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(57) ABSTRACT

Compositions comprise a flagellin component or a Toll-like
Receptor agonist component that is at least a portion of a
flagellin or a Toll-like Receptor agonist, wherein the flagel-
lin component or Toll-like Receptor agonist component
includes at least one cysteine residue and whereby the
flagellin component or Toll-like Receptor agonist compo-
nent activates a Toll-like Receptor 5 or Toll-like Receptor.
Compositions comprise a flagellin component that is at least
a portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
arginine, serine and histidine, whereby the flagellin compo-
nent activates Toll-like Receptor 5. Compositions can fur-
ther include an antigen, such as an influenza antigen, a
flavivirus antigen, a pathogen-related antigen, a bacterial
capsular antigen and a carrier protein. The compositions are
used to stimulate an immune response and a protective
immune response in a subject.
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Design of Substrate Binding Domain as
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Clinical Scores
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SEQ ID NO: 498 f1jB/STF2 amino acid sequence (hinge re'gion underlined)

MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQATIANRFTANIKG
LTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRL
NEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
VKDTAVTTKAYANNGTTLDVSGLDDAATKAATGGTNGTASVTGGAVKFDADNNKYFVTIG
GFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALTAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTS
YTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPL
QKIDAALAQVDALRSDLGAVONRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA
QILQQOAGTSVLAQANQVPQONVLSLLR

Figure 29



Patent Application Publication Sep. 27,2007 Sheet 36 of 91 US 2007/0224205 A1

SEQ ID NO: 499 f1iB/STF2 nucleic acid sequence (hinge region underlined)

ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAA
TCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGC
GCGAAAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGT
CTGACTCAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGC
GCGCTGAACGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTG
AACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAG
GACAACACCCTGACCATCCAGGTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTG
AAGCAGATCAACTCTCAGACCCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGAT
GTGAAAGATACAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGGTACGGCTTCT
GTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACAAGTACTTTGTTACTATTGGT
GGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGATTATGAAGTTAACGTTGCTACTGAC
GGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACT
AAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCCGATGCTAATGGCGCTGAGTTGGTCAAAATG
TCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGAT
AAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACAAGT
TATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGT
AAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAA
GCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCG
CAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGT

Figure 30
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SEQ ID NO: 500 flijB/STF2A amino acid sequence ‘

MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQATANRFTANIKGLT
QASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEID
RVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVHGAPVDPASPW
TENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNM
SRAQILQQAGTSVLAQANQVPONVLSLLR '

Figure 31
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SEQ ID'NO: 501 fliB/STF2A nucleic acid sequence

ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATC
CCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGA
AAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACT
CAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAA
CGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCA
ACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGAC
CGTGTATCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGAC
CATCCAGGTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTC
AGACCCTGGGTCTGGACTCACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTAGCCCATGG
ACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGA
TCTGGGTGCGGTACAAARACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACA
ATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATG
TCTCGCGCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCC
GCAGAACGTGCTGTCTCTGTTACGTG

Figure 32
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SEQ ID NO: 502 E. coli fliC amino acid sequence (hinge region underlined)

MAQVINTNSLSLITQNNINKNQSALSSSTIERLSSGLRINSAKDDAAGQAIANRFTSNIKG
LTQAARNANDGISVAQTTEGALSEINNNLOQRIRELTVQASTGTNSDSDLDSIQDEIKSRL
DEIDRVSGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGLNGEFNVNGSGT
JANKAATISDLTAAKMDAATNTITTTNNALTASKALDQLKDGDTVTIKADAAQTATVYTY
NASAGNFSLSNVSNNTSEKAGDVAASLLPPAGQTASGVYKAASGEVNFDVDANGKITIGG
QKAYLTSDGNLTTNDAGGATAATLDGLFKKAGDGQSIGFKKTASVTMGGTTYNFKTGADA
DAATANAGVSFTDTASKETVLNKVATAKQGKAAAADGDTSATITYKSGVQTYQAVFAAGD
GTASAKYADKADVSNATATYTDADGEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYAPK
VGAEVYVSANGTLTTDATSEGTVTKDPLKALDEAISSIDKFRSSLGAIQNRLDSAVTNLN
NTTTNLSEAQSRIQDADYATEVSNMSKAQIIQQAGNSVLAKANQVPQOVLSLLQG

Figure 33
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SEQ ID NO: 503 E. coli fliC _-nucleic acid sequence (hinge region underlined)

ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAG
AACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGCTTGCGTATTAACAGC
GCGAAGGATGACGCCGCAGGTCAGGCGATTGCTAACCGTTTTACTTCTAACATTAAAGGC
CTGACTCAGGCTGCACGTAACGCCAACGACGGTATTTCCGTTGCGCAGACCACCGAAGGC
GCGCTGTCCGAAATCAACAACAACTTACAGCGTATCCGTGAACTGACGGTTCAGGCTTCT
ACCGGGACTAACTCCGATTCAGATCTGGACTCCATTCAGGACGAAATCARATCCCGTCTG
GACGAAATTGACCGCGTATCTGGCCAGACCCAGTTCAACGGCGTGAACGTACTGGCGAAA
GACGGTTCAATGAAAATTCAGGTTGGTGCGAATGACGGCCAGACTATCACGATTGATCTG
AAGAAAATTGACTCAGATACGCTGGGGCTGAATGGTTTTAACGTGAATGGTTCCGGTACG
ATAGCCAATAAAGCGGCGACCATTAGCGACCTGACAGCAGCGAAAATGGATGCTGCAACT
AATACTATAACTACAACAAATAATGCGCTGACTGCATCAAAGGCGCTTGATCAACTGAAA
GATGGTGACACTGTTACTATCAAAGCAGATGCTGCTCAAACTGCCACGGTTTATACATAC
AATGCATCAGCTGGTAACTTCTCACTCAGTAATGTATCGAATAATACTTCAGAAAAAGCA
GGTGATGTAGCAGCTAGCCTTCTCCCGCCGGCTGGGCAAACTGCTAGTGGTGTTTATAAA
GCAGCAAGCGGTGAAGTGAACTTTGATGTTGATGCGAATGGTAAAATCACAATCGGAGGA
CAGAAAGCATATTTAACTAGTGATGGTAACTTAACTACAAACGATGCTGGTGGTGCGACT
GCGGCTACGCTTGATGGTTTATTCAAGARAGCTGGTGATGGTCAATCAATCGGGTTTAAG
AAGACTGCATCAGTCACGATGGGGGGAACAACTTATAACTTTAAAACGGGTGCTGATGCT
GATGCTGCAACTGCTAACGCAGGGGTATCGTTCACTGATACAGCTAGCAAAGAAACCGTT
TTAAATAAAGTGGCTACAGCTAAACAAGGCAAAGCAGCTGCAGCTGACGGTGATACATCC
GCAACAATTACCTATAAATCTGGCGTTCAGACGTATCAGGCTGTATTTGCCGCAGGTGAC
GGTACTGCTAGCGCAAAATATGCCGATAAAGCTGACGTTTCTAATGCAACAGCAACATAC
ACTGATGCTGATGGTGAAATGACTACAATTGGTTCATACACCACGAAGTATTCAATCGAT
GCTAACAACGGCAAGGTAACTGTTGATTCTGGAACTGGCTACGGGTAAATATGCGCCGAAA
GTAGGGGCTGAAGTATATGTTAGTGCTAATGGTACTTTAACAACAGATGCAACTAGCGAA
GGCACAGTAACAAAAGATCCACTGAAAGCTCTGGATGAAGCTATCAGCTCCATCGACAAA
TTCCGTTCTTCCCTGGGTGCTATCCAGAACCGTCTGGATTCCGCAGTCACCAACCTGAAC
AACACCACTACCAACCTGTCCGAAGCGCAGTCCCGTATTCAGGACGCCGACTATGCGACC
GAAGTGTCCAACATGTCGAAAGCGCAGATCATTCAGCAGGCCGGTAACTCCGTGCTGGCA
AAAGCCAACCAGGTACCGCAGCAGGTTCTGTCTCTGCTGCAGGGTTAG

Figure 34
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SEQ ID NO: 504 Salmonella muenchen flagellin fliC amino acid sequence (hinge region

underlined)

MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQATANRFTANIKGLT
QASRNANDGISIAQTTEGALNEINNNLORVRELAVQSANGTNSQSDLDSIQAEITQRLNEID
RVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKEISSKTLGLDKLNVQDAYTPKETAV
TVDKTTYKNGTDTITAQSNTDIQTAIGGGATGVTGADIKFKDGQYYLDVKGGASAGVYKATY
DETTKKVNIDTTDKTPLATAEATAIRGTATITHNQIAEVTKEGVDTTTVAAQLAAAGVTGAD
KDNTSLVKLSFEDKNGKVIDGGYAVKMGDDFYAATYDEKTGTITAKTTTYTDGAGVAQTGAV
KFGGANGKSEVVTATDGKTYLASDLDKHNFRTGGELKEVNTDKTENPLQKIDAALAQVDTLR
SDLGAVQNRFNSAITNLGNTVNNLSSARSRIEDSDYATEVSNMSRAQILQQAGT SVLAQANQ
VPONVLSLLR

Figure 35
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SEQ ID NO: 505 Salmonella muenchen flagellin fliC nucleic acid sequence (hinge region

underlined)

AATGGCACAAGTCATTAATACAAACAGCCTGTCGCTGTTGACCCAGAATAACCTGAACAAAT
CCCAGTCCGCTCTGGGCACCGCTATCGAGCGTCTGTCTTCCGGTCTGCGTATCAACAGCGCG
AAAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGAC
TCAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGA
ACGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACGGTACT
AACTCCCAGTCTGACCTTGACTCTATCCAGGCTGAAATCACCCAGCGTCTGAACGAAATCGA
CCGTGTATCCGGTCAGACTCAGTTCAACGGCGTGARAGTCCTGGCGCAGGACAACACCCTGA
CCATCCAGGTTGGTGCCAACGACGGTGAAACTATTGATATTGATTTAAAAGAAATTAGCTCT
AAAACACTGGGACTTGATAAGCTTAATGTCCAGGATGCCTACACCCCGARAGAAACTGCTGT
AACCGTTGATAAAACTACCTATAAAAATGGTACAGATACTATTACAGCCCAGAGCAATACTG
ATATCCAAACTGCAATTGGCGGTGGTGCAACGGGGGTTACTGGGGCTGATATCAAATTTAAA
GATGGTCAATACTATTTAGATGTTAAAGGCGGTGCTTCTGCTGGTGTTTATAAAGCCACTTA
TGATGAAACTACAAAGAAAGTTAATATTGATACGACTGATAAAACTCCGTTAGCAACTGCGG
AAGCTACAGCTATTCGGGGAACGGCCACTATAACCCACAACCAAATTGCTGAAGTAACAAAA
GAGGGTGTTGATACGACCACAGTTGCGGCTCAACTTGCTGCTGCAGGGGTTACTGGTGCCGA
TAAGGACAATACTAGCCTTGTAAAACTATCGTTTGAGGATAAAAACGGTAAGGTTATTGATG
GTGGCTATGCAGTGAAAATGGGCGACGATTTCTATGCCGCTACATATGATGAGAAAACAGGT
ACAATTACTGCTAAAACAACCACTTATACAGATGGTGCTGGCGTTGCTCAAACTGGAGCTGT
GAAATTTGGTGGCGCAAATGGTAAATCTGAAGTTGTTACTGCTACCGATGGTAAAACTTACT
TAGCAAGCGACCTTGACAAACATAACTTCAGAACAGGCGGTGAGCTTAAAGAGGTTAATACA
GATAAGACTGAARAACCCACTGCAGAAAATTGATGCTGCCTTGGCACAGGTTGATACACTTCG
TTCTGACCTGGGTGCGGTACAGAACCGTTTCAACTCCGCTATCACCAACCTGGGCAATACCG
TAAATAACCTGTCTTCTGCCCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTCTCC
AACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGTACCTCCGTTCTGGCGCAGGCTAACCA
GGTTCCGCAAAACGTCCTCTCTTTACTGCGTTAA

Figure 36
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SEQ ID:506 Amino acid segquence of pMT/STF2 (Linker underlined)

MKLCILLAVVAFVGLSLGRSAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRI
NSAKDDAAGQATANRFTANIKGLTQASRNANDGISTAQTTEGALNEINNNLQRVREL
AVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGAND
GETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDVSGLDDAATK
AATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLA
AGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGAELVKMSYT
DKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDL
GAVONRFNSATTNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQA
NQVPONVLSLLRKGNSKLEGQLEFPRTSPVWWNSADIQHSGGRSSLEGPRFEGKPIP
NPLLGLDSTRTGHHHHHH

Figure 37
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SEQ ID: 507 Amino acid sequence of pMT/STF2 (Linker
underlined)

ATGAAGTTATGCATATTACTGGCCGTCGTGGCCTTTGTTGGCCTCTCGCTCGGGAGATCT
GCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCG
ADAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCARAGGTCTG
ACTCAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCG
CTGAACGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAAC
AGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAAC
GAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACGGCGTGARAGTCCTGGCGCAGGAC
AACACCCTGACCATCCAGGTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAG
CAGATCAACTCTCAGACCCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTG
AAAGATACAGCAGTAACAACGAAAGCTTATGCCAATAATCGGTACTACACTGGATGTATCG
GGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGGTACGGCTTCTGTA
ACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACAAGTACTTTGTTACTATTGGTGGC
TTTACTGGTGCTGATGCCGCCAAAAATGGCGATTATGAAGT TAACGTTGCTACTGACGGT
ACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAA
ACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAATGCC
TTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAAATGTCT
TATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGATAAG
TATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACAAGTTAT
ACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAA
ACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGAT
TTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAG
AAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTCATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAG
ATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTG
CTGTCTCTGTTACGTAAGGGCAATTCGAAGCTTGAAGGTCAATTGGAATTCCCTAGGACT
AGTCCAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGAGTCTAGAG
GGCCCGCGGTTCGAAGGTAAGCCTATCCCTAACCCTCTCCTCGGTCTCGATTCTACGCGT
ACCGGTCATCATCACCATCACCAT

Figure 38
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SEQ ID NO: 561

DTICIGYHANNSTDTVDTVLEKNVITVTHSVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGW
LLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKE
SSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHH
PPNSKEQONLYQONENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTII
FEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIG
ECPKYVRSAKLRMVTGLRNIPSIQSRGLFGAIAGFIEGGWTGMIDGWYGYHHQNEQGSGY
AADQKSTQONAINGITNKVNTVIEKMNIQFTAVGKEFNKLEKRMENLNKKVDDGFLDIWTY
NAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCDNECMESVRN
GTYDYPKYSEESKLNREKVDGVKLESMGIYQ

Figure 43
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SEQ ID NO: 562

GACCAGATCTGTATCGGTTATCATGCTAACAATTCTACTGAACAAGTAGATACTATCATG
GAGAAGAACGTTACAGTTACACATGCACAAGATATCCTGGAAAAGAAGCATAATGGAAAA
CTGTGTGACCTTGATGGTGTTAAACCACTAATATTGCGTGACTGCTCAGTTGCTGGGTGG
TTGTTGGGGAATCCAATGTGCGACGAATTTATCAACGTTCCAGAATGGAGTTACATTGTT
GAAAAAGCTAACCCTGTTAACGACTTGTGTTACCCAGGCGATTTTAATGACTACGAGGAA
CTTAAGCATTTGTTGTCAAGAATTAACCACTTCGAGAAAATTCAAATTATTCCAAAGTCA
TCTTGGTCCTCCCATGAAGCATCCCTAGGAGTCTCTTCCGCTTGCCCTTACCAAGGCAAG
AGTTCCTTTTTTCGTAATGTCGTCTGGCTGATCAAAAAGAACTCCACCTATCCAACTATA
AAGAGATCATACAACAACACAAATCAGGAGGATCTGCTAGTTCTGTGGGGCATTCACCAC
CCCAATGACGCAGCTGAGCAGACTAAATTGTACCAAAACCCAACTACCTATATATCAGTT
GGTACCTCAACTCTTAACCAGCGACTAGTCCCCCGTATTGCTACTAGGTCAAAGGTTAAT
GGTCAAAGTGGACGAATGGAGTTTTTCTGGACTATTTTGAAGCCCAACGATGCCATCAAC
TTCGAAAGTAATGGAAATTTCATAGCCCCTGAGTACGCTTACAAAATCGTTAAAAAGGGT
GATTCCACTATCATGAAATCTGAACTGGAATACGGAAACTGTAACACCAAATGCCAGACG
CCAATGGGTGCCATCAACTCTTCTATGCCTTTTCACAACATTCATCCTTTGACTATTGGT
GAATGCCCAAAGTACGTCAAATCTAACCGTTTGGTGTTGGCTACTGGTCTAAGGAACTCC
CCTCAGCGTGAAAGAAGAAGAAAGAAGAGGGGATTATTCGGTGCTATCGCTGGATTTATT
GAGGGAGGATGGCAGGGAATGGTCGATGGCTGGTATGGTTACCATCACTCAAATGAACAG
GGAAGTGGATACGCAGCTGATAAAGAATCTACTCAAAAGGCTATCGACGGTGTTACAAAC
AAGGTCAATTCTATTATCGATAAGATGAATACACAGTTTGAGGCTGTTGGTAGAGAGTTC
AATAATCTTGAGAGAAGAATCGAAAACCTGAACAAGAAARATGGAAGACGGATTTTTAGAT
GTATGGACTTACAATGCTGAGTTGTTGGTCTTGATGGAGAATGAACGAACGTTGGACTTC
CATGACTCCAATGTGAAGAACCTATATGACAAAGTGAGGCTGCAACTTAGAGACAACGCC
AAGGAATTGGGAAACGGGTGCTTCGAGTTTTACCACAAATGCGACAACGAATGTATGGAA
TCAGTGAGAAACGGTACCTATGATTACCCCCAATATTCCGAGGAGGCAAGACTGAAGAGA
GAAGAGATATCTGGTGTAAAGTTGGAATCCATCGGTATTTATCAGATTCTATCTATATAT
TCTACCTAATAG

Figure 44
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SEQ ID NO: 563 E. coli fliC Amino Acid sequence (without hinge region)

MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAIANRFTSNIKG
LTQAARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTGTNSDSDLDSIQDEIKSRL
DEIDRVSGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGTKDPLKALDEA
ISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEAQSRIQDADYATEVSNMSKAQITIQQA
GNSVLAKANQVPQQVLSLLQG

Figure 45
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SEQ ID: 585 Amino acid sequence of pMT/STF2A

MKLCILLAVVAFVGLSLGRSAQVINTNSLSLLTONNLNKSQSALGTAIERLS
SGLRINSAKDDAAGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNET
NNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKV
LAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVHGAPVDPASPWTEN
PLQKIDAALAQVDALRSDLGAVQONRFNSAITNLGNTVNNLSEARSRIEDSDY
ATEVSNMSRAQILQQAGTSVLAQANQVPONVLSLLREFSRYPAQWRPLTRTG
HHHHHH

Figure 46
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SEQ ID: 586 Nucleic acid sequence of pMT/STF2A

ATGAAGTTATGCATATTACTGGCCGTCGTGGCCTTTGTTGGCCTCTCGCTCG
GGAGATCTGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAA
TAACCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCT
TCTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATTG
CTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAACGC
TAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATC
AACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCA
CCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCT
GAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACGGCGTGAAAGTC
CTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCCAACGACGGTGAAA
CTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGACTC
ACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTAGCCCATGGACCGAAAAC
CCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTG
ATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAA
TACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTAC
GCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGCAGCAGGCCGGTA
CTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTT
ACGTGAATTCTCTAGATATCCAGCACAGTGGCGGCCGCTCACGCGTACCGGT
CATCATCACCATCACCATTGA

Figure 47
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SEQ ID NO: 595 Salmonella muenchen f£1iC Amino Acid Seqguence
(Hinge region deleted)

MAQVINTNSLSLLTONNLNKSQSALGTATERLSSGLRINSAKDDAAGQATANRFTANTKG
LTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANGTNSQSDLDSIQAEITQRL
NEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKEISSKTLDKHNFRTGGELK
EVNTDKTENPLQKIDAALAQVDTLRSDLGAVONRFNSAITNLGNTVNNLSSARSRIEDSD
YATEVSNMSRAQILQQAGTSVLAQANQVPONVLSLLR

Figure 48
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SEQ ID NO: 596 Salmonella Muenchen f1iC Nucleic Acid Sequence
(Hinge region deleted)

ATGGCACAAGTCATTAATACAAACAGCCTGTCGCTGTTGACCCAGAATAACCTGAACARAA
TCCCAGTCCGCTCTGGGCACCGCTATCGAGCGTCTGTCTTCCGGTCTGCGTATCAACAGC
GCGAAAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGT
CTGACTCAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGC
GCGCTGAACGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACGGTACTAACTCCCAGTCTGACCTTGACTCTATCCAGGCTGAAATCACCCAGCGTCTG
AACGAAATCGACCGTGTATCCGGTCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAG
GACAACACCCTGACCATCCAGGTTGGTGCCAACGACGGTGAAACTATTGATATTGATTTA
AAAGAAATTAGCTCTAAAACACTGACAGATAAGACTGAAAACCCACTGCAGAAAATTGAT
GCTGCCTTGGCACAGGTTGATACACTTCGTTCTGACCTGGGTGCGGTACAGAACCGTTTC
AACTCCGCTATCACCAACCTGGGCAATACCGTAAATAACCTGTCTTCTGCCCGTAGCCGT
ATCGAAGATTCCGACTACGCGACCGAAGTCTCCAACATGTCTCGCGCGCAGATTCTGCAG
CAGGCCGGTACCTCCGTTCTGGCGCAGGCTAACCAGGTTCCGCAAAACGTCCTCTCTTTA
CTGCGTTAA

Figure 49
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TNF Secretion Following Stimulation of TLR2+ Cells
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M2e-Specific IgG Serum Titer
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Rabbit IgG to M2e Individual Rabbits Day 49 (Day 7 Post Boost 2) 1:125 Dilution

Delta OD 450 nm
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Survival Following Viral Challenge
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050324 QC ELISA: anti-flagellin (6H11)
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050324 QC ELISA: 5C5 monoclonal anti-WNE
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050324 QC ELISA: 7H2 monoclonal anti-WNE
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Flavivirus Envelope Protein Domain I/III junction
(domain I 280-297, domain III 298-406)
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Flagellin from Pseudomonas aeruginosa (accession number P21184)
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Flagellin from Listeria monocytogenes (accession number Q92DW3)
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COMPOSITIONS THAT INCLUDE
HEMAGGLUTININ, METHODS OF MAKING AND
METHODS OF USE THEREOF

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application Nos. 60/779,854, filed on Mar. 7, 2006;
60/784,497, filed on Mar. 20, 2006; 60/790,457, filed on Apr.
7, 2006; 60/814,292, filed on Jun. 16, 2006; 60/830,881,
filed on Jul. 14, 2006; 60/838,007, filed on Aug. 16, 2006;
and 60/856,451, filed on Nov. 3, 2006. The entire teachings
of the above applications are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] Viral influenza infection can lead to disease. Strat-
egies to prevent and manage disease associated with viral
influenza infection can include vaccines with inactivated
viruses and drugs. However, such strategies can be costly to
maintain supply with demand and, thus, be limited in
supply; may result in variable protection and less than
satisfactory alleviation of symptoms, thereby ineffectively
preventing or treating illness and, in some instances death,
consequent to disease associated with viral influenza infec-
tion. Thus, there is a need to develop new, improved and
effective methods of treatment for preventing and managing
disease associated with viral influenza infection.

SUMMARY OF THE INVENTION

[0003] The present invention relates to compositions, such
as compositions that stimulate a protective immune
response, and methods of making proteins that stimulate a
protective immune response in a subject.

[0004] In one embodiment, the invention is a method of
making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby form a protein portion, wherein the
protein portion includes at least a portion of a globular head,
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; transforming a nucleic acid sequence encoding the
protein portion into a prokaryotic host cell; and culturing the
prokaryotic host cell to thereby make the protein that
stimulates a protective immune response in a subject.

[0005] In another embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby form a protein portion, wherein the
protein portion includes at least a portion of a globular head,
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; transfecting a nucleic acid sequence encoding the
protein portion into a eukaryotic host cell, wherein the
eukaryotic host cell is not a Pichia pastoris eukaryotic host
cell; and culturing the eukaryotic host cell to thereby make
the protein that stimulates a protective immune response in
a subject.
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[0006] In another embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby form a protein portion, wherein the
protein portion includes at least a portion of a globular head,
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; transfecting a nucleic acid sequence encoding the
protein portion into a eukaryotic host cell, wherein the
eukaryotic host cell is not a Drosophila melanogaster
eukaryotic host cell; and culturing the eukaryotic host cell to
thereby make the protein that stimulates a protective
immune response in a subject.

[0007] In a further embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby form a protein portion, wherein the
protein portion includes at least a portion of a globular head,
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; transfecting a nucleic acid sequence encoding the
protein portion into a eukaryotic host cell, wherein the
eukaryotic host cell is not an insect eukaryotic host cell; and
culturing the eukaryotic host cell to thereby make the protein
that stimulates a protective immune response in a subject.

[0008] In a further embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby form a protein portion, wherein the
protein portion includes at least a portion of a globular head,
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; transfecting a nucleic acid sequence encoding the
protein portion into a eukaryotic host cell, wherein the
eukaryotic host cell is not a stably transformed insect host
cell; and culturing the eukaryotic host cell to thereby make
the protein that stimulates a protective immune response in
a subject.

[0009] In still another embodiment, the invention is a
method of making a protein that stimulates a protective
immune response in a subject, comprising the steps of
separating a portion of a protein from a naturally occurring
viral hemagglutinin to thereby form a protein portion,
wherein the protein portion includes at least a portion of a
globular head, and at least a portion of at least one secondary
structure that causes the globular head to essentially retain
its tertiary structure, and wherein the protein portion lacks a
membrane fusion domain, a transmembrane domain and a
cytoplasmic domain; transfecting a nucleic acid sequence
encoding the protein portion into a eukaryotic host cell,
wherein the eukaryotic host cell is neither a Picia pastoris
eukaryotic host cell nor a stably transfected insect host cell;
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and culturing the eukaryotic host cell to thereby make the
protein that stimulates a protective immune response in a
subject.

[0010] In yet another embodiment, the invention is a
method of stimulating protective immunity in a subject,
comprising the step of administering to the subject a com-
position that includes a protein made by a method compris-
ing the steps of separating a portion of a protein from a
naturally occurring viral hemagglutinin to thereby form a
protein portion, wherein the protein portion includes at least
a portion of a globular head, and at least a portion of at least
one secondary structure that causes the globular head to
essentially retain its tertiary structure, and wherein the
protein portion lacks a membrane fusion domain, a trans-
membrane domain and a cytoplasmic domain; transforming
a nucleic acid sequence encoding the portion into a prokary-
otic host cell; and culturing the prokaryotic host cell to
thereby make the protein that stimulates a protective
immune response in a subject.

[0011] In an additional embodiment, the invention is a
method of stimulating protective immunity in a subject,
comprising the step of administering to the subject a com-
position that includes a protein portion of a naturally occur-
ring viral hemagglutinin, wherein the protein portion
includes at least a portion of a globular head, and at least a
portion of one secondary structure that causes the globular
head to essentially retain its tertiary structure and wherein
the protein portion lacks a membrane fusion domain, a
transmembrane domain and a cytoplasmic domain.

[0012] In still another embodiment, the invention is a
method of making a viral hemagglutinin protein that stimu-
lates a protective immune response in a subject, comprising
the steps of separating a portion of a protein from a naturally
occurring viral hemagglutinin to thereby form a protein
portion, wherein the protein portion includes at least a
portion of a globular head and at least a portion of at least
one secondary structure that causes the globular head to
essentially retain its tertiary structure, and wherein the
protein portion lacks a membrane fusion domain, a trans-
membrane domain and a cytoplasmic domain; transfecting a
nucleic acid sequence encoding the portion in a eukaryotic
host cell, wherein the eukaryotic host cell is neither a Pichia
pastoris eukaryotic host cell nor a stably transfected insect
host cell; and culturing the eukaryotic host cell to thereby
make the protein that stimulates a protective immune
response in a subject.

[0013] In another embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby make a protein portion, wherein the
protein portion includes at least a portion of a globular head,
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; infecting a nucleic acid sequence encoding the
protein portion into an insect cell host cell; and culturing the
insect host cell to thereby make the protein that stimulates a
protective immune response in a subject.

[0014] In another embodiment, the invention is a method
of making a viral hemagglutinin protein that stimulates a
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protective immune response in a subject, comprising the
steps of transforming a prokaryotic host cell with a nucleic
acid sequence encoding at least one viral hemagglutinin that
lacks a transmembrane domain and a cytoplasmic domain;
and culturing the prokaryotic cell to thereby make the
protein.

[0015] In a further embodiment, the invention is a method
of stimulating protective immunity in a subject, comprising
the step of administering to the subject a composition that
includes a protein made by a method comprising the steps of
transforming a prokaryotic host cell with a nucleic acid
sequence encoding at least one viral hemagglutinin that
lacks a transmembrane domain and a cytoplasmic domain;
and culturing the prokaryotic host cell to thereby make the
protein.

[0016] In another embodiment, the invention is a method
of stimulating protective immunity in a subject, comprising
the step of administering to the subject a composition that
includes a protein having at least one viral hemagglutinin
that lacks a transmembrane domain and a cytoplasmic
domain, wherein the protein was expressed in a prokaryotic
cell.

[0017] In an additional embodiment, the invention is a
composition comprising at least a portion of at least one
pathogen-associated molecular pattern and a portion of a
protein of a naturally occurring viral hemagglutinin, wherein
the portion of the naturally occurring viral hemagglutinin
includes at least a portion of a globular head and at least a
portion of at least one secondary structure that causes the
globular head to essentially retain its tertiary structure, and
wherein the portion of the naturally occurring viral hemag-
glutinin lacks a membrane fusion domain, a transmembrane
domain, and a cytoplasmic domain.

[0018] Another embodiment of the invention is a compo-
sition comprising a flagellin component that is at least a
portion of a flagellin, wherein the flagellin component
includes at least one cysteine residue and whereby the
flagellin component activates a Toll-like Receptor 5.

[0019] In still another embodiment, the invention is a
composition comprising a Toll-like Receptor agonist com-
ponent that is at least a portion of a Toll-like Receptor
agonist, wherein the Toll-like Receptor agonist component
includes at least one cysteine residue in a position where a
cysteine residue does not occur in the native Toll-like
Receptor agonist, whereby the Toll-like Receptor agonist
component activates a Toll-like Receptor.

[0020] In an additional embodiment, the invention is a
composition comprising a flagellin component that is at least
a portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
arginine, whereby the flagellin component activates a Toll-
like Receptor 5.

[0021] In yet another embodiment, the invention is a
composition comprising a flagellin component that is at least
a portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
serine residue, whereby the flagellin component activates a
Toll-like Receptor 5.

[0022] Another embodiment of the invention is a compo-
sition comprising a flagellin component that is at least a
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portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
histidine residue, whereby the flagellin component activates
a Toll-like Receptor 5.

[0023] A further embodiment of the invention is a method
of stimulating an immune response in a subject, comprising
the step of administering to the subject a composition that
includes a flagellin component that is at least a portion of a
flagellin, wherein the flagellin component includes at least
one cysteine residue and whereby the flagellin component
activates a Toll-like Receptor 5.

[0024] In still another embodiment, the invention is a
method of stimulating an immune response in a subject,
comprising the step of administering to the subject a com-
position that includes a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
arginine, whereby the flagellin component activates a Toll-
like Receptor 5.

[0025] An additional embodiment of the invention is a
method of stimulating an immune response in a subject,
comprising the step of administering to the subject a com-
position that includes a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
serine residue, whereby the flagellin component activates a
Toll-like Receptor 5.

[0026] In another embodiment, the invention is a method
of stimulating an immune response in a subject, comprising
the step of administering to the subject a composition that
includes a flagellin component that is at least a portion of a
flagellin, wherein at least one lysine of the flagellin com-
ponent has been substituted with at least one histidine
residue, whereby the flagellin component activates a Toll-
like Receptor 5.

[0027] In yet another embodiment, the invention is a
method of stimulating an immune response in a subject,
comprising the step of administering to the subject a com-
position that includes a Toll-like Receptor agonist compo-
nent that is at least a portion of a Toll-like Receptor agonist,
wherein the Toll-like Receptor agonist component includes
at least one cysteine residue in a position where a cysteine
residue does not occur in the native Toll-like Receptor
agonist, whereby the Toll-like Receptor agonist component
activates a Toll-like Receptor agonist.

[0028] The methods and composition of the invention can
be employed to stimulate an immune response, in particular,
a protective immune response, in a subject. Advantages of
the claimed invention include, for example, cost effective
methods and compositions that can be produced in relatively
large quantities for use in the prevention and treatment of
disease associated with viral influenza infection. The
claimed methods and compositions can be employed to
prevent or treat viral influenza infection and, therefore,
avoid serious illness and death consequent to viral influenza
infection.

BRIEF DESCRIPTION OF THE FIGURES

[0029] FIG. 1 depicts a ribbon diagram of PR8 influenza
A hemagglutin (HA) crystal structure (1RU7). Schemati-
cally presentations from left to right are HA trimer, mono-
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mer, the globular head domain and the three choices of
vaccine candidates. Molecules or domains of interest are
highlighted by dotted circle, such as the monomer in trimer
structure and the globular head domain within the monomer
structure. The domain boundaries of three vaccine candi-
dates are marked by the cross signs. The residue numbers of
each selection are also labeled in the individual vaccine
presentation.

[0030] FIG. 2 depicts a hydrophobicity plot analysis of the
B/Lee/40 HA (SEQ ID NO: 36) using ProtScale (http://
ca.expasy.org/tools—Primary structure analysis—
ProtScale) to confirm that the selected boundaries were in
the hydrophilic regions of the protein.

[0031] FIG. 3 depicts a sandwich ELISA analysis of
STF2.HA B strain proteins. ELISA plates were coated with
antibody to flagellin, and the indicated proteins were incu-
bated to allow capture. Proteins were detected using ferret
antisera against B/Malaysia/2506/2004 and enzyme-labeled
goat anti-ferret antibodies.

[0032] FIG. 4 depicts the TLR bioactivity of STF2.HA B
strain proteins. HEK293 (TLR5+) cells were incubated with
the indicated proteins overnight, and the cell culture super-
natants were harvested and assessed for IL-8 by ELISA.

[0033] FIG. 5 depicts the TLR bioactivity of STF2.HA B
strain proteins. HEK293 (TLR5+) cells were incubated with
the indicated proteins overnight, and the cell culture super-
natants were harvested and assessed for IL-8 by ELISA.

[0034] FIG. 6 depicts the dose-dependent antibody
response to STF2.HA1-2(PR8) (SEQ ID NO: 90) in
BALB/c mice. Mice (10/group) were immunized as indi-
cated on days 0 and 14, and bled on days 12 and 21. Anti-HA
IgG responses on Day 28 were examined by ELISA. Con-
valescent antisera (x) were included as a positive control.
The data depict the mean+SD of 10 individual sera per
group.

[0035] FIG. 7 depicts serum reactivity with influenza
infected cells in vitro. The day 21 serum samples depicted in
FIG. 6 were incubated with mock- and PR/8/34-infected
MDCK cells. The data represent the OD 5, mean=SD of 10
individual sera/group.

[0036] FIG. 8A depicts survival of BALB/c mice immu-
nized with STF2.HA1-2(PRS8) (SEQ ID NO: 90). Mice from
FIGS. 8 and 9 were challenged on day 28 with an LDy,
(8x10® EID) of influenza A PR/8/34 administered intrana-
sally (Day O post-challenge).

[0037] FIG. 8B depicts weights of BALB/c mice immu-
nized with STF2.HA1-2(PRS8) (SEQ ID NO: 90). Mice from
FIGS. 6 and 7 were challenged on day 28 with an LD,
(8x10® EID) of influenza A PR/8/34 administered intrana-
sally (Day O post-challenge). Graph reflects the average
weight per group based on individual animals measured
daily for 19 days.

[0038] FIG. 8C depicts clinical Score of BALB/c mice
immunized with STF2. HA1-2(PR8) (SEQ ID: NO 90). Mice
from FIGS. 6 and 7 were challenged on day 28 with an LDy,
(8x10® EID) of influenza A PR/8/34 administered intrana-
sally (Day O post-challenge). Graph reflects the average
clinical score per group based on individual animals mea-
sured daily for 19 days. Clinical scores were assessed as
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follows: 4 pts=healthy, 3 pts=reduced grooming, 2 pts=
reduced physical activity and 1 pt=moribund.

[0039] FIG. 9 depicts neutralization activity of immune
sera from BALB/c mice immunized with the indicated doses
of STF2.HA1-2(PR8) (SEQ ID NO: 90) on days 0 and 14,
and bled on day 21. The endpoint titer of each sample was
calculated as the titer that inhibited virus-mediated lysis of
the cells by at least 50%. Geometric mean titers+SD were
calculated for each dose group and plotted.

[0040] FIGS. 10A and 10B depict anti-HA antibody
response of BALB/c mice immunized with 3 pg of
STF2.HA1-2(PR8) (SEQ ID NO: 90), or 3 or 0.3 pg of
STF2.HA1-2(VN) (SEQ ID NO: 95) s.c. on days 0 and 14.
On day 21, sera were isolated and examined for reactivity
with (FIG. 10A) HA purified from Influenza A/Viet Nam/
1203/2004 (obtained from BEI Resources Cat# NR-660))
and (FIG. 10B) recombinant flagellin (STF2) (SEQ ID NO:
96) by ELISA.

[0041] FIG. 11 depicts a flow chart of the steps required to
express pFastBac constructs using Bac-to-Bac Baculovirus
Expression system.

[0042] FIGS. 12A and 12B depict an anti-HA specific IgG
responses in BALB/c mice immunized with STF2.HA1-1
fusion proteins. Mice (10/group) were immunized with
indicated STF2.HA1-1 fusion proteins on days 0 and 14, and
bled on day 21. Anti-HA and anti-flagellin IgG responses
were examined by ELISA. Convalescent antisera were
included as a positive control. The data depict the mean+SD
of 10 individual sera per group.

[0043] FIG. 13A depicts survival of BALB/c mice immu-
nized with recombinant STF2.HA1-1 proteins. On day 28,
animals in FIG. 12 were challenged i.n. with an LDy, (8x10°
EID) of influenza A PR/8/34. The survival of individual
mice was monitored for 21 days post challenge.

[0044] FIG. 13B depicts weight of BALB/c mice immu-
nized with recombinant STF2.HA1-1 proteins. On day 28,
animals in FIG. 12 were challenged i.n. with an LDy, (8x10°
EID) of influenza A PR/8/34. Graph reflects the average
weight per group based on individual animals measured
daily for 21 days.

[0045] FIG. 13C depicts clinical assessment of BALB/c
mice immunized with recombinant STF2.HA1-1 proteins.
On day 28, animals in FIG. 12 were challenged intranasally
(in) with an LDy, (8x10° EID) of influenza A PR/8/34.
Graph reflects the average weight per group based on
individual animals measured daily for 21 days. Clinical
scores were assessed as follows: 4 pts=healthy, 3 pts reduced
grooming, 2 pts=reduced physical activity and 1 pt=mori-
bund.

[0046] FIG. 14 depicts anti-HA antibody titers of mice
following immunization with 10 pg STF2.HA1-2(VN).

[0047] FIG. 15 depicts an anti-HA antibody titers of mice
following immunization with 3 pg STF2.HA1-2(VN).

[0048] FIG. 16 depicts an anti-HA antibody titers of mice
following immunization with 1 pg STF2.HA1-2(VN).

[0049] FIG. 17 depicts a survival of mice following chal-
lenge with 10 LD, of influenza A/Viet Nam/1203/04
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[0050] FIG. 18 depicts the amino acid sequence of full-
length flagellin (STF2) highlighting important domains and
residues. Gray=experimentally-defined TLRS binding site
(Smith, et al., 2003); K=lysine residues; underline=flagellin
sequences corresponding to STF2A construct (linker not
shown).

[0051] FIG. 19 depicts a space-filling model of flagellin
(STF2) with the TLRS activation site (left panel) and lysine
residues (right panel) highlighted in gray.

[0052] FIG. 20 depicts a space-filling model of flagellin
(STF2) with residues retained in STF2A highlighted in
black.

[0053] FIG. 21 depicts a schematic depiction of the two-
step PCR cloning of pMT/STF2A.

[0054] FIG. 22 depicts recognition of flagellin epitopes of
STFA proteins in ELISA.

[0055] FIG. 23 depicts TLR5-dependent secretion of 1L-8
following stimulation of HEK293 cells with the indicated
STF2A proteins.

[0056] FIG. 24 depicts the S200 chromatogram of
STF2A HingeCys:CysHIC1. Void=column void volume;
conjugate=elution peak of protein: peptide conjugate; A260,
A280 and conductivity are indicated.

[0057] FIG. 25 depicts TLR5-dependent secretion of 1L-8
following stimulation of RAWATLRS cells (closed symbols)
or TLRS5-negative RAW cells (open symbols) with
STF2A HingeCys (squares), STF2A.HingeCys:CysH1C1
conjugate (circles), or STF2.0OVA (triangles).

[0058] FIG. 26 depicts the S200 chromatogram of
STF2.4xH1C1. Void=column void volume; conjugate=clu-
tion peak of protein: peptide conjugate; A260, A280 and
conductivity are indicated.

[0059] FIG. 27 depicts an anti-H1C1 antibody response of
BALB/c mice immunized with native HIC1 peptide or
Pam3Cys.H1C1 peptide.

[0060] FIG. 28 depicts a survival plot of BALB/c mice
immunized with native HIC1 peptide or Pam3Cys.H1C1
peptide then challenged with an LD, of influenza A/Puerto
Rico/8/34 virus.

[0061] FIG. 29 depicts the amino acid sequence of Sal-
monella typhimurium flagellin type 2 (fjB/STF2) with the
hinge region underlined (SEQ ID NO: 498).

[0062] FIG. 30 depicts the nucleic acid sequence (SEQ ID
NO: 499) encoding SEQ ID NO: 498. The nucleic acid
sequence encoding the hinge region is underlined.

[0063] FIG. 31 depicts the amino acid sequence of fljB/
STF2 without the hinge region (also referred to herein as
“fljB/STF2A” or “STF2A”) (SEQ ID NO: 500).

[0064] FIG. 32 depicts the nucleic acid sequence (SEQ ID
NO: 501) encoding SEQ ID NO: 500.

[0065] FIG. 33 depicts the amino acid sequence of E. coli
flagellin fliC (also referred to herein as “E. coli fliC”) with
the hinge region underlined (SEQ ID NO: 502).

[0066] FIG. 34 depicts the nucleic acid sequence (SEQ ID
NO: 503) encoding SEQ ID NO: 502. The nucleic acid
sequence encoding the hinge region is underlined.



US 2007/0224205 Al

[0067] FIG. 35 depicts the amino acid sequence of S.
muenchen flagellin fliC (also referred to herein as “S.
muenchen fliC”) with the hinge region underlined (SEQ ID
NO: 504).

[0068] FIG. 36 depicts the nucleic acid sequence (SEQ ID
NO: 505) encoding SEQ ID NO:504. The nucleic acid
sequence encoding the hinge region is underlined.

[0069] FIG. 37 depicts the amino acid sequence of pMT/
STF2. The linker is underlined and the sequence of the BiP
secretion signal is bolded (SEQ ID NO: 506).

[0070] FIG. 38 depicts the nucleic acid sequence (SEQ ID
NO: 507) of SEQ ID NO: 506. The nucleic acid sequence
encoding the linker is underlined and the nucleic acid
sequence encoding the BiP sequence is bolded.

[0071] FIG. 39 depicts a Pam3Cys.M2e fusion protein.
The amino acid sequence (SEQ ID NO: 510) of M2e is
shown in bold type.

[0072] FIG. 40 depicts the activation of an antigen-pre-
senting cell (APC) by Toll-like Receptor (TLR) signaling.

[0073] FIGS. 41A and 41B depict plasmid constructs to
express an amino-terminus of an M2 (e.g., SEQ ID NOS:
510, 554) of H1 and H5 (SEQ ID NO: 536) influenza A viral
isolates. pMT: metallothionein promoter-based expression
vector. BiP: secretion signal sequence of immunoglobulin-
binding protein. STF2: full-length flagellin of S. typhimu-
rium. STF2A: hinge region-deleted STF2. MCS: multiple
cloning site.

[0074] FIG. 42 depicts plasmid constructs designed to
express HA of H1 and H5 influenza A virus isolates. AOX1:
AOX1 promoter of pPICZa expression vector (Invitrogen
Corporation, Carlsbad, Calif.). af: secretion signal sequence
of yeast. STF2: full-length flagellin of S. #yphimurium.
STF2A: hinge region-deleted STF2. MCS: multiple cloning
site.

[0075] FIG. 43 depicts the amino acid sequence (SEQ ID
NO: 561) of HA (PRS).

[0076] FIG. 44 depicts the nucleic acid sequence (SEQ ID
NO: 562) encoding SEQ ID NO: 561.

[0077] FIG. 45 depicts the amino acid sequence (SEQ ID
NO: 563) of E. coli fliC without the hinge region.

[0078] FIG. 46 depicts the amino acid sequence of pMT/
STF2A (SEQ ID NO: 585). The linker sequence is under-
lined and the BiP secretion signal is bolded.

[0079] FIG. 47 depicts the nucleic acid sequence (SEQ ID
NO: 586) encoding SEQ ID NO: 585. The nucleic acid
sequence encoding the linker is underlined and the nucleic
acid sequence encoding the BiP secretion signal is bolded.

[0080] FIG. 48 depicts the amino acid sequence (SEQ ID
NO: 595) of the Salmonella muenchen fliC without the hinge
region, which is also referred to herein as “S. muenchen
fliCA”

[0081] FIG. 49 depicts the nucleic acid sequence of Sal-
monella muenchen fliC (SEQ ID NO: 596) encoding SEQ
ID NO: 595.

[0082] FIG. 50 depicts IL-8 secretion following stimula-
tion of TLR5+ cells.
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[0083] FIG. 51 depicts TNF secretion following stimula-
tion of TLR2+ cells.

[0084] FIG. 52 depicts M2e-specific 1gG.
[0085] FIG. 53 depicts the OVA-specific IgG.
[0086] FIG. 54 depicts the M2e-specific IgG serum titers.

[0087] FIG. 55 depicts the M2e-specific serum IgG titer
post-boost.

[0088] FIG. 56 depicts the Pam3Cys.M2e dose response.
[0089] FIG. 57 depicts the M2e-specific serum IgG titer.
[0090] FIG. 58 depicts the rabbit IgG response to M2e.

[0091] FIG. 59 depicts the immunogenicity of STF2.4x
M2e in a rabbit 14 days post-prime.

[0092] FIG. 60 depicts the survival of BALBIc mice
following challenge. Mice were immunized on days 0 and
14 as indicated in the legend and challenged on day 28 by
intranasal administration of an LDy, of influenza A/Puerto
Rico/8/34 virus (Day O post-challenge). Mice were moni-
tored for survival for 21 days post-challenge.

[0093] FIG. 61 depicts fusion constructs in a pET24
vector. T7:T7 promoter; lacO: lac operator; STF2: Salmo-
nella typhimurium flagellin; STF2A=STF2 with the hinge
region deleted; EIII* is domain III of a West Nile envelope
protein with 6 amino acids of domain I amino acid.

[0094] FIGS. 62A and 62B depict TLRS bioactivity of
STF2.EIll+ (SEQ ID NOS: 657, 658) and STF2AEIIl+
(SEQ ID NOS: 673, 674) fusion proteins. Serial dilutions of
purified proteins were added to HEK293 (TLRS5+) cells
overnight and 1L.-8 content of the supernatants measured by
ELISA. Purified STF2.OVA was used as a positive control
(FIG. 129A). The TLR2 agonist Pam3CSK4 was used as a
negative control (FIG. 129B).

[0095] FIG. 63 depicts STF2A.EIll+ antigenic epitopes
assessed by ELISA. Plates were coated with full-length
WNE (open bars) (SEQ ID NO: 642) or STF2A.EIll+ (SEQ
1D NOS: 673,674) and probed with the indicated antibodies
(mADb). Poly=polyclonal antiserum to WNE; 3D9 through
7H2=neutralizing monoclonal antibodies to WNE epitopes;
anti-flagellin=monoclonal antibody to flagellin.

[0096] FIGS. 64A, 64B, 64C and 64D depict reactivity of
STF2.E (SEQ ID NOS: 761, 762); STF2.EIll+ (SEQ 1D
NOS:657, 658) and STF2A.EIll+ (SEQ ID NOS:673,674)
fusion proteins with antibodies to WNE and flagellin. Plates
were coated with fusion proteins, blocked and incubated
with antibodies to WNE or flagellin. Antibody reactivity was
detected following incubation with HRP-labeled species
specific IgG. Plates were developed in the presence of TMB
substrate and O.D.450/650 using a TECAN plate reader and
Magellian software.

[0097] FIG. 65 depicts IgG serum following injection with
fusion proteins. Mice were immunized with either PBS,
Drosophila conditioned medium containing STF2.E (CM,
positive control), 25 nug of STF2A EIll+ (SEQ ID NOS:673,
674) i.p., 25 pg STF2AEIII+ s.c., 25 pg STF2.EII+ (SEQ
ID NO:659,658) i.p., 25 ug STF2.EIIl+ (SEQ ID NOS:657,
658) or 25 pug STF2.E (SEQ ID NOS: 761, 762). On day 35,
immunized animals were challenged with WNV. Sera from
individual mice (day 35) were characterized by direct
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ELISA to determine IgG levels. Purified WNV-E protein
(SEQ ID NO:642) was used as the antigen in this assay. This
antigen (60) was produced in Drosophila as a his-tagged
protein.

[0098] FIG. 66 depicts STF2A.EIl+ (SEQ ID NOS: 673
674) and STF2.EIll+ (SEQ ID NOS: 657, 658) protective
immunity to WNV viral challenge. Mice were immunized
and challenged with a lethal dose of WNV strain 2741 on
day 35. Survival was monitored for 21 days.

[0099] FIG. 67 depicts IgG sera titers following immuni-
zation with fusion proteins. STF2A.EIll+ proteins induce
WNV-specific IgG antibodies. Mice were immunized s.c. on
days 0, 14 and 28 with PBS alone or about 25 pg of
STF2A.EIll+ (SEQ ID NOS: 673, 674) (045 [positive con-
trol]), STF2A.EIIl+ (067, trimer), STF2A EIIl+ (070, mono-
mer) or STF2A Ellls+ (SEQ ID NOS: 675, 676) (069). On
day 35 sera from individual mice were characterized by
direct ELISA to determine IgG levels. Purified WNV-E
protein (060, produced in Drosophila as a his-tagged pro-
tein) was used as the antigen in this assay.

[0100] FIG. 68 depicts STF2A.EIIl+ (SEQ ID NOS: 673,
674) and STF2A Ellls+ (SEQ ID NOS: 675, 673) protective
immunity in mice from WNV lethal challenge. On day 38
following immunization with fusion proteins, all groups
were challenged with a lethal dose of WNV strain 2741 and
survival was monitored for 21 days. Survival for each group
(10 mice/group) is indicated as a percentage.

[0101] FIG. 69 depicts competition assays. Serial dilutions
(five fold starting at 1:25) of antisera from immunized
animals were incubated with biotinylated WNE protein
(SEQ ID NO: 642) and then added to the wells of ELISA
plates coated with mAb 7H2 at about 2 mg/ml. Wells were
developed using avidin-HRP to determine inhibition of West
Nile protein binding as a results of competition with mAb
7H2.

[0102] FIG. 70 depicts epitope mapping of the antibody
response induced by STF2A.EIlI+ (SEQ ID NOS: 675,676)
fusion proteins. Immune sera from animals immunized with
indicated STF2A-fusion proteins (E2-21, E27-E52, FIG.
142) were examined for the ability to recognize overlapping
peptides corresponding to the junction of domains I and III
of the WNV envelope protein.

[0103] FIG. 71 depicts epitope mapping of the antibody
response induced by STFA.Ellls+ (SEQ ID NOS: 675, 676)
E-21 (envelope protein) epitope fusion proteins. Immune
sera from animals immunized with the indicated STF2A-
fusion proteins (E2-21, E2-21-1(S,C), E2-21-2(C,S), E2-21-
2(C,S) and E2-21-4 through E2-21-24, see FIG. 139) were
evaluated to identify the residues defining the E-21 epitope
of West Nile envelope protein. Data reflects the response of
sera to E-21 following the substitution of cysteine with
serine (indicated by C,S); and the sequential replacement of
amino acids with alanine. The peptides tested are listed in
FIG. 139.

[0104] FIG. 72 depicts Pam3Cys.WNV001 (SEQ ID NO:
771) inducing EIIl specific IgG antibodies. Mice were
immunized s.c. on days 0, 14 and 28 with PBS alone, 22 mg
of unmodified WNV001 (SEQ ID NO: 771) or 30 pg of
Pam3Cys.WNV0O01. On day 35 sera from individual mice
were characterized by direct ELISA to determine IgG levels
to synthetic WNV001 peptide.
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[0105] FIG. 73 depicts the amino acid sequences (SEQ ID
NOS: 691-698) of the EI/EIII junction for West Nile, Japa-
nese encephalitis and Dengue (serotypes 1 through 4)
viruses. The West Nile epitope identified using antisera from
STF2AEllls+ immunized animals is underlined. This
sequence corresponds to peptide E2-21 (SEQ ID NO: 728).

[0106] FIG. 74 depicts a tripalmitoylated peptide.

[0107] FIG. 75 depicts the D1 domain, D2 domain, TLR5
activation domain and hypervariable (D3 domain) of flagel-
lin.

[0108] FIG. 76 depicts the D1 domain, D2 domain, TLR5
activation domain and hypervariable (D3 domain) of flagel-
lin (Yonekura, et al. Nature 424, 643-650 (2003)).

[0109] FIG. 77 depicts the DO, D1, D2 and D3 domains of
flagellin and regions in the D2 and D3 domains suitable for
insertion or substitution with antigens (e.g., maturational
cleavage site, HA, M2e).

[0110] FIG. 78 depicts the amino acid sequence of
Pseudomonas aeruginosa flagellin (SEQ ID NO: 815).
Lysine residues are indicated by the asterisks.

[0111] FIG. 79 depicts the amino acid sequence of a S.
typhimurium flagellin (SEQ ID NO: 816). Lysine residues
are indicated by the asterisks.

[0112] FIG. 80 depicts the amino acid sequence (SEQ ID
NO: 820) of Listeria monocytogenes flagellin (GenBank
Accession No: Q92DW3). Lysine residues are indicated by
the asterisks.

DETAILED DESCRIPTION OF THE
INVENTION

[0113] The features and other details of the invention,
either as steps of the invention or as combinations of parts
of the invention, will now be more particularly described
and pointed out in the claims. It will be understood that the
particular embodiments of the invention are shown by way
of illustration and not as limitations of the invention. The
principle features of this invention can be employed in
various embodiments without departing from the scope of
the invention.

[0114] The invention generally is directed to methods of
making compositions, and to compositions, that stimulate an
immune response in a subject, such as a protective immune
response, and methods of treatment, such as by administer-
ing the composition to a subject.

[0115] “Stimulating an immune response,” as used herein,
refers to the generation of antibodies and/or T-cells to at least
a portion of an antigen, such as the protein portions of
hemagglutinin (HA) (e.g., HAl-1, HA1-2 proteins)
described herein. The antibodies and/or T-cells can be gen-
erated to at least a portion of an influenza viral protein (e.g.,
HA and M2 proteins of influenza A, B and/or C).

[0116] Stimulating an immune response in a subject can
include the production of humoral and/or cellular immune
responses that are reactive against the antigen, such as a viral
protein, in particular, an influenza viral protein.

[0117] The compositions of the invention for use in meth-
ods to stimulate immune responses in subjects, can be
evaluated for the ability to stimulate an immune response in
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a subject using well-established methods. Exemplary meth-
ods to determine whether the compositions of the invention
stimulate an immune response in a subject, include measur-
ing the production of antibodies specific to the antigen (e.g.,
IgG antibodies) by a suitable technique such as, ELISA
assays; the potential to induce antibody-dependent enhance-
ment (ADE) of a secondary infection; macrophage-like
assays; neutralization assessed by using the Plaque Reduc-
tion Neutralization Test (PRNT,,); and the ability to gen-
erate serum antibodies in non-human models (e.g., mice,
rabbits, monkeys) (Putnak, et al., Vaccine 23:4442-4452
(2005)).

[0118] “Stimulates a protective immune response,” as
used herein, means administration of the compositions of the
invention, such as hemagglutinin (HA) proteins (e.g., HA1-
1, HA1-2 proteins described herein), results in production of
antibodies to the protein to thereby cause a subject to survive
challenge by an otherwise lethal dose of a viral protein, such
as viral HA. Techniques to determine a lethal dose of a virus
(e.g., an influenza virus) are known to one of skill in the art
(see, for example, WHO/CDS/CSR/NCS2002.5 “WHO
Manual on Animal Influenza Diagnosis and Surveillance”
World Health Organization, Dept of Communicable Disease
Surveillance and Response, WHO Global Influenza Pro-
gramme; Harmon, M. W, et al., J. Clin. Microbiol. 26:333-
337 (1988); Reed, L. I, et al., Am. J. Hyg 27:493-497
(1938); Rose, T., et al., J. Clin. Microbiol. 37:937-943
(1999); Walls, H. H. et al., J. Clin. Microbiol. 23:240-245
(1986); Current Protocols in Immunology, 19.11.1-19.11.32,
Cottey, R., et al., John Wiley & Sons, Inc (2001)). Exem-
plary techniques for determining a lethal dose can include
administration of varying doses of virus and a determination
of the percent of subjects that survive following adminis-
tration of the dose of virus (e.g., LDy, LD,q, LD,q, LDs,,
LDgo, LD, LDgg, LDg). For example, a lethal dose of a
virus that results in the death of 50% of a population of
subjects is referred to as an “LD,”; a lethal dose of a virus
that results in the death of 80% of a population of subjects
is referred to herein as “LDyg,”; a lethal dose of a virus that
results in death of 90% of a population of subjects is referred
to herein as “LDy,.”

[0119] For example, determination of the LDy, can be
conducted in subjects (e.g., mice) by administering intrana-
sally varying doses (e.g., dilutions, such as log and half-log
dilutions of 8x10°> egg-infectious doses (EID)) followed by
an assessment of the survival of the subjects about 14 days
to about 21 days after infection with the virus. Protective
immunity can be assessed by physical appearance of the
subject, general demeanor (active), weight (initial loss of
weight followed by return to a weight about the weight of
the subject prior to infection with the virus) and survival
after about 14 to about 21 days following infection with the
virus.

[0120] Assessment of stimulation of protective immunity
can also be made by employing assays that assess the ability
of the antibodies produced in response to the compositions
of'the invention (e.g., a portion of the protein of the naturally
occurring virus, such as a protein portion of hemagglutinin)
to neutralize binding of the viral protein (e.g., hemagglutinin
protein) to a host cell (see, for example, Current Protocols in
Immunology, 19.11.1-19.11.32, Cottey, R., et al., John Wiley
& Sons, Inc (2001)). Assessment of stimulation of protective
immunity can also be made by employing assays that
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measure the ability of antibodies to inhibit hemagglutinin
binding (see, for example, Burnett, F. M., et al., J. exp. Biol.
Med. Sci. 25:227-233 (1947); Salk, J. E. J. Immunol. 49:87-
98 (1944); Current Protocols in Immunology, 19.11.1-
19.11.32, Cottey, R., et al., John Wiley & Sons, Inc (2001)).

[0121] Ttis believed that inhibition of hemagglutinin bind-
ing is indicative of the ability of antibodies, formed from the
compositions and by the methods of the invention, to
neutralize the sialic acid binding sites of the naturally
occurring viral hemagglutinin (“neutralization of HA bind-
ing”) and, thereby, prevent infection of the host cell as a
consequence of stimulating a protective immune response.
Inhibition or neutralization of hemagglutinin binding is
believed to correlate with an ability of an immune response
to protect against a lethal dose of virus.

[0122] Neutralization of HA binding can be assessed by in
vitro assays (See, for example, Current Protocols in Immu-
nology 19.11.1-19.11.32, Cottey, R., et al., Suppl. 42, John
Wiley & Sons, Inc. (2001) and WHO Manual on Animal
Influenza Diagnosis and Surveillance, Webster, R., et al.,
pages 28-36, 48-54, 82-92 (2002)). Exemplary viral neu-
tralization assays rely on the ability of serum to specifically
bind and prevent replication of influenza virus in culture,
such as in the Madin-Darby Canine Kidney (MDCK) cell
line. Briefly, cells are cultured in 96 well plates in the
presence of a previously titered virus and the cytopathic
effect of the replicating virus is observed under a micro-
scope. To test serum, serial dilutions of the serum are
prepared and preincubated with the viral stock for 2 hours at
37° C. prior to infecting the MDCK cells. The mixture is
incubated for an additional 2 hours after which the virus/
serum mixture is removed and replaced with fresh media.
The cells are grown for 4 days. Wells are scored as positive
for viral growth if at least about 50% of the cells are dead
in at least about half of the wells for a given serum dilution.
The reciprocal of the highest dilution of serum which
protects at least about half of the cells from death, in at least
about half of the wells, is considered the neutralization titer.

[0123] Alternatively, a micro-neutralization in vitro assay
can be performed to assess neutralization of HA binding. For
example, serum is diluted and preincubated with a known
titer of virus and mixed with MDCK cells, as described
above. After 2 days of incubation, cells are washed and fixed
with acetone. The plates are developed as an ELISA using a
monoclonal antibody to the influenza nuclear antigen NP. A
microneutralization titer is determined as the reciprocal of
the highest dilution which yields less than about 50% of the
anti-NP reading of the virus-only control wells.

[0124] The Hemagglutination Inhibition (HAI) assay is
based on the HA antigen on the surface of the influenza virus
agglutinating red blood cells (RBC) and preventing red
blood cells from precipitating. Antibodies that specifically
bind the sialic acid-binding regions of HA prevent aggluti-
nation allowing precipitation. The assay is performed in 96
well V bottom plates with fresh chicken RBC. A stock of
viral antigen is titered so that about a 4-fold excess of
antigen is present relative to the minimum amount needed to
prevent precipitation. The test serum, which can be from
several species including mouse, ferret, poultry or human, is
heated to about 56° C. to inactivate complement. Serial
2-fold dilutions of the inactivated serum are performed and
mixed with the stock HA. After about 30 minutes at room
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temperature, the RBCs are added and the plate is incubated
for about 30 to about 45 minutes. Results are scored by
observations: agglutination results in cloudy wells while
inhibition results in a “button” of red cells precipitated at the
bottom of the well. Controls include RBC with no HA,
which forms a button, and HA and RBC with no serum,
which remains cloudy. The HAI titer of a particular serum
sample is the reciprocal of the last dilution which prevents
agglutination (i.e., forms a button). For example, if about a
1:128 dilution reads as a button but the 1:256 dilution does
not, the HAI titer is about 128.

[0125] In one embodiment, the invention is a method of
making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby make a protein portion, wherein the
protein portion includes at least a portion of a globular head
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain. The nucleic acid sequence encoding the protein
portion is transformed into a prokaryotic cell and the
prokaryotic host cell is cultured to thereby make the protein
that stimulates a protective immune response in a subject.

[0126] “A portion of a protein,” or “protein portion,” as
used herein in reference to a naturally occurring viral
hemagglutinin, refers to any part of the naturally occurring
viral hemagglutinin that is less than the entire naturally
occurring viral hemagglutinin. “Naturally occurring viral
hemagglutinin,” as used herein, refers to the entire viral
hemagglutinin, as it occurs in nature.

[0127] The protein portion can further lack a signal
sequence. The protein portion can further include a sialic
acid binding site.

[0128] Portions of a protein of a naturally occurring viral
hemagglutinin for use in the compositions and methods of
the invention can be a portion of Orthomyxoviridae (influ-
enza A, B, C), Paramyxovirus (parainfluenza, respiratory
syncytial virus, Newcastle disease virus, Nipah, Measles,
canine distemper, Sendai virus), Reoviridae (rotavirus), Par-
voviridae (human parvovirus, porcine parvovirus), Ortho-
poxvirus (Monkeypox virus, Ectromelia virus), Flaviviridae
(West Nile, Japanese Encephalitis, St. Louis, Murray Valley,
Kunjin), Avipoxvirus (Chicken fowlpox), Nipah virus (Guil-
laume V., et al., J. Firol, 80:7546-54 (2006)); Canine
distemper virus (Singethan K., et al., J Genr Virol., 87:1635-
42 (2006)); Newcastle disease virus, (de Leeuw O. S., et al.,
J Gen Virol., 86:1759-69 (2005); and Melanson V. R, et al.,
J Virol, 78:13053-61 (2004); Deng R., et al., Virology,
204:17-26; (1994)), Measles (Masse N., et al., J Virol,
78:9051-63 (2004)), Sendai virus (Tomasi M., et al., FEBS
Lett., 11:56-60 (2003)), Human parainfluenza (Porotto M., et
al., J Virol., 79:2383-92 (2005); Tsurudome M., et al.,
Virology, 213:190-203 (1995); Bousse T., et al., Virology,
209:654-7 (1995); and Takimoto T., et al., J Virol., 66:7597-
600 (1992)).

