarity determining region of an anti-
body variable domain or a hydrophobic domain, by prepar-
ing a library of nucleic acids that encode the diversified
polypeptides using any suitable mutagenesis methods (e.g.,
low fidelity PCR, oligonucleotide-mediated or site directed
mutagenesis, diversification using NNK codons) or any
other suitable method. If desired, a region of a polypeptide
to be diversified can be randomized.

[0219] The size of the polypeptides that make up the
repertoire is largely a matter of choice and uniform poly-
peptide size is not required. In one embodiment, the poly-
peptides in the repertoire have at least tertiary structure
(form at least one domain).
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Selection/Isolation/Recovery

[0220] A protease resistant peptide or polypeptide (e.g., a
population of protease resistant polypeptides) can be
selected, isolated and/or recovered from a repertoire or
library (e.g., in a display system) using any suitable method.
In one embodiment, a protease resistant polypeptide is
selected or isolated based on a selectable characteristic (e.g.,
physical characteristic, chemical characteristic, functional
characteristic). Suitable selectable functional characteristics
include biological activities of the peptides or polypeptides
in the repertoire, for example, binding to a generic ligand
(e.g., a superantigen), binding to a target ligand (e.g., an
antigen, an epitope, a substrate), binding to an antibody
(e.g., through an epitope expressed on a peptide or poly-
peptide), and catalytic activity. (See, e.g., Tomlinson et al.,
WO 99/20749; WO 01/57065; WO 99/58655). In one
embodiment, the selection is based on specific binding to
TNFRI1. In another embodiment, selection is on the basis of
the selected functional characteristic to produce a second
repertoire in which members are protease resistant, followed
by selection of a member from the second repertoire that
specifically binds TNFR1. In some embodiments, the pro-
tease resistant peptide or polypeptide is selected and/or
isolated from a library or repertoire of peptides or polypep-
tides in which substantially all protease resistant peptides or
polypeptides share a common selectable feature. For
example, the protease resistant peptide or polypeptide can be
selected from a library or repertoire in which substantially
all protease resistant peptides or polypeptides bind a com-
mon generic ligand, bind a common target ligand, bind (or
are bound by) a common antibody, or possess a common
catalytic activity. This type of selection is particularly useful
for preparing a repertoire of protease resistant peptides or
polypeptides that are based on a parental peptide or poly-
peptide that has a desired biological activity, for example,
when performing affinity maturation of an immunoglobulin
single variable domain.

[0221] Selection based on binding to a common generic
ligand can yield a collection or population of peptides or
polypeptides that contain all or substantially all of the
protease resistant peptides or polypeptides that were com-
ponents of the original library or repertoire. For example,
peptides or polypeptides that bind a target ligand or a generic
ligand, such as protein A, protein L or an antibody, can be
selected, isolated and/or recovered by panning or using a
suitable affinity matrix. Panning can be accomplished by
adding a solution of ligand (e.g., generic ligand, target
ligand) to a suitable vessel (e.g., tube, petri dish) and
allowing the ligand to become deposited or coated onto the
walls of the vessel. Excess ligand can be washed away and
peptides or polypeptides (e.g., a repertoire that has been
incubated with protease) can be added to the vessel and the
vessel maintained under conditions suitable for peptides or
polypeptides to bind the immobilized ligand. Unbound
peptides or polypeptides can be washed away and bound
peptides or polypeptides can be recovered using any suitable
method, such as scraping or lowering the pH, for example.
[0222] Suitable ligand affinity matrices generally contain a
solid support or bead (e.g., agarose) to which a ligand is
covalently or noncovalently attached. The affinity matrix can
be combined with peptides or polypeptides (e.g., a repertoire
that has been incubated with protease) using a batch process,
a column process or any other suitable process under con-
ditions suitable for binding of peptides or polypeptides to the
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ligand on the matrix. Peptides or polypeptides that do not
bind the affinity matrix can be washed away and bound
peptides or polypeptides can be eluted and recovered using
any suitable method, such as elution with a lower pH buffer,
with a mild denaturing agent (e.g., urea), or with a peptide
that competes for binding to the ligand. In one example, a
biotinylated target ligand is combined with a repertoire
under conditions suitable for peptides or polypeptides in the
repertoire to bind the target ligand (TNFR1). Bound peptides
or polypeptides are recovered using immobilized avidin or
streptavidin (e.g., on a bead).

[0223] In some embodiments, the generic ligand is an
antibody or antigen binding fragment thereof. Antibodies or
antigen binding fragments that bind structural features of
peptides or polypeptides that are substantially conserved in
the peptides or polypeptides of a library or repertoire are
particularly useful as generic ligands. Antibodies and anti-
gen binding fragments suitable for use as ligands for isolat-
ing, selecting and/or recovering protease resistant peptides
or polypeptides can be monoclonal or polyclonal and can be
prepared using any suitable method.

Libraries/Repertoires

[0224] In other aspects, there are provided repertoires of
protease resistant peptides and polypeptides, to libraries that
encode protease resistant peptides and polypeptides, and to
methods for producing such libraries and repertoires.
[0225] Libraries that encode and/or contain protease resis-
tant peptides and polypeptides can be prepared or obtained
using any suitable method. The library can be designed to
encode protease resistant peptides or polypeptides based on
a peptide or polypeptide of interest (e.g., an anti-TNFR1
peptide or polypeptide selected from a library) or can be
selected from another library using the methods described
herein. For example, a library enriched in protease resistant
polypeptides can be prepared using a suitable polypeptide
display system.

[0226] Inone example, a phage display library comprising
a repertoire of displayed polypeptides comprising immuno-
globulin single variable domains (e.g., V5, Vk, VA) is
combined with a protease under conditions suitable for
protease activity, as described herein. Protease resistant
polypeptides are recovered based on a desired biological
activity, such as a binding activity (e.g., binding generic
ligand, binding target ligand) thereby yielding a phage
display library enriched in protease resistant polypeptides.
In one embodiment, the recovery is on the basis of binding
generic ligand to yield an enriched library, followed by
selection of an anti-TNFR1 member of that library based on
specific binding to TNFR1.

[0227] In another example, a phage display library com-
prising a repertoire of displayed polypeptides comprising
immunoglobulin single variable domains (e.g., V4, VH, VA)
is first screened to identity members of the repertoire that
have binding specificity for a desired target antigen
(TNFR1). A collection of polypeptides having the desired
binding specificity are recovered and the collection is com-
bined with protease under conditions suitable for proteolytic
activity, as described herein. A collection of protease resis-
tant polypeptides that have the desired target binding speci-
ficity is recovered, yielding a library enriched in protease
resistant and high affinity polypeptides. As described herein
in an embodiment, protease resistance in this selection
method correlates with high affinity binding.
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[0228] Libraries that encode a repertoire of a desired type
of polypeptides can readily be produced using any suitable
method. For example, a nucleic acid sequence that encodes
a desired type of polypeptide (e.g., a polymerase, an immu-
noglobulin variable domain) can be obtained and a collec-
tion of nucleic acids that each contain one or more mutations
can be prepared, for example by amplifying the nucleic acid
using an error-prone polymerase chain reaction (PCR) sys-
tem, by chemical mutagenesis (Deng et al., J. Biol. Chem.,
269:9533 (1994)) or using bacterial mutator strains (Low et
al., J. Mol. Biol., 260:359 (1996)).

[0229] In other embodiments, particular regions of the
nucleic acid can be targeted for diversification. Methods for
mutating selected positions are also well known in the art
and include, for example, the use of mismatched oligonucle-
otides or degenerate oligonucleotides, with or without the
use of PCR. For example, synthetic antibody libraries have
been created by targeting mutations to the antigen binding
loops. Random or semi-random antibody H3 and .3 regions
have been appended to germline immunoblulin V gene
segments to produce large libraries with unmutated frame-
work regions (Hoogenboom and Winter (1992) supra; Nis-
sim et al. (1994) supra; Griffiths et al. (1994) supra; DeKruif
et al. (1995) supra). Such diversification has been extended
to include some or all of the other antigen binding loops
(Crameri et al. (1996) Nature Med., 2:100; Riechmann et al.
(1995) Bio/Technology, 13:475; Morphosys, WO 97/08320,
supra). In other embodiments, particular regions of the
nucleic acid can be targeted for diversification by, for
example, a two-step PCR strategy employing the product of
the first PCR as a “mega-primer.” (See, e.g., Landt, O. et al.,
Gene 96:125-128 (1990).) Targeted diversification can also
be accomplished, for example, by SOE PCR. (See, e.g.,
Horton, R. M. et al., Gene 77:61-68 (1989).)

[0230] Sequence diversity at selected positions can be
achieved by altering the coding sequence which specifies the
sequence of the polypeptide such that a number of possible
amino acids (e.g., all 20 or a subset thereof) can be incor-
porated at that position. Using the IUPAC nomenclature, the
most versatile codon is NNK, which encodes all amino acids
as well as the TAG stop codon. The NNK codon may be used
in order to introduce the required diversity. Other codons
which achieve the same ends are also of use, including the
NNN codon, which leads to the production of the additional
stop codons TGA and TAA. Such a targeted approach can
allow the full sequence space in a target area to be explored.
[0231] The libraries can comprise protease resistant anti-
body polypeptides that have a known main-chain confor-
mation. (See, e.g., Tomlinson et al., WO 99/20749.)

[0232] Libraries can be prepared in a suitable plasmid or
vector. As used herein, vector refers to a discrete element
that is used to introduce heterologous DNA into cells for the
expression and/or replication thereof. Any suitable vector
can be used, including plasmids (e.g., bacterial plasmids),
viral or bacteriophage vectors, artificial chromosomes and
episomal vectors. Such vectors may be used for simple
cloning and mutagenesis, or an expression vector can be
used to drive expression of the library. Vectors and plasmids
usually contain one or more cloning sites (e.g., a polylinker),
an origin of replication and at least one selectable marker
gene. Expression vectors can further contain elements to
drive transcription and translation of a polypeptide, such as
an enhancer element, promoter, transcription termination
signal, signal sequences, and the like. These elements can be
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arranged in such a way as to be operably linked to a cloned
insert encoding a polypeptide, such that the polypeptide is
expressed and produced when such an expression vector is
maintained under conditions suitable for expression (e.g., in
a suitable host cell).

[0233] Cloning and expression vectors generally contain
nucleic acid sequences that enable the vector to replicate in
one or more selected host cells. Typically in cloning vectors,
this sequence is one that enables the vector to replicate
independently of the host chromosomal DNA and includes
origins of replication or autonomously replicating
sequences. Such sequences are well known for a variety of
bacteria, yeast and viruses. The origin of replication from the
plasmid pBR322 is suitable for most Gram-negative bacte-
ria, the 2 micron plasmid origin is suitable for yeast, and
various viral origins (e.g. SV40, adenovirus) are useful for
cloning vectors in mammalian cells. Generally, the origin of
replication is not needed for mammalian expression vectors,
unless these are used in mammalian cells able to replicate
high levels of DNA, such as COS cells.

[0234] Cloning or expression vectors can contain a selec-
tion gene also referred to as selectable marker. Such marker
genes encode a protein necessary for the survival or growth
of transformed host cells grown in a selective culture
medium. Host cells not transformed with the vector con-
taining the selection gene will therefore not survive in the
culture medium. Typical selection genes encode proteins
that confer resistance to antibiotics and other toxins, e.g.
ampicillin, neomycin, methotrexate or tetracycline, comple-
ment auxotrophic deficiencies, or supply critical nutrients
not available in the growth media.

[0235] Suitable expression vectors can contain a number
of components, for example, an origin of replication, a
selectable marker gene, one or more expression control
elements, such as a transcription control element (e.g.,
promoter, enhancer, terminator) and/or one or more trans-
lation signals, a signal sequence or leader sequence, and the
like. Expression control elements and a signal or leader
sequence, if present, can be provided by the vector or other
source. For example, the transcriptional and/or translational
control sequences of a cloned nucleic acid encoding an
antibody chain can be used to direct expression.

[0236] A promoter can be provided for expression in a
desired host cell. Promoters can be constitutive or inducible.
For example, a promoter can be operably linked to a nucleic
acid encoding an antibody, antibody chain or portion
thereof, such that it directs transcription of the nucleic acid.
A variety of suitable promoters for procaryotic (e.g., the
p-lactamase and lactose promoter systems, alkaline phos-
phatase, the tryptophan (trp) promoter system, lac, tac, T3,
T7 promoters for . coli) and eucaryotic (e.g., simian virus
40 early or late promoter, Rous sarcoma virus long terminal
repeat promoter, cytomegalovirus promoter, adenovirus late
promoter, EG-1a promoter) hosts are available.

[0237] In addition, expression vectors typically comprise
a selectable marker for selection of host cells carrying the
vector, and, in the case of a replicable expression vector, an
origin of replication. Genes encoding products which confer
antibiotic or drug resistance are common selectable markers
and may be used in procaryotic (e.g., (3-lactamase gene
(ampicillin resistance), Tet gene for tetracycline resistance)
and eucaryotic cells (e.g., neomycin (G418 or geneticin), gpt
(mycophenolic acid), ampicillin, or hygromycin resistance
genes). Dihydrofolate reductase marker genes permit selec-
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tion with methotrexate in a variety of hosts. Genes encoding
the gene product of auxotrophic markers of the host (e.g.,
LEU2, URA3, HISS) are often used as selectable markers in
yeast. Use of viral (e.g., baculovirus) or phage vectors, and
vectors which are capable of integrating into the genome of
the host cell, such as retroviral vectors, are also contem-
plated.

[0238] Suitable expression vectors for expression in pro-
karyotic (e.g., bacterial cells such as E. coli) or mammalian
cells include, for example, a pET vector (e.g., pET-12a,
pET-36, pET-37, pET-39, pET-40, Novagen and others), a
phage vector (e.g., pCANTAB 5 E, Pharmacia), pRIT2T
(Protein A fusion vector, Pharmacia), pCDMS, pCDNA1.1/
amp, pcDNA3.1, pRc/RSV, pEF-1 (Invitrogen, Carlsbad,
Calif.), pCMV-SCRIPT, pFB, pSGS, pXT1 (Stratagene, La
Jolla, Calif.), pCDEF3 (Goldman, L. A., et al., Biotech-
niques, 21:1013-1015 (1996)), pSVSPORT (GibcoBRL,
Rockville, Md.), pEF-Bos (Mizushima, S., et al., Nucleic
Acids Res., 18:5322 (1990)) and the like. Expression vectors
which are suitable for use in various expression hosts, such
as prokaryotic cells (E. coli), insect cells (Drosophila
Schnieder S2 cells, S19), yeast (P. methanolica, P. pastoris,
S. cerevisiae) and mammalian cells (eg, COS cells) are
available.

[0239] Examples of vectors are expression vectors that
enable the expression of a nucleotide sequence correspond-
ing to a polypeptide library member. Thus, selection with
generic and/or target ligands can be performed by separate
propagation and expression of a single clone expressing the
polypeptide library member. As described above, the selec-
tion display system may be bacteriophage display. Thus,
phage or phagemid vectors may be used. Example vectors
are phagemid vectors which have an F. coli. origin of
replication (for double stranded replication) and also a phage
origin of replication (for production of single-stranded
DNA). The manipulation and expression of such vectors is
well known in the art (Hoogenboom and Winter (1992)
supra; Nissim et al. (1994) supra). Briefly, the vector can
contain a f-lactamase gene to confer selectivity on the
phagemid and a lac promoter upstream of an expression
cassette that can contain a suitable leader sequence, a
multiple cloning site, one or more peptide tags, one or more
TAG stop codons and the phage protein pIIl. Thus, using
various suppressor and non-suppressor strains of £. coli and
with the addition of glucose, iso-propyl thio-f-D-galacto-
side (IPTG) or a helper phage, such as VCS M13, the vector
is able to replicate as a plasmid with no expression, produce
large quantities of the polypeptide library member only or
product phage, some of which contain at least one copy of
the polypeptide-pIll fusion on their surface.

[0240] The libraries and repertoires described herein can
contain antibody formats. For example, the polypeptide
contained within the libraries and repertoires can be whole
separate V or V, domains, any of which are either modified
or unmodified. scFv fragments, as well as other antibody
polypeptides, can be readily produced using any suitable
method. A number of suitable antibody engineering methods
are well known in the art. For example, a scFv can be formed
by linking nucleic acids encoding two variable domains with
a suitable oligonucleotide that encodes an appropriate linker
peptide, such as (Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 222)),
or other suitable linker peptides. The linker bridges the
C-terminal end of the first V region and the N-terminal end
of the second V region. Similar techniques for the construc-
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tion of other antibody formats, such as Fv, Fab and F(ab')2
fragments can be used. To format Fab and F(ab')2 fragments,
V; and V; polypeptides can be combined with constant
region segments, which may be isolated from rearranged
genes, germline C genes or synthesized from antibody
sequence data. A library or repertoire described herein can
be a V or V, library or repertoire.

[0241] The polypeptides comprising a protease resistant
variable domain may comprise a target ligand (TNFR1)
binding site and a generic ligand binding site. In certain
embodiments, the generic ligand binding site is a binding
site for a superantigen, such as protein A, protein L or
protein G. The variable domains can be based on any desired
variable domain, for example a human V (e.g., V4 la, V,,
16, V52, V53, V54, V, 5,V 6), ahuman VA (e. g., VAL
VAL VAILL VALV, VAV, VAVI, or Vk1) or a human Vk
(e.g., VK2,Vi3,Vk4,VK5,Vk6,VK7, VK8, VK9 or Vk1l) or a
Camelid V., optionally that has been humanized.

Nucleic Acids, Host Cells and Methods for Producing
Protease Resistant Polypeptides

[0242] The invention relates to isolated and/or recombi-
nant nucleic acids encoding protease resistant peptides or
polypeptides e.g., that are selectable or selected by the
methods described herein.

[0243] Nucleic acids referred to herein as “isolated” are
nucleic acids which have been separated away from other
material (e.g., other nucleic acids such as genomic DNA,
c¢DNA and/or RNA) in its original environment (e.g., in cells
or in a mixture of nucleic acids such as a library). An isolated
nucleic acid can be isolated as part of a vector (e.g., a
plasmid).

[0244] Nucleic acids referred to herein as “recombinant™
are nucleic acids which have been produced by recombinant
DNA methodology, including methods which rely upon
artificial recombination, such as cloning into a vector or
chromosome using, for example, restriction enzymes,
homologous recombination, viruses and the like, and nucleic
acids prepared using the polymerase chain reaction (PCR).
[0245] The invention also relates to a recombinant host
cell which comprises a (one or more) recombinant nucleic
acid or expression construct comprising a nucleic acid
encoding a protease resistant peptide or polypeptide, e.g., a
peptide or polypeptide selectable or selected by the methods
described herein. There is also provided a method of pre-
paring a protease resistant peptide or polypeptide, compris-
ing maintaining a recombinant host cell of the invention
under conditions appropriate for expression of a protease
resistant peptide or polypeptide. The method can further
comprise the step of isolating or recovering the protease
resistant peptide or polypeptide, if desired.

[0246] For example, a nucleic acid molecule (i.e., one or
more nucleic acid molecules) encoding a protease resistant
peptide or polypeptide, or an expression construct (i.e., one
or more constructs) comprising such nucleic acid molecule
(s), can be introduced into a suitable host cell to create a
recombinant host cell using any method appropriate to the
host cell selected (e.g., transformation, transfection, elec-
troporation, infection), such that the nucleic acid molecule
(s) are operably linked to one or more expression control
elements (e.g., in a vector, in a construct created by pro-
cesses in the cell, integrated into the host cell genome). The
resulting recombinant host cell can be maintained under
conditions suitable for expression (e.g., in the presence of an
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inducer, in a suitable animal, in suitable culture media
supplemented with appropriate salts, growth factors, antibi-
otics, nutritional supplements, etc.), whereby the encoded
peptide or polypeptide is produced. If desired, the encoded
peptide or polypeptide can be isolated or recovered (e.g.,
from the animal, the host cell, medium, milk). This process
encompasses expression in a host cell of a transgenic animal
(see, e.g., WO 92/03918, GenPharm International).

[0247] The protease resistant peptide or polypeptide
selected by the method described herein can also be pro-
duced in a suitable in vitro expression system, by chemical
synthesis or by any other suitable method. Thus, the present
invention provides for protease resistant peptides and poly-
peptides.

Polypeptides, DAB™s & Antagonists

[0248] As described and exemplified herein, protease
resistant DAB™s of the invention generally bind their target
ligand with high affinity. Thus, in another aspect, there is
provided a method for selecting, isolating and/or recovering
a polypeptide or DAB™ of the invention that binds TNFR1
with high affinity. Generally, the method comprises provid-
ing a library or repertoire of peptides or polypeptides (eg
DAB™s), combining the library or repertoire with a pro-
tease (e.g., trypsin, elastase, leucozyme, pancreatin, sputum)
under conditions suitable for protease activity, and selecting,
isolating and/or recovering a peptide or polypeptide that
binds a ligand (e.g., target ligand). Because the library or
repertoire has been exposed to protease under conditions
where protease sensitive peptides or polypeptides will be
digested, the activity of protease can eliminate the less stable
polypeptides that have low binding affinity, and thereby
produce a collection of high affinity binding peptides or
polypeptides. For example, the polypeptide or DAB™ of the
invention can bind TNFR1 with an affinity (K,; K=K,z
(kd)/K,_,(ka) as determined by surface plasmon resonance)
of 1 uM or stronger, or about 500 nM to about 0.5 pM. For
example, the polypeptide or DAB™ of the invention can
bind TNFR1 with an affinity of about 500 nM, about 100
nM, about 10 nM, about 1 nM, about 500 pM, about 100 pM,
about 10 pM, about 1 pM or about 0.5 pM. Although we are
not bound by any particular theory, peptides and polypep-
tides that are resistant to proteases are believed to have a
lower entropy and/or a higher stabilization energy. Thus, the
correlation between protease resistance and high affinity
binding may be related to the compactness and stability of
the surfaces of the peptides and polypeptides and DAB™s
selected by the method described herein.

[0249] In one embodiment, the polypeptide, DAB™ or
antagonist of the invention inhibits binding of TNF alpha to
TNF alpha Receptor 1 (p55 receptor) with an inhibitory
concentration 50 (IC50) of or about 500 nM to 50 pM, or
100 nM to 50 pM, or 10 nM to 100 pM, or 1 nM to 100 pM;
for example 50 nM or less, or 5 nM or less, or 500 pM or
less, or 200 pM or less, or 100 pM or less.

[0250] In certain embodiments, the polypeptide, DAB™
or antagonist specifically binds TNFR1, eg, human TNFR1,
and dissociates from human TNFR1 with a dissociation
constant (K,) of 300 nM to 1 pM or 300 nM to 5 pM or 50
nM to 1 pM or 50 nM to 5 pM or 50 nM to 20 pM or about
10 pM or about 15 pM or about 20 pM as determined by
surface plasmon resonance. In certain embodiments, the
polypeptide, DAB™ or antagonist specifically binds
TNFR1, eg, human TNFRI, and dissociates from human
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TNFR1 with a K, rrate constant of 5%107! 57! to 1x1077 s7¢
or 1x107 s7* to 1x1077 s7 or 1x10™* 57! to 1x1077 s~ or
1107 57! to 1x1077 57" or 1x10™* s7" or 1x107™ 57" as
determined by surface plasmon resonance. In certain
embodiments, the polypeptide, DAB™ or antagonist spe-
cifically binds TNFR1, eg, human TNFRI, with a K _, of
1x107° M7 57! to 1x1077 M™' 57" or Ix107°M™"' 57! to
1x107° M~'s™" or about 1x10~* M~ s™" or about 1x10°M™"
s'. In one embodiment, the polypeptide, DAB™ or antago-
nist specifically binds TNFR1, eg, human TNFRI, and
dissociates from human TNFR1 with a dissociation constant
(Kp) and a K, as defined in this paragraph. In one embodi-
ment, the polypeptide, DAB™ or antagonist specifically
binds TNFR1, eg, human TNFRI, and dissociates from
human TNFR1 with a dissociation constant (K,) and a K,
as defined in this paragraph. In some embodiments, the
polypeptide or DAB™specifically binds TNFR1 (eg, human
TNFR1) with a K, and/or K, -and/or K, as recited in this
paragraph and comprises an amino acid sequence that is at
least or at least about 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to the amino
acid sequence of DOM1h-131-206 (shown in FIG. 3).
[0251] The polypeptide, DAB™ or antagonist can be
expressed in E. coli or in Pichia species (e.g., P. pastoris).
In one embodiment, the ligand or DAB™ monomer is
secreted in a quantity of at least about 0.5 mg/[. when
expressed in E. coli or in Pichia species (e.g., P. pastoris).
Although, the ligands and DAB™ monomers described
herein can be secretable when expressed in E. coli or in
Pichia species (e.g., P. pastoris), they can be produced using
any suitable method, such as synthetic chemical methods or
biological production methods that do not employ E. coli or
Pichia species.

[0252] In some embodiments, the polypeptide, DAB™ or
antagonist does not comprise a Camelid immunoglobulin
variable domain, or one or more framework amino acids that
are unique to immunoglobulin variable domains encoded by
Camelid germline antibody gene segments, eg at position
108, 37, 44, 45 and/or 47.

[0253] Antagonists of TNFR1 according to the invention
can be monovalent or multivalent. In some embodiments,
the antagonist is monovalent and contains one binding site
that interacts with TNFR1, the binding site provided by a
polypeptide or DAB™ of the invention. Monovalent antago-
nists bind one TNFR1 and may not induce cross-linking or
clustering of TNFR1 on the surface of cells which can lead
to activation of the receptor and signal transduction.

[0254] In other embodiments, the antagonist of TNFR1 is
multivalent. Multivalent antagonists of TNFR1 can contain
two or more copies of a particular binding site for TNFR1
or contain two or more different binding sites that bind
TNFR1, at least one of the binding sites being provided by
a polypeptide or DAB™ of the invention. For example, as
described herein the antagonist of TNFR1 can be a dimer,
trimer or multimer comprising two or more copies of a
particular polypeptide or DAB™ of the invention that binds
TNFR1, or two or more different polypeptides or DAB™s of
the invention that bind TNFRI1. In one embodiment, a
multivalent antagonist of TNFR1 does not substantially
agonize TNFR1 (act as an agonist of TNFR1) in a standard
cell assay (i.e., when present at a concentration of 1 nM, 10
nM, 100 nM, 1 uM, 10 uM, 100 uM, 1000 pM or 5,000 pM,
results in no more than about 5% of the TNFR1-mediated
activity induced by TNFa (100 pg/ml) in the assay).
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[0255] In certain embodiments, the multivalent antagonist
of TNFR1 contains two or more binding sites for a desired
epitope or domain of TNFR1. For example, the multivalent
antagonist of TNFR1 can comprise two or more binding
sites that bind the same epitope in Domain 1 of TNFRI.
[0256] In other embodiments, the multivalent antagonist
of TNFR1 contains two or more binding sites provided by
polypeptides or DAB™s of the invention that bind to
different epitopes or domains of TNFR1. In one embodi-
ment, such multivalent antagonists do not agonize TNFR1
when present at a concentration of about 1 nM, or about 10
nM, or about 100 nM, or about 1 uM, or about 10 uM, in a
standard 1.929 cytotoxicity assay or a standard HelLa I1L.-8
assay as described in W0O2006038027.

[0257] Other antagonists of TNFR1 do no inhibit binding
of TNFa to TNFR1. Such ligands (and antagonists) may
have utility as diagnostic agents, because they can be used
to bind and detect, quantify or measure TNFR1 in a sample
and will not compete with TNF in the sample for binding to
TNFR1. Accordingly, an accurate determination of whether
or how much TNFRI is in the sample can be made.
[0258] In other embodiments, the polypeptide, DAB™ or
antagonist specifically binds TNFR1 with a K, described
herein and inhibits lethality in a standard mouse LPS/D-
galactosamine-induced septic shock model (i.e., prevents
lethality or reduces lethality by at least about 10%, as
compared with a suitable control). In one embodiment, the
polypeptide, DAB™ or antagonist inhibits lethality by at
least about 25%, or by at least about 50%, as compared to
a suitable control in a standard mouse LPS/D-galac-
tosamine-induced septic shock model when administered at
about 5 mg/kg or more, for example about 1 mg/kg.
[0259] In other embodiments, the polypeptide, DAB™ or
antagonist binds TNFRI and antagonizes the activity of the
TNFRI1 in a standard cell assay with an NDy, of <100 nM,
and at a concentration of <10 uM the DAB™ agonizes the
activity of the TNFR1 by =5% in the assay.

[0260] In particular embodiments, the polypeptide,
DAB™ or antagonist does not substantially agonize TNFR1
(act as an agonist of TNFR1) in a standard cell assay (i.e.,
when present at a concentration of 1 nM, 10 nM, 100 nM,
1 uM, 10 uM, 100 uM, 1000 uM or 5,000 puM, results in no
more than about 5% of the TNFRI-mediated activity
induced by TNFa (100 pg/ml) in the assay).

[0261] In certain embodiments, the polypeptide, DAB™
or antagonist of the invention are efficacious in models of
chronic inflammatory diseases when an effective amount is
administered. Generally an effective amount is about 1
mg/kg to about 10 mg/kg (e.g., about 1 mg/kg, about 2
mg/kg, about 3 mg/kg, about 4 mg/kg, about 5 mg/kg, about
6 mg/kg, about 7 mg/kg, about 8 mg/kg, about 9 mg/kg, or
about 10 mg/kg). The models of chronic inflammatory
disease (see those described in W02006038027) are recog-
nized by those skilled in the art as being predictive of
therapeutic efficacy in humans.

[0262] In particular embodiments, the polypeptide,
DAB™ or antagonist is efficacious in the standard mouse
collagen-induced arthritis model (see W0O2006038027 for
details of the model). For example, administering an effec-
tive amount of the polypeptide, DAB™ or antagonist can
reduce the average arthritic score of the summation of the
four limbs in the standard mouse collagen-induced arthritis
model, for example, by about 1 to about 16, about 3 to about
16, about 6 to about 16, about 9 to about 16, or about 12 to
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about 16, as compared to a suitable control. In another
example, administering an effective amount of the polypep-
tide, DAB™ or antagonist can delay the onset of symptoms
of arthritis in the standard mouse collagen-induced arthritis
model, for example, by about 1 day, about 2 days, about 3
days, about 4 days, about 5 days, about 6 days, about 7 days,
about 10 days, about 14 days, about 21 days or about 28
days, as compared to a suitable control. In another example,
administering an effective amount of the polypeptide,
DAB™ or antagonist can result in an average arthritic score
of the summation of the four limbs in the standard mouse
collagen-induced arthritis model of 0 to about 3, about 3 to
about 5, about 5 to about 7, about 7 to about 15, about 9 to
about 15, about 10 to about 15, about 12 to about 15, or
about 14 to about 15.

[0263] In other embodiments, the polypeptide, DAB™ or
antagonist is efficacious in the mouse AARE model of
arthritis (see WO2006038027 for details of the model). For
example, administering an effective amount of the polypep-
tide, DAB™ or antagonist can reduce the average arthritic
score in the mouse AARE model of arthritis, for example, by
about 0.1 to about 2.5, about 0.5 to about 2.5, about 1 to
about 2.5, about 1.5 to about 2.5, or about 2 to about 2.5, as
compared to a suitable control. In another example, admin-
istering an effective amount of the polypeptide, DAB™ or
antagonist can delay the onset of symptoms of arthritis in the
mouse AARE model of arthritis by, for example, about 1
day, about 2 days, about 3 days, about 4 days, about 5 days,
about 6 days, about 7 days, about 10 days, about 14 days,
about 21 days or about 28 days, as compared to a suitable
control. In another example, administering an effective
amount of the polypeptide, DAB™ or antagonist can result
in an average arthritic score in the mouse AARE model of
arthritis of 0 to about 0.5, about 0.5 to about 1, about 1 to
about 1.5, about 1.5 to about 2, or about 2 to about 2.5.

[0264] In other embodiments, the polypeptide, DAB™ or
antagonist is efficacious in the mouse AARE model of
inflammatory bowel disease (IBD) (see W02006038027 for
details of the model). For example, administering an effec-
tive amount of the polypeptide, DAB™ or antagonist can
reduce the average acute and/or chronic inflammation score
in the mouse AARE model of IBD, for example, by about
0.1 to about 2.5, about 0.5 to about 2.5, about 1 to about 2.5,
about 1.5 to about 2.5, or about 2 to about 2.5, as compared
to a suitable control. In another example, administering an
effective amount of the polypeptide, DAB™ or antagonist
can delay the onset of symptoms of IBD in the mouse AARE
model of IBD by, for example, about 1 day, about 2 days,
about 3 days, about 4 days, about 5 days, about 6 days, about
7 days, about 10 days, about 14 days, about 21 days or about
28 days, as compared to a suitable control. In another
example, administering an effective amount of the polypep-
tide, DAB™ or antagonist can result in an average acute
and/or chronic inflammation score in the mouse AARE
model of IBD of 0 to about 0.5, about 0.5 to about 1, about
1 to about 1.5, about 1.5 to about 2, or about 2 to about 2.5.
[0265] In other embodiments, the polypeptide, DAB™ or
antagonist is efficacious in the mouse dextran sulfate sodium
(DSS) induced model of IBD (see W02006038027 for
details of the model). For example, administering an effec-
tive amount of the polypeptide, DAB™ or antagonist can
reduce the average severity score in the mouse DSS model
of IBD, for example, by about 0.1 to about 2.5, about 0.5 to
about 2.5, about 1 to about 2.5, about 1.5 to about 2.5, or
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about 2 to about 2.5, as compared to a suitable control. In
another example, administering an effective amount of the
polypeptide, DAB™ or antagonist can delay the onset of
symptoms of IBD in the mouse DSS model of IBD by, for
example, about 1 day, about 2 days, about 3 days, about 4
days, about 5 days, about 6 days, about 7 days, about 10
days, about 14 days, about 21 days or about 28 days, as
compared to a suitable control. In another example, admin-
istering an effective amount of the polypeptide, DAB™ or
antagonist can result in an average severity score in the
mouse DSS model of IBD of 0 to about 0.5, about 0.5 to
about 1, about 1 to about 1.5, about 1.5 to about 2, or about
2 to about 2.5.

[0266] In particular embodiments, the polypeptide,
DAB™ or antagonist is efficacious in the mouse tobacco
smoke model of chronic obstructive pulmonary disease
(COPD) (see W02006038027 and WO02007049017 for
details of the model). For example, administering an effec-
tive amount of the ligand can reduce or delay onset of the
symptoms of COPD, as compared to a suitable control.

[0267] Animal model systems which can be used to screen
the effectiveness of the antagonists of TNFR1 (e.g, ligands,
antibodies or binding proteins thereof) in protecting against
or treating the disease are available. Methods for the testing
of systemic lupus erythematosus (SLE) in susceptible mice
are known in the art (Knight et al. (1978) J Exp. Med., 147:
1653; Reinersten et al. (1978) New Eng. J Med., 299: 515).
Myasthenia Gravis (MG) is tested in SJL/J female mice by
inducing the disease with soluble AchR protein from another
species (Lindstrom et al. (1988) Adv. Immunol., 42: 233).
Arthritis is induced in a susceptible strain of mice by
injection of Type II collagen (Stuart et al. (1984) Ann. Rev.
Immunol., 42: 233). A model by which adjuvant arthritis is
induced in susceptible rats by injection of mycobacterial
heat shock protein has been described (Van Eden et al.
(1988) Nature, 331: 171). Thyroiditis is induced in mice by
administration of thyroglobulin as described (Maron et al.
(1980) J Exp. Med., 152: 1115). Insulin dependent diabetes
mellitus (IDDM) occurs naturally or can be induced in
certain strains of mice such as those described by Kanasawa
et al. (1984) Diabetologia, 27: 113. EAE in mouse and rat
serves as a model for MS in human. In this model, the
demyelinating disease is induced by administration of
myelin basic protein (see Paterson (1986) Textbook of Immu-
nopathology, Mischer et al., eds., Grune and Stratton, New
York, pp. 179-213; McFarlin et al. (1973) Science, 179: 478:
and Satoh et al. (1987) J Immunol., 138: 179).