[0129] Portions of a viral hemagglutinin (“protein por-
tions”) (e.g., an influenza A, an influenza B and an influenza
C viral hemagglutinin) can include at least one member
selected from the group consisting of protein portions
referred to herein as “HA1-1,”“HA1-2” and “HA1-3.”
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[0130] “HAI1-1,” as used herein, refers to a protein portion
of a viral hemagglutinin that includes at least about one
p-sandwich that includes the substrate binding site, which
includes at least about two f-sheets, at least about two to
about three short a-helixes, at least one small -sheet and at
least one additional small 3-sandwich at the bottom of the
molecule and at least about four disulfide bonds. The
p-sandwich that includes the substrate binding site of the
HA1-1 includes at least about four f-strands as the top sheet
and at least about three to about four 3-strands as the bottom
sheet. At least about one a-helix of the HA1-1 portion is
located by the side of $-sandwich that includes the substrate
binding site and at least about one to about two are located
at the bottom of the p-sandwich that includes the substrate
binding site. The small B-sandwich of the HA1l-1 can
include at least about two to about three -strands in each
[-sheet; or about three to about four p-strands. Exemplary
HA1-1 protein portions include SEQ ID NOS: 8, 11, 14, 17,
20, 38, 40, 45, 47, 49, 179, 180, 181 and 182.

[0131] “HAI1-2.” as used herein, refers to a protein portion
of a viral hemagglutinin that includes at least about one
p-sandwich that includes the substrate binding site, at least
about two to about three short a-helixes, at least about one
small f-sheet at the bottom of the molecule and at least
about two disulfide bonds. A f-strand in a viral hemagglu-
tinin can include between about two to about 15 amino
acids. A small p-strand can include about two amino acids;
or between about two to about three amino acids; or between
about two to four amino acids or between about two to about
five amino acids. A small f-sheet can include between about
two to about three f-strands; or between about three to about
four B-strands. The p-sandwich that includes the substrate
binding site of HA1-2 can further include at least about four
[-strands as the top sheet and at least about three to about
four p-strands as the bottom sheet. At least about one c-helix
of the HA1-2 portion is located by the side of the p-sand-
wich that includes the substrate binding site and at least
about one to about two are located at the bottom of the
[p-sandwich that includes the substrate binding site. Exem-
plary HA1-2 protein portions include SEQ ID NOS: 9, 12,
15, 18, 21, 24, 26, 28, 30, 32, 39, 41, 46, 48 and 50.

[0132] “HAI1-3.” as used herein, refers to a protein portion
of a viral hemagglutinin that includes at least one p-sand-
wich that includes the substrate binding site, at least about
two short a-helixes and at least one disulfide bond. “p-sand-
wich,” as used herein, refers to at least about two sets of
beta-sheets that form at least about one interactive layer.
“Substrate binding site,” as used herein in reference to the
[-sandwich, means any part of the portion of the naturally
occurring viral hemagglutinin that has the capacity to inter-
act or bind to a molecule. For example, the [-sandwich that
includes the substrate binding site of the portion can include
a portion that binds sialic acid. The $-sandwich that includes
the substrate binding site of HA1-3 can further include at
least about four -strands as the top sheet and at least about
three §§ strands as the bottom sheet. At least about one
a-helix of the HA1-1 portion is located by the side of the
p-sandwich that includes the substrate binding site and at
least one other o-helix is located at the bottom of the
[p-sandwich that includes the substrate binding site. A short
a-helix can include less than about 5 turns (2, 3, 4, 5 turns)
in an a-helix. An a-helix in a viral hemagglutinin can be
between one to about 15 turns; or between about two to 15
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turns. Exemplary HA1-3 protein portions include SEQ ID
NOS: 10, 13, 16, 19, 22, 25, 27, 29, 31 and 33.

[0133] “A sialic acid binding site,” as that phrase is used
herein in reference to the portion of the protein from the
naturally occurring viral hemagglutinin, means a part of the
protein portion that has the capacity to interact with sialic
acid residues. “A sialic acid binding site” is also referred to
herein as “a sialic acid binding domain.”

[0134] “At least a portion,” as used herein, refers to any
part of a component (e.g., a globular head, a secondary
structure) or molecule (e.g., a protein, antigen, Toll-like
Receptor, a peptide, flagellin, HA, matrix 2 protein (M2),
matrix 2 ectodomain (M2e)); or the entirety of the compo-
nent or the molecule. “At least a portion,” is also referred to
herein as a “fragment.”

[0135] “At least a portion,” as used herein in reference to
a flagellin (e.g., fijB/STF2, E. coli fiiC, S. muenchen fliC),
refers to any part of the flagellin (e.g., motif C; motif N;
domain 1, 2, 3) or the entirety of the flagellin that can initiate
an intracellular signal transduction pathway for a Toll-like
Receptor.

[0136] A single polypeptide can exhibit several types of
secondary structure. Without any stabilizing interactions, a
polypeptide can assume a random-coil conformation. How-
ever, secondary structures, such as alpha(a)-helices and
beta(f)-strands, can stabilize a protein or a portion of a
protein. Lateral association of B-strands form f3-sheets (also
referred to herein as “B-pleated sheets™). Secondary struc-
tures can be located at the surfaces of the portion, the
protein, or the naturally occurring protein (e.g., viral hemag-
glutinin, flagellin, M2e). A tertiary structure of a protein is
the three-dimensional arrangement of amino acid residues.
In contrast to secondary structure, which is stabilized by, for
example, hydrogen bonds, a-helices, -strands, tertiary
structure results from hydrophobic interactions between
non-polar side chains of the portion, protein or naturally
occurring viral hemagglutinin. The hydrophobic interactions
hold the helices strands in random coils in a compact internal
scaffold. The size and shape of a protein can depend on its
primary amino acid sequence, as well as the number, size
and arrangement of secondary structures.

[0137] “A globular head,” as that phrase is used herein,
refers to a portion of a protein of a naturally occurring viral
hemagglutinin that includes the receptor or sialic acid bind-
ing regions. “Globular head,” is also referred to herein as a
“globular domain.” The globular head of viral hemaggluti-
nin proteins has been determined based on x-ray crystallog-
raphy as described, for example, by Wilson 1. A., et al.
Nature 289:366-373 (1981); Chen, 1., et al., Cell 95:409-417
(1998); Ha Y., et al., The EMBO Journal 21:865-875 (2002);
Russell, R. I., et al., Virology 325:287-296 (2004); and Cox,
N. I, et al, In: Toply and Wilson’s Microbiology and
Microbial Infections, eds. B W J Mathy, et al., Vol. 1 (9™ ed.)
New York, N.Y., Oxford Univ. Press, Ch. 32, p. 634 (1998).
The globular head of a naturally occurring viral hemagglu-
tinin is a component of the HA1 subunit of, for example,
influenza viral hemagglutinin. In addition to the receptor
binding domain, the globular head can include the E sub-
domain and F subdomain as described, for example, by Ha,
Y., et al. The EMBO Journal 21:865-875 (2002).

[0138] The phrase, “causes the globular head to essentially
retain its tertiary structure,” as used herein, refers to main-
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tenance of the tertiary structure of the globular head of the
naturally occurring viral hemagglutinin sufficient to stimu-
late a protective immune response in a subject.

[0139] The membrane fusion domain of a viral hemag-
glutinin is that region of the viral hemagglutinin (involved in
binding of the viral hemagglutinin) that binds a host cell. A
transmembrane domain of the viral hemagglutinin is that
portion of the viral hemagglutinin that spans the membrane
of the virus. A cytoplasmic domain of a viral hemagglutinin
is that portion of the viral hemagglutinin located on the
cytoplasmic surface of the virus.

[0140] The portion of the protein of the naturally occur-
ring viral hemagglutinin (also referred to herein as “protein
portion”) can further lack a signal sequence. The portion of
a globular head employed in the methods described herein
can include at least a portion of at least one secondary
structure that includes at least a portion of at least one
p-pleated sheet; at least one alpha helix and/or at least one
member selected from the group consisting of a salt bridge,
a leucine zipper and a zinc finger. The portion of a globular
head can further include at least about one disulfide bond, at
least about two disulfide bonds, at least about three disulfide
bonds, at least about four disulfide bonds, at least about five
disulfide bonds and at least about six disulfide bonds.

[0141] The method of making a protein that stimulates a
protective immune response in a subject can further include
the step of substituting a nucleic acid sequence encoding at
least one amino acid residue selected from the group con-
sisting of a hydrophilic amino acid residue, a polar amino
acid residue and a neutral amino acid residue for a nucleic
acid sequence that encodes at least one hydrophobic amino
acid residue in the protein portion. The hydrophobic amino
acid residue substituted can include at least one member
selected from the group consisting of a phenylalanine resi-
due, a tryptophan residue and tyrosine residue. The polar
amino acid residue substituted for the hydrophobic amino
acid can include at least one member selected from the group
consisting of an aspartic acid residue and a glutamic acid
residue.

[0142] The portion of a protein of a naturally occurring
viral hemagglutinin can be a portion of a naturally occurring
influenza viral hemagglutinin protein (e.g., influenza A, B
and C). The influenza A viral hemagglutinin protein can be
at least one member selected from the group consisting of
H1, H2, H3, H5, H7 and H9.

[0143] The host cell employed in the methods described
herein can be a prokaryotic host cell. The prokaryotic host
cell can be at least one member selected from the group
consisting of an E. coli prokaryotic host cell, a Pseudomonas
prokaryotic host cell, a Bacillus prokaryotic host cell, a
Salmonella prokaryotic host cell and a P fluorescens
prokaryotic host cell.

[0144] The method of making a protein that stimulates a
protective immune response in a subject can further include
the step of transforming the prokaryotic host cell with a
chaperone nucleic acid sequence. The chaperone nucleic
acid sequence can be at least one member selected from the
group consisting of a groES-groEL chaperone, a dnaK-dnal-
grpE chaperone, a groES-groEL-tig chaperone and a tig
chaperone.

[0145] The method of making a protein that stimulates a
protective immune response in a subject can further include
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the step of fusing at least a portion of a Toll-like Receptor
(TLR) agonist to the protein. The nucleic acid sequence —continued
encoding at least a portion of a Toll-like Receptor agonist WARVVGWLR (SEQ ID NO: 367)

can be operably linked to the nucleic acid sequence encod-
ing the protein portion of the viral hemagglutinin. A linker
(e.g., peptide linker) can be between the Toll-like Receptor LVGGVVRRGS (SEQ ID NO: 369)
agonist and the portion of the viral hemagglutinin.

SEGYRLFGG (SEQ ID NO: 368)

GRVNDLWLAA (SEQ ID NO: 370)
[0146] Toll-like Receptors refer to a family of receptor
proteins that are homologous to the Drosophila melango- SCWMLWREGS (SEQ ID NO: 371)
gaster Toll protein. Toll-like Receptors are type I transmem- ERMEDRGGDL (SEQ ID NO: 372)
brane signaling receptor proteins characterized by an extra-
cellular leucine-rich repeat domain and an intracellular KLCCFTECM (SEQ ID NO: 373)
domain homologous to an interleukin 1 receptor. Toll-like AVGSMERGRG (SEQ ID No: 374)
Receptors include TLR1, TLR2, TLR3, TLR4, TLRS,
TLR6, TLR7, TLR 8, TLRY, TLR10, TLR11 and TLR12. RDWVGGDLV (SEQ ID NO: 375)
[0147] “Agonist,” as used herein in referring to a TLR, FFEVAKISQQ (SEQ ID NO: 376)
means a molecule that activates a TLR signaling pathway. A
TLR signaling pathway is an intracellular signal transduc- WRYWC (SEQ ID NO: 377)
tion pathway employed by a particular TLR that can be MHLCSHA (SEQ ID NO: 378)
activated by a TLR ligand or a TLR agonist. Common
intracellular pathways are employed by TLRs and include, WLFRRIG (SEQ ID NO: 379)
for example, NF-kB, Jun N-terminal kinase and mitogen-

YWFWRIG (SEQ ID NO: 380)

activated protein kinase. The Toll-like Receptor agonist can
include at least one member selected from the group con- MHLYCIA (SEQ ID NO: 381)
sisting of a TLR1 agonist, a TLR2 agonist (e.g., Pam3Cys,

Pam2Cys, bacterial lipoprotein), a TLR3 agonist (e.g., WPLFPWIV (SEQ ID NO: 382)
d.sRNA), a TLR4 e}gonist (e.g., bagterial lipopolysagcha- DMRSHAR (SEQ D NO: 383)
ride), a TLRS agonist (e.g., a flagellin), a TLR6 agonist, a

TLR7 agonist, a TLR8 agonist, a TLR9 agonist (e.g., unm- MHLCTHA (SEQ ID NO: 384)

ethylated DNA motifs), TLR10 agonist, a TLR11 agonist
and a TLR12 agonist.

[0148] The Toll-like Receptor agonists for use in the
methods and compositions of the invention can be a Toll-like RHLWYHA (SEQ ID NO: 387)
Receptor agonist component that is at least a portion of a
Toll-like Receptor agonist, wherein the Toll-like Receptor
agonist component includes at least one cysteine residue in
a position where a cysteine does not occur in the native
Toll-like Receptor agonist, whereby the Toll-like Receptor GKGTDLG (SEQ ID NO: 390)
agonist component activates a Toll-like Receptor.

NLFPFY (SEQ ID NO: 385)

MHLCTRA (SEQ ID NO: 386)

WPFSAYW (SEQ ID NO: 388)

WYLRGS (SEQ ID NO: 389)

IFVRMR (SEQ ID NO: 391)
[0149] TLR4 ligands (e.g., TLR4 agonists) for use in the
compositions and methods of the invention can include at WLERPVE (SEQ ID MOz 392)
least one member selected from the group consisting of FLGWLMG (SEQ ID NO: 393)
[0150] SEQ ID NOS: 359-406 (See, PCT/US 2006/ MHLWHHA (SEQ ID NO: 394)
002906/WO  2006/083706; PCT/US 2006/003285/WO
2006/083792; PCT/US 2006/041865; PCT/US 2006/ WWFPWKA (SEQ ID NO: 395)
042051). WYLPWLG (SEQ ID NO: 396)
WPFPRTF (SEQ ID NO: 397)
GGKSGRTG (SEQ ID NO: 359)
WPFPAYW (SEQ ID NO: 398)
KGYDWLVVG (SEQ ID NO: 360)
FLGLRWL (SEQ ID NO: 399)
EDMVYRIGVP (SEQ ID NO: 361)
VKLSGS (SEQ ID No: 362) SRTDVGVLEV (SEQ ID NO: 400)
GMLSLALF (SEQ ID NO: 363) REKVSRGDKG (SEQ ID NO: 401)
CVVGSYR (SEQ ID NO: 364) DWDAVESEYM (SEQ ID NO: 402)
IVRGCLGW (SEQ ID NO: 365) VSSAQEVRVP (SEQ ID NO: 403)

AAEERTLG (SEQ ID NO: 366) LTYGGLEALG (SEQ ID NO: 404)
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-continued
VEEYSSSGVS (SEQ ID NO: 405)
VCEVSDSVMA (SEQ ID NO: 406)

[0151] TLR2 ligands (e.g., TLR2 agonists) for use in the
compositions and methods of the invention can also include
at least one member selected from the group consisting of
SEQ ID NOS: 455-494 (see, PCT/US 2006/002906/WO
2006/083706; PCT/US 2006/003285/WO 2006/083792;
PCT/US 2006/041865; PCT/US 2006/042051).

NPPTT (SEQ ID NO: 455)
MRRIL (SEQ ID NO: 456)
MISs (SEQ ID NO: 457)
RGGSK (SEQ ID NO: 458)
RGGF (SEQ ID NO: 459)
NRTVF (SEQ ID NO: 460)
NRFGL (SEQ ID NO: 461)
SRHGR (SEQ ID NO: 462)
IMRHP (SEQ ID NO: 463)
EVCAP (SEQ ID NO: 464)
ACGVY (SEQ ID NO: 465)
CGPKL (SEQ ID NO: 466)
AGCFS (SEQ ID NO: 467)
SGGLF (SEQ ID NO: 468)
AVRLS (SEQ ID NO: 469)
GGKLS (SEQ ID NO: 470)
VSEGV (SEQ ID NO: 471)
KCQSF (SEQ ID NO: 472)
FCGLG (SEQ ID NO: 473)
PESGV (SEQ ID NO: 474)
DPDSG (SEQ ID NO: 475)
IGRFR (SEQ ID NO: 476)
MGTLP (SEQ ID NO: 477)
ADTHQ (SEQ ID NO: 478)
HLLPG (SEQ ID NO: 479)
GPLLH (SEQ ID NO: 480)
NYRRW (SEQ ID NO: 481)
LRQGR (SEQ ID NO: 482)
IMWFP (SEQ ID NO: 483)
RVVAP (SEQ ID NO: 484)
IHVVP (SEQ ID NO: 485)
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-continued
MFGVP (SEQ ID NO: 486)
CVWLQ (SEQ ID NO: 487)
IYKLA (SEQ ID NO: 488)
KGWF (SEQ ID NO: 489)
KYMPH (SEQ ID NO: 490)
VGKND (SEQ ID NO: 491)
THKPK (SEQ ID NO: 492)
SHIAL (SEQ ID NO: 493)
AWAGT (SEQ ID NO: 494)

[0152] The TLR2 ligand (e.g., TLR2 agonist) can also
include at least a portion of at least one member selected
from the group consisting of flagellin modification protein
FImB of Caulobacter crescentus; Bacterial Type 111 secre-
tion system protein; invasin protein of Sa/monella; Type 4
fimbrial biogenesis protein (PilX) of Pseudomonas, Salmo-
nella Scil protein; putative integral membrane protein of
Streptomyces; membrane protein of Pseudomonas; adhesin
of Bordetella pertusis; peptidase B of Vibrio cholerae;
virulence sensor protein of Bordetella; putative integral
membrane protein of Neisseria meningitidis; fusion of
flagellar biosynthesis proteins FliR and F1hB of Clostridium;
outer membrane protein (porin) of Acinetobacter; flagellar
biosynthesis protein FIhF of Helicobacter; ompA related
protein of Xanthomonas,; omp2a porin of Brucella; putative
porin/fimbrial assembly protein (LHrE) of Salmonella;
wbdk of Salmonella; Glycosyltransterase involved in LPS
biosynthesis; Salmonella putative permease.

[0153] The TLR2 ligand (e.g., TLR agonist) can include at
least a portion of at least one member selected from the
group consisting of lipoprotein/lipopeptides (a variety of
pathogens); peptidoglycan (Gram-positive bacteria); lipote-
ichoic acid (Gram-positive bacteria); lipoarabinomannan
(mycobacteria); a phenol-soluble modulin (Staphylococcus
epidermidis); glycoinositolphospholipids  (7rypanosoma
Cruzi), glycolipids (Treponema maltophilum); porins (Neis-
seria);, zymosan (fungi) and atypical LPS (Leprospira inter-
rogans and Porphyromonas gingivalis).

[0154] The TLR2 ligand (e.g., TLR2 agonist) can also
include at least one member selected from the group con-
sisting of SEQ ID NOS: 495-497 (see, PCT/US 2006/
002906/WO  2006/083706; PCT/US 2006/003285/WO
2006/083792; PCT/US 2006/041865;, PCT/US 2006/

042051).
KGGVGPVRRSSRLRRTTQPG (SEQ ID NO: 495)
GRRGLCRGCRTRGRIKQLQSAHK (SEQ ID NO: 496)
RWGYHLRDRKYKGVRSHKGVPR (SEQ ID NO: 497)

[0155] The TLR2 agonist can include at least a portion of
a bacterial lipoprotein (BLP).

[0156] The TLR2 agonist can be a bacterial lipoprotein,
such as Pam2Cys (S-[2,3-bis(palmitoyloxy)propyl]cys-
teine), Pam3Cys ([Palmitoyl]-Cys((RS)-2,3-di(palmitoy-
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loxy)-propyl cysteine) or Pseudomonas aeruginosa Oprl
lipoprotein (Oprl). Exemplary Oprl lipoproteins include
SEQ ID NO: 782, encoded by SEQ ID NO: 783. An
exemplary E. coli bacterial lipoprotein for use in the inven-
tion described herein is SEQ ID NO: 784 encoded by SEQ
1D NO: 785. A bacterial lipoprotein that activates a TLR2
signaling pathway (a TLR2 agonist) is a bacterial protein
that includes a palmitoleic acid (Omueti, K. O., et al., J. Biol.
Chem. 280: 36616-36625 (2005)). For example, expression
of SEQ ID NOS: 783 and 785 in bacterial expression
systems (e.g., E. coli) results in the addition of a palmitoleic
acid moiety to a cysteine residue of the resulting protein
(e.g., SEQ ID NOS: 782 and 784) thereby generating a
TLR2 agonist for use in the compositions, fusion proteins
and polypeptides of the invention. Production of tripalmi-
toylated-lipoproteins (also referred to as triacyl-lipopro-
teins) in bacteria occurs through the addition of a diacylg-
lycerol group to the sulthydryl group of a cysteine (e.g.,
cysteine 21 of SEQ ID NO: 784) followed by cleavage of the
signal sequence and addition of a third acyl chain to the free
N-terminal group of the same cysteine (e.g., cysteine 21 of
SEQ ID NO: 784) (Sankaran, K., et al., J. Biol. Chem.
269.19706 (1994)), to generate a tripalmitylated peptide (a
TLR2 agonist) as shown, for example, in FIG. 74.

[0157] The Toll-like Receptor agonist in the compositions
of the invention can further include at least one cysteine
residue at the terminal amino acid of the amino-terminus
and/or the terminal amino acid of the carboxy-terminus of
the Toll-like Receptor agonist. For example, SEQ ID NO:
359 can further include at least one cysteine residue in a
peptide bond to the amino-terminal glycine residue and/or at
least one cysteine residue in a peptide bond to the carboxy-
terminal glycine residue; SEQ ID NO: 360 can further
include at least one cysteine residue in a peptide bond to the
amino-terminal lysine residue and/or at least one cysteine
residue in a peptide bond to the carboxy-terminal glycine
residue; SEQ ID NO: 361 can further include at least one
cysteine residue in a peptide bond to the amino-terminal
glutamic acid residue and/or at least one cysteine residue in
a peptide bond to the carboxy-terminal proline residue.

[0158] TLRS agonists for use in the methods of the
invention can include at least a portion of a flagellin.
Flagellin are pathogen-associated molecular patterns
(PAMPs) that activate TLRS.

[0159] The flagellin in the compositions and methods
described herein can be at least a portion of a S. typhimurium
flagellin (Genbank Accession Number AF045151); at least a
portion of the S. typhimurium flagellin selected from the
group consisting of SEQ ID NO: 498, SEQ ID NO: 812,
SEQ ID NO: 816 and SEQ ID NO: 500; at least a portion of
an S. muenchen flagellin (Genbank Accession Number
ABO028476) that includes at least a portion of SEQ ID NO:
504 and SEQ ID NO: 813; at least a portion of P. aeruginosa
flagellin that includes at least a portion of SEQ ID NO: 815;
at least a portion of a Listeria monocytogenes flagellin that
includes at least a portion of SEQ ID NO: 820; at least a
portion of an E. coli flagellin that includes at least a portion
of SEQ ID NO: 502 and SEQ ID NO: 814; at least a portion
of a Yersinia flagellin; and at least a portion of a Campylo-
bacter flagellin.

[0160] The flagellin employed in the compositions of the
invention can also include the polypeptides of SEQ ID NO:
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498, SEQ ID NO: 500, SEQ ID NO: 504 and SEQ ID NO:
502; at least a portion of SEQ ID NO: 498, at least a portion
of SEQ ID NO: 500, at least a portion of SEQ ID NO: 504
and at least a portion of SEQ ID NO: 502; and a polypeptide
encoded by SEQ ID NO: 499, SEQ ID NO: 501, SEQ ID
NO: 505 and SEQ ID NO: 503; or at least a portion of a
polypeptide encoded by SEQ ID NO: 499, SEQ ID NO: 501,
SEQ ID NO: 505 and SEQ ID NO: 503.

[0161] The flagellin employed in the compositions and
method of the invention can lack at least a portion of a hinge
region. Hinge regions are the hypervariable regions of a
flagellin. Hinge regions of a flagellin are also referred to
herein as “D3 domain or region,™‘propellor domain or
region,”hypervariable domain or region” and “variable
domain or region.”“Lack” of a hinge region of a flagellin,
means that at least one amino acid or at least one nucleic acid
codon encoding at least one amino acid that comprises the
hinge region of a flagellin is absent in the flagellin.
Examples of hinge regions include amino acids 176-415 of
SEQ ID NO: 498, which are encoded by nucleic acids
528-1245 of SEQ ID NO: 499; amino acids 174-422 of SEQ
ID NO: 502, which are encoded by nucleic acids 522-1266
of SEQ ID NO: 503; or amino acids 173-464 of SEQ ID NO:
504, which are encoded by nucleic acids 519-1392 of SEQ
ID NO: 505. Thus, if amino acids 176-415 were absent from
the flagellin of SEQ ID NO: 498, the flagellin would lack a
hinge region. A flagellin lacking at least a portion of a hinge
region is also referred to herein as a “truncated version” of
a flagellin.

[0162] “At least a portion of a hinge region,” as used
herein, refers to any part of the hinge region of the flagellin,
or the entirety of the hinge region. “At least a portion of a
hinge region” is also referred to herein as a “fragment of a
hinge region.” At least a portion of the hinge region of
fljB/STF2 can be, for example, amino acids 200-300 of SEQ
ID NO: 498. Thus, if amino acids 200-300 were absent from
SEQ ID NO: 498, the resulting amino acid sequence of
STF2 would lack at least a portion of a hinge region.

[0163] Alternatively, at least a portion of a naturally
occurring flagellin can be replaced with at least a portion of
an artificial hinge region. “Naturally occurring,” in reference
to a flagellin amino acid sequence, means the amino acid
sequence present in the native flagellin (e.g., S. typhimurium
flagellin, S. muenchin flagellin, E. coli flagellin). The natu-
rally occurring hinge region is the hinge region that is
present in the native flagellin. For example, amino acids
176-415 of SEQ ID NO: 498, amino acids 174-422 of SEQ
ID NO: 502 and amino acids 173-464 of SEQ ID NO: 504,
are the amino acids corresponding to the natural hinge
region of STF2, E. coli fliC and S. muenchen flagellins, fliC,
respectively. “Artificial,” as used herein in reference to a
hinge region of a flagellin, means a hinge region that is
inserted in the native flagellin in any region of the flagellin
that contains or contained the native hinge region.

[0164] The hinge region of a flagellin be deleted and
replaced with an antigen (e.g., HA1-1, HA1-2, the matura-
tional cleavage site) and the resulting construct fused to
another antigen (e.g., 4xM2e).

[0165] An artificial hinge region may be employed in a
flagellin that lacks at least a portion of a hinge region, which
may facilitate interaction of the carboxy- and amino-termi-
nus of the flagellin for binding to TLRS and, thus, activation
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of the TLRS innate signal transduction pathway. A flagellin
lacking at least a portion of a hinge region is designated by
the name of the flagellin followed by a “A.” For example, an
STF2 (e.g., SEQ ID NO: 498) that lacks at least a portion of
a hinge region is referenced to as “STF2A” or “f]jB/STF2A”
(e.g., SEQ ID NO: 500).

[0166] The flagellin for use in the methods and composi-
tions of the invention can be a at least a portion of a flagellin,
wherein the flagellin component includes at least one cys-
teine residue and whereby the flagellin component activates
a Toll-like Receptor 5; a flagellin component that is at least
a portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
arginine, whereby the flagellin component activates a Toll-
like Receptor 5; a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
serine residue, whereby the flagellin component activates a
Toll-like Receptor 5; a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
histidine residue, whereby the flagellin component activates
a Toll-like Receptor 5, as described herein.

[0167] A recombinant fusion protein can be generated by
operably linking a TLR agonist to the protein portion (e.g.,
HA1-1, HAI-2).

[0168] “Fusion protein,” as used herein, refers to a protein
generated from at least two similar or distinct components
(e.g., a protein portion of HA and a TLR agonist). Fusion
proteins can be generated recombinantly or by chemical
conjugation.

[0169] In an embodiment, fusion proteins of protein por-
tions of HA and TLR agonists (e.g., SEQ ID NOS: 89-92,
95, 151-160, 177, 209, 210 and 211) can be admixed or
coadministered with fusion proteins of TLR agonists and
M2e proteins (e.g., SEQ ID NOS: 528, 587, 589 and 591)
and administered to a subject to stimulate an immune
response, such as a protective immune response.

[0170] Fusion proteins of the invention can be designated
by components of the fusion proteins separated by a ““.”. For
example, “STF2.HA1-2” refers to a fusion protein compris-
ing one STF2 protein and one HAI-2 protein; and
“STF2A.HA1-2” refers to a fusion protein comprising one
STF2 protein without the hinge region and HA1-2. Exem-
plary fusion proteins of the invention include SEQ ID NOS:
89-92, 95, 151-160, 177, 209, 210 and 211.

[0171] The fusion proteins can include, for example, two,
three, four, five, six or more Toll-like Receptor agonists
(e.g., flagellin) and two, three, four, five, six or more
antigens (e.g., protein portions, such as HA1-1, HA1-2).
When two or more TLR agonists and/or two or more protein
portions comprise fusion proteins of the invention, they are
also referred to as “multimers.” For example, a multimer of
HA1-1 can be four HA1-1 sequences, which is referred to
herein as 4xHA1-1. Likewise, “2xHA1-1" is a multimer of
two HA1-1 sequences. (See, for example, SEQ ID NOS:
342-346 and 348).

[0172] The fusion proteins of the invention can further
include a linker between at least one component of the
fusion protein (e.g., TLR agonist) and at least one other
component of the fusion protein (e.g., HA1-1, HA1-2) of the
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composition, a linker between at least two of similar com-
ponents of the fusion protein (e.g., HA1-1, HA1-2) or any
combination thereof. “Linker,” as used herein in reference to
a fusion protein of the invention, refers to a connector
between components of the fusion protein in a manner that
the components of the fusion protein are not directly joined.
For example, one part of the fusion protein (e.g., flagellin)
can be linked to a distinct part (e.g., protein portion, HA1-1,
HA1-2, an antigen) of the fusion protein. Likewise, at least
two or more similar or like components of the fusion protein
can be linked (e.g., two flagellin can further include a linker
between each flagellin, or two HA proteins can further
include a linker between each HA protein).

[0173] Additionally, or alternatively, the fusion proteins of
the invention can include a combination of a linker between
distinct components of the fusion protein and similar or like
components of the fusion protein. For example, a fusion
protein can comprise at least two TLR agonists that further
includes a linker between, for example, two or more flagel-
lin; at least two protein portions of HA that further include
a linker between them; a linker between one component of
the fusion protein (e.g., flagellin) and another distinct com-
ponent of the fusion protein (e.g., protein portions of HA),
or any combination thereof.

[0174] The linker can be an amino acid linker. The amino
acid linker can include synthetic or naturally occurring
amino acid residues. The amino acid linker employed in the
fusion proteins of the invention can include at least one
member selected from the group consisting of a lysine
residue, a glutamic acid residue, a serine residue and an
arginine residue. The amino acid linker can include, for
example, SEQ ID NOS: 521, 523, 524 and 526, encoded by
the nucleic acid sequences of SEQ ID NOS: 520, 522, 525
and 527 respectively.

[0175] The Toll-like Receptor agonist of the fusion pro-
teins of the invention can be fused to a carboxy-terminus, the
amino-terminus or both the carboxy- and amino-terminus of
the protein portion of HA (e.g., HA1-1, HA1-2 or other
antigens, such as the ectodomain of the Matrix 2 protein, a
maturational cleavage site).

[0176] Fusion proteins can be generated by fusing the
protein portions of HA (or other antigens, such as the
maturational cleavage site of HA) to at least one of four
regions (Regions 1, 2, 3 and 4) of flagellin, which have been
identified based on the crystal structure of flagellin
(PDB:1UCU) (see FIG. 77).

[0177] Region 1is TIAL (SEQID NO:823)...-...GLG
(95-111 of SEQ ID NO: 841). The corresponding residues
for Salmonella typhimurium fjB construct are TTLD (SEQ
ID NO: 824)...-...GIN (196-216 of SEQ ID NO: 841).
This region is an extended peptide sitting in a groove of two
beta strands (GTDQKID (SEQ ID NO: 825) and NGEVTL
(SEQ ID NO: 826) of (SEQ ID NO: 841). Substitution of
this peptide with an antigen (e.g., HA maturational cleavage
site) may mimic the conformation of wild type maturational
cleavage site peptide in HAO. Exemplary amino acids that
may be substituted include: flagellin residues SGLDDAAI-
KAAT (SEQ ID NO: 827) (201-212 of SEQ ID NO: 841)
substituted with maturational cleavage site residues: RGIF-
GAIAGFIE (SEQ ID NO: 828), which correspond to the
A/H3N2 subtype, or RGLFGAIAGFIE (SEQ ID NO: 803),
which correspond to the maturational cleavage site residues
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from the A/H2N1, A/HIN1, A/HS5N1 subtypes or with
RGFFGAIAGFLE (SEQ ID NO: 805), which correspond to
Influenza B HA maturational cleavage site residues.

[0178] Region 2 of the Salmonella flagellin is a small loop
GTG (238-240 of SEQ ID NO: 841) in 1UCU structure (see
FIG. 77). The corresponding loop in Salmonella fijB is
GADAA (SEQ ID NO: 829) (244-248 of SEQ ID NO: 841).
Insertion of an antigen (e.g., protein portions of HA, a
maturation cleavage site peptide) in this loop or replacement
of the entire loop with an antigen (e.g., protein portions of
HA, a maturational cleavage site peptide) should preserve
the extended loop structure of the maturational cleavage site
peptide that is associated with the native HA molecule.

[0179] Region 3 is a bigger loop that resides on the
opposite side of the Region 1 peptide (see FIG. 77). This
loop can be simultaneously substituted together with region
1 to create a double copy of the antigen (e.g., protein
portions of HA, a maturational cleavage site peptide). The
loop starts from AGGA (SEQ ID NO: 830) and ends at PATA
(SEQ ID NO: 831) (259-274 of SEQ ID NO: 841). The
corresponding Sa/monella fljB sequence is AAGA (SEQ ID
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NO: 832...-...ATTK (SEQ ID NO: 833) (266-281 of SEQ
ID NO: 841). The sequence AGATKTTMPAGA (SEQ ID
NO: 834) (267-278 of SEQ ID NO: 841) can be replaced
with the antigens (e.g., protein portions of HA, a maturation
cleavage site peptides).

[0180] Region 4 is the loop (VIGTG (SEQ ID NO: 835))
connecting a short a-helix (TEAKAALTAA (SEQ ID NO:
836)) and a B-strand (ASVVKMSYTDN (SEQ ID NO: 837)
in 1UCU structure (see FIG. 77). The corresponding loop in
Salmonella fjB is a longer loop VDATDANGA (SEQ ID
NO: 838 (307-315 of SEQ ID NO: 841). An antigen (e.g., a
protein portion of HA, a maturation cleavage site peptide)
can be inserted into or replace this region.

[0181] One or more copies of antigens (e.g., maturation
cleavage site) can be inserted or used to replace the peptides
listed in the above four regions. Preferably, the replacements
would be in Region 1 and Region 3.

[0182] Exemplary sequences of maturation cleavage site
peptides of HA are listed below:

Sequence Subtype

NVPEKQTRGIFGAIAGFIE A/H3N2 (SEQ ID NO: 800)
NVPQIESRGLFGAIAGFIE A/H2N1 (SEQ ID NO: 801)
NIPSIQSRGLFGAIAGFIE A/HIN1 (SEQ ID NO: 802)
RERRRKKRGLFGAIAGFIE A/H5N1 (SEQ ID NO: 839)
PAKLLKERGFFGAIAGFLE B/HA (SEQ ID NO: 804)

Sequence alignment of X-ray model (1UCU) and SEQ ID NO: 841

75.1% identity in 506 residues overlap; Score:

1703.0;

Gap frequency: 2.6%

1ucu 1 AQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQATANRFTANIKGL
sfla 2 AQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQATIANRFTANIKGL

Fhkkkkddkddddhddbdd bbb ddbdbdbdbddbdb bbb bbb bbb bbb bbb b bd bd b ddd dk
1UCU 61 TQASRNANDGISIAQTTEGALNE INNNLOQRVRELAVQSANSTNSQSDLDSIQAEITQRLN

sfla 62 TQASRNANDGIS IAQTTEGALNE INNNLOQRVRELAVQSANSTNSQSDLDSIQAEITQRLN
Fhkkkkddkddddhddbdd bbb ddbdbdbdbddbdb bbb bbb bbb bbb bbb b bd bd b ddd dk
1UCU 121 EIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDTLNVQQKYKV
Sfla 122 EIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDV
Fhkkkkddkddddhddbdd bbb ddbdbdbdbddbdb bbb bbb bbb bbb bbb b bd bd b ddd dk
1UCU 181 SDTAATVTGYAD--TTI---ALDNSTFKASATGLGGTDQKIDGDLKFDDTTGKYYAKVTV
Sfla 182 KDTAVTTKAYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGG
*okk K * %k * K * K * K * * %k * * ok ok * K
1UCU 236 TGGT-GKDGYYEVSVDKTNGEVTLAGGATSPLTGGLPATATEDVKNVQVANADLTEAKA
Sfla 242 FTGADAAKNGDYEVNV-ATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSALAKN
* * ok kkk K * ok kkkk kK * kK * %k
1UCU 294 ALTAAGVTGT----ASVVKMSYTDNNGKT IDGGLAVKVGDDYYSATQNK-DGSISINTTK
Sfla 301 ALIAGGVDATDANGAELVKMSYTDKNGKT IEGGYALKAGDKYYAADYDEATGAIKAKTTS
*k ok kK * * Kkkkkdk Fhkdkhkd Kk * k Kk *k X * ok * %k
1UCU 349 YTADDGTSKTALNKIGGADGKTEVVSIGGKTYAASKAEGHNFKAQPDLAEAAATTTENPL
Sfla 361 YTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPL
Khkk Khkk dhkk Kk hkk Fhkhkhkohkd Kk Khkkk dhkkk khk Fhkhkkk Kk kkkk Fkhkhk
1UCU 409 QRIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTVNNLTSVRSRIEDSDYATEVSNMSRA
Sfla 421 QKIDAALAQVDALRSDLGAVQONRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA

P B R e TR TR TRy KhkEkE IR IR KRR I KR KR K KK
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Sequence Subtype

1UCU 469 QILQQAGTSVLAQANQVPONVLSLLR (SEQ ID NO: 840)
sfla 481 QILQQAGTSVLAQANQVPQNVLSLLR (SEQ ID NO: 841)

KRR I R IR IR IR A Rk Rk kkkkkkk kK

[0183] The methods of making a protein that stimulates a
protective immune response in a subject can further include
the step of operably linking a nucleic acid sequence encod-
ing a carrier protein to the nucleic acid sequence encoding
a portion of the viral hemagglutinin.

[0184] “Carrier,” as used herein, refers to a molecule (e.g.,
protein, peptide) that can enhance stimulation of a protective
immune response. Carriers can be physically attached (e.g.,
linked by recombinant technology, peptide synthesis, chemi-
cal conjugation or chemical reaction) to a composition (e.g.,
a protein portion of a naturally occurring viral hemaggluti-
nin) or admixed with the composition.

[0185] Carriers for use in the methods and compositions
described herein can include, for example, at least one
member selected from the group consisting of Tetanus
toxoid (TT), Vibrio cholerae toxoid, Diphtheria toxoid (DT),
a cross-reactive mutant (CRM) of diphtheria toxoid, E. coli
enterotoxin, E. coli B subunit of heat labile enterotoxin
(LTB), Tobacco mosaic virus (TMV) coat protein, protein
Rabies virus (RV) envelope protein (glycoprotein), thyro-
globulin (Thy), heat shock protein HSP 60 Kda, Keyhole
limpet hemocyamin (KLH), an early secreted antigen tuber-
culosis-6 (ESAT-6), exotoxin A, choleragenoid, hepatitis B
core antigen, and the outer membrane protein complex of N.
meningiditis (OMPC) (see, for example, Schneerson, R., et
al., Prog Clin Biol Res 47:77-94 (1980); Schneerson, R., et
al.,, J Exp Med 152:361-76 (1980); Chu, C., et al., Infect
Immun 40: 245-56 (1983); Anderson, P., Infect Immun
39:233-238 (1983); Anderson, P., et al., J Clin Invest 76:52-
59 (1985); Fenwick, B. W, et al., 54:583-586 (1986); Que,
J. U, et al. Infect Immun 56:2645-9 (1988); Que, J. U., et al.
Infect Immun 56:2645-9 (1988); (Que, J. U., et al. Infect
Immun 56:2645-9 (1988); Murray, K., et al., Biol Chem
380:277-283 (1999); Fingerut, E., et al., Vet Immunol Immu-
nopathol 112:253-263 (2006); and Granoff, D. M., et al.,
Vaccine 11:Suppl 1:346-51 (1993)).

[0186] Exemplary carrier proteins for use in the methods
and compositions described herein can include at least one
member selected from the group consisting of SEQ ID NOS:
788-795:

Cross-reactive mutant (CRM) of diphtheria toxin
including, CRM197

(SEQ ID NO: 788)
GADDVVDSSKSFVMENFSSYHGTKPGYVDS IQKGIQKPKSGTQGNYDDDW
KGFYSTDNKYDAAGYSVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAE
TIKKELGLSLTEPLMEQVGTEEF IKRFGDGASRVVLSLPFAEGSSSVEYT
NNWEQAKALSVELETNFETRGKRGQDAMYEYMAQACAGNRVRRSVGSSLS

CIINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTVSEEKAKQYLEE

-continued
FHQTALEHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSETADNLEK

TTAALSILPGIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQATPLVGE
LVDIGFAAYNFVEsIINLFQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWN
TVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTH
ISVNGRIDRMRCPAIDGDVTFCPYKSPVYVGNGVHANLHVAFHRSSSEKI
HSNEISSDSIGVLGYQKTVDHTKVNSKLSLFFEIKS

Coat protein of Tobacco mosaic virus (TMV)

coat protein

(SEQ ID NO: 789)
MMAYSIPTPSQLVYFTENYADYIPFVNRLINARSNSFQTQSGRDELREIL
IKSQVSVVSPISRFPAEPAYYIYLRDPSISTVYTALLQSTDTRNRVIEVE
NSTNVTTAEQLNAVRRTDDASTAIHNNLEQLLSLLTNGTGVFNRTSFESA
SGLTWLVTTTPRTA
Coat protein of alfalfa mosaic virus (AMV)

(SEQ ID NO: 790)
MSSSQKKAGGKAGKPTKRSOQNYAATLRKAQLPKPPALKVPVAKPTNTILPQ
TGCVWQSLGTPLSLSSSNGLGARFLYSFLKDFAAPRILEEDLIFRMVFST
TPSHAGSFCLTDDVTTEDGRAVAHGNPMQEFPHGAFHANEKYGFELVFTA
YTHAGMONQNFKHSYAVALCLDFDALPEGSRNPSYRTNEVWVERKAYPPA
GPLRSLITVGLFDDADDLDRQ
Coat protein of Potato virus X

(SEQ ID NO: 791)
MTTPANTTQATGSTTSTTTKTAGATPATTSGLFTIPDGEFFSTAPATIVAS

NAVATNEDLSKIEAIWKDMKVPTDTMAQAAWDLVRHCADVGSSAQTEMID

TGPYSNGISRARLAAATKEVCTLRQFCMKYAPVVWNWMLTNNSPPANWQA

QGFKPEHKFAAFDFFNGVTPNPAATMPKEGLIRPPSEAEMNAAQTAAFVK
ITKARAQSNDFASLDAAVTRGRITGTTTAEAVVTLPPP
Porins from Neisseria sp, e.g., class I outer
membrane protein of Neisseria meningitides

(SEQ ID NO: 792)
MRKKLTALVLSALPLAAVADVSLYGE IKAGVEGRNYQLQLTEAQAANGGA
SGQVKVTRKVTKAKSRIRTKISDFGSFIGFKGSEDLGEGLKAVWQLEQDVS
VAGGGATQWGNRESF IGLAGEFGTLRAGRVANQFDDASQATIDPWDSNNDV
ASQLGIFKRFIDDMPVSVRYDSPEFSGFSGSVQFVPAQNSKSAYKPAYWT

TVNTGSATTTTFVPAVVGKPGSDVYYAGLNYKIIGGFAGNYAFKYAAUTA

NVGRDAFELFLLGSGSDQAKGTDPLKNHQNHQVHRLTGGYEEGGLNLALA
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-continued
AQLDLSENGDKTKNSTTEIAATASYRFGNAVPRISYAHGFDFIERGKKGE

NTSYDQITAGVDYDFSKRTSAIVSGAWLKRNTGIGNYTQINAASVGLRHK

F

Major fimbrial subunit protein type I (Fimbrillin)
(SEQ ID NO: 793)

MVLKTSNSNRAFGVGDDESKVAKLTVMVYNGEQQEATIKSAENATKVEDIK

CSAGQRTLVVMANTGAMELVGKTLAEVKALTTELTAENQEAAGLIMTAEP

KTIVLKAGKNYIGYSGTGEGNHIENDPLKIKRVHARMAFTEIKVQMSAAY
DNIYTFVPEKIYGLIAKKQSNLFGATLVNADANYLTGSLTTFNGAYTPAN
YANVPWLSRNYVAPAADAPQGFYVLENDYSANGGTIHPTILCVYGKIQKN
GADLAGADLAAAQAANWVDAEGKTYYPVLVNFNSNNYTYDSNYTPKIERN
HKYDIKLTITGPGTNNPENPITESAHLNVQCTVAEWVLVGQNATW

Mycoplasma fermentans macrophage activating
lipopeptide (MALP-2)

(SEQ ID NO: 794)
MKKSKKILLGLSPIAAVLPAVAVSCGNNDESNISFKEKDISKYTTTNANG

KQVVKNAELLKLKPVLITDEGKIDDKSFNQSAFEALKMNKQTGIEINSVE
PSSNFESAYNSALSAGHKIWVLNGFKHQQSIKQYIDAHREELERNQIKIT
GIDFDIETEYRKWFYSLOQFNIKESAFTTGYAIASWLSEQDESKRVVASFGV
GAFPGVTTFNEGFAKGILYYNQKHKSSKIYHTSPVKLDSGFTAGEKMNTV
INNVLSSTPADVKYNPHVILSVAGPATFETVRLANKGQYVIGVDSDQGMI
QDKDRILTSVLKHIKQAVYETLLDLILEKEEGYKPYVVKDKKADKKWSHF
GTQKEKWIGVAENHFSNTEEQAKINNKIKEATKMFRELPEDFVKY INSDK
ALKDGNKIDNVSERIEATIISATNKAAK

pl9 protein of Mycobacterium tuberculosis
(SEQ ID NO: 795)
ATTLPVQRHPRSLFPEFSELFAAFPSFAGLRPTFDTRLMRIEDEMKEGRY

EVRAELPGVDPDKDVDIMVRDGQLTIKAERTEQKDFDGRSEFAYGSFVRT

VSLPVGADEDDIKATYDKGILTVSVAVSEGKPTEKIHIQIRSTN

[0187] The compositions of the invention can further
include at least one adjuvant. Adjuvants contain agents that
can enhance the immune response against substances that
are poorly immunogenic on their own (see, for example,
Immunology Methods Manual, vol. 2, 1. Lefkovits, ed.,
Academic Press, San Diego, Calif., 1997, ch. 13). Immu-
nology Methods Manual is available as a four volume set,
(Product Code 737,435-0); on CD-ROM, (Product Code
737,436-9); or both, (Product Code 737,437-7). Adjuvants
can be, for example, mixtures of natural or synthetic com-
pounds that, when administered with compositions of the
invention, such as proteins that stimulate a protective
immune response made by the methods described herein,
further enhance the immune response to the protein. Com-
positions that further include adjuvants may further increase
the protective immune response stimulated by compositions
of the invention by, for example, stimulating a cellular
and/or a humoral response (i.e., protection from disease
versus antibody production). Adjuvants can act by enhanc-
ing protein uptake and localization, extend or prolong pro-
tein release, macrophage activation, and T and B cell stimu-
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lation. Adjuvants for use in the methods and compositions
described herein can be mineral salts, oil emulsions, myco-
bacterial products, saponins, synthetic products and cytok-
ines. Adjuvants can be physically attached (e.g., linked by
recombinant technology, by peptide synthesis or chemical
reaction) to a composition described herein or admixed with
the compositions described herein.

[0188] In another embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby form a protein portion, wherein the
protein portion includes at least a portion of a globular head
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; transfecting a nucleic acid sequence encoding the
protein portion into a eukaryotic host cell, wherein the
eukaryotic host cell is not a Pichia pastoris eukaryotic host
cell; and culturing the eukaryotic host cell to thereby make
the protein. In one embodiment, the protein portion can
further lack a signal sequence. In another embodiment, the
protein portion can further include a sialic acid binding site.

[0189] In a further embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby form a protein portion, wherein the
protein portion includes at least a portion of a globular head,
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; transfecting a nucleic acid sequence encoding the
protein portion into a eukaryotic host cell, wherein the
eukaryotic host cell is not an insect eukaryotic host cell; and
culturing the eukaryotic host cell to thereby make the protein
that stimulates a protective immune response in a subject.

[0190] In a further embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby form a protein portion, wherein the
protein portion includes at least a portion of a globular head,
and at least a portion of at least one secondary structure that
causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; transfecting a nucleic acid sequence encoding the
protein portion into a eukaryotic host cell, wherein the
eukaryotic host cell is not a stably transformed insect cell;
and culturing the eukaryotic host cell to thereby make the
protein that stimulates a protective immune response in a
subject.

[0191] In another embodiment, the invention is a method
of making a protein that stimulates a protective immune
response in a subject, comprising the steps of separating a
portion of a protein from a naturally occurring viral hemag-
glutinin to thereby make a protein portion, wherein the
protein portion includes at least a portion of a globular head
and at least a portion of at least one secondary structure that
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causes the globular head to essentially retain its tertiary
structure, and wherein the protein portion lacks a membrane
fusion domain, a transmembrane domain and a cytoplasmic
domain; infecting a nucleic acid sequence encoding the
protein portion into an insect cell host cell (e.g., a baculovi-
rus insect host cell, such as Sf9 or HighS5 cells); and culturing
the insect host cell to thereby make the protein that stimu-
lates a protective immune response in a subject.

[0192] The methods of making a protein that stimulates a
protective immune response in a subject can further include
the step of deleting at least one glycosylation site in the
nucleic acid sequence encoding the protein portion. The
glycosylation site that is deleted can include an N-glycosy-
lation site.

[0193] The eukaryotic host cells employed in the methods
of the invention can include a Saccharomyces eukaryotic
host cell, an insect eukaryotic host cell (e.g., at least one
member selected from the group consisting of a Baculovirus
infected insect cell, such as Spodoptera frugiperda (S19) or
Trichhoplusia ni (High5S) cells; and a Drosophila insect cell,
such as Dmel2 cells), a fungal eukaryotic host cell, a
parasite eukaryotic host cell (e.g., a Leishmania tarentolae
eukaryotic host cell), CHO cells, yeast cells (e.g., Pichia)
and a Kluyveromyces lactis host cell.

[0194] Suitable eukaryotic host cells and vectors can also
include plant cells (e.g., tomato; chloroplast; mono- and
dicotyledonous plant cells; Arabidopsis thaliana; Hordeum
vulgare; Zea mays; potato, such as Solanum tuberosum
carrot, such as Daucus carota L.; and tobacco, such as
Nicotiana tabacum, Nicotiana benthamiana (Gils, M., et al.,
Plant Biotechnol J. 3:613-20 (2005); He, D. M., et al.,
Colloids Surf' B Biointerfaces, (2006); Huang, Z., et al.,
Vaccine 19:2163-71 (2001); Khandelwal, A., et al., Virology.
308:207-15 (2003); Marquet-Blouin, E., et al., Plant Mol
Biol 51:459-69 (2003); Sudarshana, M. R., et al. Plant
Biotechnol J. 4:551-9 (2006); Varsani, A., et al., Virus Res,
120:91-6 (2006); Kamarajugadda S., et al., Expert Rev
Vaccines 5:839-49 (2006); Koya V, et al., Infect Immun.
73:8266-74 (2005); Zhang, X., et al., Plant Biotechnol J.
4:419-32 (2006)).

[0195] The proteins made by the methods of the invention
and the compositions of the invention can be purified and
characterized employing well-known methods (e.g., gel
chromatography, cation exchange chromatography, SDS-
PAGE), as described herein.

[0196] For large scale production, fermentation techniques
can be employed, as described herein. Additional exemplary
fermentation techniques can include a proposed cycle that
can start with a culture inoculated into 6 L of MRBR media,
as described herein, held at about 30° C., about pH 7, and DO
controlled to greater than about 30%. A 6 liter feed can then
be started at least about 30 minutes after glucose exhaustion.
The proposed 6 liter feed media, when combined with 6 L.
of MRBR media, can provide the necessary conditions for E.
coli growth based on about 52% utilization of carbon for
growth. The feed may or may not include IPTG. The batch
can be induced with at least 2 mM IPTG, introduced as a
bolus, shortly after the feed is started to initiate production.
The feed rate can start at about 20 mL feed per hour per liter
bioreactor volume and increase over time based on the
ability of the culture to accept more glucose without glucose
accumulation. The culture can be harvested when the feed is
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complete. The 6 liter feed media, about pH 6.0, can include
Glucose 180 g/L; KH,PO, 2 g/l; NaH,PO, (H,0) 4 g/L;
(NH,),HPO, 12 g/L; (NH,),HSO, 4 g/L; DL-Alanine 40
g/L; Citric Acid 4 g/L; MgSO,(7H,0) 5.5 g/L; Trace Metals
6 mL; CaCl, 2.5 g/l.; FeSO, 7H,0 1 g/L.

[0197] Cell disruption and clarification in a large scale
production can include removal of Triton X-100 from the
resuspension buffer; dissolution of insolubles by the addition
of 50 mM Tris, 25 mM NaCl, 8 M urea, about pH 8 to the
lysate; addition of PEI (poly ethylamine) and subsequent
removal by centrifugation with one or more of the buffers to
remove nucleic acids and/or aid in filtration; the addition of
flocullants, such as Aerosil 380, Aerosil 200, Alkoxide Alu
C, and Celpur; and subsequent removal by centrifugation to
aid in filtration. Cation exchange chromatography can
include the use of a process resin, adding a denaturing
endotoxin removal step containing up to 8 M urea and up to
about 2% Triton X-100, and a step gradient elution. The step
elution gradient can include about 100 to about 200 mM
NaCl.

[0198] In yet another embodiment, the invention is a
method of stimulating protective immunity in a subject,
comprising the step of administering to the subject a com-
position that includes a protein made by a method compris-
ing the steps of separating a portion of a protein from a
naturally occurring viral hemagglutinin to thereby form a
protein portion, wherein the protein portion includes at least
a portion of a globular head and at least a portion of at least
one secondary structure that causes the globular head to
essentially retain its tertiary structure, and wherein the
protein portion lacks a membrane fusion domain, a trans-
membrane domain and a cytoplasmic domain; transforming
a nucleic acid sequence encoding the portion into a prokary-
otic host cell; and culturing the prokaryotic host cell to
thereby make the protein that stimulates protective immu-
nity in a subject.

[0199] In still another embodiment, the invention is a
method of stimulating protective immunity in a subject,
comprising the step of administering to the subject a com-
position that includes a protein portion of a naturally occur-
ring viral hemagglutinin, wherein the protein portion
includes at least a portion of a globular head and at least a
portion of one secondary structure that causes the globular
head to essentially retain its tertiary structure and wherein
the protein portion lacks a membrane fusion domain, a
transmembrane domain and a cytoplasmic domain.

[0200] In a further embodiment, the invention is a method
of making a viral hemagglutinin protein that stimulates a
protective immune response in a subject, comprising the
steps of separating a portion of a protein from a naturally
occurring viral hemagglutinin to thereby make a protein
portion, wherein the protein portion includes at least a
portion of a globular head and at least a portion of at least
one secondary structure that causes the globular head to
essentially retain its tertiary structure, and wherein the
protein portion lacks a membrane fusion domain, a trans-
membrane domain and a cytoplasmic domain; transfecting a
nucleic acid sequence encoding the portion in a eukaryotic
host cell, wherein the eukaryotic host cell is not a Pichia
pastoris eukaryotic host cell; and culturing the eukaryotic
host cell to thereby make the protein that stimulates a
protective immune response in a subject.
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[0201] In yet another embodiment, the invention is a
method of making a viral hemagglutinin protein that stimu-
lates a protective immune response in a subject, comprising
the steps of separating a portion of a protein from a naturally
occurring viral hemagglutinin to thereby make a protein
portion, wherein the protein portion includes at least a
portion of a globular head and at least a portion of at least
one secondary structure that causes the globular head to
essentially retain its tertiary structure, and wherein the
protein portion lacks a membrane fusion domain, a trans-
membrane domain and a cytoplasmic domain; transfecting a
nucleic acid sequence encoding the portion in a eukaryotic
host cell, wherein the eukaryotic host cell is not a Droso-
phila melanogaster eukaryotic host cell; and culturing the
eukaryotic host cell to thereby make the protein that stimu-
lates a protective immune response in a subject.

[0202] In still another embodiment, the invention is a
method of making a viral hemagglutinin protein that stimu-
lates a protective immune response in a subject, comprising
the steps of transforming a prokaryotic host cell with a
nucleic acid sequence encoding at least one viral hemag-
glutinin that lacks a transmembrane domain and a cytoplas-
mic domain; and culturing the prokaryotic cell to thereby
make the protein that stimulates a protective immune
response in a subject.

[0203] An additional embodiment of the invention is a
method of stimulating protective immunity in a subject,
comprising the step of administering to the subject a com-
position that includes a protein made by a method compris-
ing the steps of transforming a prokaryotic host cell with a
nucleic acid sequence encoding at least one viral hemag-
glutinin that lacks a transmembrane domain and a cytoplas-
mic domain; and culturing the prokaryotic host cell to
thereby make the protein that stimulates a protective
immune response in a subject.

[0204] In another embodiment, the invention is a method
of stimulating protective immunity in a subject, comprising
the step of administering to the subject a composition that
includes a protein having at least one viral hemagglutinin
that lacks a transmembrane domain and a cytoplasmic
domain, wherein the protein was expressed in a prokaryotic
cell.

[0205] In still another embodiment, the invention is a
composition comprising at least a portion of at least one
pathogen-associated molecular pattern and a protein portion
of a naturally occurring viral hemagglutinin, wherein the
protein portion of the naturally occurring viral hemaggluti-
nin includes at least a portion of a globular head and at least
a portion of at least one secondary structure that causes the
globular head to essentially retain its tertiary structure, and
wherein the protein portion of the naturally occurring viral
hemagglutinin lacks a membrane fusion domain, a trans-
membrane domain, and a cytoplasmic domain.

[0206] Pathogen-associated molecular patterns (PAMPs),
such as a flagellin or a bacterial lipoprotein, refer to a class
of molecules (e.g., protein, peptide, carbohydrate, lipid,
lipopeptide, nucleic acid) found in microorganisms that,
when bound to a pattern recognition receptor (PRR), can
trigger an innate immune response. The PRR can be a
Toll-like Receptor (TLR).

[0207] TLRs are the best characterized type of Pattern
Recognition Receptor (PRR) expressed on antigen-present-
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ing cells (APC). APC utilize TLRs to survey the microen-
vironment and detect signals of pathogenic infection by
engaging the cognate ligands of TLRs, PAMPs. PAMP and
TLR interaction triggers the innate immune response, the
first line of defense against pathogenic insult, manifested as
release of cytokines, chemokines and other inflammatory
mediators; recruitment of phagocytic cells; and important
cellular mechanisms which lead to the expression of
costimulatory molecules and efficient processing and pre-
sentation of antigens to T-cells. TLRs control both innate
and the adaptive immune responses.

[0208] The binding of PAMPs to TLRs activates innate
immune pathways. Target cells can result in the display of
co-stimulatory molecules on the cell surface, as well as
antigenic peptide in the context of major histocompatibility
complex molecules (see FIG. 40). The compositions, fusion
proteins or polypeptides of the invention can include a
PAMP (e.g., a flagellin) that binds to a TLR (e.g., TLRS),
promoting differentiation and maturation of the APC,
including production and display of co-stimulatory signals
(see FIG. 40). The compositions can be internalized by its
interaction with the TLR and processed through the lysoso-
mal pathway to generate antigenic peptides, which are
displayed on the surface in the context of the major histo-
compatibility complex.

[0209] The compositions, fusion proteins and polypep-
tides of the invention employ pathogen-associated molecu-
lar patterns (TLR agonists) that trigger cellular events result-
ing in the expression of costimulatory molecules, secretion
of critical cytokines and chemokines; and efficient process-
ing and presentation of antigens to T-cells. As discussed
above, TLRs recognize PAMPs including bacterial cell wall
components (e.g., bacterial lipoproteins and lipopolysaccha-
rides), bacterial DNA sequences that contain unmethylated
CpG residues and bacterial flagellin. TLRs act as initiators
of the innate immune response and gatekeepers of the
adaptive immune response (Medzhitov, R., et al., Cold
Springs Harb. Symp. Quant. Biol. 64:429 (1999); Pasare, C.,
et al., Semin, Immunol 16:23 (2004); Medzhitov, R., et al.,
Nature 388:394 (1997); Barton, G. M., et al., Curr. Opin.
Immunol 14:380 (2002); Bendelac, A., et al., J. Exp. Med.
195:F19 (2002)).

[0210] As discussed above, the binding of PAMPs to
TLRs activates immune pathways for use in the composi-
tions, fusion proteins and polypeptides of the invention,
which can be employed in stimulating the immune system in
a subject. The compositions, fusion proteins and polypep-
tides of the invention can trigger an immune response to an
antigen (e.g., a viral protein, such as an influenza viral) and
trigger signal transduction pathways of the innate and adap-
tive immune system of the subject to thereby stimulate the
immune system of a subject. Stimulation of the immune
system of the subject may prevent infection by an antigen or
avirus (e.g., an influenza virus) and thereby treat the subject
or prevent the subject from disease, illness and, possibly,
death.

[0211] In an additional embodiment, the invention is a
composition comprising a flagellin component that is at least
a portion of a flagellin, wherein the flagellin component
includes at least one cysteine residue and whereby the
flagellin component activates a Toll-like Receptor 5.

[0212] “Flagellin component,” as used herein, means at
least part of or the entirety of a flagellin.
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[0213] “Activates,” when referring to a Toll-like Receptor
(TLR), means that the component (e.g., a flagellin compo-
nent or a Toll-like Receptor agonist component) stimulates
a response associated with a TLR. For example, bacterial
flagellin activates TLRS and host inflammatory responses
(Smith, K. D., et al., Nature Immunology 4:1247-1253
(2003)). Bacterial lipopeptide activates TLR1; Pam3Cys,
Pam2Cys activate TLR2; dsRNA activates TLR3; LBS
(LPS-binding protein) and LPS (lipopolysaccharide) acti-
vate TLR4; imidazoquinolines (anti-viral compounds and
ssRNA) activate TLR7; and bacterial DNA (CpG DNA)
activates TLR9. TLR1 and TLR6 require heterodimerization
with TLR2 to recognize ligands (e.g., TLR agonists, TLR
antagonists). TLR1/2 are activated by triacyl lipoprotein (or
a lipopeptide, such as Pam3Cys), whereas TLR6/2 are
activated by diacyl lipoproteins (e.g., Pam2Cys), although
there may be some cross-recognition. In addition to the
natural ligands, synthetic small molecules including the
imidazoquinolines, with subclasses that are specific for
TLR7 or TLRS can activate both TLR7 and TLR8. There are
also synthetic analogs of LPS that activate TLR4, such as
monophosphoryl lipid A [MPL].

[0214] TLR activation can result in signaling through
MyD88 and NF-kB. There is some evidence that different
TLRs induce different immune outcomes. For example,
Hirschfeld, et al. Infect Immun 69:1477-1482 (2001)) and
Re, et al. J Biol Chem 276:37692-37699 (2001) demon-
strated that TLR2 and TLR4 activate different gene expres-
sion patterns in dendritic cells. Pulendran, et al J Immunol
167:5067-5076 (2001)) demonstrated that these divergent
gene expression patterns were recapitulated at the protein
level in an antigen-specific response, when lipopolysaccha-
rides that signal through TL.R2 or TLR4 were used to guide
the response (TLR4 favored a Thl-like response with abun-
dant IFNy secretion, while TLR2 favored a Th2-line
response with abundant IL-5, I[.-10, and 1L.-13 with lower
IFNy levels). There is redundancy in the outcome of signal-
ing through different TLRs.

[0215] Activation of TLRs can result in increased effector
cell activity that can be detected, for example, by measuring
IFNy-secreting CD8+ cells (e.g., cytotoxic T-cell activity);
increased antibody responses that can be detected by, for
example, ELISA, virus neutralization, and flow cytometry
(Schnare, M., et al., Nat Immunol 2:947 (2001); Alexopou-
lou, L., et al., Nat Med 8:878 (2002); Pasare, C., et al.,
Science 299:1033 (2003); Napolitani, G., et al., Nat Immu-
nol 6:769 (2005); and Applequist, S. E., et al., J Immunol
175:3882 (2005)).

[0216] The composition comprising a flagellin component
that is at least a portion of a flagellin, wherein the flagellin
component includes at least one cysteine residue and
whereby the flagellin component activates a Toll-like Recep-
tor 5 can further include at least a portion of at least one
member selected from the group consisting of a Toll-like
Receptor 1 agonist, a Toll-like Receptor 2 agonist (e.g.,
Pam3Cys, Pam2Cys), a Toll-like Receptor 3 agonist, a
Toll-like Receptor 4 agonist, a Toll-like Receptor 6 agonist,
a Toll-like Receptor 7 agonist, a Toll-like Receptor 8 agonist
a Toll-like Receptor 9 agonist, a Toll-like Receptor 10
agonist, a Toll-like Receptor 11 agonist and a Toll-like
Receptor 12 agonist.

[0217] The a Toll-like Receptor 1 agonist, a Toll-like
Receptor 2 agonist, a Toll-like Receptor 3 agonist, a Toll-like
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Receptor 4 agonist, a Toll-like Receptor 6 agonist, a Toll-like
Receptor 7 agonist, a Toll-like Receptor 8 agonist a Toll-like
Receptor 9 agonist a Toll-like Receptor 10 agonist, a Toll-
like Receptor 11 agonist and a Toll-like Receptor 12 agonist
employed in the compositions, such as compositions com-
prising a flagellin component that is at least a portion of a
flagellin, wherein the flagellin component includes at least
one cysteine residue and whereby the flagellin component
activates TLRS, can further include at least one additional
cysteine residue.

[0218] In one embodiment, at least one cysteine residue
substitutes for at least one amino acid residue in a naturally
occurring flagellin amino acid sequence of the flagellin
component.

[0219] The cysteine residue that substitutes for at least one
amino acid residue in a naturally occurring flagellin amino
acid sequence of the flagellin component can be remote to at
least one amino acid of the Toll-like Receptor 5 recognition
site of the flagellin component. “Toll-like Receptor 5 rec-
ognition site,” means that part of the TLRS ligand (e.g.,
TLRS agonist) that interacts with TLRS to mediate a cellular
response. “Toll-like Receptor 5 recognition site” is also
referred to as a “Toll-like Receptor 5 activation site” and a
“Toll-like Receptor 5 activation domain.”

[0220] Likewise, “Toll-like Receptor recognition site,”
means that part of the Toll-like Receptor ligand (e.g., a
Toll-like Receptor agonist) that interacts with its respective
TLR to mediate a cellular response. “Toll-like Receptor
recognition site” is also referred to as a “Toll-like Receptor
activation site” and a “Toll-like Receptor activation
domain.”

[0221] The cysteine residue that substitutes for at least one
amino acid residue in a naturally occurring flagellin amino
acid sequence of the flagellin component can also be remote
to at least one amino acid of the flagellin component
involved in binding to the toll like receptor 5.

[0222] In another embodiment, the flagellin component
includes at least a portion of a naturally occurring flagellin
amino acid sequence in combination with the cysteine
residue.

[0223] The cysteine residue used in combination (also
referred to herein as “added cysteine”) with at least a portion
of'a naturally occurring flagellin amino acid sequence can be
at least one member selected from the group consisting of
the amino-terminal amino acid of the flagellin component or
the Toll-like Receptor agonist component and the carboxy-
terminal amino acid of the flagellin component or the
Toll-like Receptor agonist component. The cysteine residue
used in combination with at least a portion of a naturally
occurring flagellin amino acid sequence can be remote to at
least one amino acid of the Toll-like Receptor 5 recognition
site of the flagellin component or remote to at least one
amino acid of the Toll-like Receptor recognition site of the
Toll-like Receptor agonist component.

[0224] The cysteine residue used in combination with at
least a portion of a naturally occurring flagellin amino acid
sequence can be remote to at least one amino acid of the
flagellin component involved in binding to the Toll-like
Receptor 5 or remote to at least one amino acid of a Toll-like
Receptor agonist component involved in binding to the
Toll-like Receptor.
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[0225] In another embodiment, the flagellin component
lacks at least a portion of a hinge region of a naturally
occurring flagellin amino acid sequence.

[0226] The composition comprising a flagellin component
that is at least a portion of a flagellin, wherein the flagellin
component includes at least one cysteine residue and
whereby the flagellin component activates a Toll-like Recep-
tor 5 can further include at least a portion of at least one
antigen (e.g., an influenza antigen, such as an influenza A, B
or C antigen).

[0227] The antigen can be an essentially hydrophobic
antigen, such as a maturational cleavage site antigen of HA.
The maturational cleavage site antigen can be at least one
member selected from the group consisting of (SEQ ID
NOS: 530, 532, 533, 534, 535, 600, 601, 602, 603 and
NVPEKQTRGIFGAIAGFIE (H3) (SEQ ID NO: 796), NIP-
SIQSRGLFGAIAGFIE (H1) (SEQ ID NO: 797), PAKLLK-
ERGFFGAIAGFLE (FLU B) (SEQ ID NO: 798),
RERRRKKRGLFGAIAGFIE (H5) (SEQ ID NO: 799),
RGLXGAIAGFIE (SEQ ID NO: 821), RGLXGAIAGFIE
(SEQ ID NO: 822).

[0228] “Essentially hydrophobic,” as used herein, means
that the antigen has limited solubility in an aqueous solution
or environment. The hydrophobic nature of peptides or
proteins can be determined and compared, for example, by
the Kyte-Doolitle hydrophobicity scale (Kyte, J., et al., Mol.
Biol. 157: 105-132 (1982), (1982)), which assigns a numeri-
cal value for each of the 20 amino acids according to relative
hydrophobicity. A positive value indicates a hydrophobic
amino acid. A negative value indicates a hydrophilic amino
acid. The average of these values for an individual peptide
or polypeptide (calculated by adding the individual hydro-
phobicity values for each amino acid of the polypeptide or
protein and dividing the total value by the number of amino
acids in the polypeptide or protein) provides an index of
overall hydrophobicity known as the “grand average of
hydropathicity,” also referred to as “GRAVY.” A GRAVY
value greater than zero indicates the protein or peptide is
essentially hydrophobic. A GRAVY value less than zero
indicates the protein or peptide is essentially hydrophilic.
The individual hydrophobicity values, for the 20 naturally
occurring amino acids according to the Kyte-Doolittle scale
(Kyte, I., et al,, Mol. Biol. 157: 105-132 (1982)), are as
follows:

Alanine 1.8
Arginine -4.5
Asparagine -3.5
Aspartic acid -3.5
Cysteine 2.5
Glutamine -3.5
Glutamic acid -3.5
Glycine -0.4
Histidine -3.2
Isoleucine 4.5
Leucine 3.8
Lysine -39
Methionine 1.9
Phenylalanine 2.8
Proline -1.6
Serine -0.8
Threonine -0.7
Tryptophan -0.9
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-continued

Tyrosine -13
Valine 4.2

[0229] The hydrophobicity of antigens, such as protein or
peptide antigens, for use in the compositions and methods of
the invention can be determined by calculating a GRAVY
score based on the hydrophobicity values of the above
Kyte-Doolittle scale. For example, GRAVY scores, which
indicate essentially hydrophobic peptides, were calculated
by addition of the hydrophobicity values (supra) of indi-
vidual amino acids for the following maturational cleavage
site amino peptides:

Maturational Cleavage Site GRAVY
NVPEKQTRGIFGAIAGFIE (A/H3N2) 0.053
(SEQ ID NO: 800)
NVPQIESRGLFGAIAGFIE (A/H2N1) 0.453
(SEQ ID NO: 801)
NIPSIQSRGLFGAIAGFIE (A/HIN1) 0.611
(SEQ ID NO: 802)
RGLFGAIAGFIE (Influenza A conserved region) 1.067
(SEQ ID NO: 803)
PAKLLKERGFFGAIAGFLE (Influenza B) 0.400
(SEQ ID NO: 804)
RGFFGAIAGFLE (Influenza B conserved region) 0.925

(SEQ ID NO: 805)

[0230] Likewise, GRAVY scores, which indicate essen-
tially hydrophilic peptides, were calculated for the following
peptides:

Amino Acid Sequence GRAVY
human influenza M2e (SEQ ID NO: 806)
SLLTEVETPIRNEWGSRSNDSSDP -1.129
Vietnam influenza M2e (SEQ ID NO: 807)
GSGAGSLLTEVETPTRNEWECRCSDSSDP -0.907
Hong Kong influenza M2e (SEQ ID NO: 808)
GSGAGSLLTEVETLTRNGWGCRCSDSSDP -0.507
West Nile Virus E peptide 001

(SEQ ID NO: 809)

LTSGHLKCRVKMEKLQLKGT -0.475
Dengue 2 E peptide (SEQ ID NO: 810)
EAEPPFGDSYITIGVEPGQLKLNWFKK -0.333
BCRABL wt peptide (SEQ ID NO: 811)
SLLTEVETPIRNEWGSRSNDSSDP -1.129

[0231] An antigen can be any molecule (e.g., protein,
peptide, glycoprotein, glycopeptide, carbohydrate, lipid,
lipopeptide, polysaccharide) that can be recognized by the
components of the immune system regardless of whether it
can trigger activation of the immune system. The antigen
can be a fragment or portion of a naturally occurring antigen
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or a synthetic molecule that mimics the naturally occurring
antigen or a portion of the naturally occurring antigen.

[0232] The antigen can be a viral antigen. A “viral anti-
gen,” as used herein, refers to any portion of a virus (e.g.,
influenza virus, flavivirus) that generates an immune
response in a subject either when employed in combination
with a TLR agonist (e.g., a flagellin, Pam2Cys, Pam3Cys) or
in the absence of a TLR agonist. The viral antigen can be a
portion or a fragment of a naturally occurring virus or a
synthetic molecule that mimics a naturally occurring virus,
such as a recombinant or synthetic protein (e.g., influenza
virus, flavivirus), peptide, lipid, carbohydrate, that generates
an immune response in the subject. The influenza antigen
can include at least one member selected from the group
consisting of an influenza A antigen, influenza B antigen and
an influenza C antigen. The influenza antigen can be an
influenza virus integral membrane protein, such as HA, or a
protein portion of HA, such as HA1-1 and HA1-2.

[0233] The antigen can be at least a portion of an influenza
Matrix 2 (M2) protein, including at least a portion of the
ectodomain of an influenza M2 protein (M2e).

[0234] Matrix protein 2 (M2 or M2 protein) is a proton-
selective integral membrane ion channel protein of the
influenza A virus. M2 is abundantly expressed at the plasma
membrane of virus-infected cells, but is generally underex-
pressed by virions. For example, a portion of an M2
sequence of influenza A is SEQ ID NO: 508, which is
encoded by SEQ ID NO: 509. The native form of the M2
protein is a homotetramer (i.e., four identical disulfide-
linked M2 protein molecules). Each of the units are helices
stabilized by two disulfide bonds. M2 is activated by low
pH. Each of the M2 protein molecules in the homotetramer
consists of three domains: a 24 amino acid outer or N
(amino)-terminal domain (e.g., SEQ ID NO: 510; also
referred to herein as a “human consensus sequence”), which
is encoded by SEQ ID NO: 511; a 19 hydrophobic amino
acid transmembrane region, and a 54 amino acid inner or C
(carboxy)-terminal domain. The M2 protein can vary
depending upon the influenza viral subtype (e.g., H1 and H5
subtypes of influenza A) and influenza viral source (e.g.,
Puerto Rico, Thailand, New York, Hong Kong), as shown,
for example, in exemplary amino-terminal sequences of M2
proteins (SEQ ID NOS: 544-556 and 570-578) and as
described in PCT/US2005/046662 (W02006/069262).

[0235] The M2 protein has an important role in the life
cycle of the influenza A virus. It is important in the uncoating
stage where it permits the entry of protons into the viral
particle, which lowers the pH inside the virus, resulting in
dissociation of the viral matrix protein M1 from the ribo-
nucleoprotein RNP. As a consequence, the virus coat is
removed and the contents of the virus are released from the
endosome into the cytoplasm of the host cell for infection.

[0236] The function of the M2 channel can be inhibited by
antiviral drugs, such as amantadine and rimantadine, which
prevent the virus from infecting the host cell. Such antiviral
drugs usually bind the transmembrane region of the M2
protein and sterically block the ion channel created by the
M2 protein, which prevents protons from entering and
uncoating the virion.

[0237] The M2 protein for use in the compositions and
methods of the invention can that include at least a portion
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of SEQ ID NO: 510 encoded by SEQ ID NO: 511 or at least
a portion of SEQ ID NO: 544, encoded by SEQ ID NO: 603.
The M2 protein can further include at least one member
selected from the group consisting of SEQ ID NO: 512, SEQ
ID NO: 516, SEQ ID NO: 531; SEQ ID NO: 536 (Flu A
HS5N1 M2e, 2004 Viet Nam Isolate with serine replacing
cysteine); SEQ ID NO: 537 (Flu A H5N1 M2e, 2004 Viet
Nam Isolate); SEQ ID NO: 538 (Flu A H5N1 M2e, Hong
Kong 97 Isolate with serine replacing cysteine); SEQ ID
NO: 539 (Flu AH5N1 M2e, Hong Kong 97 Isolate); SEQ ID
NO: 540 (Flu A H7N2 M2e Chicken/New York 95 Isolate
with serine replacing cysteine); SEQ ID NO: 541 (Flu A
H7N2 M2e, Chicken/New York 95 Isolate); SEQ ID NO:
542 (Flu A HIN2 M2e, Hong Kong 99 Isolate with serine
replacing cysteine); and SEQ ID NO: 543 (Flu A, Hong
Kong 99 Isolate). Certain cysteine residues, for example,
amino acids 16 and 18 of SEQ ID NO: 537; amino acids 17
and 19 of SEQ ID NOS: 539, 541 and 543 in the naturally
occurring sequence of at least a portion of M2 protein are
replaced with a serine (see, SEQ ID NOS: 538, 540, 542 and
544, respectively).

[0238] The compositions comprising a flagellin compo-
nent that is at least a portion of a flagellin, wherein the
flagellin component includes at least one cysteine residue
and whereby the flagellin component activates a Toll-like
Receptor 5 that further includes an antigen (e.g., a matura-
tional cleavage site peptide, protein portion of HA, such as
HA1-1, HA1-2) can be co-administered or admixed with
another flagellin component that is at least a portion of a
flagellin, wherein the flagellin component includes at least
one cysteine residue and whereby the flagellin component
activates a Toll-like Receptor 5 that further includes a
different, distinct antigen (e.g., M2e) or a fusion protein of
a TLR agonist and an antigen (e.g.,, STF2.HAl-1,
STF2.HA1-2, STF2A.HAI1-1, STF2AHA1-2, STF2.M2e,
STF2.4xM2e, STF2A.M2e, STF2A.4xM2e).

[0239] The antigen included in the compositions and
employed in the methods of the invention can be at least a
portion of a microbial-related antigen, for example, antigens
of pathogens, such as viruses, fungi or bacteria. Antigens can
also be microorganism-related, and other disease-related
antigens, such as antigens associated with allergies and
cancer. The antigen can also be at least a portion of an
antigen of a bacteria, a virus, a fungi, a yeast, a protozoa, a
metazoa, a tumor, a malignant cell, a plant cell, an animal
cell, a hormone and an amyloid-f} peptide. The antigen can
be a peptide, a polypeptide, a lipoprotein, a glycoprotein and
a mucoprotein.

[0240] The antigen included in the compositions and
employed in the methods of the invention can be a pathogen-
related antigen. “Pathogen-related antigen,” as used herein,
refers to any molecule (e.g., protein, peptide, carbohydrate,
lipoprotein, polysaccharide) that is associated with a patho-
gen. Exemplary pathogen-related antigens include, for
example, antigens of vaccinia, avipox virus, turkey influenza
virus, bovine leukemia virus, feline leukemia virus, avian
influenza, chicken pneumovirosis virus, canine parvovirus,
equine influenza, FHV, Newcastle Disease Virus (NDV),
Chicken/Pennsylvania/1/83 influenza virus, infectious bron-
chitis virus; Dengue virus, measles virus, Rubella virus,
pseudorabies, Epstein-Barr Virus, HIV, SIV, EHV, BHY,
HCMYV, Hantaan, C. tetani, mumps, Morbillivirus, Herpes
Simplex Virus type 1, Herpes Simplex Virus type 2, Human
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cytomegalovirus, Hepatitis A Virus, Hepatitis B Virus,
Hepatitis C Virus, Hepatitis E Virus, Respiratory Syncytial
Virus, Human Papilloma Virus, Influenza Virus, Sa/monelia,
Neisseria, Borrelia, Chlamydia, Bordetella, Plasmodium
(e.g., Plasmodium falciparum and Plasmodium vivax), Toxo-
plasma, Cryptococcus, Streptococcus, Staphylococcus, Hae-
mophilus, Diptheria, Tetanus, Pertussis, Escherichia, Can-
dida, Aspergillus, Entamoeba, Giardia and Trypanasoma.

[0241] The antigen included in the compositions and
employed in the methods of the invention can include
bacterial capsular antigens. Exemplary bacterial capsular
antigens include, for example, at least one member selected
from the group consisting of a Group B Streptococcus,
including Streptococcus agalactiae, capsular polysaccha-
rides type Ia, Ib, la/c, 11, 111, IV, V and VI; Streptococcus
preumoniae capsular polysaccharides types 1, 2, 3, 4, 5, 6A,
6B, 7F, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 20,
22F, 23F, and 33F or any combination of these (typing
according to the Danish system); Stapylococcus aureus
capsular polysaccharides type 5, 8 and 336; Bacillus anthra-
cis vegetative state capsular poly gamma D glutamic acid;
Mycobacteria tuberculosis lipo-arabino mannan capsule;
Plasmodium flaciparum surface oligosaccharide; Neisseria
meningitidis capsular polysaccharides of group A, B, C, X,
Y and W135 or any combination thereof.

[0242] Compositions comprising the flagellin component
that is at least a portion of a flagellin, wherein the flagellin
component includes at least one cysteine residue and
whereby the flagellin component activates a Toll-like Recep-
tor 5 can include an antigen that is produced by chemical
modification of the side-chains of the antigen (e.g., capsular
antigens, pathogen-related antigens, influenza antigens, fla-
vivirus antigens) in a manner that generates an active group
that is coupled (also referred to herein as chemical conju-
gation) to a compatible reactive group created on the sub-
stituted flagellins of the invention (see infra). Derivatization
(modification) of the capsular material is carried out so that
a small minority of the side-chains are modified (about 5%)
to avoid destruction of the majority of immunoreactive
structures on the capsular material.

[0243] The antigen included in the compositions and
employed in the methods of the invention can be at least a
portion of at least one member selected from the group
consisting of a West Nile viral protein, a Langat viral
protein, a Kunjin viral protein, a Murray Valley encephalitis
viral protein, a Japanese encephalitis viral protein, a Tick-
borne encephalitis viral protein, Dengue 1 viral protein,
Dengue 2 viral protein, Dengue 3 viral protein, Dengue 4
viral protein, hepatitis C viral protein and a Yellow fever
viral protein (see, for example, PCT/US2006/001623
(WO2006/078657)).

[0244] The genus flavivirus is in the virus family Flaviviri-
dae and consists of about 70 viruses. Mosquito or ticks
transmit most of these viruses. Several flaviviruses are
significant human pathogens, including the four dengue
viruses (Denl, Den2, Den3 and Dend), yellow fever (YF),
Japanese encephalitis (JE), West Nile (WN, also referred to
herein as “WNV”) and Tick-borne encephalitis (TBE)
(Weaver S. C., et al, Nat Rev Microbiol 10: 789-801
(2004)). The flavivirus genus is divided into a number of
serogroups based on cross-neutralization tests, including the
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dengue serogroup that contains four serologically and
genetically distinct viruses termed. DEN-1, DEN-2, DEN-3
and DEN-4.

[0245] Flaviviruses are small, enveloped viruses with
icosahedral capsids. The flavivirus genome is a single-
stranded positive-sense RNA (about 11 kb) that is directly
translated by the host cell machinery following infection.
The viral genome is translated as a single polypeptide that
undergoes co- and post-translational cleavage by viral and
cellular enzymes to generate three structural proteins of the
flavivirus (the capsid (C), the membrane (M) and the enve-
lope (E) proteins); and seven nonstructural proteins (NS1,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5) (Weaver, et al.,
Annu Rev Microbiol 1990:44-649 (2004)). The viral capsid
is composed of the C-protein, while both the M- and
envelope proteins are located on the envelope surface of the
virion (Weaver, S. C., et al., Nat. Rev. Microbiol. 10:789-801
(2004); Chambers et al., Annu Rev. Microbiol. 44: 649-688
(1990)). A major immunogen for flaviviruses is the mem-
brane envelope protein.

[0246] A flavivirus can enter a host cell when the viral
envelope protein binds to a receptor and responds by con-
formational rearrangement to the reduced pH of an endo-
some. The conformational change induces fusion of viral
and host-cell membranes.

[0247] The envelope of a flavivirus may function as a
receptor binding protein and to facilitate fusion of the virus
and host cell membrane. Envelope proteins of flaviviruses
have common structural (domains 1, II and III) and func-
tional features (receptor binding of virus and host cell and
fusion functions) and are class II fusion glycoproteins (Les-
car et al., Cell 105:137-148 (2001)).

[0248] In the pre-fusion conformation, envelope proteins
form homodimers on the outer surface of the virus particles
(Rey, et al., Nature 375:291-298); Kuhn, et al., Cell
108:717-725 (2002); Mukhopadhyay, et al., Science 302:248
(2003)). Each envelope protein monomer folds into three
structural domains (domains I, II and III) predominantly
composed of p-strands. Domain I (also referred to herein as
“I” or “DI”) is centrally located in the structure and has an
N-glycosylation site in glycosylated envelope proteins.
Domain II (also referred to herein as “II”” or “DII”) of the
envelope protein promotes dimerization and has a fusion
loop that inserts into the target host membrane during the
pH-dependent fusion of the virus (Modis, et al., Nature
427:313-319 (2004); Bressanelli, et al., EMBO J 23.728-738
(2004)). Domain III (also referred to herein as “III” or
“DIII”) is at the carboxy-terminus of the envelope protein.
Domain III is also referred to as “domain B” in earlier
antigenic mapping studies. Domain III has several epitopes
that can elicit virus-neutralizing antibodies (Roehrig, Adv
Virus Res 59:141-175 (2003)).

[0249] Domain I of the Tick-borne encephalitis envelope
protein corresponds to amino acids 1-51, 137-189 and
285-302 of SEQ ID NO: 777; domain II of the Tick-borne
encephalitis envelope protein of SEQ ID NO: 777 corre-
sponds to amino acids 52-136 and 190-284; and domain 111
corresponds to amino acids 303-395 of SEQ ID NO: 777.
(Rey, F. A, etal., Nature 375:291-298 (1995)). SEQ ID NO:
777 is encoded by SEQ ID NO: 778. Domain I of the
Dengue 2 flavivirus envelope protein corresponds to amino
acids 1-52, 132-193 and 280-296 of SEQ ID NO: 763;
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domain II corresponds to amino acids 53-131 and 194-279
of SEQ ID NO: 763; and domain III corresponds to amino
acids 297-495 of SEQ ID NO: 763 (Modis, Y., et al., Nature
427:313-319 (2004)). The location of domains I, IT and III
of other flavivirus (e.g., West Nile virus, Japanese encepha-
litis, Dengue 1 virus, Dengue 3 virus and Dengue 4 virus) is
based on homology of the Tick-borne encephalitis envelope
protein domains and the Dengue 2 envelope protein
domains. Thus, reference herein to domains of flavivirus
proteins, in particular, flaviviruses other than Tick-borne
encephalitis flavivirus envelope proteins and Dengue 2
flavivirus envelope proteins, are based on homology to
domains in the Tick-borne encephalitis flavivirus envelope
protein and the Dengue 2 flavivirus envelope protein.

[0250] The domain 1T of the envelope protein of the DEN
flavivirus encodes the majority of the flavivirus type-specific
contiguous critical/dominant neutralizing epitopes (Roe-
hring, J. T., Adv. Virus Res. 59:141 (2003)), including the
four DEN (DEN1, DEN2, DEN3, DEN4) viruses. Flavivirus
envelope proteins are highly homologous. Exemplary enve-
lope protein sequences are SEQ ID NOS: 642, 763, 765,
767, 769 and 774.

[0251] West Nile virus (WNV) is a single-stranded posi-
tive sense RNA envelope virus. It was first isolated and
identified in the West Nile region of Uganda in 1937 from a
febrile female adult (Smithburn, et al., Am J Trop Med Hyg
3.9-18 (1954)).

[0252] Japanese encephalitis (JE) virus is localized in Asia
and northern Australia (about 50,000 cases with about
10,000 deaths annually).

[0253] The Dengue (DEN) disease is caused by four
mosquito-borne, serologically related flaviviruses known as
DEN-1 (also referred to herein as “Denl” or Den 17),
DEN-2 (also referred to herein as “Den2” or “Den 27),
DEN-3 (also referred to herein as “Den3” or “Den 3”), and
DEN-4 (also referred to herein as “Dend” or Den 4”). The
compositions, fusion proteins and polypeptides of the inven-
tion can include Den 1 SEQ ID NO.: 623; Den 1 PR 94
(Puerto Rico, 1994) SEQ ID NO: 624; Den 3 SEQ ID NO:
626; and Den 4 SEQ ID NO: 627. SEQ ID NOS: 623, 624,
625, 626 and 627 are portions of domain III of Denl, Den2,
Den3 and Den4 flaviviruses.

[0254] “EL7“EIL” and “EIll,” as used herein, refer to
domains L, IT and III, respectively, of the West Nile flavivirus
envelope protein. “JEL,”“JEIL,” and “JEIIL” as used herein,
refer to domains I, II and III, respectively, of the Japanese
encephalitis flavivirus envelope protein. “Denl I,*Denl
11,” and “Denl 111,” as used herein refer to domains I, II and
111, respectively, of the Dengue 1 flavivirus envelope protein.
Likewise, designations for the domains of envelope proteins
of other flaviviruses are referenced by the flavivirus name
followed by the domain number (e.g., (Tick-borne) TBI
(Tick-borne), TBIIL, TBIIL, Den2 I, Den2 II, Den2 III).

[0255] The portion of an envelope protein of a flavivirus
can include at least one member selected from the group
consisting of at least a portion of domain I, at least a portion
of domain II and at least a portion of domain III. When a
domain is designated with a “+,” for example “EIIl+” or
“JEIII+,” the portion of the envelope protein referenced as
“IIT” is one component of the total of that domain plus at
least one of at least a portion of either or both of domains I
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and II. For example, “Elll+,” as used herein, means the
compositions, fusion proteins and polypeptides of the inven-
tion include domain III and at least a portion of domain I.
“EIlIl+” is also referred to as “EI/IIL.”“JEIII+” is also
referred to as “JEI/III.” Similarly, when compositions
include domains of envelope proteins of flavivirus, the
domains can be any combination of domains I, II, and Il and
can be designated based on the domain. For example, EI/II
includes domain I and II of the West Nile flavivirus. The
absence of a “+” in reference to a domain (e.g., EIII, JEIII,
Denl III) of an envelope protein employed in the compo-
sitions, fusion proteins and polypeptides of the invention
means that the composition, fusion protein and polypeptide
includes the referenced domain. For example, “Denl I1I”
means the compositions, fusion proteins and compositions
include domain III, not domains I and II, of the Dengue 1
virus.

[0256] The West Nile viral envelope protein can include at
least a portion of at least one member selected from the
group consisting of SEQ ID NO: 610, which is an EIll+
amino acid sequence, the italicized amino acids are domain
1 of the envelope protein and the remaining sequence is
domain IIT of the envelope protein; SEQ ID NO: 611, West
Nile virus, Stanford, Conn., also referred to as “West Nile
S”; SEQ ID NO: 612, West Nile virus, New York, N.Y., also
referred to as “West Nile NY”; and SEQ ID NO: 613, SEQ
ID NO: 610 is encoded by SEQ ID NO: 614.

[0257] The Langat virus envelope protein for use in the
compositions, fusion proteins and polypeptides of the inven-
tion can include at least a portion of SEQ ID NO: 615. The
Kunjin virus envelope protein can include at least a portion
of SEQ ID NO: 616. The Murray Valley encephalitis enve-
lope protein can include at least a portion of SEQ ID NO:
617. The Japanese encephalitis envelope protein can include
at least one member selected from the group consisting of at
least a portion of SEQ ID NO: 618 and SEQ ID NO: 619.
The Tick-borne encephalitis envelope protein can include at
least a portion of SEQ ID NO: 620. The Yellow fever virus
envelope protein can include at least a portion of SEQ ID
NO: 621. The envelope protein of a flavivirus can include at
least a portion of at least one member selected from the
group consisting of SEQ ID NO: 622 and SEQ ID NO: 643.
SEQ ID NOS: 615, 616, 617, 618, 619, 620, 621, 622 and
643 are portions of domain I1I of the viral envelope protein.

[0258] The antigen can be chemically conjugated to
flagellin components and Toll-like Receptor agonist com-
ponents. Chemical conjugation (also referred to herein as
“chemical coupling”) can include conjugation by a reactive
group, such as a thiol group (e.g., a cysteine residue) or by
derivatization of a primary (e.g., a amino-terminal) or sec-
ondary (e.g., lysine) group. Different crosslinkers can be
used to chemically conjugate TLR ligands (e.g., TLR ago-
nists) to proteins (e.g., antigens, compositions of the inven-
tion, HA and M2e constructs of the invention) or other
molecules (e.g., nucleic acids, polysaccharides). Exemplary
cross linking agents are commercially available, for
example, from Pierce (Rockland, Il1.). Methods to chemi-
cally conjugate the antigen to the flagellin component are
well-known and include the use of commercially available
cross-linkers, such as those described herein.

[0259] For example, conjugation of peptide or protein
antigens to a flagellin component or a Toll-like Receptor
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agonist component of the invention can be through at least
one cysteine residue of the flagellin component or the
Toll-like Receptor component and at least one cysteine
residue of a protein (e.g., an influenza antigen, such as HA,
M2e) employing established techniques. The protein can be
derivatized with a homobifunctional, sulthydryl-specific
crosslinker; the protein is then desalted to remove the
unreacted crosslinker; and then the peptide or protein partner
added and conjugated via at least one cysteine residue
cysteine. Exemplary reagents for use in the conjugation
methods can be purchased commercially from Pierce (Rock-
land, 111.), for example, BMB (Catalog No: 22331), BMDB
(Catalog No: 22332), BMH (Catalog No: 22330), BMOE
(Catalog No: 22323), BM[PEO]; (Catalog No: 22336),
BM[PEO], (Catalog No0:22337), DPDPB (Catalog No:
21702), DTME (Catalog No: 22335), HBVS (Catalog No:
22334).

[0260] Alternatively, cysteine-containing proteins and
antigens can also be conjugated to lysine residues on flagel-
lin components, flagellin, Toll-like Receptor agonist com-
ponents and Toll-like Receptor agonists of the invention. A
protein containing no cysteine residues is derivatized with a
heterobifunctional ~ amine  and  sulthydryl-specific
crosslinker. After desalting, the cysteine-containing partner
is added and conjugated. Exemplary reagents for use in the
conjugation methods can be purchased from Pierce (Rock-
land, 111.), for example, AMAS (Catalog No: 22295), BMPA
(Catalog No. 22296), BMPS (Catalog No: 22298), EMCA
(Catalog No: 22306), EMCS (Catalog No: 22308), GMBS
(Catalog No: 22309), KMUA (Catalog No: 22211), LC-
SMCC (Catalog No: 22362), LC-SPDP (Catalog No:
21651), MBS (Catalog No: 22311), SATA (Catalog No:
26102), SATP (Catalog No: 26100), SBAP (Catalog No:
22339), SIA (Catalog No: 22349), SIAB (Catalog No:
22329), SMCC (Catalog No: 22360), SMPB (Catalog No:
22416), SMPH (Catalog No. 22363), SMPT (Catalog No:
21558), SPDP (Catalog No: 21857), Sulfo-EMCS (Catalog
No: 22307), Sulfo-GMBS (Catalog No: 22324), Sulfo-
KMUS (Catalog No: 21111), Sulfo-LC-SPDP (Catalog No:
21650), Sulfo-MBS (Catalog No: 22312), Sulfo-SIAB
(Catalog No: 22327), Sulfo-SMCC (Catalog No: 22322),
Sulfo-SMPB (Catalog No: 22317), Sulfo-LC-SMPT (Cata-
log No.: 21568).

[0261] Additionally, or alternatively, peptide or protein
antigens can also be conjugated to flagellin components or
Toll-like Receptor agonist components of the invention via
at least one lysine residue on both conjugate partners. The
two conjugate partners are combined along with a homo-
bifunctional amine-specific crosslinker. The appropriate het-
ero-conjugate is then purified away from unwanted aggre-
gates and homo-conjugates. Exemplary reagents for use in
the conjugation methods can be purchased from Pierce
(Rockland, Ill.), for example, BSOCOES (Catalog No:
21600), BS; (Catalog No: 21580), DFDNB (Catalog No:
21525), DMA (Catalog No: 20663), DMP (Catalog No:
21666), DMS (Catalog No: 20700), DSG (Catalog No:
20593), DSP (Catalog No: 22585), DSS (Catalog No:
21555), DST (Catalog No: 20589), DTBP (Catalog No:
20665), DTSSP (Catalog No: 21578), EGS (Catalog No:
21565), MSA (Catalog No: 22605), Sulfo-DST (Catalog No:
20591), Sulfo-EGS (Catalog No: 21566), THPP (Catalog
No: 22607).
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[0262] Similarly, peptide or protein antigens can be con-
jugated to flagellin components or Toll-like Receptor agonist
components of the invention via at least one carboxyl group
(e.g., glutamic acid, aspartic acid, or the carboxy-terminus of
the peptide or protein) on one partner and amines on the
other partner. The two conjugation partners are mixed
together along with the appropriate heterobifunctional
crosslinking reagent. The appropriate hetero-conjugate is
then purified away from unwanted aggregates and homo-
conjugates. Exemplary reagents for use in the conjugation
methods can be purchased from Pierce (Rockland, Ill.), for
example, AEDP (Catalog No: 22101), EDC (Catalog No:
22980) and TFCS (Catalog No: 22299).

[0263] In addition, carbohydrate antigens can be conju-
gated to proteins, flagellin components, flagellin, Toll-like
Receptor agonist components and Toll-like Receptor ago-
nists of the invention via at least one cysteine residue in the
protein employing well-established techniques. For
example, the protein is initially derivatized with a hetero-
bifunctional crosslinker containing at least one sulthydryl-
specific group and at least one hydrazide group. The
polysaccharide or oligosaccharide is then treated with an
oxidizing agent such as sodium meta-periodate to generate
terminal aldehyde groups. The oxidized carbohydrate is then
added to the derivatized protein and conjugation to the
aldehyde occurs via the hydrazide on the crosslinker. Exem-
plary reagents for use in the conjugation methods can be
purchased from Pierce (Rockland, 111.), for example, BMPH
(Catalog No: 22297), EMCH (Catalog No: 22106), KMUH
(Catalog No: 22111) and PDPH (Catalog No: 22301).

[0264] Further lipopeptides can be conjugated to protein
antigens, flagellin components or Toll-like Receptor com-
ponents or Toll-like Receptor agonists of the invention via
amino-acid side chains on the peptide chain. Similar strat-
egies and reagents, as described above for peptide conjuga-
tion to proteins, would be employed.

[0265] TLRs can be activated by nucleic acids. For
example, TLR3 is activated by double-stranded (ds) RNA;
TLR7 and TLRS are activated by single-stranded (ss) RNA;
and TLRY is activated by CpG DNA sequences. Several
different techniques can be employed to conjugate Toll-like
Receptor agonist components of nucleic acid TLRs to pro-
tein antigens. For example, for un-modified DNA molecule,
the 5' phosphate group can be modified with the water-
soluble carbodiimide EDC (Pierce; Rockford, Ill., Catalog
No: 22980) followed by imidazole to form a terminal
phosphoylimidazolide. A terminal amine can then be sub-
stituted for this reactive group by the addition of ethylene-
diamine. The amine-modified nucleic acid can then be
conjugated to a cysteine on a protein using a heterobifunc-
tional maleimide (cysteine-specific) and NHS-ester (lysine-
specific) crosslinker, as described above for peptide-protein
conjugation.

[0266] Alternatively, or additionally, a sulfhydryl group
can be incorporated at the 5' end by substituting cystamine
for ethylenediamine in the second step. After reduction of
the disulfide bond, the free sulthydryl can be conjugated to
cysteines on proteins, flagellin components, flagellin, Toll-
like Receptor agonist components and Toll-like Receptor
agonists employing a homo-bifunctional maleimide-based
crosslinker, or to lysines using a heterobifunctional
crosslinker, as described above. Alternately, or additionally,
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synthetic oligonucleotides can be synthesized with modified
bases on either the 5' or 3' end. These modified bases can
include primary amine or sulfthydryl groups which can be
conjugated to proteins using the methods described above.
The 3' end of RNA molecules may be chemically modified
to allow coupling with proteins or other macromolecules.
The diol on the 3'-ribose residue may be oxidized using
sodium meta-periodate to produce an aldehyde group. The
aldehyde may then be conjugated to proteins using a
hydrazide-containing crosslinker, such as MPBH (Pierce;
Rockland, Il1., Catalog No: 22305), which covalently modi-
fies the carbonyl group, and then conjugates to free thiols on
proteins via a maleimide group. Alternatively, the 3'
hydroxyl group may be derivatized directly with an isocy-
anate-containing crosslinker, such as PMPI (Pierce; Rock-
land, I11., Catalog No: 28100), which also contains a male-
imide group for conjugation to protein sulthydryls.

[0267] Synthetic small-molecule TLR ligands (e.g., Toll-
like Receptor agonists, Toll-like Receptor antagonists) have
been identified. For example, imiquimod, which potently
activates TLR7, and resiquimod, an activator of both TLR7
and TLRS. Analogs of these compounds with varying levels
of potency and specificity have been synthesized. The ability
to conjugate a small molecule TLR agonist to an antigen of
interest can depend on the chemical nature of the TLR
ligand. Some TLR ligands may have active groups that can
be exploited for chemical conjugation. For example, imi-
quimod, as well as its analog gardiquimod (InvivoGen; San
Diego, Calif.) and the TLR7-activating adenine analog
CLO087 (InvivoGen, San Diego, Calif.), have primary amine
groups (—NH,), which can be targets for derivatization by
crosslinkers containing imidoesters or NHS esters. In
another strategy, gardiquimod contains an exposed hydroxyl
(—OH) group, which can be derivatized by an isocyanate-
containing crosslinker, such as PMPI (Pierce; Rockland, ILL
Catalog No: 28100) for subsequent crosslinking to protein

sulthydryl groups.

[0268] In addition, custom synthesis of derivatives of
small-molecule TLR ligands can be arranged in order to
attach novel functional groups at different positions in the
molecule to facilitate crosslinking. Custom derivatives can
also include groups, such as maleimides, which can then be
used for direct linking to protein antigens.

[0269] Chemical conjugation of an antigen to the flagellin
component can result in increased aqueous solubility of the
antigen (e.g., an essentially hydrophobic antigen, such as a
maturational cleavage site antigen) as a component of the
composition.

[0270] The composition comprising a flagellin component
that is at least a portion of a flagellin, wherein the flagellin
component includes at least one cysteine residue and
whereby the flagellin component activates a Toll-like Recep-
tor 5 can include a cysteine residue in the hypervariable
region of the flagellin component.

[0271] At least one cysteine residue substitutes for at least
one amino acid in a naturally occurring flagellin amino acid
sequence flagellin component. The cysteine residue can
substitute for at least one amino acid selected from the group
consisting of amino acid 1, 237, 238, 239, 240, 241 and 495
of SEQ ID NO: 812; at least one amino acid selected from
the group consisting of amino acid 1, 240, 241, 242, 243,
244 and 505 of SEQ ID NO: 498; at least one amino acid
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selected from the group consisting of amino acid 1, 237,
238, 239, 240, 241 and 504 of SEQ ID NO: 504; at least one
amino acid selected from the group consisting of amino acid
1, 211, 212, 213 and 393 of SEQ ID NO: 815; at least one
amino acid selected from the group consisting of amino acid
1, 151, 152, 153, 154 and 287 of SEQ ID NO: 820; at least
one amino acid selected from the group consisting of amino
acid 1, 238, 239, 240, 241, 242, 243 and 497 of SEQ ID NO:
502; at least one amino acid selected from the group
consisting of amino acid 1, 237, 238, 239, 240, 241 and 495
of SEQ ID NO: 812.

[0272] The flagellin component or Toll-like Receptor ago-
nist component can include at least a portion of a naturally
occurring flagellin amino acid sequence in combination with
the cysteine residue.

[0273] The composition of the invention wherein the
cysteine residue substitutes for at least one amino acid in a
naturally occurring flagellin amino acid sequence flagellin
component, or wherein the flagellin component includes at
least a portion of a naturally occurring flagellin amino acid
sequence in combination with the cysteine residue, can
activate a Toll-like Receptor 5. For example, a cysteine
residue can be placed within the D1/D2 domain proximate
to the amino-terminus and carboxy-terminus, remote to the
TLRS recognition site (see, for example, FIGS. 75 and 76).
Alternatively, or additionally, the cysteine residue can be
placed at the distal point of the hypervariable domain (see,
for example, FIGS. 75 and 76) at about amino acid 237,
about 238, about 239, about 240 and about 241 of SEQ ID
NO: 812. Substituting polar or charged amino acids is
preferable to substituting hydrophobic amino acids with
cysteine residues. Substitution within the TLRS recognition
site is least preferable.

[0274] Flagellin from Salmonella typhimurium STF1
(FliC) is depicted in SEQ ID NO: 812 (Accession No:
P06179). The TLRS recognition site is amino acid about 79
to about 117 and about 408 to about 439. Cysteine residues
can substitute for or be included in combination with amino
acid about 408 to about 439 of SEQ ID NO: 812; amino
acids about 1 and about 495 of SEQ ID NO: 812; amino
acids about 237 to about 241 of SEQ ID NO: 812; and/or
amino acids about 79 to about 117 and about 408 to about
439 of SEQ ID NO: 812.

[0275] Salmonella typhimurium flagellin STF2 (F1jB) is
depicted in SEQ ID NO: 498. The TLRS recognition site is
amino acids about 80 to about 118 and about 420 to about
451 of SEQID NO: 498. Cysteine residues can substitute for
or be included in combination with amino acids about 1 and
about 505 of SEQ ID NO: 498; amino acids about 240 to
about 244 of SEQ ID NO: 498; amino acids about 79 to
about 117 and/or about 419 to about 450 of SEQ ID NO:
498.

[0276] Salmonella muenchen flagellin is depicted in SEQ
ID NO: 504 (Accession No: #P06179). The TLRS recogni-
tion site is amino acids about 79 to about 117 and about 418
to about 449 of SEQ ID NO: 504. Cysteine residues can
substitute for or be included in combination with amino
acids about 1 and about 504 of SEQ ID NO: 504; about 237
to about 241 of SEQ ID NO: 504; about 79 to about 117,
and/or about 418 to about 449 of SEQ ID NO: 504.

[0277] Escherichia coli flagellin is depicted in SEQ ID
NO: 502 (Accession No: P04949). The TLRS recognition
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site is amino acids about 79 to about 117 and about 410 to
about 441 of SEQ ID NO: 502. Cysteine residues can
substitute for or be included in combination with amino
acids about 1 and about 497 of SEQ ID NO: 502; about 238
to about 243 of SEQ ID NO: 502; about 79 to about 117,
and/or about 410 to about 441 of SEQ ID NO: 502.

[0278] Pseudomonas aeruginosa flagellin is depicted in
SEQ ID NO: 815. The TLRS5 recognition site is amino acids
about 79 to about 114 and about 308 to about 338 of SEQ
ID NO: 815. Cysteine residues can substitute for or be
included in combination with amino acids about 1 and about
393 of SEQ ID NO: 815; about 211 to about 213 of SEQ ID
NO: 815; about 79 to about 114; and/or about 308 to about
338 of SEQ ID NO: 815.

[0279] Listeria monocytogenes flagellin is depicted in
SEQ ID NO: 820. The TLRS5 recognition site is amino acids
about 78 to about 116 and about 200 to about 231 of SEQ
ID NO: 820. Cysteine residues can substitute for or be
included in combination with amino acids about 1 and about
287 of SEQ ID NO: 820; about 151 to about 154 of SEQ ID
NO: 820; about 78 to about 116; and/or about 200 to about
231 of SEQ ID NO: 820.

[0280] Experimentally defined TLRS recognition sites on
STF2 have been described (see, for example, Smith, K. D.,
et al., Nature Immunology 4:1247-1253 (2003) at amino
acids about 79 to about 117 and about 420 to about 451. In
addition, Smith, K. D., et al., Nature Immunology 4:1247-
1253 (2003), based on sequence homology, identified TLRS
recognition sites on other flagellins, such as STF1 at amino
acids about 79 to about 117, about 408 to about 439; P.
aeruginosa at amino acids about 79 to about 117, about 308
to about 339; L. preumophila at amino acids about 79 to
about 117, about 381 to about 419; E. coli at amino acids
about 79 to about 117, about 477, about 508; S. marcesens
at amino acids about 79 to about 117, about 265-about 296;
B. subtilus at amino acids about 77 to about 117, about 218
to about 249; and L. monocytogenes at amino acids about 77
to about 115, about 200 to about 231.

[0281] The high-resolution structure STF1 (F1iC) (SEQ ID
NO: 812) has been determined and can be a basis for
analysis of TLRS recognition by a flagellin and the location
of cysteine substitutions/additions. Flagellin resembles a
“boomerang,” with the amino- and carboxy-termini at the
end of one arm (see, for example FIG. 77). The TLRS
recognition site is located roughly on the outer side of the
boomerang just below the bend toward the amino- and
carboxy-termini of the flagellin. The hinge region, which is
not required for TLRS recognition, is located above the
bend. The region of greatest sequence homology of flagel-
lins is in the TLRS recognition site. The next region of
sequence homology is in the D1 and D2 domains, which
include the TLRS recognition site and the amino- and
carboxy-termini. The D1 and D2 domains, with or without
a linker, is STF2A (SEQ ID NO: 500), which can activate
TLRS. The region of least sequence homology between
flagellins is the hypervariable region.

[0282] It is believed that the ability of the flagellin com-
ponent or Toll-like Receptor agonist component to activate
TLRS5 can be accomplished by maintaining the conjugation
sites (cysteine residues substituted for at least one amino
acid in a naturally occurring flagellin amino acid sequence
flagellin component or at least a portion of a naturally
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occurring flagellin amino acid sequence in combination with
the cysteine residue) remote from the TLRS or TLR recog-
nition site. For example, for STF1 (SEQ ID NO: 812), for
which a high resolution structural determination is available,
this may be achieved in the D1 domain, D2 domain or in the
hinge region. In the D1/D2 domain the amino- and carboxy-
termini can be remote (also referred to herein as “distal”)
from the TLRS recognition site, and moving away from
either the amino or carboxy terminus may bring the conju-
gation site closer to the recognition site and may interfere
with TLRS activity. In the hinge region amino acids about
237 to about 241 of SEQ ID NO: 812, are approximately at
the other tip of the “boomerang” and are about the same
distance from the TLRS recognition site as the amino- and
carboxy-termini. This site may also be a location that
maintains TLRS recognition.

[0283] Amino acid identity can be taken into consideration
for the location of conjugation sites. Polar and charged
amino acids (e.g., serine, aspartic acid, lysine) are more
likely to be surface exposed and amenable to attachment of
an antigen. Hydrophobic amino acids (e.g., valine, pheny-
lalanine) are more likely to be buried and participate in
structural interactions and should be avoided.

[0284] Compositions that include flagellin components
with cysteine residues or Toll-like Receptor agonist compo-
nents with cysteine residues activate TLRS and can be
chemically conjugated to antigens.

[0285] The compositions and methods of employing the
compositions of the invention can further include a carrier
protein. The carrier protein can be at least one member
selected from the group consisting of a tetanus toxoid, a
Vibrio cholerae toxoid, a diphtheria toxoid, a cross-reactive
mutant of diphtheria toxoid, a E. co/i B subunit of a heat
labile enterotoxin, a tobacco mosaic virus coat protein, a
rabies virus envelope protein, a rabies virus envelope gly-
coprotein, a thyroglobulin, a heat shock protein 60, a key-
hole limpet hemocyanin and an early secreted antigen tuber-
culosis-6.

[0286] The composition comprising a flagellin component
that is at least a portion of a flagellin, wherein the flagellin
component includes at least one cysteine residue and
whereby the flagellin component activates a Toll-like Recep-
tor 5 can include at least one lysine of the flagellin compo-
nent that has been substituted with at least one member
selected from the group consisting of an arginine residue, a
serine residue and a histidine residue.

[0287] In an additional embodiment, the invention is a
composition comprising a Toll-like Receptor agonist com-
ponent that is at least a portion of a Toll-like Receptor
agonist, wherein the Toll-like Receptor agonist component
includes at least one cysteine residue in a position where a
cysteine residue does not occur in the native Toll-like
Receptor agonist, whereby the Toll-like Receptor agonist
component activates a Toll-like Receptor. “Component,” as
used herein in reference to a Toll-like Receptor agonist
component, means at least part of or the entirety of a
Toll-like Receptor agonist.

[0288] In one embodiment, the cysteine residue in the
composition comprising a Toll-like Receptor agonist com-
ponent that is at least a portion of a Toll-like Receptor
agonist, wherein the Toll-like Receptor agonist component
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includes at least one cysteine residue in a position where a
cysteine residue does not occur in the native Toll-like
Receptor agonist, whereby the Toll-like Receptor agonist
component activates a Toll-like Receptor, substitutes for at
least one amino acid in a naturally occurring amino acid
sequence of a Toll-like Receptor agonist component. The
cysteine can substitute for at least one amino acid remote to
the Toll-like Receptor recognition site of the Toll-like
Receptor agonist component.

[0289] In another embodiment, the Toll-like Receptor ago-
nist component includes at least a portion of a naturally
occurring Toll-like Receptor agonist amino acid sequence in
combination with a cysteine residue. The cysteine residue in
combination with the naturally occurring Toll-like Receptor
agonist can be remote to the Toll-like Receptor recognition
site of the Toll-like Receptor agonist component.

[0290] The composition comprising a Toll-like Receptor
agonist component that is at least a portion of a Toll-like
Receptor agonist, wherein the Toll-like Receptor agonist
component includes at least one cysteine residue in a posi-
tion where a cysteine residue does not occur in the native
Toll-like Receptor agonist, whereby the Toll-like Receptor
agonist component activates a Toll-like Receptor can further
include at least a portion of at least one antigen (e.g., an
influenza antigen, such as a influenza integral membrane
protein antigen, HA, HA1-1, HA1-2, M2, M2e).

[0291] In still another embodiment, the invention is a
composition comprising a flagellin component that is at least
a portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
arginine, whereby the flagellin component activates a Toll-
like Receptor 5.

[0292] “Substituted,” as used herein in reference to the
flagellin, flagellin component, Toll-like Receptor agonist or
Toll-like Receptor agonist component, means that at least
one amino acid, such as a lysine of the flagellin component,
has been modified to another amino acid residue, for
example, a conservative substitution (e.g., arginine, serine,
histidine) to thereby form a substituted flagellin component
or substituted Toll-like Receptor agonist component. The
substituted flagellin component or substituted Toll-like
Receptor agonist component can be made by generating
recombinant constructs that encode flagellin with the sub-
stitutions, by chemical means, by the generation of proteins
or peptides of at least a portion of the flagellin by protein
synthesis techniques, or any combination thereof.

[0293] The lysine residue that is substituted with an amino
acid (e.g., arginine, serine, histidine) can be at least one
lysine residue selected from the group consisting of lysine
19,41, 58, 135, 160, 177, 179, 203, 215, 221, 228, 232, 241,
251, 279, 292, 308, 317, 326, 338, 348, 357, 362, 369, 378,
384, 391 and 410 of SEQ ID NO: 812.

[0294] The flagellin can be a S. typhimurium flagellin that
includes SEQ ID NO: 816. The lysine residue that is
substituted with an amino acid (e.g., arginine, serine, histi-
dine) can be at least one lysine residue selected from the
group consisting of lysine 20, 42, 59, 136, 161, 177, 182,
189, 209, 227, 234, 249, 271, 281, 288, 299, 319, 325, 328,
337,341, 355,357,369, 381, 390, 396, 403, 414 and 422 of
SEQ ID NO: 816.

[0295] The flagellin can be an E. coli fliC that includes
SEQ ID NO: 814. The flagellin can be a S. muenchen that
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include the includes SEQ ID NO: 813. The flagellin can be
a P. aeruginosa flagellin that includes SEQ ID NO: 815. The

flagellin can be a Listeria monocytogenes ftlagellin that
includes SEQ ID NO: 820.

[0296] The compositions of the invention can include a
flagellin that has lysines substituted in a region adjacent to
the motif C of the flagellin, the motif N of the flagellin, both
the motif C and the motif N of the flagellin, domain 1 of the
flagellin, domain 2 of the flagellin or any combination
thereof. Motif C and motif N of flagellin and domain 1 and
domain 2 of the flagellin can be involved in activation of
TLRS5 by the flagellin (Murthy, et al., J. Biol. Chem.,
279:5667-5675 (2004)).

[0297] Chemical conjugation of a protein, peptide, or
polypeptide to another molecule can be by derivatization of
a secondary group, such as a lysine. Certain lysine residues
in flagellin are near or in domain 1, the motif C or motif N,
motifs can be important in binding of the flagellin to TLRS.
For example, lysine residues at amino acids 58, 135, 160 and
410 of SEQ ID NO: 812 may be substituted with at least one
member selected from the group consisting of an arginine
residue, a serine residue and a histidine residue. Derivati-
zation of such lysine residues to, for example, chemically
conjugated antigens to flagellins, may decrease the ability or
the binding affinity of the flagellin to TLRS and, thus,
diminish an innate immune response mediated by TLRS.
Substitution of at least one lysine residue in a flagellin that
may be near to regions of the flagellin that are important in
mediating interactions with TLRS (e.g., motif C, motif N,
domain 1) with another amino acid (e.g., arginine, serine,
histidine) may preserve or enhance flagellin binding to
TLRS. In a particular embodiment, the amino acid substi-
tution is a conservative amino acid substitution with at least
one member selected from the group consisting of arginine,
serine and histidine. Exemplary commercially available
reagents for chemical conjugation are described herein.

[0298] Certain lysine residues in flagellin are in the
domain (domain 1) and can be important for activation of
TLRS. For example, lysine residues at positions 58, 135, 160
and 410 of SEQ ID NO: 812 are in domain 1. Derivatization
of such lysine residues to, for example, chemically conju-
gated antigens, may decrease TLRS bioactivity and, thus,
diminish an innate immune response mediated by TLRS.

[0299] Lysine residues that can be substituted can include
lysine residues implicated in TLRS activation. Lysine resi-
dues in motif N (amino acids 95-108 of SEQ ID NO: 812)
and/or motif C (amino acids 441-449 of SEQ ID NO: 812)
can be suitable for substitution. Substitution of certain lysine
residue in the flagellin (e.g., lysine at amino acid position 19,
41) with, for example, an arginine, serine or histidine, can
maintain binding of the flagellin to TLRS and leave other
lysines available for chemical conjugate to another mol-
ecule, such as an antigen (e.g., protein) or another molecule,
such as another protein, peptide or polypeptide.

[0300] The X-ray crystal structure of the F41 fragment of
flagellin from Salmonella typhimurium shows the domain
structure of flagellin (Samatey, F. A, et al., Nature 410:321
(2001)). The tull length flagellin protein contains 4 domains,
designated as DO, D1, D2 and D3. Three of these domains
are shown in the crystal structure because the structure was
made with a proteolytic fragment of full length flagellin. The
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amino acid sequences of Salmonella typhimurium flagellin
for these regions, numbered relative to SEQ ID NO: 812 are
as follows:

[0301] DO contains the regions Al through A55 and S451
through R494

[0302] D1 contains the regions N56 through Q176 and
T402 through R450

[0303] D2 contains the regions K177 through GI 89 and
A284 through A401

[0304] D3 contains the region Y190 though V283

[0305] Exemplary lysine residues of SEQ ID NO: 812
suitable for substitution with, for example, arginine, histi-
dine, or serine, can include:

[0306] DO contains 2 lysine residues; K19, K41

[0307] D1 contains 4 lysine residues; K58, K135, K160
and K410

[0308] D2 contains 14 lysine residues at positions 177,
179, 292, 308, 317, 326, 338, 348, 357, 362, 369, 378, 384,
391

[0309] D3 contains 8 lysine residues at positions 203, 215,
221, 228, 232, 241, 251, 279

[0310] Exemplary lysine residues suitable for substitution
include lysines at positions 58, 135, 160 and 410 of SEQ ID
NO: 812 (Jacchieri, S. G., et. al., J. Bacteriol. 185:4243
(2003); Donnelly, M. A, et al., J. Biol. Chem. 277:40456
(2002)). The sequences were obtained from the Swiss-Prot
Protein Knowledge base located online at http://us.expasy-
.org/sprot/. Lysine residues that can be modified are indi-
cated with a *.

[0311] Exemplary lysine residues of SEQ ID NO: 816
suitable for substitution can include:

[0312] DO—with two lysines at positions 20, 42;

[0313] D1—with five lysines at positions 59, 136, 161,
414, 422;

[0314] D2—with sixteen lysines at positions 177, 182,
189, 299, 319, 325, 328, 337, 341, 355, 357, 369, 381, 390,
396, 403 and

[0315] D3—with seven lysines at positions 209, 227, 234,
249, 271, 281, 288.

[0316] In a further embodiment, the invention is a com-
position comprising a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
histidine residue, whereby the flagellin component activates
a Toll-like Receptor 5.

[0317] In yet another embodiment, the invention is a
method of stimulating an immune response in a subject,
comprising the step of administering to the subject a com-
position that includes a flagellin component that is at least a
portion of a flagellin, wherein the flagellin component
includes at least one cysteine residue and whereby the
flagellin component activates a Toll-like Receptor 5.

[0318] In another embodiment, the invention is a method
of stimulating protective immunity in a subject, comprising
the step of administering to the subject a composition that
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includes a flagellin component that is at least a portion of a
flagellin, wherein the flagellin component includes at least
one cysteine residue and whereby the flagellin component
activates a Toll-like Receptor 5.

[0319] In yet another embodiment, the invention is a
method of stimulating protective immunity in a subject,
comprising the step of administering to the subject a com-
position that includes a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
arginine, whereby the flagellin component activates a Toll-
like Receptor 5.

[0320] In still another embodiment, the invention is a
method of stimulating an immune response in a subject,
comprising the step of administering to the subject a com-
position that includes a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
serine residue, whereby the flagellin component activates a
Toll-like Receptor 5.

[0321] In another embodiment, the invention is a method
of stimulating a protective immune response in a subject,
comprising the step of administering to the subject a com-
position that includes a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
serine residue, whereby the flagellin component activates a
Toll-like Receptor 5.

[0322] In an additional embodiment, the invention is a
method of stimulating an immune response in a subject,
comprising the step of administering to the subject a com-
position that includes a flagellin component that is at least a
portion of a flagellin, wherein at least one lysine of the
flagellin component has been substituted with at least one
histidine residue, whereby the flagellin component activates
a Toll-like Receptor 5.

[0323] In a further embodiment, the invention is a method
of stimulating protective immunity in a subject, comprising
the step of administering to the subject a composition that
includes a flagellin component that is at least a portion of a
flagellin, wherein at least one lysine of the flagellin com-
ponent has been substituted with at least one histidine
residue, whereby the flagellin component activates a Toll-
like Receptor 5.

[0324] Another embodiment of the invention is a method
of stimulating an immune response in a subject, comprising
the step of administering to the subject a composition that
includes a Toll-like Receptor agonist component that is at
least a portion of a Toll-like Receptor agonist, wherein the
Toll-like Receptor agonist component includes at least one
cysteine residue in a position where a cysteine residue does
not occur in the native Toll-like Receptor agonist, whereby
the Toll-like Receptor agonist component activates a Toll-
like Receptor agonist.

[0325] Another embodiment of the invention is a method
of stimulating a protective immunity in a subject, compris-
ing the step of administering to the subject a composition
that includes a Toll-like Receptor agonist component that is
at least a portion of a Toll-like Receptor agonist, wherein the
Toll-like Receptor agonist component includes at least one
cysteine residue in a position where a cysteine residue does
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not occur in the native Toll-like Receptor agonist, whereby
the Toll-like Receptor agonist component activates a Toll-
like Receptor agonist.

[0326] In yet another embodiment, the invention is a
composition comprising an antigen component that includes
at least a portion of a hemagglutinin maturational cleavage
site and an agonist component that includes a Toll-like
Receptor agonist (e.g., at least one member selected from the
group consisting of a Toll-like Receptor 1 agonist, a Toll-like
Receptor 3 agonist, a Toll-like Receptor 5 agonist, a Toll-like
Receptor 6 agonist, a Toll-like Receptor 7 agonist and a
Toll-like Receptor 9 agonist) wherein the Toll-like Receptor
agonist is not a Toll-like Receptor 2 agonist (e.g., the outer
membrane protein complex (OMPC), such as OMPC of
Neiserria meningitides). The hemagglutinin maturational
cleavage site can include at least one member selected from
the group consisting of an influenza A hemagglutinin matu-
rational cleavage site, an influenza B hemagglutinin matu-
rational cleavage site and an influenza C hemagglutinin
maturational cleavage site.

[0327] Inoneembodiment, the antigen component and the
agonist component of the compositions of the invention can
be components of a fusion protein. In another embodiment,
the antigen component is chemically conjugated to the
agonist component. The agonist component includes a com-
position comprising a flagellin component that is at least a
portion of a flagellin, wherein the flagellin component
includes at least one cysteine residue and whereby the
flagellin component activates a Toll-like Receptor 5. The
antigen component further includes at least a portion of a
matrix 2 protein, which can further include a second agonist
component that includes at least a portion of a second
Toll-like Receptor agonist (e.g., at least a portion of at least
one member selected from the group consisting of a Toll-like
Receptor 2 agonist, a Toll-like Receptor 3 agonist, a Toll-like
Receptor 4 agonist, a Toll-like Receptor 5 agonist, a Toll-like
Receptor 6 agonist, a Toll-like Receptor 7 agonist and a
Toll-like Receptor 9 agonist). The matrix-2 protein can be
fused to the second agonist component or chemically con-
jugated to a second agonist component.

[0328] An “antigen component,” as used herein, refers to
a part or the entirety of an antigen.

[0329] An “agonist component” as used herein, refers to a
part or the entirety of an agonist, such as a Toll-like Receptor
agonist.

[0330] In an additional embodiment, the invention is a
method of stimulating an immune response in a subject,
comprising the step of administering to the subject a com-
position comprising an antigen component that includes at
least a portion of a hemagglutinin maturational cleavage site
and an agonist component that includes a Toll-like Receptor
agonist, wherein the Toll-like Receptor agonist is not a
Toll-like Receptor 2 agonist.

[0331] In a further embodiment, the invention is a method
of stimulating protective immunity in a subject, comprising
the step of administering to the subject a composition
comprising an antigen component that includes at least a
portion of a hemagglutinin maturational cleavage site and an
agonist component that includes a Toll-like Receptor ago-
nist, wherein the Toll-like Receptor agonist is not a Toll-like
Receptor 2 agonist.
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[0332] In yet another embodiment, the invention is a
composition that includes at least a portion of a HA antigen
(e.g., the maturational cleavage site) that is fused (e.g.,
recombinantly) to or chemically conjugated to at least of
portion of a hinge region of a flagellin, a flagellin component
or in a flagellin in which the hinge region has been deleted;
and at least a portion of an M2e protein that is fused (e.g.,
recombinantly) to or chemically conjugated to a flagellin or
a flagellin component, for example, at the amino- or car-
boxy-terminus of the flagellin or the flagellin component
(See, for example, FIG. 77).