[0268] Generally, the present ligands (e.g., antagonists)
will be utilised in purified form together with pharmaco-
logically appropriate carriers. Typically, these carriers
include aqueous or alcoholic/aqueous solutions, emulsions
or suspensions, any including saline and/or buffered media.
Parenteral vehicles include sodium chloride solution, Ring-
er’s dextrose, dextrose and sodium chloride and lactated
Ringer’s. Suitable physiologically-acceptable adjuvants, if
necessary to keep a polypeptide complex in suspension, may
be chosen from thickeners such as carboxymethylcellulose,
polyvinylpyrrolidone, gelatin and alginates.

[0269] Intravenous vehicles include fluid and nutrient
replenishers and electrolyte replenishers, such as those
based on Ringer’s dextrose. Preservatives and other addi-
tives, such as antimicrobials, antioxidants, chelating agents
and inert gases, may also be present (Mack (1982) Reming-
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ton’s Pharmaceutical Sciences, 16th Edition). A variety of
suitable formulations can be used, including extended
release formulations.

[0270] The ligands (e.g., antagonits) of the present inven-
tion may be used as separately administered compositions or
in conjunction with other agents. These can include various
immunotherapeutic drugs, such as cylcosporine, methotrex-
ate, adriamycin or cisplatinum, and immunotoxins. Pharma-
ceutical compositions can include “cocktails” of various
cytotoxic or other agents in conjunction with the ligands of
the present invention, or even combinations of ligands
according to the present invention having different speci-
ficities, such as ligands selected using different target anti-
gens or epitopes, whether or not they are pooled prior to
administration.

[0271] The route of administration of pharmaceutical
compositions according to the invention may be any of those
commonly known to those of ordinary skill in the art. For
therapy, including without limitation immunotherapy, the
selected ligands thereof of the invention can be administered
to any patient in accordance with standard techniques. The
administration can be by any appropriate mode, including
parenterally, intravenously, intramuscularly, intraperitone-
ally, transdermally, via the pulmonary route, or also, appro-
priately, by direct infusion with a catheter. The dosage and
frequency of administration will depend on the age, sex and
condition of the patient, concurrent administration of other
drugs, counterindications and other parameters to be taken
into account by the clinician. Administration can be local
(e.g., local delivery to the lung by pulmonary administration,
e.g., intranasal administration) or systemic as indicated.
[0272] The ligands of this invention can be lyophilised for
storage and reconstituted in a suitable carrier prior to use.
This technique has been shown to be effective with conven-
tional immunoglobulins and art-known lyophilisation and
reconstitution techniques can be employed. It will be appre-
ciated by those skilled in the art that lyophilisation and
reconstitution can lead to varying degrees of antibody activ-
ity loss (e.g. with conventional immunoglobulins, IgM anti-
bodies tend to have greater activity loss than IgG antibodies)
and that use levels may have to be adjusted upward to
compensate.

[0273] The compositions containing the present ligands
(e.g., antagonists) or a cocktail thereof can be administered
for prophylactic and/or therapeutic treatments. In certain
therapeutic applications, an adequate amount to accomplish
at least partial inhibition, suppression, modulation, killing,
or some other measurable parameter, of a population of
selected cells is defined as a “therapeutically-effective
dose”. Amounts needed to achieve this dosage will depend
upon the severity of the disease and the general state of the
patient’s own immune system, but generally range from
0.005 to 5.0 mg of ligand, e.g. DAB™ or antagonist per
kilogram of body weight, with doses of 0.05 to 2.0 mg/kg/
dose being more commonly used. For prophylactic applica-
tions, compositions containing the present ligands or cock-
tails thereof may also be administered in similar or slightly
lower dosages, to prevent, inhibit or delay onset of disease
(e.g., to sustain remission or quiescence, or to prevent acute
phase). The skilled clinician will be able to determine the
appropriate dosing interval to treat, suppress or prevent
disease. When an ligand of TNFRI1 (e.g., antagonist) is
administered to treat, suppress or prevent a chronic inflam-
matory disease, it can be administered up to four times per
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day, twice weekly, once weekly, once every two weeks, once
a month, or once every two months, at a dose off, for
example, about 10 ng/kg to about 80 mg/kg, about 100 png/kg
to about 80 mg/kg, about 1 mg/kg to about 80 mg/kg, about
1 mg/kg to about 70 mg/kg, about 1 mg/kg to about 60
mg/kg, about 1 mg/kg to about 50 mg/kg, about 1 mg/kg to
about 40 mg/kg, about 1 mg/kg to about 30 mg/kg, about 1
mg/kg to about 20 mg/kg, about 1 mg/kg to about 10 mg/kg,
about 10 pg/kg to about 10 mg/kg, about 10 ng/kg to about
5 mg/kg, about 10 ug/kg to about 2.5 mg/kg, about 1 mg/kg,
about 2 mg/kg, about 3 mg/kg, about 4 mg/kg, about 5
mg/kg, about 6 mg/kg, about 7 mg/kg, about 8 mg/kg, about
9 mg/kg or about 10 mg/kg. In particular embodiments, the
ligand of TNFR1 (e.g., antagonist) is administered to treat,
suppress or prevent a chronic inflammatory disease once
every two weeks or once a month at a dose of about 10 pg/kg
to about 10 mg/kg (e.g., about 10 ng/kg, about 100 ng/kg,
about 1 mg/kg, about 2 mg/kg, about 3 mg/kg, about 4
mg/kg, about 5 mg/kg, about 6 mg/kg, about 7 mg/kg, about
8 mg/kg, about 9 mg/kg or about 10 mg/kg.) Treatment or
therapy performed using the compositions described herein
is considered “effective” if one or more symptoms are
reduced (e.g., by at least 10% or at least one point on a
clinical assessment scale), relative to such symptoms present
before treatment, or relative to such symptoms in an indi-
vidual (human or model animal) not treated with such
composition or other suitable control. Symptoms will obvi-
ously vary depending upon the disease or disorder targeted,
but can be measured by an ordinarily skilled clinician or
technician. Such symptoms can be measured, for example,
by monitoring the level of one or more biochemical indica-
tors of the disease or disorder (e.g., levels of an enzyme or
metabolite correlated with the disease, affected cell num-
bers, etc.), by monitoring physical manifestations (e.g.,
inflammation, tumor size, etc.), or by an accepted clinical
assessment scale, for example, the Expanded Disability
Status Scale (for multiple sclerosis), the Irvine Inflammatory
Bowel Disease Questionnaire (32 point assessment evalu-
ates quality of life with respect to bowel function, systemic
symptoms, social function and emotional status—score
ranges from 32 to 224, with higher scores indicating a better
quality of life), the Quality of Life Rheumatoid Arthritis
Scale, or other accepted clinical assessment scale as known
in the field. A sustained (e.g., one day or more, or longer)
reduction in disease or disorder symptoms by at least 10%
or by one or more points on a given clinical scale is
indicative of “effective” treatment. Similarly, prophylaxis
performed using a composition as described herein is “effec-
tive” if the onset or severity of one or more symptoms is
delayed, reduced or abolished relative to such symptoms in
a similar individual (human or animal model) not treated
with the composition.

[0274] A composition containing a ligand (e.g., antago-
nist) or cocktail thereof according to the present invention
may be utilised in prophylactic and therapeutic settings to
aid in the alteration, inactivation, killing or removal of a
select target cell population in a mammal. In addition, the
selected repertoires of polypeptides described herein may be
used extracorporeally or in vitro selectively to kill, deplete
or otherwise effectively remove a target cell population from
a heterogeneous collection of cells. Blood from a mammal
may be combined extracorporeally with the ligands whereby
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the undesired cells are killed or otherwise removed from the
blood for return to the mammal in accordance with standard
techniques.

[0275] A composition containing a ligand (e.g., antago-
nist) according to the present invention may be utilised in
prophylactic and therapeutic settings to aid in the alteration,
inactivation, killing or removal of a select target cell popu-
lation in a mammal.

[0276] The ligands (e.g., anti-TNFR1 antagonists, DAB™
monomers) can be administered and or formulated together
with one or more additional therapeutic or active agents.
When a ligand (eg, a DAB™) is administered with an
additional therapeutic agent, the ligand can be administered
before, simultaneously with or subsequent to administration
of the additional agent. Generally, the ligand and additional
agent are administered in a manner that provides an overlap
of therapeutic effect.

[0277] In one embodiment, the invention is a method for
treating, suppressing or preventing a chronic inflammatory
disease, comprising administering to a mammal in need
thereof a therapeutically-effective dose or amount of a
polypeptide, DAB™ or antagonist of TNFR1 according to
the invention.

[0278] In one embodiment, the invention is a method for
treating, suppressing or preventing arthritis (e.g., rheuma-
toid arthritis, juvenile rheumatoid arthritis, ankylosing spon-
dylitis, psoriatic arthritis) comprising administering to a
mammal in need thereof a therapeutically-effective dose or
amount of a polypeptide, DAB™ or antagonist of TNFR1
according to the invention.

[0279] In another embodiment, the invention is a method
for treating, suppressing or preventing psoriasis comprising
administering to a mammal in need thereof a therapeuti-
cally-effective dose or amount of a polypeptide, DAB™ or
antagonist of TNFR1 according to the invention.

[0280] In another embodiment, the invention is a method
for treating, suppressing or preventing inflammatory bowel
disease (e.g., Crohn’s disease, ulcerative colitis) comprising
administering to a mammal in need thereof a therapeuti-
cally-effective dose or amount of a polypeptide, DAB™ or
antagonist of TNFR1 according to the invention.

[0281] In another embodiment, the invention is a method
for treating, suppressing or preventing chronic obstructive
pulmonary disease (e.g., chronic bronchitis, chronic obstruc-
tive bronchitis, emphysema), comprising administering to a
mammal in need thereof a therapeutically-effective dose or
amount of a polypeptide, DAB™ or antagonist of TNFR1
according to the invention.

[0282] In another embodiment, the invention is a method
for treating, suppressing or preventing pneumonia (e.g.,
bacterial pneumonia, such as Staphylococcal pneumonia)
comprising administering to a mammal in need thereof a
therapeutically-effective dose or amount of a polypeptide,
DAB™ or antagonist of TNFR1 according to the invention.
[0283] The invention provides a method for treating, sup-
pressing or preventing other pulmonary diseases in addition
to chronic obstructive pulmonary disease, and pneumonia.
Other pulmonary diseases that can be treated, suppressed or
prevented in accordance with the invention include, for
example, cystic fibrosis and asthma (e.g., steroid resistant
asthma). Thus, in another embodiment, the invention is a
method for treating, suppressing or preventing a pulmonary
disease (e.g., cystic fibrosis, asthma) comprising adminis-
tering to a mammal in need thereof a therapeutically-
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effective dose or amount of a polypeptide, DAB™ or
antagonist of TNFR1 according to the invention. In particu-
lar embodiments, an antagonist of TNFR1 is administered
via pulmonary delivery, such as by inhalation (e.g., intra-
bronchial, intranasal or oral inhalation, intranasal drops) or
by systemic delivery (e.g., parenteral, intravenous, intramus-
cular, intraperitoneal, subcutaneous).

[0284] In another embodiment, the invention is a method
treating, suppressing or preventing septic shock comprising
administering to a mammal in need thereof a therapeuti-
cally-effective dose or amount of a polypeptide, DAB™ or
antagonist of TNFR1 according to the invention.

[0285] In a further aspect of the invention, there is pro-
vided a composition comprising a a polypeptide, DAB™ or
antagonist of TNFR1 according to the invention and a
pharmaceutically acceptable carrier, diluent or excipient.
[0286] Moreover, the present invention provides a method
for the treatment of disease using a polypeptide, DAB™ or
antagonist of TNFR1 or a composition according to the
present invention. In an embodiment the disease is cancer or
an inflammatory disease, eg rheumatoid arthritis, asthma or
Crohn’s disease.

Formats

[0287] Increased half-life is useful in in vivo applications
of immunoglobulins, especially antibodies and most espe-
cially antibody fragments of small size. Such fragments
(Fvs, disulphide bonded Fvs, Fabs, scFvs, DAB™s) suffer
from rapid clearance from the body; thus, whilst they are
able to reach most parts of the body rapidly, and are quick
to produce and easier to handle, their in vivo applications
have been limited by their only brief persistence in vivo.
One embodiment of the invention solves this problem by
providing increased half-life of the ligands in vivo and
consequently longer persistence times in the body of the
functional activity of the ligand.

[0288] Methods for pharmacokinetic analysis and deter-
mination of ligand half-life will be familiar to those skilled
in the art. Details may be found in Kenneth, A et al:
Chemical Stability of Pharmaceuticals: A Handbook for
Pharmacists and in Peters et al, Pharmacokinetc analysis: A
Practical Approach (1996). Reference is also made to “Phar-
macokinetics”, M Gibaldi & D Perron, published by Marcel
Dekker, 2°? Rev. ex edition (1982), which describes phar-
macokinetic parameters such as t alpha and t beta half lives
and area under the curve (AUC).

[0289] Half lives (t1/2 alpha and t1/2 beta) and AUC can
be determined from a curve of serum concentration of ligand
against time. The WINNONLIN™ analysis package (avail-
able from Pharsight Corp., Mountain View, Calif. 94040,
USA) can be used, for example, to model the curve. In a first
phase (the alpha phase) the ligand is undergoing mainly
distribution in the patient, with some elimination. A second
phase (beta phase) is the terminal phase when the ligand has
been distributed and the serum concentration is decreasing
as the ligand is cleared from the patient. The t alpha half life
is the half life of the first phase and the t beta half life is the
half life of the second phase. Thus, in one embodiment, the
present invention provides a ligand or a composition com-
prising a ligand according to the invention having a ta
half-life in the range of 15 minutes or more. In one embodi-
ment, the lower end of the range is 30 minutes, 45 minutes,
1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours,
10 hours, 11 hours or 12 hours. In addition, or alternatively,
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a ligand or composition according to the invention will have
a ta half life in the range of up to and including 12 hours.
In one embodiment, the upper end of the range is 11, 10, 9,
8, 7, 6 or 5 hours. An example of a suitable range is 1 to 6
hours, 2 to 5 hours or 3 to 4 hours.

[0290] In one embodiment, the present invention provides
a ligand (polypeptide, DAB™ or antagonist) or a composi-
tion comprising a ligand according to the invention having
a tp half-life in the range of 2.5 hours or more. In one
embodiment, the lower end of the range is 3 hours, 4 hours,
5 hours, 6 hours, 7 hours, 10 hours, 11 hours, or 12 hours.
In addition, or alternatively, a ligand or composition accord-
ing to the invention has a tf half-life in the range of up to
and including 21 days. In one embodiment, the upper end of
the range is 12 hours, 24 hours, 2 days, 3 days, 5 days, 10
days, 15 days or 20 days. In one embodiment a ligand or
composition according to the invention will have a tf half
life in the range 12 to 60 hours. In a further embodiment, it
will be in the range 12 to 48 hours. In a further embodiment
still, it will be in the range 12 to 26 hours.

[0291] In addition, or alternatively to the above criteria,
the present invention provides a ligand or a composition
comprising a ligand according to the invention having an
AUC value (area under the curve) in the range of 1 mg-min/
ml or more. In one embodiment, the lower end of the range
is 5, 10, 15, 20, 30, 100, 200 or 300 mg-min/ml. In addition,
or alternatively, a ligand or composition according to the
invention has an AUC in the range of up to 600 mg-min/ml.
In one embodiment, the upper end of the range is 500, 400,
300, 200, 150, 100, 75 or 50 mg-min/ml. In one embodiment
a ligand according to the invention will have a AUC in the
range selected from the group consisting of the following:
15 to 150 mgmin/ml, 15 to 100 mg-min/ml, 15 to 75
mg-min/ml, and 15 to 50 mg-min/ml.

[0292] Polypeptides and DAB™Ss of the invention and
antagonists comprising these can be formatted to have a
larger hydrodynamic size, for example, by attachment of a
PEG group, serum albumin, transferrin, transferrin receptor
or at least the transferrin-binding portion thereof, an anti-
body Fc region, or by conjugation to an antibody domain.
For example, polypeptides DAB™s and antagonists format-
ted as a larger antigen-binding fragment of an antibody or as
an antibody (e.g., formatted as a Fab, Fab', F(ab),, F(ab'"),,
1gG, scFv).

[0293] Hydrodynamic size of the ligands (e.g., DAB™
monomers and multimers) of the invention may be deter-
mined using methods which are well known in the art. For
example, gel filtration chromatography may be used to
determine the hydrodynamic size of a ligand. Suitable gel
filtration matrices for determining the hydrodynamic sizes of
ligands, such as cross-linked agarose matrices, are well
known and readily available.

[0294] The size of a ligand format (e.g., the size of a PEG
moiety attached to a DAB™ monomer), can be varied
depending on the desired application. For example, where
ligand is intended to leave the circulation and enter into
peripheral tissues, it is desirable to keep the hydrodynamic
size of the ligand low to facilitate extravazation from the
blood stream. Alternatively, where it is desired to have the
ligand remain in the systemic circulation for a longer period
of time the size of the ligand can be increased, for example
by formatting as an Ig like protein.
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Half-Life Extension by Targeting an Antigen or Epitope that
Increases Half-Live In Vivo

[0295] The hydrodynaminc size of a ligand and its serum
half-life can also be increased by conjugating or associating
a TNFR1 binding polypeptide, DAB™ or antagonist of the
invention to a binding domain (e.g., antibody or antibody
fragment) that binds an antigen or epitope that increases
half-live in vivo, as described herein. For example, the
TNFR1 binding agent (e.g., polypeptide) can be conjugated
or linked to an anti-serum albumin or anti-neonatal Fc
receptor antibody or antibody fragment, eg an anti-SA or
anti-neonatal Fc receptor DAB™, Fab, Fab' or scFv, or to an
anti-SA affibody or anti-neonatal Fc receptor Affibody or an
anti-SA avimer, or an anti-SA binding domain which com-
prises a scaffold selected from, but preferably not limited to,
the group consisting of CTLA-4, lipocallin, SpA, an affi-
body, an avimer, GroEl and fibronectin (see PCT/GB2008/
000453 filed 8 Feb. 2008 for disclosure of these binding
domain, which domains and their sequences are incorpo-
rated herein by reference and form part of the disclosure of
the present text). Conjugating refers to a composition com-
prising polypeptide, DAB™ or antagonist of the invention
that is bonded (covalently or noncovalently) to a binding
domain that binds serum albumin.

[0296] Suitable polypeptides that enhance serum half-life
in vivo include, for example, transferrin receptor specific
ligand-neuropharmaceutical agent fusion proteins (see U.S.
Pat. No. 5,977,307, the teachings of which are incorporated
herein by reference), brain capillary endothelial cell recep-
tor, transferrin, transferrin receptor (e.g., soluble transferrin
receptor), insulin, insulin-like growth factor 1 (IGF 1)
receptor, insulin-like growth factor 2 (IGF 2) receptor,
insulin receptor, blood coagulation factor X, cd-antitrypsin
and HNF 1loa. Suitable polypeptides that enhance serum
half-life also include alpha-1 glycoprotein (orosomucoid;
AAQG), alpha-1 antichymotrypsin (ACT), alpha-1 micro-
globulin (protein HC; AIM), antithrombin IIT (AT III),
apolipoprotein A-1 (Apo A-1), apolipoprotein B (Apo B),
ceruloplasmin (Cp), complement component C3 (C3),
complement component C4 (C4), Cl esterase inhibitor (C1
INH), C-reactive protein (CRP), ferritin (FER), hemopexin
(HPX), lipoprotein(a) (Lp(a)), mannose-binding protein
(MBP), myoglobin (Myo), prealbumin (transthyretin; PAL),
retinol-binding protein (RBP), and rheumatoid factor (RF).

[0297] Suitable proteins from the extracellular matrix
include, for example, collagens, laminins, integrins and
fibronectin. Collagens are the major proteins of the extra-
cellular matrix. About 15 types of collagen molecules are
currently known, found in different parts of the body, e.g.
type I collagen (accounting for 90% of body collagen) found
in bone, skin, tendon, ligaments, cornea, internal organs or
type II collagen found in cartilage, vertebral disc, notochord,
and vitreous humor of the eye.

[0298] Suitable proteins from the blood include, for
example, plasma proteins (e.g., fibrin, a-2 macroglobulin,
serum albumin, fibrinogen (e.g., fibrinogen A, fibrinogen B),
serum amyloid protein A, haptoglobin, profilin, ubiquitin,
uteroglobulin and -2-microglobulin), enzymes and enzyme
inhibitors (e.g., plasminogen, lysozyme, cystatin C, alpha-
1-antitrypsin and pancreatic trypsin inhibitor), proteins of
the immune system, such as immunoglobulin proteins (e.g.,
IgA, IgD, IgE, IgG, IgM, immunoglobulin light chains
(kappa/lambda)), transport proteins (e.g., retinol binding
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protein, a.-1 microglobulin), defensins (e.g., beta-defensin 1,
neutrophil defensin 1, neutrophil defensin 2 and neutrophil
defensin 3) and the like.

[0299] Suitable proteins found at the blood brain barrier or
in neural tissue include, for example, melanocortin receptor,
myelin, ascorbate transporter and the like.

[0300] Suitable polypeptides that enhance serum half-life
in vivo also include proteins localized to the kidney (e.g.,
polycystin, type IV collagen, organic anion transporter Kl,
Heymann’s antigen), proteins localized to the liver (e.g.,
alcohol dehydrogenase, G250), proteins localized to the lung
(e.g., secretory component, which binds IgA), proteins
localized to the heart (e.g., HSP 27, which is associated with
dilated cardiomyopathy), proteins localized to the skin (e.g.,
keratin), bone specific proteins such as morphogenic pro-
teins (BMPs), which are a subset of the transforming growth
factor superfamily of proteins that demonstrate osteogenic
activity (e.g., BMP-2, BMP-4, BMP-5, BMP-6, BMP-7,
BMP-8), tumor specific proteins (e.g., trophoblast antigen,
herceptin receptor, oestrogen receptor, cathepsins (e.g.,
cathepsin B, which can be found in liver and spleen)).
[0301] Suitable disease-specific proteins include, for
example, antigens expressed only on activated T-cells,
including LAG-3 (lymphocyte activation gene), osteoprote-
gerin ligand (OPGL; see Nature 402, 304-309 (1999)),
0X40 (a member of the TNF receptor family, expressed on
activated T cells and specifically up-regulated in human T
cell leukemia virus type-I (HTLV-I)-producing cells; see
Immunol. 165 (1):263-70 (2000)). Suitable disease-specific
proteins also include, for example, metalloproteases (asso-
ciated with arthritis/cancers) including CG6512 Drosophila,
human paraplegin, human FtsH, human AFG3L2, murine
ftsH; and angiogenic growth factors, including acidic fibro-
blast growth factor (FGF-1), basic fibroblast growth factor
(FGF-2), vascular endothelial growth factor/vascular per-
meability factor (VEGF/VPF), transforming growth fac-
tor-a. (TGF a), tumor necrosis factor-alpha (TNF-a), angio-
genin, interleukin-3 (IL-3), interleukin-8 (IL-8), platelet-
derived endothelial growth factor (PD-ECGF), placental
growth factor (P1GF), midkine platelet-derived growth fac-
tor-BB (PDGF), and fractalkine.

[0302] Suitable polypeptides that enhance serum half-life
in vivo also include stress proteins such as heat shock
proteins (HSPs). HSPs are normally found intracellularly.
When they are found extracellularly, it is an indicator that a
cell has died and spilled out its contents. This unpro-
grammed cell death (necrosis) occurs when as a result of
trauma, disease or injury, extracellular HSPs trigger a
response from the immune system. Binding to extracellular
HSP can result in localizing the compositions of the inven-
tion to a disease site.

[0303] Suitable proteins involved in Fe transport include,
for example, Brambell receptor (also known as FcRB). This
Fc receptor has two functions, both of which are potentially
useful for delivery. The functions are (1) transport of IgG
from mother to child across the placenta (2) protection of
IgG from degradation thereby prolonging its serum half-life.
It is thought that the receptor recycles IgG from endosomes.
(See, Holliger et al, Nat Biotechnol 15(7):632-6 (1997).)
DAB™s that Bind Serum Albumin

[0304] The invention in one embodiment provides a poly-
peptide or antagonist (e.g., dual specific ligand comprising
an anti-TNFR1 DAB™ (a first DAB™)) that binds to
TNFR1 and a second DAB™ that binds serum albumin
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(SA), the second DAB™ binding SA with a K, as deter-
mined by surface plasmon resonance of 1 nM to 1, 2, 3, 4,
5, 10, 20, 30, 40, 50, 60, 70, 100, 200, 300, 400 or 500 uM
(i.e., x10™° to 5x107*), or 100 nM to 10 uM, or 1 to 5 uM
or3to 70 nM or 10 nM to 1, 2, 3, 4 or 5 uM. For example
30 to 70 nM as determined by surface plasmon resonance.
In one embodiment, the first DAB™ (or a DAB™ mono-
mer) binds SA (e.g., HSA) with a K,, as determined by
surface plasmon resonance of approximately 1, 50, 70, 100,
150, 200, 300 nM or 1, 2 or 3 uM. In one embodiment, for
a dual specific ligand comprising a first anti-SA DAB™ and
a second DAB™ to TNFR1, the affinity (eg K, and/or K-
as measured by surface plasmon resonance, eg using BIA-
CORE™) of the second DAB™ for its target is from 1 to
100000 times (eg, 100 to 100000, or 1000 to 100000, or
10000 to 100000 times) the affinity of the first DAB™ for
SA. In one embodiment, the serum albumin is human serum
albumin (HSA). For example, the first DAB™ binds SA
with an affinity of approximately 10 pM, while the second
DAB™ binds its target with an affinity of 100 pM. In one
embodiment, the serum albumin is human serum albumin
(HSA). In one embodiment, the first DAB™ binds SA (eg,
HSA) with a K, of approximately 50, for example 70, 100,
150 or 200 nM. Details of dual specific ligands are found in
W003002609, WO04003019 and WO04058821.

[0305] The ligands of the invention can in one embodi-
ment comprise a DAB™ that binds serum albumin (SA)
with a K, as determined by surface plasmon resonance of 1
nMto 1, 2,3,4,5, 10, 20, 30, 40, 50, 60, 70, 100, 200, 300,
400 or 500 uM (i.e., x107° to 5x107*), or 100 nM to 10 uM,
orltoSuMor3to70nMor 10nM to 1, 2, 3, 4 or 5 uM.
For example 30 to 70 nM as determined by surface plasmon
resonance. In one embodiment, the first DAB™ (or a
DAB™ monomer) binds SA (e.g., HSA) with a K, as
determined by surface plasmon resonance of approximately
1, 50, 70, 100, 150, 200, 300 nM or 1, 2 or 3 uM. In one
embodiment, the first and second DAB™s are linked by a
linker, for example a linker of from 1 to 4 amino acids or
from 1 to 3 amino acids, or greater than 3 amino acids or
greater than 4, 5, 6,7, 8, 9, 10, 15 or 20 amino acids. In one
embodiment, a longer linker (greater than 3 amino acids) is
used to enhance potency (Kb of one or both DAB™s in the
antagonist).

[0306] In particular embodiments of the ligands and
antagonists, the DAB™ binds human serum albumin and
competes for binding to albumin with a DAB™ selected
from the group consisting of

[0307] MSA-16, MSA-26 (See WO04003019 for disclo-
sure of these sequences, which sequences and their nucleic
acid counterpart are incorporated herein by reference and
form part of the disclosure of the present text), DOM7m-16
(SEQ ID NO: 473), DOM7m-12 (SEQ ID NO: 474),
DOM7m-26

[0308] (SEQ ID NO: 475), DOM7r-1 (SEQ ID NO: 476),
DOM7r-3 (SEQ ID NO: 477), DOM7r-4 (SEQ ID NO: 478),
DOM7r-5 (SEQ ID NO: 479), DOM7r-7 (SEQ ID NO: 480),
DOM7r-8 (SEQ ID NO: 481), DOM7h-2 (SEQ ID NO:
482), DOM7h-3 (SEQ ID NO: 483), DOM7h-4 (SEQ ID
NO: 484), DOM7h-6 (SEQ ID NO: 485), DOM7h-1 (SEQ
ID NO: 486), DOM7h-7 (SEQ ID NO: 487), DOM7h-22
(SEQ ID NO: 489), DOM7h-23 (SEQ ID NO: 490),
DOM7h-24 (SEQ ID NO: 491), DOM7h-25 (SEQ ID NO:
492), DOM7h-26 (SEQ ID NO: 493), DOM7h-21 (SEQ ID
NO: 494), DOM7h-27 (SEQ ID NO: 495), DOM7h-8 (SEQ
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ID NO: 496), DOM7r-13 (SEQ ID NO: 497), DOM7r-14
(SEQID NO: 498), DOM7r-15 (SEQ ID NO: 499), DOM7r-
16 (SEQ ID NO: 500), DOM7r-17 (SEQ ID NO: 501),
DOM7r-18 (SEQ ID NO: 502), DOM7r-19 (SEQ ID NO:
503), DOM7r-20 (SEQ ID NO: 504), DOM7r-21 (SEQ 1D
NO: 505), DOM7r-22 (SEQ ID NO: 506), DOM7r-23 (SEQ
ID NO: 507), DOM7r-24 (SEQ ID NO: 508), DOM7r-25
(SEQID NO: 509), DOM7r-26 (SEQ ID NO: 510), DOM7r-
27 (SEQ ID NO: 511), DOM7r-28 (SEQ ID NO: 512),
DOM7r-29 (SEQ ID NO: 513), DOM7r-30 (SEQ ID NO:
514), DOM7r-31 (SEQ ID NO: 515), DOM7r-32 (SEQ 1D
NO: 516), DOM7r-33 (SEQ ID NO: 517) (See
WO02007080392 for disclosure of these sequences, which
sequences and their nucleic acid counterpart are incorpo-
rated herein by reference and form part of the disclosure of
the present text; the SEQ ID NO:s in this paragraph are those
that appear in W02007080392), dAb8 (dAb10), dAb10,
dAb36, dAb7r20 (DOM7r20), dAb7r21 (DOM7r21),
dAb7r22 (DOM7r22), dAb7r23 (DOM7r23), dAb7r24
(DOM7r24), dAb7r25 (DOM7r25), dAb7r26 (DOM7r26),
dAb7r27 (DOM7r27), dAb7r28 (DOM7r28), dAb7r29
(DOM7r29), dAb7r29 (DOM7r29), dAb7r31 (DOM7r31),
dAb7r32 (DOM7r32), dAb7r33 (DOM7r33), dAb7r33
(DOM7r33), dAb7h22 (DOM7h22), dAb7h23 (DOM7h23),
dAb7h24 (DOM7h24), dAb7h25 (DOM7h25), dAb7h26
(DOM7h26), dAb7h27 (DOM7h27), dAb7h30 (DOM7h30),
dAb7h31 (DOM7h31), dAb2 (dAbs 4,7,41), dAb4, dAb7,
dAbl11, dAbI2 (dAb7m12), dAb13 (dAb15), dAb15, dAb16
(dAb21, dAb7m16), dAb17, dAb18, dAb19, dAb21, dAb22,
dAb23, dAb24, dAb25 (dAb26, dAb7m26), dAb27, dAb30
(dADb35), dAb31, dAb33, dAb34, dAb3S5, dAL38 (dAbS4),
dAb41, dAb46 (dAbs 47, 52 and 56), dAb47, dAbS2,
dAb53, dAb54, dAbLSS, dAbS6, dAb7ml2, dAb7ml6,
dAb7m26, dAb7rl (DOM 7rl), dAb7r3 (DOM7r3), dAb7r4
(DOM7r4), dAb7r5 (DOM7r5), dAb7r7 (DOM7r7), dAb7r8
(DOM7r8), dAb7r13 (DOM7r13), dAb7r14 (DOM7rl4),
dAb7r15 (DOM7rl5), dAb7rl6 (DOM7rl6), dAb7rl7
(DOM7r17), dAb7r18 (DOM7r18), dAb7r19 (DOM7r19),
dAb7hl (DOM7h1), dAb7h2 (DOM7h2), dAb7h6
(DOM7h6), dAb7h7 (DOM7h7), dAb7h8 (DOM?7hS),
dAb7h9 (DOM7h9), dAb7h10 (DOM7h10), dAb7hll
(DOM7h11), dAb7h12 (DOM7h12), dAb7h13 (DOM7h13),
dAb7h14 (DOM7h14), dAb7pl (DOM7pl), and dAb7p2
(DOM7p2) (see PCT/GB2008/000453 filed 8% February
2008 for disclosure of these sequences, which sequences and
their nucleic acid counterpart are incorporated herein by
reference and form part of the disclosure of the present text).
Alternative names are shown in brackets after the dAb, e.g.
dAbS8 has an alternative name which is dAb10 i.e. dAb8
(dAb10). These sequences are also set out in FIGS. 51a and
b

[0309] In certain embodiments, the DAB™ binds human
serum albumin and comprises an amino acid sequence that
has at least about 80%, or at least about 85%, or at least
about 90%, or at least about 95%, or at least about 96%, or
at least about 97%, or at least about 98%, or at least about
99% amino acid sequence identity with the amino acid
sequence of a DAB™ selected from the group consisting of
[0310] MSA-16, MSA-26,

[0311] DOM7m-16 (SEQIDNO: 473), DOM7m-12 (SEQ
1D NO: 474), DOM7m-26 (SEQ ID NO: 475), DOM7r-1
(SEQ ID NO: 476), DOM7r-3 (SEQ ID NO: 477), DOM7r-4
(SEQ ID NO: 478), DOM7r-5 (SEQ ID NO: 479), DOM7r-7
(SEQ ID NO: 480), DOM7r-8 (SEQ ID NO: 481),
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DOM7h-2 (SEQ ID NO: 482), DOM7h-3 (SEQ ID NO:
483), DOM7h-4 (SEQ ID NO: 484), DOM7h-6 (SEQ ID
NO: 485), DOM7h-1 (SEQ ID NO: 486), DOM7h-7 (SEQ
1D NO: 487), DOM7h-22 (SEQ ID NO: 489), DOM7h-23
(SEQ ID NO: 490), DOM7h-24 (SEQ ID NO: 491),
DOM7h-25 (SEQ ID NO: 492), DOM7h-26 (SEQ ID NO:
493), DOM7h-21 (SEQ ID NO: 494), DOM7h-27 (SEQ ID
NO: 495), DOM7h-8 (SEQ ID NO: 496), DOM7r-13 (SEQ
1D NO: 497), DOM7r-14 (SEQ ID NO: 498), DOM7r-15
(SEQ ID NO: 499), DOM7r-16 (SEQ ID NO: 500), DOM7r-
17 (SEQ ID NO: 501), DOM7r-18 (SEQ ID NO: 502),
DOM7r-19 (SEQ ID NO: 503), DOM7r-20 (SEQ ID NO:
504), DOM7r-21 (SEQ ID NO: 505), DOM7r-22 (SEQ ID
NO: 506), DOM7r-23 (SEQ ID NO: 507), DOM7r-24 (SEQ
ID NO: 508), DOM7r-25 (SEQ ID NO: 509), DOM7r-26
(SEQ ID NO: 510), DOM7r-27 (SEQ ID NO: 511), DOM7r-
28 (SEQ ID NO: 512), DOM7r-29 (SEQ ID NO: 513),
DOM7r-30 (SEQ ID NO: 514), DOM7r-31 (SEQ ID NO:
515), DOM7r-32 (SEQ ID NO: 516), DOM7r-33 (SEQ ID
NO: 517) (the SEQ ID NO:s in this paragraph are those that
appear in W02007080392),

[0312] dAbB8, dAbl10, dAb36, dAbL7r20, dAbL7r21,
dAb7r22, dAb7r23, dAb7r24, dAb7r25, dAb7r26, dAb7r27,
dAb7r28, dAb7r29, dAb7r30, dAb7r31, dAb7r32, dAb7r33,
dAb7h21, dAb7h22, dAb7h23, Ab7h24, Ab7h25, Ab7h26,
dAb7h27, dAb7h30, dAb7h31, dAb2, dAb4, dAb7, dAbI1L,
dAb12, dAbl13, dAb15, dAbl16, dAb17, dADbIS, dAb19,
dAb21, dAb22, dAb23, dAb24, dAb25, dAb26, dAb27,
dAb30, dAb31l, dAb33, dAb34, dAb35, dADb38, dAb4l,
dAb46, dAb47, dAb52, dAbS3, dAb54, dADSS5, dADbSE,
dAb7m12, dAb7m16, dAb7m26, dAb7rl, dAb7r3, dAb7r4,
dAb7rS, dAb7r7, dAb7r8, dAb7r13, dAb7rl4, dAb7rlS,
dAb7r16, dAb7r17, dAb7r18, dAb7rl19, dAb7hl, dAb7h2,
dAb7h6, dAb7h7, dAb7h8, dAb7h9, dAb7h10, dAb7h11,
dAb7h12, dAb7h13, dAb7h14, dAb7pl, and dAb7p2.
[0313] For example, the DAB™ that binds human serum
albumin can comprise an amino acid sequence that has at
least about 90%, or at least about 95%, or at least about 96%,
or at least about 97%, or at least about 98%, or at least about
99% amino acid sequence identity with DOM7h-2 (SEQ ID
NO:482), DOM7h-3 (SEQ ID NO:483), DOM7h-4 (SEQ ID
NO:484), DOM7h-6 (SEQ ID NO:485), DOM7h-1 (SEQ ID
NO:486), DOM7h-7 (SEQ ID NO:487), DOM7h-8 (SEQ ID
NO:496), DOM7r-13 (SEQ ID NO:497), DOM7r-14 (SEQ
1D NO:498), DOM7h-22 (SEQ ID NO:489), DOM7h-23
(SEQ ID N0:490), DOM7h-24 (SEQ ID NO:491), DOM7h-
25 (SEQ ID NO:492), DOM7h-26 (SEQ ID NO:493),
DOM7h-21 (SEQ ID NO:494), DOM7h-27 (SEQ ID
NO:495) (the SEQ ID NO:s in this paragraph are those that
appear in W02007080392),

[0314] dAbBS, dADb10, dAb36, dAb7h21, dAb7h22,
dAb7h23, Ab7h24, Ab7h25, Ab7h26, dAb7h27, dAb7h30,
dAb7h31, dAb2, dAb4, dAb7, dAbll, dAb12, dAbl13,
dAbl15, dAb16, dAb17, dADb18, dAb19, dAb21, dAb22,
dAb23, dAb24, dAb25, dAb26, dAb27, dAb30, dAb31,
dAb33, dAb34, dAb35, dAb38, dAb4l, dAb46, dAb47,
dAb52, dAbS3, dAb54, dAbSS, dAb56, dAb7hl, dAb7h2,
dAb7h6, dAb7h7, dAb7h8, dAb7h9, dAb7h10, dAb7h11,
dAb7h12, dAb7h13 and dAb7hl14.