[0333] In an additional embodiment, the invention
includes a protein, peptide polypeptide having at least about
70%, at least about 75%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, at least about
98% and at least about 99% sequence identity to the pro-
teins, polypeptides and peptides of the invention.

[0334] The percent identity of two amino acid sequences
(or two nucleic acid sequences) can be determined by
aligning the sequences for optimal comparison purposes
(e.g., gaps can be introduced in the sequence of a first
sequence). The amino acid sequence or nucleic acid
sequences at corresponding positions are then compared,
and the percent identity between the two sequences is a
function of the number of identical positions shared by the
sequences (i.e., % identity=# of identical positions/total # of
positionsx100). The length of the protein or nucleic acid
encoding can be aligned for comparison purposes is at least
30%, preferably, at least 40%, more preferably, at least 60%,
and even more preferably, at least 70%, 75%, 80%, 85%,
90%, 95%, 98%, 99% or 100%, of the length of the
reference sequence, for example, the nucleic acid sequence
of a protein portion of HA (e.g., HA1-1, HA1-2), fusion
protein, antigen, or polypeptide.

[0335] The actual comparison of the two sequences can be
accomplished by well-known methods, for example, using a
mathematical algorithm. A preferred, non-limiting example
of'such a mathematical algorithm is described in Karlin et al.
(Proc. Natl. Acad. Sci. USA4, 90:5873-5877 (1993), the
teachings of which are hereby incorporated by reference in
its entirety). Such an algorithm is incorporated into the
BLASTN and BLASTX programs (version 2.2) as described
in Schaffer et al. (Nucleic Acids Res., 29:2994-3005 (2001),
the teachings of which are hereby incorporated by reference
in its entirety). When utilizing BLAST and Gapped BLAST
programs, the default parameters of the respective programs
(e.g., BLASTN; available at the Internet site for the National
Center for Biotechnology Information) can be used. In one
embodiment, the database searched is a non-redundant (NR)
database, and parameters for sequence comparison can be
set at: no filters; Expect value of 10; Word Size of 3; the
Matrix is BLOSUMG62; and Gap Costs have an Existence of
11 and an Extension of 1.

[0336] Another mathematical algorithm employed for the
comparison of sequences is the algorithm of Myers and
Miller, CABIOS (1989), the teachings of which are hereby
incorporated by reference in its entirety. Such an algorithm
is incorporated into the ALIGN program (version 2.0),
which is part of the GCG (Accelrys, San Diego, Calif.)
sequence alignment software package. When utilizing the
ALIGN program for comparing amino acid sequences, a
PAM120 weight residue table, a gap length penalty of 12,
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and a gap penalty of 4 is used. Additional algorithms for
sequence analysis are known in the art and include
ADVANCE and ADAM as described in Torellis and Robotti
(Comput. Appl. Biosci., 10: 3-5 (1994), the teachings of
which are hereby incorporated by reference in its entirety);
and FASTA described in Pearson and Lipman (Proc. Natl.
Acad. Sci USA, 85: 2444-2448 (1988), the teachings of
which are hereby incorporated by reference in its entirety).

[0337] The percent identity between two amino acid
sequences can also be accomplished using the GAP program
in the GCG software package (Accelrys, San Diego, Calif.)
using either a Blossom 63 matrix or a PAM250 matrix, and
a gap weight of 12, 10, 8, 6, or 4 and a length weight of 2,
3, or 4. In yet another embodiment, the percent identity
between two nucleic acid sequences can be accomplished
using the GAP program in the GCG software package
(Accelrys, San Diego, Calif.), using a gap weight of 50 and
a length weight of 3.

[0338] The nucleic acid sequence encoding a protein por-
tion of HA, polypeptide or fusion proteins of the invention
and polypeptides of the invention can include nucleic acid
sequences that hybridize to nucleic acid sequences or
complements of nucleic acid sequences of the invention, for
example, SEQ ID NOS: 53-58, 64, 68, 71,72, 73,76, 78, 80,
84,87,104,107,110,111, 112, 115, 116,117,119, 120, 121,
122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
137, 139, 142, 143, 146, 147, 150, 167, 184, 185, 186, 187,
188, 189, 190, 191, and 192); and nucleic acid sequences
that encode amino acid sequences and fusion proteins of the
invention (e.g., SEQ ID NOS: 89-92, 95, 151-160, 177, 209,
210 and 211) under selective hybridization conditions (e.g.,
highly stringent hybridization conditions). As used herein,
the terms “hybridizes under low stringency,”hybridizes
under medium stringency,”hybridizes under high strin-
gency,” or “hybridizes under very high stringency condi-
tions,” describe conditions for hybridization and washing of
the nucleic acid sequences. Guidance for performing hybrid-
ization reactions, which can include aqueous and nonaque-
ous methods, can be found in Aubusel, F. M., et al., Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y.
(2001), the teachings of which are hereby incorporated
herein in its entirety.

[0339] For applications that require high selectivity, rela-
tively high stringency conditions to form hybrids can be
employed. In solutions used for some membrane based
hybridizations, addition of an organic solvent, such as for-
mamide, allows the reaction to occur at a lower temperature.
High stringency conditions are, for example, relatively low
salt and/or high temperature conditions. High stringency are
provided by about 0.02 M to about 0.10 M NaCl at tem-
peratures of about 50° C. to about 70° C. High stringency
conditions allow for limited numbers of mismatches
between the two sequences. In order to achieve less stringent
conditions, the salt concentration may be increased and/or
the temperature may be decreased. Medium stringency con-
ditions are achieved at a salt concentration of about 0.1 to
0.25 M NaCl and a temperature of about 37° C. to about 55°
C., while low stringency conditions are achieved at a salt
concentration of about 0.15 M to about 0.9 M NaCl, and a
temperature ranging from about 20° C. to about 55° C.
Selection of components and conditions for hybridization
are well known to those skilled in the art and are reviewed
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in Ausubel et al. (1997, Short Protocols in Molecular Biol-
ogy, John Wiley & Sons, New York N.Y., Units 2.8-2.11,
3.18-3.19 and 4-64.9).

[0340] A “subject,” as used herein, can be a mammal, such
as a primate or rodent (e.g., rat, mouse). In a particular
embodiment, the subject is a human.

[0341] An “effective amount,” when referring to the
amount of a composition and fusion protein of the invention,
refers to that amount or dose of the composition and fusion
protein, that, when administered to the subject is an amount
sufficient for therapeutic efficacy (e.g., an amount sufficient
to stimulate an immune response in the subject). The com-
positions and fusion proteins of the invention can be admin-
istered in a single dose or in multiple doses.

[0342] The methods of the present invention can be
accomplished by the administration of the compositions and
fusion proteins of the invention by enteral or parenteral
means. Specifically, the route of administration is by oral
ingestion (e.g., drink, tablet, capsule form) or intramuscular
injection of the composition and fusion protein. Other routes
of' administration as also encompassed by the present inven-
tion including intravenous, intradermal, intraarterial, intra-
peritoneal, or subcutaneous routes, and nasal administration.
Suppositories or transdermal patches can also be employed.

[0343] The compositions and fusion proteins of the inven-
tion can be administered ex vivo to a subject’s autologous
dendritic cells. Following exposure of the dendritic cells to
the composition and fusion protein of the invention, the
dendritic cells can be administered to the subject.

[0344] The compositions and fusion proteins of the inven-
tion can be administered alone or can be coadministered to
the patient. Coadministration is meant to include simulta-
neous or sequential administration of the composition,
fusion protein or polypeptide of the invention individually or
in combination. Where the composition and fusion protein
are administered individually, the mode of administration
can be conducted sufficiently close in time to each other (for
example, administration of the composition close in time to
administration of the fusion protein) so that the effects on
stimulating an immune response in a subject are maximal. It
is also envisioned that multiple routes of administration
(e.g., intramuscular, oral, transdermal) can be used to admin-
ister the compositions and fusion proteins of the invention.

[0345] The compositions and fusion proteins of the inven-
tion can be administered alone or as admixtures with con-
ventional excipients, for example, pharmaceutically, or
physiologically, acceptable organic, or inorganic carrier sub-
stances suitable for enteral or parenteral application which
do not deleteriously react with the extract. Suitable phar-
maceutically acceptable carriers include water, salt solutions
(such as Ringer’s solution), alcohols, oils, gelatins and
carbohydrates such as lactose, amylose or starch, fatty acid
esters, hydroxymethycellulose, and polyvinyl pyrrolidine.
Such preparations can be sterilized and, if desired, mixed
with auxiliary agents such as lubricants, preservatives, sta-
bilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure, buffers, coloring, and/or aromatic sub-
stances and the like which do not deleteriously react with the
compositions, fusion proteins or polypeptides of the inven-
tion. The preparations can also be combined, when desired,
with other active substances to reduce metabolic degrada-
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tion. The compositions and fusion proteins of the invention
can be administered by is oral administration, such as a
drink, intramuscular or intraperitoneal injection or intranasal
delivery. The compositions and fusion proteins alone, or
when combined with an admixture, can be administered in
a single or in more than one dose over a period of time to
confer the desired effect (e.g., alleviate prevent viral infec-
tion, to alleviate symptoms of virus infection, such as
influenza or flaviviral infection).

[0346] When parenteral application is needed or desired,
particularly suitable admixtures for the compositions and
fusion proteins are injectable, sterile solutions, preferably
oily or aqueous solutions, as well as suspensions, emulsions,
or implants, including suppositories. In particular, carriers
for parenteral administration include aqueous solutions of
dextrose, saline, pure water, ethanol, glycerol, propylene
glycol, peanut oil, sesame oil, polyoxyethylene-block poly-
mers, and the like. Ampules are convenient unit dosages.
The compositions, fusion proteins or polypeptides can also
be incorporated into liposomes or administered via trans-
dermal pumps or patches. Pharmaceutical admixtures suit-
able for use in the present invention are well-known to those
of skill in the art and are described, for example, in Phar-
maceutical Sciences (17th Ed., Mack Pub. Co., Easton, Pa.)
and WO 96/05309 the teachings of which are hereby incor-
porated by reference.

[0347] The compositions and fusion proteins of the inven-
tion can be administered to a subject on a support that
presents the compositions, fusion proteins and polypeptides
of the invention to the immune system of the subject to
generate an immune response in the subject. The presenta-
tion of the compositions, fusion proteins and polypeptides of
the invention would preferably include exposure of anti-
genic portions of the viral protein to generate antibodies.
The components (e.g., PAMP and a viral protein) of the
compositions, fusion proteins and polypeptides of the inven-
tion are in close physical proximity to one another on the
support. The compositions and fusion proteins of the inven-
tion can be attached to the support by covalent or nonco-
valent attachment. Preferably, the support is biocompatible.
“Biocompatible,” as used herein, means that the support
does not generate an immune response in the subject (e.g.,
the production of antibodies). The support can be a biode-
gradable substrate carrier, such as a polymer bead or a
liposome. The support can further include alum or other
suitable adjuvants. The support can be a virus (e.g., aden-
ovirus, poxvirus, alphavirus), bacteria (e.g., Salmonella) or
a nucleic acid (e.g., plasmid DNA).

[0348] The dosage and frequency (single or multiple
doses) administered to a subject can vary depending upon a
variety of factors, including prior exposure to an antigen, a
viral protein, the duration of viral infection, prior treatment
of the viral infection, the route of administration of the
composition, fusion protein or polypeptide; size, age, sex,
health, body weight, body mass index, and diet of the
subject; nature and extent of symptoms of viral exposure,
viral infection and the particular viral responsible for the
infection (e.g., a flavivirus, influenza virus), or treatment or
infection of an other antigen, such as an influenza antigen,
kind of concurrent treatment, complications from the viral
exposure, viral infection or exposure or other health-related
problems. Other therapeutic regimens or agents can be used
in conjunction with the methods and compositions, fusion

Sep. 27, 2007

proteins or polypeptides of the present invention. For
example, the administration of the compositions and fusion
proteins can be accompanied by other viral therapeutics or
use of agents to treat the symptoms of a condition associated
with or consequent to exposure to the antigen, such as
flavivirus infection (e.g., high fever, numbness, DHF, men-
ingoencephalitis) or influenza infection, for example.
Adjustment and manipulation of established dosages (e.g.,
frequency and duration) are well within the ability of those
skilled in the art.

[0349] Influenza viruses are single-stranded RNA viruses
that belong to the viral family Orthomyxoviridae. Influenza
viruses are divided into three types (A, B, C) determined by
the antigenic differences in ribonucleoprotein (RNP) and
matrix (M) antigens of the viruses. Influenza A virus natu-
rally infects humans and several other mammalian species,
including swine and horses, and a wide variety of avian
species, and causes epidemics and pandemics in the human
population. Influenza B virus appears to naturally infect only
humans and can cause epidemics in humans. Influenza C
virus has been isolated from humans and swine, but gener-
ally does not occur in epidemics and usually results in mild
disease in humans.

[0350] Mature influenza virions are enveloped with a
pleomorphic structure ranging in diameter from 80 to 120
nm. The single-stranded RNA genome is closely associated
with a helical nucleoprotein and is present in seven (influ-
enza C) or eight (influenza A and B) separate segments of
ribonucleoprotein (RNP), each of which has to be present for
successful replication of the virus. The segmented genome is
enclosed within an outer lipoprotein envelope. Matrix pro-
tein 1 (MP1 or also referred to herein as “M1”) lines the
inside of the outer lipoprotein envelope and is bound to the
RNP.

[0351] Hemagglutinin (HA) is a surface glycoprotein on a
virus (e.g., an influenza virus) that is responsible for binding
to N-AcetylNeuraminic Acid (NeuNAc; also referred to
herein as “sialic acid”) on host cells and subsequent fusion
of'viral and host membranes. HA acquired its name by virtue
of'its ability to cause red blood cells to clump, or agglutinate.
Influenza HA is a trimer consisting of the three monomeric
(HAO) subunits. HA performs two critical functions during
the infection process: binding to a cell surface sialyloli-
gosaccharide receptor and fusion of virus and host cell
membrane. Following binding of the HA trimer to the
plasma membrane of a host cell, the host cell membrane
engulfs the virus in an endosome and attempts to digest the
contents of the endosome by acidifying its interior and
transferring it to a lysosome in the host cell. However, the
acidic environment of the lysosome destabilizes HA, result-
ing in partial unfolding of HAO which exposes a protease-
sensitive site (the maturaional cleaveage site) that is cleaved
by a host protease to form HA1 and HA2 subunits which are
connected by a single disulfide bond (Wiley, D. C., et al.,
Annu. Rev. Biochem. 56:365-394 (1987)). Cleavage occurs
at a specific amino acid residue and generates a hydrophobic
amino terminus for the HA2 subunit. This hydrophobic
terminus of HA2 mediates fusion between the viral envelope
and the endosomal membrane of the host cell and releases
the contents of the virion into the cytoplasm of the cell, a
process known as uncoating. Thus, cleavage of the HA
polypeptide is a requirement for infectivity.
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[0352] The crystal structure of several viral hemaggluti-
nins has been determined (see, for example, Wilson, I. A., et
al., Nature 289:366-373 (1981); Chen, J., et al., Cell 95:409-
417 (1998); Ha, Y., et al., The EMBO Journal 21: 865-875
(2002); Russell, R. I, et al., Virology 325:287-296 (2004);
and Cox, N. I, et al., In: Toply and Wilson’s Microbiology
and Microbial Infections, eds. B. W. J. Mathy, et al., Vol. 1
(9" ed.) New York, N.Y., Oxford Univ. Press, Ch. 32, p. 634
(1998)). X-ray crystallographic structures show that HA is
folded into two structural components or domains—a globu-
lar head and a fibrous stalk (see, for example, FIG. 1). The
globular head includes HA1, including that part of HA1 that
binds to sialic acid (also referred to as the “receptor binding
site or domain” or “sialic acid binding site or domain™), and
antiparallel -sheets. The fibrous stalk is more proximal to
the viral membrane and consists of all of HA2 and part of
HA1, including the cleavage site between HA1 and HA2.

[0353] There are fifteen known subtypes of Influenza A
HA (H1-H15) that share between about 40 to about 60%
sequence identity (World Health Organization BULL. World
Health Organ., 58:585-591 (1980)). Influenza viruses con-
taining all 15 HA subtypes have been isolated from avian
species (HS, H7, and H9), equine (H3 and H7), seals (H3,
H4 and H7), whales (H1 and H13) and swine (H1, H3, and
H9). Subtypes of influenza A virus are generally named
according to the particular antigenic determinants of HA (H,
15 major types) and neuraminidase (N, about 9 major types).
For example, subtypes include influenza A (H2N1),
A(H3N2), A(H5N1), A(H7N2), A(HIN2), A(H1/HO), A(H3/
HO) and A(HS5/HO). In the last century, three subtypes of
influenza A resulted in pandemics: H1 in 1918 and 1977; H2
in 1957 and H3 in 1968. In 1997, an H5 avian virus and in
1999, an H9 virus resulted in outbreaks of respiratory
disease in Hong Kong. HA from influenza type B viruses
have been isolated from humans and seals and are not
divided into subtypes.

[0354] A host infected with influenza can mount an anti-
body response to the globular head of HA that protects that
host from subsequent infection with the same strain of virus
by blocking the interaction between HA and the host cell,
i.e., neutralizing the infectivity of the virus. Due to the low
fidelity and high rate of influenza RNA replication, the virus
is constantly experiencing minor mutations in the HA gene
that preserve the globular head structure and host cell
interaction, but may allow progeny virus to escape immune
surveillance. These point mutations are referred to as “anti-
genic drift.” In addition, if a single host is simultaneously
infected with two different strains of influenza A, a new
subtype of virus may emerge as a result of reassortment, or
the exchange of the RNA segments, or genes, between
different strains of influenza A viruses. The viruses emerging
from reassortment present the human immune system with
a new antigenic experience that usually results in high
morbidity and mortality. This type of drastic antigenic
change is known as “antigenic shift.” Since type B influenza
viruses circulate almost exclusively in humans, these viruses
cannot undergo reassortment with animal strains and, thus,
are changed only by antigenic drift.

[0355] Immunity to HA can reduce the likelihood of
infection and severity of disease if infection does occur. HA
is an important antigenic target and the efficacy of vaccines
depends on the antigenic match between the vaccine strain
and the circulating strain. Since the hemagglutinin protein
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readily undergoes antigenic shift and drift in order to evade
the host’s immune defense, traditional vaccines must be
based on currently circulating influenza strains and annually
updated. Annual updates of influenza vaccines are not only
costly they also require significant amounts of production
time and manufacturing infrastructure. A vaccine composi-
tion based on invariant regions of the virus may provide
broadly cross-reactive protection.

[0356] In contrast to the globular head of HA, changes in
amino acid residues surrounding the maturational cleavage
site of HA are limited due to functional constraints. Amino
acid residues surrounding the HA maturational cleavage site
influence recognition and therefore cleavability of the site by
the host protease. Since the virus does not code for the
protease, changes in the amino acid residues surrounding the
maturational cleavage site are restricted. As a consequence
a peptide of about 20 amino acids spanning the maturational
cleavage site remains genetically stable across influenza
viruses of the same HA subtype (WO 2004/080403; Bianchi,
et al. J Virol 79:7380-7388 (2005)) or as branched peptides
(Horvath, et al Immunol Letters 60:127-136 (1998), Nagy, et
al Scand J Immunol 40:281-291 (1994)).

[0357] A second highly conserved antigen of influenza A
is the ectodomain of the matrix 2 protein (M2e). M2 is a
97-amino acid protein expressed at low levels in mature
virions and much higher levels on infected cells. The M2
protein forms a homotetramer that functions as an ion
channel which is critical to the replication of the virus, thus,
mutations in M2e are not as well tolerated as mutations in
HA. The 24-amino acid ectodomain (M2e) is highly con-
served across multiple influenza A strains. In mammals, M2e
is poorly immunogenic in its native form. Antibodies to M2e
can confer passive protection in animal models of influenza
A infection (Treanor, J. J., et al., J Virol 64:1375 (1990); Liu,
W. P, et al., Immunol Lett 93:131 (2004)), not by neutral-
izing the virus and preventing infectivity, but by killing
infected cells and disrupting the viral life cycle (Zebedee, S.
L. etal, J Virol 62:2762 (1998); Jegerlehner, A. N, et. al.,
J Immunol 172:5598 (2004)), which may be by antibody-
dependent NK cell activity (Jegerlehner, A. N., et al., J
Immunol 172:5598 (2004)). Composition that include M2e
proteins may limit the severity of influenza A disease while
allowing the host immune response to develop adaptive
immunity to the dominant neutralizing influenza antigen,
HA.

[0358] Strategies to manage infection and illness conse-
quent to influenza viral infection have not changed signifi-
cantly in the past four decades. Due to the seasonal nature
of influenza disease, the distinct types of influenza virus (A
and B) that threaten the human population, and the genetic
instability of each type, it is necessary to reformulate a
multivalent vaccine each year, based on epidemiological
prediction of strains likely to be circulating in the human
population in the upcoming flu season. The vaccine is
produced from stocks of selected prototype viral strains
grown in embryonated chicken eggs. Thus, the current
strategy has several limitations that include: (a) dependence
on uncertain prediction of circulating strains; (b) depen-
dence on the ability to grow the appropriate strains in
chicken eggs; (c) the egg-based production system carries
risks of product contamination; (d) the product produced in
eggs cannot be used in individuals with egg allergies; and (e)
a significant risk that the typical multivalent vaccine will not
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confer protection against a pandemic strain of virus to which
the human population has no pre-existing immunity.

[0359] The dominant protective component of the cur-
rently-available influenza vaccine is the viral hemagglutinin
(HA). A more effective vaccine may include not only
strain-specific HA, but cross-protective antigens, such as
M2e and maturational cleavage site. A vaccine production
process that is more reliable, economical, and scaleable than
the current egg-based method is also preferable. The com-
positions, fusion proteins and polypeptides of the invention
provide compositions that include HA, M2e, and matura-
tional cleavage site of influenza proteins, which can stimu-
late an immune response, specifically, a protective immune
response to several influenza antigens in subject.

[0360] The teachings of all patents, published applications
and references cited herein are incorporated by reference in
their entirety.

EXEMPLIFICATION
Example 1

Design of Portions of a Naturally Occurring
Hemagglutinin of Influenza A

Materials and Methods

[0361] Design of the HA1-1, 1-2 and 1-3 globular head
constructs for A/Puerto Rico/8/34 (HIN1). Influenza strain
A/Puerto Rico/8/34 (PR8) is a well-characterized mouse-
adapted strain of influenza A virus. The published crystal
structure of the mature PR8 HA (SEQ ID NO: 1) (Gamblin
et al. 2005. Science 303:1838-1842; PDB accession number
1RU7) was used in combination with the Molecular Mod-
eling Database to determine the boundaries for three PR8
globular head constructs. The complete list of solved crystal
structures for influenza A hemagglutinin molecules can be
found in the Protein Data Bank (PDB) or National Center for
Biotechnology Information (NCBI) Structure website
(http://www.ncbi.nlm.nih.gov/Structure).

[0362] The three dimensional crystal structure for the PR8
HA was viewed using the Cn3D program within the NCBI
website. The trimeric HA molecule has the shape of a
mushroom. The globular head refers to the portion of the
hemagglutinin molecule at the top that resembles the mush-
room head, and the coiled-coil stalk refers to the bottom part
of the molecule that resembles the stalk of the mushroom
(FIG. 1). The globular head contains the substrate binding
site that binds to sialic acid on the cell surface, and therefore
is important for viral entry. In addition, the majority of
neutralizing antibodies epitopes are located near and around
this receptor binding site, making the globular head a good
target for protective vaccines. The globular head contains
most of the HA1 peptide including residues numbered from
E51 to K327 in PR8 for example.

[0363] The monomeric structure of PR8 chain A, which
encompasses the globular head, was used to guide the design
of'the PR8 HA1-1, 1-2 and 1-3 constructs (FIG. 1). The HA
constructs were designed with domain boundaries within the
globular head so that when the molecule is expressed in a
host cell, the encoded protein it may spontaneously fold or
refolded in vitro to mimic the native conformation. A
structural domain (also referred to herein as “domains™)
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within a protein is an element of overall structure that is
self-stabilizing and often folds independently of the rest of
the protein chain. Most domains can be classified into folds.
Many domains are not unique to the proteins produced by
one gene or one gene family but instead appear in a variety
of proteins. Domains often are named and singled out
because they play an important role in the biological func-
tion of the protein to which they belong; for example, the
substrate binding domain of hemagglutinin can participate in
binding to the substrate. Because domains can be self-
stabilizing, domains can be swapped between one protein
and another or associated to other carrier proteins by genetic
engineering to make chimera proteins. A domain may be
composed of none, one, or many structural motifs. In the
cases of influenza hemagglutinin construct design, many
structural motifs are preserved. The boundary selection is
guided by known crystal structures. In the case of PRS,
residues from ES51 to K327 (SEQ ID NO: 1) fold into a
compact structure that distinguishes from the rest of the HA
molecules, thus is the region of focus to design HA con-
structs.

[0364] Design of the HA1-1, 1-2 and 1-3 globular head
constructs for A/Viet Nam/1203/2004 (H5N1). The HA
structure used as a reference in the design of the Viet
Nam/1203/2004 (H5N1) globular head constructs is
described in Stevens et al, 2006, Science 312:404-410
(MMDB number 38730; PDB accession number 2FK0). As
described for the PR8 globular head constructs above, the
published crystal structure of the mature A/Viet Nam/1203/
2004 HA (SEQ ID NO: 2) was used in combination with the
Molecular Modeling Database to determine the domain
boundaries for three Viet Nam globular head constructs. The
same structural criteria for preservation of secondary and
tertiary structure for the structural domain were applied to
the design of the Viet Nam constructs. While different
hemagglutinin molecules can differ in the nature or number
of residues that comprise the hemagglutinin molecule; the
overall structure is remarkably similar. Thus, design of the
domain boundaries for the Viet Nam globular head con-
structs required placement of the boundaries at structurally
equivalent but numerically different positions with in the HA
molecule.

[0365] Design of the HA1-1, 1-2 and 1-3 globular head
constructs for A/Indonesia/5/2005 (HS5N1). The crystal
structure for the Indonesia HA has not been solved. In
general, when the crystal structure for a given HA molecule
has not been solved, the available structure with the highest
sequence identity can be used to guide the construct design.
In the case of the design of the Indonesia globular head
construct, the closest structure available is the A/Viet Nam/
1203/2004 (Stevens et al. 2006. Science 312:404-410;
MMDB number 38730; PDB Accession number 2FKO),
which is of the same subtype as A/Indonesia/5/2005.

[0366] To design globular head constructs for this HA, the
primary sequence of the Indonesia HA (SEQ ID NO: 3) was
first aligned with A/Viet Nam/1203/2004 HA (H5VN; SEQ
ID NO: 2) molecule (primary sequence identity: 96.13%).
The primary sequence alignment for A/Viet Nam/1203/2004
HA (H5VN; SEQ ID NO: 2) and A/Indonesian/5/2005
(HSIN; SEQ ID NO: 3) was conducted using CLUSTALW
and is shown below, where (*) asterisk=identity, (:) colon=
conservative substitution; (.) period=weakly conservative
substitution; and (space)=divergent substitution.
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34
50
H5IN MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILE
H5VN MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILE
D s R R T e R s AR RS
100
H5IN KTHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSY IVEKAN
H5VN KKHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSY IVEKAN
P R s R R R R 2
150
H5IN PTNDLCYPGSFNDYEELKHLLSRINHFEKIQITPKSSWSDHEASSGVSSA
H5VN PVNDLCYPGDFNDYEELKHLLSRINHFEKIQITPKSSWSSHEASLGVSSA
P R D R R R N S
200
H5IN CPYLGSPSFFRNVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPNDA
H5VN CPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDA
FhE | REAKAKERARA A A KA KA RE R R A A A AR AR AR AR A AR Ak kR hx
250
H5IN AEQTRLYQNPTTYISIGTSTLNQRLVFKIATRSKVNGQSGRMEFFWTILK
H5VN AEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILK
R L A R R AR
300
H5IN PNDAINFESNGNFIAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPMGA
H5VN PNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGA
R R s R R L N R R
350
H5IN INSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQRESRRKKRGLFG
H5VN INSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQRESRRKKRGLFG
R R R R R
400
H5IN ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS
HSVN ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS
R R R R R R
450
H5IN IIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWITYNAELLVLMEN
H5VN IIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWITYNAELLVLMEN
R R R R R R
500
H5IN ERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESIRN
H5VN ERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECME SVRN
R R s R R R R R R
550
H5IN GTYNYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALATIMMA
H5VN GTYDYPQYSEEARLKREEISGVKLESIGIYQILSIYSTVASSLALAIMVA
R A R L R R R s e A R
568
H5IN GLSLWMCSNGSLQCRICI (SEQ ID NO:3)
H5VN GLSLWMCSNGSLQCR--- (SEQ ID NO:2)

I AR R R TR
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[0367] Design of the HA1-1, 1-2 and 1-3 globular head
constructs for A/New Calcdonia/20/1999 (HIN1). The crys-
tal structure for the New Calcdonia HA has not been solved.
To design the globular head constructs for this HA, the
primary sequence of the New Calcdonia HA (HINC; SEQ
ID NO: 4) was first aligned with two closely related HA
molecules of the same subtype (primary sequence homology
>85%) for which the structures have been resolved, specifi-
cally the HIN1 1918 virus (same as A/South Carolina/1/18)

(SEQ ID NO: 5) and the A/Puerto Rico/8/34 virus (H1PRS;
SEQ ID NO: 1) (Gamblin, et al., Science 303, 1838-42
(2004). A/South Carolina/1/18: MMDB number 26943,
PDB accession number: 1RUZ and PR8, MMDB number:
26941 and PDB accession number: 1RU7). The primary
sequence alignment was conducted using CLUSTALW and
is shown below, where (*) asterisk=identity, (:) colon=
conservative substitution; (.) period=weakly conservative
substitution; and (space)=divergent substitution.
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50
HINC MKAKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLL
HIPR8  MKANLLVLLSALAAADADTICIGYHANNSTDTVDTVLEKTVTVTHSVNLL
***:*****.:::*: R R R R R R R R R R R R R R R R R R R R R R E R R R
100
HINC EDSHNGKLCLLKGIAPLQLGNCSVAGWILGNPECELLISKESWSYIVETP
HIPR8  EDSHNGKLCRLKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETP
ER R R R RN RN **********:*.:***:******: *:. .*********
150
HINC NPENGTCYPGYFADYEELREQLSSVSSFERFEIFPKESSWPNHTVTGVSA
HIPR8  NSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTA
*.*** ER R * ******************************...**:*
200
HINC SCSHNGKSSFYRNLLWLTGKNGLYPNLSKSYVNNKEKEVLVLWGVHHPPN
HIPR8  ACSHEGKSSFYRNLLWLTEKEGSYPKL2QSYVNKKGKEVLVLWGIHHPPN
:***:************* *:* **:*.:****:* ********:*****
250
HINC IGNQRALYHTENAYVSVVSSHY SRRETPEIAKRPKVRDQEGRINYYWTLL
HIPR8  SKEQQNIYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLL
:*: :*:.********:*:*.********:******* **:*******
300
HINC EPGDTIIFEANGNLIAPWYAFALSRGFGSGIITSNAPMDECDAKCQTPQG
HIPR8  KPGDTIIFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLG
:**************** ******************.*.**::***** *
350
HINC AINSSLPFQNVHPVTIGECPKYVRSAKLRMVTGLRNIPS IQSRGLFGAIA
HIPR8  AINSSLPYQNIHPVTIGECPKYVRSAKLRMVTGLRNTPSIQSRGLFGAIA
*******:**:************************* R AR R R R EEEE LR
400
HINC GFIEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKVNSV IE
HIPR8  GFIEGGWTGMIDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKVNTVIE
********:***********************************:***
450
HINC KMNTQFTAVGKEFNKLERRMENLNKKVDDGFLD INTYNAELLVLLENERT
HIPR8  KMNIQFTAVGKEFNKLEKRMENLNKKVDDGFLDIWTYNAELLVLLENERT
* kK *************:********************************
500
HINC LDFHDSNVKNLYEKVKSQLKNNAKE IGNGC === === == ————————— - —
HIPR8  LDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCDNECMESVRNGTY
R R R R R R R R R R R R R R I AR E R E R EREERERE S 3
550
HING mmmmmmmmmmmmm e
HIPR8  DYPKYSEESKLNREKVDGVKLESMGIYQILAIYSTVASSLVLLVSLGAIS
565
0 (o —— (SEQ ID NO: 4)
HIPR8  FWMCSNGSLQCRICI (SEQ ID NO: 1)
[0368] Design of the HA1-1, 1-2 and 1-3 globular head

constructs for A/Wisconsin/67/2005 (H3N2). The crystal
structure for the Wisconsin HA has not been solved. To
design the globular head constructs for this HA, the primary
sequence of the Wisconsin HA (H3W is; SEQ ID NO: 6) was
first aligned with a closely related reference HA molecule of
the same subtype (primary sequence identity: 81.16%) for
which the structure had been resolved, specifically influenza
A/X31 subtype H3N2 (H3X31; SEQ ID NO: 7) (PDB

accession number: 1VIU). The Wisconsin HA sequence was
aligned with the X31 HA using CLUSTAL W and is shown
below, where (*) asterisk=identity, (1) colon=conservative
substitution; (.) period=weakly conservative substitution;
and (space)=divergent substitution. Each amino acid in X31
was found to have a corresponding match in A/Wisconsin/
67/2005 sequence. The domain boundaries the X31 structure
were then used to identify the domain boundaries in the
A/Wisconsin/67/2005.
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50
H3Wis QKLPGNDNSTATLCLGHHAVPNGT IVKTITNDQIEVTNATELVQSSSTGG
H3X31 QDLPGNDNSTATLCLGNHAVPNGTLVKTITDDQIEVTNATELVQSSSTGK

R e R R T

100
H3Wis ICDSPHQILDGENCTLIDALLGDPQCDGFQNKKWDLFVERSKAYSNCYPY
H3X31 ICNNPHRILDGIDCTLIDALLGDPHCDVFQNETWDLFVERSKAFSNCYPY

kg Kk g kA kA g REFAAAAAA AL gk F Ak g AXAXAX XA X g AKX K XK

150
H3Wis DVPDYASLRSLVASSGTLEFNDESFNWTGVTQNGTSSACKRRSNNSFFSR
H3X31 DVPDYASLRSLVASSGTLEFITEGFTWTGVIQNGGSNACKPGPGSGFFSR

Kk kkkhhkdhkhkhkkdkkkdkk *.***** * Kk k *.**** ....****

200
H3Wis LNWLTHLKFKYPALNVTMPNNEKFDKLY IWGVHHPGTDNDQIFLHAQASG
H3X31 LNWLTKSGSTYPVLNVTMPNNDNFDKLY IWGTHHPSTNQEQTSLYVQASG
*****: .**.********::********:***.*:::* *:.****

250

H3Wis RITVSTKRSQQTVIPNIGSRPRIRNIPSRISIYWTIVKPGDILLINSTGN
H3X31 RVTVSTRRSQQTIIPNIGSRPWVRGLSSRISIYWT IVKPGDVLVINSNGN

R T S N e R R R L R PR T N

300
H3Wis LIAPRGYFKIRSGKSSIMRSDAPIGKCNSECITPNGS IPNDKPFQNVNRI
H3X31 LIAPRGYFKMRTGKSSIMRSDAPIDTCISECITPNGS IPNDKPFQNVNKI

B R R N I R R L e

329
H3Wis TYGACPRYVKQNTLKLATGMRNVPEKQTR (SEQ ID NO: 6)
H3X31 TYGACPKYVKQNTLKLATGMRNVPEKQT- (SEQ ID NO: 7)

KRR I R IR IR IR A Rk Rk kkkhkkhkhk kK

Results

[0369] Depiction of domain boundaries for PR8 HA con-
structs. The selected boundary domains are highlighted in
the sequence below (SEQ ID NO: 1) as follows: HA1-1
boundaries are single-underlined (S53-R324 of SEQ ID NO:
1); HA1-2 boundaries are double-underlined (K62-S284 of
SEQ ID NO: 1); HA1-3 boundaries are bold-underlined
(N101-G276 of SEQ ID NO: 1). Detailed descriptions of
each subunit design and boundary domains are given below.

(SEQ ID NO:1)
MKANLLVLLSALAAADADT IC IGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCR 60

LKGIAPLOLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELRE 120
QLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNS 180
YVNKKGKEVLVLWGIHHPPNSKEQQONLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQA 240
GRMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLG 300

AINSSLPYQNIHPVTIGECPKYVRSAKLRMVTGLRNIPSIQSRGLFGATAGFIEGGWTIGM 360

IDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKVNTVIEKMNIQFTAVGKEFNKLEKRM 420

ENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGC 480

FEFYHKCDNECMESVRNGTYDYPKYSEESKLNREKVDGVKLESMGIYQILAIYSTVASSL 540

VLLVSLGAISFWMCSNGSLQCRICI 565
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[0370] PR/8 HAI-1 construct (SEQ ID NO: 8). For this
construct, four (4) conserved disulfide bonds were preserved
by making the amino-terminal truncation before the Cys-
teine at position 59 of SEQ ID NO: 1 and the carboxyl-
terminal truncation after the Cysteine at position 319 of SEQ
ID NO: 1. The preserved disulfide bonds are listed as the
following: C59-C291; C72-C84; C107-C152 and C295-
C319 of SEQ ID NO: 1. Using the crystal structure cited
above and the Molecular Modeling Database (MMDB) to
identify tertiary and secondary structure, the amino terminal
truncation was placed at the Serine at position 53 of SEQ ID
NO: 1, which is immediately adjacent to the coil turn formed
by residues 50-52 of SEQ ID NO: 1 (LED). The truncation
completely eliminated the preceding f-strand formed by
residues 44-49 of SEQ ID NO: 1 [THSVNL (SEQ ID NO:
214)]. The strand spanning residues 53-58 of SEQ ID NO:
1 [SHNGKL (SEQ ID NO: 215)] and the entire (3-strand
associated with residues 59-62 of SEQ ID NO: 1 [CRLK
(SEQ ID NO: 216)] were preserved. Although in the struc-
ture residues 53-58 of SEQ ID NO: 1 [SHNGKL (SEQ ID
NO: 215)] are defined as a random coil, these residues
mimic a f-strand and thus serve to further stabilize the
p-pleated sheets defined by residues 307-310 of SEQ ID
NO: 1 [PYQN, SEQ ID NO: 217] and residues 320-323 of
SEQ ID NO: 1 [PKYYV, SEQ ID NO: 218]. The carboxyl-
terminal truncation was made in the random coil sequence
spanning residues 324-327 of SEQ ID NO: 1 [RSAK, SEQ
ID NO: 219] at the Arginine at position 324 of SEQ ID NO:
1 such that the carboxyl-terminal tail which interacts with
HA2 was completely eliminated.

[0371] PR/8 HAI1-2 construct (SEQ ID NO: 9). For this
construct two (2) conserved disulfide bonds (C72-C84 and
C107-C152 of SEQ ID NO: 1) were preserved by making
the amino-terminal truncation before the Cysteine at posi-
tion 72 of SEQ ID NO: 1 and the carboxyl-terminal trun-
cation after the Cysteine at position 152 of SEQ ID NO: 1.
Using the crystal structure cited above and the MMD
database to identify tertiary and secondary structure, the
amino-terminal and the carboxyl-terminal truncations were
placed in the loops [KGI, residues 62-64 of SEQ ID NO: 1
and NASMHE (SEQ ID NO: 220), residues 285-290, of
SEQ ID NO: 1] that connect two distinct sets of (-pleated
sheets. Truncation of the molecule within these loops pre-
serves the surrounding secondary structure which in turn
preserves the tertiary structure of the globular head.

[0372] The amino-terminal truncation was made at the
Lysine at position 62 of SEQ ID NO: 1, such that the
p-strand comprising APLQLG (SEQ ID NO: 221) at resi-
dues 65-70 of SEQ ID NO: 1 of the membrane-distal set of
p-strands remained wholly intact, while the preceding
[-strand [CRLK, SEQ ID NO: 216, residues 59-62 of SEQ
ID NO: 1] that is more membrane-proximal was largely
eliminated. The carboxyl-terminal truncation was made at
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the Serine at position 284 of SEQ ID NO: 1 such that the
[-strand [GIITS, SEQ ID NO: 222, residues 280-284 of
SEQ ID NO: 1] of the distal set of -strands remains wholly
or largely intact and the subsequent -strand [CNTK, SEQ
ID NO: 223, residues 291-294 of SEQ ID NO: 1] of the
proximal set of t-stands is wholly or largely eliminated.
Preservation of the distal set of p-strands was the main
determinant in selecting the domain boundaries for the
HA1-2 construct. The distal $-pleated sheet, which is com-
prised of f-strands of APLQLG (SEQ ID NO: 221) [residues
65-70 of SEQ ID NO: 1], SYIVET (SEQ ID NO: 224)
[residues 94-99 of SEQ ID NO: 1], and GIITS (SEQ ID NO:
222) [residues 280-284 of SEQ ID NO: 1], serves as the
stabilizing secondary structural element that ensures a com-
pact domain structure.

[0373] PR/8 HAI1-3 construct (SEQ ID NO: 10). For this
construct one (1) conserved disulfide bond (C107-C152 of
SEQ ID NO: 1) was preserved by making the amino-
terminal truncation before the Cysteine at position 107 of
SEQ ID NO: 1 and the carboxyl terminal truncation after the
Cysteine at position 152 of SEQ ID NO: 1. Using the crystal
structure cited above and the MMDB database to identify
tertiary and secondary structure the amino-terminal trunca-
tion was made at the Asparagine at position 101 of SEQ ID
NO: 1 such that the preceding a-helix [NIAGWLLG, SEQ
ID NO: 225, residues 73-80 of SEQ ID NO: 1] and -strand
[SYIVET, SEQ ID NO: 224, residues 94-99 of SEQ ID NO:
1] were completely eliminated while the subsequent f3-stand
[PGDFI, SEQ ID NO: 226, residues 109-113 of SEQ ID NO:
1] was preserved along with the strand NSENGICY, SEQ ID
NO: 227 [residues 101-108 of SEQ ID NO: 1] that includes
the conserved Cysteine at position 107 of SEQ ID NO: 1.

[0374] The carboxyl-terminal truncation was made near
the end of the B-strand [AFALSRGF, SEQ ID NO: 228,
residues 270-277 of SEQ ID NO: 1]. The last amino acid of
this strand, position 277 of SEQ ID NO: 1, is a Phenylala-
nine, which was eliminated so as not to expose this hydro-
phobic residue. The carboxyl-terminal truncation was made
at the Glycine at position 276 of SEQ ID NO: 1 which is in
between two secondary structures. Truncation at this posi-
tion keeps the preceding (3-strand [AFALSRG, SEQ ID NO:
229, residues 270-276 of SEQ ID NO: 1] largely intact and
completely eliminates the subsequent {3-strand [GIITS, SEQ
1D NO: 222, residues 280-284 of SEQ ID NO: 1].

[0375] Depiction of domain boundaries for VN04 HA
construct. The selected boundary domains are highlighted in
the sequence below (SEQ ID NO: 2) as follows: HA1-1
boundaries are single-underlined (E50-K323 of SEQ ID NO:
2); HA1-2 boundaries are double-underlined (G62-E284 of
SEQ ID NO: 2); HA1-3 boundaries are bold-underlined
(N103-G276 of SEQ ID NO: 2). Detailed descriptions of
each subunit design and boundary domains are given below.

(SEQ ID NO:2)

MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKKHNGKLCDL 60

DGVKPLILRDCSVAGWLLGNPMCDEF INVPEWSY IVEKANPVNDLCYPGDFNDYEELKHL 120

LSRINHFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKRSY 180

NNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSG 240
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RMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGA 300

INSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQRERRRKKRGLFGAIAGFIEGGW 360

QGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS IIDKMNTQFEAVGREFNNLE 420

RRIENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELG 480

NGCFEFYHKCDNECMESVRNGTYDYPQYSEEARLKREEISGVYTESIGIYQILSIYSTVA 540

SSLALATIMVAGLSLWMCSNGSLQCR

[0376] VNO4 HA1-1 construct (SEQ ID NO: 11). For this
construct four (4) conserved disulfide bonds were preserved
by making the amino terminal truncation before the Cysteine
at position 58 of SEQ ID NO: 2 and the carboxyl-terminal
truncation after the Cysteine at position 318 of SEQ ID NO:
2. The preserved disulfide bonds are listed as the following:
C58-C290; C71-C83; C106-C151 and C294-C318 of SEQ
ID NO: 2. Using the crystal structure cited above and the
Molecular Modeling Database (MMDB) to identify tertiary
and secondary structure, the amino terminal truncation was
placed at the Glutamic Acid found at position 50 of SEQ ID
NO: 2 such that the preceding (3-strand [THAQDI, SEQ 1D
NO: 230, residues 43-48 of SEQ ID NO: 2] is totally
eliminated and the subsequent strand [EKKHNG, SEQ ID
NO: 231, residues 50-55 of SEQ ID NO: 2] and the 3-strand
[KLCDLD, SEQ ID NO: 232] formed by residues 56-61 of
SEQ ID NO: 2 were left wholly intact. Structurally the
random peptide comprising residues 50-55 of SEQ ID NO:
2 [EKKHNG, SEQ ID NO: 231] mimics a f-strand that
completes the membrane-distal -pleated sheet to keep the
domain structure intact. The carboxyl-terminal truncation
was made in the loop region near residues 323-326 of SEQ
ID NO: 2 [KSNR, SEQ ID NO: 233] that follow the
Cysteine at position 318 of SEQ ID NO: 2. Truncation
within this loop preserves secondary structure in that the
preceding f-strand formed by residues 319-322 of SEQ ID
NO: 2 [PKYV, SEQ ID NO: 234] remains wholly intact and
the subsequent f-strand [LVLATG, SEQ ID NO: 235, resi-
dues 327-332 of SEQ ID NO: 2] is completely eliminated.

[0377] VNO04 HA1-2 construct (SEQ ID NO: 12). For this
construct two (2) conserved disulfide bonds (C71-C83 and
C106-C151 of SEQ ID NO: 2) were preserved by making
the amino-terminal truncation before the Cysteine at posi-
tion 71 of SEQ ID NO: 2 and the carboxyl-terminal trun-
cation after the Cysteine at position 151 of SEQ ID NO: 2.
Using the crystal structure cited above and the Molecular
Modeling Database (MMDB) to identify tertiary and sec-
ondary structure, the amino terminal truncation was placed
at the glycine at position 62 of SEQ ID NO: 2 such that the
subsequent f-strand comprising residues 64-68 of SEQ ID
NO: 2 [KPLIL, SEQ ID NO: 236] remains wholly intact,
while the preceding p-strand [KLCDLD, SEQ ID NO: 232,
residues 56-61 of SEQ ID NO: 2] is completely eliminated.

565

[0378] To preserve secondary structure, the carboxyl-ter-
minal truncation was made in the loop region at the
Glutamic Acid at position 284 of SEQ ID NO: 2 such that
the preceding -strand [ TIMKS, SEQ ID NO: 237, residues
279-283 of SEQ ID NO: 2] remained wholly or largely intact
and the subsequent B-strand [YGNCN, SEQ ID NO: 238,
residues 287-291 of SEQ ID NO: 2] was completely elimi-
nated.

[0379] VNO04 HA1-3 construct (SEQ ID NO: 13). For this
construct one (1) conserved disulfide bond (C106-C151 of
SEQ ID NO: 2) was preserved by making the amino-
terminal truncation before the Cysteine at position 106 of
SEQ ID NO: 2 and the carboxyl terminal truncation after the
Cysteine at position 151 of SEQ ID NO: 2.

[0380] Using the crystal structure cited above and the
Molecular Modeling Database (MMDB) to identify tertiary
and secondary structure, the amino terminal truncation was
placed at the Asparagine at position 103 of SEQ ID NO: 2
such that the preceding (-strand [SYIVEK, SEQ ID NO:
239, residues 93-98 of SEQ ID NO: 2] was completely
eliminated while the subsequent [-strand sequence
[PGDEN, SEQ ID NO: 240, residues 108-112 of SEQ ID
NO: 2] remained wholly or largely intact. To preserve
secondary structure, the carboxyl-terminal truncation was
made in the random coil region at the Glycine at position
276 of SEQ ID NO: 2 such that the preceding [-strand
formed by residues 102-105 of SEQ ID NO: 2 [KGDS, SEQ
1D NO: 241] remains wholly or partially intact, the preced-
ing B-strand [EYAYKIVK, SEQ ID NO: 242, residues
267-274 of SEQ ID NO: 2] is wholly preserved and the
subsequent p-strand [TIMKS, SEQ ID NO: 237, residues
279-283 of SEQ ID NO: 2] is completely eliminated.

[0381] Depiction of domain boundaries for INDO5 HA
constructs. The A/Indonesia/5/2005 construct description is
based on sequence alignment in reference to A/Viet Nam/
1203/2004 structure. The selected boundary domains are
highlighted in the sequence below (SEQ ID NO: 3) as
follows: HA1-1 boundaries are single-underlined (ES50-
K323, of SEQ ID NO: 3); HA1-2 boundaries are double-
underlined (G62-E284 of SEQ ID NO: 3); HA1-3 bound-
aries are bold-underlined (N103-G276 of SEQ ID NO: 3).
Detailed descriptions of each subunit design and boundary
domains are given below.
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(SEQ ID NO:3)

MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQD ILEKTHNGKI.CDL

60

DGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSY IVEKANPTNDLCYPGSFNDYEELKHL 120

LSRINHFEKIQITIPKSSWSDHEASSGVSSACPYLGSPSFFRNVVWLIKKNSTYPTIKKSY 180

NNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTTYISIGTSTLNQRLVPKIATRSKVNGQSG 240

RMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPMGA 300

INSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQRESRRKKRGLFGAIAGFIEGGW 360

QGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS IIDKMNTQFEAVGREFNNLE 420

RRIENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELG 480

NGCFEFYHKCDNECMES IRNGTYNYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVA 540
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SSLALATMMAGLSLWMCSNGSLQCRICI

[0382] INDOS5

HA1-1 construct (SEQ ID NO: 14). For this

construct four (4) conserved disulfide bonds were preserved
by making the amino-terminal truncation before the Cys-
teine at position 58 of SEQ ID NO: 3 and the carboxyl-
terminal truncation after the Cysteine at position 318 of SEQ
ID NO: 3. The preserved disulfide bonds are listed as the
following: C58-C291; C71-C83; C106-C151 and C294-
C318 of SEQ ID NO: 3. Using the crystal structure cited
above and the Molecular Modeling Database (MMDB) to
identify tertiary and secondary structure, the amino terminal
truncation was placed at the Glutamic Acid found at position
50 of SEQ ID NO: 3 such that the preceding f-strand
[THAQDI, SEQID NO: 243, residues 43-48 of SEQ ID NO:
3] was totally eliminated and the subsequent strand
[EKTHNG, SEQ ID NO: 244, residues 50-55 of SEQ ID
NO: 3] and p-strand [KLCDLD, SEQ ID NO: 245] formed
by residues 56-61 of SEQ ID NO: 3 was left wholly intact.
Structurally the random peptide comprising residues 50-55
of SEQ ID NO: 3 [EKTHNG, SEQ ID NO: 244] mimics a
[-strand that completes the membrane-distal f-pleated sheet
to keep the domain structure intact. The carboxyl-terminal
truncation was made in the loop region near residues 323-
326 of SEQ ID NO: 3 [KSNR, SEQ ID NO: 246] that follow
the Cysteine at position 318 of SEQ ID NO: 3. Truncation
within this loop preserves secondary structure in that the
preceding f-strand formed by residues 319-322 of SEQ ID
NO: 3 [PKYV, SEQ ID NO: 247] remains wholly intact and
the subsequent f-strand [LVLATG, SEQ ID NO: 248, resi-
dues 327-332 of SEQ ID NO: 3] is completely eliminated.

[0383] INDOS

HA1-2 construct (SEQ ID NO: 15). For this

construct two (2) conserved disulfide bonds (C71-C83 and
C106-C151 of SEQ ID NO: 3 were preserved by making the
amino-terminal truncation before the Cysteine at position 71
of SEQ ID NO: 3 and the carboxyl-terminal truncation after
the Cysteine at position 151 of SEQ ID NO: 3. Using the
crystal structure cited above and the Molecular Modeling
Database (MMDB) to identify tertiary and secondary struc-
ture, the amino terminal truncation was placed at the Glycine
at position 62 of SEQ ID NO: 3 such that the subsequent
a-strand comprising residues 64-68 of SEQ ID NO: 3
[KPLIL, SEQ ID NO: 249] remained wholly intact, while
the preceding (-strand [KLCDLD, SEQ ID NO: 245, resi-

560

dues 56-61 of SEQ ID NO: 3] was completely eliminated. To
preserve secondary structure, the carboxyl terminal trunca-
tion was made in the loop region at the Glutamic Acid at
position 284 of SEQ ID NO: 3 in the sequence [ELE,
residues 284-286 of SEQ ID NO: 3] such that the preceding
[-strand [AIMKS, SEQ ID NO: 250, residues 279-283 of
SEQ ID NO: 3] remained wholly or largely intact and the
subsequent o-strand [YGNCN, SEQ ID NO: 251, residues
287-291 of SEQ ID NO: 3] was completely eliminated.

[0384] INDOS

HA1-3 construct (SEQ ID NO: 16). For this

construct one (1) conserved disulfide bond (C106-C151 of
SEQ ID NO: 3 was preserved by making the amino-terminal
truncation before the Cysteine at position 106 of SEQ ID
NO: 3 and the carboxyl-terminal truncation after the Cys-
teine at position 151 of SEQ ID NO: 3. Using the crystal
structure cited above and the Molecular Modeling Database
(MMDB) to identify tertiary and secondary structure, the
amino terminal truncation was placed at the asparagine at
position 103 of SEQ ID NO: 3 such that the preceding
a-strand [SYIVEK, SEQ ID NO: 252, residues 93-98 of
SEQ ID NO: 3] was completely eliminated while the
[-strand sequence [PGSFN, SEQ ID NO: 253, residues
108-112 of SEQ ID NO: 3] remained wholly or largely
intact. To preserve secondary structure, the carboxyl-termi-
nal truncation was made in the random coil region at the
Glycine found at position 276 of SEQ ID NO: 3 such that the
preceding f-strand [EYAYKIVK, SEQ ID NO: 254, resi-
dues 267-274 of SEQ ID NO: 3] was wholly preserved and
the subsequent (-strand [AIMKS, SEQ ID NO: 250, resi-
dues 279-283 of SEQ ID NO: 3] was completely eliminated.

[0385] Depiction

of domain boundaries for New Cal-

cdonia HA constructs. A/New Calcdonia/20/199 construct
description is based on sequence alignment in reference of
A/Puerto Rico/8/34 structure. The selected boundary
domains are highlighted in the sequence below (SEQ ID
NO: 4) as follows: HA1-1 boundaries are single-underlined
(S53-R324 of SEQ ID NO: 4); HA1-2 boundaries are
double-underlined (K62-S284 of SEQ ID NO: 4); HA1-3
boundaries are bold-underlined (N101-G276 of SEQ ID NO:
4). Detailed descriptions of each subunit design and bound-
ary domains are given below.
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(SEQ ID NO:4)

MKAKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVIVTHSVNLLEDSHNGKLCL 60

LKGIAPLOLGNCSVAGWILGNPECELLISKESWSYIVETPNPENGTCYPGYFADYEELRE 120

QLSSVSSFERFEIFPKESSWPNHTVTGVSASCSHNGKSSFYRNLLWLTGKNGLYPNLSKS 180

YVNNKEKEVLVLWGVHHPPNIGNQRALYHTENAYVSVVSSHYSRRFTPEIAKRPKVRDQE 240

GRINYYWTLLEPGDTIIFEANGNLIAPWYAFALSRGFGSGIITSNAPMDECDAKCQTPQG 300

AINSSLPFQNVHPVTIGECPKYVRSAKLRMVTGLRNIPSIQSRGLFGATAGFIEGGWTIGM 360

VDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKVNSVIEKMNTQFTAVGKEFNYTERRN 420

ENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGC 480

FEFYHKCNNECMESVKNGTYDYPKYSEESKLNREKIDGVKLESMGVYQILAIYSTVASSL 540

VLLVSLGAISFWMCSNGSLQCRICI

[0386] New Calcdonia HA1-1 construct design (SEQ ID
NO: 17). For this construct, four (4) conserved disulfide
bonds were preserved by making the amino terminal trun-
cation before the Cysteine at position 59 of SEQ ID NO: 4
and the carboxyl-terminal truncation after the Cysteine at
position 319 of SEQ ID NO: 4. The preserved disulfide
bonds are listed as the following: C59-C291; C72-C84;
C107-C152 and C295-C319 of SEQ ID NO: 4. Using the
reference crystal structures and the MMDB to check sec-
ondary structures the amino terminal truncation was made at
the Serine at position 53 of SEQ ID NO: 4 such that the
preceding f-strand [THSVNLLED, SEQ ID NO: 255, resi-
dues 44-52 of SEQ ID NO: 4] was totally eliminated and the
subsequent f-strands SHNGKL, SEQ ID NO: 256 [residues
53-58 of SEQ ID NO: 4] and APLQLG, SEQ ID NO: 257
[residues 65-70, of SEQ ID NO: 4] were left wholly intact.
The amino-terminal truncation in the random coil sequence
[SHNGKL, SEQ ID NO: 256, residues 53-58 of SEQ ID
NO: 4] left the secondary structure largely intact because it
mimics a §-strand that leaves the 3-pleated sheet intact. The
carboxyl-terminal truncation was made at the Arginine at
position 324 of SEQ ID NO: 4 in the random coil sequence
[RSAK, SEQ ID NO: 258, residues 324-327 of SEQ ID NO:
4] following the Cysteine at position 319 of SEQ ID NO: 4.
The truncation in this random coil preserves secondary
structure by leaving the preceding [3-strand [PKYV, SEQ ID
NO: 259, residues 320-323 of SEQ ID NO: 4] wholly intact
while the subsequent f-strand [LRMVTG, SEQ ID NO:
260, residues 328-333 of SEQ ID NO: 4] is completely
eliminated.

[0387] New Calcdonia HA1-2 construct design (SEQ ID
NO: 18). For this construct two (2) conserved disulfide
bonds (C72-C84 and C107-C152 of SEQ ID NO: 4) were
preserved by making the amino-terminal truncation before
the Cysteine at position 72 of SEQ ID NO: 4 and the
carboxyl-terminal truncation after the Cysteine at position
152 of SEQ ID NO: 4. Using the reference crystal structures
and the MMDB to check secondary structures the amino-
terminal truncation was made at the Lysine at position 62 of
SEQ ID NO: 4 such that the random coil sequence com-
prising [SHNGKLCLLKGI, SEQ ID NO: 261, residues
53-64 of SEQ ID NO: 4] was partially or largely removed,
the preceding -strand [THSVNLLED, SEQ ID NO: 255,
residues 44-52 of SEQ ID NO: 4] was completely eliminated
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and the subsequent f3-strand [APLQLG, SEQ ID NO: 257,
residues 65-70 of SEQ ID NO: 4] remained wholly intact.
The carboxyl-terminal truncation was made at the Serine at
position 284 of SEQ ID NO: 4 such that the preceding
[-strand [SGIITS, SEQ ID NO: 262, residues 279-284 of
SEQ ID NO: 4] remained wholly intact and the subsequent
random coil [NAPMDECDA, SEQ ID NO: 263, residues
285-293 of SEQ ID NO: 4] was wholly or largely elimi-
nated.

[0388] New Calcdonia HA1-3 construct design (SEQ ID
NO: 19). For this construct one (1) conserved disulfide bond
(C107-C152 of SEQ ID NO: 4 was preserved by making the
amino-terminal truncation before the Cysteine at position
107 of SEQ ID NO: 4 and the carboxyl terminal truncation
after C152 of SEQ ID NO: 4. Using the reference crystal
structures and the MMDB to check secondary structures the
amino-terminal truncation was made at the Asparagine at
position 101 of SEQ ID NO: 4 such that the receding
B-strand [SYIVET, SEQ ID NO: 264, residues 94-99 of SEQ
ID NO: 4] was completely eliminated and the subsequent
[-strand [PGYFA, SEQ ID NO: 265, residues 109-113 of
SEQ ID NO: 4] remained wholly intact. To preserve the
secondary structure the carboxyl-terminal truncation was
made at the Glycine at position 276 of SEQ ID NO: 4 such
that the p-strand sequence [ YAFALSRGF, SEQ ID NO: 266,
residues 269-277 of SEQ ID NO: 4] remained largely intact,
while the subsequent f-strand sequence [SGIITS, SEQ ID
NO: 262, residues 279-284 of SEQ ID NO: 4] was elimi-
nated.

[0389] Depiction of domain boundaries for A/Wisconsin/
67/2005 HA constructs. A/Wisconsin/67/2005 construct
description is based on sequence alignment in reference of
A/X31 structure. The selected boundary domains are high-
lighted in the sequence below (SEQ ID NO: 6) as follows:
HA1-1 boundaries are single-underlined (Q44-K310 of SEQ
ID NO: 6); HA1-2 boundaries are double-underlined (S54-
D271 of SEQ ID NO: 6); HA1-3 boundaries are bold-
underlined (S95-G263 of SEQ ID NO: 6); Detailed descrip-
tions of each subunit design and boundary domains are
given below.
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(SEQ ID NO:6)

QKLPGNDNSTATLCLGHHAVPNGTIVKTITNDQIEVTINATELVQSSSTGGICDSPHQILD 60

GENCTLIDALLGDPQCDGFQNKKWDLFVERSKAYSNCYPYDVPDYASLRSLVASSGTLEF 120

NDESFNWTGVTQNGTSSACKRRSNNSFFSRLNWLTHLKFKYPALNVTMPNNEKFDKLYIW 180

GVHHPGTDNDQIFLHAQASGRITVSTKRSQQTVIPNIGSRPRIRNIPSRISIYWTIVKPG 240

DILLINSTGNLIAPRGYFKIRSGKSSIMRSDAPIGKCNSECITPNGS IPNDKPFQNVNRI 300

TYGACPRYVKONTLKLATGMRNVPEKQTR

[0390] A/Wisconsin/67/2005 HAI1-1 construct design
(SEQ ID NO: 20). For this construct, four (4) conserved
disulfide bonds were preserved by making the amino termi-
nal truncation before the Cysteine at position 52 of SEQ ID
NO: 6 and the carboxyl-terminal truncation after the Cys-
teine at position 305 of SEQ ID NO: 6. The preserved
disulfide bonds are listed as the following: C52-C277;
C64-C76; C97-C139 and C281-C305 of SEQ ID NO: 6.
Using the reference crystal structures and the MMDB to
check secondary structures the amino terminal truncation
was made at the Glutamine at position 44 of SEQ ID NO: 6,
right after the tight turn formed by residues 42 and 43 of
SEQ ID NO: 6 [LV], such that the preceding f-strand
[TNATE, SEQ ID NO: 267, residues 37-41 of SEQ ID NO:
6] was totally eliminated while the entire short -strand
formed by residues QSS [44-46 of SEQ ID NO: 6] was
preserved. The carboxyl-terminal truncation was made in
the random coil sequence [PRYVK, SEQ ID NO: 268,
residues 306-310 of SEQ ID NO: 6] following the Cysteine
at position 305 of SEQ ID NO: 6 such that the carboxyl-
terminal tail which interacts with HA2 was completely
eliminated. Although the carboxyl-terminal sequence
[PRYVK, SEQ ID NO:268, residues 306-310 of SEQ ID
NO: 6)] is defined as a random coil, structurally it serves as
an additional B-strand that further stabilizes the p-pleated
sheets defined by residues 44-46 of SEQ ID NO: 6 [QSS]
and residues 293-297 of SEQ ID NO: 6 [PFQNV, SEQ ID
NO: 269]. This set of f3-pleated encompasses the amino-
terminus and carboxy-terminus within one stable secondary
structure element to ensure a compact domain structure.

[0391] A/Wisconsin/67/2005 HA1-2 construct design
(SEQ ID NO: 21). For this construct two (2) conserved
disulfide bonds (C64-C76 and C97-C139 of SEQ ID NO: 6)
were preserved by making the amino-terminal truncation
before the Cysteine at position 64 of SEQ ID NO: 6 and the
carboxyl-terminal truncation after the Cysteine at position
139 of SEQ ID NO: 6. Using the reference crystal structures
and the MMDB to check secondary structures the amino-
terminal truncation was made in the loops that connect two
distinct sets of p-pleated sheets. The amino-terminal trun-
cation was made at the Serine at position 54 of SEQ ID NO:
6, such that the -strand comprising residues 57-62 of SEQ
1D NO: 6 [QILDGE, SEQ ID NO: 270] of the membrane-
distal set of P-strands remained wholly intact, while the
membrane-proximal f-strand [GGICD, SEQ ID NO: 271,
residues 49-53 of SEQ ID NO: 6] was completely elimi-
nated. The carboxyl-terminal truncation was made at the
Aspartic Acid at position 271 of SEQ ID NO: 6. Truncation
at this position preserved secondary structure such that the
membrane-distal f3-strand [SSIMRS, SEQ ID NO: 272,
residues 265-270 of SEQ ID NO: 6] remained intact while
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the membrane-proximal f-strand [APIGK, SEQ ID NO:
273, residues 272-276 of SEQ ID NO: 6] was eliminated.
The membrane-distal p-pleated sheets comprising f-strands
QILDGE (SEQ ID NO: 270), [residues 57-62 of SEQ ID
NO: 6] LFVER (SEQ ID NO: 274) [residues 86-90 of SEQ
ID NO: 6], and SSIMRS, (SEQ ID. NO: 272), [residues
265-270 of SEQ ID NO: 6] serve as the stabilizing second-
ary structure element that ensures a compact domain struc-
ture.