[0315] In certain embodiments, the DAB™ binds human
serum albumin and comprises an amino acid sequence that
has at least about 80%, or at least about 85%, or at least
about 90%, or at least about 95%, or at least about 96%, or
at least about 97%, or at least about 98%, or at least about
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99% amino acid sequence identity with the amino acid
sequence of a DAB™ selected from the group consisting of

[0316] DOM7h-2 (SEQ ID NO:482), DOM7h-6 (SEQ ID
NO:485), DOM7h-1 (SEQ ID NO:486), DOM7h-7 (SEQ ID
NO:487), DOM7h-8 (SEQ ID NO:496), DOM7h-22 (SEQ
ID NO:489), DOM7h-23 (SEQ ID NO:490), DOM7h-24
(SEQID NO:491), DOM7h-25 (SEQ ID NO:492), DOM7h-
26 (SEQ ID NO:493), DOM7h-21 (SEQ ID NO:494),
DOM7h-27 (SEQ ID NO:495) (the SEQ ID NO:s in this
paragraph are those that appear in WO02007080392),
dAb7h21, dAb7h22, dAb7h23, Ab7h24, Ab7h25, Ab7h26,
dAb7h27, dAb7h30, dAb7h31, dAb2, dAb4, dAb7, dAb3S,
dAb41, dAb7hl, dAb7h2, dAb7h6, dAb7h7, dAb7hS,
dAb7h9, dAb7h10, dAb7hll, dAb7h12, dAb7hl13 and
dAb7h14.

[0317] In more particular embodiments, the DAB™ is a
Vi DAB™ that binds human serum albumin and has an
amino acid sequence selected from the group consisting of

[0318] DOM7h-2 (SEQ ID NO:482), DOM7h-6 (SEQ ID
NO:485), DOM7h-1 (SEQ ID NO:486), DOM7h-7 (SEQ ID
NO:487), DOM7h-8 (SEQ ID NO:496) (the SEQ ID NO:s
in this paragraph are those that appear in WO2007080392),

[0319] dAb2, dAb4, dAb7, dAb3S, dAb4l, dAbS4,
dAb7h1, dAb7h2, dAb7h6, dAb7h7, dAb7h8, dAb7hI,
dAb7h10, dAb7h11, dAb7h12, dAb7h13 and dAb7h14.

[0320] In more particular embodiments, the DAB™ is a
Vz DAB™ that binds human serum albumin and has an
amino acid sequence selected from dAb7h30 and dAb7h31.
In more particular embodiments, the DAB™ is dAb7h11 or
dAb7h14.

[0321] In other embodiments, the DAB™, ligand or
antagonist binds human serum albumin and comprises one,
two or three of the CDRs of any of the foregoing amino acid
sequences, eg one, two or three of the CDRs of dAb7h11 or
dAb7h14.

[0322] Suitable Camelid V,,, that bind serum albumin
include those disclosed in WO 2004/041862 (Ablynx N.V.)
and in WO2007080392 (which V; sequences and their
nucleic acid counterpart are incorporated herein by reference
and form part of the disclosure of the present text), such as
Sequence A (SEQ ID NO:518), Sequence B (SEQ ID
NO:519), Sequence C (SEQ ID NO:520), Sequence D (SEQ
ID NO:521), Sequence E (SEQ ID NO:522), Sequence F
(SEQ ID NO:523), Sequence G (SEQ ID NO:524),
Sequence H (SEQ ID NO:525), Sequence I (SEQ ID
NO:526), Sequence J (SEQ ID NO:527), Sequence K (SEQ
1D NO:528), Sequence L. (SEQ ID NO:529), Sequence M
(SEQ ID NO:530), Sequence N (SEQ ID NO:531),
Sequence 0 (SEQ ID NO:532), Sequence P (SEQ ID
NO:533), Sequence Q (SEQ ID NO:534), these sequence
numbers correspond to those cited in W0O2007080392 or
WO 2004/041862 (Ablynx N.V.). In certain embodiments,
the Camelid V,;; binds human serum albumin and com-
prises an amino acid sequence that has at least about 80%,
or at least about 85%, or at least about 90%, or at least about
95%, or at least about 96%, or at least about 97%, or at least
about 98%, or at least about 99% amino acid sequence
identity with ALLB1 disclosed in WO2007080392 or any one
of SEQ ID NOS:518-534, these sequence numbers corre-
sponding to those cited in W02007080392 or WO 2004/
041862.

[0323] In some embodiments, the ligand or antagonist
comprises an anti-serum albumin DAB™ that competes
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with any anti-serum albumin DAB™ disclosed herein for
binding to serum albumin (e.g., human serum albumin).
[0324] In an alternative embodiment, the antagonist or
ligand comprises a binding moiety specific for TNFR1 (eg,
human TNFR1), wherein the moiety comprises non-immu-
noglobulin sequences as described in co-pending application
PCT/GB2008/000453 filed 8 Feb. 2008, the disclosure of
these binding moieties, their methods of production and
selection (eg, from diverse libraries) and their sequences are
incorporated herein by reference as part of the disclosure of
the present text)

Conjugation to a Half-Life Extending Moiety (Eg, Albumin)

[0325] In one embodiment, a (one or more) half-life
extending moiety (eg, albumin, transferrin and fragments
and analogues thereof) is conjugated or associated with the
TNFR1-binding polypeptide, DAB™ or antagonist of the
invention. Examples of suitable albumin, albumin fragments
or albumin variants for use in a TNFR1-binding format are
described in WO 2005077042, which disclosure is incorpo-
rated herein by reference and forms part of the disclosure of
the present text. In particular, the following albumin, albu-
min fragments or albumin variants can be used in the present
invention:

[0326] SEQ ID NO:1 (as disclosed in WO 2005077042,
this sequence being explicitly incorporated into the
present disclosure by reference);

[0327] Albumin fragment or variant comprising or con-
sisting of amino acids 1-387 of SEQ ID NO:1 in WO
2005077042,

[0328] Albumin, or fragment or variant thereof, com-
prising an amino acid sequence selected from the group
consisting of: (a) amino acids 54 to 61 of SEQ ID NO:1
in WO 2005077042; (b) amino acids 76 to 89 of SEQ
ID NO:1 in WO 2005077042; (c) amino acids 92 to 100
of SEQ ID NO:1 in WO 2005077042; (d) amino acids
170 to 176 of SEQ ID NO:1 in WO 2005077042; (e)
amino acids 247 to 252 of SEQ ID NO:1 in WO
2005077042; (f) amino acids 266 to 277 of SEQ ID
NO:1 in WO 2005077042 (g) amino acids 280 to 288
of SEQ ID NO:1 in WO 2005077042; (h) amino acids
362 to 368 of SEQ ID NO:1 in WO 2005077042; (i)
amino acids 439 to 447 of SEQ ID NO:1 in WO
2005077042 (j) amino acids 462 to 475 of SEQ ID
NO:1 in WO 2005077042; (k) amino acids 478 to 486
of SEQ ID NO:1 in WO 2005077042; and (1) amino
acids 560 to 566 of SEQ ID NO:1 in WO 2005077042.

[0329] Further examples of suitable albumin, fragments
and analogs for use in a TNFRI1-binding format are
described in WO 03076567, which disclosure is incorpo-
rated herein by reference and which forms part of the
disclosure of the present text. In particular, the following
albumin, fragments or variants can be used in the present
invention:

[0330] Human serum albumin as described in WO
03076567, eg, in FIG. 3 (this sequence information
being explicitly incorporated into the present disclosure
by reference);

[0331] Human serum albumin (HA) consisting of a
single non-glycosylated polypeptide chain of 585
amino acids with a formula molecular weight of 66,500
(See, Meloun, et al., FEBS Letters 58:136 (1975);
Behrens, et al., Fed. Proc. 34:591 (1975); Lawn, et al.,
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Nucleic Acids Research 9:6102-6114 (1981); Min-
ghetti, et al., J. Biol. Chem. 261:6747 (1986));

[0332] A polymorphic variant or analog or fragment of
albumin as described in Weitkamp, et al., Ann. Hum.
Genet. 37:219 (1973),

[0333] An albumin fragment or variant as described in
EP 322094, eg, HA(1-373, HA(1-388), HA(1-389),
HA(1-369), and HA(1-419) and fragments between
1-369 and 1-419;

[0334] An albumin fragment or variant as described in
EP 399666, eg, HA(1-177) and HA(1-200) and frag-
ments between HA(1-X), where X is any number from
178 to 199.

[0335] Where a (one or more) half-life extending moiety
(eg, albumin, transferrin and fragments and analogues
thereof) is used to format the TNFR1-binding polypeptides,
DAB™s and antagonists of the invention, it can be conju-
gated using any suitable method, such as, by direct fusion to
the TNFR1-binding moiety (eg, anti-TNFR1 DAB™), for
example by using a single nucleotide construct that encodes
a fusion protein, wherein the fusion protein is encoded as a
single polypeptide chain with the half-life extending moiety
located N- or C-terminally to the TNFR1 binding moiety.
Alternatively, conjugation can be achieved by using a pep-
tide linker between moeities, eg, a peptide linker as
described in WO 03076567 or WO 2004003019 (these
linker disclosures being incorporated by reference in the
present disclosure to provide examples for use in the present
invention). Typically, a polypeptide that enhances serum
half-life in vivo is a polypeptide which occurs naturally in
vivo and which resists degradation or removal by endog-
enous mechanisms which remove unwanted material from
the organism (e.g., human). For example, a polypeptide that
enhances serum half-life in vivo can be selected from
proteins from the extracellular matrix, proteins found in
blood, proteins found at the blood brain barrier or in neural
tissue, proteins localized to the kidney, liver, lung, heart,
skin or bone, stress proteins, disease-specific proteins, or
proteins involved in Fc transport.

[0336] In embodiments of the invention described
throughout this disclosure, instead of the use of an anti-
TNFR1 “DAB™” in an antagonist or ligand of the inven-
tion, it is contemplated that the skilled addressee can use a
polypeptide or domain that comprises one or more or all 3
of the CDRs of a DAB™ of the invention that binds TNFR1
(e.g., CDRs grafted onto a suitable protein scaffold or
skeleton, eg an affibody, an SpA scaffold, an LDL receptor
class A domain or an EGF domain) The disclosure as a
whole is to be construed accordingly to provide disclosure of
antagonists using such domains in place of a DAB™. In this
respect, see PCT/GB2008/000453 filed 8 Feb. 2008, the
disclosure of which is incorporated by reference).

[0337] In one embodiment, therefore, an antagonist of the
invention comprises an immunoglobulin single variable
domain or domain antibody (DAB™) that has binding
specificity for TNFR1 or the complementarity determining
regions of such a DAB™ in a suitable format. The antago-
nist can be a polypeptide that consists of such a DAB™ or
consists essentially of such a DAB™. The antagonist can be
a polypeptide that comprises a DAB™ (or the CDRs of a
DAB™) in a suitable format, such as an antibody format
(e.g., IgG-like format, scFv, Fab, Fab', F(ab"),), or a dual
specific ligand that comprises a DAB™ that binds TNFR1
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and a second DAB™ that binds another target protein,
antigen or epitope (e.g., serum albumin).

[0338] Polypeptides, DAB™s and antagonists according
to the invention can be formatted as a variety of suitable
antibody formats that are known in the art, such as, IgG-like
formats, chimeric antibodies, humanized antibodies, human
antibodies, single chain antibodies, bispecific antibodies,
antibody heavy chains, antibody light chains, homodimers
and heterodimers of antibody heavy chains and/or light
chains, antigen-binding fragments of any of the foregoing
(e.g., a Fv fragment (e.g., single chain Fv (scFv), a disulfide
bonded Fv), a Fab fragment, a Fab' fragment, a F(ab"),
fragment), a single variable domain (e.g., Vg V;), a
DAB™, and modified versions of any of the foregoing (e.g.,
modified by the covalent attachment of polyalkylene glycol
(e.g., polyethylene glycol, polypropylene glycol, polybuty-
lene glycol) or other suitable polymer).

[0339] In some embodiments, the invention provides a
ligand (eg, an anti-TNFR1 antagonist) that is an IgG-like
format. Such formats have the conventional four chain
structure of an IgG molecule (2 heavy chains and two light
chains), in which one or more of the variable regions (V
and or V;) have been replaced with a DAB™ of the
invention. In one embodiment, each of the variable regions
(2 V regions and 2 V; regions) is replaced with a DAB™
or single variable domain, at least one of which is an
anti-TNFR1 DAB™ according to the invention. The DAB™
(s) or single variable domain(s) that are included in an
IgG-like format can have the same specificity or different
specificities. In some embodiments, the IgG-like format is
tetravalent and can have one (anti-TNFR1 only), two (eg,
anti-TNFR1 and anti-SA), three or four specificities. For
example, the IgG-like format can be monospecific and
comprises 4 DAB™gs that have the same specificity; bispe-
cific and comprises 3 DAB™;s that have the same specificity
and another DAB™ that has a different specificity; bispe-
cific and comprise two DAB™s that have the same speci-
ficity and two DAB™s that have a common but different
specificity; trispecific and comprises first and second
DABT™s that have the same specificity, a third DAB™ with
a different specificity and a fourth DAB™ with a different
specificity from the first, second and third DAB™Ss; or
tetraspecific and comprise four DAB™Ss that each have a
different specificity. Antigen-binding fragments of IgG-like
formats (e.g., Fab, F(ab'),, Fab', Fv, scFv) can be prepared.
In one embodiment, the IgG-like formats or antigen-binding
fragments thereof do not crosslink TNFR1, for example, the
format may be monovalent for TNFR1. If complement
activation and/or antibody dependent cellular cytotoxicity
(ADCC) function is desired, the ligand can be an 1gG1-like
format. If desired, the IgG-like format can comprise a
mutated constant region (variant IgG heavy chain constant
region) to minimize binding to Fc receptors and/or ability to
fix complement. (see e.g. Winter et al, GB 2,209,757 B;
Morrison et al., WO 89/07142; Morgan et al., WO 94/29351,
Dec. 22, 1994).

[0340] The ligands of the invention (polypeptides,
DAB™s and antagonists) can be formatted as a fusion
protein that contains a first immunoglobulin single variable
domain that is fused directly to a second immunoglobulin
single variable domain. If desired such a format can further
comprise a half-life extending moiety. For example, the
ligand can comprise a first immunoglobulin single variable
domain that is fused directly to a second immunoglobulin
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single variable domain that is fused directly to an immuno-
globulin single variable domain that binds serum albumin.

[0341] Generally the orientation of the polypeptide
domains that have a binding site with binding specificity for
a target, and whether the ligand comprises a linker, is a
matter of design choice. However, some orientations, with
or without linkers, may provide better binding characteris-
tics than other orientations. All orientations (e.g., dAbl-
linker-dAb2; dAb2-linker-dAbl) are encompassed by the
invention are ligands that contain an orientation that pro-
vides desired binding characteristics can be easily identified
by screening.

[0342] Polypeptides and DAB™s according to the inven-
tion, including DAB™ monomers, dimers and trimers, can
be linked to an antibody Fc region, comprising one or both
of CH2 and CH3 domains, and optionally a hinge region.
For example, vectors encoding ligands linked as a single
nucleotide sequence to an Fc region may be used to prepare
such polypeptides.

[0343] The invention moreover provides dimers, trimers
and polymers of the aforementioned DAB™ monomers.

Codon Optimised Sequences

[0344] As described above, embodiments of the invention
provide codon optimized nucleotide sequences encoding
polypeptides and variable domains of the invention. As
shown in the following illustration, codon optimized
sequences of about 70% identity can be produced that
encode for the same variable domain (in this case the
variable domain amino acid sequence is identical to
DOM1h-131-206). In this instance, the sequences were
optimized for expression by Pichia pastoris (codon opti-
mized sequences 1-3) or E. coli (codon optimized sequences
4 and 5).

[0345] We performed a calculation taking into account the
degeneracy in the genetic code and maximised the number
of nucleotide changes within each degenerate codon
encoded by the nucleotide sequence of DOM1h-131-206 as
shown in FIG. 19 and a theoretical nucleotide sequence
which still encodes a variable domain that is identical to
DOM1h-131-206. The calculation revealed that the theo-
retical sequence would have only 57% identity to the
nucleotide sequence of DOM1h-131-206 as shown in FIG.
19. Codon optimized sequences are shown in FIGS. 53-57.

Exemplification

Example A: Lead Selection & Characterisation of
Domain Antibodies to Human TNFR1

[0346] Domain antibodies generated were derived from
phage libraries. Both soluble selections and panning to
passively absorbed human TNFR1 were performed accord-
ing to the relevant standard methods. Human TNFR1 was
purchased as a soluble recombinant protein either from
R&D systems (Cat No 636-R1-025/CF) or Peprotech (Cat
no. 310-07) and either used directly (in the case of passive
selections) or after biotinylation using coupling via primary
amines followed by quality control of its activity in a
biological assay and analysis of its MW and extent of
biotinylation by mass spectrometry. Typically 3 rounds of
selection were performed utilising decreasing levels of anti-
gen in every next round.
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[0347] Outputs from selections were screened by phage
ELISA for the presence of anti-TNFR1 binding clones.
DNA was isolated from these phage selections and sub-
cloned into a expression vector for expression of soluble
DAB™ fragments. Soluble DAB™ fragments were
expressed in 96-well plates and the supernantants were used
to screen for the presence of anti-TNFR1 binding DAB™s,
either using a direct binding ELISA with anti-c-myc detec-
tion or BIACORE™ using a streptavidin/biotinylated
TNFR1 BIACORE™ chip and ranked according to off-rates.
[0348] The lead molecules, described below, were derived
from the parental DAB™, designated DOM1h-131 (dis-
closed in W0O2006038027). This molecule was selected
from the phage display library after 3 rounds of selections
using 60 nM of biotinylated antigen. Streptavidin or NEU-
TRAVIDIN™ coated DYNABEADS™ were alternated as
capture reagents in each round of selection to prevent
selection of binders against either streptavidin or NEUTRA-
VIDIN™., The potency of the lead DOM1h-131 at this stage
was in the low micromolar range as determined in the
MRC-5 fibroblast/IL.-8 release cell assay. The binding kinet-
ics as determined by BIACORE™ typically displayed fast-
on/fast-off rates. E. coli expression levels of this DOM1h-
131 lead molecule, as a C-terminally myc tagged monomer
were in the region of 8 mg/l.

Affinity Maturation of leads:

[0349] DOM1h-131 was taken forward into affinity matu-
ration to generate mutants with higher potency and
improved biophysical characteristics (see FIG. 3 for amino
acid sequences of DOM1h-131 derived leads). After gen-
eration of an error-prone library (average number of 1 amino
acid change per DAB™ sequence, library size $x107) using
an error-prone PCR polymerase (GENEMORPH 1™,
Stratagene), seven rounds of selection utilising these error-
prone libraries were performed. This strategy led to the
isolation of clone DOM1h-131-8, a molecule where 4 amino
acid changes (one in framework 1 (FR1), one in CDR1, one
in CDR3 and one in FR4) gave an approximate 100-fold
improvement in potency as measured by the MRC-5 cell
assay (~4 nM). In this assay MRC-5 cells were incubated
with the test samples for one hour then TNF-a (200 pg/ml)
was added. After an overnight incubation IL-8 release was
determined using an IL-8 ABI 8200™ cellular detection
assay (FMAT™). A TNF-a. dose curve was included in each
experiment. The concentration of TNF-a used to compete
with DAB™ binding to TNFR1 (200 pg/ml) was approxi-
mately 70% of the maximum TNF-a response in this assay.
[0350] In order to further improve potency, single amino
acid positions were diversified by oligo-directed mutagen-
esis at key positions suggested by the error-prone lead
consensus information. During this process an improved
version of the DOM1h-131-8 clone, DOM1h-131-24 (origi-
nally named DOM1h-131-8-2 prior to correction) was iso-
lated through BIACORE™ screening that had a single
K94R amino acid mutation (amino acid numbering accord-
ing to Kabat) and an RBA potency of 200-300 pM.

[0351] Further error-prone libraries based on this lead and
the NNS library from which it was derived were generated
and subjected to three rounds of phage selections using heat
treatment (for method see Jespers L, et al., Aggregation-
resistant domain antibodies selected on phage by heat dena-
turation. Nat Biotechnol. 2004 September; 22(9):1161-5).
During this selection, libraries were pooled and clones
derived from round two of the selection yielded DAB™sg
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such as DOM1h-131-53 which were considered to be more
heat stable. It was hypothesised that these clones would
possess better biophysical characteristics. Some framework
mutations in clone DOM1h-131-53 were germlined to gen-
erate clone DOM1h-131-83. This clone formed the basis for
further diversification via oligo-directed individual CDR
mutagenesis either using phage display selection as
described above or using the in-vitro compartmentalization
technology using emulsions. The phage display strategy
generated leads DOM1h-131-117 and DOM1h-131-151.
The in-vitro compartmentalization technology generated
DOM1h-131-511.

[0352] At this stage these three leads were compared in
biophysical and biological assays and DOM1h-131-511 was
the molecule with the best properties. Furthermore these
molecules were tested for their resistance to proteolytic
cleavage in the presence of trypsin or leucozyme. Leuco-
zyme consists of pooled sputum from patients with cystic
fibrosis and contains high levels of elastase and other
proteases and was used as a surrogate for in vivo conditions
in lung diseases. This data indicated that all three leads
DOM1h-131-117, DOM1h-131-151 and DOM1h-131-511
were rapidly degraded in presence of trypsin or leucozyme.
This finding raised concerns about the in vivo persistence of
DOM1h-131-511 when in the patient and a strategy was
developed to select for improved resistance to trypsin. It was
hypothesised that such improved trypsin resistance could
have a beneficial effect on other biophysical properties of the
molecule. Essentially the standard phage selection method
was modified to allow for selection in the presence of
proteases prior to selection on antigen. To this end a new
phage vector was engineered in which the c-myc tag was
deleted to allow selections in the presence of trypsin without
cleaving the displayed DAB™ off the phage. DOM1h-131-
511 based error-prone libraries were generated and cloned in
the pDOM33 vector (see FIG. 50 for pPDOM33 vector map).
Phage stocks generated from this library were pre-treated
with either 1 mg/ml or 100 pg/ml trypsin at 37° C. for 24
hours, subsequently protease inhibitor which was ROCHE
COMPLETE PROTEASE INHIBITORS™ (2x) was added
to block the trypsin activity prior to selection on the relevant
antigen. Four rounds of selection were performed. Soluble
expressed TNFR1 binding DAB™S5s were assessed using the
BIACORE™ for their ability to bind TNFR1 with or without
the presence of proteases during one hour or overnight
incubations at 37° C. in the presence or absence of trypsin
(at 100 pg/ml or 1000 pg/ml final trypsin concentration).

[0353] This led to the isolation of two lead molecules
DOM1h-131-202 and DOM1h-131-206 which demon-
strated improved protease resistance as shown by BIA-
CORE™ antigen binding experiments. It is interesting to
note that DOM1h-131-202 contained only one mutation in
CDR2 (V53D), all amino acid numbering according to
Kabat) in comparison to DOMI1h-131-511, whereas
DOM1h-131-206 contained only two mutations: the first
mutation is the same as in DOM1h-131-202 (V53D muta-
tion in CDR2) and the second is a Y91H mutation in FR3
(see FIG. 3). This Y91H mutation in FR3 does occur in the
3-20 human germline gene indicating that this residue
occurs in human antibodies. The three clones DOM1h-131-
511, DOM1h-131-202 and DOM1h-131-206 have amino
acid sequences as shown in FIG. 3.
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[0354] Activity of the Molecules was determined as
below:
[0355] BIACORE™ binding affinity assessment of

DOM1H-131-202, DOM1H-131-511 and

[0356] DOMI1H-131-206 for binding to human TNFR1.
[0357] The binding affinities of DOMIH-131-202,
DOMI1H-131-511 and DOMI1H-131-206 for binding to
human recombinant E. coli-expressed human TNFR1 were
assessed by BIACORE™ analysis. Analysis was carried out
using biotinylated human TNFR1. 1400 RU of biotinylated
TNFR1 was coated to a streptavidin (SA) chip. The surface
was regenerated back to baseline using mild acid elution
conditions. DOMI1H-131-202, DOMI1H-131-511 and
DOMI1H-131-206 were passed over this surface at defined
concentrations using a flow rate of SOW/min. The work was
carried out on a BIACORE™ 3000 machine and data were
analysed and fitted to the 1:1 model of binding. The binding
data fitted well to the 1:1 model for all tested molecules. All
K, values were calculated from k,, and k,; rates. BIA-
CORE™ runs were carried out at 25° C.

[0358] The data below were produced from three inde-
pendent experiments. In each experiment the results were
calculated by averaging a number of fits using highest
DAB™ concentrations for kd and lower concentrations for
ka. The data are presented as the mean and standard devia-
tion (in brackets) of the results (Table 1).

TABLE 1

BIACORE ™ data for DOM1H-131-202, DOM1H-131-511
and DOM1H-131-206 binding to human TNFR1

ko kg Kp (@M)

DOM1H-131-511 5.03E+05 5.06E-04 1.07

(511) (1.07E+03) (1.01E-04) 0.44)
DOM1H-131-202 1.02E+06 5.42E-04 0.55

(202) (2.69E+05) (3.69E-05) 0.11)
DOM1H-131-206 1.55E+06 7.25E-04 0.47

(206) (3.57E+05) (1.95E-04) (0.06)
[0359] DOMI1H-131-202, DOMIH-131-511 and

DOMI1H-131-206 bound similarly and with high affinity to
human TNFR1. DOM1H-131-202 and DOM1H-131-206
bind with average affinities of 0.55 nM and 0.47 nM
respectively. Both DOM1H-131-202 and DOM1H-131-206
have a slightly better affinity in comparison to DOM1H-
131-511 which has an average affinity of 1.07 nM.

[0360] Receptor Binding Assay:

[0361] The potency of the DAB™s was determined
against human TNFR1 in a receptor binding assay. This
assay measures the binding of TNF-alpha to TNFR1 and the
ability of soluble DAB™ to block this interaction. The
TNFR1-FC fusion is captured on a bead pre-coated with
goat anti-human IgG (H&L). The receptor coated beads are
incubated with TNF-alpha (10 ng/ml), DAB™, biotin con-
jugated anti-TNF-alpha and streptavidin ALEXA FLUOR™
647 in a black sided clear bottomed 384 well plate. After 6
hours the plate is read on the ABI 8200™ cellular detection
system and bead associated fluorescence determined. If the
DAB™ blocks TNF-alpha binding to TNFR1 the fluorescent
intensity will be reduced.

[0362] Data was analysed using the ABI 8200™ analysis
software. Concentration effect curves and potency (ECs,)
values were determined using GRAPHPAD PRISM™ and a
sigmoidal dose response curve with variable slope. The
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assay was repeated on three separate occasions. A TNF-
alpha dose curve was included in each experiment (FIGS. 38
and 39). The concentration of TNF-alpha used to compete
with DAB™ binding to TNFR1 (10 ng/ml) is approximately
90% of the maximum TNF-alpha response in this assay.
[0363] A representative graph is shown in FIG. 39 show-
ing the ability of DAB™Ss to inhibit the binding of TNF-
alpha to TNFRI1. In all three experiments the negative
control samples (HEL4, an anti-hen egg white lysozyme
DAB™ and V,, dummy) weakly inhibit the interaction
between TNF-alpha and TNFR1 at high concentrations. The
average potency (ECs,) values for the test samples and
positive controls (anti-TNFR1 mAb obtained from R&D
Systems, mAb225) and ENBREL™ (etanercept; a dimeric
fusion consisting of TNFR2 linked to the Fc portion of IgG1;
licensed for the treatment of rheumatoid arthritis) are shown
in Table 2.

TABLE 2

Potency (ECsp) values for DOM1H-131-202,
DOM1H-131-206 and DOM1H-131-511 in a TNFR1
receptor binding assay for three repeat experiments.

Sample Average ECso (nM) SEM
DOMI1H-131-202 0.11 0.008
DOMI1H-131-206 0.07 0.01
DOMI1H-131-511 0.19 0.01
ENBREL ™ (Etanercept) 0.20 0.07
Anti-TNFR1 mAb # mAb225 0.08 0.003
[0364] In this assay DOMI1H-131-206 appears more

potent than the other two DAB™Ss being tested and has a
similar potency to the commercially available anti-TNFR1
mAb, MAB225 (R and D Systems).

[0365] Expression of lead clones from Pichia pastoris was
carried out as described below: The primary amino acid
sequence of the three lead molecules was used to produce
codon optimised genes for secreted expression in Pichia
pastoris. There is 75% sequence identity between the codon
optimized and the non-codon optimized DOM1H-131-206.
The three synthetic genes were cloned into the expression
vector pPIC-Za (from Invitrogen) and then transformed into
two Pichia strains, X33 and KM71H. The transformed cells
were plated out onto increasing concentrations of ZEO-
CIN™ (100, 300, 600 and 900 pg/ml) to select for clones
with multiple integrants. Approximately 15 clones for each
cell line and construct were selected for expression screen-
ing. As the correlation between high/low gene copy number
and expression level is not fully understood in Pichia
pastoris, several clones were picked from across the ZEO-
CIN™ concentration range. 5 L fermenter runs were carried
out using clones that had not been extensively screened for
high productivity. This allowed the production of significant
amounts of material for further studies.

[0366] Material Production for Protein Characterisation:

[0367] Protein A based chromatography resins have been
extensively used to purity V, DAB™s from microbial
culture supernatants. Although this allows a single step
purification method for producing high purity material,
usually >90% in most cases, for some molecules the low pH
elution conditions can result in the formation of aggregates.
There is also the issue of the limited capacity of affinity
resins for DAB™Ss; this would mean the use of significant
quantities of resin to process from fermenters. In order to
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produce high quality material for characterisation and fur-
ther stability and nebuliser studies, a downstream purifica-
tion process was devised using a mixed modal charge
induction resin as the primary capture step followed by
anion exchange. Without significant optimisation, this
allowed the recovery of ~70% of the expressed DAB™ at a
purity of ~95%.

[0368] For the capture step on the mixed modal charge
induction resin, CAPTO™ MMC from GE Healthcare,
column equilibration is performed using 50 mM sodium
phosphate pH6.0 and the supernatant is loaded without any
need for dilution or pH adjustment. After washing the
column, the protein is eluted by pH gradient using an elution
buffer which is 50 mM Tris pH 9.0. The specific wash and
gradient conditions will vary slightly depending on the p1 of
the protein being eluted

[0369] The cluate peak is then further purified with a flow
through step using anion exchange chromatography. This
removes residual HMW contamination such as alcohol
oxidase and reduces endotoxin. The resin is equilibrated
with either PBS or phosphate buffer pH 7.4 without salt.
Upon loading the eluate from CAPTO™ MMC onto the
anion exchange resin the DAB™ does not bind and is
recovered from the flow through. Endotoxin and other
contaminants bind to the resin. The presence of salt if using
PBS buffer improves protein recovery to 91% for this step
rather than 86% recovery achieved without salt. However
the presence of salt reduces the effectiveness of endotoxin
removal such that a typical endotoxin level of DAB™
following this step with the inclusion of salt was measured
as 58 EU/ml compared with a level of <1.0 EU/ml obtained
when no salt was present.

[0370] Protein Characterisation:

[0371] The material produced from the 5 L fermenter runs
was characterised for identity using electrospray mass spec-
trometry, amino terminal sequencing and isoelectric focus-
ing and for purity using SDS-PAGE, SEC and GELCODE™
glycoprotein staining kit (Pierce).

[0372] Identity:

[0373] The amino terminal sequence analysis of the first
five residues of each protein, was as expected (EVQLL . . .
) (SEQ ID NO: 259). Mass spectrometry was performed on
samples of the proteins which had been buffer exchanged
into 50:50 H,O:acetonitrile containing 0.1% glacial acetic
acid using C4 ZIP-TIPS™ (Millipore). The measured mass
for each of the three proteins was within 0.5 Da of the
theoretical mass based on the primary amino acid sequence
(calculated using average masses) when allowing for a mass
difference of -2 from the formation of the internal disul-
phide bond. IEF was used to identify the proteins based on
their pl which was different for each protein.

[0374] Purity:

[0375] The three proteins were loaded onto non-reducing
SDS-PAGE gels in 1 pg and 10 pg amounts in duplicate. A
single band was observed in all instances. Size exclusion
chromatography was also performed to demonstrate levels
of purity. For size exclusion chromatography (SEC) 100 ng
of'each protein were loaded onto a TOSOH G2000 SWX[, ™
column flowing at 0.5 ml/min. Mobile phase was PBS/10%
ethanol.

[0376] Investigation of DAB™ Stability for Candidate
Selection:
[0377] For the indication of COPD, it would be necessary

to deliver the DAB™ into the lung, eg using a nebuliser
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device. This would mean the protein could potentially
experience a range of shear and thermal stresses depending
on the type of nebuliser used and could be subjected to
enzymatic degradation by proteases in the lung environ-
ment. It was determined if the protein could be delivered
using this type of device, form the correct particle size
distribution and remain functional following nebuliser deliv-
ery. Therefore the intrinsic stability of each molecule to a
range of physical stresses was investigated to determine the
baseline stability and the most sensitive stability indicating
assays. As the stability of each protein will be dependent on
the buffer solution it is solubilised in, some pre-formulation
work was necessary. This information, such as buffer, pH,
would also be useful for understanding the stability of the
protein during the downstream purification process and
subsequent storage. In order to characterise the changes in
the molecules during exposure to a range of physical
stresses, a range of analytical techniques were used such as
size exclusion chromatography (SEC), SDS-PAGE and iso-
electric focusing (IEF).