[0392] A/Wisconsin/67/2005 HA1-3 construct design
(SEQ ID NO: 22). For this construct one (1) conserved
disulfide bond (C97-C139 of SEQ ID NO: 6) was preserved
by making the amino-terminal truncation before the Cys-
teine at position 97 of SEQ ID NO: 6 and the carboxy-
terminal truncation after the Cysteine at position 139 of SEQ
ID NO: 6. Using the reference crystal structure and the
MMDB to check secondary structures the amino-terminal
truncation was made at the Serine at position 95 of SEQ ID
NO: 6 such that the preceding a-helix [TLIDALLG, SEQ ID
NO: 275, residues 65-72 of SEQ ID NO: 6] was completely
eliminated while the Serine at position 95 of SEQ ID NO: 6
and Asparagine at position 96 of SEQ ID NO: 6 were
preserved along with the conserved Cysteine at position 97
of SEQ ID NO: 6. The carboxyl-terminal truncation was
made in the random coil sequence at about the Glycine at
position 263 of SEQ ID NO: 6 such that the random coil
sequence containing residues 261-263 of SEQ ID NO: 6
[RSG] was kept wholly or partially intact, while the pre-
ceding fB-strand [RGYFKI, SEQ ID NO: 276, residues
255-260 of SEQ ID NO: 6] was wholly preserved and the
subsequent f-strand [SSIMRS, SEQ ID NO: 272, residues
265-270 of SEQ ID NO: 6] was completely eliminated.

Discussion

[0393] Parts of the globular head domain of the influenza
virus hemagglutinin (HA) protein may generate neutralizing
antibodies (Brand and Skehel; 1972; Eckert, 1973; Jackson
et al.,, 1979; Russ et al., 1981) and the discrete, globular
structure of this domain was thought to constitute a protein
fragment which could be expressed in bacteria and refolded,
or expressed and secreted from a eukaryotic host, thereby
avoiding the expression and purification problems which
have been encountered producing the full-length HA pro-
tein.

[0394] The largest HA construct (also referred to herein as
“HA fragment”) fused to STF2, HA1-1 (SEQ ID NO: 8§, 11,
14, 17, 20), encompasses most of or likely the entire
globular region of the naturally occurring (wild type) HA1
head domain. A naturally occurring fragment of HA1 very
similar to the HA1-1 construct is released from the virus on
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limited proteolysis (Bizeband et al., 1995). Thus, structural
analysis and experimental data suggest that the HA1-1
construct should fold efficiently, whether produced in bac-
teria or eukaryotes, and maintain a stable native-like struc-
ture. Similarly, it is expected that the entire HAOs, the
external portion of HA molecule outside the viral membrane
(SEQ ID NO: 23) consisting of HA1 and HA2 but excluding
the signal peptide (17 aa), internal peptide within the viral
membrane (12 aa) and transmembrane domain (24 aa)
should attain its native conformation when expressed in a
eukaryotic host or can be refolded into a native state in vitro
when expressed in bacteria. The two smaller HA fragments
(HAI-2 (SEQ ID NO: 9, 12, 15, 18, 21) and HA1-3 (SEQ
1D NO: 10, 13, 16, 19, 22)) truncate the region of the head
domain distal to the receptor binding site in a manner which
may either destabilize the resulting protein fragment (HA1-
3) or expose the side chains of a few large hydrophobic
residues (HA1-2). For this reason, experimental mutations
were introduced into the HA1-2 and HAI1-3 constructs,
denoted as HA1-2mut (SEQ ID NO: 24, 26, 28, 30, 32) and
HA1-3mut (SEQ ID NO: 25, 27, 29, 31, 33). The substitu-
tions made in the HA1-3mut (SEQ ID NO: 25, 27, 29, 31,
33) construct introduce oppositely charged residues on the
opposite strands which are left exposed by the HA1-3
truncations. “HA mut,” as used herein, means an amino acid
in the native or naturally occurring HA has been substituted
with an amino acid that does not occur in the native or
naturally occurring HA. Substituted residues may form a salt
bridge and stabilize a structure which may otherwise fold
poorly, or not at all. For example, in PR8, G105 was
replaced by glutamate and Y115 was substituted with lysine
(SEQ ID NO: 25). Negatively charged glutamate interacted
with positively charged lysine residue so that N-terminal
peptide 1-8 of SEQ ID NO: 25 [NSENEICY, SEQ ID NO:
277] was stabilized by charge-charge interaction with Lysine
15 located at the N-terminus of the short helix 15-22 of SEQ
ID NO: 25 [KEELREQL, SEQ ID NO: 278] in the center of
the molecule. For the HA1-2 construct, the truncations can
lead to the exposure of hydrophobic side chains which
would not be expected to impair expression of the protein.
However, the exposed residues may lead to aggregation of
expressed protein or instability of expressed protein. To
avoid aggregation and enhance the stability of the expressed
molecule the few large hypdrophobic residues that become
exposed were substituted with more neutral amino acids to
generate HA1-2mut (SEQ ID NO: 24, 26, 28, 30, 32). These
substitutions may result in a protein which is more amenable
to a robust manufacturing process and/or long term stability.

Example 2

Design of Portions of a Naturally Occurring
Hemagglutinin of Influenza B

Materials and Methods

[0395] Design of the HA1-1, 1-2 and 1-3 globular head
constructs for B/Lee/40. Structural considerations in the
design of an influenza B HA vaccine are similar to those for
influenza A, i.e., the domain boundary of the globular head
of HA must be identified so that the flagellin-HA fusion
protein can fold correctly or be refolded correctly to expose
appropriate antigenic epitopes. Unlike influenza A, well-
defined X-ray crystallographic structures are not available
for influenza B HA, thus it is more difficult to unambigu-
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ously define the domain boundary of globular head. There-
fore the influenza B HA model must be predicted based on
bioinformatic and structural models (Tung et al. 2004. J.
Gen. Virl. 85, 3249-3259). These investigators used a
“knowledge-based” approach which depends on a high
degree of sequence homology between the known structure
from the protein data bank and the target unknown structure.
In general, this approach benefits most from at least 35%
sequence identity between the known and target proteins.

[0396] Inthe case of influenza B, the closest models come
from A/Swine/Hong Kong/9/98 (SEQ ID NO: 34) (24%
identity, PDB accession code 1JSD) and A/Aichi/2/68 (SEQ
ID NO: 35) (21% identity, PDB accession code 1HGF).
Although the sequence identities between the target model
B/Lee/40 HA (SEQ ID NO: 36) and known template models
are substantially below the desired minimum of 35%, the
close similarity of the functions and tertiary folds of influ-
enza A HA proteins in spite of their sequence divergence
(H1, H3, HS and H9 share only 18% sequence identity)
suggest a possibly successful prediction of influenza B HA
structure using the influenza A HA model. Moreover, influ-
enza C HEF (Hemagglutinin-Esterase-Fusion) protein folds
similarly to influenza A HA structure despite even lower
sequence identity than any of the A/B comparison.

[0397] Since the crystal structure of influenza C HEF is
known (PDB accession number 1FL.C, MMDB accession
number 12663), Tung et al included the knowledge of the
structure similarity between C HEF and the known influenza
A HA proteins to predict influenza B HA structure. Tung et
al first aligned the HEF sequence from C/Johannesburg/1/66
(SEQ ID NO: 37) with one sequence from each of the 15 HA
subtypes of influenza A virus (http:/flulanl.gov) using
CLUSTALW (Thompson et al. 1994. Nucleic Acids Res 22,
4673-4680) and compiled a profile based on structure-
informed alignment.

[0398] The conserved secondary structural features were
captured and assigned, as well as the variations among the
types and subtypes by year and host species. They then
further aligned the augmented A/C profile to an alignment of
influenza B HA sequences, including B/Lee/40. The homol-
ogy modeling techniques of Tung (1999) was used to
construct B/Lee/40 model.

[0399] Briefly, they first matched the main-chain struc-
tures of the target to those of the template in the aligned
regions. Insertions in the target relative to the template were
treated as loops with known end-structure. Stretching the
predicted structure accommodated insertions in the template
relative to the target. The main chain structures of the loops
were modeled by using an efficient Monte Carlo loop-
sampling method (Tung, 1997; Ryu et al., 1998). Once the
main-chain structure was modeled, the side-chain atoms
were attached. As the head of the HA molecule is compact,
limited space is available to place the side-chain atoms.
Hence, in the analysis, side-chain torsional angles were
initialized to equal or be close to those in the template
structure. This consideration is particularly useful in avoid-
ing clashes between side chains in the modeled structure.
Finally, the all-atom models were subjected to a short run of
energy minimization (1000 cycles) by using AMBER
(Weiner et al., 1986) to relieve unfavourable steric interac-
tions and to optimize the stereochemistry. The quality of the
target model was checked by PROCHECK (Wilson et al.
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1998. J. Mol Biol. 276, 417-436) and the functionality was
checked by substrate docking to test whether the model
substrate binding site can accommodate the natural receptor
analogue sialyllactose as we have seen in the crystal struc-
ture of the HA of A/Aichi/2/68 (Weis et al. 1988. Nature 333,
426-431). The simulated B/Lee/40 model appears reason-
able in a Ramachandran Plot (Wilson et al. 1998. J. Mo/
Biol. 276, 417-436) and shows no steric crash when docking
the sialyl-2-3-lactose molecule into the substrate binding site
of the B/Lee/40 model, indicating a correct stereochemistry.
Therefore the B/Lee/40 model was used to guide the design
of influenza B HA subunit vaccines.

Results and Discussion

[0400] Depiction of Domain Boundaries for B/Lee/40 HA
constructs. The selected boundary domains are highlighted
in the sequence below as follows: HA1-1 boundaries are
single-underlined (T48-K340 of SEQ ID: 36), and HA1-2
boundaries are double-underlined (K60-G299 of SEQ ID:
36). Detailed descriptions of each subunit design and bound-
ary domains are given below.
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was the primary sequence alignment. The sequence of
A/Aichi/2/68 (SEQ ID NO: 35) was aligned with B/Lee/40
(SEQ ID NO: 36) sequence. The boundaries of A/Aichi/2/68
HA1-1 (SEQ ID NO: 40) (residues 60-326 QSSSTG (SEQ

ID NO: 283) . . .- ... CPKYVK (SEQ ID NO: 284)) and
HA1-2 (SEQ ID NO: 41) (residues 72-287; HRILDG (SEQ
ID NO: 285) . . . - ... SIMRSD (SEQ ID NO: 286)) were

aligned closely to those of B/Lee/40, supporting the bound-
ary selections using simulated model. One residue adjust-
ment was made to avoid exposing hydrophobic residues and
either end of the construct. Thus, the 3-dimensional structure
prediction matches very well with primary sequence align-
ment.

[0402] The second method used was the secondary struc-
ture prediction. The domain boundary is usually located in
the loop or turn region without invading much of the
secondary structure elements such as the ca-helix and the
[-sheet, especially the center of the a-helix bundle or the
[-sheet. This criterion was used to double check if the
boundary selection made form simulated 3-D structure is in
agreement with independent secondary structure prediction.

(SEQ ID NO:36)

MKATIVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTTPTKSHFANLK 60

GTOTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVSILHEVKPATSGCFPIMHDRTKIR 120

QLPNLLRGYENIRLSTSNVINTETAPGGPYKVGTSGSCPNVANGNGFFNTMAWVIPKDNN 180

KTAINPVTVEVPYICSEGEDQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVS 240

QIGGFPNQTEDEGLKQSGRIVVDYMVQKPGKTGT IVYQRGILLPQKVWCASGRSKVIKGS 300

LPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCP IWVKTPLKLANGTKYRPPAKLLKE 360

RGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADLKSTQEAINKITKNLNYLSESL 420

VKNLQRLSGAMNELHDE ILELDEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALE 480

RKLKKMLGPSAVEIGNGCFETKHKCNQTCLDRIAAGTFNAGDFSLPTFDSLNITAASLND 540

DGLDNHTILLYYSTAASSLAVTLMIAIFIVYMVSRDNVSCSICL

[0401] The coordinates of the simulated B/Lee/40 model
are available in Protein Data Bank with the accession code
1TX1. The pdb file was converted to the MMDB (Molecular
Modeling Data Base) format by using VAST (Vector Align-
ment Search Tool) search (http://www.ncbi.nlm.nih.gov/
Structure/VAST/vastsearch.html). The model of 1TX1
structure then was viewed by Cn3D and the structure was
saved in MMDB format. Based on the same principal used
to design influenza A HA1-1 and HA1-2 constructs, the
domain boundaries of B/Lee/40 HA-1 and HA1-2 were
pinpointed by examining the model structure. B/Lee/40
HA1-1 (SEQ ID NO: 38) includes the epitope-concentrated
globular top, the membrane distal p-sheet and an additional
p-sandwich located underneath the membrane distal $-sheet.
The amino terminus of HA1-1 starts from residue 48 and
ends at residue 340 (TTTPTK (SEQ ID NO: 279) ... - ..
. CPIWVK (SEQ ID NO: 280)) of SEQ ID NO: 36). The
B/Lee/40 HA1-2 (SEQ ID NO: 39) was designed by remov-
ing the f-sandwich from HA1-1. HA1-2 starts from residue
60 and ends at residue 299 (KGTQTR (SEQ ID NO: 281) .
.. - ... SKVIKG (SEQ ID NO: 282)) of SEQ ID NO: 36.
In order to confirm the boundary selection, other indepen-
dent methods were also employed. The first method used
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The program PHD (http://ca.expasy.org/tools—Proteomics
and sequence analysis tools—=Secondary and tertiary struc-
ture tools—PredictProtein) was used to perform the second-
ary structure prediction. Other than two of the HA1-2
carboxy-terminal residues overlapping with a short a-helix
(5 amino acids), all other boundary residues fall in the loop
regions, indicating a reasonable boundary selection. PHD
results is listed as the following, where AA is the amino acid
sequence; OBS_sec is the observed secondary structure:
H=helix, E=extended sheet, blank=other (loop); PROF _sec:
PROF predicted secondary structure: H=helix, E=extended
(sheet), blank=other (loop), PROF=PROF: Profile network
prediction HeiDelberg; Rel_sec: reliability index for PROF-
sec prediction (O=low to 9=high)

[0403] For the brief presentation strong predictions
marked by “*’; SUB_sec: subset of the PROFsec prediction,
for all residues with an expected average accuracy >82%
NOTE: for this subset the following symbols are used: L: is
loop (for which above “’ is used) .: means that no prediction
is made for this residue, as the reliability is: Rel<5;
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O__3_acc: observerd relative solvent accessibility (acc) in 3
states: b=0-9%, 1=9-36%, e=36-100%; P_3_acc: PROF
predicted relative solvent accessibility (acc) in 3 states:
b=0-9%, 1=9-36%, e=36-100%; Rel_acc: reliability index
for PROFacc prediction (O=low to 9=high).

[0404] For the brief presentation strong predictions
marked by “*’; SUB_acc: subset of the PROFacc prediction,
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for all residues with an expected average correlation >0.69
(tables in header).

[0405] NOTE: for this subset the following symbols are
used:
[0406]

[0407] .: means that no prediction is made for this residue,
as the reliability is: Rel<4.

I: is intermediate (for which above “’ is used)

OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel_acc
SUB_acc

OBS_sec
PROF_sec
Rel_sec
SUB_sec
O_3_acc
P_3_acc
Rel_acc
SUB_acc

OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel_acc
SUB_acc

OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel_acc
SUB_acc

AA
OBS_sec
PROF_sec
Rel_sec
SUB_sec

0O_3_acc
P_3_acc
Rel_acc
SUB_acc

AA
OBS_sec
PROF_sec
Rel_sec
SUB_sec
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MKATIIVLLMVVTSNADRICTGITS SNSPHVVKTATQGEVNVTGVIPLTTT
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bbbbbbbbb eeee b eeeeeecb b b e e e ebee b e
19696993033223122210203213224011122211311001202001

veeegeaea26.ly 00002710, 000228000, 00222910, ....30.1

DEGLKQSGRIVVDYMVQKPGKTGTIVYQRGILLPQRKVWCASGRSKVIKGS

EEEEEEEEE EEEEEE EEE EEEEE EEEE
56754320377888983577247886434023022235520330245401
LLLL..... EEEEEEE.LLL..EEEE....cccc... EE.ceee.. E...
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0_3_acc
P_3_acc
Rel_acc
SUB_acc

AA
OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel_acc
SUB_acc

AA
OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel_acc
SUB_acc

AA
OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel_acc
SUB_acc

AA
OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel acc
SUB_acc

AA
OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel_acc
SUB_acc

AA
OBS_sec
PROF_sec
Rel_sec
SUB_sec

O_3_acc
P_3_acc
Rel_acc
SUB_acc
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-continued
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
cee bbbbbbb bbbb ee b b  bbbbbb bb b eeb bbe e

[ PN b.b.bibbb....... ib..... bbb....ceeeeeiaaaa.

weeeges-231.1.,....32.010,....33.1.,....34.1.,....35.1

LPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTK

HHH HHHHH HHHHH
32233333000113432246764334340342334133220003551573

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

e e e bb ee b bbbebbe be bb bbbbb
10010011112110110111101210102102111021712452461321
...................................... b..bb.bb....
ceeegeses36.l.,000037000,000.38.010,....39.1.,....40.1

YRPPAKLLKERGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADLK

EEEEHHHH EEEEE H
56853211324203110113404531100120021023564325530623
) Lecececeanannas LL...EE..L..

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
b eee be bbbbbbbbbbbbbb bbbbbbbbbbbbbb bbbbbbb e
00011411202355999999623520456353043010011315264032
..... €......bbbbbbbbb..b..bbb.b..b.........b.bb...

veeegeee 411, 0 042000, 000043000, 0 . 44010, ....45.1

STQEAINKITKNLNYLSELEVKNLQRLSGAMNELHDE ILELDEKVDDLRA

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHEHHHHEHHEE HHH
47888989873212477733101234446677898888878756210111
.HHHHHHHHH..... HHH....c0o0n HHHHHHHHHHHHHHHH......

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
bbbebbeebbe b bbee beebeeb ebbeebbe beeb eebee

28049825725342322312063124534063444467553254223101
.b.ebb.eb.e.b........ e...eb.e.b.ebbeibee..ce......

veeegee-ad6.1., 0000470010, ....48.1.,....49.1.,....50.1

DTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNGCFE

HHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHH EEE
03645477777753464114550578879888887664424540663252
..H.H.HHHHHHH..L....LL.HHHHHHHHHHHHHH....H..LL..E.

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
bbbb bb bbbbb eebb e e b eb e b e b e bee eebbbb
04450592968651122001021323439443944173428232012340
.bbb.bb.bbbbb....ceeean... i.bie.bie.b.e.b....... b.

weeeges-aB5l.l.,....52.010,....53.1.,....54.1.,....55.1

TKHKCNQTCLDRIAAGTFNAGDFSLPTFDSLNITAASLNDDGLDNHTILL

EEEE HHHHHHHH HHHH EEEEEEEEE EEEEE
22003402344311355466523223103101002476217776303665
............... LL.ILILL.ececeeceeeeeeEE.ccc.... .EEE

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
b beb e bbbbb bbbb ee eebbe beb bbeb eeeeeeb bbb
42120312620271012211330320211224131235303222133868

weeegee-2B56.10y....57.1.,....58.1.
YYSTAASSLAVTLMIAIFIVYMVSRDNVSCSICL

EEEHHHHHHHHHHHHHHHHHHH EEEEEEE
4310021478888888776321006740346860
........ HHHHHHHHHHH.....LL....EEE.

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
bbbbbbbbbbbbbbbbbbbbbbbee eb b bbb
6362366679999996998517101010152400
b.b..bbbbbbbbbbbbbbb.b....... b.b..

(SEQ ID NO: 36)

(SEQ ID NO:36)
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[0408] The third tool that used is the hydrophobicity
analysis. In general, the structural core of a protein tends to
be a hydrophobic cluster flanked by stretch of hydrophilic
residues. Therefore the predicted boundaries should not
locate in the center of hydrophobic core, rather should reside
in the flanking hydrophilic regions. Hydrophobicity of
B/Lee/40 HA sequence (SEQ ID NO: 36) was plotted using
ProtScale (http:/ca.expasy.org/tools—Primary structure
analysis—ProtScale). The hydrophobicity analysis of
B/Lee/40 sequence confirmed that the selected boundaries
were in the hydrophilic regions of the protein (FIG. 2). The
hydrophobicity strength used in the plot is listed in the
following table:

46
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results indicated that influenza B HA proteins are much
more conserved compared to influenza A HA proteins,
especially in the domain boundary sequences. Thus, the
boundaries identified in B/Lee/40 were used to direct bound-
ary selections of other influenza B strains. The resulting
domain boundaries for each strain are summarized below.

[0410] B/Malaysia/2506/2004: HA1-1 44-337 (SEQ ID
NO: 45) (TTTPTK (SEQ ID NO: 287)-CPIWVK (SEQ ID
NO: 288)) HAI-2 56-296 (SEQ ID NO: 46) (KGTETR
(SEQ ID NO: 289)-SKVIKG (SEQ ID NO: 290))

[0411] B/Ohio/1/2005: HAI-1 33-326 (SEQ ID NO: 47)
(TTTPTK (SEQID NO: 291)-CPIWVK (SEQ ID NO: 292))

SEQUENCE LENGTH: 584

Using the scale
for the 20 amino acids are:

Hphob./Kyte & Doolittle, the individual values

Ala: 1.800Arg: -4.500Asn: -3.500Asp: -3.500Cys: 2.500Gln: -3.500

Glu: -3.500Gly: -0.400His: -3.200Ile: 4.500Leu: 3.800Lys: -3.900

Met: 1.900Phe: 2.800Pro: -1.600Ser: -0.800Thr: -0.700Trp: -0.900

Tyr: -1.300Val: 4.200Asx: -3.500Glx: -3.500Xaa: -0.490

[0409] In order to identify the HA 1-1 and HA1-2 domain ~ HAI-2 45-285 (SEQ ID NO: 48) (KGTKTR (SEQ ID NO:

boundaries of other influenza B molecules, such as B/Ma-
laysia/2506/2004 (SEQ ID NO: 42), B/Ohio/1/2005 (SEQ
1D NO: 43), B/Victoria/2/87 lineage (SEQ ID NO: 787) and
B/Shanghai/361/2002 (SEQ ID NO: 44), and B/Yamagata/
16/88 lineage (SEQ ID NO: 213), each HA sequence was
aligned with B/Lee/40 HA sequence (SEQ ID NO: 36). The

293)-SKVIKG (SEQ ID NO: 294))

[0412] B/Shanghai/361/2002: HA1-1 33-325 (SEQ ID
NO: 49) (TTTPIK (SEQ ID NO: 295)-CPIWVK (SEQ ID
NO: 296)) HAI-2 45-284 (SEQ ID NO: 50) (KGTRTR
(SEQ ID NO: 297)-SKVIKG (SEQ ID NO: 298))

BMal
BOhi
BlLee
BsSha

BMal
BOhi
BlLee
BsSha

BMal
BOhi
BlLee
BsSha

BMal
BOhi
BlLee
BsSha

BMal
BOhi
BlLee
BsSha

———==IVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTT
——————————————— DRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTT
MKAITIVLLMVVTSNADRICTGITS SNSPHVVKTATQGEVNVTGVIPLTTT
——————————————— DRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTT

L R T T

PTKSHFANLKGTETRGKICPKCLNCTDLDVALGRPKCTGNIPSARVSILH
PTKSHFANLKGTKTRGKLCPKCLNCTDLDVALGRPKCTGNIPSAEVSILH
PTKSHFANLKGTQTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVSILH
PIKSHFANLKGTRTRGKICPDCLNCTDLDVALGRPMCVGTTPSAKASILH

ok kI kI Ik ok kkk kK ke kkk kR kR kA EE ok Kk kEkk | kkER

EVRPVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPGGSY
EVRPVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAEKAPGGPY
EVKPATSGCFPIMHDRTKIRQLPNLLRGYENIRLSTSNVINTETAPGGPY
EVRPVTSGCFPIMNDRTKIRQLPNLLRGYENIRLSTQNVIDAEKALGGPY

R R e T L R N S

KIGTSGSCPNVINGNGFFATMAWAVPKNDNNKTATNSLTIEVPYICTEGE
KIGTSGSCPNVINGNGFFATMAWAVPKMDNNKTATNSLTIEVPYICTEGE
KVGTSGSCPNVANGNGFFNTMAWVIPK-DNNKTAINPVTVEVPYICSEGE
RLGTSGSCPNATSKSGFFATMAWAVPK-DNNKNATNPLTVEVPYICTEGE

ek kE kI g, kEE KEEE g% REXE K Kk gkgkkAkxkgkxk

DQITVWGFHSDNEAQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQT
DQITIWGFHSDSETQMAKLYGDSKPQKFTSSANGVTTNYVSQIGGFPNQT
DQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFPNQT
DQITVWGFHSDDKTQMKNLYGDSNPQKFTSSANGVTTHYVSQIGGFPDQT

L R L R R L S ]
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-continued

EDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG
EDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG
EDEGLKQSGRIVVDYMVQKPGKTGTIVYQRGILLPQKVWCASGRSKVIKG
EDGGLPQSGRIVVDYMVQKPGKTGT IVYQRGVLLPQKVWCASGRSKVIKG

L R R N s

SLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGT
SLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLIQANGT
SLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGT
SLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGHCPIWVKTPLKLANGT

B R T R TR

KYRPPAKLLKER == === == — e e e
KYRPPAKLLKERGF == == == == e e e e e
KYRPPAKLLKERGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADL

[0413] B/Lee/40 HA1-1 construct design (SEQ ID NO:
38). For this construct, five (5) anticipated conserved disul-
fide bonds were preserved by making the amino terminal
truncation before the Cysteine at position 69 and the car-
boxyl-terminal truncation after the Cysteine at position 335
of SEQ ID NO: 36. The likely disulfide pairings are as the
following: C69 and C72, C75 and C87, C109 and C158,
C195 and C289, C309 and C335 of SEQ ID NO: 36. Using
the simulated structures and the MMDB to check secondary
structures the amino terminal truncation was made at the
Theonine at position 48, right after the §-strand kink intro-
duced by Proline 46 followed by, Leucine 47 of SEQ ID NO:
36, such that the preceding f-strand [TGVI, SEQ ID NO:
299, residues 42-45 of SEQ ID NO: 36] was totally elimi-
nated while the entire short p-strand formed by residues
TTTP (SEQ ID NO: 300) [residues 48-51 of SEQ ID NO:
36] was preserved. The carboxyl-terminal truncation was
made at the end of f-strand PIWV (SEQ ID NO: 301)
[residues 336-340 of SEQ ID NO: 36] following the Cys-
teine at position 335 such that the carboxyl-terminal tail
which interacts with HA2 was completely eliminated. Six
a-strands including the C-terminal -strand form a stable
p-sandwich defined by B-strands PIWV (SEQ ID NO: 301)
[residue 336-340 of SEQ ID NO: 36], PYYTG (SEQ ID NO:
302) [residues 322 to 326 of SEQ ID NO: 36] and TTTP
(SEQ ID NO: 300) [residues 48-51 of SEQ ID NO: 36]
(lower p-pleated sheet), and the p-strands DCLHE (SEQ ID
NO: 303) [residues 308-312 of SEQ ID NO: 38], YGGLN
(SEQ ID NO: 304) [residue 314-318 of SEQID NO: 36] and
KAIGN (SEQ ID NO: 305) [residues 330-334 of SEQ ID
NO: 36] (top P-pleated sheet). This set of B-pleated sheet
includes both the amino-terminus and carboxyl-terminus
within one stable secondary structure element. Such trun-
cations were made to believe resulting a compact domain
structure.

[0414] B/Lee/40 HA1-2 construct design (SEQ ID NO:
39). For this construct four (4) anticipated conserved disul-
fide bonds were preserved by making the amino-terminal
truncation before the Cysteine at position 69 and the car-
boxyl-terminal truncation after the Cysteine at position 289
of SEQ ID NO: 36. Using the simulated structure and the
MMDB to check secondary structures the amino-terminal
truncation was made in the loops that connect two distinct
sets of p-pleated sheets. The amino-terminal truncation was
made at the Lysine at position 60, such that the p-strand
comprising residues 62-66 of SEQ ID NO: 36 [TQTRG,
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400

SEQ ID NO: 306] of the membrane-distal set of 3-strands
remained wholly intact, while the membrane-proximal
[-strand [TTTP, SEQ ID NO: 300, residues 48-51 of SEQ ID
NO: 36] that forms part of HA1-1 was completely elimi-
nated. The carboxyl-terminal truncation was made at the
Serine 300 of SEQ ID NO: 36. Truncation at this position
preserved secondary structure such that the membrane-distal
[-strand [KVIKG, SEQ ID NO: 307, residues 295-299 of
SEQ ID NO: 36] remained intact while the membrane-
proximal B-strand [DCLHE, SEQ ID NO: 308, residues
308-312 of SEQ ID NO: 36] was eliminated. The mem-
brane-distal p-pleated sheets comprising f-strands TQTRG
(SEQ ID NO: 306) [residues 62-66 of SEQ ID NO: 36],
SILHEV (SEQ ID NO: 309) [residues 97-102 of SEQ 1D
NO: 36], and KVIKG (SEQ ID NO: 307) [residues 295-299
of SEQ ID NO: 36] serve as the stabilizing secondary
structure element that is believed to conclude a compact
domain structure.

[0415] B/Malaysia/2506/2004,  B/Ohio/1/2005  and
B/Shanghai/361/2002 follow the same reference structure as
described above.

Example 3

Cloning and Expression of Recombinant
Flagellin-Hemagglutinin Fusion Proteins in E. coli

Materials and Methods

[0416] Cloning of HA influenza A subunits. Subunits of
the HA globular head from several strains of influenza. A
were cloned and expressed alone or as fusions with flagellin.
We also expressed in fusion with the HA globular head
domain, two proteins widely used as carrier proteins in
conjugated vaccines. CRM-197 is a mutated diphtheria toxin
(DTx) from Corynebacterium diphtheriae and LTB, is E.
coli heat labile toxin B subunit.

[0417] These constructs were generated in one of four
different methodologies:

[0418] Method #1: In this protocol, a fusion gene com-
prising flagellin (STF2) (SEQ ID NO: 212) and the HA
subunit was codon-optimized for E. coli expression and
obtained from a commercial vendor (DNA2.0 Inc., Menlo
Park, Calif.) by chemical synthesis. The gene was excised
with Ndel and Blpl enzymes, the insert fragment was gel
purified and ligated to pET24a (Novagen, San Diego, Calif.)
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which had been digested with Ndel and Blpl and treated
with bacterial alkaline phosphatase (BAP).

[0419] Method #2: For facile cloning of genes in fusion
with flagellin, a cassette plasmid containing a unique Blpl
site at the 3' end of the flagellin (STF2) gene (SEQ ID NO:
212) was generated. This was done by introducing a silent
mutation at nucleotides 5'-GTGCTGAGCCTGTTACGT-3'
(SEQ ID NO: 310) [nt 1501 to 1518 of SEQ ID NO: 212]
of STF2 creating the unique Blpl site in the plasmid cassette,
pET24/STF2.blp (SEQ ID NO: 51). Synthetic genes for each
target antigen were codon-optimized for . coli expression
and obtained from a commercial vendor (DNA2.0 Inc.,
Menlo Park, Calif.). The synthetic genes were excised with
Blpl enzyme and ligated by compatible ends to pET24/
STF2.blp which had been treated with Blpl and BAP.

[0420] Method #3: Using forward and reverse primers
(Keck Foundation BRLK, Yale University, New Haven,
Conn.; Midland Certified Reagent Company, Midland, Tex.)
as indicated for each construct, PCR amplification was
performed using the DNA templates shown in each table.
The PCR product was subjected to Blpl digestion, gel-
purified and ligated to pET24/STF2.blp (SEQ ID NO: 51)
vector previously prepared by Blpl digestion and BAP
treatment.

[0421] Method #4: A plasmid cassette, pET24/STF2.5G
(SEQ ID NO: 52), was generated by introducing a flexible
heptamer linker, Ser-Gly-Ser-Gly-Ser-Gly-Ser (S-G-S-G-S-
G-S (SEQ ID NO: 311)) at the 3' end of the STF2 gene. A
unique BamHI site was created in the linker to facilitate
cloning of HA subunit fragments in fusion with flagellin.
Synthetic genes codon-optimized for expression in E. coli
were obtained from a commercial vendor (DNA2.0 Inc.,
Menlo Park, Calif.), excised from the parental plasmids with
BamHI and Blpl restriction endonucleases, and ligated by
compatible ends to the pET24/STF2 cassette that had pre-
viously been digested with BamHI and BAP-treated.

[0422] In each case, the constructed plasmids were used to
transform competent E. coli TOP10 cells and putative
recombinants were identified by PCR screening and restric-
tion mapping analysis. The integrity of the constructs was
verified by DNA sequencing and they were used to trans-
form the expression host, BLR3 (DE3) (Novagen, San
Diego, Calif.; Cat #69053). Transformants were selected on
plates containing kanamycin (50 pg/ml), tetracycline (5
png/ml) and glucose (0.5%). Colonies were picked and
inoculated into 2 ml of LB medium supplemented with 25
ng/ml kanamycin, 12.5 pg/ml tetracycline and 0.5% glucose
and grown overnight. Aliquots of these cultures were used to
inoculate fresh cultures in the same medium formulation,
which were cultured until they reached an ODg,,=0.6, at
which time protein expression was induced by the addition
of 1 mM IPTG and culturing for 3 hours at 37° C. The cells
were harvested and analyzed for protein expression.

[0423] SDS-PAGE and Western blot: Protein expression
and identity were determined by gel electrophoresis and
immunoblot analysis. Cells were harvested by centrifugation
and lysed in Laemmli buffer. An aliquot of 10 pl of each
lysate was diluted in SDS-PAGE sample buffer with or
without 100 mM DTT as a reductant. The samples were
boiled for 5 minutes and loaded onto a 10% SDS polyacry-
lamide gel and electrophoresed (SDS-PAGE). The gel was
stained with Coomassie R-250 (Bio-Rad; Hercules, Calif.)
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to visualize protein bands. For western blot, 0.5 pl/lane cell
lysate was electrophoresed and electrotransfered to a PVDF
membrane and blocked with 5% (w/v) dry milk.

[0424] The membrane was then probed with either anti-
flagellin antibody (Inotek; Beverly, Mass.) or influenza A
PR/8/38 convalescent immune mouse serum. PR/8/34
immune serum was generated in BALB/c mice (Jackson
Laboratory, Bar Harbor, Me.) that received an experimen-
tally determined sublethal challenge dose of 8x10' egg
infectious dosages (EID) of PR/8/34 influenza virus. Ani-
mals were then allowed to convalesce for >21 days post-
infection at which time immune serum was isolated and
clarified. After probing with alkaline phosophatase-conju-
gated secondary antibodies (Pierce; Rockland, I11.), protein
bands were visualized with an alkaline phosphatase chro-
mogenic substrate (Promega, Madison, Wis.). Bacterial
clones which yielded protein bands of the correct molecular
weight and reactive with the appropriate antibodies were
selected for production of protein for use in biological
assays.

[0425] The constructs derived from the HA of A/Puerto
Rico/8/34 strain (PR8) (SEQ ID NO: 1) and listed in Table
1 were made by the synthetic gene route as described in
Method #1 and Method #4. Similarly, the constructs derived
from the A/Viet Nam/1203/2004 strain (SEQ ID NO: 2) are
shown in Table 2, the constructs derived from the HA of
A/Indonesia/2005 strain (IND) (SEQ ID NO: 3) are
described in Table 3, and those from A/New Calcdonia/12/
99 strain (NC) (SEQ ID NO: 4) are described in Tables 4.
“IND” as used herein, refers to “Indonesia.” Where appro-
priate, the DNA primers and DNA templates used in the
PCR amplification reaction are listed in the same table.

TABLE 1

PR8 HA constructs for expression in E coli

SEQ ID NO: Construct Method
53 STF2.HA1-1 #4
54 STF2.HA1-1.his #4
55 STF2.HA1-2 #1
56 STF2.HA1-2mut #1
57 STF2.HA1-3 #1
58 STF2.HA1-3mut #1
39 HAIL-1 #1
60 HAI1-1his #1
61 HA1-2.his #1
62 CRM.HAIL-2 #1
63 LTB.HAIL-2 #1
[0426]
TABLE 2

VN HA constructs for expression in E coli

FOR REV DNA

Primer Primer Template
SEQ SEQ SEQ SEQ
ID NO: Construct Method ID NO: ID NO: ID NO:
64 STF2.HA1-1 #3 65 66 67
68 STF2.HA1-2 #3 69 70 67
71 STF2.HA1l-2mut #2 N/A N/A 72
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[0427]
TABLE 3
IND HA constructs for expression in E coli
FOR REV DNA
Primer Primer Template
SEQ SEQ SEQ SEQ
ID NO: Construct Method ID NO: ID NO: ID NO:
73 STF2.HA1-1 #3 74 66 75
76 STF2.HA1-2 #3 69 77 75
78 STF2.HA1-2mut #2 N/A N/A 79
[0428]
TABLE 4
NC HA constructs for expression in E coli
FOR REV DNA
Primer Primer Template
SEQ SEQ SEQ SEQ
ID NO: Construct Method ID NO: ID NO: ID NO:
30 STF2.HA1-1 #3 81 82 33
84 STF2.HA1-2 #3 85 86 33
87 STF2.HA1-2mut #2 N/A N/A 38
Results

[0429] Protein carriers have widespread application in
human vaccines. The cross-reactive reactive material
(CRM,,,) of diphtheria toxin is considered to be advanta-
geous as a carrier molecule in the formulation of several
conjugate vaccines. Exemplary carriers include E. coli heat
labile enterotoxin (LT) and its B subunit (LTB), Tetanus
toxoid (TT) and cholera toxin (CT). Using CRM 5, and LTB
as representatives of this group of carrier proteins, we have
generated constructs in which the globular head of HA of
(A/Puerto Rico/8/34 strain (PR8) (SEQ ID NO: 1) is fused
to the 3' end of either CRM197 gene or LTB gene as
described in Method #1 generating the constructs
CRM.HAI1-2 (SEQ ID NO: 62) and LTB.HA1-2 (SEQ ID
NO: 63). The constructs were verified by DNA sequencing
and used to transform the expression host, BLR3 (DE3)
(Novagen, San Diego, Calif.; Cat #69053).

[0430] Transformants were selected on plates containing
kanamycin (50 pg/mlL), tetracycline (5 ug/ml.) and glucose
(0.5%). Several colonies were picked for an overnight
culture which were was used to inoculate a fresh LB medium
supplemented with 25 pg/ml kanamycin, 12.5 pg/ml tetra-
cycline and 0.5% glucose. At an OD600=0.6 protein expres-
sion was induced with 1 mM IPTG for 3 h at 37° C. The cells
were harvested and an aliquot of the lysate was analyzed on
10% SDS-PAGE by Coomassie blue staining and by immu-
noblot using PR/8/34 convalescent sera. In the case of
CRM.HAI1-2 construct several clones were picked and ana-
lyzed for expression by SDS-PAGE.

[0431] As assayed by Coomassie blue staining of the
SDS-PAGE gel, all the clones displayed a band that migrated
with an apparent MW 84 KDa and that corresponds to the
predicted MW. The absence of this band in the control
culture (without IPTG) indicates that it is specifically
induced by IPTG. This observation was further confirmed
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when the cell extracts of two clones #5 and #6 was frac-
tionated in the presence or absence of a reducing agent (5
mM DTT). While the recombinant protein whose disulphide
bonds have been disrupted by treatment with DTT is not
recognized by the cognate antibodies, the native recombi-
nant protein is. Similarly, a clone expressing construct
LTB.HA1-2 displays a band corresponding to the predicted
molecular weight of 39.8 KDa, protein when induced with
IPTG. The identity of LTB-HA1-2 fusion protein is con-
firmed by western blot analysis using mouse convalescent
serum. This band is diminished in intensity when a reductant
(P-mercaptoethanol) was present. This latter observation
suggests that insufficient amount of reductant was most
likely employed in the experiment. Taken together the data
presented herein support the notion that the globular head of
HA can be successfully fused to carrier proteins to generate
conformational sensitive proteins.

Cloning of Recombinant Flagellin-Hemagglutinin
Fusion Proteins in E. coli

[0432] Cloning of HA Influenza B subunits. Subunits of
the HA globular head from several strains of influenza B
were cloned and expressed as fusions with flagellin. These
constructs were generated by a two-step PCR.

[0433] The HA subunit was codon-optimized for E. coli
expression and obtained from a commercial vendor
(DNA2.0 Inc., Menlo Park, Calif.) by chemical synthesis.
The HA1-1 or HA1-2 was PCR amplified using the synthe-
sized DNA as templates. The flagellin (STF2) sequence
(SEQ ID NO: 212) was derived from the plasmid pET24a-
STF2.HA1-2. The STF2 DNA fragment was PCR amplified,
and the C-terminal of the PCR product has a 28-30 bp
overlap with the N-terminal sequence of the fusion HA
subunit.

[0434] The STF2 and HA subunits were fused together by
a 2" PCR. Using respective forward and reverse primers
(Integrated DNA Technologies, Inc, Coralville, lowa 52241)
listed below, fusion protein DNA was amplified from the
DNA templates also shown below. The PCR product was
subsequently subjected to Xbal digestion, gel-purification
and ligation to pET24a-STF2.HA1-2 that was previously
digested with Xbal and SnaBl.

[0435] The constructs are listed below, where appropriate,
the DNA primers and DNA templates used in the PCR
amplification reaction are also listed.

FluB STF2.HA constructs for expression in E coli

FOR REV DNA
Primer Primer  Template

SEQ SEQ SEQ SEQ
ID NO: Construct ID NO: ID NO: ID NO:
184  STF2.HA1l-1 (MAL) 193, 195 194,196 55, 183
186 STF2.HA1-2 (MAL) 193, 198 197,199 55,185
188 STF2.HA1-2 (SH) 193, 201 200,202 55, 187
190 STF2.HA1-2 (Lee) 193, 204 203,205 55, 189
192 STF2.HA1-2 (Ohio) 193, 207 206,208 55, 191

[0436] In each case, the constructed plasmids were used to
transform competent E. coli DH5a cells and putative recom-
binants were identified by restriction mapping. The integrity
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of the constructs was verified by DNA sequencing and was
used to transform the expression host, BLR3 (DE3)
(Novagen, San Diego, Calif.; Cat #69053). Transformants
were selected on LB (Veggie peptone, EMD Bioscience, La
Jolla, Calif.; Cat#71280; veggie yeast extract, EMD Bio-
science, Cat# 71279;) plates containing kanamycin (35
pg/mL). Colonies were picked and inoculated into 2 ml of
LB (Veggie) medium supplemented with 35 pg/ml kanamy-
cin and grown overnight. Aliquots of these cultures were
used to inoculate fresh cultures in the same medium formu-
lation, which were cultured until OD,,,=0.6 was reached.
The protein expression was induced by the addition of 1 mM
IPTG. The cells were harvested after 2 hours culturing at 37°
C. and analyzed for protein expression.

[0437] SDS-PAGE and Western blot: Protein expression
and identity were determined by gel electrophoresis and
immunoblot analysis. Cells were harvested by centrifugation
and lysed in Tris/NaCl (50 mM Tris, 200 mM NaCl, pH 8.0)
buffer. Two aliquots of each lysate was diluted in SDS-
PAGE sample buffer and boiled for 5 minutes. One aliquot
sample was reduced by DTT (200 mM final concentration,
EMD Bioscience, La Jolla, Calif. 92039; Cat#233155). The
samples (1.5 pl/lane cell lysate) were loaded onto a 4-12%
SDS polyacrylamide gel and electrophoresed (SDS-PAGE).
The gel was stained with Coomassie R-250 (Bio-Rad;
Hercules, Calif.) to visualize protein bands.

[0438] For western blot, the duplicated gel was electro-
phoresed and electrotransfered to a PVDF membrane and
blocked with 5% (w/v) dry milk. The membrane was then
probed with either anti-flagellin antibody (6H11, Inotek,
Beverly, Mass.; Lot#1030B5) or ferret antiserum raised
against B/Malaysia (2506/2004, CDC#2005741987). After
probing with Horseradish Peroxidase (HRP)-conjugated
secondary antibodies (1:10,000) (Goat anti-Mouse is from
Jackson ImmunoResearch Laboratories; West Grove, Pa.
Goat anti-Ferret is from Bethyl Laboratories; Montgomery,
Tex.), protein bands were visualized after with addition of
TMB, an HRP chromogenic substrate (Pierce; Rockland,
1.; Cat#34018). The approximate molecular weight of
STF2.HA1-1(MAL) is 84 kDa; and the approximate
molecular weight of STF2.HA1-2 (MAL and SH) is ~78
kDa. Two micrograms of STF2.4xM2e fusion protein was
loaded as a positive control for the anti-flagellin antibody
and a negative control for the anti-HA sera. Virus lysate
(B/Malaysia/2506/04, CDC# 2005756250) was included in
the experiment as a positive control for the anti-HA sera and
a negative control for the anti-flagellin antibody. Commassie
blue staining of the gel showed low induction of STF2.HA1-
1(MAL) protein; but much stronger bands for STF2.HA1-
2(MAL) and STF2.HA1-2(SH) proteins. Western blot analy-
sis using anti-flagellin monoclonal antibodies (1:4000)
exhibited a strong positive band around 84 kDa for lanes
loaded with STF2.HA1-1(MAL), and around 75 kDa in
lanes loaded with STF2.HA1-2(MAL) or STF2.HA1-2(SH).
The induction pattern of each fusion protein on the Western
is very similar to the result for the commassie blue stained
gel. The level of the non-reduced and the reduced protein
recognized by the anti-flagellin was comparable. The posi-
tive control for anti-flagellin (STF2.4xM2e) showed s single
strong band, and the negative control exhibited no signal.

[0439] Western blot analysis using anti-HA polyclonal
anti-sera (1:1000) exhibited a similar pattern as the blot with
anti-flagellin, except that the reduced STF2.HA1-2 protein
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had a diminished signal compared to that of the non-reduced
sample, indicating that a substantial portion of the anti-HA
polyclonal antibodies in the antiserum recognize conforma-
tional epitopes formed by correct disulfide-bond formation
while a small proportion of the antibodies in the anti-sera
recognize linear epitopes that are not reliant on disulfide
bound formation. Similar were observed using a capture
ELISA assay. It is worth noting that anti-serum against
B/Malaysia/2506/2004 (Victoria lineage) also recognizes
B/Shanghai/361/2002, which belongs to Yamagata lineage.
This result indicates that these two lineages not only share
substantial primary sequence similarity, but also share ter-
tiary structure.

[0440] The western blot and ELISA results confirm the
expression of functional Influenza B HA1-1 and HA1-2
fusion proteins in E. coli.

Example 4

Purification and Biochemical Characterization of
Recombinant Flagellin-Hemagglutinin Fusion
Proteins

Materials and Methods

[0441] Bacterial growth and cell lysis: HA constructs were
expressed in the E. coli host strain BLR (DE3). E. coli cells
carrying a plasmed encoding STF2.HA1-1.his(PR8) (SEQ
ID NO: 54) were cultured and harvested as described above.
Individual strains were retrieved from glycerol stocks and
grown in shake flasks to a final volume of 12 L. Cells were
grown in LB medium containing 50 pg/ml kanamycin/12.5
ng/ml tetracycline/0.5% dextrose to ODg,,=0.6 and induced
with 1 mM IPTG for 3 h at 37° C. The cells were harvested
by centrifugation (7000 rpmx7 minutes in a Sorvall RC5C
centrifuge) and resuspended in 1xPBS, 1% glycerol, 1 ug/ml
DNAsel, 1 mM PMSF, protease inhibitor cocktail and 1
mg/ml lysozyme. The cells were then lysed by two passes
through a microfluidizer at 15,000 psi. The lysate was
centrifuged at 45,000 g for one hour in a Beckman Optima
L ultracentrifuge (Beckman Coulter; Fullerton, Calif)) to
separate the soluble and insoluble fractions

[0442] Purification and refolding of STF2.HAI-
1.his(PR8) (SEQ ID NO: 89) protein from E. coli. Following
lysis and centrifugation, the insoluble (pellet) fraction was
resuspended in 100 ml 1xTBS, pH 8.0+41 mM p-mercapto-
ethanol and solid urea was added to a final concentration of
6.2 M. After resuspension with a Dounce glass-ball homog-
enizer the mixture was centrifuged as described above. The
resulting supernatant was loaded onto a chelating sepharose
column (GE/Amersham Biosciences; Piscataway, N.J.)
charged with NiSO, and equilibrated in Buffer A [20 mM
Tris, pH 8.0/8 M urea/0.5 M NaCl].

[0443] After washing with 1 L buffer B [Buffer A+1%
(w/v) TX-100] the column was eluted in a 5-column volume
linear gradient from 100% Buffer A to 100% Buffer C
[Buffer A+0.5 M imidazole]. Peak fractions were pooled,
concentrated 3.5 fold on an Amicon 15 spin concentrator
(Millipore; Billerica, Mass.) and dialyzed against 3x2 L of
8 M urea/20 mM Tris, pH 8.0/2 mM EDTA. Following
dialysis, STF2.HA1-1.his(PR8) (SEQ ID NO: 89) was
refolded by rapid dilution to a final concentration of 0.1
mg/ml protein in Refolding Buffer [0.1 M Tris, pH 8.0/0.1
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M NaCl/1% (w/v) glycerol/5 mM reduced glutathione/1 mM
oxidized glutathione] and incubated overnight at room tem-
perature.

[0444] The refolded protein was then captured on a 5 ml
chelating sepharose HiTrap column (GE/Amersham Bio-
sciences; Piscataway, N.J.) charged with NiSO, and equili-
brated in Buffer D [20 mM Tris, pH 8.0/0.5 M NaCl/1 mM
reduced glutathione/0.2 mM oxidized glutathione] and
eluted in 100% Buffer E [Buffer D+0.5 M imidazole]. Peak
eluate fractions were pooled, concentrated using an Amicon
15 spin concentrator (Millipore; Billerica, Mass.) and frac-
tionated on a Superdex 200 size-exclusion column (GE/
Amersham; Piscataway, N.J.) equilibrated in 1xTBS, pH
8.0+0.5% (w/v) Na deoxycholate. S200 peak fractions were
pooled, dialyzed against 3x2 L. of 1xTBS, pH 8.0 (without
deoxycholate), vialed and stored at -80° C.

[0445] Purification of STF2.HA1-2(PR8) (SEQ ID NO:
90) and STF2.HA1-2mut(PR8) (SEQ ID NO: 91): E. coli
cells carrying a plasmid encoding STF2.HA1-2.his (PRS8)
(SEQ ID NO: 55) were cultured and harvested as described
above. Following lysis and centrifugation, the insoluble
(pellet) fraction containing STF2.HA1-2(PRS8) was resus-
pended and homogenized in 50 mM Tris, pH 8.0+0.5%
(w/v) Triton X-100 using a Dounce homogenizer. The
homogenate was then centrifuged (19,000 rpmx10 min).
The resulting pellet fraction was then re-homogenized in 50
mM Tris, pH 8.0+0.5% (w/v) Triton X-100+1.0 M NaCl and
centrifuged. The inclusion body fraction (pellet) was then
dissolved in buffer A [50 mM Na Acetate, pH 4.0+8.0 M
urea] and centrifuged (19,000 rpmx10 min.) to remove
insoluble debris.

[0446] The resulting supernatant was fractionated on a
Source S column (GE/Amersham Biosciences; Piscataway,
N.J.) equilibrated in Buffer A and eluted in a 5 column-
volume linear gradient with Buffer B (50 mM Na Acetate,
pH 4.0, 1.0 M NaCl). The protein was then refolded by rapid
dilution into Buffer C (100 mM Tris-HCI, pH 8.0). The
refolded protein was then fractionated on a Q sepharose HP
column (GE/Amersham Biosciences; Piscataway, N.J.)
equilibrated in Buffer C and eluted in a 0% to 60% linear
gradient with buffer D (Buffer C+1 M NaCl). The Q HP
eluate was then fractionated on a Superdex 200 size exclu-
sion chromatography (SEC) column (GE/Amersham Bio-
sciences; Piscataway, N.J.) equilibrated with 1x Tris-buff-
ered saline, pH 8.0, to separate monomeric from aggregated
protein. Monomeric fractions were then pooled, aliquoted
and stored at -80° C.

[0447] Purification of STF2.HA1-3(PR8) (SEQ ID NO:
92): E. coli cells carrying a plasmed encoding STF2.HA1-3
(PR8) (SEQ ID NO: 57) were cultured and harvested as
described above. Following lysis and centrifugation the
soluble (supernatant) fraction containing STF2.HA1-3(PR8)
was adjusted to 6.2 M urea, 100 mM DTT and incubated at
room temperature overnight to completely reduce and dena-
ture the protein. The protein was then diluted five-fold in
Buffer A (50 mM citric acid, pH 3.5, 8 M urea, 1 mM
-mercaptoethanol, 1 mM EDTA) and loaded onto an SP
sepharose FF column (GE/Amersham Biosciences; Piscat-
away, N.J.) equilibrated with Buffer A. To remove endot-
oxin, the column washed with 10 column volumes of Buffer
B (Buffer A+1% (w/v) Triton X-100) followed by 10 column
volumes Buffer C (50 mM citric acid, pH 3.5, 1 mM
p-mercaptoethanol, 1 mM EDTA, 70% (v/v) isopropanol).

Sep. 27, 2007

[0448] The bound protein was then eluted in a five col-
umn-volume linear gradient of Buffer A:Buffer D (Buffer
A+1M NaCl). The eluted protein was then dialyzed to Buffer
E (20 mM Tris, pH 8.5, 8 M urea, 1 mM [-mercaptoethanol,
1 mM EDTA) and passed through a Source Q column
(GE/Amersham Biosciences; Piscataway, N.J.). The
STF2.HA1-3(PR8) (SEQ ID NO: 92) protein was collected
in the flow-thru fraction. The protein was concentrated using
Amicon spin-concentrators (Millipore; Billerica, Mass.) and
dialyzed to Buffer F (20 mM Tris, pH 8.0, 8 M urea, 1 mM
EDTA) to remove reductant. The denatured polypeptide was
then refolded by rapid dilution to a final concentration of 0.1
mg/ml in Refolding Buffer (0.1 M Tris, pH 8.0, 0.1 M NaCl,
1% (w/v) glycerol, 5 mM reduced glutathione, 1 mM
oxidized glutathione) and incubated overnight at room tem-
perature. The refolded protein was then fractionated on a
Superdex 200 size exclusion column equilibrated in 1x
Tris-buffered saline (TBS), pH 8.0, plus 0.25% (w/v) sodium
deoxycholate to separate monomeric STF2.HA1-3(PRS)
from aggregated protein. Monomeric peak fractions were
pooled, dialyzed to 1xTBS, pH 8.0, to remove deoxycholate,
aliquoted and stored at -80° C.

[0449] Purification of HA1-2His(PR8) (SEQ ID NO: 93):
E. coli cells carrying a plasmed encoding STF2.HA1-2 his
(PR8) (SEQ ID NO: 61) were cultured and harvested as
described above. Following cell lysis the insoluble fraction
was homogenized and washed once with Buffer A (50 mM
Tris, pH 8.0), followed by sequential washing with Buffer
A+0.5% (w/v) Triton X-100 and Buffer A+0.5% (w/v)
Triton X-100+41M NaCl. The insoluble material was then
washed twice more with Buffer A alone. The washed inclu-
sion bodies were then dissolved in Buffer B (1xPBS, pH 7.4,
8 M urea) and applied to a Ni-NTA (Sigma-Aldrich; St.
Louis, Mo.) column charged with NiSO, and eluted in a
linear gradient of Buffer C (50 mM Tris, pH 8.0, 8 M urea,
0.3 M NaCl, 0.5 M imidazole). In order to reduce endotoxin,
the eluted protein was dialyzed overnight against 1xPBS, pH
7.4, 8 M urea, and reapplied to the Ni-NTA column.

[0450] The column was then washed with Buffer D (10
mM Tris, pH 8.8, 8 M urea, 60% (v/v) isopropanol) and
eluted as described above. Ni-NTA purified protein was then
refolded by 1:10 (v/v) dilution into Refolding Buffer (50
mM Tris, pH 8.8). The refolded HA1-2 His(PR8) (SEQ ID
NO: 93) protein was then concentrated using an Amicon
ultrafiltration unit (Millipore; Billerica, Mass.) and applied
to a Superdex 200 size exclusion column (GE/Amersham;
Piscataway, N.J.) equilibrated in 1xTBS, pH 8.0. Mono-
meric peak fractions were pooled, aliqoted and stored at
-80° C.

[0451] SDS-PAGE and western blot analysis: Protein
identity of all HA constructs was determined, and purity
estimated, by SDS-PAGE. An aliquot of 5 ng of each sample
was diluted in SDS-PAGE sample buffer with or without 100
mM DTT as a reductant. The samples were boiled for 5
minutes and loaded onto a 10% SDS polyacrylamide gel
(LifeGels; French’s Forrest, New South Wales, AUS) and
electrophoresed. The gel was stained with Coomassie R-250
(Bio-Rad; Hercules, Calif.) to visualize protein bands. For
western blot, 0.5 pg/lane total protein was electrophoresed
as described above and the gels were then electro-transfered
to a PVDF membrane and blocked with 5% (w/v) dry milk
before probing with anti-flagellin antibody (Inotek; Beverly,
Mass.) or influenza A PR/8/34 Convalescent immune serum
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(described below under Protein Antigenicity ELISA). After
probing with alkaline phosophatase-conjugated secondary
antibodies (Pierce; Rockland, Ill.), protein bands were visu-
alized with an alkaline phosphatase chromogenic substrate
(Promega; Madison, Wis.).

[0452] Protein assay: Total protein concentration for all
proteins was determined using the Micro BCA (bicincho-
ninic acid) Assay (Pierce; Rockford Ill.) in the microplate
format, using bovine serum albumin as a standard, according
to the manufacturer’s instructions.

[0453] Endotoxin assay: Endotoxin levels for all proteins
were determined using the QCL-1000 Quantitative Chro-
mogenic LAL test kit (Cambrex; E. Rutherford, N.I.), fol-
lowing the manufacturer’s instructions for the microplate
method.

[0454] TLRS bioactivity assay: HEK293 cells constitu-
tively express TLRS, and secrete several soluble factors,
including IL.-8, in response to TLRS signaling. Cells were
seeded in 96-well microplates (50,000 cells/well), and the
following test proteins were added and incubated overnight:
STF2.HA1-1His(PR8) (SEQ ID NO: 89); STF2.HAI-
2(PR8) (SEQ ID NO: 90); STF2.HA1-2(PR8)mut (SEQ ID
NO: 91); STF2.HA1-3(PR8) SEQ ID NO: 92); HAI-
2His(PR8) (SEQ ID NO: 93); STF2.HA1-2 (Mal) (SEQ ID
NO: 211) supernatant; STF2. HA1-2 (Mal) (SEQ ID NO:
211) refolded; STF2.HA1-2 (SH) (SEQ ID NO: 211) super-
natant; STF2.HA1-2 (SH) (SEQ ID NO: 211) refolded;
STF2.HA1-1 (Mal) (SEQ ID NO: 209) supernatant; and
STF2.HA1-1 (Mal) (SEQ ID NO: 209). The next day, the
conditioned medium was harvested, transferred to a clean
96-well microplate, and frozen at -20° C. After thawing, the
conditioned medium was assayed for the presence of IL.-8 in
a sandwich ELISA using an anti-human I[.-8 matched
antibody pair (Pierce, Rockland, I11.; #M801E and #M802B)
following the manufacturer’s instructions. Optical density
was measured using a microplate spectrophotometer (FAR-
Cyte, GE/Amersham; Piscataway, N.J.).

[0455] Protein antigenicity ELISA: To determine whether
the recombinant fusion proteins displayed correctly folded
epitopes of HA, the antigenicity of individual HA-fusion
proteins was evaluated by ELISA. 96-well ELISA plates
were coated overnight at 4° C. with serial dilutions in PBS
(100 ul/well) of each target protein starting at 5 pg/ml. Plates
were blocked with 200 ul/well of Assay Diluent Buffer
(ADB; BD Pharmingen) for one hour at room temperature,
then washed three times in PBS-T. A fixed dose of primary
antibody was then added to each well.

[0456] To assay HA reactivity, 100 ul/well of a 1:10,000
dilution of non-immune or PR/8/34 convalescent immune
serum in ADB was added. PR/8/34 immune serum was
generated in BALB/c mice (Jackson Laboratory, Bar Har-
bor, Me.) that received an experimentally determined sub-
lethal challenge dose of 8x10' egg infectious dosages (EID)
of PR/8/34 influenza virus. Animals were then allowed to
convalesce for >21 days post-infection at which time
immune serum was isolated and clarified. For ELISA of
flagellin or the 6x histidine tag, monoclonal antibody against
6xHis (Invitrogen; Carlsbad, Calif.), or flagellin (Inotek;
Beverly, Mass.) was added at 1 pg/ml in ADB (100 pl/well)
and the plates were incubated for 1 hr at room temperature
or overnight at 4° C. The plates were then washed three
times with PBS-T. HRP-labeled goat anti-mouse IgG anti-
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bodies (Jackson Immunochemical; West Grove, Pa.) diluted
in ADB were added (100 pl/well) and the plates were
incubated at room temperature for 1 hour. The plates were
washed three times with PBS-T. After adding TMB Ultra
substrate (Pierce; Rockford, I11.) and monitoring color devel-
opment, A5, was measured on a microplate spectrophotom-
eter (FARCyte, GE/Amersham; Piscataway, N.I.).

Results and Discussion

[0457] Protein yield and purity: Results for the purification
of recombinant HA and STF2.HA fusion proteins produced
in E. coli are shown in Table 6. All four proteins were
produced in high yield, with estimated purity exceeding
90% and endotoxin well below the standard acceptable level
ot 0.1 EU/ug. The three STF2 fusion proteins also had very
high in vitro TLRS bioactivity while the HA1-2His, (SEQ
ID NO: 93) protein, as expected, had no TLRS activity.

TABLE 6
TLRS
purity activity
SEQ yield est. endotoxin (ECsg,
protein IDNO: (mg) (%) (EU/ug) ng/ml)
STF2.HA1-1His(PR8) 89 6.4 >90 0.04 0.2
STF2.HA1-2(PR8) 90 6.0 >98 0.02 0.15
STF2.HA1-2(PR8)mut 91 12 >95 0.01 1.2
STF2.HA1-3(PR8) 92 2.1 >90 0.016 1.2
HA1-2His(PR8) 93 10 >95 0.03 nd

[0458] Antigenicity of Influenza A HA proteins produced
in E. coli.: All four recombinant proteins were analyzed by
western blotting with antibody against STF2 (flagellin)
(Inotek; Beverly, Mass.) and immune antisera collected from
PR8/34 convalescent mice. The three STF2 fusion proteins
appeared to react comparably with anti-flagellin antibody.
STF2.HA1-1His(PR8) (SEQ ID NO: 89), STF2.HAI-
2(PR8) (SEQ ID NO: 90) and HA1-2His(PR8) (SEQ ID
NO: 93) also reacted with anti-PR/8/34 convalescent serum.
This reactivity was only seen in non-reduced protein
samples; the addition of DTT to the sample buffer greatly
diminished the signal. This finding suggests that the majority
of the anti-HA antibodies in the convalescent serum are
conformationally dependent and that proper disulfide bond-
ing in HA is necessary for reactivity by western blot. In
contrast to these results, STF2.HA1-3(PR8) (SEQ ID NO:
92) did not react efficiently with the convalescent serum and
what little signal was produced was not affected by reduc-
tant. This finding suggested that the STF2.HA1-3 protein
may not be capable of folding properly and/or presenting
native HA epitopes.