[0378] Assessment of Protease Stability of DOM1H-131-
202, DOMI1H-131-511 and DOMI1H-131-206:

[0379] The protease stability of DOMIH-131-202,
DOMI1H-131-511 and DOM1H-131-206 was assessed by
BIACORE™ analysis of the residual binding activity after
pre-incubation for defined timepoints in excess of proteases.
Approximately 1400 RU of biotinylated TNFR1 was coated
to a streptavidin (SA) chip. 250 nM of DOM1H-131-202,
DOM1H-131-511 and DOMI1H-131-206 was incubated
with PBS only or with 100 pug/ml of trypsin, elastase or
leucozyme for 1, 3, and 24 hours at 30° C. The reaction was
stopped by the addition of a cocktail of protease inhibitors.
The DAB™/protease mixtures were then passed over the
TNFR1 coated chip using reference cell subtraction. The
chip surface was regenerated with 10 ul 0.1M glycine pH 2.2
between each injection cycle. The fraction of DOM1H-131-
202, DOMIH-131-511 and DOMIH-131-206 bound to
human TNFR1 (at 10 secs) pre-incubated with proteases was
determined relative to DAB™ binding without proteases.
BIACORE™ runs were carried out at 25° C.

[0380] The data was produced from three independent
experiments. The bar graph indicates mean values and the
error bars indicate standard deviation of the results (for
results see FIG. 24).

[0381] It was found that DOM1H-131-202 and DOM1H-
131-206 were shown to have greater resistance to proteolytic
degradation by trypsin, elastase or leucozyme in comparison
to DOM1H-131-511. The difference between DOM1H-131-
202 and DOM1H-131-206 in comparison to DOM1H-131-
511 is most pronounced after lhr with trypsin and after 3 hrs
with elastase or leucozyme.

[0382] Thermal Stability as Determined Using DSC:
[0383] In order to determine at which pH the molecules
had the greatest stability, differential scanning calorimeter
(DSC) was used to measure the melting temperatures (Tm)
of each DAB™ in Britton-Robinson buffer. As Britton-
Robinson is made up of three component buffer systems
(acetate, phosphate and borate), it is possible to produce a
pH range from 3-10 in the same solution. The theoretical pl
was determined from the proteins primary amino acid
sequence. From the DSC, the pH at which the DAB™s had
their greatest intrinsic thermal stability was found to be pH
7 for DOMI1H-131-202 (202), pH 7-7.5 for DOM1H-131-
206 (206) and pH 7.5 for DOM1H-131-511 (511). For all
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subsequent stress and stability work the following pHs were
used for each DAB™; for DOM1H-131-202 (202) and
DOM1H-131-206 (206) pH 7.0 and for DOM1H-131-511
(511) pH 7.5 in Britton-Robinson buffer. The results are
summarised in Table 3 below:

TABLE 3

Summary of the pH and T,,s of DOM1H-131-202 (202),
DOMI1H-131-206 (206) and DOM1H-131-511 (511) as
determined by DSC in Britton-Robinson buffer at 1 mg/ml

pH that gives greatest Tm (° C.) of

intrinsic thermal the DAB ™ at

DAB ™ stability the given pH
DOM1H-131-202 (202) 7.0 68.6
DOM1H-131-206 (206) 7.0-75 65.8
DOM1H-131-511 (511) 7.5 58.0

[0384]

[0385] All the lead DAB™Ss were concentrated in cen-
trifugal VIVASPIN™ concentrators (5K cut-off), to deter-
mine their maximum solubility and the levels of recovery
upon concentration. Experiments were performed in Britton-
Robinson buffer at the most stable pH. Sample volumes and
concentrations were measured over a time course and devia-
tion from expected concentration recorded as well as percent
recovery of the sample.

[0386] It was found that all proteins could be concentrated
to over 100 mg/ml in Britton-Robinson buffer. Both
DOMI1H-131-202 (202) and DOMIH-131-206 (206)
showed lower recoveries than expected compared to
DOMIH-131-511 (511), but still within acceptable levels.

[0387] Nebuliser Delivery of the Lead DAB™s:

[0388] By testing different nebulisers and formulation
buffers it was demonstrated that the DAB™ could effec-
tively be delivered using a wide range of nebulising devices.
More importantly, it was shown for the first time that
nebulisation of the DAB™ in the formulation buffer pro-
duced the desired particle size distribution (compared using
the percentage of droplets <5 um) for effective lung delivery
whilst maintaining protein functionality. This is further
described below.

[0389] Comparison of Performance in Various Devices:

[0390] DOMI1H-131-511 (511) was tested in six nebuliser
devices comprising two devices from each of the three main
groups of nebulisers for liquid formulations i.e. ultrasonic
nebulisers, jet nebulisers and vibrating mesh nebulisers. In
each device the DAB™ was tested at 5 mg/ml with a range
of PEG concentrations. For each sample the percentage of
droplet size <5 um was measured using a Malvern SPRAY-
TEC™ Device (Malvern Instruments Limited, UK) and the
results are shown in FIG. 35. The stability of each sample
after being nebulised was assessed using SEC to analyse the
amount of sample which had dimerised both in the material
remaining in the cup and in collected aerosol. The results
may be seen in FIG. 36. The less the extent of dimer
formation the greater the stability.

[0391] Most devices can deliver 40% or more of the liquid
formulation in the correct size range but the EFLOW™ (a
vibrating mesh nebuliser device) and PARI LC+™ (a jet
nebuliser) devices perform better, with the PARI LC*™
(star) device delivering more than 80% when PEG is

Intrinsic Solubility Testing:
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included in the buffer. This increase in delivery with PEG is
also observed with the EFLOW™ and, to a lesser extent,
with the PART LC+™.

[0392] Importantly activity of the DAB™ was also found
to be retained after nebulisation (see results in FIG. 8)
[0393] Effect of Buffer Additives:

[0394] Due to the lower stability of DOM1H-131-511
(511), the 50 mM phosphate formulation buffer contained
both PEG 1000 and sucrose (and has a viscosity which is
within the range which is defined as about equal to the
viscosity of a solution of about 2% to about 10% PEG 1000
in 50 mM phosphate buffer containing 1.2% (w/v sucrose)
to help protect the DAB™ from both shear and thermal
stress. As both DOM1H-131-202 (202) and DOMI1H-131-
206 (206) have higher Tm’s and showed considerably
improved stability to thermal stress, all the molecules were
tested in both the original formulation buffer and in Britton-
Robinson buffer (which has a lower viscosity than the
formulation buffer). The DAB™s were tested in both the
EFLOW™ and PARI LC+™ devices with run time of 3.5
minutes at a protein concentration of 5 mg/ml and the
particle size distribution determined using a Malvern
SPRAYTEC™ Device. As a comparison, a marketed drug
for cystic fiborosis (designated standard protein X) that is
delivered using a nebuliser device, was tested in its own
formulation buffer. The results are shown in FIG. 37. For
good delivery and distribution into the deep lung, the ideal
particle size is less than 6 microns, e.g. <5 um. All the
DAB™s give comparable levels of particle sizes that were
less than 5 pm in both the Britton-Robinson buffer and
formulation buffer (as described earlier). However, the
higher viscosity of the formulation buffer could be particu-
larly beneficial for producing particles within the correct
siZze range, e.g. particles <5 pm.

[0395] The concentration of the DAB™ in the cup of the
device was determined by A,g, measurements before and
after nebulisation. It was found that the protein concentra-
tion did not change significantly indicating that neither the
protein nor vehicle is preferentially nebulised during deliv-

ery.
CONCLUSION

[0396] It has been demonstrated as described above that
polypeptides such as DAB™Ss can be nebulised in a range of
commercially available nebuliser devices and importantly
that they retain stability and biological activity after nebu-
lisation and there is no significant aggregation observed
following nebulisation. When viscosity enhancing excipi-
ents, such as PEG are added to the buffer formulation,
particle size distribution and percentage droplet size less
than 5 pm can be improved, thus potentially improving
DAB™ delivery to the deep lung.

[0397] Delivery of DAB™ to the lung can also be
improved by increasing the DAB™ concentration for
example a concentration of up to about 40 mg/ml and
delivery time without any reduction in DAB™ stability or
activity.

Example 1
[0398] Phage Vector pDOM13
[0399] A filamentous phage (fd) display vector, pDOM13

was used. This vector produces fusion proteins with phage
coat protein III. The multiple cloning site of pDOM13 is



US 2019/0040148 Al

38

illustrated in FIG. 1. The genes encoding DAB™s were
cloned as Sall/Notl fragments.

Example 2

[0400] Test Protease Selections on Phage-Displayed
Domain Antibodies (DAB™s) with a Range of Resistance to
Trypsin

[0401] The genes encoding DAB™s DOM4-130-54
which binds IL-1R1, DOM1h-131-511 which binds TNFR1,
and DOM15-10, DOM15-26 and DOM15-26-501, which
bind VEGFA, were cloned in pDOM13 and phages display-
ing these DAB™s were produced according to standard
techniques. Phages were purified by PEG precipitation,
resuspended in PBS and titered.

[0402] The above DAB™s displayed a range of ability to
resist degradation by trypsin when tested as isolated pro-
teins. Resistance to degradation was assessed as follows:
DAB™ (1 mg/ml) in PBS was incubated with trypsin at 40
pg/ml at 30° C., resulting in a molecular ratio of 25:1
DAB™: trypsin. Samples (30 pl) were taken immediately
before addition of trypsin, and then at T=1 hour, 3 hours, and
24 hours. Protease activity was neutralized by addition of
ROCHE COMPLETE PROTEASE INHIBITORS™ (2x)
followed by immersion in liquid nitrogen and storage on dry
ice. 15 pg of each DAB™ sample was subsequently ana-
lyzed by electrophoresis on a NOVEX™ 10-20% Tricine gel
and proteins were stained with SUREBLUE™ (1x). Both
DOM15-10 and DOM15-26-501 were significantly digested
during the first three hours. DOM15-26, DOM4-130-54 and
DOM1h-131-511 were more stable, with digestion of the
DAB™s only becoming apparent after 24 hours (FIG. 2).
[0403] The phage-displayed DAB™Ss were also incubated
in the presence of trypsin to evaluate if trypsin resistance of
phage-displayed DAB™s correlated with the results
obtained with the isolated soluble DAB™Ss. Various con-
centrations of trypsin and incubation times were tested. In all
cases, after neutralization of trypsin with ROCHE COM-
PLETE PROTEASE INHIBITORS™, the phages were
tested for their ability to bind a generic ligand:protein A,
which binds all V,, domain antibodies (e.g., DOM1h-131,
DOM15-26, DOM15-26-501) or protein L., which binds all
VK domain antibodies (e.g., DOM4-130-54, DOM15-10).
Phage were also tested for binding to target antigens. In both
cases, binding was assumed to correlate with retention of the
DAB™ structural integrity through resistance to proteolysis.
The binding activity was measured either by ELISA (using
conjugated antibodies against phage) or by elution of bound
phages and titre analysis following infection of exponen-
tially growing E. coli TG1 cells.
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[0404] Tests with DOM15-10, DOM15-26 and DOM15-
26-501 on Phage

[0405] Each DAB™ was treated for one hour at room
temperature with a range of trypsin concentrations (100
pg/ml, 10 pg/ml and O pg/ml). Trypsin activity was blocked
with ROCHE COMPLETE PROTEASE INHIBITORS™
(1x) and then the phages were diluted in 2% MARVELL™
in PBS, incubated with 50 nM of biotinylated antigen
(recombinant human VEGF (R&D systems)) for one hour at
room temperature. Strepavidin-coated beads (DYNA-
BEADS™ M-280 (Invitrogen)) that were pre-blocked for
one hour at room temperature with 2% MARVELL™ in
PBS were added, and the mixture was then incubated for five
minutes at room temperature. All of the incubation steps
with DYNABEADS™ were carried out on a rotating wheel.
Unbound phages were washed away by washing the beads
eight times with 1 ml of 0.1% TWEEN-20™ in PBS. Bound
phages were eluted with 0.5 ml of 0.1M Glycine pH2.2 and
neutralized with 100 pl of 1M Tris-HCL pH 8.0. Eluted
phage were used to infect exponentially growing TG1 cells
(one hour at 37° C.) and plated on tetracycline plates. Plates
were incubated overnight at 37° C. and colony counts were
made (see Table 4). The best results were observed from
selection with incubation with 100 ng/ml trypsin. There was
about a 10-fold increase in the yield of DOM15-26 in
comparison to DOM15-10 and DOM15-26-501.

[0406] A second experiment was done to further confirm
these results under more severe incubation conditions.
Phage displayed DAB™Ss were treated for 1 hour or 2 hours
at 37° C. with agitation (250 rpm). The best results were
observed from selections with 2 hour incubation with 100
ug/ml trypsin. The yield of DOM15-26 was 200-fold higher
than the yield of DOM15-26-501 and 1000-fold higher than
the yield of DOM15-10.

[0407] In a third experiment, phages displaying DOM15-
26 and DOM15-26-501 were mixed 1:1 at the start. They
were then either incubated with trypsin (1000 pg/ml) or
without trypsin for two hours at 37° C. with agitation (250
rpm), and then selected for antigen binding as described
above. Sequencing of ten colonies from each selection
revealed a mixed population of clones for selection without
trypsin pre-treatment (DOM15-26: 4/10; DOM15-26-501:
6/10), whereas all clones from the selection with trypsin
encoded for DOM15-26 as expected.

[0408] These experiments indicate that a selection pres-
sure can be obtained by adding a protease to phages dis-
playing DAB™s, such that phages displaying the most
proteolytically stable DAB™s are preferentially selected
(following panning on a generic ligand or the antigen).

TABLE 4
DOM15- 1:1
Length of Trypsin DOM15- 26-501 mixed DOM15-
Experiment incubation Temp.  concentration 26 titre titre titre 10 titre
1 1 hr Room 100 pg/ml 1.6 x 10 6.3 x 107 1.1 x 107
input 10%° temp
1hr Room 10 pg/ml 3x10% 4.4 x 108 2.4 x 108
temp
1 hr Room Opgml  09x10%5  2x 108 0.7 x 108
temp
2 1 hr, 37°C. 100 pg/ml 2x107 1x10° 1x10°
input 10° 250 rpm
2 hr, 37° C. 100 pg/ml 1x10"7 6x10* 1x10*

250 rpm
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TABLE 4-continued
DOM13- 1:1
Length of Trypsin DOM15- 26-501 mixed DOM15-
Experiment incubation Temp.  concentration 26 titre titre titre 10 titre
2 hr, 37° C. 0pgml  54x107 41 x107 3 x 108
250 rpm
3 2h, 250 ;pm  37° C. 100 pgml 23 x10%° 8 x10° 6.8 x 107
input 10'° 2 h, 250 ;ppm  37° C. 0pg/ml  3.9x 105 44 x10% 48 x 108

[0409] Tests with DOM4-130-54 on Phage

[0410] DOM4-130-54 was tested in a similar protocol as
described above. The parameters that were varied were:
concentration of trypsin, temperature and length of incuba-
tion. Biopanning was done against IL.-RI-Fc (a fusion of
IL-1RI and Fc) at 1 nM concentration in PBS. Significant
reductions in phage titre were only observed after incubation
of the phage with 100 pg/ml trypsin overnight at 37° C. (see

Table 5).

TABLE 5
Length of
incubation Temperature Trypsin concentration Titre
1 hr Room temp 100 pg/ml 1.8 x 101°
1 hr Room temp 10 pg/ml 7.2 x 10°
1 hr Room temp 0 pg/ml 6.6 x 10°
Overnight Room temp 100 pg/ml 2.16 x 10°
Overnight Room temp 10 pg/ml 7.2 x 10°
Overnight Room temp 0 pg/ml 7.8 x 10°
Overnight 37° C. 100 pg/ml 2.04 x 106
Ovemight  37° C. 10 pg/ml 3.84 x 10°
Ovemight  37° C. 0 pg/ml 7.2 x 10°
[0411] Tests with DOM1h-131 Phage

[0412] DOMI1h-131 phage (closely related to DOMI1h-
131-511 by amino acid sequence) were treated with O pg/ml,
10 pg/ml, 100 pg/ml and 1000 pg/ml trypsin for one hour at
room temperature. Digestion was inhibited by the addition
of 25x ROCHE COMPLETE PROTEASE INHIBITORS™.
Serial 2-fold dilutions of the phage were carried out down an
ELISA plate coated with 1 nM TNFR1, and binding phage
were detected with anti-M13-HRP. The results are shown
below in Table 6.

TABLE 6
DOM1h-131
Trypsin concentration

1 100 10 0 Phage
mg/ml pg/ml pg/ml pg/ml input
0.284 0.418 0.784 0.916 4.51E+10
0.229 0.377 0.802 0.944 2.26E+10
0.183 0.284 0.860 0.949 1.13E+10
0.133 0.196 0.695 0.962 5.64E+09
0.114 0.141 0.573 0.946 2.82E+09
0.089 0.115 0.409 0.850 1.41E+09
0.084 0.084 0.286 0.705 7.05E+08
0.080 0.084 0.213 0.577 3.52E+08

[0413] These test experiments clearly show that 100 pg/ml
of trypsin and a temperature of 37° C. are appropriate to
apply a selection pressure on phages displaying DAB™Ss of
various degrees of resistance to proteolysis by trypsin.

Incubation time with the protease can be optimized for each
phage-displayed DAB™, if desired.

Example 3

[0414] Protease Selection of Phage-Displayed Repertoires
of Domain Antibodies

[0415] Four repertoires were created using the following
DABT™s as parent molecules: DOM4-130-54, DOM1h-131-
511, DOM15-10 and DOM15-26-555. Random mutations
were introduced in the genes by PCR using the STRATA-
GENE MUTAZYME II™ kit, biotinylated primers and 5-50
pg of template for a 50 pl reaction. After digestion with Sall
and Notl, the inserts were purified from undigested products
with streptavidin-coated beads and ligated into pDOM13 at
the corresponding sites. £. coli TB1 cells were transformed
with the purified ligation mix resulting in large repertoires of
tetracycline-resistant clones: 8.5x10® (DOM4-130-54), 1.5x
10° (DOM1h-131-511), 6x10® (DOM15-10) and 3x10°
(DOM15-26-555).

[0416] Phage libraries were prepared by double precipi-
tation with PEG and resuspended in PBS.

[0417] The rates of amino acid mutations were 2.3 and 4.4
for the DOM1h-131-511 and DOM4-130-54 repertoires,
respectively. The functionality was assessed by testing 96
clones in phage ELISA using wells coated with protein A or
protein L (at 1 pg/ml). 62.5% and 27% of the clones
exhibited functional display of DAB™s in the DOM1h-131-
511 and DOM4-130-54 repertoires, respectively.

[0418] The rates of amino acid mutations were 2.5 and 4.6
for the DOM15-10 and DOM15-26-555 repertoires, respec-
tively. The functionality was assessed by testing 96 clones in
phage ELISA using wells coated with protein A or protein LL
(at 1 pg/ml). 31.3% and 10.4% of the clones exhibited
functional display of DAB™s in the DOMI15-10 and
DOM15-26-555 repertoires, respectively.

[0419] DOM4-130-54 and DOM1h-131-511 repertoires
Four rounds of selection were carried out with these libraries
to select for DAB™s with improved protease resistance.

[0420] The first round of selection was by antigen binding
(1 nM or 10 nM antigen) without protease treatment to
clean-up the library to remove any clones that no longer
bound antigen with high affinity. The outputs from round 1
were in the 10°%-10'° range (compared to an input of 10
phage) indicating that the majority of the library bound
antigen with high affinity.

[0421] In round 2, protease treatment with 100 pg/ml
trypsin was introduced, and the outputs are as shown below
in Table 7:



TABLE 7

Trypsin incubation DOM1h-131-511 DOM4-130-54
conditions library library

37° C. overnight 1.86 x 10° 2.1 x 106

37° C. 2 hrs 4.8 x 10° 5.1 x 108

Room temperature 2 hrs 1.2 x 10° 4.62 x 10°

No trypsin ~1 x 10° ~4 x 10°

No antigen 1.8 x 104 <6 x 103

[0422] There was significant selection when the DAB™g

were treated with trypsin at 37° C. overnight. This output
was taken forward to round 3, where the phage were treated
with either 1 mg/ml or 100 pg/ml trypsin at 37° C. for 24
hours. The titres of the trypsin treated phage from round 3
were 10°-10° for the DOM1h-131-511 repertoire and 107-
10® for the DOM4-130-154 repertoire.

[0423] All outputs from round 3 (DOM1h-131-511 and
DOM4-130-154 with 1 mg/ml and 100 pg/ml) underwent a
fourth round of selection against 1 nM antigen with 100
pg/ml trypsin. The titres were in the range of 10°-10%,
similar to that seen in round 3. Some enrichment was seen
for the DOM1h-131-511 repertoire, but no enrichment was
seen for the DOM4-130-54 repertoire.

[0424] DOM15-10 and DOM15-26-555 Repertoires
[0425] The first round of selection was carried out with 2
nM biotinylated hVEGF (human vascular endothelial
growth factor) concentration and without protease treatment
to clean-up the library to remove any clones that no longer
bound antigen with high affinity. The outputs from round 1
were about 10® (compared to an input of 10'° phage for
DOM15-10 and 10** phage for DOM15-26-555) indicating
that the majority of the library bound antigen with high
affinity.

[0426] The second and third rounds of selection were
performed with 2 nM biotinylated hVEGF. Prior to panning
on hVEGF, the phages were incubated in the presence of
trypsin (100 pg/ml) at 37° C. in a shaker (250 rpm).
Incubation time was one hour for the DOM15-10 repertoire
and two hours for the DOM15-26-555 repertoire.

[0427] The outputs were as follows: 1.5x10°% and 9x10° for
the second and third rounds of selection with the DOM15-10
repertoire; 2.2x10° and 3.9x10° for the second and third
rounds of selection with the DOM15-26-555.

Example 4

[0428] Analysis of Selection Outputs: DOM4-130-54 and
DOM1h-131-511 Repertoires

[0429] All outputs from round 3 and round 4 were sub-
cloned into the pDOMS vector and transformed into JM83
cells. The pDOMS vector is a pUC119-based vector. Expres-
sion of proteins is driven by the Plac promoter. A GASI1
leader sequence (see WO 2005/093074) ensured secretion of
isolated, soluble DAB™s into the periplasm and culture
supernatant of E. coli IM83. 96 and 72 individual colonies
from round 3 and round 4 were randomly picked for
expression

[0430] 12-24 clones were sequenced from each round 3
and round 4 output. Consensus mutations were observed in
both selections and approximately 25 clones harboring con-
sensus motifs were chosen for further characterization. The
amino acid sequences of these clones are shown in FIG. 3
(DOM1h-131-511 selected variants) and FIG. 4 (DOM4-
130-54 selected variants) and listed as DNA sequences in
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FIGS. 19A-19L. The amino acids that differ from the parent
sequence in selected clones are highlighted (those that are
identical are marked by dots). The loops corresponding to
CDR1, CDR2 and CDR3 are outlined with boxes.

[0431] These clones were expressed in a larger amount,
purified on protein L (for DOM4-130-54 variants) and
protein A (for DOM1h-131-511 variants) and tested for
antigen binding on BIACORE™ after one hour or overnight
incubation at 37° C. in the presence or absence of trypsin
(100 pg/ml or 1000 pg/ml final concentration).

[0432] Generally, the outputs from the DOM4-130-54
selections were more stable with most clones remaining
resistant to trypsin for one hour and the best clones resistant
overnight. In comparison, a small number of clones from the
DOM1h-131-511 selections were resistant to trypsin for one
hour, whilst none of the clones were resistant overnight.

Example 5

[0433] Analysis of Selection Outputs: DOM15-10 and
DOM15-26-555 Repertoires

[0434] The effectiveness of selection with trypsin pre-
treatment was first tested on monoclonal phage ELISA with
and without trypsin digestion. FEighteen colonies from the
second round of selection and 24 colonies from the third
round of selection of each library were picked. Clones
DOM15-10, DOM15-26-501 and DOM15-26 were used as
controls. Additional controls included amplified and purified
phage solution from each library after second and third
rounds of trypsin selection.

[0435] Each phage sample was divided into two fractions,
the first was treated with 100 ug/ml trypsin, the second was
not treated with trypsin. Incubation of both fractions was
carried out for one hour at 37° C. with agitation (250 rpm)
and blocked by adding ROCHE COMPLETE PROTEASE
INHIBITORS™ (1x).

[0436] Phage ELISA was performed using the trypsin-
digested and undigested samples. ELISA wells were coated
with NEUTRAVIDIN™ in 0.1M bicarbonate buffer at a
concentration of 1 pg/ml. After the washing steps with PBS
and blocking of the antigen-coated wells with 1% TWEEN-
20™ in PBS for one hour at room temperature, the wells
were coated with biotinylated hVEGF diluted in 1%
TWEEN-20™ in PBS at a concentration of 100 ng/ml. Next,
the wells were washed with PBS and treated or untreated
phage supernatants diluted 1:1 with 1% TWEEN-20™/PBS,
were added. After 30 minutes of incubation at 37° C., the
wells were washed with 1% TWEEN-20™/PBS, followed
by a 30 minute incubation at 37° C. with anti-M13 phage-
HRP conjugate (diluted 1/5000 in 1% TWEEN-20T™/PBS).
The wells were then washed with PBS and peroxidase.
Reaction was initiated by adding SUREBLUE™ reagent.

[0437] After about ten minutes, the reaction was stopped
with an equivalent volume of 1M HCI and the wells were
read at OD,5q,,nr

[0438] ELISA read-outs of unstable controls DOM15-10
and DOM15-26-501 treated with trypsin gave an OD,;,
lower than 0.404 and this value was assumed as a border
value of an unstable clone. All samples that gave an OD
lower than 0.404 were considered to be unstable. All
samples above that value were considered to be stable.
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TABLE 8
Trypsin No trypsin
2nd 3rd 2nd 3rd
Library selection selection selection  selection
DOM15-10 33% 89% 100% 100%

DOM15-26-555 94.4% 100% 100% 100%

[0439] Table 8 shows the percentage of stable clones after
the second and third rounds of trypsin selection of each
library. The enrichment of trypsin resistant clones is visible
in both libraries after the third round of selection. The values
of control ELISA wells containing amplified purified phage
mix after each selection were much higher than 0.404 in
each case after trypsin digestion. Moreover, a small increase
in signal was observed when comparing trypsin-treated
phage from the third round of selection with trypsin-treated
phage from the second round of selection. The DOM15-10
phage library showed an increase of about 14% of the
starting value. DOM15-26-555 phage library showed an
increase that represents about 2% of the starting value.
[0440] Overall these results show that selection with
trypsin pre-treatment was effective to select trypsin-resistant
phage clones from the DOM15-10 and DOM15-26-555
repertoires.

[0441] All outputs from the second and third rounds of
selection (DOM15-26-555) and from the third round of
selection only (DOM15-10) were subcloned into the
pDOMS vector and transformed into HB2151 electrocom-
petent cells. The pDOMS vector is a pUC119-based vector.
Expression of proteins is driven by the Plac promoter. A
GASI leader sequence ensured secretion of isolated, soluble
DAB™s into the periplasm and culture supernatant of F.
coli HB2151. 184 individual colonies from each round of
selection (3 and 4) were randomly picked for expression in
1 ml culture volumes.

[0442] Bacterial supernatants were diluted in HBS-EP
BIACORE™ buffer (1:1 volume ratio) and split to dupli-
cates. Trypsin was added to only one vial at a final concen-
tration of 20 pg/ml. Incubation was carried out for 40
minutes at 37° C. with agitation (250 rpm). After blocking
the reaction with ROCHE COMPLETE PROTEASE
INHIBITORS™ (1x), both trypsin treated and untreated
phage supernatants were tested on BIACORE™ 3000 for
antigen binding (2,000 RU of biotinylated hVEGF on a SA
sensorchip).

[0443] The criteria for picking clones were: a decrease in
antigen binding of <15% of DAB™s treated with trypsin
relative to untreated DAB™s (based on max RU reached on
selected time point), which would reflect DAB™s stability
to protease treatment in general; and off-rate decrease of
=40% between two time points during dissociation of a
DAB™ from the antigen. Based on these values, 60 clones
from both the second and third rounds of selection of the
DOM15-26-555 library and 17 clones from the third round
of selection of the DOM15-10 library were sequenced.
Consensus mutations were observed in both libraries’ out-
puts and 17 clones from each library harboring consensus
motifs were chosen for further characterization. The amino
acid sequences of these clones are shown in FIG. §
(DOM15-26-555 selected variants) and FIG. 6 (DOM15-10
selected variants) and listed as DNA sequences in FIGS.
20A-20E. The amino acids that differ from the parent
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sequence in selected clones are highlighted (those that are
identical are marked by dots). The loops corresponding to
CDRI1, CDR2 and CDR3 are outlined by boxes.

[0444] These clones were expressed in 50 ml expression
cultures, purified on protein A (for DOM15-26-555 variants)
or protein L. (for DOM15-10 variants) diluted to 100 nM
concentration in HBS-EP buffer and tested for antigen
binding on BIACORE™ after 1.5 hours of incubation at 37°
C. with agitation (250 rpm) in the presence or absence of
trypsin (20 pg/ml final concentration).

[0445] These clones were also tested for trypsin resistance
using the method described in Example 2. Proteins were
buffer exchanged to PBS and concentrated to 1 mg/ml. 25 pg
of protein was mixed with 1 pg of trypsin (Promega) and
incubated for 0 hours and 24 hours at 30° C. After this time,
the reaction was blocked with ROCHE COMPLETE PRO-
TEASE INHIBITORS™ (1x) and DTT, as well as loading
agent, was added Samples were denatured for five minutes
at 100° C. Then 15 pg of each sample was analyzed by
electrophoresis on NOVEX™ 10-20% Tricine gels and
proteins were stained with SUREBLUE™ (1x).

[0446] Generally, the outputs from the DOM15-26-555
selections were more stable, with most clones remaining
resistant to trypsin for 1.5 hours when tested on BIA-
CORE™ and overnight when run on SDS-PAGE. In com-
parison, only a small number of clones from the DOM15-10
selections were resistant to trypsin for overnight treatment
when run on SDS-PAGE.

Example 6
[0447] Identification of DOM1h-131-511 Variants
[0448] DOMI1h-131-203, DOM1h-131-204 and DOM1h-

131-206 were analyzed in further detail. They were com-
pared on the BIACORE™ at a DAB™ concentration of 500
nM after incubation with different concentrations of trypsin
(ranging from O to 100 pg/ml) overnight at 37° C. The
BIACORE™ traces are shown in FIG. 7. The results clearly
show that both variants are more resistant than their parent
to proteolysis at high concentration of trypsin (100 pg/ml).
Two of the DAB™s, DOM1h-131-202 and DOM1h-131-
206, were also compared along with their parent against a
range of other proteases including leucozyme, elastase and
pancreatin under the conditions described above, with a
protease concentration of 100 pug/ml. The DAB™s showed
increased resistance to proteolysis compared to the parent
against all proteases tested. The BIACORE™ traces for
elastase and leucozyme are shown in FIG. 8.

[0449] 5 uM of each DAB™ was treated with 100 pg/ml
sequencing grade trypsin for O, 1, 3 and 24 hours. The
reaction was inhibited with 25x ROCHE COMPLETE PRO-
TEASE INHIBITOR™ and the reactions were run on a
4-12% NOVEX™ Bis-Tris gel. The gels are shown in FIG.
9.

Example 7
[0450] Identification of DOM4-130-54 Variants
[0451] DOM4-130-201 and DOM4-130-202 were ana-

lyzed in further detail. They were compared on the BIA-
CORE™ at a DAB™ concentration of 500 nM after incu-
bation with different concentrations of trypsin (ranging from
0 to 100 pg/ml) overnight at 37° C. The BIACORE™ traces
are shown in FIG. 10. The results clearly show that all three
variants are more resistant than their parent to proteolysis at
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high concentrations of trypsin (100 pg/ml). DOM4-130-201
and DOM4-130-202 were also compared with the parent
against a range of other proteases including leucozyme,
elastase and pancreatin under the conditions described above
with a protease concentration of 100 pg/ml. Although the
results were less apparent than with trypsin, the lead
DAB™s showed increased resistance to proteolysis com-
pared to parent against all proteases tested. The BIA-
CORE™ traces for elastase and leucozyme are shown in
FIG. 11.

[0452] 5 uM of each DAB™ was treated with 100 ug/ml
sequencing grade trypsin for 0, 1, 3 and 24 hours. The
reaction was inhibited with 25x ROCHE COMPLETE PRO-
TEASE INHIBITOR™ and the reactions were run on a
4-12% NOVEX™ Bis-Tris gel. The gels are shown in FIG.
9.

Example 8

[0453] Further Characterization of DOM1h-131-511 and
DOM4-130-54 Variants

[0454] The DAB™s were first analyzed using Differential
Scanning calorimetry (DSC) to determine whether the
increase in trypsin resistance correlated with an increase in
melting temperature (Tm). An increase in trypsin stability
does correlate with an increase in Tm (see Table 9)

TABLE 9
Name Tm, ° C.
DOM1h-131-511 579
DOM1h-131-202 67.5
DOM1h-131-203 65.7
DOM1h-131-204 62.3
DOM1h-131-206 64.9
DOM4-130-54 54.1
DOM4-130-201 64.7
DOM4-130-202 64.5

[0455] The DOMI1h-131-511 derived DAB™s were also
compared in a MRC-5 cell-based assay (see Table 10). In
this assay, the ability of the DAB™Ss to neutralize TNFa
stimulated IL-8 release was measured to determine whether
the increase in trypsin stability had led to a decrease in
efficacy. However, the activity of the trypsin-resistant
DAB™s in the assay was substantially unaffected.

TABLE 10

ND50
Sample M
DOM1h-131-511 1.98
DOM1h-131-511 1.71
DOM1h-131-511 (230307CE) 1.89
DOM1h-131-203 (230307CE) 2.28
DOM1h-131-204 (230307CE) 1.89
DOM1h-131-511 1.46
DOM1h-131-206 (230307CE) 0.71

[0456] The DOM4-130-54 derived DAB™Ss were tested in
a Receptor Binding Assay to see if they still had the same
ability to inhibit the binding of IL.-1 to IL-RI (see Table 11).
The activity of the trypsin resistant DAB™s was unaffected
in this assay.
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TABLE 11
1C50
DAB ™ (nM)
DOM4-130-54 280 pM
DOM4-130-201 257 pM
DOM4-130-202 254 pM

Example 9
[0457] Identification of DOM15-26-555 Variants
[0458] DOM15-26-588, DOM15-26-589, DOM15-26-

591, and DOM15-26-593 were analyzed in further detail
together with their parent and two additional DAB™s,
DOM15-26-594 and DOM15-26-595, which were created
by mutagenesis to combine mutations that would have the
greatest impact on potency and stability (E6V and F100S/T).
Sequences are shown in FIG. 12. Clones were compared on
the BIACORE™ for hVEGF binding at the DAB™ con-
centration of 100 nM after incubation with trypsin at a
concentration of 200 pug/ml. The reaction was carried out for
three hours and 24 hours at 37° C. with agitation (250 rpm).
The BIACORE™ traces of the best clone, DOM15-26-593,
and the parent are shown in FIG. 13. Other results are
presented as a chart in FIG. 14. The results clearly show that
all variants are more resistant than the parent to proteolysis
after 24 hours of trypsin treatment.

[0459] Trypsin resistance of DOM15-26-593 and the par-
ent was also examined by running treated and un-treated
samples on SDS-PAGE. Briefly, proteins were buffer
exchanged to PBS and concentrated to 1 mg/ml. 25 ug of
protein was mixed with 1 pg of sequencing grade trypsin
(Promega) and incubated for 0 hours, 1 hour, 3 hours and 24
hours at 30° C. After this time, the reaction was blocked with
ROCHE COMPLETE PROTEASE INHIBITOR™ (1x) and
DTT, as well as loading agent, was added. Samples were
denatured for five minutes at 100° C. 15 ug of each sample
was loaded on NOVEX™ 10-20% Tricine gels and proteins
were stained with SUREBLUE™ (1x). The results are
shown in FIG. 15. The trypsin resistance profile of DOM15-
26-593 in this experiment varied from the profile shown by
the BIACORE™ experiment, suggesting that differences in
reaction conditions may influence the final result of trypsin
cleavage. Nonetheless, DOM15-26-593 has better biophysi-
cal properties, as well as affinity, than other selected clones,
as shown below. A summary of the properties of the
DOM15-26-555 variants is also shown in Table 12 below.

TABLE 12
Attribute
Trypsin
SEC-MALLS DSC Stability

% mon-  Est. Tm RBA  BIACORE™ 9% binding

DAB™  omer mw °C. nM KD nM @ +24 hrs
15-26 0 37-136 64 10 28.2 30
15-26- 0-40  18-290 51 1.14 9.1 5
501

15-26- 0 28-78 63 11.7 26.1 10
555

15-26- 10 33 70 27 59.1 15
588
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TABLE 12-continued

Attribute
Trypsin
SEC-MALLS DsC Stability
% mon-  Est. Tm RBA  BIACORE™ 9% binding
DAB™  omer mw °C. M KD nM @ +24 hrs
15-26- 90 17 63 1.94 9.6 65
589
15-26- 20 21-234 63 16 38 35
591
15-26- 80 17 65 0.323 3.2 80
593
15-26- 60 17 65 0.828 5 70
595
Example 10
[0460] Identification of DOM15-10 Variants

[0461] DOMI15-10-11 was analyzed in further detail,
together with its parent, DOM15-10. Sequences are shown
in FIG. 16. The DAB™s were compared on the BIA-
CORE™ for hVEGF binding at the DAB™ concentration of
100 nM after incubation with trypsin at a concentration of
200 pg/ml. The reaction was carried out for 1 hour, 3 hours
and 24 hours at 37° C. with agitation (250 rpm). The
BIACORE™ traces of these DAB™s are shown in FIG. 17.
The result clearly shows that the selected variant is more
resistant than the parent to proteolysis after 24 hours of
trypsin treatment.

[0462] Trypsin resistance of the lead and the parent was
also examined by running treated and un-treated samples of
SDS-PAGE. Briefly, proteins were buffer exchanged to PBS
and concentrated to 1 mg/ml. 25 png of protein was mixed
with 1 pg of sequencing grade trypsin (Promega) and
incubated for O hours, 1 hour, 3 hours and 24 hours at 30°
C. After this time, the reaction was blocked with ROCHE
COMPLETE PROTEASE INHIBITOR™ (1x) and DTT, as
well as loading agent, was added. Samples were denatured
for five minutes at 100° C. 15 pg of each sample was loaded
on NOVEX™ 10-20% TRICENE™ gels and proteins were
stained with SUREBLUE™ (1x). The results are presented
in FIG. 18. In this case, the trypsin resistant profile correlates
well with the BIACORE™ trypsin test, showing that the
binding activity directly reflects the protein’s integrity.

Example 11

[0463] Further Characterization of DOM15-26-555 and
DOM15-10 Variants

[0464] The DAB™s were analyzed using Differential
Scanning calorimetry (DSC) to determine whether the
increase in trypsin resistance correlated with an increase in
Tm. The results are shown in Table 13. There is a correlation
between the trypsin resistance of DOM15-26-555 variants
and melting temperature. The lead DOM15-26-588 and
DOM15-26-593 showed improved Tm, but the other clones
did not. It is worth noting that both DOM15-26-555 and
DOM15-10 parent molecules have much higher Tm at the
start (63.3-63.7° C.) than the DOM4-130-54 and DOMI1h-
131-511 parent molecules (Tm at start: 57.9-54.1° C.), but
overall the protease resistant clones reach a Tm in a similar
range (average Tm of 65.1° C. for the DOM1h-131-511/
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DOMA4-130-54 variants and average Tm of 64.9° C. for the
DOM15-26-55/DOM15-10 variants).

TABLE 13

Name Tm*° C
DOM15-26-555 63.3
DOM15-26-588 70.1
DOM15-26-589 63
DOM15-26-591 63
DOM15-26-593 65
DOM15-10 63.7
DOM15-10-11 63.3

[0465] The DAB™s were also compared in a receptor
binding assay and BIACORE™ kinetics were measured to
determine whether the increase in trypsin stability had led to
a decrease in efficacy. However, the activity of the DAB™g
in the assay was substantially unaffected or even improved.
The results are presented in Table 14.

TABLE 14

ECsq Kp
Clone ID (nM) (nM)
DOM15-26-555 11.7 26.1
DOM15-26-588 27 59.1
DOM15-26-589 1.94 9.6
DOM15-26-591 16 38
DOM15-26-593 0.323 3.2
DOM15-26-594 4.09 15.1
DOM15-26-595 0.828 5
DOM15-10 10.23 23.6
DOM15-10-11 3.58 14.6

Advantages of an Enhanced Tm

[0466] Most proteins—including domain antibodies—ex-
ist in two states: a folded state (which leads to a biologically
active molecule) and an unfolded state (which does not bear
functional activity). These two states co-exist at all tempera-
tures and the relative proportion of each state is usually
determined by a constant K that is a function of the kinetic
constants of folding and unfolding. The melting temperature
is usually defined as the temperature at which K=1, i.e. the
temperature at which the fraction of folded protein is equal
to be fraction of unfolded protein. The constant K is deter-
mined by the stabilizing and destabilizing intramolecular
interactions of a protein and therefore is primarily deter-
mined by the amino acid sequence of the protein. Extrinsic
parameters such as temperature, pH, buffer composition,
pressure influence K and therefore the melting temperature.

[0467] Unfolded proteins are easy targets for degradation
mechanisms: (i) exposure of disulfide bonds increase risks
of oxidation or reduction depending on the circumstances,
(i1) enhanced backbone flexibility favours auto-proteolytic
reactions, (iil) exposure of peptide segments offers targets to
proteases in vivo, to proteases during production processes
and to carry-over proteases during downstream processing
and long-term storage, and (iv) exposure of aggregation-
prone segments leads to inter-molecular aggregation and
protein precipitation. In all cases, a loss of protein integrity,
protein content and protein activity happens, thereby com-
promising efforts to (i) ensure batch reproducibility, (ii)
ensure long-term stability on shelf, and (iii) in vivo efficacy.
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[0468] In nature proteins have been designed by evolution
to adequately perform at body temperature and to be readily
replaced via homeostatic mechanisms. Therapeutic proteins
manufactured through biotechnogical processes face a dif-
ferent environment: they are frequently produced by recom-
binant DNA technology in a foreign host, are expressed at
higher amount in large vessels, undergo very important
changes in pH or buffer composition throughout down-
stream processes and finally are stored at high concentra-
tions in non-physiological buffers for prolonged period of
time. New delivery techniques (e.g. inhalation, sc patch,
slow delivery nanoparticles) are also adding on the stress
undergone by therapeutic proteins. Finally the advent of
protein engineering techniques has resulted in the produc-
tion of enhanced or totally novel therapeutic proteins.
Because most engineering techniques are in-vitro based
techniques aimed at altering or creating new amino acid
sequences, evolution processes that have gradually
improved biological proteins do not take place, hence result-
ing in proteins of sub-optimal performances with regards to
stress resistance.

[0469] The technique of the present invention aims at
reproducing one of the conditions faced by proteins through-
out Darwinian evolution. Peptides or polypeptides, eg
immunoglobulin single variable domains are infused with
proteases that play a major role in tissue remodelling and
protein homeostasis. Any particular mutation that may result
in a protein with an improved fit to its function is also tested
for its ability to fit within the environment it is performing
in. This process is reproduced in one embodiment of the
present invention: a repertoire of peptide or polypeptide
variants is created and exposed to a protease. In a second
step, the repertoire of variants is contacted with a specific
target. Only those protein variants that have sustained deg-
radation by the protease are able to engage with the target
and therefore recovered, eg, by a simple affinity purification
process named ‘biopanning’. The system offers a number of
advantages in comparison to in vivo processes: the protein
repertoire can be faced with a wider range of conditions, eg
a range of proteases, at higher concentrations, for longer
times, in different buffers or pHs and at different tempera-
tures. Thus this in vitro technology offers a means to design
proteins that may perform and remain stable in a wider range
of environments than those they originate from. Clearly this
offers multiple advantages for the biotechnological industry
and for the area of therapeutic proteins in particular.

Example 12: PK Correlation Data for Protease
Resistant Leads

[0470] The parent DAB™ and a protease-resistant DAB™
in each of the four DAB™ lineages, were further evaluated
in vivo (see Tablel5 below for list and details)

TABLE 15

Resistance Tm  Activity ID as Fc

Lineage DAB™ ID to trypsin - (° C.) (M) fusion
DOM4-130  DOM4-130-54 Good 54 0.128* DMS1541
DOM4-130-202  Very high 64 0.160* DMS1542
DOM1h-131 DOM1h-131- 511 Good 57 0.0487 DMS1543
DOM1h-131-206 Very high 64 0.0471 DMS1544
DOM15-10 DOM15-10 Low 64 09131 DMS1546
DOM15-10-11 High 63 0.577t DMS1531
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TABLE 15-continued

Resistance Tm  Activity ID as Fe

Lineage DAB™ ID to trypsin - (° C.) (nM) fusion
DOM15-26 DOM15-26-501(*) Low 52 0.3301 DMS1545
DOM15-26-593  High 65 0.0331 DMS1529

*as determined by MRCS5/IL-a bioassay;
Fas determined by RBA assay

[0471] Note: DOMI15-26-501 is a parent version of
DOM15-26-555 exemplified above in this patent applica-
tion. DOM15-26-555 has one germline amino acid mutation
in CDR1 (I34M). DOM15-26-501 has a lower melting
temperature than DOM15-26-555 (52C v 63.3C) and an
increased susceptibility to digestion by trypsin. DOM15-26-
501 was chosen over DOM15-26-555 for the PK study as it
is a better representative for poor stability in comparison to
DOM15-26-593.

[0472] We can translate the resistance as follows:

[0473] 1 is low

[0474] 2 is moderate

[0475] 3 is good

[0476] 4 is high

[0477] 5 is very high

[0478] Then this means that the trypsin resistance of the

parent molecules is:

DOM4-130-54 is Good
DOM1h-131-511 is Good
DOM15-10 is Low
DOM15-26-501 is Low
[0479] As for the selected leads:
DOM4-130-202 is Very high
DOM1h-131-206 is Very high
DOM135-10-11 is High
DOM15-26-593 is High
[0480] Because domain antibodies are small in size (12-15

kDa) they are rapidly cleared from the circulation upon iv or
sc injection. Indeed the renal glomerular filtration cut-off is
above 50 kDa and therefore small proteins such as DAB™g
are not retained in the circulation as they pass through the
kidneys. Therefore, in order to evaluate the long term effects
of resistance to proteases in vivo, we tag domain antibodies
with a moiety that increases systemic residence. Several
approaches (e.g. PEG, Fc fusions, albumin fusion, etc)
aiming at extending half-life have been reported in the
literature. In this application the domain antibodies have
been tagged (or formatted) with the Fc portion of the human
IgG1 antibody. This format offers two advantages: (i) the
molecular size of the resulting dAb-Fc is ~75 kDa which is
large enough to ensure retention in circulation, (ii) the
antibody Fc moiety binds to the FcRn receptor (also know
as “Brambell” receptor). This receptor is localized in epi-
thelial cells, endothelial cells and hepatocytes and is
involved in prolonging the life-span of antibodies and albu-
min: indeed upon pinocytosis of antibodies and other serum
proteins, the proteins are directed to the acidified endosome
where the FcRn receptor intercepts antibodies (through
binding to the Fc portion) before transit to the endosome and
return these to the circulation. Thus by tagging the Fc
portion to the DAB™, it is ensured that the DAB™s will
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exposed for long period to two at least compartments—the
serum and the pre-endosomal compartments, each of which
containing a specific set of proteolytic enzymes. In addition,
the FcRa receptor mediates transcytosis whereby Fc-bearing
proteins migrate to and from the extravascular space.
[0481] Formatting with Fc was accomplished by fusing
the gene encoding the VH and VK DAB™s to the gene
encoding the human IgG1 Fe, through a short intervening
peptide linker (in bold):

For a VH DAB ™ (underlined) :
(SEQ ID NO: 260)
EVQ . . . GQGTLVTVSSASTHTCPPCPAPELLGGP

(hIgGlFc) . . . PGK*

For a VK DAB ™ (underlined) :
(SEQ ID NO: 261)

DIQ . . . GQGTKVEIKRTVAAPSTHTCPPCPAPELLGGP
(hIgGlFe) . . . PGK*
[0482] Material was produced by transient transfection of

HEK293/6E cells wusing 293-FECTIN™ (Invitrogen)
according to standard protocols. These cells are designed for
high-level transient expression when used in conjunction
with the pTT series of vectors (Durocher et al 2002). Thus
the DAB™ genes were cloned into a modified pTTS vector
(pDOM38) to generate the Fc fusion expression vector (see
FIG. 21). The supernatant from the transfected cells was
harvested at 5 days post-transfection, clarified by centrifu-
gation and filtered through a 0.2 pum filter. The dAb-Fc
fusion proteins were purified by capture onto Protein-A
STREAMLINE™ resin (GE Healthcare). Protein was eluted
from the column in 10 mM sodium citrate pH3, followed by
the addition of and 1M sodium citrate pH6, to achieve a final
composition of 100 mM sodium citrate pHo6.

[0483] The dAb-Fc molecules were tested for in vivo half
life in the rat at a target dose of 5 mg/kg into female
Sprague-Dawley rats (n=3 per group). It should be noted that
the target dose vastly exceeds target concentration in rats, so
it is expected that differences in affinities between parent
DAB™s and trypsin-resistant DAB™s (see example 11)
will not impact on the fate of the molecules in vivo. Hence
differences in PK profiles between DAB™s are expected to
reflect on an antigen-independent elimination process.
[0484] Blood samples were taken after 0.03, 1, 4, 8, 24,
48,72, 96, 120 and 168 hours post administration. After clot
formation, serum was withdrawn and then tested in hIL-
1R1, TNFR1 or VEGF antigen capture assays:

[0485] hIL-1R1 Antigen Capture Assays:

[0486] Coat with 4 ug/mL anti-hI[.-1R1

[0487] Block

[0488] Add 500 ng/mL shIL-1R1

[0489] Add samples

[0490] Detect with anti-human Fc HRP @ 1:10,000
[0491] TNFR1 Antigen Capture Assays:

[0492] Coat with 0.1 ug/mL sTNFR1

[0493] Block

[0494] Add samples

[0495] Detect with anti-human Fc HRP @ 1:10,000
[0496] VEGF Antigen Capture Assays:

[0497] Coat with 0.25 ug/mL. VEGF

[0498] Block

[0499] Add samples

[0500] Detect with anti-human Fc HRP @ 1:10,000
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[0501] Raw data from the assays were converted into
concentrations of drug in each serum sample. The mean
png/ml. values at each time point were then analysed in
WINNONLIN™ using non-compartmental analysis (NCA).
The PK profiles of each dAb-Fc pair are shown in Table 16
which summarises the determined PK parameters.

TABLE 16
AUC/D

Half (0-inf)

Life (hr*pg/mL)/ % AUC
D DAB™ (hr) (mg/kg) Extrapolated
DMS1541 4-130-54 93.2 691.5 22.7
DMS1542 4-130-202 176.8 710.1 49
DMS1543 1h-131-511 140.8 1807.5 40
DMS1544 1h-131-206 158.6 2173.0 43.6
DMS1546 15-10 43.2 324.6 3.8
DMS1531 15-10-11 56.6 770.5 n.d.
DMS1545 15-26-501 12.9 89 5.1
DMS1529 15-26-593 86.2 804.7 21.0
[0502] The results clearly indicate that—whilst the PK

profiles of the dAb-Fc pairs 4-130-54 to 1h-131-206 are
almost superimposable—the profiles vary widely with the
other pairs. The effects are mostly visible when AUC/D is
considered: the AUC/D of 15-10 is only 42% of that of
15-10-11. The AUC/D of 15-26-501 is only 11% of that of
15-26-593. These important differences also impact (to a
lesser extent) half-lives: 43.2h versus 56.6h for 15-10 and
15-10-11, respectively. A greater difference is seen with the
DOM15-26 lineage: 12.%h versus 86.2h for 15-26-501 and
15-26-593, respectively. Indeed for a good PK analysis
using non-compartmental analysis, there should be at least 4
data points used to fit the linear regression slope and the
period of time over which the halflife is estimated should be
at least 3 times that of the calculated half life.

[0503] In light of the biophysical properties described in
the examples herein, it appears that the ability of any given
DAB™ 1o resist degradation by trypsin is correlated with the
ability of the dAb-Fc fusion to circulate for longer period in
the rat serum. Indeed as shown in the examples, such as
Example 10, DOM15-10 and DOM15-26-501 are the most
degradable DAB™Ss: incubation of 25 ug DAB™ in the
presence of 1 ug of trypsin at 30° C. for ~3h resulted in
complete degradation. All other DAB™s in this study
(whether they had been selected with trypsin (ie. DOM15-
10-11, DOM15-26-593, DOM4-130-202 and DOM1h-131-
206) or whether they already had some trypsin resistance as
parent molecules (DOM4-130-54 and DOM1h-131-511))
have comparable PK profile in rats when re-formatted into
dAb-Fc molecules. Thus, the present PK study suggests that
susceptibility to proteolysis has its biggest impact on the in
vivo stability of DAB™s when those DAB™s have very
low resistance to proteolysis. It also shows that—beyond a
certain level—further increments in resistance to degrada-
tion by trypsin (e.g. DOM4-130-206 v DOM4-130-54) do
not significantly add up to the ability of the dAb-Fc molecule
to further slow down elimination in vivo.

[0504] In three cases, selection in the presence of trypsin
resulted in new molecules with increased thermal stability
(defined by the melting temperature): DOM4-130-202,
DOM1h-131-206 and DOM15-26-593. The PK study indi-
cates that—in the present dataset—melting temperature is
not an adequate parameter to rationalize the observed PK
profiles: indeed DOM15-10 has a higher Tm than DOM15-
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10-11 and yet is more rapidly cleared than DOM15-10-11
from the circulation. Elsewhere, the two DAB™s of the
DOMA4-130 lineage have markedly different Tm (by 10° C.)
and yet show almost identical stability in vivo when for-
matted into dAb-Fc molecules. It should be noted that
melting temperature is not per se excluded as key parameter
to predict in vivo stability. It just happens that with the
present dataset, large Tm differences (from 54° C. and
above) have not a significant impact on the fate of DAB™sg
in vivo. This doesn’t exclude the possibility that at melting
temperature lower than 54° C., the in vivo stability of
DAB™s may correlate with thermal stability, or perhaps
even with thermal stability and resistance to proteases
altogether.

Example 13
[0505] Trypsin Selections on DOM10-53-474
[0506] Trypsin Stability of Purified DOM10-53-474:
[0507] DOMI10-53-474 is a domain antibody which binds

to IL-13 with a high potency. To assess the stability of this
DAB™ in the presence of trypsin, purified DAB™ was
digested with trypsin for increased time points and run on a
gel to examine any possible protein degradation. 25 pl of
purified DOM10-53-474 at 1 mg/ml was incubated with 1 ul
of sequencing grade trypsin at 1 mg/ml at 30° C., resulting
in molecular ratio of 25:1 DAB™:trypsin. DAB™ was
incubated with trypsin for 1h, 4h and 24h and the protease
activity was neutralised by addition of 4 ul of ROCHE
COMPLETE PROTEASE INHIBITORS™ followed by
incubation on ice. Time 0 sample was made by adding
protease inhibitors to DAB™ without adding trypsin. 2 pl of
sample was subsequently analysed by electrophoresis using
LABCHIP™ according to manufacturers instructions.
[0508] FIG. 22 shows a gel run with DOM10-53-474
incubated with typsin for increased time points. For com-
parison one of the trypsin stable DAB™s, DOM15-26-593
was also treated with trypsin as explained above and was run
alongside. As shown in the FIG., DOM15-26-593 looks
stable even after 24h incubation with trypsin. However,
DOM10-53-474 is degraded to a certain extent after 24h, but
looking stable at 1h and 4 h time points. These data suggests
that DOM10-53-474 is resistant to degradation by trypsin to
a certain extent, but is not as stable as one of the most trypsin
stable DAB™s DOM15-26-593.

[0509] Trypsin Stability of Phage—Displayed DOM10-
53-474:
[0510] To assess the trypsin stability of phage displayed

DOM10-53-474, the gene encoding DOM10-53-474 was
cloned into Sal/Not sites of pDOM33 (FIG. 50) and phage
produced according to standard techniques. Phage was puri-
fied by PEG precipitation, re-suspended in PBS and titered.
[0511] Phage displayed DAB™s were incubated with
trypsin for different time points to evaluate trypsin resis-
tance. Following incubation with trypsin, stability was mea-
sured by titre analysis following infection of exponentially
growing E. coli TG1 cells.

[0512] 100 ul of phage was incubated in 100 pg/ml trypsin
for 1h, 2h, 4h and overnight at 37 C, in a shaking incubator.
Trypsin activity was blocked with ROCHE COMPLETE
PROTEASE INHIBITOR™ (x2) and then phage was
diluted in 2% marvel in PBS, incubated with 10 nM bioti-
nylated IL.-13 for one hour at room temperature. Streptavi-
din-coated beads (DYNABEADS™ M-280 (Invitrogen)
that were pre-blocked for one hour at room temperature with
2% MARVEL™ in PBS was added, and the mixture was

Feb. 7, 2019

then incubated for 5 minutes at room temperature. All of the
incubation steps with DYNABEADS™ were carried out on
a rotating wheel. Unbound phage was washed away by
washing the beads eight times with 1 ml of 0.1% TWEEN-
20™ in PBS. Bound phage was eluted with 0.5 ml of 0.1M
Glycine pH 2.2 and neutralized with 100 pl of 1M Tris-HCL
pH 8.0. Eluted phage was used to infect exponentially
growing TG1 (lhat 37° C.) and plated on tetracycline plates.
Plates were incubated at 37° C. overnight and colony counts
were made. Phage output titres following digestion with
trypsin is summarised in Table 17. Phage titres decreased
when incubated with trypsin for increased time points. After
24h incubation all phage was digested.

TABLE 17

Output titres of trypsin selections performed
on phage displayed DOM-10-53-474 parent:

Length of trypsin Trypsin
incubation concentration Titre
No trypsin control — 3 x 107
1h 100 pg/ml 1x107
2h 100 pg/ml 7 x 106
4h 100 pg/ml 5 x 108
overnight 100 pg/ml 0
[0513] Selection of DAB™s More Resistant to Trypsin:

[0514] In order to select for DAB™s which are more
resistant to degradation by trypsin, random mutations were
introduced to gene encoding DOM10-53-474 by PCR using
STRATAGENE MUTAZYME II™ kit, biotinylated primers
and 5-50 pg of template for 50 pl reaction. After digestion
with Sall and Notl, inserts were purified from undigested
products with streptavidin coated beads and ligated into
pDOM33 at the corresponding sites. E. Coli TB1 cells were
transformed with purified ligation mix resulting in an error
prone library of DOM10-53-474. The size of the library was
1.9x10” and the rate of amino acid mutation was 1.3.
[0515] Three rounds of selections were performed with
this library to select for DAB™s with improved protease
resistance. First round of selection was performed only with
antigen without trypsin treatment to clean up the library to
remove any clones that no longer bound antigen with high
affinity. Selection was carried out at 10 nM IL-13. The
outputs from round one were 2x10° compared to input phage
of 6x10'° indicating that majority of library bound antigen
with high affinity.

[0516] The second and third rounds of selections were
performed with 1 nM biotinylated I[.-13. Prior to panning on
1L-13, phage was incubated with 100 pg/ml of trypsin at 37°
C. in a shaker (250 rpm). For second round selection, trypsin
incubation was carried out for 1 h either at room temperature
or at 37° C. The outputs from round 2 selection is shown in
Table 18:

TABLE 18

Output phage titres following second
round selection.

Trypsin treatment Titre

No treatment 1x 108
1 h room temperature 5 x 107
1h37°C. 2 x 107

[0517] Phage outputs from round 2 selection with 1h
trypsin treatment at 37° C. was used as the input for 3¢
round selection. For 3’7 round selection, phage was treated
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with 100 pg/ml trypsin but for longer time points: 2h at 37°
C., 4h at 37° C., overnight at room temperature or overnight
at 37° C. The output titres for 3" round selection are
summarised in Table 19:

TABLE 19

Output phage titres following third round selection

Trypsin treatment Titre

No trypsin 1.3 x 108
2 hat37°C. 1.9 x 107
4hat37°C 2 x 10°
Overnight at room temperature 4 x 107
Overnight at 37° C. 2.1 x 106

[0518] Several clones from each selection outputs from
round 1, 2 and 3 were sequenced to assess the sequence
diversity. Following first round of selection without trypsin
treatment, 50% of the selection outputs had parent DOM10-
53-474 sequence. After 27 round of selection, percentage of
parent increased to 75%. After 3"/ round of selection, per-
centage of parent increased to 80%.

[0519] This data indicate that DOM10-53-474 is already
resistant to degradation by trypsin and not many new clones
can be selected from these trypsin selections. FIG. 22
showed that when purified protein was digested with trypsin,
DOM10-53-474 was not completely digested even after
overnight trypsin treatment. However to see whether there
are any new clones that are more trypsin resistant than
DOM10-53-474 in selection outputs, selection 3 output
where phage was treated overnight with trypsin at 37° C.
was sub-cloned into pDOMS. Hundred clones were then
sequenced to look for any trypsin resistant clones. Out of
hundred clones analysed, only 26 clones had new sequences,
however none of these clones had mutations at trypsin
cleavage sites (Lysine or Arginine) suggesting that these
clones are not more resistant to trypsin than DOM10-53-
474.

Example 14

[0520] Storage and Biophysical Improvements Introduced
into the Lead DOMO0101 (Anti-TNFR1) DAB™s by Phage
Selections in the Presence of Trypsin:

[0521] To improve the protease resistance of the lead
molecule DOM1h-131-511, phage selections in the presence
of trypsin were carried out as described earlier. The method
produced a range of clones with improved trypsin stability
compared to the parental DOM1h-131-511 molecule. Two
clones, DOM1h-131-202 and DOMI1h-131-206 were
selected for further characterisation as they showed the most
significant improvement to the action of trypsin. Further
work as outlined below shows that with the improved
resistance to the action of trypsin there are other beneficial
effects, primarily on the stability of the molecules to shear
and thermal stress. These two parameters are central to
increasing the storage and shelf life stability of biopharma-
ceutical products.

Production of Lead DOMO0101 DAB™s in Pichia pastoris:
[0522] The genes encoding the primary amino acid
sequence of the three lead molecules was used to produce
secreted protein in Pichia pastoris. The three synthetic genes
(DOM1h-131-511, DOM1h-131-202 and DOM1h-131-206)
were cloned into the expression vector pPIC-Za and then
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transformed into two Pichia strain, X33 and KM71H. The
transformed cells were plated out onto increasing concen-
trations of ZEOCIN™ (100, 300, 600 and 900 pg/ml) to
select for clones with multiple integrants. Several clones
were then screened in 2 L flasks to identify high expressing
cell lines. The best expressing clones were then used to
produce material at 5 L scale in fermenters.

Protein Purification and Material Characterization:

[0523] In order to produce high quality material for char-
acterisation and further stability studies, a downstream puri-
fication process was devised using a mixed modal charge
induction resin (CAPTO™ MMC) as the primary capture
step followed by anion exchange (Q Sepharose). Without
significant optimisation, this allowed the recovery of ~70%
of the expressed DAB™ at a purity of ~95%. The material
was characterised for identity using electrospray mass spec-
trometry, amino terminal sequencing and isoelectric focus-
ing and for purity using SDS-PAGE and SEC (size exclusion
chromatography).

Protein Identity:

[0524] The amino terminal sequence analysis of the first
five residues of each protein, was as expected (EVQLL . ..
) (SEQ ID NO: 259). Mass spectrometry was performed on
samples of the proteins which had been buffer exchanged
into 50:50 H,O:acetonitrile containing 0.1% glacial acetic
acid using C4 ZIP-TIPS™ (Millipore). The measured mass
for each of the three proteins was within 0.5 Da of the
theoretical mass based on the primary amino acid sequence
(calculated using average masses) when allowing for a mass
difference of -2 from the formation of the internal disul-
phide bond. IEF was used to identify the proteins based on
their pl which was different for each protein.

Protein Purity:

[0525] The three proteins were loaded onto non-reducing
SDS-PAGE gels in 1 pg and 10 pg amounts in duplicate. A
single band was observed in all instance. Size exclusion
chromatography was also performed to demonstrate levels
of purity. For size exclusion chromatography (SEC) 100 ng
of each protein were loaded onto a TOSOH G2000 SWX[.™
column flowing at 0.5 ml/min. Mobile phase was PBS/10%
ethanol. The percentage of monomer was measured based on
the area under the curve (see FIG. 23).

Comparison of Stability of DOM1h-131-511, -202 and -206

Assessment of Protease Stability:

[0526] The protease stability of DOMI1h-131-511,
DOM1h-131-202 and DOM1h-131-206 was assessed by
BIACORE™ analysis of the residual binding activity after
pre-incubation for defined timepoints in excess of proteases.
Approximately 1400 RU of biotinylated TNFR1 was coated
to a streptavidin (SA) chip. 250 nM ofDOM1h-131-511,
DOM1h-131-202 and DOM1h-131-206 was incubated with
PBS only or with 100 ug/ml of trypsin, elastase or leuco-
zyme for 1, 3, and 24 hour at 30° C. The reaction was
stopped by the addition of a cocktail of protease inhibitors.
The DAB™/protease mixtures were then passed over the
TNFR1 coated chip using reference cell subtraction. The
chip surface was regenerated with 10 ul 0.1M glycine pH 2.2
between each injection cycle. The fraction of DOM1h-131-
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511, DOM1h-131-202 and DOMI1h-131-206 bound to
human TNFR1 (at 10 secs) pre-incubated with proteases was
determined relative to DAB™ binding without proteases.
BIACORE™ runs were carried out at 25° C. The data below
was produced from three independent experiments. The bar
graph indicates mean values and the error bars indicate
standard deviation of the results (FIG. 24).

[0527] It was found that DOM1h-131-202 and DOM1h-
131-206 were shown to have greater resistance to proteolytic
degradation by trypsin, elastase or leucozyme in comparison
to DOM1h-131-511. The difference between DOM1h-131-
202 and DOM1h-131-206 in comparison to DOM1h-131-
511 is most pronounced after lhr with trypsin and after 3 hrs
with elastase or leucozyme. There is a trend that DOM1h-
131-206 is slightly more stable compared to DOM1h-131-
202 in most of the conditions tested.

Thermal Stability of the DAB™Ss as Determined Using
DSC:

[0528] In order to determine at which pH the lead mol-
ecules had the greatest stability, differential scanning calo-
rimeter (DSC) was used to measure the melting tempera-
tures (Tm) of each DAB™ in Britton-Robinson buffer. As
Britton-Robinson is made up of three component buffer
systems (40 mM of each of acetic, phosphoric and boric
acid), it is possible to produce a pH range from 3-10 in the
same solution. The theoretical pl was determined from the
proteins primary amino acid sequence. From the DSC, the
pH at which the DAB™Ss had their greatest intrinsic thermal
stability was found to be pH 7 for DOM1h-131-202, pH
7-7.5 for DOM1h-131-206 and pH 7.5 for DOM1h-131-511.
For all subsequent stress and stability work the following
pHs were used for each DAB™; for DOM1h-131-202 and
GSK1995057A DOM1h-131-206 pH 7.0 and for DOM1h-
131-511 pH 7.5 in Britton-Robinson buffer. The results are
summarised in Table 20.

TABLE 20

Summary of the pH and T,,s of DOM1h-131-202,
DOM1h-131-206 and DOM1h-131-511 as determined
by DSC in Britton-Robinson buffer at 1 mg/ml. The
temperature was ramped at 180° C./hour.

pH that gives greatest
intrinsic thermal

Tm (° C.) of
the DAB ™

DAB ™ stability at the given pH
DOM1h-131-202 7.0 68.6
DOM1h-131-206 7.0-7.5 65.8
DOM1h-131-511 7.5 58.0

[0529] Two Week Thermal Stability Testing

[0530] The ability of a protein to endure prolonged periods

of time at elevated temperatures is usually a good indication
of'its stability. Under these conditions, protein may undergo
several physical processes such as aggregation or chemical
modification. The DAB™Ss (at 1 mg/ml) were incubated at
37 and 50° C. for 14 days in Britton-Robinson buffer. SEC
was used to determine how much monomer was left in
solution over the 14 day period (FIG. 25).

[0531] From FIG. 25 it can be seen that both DOMI1h-
131-202 and DOM1h-131-206 are significantly more stable
than DOM1h-131-511 to thermal stress. Exposing proteins
to elevated temperatures, such as 37 and 50° C., are rou-
tinely used to give an indication on a drug’s long term
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shelf-life. These higher temperatures are used to accelerate
the normal process associated with long term storage at
room temperature such as deamidation, oxidation or aggre-
gation. The level of aggregation formation in solution can
also be monitored using SEC (FIG. 26A to I). After 14 days
at 37° C., the loss of DOM1h-131-511 from solution can be
attributed to both precipitation and the formation of higher
ordered aggregates as determined by SEC (FIG. 26B). A
significantly lower loss in protein is also seen with both
DOM1h-131-202 and DOM1h-131-206 at 37° C. after 14
days with very little or no substantial increase in aggregate
formation, especially in the case of DOM1h-131-206 (FIG.
26H). At 50° C., the difference between the molecules is
even more pronounced, with DOM1h-131-206 showing
better stability at the higher temperature than DOM1h-131-
202 after 14 days, showing significantly reduced formation
ot higher molecular weight aggregates (FIG. 26). Relative to
the =0, DOM1h-131-206 shows only a small increased in
aggregate formation after 14 days (FIG. 26l), whereas
DOM1h-131-511 has all but precipitated out of solution
(FIG. 26C).

[0532] This shows that the changes introduced into the
DAB™ by the trypsin selections, e.g. the improved thermal
stability, has significantly improved the protein storage
stability at 37 and 50° C. Both DOM1h-131-202 and more
significantly DOM1h-131-206, clearly have improved solu-
tion stability and lower tendency to form aggregates at
elevated temperatures which can directly be translated to
improved long term storage stability at more relevant tem-
peratures such +4° C. and room temperature.

[0533] Samples from 24 hr, 48 hr, 7 days and 14 days time
points from the thermal stress experiment were then ana-
lysed by IEF to see if the proteins had undergone any
biophysical changes which would affect the overall charge
of the protein (FIG. 27).

[0534] Again both DOM1h-131-202 and DOM1h-131-
206 show no significant changes at 37° C. compared to
DOM1h-131-511. With DOM1h-131-511 a faint second
band appears at 37° C. after 24 hrs. It is believed this extra
banding is due to dimerisation of the protein, thus masking
charge and producing two populations of molecules. At 50°
C. the difference between the molecules is more pro-
nounced, DOM1h-131-206 clearly shows no significant
changes at the elevated temperature whereas DOM1h-131-
202 is showing some sign of modification after 24 hr. The
majority of DOM1h-131-511 is lost by precipitation after 48
hr in Britton-Robinson.

[0535] The T=0, 7 and 14 day time points at 50° C. were
analysed by the TNFR-1 RBA to determine the functionality
of the protein after exposure to high temperatures (FI1G. 28).
The assay is currently not as sensitive as SEC or IEF at
detecting subtle changes to the molecule due to stress, but it
can be used show that the DAB™ can still bind to the
antigen.