Capture ELISA for Influenza B Globular Head Proteins

[0459] The antigenicity of individual HA-fusion proteins
was evaluated using capture ELISA. An anti-flagellin mono-
clonal antibody was used on the solid phase to capture these
proteins. Ferret anti-sera raised on natural B/Malaysia/2506/
2004 infection was used to detect the captured HA-fusion
proteins. The results of this assay will determine whether the
recombinant fusion proteins displayed correctly-folded
epitopes of HA. Due to the considerable sequence homology
between the different Influenza B HA globular head mol-
ecules, 84.6%, these antisera would be expected to react
with both the Malaysian and the Shanghai globular head
constructs.
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Preparation of Samples

[0460] F. coli cells expressing the STF2.HA1-2(Malaysia
(SEQ ID NO: 210)), STF2.HA1-2 (Shanghai (SEQ ID NO:
211)), and STF2.HAI-1 (Malaysia (SEQ ID NO: 209))
recombinant proteins were pelleted by centrifugation and
resuspended in Tris buffer (50 mM Tris, 200 mM NaCl, pH
8). Cells were lysed by sonication. The cell lysate was
centrifuged to separate the soluble proteins from the
insoluble proteins. The insoluble protein pellet was resus-
pended in Tris buffer with 6M urea and the proteins were
subjected to rapid refolding by quickly diluting the solution
1:10 fold in Tris buffer. The protein concentrations of both
the soluble proteins and the pelleted samples containing
refolded proteins were estimated by UV ,4, (Spectrophotom-
eter DU 800). Supernatants containing STF2.HA1-1(Mal)
(SEQ ID NO: 209); STF2.HA1-2(Mal) (SEQ ID NO: 210),
STF2.HA1-2(SH, Shanghai) (SEQ ID NO: 211) protein and
solubilized pellets containing refolded STF2.HA1-1(Mal),
STF2.HA1-2(Mal), STF2.HA1-2(SH) were evaluated by
ELISA for reactivity with ferret antisera raised on natural
infection against B/Malaysia/2506/2004. E. coli supernatant
samples and solubilized, refolded samples containing
STF2.4xM2e (SEQ ID NO: 94) protein were used as nega-
tive controls.

ELISA Method

[0461] The ELISA plate (Maxisorp, Nunc, Denmark) was
coated with the flagellin-specific monoclonal antibody 6H11
(Inotek, Beverly, Mass.) at 0.5 ug/ml. and incubated over-
night at 2-5° C. The antibody coating solution was aspirated
and the wells were blocked with 300 ul/well Super Block+
Tween-20 for 2 hours at 25° C. The plate was washed once
with 1xPBS and blot-dried. Three-fold serial dilutions of the
different protein solutions were performed in a dilution plate
starting with a concentration of 5 ug/mL. 100 ul. was
transferred from the dilution plate to the ELISA plate.

[0462] The plate was incubated for 1 hr at 25° C. Unbound
protein was removed by washing the plate 3 times with
PBS+0.05% Tween-20. Ferret antiserum raised against
B/Malaysia/2506/2004 (CDC, AL, Georgia) was diluted to
1:100 and 100 uL. was added to each well. The plate was then
incubated for 1 hr at 25° C. After this incubation step, the
plates were washed 6 times with PBS containing 0.05%
Tween-20. Goat anti-ferret IgG conjugated to horseradish
peroxidase (HRP, Bethyl Labs Inc., IL)) was diluted 1:10,000
and 100 ul. was added to each well. The plate was incubated
for 30 min. After this incubation step, the plate washed 6
times with PBS+0.05% Tween-20. 100 uL of TMB Ultra
containing the HRP substrate 3,3',5,5'-tetramethylbenzidine
(Pierce, Rockford, Ill.) was added to each well. After the
addition of this substrate, the color development was moni-
tored and the reaction was stopped with the addition of 100
ul/well 1M H,SO,. A,5, was measured on a microplate
reader (SpectraMax 190, Molecular devices, Sunnyvale,
Calif.).

Antigenicity of Influenza B HA Proteins Produced in E. coli

[0463] The ELISA data (FIG. 3) indicated that the antisera
recognized epitopes that were sensitive to reductant. Treat-
ment of proteins with reducing agents, which alter the
conformation of the proteins by the disruption of disulphide
bonds and, diminished reactivity of the antisera with the
proteins. The reactivity of STF2.HA1-2(Mal) total lysate
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non-reduced, STF2.HA1-2(SH) total lysate non-reduced and
STF2.HA1-1(Mal) total lysate non-reduced when main-
tained in the properly folded configuration was very good
and indicates that the conformation of the individual HA-
fusion proteins was comparable to that of the globular head
in the native HA protein. While the antiserum contains
conformationally sensitive antibodies and the reactivity
depends on correct disulfide bonding, it also contains anti-
bodies that are non-sensitive to disulfide bonding as dem-
onstrated by the residual activity which was observed in
both reduced and non-reduced conditions.

TLRS Bioactivity of STF2.HA (Influenza B) Proteins

[0464] The recombinant fusion proteins showed potency
which matched the results from the Capture ELISA indicat-
ing that refolded samples may be more active than the lysate
in its native form (FIGS. 4 and 5). The samples in the native
untreated form showed activity which were 2-fold less than
the refolded samples. These proteins were misfolded in the
native form and therefore require a refolding step to reinstall
the TLR-5 bioactivity. This activity was consistent with HA
activity in the Capture ELISA.

Example 5

Immunogenicity of Recombinant
Flagellin-Hemagglutinin Fusion Proteins
Representing Viral Strain A/Puerto Rico/8/34 in E.
coli

Materials and Methods

[0465] Animal studies: Female BALB/c mice (Jackson
Laboratory, Bar Harbor, Me.)) were used at the age of 6-8
weeks. Mice were divided into groups of 10 and received
inguinal subcutaneous (s.c) immunizations on days 0 and 14
as follows:

1) PBS (phosphate buffered saline).

2) 3 ug of STF2.4xM2e (SEQ ID NO: 94) in saline buffer
(10 mM Histidine, 10 mM Tris, 75 mM NaCl, 5% (vol/vol)
sucrose, 0.02% (w/v) Polysorbate-80, 0.1 mM EDTA, 0.5%
(v/v) ethanol, pH 7.2)

3) 30 pg of STF2.HAI-2(PR8) (SEQ ID NO: 90) in PBS

4) 3.0 ug of STF2.HA1-2(PR8) (SEQ ID NO: 90) in PBS
5) 0.3 pg of STF2.HAI-2(PR8) (SEQ ID NO: 90) in PBS
6) 0.03 pg of STF2.HA1-2(PR8) (SEQ ID NO: 90) in PBS

[0466] An additional group of five mice received an
experimentally determined sublethal challenge with 8x10*
egg infectious dosages (EID) PR/8/34 and were allowed to
convalesce for >21 days. These animals were then used as
immune convalescent positive controls during the challenge
studies (see below). Mice were bled on days 10 (primary)
and 21 (boost), and sera were clarified by clotting and
centrifugation and stored at -20° C.

[0467] Serum antibody determination: HA-specific IgG
levels were determined by ELISA. 96-well ELISA plates
(Costar (Cat #9018) Corning, N.Y.) were coated overnight at
4° C. with 100 pl/well HAOsHis protein (produced in
Drosophila) (SEQ ID NO: 176) in PBS (5 pg/ml). Plates
were blocked with 200 ul/well of Assay Diluent Buffer
(ADB; BD Pharmingen, (Cat#: 555213)(San Diego, Calif.)
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for one hour at room temperature. The plates were washed
three times in PBS+0.05% (v/v) Tween 20 (PBS-T). Dilu-
tions of the sera in ADB were added (100 pl/well) and the
plates were incubated overnight at 4° C. The plates were
washed three times with PBS-T. HRP-labeled goat anti-
mouse IgG antibodies (Jackson Immunochemical, West
Grove, Pa. (Cat#: 115-035-146)) diluted in ADB were added
(100 ul/well) and the plates were incubated at room tem-
perature for 1 hour. The plates were washed three times with
PBS-T. After adding TMB Ultra substrate (Pierce (Cat
34028), Rockford, Il1.)) and monitoring color development,
A,s, was measured on a Tecan Farcyte (Durham, N.C.)
microplate spectrophotometer.

[0468] MDCK whole cell ELISA: MDCK cells (ATCC
(Cat#t CCL-34) Manassas, Va.) were grown in 96-well
culture plates (BD (Cat 353075), Corning, N.Y.) in DMEM
complete medium containing 10% FCS at 37° C. for one to
two days or until cells were near confluence. Wells were then
incubated with 1x10° EID of PR/8/34 virus (50 pl) in
DMEM medium without FCS or medium alone (for unin-
fected controls).

[0469] Following a 60 minute incubation at 37° C., 200 pl
of complete medium was added to each well and plates were
incubated overnight at 37° C. The next day plates were
washed with PBS and fixed with 10% formalin at room
temperature for 10 minutes. Wells were washed three times
with PBS/0.1% BSA and blocked with 200 ul/well ADB
(BD Pharmingen, Cat# 555213), San Diego, Calif.) for one
hour at RT or overnight at 4° C. Serial dilutions of test sera
were added to the wells and incubated for one to two hours
at room temperature. Wells were washed and incubated with
HRP-conjugated goat anti-mouse IgG (Jackson Immu-
nochemical, Cat 115-035-146 (West Grove, Pa.) for 30
minutes at room temperature, followed by TMB Ultra sub-
strate (Pierce (Cat# 34028), Rockford, 111.) for two minutes
at room temperature. The reaction was stopped with the
addition of 25 pl of IN H,SO, and the OD, 5, was read using
a microplate spectrophotometer (FARCyte, Amersham,
Durham, N.C.).

Results and Discussion

[0470] Induction of HA-specific IgG response following
immunization with STF2.HA1-2(PR8) (SEQ ID NO: 90):
The immunogenicity of STF2.HA1-2 was examined by
immunizing BALB/c mice (10/group) subcutaneously on
day 0 and 14 with a dose range of STF2.HA1-2 (30, 3.0, 0.3,
or 0.03 pg). Control groups of mice were immunized with
PBS (negative control), 3 ug of STF2.4xM2e (SEQ ID NO:
94) (negative control for HA immunogenicity, positive con-
trol for lethal challenge efficacy study), or a sub-lethal
challenge with 8x10" EID of the influenza isolate PR/8/34 to
generate immune convalescent animals. HA-specific 1gG
responses were examined 7 days post boost (Day 21) by
ELISA. The results demonstrate that immunization with 30,
3 or 0.3 pg of STF2.HA1-2(PR8) induced consistent and
significant HAOsHis-specific (SEQ ID NO: 176) IgG
responses in a dose-dependent manner (FIG. 6).

[0471] Sera from BALB/c mice immunized with
STF2.HA1-2 (SEQ ID NO: 90) react with MDCK cells
infected with influenza virus: The direct ELISA results
above demonstrated that the immune sera from STF2.HA1-
2-immunized animals recognize recombinant Drosophila
expressed HAOsHis (SEQ ID NO: 176) corresponding to the
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PR/8/34 HA sequence. In order to demonstrate that the
anti-HA antibodies recognize native viral HA, the same sera
were examined for the ability to react with MDCK cells
infected with PR/8/34. The results shown in FIG. 7 demon-
strate that sera from mice immunized with 30, 3.0, or 0.30
ng of STF2.HA1-2 bound specifically to PR/8/34-infected
MDCK cells, indicating that the anti-HA antibodies elicited
by immunization with STF2.HA1-2 recognize HA in its
native conformation.

[0472] Collectively these results demonstrate that mice
immunized with STF2.HA1-2(PR8) (SEQ ID NO: 90) in
PBS, without conventional adjuvant or carrier, mounted
vigorous anti-HA responses that recognized recombinant
HA expressed in Drosophila and native viral HA expressed
on the surface of PR/8/34 infected MDCK cells in vitro.

Example 6

Efficacy of Recombinant Flagellin-Hemagglutinin
Fusion Proteins Representing Viral Strain A/Puerto
Rico/8/34

Materials and Methods

[0473] Influenza virus challenge of mice. To assess effi-
cacy, mice immunized as described in Example 5 were
challenged on day 28 by intranasal administration of an
LD, (dose lethal to 90% of mice) (8x10° EID) of influenza
Aisolate PR/8/34. Animals were monitored daily for 21 days
following the challenge for survival, weight loss and clinical
presentation. The % weight loss was calculated based on the
mean of ((Daily weight (g)/Initial weight (g) day 28)x100)
of each individual animal per group. Clinical scores were
assigned as follows: 4 pts=healthy, 3 pts=reduced grooming,
2 pts=reduced physical activity and 1 pt=moribund. (Experi-
mental results for clinical scores and weight loss reflect the
results based on surviving animals on the day evaluated).

[0474] Virus Titration and Determination of TCIDs,.

[0475] Cell preparation: MDCK cells (ATCC (Cat# CCL-
34), Manassas, Va.) were cultured in 100x20 mm culture
plates (BD (Cat# 353003) Corning, N.Y.) to 90-95% con-
fluency and the monolayer was dislodged by incubation with
trypsin-EDTA at 37° C./5% CO, for 20 minutes. The trypsin
was inactivated by the addition of DMEM cell culture
medium supplemented with 10% FBS, and the cell mono-
layer was scraped with a sterile spatula to complete detach-
ment of cells. The cell suspension was harvested and washed
twice with DMEM+10% FBS. Cells were resuspended in
DMEM+10% FBS and counted. The cell concentration was
adjusted to 4x10° cells/ml and 100 pl was added to each well
of'a 96-well tissue culture plate (BD (Cat# 353075), Corning
N.Y.). Plates were incubated at 37° C./5% CO, until con-
fluence reached 90-95%.

[0476] Viral titration: Influenza virus (strain A/Puerto
Rico/8/34 [PR/8]) was diluted to 1x10® EID in phenol
red-free DMEM4+0.1% BSA (fractionV  (Rockland
(Cat#tBSA-50) Gilbertsville, Pa.), and serial 5-fold dilutions
were prepared in 96-well plates using the same medium.
Monolayers of MDCK cells in 96-well plates, prepared as
described in herein, were washed by aspirating the culture
medium, replacing with 200 pl/well of 1xPBS, and aspirat-
ing the PBS. Serial 5-fold dilutions of influenza virus
prepared above were added to the washed monolayers in a
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volume of 100 pl/well. One row of wells was treated with
medium only as a control. The cells were incubated for 2
hours at 37° C./5% CO, to allow viral attachment and entry.
Wells were washed by aspiration, rinsing with 200 pl/well
PBS, and aspiration of the PBS. All wells received 100
ul/well phenol red-free DMEM+0.1% BSA and the plates
are incubated for 48 hours at 37° C./5% CO,.

[0477] Determination of cell viability: Following incuba-
tion with virus as described above, the medium was aspi-
rated from the wells and replaced with fresh medium con-
taining 40 pg/ml neutral red (Simga Aldrich (Cat# N2889)
St. Louis, Mo.). To determine maximum lysis, 2 ul lysis
solution (9% Triton X-100 in water, weight/vol) was added
to triplicate wells that were incubated with medium only.
Following a one hour incubation, the cells were fixed by the
addition of 100 pl/well 1% formaldehyde/1% CaCl, for 5
minutes at room temperature; this fix step was performed
twice in succession. The fix solution was aspirated and the
neutral red was released by the addition of 100 pl/well of
extraction medium (50% ethanol/1% acetic, acid).

[0478] The plate was incubated at room temperature for 20
minutes, with shaking for the final 2 minutes. The amount of
dye released was determined by measuring absorbance at a
wavelength of 540 nm using a microplate spectrophotom-
eter. Cell death (and hence, viral infectivity) was measured
as a decrease in the amount of dye released as compared to
media control. At the end of the incubation, the neutral red
assay was performed as described herein. The percentage
lysis of each serum dilution was calculated as:

% reduction=100x((sample-virus)/(med-virus))

[0479] where sample, max, and med refer to the absor-
bance values in wells representing experimental samples,
virus only, and medium only, respectively. The neutralizing
titer of each sample was defined as the dilution of serum
which resulted in a 50% reduction in viral infectivity.

[0480] Influenza A/PR/8/34 Neutralization Assay This
assay was adapted with modifications from WHO Manual
on Animal Influenza Diagnosis and Surveillance, p. 86-88
(WHO/CDS/CSR/NCS2002.5). The Neutral Red Assay is
adapted from a public protocol of the Cell Lab at Gettysburg
College  (http://www3.gettysburg.edu/~sorense/Cellab04/
neutralred.htm)

[0481] Specifically, MDCK (ATCC, Cat#{CCL 34),
Manassas, Va.) cells were plated in 96-well tissue culture
plates (BD (Cat 353075), Corning, N.Y.) as described above.
Test reagents (experimental and control Sera) were heat-
inactivated by incubating for 30 minutes in a water bath
heated to 56° C. Sera were serially titrated in 96-well plates,
in 3-fold dilutions in phenol red-free DMEM+0.1% BSA.
An equal volume of PR/8/34 virus diluted to 5x105/ml EID
in the same medium was added to each serum dilution to
achieve a final viral concentration of 2.5x10° EID/ml (The
pre-determined TCID., for our current stock of virus). Wells
containing medium only and virus only were included as
negative and positive controls, respectively. The plates were
incubated for 30 minutes at 37° C./5% CO,.

[0482] Cell monolayers prepared as described above (Cell
preparation) were washed once with 200 pl/well 1xPBS,
then 100 pl/well of serum:virus mixtures and control
reagents prepared as described above were added and incu-
bated for 2 hours at 37° C./5% CO,. Following incubation,
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cell monolayers were washed once with PBS, and 100
pl/well phenol red-free DMEM+0.1% BSA was added to
each well and incubated at 37° C./5% CO, for 48 hours. At
the end of the incubation, the neutral red assay was per-
formed as described above (Determination of cell viability).
The percentage lysis of each serum dilution was calculated
as described above. The neutralizing titer of each sample
was defined as the dilution of serum which results in a 50%
reduction in viral infectivity

Results and Discussion

[0483] Immunization with STF2.HA1-2(PR8) (SEQ ID
NO: 90) provides protection from a lethal challenge with
influenza A: The results from Example 5 demonstrated that
immunization of mice with STF2.HA1-2(PR8) (SEQ ID
NO: 90) generated an antibody response that recognized
native HA. In order to evaluate efficacy, the same mice were
challenged on day 28 with an LDy, (8x10° EID) of PR/8/34
virus administered intra-nasally. Mice were monitored daily
for 19 days following the challenge for survival, weight loss
and clinical presentation. As shown in FIGS. 8A, 8B, and
8C, PBS-immunized mice showed signs of infection (weight
loss and lower clinical scores) as early as three days post-
challenge and all mice died by day 21 post-challenge. In
contrast, mice immunized with 30, 3.0 or 03 pg of
STF2.HA1-2(PR8) (SEQ ID NO: 90) demonstrated mark-
edly enhanced protection. These animals demonstrated little
to no weight loss, significantly higher clinical scores and
100% survival that was similar to immune convalescent
control animals over the 21 day period. These results dem-
onstrate that E. coli-expressed STF2.HA1-2(PR8) (SEQ ID
NO: 90) induces HA-specific immune responses that suc-
cessfully protect BALB/c mice from a lethal challenge with
virulent influenza A virus in vivo.

[0484] In order to evaluate the effectiveness of the anti-
body response in vitro a cell-based virus neutralization assay
was developed to test the ability of immune sera to neutral-
ize viral infectivity. In this study the viral inhibitory activity
of serum from animals immunized with STF2. HA1-2(PRS)
(SEQ ID NO: 90) and STF2.HA1-1(PR8) (SEQ ID NO:
151) was examined. Serial dilutions of non-immune and
immune sera were pre-incubated with PR/8 and incubated
with MDCK cells. Wells were washed to remove free virus
and plates were incubated prior to staining with neutral red
to detect live cells. The results indicate that immune sera
from animals immunized with STF2.HA1-2(PR8) (SEQ ID
NO: 90) demonstrated a tissue culture inhibition 50% dose
(TCID) of >1:40 (FIG. 9).

Example 7

Immunogenicity of Recombinant
Flagellin-Hemagglutinin Fusion Proteins
Representing Viral Strain A/Viet Nam/1203/2004

Materials and Methods

[0485] Animal studies: Female BALB/c mice (Jackson
Laboratory, Bar Harbor, Me.) were used at the age of 6-8
weeks. Mice were divided into groups of 10 and received
inguinal s.c immunizations on days 0 and 14 as follows:

[0486] 1) PBS (phosphate buffered saline).

[0487] 2) 3.0 pg of STF2.HA1-2(PR8) (SEQ ID NO: 90)
in PBS
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[0488] 3)3.0ug of STF2.HA1-2(VN) (SEQ ID NO: 95) in
PBS

[0489] 4)0.3 ug of STF2.HA1-2(VN) (SEQ ID NO: 95) in
PBS

[0490] Mice were bled on day 21 and sera were clarified
by clotting and centrifugation and stored at —=20° C.

[0491] Serum antibody determination: HA and STF2-spe-
cific IgG levels were determined by ELISA. 96-well ELISA
plates (Costar (Cat#9018), Corning, N.Y.) were coated over-
night at 4° C. with 100 pl/well of HA protein purified from
Viet Nam/1203/2004 (BEI Resources (Cat #NR-660),
Manassas, Va.)) or recombinant flagellin (STF2) (SEQ ID
NO: 96) in PBS (5 png/ml). Plates were blocked with 200
ul/well of Assay Diluent Buffer (ADB; BD Pharmingen
(Cat#555213) San Diego, Calif) for one hour at room
temperature. The plates were washed three times in PBS
buffer containing 0.05% (v/v) Tween 20 (PBS-T). Dilutions
of the sera in ADB were added (100 pl/well) and the plates
were incubated overnight at 4° C. The plates were washed
three times with PBS-T. HRP-labeled goat anti-mouse IgG
antibodies (Jackson Immunochemical (Cat#115-035-146),
West Grove, Pa.) diluted in ADB were added (100 pl/well)
and the plates were incubated at room temperature for 1
hour. The plates were washed three times with PBS-T. After
adding TMB Ultra substrate (Pierce (Cat#34028), Rockford,
111.)) and monitoring color development, A5, was measured
on a Tecan Farcyte (Durham, N.C.) microplate spectropho-
tometer.

Results and Discussion

[0492] The immunogenicity of STF2.HA1-2(VN) (SEQ
ID NO: 95) was examined in BALB/c mice. Animals were
immunized s.c. on days O and 14 with 3 pg STF2.HAI-
2(PR8) (SEQ ID NO: 90), or 3 or 0.3 pg of STF2.HAI-
2(VN) (SEQ ID NO: 95). On day 21 animals were bled and
serum IgG responses to purified HA from A/Viet Nam/1203/
2004 (obtained from BEI Resources Cat# NR-660) and
recombinant flagellin (STF2; (SEQ ID NO: 96)) were exam-
ined by ELISA (FIGS. 10A and 10B). The results demon-
strate that serum from mice immunized with STF2.HA1-
2(VN) (SEQ ID NO: 95) exhibit antigen-specific reactivity
with purified HS protein from influenza A/Viet Nam/1203/
2004.

Example 8

Cloning, Expression, and Biochemical
Characterization of Recombinant
Flagellin-Hemagglutinin Fusion Proteins Produced
in Baculovirus

[0493] Cloning: Expression of HA and STF2.HA fusion
proteins was carried out using the Bac-to-Bac Baculovirus
Expression System (Invitrogen, Carlsbad, Calif.) according
to the manufacturer’s guidelines (FIG. 11). cDNAs encoding
HA and STF2.HA fusion proteins were cloned into the
pFastBac donor plasmid which was then used to transform
DH10Bac cells containing the bacmid and helper DNA.
Recombinant bacmid clones generated by homologous
recombination in DH10Bac were then identified by blue-
white screening on X-gal plates. The details of the cloning
procedure are given in the following paragraphs.
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[0494] Generation of vector cassettes: The pFastBac™]1
vector is compatible with the Bac-to-Bac® Baculovirus
Expression System (Invitrogen, Carlsbad, Calif.). This vec-
tor has a strong AcMNPV polyhedrin (PH) promoter for
high level protein expression and a large multiple cloning
site for simplified cloning. pFastBac™1 is a non-fusion
vector (i.e. no fusion tags are present in the vector).

[0495] To ensure proper expression of recombinant pro-
tein, the insert must contain an ATG start codon for initiation
of translation and a stop codon for termination of translation.
In order to facilitate cloning of flagellin in fusion with
several truncations of the HA gene, two plasmid cassettes
were engineered: pFB-STF2BIp.wt (SEQ ID NO: 97) and
pFB-STF2Blp.ng (SEQ ID NO: 98). In the latter, the puta-
tive glycosylation sites in the flagellin (STF2) gene were
obliterated by substituting Gln (Q) for Asn (N). Potential
glycosylation sites were determined using the consensus
sequence for N-glycosylation N-X-S/T: N residue followed
by any residue by S or T in the third position.

[0496] In the certain locations, residues 40, 122, 215, 237,
414, 478, and 497 of the STF2 gene (SEQ ID NO: 212) the
N residue was incorporated as a Q substitution. Constructs
which harbor these mutations and in which the proteins are
not likely to be modified by sugars are designated as
non-glycosylated (ng) mutants. Similarly, glycosylation
mutations were introduced in HAOs gene at positions 11, 23,
268, 286 and 480 (SEQ ID NO: 23). Both vector constructs
(pFB-STF2BIp.wt and pFB-STF2Blp.ng) harbor a silent
mutation at nucleotides 5'-GTGCTGAGCCTGTTACGT-3'
(SEQID NO: 310) (nt 1501 to 1518) of STF2 (SEQ ID NO:
212) creating a unique Blpl in the plasmid cassette. Each
cassette contains the honey bee melittin (HBM) sequence
(SEQ ID NO: 99) fused at the amino terminus of STF2 to
provide a signal for secretion. Both plasmids were codon-
optimized for expression in B Baculovirus (Midland Certi-
fied Reagent Co., Inc, Midland, Tex.; DNA2.0 Inc, Menlo
Park, Calif.). The synthetic genes were excised with BamHI
or Bglll and Sphl and cloned into pFastBac™ 1 vector by
compatible end ligation generating the pFB-STF2Blp.wt and
pFB-STF2BIp.ng cassettes.

[0497] Flagellin-HA fusion constructs: Subunits of the HA
globular head from influenza strains A/Puerto Rico/8/34,
A/Viet Nam/1203/2004, A/Indonesia/2005 and A/New Cal-
cdonia/12/99 were expressed alone or genetically fused to
flagellin (STF2) (SEQ ID NO: 178) and expressed in Bacu-
lovirus. This was accomplished by one of three methods.

[0498] Method #1: To generate reagents for ELISA,
HA1-1 subunits of PR8, VN, IND and NC strains (Tables 7
and 8) were cloned into pFASTBac™1, generating
pFB.HAI1-1 that harbors a hexa-his tag. This was achieved
by employing PCR with a set of primers as indicated in the
Tables below and with a synthetic codon-optimized HAOs
gene (HA excluding the signal sequence and extracellular
domain) as DNA template (DNA2.0 Inc., Menlo Park,
Calif.). The PCR fragments were digested with BglIl and
Sphl and inserted into pFastBac™1 that has previously been
treated with Bglll and Sphl enzymes followed by BAP
treatment. In order to generate a flagellin-HA subunit fusion,
the PCR product was digested with Blpl, and ligated by
compatible ends to pFB-STF2BIp.wt.

[0499] Method #2: In this protocol, codon-optimized HA
subunit genes representing both the wt and non-glycosylated
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forms were chemically synthesized (DNA2.0 Inc., Menlo
Park, Calif.). The genes were excised with Blpl and Sphl
enzymes and the fragment gel purified and ligated to pFB-
STF2Blp.wt or the non-glycosylated version, pFB-
STF2Blp.ng previously digested with Blpl and Sphl and
BAP treated. In each case, the ligation mix was used to
transform TOP10 cells and transformants were screened by
PCR and DNA sequencing to confirm the presence and
correct orientation of the inserts. The constructs were used
to transform MAX Efficiency® DH10Bac™ competent E.
coli (Invitrogen, Carlsbad, Calif.) to generate a recombinant
bacmid. The colonies of bacteria were screened for positive
bacmids by blue/white selection on plates containing 50
ng/ml kanamyecin, 7 pg/ml gentamycin, 10 pg/ml tetracy-
cline, 40 pg/ml IPTG and Bluo-Gal (40 ng/mL). Recom-
binant bacmid DNA was prepared and used to transfect the
insect cell line of choice (Sf9 or Sf21 cells) to generate a
recombinant Baculovirus. The baculoviral stock was then
amplified and titered and used to infect High Five insect
cells to express the recombinant protein.

TABLE 7

PR8 HA constructs for expression in Baculovirus

FOR REV DNA

Primer Primer Template
SEQ  Construct SEQ SEQ SEQ

ID NO: (His tag) Method ID NO: ID NO: ID NO:
100 STF2.HAOs #1 101 102 103
104 STF2.HAI-1 #1 105 106 103
107 STF2.HAIL-2 #1 108 109 103
110 STF2.HA1l-2mut #2 N/A N/A 111
112 STF2.HA1-3 #1 113 114 103
115 STF2.HA1-3mut #2 N/A N/A 116
117 ngSTF2.HAOs #2 N/A N/A 118
119 ngSTF2.HAI-1 #2 N/A N/A 120
121  ngSTF2.HA1-2 #2 N/A N/A 122
123 ngSTF2.HA1l-2mut #2 N/A N/A 124
125 ngSTF2.HA1-3 #2 N/A N/A 126
127  ngSTF2.HA1l-3mut #2 N/A N/A 128
129  wtSTF2.HAl-1ng #2 N/A N/A 130
131  ngSTF2.HAl-1wt #2 N/A N/A 132
133 HAI-1 #1 134 135 136
137 HAI-1 (no tag) #1 134 138 136

[0500]

TABLE 8

NC, VN and NC HA constructs for expression in Baculovirus

FOR REV DNA
Primer Primer  Temlate
SEQ  Construct SEQ SEQ SEQ
ID NO: (his tag) Method ID NO: ID NO: ID NO:
139 HA1-1(NC) #1 140 141 142
143 HAL-1(VN) #1 144 145 146
147 HA1-1(IND) #1 148 149 150

[0501] Protein Expression: Spodoptera frugiperda (S19)
insect cells were cultured in Grace’s Insect Cell Medium
(Invitrogen; Carlsbad, Calif.). Recombinant bacmids were
purified from DH10Bac clones and transfected into Sf9 cells
using Cellfectin (Invitrogen; Carlsbad, Calif.) to generate
passage one (P1) Baculovirus stocks which were then titered
by traditional plaque assay according to the manufacturer’s
guidelines. Subsequent infections of Sf9 cells were per-
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formed using P1 viral stocks at a multiplicity of infection
(MOI) of 0.1 to produce larger volume P2 viral stocks with
increased viral titers. Cultures expressing the following
proteins were scaled up for protein purification:
ngSTF2.HA(PRS)1-2mutHis (SEQ ID NO: 156);
ngSTF2.HA(PRS)1-1His (SEQ ID  NO: 152,
STF2.HA(PR8)1-1His (SEQ 1D NO: 151);
STF2.HA(PR8)1-2His (SEQ ID NO: 153); STF2.HAI-
2mutHis (SEQ ID NO: 155); HA(PRS8)1-1His (SEQ ID NO:
179) HA(VN)1-1His (SEQ ID NO: 180); HA(IND)1-1His
(SEQ ID NO: 181); HA(NC)1-1His (SEQ ID NO: 182).
Protein expression was performed by infecting 2x1 L flasks
of High-5 insect cells with P2 virus at an MOI of 2 and
culturing for 24 hrs at 28° C. with slow shaking. Condi-
tioned medium was harvested by centrifugation and clarified
by passing through a 0.22 pm filter and stored at 4° C.

[0502] Protein Purification: NiSO, was added to each
clarified supernatant to a final concentration of 0.5 mM and
the pH adjusted to 8.0. The Hiss-tagged protein was then
captured on a chelating sepharose column (GE/Amersham
Biosciences; Piscataway, N.J.) charged with NiSO, and
equilibrated in Buffer A (20 mM Tris, pH 8.0, 0.5 M NaCl).
After washing with Buffer A the bound protein was eluted
with Buffer B (Buffer A+0.5 M imidazole). Peak fractions
were pooled, dialyzed overnight into Buffer A and applied to
a nickel NTA column (Sigma-Aldrich; St. Louis, Mo.). The
column was eluted with a 5-column volume gradient from
100% Buffer A to 100% Buffer B. Peak fractions were
pooled and dialyzed into 1xTBS, pH 8.0.

[0503] SDS-PAGE and western blot analysis: Protein
identity was determined, and purity estimated, by SDS-
PAGE. An aliquot of 5 pg of each sample was diluted in
SDS-PAGE sample buffer with or without 100 mM DTT as
a reductant. The samples were boiled for 5 minutes and
loaded onto a 10% SDS polyacrylamide gel (LifeGels;
French’s Forrest, New South Wales, AUS) and electrophore-
sed. The gel was stained with Coomassie R-250 (Bio-Rad;
Hercules, Calif.) to visualize protein bands. For western
blot, 0.5 pg/lane total protein was electrophoresed as
described above and the gels were then electro-transfered to
a PVDF membrane and blocked with 5% (w/v) dry milk
before probing with anti-flagellin antibody (Inotek; Beverly,
Mass.), anti-His, antibody (Invitrogen; Carlsbad, Calif.), or
influenza A PR/8/34 convalescent immune serum (described
below under Protein Antigenicity ELISA). After probing
with alkaline phosophatase-conjugated secondary antibod-
ies (Pierce; Rockford, Ill.), protein bands were visualized
with an alkaline phosphatase chromogenic substrate
(Promega; Madison, Wis.).

[0504] Protein assay: Total protein concentration was
determined using the Micro BCA (bicinchoninic acid) Assay
(Pierce; Rockford, IIl.) in the microplate format, using
bovine serum albumin as a standard, according to the
manufacturer’s instructions.

[0505] Endotoxin assay: Endotoxin levels were deter-
mined using the QCL-1000 Quantitative Chromogenic LAL
test kit (Cambrex; E. Rutherford, N.JI.), following the manu-
facturer’s instructions for the microplate method.

[0506] TLRS bioactivity assay: HEK293 cells constitu-
tively express TLRS, and secrete several soluble factors,
including IL.-8, in response to TLRS signaling. Cells were
seeded in 96-well microplates (50,000 cells/well), and the
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following test proteins were added and incubated overnight:

ngSTF2.HA(PRS)I-2mutHis  (SEQ 1D NO:  156);
ngSTF2.HA(PRS)I-1His (SEQ ID NO:  152);
STF2.HA(PR)1-1His (SEQ ID  NO:  151);

STF2.HA(PR8)1-2His (SEQ ID NO: 153); STF2.HAI-
2(PR8)mutHis (SEQ ID NO: 155) The next day, the condi-
tioned medium was harvested, transferred to a clean 96-well
microplate, and frozen at —20° C. After thawing, the con-
ditioned medium was assayed for the presence of IL.-8 in a
sandwich ELISA using an anti-human I[-8 matched anti-
body pair (Pierce; Rockford, Ill., #M801E and #M802B)
following the manufacturer’s instructions.

[0507] Protein antigenicity ELISA: The following con-
structs purified from Baculovirus culture were evaluated by
ELISA to determine whether the proteins displayed correctly
folded epitopes of HA: ngSTF2.HA(PR8)1-2mutHis (SEQ
ID NO: 156); ngSTF2.HA(PR8)1-1His (SEQ ID NO: 152);
STF2.HA(PR8)1-1His (SEQ 1D NO: 151);
STF2.HA(PR8)1-2His (SEQ ID NO: 153); STF2.HAI-
2mutHis (SEQ ID NO: 155); and HA(PR8)1-1His (SEQ ID
NO: 179). 96-well ELISA plates were coated overnight at 4°
C. with serial dilutions in PBS (100 ul/well) of each target
protein starting at 5 pug/ml. Plates were blocked with 200
ul/well of Assay Diluent Buffer (ADB; BD Pharmingen) for
one hour at room temperature, then washed three times in
PBS-T. A fixed dose of primary antibody was then added to
each well. To assay HA reactivity, 100 pl/well of a 1:10,000
dilution of non-immune or PR/8/34 convalescent immune
serum in ADB was added. PR/8/34 immune serum was
generated in BALB/c mice (Jackson Laboratory, Bar Har-
bor, Me.) that received an experimentally determined sub-
lethal challenge dose of 8x10' egg infectious dosages (EID)
of PR/8/34 influenza virus. Animals were then allowed to
convalesce for >21 days post-infection at which time
immune serum was isolated and clarified.

[0508] For ELISA of flagellin or the 6x histidine tag,
monoclonal antibody against 6x His (Invitrogen; Carlsbad,
Calif.), or flagellin (Inotek; Beverly, Mass.) was added at 1
ng/ml in ADB (100 pl/well) and the plates were incubated
for 1 hr at room temperature or overnight at 4° C. The plates
were then washed three times with PBS-T. HRP-labeled goat
anti-mouse IgG antibodies (Jackson Immunochemical; West
Grove, Pa.) diluted in ADB were added (100 pl/well) and the
plates were incubated at room temperature for 1 hour. The
plates were washed three times with PBS-T. After adding
TMB Ultra substrate (Pierce; Rockford, I11.) and monitoring
color development, A,;, was measured on a microplate
spectrophotometer (FARCyte, GE/Amersham; Piscataway,
N.I).

Results and Discussion

[0509] Expression and purification of recombinant HA
proteins: The results of Baculovirus expression of recombi-
nant STF2.HA fusion proteins are summarized in Table 9.
All proteins were expressed in moderate to high yield. Purity
after metal chelate chromatography was generally good and
endotoxin levels were far below the acceptable limit of 0.1
EU/ug. All STF2 fusion proteins demonstrated potent in
vitro TLRS activity.
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TABLE 9

TLR

Purity activity

SEQ Yield est. Endotoxin (ECs,,

Protein ID NO: (mg) (%) (EU/ug)  ng/ml)
STF2.HA1-1His(PR8) 151 12 >80 0.01 3
ngSTF2.HA1-1His(PRS) 152 24 >90 <0.01 30
STF2.HA1-2His(PR8) 153 13.2 >90 <0.01 9
STF2.HAl- 155 25 >95 <0.01 900

2mutHis(PR&)

ngSTF2.HAL- 156 6 >90 0.01 9

2mutHis(PR&)

[0510] STF2.HA proteins for Baculovirus expression were
engineered with and without N-linked glycosylation sites in
order to determine the effect of this posttranslational modi-
fication on protein expression, folding, and biological activ-
ity. ngSTF2.HA1-2.mutHis(PR8) (SEQ ID NO: 156), which
is non-glycosylated, appears to be expressed at a lower level
in Baculovirus supernatants than the corresponding glyco-
sylated protein, suggesting that glycosylation may influence
the folding or secretion of this protein. However, the gly-
cosylated and non-glycosylated versions of this protein
appear to react equally with convalescent antiserum from
influenza PR8-infected mice when analyzed by western blot.
Furthermore, ngSTF2.HA1-1His(PR8) (SEQ ID NO: 152)
expressed at higher levels than its glycosylated counterpart,
indicating that any effect of glycosylation on expression of
these proteins may not be easily generalized.

[0511] In addition to the proteins expressed and purified at
large scale, small-scale Baculovirus P1 supernatants of
STF2.HA1-3His(PR8) (SEQ ID NO: 157) and STF2.HA1-
3mutHis(PR8) (SEQ ID NO: 158) were analyzed for HA
antibody reactivity. As seen with the STF2.HA1-3(PRS)
protein (SEQ ID NO: 92) expressed in E. coli (See Example
#4), these proteins showed very poor reactivity with PR8
convalescent mouse serum on western blots of conditioned
medium. This result further confirms that STF2.HAI1-3
proteins, whether expressed in a prokaryotic or eukaryotic
host, are unable to fold properly and display native epitopes.

[0512] Antigenicity: Several STF2.HA proteins produced
in Baculovirus and E. coli were analyzed by ELISA. All
STF2 fusion proteins reacted equally well with anti-flagellin
antibody (Inotek; Beverly, Mass.), demonstrating equal pro-
tein loading in the assay. Proper folding and display of
antibody epitopes in STF2.HA fusion proteins was then
examined by measuring reactivity of each protein with
antisera from mice which had recovered from PR/8/34
influenza infection. Reactivity with PR/8/34 convalescent
mouse serum was equivalent for Baculovirus-expressed
STF2.HA1-1His(PR8) (SEQ ID NO: 151), ngSTF2.HA1-
1His(PR8) (SEQ ID NO: 152), and ngSTF2HAI-2mutH-
is(PR8) (SEQ ID NO: 156), and E. coli-expressed
STF2.HA1-2(PR8) (SEQ ID NO: 90) (sece Example #4).
Thus, serum antibody recognition of the HA head domain
may be focused on a region encompassed by the HA1-2
construct. Further, in vitro refolding of STF2.HA1-2 (SEQ
ID NO: 90) produced in E. coli results in a protein with
equivalent immune reactivity (and therefore similar folded
conformation) to a protein processed and secreted from a
eukaryotic host (Baculovirus). In addition, serum antibody
recognition of the HA head domain may not appear to be
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dependent on glycosylation and, at least for PR/8/34 HA,
may not be negatively affected by glycosylation. HAs
(hemaglutinins) from different influenza strains have vari-
able patterns of N-linked glycosylation. (glycosylation may
negatively affect immune recognition of other HAs. Serum
antibody recognition of HA may be unaffected by N-glyco-
sylation. It is possible glycosylation may otherwise influ-
ence the effectiveness, such as the half-life of a vaccine.

Example 9

Immunogenicity and Efficacy of Recombinant
Flagellin-Hemagglutinin Fusion Proteins Produced
in Baculovirus

Material and Methods

[0513] Animal studies: Female BALB/c mice (Jackson
Laboratory, bar Harbor, Me.) were used at the age of 6-8
weeks. Mice were divided into groups of 10 and received
inguinal subcutaneous immunizations on days 0 and 14 as
follows:

1) PBS (phosphate buffered saline).

2) 3 ug of STF2.HA1-2(PR8) E. coli (SEQ ID NO: 90) in
PBS

3) 3 pg of STF2.HA1-1(PR8) Baculovirus (SEQ ID NO:
151) in PBS

4) 3 ug of ngSTF2.HA1-1(PR8) Baculovirus (SEQ ID NO:
152) in PBS

5)0.3 pg of ngSTF2.HA1-1(PR8) Baculovirus (SEQ ID NO:
152) in PBS

6) 3 ng of STF2.HAI-1(PR8) E. coli (SEQ ID NO: 89) in
PBS

7)0.3 ug of STF2.HA1-1(PR8) E. coli (SEQ ID NO: 89) in
PBS

[0514] Mice were bled on days 10 (primary) and 21
(boost), and sera were clarified by clotting and centrifuga-
tion and stored at —-20° C. Immunized animals were chal-
lenged on day 28 with an LDy, (8x10> EID) of PR/8/34 virus
administered intranasally (See Example 6). Mice were
monitored daily for 21 days following the challenge for
survival, weight loss and clinical presentation.

[0515] Serum antibody determination: HA-specific IgG
levels were determined by ELISA. 96-well ELISA plates
(Costar (Cat#9018), Corning, N.Y.) were coated overnight at
4° C. with 100 pl/well HAOsHis protein produced in Droso-
phila (SEQ ID NO 176) in PBS (5 pg/ml). Plates were
blocked with 200 pl/well of Assay Diluent Buffer (ADB; BD
Pharmingen (Cat¥# 555213), San Diego, Calif.) for one hour
at room temperature. The plates were washed three times in
PBS containing 0.05% Tween-20 (PBS-T). Dilutions of the
sera in ADB were added (100 pl/well) and the plates were
incubated overnight at 4° C. The plates were washed three
times with PBS-T. HRP-labeled goat anti-mouse IgG anti-
bodies (Jackson Immunochemical (Cat# 115-035-146))
diluted in ADB were added (100 pl/well) and the plates were
incubated at room temperature for 1 hour. The plates were
washed three times with PBS-T. After adding TMB Ultra
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substrate (Pierce (Cat# 34028), Rockford, Pa.) and moni-
toring color development, A,;, was measured on a Tecan
Farcyte (Durham, N.C.) microplate spectrophotometer.

Results and Discussion

[0516] Immunogenicity and efficacy of STF2.HAI-
1(PR8) expressed in F. coli and Baculovirus: BALB/c mice
were immunized s.c. with 3.0 or 0.3 pg of indicated recom-
binant fusion proteins on days 0 and 14. On day 21 mice
were bled and HA-specific IgG titers were examined by
ELISA against HAOsHis (SEQ ID NO 176) expressed in
Drosophila. FIGS. 12A,12B shows the proteins induced
varying levels of HA-specific IgG with ngSTF2.HAI1-
1(PR8) (SEQ ID NO: 152) inducing the strongest response
similar to that observed in animals immunized with
STF2.HA1-2(PR8) expressed in E. coli (SEQ ID NO: 90).
Interestingly, animals immunized with STF2.HA1-1(PRS)
containing the intact glycosylation sequences expressed in
Baculovirus (SEQ ID NO: 151) elicited little to no detect-
able antibody responses to HA or flagellin, in marked
contrast to that observed in animals similarly immunized
with STF2.HA1-1(PR8) where the consensus glycosylation
sequences had been removed (SEQ ID NO: 152).

[0517] The immunized mice were challenged on day 28
with an LDy, (8x10® EID) of PR/8/34 virus administered
intranasally. Mice were monitored daily for 21 days follow-
ing the challenge for survival, weight loss and clinical
presentation. As shown in FIGS. 13A, 13B, 13C, PBS-
immunized mice showed signs of infection (weight loss and
lower clinical scores) as early as three days after challenge
and died by day 21, while mice immunized with 3.0 pug of
recombinant STF2.HA1-2(PRS8) (SEQ ID NO: 90) fusion
protein demonstrated enhanced protection with little to no
observable clinical signs of infection or weight loss.
Although animals immunized with STF2.HA1-1 fusion pro-
teins demonstrated significantly higher efficacy than animals
immunized with PBS alone, these animals demonstrated
lower efficacy in terms of survival, clinical scores and
overall weight loss, compared to animals receiving
STF2.HA1-2(PR8) (SEQ ID NO: 90). These results dem-
onstrate that HA subunits linked to STF2 in Baculovirus are
immunogenic and efficacious, and suggest that STF2.HA1-1
(SEQ ID NO: 89) expressed in E. coli or Baculovirus is less
immunogenic and efficacious than STF2.HA1-2 expressed
in E. coli(SEQ ID NO: 90) or Baculovirus.

Example 10

Purification of STF2.HA1-2 (IND) (SEQ ID NO:
159)

Materials and Methods

[0518] Cell banking: E. coli cells engineered to express
STF2.HA1-2(IND) (SEQ ID NO: 159) were adapted to
culture in proprietary MRSF media, banked as glycerol
stocks in 1 mL aliquots, and stored at —70° C.
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MRSF media, pH 7.0

Composition g/L
Glucose 10
KH,PO, 7.8
(NH,),S04 2.33
Citric Acid 1.0
MgSO,4(7H,0) 1.0
CaCl, 0.04
Trace Metals 1 ml
Thiamine HCI 0.01
Kanamycin 0.0075

[0519]

Trace Metal Solution 1000x

Component g/l
EDTA, disodium 5
FeSO,(7H,0) 10
ZnS0,4(7TH,0) 2
MnSO,(H,0) 2
CoCL,(6H,0) 0.2
CuSO,(5H,0) 0.1
Na,Mo0,4(2H,0) 0.2
H3BO,; 0.1
H,0 1000 ml

[0520] Cell scale-up: Two vials (2 ml, banked in MRSF
media) of E. coli cells engineered to express STF2.HA1-2
(IND) (SEQ ID NO: 159) were retrieved from -70° C. and
inoculated into 500 ml of MRSF medium. The cells were
expanded by incubation at 37° C. for 11.5 hours, at which
time the OD,, was 3.2. The cell scale up provided biomass
to inoculate the production bioreactor used in the fermen-
tation.

[0521] Fermentation: A 250 mL aliquot of scaled up cells
was used to inoculate a 12 L working volume bioreactor
containing 10 L of proprietary MRBR media. The culture
was incubated with constant stirring while maintaining pH at
7.0£0.1, temperature at 30+0.1° C., and dissolved oxygen
(DO) at no less than 30%, and was run in batch mode until
the glucose was exhausted. Glucose exhaustion is indicated
by a sudden decrease in O, demand, and confirmed by
measurement of glucose concentration on a YSI 2700 Select
glucose meter. The ODy,, for the culture at this time was
20.1 AU.

[0522] Thirty minutes after glucose exhaustion, propri-
etary feed media was pumped into the bioreactor at a
controlled rate until 2 L of feed was added. The incubation
continued for 5.5 hours under glucose-limiting conditions.
At an ODg,, of 34 AU, protein expression in the culture was
induced by the addition of IPTG to a final concentration of
2 mM and incubation with constant stirring for 2 hours. At
the conclusion of the induction period, cells were harvested
by centrifugation in an Avanti JP-20 XP centrifuge for 20
minutes at 10,000 g. The final ODy, for the culture was 58
AU and the total protein concentration as determined by
BCA was 6.73 mg/mL. 1.16 kg of cell paste was recovered
from 10.8 L harvest and frozen at -20° C. The total
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bioreactor run time was 17 hours. STF2.HA1-2 (IND) (SEQ
ID NO: 159) production was confirmed by SDS PAGE.

MRBR Media, pH 7.0

Composition g/L
Glucose 20
KH,PO, 2.2
(NH,),S0, 4.5
Citric Acid 1.0
MgSO,4(7H,0) 1.0
CaCl, 0.04
Trace Metals 1 ml
Thiamine HCI 0.01
Antifoam 0.05
Kanamycin 0.0075

[0523]

Feed media, pH 6.0 - additions to

MRBR media (2 L final volume)
Composition g/L
Glucose 160
KH,PO, 5.6
DL-Alanine 50.0
Citric Acid 3.0
MgSO,4(7H,0) 1.0 (added as 78 g/L solution)
CaCl, 2.5 (added as 80 g/L solution)
Trace Metals 24 ml
FeSO, TH,O 0.75

[0524] Cell disruption and clarification: The cell paste was
thawed and resuspended into a 15% suspension of 50 mM
Tris, 25 mM NaCl, pH 8. The slurry was homogenized in an
APV 1000 homogenizer three times at 12,000 psi. The lysate
was adjusted to pH 4.0 by the addition of acetic acid and
centrifuged to separate soluble from insoluble material.
STF2.HA1-2 (IND) (SEQ ID NO: 159) along with most
other proteins partition to the insoluble fraction. The soluble
material was discarded and the insoluble material (pellet)
was dissolved in two times the initial lysate volume of 50
mM acetate, 1% TritonX-100, 8 M Urea, pH 4. After mixing
in the homogenizer at 0 psi, the sample was centrifuged and
the supernatant was collected, filtered, and stored at 4° C.
The presence of STF2.HA1-2 (IND) (SEQ ID NO: 159) in
the proper phases (precipitate or supernatant) was confirmed
by SDS PAGE.

[0525] Cation exchange chromatography (CEX): The
clarified material was applied to a 50 ml Poros 50HS
column. This step was designed to reduce the endotoxin
concentration, reduce the nucleic acid concentration and
increase the STF2.HA1-2 (IND) (SEQ ID NO: 159) purity
of the eluate as compare to the load. After loading, the
column washed with five column volumes of 50 mM acetate,
1% Triton X-100, 8 M Urea, pH 4 followed by 10 column
volumes of 50 mM acetate, 8 M Urea, pH 4. The protein was
eluted in a 0-100% gradient to 1 M NaCl. The target protein
eluted at approximately 300 mM NaCl. The major peak
(eluate) was pooled and stored at 4° C. The presence of
STF2.HA1-2 (IND) (SEQ ID NO: 159) in the elution was
confirmed by SDS PAGE. STF2.HA1-2 (IND) (SEQ ID NO:
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159) purification across this step was determined by com-
paring the number and intensity of protein bands in the load
material to those in the elution.

[0526] Endotoxin removal in cation exchange chromatog-
raphy (CEX): Endotoxin is removed from -eluting
STF2.HA1-2 (IND) (SEQ ID NO: 159) with the 50 mM
acetate, 1% Triton X-100, 8 M Urea, pH 4 wash and with
proper elution conditions. This was tested using
STF2.HA1-2 (VN) (SEQ ID NO: 95) Comparing two sepa-
rate cation exchange runs (Toso SP650M resin) with and
without the 50 mM acetate, 1% Triton X-100, 8 M Urea, pH
4 wash (ER wash vs. no ER wash), the endotoxin concen-
tration in the ER wash elution at 150 mM NaCl shows
significantly less endotoxin concentration that the 250 mm
NaCl elution from the same run, or in either of the elutions
without the 50 mM acetate, 1% Triton X-100, 8 M Urea, pH
4 wash.

Elution

(mM [Endotoxin] ~ [Endotoxin] [protein] by uv
Run NaCl) (EU/mL) (EU/mg)  BCA (g/L) 280/260
Load N/A 4.4 x 10° 1.8 x 10°¢ 2.39 —
No 100 7.9 x 108 4.2 x 10¢ 1.44 1.05
ER 250 8.0 x 10¢ 4.1 x 10 1.12 276
wash
ER 150 5,112 2,888 1.77 0.982
Wash 250 24,440 N/A N/A 0.545

[0527] Refolding: The CEX eluate was dialyzed against
50 mM Tris, 8 M Urea, pH 8 buffer, and refolded by rapid
dilution into 10 volumes of 50 mM Tris, pH 8.

[0528] Anion Exchange Chromatography (AEX): The
refolded protein was applied to a 25 ml GE Source Q
column. This step is designed to separate properly folded
STF2.HA1-2 (IND) (SEQ ID NO: 159) from aggregates and
host cell proteins and to reduce the endotoxin concentration
of the eluate as compared to the load. After loading, the
column washed with five column volumes of 50 mM Tris, 25
mM NaCl, pH 8. The protein was eluted in a 0-100%
gradient to 1 M NaCl. A peak enriched for properly folded
STF2.HA1-2(IND) (SEQ ID NO: 159) with low endotoxin
(1.7 EU/mL) eluted at approximately 150 mM NaCl. A
second peak eluting at approximately 170 to 270 mM NaCl
contains other proteins including STF2.HA1-2 (IND) (SEQ
ID NO: 159) aggregates. Fractions in first peak were pooled
at stored at 4° C. Fractions from the first peak were kept for
further processing. The presence of STF2.HA1-2 (IND)
(SEQ ID NO: 159) in the first and second elutions was
confirmed by SDS PAGE. STF2.HA1-2 (IND) (SEQ ID NO:
159) purification across this step was determined by com-
paring the number and intensity of protein bands in the load
material to those in the elution.

[0529] Preparative size exclusion chromatography (SEC):
The AEX eluate was run on a 320 ml SEC column in 2x5 mL
fractions against TBS. This step is designed to separate
correctly folded STF2.HA1-2 (IND) (SEQ ID NO: 159)
from other proteins. Each run resulted in elution of a single
major peak which was collected, pooled, and filtered
through a 0.22 pm filter. The product was stored at —=70° C.

[0530] The presence of STF2.HA1-2 (IND) (SEQ ID NO:
159) in the elution was confirmed by SDS PAGE.
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STF2.HA1-2 (IND) (SEQ ID NO: 159) purification across
this step was determined by comparing the number and
intensity of protein bands in the load material to those in the
elution. The final material profile on SDS PAGE is a strong
single band.

Results and Discussion

[0531] Final characterization of protein: Recombinant
STF2.HA1-2(IND) (SEQ ID NO: 159) protein was
expressed in E. coli and purified to homogeneity. The final
product was formulated in 1xTBS (27.7 mM Tris, 2.7 mM
KCl, 137 mM NaCl, pH 7.4; made from 10x stock, Teknova
catalog #19530) and stored at —70° C. in aliquots of 1.0 ml.
The final yield was 15.75 ml (45 ml at a concentration of
0.35 mg/ml), with an endotoxin level of 1.1 EU/mg protein
as determined by the LAL method. The protein retained
TLRS biological activity as measured in a cell-based assay
of cytokine release

[0532] SDS-PAGE: Protein identity was determined, and
purity estimated, by SDS-PAGE. An aliquot sample was
diluted in SDS-PAGE sample buffer and diluent. The
samples were boiled for 5 minutes and loaded onto a 4 to
12% SDS polyacrylamide gel (Invitrogen NuPage) and
electrophoresed. The gel was stained with Coomassie R-250
to visualize protein bands. Positive results for STF2.HA1-2
(IND) (SEQ ID NO: 159) were indicated by a band at about
75 kDa as compared to BioRad precision plus standards run
on the same gel. Purity is estimated by visually comparing
the intensity of the STF2.HA1-2 (IND) (SEQ ID NO: 159)
band to all other bands.

[0533] TLRS bioactivity assay: HEK293 cells constitu-
tively express TLRS, and secrete several soluble factors,
including IL.-8, in response to TLRS signaling. Cells were
seeded in 96-well microplates (50,000 cells/well), and test
proteins were added and incubated overnight. The next day,
the conditioned medium was harvested, transferred to a
clean 96-well microplate, and frozen at -20° C. After
thawing, the conditioned medium was assayed for the pres-
ence of IL-8 in a sandwich ELISA using an anti-human IL.-8
matched antibody pair (Pierce, #M801E and #M802B) fol-
lowing the manufacturer’s instructions. Optical density was
measured using a microplate spectrophotometer (FARCyte,
Amersham).

[0534] Endotoxin assay: Endotoxin levels were deter-
mined using the QCL-1000 Quantitative Chromogenic LAL
test kit (Cambrex), following the manufacturer’s instruc-
tions for the microplate method.

[0535] Protein assay: Total protein concentration was
determined using the Micro BCA (bicinchoninic acid) Assay
(Pierce) in the microplate format, using bovine serum albu-
min as a standard, according to the manufacturer’s instruc-
tions.

[0536] UV280/260 assay: This assay is a measure of the
nucleic acid concentration in a sample as compared to the
protein concentration. The absorbance maximum occurs at
approximately 260 nm for nucleic acids, while the absor-
bance maximum occurs for proteins at approximately 280
nm. A higher ratio between the absorbance at 280 nm versus
the absorbance at 260 nm indicates a sample enriched in
protein over nucleic acids.
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Example 11

Cloning, Expression, and Biochemical
Characterization of Recombinant
Flagellin-Hemagglutinin Fusion Proteins Produced
in Drosophila

Materials and Methods

[0537] Cloning and expression of HA in Drosophila: RNA
was isolated from the influenza A strain A/Puerto Rico/8/34
using QIAamp MinElute Virus Spin Kit (Qiagen,
Cat#57704) following the manufacturer’s instructions. The
HA RNA was reverse transcribed using SuperScript 111 First
Strand Synthesis System for RT-PCR (Invitrogen; Cat
#18080-051) or SuperScript III One-Step RT-PCR System
with Platinum-Taq High Fidelity (Invitrogen; Cat# 12574-
030) following the manufacturer’s instructions, and the
c¢DNA was cloned using the TOPO cloning vector PCRII
Zero Blunt (Invitrogen). The HAOs fragment (HA gene
without the signal sequence and trans-membrane domain)
was then sub-cloned into pMT/STF2A at both the C-termi-
nus and NH2 terminus of the cassette using PCR-based
strategy to generate the constructs STF2A.HAOs (PRY)
(SEQ ID NO: 160) and HAOs(PR8).STF2A (SEQ ID NO:
167) respectively. The HA gene was also cloned into the
pMT/Bip/V5-his vector without STF2A to generate the
construct HAOs his (SEQ ID NO: 170). Table 10 list the
constructs and the primers used in their construction.

TABLE 10

PR8 HA constructs for expression in Drosophila

DNA
SEQ FOR Primer REV Primer  Template
ID NO: Construct SEQ ID NO: SEQ ID NO: SEQ ID NO:
160 STF2A.HAOsHis 161 162 163
164 STF2A.HAOs 165 166 163
167 HAOs.STF2A 168 169 163
170 HAOsHis 171 172 163
173 HAOs 174 175 163
[0538] Recombinant protein expression from Drosophila

Dmel-2 cells: The HAOs.His (SEQ ID NO: 170) and
STF2A.HAOs (SEQ ID NO: 164) plasmids were co-trans-
fected with the pCoBlast plasmid into Drosophila Dmel-2
cells to generate Dmel-2 HAOsHis(PR8) and Dmel-2
STF2A.HAOs(PR8) stable cells. Dmel-2 stable cells were
expanded from adherent to shaker cultures in selection
media [Drosophila Sfm medium (Invitrogen; Carlsbad,
Calif.)+25 pg/ml blasticidin] and then expanded to a 12 L
production scale.

[0539] Recombinant protein expression was induced by
the addition of CuSO, to a final concentration of 0.5 mM.
After incubation for 72 hours cells were removed from the
conditioned medium by centrifugation. The conditioned
medium was then clarified by passing through a 0.22 pm
filter and stored at 4° C.

[0540] Purification of HAOsHis(PR8) (SEQ ID NO: 176):
Conditioned medium was applied to a Chelating Sepharose
column (GE/Amersham Biosciences; Piscataway, N.J.)
charged with NiSO, and equilibrated in Buffer A [20 mM
Tris, pH 8.0, 0.5 M NaCl] and eluted in a linear gradient with
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Buffer B [Buffer A+0.5 M imidazole]. The protein was
further purified by fractionation on a Superdex 200 SEC
column (GE/Amersham Biosciences; Piscataway, N.J.)
equilibrated in 1x Tris-buffered saline (TBS), pH 8.0.
HAOs.His4(PR8) fractions were pooled, aliquoted and stored
at -80° C.

[0541] SDS-PAGE and western blot analysis: Protein
identity was determined, and purity estimated, by SDS-
PAGE. An aliquot of 5 pg of each sample was diluted in
SDS-PAGE sample buffer with or without 100 mM DTT as
a reductant. The samples were boiled for 5 minutes and
loaded onto a 10% SDS polyacrylamide gel (LifeGels;
French’s Forrest, New South Wales, AUS) and electrophore-
sed. The gel was stained with Coomassie R-250 (Bio-Rad;
Hercules, Calif.) to visualize protein bands. For western
blot, 0.5 pg/lane total protein was electrophoresed as
described above and the gels were then electro-transfered to
a PVDF membrane and blocked with 5% (w/v) dry milk
before probing with anti-flagellin antibody (Inotek; Beverly,
Mass.), anti-Hisg.antibody (Invitrogen; Carlsbad, Calif.) or
influenza A PR/8/34 convalescent immune serum (described
below under Protein Antigenicity ELISA). After probing
with alkaline phosophatase-conjugated secondary antibod-
ies (Pierce; Rockford, Ill.), protein bands were visualized
with an alkaline phosphatase chromogenic substrate
(Promega; Madison, Wis.).

[0542] Protein assay: Total protein concentration was
determined using the Micro BCA (bicinchoninic acid) Assay
(Pierce; Rockford, IIl.) in the microplate format, using
bovine serum albumin as a standard, according to the
manufacturer’s instructions.

[0543] Endotoxin assay: Endotoxin levels were deter-
mined using the QCL-1000 Quantitative Chromogenic LAL
test kit (Cambrex; E. Rutherford, N.JI.), following the manu-
facturer’s instructions for the microplate method.

[0544] TLRS bioactivity assay: HEK293 cells constitu-
tively express TLRS, and secrete several soluble factors,
including IL.-8, in response to TLRS signaling. Cells were
seeded in 96-well microplates (50,000 cells/well), and
recombinant drosophila conditioned medium containing
either HAOsHis(PRS) (SEQ ID NO: 176) or
STF2A.HAOs(PR8) (SEQ ID NO: 177) was added. The next
day, the conditioned medium was harvested, transferred to a
clean 96-well microplate, and frozen at -20° C. After
thawing, the conditioned medium was assayed for the pres-
ence of IL-8 in a sandwich ELISA using an anti-human IL.-8
matched antibody pair (Pierce; Rockford, I11., #M801E and
#M802B) following the manufacturer’s instructions. Optical
density was measured using a microplate spectrophotometer
(FARCyte, GE/Amersham; Piscataway, N.J.).

[0545] Protein antigenicity ELISA: Purified
HAOs.His4(PR8) (SEQ ID NO: 176) was tested by ELISA to
determine if the recombinant protein displayed correctly
folded epitopes of HA. 96-well ELISA plates were coated
overnight at 4° C. with serial dilutions in PBS (100 pl/well)
of HAOs.His(PR8) (SEQ ID NO: 176) protein starting at 5
png/ml. Plates were blocked with 200 pl/well of Assay
Diluent Buffer (ADB; BD Pharmingen) for one hour at room
temperature, then washed three times in PBS-T. A fixed dose
of primary antibody was then added to each well. To assay
HA reactivity, 100 ul/well of a 1:10,000 dilution of non-
immune or PR/8/34 convalescent immune serum in ADB
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was added. PR/8/34 immune serum was generated in
BALB/c mice (Jackson Laboratory, Bar Harbor, Me.) that
received an experimentally determined sublethal challenge
dose of 8x10' egg infectious dosages (EID) of PR/8/34
influenza virus.