[0536] The shift in the curve to the left for DOM1h-131-
511 reflects the fact that the majority of the DAB™ has been
lost due to precipitation. The material that is left in solution
is still able to bind antigen. As shown in FIG. 25, the
majority of both DOM1h-131-202 and DOM1h-131-206 are
able to be maintained in solution even after 14 days. The
RBA shows that all the soluble protein is still functional and
able to bind to TNFR1.
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Storage Stability Testing at High Protein Concentrations:

[0537] Experiments were carried out to investigate the
storage stability at +4° C. at very high protein concentrations
to see how each molecule performed under these conditions.
All the lead DAB™s were concentrated in centrifugal
VIVASPIN™ concentrators (SK cut-off) in Britton-Robin-
son buffer at their most stable pH, to ~100 mg/ml. The
samples at ~100 mg/ml were then left at +4° C. for 7 days
and then analysed by SEC to see if any other physical
changes had occurred to the samples during storage at high
concentrations (FIG. 29). The samples were diluted to ~1
mg/ml before being run on the SEC column in 1xPBS 10%
ethanol (v/v).

[0538] From the SEC traces it can be seen that neither
DOM1h-131-202 nor DOM1h-131-206 show any signifi-
cant increase in the formation of aggregates after 7 days,
where as there is ~2% reduction in the monomer concen-
tration for DOM1h-131-511.

Nebuliser Delivery of the Lead DAB™s:

[0539] For early stage toxicology and clinical work, the
DAB™s will be formulated as a liquid and delivered via a
nebulising device. Depending on the device (eg, ultrasonic,
jet or vibrating mesh), the DAB™ will experience a degree
of shear and thermal stress as it was nebulised to form a
aerosol of defined particle size. As both DOM1h-131-202
and -206 have higher Tm’s and showed considerably
improved stability to thermal stress compared to DOM1h-
131-511, all the DAB™s were tested in two nebuliser
devices to see how they responded to shear/thermal stress
induced during nebulisation. Both the protein from the
nebulised aerosol and the remaining DAB™ in the device
(i.e. in the cup) were then analysed by SEC to determine the
amount of aggregation generated during the process.
[0540] All the molecules were tested in Britton-Robinson
buffer at their most stable pH. The DAB™s were tested in
both the EFLOW RAPID™ (vibrating mesh) and PART
LC+™ (jet nebuliser) with run time of 3.5 minutes at a
protein concentration of 5 mg/ml and the particle size
distribution determined using a Malvern Spraytec. The
results are shown in FIG. 30. For good delivery and distri-
bution into the deep lung, the ideal particle size is <5 pm. All
the DAB™Ss give comparable levels of particle sizes that
were less than 5 pm in Britton-Robinson buffer. The con-
centration of the DAB™ in the cup of the device was
determined by A,g, measurements before and after nebuli-
sation (data not shown). It was found that the protein
concentration did not change significantly indicating that
neither the protein nor vehicle are preferentially nebulised
during delivery.

[0541] Samples of the DAB™s nebulised in Britton-Rob-
inson buffer were run on SEC to determine if during delivery
the protein had undergone any physical changes. FIG. 31
shows the relative percentage change in either the cup or the
aerosol as determined by SEC. It can be seen that both
DOM1h-131-202 and DOM1h-131-206 undergo relative
small changes in the concentration of monomer relative to
DOM1h-131-511. This demonstrates that both DOMI1h-
131-202 and DOM1h-131-206 with their improved Tm’s
have less propensity to aggregate during nebulisation.
[0542] FIG. 32 shows the actual SEC traces for DOM1h-
131-206 and DOM1h-131-511 in Britton-Robinson buffer
post nebulisation and demonstrates that the relative loss in
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monomer (FIG. 31) is due to dimer formation. This again
provides further supporting evidence to the theory that the
greater thermal stability shown by DOM1h-131-202 and
DOM1h-131-206 can prevent significant aggregation even
in an unoptimised formulation buffer.

[0543] For toxicology and safety assessment work, it is
necessary to delivery the DAB™ at significantly higher
levels into the animal than the therapeutic doses given to
patients. This can only be achieved by using significantly
higher protein concentrations and/or delivering the DAB™
over a prolonged period of time. As it had already been
shown that DOM1h-131-511 forms aggregates on nebulisa-
tion at 5 mg/ml over 3.5 mins, DOM1h-131-206 was tested
at 40 mg/ml in PBS and nebulised using the PARI LC+™ for
up to 1 hour. Samples from the cup and acrosol were taken
at the time points to throughout the run to see if the prolong
nebulisation caused the DAB™s to aggregate due to shear or
thermal stress as determined by SEC and the protein con-
centration (A280 nm measurements). Table 21 shows the
protein concentration of the DAB™ both in the cup and
aerosol as determined by A280.

TABLE 21

Measured protein concentration of DOM1h-131-206
as determined by A280 absorbance readings for both
the cup and aerosol during nebulisation of the DAB ™
at ~40 mg/ml using the LC+ ™. Allowing for dilution
errors and instrumental error the sample concentration
does not change after nebulising the DAB ™ over 1 hr.

Time Cup Sample Aerosol Sample
(Mins) (mg/ml) (mg/ml)
1 43.8 43.4
29 44.5 43.5
59 44.6 44.1
[0544] From Table 21 it can be seen that the concentration

of the protein did not significantly change during the run,
demonstrating that there was no significant loss of the
protein due to aggregation. FIG. 33 shows that over the
period of 1 hour of nebulisation, DOM1h-131-206 does not
form any higher ordered aggregates such as dimers as
determined by SEC. This clearly demonstrates that the
improved biophysical properties, as introduced into the
molecule by trypsin selections, significantly increases the
DAB™s resistance to shear and thermal stress and that this
can be directly correlated to improved storage shelf-life and
the ability to nebulise the protein so that higher ordered
aggregates do not form.

Solution State of the Lead DAB™s:

[0545] Since the major route of degradation for all the
three lead DAB™s appears to be self-association leading
initially to dimerisation followed by further aggregation and
ultimately precipitation, the three lead molecules were
investigated by Analytical Ultra-Centrifugation (AUC) to
determine the degree of self—association. The proteins were
investigated by two methods, sedimentation equilibrium and
sedimentation velocity.

[0546] For the sedimentation equilibrium method the three
samples were run at three different concentrations ranging
from 0.5 mg/ml to 5 mg/ml with centrifugation effects using
three different rotor speeds. By this method it was deter-
mined that DOM1h-131-511 is a stable dimer (26.1-34.4
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kDa), DOM1h-131-202 is monomer/dimer equilibrium (22.
7-27.8 kDa) with a relatively stable dimeric state at the
concentrations measured with K ~1.3 uM and DOM1h-131-
206 is predominantly monomeric (15.4-17.9 kDa) with a K,
for the monomer to dimer association of 360 pM.

[0547] By the sedimentation velocity method all samples
showed some degree of dissociation upon dilution. From the
results obtained, shown in FIG. 34, the sedimentation coef-
ficient observed for DOM1h-131-511 is indicative of higher
order aggregates and the peak shift upon dilution is an
indication of dissociation of these aggregates. The protein
aggregation and dissociation cancel each other out which
can give the impression of being a stable dimer as observed
by sedimentation equilibrium. The sedimentation coeffi-
cients observed for DOM1h-131-202 are indicative of a
rapid dynamic equilibrium and therefore the monomer and
dimer peaks could not be separated from each other, giving
the single peak with a higher sedimentation coefficient than
is appropriate for the mass of the sample. This result agrees
with the result obtained by the sedimentation equilibrium
method and the dissociation constant was measured as being
1 uM. DOM1h-131-206 was determined to be more mono-
meric than the other two samples, having a sedimentation
coeflicient of 1.9s as compared to 2.5s for the other two
samples. This data agrees well with the sedimentation equi-
librium data. At the concentrations measured, ~10-fold
below the K, of 360 uM, the sample is predominantly
monomeric.

Example 15

Potency Enhancement of the DOM15-26-593 DAB™:

[0548] An example of the enhancement of potency in
VEGFR2 Receptor Binding Assay of the DOM15-26-593
DAB™ over DOM15-26 parent is shown in FIG. 40. In this
assay, the ability of a potential inhibitor to prevent binding
of VEGF to VEGFR?2 is measured in a plate-based assay. In
this assay a VEGFR2-Fc chimera is coated on a 96-well
ELISA plate, and to this is added a predetermined amount of
VEGF that has been pre-incubated with a dilution series of
the test DAB™. Following the washing-off of unbound
protein, the amount of VEGF bound to the receptor is
detected with an anti-VEGF antibody, the level of which is
determined colorimetrically. A dose-response effect is plot-
ted as percentage inhibition of VEGF binding as a function
of test substance concentration. An effective inhibitor is
therefore one that demonstrates substantial blocking of
ligand binding at low concentrations.

FC Fusions Potency and Half Life:

[0549] The therapeutic potential of VEGF blockade in the
treatment of tumours has been realised for over 30 years.
The chronic nature of cancer dictates that biopharmaceuti-
cals require a long serum half life to mediate their effects,
and this is not consistent with the rapid clearance of free
DAB™s from the circulation by renal filtration. To assess
the utility of the VEGF DAB™s as anti-angiogenics for the
treatment of cancer, the lead domain antibodies were for-
matted as fusions with wild type human IgG1 Fc via a hybrid
linker so as to form a bivalent molecule with a serum half
life extended by the use of FcRn-mediated antibody salvage
pathways.
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[0550] In this Fc fusion format, the potency of the lead
trypsin selected DAB™ DOM15-26-593 was compared
with the initial parent DAB™ (DOM15-26) & the trypsin
labile DAB™ (DOM15-26-501) using the assay described
previously. The results are shown in the Table 22 below:

TABLE 22

Potency (RBA) & half life characteristics of
DOM15-26 leads in the Fc fusion format

Potency T1/2b
DAB ™ Fe (nM) (hrs)
DOM15-26 hlgG1 0.506 ND
DOM15-26-501 hlgG1 0.323 12.9
DOM15-26-593 hlgG1 0.033 84.6

[0551] It can be seen from these results that in the dimeric
Fc fusion format, affinity & potency are enhanced in relation
to the free DAB™s due to the effect of avidity. It is clear that
the potency enhancement obtained in DOM15-26-593 by
virtue of trypsin selection is maintained and is even more
pronounced in this Fc format. Furthermore, the improve-
ments in thermal and protease stability translate into pro-
found changes in the in vivo pharmacokinetic behaviour of
the molecules. The improvement in the elimination half life
(see FIG. 41) of DOM15-26-593 compared with DOM15-
26-501 is likely to be a direct consequence of the increased
stability of the DAB™, rendering it more resistant to the
degradative processes that occur within the endosomal com-
partment. It is also to be expected, therefore, that DAB™s
with enhanced protease stability are able to persist for longer
in other biological compartments such as the serum,
mucosal surfaces and various tissue compartments where
proteolysis is an active process involved in the turnover of
biological molecules.

[0552] Pharmacokinetic Clearance Profiles:

[0553] Pharmacokinetic clearance profiles of DOM15-26-
593 and DOM15-26-501 were measured after i.v. adminis-
tration DOM15-26-593 and DOM15-26-501 to 3 rats at
concentrations of 5 mg/kg. Levels of DOM15-26-593 and
DOM15-26-501 in the serum were then measured using a
direct VEGF binding standard ELISA assay and an anti-
human Fc antibody, therefore only intact drug in the serum
samples were detected. The full pharmacokinetic profile is
shown in the Table 23 below:

TABLE 23

Summary Pharmacokinetic parameters of the
DOM15-26 & DOM15-26-593 Fc fusions in rat

Half AUC

Life Cmax (0-inf) Clearance
DAB ™ (hr) (ng/ml) (hr*pg/ml) (ml/hr/kg)
DOM15-26-501 12.9 91.4 445.1 11.8
DOM15-26-593 84.6 101.8 3810 1.3

[0554] It can be seen from these results that DOM15-26-
593 has a significantly improved pharmacokinetic profile
with e.g. an extended half life and reduce clearance rate.
[0555] The significantly improved potency and pharma-
cokinetic properties of the DOMI15-26-593 resulted in
analysis of the compound for a range of other biophysical
attributes.
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Solution State Properties: Analysis by SEC-MALLs &
AUC:

[0556] Experiments were done with DOM15-26-593 as
follows:
[0557] DOM15-26-593 behaves as a monomer in solution

at concentrations of up to 2.5 mg/ml with a calculated
molecular mass of 78-81 KDa, consistent with the calculated
intact molecular mass of approx 76 kDa (FIGS. 42a & 42b).

Thermal Melting Properties: Analysis by DSC

[0558] Experiments were done with DOM15-26-593 as
follows:
[0559] The increased thermal stability of the trypsin

selected DAB™ (65° C., FIG. 43 middle panel) is main-
tained in the Fc fusion (64.5° C., FIG. 43 upper panel). The
Tm curve of the DOM15-26-501 DAB™ (52° C., FIG. 43
lower panel) is shown for comparison.

Stability to Freeze-Thaw, Temperature Stress and Serum
Components

[0560] Experiments were done with DOM15-26-593 as
follows:
[0561] The stability properties of the DOMI15-26-593

DAB™ mean that the DOM15-26-593 DAB™ can be
subjected to physical and biological stress with minimal
effects on its ability to bind VEGF (FIGS. 44-47 (a and b)).
For example, the molecule can be repeatedly freeze thawed
from liquid nitrogen (-196° C.) to body temperature (37° C.)
for 10 cycles without loss of binding activity as determined
by ELISA (FIG. 44). This treatment also resulted in no
obvious alterations in the molecule’s aggregation state, as
assessed by conventional size exclusion chromatography
(FIG. 45). Further tests demonstrated that the molecule can
be placed at a range of different temperatures from —-80° C.
to 55° C. with only a minor drop in antigen binding activity
after 168 hours at only the highest incubation temperature
(FIG. 46). Furthermore, incubation with serum from human
or cynomolgus monkeys at 37° C. for 14 days caused no loss
of antigen binding ability (FIGS. 47a and 475), as deter-
mined by the VEGF binding ELISA
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Potency in VEGFR2 Receptor Binding Assay & HUVEC
Cell Assay:

[0562] The receptor binding assays described above were
carried out as follows:

[0563] The receptor binding assay described above was
used to assess the potency of the Fc fusions (FIG. 48). It was
found that the DOMI15-26-593 DAB™ has enhanced
potency in this assay, which establishes the ability of the
DAB™ to block the binding of VEGF to VEGFR?2 in vitro.
The potency of the DMS1529 was also demonstrated in a
HUVEC (Human Umbilical Vein Endothelial Cell) assay,
where the ability of VEGF antagonists to block the VEGF
stimulated proliferation of HUVE cells is measured. Cell
numbers are determined at the end of a fixed incubation
period with a pre-determined amount of VEGF and a vary-
ing amount of test article. The more potent the antagonist,
the lower the cell proliferation observed (FIG. 49).

[0564] The nucleotide sequence of DOM1h-131-511 is set
out in this paragraph.

The nucleotide sequence of DOMlh-131-511:
(SEQ ID NO: 262)

GAGGTGCAGC TGTTGGAGTC TGGGGGAGGC TTGGTACAGC
CTGGGGGGTC CCTGCGTCTC TCCTGTGCAG CCTCCGGATT
CACCTTTGCG CATGAGACGA TGGTGTGGGT CCGCCAGGCT
CCAGGGAAGG GTCTAGAGTG GGTCTCACAT ATTCCCCCGG
TTGGTCAGGA TCCCTTCTAC GCAGACTCCG TGAAGGGCCG
GTTCACCATC TCCCGCGACA ATTCCAAGAA CACGCTATAT
CTGCAAATGA ACAGCCTGCG TGCCGAGGAC ACAGCGGTAT
ATTACTGTGC GCTGCTTCCT AAGAGGGGGC CTTGGTTTGA

CTACTGGGGT CAGGGAACCC TGGTCACCGT CTCGAGC

[0565] The material in the ASCII text file named
“DB00056C2SeqList1 December2016.txt [,]” created on
Dec. 9, 2016 and having a size of 191,000 bytes is incor-
porated herein by reference in its entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 266

<210> SEQ ID NO 1

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular

biology techniques.

<400> SEQUENCE: 1

Met Leu Phe Lys Ser Leu Ser Lys Leu Ala Thr Ala Ala Ala Phe Phe

1 5 10

15

Ala Gly Val Ala Thr Ala Ala Ala Ala Glu Thr Val Glu Ser

20 25

<210> SEQ ID NO 2
<211> LENGTH: 109
<212> TYPE: DNA

30
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<213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 2

taatgttatt taaatcatta tcaaaattag caaccgcagce agcatttttt gcaggegtgg

caacagcgte gacacactge aggaggcgge cgcagaaact gttgaacgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 119

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

60

109

OTHER INFORMATION: Amino acid sequence identified using molecular

biology techniques.

SEQUENCE: 3

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu

20 25 30

Thr Met Val Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

35 40 45

Ser His Ile Pro Pro Val Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

65

70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85 90 95

Ala Leu Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly

100 105 110

Thr Leu Val Thr Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115

SEQ ID NO 4

LENGTH: 119

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular

biology techniques.

SEQUENCE: 4

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu

20 25 30

Thr Met Val Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

35 40 45

Ser His Ile Pro Pro Asp Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val

50

55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

65

70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr His

85 90 95

Ala Leu Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly
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100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 5

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 5

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Tyr Leu Asn
20 25 30

Leu Asp Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Asn Phe Gly Ser Glu Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Tyr Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Pro Ser Phe Tyr Phe Pro Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 6

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 6

Ser Tyr Gly Ala
1

<210> SEQ ID NO 7

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 7

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Lys Ala Tyr
20 25 30

Pro Met Met Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

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

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80
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Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85 90 95

Ala Lys Asp Pro Arg Lys Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val

100 105 110

Thr Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115

SEQ ID NO 8

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

SEQUENCE: 8

Gly Gly Gly Gly Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 9

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

SEQUENCE: 9

Ser Tyr Ser Thr

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 108

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

SEQUENCE: 10

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1

5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Trp Ile Gly Pro Glu

20 25 30

Leu Ser Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

Tyr His Thr Ser Ile Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly

50

55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

65

70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Met Phe Gln Pro Arg

85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Arg Arg

<210>
<211>
<212>
<213>
<220>

100 105

SEQ ID NO 11

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:
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<223>

<400>

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

SEQUENCE: 11

Ser Tyr Gly Ala

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 116

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

SEQUENCE: 12

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Lys Ala Tyr

20 25 30

Pro Met Met Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

35 40 45

Ser Glu Ile Ser Pro Ser Gly Ser Tyr Thr Tyr Tyr Ala Asp Ser Val

50

55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

65

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85 90 95

Ala Lys Asp Pro Arg Lys Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val

100 105 110

Thr Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115

SEQ ID NO 13

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

SEQUENCE: 13

Ser Tyr Ser Thr

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 108

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

SEQUENCE: 14

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1

5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Trp Ile Gly Pro Glu

20 25 30

Leu Ser Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

35 40 45
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Tyr His Thr Ser Ile Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly

50

55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

65

70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Met Phe Gln Pro Arg

85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Arg Arg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 15

LENGTH: 358

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 15

gaggtgcage tgttggagtc tgggggaggce atggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget

ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetac

gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat

ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect

aagagggggce cttggtttga ctactggggt cagggaacce tggtcacegt ctegageg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 358

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 16

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt cgectttgeg catgagacga tggtgtgggt cegecagget

ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetac

gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat

ctgcaaatga acagectgeg agccgaggac acageggtat attactgtge getgettect

aagagggggce cttggtttga ctactggggt cagggaacce tggtcacegt ctegageg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 17

LENGTH: 358

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 17

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt caactttgeg catgagacga tggtgtgggt ccgecagget

ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetac

60

120

180

240

300

358

60

120

180

240

300

358

60

120

180
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gcagactceg tgaagggecg gttcaccatc tcccgcgaca attccaagaa cacgctatat 240
ctgcaaatga acagcctgcg tgccgaggac acagcggtat attactgtgce getgettcect 300
aagagggggc cttggtttga ctactggggt cagggaacce tggtcaccgt ctcgageg 358

<210> SEQ ID NO 18

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 18

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetac 180
gcagactceg tgaagggceg gttcaccate tcccgegacg attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcacegt ctegageg 358

<210> SEQ ID NO 19

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 19

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetat 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acaacctgeg cgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcacegt ctegageg 358

<210> SEQ ID NO 20

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 20

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccgecaggece 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg ctggtcagga tcecttetac 180
gcagactcceg tgaagggceg gttcaccate tcccgcegaca attccaagag cacgcetatat 240
ctgcaaatga acggectgeg tgccgaggac acageggtat attactgtge getgettect 300

aagagggggce cttggtttga ctactggggt cagggaacce tggtcacegt ctegageg 358
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<210> SEQ ID NO 21

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 21

gaggtgcage tgttggagtc tgggggagge ttggtaaage ctggggggtce cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
cctgggaagyg gtetagagtg ggtctcacat attcecceegg ctggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcacegt ctegageg 358

<210> SEQ ID NO 22

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 22

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccgecaggece 120
ccagggaagg gtctagagtg ggtctcacat attceccecegg acggtcaaga tccecttcetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcacegt ctegageg 358

<210> SEQ ID NO 23

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 23

gaggtgcage tgtgggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggattga ctactggggt cagggaacce tggtcacegt ctegageg 358

<210> SEQ ID NO 24

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.
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<400> SEQUENCE: 24

gaggtgcage tgtcggagtc tgggggaggce ttggtacage ctggggggtce cctgegtcetce 60
tcctgtgcag cctcecggatt cacctttgeg catgagacga tggtgtgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcacat attcccccag atggtcagga tcccttctac 180
gcagactceg tgaagggecg gttcaccatc tcccgcgaca attccaagaa cacgctatat 240
ctgcaaatga acagcctgcg tgccgaggac acagcggtat attactgtgce getgettcect 300
aatagggggc cttggtttga ctactggggt cagggaaccc tggtcaccgt ctcgageg 358

<210> SEQ ID NO 25

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 25

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce aggtcacegt ctegageg 358

<210> SEQ ID NO 26

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 26

gaggtgcgge tgttggagte tgggggagge ttggtacage ctggggggtce cctgegtetce 60
tcctgtacag ccteeggatt cacctttgeg catgagacga tggtgtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagagceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcagatga acagectgeg tgccgaggac acageggtgt attactgtge getgettect 300
aagagagggc cttggtttga ctactggggt cagggaacce aggtcacegt ctegageg 358

<210> SEQ ID NO 27

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 27

gaggtgcgge tgttggagtce tgggggagge ttggtacage ctgaggggte cctgegtetce 60

tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
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ccagggaagg gtctagagtg ggtctcacat attcceccegg atagccagga tcccttctac 180
gcagactceg tgaagggecg gttcaccatc tcccgcgaca attccaagaa cacgctatat 240
ctgcaaatga acagcctgcg tgccgaggac acagcggtat attactgtgg getgettcect 300
aagagggggc cttggtttga ctacaggggt cagggaaccce tggtcaccgt ctcgagceg 358

<210> SEQ ID NO 28

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 28

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt caccattgeg catgaaacga tggtgtgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggtttga ctaccggggt cagggaacce tggtcacegt ctegageg 358

<210> SEQ ID NO 29

<211> LENGTH: 358

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 29

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attccteegg ttggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge geggettect 300
aagagggggce cttggtttga ctactggggt cagggaacct tggtcacegt ctegageg 358

<210> SEQ ID NO 30

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 30

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccgecaggca 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat atcactgtge getgettect 300

aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 31

LENGTH: 357

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 31

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt cegecggget

ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac

gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat

ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect

aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 32

LENGTH: 357

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 32

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccaccggatt cacctttgeg catgagacga tggtgtgggt ccgecagget

ccagggaggyg gtctagagtg ggtctcacat attcecccegg atggtcagga tcecttetac

gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat

ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect

aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 33

LENGTH: 357

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 33

gaggtgcage tgttggagtc tgggggagge ctggtacage ctggggggtce cctgegtetce

tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget

ccagggaggyg gtctagagtg ggtctcacat attcectegg atggtcagga tcecttetac

gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat

ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect

aagagggggce cttggttega ctactggggt cagggaacce tggtcacegt ctcegage

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 34

LENGTH: 357

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

60

120

180

240

300

357

60

120

180

240

300

357

60

120

180

240

300

357
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<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 34

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagaaggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 35

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 35

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg cgtgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 36

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 36

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg caagagacga tggtgtgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaagac acageggtat attactgtge geggettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 37

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 37

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
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tcctgtgcag cttcecggatt cacctttgeg catgagacga tggtgtgggt ccgecaggcet 120
ccagggaagg gtctagagtg ggtctcacat attcceccegg ttggtcagga tcccttctac 180
gcagactceg tgaagggecg gttcaccatc tcccgcgaca attccaagaa cacgctatat 240
ctgcaaatga acagcctgcg tgccgaggac acagcggtat attactgtgce getgettcect 300
aagaaggggc cttggtttga ctactggggt cagggaaccc tggtcaccgt ctcgage 357

<210> SEQ ID NO 38

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 38

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg ctggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge geggettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 39

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 39

gacatcctga tgacccagte tccatcctcee ctgtctgecat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaggccee ctaagctcct gatcaatcett ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagatgtcyg ctacgtacta ctgtcaaccg tetttttact tecccttatac gttcggecaa 300
gggaccaagg tggaaatcaa acggg 325

<210> SEQ ID NO 40

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 40

gacatcctga tgacccagte tcecatcctee ctgtetgeat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggctccgagt tgcaaagtgyg tgtcccatca 180
cgtttcagtyg gcageggata tgggacagat ttcactcteca ccatcageag tctgcaacct 240

gaagatttcg ctacgtacta ctgtcaaccyg tctttttact tceccttatac gtteggecag 300
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gggaccaagg tggaaatcaa acggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 41

gacatccaga cgacccagte tccgtectee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca ggatatttac cagaatttag actggtatca gcagaaacca

gggaaagccee ctaagctcct gatcaatttt ggttccgagt tgcaaagtgyg tgtcccatet

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagatttcg ctacgtacta ctgtcaaccyg tctttttact tceccttatac gtteggecaa

gggaccaagg tggaaatcaa acggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 42

gacatccagg tgacccagtce tccatccacce ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca

gggaaagccee ctaagctcct gatcaacttt ggttccgagt tgcaaagtgyg tgtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagatttcg ctacgtacta ctgtcaaccyg tctttttact tceccttatac gtteggecga

gggaccaagg tggaaatcaa acggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43

LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 43

gacatccaga tgacccagtce tccatcctte ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca ggatatttac cagaatttag actggtatca gcagaaacca

gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgyg tgtcccatca

cgtttcagtyg gcagtggata cgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagatatcg ctacgtacta ctgtcaaccyg tctttttact tceccttatac gtttggecaa

gggaccaagg tggaaatcaa agggyg

<210>
<211>
<212>

SEQ ID NO 44
LENGTH: 325
TYPE: DNA

325

60

120

180

240

300

325

60

120

180

240

300

325

60

120

180

240

300

325
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 44

gacatccaga tgacccagtce tccatcctcee ctgtceggcat ctgaaggaga ccegtgtcacce 60
atcacttgce gggcaagtca ggatatttac cagaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagaa ttcactctca ccatcagcag tctgcaacct 240
gaagacttcyg ctacgtacta ctgtcaaccg tectttttact tecccttatac gttecggecaa 300
gggaccaagg tggaaatcaa acggg 325

<210> SEQ ID NO 45

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 45

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
gtcacttgee gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcagect 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact tecccttatac gttcggecaa 300
gggaccaagg tggaaatcaa acggg 325

<210> SEQ ID NO 46

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 46

Gly Gly Gly Gly Ser
1 5

<210> SEQ ID NO 47

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 47

Gly Gly Gly Gly Ser
1 5

<210> SEQ ID NO 48

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 48

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctggatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagegyg tctgcaacct 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact tecccttatac gtteggecga 300
gggaccaggg tggaaatcaa acggg 325

<210> SEQ ID NO 49

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 49

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcagtttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact teccttacac gttcggecaa 300
gggaccaagg tggaaatcaa acggg 325

<210> SEQ ID NO 50

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 50

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaaattt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactctca ccatcagcaa tctgcaacct 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact tecccttatac gttcggecaa 300
gggaccaagg tggaaatcaa atggg 325

<210> SEQ ID NO 51

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 51

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce 60
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atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcatttat ggttcecgagt tgcaaagtgg tgtcccacca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattceg ctacgtacta ctgtcaaccg tetttttact teccttatac gttcggecaa 300
gggaccaagg tggaaatcaa acggg 325

<210> SEQ ID NO 52

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 52

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatatac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccacca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact tecccttatac gttcggecaa 300
gggaccaagg tggaaatcaa acagg 325

<210> SEQ ID NO 53

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 53

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttegctcteca ccatcagcag tctgcaacct 240
gaagattceg ctacgtacta ctgtcaaccg tetttttact teccatatac gttcggecaa 300
gggaccaagg tggaaatcaa acagg 325

<210> SEQ ID NO 54

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 54

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga ccgtgtcact 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgyg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct 240

gaagatgtcg ctacgtacta ctgtcaaccyg tctttttact tcecttatac gtteggecaa 300
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gggaccaagg tggaaatcaa acggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 55

LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 55

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca

gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgyg tgtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagacttcg ctacgtacta ctgtcaaccyg tctttttact tcccatatac gtttggecaa

gggaccaagg tggaaatcaa acagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 56

LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 56

gacatccaaa tggcccagte tccatcctee ctgtetgecat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca ggatatttac ctgaatttgg actggtatca gcagaaacca

gggaaagccee ctaagctcct gatcagtttt ggttcecgagt tgcaaagtgyg tgtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattceg ctacgtacta ctgtcagccg tcetttttact tcecttatac gtteggecaa

gggaccaagg tggaaatcaa acagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 57

LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 57

gacatccaga tgacccagtc accatcctee ctgtcetgeat ctgtaggaga ccgtgtcacce

atcacttgce gggcaagtca ggacatttac ctgaatttag actggtatca gcagaaacca

gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgyg tgtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagatttcg ctacgtacta ctgtcaaccyg tctttttact tceccttatac gtteggecaa

gggaccaagg tggaaatcaa acggg

<210>
<211>
<212>

SEQ ID NO 58
LENGTH: 324
TYPE: DNA

325

60

120

180

240

300

325

60

120

180

240

300

325

60

120

180

240

300

325
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 58

gacatccaga tgacccagtce tccatcctee ctgtctgegt ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcacactca ccatcagcag tctgcaacct 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact tecccttatac gttcggecaa 300
gggaccaagg tggaaatcaa actg 324

<210> SEQ ID NO 59

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 59

gacatccaga taacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact tecccttatac gttcggecaa 300
gggaccaagg tggaaatcaa accg 324

<210> SEQ ID NO 60

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 60

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact acccttatac gttcggccaa 300
gggaccaagg tggaaatcaa acag 324

<210> SEQ ID NO 61

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 61
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gacatccaga tgacacagtc tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atctecttgee gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcagtttt ggttcecgagt tgcaaagtgg tgttcecttcea 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcagect 240
gaagattceg ctacgtacta ctgtcaaccg tetttttact acccttatac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 62

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 62

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg tgtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagatttcg ctacgtacta ctgtcaaccg tctttttact acccttatac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 63

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 63

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgg agtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattceg ctacgtacta ctgtcaaccg tetttttact teccttatac gttcggecaa 300
gggaccaagg tggaaatcaa tcgg 324

<210> SEQ ID NO 64

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 64

gacatccaga tgacccagtce tccatcctee ctgtetgecat atgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatcagtttt ggttcecgagt tgcaaagtgyg tgtcccatca 180

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct 240
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gaagatttcg gtacgtacta ctgtcaaccyg tctttttact tceccttatac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 65

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 65

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgte gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca

gggaaagccee ctaagctcct gatcaatttt ggttcecgagt tgcaaagtgyg tgtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagatttcg gtacgtacta ctgtcaaccyg tctttttact tceccttatac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 66

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 66

gacatccaga tgacccagtce tccgtectee ctgtetgeat ctgtaggaga ccttgtcacce

atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca

gggaaagccee ctaagctcct gatcaattta ggttccgagt tgcaaagtgyg tgtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagatttcg ctacgtacta ctgtcaaccyg tctttttact tceccttatac gtteggecaa

gggaccaagg tggaaatcaa acgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 67

gacatcctga tgacccagte tcecatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca ggatatttac ctgaatttag actggtatca gcagaaacca

gggaaggccee ctaagctcct gatcaatctt ggttcecgagt tgcaaagtgyg tgtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagatgtcg ctacgtacta ctgtcaaccyg tctttttact tcecttatac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210>

SEQ ID NO 68

300

324

60

120

180

240

300

324

60

120

180

240

300

324

60

120

180

240

300

324
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<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 68

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct 300
cggaagtttyg actactgggg tcagggaacce ctggtcaccg tcetegage 348

<210> SEQ ID NO 69

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 69

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtccagagtg ggtctcagag atttegectt cgggttcetta tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgtgaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct 300
cggaagtttyg actactgggg tcagggaacce ctggtcaccg tcetegage 348

<210> SEQ ID NO 70

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 70

gaggtgcage tgttggtgte tgggggagge ttggtacage ctggggggtce cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtccagagtg ggtctcagag atttegectt cgggttcetta tacatactac 180
gcagactceg tgaagggceg gttcaccate tcccgegaca attccaagaa cgegetgtat 240
ctgcaaatga acagectgeg tgcagaggac accgeggtat attactgtge gaaagatcct 300
cggaagtttyg actactgggg tcagggagece ctggtcacceg tcetegage 348

<210> SEQ ID NO 71

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.
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<400> SEQUENCE: 71

gaggtgcage tgttggtgtc tgggggaggc ttggtacage ctggggggtce cctgcegtcetce 60
tcctgtgcag cctcecggatt cacctttaag gettatcecga tgatgtgggt cecgecagget 120
ccagggaagg gtctagagtg gatctcagag atttcgectt cgggttctta tacatactac 180
gcagactceg tgaagggecg gttcaccatc tcccgcgaca attccaagaa cacgctgtat 240
ctgcaaatga acagcctgcg tgccgaggac accgcggtat attactgtgce aaaagatcct 300
cggaagtttg actactgggg tcagggaacc ctggtcaccg tctegage 348

<210> SEQ ID NO 72

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 72

gaggtgcage tgctggtgte tgggggagge ttggtacage ctggggggtce cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcata tacatactat 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct 300
cggaagtttg aatactgggg tcagggaacce ctggtcaccg tcetcegage 348

<210> SEQ ID NO 73

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 73

gaggtgcage tgttggtgte tgggggagge ttggtacage ctggggggtce cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac 180
geggacteceyg tgaagggceceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaatgatcct 300
cggaagtttyg actactgggg tcagggaacce ctggtcaccg tcetegage 348

<210> SEQ ID NO 74

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 74
gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacatttaag gettatecga tgatgtgggt ccgecagget 120

ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac 180
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gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat

ctgcaaatga acggectgeg tgccgaggac accgeggtat attactgtge gaacgatcct

cggaagattyg actactgggg tcagggaacce ctggtcaccg tcetcegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 75

LENGTH: 348

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 75

gaggtgcage tgttggtgte tgggggagge ttggtacage ctggggggtce cctgegtetce

tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget

ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac

gecatactceg tgaagggcceg gttcaccate tcccgcegaca attccaagaa cacgetgtat

ctgcaaatga acagcctgea tgccgaggac accgeggtat attactgtge gaaagatcct

cggaagttag actactgggg tcagggaacce ctggtcaccg tcetcegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 76

LENGTH: 348

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 76

gaggtgcage tgttggagtc tgggggagge ttggtacage caggggggtce cctgegtetce

tcctgtgetyg ccteeggatt cacctttaag gettatecga tgatgtgggt ccegecagget

ccagggaaga gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac

gcagactcceg tgaagggceg gttcacaatce tcccgcegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct

cggaagattyg actactgggg tcagggaacce ctggtcaccg tcetcegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 77

LENGTH: 348

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 77

gaggtgcage tggtggagtc tgggggagge ttggtacage ctggggggtce cctgegtete

tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget

ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac

gcagagtceg tgaagggcceg gttcaccate tcccgcegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtac gaaagatcct

cggaagtttyg actactgggg tcagggaacce ctggtcaccg tcetegage

240

300

348

60

120

180

240

300

348

60

120

180

240

300

348

60

120

180

240

300

348
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 78

LENGTH: 348

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 78

gaggtgcagt tgttggtgtc tgggggagge ttggtacage ctggggggtce cctgegtetce

tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget

ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac

gcagactceg tgaagggcceg gttcaccatt tcccgcgaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct

cggaagtttyg actactgggg tcagggaacce ctggtcaccg tcetegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 79

LENGTH: 348

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 79

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget

ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac

gcaaactcceg tgaagggteg gttcaccate tcccgcegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct

cggaagattyg actactgggg tcagggaacce ctggtcaccg tcetcegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 80

LENGTH: 348

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 80

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget

ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac

gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct

cggaagtetyg actactgggg tcagggaacce ctggtcaccg tcetegage

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 81

LENGTH: 348

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using

60

120

180

240

300

348

60

120

180

240

300

348

60

120

180

240

300

348
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<400> SEQUENCE: 81

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcagag atctegectt cgggttcetta tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct 300
cggaagattyg actactgggg tcagggaacce ctggtcaccg tcetcegage 348

<210> SEQ ID NO 82

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 82

gaggtgcatc tgttggagtc tgggggagge ttggtacage ctggggggtce cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac 180
gcaaactcceg tgaagggceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct 300
cggaagattyg actactgggg tcagggaacce ctggtcaccg tcetcegage 348

<210> SEQ ID NO 83

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 83

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct 300
cggaagttag actactgggg tcagggaacce ctggtcaccg tcetcegage 348

<210> SEQ ID NO 84

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 84

gaggtgcage tgttggtgte tgggggagge ttggtacage ctggggggtce cctgegtetce 60

tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
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ccagggaagg gtctagagtg ggtctcagag atttegectt cgggttcetta tacatactac

gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtac gaaagatcct

cggaagtttyg actactgggg tcagggaacce ctggtcaccg tcetegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 85

LENGTH: 348

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 85

gaggtgcage tgttggtgte tgggggagge ttggtacage ctggggggtce cctgegtetce

tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget

ccagggaagg gtctagagtg ggtttcagag atttegectt cgggttcetta tacatactac

gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagatcct

cggaagttag actactgggg tcagggaacce ctggtcaccg tcetcegage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 86

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 86

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gtggattggt ccggagttaa gttggtacca gcagaaacca

gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag tatatgtttc agecctaggac gtteggecaa

gggaccaagg tggaaatcag acgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 87

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 87

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gtggattggt ccggagttaa gttggtacca gcagaaacca

gggaaagccee ctaagcgect gatctatcat tegtccattt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag tatatgtttg agcctaggac gtteggecaa

180

240

300

348

60

120

180

240

300

348

60

120

180

240

300

324

60

120

180

240

300
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gggaccaagg tggaaatcag acag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 88

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 88

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgte gggcaagtca gtggattggt ccggagttaa gatggtacca gaagaaacca

gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag tatatgtttc agecctaggac gtteggecaa

gggaccaagg tggaaatcag acgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 89

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 89

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gtggattggt ccggagttaa gttggtacca gcagaaacca

gggaaagccee ctaagcacct gatctatcat acgtccattt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtagate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag tatatgtttc agcctaagac gtteggecaa

gggaccaagg tggaaatcag atgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 90

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 90

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgece gggcaagtca gtggattggt cctgagttaa gatggtacca gaagaaacca

gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcacttteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag tatatgtttc agcctaggac gtteggecca

gggaccaagg tggaaattag acgg

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

SEQ ID NO 91

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

324

60

120

180

240

300

324

60

120

180

240

300

324

60

120

180

240

300

324
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<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 91

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt cecggagttaa gttggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctatcat acgtccattt tgcgaagtgg ggtcccatcet 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag tatatgtttc agcctaggac gttcggccaa 300
gggaccaagg tggaaatcag atgg 324

<210> SEQ ID NO 92

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 92

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt cecggagttaa gttggtacca gcagaaacca 120
gggaaagccee ctaagcgcect gatctatcat acgtccattt tacagagtgg ggtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gcagattttyg caacgtacta ctgtcaacag tatatgtttc agcctaggac gttcggccaa 300
gggaccaagg tggaaatcag acag 324

<210> SEQ ID NO 93

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 93

gacatccaga tgacccagtce cccatcctcee ctgtctgecat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt cecggagttaa gttggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag tatatgtttt ggcctaggac gttcggccaa 300
gggaccaagg tggaaatcag acaa 324

<210> SEQ ID NO 94

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 94

gacatccaga tgacccagtce tccatcctee ctgtccgecat ctgtaggaga cegtgtcacce 60
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atcacttgce gggcaagtca gtggattggt cecggagttaa gttggtacca gcagaaacca 120
gggaaagcte ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactctca ccatcagcag tctgcaactt 240
gaagattttyg ctacgtacta ctgtcaacag tatatgtttc tgcctaggac gttcggccaa 300
gggaccaagg tggaaatcag aggg 324

<210> SEQ ID NO 95

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 95

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt cecggagttaa gttggtacca gcagaaacca 120
gggaaagccee ctaagttcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactctca ccatcaacag tctgcaacct 240
ggagattttyg ctacgtacta ctgtcaacag tatatgtttc agcctaggac gttcggccaa 300
gggaccaagg tggaaatcag acgg 324

<210> SEQ ID NO 96

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 96

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt cecggagttaa gttggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggata tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag tatatgtatc agcctaggac gttcggccaa 300
gggaccaagg tggaaatcag acag 324

<210> SEQ ID NO 97

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 97

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt ccggagttaa gatggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca 180

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct 240



US 2019/0040148 Al
&1

-continued

Feb. 7, 2019

gaagattttyg ctacgtacta ctgtcaacag tatatgtttc agecctatgac gtteggecaa

gggaccaagg tggaaatcag aggg

<210> SEQ ID NO 98

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 98

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gtggattggt ccggagttaa gatggtacca gaagaaacca

gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcageag tctgcaaget

gaagattctyg ctacgtacta ctgtcaacag tatatgttte agectaggac gtteggecaa

gggaccaagg tggaaaccag acgg

<210> SEQ ID NO 99

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 99

gacatccaga tgacccagtce tccatcctee ctgtetgecat ctgaaggaga ccgtgtcacce

atcacttgce gggcaagtca gtggattggt ccggagttaa gttggtacca gcagaaacca

cggaaagccce ctaagetect gatctatcat acgtecattt tgcaaagtgg ggtcccatca

cgtttcactyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag tatatgtttc agecctatgac gtteggecaa

gggaccaagg tggaaatcag acgg

<210> SEQ ID NO 100

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 100

gacatcctga tgacccagte tcecatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gtggattggt ccggagttac gttggtacca gcataaacca

gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggata tgggacagat ttcactctet ccatcageag tcetgcaacct

gaagatttcg ctacgtacta ctgtcaacag tatatgttte agecctaggac gtteggecaa

gggaccaagg tggaaatcag atgg

<210> SEQ ID NO 101
<211> LENGTH: 324

300

324

60

120

180

240

300

324

60

120

180

240

300

324

60

120

180

240

300

324
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 101

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt cecggagttaa gttggtacca gcagaaacca 120
gggaaagccece caaagctcct gatctatcat acgtccattt tgcaaggtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaggattttyg ctacgtacta ctgtcaacag tatatgtttt ggcctaggac gttcggccaa 300
gggaccaagg tggaaatcag acag 324

<210> SEQ ID NO 102

<211> LENGTH: 300

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 102

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt ccggagttac gttggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctatcat acgtccattt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag tatatgtttc agecctatgac gtteggecaa 300

<210> SEQ ID NO 103

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 103

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Arg Asn Ser Phe Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr Tyr Thr Val Pro Pro
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Gln
100 105

<210> SEQ ID NO 104
<211> LENGTH: 108
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 104

Asp Ile Gln Met Thr Gln Ser Pro Pro Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Arg Asn Ser Pro Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr Tyr Ser Ile Pro Pro
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 105

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 105

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Arg Pro Ile Gly Thr Thr
20 25 30

Leu Ser Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Trp Phe Gly Ser Arg Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Ala Gln Ala Gly Thr His Pro Thr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 106

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 106

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Lys Tyr Ile Gly Ser Gln
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20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Ala Trp Ala Ser Val Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Arg Gln Gly Ala Ala Ser Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 107

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 107

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Phe Ile Tyr Arg Tyr
20 25 30

Leu Ser Trp Tyr Gln Gln Lys Pro Gly Lys Val Pro Lys Leu Leu Ile
35 40 45

Tyr Asn Ala Ser Tyr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln His Ala His Leu Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 108

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 108

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Trp Ile Gly Ser Gln
20 25 30

Leu Ser Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Met Trp Arg Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Ala Gln Gly Ala Ala Leu Pro Arg



US 2019/0040148 Al Feb. 7, 2019
&5

-continued

85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 109

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 109

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Lys Ile Ala Thr Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Arg Ser Ser Ser Leu Gln Ser Ala Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Val Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr Tyr Ala Val Pro Pro
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 110

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 110

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Trp Ile Asp Thr Gly
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Arg Leu Leu Ile

Tyr Asn Val Ser Arg Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Ile Gly Asp Pro Val
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 111

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
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<400>

biology techniques.

SEQUENCE: 111

Asp Ile Gln Met Thr Gln Ser Pro Ser

1

5

Asp Arg Val Thr Ile Thr Cys Arg Ala

20 25

Leu Ala Trp Tyr Gln Gln Arg Pro Gly

Tyr Asn Ala Ser His Leu Gln Ser Gly

50

55

Ser Gly Ser Gly Thr Asp Phe Thr Leu

65

70

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln

85

Thr Phe Gly Gln Gly Thr Lys Val Glu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 112

LENGTH: 108

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amino acid
biology techniques.

SEQUENCE: 112

Asp Ile Gln Met Thr Gln Ser Pro Ser

1

5

Asp Arg Val Thr Ile Thr Cys Arg Ala

20 25

Leu Asn Trp Tyr Gln Gln Lys Pro Gly

35 40

Tyr Arg Leu Ser Val Leu Gln Ser Gly

55

Ser Gly Ser Gly Thr Asp Phe Thr Leu

65

70

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln

85

Thr Phe Gly Gln Gly Thr Lys Val Glu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 113

LENGTH: 108

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amino acid
biology techniques.

SEQUENCE: 113

Asp Ile Gln Met Thr Gln Ser Pro Ser

1

5

Asp Arg Val Thr Ile Thr Cys Arg Ala

20 25

Leu Asn Trp Tyr Gln Gln Lys Pro Gly

35 40

Ser Leu Ser Ala Ser
10

Ser Gln Glu Ile Tyr
30

Lys Ala Pro Lys Leu
45

Val Pro Ser Arg Phe
60

Thr Ile Ser Ser Leu
75

Gln Val Ile Gly Asp
90

Ile Lys Arg

sequence identified

Ser Leu Ser Ala Ser
10

Ser Gln Ser Ile Ser
30

Lys Ala Pro Thr Leu
45

Val Pro Ser Arg Phe

Thr Ile Ser Ser Leu
75

Gln Thr Tyr Asn Val
90

Ile Lys Arg

sequence identified

Ser Leu Ser Ala Ser
10

Ser Gln Ser Ile Ser
30

Lys Ala Pro Lys Leu
45

Val Gly
15

Ser Trp

Leu Ile

Ser Gly

Gln Pro

80

Pro Val
95

using molecular

Val Gly
15

Ser Tyr

Leu Ile

Ser Gly

Gln Pro

80

Pro Pro
95

using molecular

Val Gly
15

Ser Tyr

Leu Ile
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Tyr
Ser
65

Glu

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Arg
50
Gly

Asp

Phe

Asn

Ser

Phe

Gly

Ser

Gly

Ala

Gln

100

PRT

Gln Leu
Thr Asp
70

Thr Tyr
85

Gly Thr

SEQ ID NO 114
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

108

Gln
55
Phe

Tyr

Lys

biology techniques.

<400> SEQUENCE:

Asp

1

Asp

Leu

Tyr

Ser

65

Glu

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Arg

Asn

Arg

Gly

Asp

Phe

Gln

Val

Trp

35

Asn

Ser

Phe

Gly

Met

Thr

20

Tyr

Ser

Gly

Ala

Gln

100

PRT

114

Thr Gln
5

Ile Thr

Gln Gln

Pro Leu

Thr Asp
70

Thr Tyr
85

Gly Thr

SEQ ID NO 115
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

108

Ser

Cys

Lys

Gln

55

Phe

Tyr

Lys

biology techniques.

<400> SEQUENCE:

Asp

1

Asp

Leu

Tyr

Ser

65

Glu

Thr

Ile

Arg

His

Arg

50

Gly

Asp

Ser

Gln

Val

Trp

35

Ser

Ser

Phe

Gly

Met

Thr

20

Tyr

Ser

Gly

Ala

Gln
100

115

Thr Gln
5

Ile Thr

Gln Gln

Leu Leu

Thr Asp
70

Thr Tyr
85

Gly Thr

Ser

Cys

Lys

Gln

55

Phe

Tyr

Lys

Ser

Thr

Cys

Val

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Gly

Leu

Gln

Glu
105

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Val

Thr

Gln

90

Ile

Pro
Ile
75

Thr

Lys

Ser
60
Ser

Phe

Arg

Arg Phe Ser

Ser Leu Gln

Ala Val Pro

sequence identified

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

75

Thr

Lys

Ser

Ser

Pro

Ser

Ser

Tyr

Arg

Ala

Ile

Lys

45

Arg

Ser

Arg

Ser

Ser

30

Leu

Phe

Leu

Val

sequence identified

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

75

Lys

Lys

Ser

His

Pro

Ser

60

Ser

Tyr

Arg

Ala

Ile

Lys

45

Arg

Ser

Asn

Ser

Gly

30

Leu

Phe

Leu

Leu

95

Gly

Pro
80

Pro

using molecular

Val

15

Ser

Leu

Ser

Gln

Pro
95

Gly

Tyr

Ile

Gly

Pro

80

Pro

using molecular

Val

Leu

Leu

Ser

Gln

Pro
95

Gly

Trp

Ile

Gly

Pro

80

Tyr
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 116

LENGTH: 108

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amino acid
biology techniques.

SEQUENCE: 116

Asp Ile Gln Met Thr Gln Ser Pro Ser

1

5

Asp Arg Val Thr Ile Thr Cys Arg Ala

20 25

Leu Lys Trp Tyr Gln Gln Lys Pro Gly

35 40

Tyr Ala Ala Ser Arg Leu Gln Ser Gly

55

Ser Gly Ser Gly Thr Asp Phe Thr Leu

65

70

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln

85

Thr Phe Gly Gln Gly Thr Lys Val Glu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 117

LENGTH: 108

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amino acid
biology techniques.

SEQUENCE: 117

Asp Ile Gln Met Thr Gln Ser Pro Ser

1

5

Asp Arg Val Thr Ile Thr Cys Arg Ala

20 25

Leu Lys Trp Tyr Gln Gln Lys Pro Gly

35 40

Tyr Gly Ala Ser Arg Leu Gln Ser Gly

50

55

Ser Gly Ser Gly Thr Asp Phe Thr Leu

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln

85

Thr Phe Gly Gln Gly Thr Lys Val Glu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 118

LENGTH: 108

TYPE: PRT

ORGANISM: 'Artificial Sequence
FEATURE:

OTHER INFORMATION: Amino acid
biology techniques.

SEQUENCE: 118

sequence identified

Ser Leu Ser Ala Ser
10

Ser Gln Ser Ile Phe
30

Lys Ala Pro Lys Leu
45

Val Pro Ser Arg Phe
Thr Ile Ser Ser Leu
75

Gln Val Ala Leu Tyr
90

Ile Lys Arg

sequence identified

Ser Leu Ser Ala Ser
10

Ser Gln Ser Ile Ile
30

Lys Ala Pro Lys Leu
45

Val Pro Ser Arg Phe
60

Thr Ile Ser Ser Leu
Gln Gly Ala Arg Trp
90

Ile Lys Arg

sequence identified

using molecular

Val Gly

15

Arg His

Leu Ile

Ser Gly

Gln Pro
80

Pro Lys
95

using molecular

Val Gly

Lys His

Leu Ile

Ser Gly

Gln Pro

80

Pro Gln
95

using molecular
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Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Tyr Tyr His
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Lys Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Arg Lys Val Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 119

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 119

Asp Ile Gln Thr Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Tyr Ile Gly Arg Tyr
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asp Ser Ser Val Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Arg Tyr Arg Met Pro Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Arg Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 120

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 120

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln His Ile His Arg Glu
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Gln Ala Ser Arg Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
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Ser Gly Ser Gly Thr Asp Phe Thr Leu
65 70

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln
85

Thr Phe Gly Gln Gly Thr Lys Val Glu
100 105

<210> SEQ ID NO 121

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid
biology techniques.

<400> SEQUENCE: 121

Asp Ile Gln Met Thr Gln Ser Pro Ser
1 5

Asp Arg Val Thr Ile Thr Cys Arg Ala
20 25

Leu Arg Trp Tyr Gln Gln Lys Pro Gly
35 40

Tyr Gln Ala Ser Arg Leu Gln Ser Gly
50 55

Ser Gly Ser Gly Thr Asp Phe Thr Leu

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln
85

Thr Phe Gly Gln Gly Thr Lys Val Glu
100 105

<210> SEQ ID NO 122

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid
biology techniques.

<400> SEQUENCE: 122

Asp Ile Gln Met Thr Gln Ser Pro Ser
1 5

Asp Arg Val Thr Ile Thr Cys Arg Ala
20 25

Leu Lys Trp Tyr Gln Gln Lys Pro Gly
35 40

Tyr Arg Thr Ser Trp Leu Gln Ser Gly
50 55

Ser Gly Ser Gly Thr Asp Phe Thr Leu
65 70

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln
85

Thr Phe Gly Gln Gly Thr Lys Val Glu
100 105

<210> SEQ ID NO 123
<211> LENGTH: 108

Thr Ile Ser Ser Leu Gln Pro
75 80

Gln Lys Tyr Leu Pro Pro Tyr
90 95

Ile Lys Arg

sequence identified using molecular

Ser Leu Ser Ala Ser Val Gly
10 15

Ser Gln His Ile His Arg Glu
30

Lys Ala Pro Lys Leu Leu Ile
45

Val Pro Ser Arg Phe Ser Gly
60

Thr Ile Ser Ser Leu Gln Pro
Gln Arg Tyr Arg Val Pro Tyr
90 95

Ile Lys Arg

sequence identified using molecular

Ser Leu Ser Ala Ser Val Gly
10 15

Ser Gln Ser Ile Gly Arg Arg

Ala Ala Pro Arg Leu Leu Ile
45

Val Pro Ser Arg Phe Ser Gly
60

Thr Ile Ser Ser Leu Gln Pro
75 80

Gln Thr Ser Gln Trp Pro His
90 95

Ile Lys Arg
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 123

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Lys Ile Tyr Lys Asn
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asn Ser Ser Ile Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Arg Tyr Leu Ser Pro Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 124

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 124

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Lys Ile Tyr Asn Asn
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asn Thr Ser Ile Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Arg Trp Arg Ala Pro Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 125

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 125

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Trp Ile Tyr Lys Ser
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20 25 30

Leu Gly Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Gln Ser Ser Leu Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr His Gln Met Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 126

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 126

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Trp Ile Tyr Arg His
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asp Ala Ser Arg Leu Gln Ser Gly Val Pro Thr Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr His Asn Pro Pro Lys
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 127

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 127

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Tyr Ile Gly Arg Tyr
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asp Ser Ser Val Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Arg Tyr Met Gln Pro Phe



US 2019/0040148 Al

93

Feb

-continued

.7,2019

Thr

85

Phe Gly Gln Gly Thr Lys Val Glu
100 105

<210> SEQ ID NO 128

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid

biology techniques.

<400> SEQUENCE: 128

Asp

1

Asp

Leu

Tyr

Ser

65

Glu

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Ile Gln Met Thr Gln Ser Pro Ser
5

Arg Val Thr Ile Thr Cys Arg Ala

20 25

90

Ile Lys Arg

sequence identified

Ser Leu Ser Ala Ser
10

Ser Gln Trp Ile Gly
30

95

using molecular

Val Gly
15

Arg Tyr

Arg

Asn

50

Gly

Asp

Phe

Trp

35

Gly

Ser

Phe

Gly

Tyr

Ser

Gly

Ala

Gln

100

PRT

Gln

Gln

Thr

Thr

85

Gly

SEQ ID NO 129
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

108

Gln

Leu

Asp

70

Tyr

Thr

Lys

Gln

55

Phe

Tyr

Lys

biology techniques.

<400> SEQUENCE:

Asp

1

Asp

Leu

Tyr

Ser

65

Glu

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Arg

Arg

Asp

50

Gly

Asp

Phe

Gln

Val

Trp

Ser

Ser

Phe

Gly

Met

Thr

20

Tyr

Ser

Gly

Ala

Gln
100

PRT

129

Thr

5

Ile

Gln

Val

Thr

Thr
85

Gly

SEQ ID NO 130
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

108

Gln

Thr

Gln

Leu

Asp

70

Tyr

Thr

Ser

Cys

Lys

Gln

55

Phe

Tyr

Lys

Pro

40

Ser

Thr

Cys

Val

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Gly

Gly

Leu

Gln

Glu
105

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Lys

Val

Thr

Gln

90

Ile

Ala

Pro

Ile

75

Arg

Lys

Pro

Ser

60

Ser

Tyr

Arg

Lys
45
Arg

Ser

Leu

Leu

Phe

Leu

Gln

sequence identified

Ser

10

Ser

Lys

Val

Thr

Gln
90

Ile

sequence identified using molecular

Leu

Gln

Ala

Pro

Ile

75

Arg

Lys

Ser

Tyr

Pro

Ser

60

Ser

Tyr

Arg

Ala

Ile

Lys

45

Arg

Ser

Ser

Ser

Gly

30

Leu

Phe

Leu

Ser

Leu

Ser

Gln

Pro
95

using molecular

Val

15

Arg

Leu

Ser

Gln

Pro
95

Ile

Gly

Pro

80

Tyr

Gly

Tyr

Ile

Gly

Pro

80

Tyr
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<400>

biology techniques.

SEQUENCE: 130

Asp Ile Gln Met Thr Gln Ser Pro Ser

1

5

Asp Arg Val Thr Ile Thr Cys Arg Ala

20 25

Leu Arg Trp Tyr Gln Gln Lys Pro Gly

Tyr Gly Ala Ser Val Leu Gln Ser Gly

50

55

Ser Gly Ser Gly Thr Asp Phe Thr Leu

65

70

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln

85

Thr Phe Gly Gln Gly Thr Lys Val Glu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 131

LENGTH: 108

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amino acid
biology techniques.

SEQUENCE: 131

Asp Ile Gln Met Thr Gln Ser Pro Ser

1

5

Asp Arg Val Thr Ile Thr Cys Arg Ala

20 25

Leu Lys Trp Tyr Gln Gln Lys Pro Gly

35 40

Tyr Tyr Ala Ser Ile Leu Gln Ser Gly

50

55

Ser Gly Ser Gly Thr Asp Tyr Gln Gln

65

70

Leu Leu Ile Tyr Tyr Ala Ser Ile Leu

85

Phe Ser Gly Ser Gly Ser Gly Thr Asp

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 132

LENGTH: 118

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amino acid
biology techniques.

SEQUENCE: 132

Glu Val Gln Leu Leu Glu Ser Gly Gly

1

5

Ser Leu Arg Leu Ser Cys Ala Ala Ser

20 25

Asn Met Ser Trp Val Arg Gln Ala Pro

35 40

Ser Leu Ser Ala Ser
10

Ser Gln Tyr Ile Ser
30

Lys Ala Pro Arg Leu
Ile Pro Ser Arg Phe
60

Thr Ile Ser Ser Leu
75

Gln Arg Tyr Ile Thr
90

Val Lys Arg

sequence identified

Ser Leu Ser Ala Ser
10

Ser Gln Trp Ile His
30

Lys Ala Pro Lys Leu
45

Val Pro Ser Arg Phe

Lys Pro Gly Lys Ala
75

Gln Ser Gly Val Pro
90

Ile Lys Arg

sequence identified

Gly Leu Val Gln Pro
10

Gly Phe Thr Phe Tyr
30

Gly Lys Gly Leu Glu
45

Val Gly
15

Arg Gln

Leu Ile

Ser Gly

Gln Pro

80

Pro Tyr
95

using molecular

Val Gly
15

Arg Gln

Leu Ile

Ser Gly

Pro Lys

80

Ser Arg
95

using molecular

Gly Gly
15

Asp Tyr

Trp Val
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Ser Thr Ile Thr His Thr Gly Gly Val Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gln Asn Pro Ser Tyr Gln Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 133

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 133

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp Leu Tyr
20 25 30

Asp Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Val Asn Ser Gly Val Arg Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Leu Asn Gln Ser Tyr His Trp Asp Phe Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 134

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 134

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Lys Tyr
20 25 30

Trp Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Asp Phe Met Gly Pro His Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80
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Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gly Arg Thr Ser Met Leu Pro Met Lys Gly Lys Phe Asp Tyr
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 135

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 135

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe His Arg Tyr
20 25 30

Ser Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

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

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gln Thr Pro Asp Tyr Met Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 136

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 136

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Lys Tyr
20 25 30

Asn Met Ala Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

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

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Thr Met Asp Tyr Lys Phe Asp Tyr Trp Gly Gln Gly Thr Leu
100 105 110
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Val

Thr Val Ser Ser
115

<210> SEQ ID NO 137

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid

biology techniques.

<400> SEQUENCE: 137

Glu

1

Ser

Asn

Ser

Lys

65

Leu

Ala

Leu

Val Gln Leu Leu Glu Ser Gly Gly

5

Leu Arg Leu Ser Cys Thr Ala Ser
20 25

Met Ser Trp Val Arg Gln Ala Pro

35 40

Thr Ile Leu Pro His Gly Asp Arg
50 55

Gly Arg Phe Thr Ile Ser Arg Asp
70

Gln Met Asn Ser Leu Arg Ala Glu
85

Lys Gln Asp Pro Leu Tyr Arg Phe
100 105

Val Thr Val Ser Ser

115

<210> SEQ ID NO 138

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid

biology techniques.

<400> SEQUENCE: 138

Glu

1

Ser

Arg

Ser

Lys

65

Leu

Ala

Val Gln Leu Leu Glu Ser Gly Gly

5

Leu Arg Leu Ser Cys Ala Ala Ser
20 25

Met Ser Trp Val Arg Gln Ala Pro
35 40

Thr Ile Ile Ser Asn Gly Lys Phe
50 55

Gly Arg Phe Thr Ile Ser Arg Asp
70

Gln Met Asn Ser Leu Arg Ala Glu
85

Lys Gln Asp Trp Met Tyr Met Phe
100 105

Val Thr Val Ser Ser

115

<210> SEQ ID NO 139

sequence identified

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Asp

Leu

Phe

Lys

Tyr

Ser

75

Thr

Tyr

Val

Thr

Gly

Tyr

60

Lys

Ala

Trp

Gln

Phe

Leu

45

Ala

Asn

Val

Gly

Pro

Asp

30

Glu

Asp

Thr

Tyr

Gln
110

sequence identified

Gly

10

Gly

Gly

Thr

Asn

Asp
90

Asp

Leu

Phe

Lys

Tyr

Ser

75

Thr

Tyr

Val

Thr

Gly

Tyr

60

Lys

Ala

Trp

Gln

Phe

Leu

45

Ala

Asn

Val

Gly

Pro

Ser

30

Glu

Asp

Thr

Tyr

Gln
110

using molecular

Gly

15

Glu

Trp

Ser

Leu

Tyr

95

Gly

using molecular

Gly

15

Asp

Trp

Ser

Leu

Tyr
95

Gly

Gly

Tyr

Val

Val

Tyr

80

Cys

Thr

Gly

Tyr

Val

Val

Tyr

80

Cys

Thr
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<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 139

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Arg Thr Tyr
20 25 30

Thr Met Ala Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Thr Ser Ser Gly Ser Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Val Asn Ser Leu Tyr Lys Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 140

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 119

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 140

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Arg Pro Thr
20 25 30

Asn Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Thr Gly Thr Gly Ala Ala Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gln Asn Ser Arg Tyr Arg Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser Xaa
115

<210> SEQ ID NO 141
<211> LENGTH: 117
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 117

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 141

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Pro Tyr
20 25 30

Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Ser Pro Phe Gly Ser Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gly Gly Lys Asp Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser Xaa
115

<210> SEQ ID NO 142

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 123

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 142

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Pro Tyr
20 25 30

Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Ser Pro Phe Gly Ser Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Ser Asp Val Leu Lys Thr Gly Leu Asp Gly Phe Asp Tyr Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser Xaa
115 120

<210> SEQ ID NO 143
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<211> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 121

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 143

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Met Ala Tyr
20 25 30

Gln Met Ala Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile His Gln Thr Gly Phe Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Val Arg Ser Met Arg Pro Tyr Lys Phe Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser Xaa
115 120

<210> SEQ ID NO 144

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 144

Gly Gly Gly Gly Ser
1 5

<210> SEQ ID NO 145

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 118

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 145

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Pro Tyr
20 25 30

Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Ser Pro Phe Gly Ser Thr Thr Tyr Tyr Ala Asp Ser Val
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50

55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

65

70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85 90 95

Ala Lys Gly Asn Leu Glu Pro Phe Asp Tyr Trp Gly Gln Gly Thr Leu

100 105 110

Val Thr Val Ser Ser Xaa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

115

SEQ ID NO 146

LENGTH: 119

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

FEATURE:

NAME/KEY: VARIANT

LOCATION: 119

OTHER INFORMATION: Xaa = Any Amino Acid

SEQUENCE: 146

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Pro Tyr

20 25 30

Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

35 40 45

Ser Thr Ile Ser Pro Phe Gly Ser Thr Thr Tyr Tyr Ala Asp Ser Val

50

55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

65

70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Lys Lys Thr Gly Pro Ser Ser Phe Asp Tyr Trp Gly Gln Gly Thr

100 105 110

Leu Val Thr Val Ser Ser Xaa

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

115

SEQ ID NO 147

LENGTH: 118

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

FEATURE:

NAME/KEY: VARIANT

LOCATION: 118

OTHER INFORMATION: Xaa = Any Amino Acid

SEQUENCE: 147

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Pro Tyr

20 25 30

Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

35 40 45
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Ser Thr Ile Ser Pro Phe Gly Ser Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Lys Leu Ser Asn Gly Phe Asp Tyr Trp Gly Gln Gly Thr Leu
100 105 110

Val Thr Val Ser Ser Xaa
115

<210> SEQ ID NO 148

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 119

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 148

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Pro Tyr
20 25 30

Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Ser Pro Phe Gly Ser Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Val Val Lys Asp Asn Thr Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser Xaa
115

<210> SEQ ID NO 149

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 119

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 149

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Pro Tyr
20 25 30
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Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Ser Pro Phe Gly Ser Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Lys Asn Thr Gly Gly Lys Gln Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser Xaa
115

<210> SEQ ID NO 150

<211> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 121

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 150

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Pro Tyr
20 25 30

Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Ser Pro Phe Gly Ser Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Arg Thr Glu Asn Arg Gly Val Ser Phe Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser Xaa
115 120

<210> SEQ ID NO 151

<211> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 121

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 151

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Lys Asp Tyr
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20 25 30

Asp Met Thr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Met Ile Ser Ser Ser Gly Leu Trp Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gly Phe Arg Leu Phe Pro Arg Thr Phe Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser Xaa
115 120

<210> SEQ ID NO 152

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 152

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Pro Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr Tyr Ser Val Pro Pro
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 153

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 153

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Arg Ala Ser Pro Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
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65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr Tyr Arg Ile Pro Pro
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 154

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 154

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Phe Lys Ser
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asn Ala Ser Tyr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Val Tyr Trp Pro Val
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 155

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 155

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Tyr Tyr His
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Lys Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu
65 70 75 80

Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Arg Lys Val Pro Arg Thr
85 90 95

Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 156
<211> LENGTH: 108
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 156

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Arg Arg Tyr
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Gln Ala Ser Val Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Gly Leu Tyr Pro Pro Ile
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 157

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 157

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Tyr Asn Trp
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

Tyr Arg Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Asn Val Val Ile Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 158

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 158

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Leu Trp His
20 25 30
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Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr His Ala Ser Leu Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ser Ala Val Tyr Pro Lys
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 159

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 159

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Phe Arg Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

Tyr His Ala Ser His Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Arg Leu Leu Tyr Pro Lys
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 160

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 160

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Phe Tyr His
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Pro Ala Ser Lys Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Arg Ala Arg Trp Pro Arg
85 90 95
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Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 161

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 161

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ile Trp His
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Arg Ala Ser Arg Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Ala Arg Val Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 162

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 162

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Tyr Arg Tyr
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Lys Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Val Gly Tyr Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 163

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.



US 2019/0040148 Al Feb
109

-continued

.7,2019

<400> SEQUENCE: 163

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Leu Lys Tyr
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

Tyr Asn Ala Ser His Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr Thr Tyr Tyr Pro Ile
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 164

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 164

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Leu Arg Tyr
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Lys Ala Ser Trp Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Leu Tyr Tyr Pro Gln
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 165

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 165

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Leu Arg Ser
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45
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Tyr Ala Ala Ser Arg Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Val Tyr Trp Pro Ala
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 166

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 166

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Phe Arg His
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Arg Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Ala Leu Tyr Pro Lys
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 167

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 167

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Arg Lys Tyr
20 25 30

Leu Arg Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Thr Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Asn Leu Phe Trp Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 168
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

108

biology techniques.

<400> SEQUENCE:

Asp

1

Asp

Leu

Tyr

Ser

65

Glu

Thr

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Asp

1

Asp

Leu

Tyr

Ser

Glu

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Arg

Asn

Ala

Gly

Asp

Phe

Gln

Val

Trp

35

Ala

Ser

Phe

Gly

Met

Thr

20

Tyr

Ser

Gly

Ala

Gln

100

PRT

168

Thr

5

Ile

Gln

Ser

Thr

Thr

85

Gly

SEQ ID NO 169
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

108

Gln

Thr

Gln

Leu

Asp

70

Tyr

Thr

Ser

Cys

Lys

Gln

55

Phe

Tyr

Lys

biology techniques.

Ile

Arg

Lys

Gly

50

Gly

Asp

Phe

Gln

Val

Trp

35

Ala

Ser

Phe

Gly

SEQUENCE :

Met

Thr

20

Tyr

Ser

Gly

Ala

Gln
100

PRT

169

Thr

5

Ile

Gln

Arg

Thr

Thr

85

Gly

SEQ ID NO 170
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

108

Gln

Thr

Gln

Leu

Asp

Tyr

Thr

Ser

Cys

Lys

Gln

55

Phe

Tyr

Lys

biology techniques.

<400> SEQUENCE:

170

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Asp Ile Gln Met Thr Gln Ser Pro Ser

sequence identified

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

75

Met

Lys

Ser

Ser

Pro

Ser

Ser

Leu

Arg

Ala

Ile

Lys

45

Arg

Ser

Phe

Ser

Arg

30

Leu

Phe

Leu

Tyr

sequence identified

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

Gly

Lys

Ser

Ser

Pro

Ser

60

Ser

Ala

Arg

Ala

Ile

Lys

45

Arg

Ser

Arg

Ser

Ile

30

Leu

Phe

Leu

Trp

using molecular

Val Gly

15

Arg Tyr

Leu Ile

Ser Gly

Gln Pro
80

Pro Lys
95

using molecular

Val Gly

Lys His

Leu Ile

Ser Gly

Gln Pro

80

Pro Gln
95

sequence identified using molecular

Ser Leu Ser Ala Ser Val Gly
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1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Tyr Tyr His
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Lys Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Arg Lys Val Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 171

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 171

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Tyr Lys His
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asn Ala Ser His Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Gly Arg Tyr Pro Lys
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 172

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 172

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Phe Lys Ser
20 25 30

Leu Lys Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asn Ala Ser Tyr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
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65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Val Val Tyr Trp Pro Val
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> SEQ ID NO 173

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 173

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Val Tyr
20 25 30

Gln Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Ser Ala Phe Gly Ala Lys Thr Leu Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Leu Ser Gly Lys Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser
115

<210> SEQ ID NO 174

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 174

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Trp Ser Tyr
20 25 30

Gln Met Thr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Ser Ser Phe Gly Ser Ser Thr Leu Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gly Arg Asp His Asn Tyr Ser Leu Phe Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 175

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 175

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gagcattage agetatttaa attggtacca gcagaaacca

gggaaagccee ctaagctcct gatctatcegg aattcctttt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacce

gaagattttyg ctacgtacta ctgtcaacag acgtatactg ttecctectac gtttggecaa

gggaccaagg tggaaatcaa acag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 176

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 176

gacatccaga tgacccagtce tccaccctee ctgtccgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gagcattage agetatttaa attggtatca gcagaaacca

gggaaagccee ctaagctcct gatctatcegg aattcccctt tgcaaagtgg ggtcccatca

cggttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag acttattcga ttecctectac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 177

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 177

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagteg tccgattggg acgacgttaa gttggtacca gcagaaacca

gggaaagccee ctaagctcct gatctggttt ggttcceggt tgcaaagtgyg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttg ctacgtacta ctgtgcgcag gctgggacge atcctacgac gtteggecaa

gggaccaagg tggaaatcaa acgg

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

SEQ ID NO 178

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence

60

120

180

240

300

324

60

120

180

240

300

324

60

120

180

240

300

324
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<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 178

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtaa gtatattggt tcgcagttaa attggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatcgettgg gegtceegttt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcgtcag ggtgctgegt cgecteggac gtteggecaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 179

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 179

gacattcaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtttatttat cggtatttat cgtggtatca gcagaaacca 120
gggaaagtcce ctaagctcct gatctataat gegtcectatt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag catgctcatt tgcctegtac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 180

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 180

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gaagattget acttatttaa attggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatctatagg tcettectett tgcaaagege ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagtt ttcacactca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag acgtatgctg ttecctectac gtteggecaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 181

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 181

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce 60
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atcacttgce gggcaagtca gtggattgat actgggttag cgtggtacca gcagaaacca 120
gggaaagccee ctaggctcct gatctataat gtgtccaggt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag tattggggta gtcctacgac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 182

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 182

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca ggagatttat tegtggttag cgtggtacca gcagagacca 120
gggaaagccee ctaagctcct gatctataat gettccecatt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag gtgattggtg atcctgttac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 183

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 183

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gagcattage agectatttaa attggtacca gcagaaacca 120
gggaaagccee ctacgctcect gatctatcegg ttgtcegtgt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag acttataatg ttcctectac gttcggecaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 184

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 184

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gagcattage agetatctaa attggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctatagg aattcccagt tgcaaagtgg ggtcccatca 180

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct 240
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gaagattttyg ctacgtacta ctgtcaacag acttttgcgg ttectectac gtteggecaa

gggaccaagg tggagatcaa acgg

<210> SEQ ID NO 185

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 185

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gagcattage agetatttaa attggtatca gcagaaacca

gggaaagccee ctaagctcct gatctatcegg aattcccctt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag acgtataggg tgcctectac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210> SEQ ID NO 186

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 186

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gcatattggg ttgtggttac attggtatca gcagaaacca

gggaaagccee ctaagctcct gatctatagyg tcettecttgt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag aagtataatt tgccttatac gteccggecaa

gggaccaagg tggaaatcaa acgg

<210> SEQ ID NO 187

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 187

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gagcattttt cggcatttaa agtggtacca gcagaaacca

gggaaagccee ctaagctcct gatctatgeg gcatccegtt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag gttgcgctgt atcctaagac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210> SEQ ID NO 188
<211> LENGTH: 324

300

324

60

120

180

240

300

324

60

120

180

240

300

324

60

120

180

240

300

324
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 188

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gagcattatt aagcatttaa agtggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctatggt gecatceecggt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag ggggcteggt ggcctcagac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 189

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 189

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gagcatttat tatcatttaa agtggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctataag gcatccacgt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag gttcggaagg tgccteggac gttcggecaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 190

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 190

gacatccaga cgacccagte tccatcctcee ctgtctgecat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtatattggt aggtatttac gttggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatctatgat tcecttceegtgt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag cgttatcgta tgccttatac gttcggccaa 300
gggaccaggg tagaaatcaa acgg 324

<210> SEQ ID NO 191

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 191
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gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gcatattcat agggagttaa ggtggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatctatcag gegtceeegtt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag aagtatctgc ctecttatac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 192

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 192

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gcatattcat agggagttaa ggtggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatctatcag gegtceeegtt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag cgttataggg tgccttatac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 193

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 193

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gagtattggg cggaggttaa agtggtacca gcagaaacca 120
ggggcagceee ctaggctcect gatctatcegt acgtcectggt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag acgtcgcagt ggcctcatac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 194

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 194
gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gaagatttat aagaatttac gttggtatca gcagaaacca 120

gggaaagccee ctaagctcct gatctataat tcettecattt tgcaaagtgg ggtcccatca 180
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cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag aggtatctgt cgecttatac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210> SEQ ID NO 195

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 195

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gaagatttat aataatttaa ggtggtacca gcagaaacca

gggaaagccee ctaagctcct gatctataat acttccattt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag cgatggcegtg cgecttatac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210> SEQ ID NO 196

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 196

gacattcaga tgacccagtc tccatcctee ctgtetgeat ctgtaggaga ccgtgtcacce

atcacttgce gggcaagtca gtggatttat aagtegttag ggtggtacca gcagaaacca

gggaaagccee ctaagctcct gatctatcag tettetttgt tgcaaagtgg ggtcccatca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag tatcatcaga tgccteggac gtteggecaa

gggaccaagg tggaaatcaa acgg

<210> SEQ ID NO 197

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 197

gacatccaga tgacccagtce tccatcctee ctatctgecat ctgtaggaga cegtgtcacce

atcacttgce gggcaagtca gtggatttat aggcatttaa ggtggtacca gcagaaacca

gggaaagccee ctaagctcct gatctatgat gegtccaggt tgcaaagtgg ggtcccaaca

cgtttcagtyg gcagtggate tgggacagat ttcactcteca ccatcagecag tctgcaacct

gaagattttyg ctacgtacta ctgtcaacag actcataatc ctcctaagac gtteggecaa

gggaccaagg tggaaatcaa acgg

240

300

324

60

120

180

240

300

324

60

120

180

240

300

324

60

120

180

240

300

324
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<210> SEQ ID NO 198

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 198

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtatattggt aggtatttac gttggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatctatgat tcecttceegtgt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag aggtatatgc agccttttac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 199

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 199

gacatccaga tgacccagtce tccatcctcee ctgtcegecat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggt cggtatttac ggtggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctataat gggtcecagt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag cggtatcttce agecttatac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 200

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 200

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtatattggt aggtatttac gttggtatca gcagaaacca 120
gggaaagccee ctaagctcct gatctatgat tcecttceegtgt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag cgttattctt cgecttatac gttcggccaa 300
gggaccaagg tggaaatcaa gcgg 324

<210> SEQ ID NO 201

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.
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<400> SEQUENCE: 201

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtatatttcg cgtcagttaa ggtggtacca gcagaaacca 120
gggaaagccee ctaggctcect gatctatggg gegtceegttt tgcaaagegg gatcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag aggtatatta ctccttatac gttcggccaa 300
gggaccaagg tggaagtcaa acgg 324

<210> SEQ ID NO 202

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 202

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattcat aggcagttaa agtggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatctattat gettccattt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtcaacag acgttttcta agecttctac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 203

<211> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 203

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt caccttttat gattataata tgtettgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcaact attacgecata cgggtggggt tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggat accgeggtat attactgtge gaaacagaat 300
ccttettate agtttgacta ctggggtcag ggaaccetgg tcaccgtete gage 354

<210> SEQ ID NO 204

<211> LENGTH: 360

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 204

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60

tcctgtgeag ccteeggatt cacctttgat ctttatgata tgtegtgggt cegecagget 120
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ccagggaagg gtctagagtg ggtctcatcg attgttaatt cgggtgttag gacatactac 180
gcagactceg tgaagggecg gttcaccatc tcccgcgaca attccaagaa cacgctgtat 240
ctgcaaatga acagcctgcg tgccgaggac accgcggtat attactgtgce gaaacttaat 300
cagagttatc attgggattt tgactactgg ggtcagggaa ccctggtcac cgtctcgagce 360

<210> SEQ ID NO 205

<211> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 205

gaggtgcagc tgttggagtc tgggggaggce ttggtacagce ctggggggtce cctgegtcetce 60
tcetgtgecag cectecggatt cacctttteg aagtattgga tgtcecgtgggt cegeccaggcet 120
ccagggaagg gtctagagtg ggtctcatct attgatttta tgggtccgca tacatactac 180
gcagactceg tgaagggccg gttcaccatce tcccgcgaca attccaagaa cacgctgtat 240
ctgcaaatga acagcctgceg tgccgaggat accgcggtat attactgtge gaaagggagg 300
acgtcgatgt tgccgatgaa ggggaagttt gactactggg gtcagggaac cctggtcacce 360
gtctcgage 369

<210> SEQ ID NO 206

<211> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 206

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag cctceggatt caccttteat cgttattega tgtettgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcaacg attttgectg gtggtgatgt tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggat accgeggtat attactgtge gaaacagacg 300
cctgattata tgtttgacta ctggggtcag ggaaccetgg tcaccgtete gage 354

<210> SEQ ID NO 207

<211> LENGTH: 351

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 207

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt caccttttgg aagtataata tggegtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcaact attcttggtg agggtaataa tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240

ctgcaaatga acagectgeg tgccgaggat accgeggtat attactgtge gaaaacgatg 300
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gattataagt ttgactactg gggtcaggga accctggtea ccgtetegag ¢

<210> SEQ ID NO 208
<211> LENGTH: 354

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.

<400> SEQUENCE: 208

gaggtgcage
tcctgtacag
ccagggaagg
gcagacteceyg
ctgcaaatga

cctttgtata

tgttggagtc

cctecggatt

gtctagagtyg

tgaagggccg

acagcctgeg

ggtttgacta

<210> SEQ ID NO 209
<211> LENGTH: 354

<212> TYPE:

DNA

tgggggaggce

cacctttgat

ggtctcaacy

gttcaccatc

tgccgaggat

ctggggtcag

ttggtacage

gagtataata

attctgeege

tccegegaca

accgcggtat

ggaaccctygg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.

<400> SEQUENCE: 209

gaggtgcage
tcctgtgeag
ccagggaagyg
gcagacteceyg
ctgcaaatga

tggatgtata

tgttggagtc

cctecggatt

gtctagagtyg

tgaagggccg

acagcctgeg

tgtttgacta

<210> SEQ ID NO 210
<211> LENGTH: 354

<212> TYPE:

DNA

tgggggaggce

cacctttteg

ggtctcaacy

gttcaccatc

tgccgaggac

ctggggtcag

ttggtacage

gattatcgga

attatttcga

tccegegaca

accgcggtat

ggaaccctygg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.

<400> SEQUENCE: 210

gaggtgcage

tcctgtgeag

ccagggaagg

gcagacteceyg

ctgcaaatga

tctttgtata

tgttggagtc

cctecggatt

gtctagagtyg

tgaagggccg

acagcctgeg

agtttgacta

<210> SEQ ID NO 211
<211> LENGTH: 355

<212> TYPE:

DNA

tgggggaggce

cacctttegyg

ggtctcateyg

gttcaccatc

tgccgaggat

ctggggtcag

ttggtacage

acgtatacta

attactagta

tccegegaca

accgcggtat

ggaaccctygg

ctggggggte
tgtettgggt
atggtgatcg
attccaagaa
attactgtge

tcaccgtete

ctggggggte
tgagttgggt
atggtaagtt
attccaagaa
attactgtge

tcaccgtete

ctggggggte

tggcttgggt

gtggttctte

attccaagaa

attactgtge

tcaccgtete

cctgegtete

cegecagget

gacatactac

cacgctgtat

gaaacaggat

gagce

cctgegtete

cegecagget

tacatactac

cacgctgtat

gaaacaggat

gagce

cctgegtete

cegecaggec

tacatactac

cacgctgtat

gaaagtgaat

gagce

351

60

120

180

240

300

354

60

120

180

240

300

354

60

120

180

240

300

354
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 211

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttegg ccgactaata tgtegtgggt cegecagget 120
ccagggaagg gtctagagtg ggtctcaact attactggta ctggtgetge gacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaacagaat 300
tctegttata ggtttgacta ctggggtcag ggaaccctgg tcaccgtete gageg 355

<210> SEQ ID NO 212

<211> LENGTH: 349

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 212

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt caccttttgg cegtatacga tgagttgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcaacg atttegecgt ttggttcegac tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagggggg 300
aaggattttyg actactgggg tcagggaacc ctggtcaceg tctegageg 349

<210> SEQ ID NO 213

<211> LENGTH: 367

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 213

gaggtgcagc tgttggagtc tgggggaggce ttggtacagce ctggggggtce cctgegtcetce 60
tcetgtgecag cecteecggatt caccttttgg ccgtatacga tgagttgggt ccegceccaggcet 120
ccagggaagg gtctagagtg ggtctcaacg atttcgeegt ttggttcgac tacatactac 180
gcagactceg tgaagggccg gttcaccatce tcccgcgaca attccaagaa cacgctgtat 240
ctgcaaatga acagcctgceg tgccgaggac accgcggtat attactgtge gaaaagtgat 300
gttcttaaga cgggtctgga tggttttgac tactggggtc agggaaccct ggtcaccgtce 360
tecgageg 367

<210> SEQ ID NO 214

<211> LENGTH: 361

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.
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<400> SEQUENCE: 214

gaggtgcage tgttggagtc tgggggaggc ttggtacagce ctggggggtce cctgegtcetce 60
tcctgtgcag cctcecggatt cacctttatg gegtatcaga tggettgggt cecgecagget 120
ccagggaagg gtctagagtg ggtctcaact attcatcaga cgggtttttc tacatactac 180
gcagactceg tgaagggecg gttcaccatc tcccgcgaca attccaagaa cacgctgtat 240
ctgcaaatga acagcctgcg tgccgaggat accgcggtat attactgtgce gaaagtgegt 300
tctatgegte cttataagtt tgactactgg ggtcagggaa ccctggtcac cgtctcegage 360
g 361

<210> SEQ ID NO 215

<211> LENGTH: 352

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 215

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt caccttttgg cegtatacga tgagttgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcaacg atttegecgt ttggttcegac tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaaggtaat 300
cttgagcegt ttgactactg gggtcaggga accctggtea cegtcetegag cg 352

<210> SEQ ID NO 216

<211> LENGTH: 355

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 216

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt caccttttgg cegtatacga tgagttgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcaacg atttegecgt ttggttcegac tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaaaagacg 300
ggtcegtegt cgtttgacta ctggggtcag ggaaccctgg tcaccgtete gageg 355

<210> SEQ ID NO 217

<211> LENGTH: 352

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 217

gaggtgcage tgttggagtc tgggggaggt ttggtacage ctggggggtce cctgegtete 60

tcctgtgeag ccteeggatt caccttttgg cegtatacga tgagttgggt ccgecagget 120
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ccagggaagg gtctagagtg ggtctcaacg atttegecgt ttggttcegac tacatactac

gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggat accgeggtat attactgtge gaaaaagcett

agtaatggtt ttgactactg gggtcaggga accctggteca cegtctcegag cg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 218

LENGTH: 355

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 218

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt caccttttgg cegtatacga tgagttgggt ccgecagget

ccagggaagg gtctagagtg ggtctcaacg atttegecgt ttggttcegac tacatactac

gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaagtggtt

aaggataata cgtttgacta ctggggtcag ggaaccctgg tcaccgtcete gageg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 219

LENGTH: 355

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 219

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt caccttttgg cegtatacga tgagttgggt ccgecagget

ccagggaagg gtctagagtg ggtctcaacg atttegecgt ttggttcegac tacatactac

gcagactceg tgaagggcceg gttcaccatt tcccgcgaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaaaatact

gggggtaage agtttgacta ctggggtcag ggaaccctgg tcaccgtete gageg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 220

LENGTH: 361

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

SEQUENCE: 220

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce

tcctgtgeag ccteeggatt caccttttgg cegtatacga tgagttgggt ccgecagget

ccagggaagg gtctagagtg ggtctcaacg atttegecgt ttggttcegac tacatactac

gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat

ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaaaggact

180

240

300

352

60

120

180

240

300

355

60

120

180

240

300

355

60

120

180

240

300
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gagaataggg gggtttcttt tgactactgg ggtcagggaa ccctggtcac cgtctegage 360

g 361

<210> SEQ ID NO 221

<211> LENGTH: 361

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 221

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gattatgata tgacttgggt ccgecagget 120
ccagggaagg gtctagagtg ggtctcaatg atttettegt cgggtetttyg gacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggac accgeggtat attactgtge gaaaggtttt 300
aggctgttte cteggacttt tgactactgg ggtcagggaa cectggtcac cgtctegage 360
g 361

<210> SEQ ID NO 222

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 222

Gly Gly Gly Gly Ser
1 5

<210> SEQ ID NO 223

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 223

gaggttcaat tgttggaatc cggtggtgga ttggttcaac ctggtggtte tttgagattg 60
tcctgtgetyg ctteeggttt tacttteget cacgagacta tggtttgggt tagacagget 120
ccaggtaaag gattggaatg ggtttcccac attccaccag atggtcaaga tccattctac 180
getgacteeyg ttaagggaag attcactatce tccagagaca actccaagaa cactttgtac 240
ttgcagatga actccttgag agctgaggat actgetgttt accactgtge tttgttgeca 300
aagagaggac cttggtttga ttactgggga cagggaactt tggttactgt ttcttee 357

<210> SEQ ID NO 224

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 224
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Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

Thr Met Val Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser His Ile Pro Pro Asp Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr His Cys
85 90 95

Ala Leu Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 225

<211> LENGTH: 363

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 225

gaggttcaat tgttggaatc cggtggtgga ttggttcaac ctggtggttc tttgagattg 60
tcetgtgetyg ctteeggttt tacttteget cacgagacta tggtttgggt tagacagget 120
ccaggtaaag gattggaatg ggtttcccac attccaccag atggtcaaga tccattctac 180
gctgacteeyg ttaagggaag attcactatc tccagagaca actccaagaa cactttgtac 240
ttgcagatga actccttgag agctgaggat actgetgttt accactgtge tttgttgcca 300
aagagaggac cttggtttga ttactgggga cagggaactt tggttactgt ttcttcctaa 360
tga 363

<210> SEQ ID NO 226

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 226

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccgecaggca 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat atcactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 227
<211> LENGTH: 11
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<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.

<400> SEQUENCE: 227

tccaagaaca

C

<210> SEQ ID NO 228
<211> LENGTH: 11

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid sequence identified using

molecular biology techniques.

<400> SEQUENCE: 228

ccttggttty

a

<210> SEQ ID NO 229

<211> LENGT.
<212> TYPE:

H: 366
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 229

gagaaaagag
cttecgactaa
cgacaggcac
ccattttacg
accttgtact
ttactaccaa
agttet

<210> SEQ I

<211> LENGT.
<212> TYPE:

aggttcaatt

gttgtgctge

ctggtaaagg

ctgattcegt

tacaaatgaa

aacgtggacc

D NO 230
H: 122
PRT

gettgaatcet

cagtgggttt

tcttgaatgg

gaaaggcaga

ctcattgaga

ttggtttgat

ggaggaggtt

acgtttgete

gtttcacata

tttacaattt

getgaggaca

tattggggec

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Amino acid

RE:

biology techniques.

<400> SEQUENCE: 230

Glu Lys Arg
1

Pro Gly Gly
Ala His Glu
35

Glu Trp Val
50

Asp Ser Val
65

Thr Leu Tyr

Glu Val Gln Leu Leu

5

Ser Leu Arg Leu Ser

20

Thr Met Val Trp Val

40

Ser His Ile Pro Pro

55

Lys Gly Arg Phe Thr

Leu Gln Met Asn Ser

85

Glu Ser Gly
10

Cys Ala Ala
25

Arg Gln Ala

Asp Gly Gln

Ile Ser Arg
75

Leu Arg Ala
90

tggtccagee

atgaaactat

tccctecaga

cacgagataa

ctgcagttta

aaggtacgtt

sequence identified

Gly Gly Leu

Ser Gly Phe
30

Pro Gly Lys
45

Asp Pro Phe
60

Asp Asn Ser

Glu Asp Thr

aggagggtcc

ggtatgggtce
cggtcaagac
ttctaaaaac
tcactgeget

agtgactgtt

11

11

60

120

180

240

300

360

366

using molecular

Val Gln
15

Thr Phe

Gly Leu

Tyr Ala

Lys Asn

80

Ala Val
95
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Tyr His Cys Ala Leu Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 231

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 231

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccgecaggca 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat atcactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 232

<211> LENGTH: 366

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 232

gagaaaagag aggttcaatt gcttgaatct ggaggaggtt tggtccagec aggagggtec 60
cttcgactaa gttgtgetge cagtgggttt acgtttgete atgaaactat ggtatgggte 120
cgacaggcac ctggtaaagg tcttgaatgg gtttcacata tccctccaga cggtcaagac 180
ccattttacg ctgattccegt gaaaggcaga tttacaattt cacgagataa ttctaaaaac 240
accttgtact tacaaatgaa ctcattgaga gctgaggaca ctgcagttta tcactgcget 300
ttactaccaa aacgtggacc ttggtttgat tattggggec aaggtacgtt agtgactgtt 360
agttct 366

<210> SEQ ID NO 233

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 233

ccttggtttg a 11

<210> SEQ ID NO 234

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.
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<400> SEQUENCE: 234

gaagtgcagc ttcttgaaag tggtggaggg ctagtgcagce cagggggatc tttaagatta 60
tcatgegetg ccagtggatt tacttttget cacgagacga tggtctgggt gagacaagcet 120
cctggaaaag gtttagagtg ggtttctcac attccacctg atggtcaaga tcctttctac 180
gcagattceg tcaaaggaag atttactatc tccagagata atagtaaaaa cactttgtac 240
ctacagatga actcacttag agccgaagat accgctgtgt accactgcgce cttgttgceca 300
aagagaggtc cttggttcga ttactggggt cagggtactc tggttacagt ctcatct 357

<210> SEQ ID NO 235

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 235

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

Thr Met Val Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

Ser His Ile Pro Pro Asp Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr His Cys
85 90 95

Ala Leu Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 236

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 236

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccgecaggca 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat atcactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 237
<211> LENGTH: 357
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 237

gaagtgcagce ttcttgaaag tggtggaggyg ctagtgcage cagggggatc tttaagatta 60
tcatgegetyg ccagtggatt tacttttget cacgagacga tggtctgggt gagacaagcet 120
cctggaaaag gtttagagtg ggtttcetcac attccacctg atggtcaaga tcctttetac 180
gcagattceg tcaaaggaag atttactatc tccagagata atagtaaaaa cactttgtac 240
ctacagatga actcacttag agccgaagat accgetgtgt accactgege cttgttgeca 300
aagagaggtc cttggttecga ttactggggt cagggtactce tggttacagt ctcatct 357

<210> SEQ ID NO 238

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 238

tagagtgggt 10

<210> SEQ ID NO 239

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 239

ttctacgcag a 11

<210> SEQ ID NO 240

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 240

tactggggtc aggg 14

<210> SEQ ID NO 241

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 241
gaagtacaac tgctggagag cggtggcegge ctggttcaac cgggtggtte cctgegectg 60
tcctgtgegyg catctggttt caccttegea cacgaaacca tggtgtgggt tegecaaget 120

ccgggcaaag gectggaatg ggtaagecac attcctecag atggccagga cccattctat 180
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geggatteeg ttaagggteg ctttaccatt tctegtgata actccaaaaa caccctgtac

ctgcagatga actcectgeg cgeccgaggat actgeggtgt accattgtge getgetgect

aaacgtggece cgtggttega ttactggggt cagggtacte tggtcacegt aagcage

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 242
H: 119
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Amino acid

RE:

biology techniques.

<400> SEQUENCE: 242

Glu Val Gln
1

Ser Leu Arg
Thr Met Val
35

Ser His Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Leu Leu

Thr Leu Val
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Leu Glu Ser Gly

5

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Pro Pro Asp Gly Gln

55

Phe Thr Ile Ser Arg

70

Asn Ser Leu Arg Ala

Pro Lys Arg Gly Pro

100

Thr Val Ser Ser

D NO 243
H: 407
DNA

Gly Gly Leu
10

Ser Gly Phe
25

Pro Gly Lys

Asp Pro Phe

Asp Asn Ser

75

Glu Asp Thr

Trp Phe Asp
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

sequence identified

Val Gln Pro

Thr Phe Ala

Gly Leu Glu
45

Tyr Ala Asp
60

Lys Asn Thr

Ala Val Tyr

Tyr Trp Gly
110

240

300

357

using molecular

Gly Gly

15

His Glu

Trp Val

Ser Val

Leu Tyr
80

His Cys

Gln Gly

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUE:

gaggtgcage

tcctgtgeag

ccagggaagg

gcagacteceyg

ctgcaaatga

aagaggggge

cttggtttga

<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 243

tgttggagtc

cctecggatt

gtctagagtyg

tgaagggccg

acagcctgeg

cttggtttga

ctactggggt

D NO 244

H: 357
DNA

tgggggaggce
cacctttgeg
ggtctcacat
gttcaccatc
tgccgaggac
ctactggggt

cagggaaccc

ttggtacage

catgagacga

attcceccegyg

tccegegaca

acagcggtat

cagggaaccc

tggtcaccgt

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

ctggggggte
tggtgtgggt
atggtcagga
attccaagaa
atcactgtge
tggtcaccgt

ctcgage

cctgegtete
ccgecaggea
tccettetac
cacgctatat

getgettect

aagagggggce

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUE:

NCE: 244

60

120

180

240

300

360

407
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gaagtacaac tgctggagag cggtggcggce ctggttcaac cgggtggttce cctgcegectg 60
tcctgtgegg catctggttt caccttegca cacgaaacca tggtgtgggt tcgccaaget 120
ccgggcaaag gcctggaatg ggtaagccac attcctccag atggccagga cccattctat 180
gcggattceg ttaagggtcg ctttaccatt tctcgtgata actccaaaaa caccctgtac 240
ctgcagatga actccctgeg cgccgaggat actgcggtgt accattgtgce getgetgect 300
aaacgtggcc cgtggttcga ttactggggt cagggtactc tggtcaccgt aagcagce 357

<210> SEQ ID NO 245

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 245

tggtgtgggt 10

<210> SEQ ID NO 246

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 246

tgtgcgetge t 11

<210> SEQ ID NO 247

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 247

tactggggtc aggg 14

<210> SEQ ID NO 248

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 248

ctggtcaccg t 11

<210> SEQ ID NO 249

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 249
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gaggttcaac tgctggaatc tggtggtggt ctggtacaac cgggtggttc cctgcegtcetg 60
agctgtgcag cctcetggttt cacctteget catgagacca tggtttgggt acgccagget 120
ccgggtaaag gcctggagtg ggtaagccat atccctectg atggtcagga cccegttctat 180
gctgattceg tcaaaggecg ttttaccatt tctcgtgaca acagcaaaaa cactctgtac 240
ctgcaaatga actccctgeg tgcagaagac acggcggttt atcactgtgce actgetgceca 300
aaacgcggec cttggttcga ctactgggge cagggtacte tggtcactgt atcttet 357

<210> SEQ ID NO 250

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 250

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

Thr Met Val Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser His Ile Pro Pro Asp Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr His Cys
85 90 95

Ala Leu Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 251

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 251

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccgecaggca 120
ccagggaagg gtctagagtg ggtctcacat attcecceegg atggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat atcactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 252

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 252

gaggttcaac tgctggaatc tggtggtggt ctggtacaac cgggtggtte cctgegtetg 60
agctgtgcag cctetggttt cacctteget catgagacca tggtttgggt acgccagget 120
ccgggtaaag gectggagtg ggtaagecat atccctectg atggtcagga ccegttetat 180
getgatteeg tcaaaggceg ttttaccatt tctegtgaca acagcaaaaa cactctgtac 240
ctgcaaatga actcectgeg tgcagaagac acggeggttt atcactgtge actgetgeca 300
aaacgcggece cttggttega ctactgggge cagggtacte tggtcactgt atcttet 357

<210> SEQ ID NO 253

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 253

ctgtgcagcee tc 12

<210> SEQ ID NO 254

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 254

gatggtcagg a 11

<210> SEQ ID NO 255

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 255

ctgcaaatga 10

<210> SEQ ID NO 256

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 256

tatcactgtg ¢ 11

<210> SEQ ID NO 257

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
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-continued
molecular biology techniques.
<400> SEQUENCE: 257
gactactggg g 11

<210> SEQ ID NO 258

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 258

Gly Gly Gly Gly Ser
1 5

<210> SEQ ID NO 259

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 259

Glu Val Gln Leu Leu
1 5

<210> SEQ ID NO 260

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 260

Glu Val Gln Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr
1 5 10 15

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
20 25 30

<210> SEQ ID NO 261

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 261

Asp Ile Gln Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala
1 5 10 15

Ala Pro Ser Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
20 25 30

Gly Gly Pro
35

<210> SEQ ID NO 262

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 262

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggte cctgegtetce 60
tcctgtgeag ccteeggatt cacctttgeg catgagacga tggtgtgggt ccegecagget 120
ccagggaagg gtctagagtg ggtctcacat attccceegg ttggtcagga tcecttetac 180
gcagactcceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetatat 240
ctgcaaatga acagectgeg tgccgaggac acageggtat attactgtge getgettect 300
aagagggggce cttggtttga ctactggggt cagggaacce tggtcaccegt ctcegage 357

<210> SEQ ID NO 263

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 263

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cegtgtcacce 60
atcacttgce gggcaagtca gtggattggg tctcagttat cttggtacca gcagaaacca 120
gggaaagccee ctaagctcct gatcatgtgg cgttectegt tgcaaagtgg ggtcccatca 180
cgtttcagtyg gcagtggatc tgggacagat ttcactcteca ccatcagcag tctgcaacct 240
gaagattttyg ctacgtacta ctgtgctcag ggtgcggegt tgcctaggac gttcggccaa 300
gggaccaagg tggaaatcaa acgg 324

<210> SEQ ID NO 264

<211> LENGTH: 343

<212> TYPE: PRT

<213> ORGANISM: AArtificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 264

Glu Val Gln Leu Leu Val Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Lys Ala Tyr
20 25 30

Pro Met Met Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

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

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Asp Pro Arg Lys Leu Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser Ala Ser Thr His Thr Cys Pro Pro Cys Pro Ala Pro
115 120 125
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Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
130 135 140

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
145 150 155 160

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
165 170 175

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
180 185 190

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
195 200 205

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
210 215 220

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
225 230 235 240

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
245 250 255

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
260 265 270

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
275 280 285

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
290 295 300

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
305 310 315 320

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
325 330 335

Leu Ser Leu Ser Pro Gly Lys
340

<210> SEQ ID NO 265

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence identified using molecular
biology techniques.

<400> SEQUENCE: 265

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
1 5 10 15

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
20 25 30

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
35 40 45

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
50 55 60

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
65 70 75 80

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
85 90 95

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
100 105 110

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
115 120 125
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Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr
130 135 140

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu
145 150 155 160

Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
165 170 175

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
180 185 190

Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu
195 200 205

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
210 215 220

Lys
225

<210> SEQ ID NO 266

<211> LENGTH: 1030

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence identified using
molecular biology techniques.

<400> SEQUENCE: 266

gaggtgcage tgttggtgte tgggggagge ttggtacage ctggggggtce cctgegtetce 60
tcctgtgeag ccteeggatt cacctttaag gettateccga tgatgtgggt cegecagget 120
ccagggaagg gtctagagtg ggtttcagag atttegectt cgggttcetta tacatactac 180
gcagactceg tgaagggcceg gttcaccate tcccgegaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgeg tgccgaggaa caccgeggta tattactgtg cgaaagatcce 300
tcggaagtta gactactggg gtcagggaac cctggtcace gtctcecgageg ctagcaccca 360
cacctgecce cectgecctyg cecccgaget getgggegga cctagegtgt tectgttece 420
ccccaagect aaggacaccce tgatgatcag caggacccece gaagtgacct gegtggtggt 480
ggatgtgage cacgaggacc ctgaagtgaa gttcaactgg tacgtggacyg gegtggaagt 540
gcacaacgce aagaccaagce ccagagagga gcagtacaac agcacctacc gegtggtgte 600
tgtgctgace gtgctgeace aggattgget gaacggcaag gagtacaagt gcaaagtgag 660
caacaaggcce ctgectgece ctatcgagaa aaccatcage aaggccaagg gccagectag 720
agagccccag gtctacacce tgecteccte cagagatgag ctgaccaaga accaggtgte 780
cctgacctgt ctggtgaagg gettctacce cagegacatce gecgtggagt gggagagcaa 840
cggccagece gagaacaact acaagaccac ccecectgtg ctggacageg atggcagett 900
cttectgtac tccaagetga cegtggacaa gagcagatgg cagcagggca acgtgttcag 960

ctgcagegtg atgcacgagg ccgtgcacaa tcactacacc cagaagagtce tgagcctgtce 1020

ccetggcaag 1030
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1. An anti-TNFa receptor immunoglobulin single vari-
able domain comprising an amino acid sequence that is at
least 93% identical to the amino acid sequence shown in
SEQ ID NO: 224.

2. The anti-TNFa receptor immunoglobulin single vari-
able domain of claim 1, wherein the anti-TNFa receptor
immunoglobulin single variable domain is a TNFa receptor
type 1 antagonist.

3. ATNFa receptor type 1 antagonist that competes with
an immunoglobulin single variable domain comprising the
amino acid sequence shown in SEQ ID NO: 224 for binding
to TNFRI.

4. A protease resistant immunoglobulin single variable
domain comprising a TNFa receptor type 1 binding site,
wherein the variable domain is resistant to protease when
incubated with

(1) a concentration (c¢) of at least 10 micrograms/ml

protease at 37° C. for time (1) of at least one hour; or
(ii) a concentration (c') of at least 40 micrograms/ml
protease at 30° C. for time (t) of at least one hour,

wherein the variable domain comprises an amino acid
sequence that is at least 90% identical to the amino acid
sequence shown in SEQ ID NO:224.

5. A method of oral delivery or delivery of a medicament
to the lung or pulmonary tissue of a patient, wherein the
method comprises administering to the patient a pharma-
ceutically effective amount of the anti-TNFa receptor
immunoglobulin single variable domain of claim 1.

6. A method of treating a respiratory disease or an
inflammatory condition in a patient in need thereof, the
method comprising administering to the patient a therapeu-
tically effective amount of the anti-TNFa receptor immu-
noglobulin single variable domain of claim 1.
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7. A pulmonary delivery device containing the anti-TNFa
receptor immunoglobulin single variable domain of claim 1.

8. The device of claim 7, wherein the device is an inhaler
or an intranasal administration device.

9. An oral formulation comprising the anti-TNFa receptor
immunoglobulin single variable domain of claim 1.

10. The formulation of claim 9, wherein the formulation
is a tablet, pill, capsule, liquid or syrup.

11. A dual-specific ligand comprising the anti-TNFa
receptor immunoglobulin single variable domain of claim 1.

12. An isolated or recombinant nucleic acid encoding a
polypeptide comprising the anti-TNFa receptor immuno-
globulin single variable domain of claim 1.

13. A vector comprising the nucleic acid of claim 12.

14. A host cell comprising the nucleic acid of claim 12.

15. A method of producing polypeptide comprising an
immunoglobulin single variable domain, the method com-
prising maintaining a host cell of claim 14 under conditions
suitable for expression of the nucleic acid, whereby a
polypeptide comprising an immunoglobulin single variable
domain is produced.

16. A pharmaceutical composition comprising the anti-
TNFa receptor immunoglobulin single variable domain of
claim 1.

17. A polypeptide comprising the anti-TNFa receptor
immunoglobulin single variable domain of claim 1.

18. A fusion protein comprising the polypeptide of claim
17.

19. An isolated or recombinant nucleic acid encoding the
fusion protein of claim 19.
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