[0546] Animals were then allowed to convalesce for >21
days post-infection at which time immune serum was iso-
lated and clarified. For ELISA of the 6x histidine tag,
monoclonal antibody against 6xHis (Invitrogen; Carlsbad,
Calif.), or flagellin (Inotek; Beverly, Mass.) was added at 1
ng/ml in ADB (100 pl/well) and the plates were incubated
for 1 hr at room temperature or overnight at 4° C. The plates
were then washed three times with PBS-T. HRP-labeled goat
anti-mouse IgG antibodies (Jackson Immunochemical; West
Grove, Pa.) diluted in ADB were added (100 pl/well) and the
plates were incubated at room temperature for 1 hour. The
plates were washed three times with PBS-T. After adding
TMB Ultra substrate (Pierce; Rockford, I11.) and monitoring
color development, A,;, was measured on a microplate
spectrophotometer (FARCyte, GE/Amersham; Piscataway,
N.I).

Results and Discussion

[0547] Characterization of Drosophila-expressed HAOs
proteins: Western blot analysis of conditioned media with
anti-His_antibody (Invitrogen; Carlsbad, Calif.) confirmed
expression of HAOsHis(PR8) (SEQ ID NO: 176) and west-
ern blot with anti-flagellin antibody (Inotek; Beverly, Mass.)
confirmed expression of STF2A.HAOs(PR8) (SEQ ID NO:
177) by Drosophila Dmel-2 cells transfected with the cor-
responding expression plasmid. Both proteins were recog-
nized by western blot in non-reduced form with mouse
PR/8/34 convalescent immune serum while reduction of the
proteins with DTT abrogated recognition. This result indi-
cates correct disulfide bonding of the two secreted proteins.
The STF2A.HAOs(PR8) (SEQ ID NO: 177) conditioned
medium showed significant in vitro TLRS activity while the
HAOsHis,(PR8) (SEQ ID NO: 176) medium did not, as
expected. Finally, purified HAOsHisq(PR8) (SEQ ID NO:
176) protein showed significant reactivity with influenza A
PR8/34 convalescent immune serum by ELISA. These
results indicate that both HAOs proteins are secreted from
Drosophila Dmel-2 cells in a properly folded form.

Example 12

Immunogenicity and Efficacy of Recombinant
Flagellin-Hemagglutinin Fusion Proteins
Representing Viral Strain A/Viet Nam/1203/04

Materials and Methods

[0548] Animal studies: Female BALB/c mice were used at
the age of 6-8 weeks. Mice were divided into groups of 15
and received subcutaneous (s.c) immunizations on days O
and 14 as follows:

[0549] TBS (phosphate buffered saline)

[0550] No immunization

[0551] 10 g of STF2.HA1-2(VN) (SEQ ID NO: 95) in
TBS

[0552] 3.0 ug of STE2.HA1-2(VN) (SEQ ID NO: 95) in

PBS
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[0553] 1 pg of STF2.HAI-2(VN) (SEQ ID NO: 95) in
TBS

[0554] Mice were bled on day 21 and sera were clarified
by clotting and centrifugation and stored at —20° C.

[0555] Serum antibody determination: HA-specific IgG
levels were determined by ELISA. 96-well ELISA plates
(Costar (Cat #9018) Corning, N.Y.) were coated overnight at
4° C. with 100 pul/well recombinant HA protein from A/Viet-
nam/1203/04, produced in Baculovirus, (BEIR catalog num-
ber NR-660) in PBS (1 pg/ml). Plates were blocked with 300
pwl/well of Assay Diluent Buffer (ADB; BD Pharmingen,
(Cat#: 555213) (San Diego, Calif.) for two hours at 25° C.
The plates were washed three times in PBS+0.05% (v/v)
Tween 20 (PBS-T). Dilutions of the sera in ADB were added
(100 pl/well) and the plates were incubated for 1.5 hours at
25° C. The plates were washed three times with PBS-T.
HRP-labeled goat anti-mouse IgG antibodies (Jackson
Immunochemical, West Grove, Pa. (Cat#: 115-035-146))
diluted in ADB were added (100 ul/well) and the plates were
incubated at 25° C. for 30 minutes. The plates were washed
three times with PBS-T. After adding TMB Ultra substrate
(Pierce (Cat 34028), Rockford, Il1.)) and monitoring color
development, A,;, was measured on a SpectraMax 190
(Molecular Devices, Sunnyvale, Calif.) microplate spectro-
photometer.

[0556] Influenza virus challenge of mice: To assess effi-
cacy, mice were challenged on day 28 by intranasal admin-
istration of 10 LD, (10xdose lethal to 90% of mice) (6x10°
EID) of influenza A/Viet Nam/1203/04. Animals were moni-
tored daily for 21 days following the challenge for survival
and clinical presentation.

[0557] Preparation of Influenza H5N1 Stocks: Influenza
A/Vietnam/1203/04 (H5N1) was obtained from the Centers
for Disease Control and Prevention (Atlanta, Ga.). Stocks of
the virus were prepared in 10-day-old embryonated chicken
eggs, and aliquots of 0.5 ml were stored at —80° C. until use.

[0558] Determination of Viral Titers: TCIDs, (50% tissue
culture infectious dose) was determined utilizing MDCK
cells seeded into the wells of 96-well plate and grown to
confluency. A series of log,, dilutions of the virus was
inoculated onto the plate in quadruplicates. The plate was
then incubated for 48-72 hours. The TCID,, was determined
by identifying the dilution at which quadruplicate wells were
V4 positive and 4 negative for viral growth. The EIDs, was
determined by inoculating log,, dilutions of the stock into
2-4 eggs per dilution. Eggs were incubated for 40-48 hours,
and 1 ml of the allantoic fluid was harvested from each egg.
EDs, was calculated as the dilution at which %% of the eggs
were negative and V2 of the eggs were positive for infectious
virus.

Results and Discussion

[0559] Induction of HA-specific IgG response following
immunization with STF2.HA1-2(VN) (SEQ ID NO: 95):
The immunogenicity of STF2.HA1-2(VN) (SEQ ID NO:
95) was examined by immunizing BALB/c mice (15/group)
subcutaneously on day 0 and 14 with a dose range of 10, 3,
and 1 pg protein. Negative control groups of mice were
immunized with TBS or not immunized. HA-specific I1gG
responses were examined 7 days post boost (Day 21) by
ELISA. The results demonstrate that immunization with 10,
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3 or 1 pg of STF2.HA1-2(VN) (SEQ ID NO: 95) induced
consistent and significant HA-specific IgG responses in a
dose-dependent manner (FIGS. 14-16).

[0560] Immunization with STF2.HA1-2(VN) (SEQ ID
NO: 95) provides protection from a lethal challenge with
influenza A: The serological analysis described above dem-
onstrated that immunization of mice with STF2.HA1-2(VN)
(SEQ ID NO: 95) generated an antibody response that
recognized native HA. In order to evaluate efficacy, the same
mice were challenged on day 28 with 10 LDy, (6x10° EID)
of A/Viet Nam/1203/04 virus administered intra-nasally.
Mice were monitored daily for 21 days following the
challenge for survival and clinical presentation. As shown in
FIG. 17, TBS-immunized or naive mice showed signs of
infection (weight loss and lower clinical scores) as early as
five days post-challenge and all mice died by day nine
post-challenge. For the mice immunized with STF2.HA1-
2(VN), there is a clear relationship between the dose
received and efficacy. Mice immunized with 10 pg of
STF2.HA1-2(VN) (SEQ ID NO: 95) demonstrated mark-
edly enhanced protection. Mice immunized with 3 or 1 pug of
STF2.HA1-2(VN) (SEQ ID NO: 95) demonstrated a modest
to a negligible impact on efficacy, respectively. Clinical
parameters were similarly related to dose and animals
receiving the highest dose of STF2.HA1-2(VN) (SEQ ID
NO: 95) exhibited the mildest signs of disease. These results
demonstrate that E. coli-expressed STF2.HA1-2(VN) (SEQ
ID NO: 95) induces HA-specific immune responses that
successfully protect BALB/c mice from a lethal challenge
with virulent influenza A virus in vivo.

SEQ ID NO:1 A/Puerto Rico/8/34 HA
MKANLLVLLSALAAADADT IC IGYHANNSTDTVDTVLEKNVTVTHSVNLL

EDSHNGKLCRLKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETP
NSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKES SWPHNHTNGVTA
ACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPN
SKEQONLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLL
KPGDTIIFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLG
ATINSSLPYQNIHPVTIGECPKYVRSAKLRMVTGLRNIPSIQSRGLFGAIA
GFIEGGWTGMTDGWYGYHHQNEQGSGYAADQKSTONAINGITNKVNTVIE
KMNIQFTAVGKEFNKLEKRMENLNKKVDDGFLDIWTYNAELLVLLENERT
LDFHDSNVKNLYERKVKSQLKNNAKE IGNGCFEFYHKCDNECME SVRNGTY
DYPKYSEESKLNREKVDGVKLESMGIYQILATYSTVASSLVLLVSLGAIS
FWMCSNGSLQCRICI

SEQ ID NO:2 A/Viet Nam/1203/2004 HA
MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILE

KKHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKAN
PVNDLCYPGDFNDYEELKHLLSRINHFEKIQITPKSSWSSHEASLGVSSA
CPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDA
AEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILK

PNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGA
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INSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNS PORERRRKKRGLFG

ATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS
IIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLMEN
ERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESVRN
GTDYPQYSEEARLKREEISGVKLESIGIYQILSIYSTVASSLALAIMVAG
LSLWMCSNGSLQCR

SEQ ID NO:3 A/Indonesia/5/2005 HA
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVIVTHAQDILE

KTHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEF INVPEWSYIVEKAN
PTNDLCYPGSFNDYEELKHLLSRINHFEKIQITPKSSWSDHEASSGVSSA
CPYLGSPSFFRNVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPNDA
AEQTRLYQNPTTYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILK
PNDAINFESNGNFIAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPMGA
INSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQRESRRKKRGLFG
ATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS
IIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLMEN
ERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMES IRN
GTYNYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMMA
GLSLWMCSNGSLQCRICI

SEQ ID NO:4 A/NewCaledonia/20/1999
MKAKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLL

EDSHNGKLCLLKGIAPLQLGNCSVAGWILGNPECELLISKESWSYIVETP
NPENGTCYPGYFADYEELREQLSSVSSFERFEIFPKESSWPNHTVTGVSA
SCSHNGKSSFYRNLLWLTGKNGLYPNLSKSYVNNKEKEVLVLWGVHHPPN
IGNQRALYHTENAYVSVVSSHYSRRFTPEIAKRPKVRDQEGRINYYWTLL
EPGDTIIFEANGNLIAPWYAFALSRGFGSGIITSNAPMDECDAKCQTPQG
AINSSLPFQNVHPVTIGECPKYVRSAKLRMVTGLRNIPSIQSRGLFGAIA
GFIEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTONAINGITNKVNSVIE
KMNTQF TAVGKEFNKLERRMENLNKKVDDGFLDIWTYNAELLVLLENERT
LDFHDSNVKNLYERKVKSQLKNNAKEIGNGCFEFYHKCNNECME SVKNGTY
DYPKYSEESKLNREKIDGVKLESMGVYQILATYSTVASSLVLLVSLGAIS
FWMCSNGSLQCRICI

SEQ ID NO:5 A/South Carolina/1/18 HA
MEARLLVLLCAFAATNADTIC IGYHANNSTDTVDTVLEKNVTVTHSVNLL

EDSHNGKLCKLKGIAPLQLGKCNIAGWLLGNPECDLLLTASSWSYIVETS

NSENGTCYPGDFIDYEELREQLSSVSSFEKFEIFPKTSSWPNHETTKGVT
AACSYAGASSFYRNLLWLTKKGS SYPKLSKSYVNNKGKEVLVLWGVHHPP
TGTDQQSLYQNADAYVSVGSSKYNRRFTPE IAARPKVRDQAGRMNYYWTL
LEPGDTITFEATGNLIAPWYAFALNRGSGSGIITSDAPVHDCNTKCQTPH

GAINSSLPFOQNIHPVTIGECPKYVRSTKLRMATGLRNIPSTIQSRGLFGAT
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-continued
AGFIEGGWTGMIDGWYGYHHQNEQGSGYAADQKSTONAIDGITNKVNSVI

EKMNTQFTAVGKEFNNLERRIENLNKKVDDGFLD IWTYNAELLVLLENER
TLDFHDSNVRNLYERVKSQLKNNAKEIGNGCFEFYHKCDDACMESVRNGT
YDYPKYSEESKLNREEIDGVKLESMGVYQILATYSTVASSLVLLVSLGAT
SFWMCSNGSLQCRICI

SEQ ID NO:6 A/Wisconsin/67/2005 HA
QKLPGNDNSTATLCLGHHAVPNGTIVKTITNDQIEVTNATELVQSSSTGG

ICDSPHQILDGENCTLIDALLGDPQCDGFQNKKWDLFVERSKAYSNCYPY
DVPDYASLRSLVASSGTLEFNDESFNWTGVTQNGTS SACKRRSNNSFFSR
LNWLTHLKFKYPALNVTMPNNEKFDKLYIWGVHHPGTDNDQIFLHAQASG
RITVSTKRSQQTVIPNIGSRPRIRNIPSRISIYWTIVKPGDILLINSTGN
LIAPRGYFKIRSGKSSIMRSDAPIGKCNSECITPNGSIPNDKPFQNVNRI
TYGACPRYVKONTLKLATGMRNVPEKQTR

SEQ ID NO:7 A/X31 subtype H3N2 HA
QDLPGNDNSTATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQSSSTGK

ICNNPHRILDGIDCTLIDALLGDPHCDVFQNETWDLFVERSKAFSNCYPY
DVPDYASLRSLVASSGTLEFITEGFTWTGVIQNGGSNACKRGPGSGFFSR
LNWLTKSGSTYPVLNVTMPNNDNFDKLYIWGIHHPSTNQEQTSLYVQASG
RVIVSTRRSQQTIIPNIGSRPWVRGLSSRISIYWTIVKPGDVLVINSNGN
LIAPRGYFKMRTGKSSIMRSDAPIDTCISECITPNGSIPNDKPFQNVNKI
TYGACPKYVKONTLKLATGMRNVPEKQT

SEQ ID NO:8 PR/8 HAl-1
SHNGKLCRLKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNS

ENGICYPGDFIDYEELREQLSSVSSFERFEIFPKES SWPNHNTNGVTAAC
SHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSK
EQONLYQNENAYVSVVTSNYNRRFTPE IAERPKVRDQAGRMNYYWTLLKP
GDTIIFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLGAT
NSSLPYQNIHPVTIGECPKYVR

SEQ ID NO:9 PR/8 HAl-2
KGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGD

FIDYEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFY
RNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQONLYQNE
NAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTIIFEAN
GNLIAPMYAFALSRGFGSGIITS

SEQ ID NO:10 PR/8 HAl-3
NSENGICYPGDFIDYEELREQLSSVSSFERFE IFPKES SWPNHNTNGVTA

ACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPN
SKEQONLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLL
KPGDTIIFEANGNLIAPMYAFALSRG

SEQ ID NO:11 VN HAl-1
EKKHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKA

NPVNDLCYPGDFNDYEELKHLLSRINHFEKIQITPKSSWSSHEASLGVSS
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ACPYQGKS SFFRNVVWL IKKNSTYPT IKRS YNNTNQEDLLVLWGIHHPND
AAEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTIL
KPNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMG
ATNSSMPFHNIHPLTIGECPKYVK

SEQ ID NO:12 VN HAl-2
GVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDF

NDYEELKHLLSRINHFEKIQITPKSSWSSHEASLGVSSACPYQGKSSFFR
NVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPT
TYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNG
NFIAPEYAYKIVKKGDSTIMKSE

SEQ ID NO:13 VN HAl-3
NDLCYPGDFNDYEELKHLLSRINHFEKIQITPKSSWSSHEASLGVSSACP

YQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAE
QTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPN
DAINFESNGNFIAPEYAYKIVKKG

SEQ ID NO:14 IND HAl-1
EKTHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKA

NPTNDLCYPGSFNDYEELKHLLSRINHFEKIQITPKSSWSDHEASSGVSS
ACPYLGSPSFFRNVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPND
AAEQTRLYQNPTTYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTIL
KPNDAINFESNGNFIAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPMG
AINSSMPFHNIHPLTIGECPKYVK

SEQ ID NO:15 IND HAl-2
GVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPTNDLCYPGSF

NDYEELKHLLSRINHPEKIQITPKSSWSDHEASSGVSSACPYLGSPSFFR
NVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPT
TYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKPNDAINFESNG
NFIAPEYAYKIVKKGDSAIMKSE

SEQ ID NO:16 IND HAl-3
NDLCYPGSFNDYEELKHLLSRINHFEKIQITPKSSWSDHEASSGVSSACP

YLGSPSFFRNVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPNDAAE
QTRLYQNPTTYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKPN
DAINFESNGNFIAPEYAYKIVKKG

SEQ ID NO:17 NC HAl-1
SHNGKLCLLKGIAPLQLGNCSVAGWILGNPECELLISKESWSYIVETPNP

ENGTCYPGYFADYEELREQLSSVSSFERFEIFPKES SWPNHTVTGVSASC

SHNGKSSFYRNLLWLTGKNGLYPNLSKSYVNNKEKEVLVLWGVHHPPNIG

NQRALYHTENAYVSVVSSHYSRRFTPEIAKRPKVRDQEGRINYYWTLLEP

GDTIIFEANGNLIAPWYAFALSRGFGSGIITSNAPMDECDAKCQTPQGAT

NSSLPFQNVHPVTIGECPKYVR
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-continued
SEQ ID NO:18 NC HAL-2
KGIAPLQLGNCSVAGWILGNPECELLISKESWSY IVETPNPENGTCYPGY

FADYEELREQLSSVSSFERFEIFPKESSWPNHTVTGVSASCSHNGKSSFY

RNLLWLTGKNGLYPNLSKSYVNNKEKEVLVLWGVHHPPNIGNQRALYHTE
NAYVSVVSSHYSRRFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEAN
GNLIAPWYAFALSRGFGSGIITS

SEQ ID NO:19 NC HAl-3
NPENGTCYPGYFADYEELREQLSSVSSFERFEIFPKESSWPNHTVTGVSA

SCSHNGKSSFYRNLLWLTGKNGLYPNLSKSYVNNKEKEVLVLWGVHHPPN
IGNQRALYHTENAYVSVVSSHYSRRFTPEIAKRPKVRDQEGRINYYWTLL
EPGDTIIFEANGNLIAPWYAFALSRG

SEQ ID NO:20 WIS HAl-1
QSSSTGGICDSPHQILDGENCTLIDALLGDPQCDGFQNKKWDLFVERSKA

YSNCYPYDVPDYASLRSLVASSGTLEFNDESFNWTGVTQNGTSSACKRRS
NNSFFSRLNWLTHLKFKYPALNVTMPNNEKFDKLY IWGVHHPGTDNDQIF
LHAQASGRITVSTKRSQQTVIPNIGSRPRIRNIPSRISIYWTIVKPGDIL
LINSTGNLIAPRGYFKIRSGKSSIMRSDAPIGKCNSECITPNGSIPNDKP
FONVNRITYGACPRYVK

SEQ ID NO:21 WIS HAl-2
SPHQILDGENCTLIDALLGDPQCDGFQNKKWDLFVERSKAYSNCYPYDVP

DYASLRSLVASSGTLEFNDESFNWTGVTQNGTSSACKRRSNNSFFSRLNW
LTHLKFKYPALNVTMPNNEKFDKLY IWGVHHPGTDNDQIFLHAQASGRIT
VSTKRSQQTVIPNIGSRPRIRNIPSRISIYWTI IVKPGDILLINSTGNLIA
PRGYFKIRSGKSSIMRSD

SEQ ID NO:22 WIS HAlL-3
SNCYPYDVPDYASLRSLVASSGTLEFNDESFNWTGVTQNGTSSACKRRSN

NSFFSRLNWLTHLKFKYPALNVTMPNNEKFDKLY IWGVHHPGTDNDQIFL
HAQASGRITVSTKRSQQTVIPNIGSRPRIRNIPSRISIYWTIVKPGDILL
INSTGNLIAPRGYFKIRSG

SEQ ID NO:23 A/Puerto Rico/8/34 HAOs
DTICIGYHANNSTDTVDTVLEKNVIVTHSVNLLEDSHNGKLCRLKGIAPL

QLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEE
LREQLSSVSSFERFEIFPKES SWPNHNTNGVTAACSHEGKSSFYRNLLWL
TEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSV
VTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAP
MYAFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIG

ECPKYVRSAKLRMVTGLRNIPSIQSRGLFGATAGFIEGGWTGMIDGWYGY

HHQNEQGSGYAADQKSTQONAING ITNKVNTVIEKMN IQFTAVGKEFNKLE

KRMENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKS

QLKNNAKE IGNGCFEFYHKCDNECMESVRNGTYDYPKYSEESKLNREKVD

GVKLESMGIYQ
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SEQ ID NO:24 PR/8 HAl-2mut
KGAAPLQLGKCNIAGWLLGNPECDPLLPVRSWSDIAETPNSENGICYPGD
FIDYEELREQLSSVSSFERFE IFPKES SWPNHNTNGVTAACSHEGKSSFY
RNLLWLTEKEGSYPKLKNS YVNKKGKEVLVLWGIHHPPNSKEQQNLYQNE
NAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNY YWTLLKPGDTIIFEAN

GNLIAPMYAFALSRGFGSGIITS

SEQ ID NO:25 PR/8 HAl-3mut
NSENEICYPGDFIDKEELREQLSSVSSFERFE IFPKESSWPNHNTNGVTA

ACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPN
SKEQONLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLL
KPGDTIIFEANGNLIAPMYAAALSRG

SEQ ID NO:26 VN HAl-2mut
GAKPLSLRDCSVAGWLLGNPMCDEFINVPEWSDIAEKANPVNDLCYPGDF

NDYEELKHLLSRINHFEKIQITPKSSWSSHEASLGVSSACPYQGKSSFFR
NVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPT
TYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNG
NFIAPEYAYKIVKKGDSTIMKSE

SEQ ID NO:27 VN HAl-3mut
NDLCYPGDFNDKEELKHLLSRINHFEKIQITPKSSWSSHEASLGVSSACP

YQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAE
QTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPN
DAINFESNGNFIAPEYAYKIAKKG

SEQ ID NO:28 IND HAl-2mut
GAKPLSLRDCSVAGWLLGNPMCDEFINVPEWSDIAEKANPTNDLCYPGSF

NDYEELKHLLSRINHFEKIQITPKSSWSDHEASSGVSSACPYLGSPSFFR
NVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPT
TYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKPNDAINFESNG
NFIAPEYAYKIVKKGDSAIMKSE

SEQ ID NO:29 IND HAl-3mut
NDLCYPGSFNDKEELKHLLSRINHFEKIQITPKSSWSDHEASSGVSSACP

YLGSPSFFRNVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPNDAAE
QTRLYQNPTTYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKPN
DAINFESNGNFIAPEYAYKIAKKG

SEQ ID NO:30 NC HAl-2mut
KGAAPLQLGNCSVAGWILGNPECELLISKESWSDIAETPNPENGTCYPGY

FADYEELREQLSSVSSFERFEIFPKESSWPNHTVTGVSASCSHNGKSSFY
RNLLWLTGKNGLYPNLSKSYVNNKEKEVLVLWGVHHPPNIGNQRALYHTE
NAYVSVVSSHYSRRFTPEIAKRPKVRDQEGRINYYWTLLEPGDTTIFEAN
GNLIAPWYAFALSRGFGSGIITS

SEQ ID NO:31 NC HAl-3mut
NPENETCYPGYFADKEELREQLSSVSSFERFEIFPKESSWPNHTVTGVSA

SCSHNGKSSFYRNLLWLTGKNGLYPNLSKSYVNNKEKEVLVLWGVHHPPN
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IGNQRALYHTENAYVSVVS SHYSRRFTPEIAKRPKVRDQEGRINY YWTLL

EPGDTIIFEANGNLIAPWYAAALSRG

SEQ ID NO:32 WIS HAl-2mut
SPHQALDGENCTLIDALLGDPQCDGFQNKKWDDFAERSKAYSNCYPYDVP

DYASLRSLVASSGTLEFNDESFNWTGVTQNGTSSACKRRSNNSFFSRLNW
LTHLKFKYPALNVTMPNNEKFDKLY IWGVHHPGTDNDQIFLHAQASGRIT
VSTKRSQQTVIPNIGSRPRIRNIPSRISIYWTI IVKPGDILLINSTGNLIA
PRGYFKIRSGKSSIMRSD

SEQ ID NO:33 WIS HAl-3mut
SNCYPKDSPDEASLRSLVASSGTDEFNDESFNWTGVTQNGTSSACKRRSN

NSFFSRLNWLTHLKFKYPALNVTMPNNEKFDKLY INGVHHPGTDNDQIFL
HAQASGRITVSTKRSQQTVIPNTGSRPRIRNIPSRISIYWTIVKPGDILL
INSTGNLIAPRGYFKIRSG

SEQ ID NO:34 A/Swine/Hong Kong/9/98 HA

(ACCESSION BAB85618)
DKICIGYQSTNSTETVDTLTETNVPVTHAKELLHTEHNGMLCATNLGHPL

ILDTCTIEGLIYGNPSCDLLLGGREWSYIVERPSAVNGMC YPGNVENLEE
LRSLFSSASSYQRIQIFPDTIWNVSYSGTSKACSDSFYRSMRWLTQKNNA
YPIQDAQYTNNRGKSILFMWGINHPPTDTVQTNLYTRTDTTTSVITEDIN
RTFKPVIGPRPLVNGLHGRIDYYWSVLKPGQTLRVRSNGNLIAPWYGHIL
SGESHGRILKTDLNSGNCVVQCQTERGGLNTTLPFHNVSKYAFGNCPKYV
GVKSLKLAVGLRNVPARSSR

SEQ ID NO:35 A/Aichi/2/1968 HA (ACCESSION
BAF37221)

MKTIIALSYTFCLALGQDLPGNDNS TATLCLGHHAVPNGTLVKTITDDQI
EVTNATELVQSSSTGKICNNPHRILDGIDCTL IDALLGDPHCDVFQNETW
DLFVERSKAFSNCYPYDVPDYASLRSLVASSGTLEF ITEGFTWTGVTQNG
GSNACKRGPGSGFFSRLNWLTKSGSTYPVLNVTMPNNDNFDKLYIWGIHH
PSTNQEQTSLYVQASGRVIVSTRRSQQTIIPNIGSRPWVRGLSSRISIYW
TIVKPGDVLVINSNGNLIAPRGYFKMRTGKSS IMRSDAPIDTCISECITP
NGSIPNDKPFQNVNKITYGACPKYVKQNTLKLATGMRNVPEKQTRGLFGA
IAGFIENGWEGMIDGWYGFRHQNSEGTGQAADLKSTQAAIDQINGKLNRV
IEKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQ
HTIDLTDSEMNKLFEKTRRQLRENAEEMGNGCFKIYHKCDNACIESIRNG
TYDHDVYRDEALNNRFQIKGVELKSGYKDWILWISFAISCFLLCVVLLGF
IMWACQRGNIRCNICI

SEQ ID NO:36 B/Lee/40 HA (Accession NP_056660)
MKAIIVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTT

PTKSHFANLKGTQTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVSILH

EVKPATSGCFPIMHDRTKIRQLPNLLRGYENIRLSTSNVINTETAPGGPY

KVGTSGSCPNVANGNGFFNTMAWVIPKDNNKTAINPVTVEVPYICSEGED

QITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFPNQTE

Sep. 27, 2007

-continued
DEGLKQSGRIVVDYMVQKPGKTGTIVYQRGILLPQKVWCASGRSKVIKGS

LPLIGEADCLHEKYGGLNKSKPYYTGEHAKATGNCP IWVKTPLKLANGTK
YRPPAKLLKERGFFGAIAGFLEGGWEGMIAGWHGYT SHGAHGVAVAADLK
STQEAINKITKNLNYLSELEVKNLQRLSGAMNELHDEILELDEKNDDLRA
DTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVE IGNGCFE
TKHKCNQTCLDRIAAGTFNAGDFSLPTFDSLNITAASLNDDGLDNHT ILL
YYSTAASSLAVTLMIATFIVYMVSRDNVSCSICL

SEQ ID NO:37 C/Johannesburg/1/66 (ACCESSION
AAW73083)
MFFSLLLVLGLTEAEKIKICLQKQVNSSFSLHNGFGGNLYATEEKRMFEL
VKPKAGASVLNQS TWIGFGDSRTDKSNSAFPRSADVSAKTADKFRSLSGG
SLMLSMFGPPGKVDYLYQGCGKHKVFYEGVNWSPHAAINCYRKNWTDIKL
NFQKNIYELASQSHCMSLVNALDKTIPLQVTAGTAGNCNNSFLKNPALYT
QEVKPSENKCGKENLAFFTLPTQFGTYECKLHLVASCYFIYDSKEVYNKR
GCDNYFQVIYDSSGKVVGGLDNRVSPYTGNSGDTPTMQCDMLQLKPGRY S
VRSSPRFLLMPERSYCFDMKEKGPVTAVQS INGKGRESDYAVDQACLSTP
GCMLIQKQKPYIGEADDHHGDQEMRELLSGLDYEARCISQSGWVNETSPF
TEKYLLPPKFGRCPLAAKEES IPKIPDGLLIPTSGTDTTVTKPKSRIFGI
DDLIIGLLFVAIVEAGIGGYLLGSRKESGGGVTKESAEKGFEKIGNDIQI
LKSSINIATEKLNDRISHDEQAIRDLTLEIENARSEALLGELGIIRALLV
GNISIGLQESLWELASEITNRAGDLAVEVSPGCWIIDNNICDQSCONFIF
KFNETAPVPTIPPLDTKIDLQSDPFYWGSSLGLAITATISLAALVISGIA
ICRTK

SEQ ID NO:38 B/Lee/40 HAl-1
TTTPTKSHFANLKGTQTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVS

ILHEVKPATSGCFPIMHDRTKIRQLPNLLRGYENIRLSTSNVINTETAPG
GPYKVGTSGSCPNVANGNGFFNTMAWVIPKDNNKTAINPVTVEVPYICSE
GEDQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFPN
QTEDEGLKQSGRIVVDYMVQKPGKTGTIVYQRGILLPQKVWCASGRSKVI
KGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVK

SEQ ID NO:39 B/Lee/40 HAl-2
KGTQTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVS ILHEVKPATSGC

FPIMHDRTKIRQLPNLLRGYENIRLSTSNVINTETAPGGPYKVGTSGSCP
NVANGNGFFNTMAWV IPKDNNKTAINPVIVEVPYICSEGEDQITVWGFHS
DDKTQMERLYGDSNPQKFTSSANGVITHYVSQIGGFPNQTEDEGLKQSGR
IVVDYMVQKPGKTGTIVYQRGILLPQRKVWCASGRSKVIKG

SEQ ID NO:40 A/Aichi/2/68 HAl-1
QSSSTGKICNNPHRILDGIDCTL IDALLGDPHCDVFQNETWDLFVERSKA

FSNCYPYDVPDYASLRSLVASSGTLEFITEGFTWTGVTQNGGSNACKRGP
GSGFFSRLNWLTKSGSTYPVLNVTMPNNDNFDKLYIWGIHHPSTNQEQTS

LYVQASGRVTVSTRRSQQTIIPNIGSRPWVRGLSSRISIYWTIVKPGDVL
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VINSNGNLIAPRGYFKMRTGKSS IMRSDAP IDTC ISEC ITPNGS IPNDKP

FONVNKITYGACPKYVK

SEQ ID NO:41 A/Aichi/2/68 HAl-2
HRILDGIDCTLIDALLGDPHCDVFQNETWDLFVERSKAFSNCYPYDVPDY

ASLRSLVASSGTLEFITEGFTWTGVTQNGGSNACKRGPGSGFFSRLNWLT
KSGSTYPVLNVTMPNNDNFDKLY INGIHHPSTNQEQTSLYVQASGRVTVS
TRRSQQTIIPNIGSRPWVRGLSSRISIYWTIVKPGDVLVINSNGNLIAPR
GYFKMRTGKSSIMRSD

SEQ ID NO:42 B/Malaysia/2506/2004 HA (Accession
ISDN126672)
IVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTIGVIPLTTTPTKS
HFANLKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVRP
VTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPGGSYKIGT
SGSCPNVTNGNGFFATMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQIT
VWGFHSDNEAQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQTEDGG
LPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKGSLPL
IGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKYRP
PAKLLKER

SEQ ID NO:43 B/Ohio/1/2005 HA (Accession
ISDN133312)
DRICTGITSSNSPHVVKTATQGEVNVTIGVIPLTTTPTKSHFANLKGTKTR
GKLCPKCLNCTDLDVALGRPKCTGNIPSAEVSILHEVRPVTSGCFPIMHD
RTKIRQLPNLLRGYEHIRLSTHNVINAEKAPGGPYKIGTSGSCPNVTNGN
GFFATMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQITIWGFHSDSETQ
MAKLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQTEDGGLPQSGRIVVDY
MVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKGSLPLIGEADCLHEKY
GGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKYRPPAKLLKERGF
SEQ ID NO:44 B/Shanghai/361/2002 HA (Accession
ISDN80784)
DRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTTPIKSHFANLKGTRTR
GKLCPDCLNCTDLDVALGRPMCVGTTPSAKAS ILHEVRPVTSGCFPIMHD
RTKIRQLPNLLRGYENIRLSTQNVIDAEKALGGPYRLGTSGSCPNATSKS
GFFATMAWAVPKDNNKNATNPLTVEVPYICTEGEDQITVWGFHSDDKTQM
KNLYGDSNPQKFTSSANGVTTHYVSQIGGFPDQTEDGGLPQSGRIVVDYM
VOKPGKTGTIVYQRGVLLPQKVWCASGRSKVIKGSLPLIGEADCLHEKYG

GLNKSKPYYTGEHAKAIGHCP IWVKTPLKLANGTKYRP

SEQ ID NO:45 B/Malaysia/2506/2004 HAl-1
TTTPTKSHFANLKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVS

ILHEVRPVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPG
GSYKIGTSGSCPNVTNGNGFFATMAWAVPKNDNNKTATNSLTIEVPYICT
EGEDQITVWGFHSDNEAQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGFP
NQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQRKVWCASGRSKV

TKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVK
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SEQ ID NO:46 B/Malaysia/2506/2004 HAl-2
KGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVRPVTSGC

FPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPGGSYKIGTSGSCP
NVTNGNGFFATMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQITVWGFH
SDNEAQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQTEDGGLPQSG
RIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG

SEQ ID NO:47 B/Ohio/1/2005 HAl-1
TTTPTKSHFANLKGTKTRGKLCPKCLNCTDLDVALGRPKCTGNIPSAEVS

ILHEVRPVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAEKAPG
GPYKIGTSGSCPNVTNGNGFFATMAWAVPKNDNNKTATNSLTIEVPYICT
EGEDQITIWGFHSDSETQMAKLYGDSKPQKFTSSANGVITHYVSQIGGFP
NQTEDGGLPQSGRIVVDYMVQKSGKTGT ITYQRGILLPQRKVWCASGRSKV
IKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVK

SEQ ID NO:48 B/Ohio/1/2005 HAl-2
KGTKTRGKLCPKCLNCTDLDVALGRPKCTGNIPSAEVSILHEVRPVTSGC

FPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAEKAPGGPYKIGTSGSCP
NVTNGNGFFATMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQITIWGFH
SDSETQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQTEDGGLPQSG
RIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG

SEQ ID NO:49 B/Shanghai/361/2002 HAl-1
TTTPIKSHFANLKGTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKAS

ILHEVRPVTSGCFPIMHDRTKIRQLPNLLRGYENIRLSTQNVIDAEKALG
GPYRLGTSGSCPNATSKSGFFATMAWAVPKDNNKNATNPLTVEVPYICTE
GEDQITVWGFHSDDKTQMKNLYGDSNPQKFTSSANGVTTHYVSQIGGFPD
QTEDGGLPQSGRIVVDYMVQKPGKTGTIVYQRGVLLPQKVWCASGRSKVI
KGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGHCPIWVK

SEQ ID NO:50 B/Shanghai/361/2002 HAl-2
KGTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKAS ILHEVRPVTSGC

FPIMHDRTKIRQLPNLLRGYENIRLSTQNVIDAEKALGGPYRLGTSGSCP
NATSKSGFFATMAWAVPKDNNKNATNPLTVEVPY ICTEGEDQITVWGFHS
DDKTQMKNLYGDSNPQKFTSSANGVITHYVSQIGGFPDQTEDGGLPQSGR
IVVDYMVQKPGKTGTIVYQRGVLLPQRKVWCASGRSKVIKG

SEQ ID NO:51 STF2.blp
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
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GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGAGCCTGTTACGT

SEQ ID NO:52 STF2.SG
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
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GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGTAGCGGCAGTGGTAGCGGATCC

SEQ ID NO:53 STF2.HAl-1 PRS8
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC
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TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG

TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGTAGCGGCAGTGGTAGCGGATCCTCTCATAACGG
TAAACTGTGTCGTCTGAAAGGTATTGCACCACTGCAGCTGGGCAAATGCA
ACATCGCGGGTTGGCTGCTGGGTAACCCTGAATGTGACCCGCTGCTGCCG
GTTCGTTCCTGGAGCTACATTGTTGAAACCCCGAACTCCGAAAACGGTAT
CTGCTACCCGGGCGACTTTATTGACTATGAAGAACTGCGTGAGCAGCTGT
CTTCCGTGAGCAGCTTTGAACGCTTCGAAATCTTCCCGAAGGAAAGCTCC
TGGCCGAACCACAACACTAACGGCGTGACGGCGGCTTGCTCCCACGAAGG
CAAATCTTCCTTTTATCGTAACCTGCTGTGGCTGACTGAAAAGGAAGGTT
CCTACCCAAAACTGAAAAACAGCTATGTTAACAAAAAGGGTAAAGAAGTC
CTGGTGCTGTGGGGCATCCACCACCCGCCGAACTCCAAGGAACAGCAGAA
TCTGTATCAGAACGAAAACGCATACGTTTCTGTCGTTACTTCCAACTATA
ACCGTCGTTTCACTCCGGAAATCGCGGAACGTCCGAAAGTACGCGACCAG
GCTGGCCGTATGAACTACTACTGGACCCTGCTGAAACCGGGTGACACTAT
TATCTTCGAAGCTAACGGTAACCTGATCGCACCAATGTACGCTTTCGCAC
TGTCTCGTGGTTTCGGTTCCGGCATTATCACCAGCAACGCGTCTATGCAC

GAATGCAACACGAAATGTCAGACGCCGCTGGGCGCAATTAATAGCAGCCT

GCCGTACCAGAACATCCACCCGGTGACTATCGGCGAATGCCCGAAGTATG
TTCGTTAATAG

SEQ ID NO:54 STF2.HAl-1.his PR8
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
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TCGGGTCTTGATGATGCAGCTATTAAAGCGGC TACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAAAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGTAGCGGCAGTGGTAGCGGATCCTCTCATAACGG
TAAACTGTGTCGTCTGAAAGGTATTGCACCACTGCAGCTGGGCAAATGCA
ACATCGCGGGTTGGCTGCTGGGTAACCCTGAATGTGACCCGCTGCTGCCG
GTTCGTTCCTGGAGCTACATTGTTGAAACCCCGAACTCCGAAAACGGTAT
CTGCTACCCGGGCGACTTTATTGACTATGAAGAACTGCGTGAGCAGCTGT
CTTCCGTGAGCAGCTTTGAACGCTTCGAAATCTTCCCGAAGGAAAGCTCC
TGGCCGAACCACAACACTAACGGCGTGACGGCGGCTTGCTCCCACGAAGG
CAAATCTTCCTTTTATCGTAACCTGCTGTGGCTGACTGAAAAGGAAGGTT
CCTACCCAAAACTGAAAAACAGCTATGTTAACAAAAAGGGTAAAGAAGTC
CTGGTGCTGTGGGGCATCCACCACCCGCCGAACTCCAAGGAACAGCAGAA
TCTGTATCAGAACGAAAACGCATACGTTTCTGTCGTTACTTCCAACTATA
ACCGTCGTTTCACTCCGGAAATCGCGGAACGTCCGAAAGTACGCGACCAG
GCTGGCCGTATGAACTACTACTGGACCCTGCTGAAACCGGGTGACACTAT
TATCTTCGAAGCTAACGGTAACCTGATCGCACCAATGTACGCTTTCGCAC
TGTCTCGTGGTTTCGGTTCCGGCATTATCACCAGCAACGCGTCTATGCAC
GAATGCAACACGAAATGTCAGACGCCGCTGGGCGCAATTAATAGCAGCCT
GCCGTACCAGAACATCCACCCGGTGACTATCGGCGAATGCCCGAAGTATG
TTCGTCATCACCATCATCACCATTAATAG

SEQ ID NO:55 STF2.HAl-2 PRS
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
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CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGTTCTGGTTCTGGTTCTGGTTCTAAAGGTATTGC
TCCACTGCAACTGGGTAAATGCAATATTGCGGGTTGGCTGCTGGGCAACC
CGGAATGCGATCCGCTGCTGCCGGTCCGTTCCTGGAGCTATATTGTTGAA
ACTCCGAACTCTGAGAACGGCATCTGCTATCCAGGTGATTTCATTGACTA
TGAGGAACTGCGTGAACAACTGTCTTCCGTGTCTTCCTTTGAACGTTTCG
AGATTTTTCCTAAAGAATCTTCTTGGCCGAACCATAACACTAATGGTGTT
ACCGCTGCGTGCTCTCATGAAGGTAAATCTAGCTTTTACCGCAACCTGCT
GTGGCTGACCGAGAAAGAAGGTTCTTACCCGAAACTGAAAAACAGCTACG
TAAACAAAAAGGGCAAGGAAGTTCTGGTCCTGTGGGGTATCCACCATCCG

CCGAACAGCAAGGAACAGCAGAATCTGTATCAGAACGAAAACGCATACGT

ATCTGTTGTTACTTCTAACTACAACCGCCGTTTCACCCCTGAAATCGCGG
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AACGTCCGAAAGTGCGTGACCAGGCAGGCCGCATGAACTATTACTGGACC
CTGCTGAAGCCGGGTGATACTATCATCTTCGAAGCGAACGGTAACCTGAT
CGCCCCGATGTACGCGTTCGCTCTGAGCCGTGGCTTCGGCTCTGGTATCA
TTACGTCTTAATAA

SEQ ID NO:56 STF2.HAl-2mut PRS8
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC

TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG

TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT

GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA

AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC

GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC

CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA

TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC

AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC

GTGCTGTCTCTGTTAGCGAGCGGCAGTGGTAGCGGATCCAAAGGTGCGGC

TCCACTGCAACTGGGTAAATGCAATATTGCGGGTTGGCTGCTGGGCAACC

CGGAATGCGATCCGCTGCTGCCGGTCCGTTCCTGGAGCGATATTGCGGAA

ACTCCGAACTCTGAGAACGGCATCTGCTATCCAGGTGATTTCATTGACTA
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TGAGGAACTGCGTGAACAACTGTCTTCCGTGTCTTCCTTTGAACGTTTCG
AGATTTTTCCTAAAGAATCTTCTTGGCCGAACCATAACACTAATGGTGTT
ACCGCTGCGTGCTCTCATGAAGGTAAATCTAGCTTTTACCGCAACCTGCT
GTGGCTGACCGAGAAAGAAGGTTCTTACCCGAAACTGAAAAACAGCTACG
TAAACAAARAAGGGCAAGGAAGTTCTGGTCCTGTGGGGTATCCACCATCCG

CCGAACAGCAAGGAACAGCAGAATCTGTATCAGAACGAAAACGCATACGT

ATCTGTTGTTACTTCTAACTACAACCGCCGTTTCACCCCTGAAATCGCGG

AACGTCCGAAAGTGCGTGACCAGGCAGGCCGCATGAACTATTACTGGACC

CTGCTGAAGCCGGGTGATACTATCATCTTCGAAGCGAACGGTAACCTGAT

CGCCCCGATGTACGCGTTCGCTCTGAGCCGTGGCTTCGGCTCTGGTATCA

TTACGTCTTAATAA

SEQ ID NO:57 STF2.HAl1l-3 PRS8
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC

TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG

TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT

GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA

AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC

GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
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CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGTTCTGGTAGCGGTTC TGGCTCTAACTCTGAAAR
TGGTATCTGTTACCCGGGTGATTTCATCGATTATGAGGAACTGCGTGAAC
AGCTGTCTAGCGTGAGCTCCTTTGAACGCTTCGAAATCTTCCCGAAGGAA
TCTAGCTGGCCGAACCATAACACGAACGGTGTGACCGCTGCTTGCTCCCA
CGAAGGTAAGAGCTCCTTCTACCGCAATCTGC TGTGGCTGACTGARRAAG
AAGGTAGCTACCCGAAACTGAAARATTCTTACGTCAACAAGAAAGGCAAG
GAAGTGCTGGTTCTGTGGGGCATTCACCACCCACCGAACAGCARAGAGCA
ACAGAACCTGTACCAAAATGAGAACGCTTACGTTTCTGTTGTGACTTCTA
ACTACAATCGTCGCTTTACCCCTGAAATCGCGGAGCGTCCAAAAGTGCGT
GACCAGGCTGGTCGTATGAACTACTATTGGACCCTGCTGAAACCGGGCGA
CACCATTATCTTTGAAGCGAACGGTAACCTGATCGCGCCTATGTACGCGT
TCGCTCTGTCTCGTGGCTAATAA

SEQ ID NO:58 STF2.HAl-3mut PRS8
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC

TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
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TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTARAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTC TGGCGCAGGCTAACCAGGTCCCGCAGAAL
GTGCTGTCTCTGTTACGTAGCGGCAGTGGTAGCGGATCCAACTCTGARAA
TGAAATCTGTTACCCGGGTGATTTCATCGATAAAGAGGAACTGCGTGAAC
AGCTGTCTAGCGTGAGCTCCTTTGAACGCTTCGAAATCTTCCCGAAGGAA
TCTAGCTGGCCGAACCATAACACGAACGGTGTGACCGCTGCTTGCTCCCA
CGAAGGTAAGAGCTCCTTCTACCGCAATCTGC TGTGGCTGACTGAAARAG
AAGGTAGCTACCCGAAACTGAAAAATTCTTACGTCAACAAGAAAGGCAAG
GAAGTGCTGGTTCTGTGGGGCATTCACCACCCACCGAACAGCAAAGAGCA
ACAGAACCTGTACCAAAATGAGAACGCTTACGTTTCTGTTGTGACTTCTA
ACTACAATCGTCGCTTTACCCCTGARATCGCGGAGCGTCCAAAAGTGCGT
GACCAGGCTGGTCGTATGAACTACTATTGGACCCTGCTGAAACCGGGCGA
CACCATTATCTTTGAAGCGAACGGTAACCTGATCGCGCCTATGTACGCGS
CGGCTCTGTCTCGTGGCTAATAA

SEQ ID NO:59 HAl-1 PR8
ATGTCTCATAACGGTAAACTGTGTCGTCTGAAAGGTATTGCACCACTGCA

GCTGGGCAAATGCAACATCGCGGGTTGGCTGCTGGGTAACCCTGAATGTG
ACCCGCTGCTGCCGGTTCGTTCCTGGAGCTACATTGTTGAAACCCCGAAC
TCCGAAAACGGTATCTGCTACCCGGGCGACTTTATTGACTATGAAGAACT
GCGTGAGCAGCTGTCTTCCGTGAGCAGCTTTGAACGCTTCGAAATCTTCC
CGAAGGAAAGCTCCTGGCCGAACCACAACACTAACGGCGTGACGGCGGLT
TGCTCCCACGAAGGCAAATCTTCCTTTTATCGTAACCTGCTGTGGCTGAC
TGAAAAGGAAGGTTCCTACCCAAAACTGAAAAACAGCTATGTTAACAAAR
AGGGTAAAGAAGTCCTGGTGCTGTGGGGCATCCACCACCCGCCGAACTCC
AAGGAACAGCAGAATCTGTATCAGAACGAAAACGCATACGTTTCTGTCGT
TACTTCCAACTATAACCGTCGTTTCACTCCGGAAATCGCGGAACGTCCGA
AAGTACGCGACCAGGCTGGCCGTATGAACTACTACTGGACCCTGCTGAAA
CCGGGTGACACTATTATCTTCGAAGCTAACGGTAACCTGATCGCACCAAT
GTACGCTTTCGCACTGTCTCGTGGTTTCGGTTCCGGCATTATCACCAGCA

ACGCGTCTATGCACGAATGCAACACGAAATGTCAGACGCCGCTGGGCGCA

ATTAATAGCAGCCTGCCGTACCAGAACATCCACCCGGTGACTATCGGCGA

ATGCCCGAAGTATGTTCGT
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SEQ ID NO:60 HAl-1.his PRS

ATGTCTCATAACGGTAAACTGTGTCGTCTGAAAGGTATTGCACCACTGCA
GCTGGGCARATGCAACATCGCGGGTTGGCTGC TGGGTAACCCTGAATGTG
ACCCGCTGCTGCCGGTTCGTTCCTGGAGCTACATTGTTGAAACCCCGAAC
TCCGAAAACGGTATCTGCTACCCGGGCGACTTTATTGACTATGAAGAACT
GCGTGAGCAGCTGTCTTCCGTGAGCAGC TTTGAACGCTTCGAAATCTTCC
CGAAGGAAAGCTCCTGGCCGAACCACAACACTAACGGCGTGACGGCGGCT
TGCTCCCACGAAGGCAATCTTCCTTTTATCGTAACCTGCTGTGGCTGACT
GAAARAAGGAAGGTTCCTACCCAAAACTGAAAAACAGCTATGTTAACAAAA
AGGGTAAAGAAGTCCTGGTGCTGTGGGGCATCCACCACCCGCCGAACTCC
AAGGAACAGCAGAATCTGTATCAGAACGAAAACGCATACGTTTCTGTCGT
TACTTCCAACTATAACCGTCGTTTCACTCCGGAAATCGCGGAACGTCCGA
AAGTACGCGACCAGGCTGGCCGTATGAACTACTACTGGACCCTGCTGARA
CCGGGTGACACTATTATCTTCGAAGCTAACGGTAACCTGATCGCACCAAT
GTACGCTTTCGCACTGTCTCGTGGTTTCGGTTCCGGCATTATCACCAGCA

ACGCGTCTATGCACGAATGCAACACGAAATGTCAGACGCCGCTGGGCGCA

ATTAATAGCAGCCTGCCGTACCAGAACATCCACCCGGTGACTATCGGCGA
ATGCCCGAAGTATGTTCGTCATCACCATCATCACCAT

SEQ ID NO:61 HAl-2.his PR8
ATGAAAGGTATTGCTCCACTGCAACTGGGTAAATGCAATATTGCGGGTTG

GCTGCTGGGCAACCCGGAATGCGATCCGCTGCTGCCGGTCCGTTCCTGGA
GCTATATTGTTGAAACTCCGAACTCTGAGAACGGCATCTGCTATCCAGGT
GATTTCATTGACTATGAGGAACTGCGTGAACAACTGTCTTCCGTGTCTTC
CTTTGAACGTTTCGAGATTTTTCCTAAAGAATCTTCTTGGCCGAACCATA
ACACTAATGGTGTTACCGCTGCGTGCTCTCATGAAGGTAAATCTAGCTTT
TACCGCAACCTGCTGTGGCTGACCGAGAAAGAAGGTTCTTACCCGAAACT
GAAAAACAGCTACGTAAACAAAAAGGGCAAGGAAGTTCTGGTCCTGTGGG

GTATCCACCATCCGCCGAACAGCAAGGAACAGCAGAATCTGTATCAGAAC

GAAAACGCATACGTATCTGTTGTTACTTCTAACTACAACCGCCGTTTCAC

CCCTGAAATCGCGGAACGTCCGAAAGTGCGTGACCAGGCAGGCCGCATGA

ACTATTACTGGACCCTGCTGAAGCCGGGTGATACTATCATCTTCGAAGCG

AACGGTAACCTGATCGCCCCGATGTACGCGTTCGCTCTGAGCCGTGGCTT

CGGCTCTGGTATCATTACGTCTCATCACCATCATCACCAT

SEQ ID NO:62 CRM.HAl-2
ATGGGTGCTGATGATGTCGTTGATTCCTCCAAAAGCTTCGTTATGGAAAA

TTTCTCTTCTTATCACGGCACCAAACCGGGTTATGTGGATTCTATCCAAA

AAGGCATCCAGAAACCGAAGTCCGGTACGCAGGGTAACTATGATGACGAT

TGGAAAGGTTTTTACTCCACCGATAATAAATATGACGCGGCTGGCTACTC

TGTTGACAACGAAAATCCACTGTCTGGTAAGGCTGGCGGTGTCGTAAAGG

TAACGTATCCTGGCCTGACCAAGGTGCTGGCACTGAAGGTGGATAACGCT



US 2007/0224205 Al

-continued
GAAACCATCAAARAGGAGCTGGGCCTGAGCCTGACTGAACCGCTGATGGA

GCAGGTCGGTACCGAGGAATTCATCAAACGCTTCGGTGATGGCGCCTCCC
GTGTTGTGCTGTCCCTGCCGTTCGCAGAAGGCTCTTCCTCTGTCGAATAT
ATCAACAACTGGGAACAGGCTAAAGCTCTGAGCGTCGAACTGGAAATTAA
CTTTGAGACCCGTGGCAAGCGTGGTCAGGACGCGATGTACGAATATATGG
CTCAGGCTTGTGCCGGTAACCGTGTTCGCCGTTCCGTCGGTTCCTCTCTG
TCTTGCATCAACCTGGATTGGGACGTTATCCGTGATAAGACCAAAACCAA
AATTGAAAGCCTGAAGGAACACGGTCCGATCAAAAACAAAATGTCTGAAT
CTCCGAACAAAACCGTGTCCGAGGAAAAAGCGAAACAGTATCTGGAAGAA
TTCCACCAGACTGCCCTGGAACATCCTGAACTGTCCGAACTGAAGACTGT
AACCGGCACTAACCCGGTGTTCGCAGGCGCAAACTACGCCGCGTGGGCGG
TAAACGTTGCGCAGGTTATTGATAGCGAAACCGCAGATAACCTGGAAAAR
ACGACCGCAGCTCTGTCTATCCTGCCGGGTATCGGTTCCGTTATGGGTAT
TGCGGACGGCGCTGTGCACCACAACACGGAAGAAATCGTCGCACAGTCTA
TCGCGCTGTCTTCTCTGATGGTTGCTCAGGCAATTCCACTGGTAGGTGAA
CTGGTGGACATTGGCTTTGCGGCGTACAACTTCGTCGAAAGCATTATCAA

CCTGTTCCAGGTTGTACACAACTCTTACAACCGTCCGGCCTACAGCCCTG

GCCACAAAACCCAACCGTTTCTGCACGACGGTTATGCGGTGTCCTGGAAC

ACGGTTGAAGACTCTATCATTCGTACCGGCTTTCAGGGCGAGTCCGGCCA

CGATATCAAAATTACTGCAGAAAACACTCCGCTGCCGATCGCTGGCGTTC

TGCTGCCGACCATCCCGGGTAAGCTGGATGTGAACAAAAGCAAAACCCAC

ATCTCTGTTAACGGTCGTAAAATTCGCATGCGCTGTCGTGCTATCGACGG

TGATGTTACCTTCTGCCGTCCGAAATCTCCAGTCTACGTGGGCAACGGTG

TTCATGCCAACCTGCACGTGGCGTTCCATCGTAGCTCTAGCGAAAAAATC

CACTCCAACGAAATCTCTAGCGATTCTATCGGTGTTCTGGGTTATCAGAA

AACGGTGGATCATACGAAAGTCAATTCTAAACTGAGCCTGTTCTTCGAAA

TCAAATCTAGCGGCTCTGGATCCGGTTCCAAAGGCATCGCGCCGCTGCAG

CTGGGTAAATGTAACATTGCGGGCTGGCTGCTGGGTAATCCGGAATGCGA

TCCGCTGCTGCCGGTCCGTAGCTGGTCTTACATTGTTGAAACTCCGAACT

CTGAGAATGGCATCTGCTACCCGGGCGATTTTATCGACTATGAAGAACTG

CGTGAACAGCTGTCTTCCGTTTCTTCCTTTGAACGTTTCGAAATCTTCCC

GAAAGAAAGCAGCTGGCCGAATCACAATACGAACGGTGTTACTGCTGCGT

GTTCTCATGAAGGTAAATCCAGCTTCTACCGTAACCTGCTGTGGCTGACC

GAAAAAGAGGGTTCTTATCCTAAACTGAAAAACAGCTACGTTAACAAARL

GGGCAAAGAAGTGCTGGTGCTGTGGGGTATCCATCACCCTCCGAACTCTA

AAGAACAACAGAATCTGTATCAGAACGAAAACGCTTACGTTTCCGTGGTG

ACCTCTAACTATAACCGTCGTTTTACCCCGGAGATTGCTGAACGTCCGAA

AGTGCGCGATCAGGCTGGCCGTATGAACTACTATTGGACCCTGCTGAAAC

CGGGCGATACCATCATTTTCGAAGCTAACGGCAACCTGATTGCTCCGATG

Sep. 27, 2007

-continued
TATGCGTTTGCTCTGTCTCGTGGCTTCGGCTC TGGTATTATTACGTCTTA
ATAA

SEQ ID NO:63 LTB.HAl-2
ATGAATAAGGTTAAGTTCTACGTACTGTTTACCGCGCTGCTGTCTTCTCT

GTGCGCGCATGGTGCTCCGCAGTCTATTACTGAACTGTGCTCTGAATACC
ACAACACCCAGATCTATACTATCAACGATAAAATCCTGAGCTATACCGAA
TCTATGGCAGGCAAACGCGAAATGGTTATCATTACCTTTAAAAGCGGCGC
CACCTTTCAAGTGGAAGTTCCGGGCTCTCAGCATATTGACTCTCAAAARD
AAGCGATCGAACGTATGAAAGATACTCTGCGCATTACCTACCTGACCGAA
ACCAAAATCGATAAACTGTGCGTATGGAACAATAAGACTCCTAACTCTAT
CGCAGCTATTTCTATGGAAAACTCTGGTAGCGGATCCGGTTCTAAAGGCA
TCGCGCCGCTGCAGCTGGGTAAATGTAACATTGCGGGCTGGCTGCTGGGT
AATCCGGAATGCGATCCGCTGCTGCCGGTCCGTAGCTGGTCTTACATTGT
TGAAACTCCGAACTCTGAGAATGGCATCTGCTACCCGGGCGATTTTATCG
ACTATGAAGAACTGCGTGAACAGCTGTCTTCCGTTTCTTCCTTTGAACGT
TTCGAAATCTTCCCGAAAGAAAGCAGCTGGCCGAATCACAATACGAACGG
TGTTACTGCTGCGTGTTCTCATGAAGGTAAATCCAGCTTCTACCGTAACC
TGCTGTGGCTGACCGAAAAAGAGGGTTCTTATCCTAAACTGAAAAACAGC
TACGTTAACAAAAAGGGCAAAGAAGTGCTGGTGCTGTGGGGTATCCATCA
CCCTCCGAACTCTAAAGAACAACAGAATCTGTATCAGAACGAAAACGCTT
ACGTTTCCGTGGTGACCTCTAACTATAACCGTCGTTTTACCCCGGAGATT
GCTGAACGTCCGAAAGTGCGCGATCAGGCTGGCCGTATGAACTACTATTG
GACCCTGCTGAAACCGGGCGATACCATCATTTTCGAAGCTAACGGCAACC
TGATTGCTCCGATGTATGCGTTTGCTCTGTCTCGTGGCTTCGGCTCTGGT
ATTATTACGTCTTAATAA

SEQ ID NO:64 STF2.HAl-1 VN
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
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TACGGCTTCTGTAACCGGTGGTGCGGTTAAAT TTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGAGCCTGTTAGCGGAGAAGAAACACAATGGCAAACTGTGTGATCT
GGATGGTGTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGC
TGCTGGGCAACCCTATGTGTGACGAATTCATTAACGTTCCGGAATGGTCT
TACATTGTTGAAAAAGCTAACCCTGTCAACGATCTGTGTTACCCTGGTGA
CTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATCAATCACT
TCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCT
TCTCTGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTT
TCGTAACGTTGTTTGGCTGATCAAGAAAAACTCCACCTACCCGACGATCA
AGCGTAGCTATAATAACACCAACCAGGAAGACCTGCTGGTTCTGTGGGGC
ATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAGAACCC
GACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTAC
CGCGTATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAA
TTTTTCTGGACCATCCTGAAACCGAACGACGCAATCAACTTCGAATCTAA
CGGCAATTTCATCGCTCCGGAGTATGCGTACAAAATCGTAAAGAAAGGTG
ATAGCACTATCATGAAATCCGAGCTGGAATATGGCAACTGTAACACCAAA
TGCCAGACCCCGATGGGTGCAATCAACTCCTCCATGCCGTTTCACAACAT
TCACCCGCTGACTATCGGCGAATGTCCGAAATACGTTAAATAGTAA

SEQ ID NO:65 FOR PRIMER
AGTGGCTGAGCCTGTTAGCGGAGAAGAAACACAATGGCAAACTGTG

SEQ ID NO:66 REV PRIMER
AGTCGCTCAGCTTACTATTTAACGTATTTCGGACATTCGCCGATAGTCAG

Sep. 27, 2007

-continued

SEQ ID NO:67 HAOs VN
GTGCTGAGCCTGTTACGTCAGATTTGTATCGGCTACCACGCAAACAACTC
TACCGAGCAAGTTGATACCATCATGGAGAAAAACGTGACCGTTACTCACG
CGCAGGACATCCTGGAGAAGAAACACAATGGCAAACTGTGTGATC TGGAT
GGTGTGAAACCGCTGATTCTGCGCGATTGCTC TGTGGCAGGCTGGCTGCT
GGGCAACCCTATGTGTGACGAATTCATTAACGTTCCGGAATGGTCTTACA
TTGTTGAAAAAGCTAACCCTGTCAACGATCTGTGTTACCCTGGTGACTTT
AACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATCAATCACTTCGA
GAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCTC
TGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGT
AACGTTGTTTGGCTGATCAAGAAAAACTCCACCTACCCGACGATCAAGCG
TAGCTATAATAACACCAACCAGGAAGACCTGCTGGTTCTGTGGGGCATCC
ACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAGAACCCGACC
ACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCG
TATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTT
TCTGGACCATCCTGAAACCGAACGACGCAATCAACTTCGAATCTAACGGC
AATTTCATCGCTCCGGAGTATGCGTACAAAATCGTAAAGAAAGGTGATAG
CACTATCATGAAATCCGAGCTGGAATATGGCAACTGTAACACCAAATGCC
AGACCCCGATGGGTGCAATCAACTCCTCCATGCCGTTTCACAACATTCAC
CCGCTGACTATCGGCGAATGTCCGAAATACGTTAAATCCAATCGTCTGGT
TCTGGCTACCGGTCTGCGTAACTCCCCACAGCGTGAACGTCGTCGTAAGA
AACGTGGTCTGTTTGGCGCGATCGCTGGTTTCATCGAGGGCGGCTGGCAG
GGTATGGTTGATGGCTGGTACGGTTATCATCATTCCAATGAACAGGGTTC
CGGCTACGCCGCAGATAAAGAAAGCACTCAGARAGCAATTGATGGCGTAA
CTAACAAAGTAAATTCTATCATTGATAAAATGAACACCCAGTTCGAGGCG
GTTGGTCGTGAGTTCAACAACCTGGAACGCCGTATCGAAAACCTGAACAA
GAAAATGGAAGACGGTTTTCTGGATGTGTGGACTTACAATGCTGAACTGC
TGGTGCTGATGGAAAACGAGCGTACCCTGGAC TTCCACGACAGCARCGTC
AAARATCTGTATGACAAAGTCCGTCTGCAGCTGCGTGATAACGCTAAAGA
GCTGGGTAATGGCTGCTTCGAGTTCTATCACARATGCGACAACGAATGCA
TGGAATCTGTCCGCAACGGCACTTACGATTATCCGCAGTACTCCGARGAA
GCGCGCCTGAAACGCGAAGAGATCTCCGGTGTGAAGCTGGAGTCTATTGG
CATCTACCAGATCCTGTCCATCTACAGCACCTAGTAAGCTGAGCGCCTAC
GCAGC

SEQ ID NO:68 STF2.HAl-2 VN
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
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AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGARATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGS
TACGGCTTCTGTAACCGGTGGTGCGGTTAAAT TTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCARAAAT
GGCGATTATGAAGTTAACGTTGC TACTGACGGTACAGTAACCCTTGCGGT
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGC TAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTARAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC
AGCAGGCCGGTACTTCCGTTC TGGCGCAGGCTAACCAGGTCCCGCAGAAL
GTGCTGAGCCTGTTAGCAGGTGTGAAACCGCTGATTCTGCGCGATTGCTC
TGTGGCAGGCTGGC TGCTGGGCAACCCTATGTGTGACGAATTCATTAACG
TTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCTGTCAACGATCTG
TGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTC
TCGTATCAATCACTTCGAGALAATCCAGATCATCCCGARATCCTCCTGGA
GCTCCCACGAAGCTTCTCTGGGCGTATCCTCCGCGTGCCCGTACCAGGGT
AAATCCTCTTTC TTTCGTAACGTTGTTTGGCTGATCAAGAAAAACTCCAC
CTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAAGACCTGC

TGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAG

CTGTACCAGAACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAA

CCAGCGTCTGGTACCGCGTATCGCAACCCGCAGCAAGGTAAACGGTCAAG

CGGCCGCATGGAATTTTTCTGGACCATCCTGAAACCGAACGAACGCAATC

Sep. 27, 2007

-continued
AACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTACAAAAT

CGTAAAGAAAGGTGATAGCACTATCATGAAATCCGAGTAGTAA

SEQ ID NO:69 FOR PRIMER
AGTCGCTGAGCCTGTTAGCAGGTGTGAAACCGCTGATTCTGCGCGATTG

SEQ ID NO:70 REV PRIMER
TGACGCTCAGCTTACTACTCGGATTTCATGATAGTGCTATCACCTTTC

SEQ ID NO:71 STF2.HAl-2mut VN
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC

TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG

TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT

GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA

AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC

GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC

CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA

TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC

AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC

GTGCTGAGCCTGTTAGCGGGTGCGAAACCGCTGTCTCTGCGCGATTGCTC

TGTGGCAGGCTGGCTGCTGGGCAACCCTATGTGTGACGAATTCATTAACG

TTCCGGAATGGTCTGATATTGCCGAAAAAGCTAACCCTGTCAACGATCTG
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TGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTC

TCGTATCAATCACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGA
GCTCCCACGAAGCTTCTCTGGGCGTATCCTCCGCGTGCCCGTACCAGGGL
AAATCCTCTTTCTTTCGTAACGTTGTTTGGCTGATCAAGAAAAACTCCAC
CTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAAGACCTGC

TGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAG

CTGTACCAGAACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAA

CCAGCGTCTGGTACCGCGTATCGCAACCCGCAGCAAGGTAAACGGTCAAA

GCGGCCGCATGGAATTTTTCTGGACCATCCTGAAACCGAACGACGCAATC

AACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTACAAAAT

CGTAAAGAAAGGTGATAGCACTATCATGAAATCCGAGTAGTAA

SEQ ID NO:72 HAl-2mut VN
GGTGCGAAACCGCTGTCTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCT

GGGCAACCCTATGTGTGACGAATTCATTAACGTTCCGGAATGGTCTGATA

TTGCCGAAAAAGCTAACCCTGTCAACGATCTGTGTTACCCTGGTGACTTT

AACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATCAATCACTTCGA

GAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCTC

TGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGT

AACGTTGTTTGGCTGATCAAGAAAAACTCCACCTACCCGACGATCAAGCG

TAGCTATAATAACACCAACCAGGAAGACCTGCTGGTTCTGTGGGGCATCC

ACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAGAACCCGACC

ACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCG

TATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTT

TCTGGACCATCCTGAAACCGAACGACGCAATCAACTTCGAATCTAACGGC

AATTTCATCGCTCCGGAGTATGCGTACAAAATCGTAAAGAAAGGTGATAG

CACTATCATGAAATCCGAGTAGTAA

SEQ ID NO:73 STF2.HAl-1 IND
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

Sep. 27, 2007

-continued
TCGGGTCTTGATGATGCAGCTATTAAAGCGGC TACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCGGAGAAAACGCATAACGGTAAACTGTGCGACCT
GGACGGCGTGAAGCCGCTGATCCTGCGTGACTGTTCTGTTGCTGGCTGGC
TGCTGGGCAACCCGATGTGCGATGAGTTCATCAACGTTCCGGAGTGGTCT
TATATTGTTGAAAAAGCGAACCCGACCAATGACCTGTGCTACCCGGGCTC
TTTTAATGACTACGAGGAGCTGAAACATCTGCTGTCTCGCATCAACCATT
TCGAAAAAATTCAGATCATCCCGAAATCTTCCTGGAGCGATCACGAAGCT
TCTTCCGGCGTATCTTCTGCATGCCCTTACCTGGGTTCCCCGTCTTTCTT
CCGTAACGTGGTTTGGCTGATCAAGAAGAACTCTACGTACCCGACCATCA
AGAAATCCTATAACAACACTAACCAGGAAGATCTGCTGGTGCTGTGGGGT
ATCCATCATCCAAACGATGCAGCCGAACAGACCCGCCTGTACCAGAATCC
GACCACGTACATCTCTATCGGCACTTCTACCCTGAATCAACGCCTGGTGC
CGAAAATCGCAACTCGCAGCAAAGTCAACGGCCAATCTGGTCGCATGGAG
TTTTTCTGGACCATCCTGAAACCGAACGACGCGATTAACTTCGAAAGCAA
CGGCAACTTCATTGCACCGGAATATGCTTACAAGATCGTTAAAAAGGGTG
ATTCTGCGATCATGAAAAGCGAGCTGGAATACGGCAACTGCAACACTAAA
TGCCAGACCCCGATGGGTGCAATCAATTCCAGCATGCCATTTCACAACAT
CCACCCGCTGACCATCGGCGAGTGTCCAAAATACGTTAAATAATAG

SEQ ID NO:74 FOR PRIMER
AGTGGCTGAGCCTGTTAGCGGAGAAAACGCATAACGGTAAACTGTG

SEQ ID NO:75 HAOs IND
GCTGAGCCTGTTACGTGATCAAATCTGCATCGGTTACCACGCAAACAACT

CCACTGAACAAGTGGATACGATCATGGAAAAGAACGTGACCGTGACCCAC
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GCTCAAGATATCCTGGAGAAAACGCATAACGGTAAACTGTGCGACCTGGA

CGGCGTGAAGCCGCTGATCCTGCGTGACTGTTCTGTTGCTGGCTGGCTGC
TGGGCAACCCGATGTGCGATGAGTTCATCAACGTTCCGGAGTGGTCTTAT
ATTGTTGAAAAAGCGAACCCGACCAATGACCTGTGCTACCCGGGCTCTTT
TAATGACTACGAGGAGCTGAAACATCTGCTGTCTCGCATCAACCATTTCG
AAAAAATTCAGATCATCCCGAAATCTTCCTGGAGCGATCACGAAGCTTCT
TCCGGCGTATCTTCTGCATGCCCTTACCTGGGTTCCCCGTCTTTCTTCCG
TAACGTGGTTTGGCTGATCAAGAAGAACTCTACGTACCCGACCATCAAGA
AATCCTATAACAACACTAACCAGGAAGATCTGCTGGTGCTGTGGGGTATC

CATCATCCAAACGATGCAGCCGAACAGACCCGCCTGTACCAGAATCCGAC

CACGTACATCTCTATCGGCACTTCTACCCTGAATCAACGCCTGGTGCCGA

AAATCGCAACTCGCAGCAAAGTCAACGGCCAATCTGGTCGCATGGAGTTT

TTCTGGACCATCCTGAAACCGAACGACGCGATTAACTTCGAAAGCAACGG

CAACTTCATTGCACCGGAATATGCTTACAAGATCGTTAAAAAGGGTGATT

CTGCGATCATGAAAAGCGAGCTGGAATACGGCAACTGCAACACTARAATGC

CAGACCCCGATGGGTGCAATCAATTCCAGCATGCCATTTCACAACATCCA

CCCGCTGACCATCGGCGAGTGTCCAAAATACGTTAAATCCAATCGTCTGG

TGCTGGCAACGGGCCTGCGCAACTCTCCGCAACGTGAGTCTCGTCGCARAA

AAGCGTGGCCTGTTTGGCGCAATTGCGGGCTTCATCGAGGGCGGCTGGCA

GGGTATGGTTGATGGTTGGTACGGTTATCACCATTCCAACGAGCAGGGCT

CTGGTTACGCTGCGGACAAAGAGTCCACGCAGAAAGCGATCGATGGCGTC

ACCAACAAAGTGAACTCTATCATCGACAAGATGAACACTCAGTTCGAGGC

TGTGGGCCGTGAATTCAACAATCTGGAACGTCGCATCGAAAACCTGAACA

AAAAGATGGAAGACGGTTTCCTGGACGTATGGACCTATAACGCAGAGCTG

CTGGTTCTGATGGAAAACGAACGTACTCTGGACTTCCACGATTCTAACGT

TAAAAACCTGTACGACAAAGTTCGTCTGCAGCTGCGCGATAATGCAAAAG

AACTGGGTAACGGCTGCTTTGAATTTTACCACAAATGTGACAACGAATGC

ATGGAAAGCATCCGTAACGGTACCTACAATTACCCACAGTACTCCGAAGA

AGCGCGTCTGAAACGTGAAGAAATCTCCGGTGTAAAACTGGAATCCATTG

GCACGTATCAGATTCTGTCTATCTACTCCACGGTAGCGTCCTCTCTGGCG

CTGGCAATTATGATGGCCGGCCTGTCTCTGTGGATGTGCTCTAACGGCTC

TCTGCAGTGCCGCATCTGCATCTAATAGGCTGAGC

SEQ ID NO:76 STF2.HAl-2 IND
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
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-continued
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGAGCCTGTTAGCAGGTGTGAAACCGCTGATTCTGCGCGATTGTTC
TGTTGCTGGCTGGCTGCTGGGCAACCCGATGTGCGATGAGTTCATCAACG
TTCCGGAGTGGTCTTATATTGTTGAAAAAGCGAACCCGACCAATGACCTG
TGCTACCCGGGCTCTTTTAATGACTACGAGGAGCTGAAACATCTGCTGTC
TCGCATCAACCATTTCGAAAAAATTCAGATCATCCCGAAATCTTCCTGGA
GCGATCACGAAGCTTCTTCCGGCGTATCTTCTGCATGCCCTTACCTGGGT
TCCCCGTCTTTCTTCCGTAACGTGGTTTGGCTGATCAAGAAGAACTCTAC
GTACCCGACCATCAAGAAATCCTATAACAACACTAACCAGGAAGATCTGC

TGGTGCTGTGGGGTATCCATCATCCAAACGATGCAGCCGAACAGACCCGL

CTGTACCAGAATCCGACCACGTACATCTCTATCGGCACTTCTACCCTGAA

TCAACGCCTGGTGCCGAAAATCGCAACTCGCAGCAAAGTCAACGGCCAAT

CTGGTCGCATGGAGTTTTTCTGGACCATCCTGAAACCGAACGACGCGATT

AACTTCGAAAGCAACGGCAACTTCATTGCACCGGAATATGCTTACAAGAT

CGTTAAAAAGGGTGATTCTGCGATCATGAAAAGCGAGTAATAG
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SEQ ID NO:77 REV PRIMER
AGTCGCTCAGCCTATTACTCGCTTTTCATGATCGCAGAATCAC

SEQ ID NO:78 STF2.HAl-2mut IND
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC

TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG

TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT

GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA

AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC

GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC

CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA

TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC

AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC

GTGCTGTCTCTGTTAGCGGGCGCAAAGCCGCTGTCTCTGCGTGACTGTTC

TGTTGCTGGCTGGCTGCTGGGCAACCCGATGTGCGATGAGTTCATCAACG

TTCCGGAGTGGTCTGATATTGCGGAAAAAGCGAACCCGACCAATGACCTG

TGCTACCCGGGCTCTTTTAATGACTACGAGGAGCTGAAACATCTGCTGTC

TCGCATCAACCATTTCGAAAAAATTCAGATCATCCCGAAATCTTCCTGGA

GCGATCACGAAGCTTCTTCCGGCGTATCTTCTGCATGCCCTTACCTGGGT

Sep. 27, 2007

-continued
TCCCCGTCTTTCTTCCGTAACGTGGTTTGGCTGATCAAGAAGAACTCTAC

GTACCCGACCATCAAGAAATCCTATAACAACACTAACCAGGAAGATCTGC

TGGTGCTGTGGGGTATCCATCATCCAAACGATGCAGCCGAACAGACCCGL

CTGTACCAGAATCCGACCACGTACATCTCTATCGGCACTTCTACCCTGAA

TCAACGCCTGGTGCCGAAAATCGCAACTCGCAGCAAAGTCAACGGCCAAT

CTGGTCGCATGGAGTTTTTCTGGACCATCCTGAAACCGAACGACGCGATT

AACTTCGAAAGCAACGGCAACTTCATTGCACCGGAATATGCTTACAAGAT

CGTTAAAAAGGGTGATTCTGCGATCATGAAAAGCGAGTAATAG

SEQ ID 79 HAl-2mut IND
GGCGCAAAGCCGCTGTCTCTGCGTGACTGTTCTGTTGCTGGCTGGCTGCT

GGGCAACCCGATGTGCGATGAGTTCATCAACGTTCCGGAGTGGTCTGATA
TTGCGGAAAAAGCGAACCCGACCAATGACCTGTGCTACCCGGGCTCTTTT
AATGACTACGAGGAGCTGAAACATCTGCTGTCTCGCATCAACCATTTCGA
AAAAATTCAGATCATCCCGAAATCTTCCTGGAGCGATCACGAAGCTTCTT
CCGGCGTATCTTCTGCATGCCCTTACCTGGGTTCCCCGTCTTTCTTCCGT
AACGTGGTTTGGCTGATCAAGAAGAACTCTACGTACCCGACCATCAAGAA
ATCCTATAACAACACTAACCAGGAAGATCTGCTGGTGCTGTGGGGTATCC

ATCATCCAAACGATGCAGCCGAACAGACCCGCCTGTACCAGAATCCGACC

ACGTACATCTCTATCGGCACTTCTACCCTGAATCAACGCCTGGTGCCGAA

AATCGCAACTCGCAGCAAAGTCAACGGCCAATCTGGTCGCATGGAGTTTT

TCTGGACCATCCTGAAACCGAACGACGCGATTAACTTCGAAAGCAACGGC

AACTTCATTGCACCGGAATATGCTTACAAGATCGTTAAAAAGGGTGATTC

TGCGATCATGAAAAGCGAGTAATAGGCTGAGC

SEQ ID NO:80 STF2.HAl-1 NC
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC



US 2007/0224205 Al

-continued
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGAGCCTGTTAGCGTCCCACAACGGTAAACTGTGTCTGCTGAAAGG
CATCGCACCGCTGCAGCTGGGTAACTGTAGCGTTGCAGGTTGGATCCTGG
GTAACCCGGAGTGCGAACTGCTGATTTCCAAGGAGAGCTGGTCTTACATT
GTCGAAACGCCGAATCCGGAAAACGGCACTTGTTATCCGGGTTACTTCGC
CGATTACGAAGAACTGCGTGAACAACTGTCTTCCGTGAGCTCTTTCGAAC
GTTTCGAGATCTTCCCGAAAGAGAGCAGCTGGCCAAACCACACTGTTACC
GGTGTGTCTGCGAGCTGTTCTCACAACGGCAAGTCTTCTTTCTACCGCAA
CCTGCTGTGGCTGACGGGTAAGAATGGCCTGTATCCGAACCTGTCTAAAT
CTTACGTAAACAACAAAGAGAAAGAGGTGCTGGTCCTGTGGGGCGTACAC
CATCCACCAAATATCGGCAACCAGCGCGCCCTGTACCACACCGAARACGC
TTATGTGTCCGTGGTGAGCTCCCATTACAGCCGTCGTTTTACTCCGGAGA
TTGCCAAACGTCCGAAAGTTCGTGATCAGGAAGGCCGTATTAACTACTAC
TGGACTCTGCTGGAGCCGGGCGATACCATCATTTTCGAGGCAAACGGCAA
CCTGATTGCGCCATGGTACGCGTTCGCCCTGAGCCGTGGTTTTGGCTCCG
GTATTATCACCTCTAACGCGCCAATGGACGAATGCGACGCGAAATGCCAA
ACGCCGCAGGGCGCAATCAACAGCAGCCTGCCGTTCCAGAACGTTCACCC
GGTTACCATCGGCGAATGCCCTAAATACGTGCGCTAATAG

SEQ ID NO:81 FOR PRIMER
AACCAGGTCCCGCAGAACGTGCTGAGCCTGTTAGCGTCCCACAACGGTAA

ACTGTGTCTGCTGAAAGGCATCGCACCGCTGCAG

SEQ ID NO:82 REV PRIMER
GAACAGCTCAGTTCCTACGAGCTCAGCCTATTAGCGCACGTATTTAGGGC

ATTCGCCGATGTAACCGGGTGAACGTT

SEQ ID NO:83 HAOs NC
GACACGATCTGTATTGGTTATCATGCAAACAACTCTACTGACACTGTAGA

TACTGTGCTGGAAAAGAACGTAACCGTTACCCACAGCGTTAACCTGCTGG

Sep. 27, 2007

-continued
AAGATTCCCACAACGGTAAACTGTGTCTGCTGAAAGGCATCGCACCGCTG

CAGCTGGGTAACTGTAGCGTTGCAGGTTGGATCCTGGGTAACCCGGAGTG
CGAACTGCTGATTTCCAAGGAGAGCTGGTCTTACATTGTCGAAACGCCGA
ATCCGGAAAACGGCACTTGTTATCCGGGTTACTTCGCCGATTACGAAGAA
CTGCGTGAACAACTGTCTTCCGTGAGCTCTTTCGAACGTTTCGAGATCTT
CCCGAAAGAGAGCAGCTGGCCAAACCACACTGTTACCGGTGTGTCTGCGA
GCTGTTCTCACAACGGCAAGTCTTCTTTCTACCGCAACCTGCTGTGGCTG
ACGGGTAAGAATGGCCTGTATCCGAACCTGTCTAAATCTTACGTAAACAA
CAAAGAGAAAGAGGTGCTGGTCCTGTGGGGCGTACACCATCCACCAAATA
TCGGCAACCAGCGCGCCCTGTACCACACCGAAAACGCTTATGTGTCCGTG
GTGAGCTCCCATTACAGCCGTCGTTTTACTCCGGAGATTGCCAAACGTCC
GAAAGTTCGTGATCAGGAAGGCCGTATTAACTACTACTGGACTCTGCTGG
AGCCGGGCGATACCATCATTTTCGAGGCAAACGGCAACCTGATTGCGCCA
TGGTACGCGTTCGCCCTGAGCCGTGGTTTTGGCTCCGGTATTATCACCTC
TAACGCGCCAATGGACGAATGCGACGCGAAATGCCAAACGCCGCAGGGLCG
CAATCAACAGCAGCCTGCCGTTCCAGAACGTTCACCCGGTTACCATCGGC
GAATGCCCTAAATACGTGCGCTCCGCCAAACTGCGCATGGTTACTGGTCT
GCGTAACATCCCGAGCATTCAGTCTCGCGGTCTGTTCGGTGCGATCGCGG
GCTTCATTGAAGGCGGTTGGACCGGTATGGTGGATGGTTGGTACGGCTAC
CATCACCAGAACGAACAGGGTAGCGGTTACGCTGCCGACCAGAAATCCAC

CCAGAACGCTATTAACGGTATCACCAACAAAGTTAACAGCGTAATTGAGA

AGATGAACACGCAGTTCACCGCCGTAGGTAAGGAATTCAACAAGCTGGAA

CGTCGCATGGAAAACCTGAACAAAAAGGTGGACGACGGCTTTCTGGACAT

CTGGACCTACAACGCTGAACTGCTGGTGCTGCTGGAAAACGAACGTACCC

TGGATTTCCACGACTCTAATGTTAAAAACCTGTACGAAAAGGTCAAGTCT

CAACTGAAAAACAATGCGAAGGAAATCGGCAACGGCTGTTTCGAATTCTA

CCATAAATGCAACAACGAATGCATGGAATCCGTTAAAAACGGTACCTATG

ACTACCCTAAATACTCCGAAGAAAGCAAACTGAACCGCGAGAAAATCGAT

GGTGTAAAACTGGAATCTATGGGTGTTTACCAGATCCTGGCGATCTACTC

CACGGTAGCCAGCAGCCTGGTTCTGCTGGTTAGCCTGGGTGCAATTAGCT

TCTGGATGTGCTCTAACGGCAGCCTGCAATGCCGCATCTGTAATAGGCTG

AGC

SEQ ID NO:84 STF2.HAl-2 NC
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
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AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGAGCCTGTTAGCGAAAGGCATCGCACCGCTGCAGCTGGGTAACTG
TAGCGTTGCAGGTTGGATCCTGGGTAACCCGGAGTGCGAACTGCTGATTT
CCAAGGAGAGCTGGTCTTACATTGTCGAAACGCCGAATCCGGAAAACGGC
ACTTGTTATCCGGGTTACTTCGCCGATTACGAAGAACTGCGTGAACAACT
GTCTTCCGTGAGCTCTTTCGAACGTTTCGAGATCTTCCCGAAAGAGAGCA
GCTGGCCAAACCACACTGTTACCGGTGTGTCTGCGAGCTGTTCTCACAAC
GGCAAGTCTTCTTTCTACCGCAACCTGCTGTGGCTGACGGGTAAGAATGG
CCTGTATCCGAACCTGTCTAAATCTTACGTAAACAACAAAGAGAAAGAGG
TGCTGGTCCTGTGGGGCGTACACCATCCACCAAATATCGGCAACCAGCGC
GCCCTGTACCACACCGAAAACGCTTATGTGTCCGTGGTGAGCTCCCATTA
CAGCCGTCGTTTTACTCCGGAGATTGCCAAACGTCCGAAAGTTCGTGATC
AGGAAGGCCGTATTAACTACTACTGGACTCTGCTGGAGCCGGGCGATACC
ATCATTTTCGAGGCAAACGGCAACCTGATTGCGCCATGGTACGCGTTCGC

CCTGAGCCGTGGTTTTGGCTCCGGTATTATCACCTCTTAATAA

Sep. 27, 2007

-continued
SEQ ID NO:85 FOR PRIMER
AACCAGGTCCCGCAGAACGTGCTGAGCCTGTTAGCGAAAGGCATCGCACC
GCTGCAGCTGGGTAACTGTAGCGTTGCAGGTTGG

SEQ ID NO:86 REV PRIMER
GAACAGCTCAGTTCCTACGAGCTCAGCCTATTAAGAGGTGATAATACCGG

AGCCAAAACCACGGCTCAGGGCGAACGCGTACCA

SEQ ID NO:87 STF2.HAl-2mut NC
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCAC

TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG

TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT

GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA

AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC

GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC

CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA

TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGC

AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC

GTGCTGAGCCTGTTAGCGAAAGGCGCGGCACCGCTGCAGCTGGGTAACTG

TAGCGTTGCAGGTTGGATCCTGGGTAACCCGGAGTGCGAACTGCTGATTT

CCAAGGAGAGCTGGTCTGATATTGCAGAAACGCCGAATCCGGAARAACGGC
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ACTTGTTATCCGGGTTACTTCGCCGATTACGAAGAACTGCGTGAACAACT

GTCTTCCGTGAGCTCTTTCGAACGTTTCGAGATCTTCCCGAAAGAGAGCA
GCTGGCCAAACCACACTGTTACCGGTGTGTCTGCGAGCTGTTCTCACAAC
GGCAAGTCTTCTTTCTACCGCAACCTGCTGTGGCTGACGGGTAAGAATGG
CCTGTATCCGAACCTGTCTAAATCTTACGTAAACAACAAAGAGAAAGAGG
TGCTGGTCCTGTGGGGCGTACACCATCCACCAAATATCGGCAACCAGCGC
GCCCTGTACCACACCGAAAACGCTTATGTGTCCGTGGTGAGCTCCCATTA
CAGCCGTCGTTTTACTCCGGAGATTGCCAAACGTCCGAAAGTTCGTGATC
AGGAAGGCCGTATTAACTACTACTGGACTCTGCTGGAGCCGGGCGATACC
ATCATTTTCGAGGCAAACGGCAACCTGATTGCGCCATGGTACGCGTTCGC
CCTGAGCCGTGGTTTTGGCTCCGGTATTATCACCTCTTAATAG

SEQ ID NO:88 HAl-2mut NC
GCTGAGCCTGTTAGCGAAAGGCGCGGCACCGCTGCAGCTGGGTAACTGTA

GCGTTGCAGGTTGGATCCTGGGTAACCCGGAGTGCGAACTGCTGATTTCC
AAGGAGAGCTGGTCTGATATTGCAGAAACGCCGAATCCGGAAAACGGCAC
TTGTTATCCGGGTTACTTCGCCGATTACGAAGAACTGCGTGAACAACTGT
CTTCCGTGAGCTCTTTCGAACGTTTCGAGATCTTCCCGAAAGAGAGCAGC
TGGCCAAACCACACTGTTACCGGTGTGTCTGCGAGCTGTTCTCACAACGG
CAAGTCTTCTTTCTACCGCAACCTGCTGTGGCTGACGGGTAAGAATGGCC
TGTATCCGAACCTGTCTAAATCTTACGTAAACAACAAAGAGAAAGAGGTG
CTGGTCCTGTGGGGCGTACACCATCCACCAAATATCGGCAACCAGCGCGL
CCTGTACCACACCGAAAACGCTTATGTGTCCGTGGTGAGCTCCCATTACA
GCCGTCGTTTTACTCCGGAGATTGCCAAACGTCCGAAAGTTCGTGATCAG
GAAGGCCGTATTAACTACTACTGGACTCTGCTGGAGCCGGGCGATACCAT
CATTTTCGAGGCAAACGGCAACCTGATTGCGCCATGGTACGCGTTCGCCC
TGAGCCGTGGTTTTGGCTCCGGTATTATCACCTCTTAATAGGCTGAGC

SEQ ID NO:89 STF2.HAl-lhis (PR8)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVT IGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALTIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGT SVLAQANQVPQN
VLSLLASHNGKLCRLKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYI
VETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHNTN

GVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIH

Sep. 27, 2007

-continued
HPPNSKEQQNLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYY
WTLLKPGDTI IFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQ
TPLGAINS SLPYQNIHPVT IGECPKYVRHHHHHH

SEQ ID NO:90 STF2.HAl-2 (PR8)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVTIGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
AL TAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQON
VLSLLAKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENG
ICYPGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHE
GKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQ
NLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDT
IIFEANGNLIAPMYAFALSRGFGSGIITS

SEQ ID NO:91 STF2.RAl-2mut (PR8)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVTIGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
AL TAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQON
VLSLLAKGAAPLQLGKCNIAGWLLGNPECDPLLPVRSWSDIAETPNSENG
ICYPGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHE
GKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQ
NLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDT
IIFEANGNLIAPMYAFALSRGFGSGIITS

SEQ ID NO:92 STF2.HAl1l-3 (PR8)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA

NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
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SGLDDAATKAATGGTNGTASVTGGAVKFDADNNKYFVT IGGFTGADARKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALIAGGVDATDANGAELVKMS YTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVT IDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVONRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQON
VLSLLANSENGICYPGDFIDYEELREQLSSVS SFERFE IFPKESSWPNHN
TNGVTAAC SHEGKS SFYRNLLWLTEKEGSYPKLKNS YVNKKGKEVLVLWG
THHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTPE I AERPKVRDQAGRMN
YYWTLLKPGDTIIFEANGNLIAPMYAFALSRG

SEQ ID NO:93 HAl-2his (PRS8)
KGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGD

FIDYEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFY
RNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQONLYQNE
NAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTIIFEAN
GNLIAPMYAFALSRGFGSGIITSHHHHHH

SEQ ID NO:94 STF2.4xM2e
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVT IGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALTIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGT SVLAQANQVPQN
VLSLLRLSLLTEVETPIRNEWGSRSNDSSDPLESLLTEVETPIRNEWGSR
SNDSSDPGSSLLTEVETPIRNEWGSRSNDS SDPELSLLTEVETPIRNEWG
SRSNDSSDPSR

SEQ ID NO:95 STF2.HAl-2 (VN)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVT IGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALTIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA

TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
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DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVONRFNSAITN

LGNTVNNLSEARSRIEDSDYATEVSNMSPAQILQQAGTSVLAQANQVPQN
VLSLLAGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSY IVEKANPVNDL
CYPGDFNDYEELKHLLSRINHFEKIQITPKSSWSSHEASLGVSSACPYQG
KSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTK
LYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAT
NFESNGNFIAPEYAYKIVKKGDSTIMKSE

SEQ ID NO:96 STF2
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVTIGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
AL TAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQON
VLSLLA

SEQ ID NO:97 STF2.Blp.wt
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAGGTTATCAATACCAACTCCCTGTCGTTGCTCA
CCCAAAATAACCTTAATAAAAGCCAGAGCGCACTGGGAACCGCCATAGAA
CGCCTCTCAAGCGGCCTCCGGATCAATTCTGCAAAAGACGACGCCGCCGG
TCAGGCCATCGCAAACCGCTTTACCGCCAATATCAAGGGACTGACGCAGG
CTTCGAGGAATGCTAACGATGGAATAAGCATCGCTCAAACCACGGAGGGC

GCCCTGAACGAGATCAACAACAACCTACAGCGCGTCAGGGAGCTCGCAGT

GCAGTCCGCCAATTCGACCAACTCGCAGTCGGACCTGGACTCGATCCAAG

CCGAAATCACCCAGCGCCTGAATGAGATTGACCGGGTGAGCGGTCAGACA

CAGTTTAACGGCGTGAAGGTACTTGCACAGGATAACACACTTACGATACA

GGTGGGCGCCAACGATGGTGAAACCATAGACATTGATCTCAAACAGATTA

ACAGCCAGACGCTCGGGTTGGATAGCCTGAATGTGCAAAAGGCGTACGAC

GTGAAAGACACGGCGGTCACTACCAAAGCCTACGCTAACAATGGCACTAC

CTTGGATGTGAGCGGATTGGATGATGCAGCAATCAAGGCTGCTACCGGCG

GTACGAACGGAACCGCGTCCGTGACCGGCGGTGCCGTGAAGTTCGATGCT

GACAACAATAAGTATTTCGTCACCATTGGAGGCTTTACTGGCGCCGACGC

AGCAAAGAACGGCGACTATGAAGTGAACGTGGCAACCGATGGAACCGTGA

CGCTGGCCGCTGGTGCCACCAAGACCACCATGCCAGCCGGCGCCACAACT

AAGACCGAGGTGCAGGAGTTAAAGGACACCCCCGCGGTGGTTAGCGCAGA
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TGCCAAAAACGCGTTGATCGCCGGCGGAGTGGATGCAACTGATGCTAATG

GTGCGGAGCTGGTTAAAATGTCGTATACAGACAAGAATGGTAAGACGATC
GAGGGCGGTTATGCCCTTAAGGCAGGAGATAAGTATTACGCTGCTGATTA
CGATGAGGCGACGGGAGCTATTAAGGCCAAGACAACGTCATACACGGCGG
CGGACGGAACGACTAAGACGGCTGCCAATCAGTTGGGAGGGGTTGACGGG
AAGACAGAGGTCGTTACGATCGATGGCAAGACATACAACGCCTCCAAGGC
CGCTGGCCACGATTTCAAAGCTCAACCCGAACTGGCCGAGGCCGCGGCGA
AAACAACTGAGAACCCGTTGCAGAAGATTGATGCGGCCCTGGCGCAAGTA
GATGCCCTGCGCTCAGACCTGGGCGCCGTTCAAAATCGATTCAATTCCGC
GATTACAAACCTGGGCAATACAGTAAACAATCTATCCGAGGCCAGATCCC
GCATTGAAGACTCCGACTACGCGACAGAAGTAAGTAACATGAGTCGTGCC
CAGATTCTGCAGCAGGCCGGCACTAGTGTCCTGGCCCAGGCCAATCAAGT
CCCGCAGAATGTGCTGAGCCTACTACGAGAGTTCAGTCGTTACCCAGCCC
AATGGCGGCCGCTC

SEQ ID NO:98 STF2.Blp.ng
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAAGTGATCAACACCAACTCCCTGTCCCTGCTCA
CTCAAAACAACCTCCAGAAATCTCAGTCTGCTCTCGGTACTGCTATCGAG
CGTCTCTCCTCCGGCCTGAGGATCAACTCCGCTAAAGATGACGCCGCCGG
ACAAGCTATCGCTAACCGCTTTACTGCCAACATTAAAGGCCTGACCCAAG
CCTCTAGGAACGCCAATGATGGCATTTCTATCGCTCAAACCACCGAAGGC

GCCCTGAACGAAATCAATAATAACCTGCAACGTGTCCGCGAACTCGCCGT

CCAGTCCGCCCAATCTACCAACTCTCAGTCTGACCTGGACTCTATCCAAG

CTGAGATCACCCAAAGGCTCAACGAGATCGATCGTGTGTCTGGTCAAACT

CAGTTTAACGGCGTCAAAGTGCTGGCTCAAGACAACACACTCACCATCCA

AGTAGGAGCCAATGACGGCGAGACAATCGATATCGACCTGAAGCAGATCA

ATTCTCAAACTCTGGGCCTGGACTCCCTGAACGTCCAAAAGGCTTACGAC

GTGAAGGACACCGCTGTGACAACCAAAGCCTATGCTAATCAAGGAACAAC

CCTGGACGTGTCCGGACTCGATGACGCCGCTATCAAGGCCGCTACTGGCG

GCACTCAGGGAACTGCCTCTGTGACCGGAGGCGCTGTGAAGTTCGACGCC

GATAACAACAAATACTTCGTCACTATTGGTGGTTTCACTGGCGCTGACGC

CGCTAAGAACGGTGACTACGAGGTCAACGTCGCCACTGACGGAACAGTGA

CACTGGCCGCTGGCGCTACCAAGACCACAATGCCTGCTGGTGCTACTACT

AAGACAGAGGTGCAGGAACTCAAGGACACCCCTGCCGTGGTGTCCGCCGA

TGCTAAGAACGCTCTCATTGCTGGTGGTGTCGACGCTACGGACGCCAACG

GAGCCGAGCTTGTGAAAATGTCCTACACCGACAAGAACGGAAAGACTATC

GAGGGAGGTTACGCTCTGAAGGCTGGCGATAAGTACTACGCCGCTGATTA

TGACGAAGCTACAGGCGCCATTAAAGCTAAAACCACATCTTATACCGCTG

CCGATGGTACTACCAAGACTGCTGCCAATCAGCTGGGTGGAGTCGATGGA
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AAAACCGAAGTGGTCACAATCGACGGAAAGACCTATCAAGCCTCCAAGGC

TGCTGGCCACGACTTCAAGGCCCAACCCGAACTGGCCGAGGCTGCTGCTA
AAACCACTGAAAACCCCCTGCAGAAAATTGACGCTGCCCTGGCCCAAGTG
GATGCCCTCCGCTCCGACCTCGGCGCTGTGCAAAACCGCTTCAACTCCGC
TATTACAAACCTCGGCAATACCGTCAATCAGCTCTCTGAAGCTAGGTCTC
GTATTGAGGATTCCGATTACGCTACCGAGGTCTCCCAGATGTCCCGTGCC
CAAATTCTCCAACAAGCCGGCACCTCCGTCCTCGCCCAAGCCAATCAGGT
GCCACAGAATGTGCTGAGC

SEQ ID NO:99 Honey Bee mellitin
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCG

SEQ ID NO:100 STF2.HAOs
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAGGTTATCAATACCAACTCCCTGTCGTTGCTCA
CCCAAAATAACCTTAATAAAAGCCAGAGCGCACTGGGAACCGCCATAGAA
CGCCTCTCAAGCGGCCTCCGGATCAATTCTGCAAAAGACGACGCCGCCGG
TCAGGCCATCGCAAACCGCTTTACCGCCAATATCAAGGGACTGACGCAGG
CTTCGAGGAATGCTAACGATGGAATAAGCATCGCTCAAACCACGGAGGGC

GCCCTGAACGAGATCAACAACAACCTACAGCGCGTCAGGGAGCTCGCAGT

GCAGTCCGCCAATTCGACCAACTCGCAGTCGGACCTGGACTCGATCCAAG

CCGAAATCACCCAGCGCCTGAATGAGATTGACCGGGTGAGCGGTCAGACA

CAGTTTAACGGCGTGAAGGTACTTGCACAGGATAACACACTTACGATACA

GGTGGGCGCCAACGATGGTGAAACCATAGACATTGATCTCAAACAGATTA

ACAGCCAGACGCTCGGGTTGGATAGCCTGAATGTGCAAAAGGCGTACGAC

GTGAAAGACACGGCGGTCACTACCAAAGCCTACGCTAACAATGGCACTAC

CTTGGATGTGAGCGGATTGGATGATGCAGCAATCAAGGCTGCTACCGGCG

GTACGAACGGAACCGCGTCCGTGACCGGCGGTGCCGTGAAGTTCGATGCT

GACAACAATAAGTATTTCGTCACCATTGGAGGCTTTACTGGCGCCGACGC

AGCAAAGAACGGCGACTATGAAGTGAACGTGGCAACCGATGGAACCGTGA

CGCTGGCCGCTGGTGCCACCAAGACCACCATGCCAGCCGGCGCCACAACT

AAGACCGAGGTGCAGGAGTTAAAGGACACCCCCGCGGTGGTTAGCGCAGA

TGCCAAAAACGCCTTGATCGCCGGCGGAGTGGATGCAACTGATGCTAATG

GTGCGGAGCTGGTTAAAATGTCGTATACAGACAAGAATGGTAAGACGATC

GAGGGCGGTTATGCCCTTAAGGCAGGAGATAAGTATTACGCTGCTGATTA

CGATGAGGCGACGGGAGCTATTAAGGCCAAGACAACGTCATACACGGCGG

CGGACGGAACGACTAAGACGGCTGCCAATCAGTTGGGAGGGGTTGACGGG

AAGACAGAGGTCGTTACGATCGATGGCAAGACATACAACGCTTCCAAGGC

CGCTGGCCACGATTTCAAAGCTCAACCCGAACTGGCCGAGGCCGCGGCGA

AAACAACTGAGAACCCGTTGCAGAAGATTGATGCGGCCCTGGCGCAAGTA

GATGCCCTGCGCTCAGACCTGGGCGCCGTTCAAAATCGATTCAATTCCGC
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GATTACAAACCTGGGCAATACAGTAAACAATC TATCCGAGGCCAGATCCC
GCATTGAAGACTCCGACTACGCGACAGAAGTAAGTAACATGAGTCGTGCC
CAGATTCTGCAGCAGGCCGGCACTAGTGTCCTGGCCCAGGCCAATCAAGT
CCCGCAGAATGTGC TGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCG
ACACCATTTGCATTGGATACCATGCAAACAACTCAACCGATACTGTTGAT
ACCGTCCTTGAGAAGAACGTTACCGTCACGCACTCGGTCAACCTATTAGA
GGATAGCCACAACGGAAAGCTGTGCCGTCTGARAAGGCATAGCGCCACTGC
AGCTCGGCAAATGTAACATCGCAGGTTGGC TCCTTGGTAACCCGGAGTGC
GACCCCCTCCTCCCTGTACGATCCTGGAGTTATATCGTGGAGACCCCCAA
TAGCGAGAACGGAATTTGCTACCCAGGAGATTTCATAGACTACGAGGAGT
TGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTCGAAAGGTTCGAGATATTC
CCGAAGGAGAGCAGCTGGCCGAATCATAACACTAACGGTGTGACAGCCGT
CTGCAGTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGCTGTGGTTGA
CGGAGARAGAGGGCAGCTACCCTAAGTTGAAGAACTCCTATGTGAACAAA
AAAGGCAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCCCCCCAATAG
CAAGGAGCAGCAGAATCTGTACCAAAACGAGAATGCCTATGTGAGCGTGS
TCACTAGTAACTATAACCGTCGGTTCACTCCCGAGATCGCCGAGCGTCCG
AAGGTGAGGGACCAGGCAGGCCGGATGAACTACTACTGGACCCTATTGAA
GCCAGGGGACACGATTATCTTCGAGGCAAACGGAAACCTCATAGCGCCGA
TGTACGCCTTCGCCCTGAGCCGTGGCTTTGGATCGGGGATCATCACGTCT
AACGCCTCGATGCACGAATGTAATACCAAATGCCAGACCCCACTGGGTGC
TATCAACTCGTCCTTACCCTATCAAAATATACATCCGGTCACCATAGGCG
AGTGTCCCAAATATGTCAGATCCGCCAAGTTGCGGATGGTGACCGGCCTC
CGCAATATTCCTAGTATTCAGTCACGCGGCTTGTTCGGCGCCATCGCTGE
TTTCATCGAAGGCGGGTGGACAGGCATGATTGATGGCTGGTATGGCTATC
ACCACCAGAACGAGCAGGGCTCGGGCTACGCGGCTGACCAGAAGTCGACT
CAGAATGCCATCAATGGCATCACGAATAAGGTGAACACGGTCATTGAAAA
GATGAACATTCAATTTACAGCCGTAGGAAAAGAGTTTAATAAACTGGAAA
AAAGAATGGAGAATCTGAATAAGAAGGTGGACGACGGATTTTTGGACATC
TGGACGTACAACGCCGAGCTGCTGGTTCTGCTGGAAAATGAGCGAACACT
GGATTTTCATGATTCTAACGTAAAGAATCTGTACGAGAAGGTGAAGTCCC
AACTAAAGAATAATGCCAAGGAAATCGGAAATGGATGC TTTGAGTTTTAC
CACAAGTGCGATAATGAGTGCATGGAATCCGTGCGAAATGGTACATACGA
TTACCCAAAGTACTCCGAAGAATCCAAGCTAAATCGCGAAAAGGTTGATG
GTGTTAAACTTGAATCCATGGGTATTTACCAACACCATCATCACCACCAT
TAATAG

SEQ ID NO:101 FOR PRIMER
AGTCGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCGACACCATT

TGCATTGGATACCATGC
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SEQ ID NO:102 REV PRIMER
AGTCGCATGCCTATTAATGGTGGTGATGATGGTGTTGGTAAATACCCATG

GATTC

SEQ ID NO:103 HAOs PR8
GACACCATTTGCATTGGATACCATGCAAACAACTCAACCGATACTGTTGA

TACCGTCCTTGAGAAGAACGTTACCGTCACGCACTCGGTCAACCTATTAG
AGGATAGCCACAACGGAAAGCTGTGCCGTCTGAAAGGCATAGCGCCACTG
CAGCTCGGCAAATGTAACATCGCAGGTTGGCTCCTTGGTAACCCGGAGTG
CGACCCCCTCCTCCCTGTACGATCCTGGAGTTATATCGTGGAGACCCCCA
ATAGCGAGAACGGAATTTGCTACCCAGGAGATTTCATAGACTACGAGGAG
TTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTCGAAAGGTTCGAGATATT
CCCGAAGGAGAGCAGCTGGCCGAATCATAACACTAACGGTGTGACAGCCG
CCTGCAGTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGCTGTGGTTG
ACGGAGAAAGAGGGCAGCTACCCTAAGTTGAAGAACTCCTATGTGAACAA
AAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCCCCCCAATA
GCAAGGAGCAGCAGAATCTGTACCAAAACGAGAATGCCTATGTGAGCGTG
GTCACTAGTAACTATAACCGTCGGTTCACTCCCGAGATCGCCGAGCGTCC
GAAGGTGAGGGACCAGGCAGGCCGGATGAACTACTACTGGACCCTATTGA
AGCCAGGGGACACGATTATCTTCGAGGCAAACGGAAACCTCATAGCGCCG
ATGTACGCCTTCGCCCTGAGCCGTGGCTTTGGATCGGGGATCATCACGTC
TAACGCCTCGATGCACGAATGTAATACCAAATGCCAGACCCCACTGGGTG
CTATCAACTCGTCCTTACCCTATCAAAATATACATCCGGTCACCATAGGC
GAGTGTCCCAAATATGTCAGATCCGCCAAGTTGCGGATGGTGACCGGCCT
CCGCAATATTCCTAGTATTCAGTCACGCGGCTTGTTCGGCGCCATCGCTG
GTTTCATCGAAGGCGGGTGCACAGGCATGATTGATGGCTGGTATGGCTAT
CACCACCAGAACGAGCAGGGCTCGGGCTACGCGGCTGACCAGAAGTCGAC
TCAGAATGCCATCAATGGCATCACGAATAAGGTGAACACGGTCATTGAAA
AGATGAACATTCAATTTACAGCCGTAGGAAAAGAGTTTAATAAACTGGAA
AAAAGAATGGAGAATCTGAATAAGAAGGTGGACGACGGATTTTTGGACAT
CTGGACGTACAACGCCGAGCTGCTGGTTCTGCTGGAAAATGAGCGAACAC
TGGATTTTCATGATTCTAACGTAAAGAATCTGTACGAGAAGGTGAAGTCC
CAACTAAAGAATAATGCCAAGGAAATCGGAAATGGATGCTTTGAGTTTTA
CCACAAGTGCGATAATGAGTGCATGGAATCCGTGCGAAATGGTACATACG
ATTACCCAAAGTACTCCGAAGAATCCAAGCTAAATCGCGAAAAGGTTGAT
GGTGTTAAACTTGAATCCATGGGTATTTACCAACACCATCATCACCACCA
TTAATAG

SEQ ID NO:104 STF2.HAl-1
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAGGTTATCAATACCAACTCCCTGTCGTTGCTCA

CCCAAAATAACCTTAATAAAAGCCAGAGCGCACTGGGAACCGCCATAGAA
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CGCCTCTCAAGCGGCCTCCGGATCAATTCTGCAAAAGACGACGCCGCCGG
TCAGGCCATCGCAAACCGCTTTACCGCCAATATCAAGGGACTGACGCAGG
CTTCGAGGAATGCTAACGATGGAATAAGCATCGCTCAAACCACGGAGGGC

GCCCTGAACGAGATCAACAACAACCTACAGCGCGTCAGGGAGCTCGCAGT

GCAGTCCGCCAATTCGACCAACTCGCAGTCGGACCTGGACTCGATCCAAG

CCGAAATCACCCAGCGCCTGAATGAGATTGACCGGGTGAGCGGTCAGACA

CAGTTTAACGGCGTGAAGGTACTTGCACAGGATAACACACTTACGATACA

GGTGGGCGCCAACGATGGTGAAACCATAGACATTGATCTCAAACAGATTA

ACAGCCAGACGCTCGGGTTGGATAGCCTGAATGTGCAAAAGGCGTACGAC

GTGAAAGACACGGCGGTCACTACCAAAGCCTACGCTAACAATGGCACTAC

CTTGGATGTGAGCGGATTGGATGATGCAGCAATCAAGGCTGCTACCGGCG

GTACGAACGGAACCGCGTCCGTGACCGGCGGTGCCGTGAAGTTCGATGCT

GACAACAATAAGTATTTCGTCACCATTGGAGGCTTTACTGGCGCCGACGC

AGCAAAGAACGGCGACTATGAAGTGAACGTGGCAACCGATGGAACCGTGA

CGCTGGCCGCTGGTGCCACCAAGACCACCATGCCAGCCGGCGCCACAACT

AAGACCGAGGTGCAGGAGTTAAAGGACACCCCCGCGGTGGTTAGCGCAGA

TGCCAAAAACGCCTTGATCGCCGGCGGAGTGGATGCAACTGATGCTAATG

GTGCGGAGCTGGTTAAAATGTCGTATACAGACAAGAATGGTAAGACGATC

GAGGGCGGTTATGCCCTTAAGGCAGGAGATAAGTATTACGCTGCTGATTA

CGATGAGGCGACGGGAGCTATTAAGGCCAAGACAACGTCATACACGGCGG

CGGACGGAACGACTAAGACGGCTGCCAATCAGTTGGGAGGGGTTGACGGG

AAGACAGAGGTCGTTACGATCGATGGCAAGACATACAACGCTTCCAAGGC

CGCTGGCCACGATTTCAAAGCTCAACCCGAACTGGCCGAGGCCGCGGCGA

AAACAACTGAGAACCCGTTGCAGAAGATTGATGCGGCCCTGGCGCAAGTA

GATGCCCTGCGCTCAGACCTGGGCGCCGTTCAAAATCGATTCAATTCCGC

GATTACAAACCTGGGCAATACAGTAAACAATCTATCCGAGGCCAGATCCC

GCATTGAAGACTCCGACTACGCGACAGAAGTAAGTAACATGAGTCGTGCC

CAGATTCTGCAGCAGGCCGGCACTAGTGTCCTGGCCCAGGCCAATCAAGT

CCCGCAGAATGTGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCA

GCCACAACGGAAAGCTGTGCCGTCTGAAAGGCATAGCGCCACTGCAGCTC

GGCAAATGTAACATCGCAGGTTGGCTCCTTGGTAACCCGGAGTGCGACCC

CCTCCTCCCTGTACGATCCTGGAGTTATATCGTGGAGACCCCCAATAGCG

AGAACGGAATTTGCTACCCAGCAGATTTCATAGACTACGAGGAGTTGCGC

GAGCAGCTTTCGTCTGTGAGCAGCTTCGAAAGGTTCGAGATATTCCCGAA

GGAGAGCAGCTGGCCGAATCATAACACTAACGGTGTGACAGCCGCCTGCA

GTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGCTGTGGTTGACGGAG

AAAGAGGGCAGCTACCCTAAGTTGAAGAACTCCTATGTGAACAAAAAAGG

CAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCCCCCCAATAGCAAGG
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AGCAGCAGAATCTGTACCAAAACGAGAATGCCTATGTGAGCGTGGTCACT

AGTAACTATAACCGTCGGTTCACTCCCGAGATCGCCGAGCGTCCGAAGGT
GAGGGACCAGGCAGGCCGGATGAACTACTACTGGACCCTATTGAAGCCAG
GGGACACGATTATCTTCGAGGCAAACGGAAACCTCATAGCGCCGATGTAC
GCCTTCGCCCTGAGCCGTGGCTTTGGATCGGGGATCATCACGTCTAACGC
CTCGATGCACGAATGTAATACCAAATGCCAGACCCCACTGGGTGCTATCA
ACTCGTCCTTACCCTATCAAAATATACATCCGGTCACCATAGGCGAGTGT

CCCAAATATGTCAGACACCATCATCACCACCATTAATAG

SEQ ID NO:105 FOR PRIMER
AGTCGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCAGCCACAAC

GGAAAGCTGTGCCGTC

SEQ ID NO:106 REV PRIMER
AGTCGCATGCCTATTAATGGTGGTGATGATGGTGTCTGACATATTTGGGA

CACTCGCCTATGGTGAC

SEQ ID NO:107 STF2.HAl-2
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAGGTTATCAATACCAACTCCCTGTCGTTGCTCA

CCCAAAATAACCTTAATAAAAGCCAGAGCGCACTGGGAACCGCCATAGAA

CGCCTCTCAAGCGGCCTCCGGATCAATTCTGCAAAAGACGACGCCGCCGG

TCAGGCCATCGCAAACCGCTTTACCGCCAATATCAAGGGACTGACGCAGG

CTTCGAGGAATGCTAACGATGGGATAAGCATCGCTCAAACCACGGAGGGC

GCCCTGAACGAGATCAACAACAACCTACAGCGCGTCAGGGAGCTCGCAGT

GCAGTCCGCCAATTCGACCAACTCGCAGTCGGACCTGGACTCGATCCAAG

CCGAAATCACCCAGCGCCTGAACGAGATTGACCGGGTGAGCGGTCAGACA

CAGTTTAACGGCGTGAAGGTACTTGCGCAGGATAACACACTTACGATACA

GGTGGGCGCCAACGATGGTGAAACCATAGACATTGATCTCAAACAGATTA

ACAGCCAGACGCTCGGGTTGGATAGCCTGAATGTGCAAAAGGCGTACGAC

GTGAAAGACACGGCGGTCACTACCAAAGCCTACGCTAACAATGGCACTAC

CTTGGATGTGAGCGGATTGGATGATGCAGCAATCAAGGCTGCTACCGGCG

GTACGAACGGAACCGCGTCCGTGACCGGCGGTGCCGTGAAGTTCGATGCT

GACAACAATAAGTATTTCGTCACCATTGGAGGCTTTACTGGCGCCGACGC

AGCAAAGAACGGCGACTATGAAGTGAACGTGGCAACCGATGGAACCGTGA

CGCTGGCCGCTGGTGCCACCAAGACCACCATGCCAGCCGGCGCCACAACT

AAGACCGAGGTGCAGGAGTTAAAGGACACCCCCGCGGTGGTTAGCGCAGA

TGCCAAAAACGCGTTGATCGCCGGCGGAGTGGATGCAACTGATGCTAATG

GTGCGGAGCTGGTTAAAATGTCGTATACAGACAAGAATGGTAAGACGATC

GAGGGCGGTTATGCCCTTAAGGCAGGAGATAAGTATTACGCTGCTGATTA

CGATGAGGCGACGGGAGCTATTAAGGCCAAGACAACGTCATACACGGCGG

CGGACGGAACGACTAAGACGGCTGCCAATCAGTTGGGAGGGGTTGACGGG

AAGACAGAGGTCGTTACGATCGATGGCAAGACATACAACGCCTCCAAGGC
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CGCTGGCCACGATTTCAAAGCTCAACCCGAAC TGGCCGAGGCCGCGGCGA

AAACAACTGAGAACCCGTTGCAGAAGATTGATGCGGCCCTGGCGCAAGTA
GATGCCCTGCGCTCAGACCTGGGCGCCGTTCAAAATCGATTCAATTCCGC
GATTACAAACCTGGGCAATACAGTAAACAATCTATCCGAGGCCAGATCCC
GCATTGAAGACTCCGACTACGCGACAGAAGTAAGTAACATGAGTCGTGCC
CAGATTCTGCAGCAGGCCGGCACTAGTGTCCTGGCCCAGGCCAATCAAGT
CCCGCAGAATGTGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCA
AAGGCATAGCGCCACTGCAGCTCGGCAAATGTAACATCGCAGGTTGGCTC
CTTGGTAACCCGGAGTGCGACCCCCTCCTCCCTGTACGATCCTGGAGTTA
TATCGTGGAGACCCCCAATAGCGAGAACGGAATTTGCTACCCAGGAGATT
TCATAGACTACGAGGAGTTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTC
GAGAGGTTCGAAATCTTCCCGAAGGAGAGCAGCTGGCCGAATCATAACAC
TAACGGTGTGACAGCCGCCTGCAGTCATGAAGGAAAGAGTTCATTCTATC
GCAACCTGCTGTGGTTGACGGAGAAAGAGGGCAGCTACCCTAAGTTGAAG
AACTCCTATGTGAACAAAAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCAT
ACACCACCCCCCCAATAGCAAGGAGCAGCAGAATCTGTACCAAAACGAGA
ATGCCTATGTGAGCGTGGTCACTAGTAACTATAACCGTCGGTTCACTCCC
GAGATCGCCGAGCGTCCGAAGGTGAGGGACCAGGCAGGCCGGATGAACTA
CTACTGGACCCTATTGAAGCCAGGGGACACGATTATCTTCGAGGCAAACG
GAAACCTCATAGCGCCGATGTACGCGTTCGCCCTGAGCCGTGGCTTTGGA
TCGGGGATCATCACGTCTCACCATCATCACCACCATTAATAG

SEQ ID NO:108 FOR PRIMER
AGTCGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCAAAGGCATA

GCGCCACTGCAGCTCG

SEQ ID NO:109 REV PRIMER
AGTCGCATGCCTATTAATGGTGGTGATGATGGTGAGACGTGATGATCCCC

GATCCAAAGCCACGGCTCAG

SEQ ID NO:110 STF2.HAl-2mut
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAGGTTATCAATACCAACTCCCTGTCGTTGCTCA
CCCAAAATAACCTTAATAAAAGCCAGAGCGCACTGGGAACCGCCATAGAA
CGCCTCTCAAGCGGCCTCCGGATCAATTCTGCAAAAGACGACGCCGCCGG
TCAGGCCATCGCAAACCGCTTTACCGCCAATATCAAGGGACTGACGCAGG
CTTCGAGGAATGCTAACGATGGAATAAGCATCGCTCAAACCACGGAGGGC

GCCCTGAACGAGATCAACAACAACCTACAGCGCGTCAGGGAGCTCGCAGT

GCAGTCCGCCAATTCGACCAACTCGCAGTCGGACCTGGACTCGATCCAAG

CCGAAATCACCCAGCGCCTGAATGAGATTGACCGGGTGAGCGGTCAGACA

CAGTTTAACGGCGTGAAGGTACTTGCACAGGATAACACACTTACGATACA

GGTGGGCGCCAACGATGGTGAAACCATAGACATTGATCTCAAACAGATTA

ACAGCCAGACGCTCGGGTTGGATAGCCTGAATGTGCAAAAGGCGTACGAC
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GTGAAAGACACGGCGGTCACTACCAAAGCCTACGCTAACAATGGCACTAC

CTTGGATGTGAGCGGATTGGATGATGCAGCAATCAAGGCTGCTACCGGCG
GTACGAACGGAACCGCGTCCGTGACCGGCGGTGCCCTGAAGTTCGATGCT
GACAACAATAAGTATTTCGTCACCATTGGAGGCTTTACTGGCGCCGACGC
AGCAAAGAACGGCGACTATGAAGTGAACGTGGCAACCGATGGAACCGTGA
CGCTGGCCGCTGGTGCCACCAAGACCACCATGCCAGCCGGCGCCACAACT
AAGACCGAGGTGCAGGAGTTAAAGGACACCCCCGCGGTGGTTAGCGCAGA
TGCCAAAAACGCGTTGATCGCCGGCGGAGTGGATGCAACTGATGCTAATG
GTGCGGAGCTGGTTAAAATGTCGTATACAGACAAGAATGGTAAGACGATC
GAGGGCGGTTATGCCCTTAAGGCAGGAGATAAGTATTACGCTGCTGATTA
CGATGAGGCGACGGGAGCTATTAAGGCCAAGACAACGTCATACACGGCGG
CGGACGGAACGACTAAGACGGCTGCCAATCAGTTGGGAGGGGTTGACGGG
AAGACAGAGGTCGTTACGATCGATGGCAAGACATACAACGCCTCCAAGGC
CGCTGGCCACGATTTCAAAGCTCAACCCGAACTGGCCGAGGCCGCGGCGA
AAACAACTGAGAACCCGTTGCAGAAGATTGATGCGGCCCTGGCGCAAGTA
GATGCCCTGCGCTCAGACCTGGGCGCCGTTCAAAATCGATTCAATTCCGC
GATTACAAACCTGGGCAATACAGTAAACAATCTATCCGAGGCCAGATCCC
GCATTGAAGACTCCGACTACGCGACAGAAGTAAGTAACATGAGTCGTGCC
CAGATTCTGCAGCAGGCCGGCACTAGTGTCCTGGCCCAGGCCAATCAAGT
CCCGCAGAATGTGCTGAGCCTGCTGGCTTCTGGATCTGGATCTGGTTCTA
AAGGCGCTGCCCCTCTGCAACTCGGCAAGTGCAATATTGCGGGGTGGCTG
TTGGGCAACCCAGAATGTGACCCCCTCCTGCCCGTCCGTTCTTGGTCTGA
CATCGCTGAAACACCTAACTCCGAGAACGGCATCTGTTACCCGGGCGACT
TCATTGACTACGAGGAGCTCCGCGAACAGCTGTCTTCTGTCTCTTCTTTC
GAACGTTTCGAAATTTTCCCAAAGGAATCCTCCTGGCCAAACCATAACAC
CAACGGAGTGACCGCCGCCTGTAGCCATGAGGGCAAGTCTTCTTTCTACC
GTAATCTGCTGTGGCTGACTGAAAAAGAGGGTTCTTATCCCAAACTGAAG
AACTCTTATGTCAACAAGAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTAT
CCACCACCCCCCCAACTCCAAGGAGCAGCAGAATCTGTACCAAAACGAAR
ATGCTTACGTGTCTGTCGTGACATCTAACTACAACCGGCGCTTCACGCCC
GAAATCGCCGAGCGTCCCAAAGTGCGCGATCAGGCCGGAAGGATGAACTA
CTACTGGACCCTGCTCAAACCCGGAGATACCATCATATTCGAAGCCAATG
GCAATCTCATCGCTCCCATGTATGCTTTCGCTCTCTCTCGCGGATTCGGT
TCCGGCATAATCACTAGCCACCACCACCACCACCACTAATAG

SEQ ID NO:111 HAl-2mut
AAGGCGCTGCCCCTCTGCAACTCGGCAAGTGCAATATTGCGGGGTGGCTG

TTGGGCAACCCAGAATGTGACCCCCTCCTGCCCGTCCGTTCTTGGTCTGA
CATCGCTGAAACACCTAACTCCGAGAACGGCATCTGTTACCCGGGCGACT

TCATTGACTACGAGGAGCTCCGCGAACAGCTGTCTTCTGTCTCTTCTTTC
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GAACGTTTCGAAATTTTCCCAAAGGAATCCTCCTGGCCARACCATAACAC

CAACGGAGTGACCGCCGCCTGTAGCCATGAGGGCAAGTCTTCTTTCTACC
GTAATCTGCTGTGGCTGACTGAAAAAGAGGGTTCTTATCCCAAACTGAAG
AACTCTTATGTCAACAAGAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTAT
CCACCACCCCCCCAACTCCAAGGAGCAGCAGAATCTGTACCAAAACGAAL
ATGCTTACGTGTCTGTCGTGACATCTAACTACAACCGGCGCTTCACGCCC
GAAATCGCCGAGCGTCCCAAAGTGCGCGATCAGGCCGGAAGGATGAACTA
CTACTGGACCCTGCTCAAACCCGGAGATACCATCATATTCGAAGCCAATG
GCAATCTCATCGCTCCCATGTATGCTTTCGCTCTCTCTCGCGGATTCGGT
TCCGGCATAATCACTAGCCACCACCACCACCACCACTAATAG

SEQ ID NO:112 STF2.HAl-3
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAGGTTATCAATACCAACTCCCTGTCGTTGCTCA
CCCAAAATAACCTTAATAAAAGCCAGAGCGCACTGGGAACCGCCATAGAA
CGCCTCTCAAGCGGCCTCCGGATCAATTCTGCAAAAGACGACGCCGCCGG
TCAGGCCATCGCAAACCGCTTTACCGCCAATATCAAGGGACTGACGCAGG
CTTCGAGGAATGCTAACGATGGGATAAGCATCGCTCAAACCACGGAGGGC

GCCCTGAACGAGATCAACAACAACCTACAGCGCGTCAGGGAGCTCGCAGT

GCAGTCCGCCAATTCGACCAACTCGCAGTCGGACCTGGACTCGATCCAAG

CCGAAATCACCCAGCGCCTGAACGAGATTGACCGGGTGAGCGGTCAGACA

CAGTTTAACGGCGTGAAGGTACTTGCGCAGGATAACACACTTACGATACA

GGTGGGCGCCAACGATGGTGAAACCATAGACATTGATCTCAAACAGATTA

ACAGCCAGACGCTCGGGTTGGATAGCCTGAATGTGCAAAAGGCGTACGAC

GTGAAAGACACGGCGGTCACTACCAAAGCCTACGCTAACAATGGCACTAC

CTTGGATGTGAGCGGATTGGATGATGCAGCAATCAAGGCTGCTACCGGCG

GTACGAACGGAACCGCGTCCGTGACCGGCGGTGCCGTGAAGTTCGATGCT

GACAACAATAAGTATTTCGTCACCATTGGAGGCTTTACTGGCGCCGACGC

AGCAAAGAACGGCGACTATGAAGTGAACGTGGCAACCGATGGAACCGTGA

CGCTGGCCGCTGGTGCCACCAAGACCACCATGCCAGCCGGCGCCACAACT

AAGACCGAGGTGCAGGAGTTAAAGGACACCCCCGCGGTGGTTAGCGCAGA

TGCCAAAAACGCGTTGATCGCCGGCGGAGTGGATGCAACTGATGCTAATG

GTGCGGAGCTGGTTAAAATGTCGTATACAGACAAGAATGGTAAGACGATC

GAGGGCGGTTATGCCCTTAAGGCAGGAGATAAGTATTACGCTGCTGATTA

CGATGAGGCGACGGGAGCTATTAAGGCCAAGACAACGTCATACACGGCGG

CGGACGGAACGACTAAGACGGCTGCCAATCAGTTGGGAGGGGTTGACGGG

AAGACAGAGGTCGTTACGATCGATGGCAAGACATACAACGCCTCCAAGGC

CGCTGGCCACGATTTCAAAGCTCAACCCGAACTGGCCGAGGCCGCGGCGA

AAACAACTGAGAACCCGTTGCAGAAGATTGATGCGGCCCTGGCGCAAGTA

GATGCCCTGCGCTCAGACCTGGGCGCCGTTCAAAATCGATTCAATTCCGC
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GATTACAAACCTGGGCAATACAGTAAACAATC TATCCGAGGCCAGATCCC

GCATTGAAGACTCCGACTACGCGACAGAAGTAAGTAACATGAGTCGTGCC
CAGATTCTGCAGCAGGCCGGCACTAGTGTCCTGGCCCAGGCCAATCAAGT
CCCGCAGAATGTGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCA
ATAGCGAGAACGGAATTTGCTACCCAGGAGATTTCATAGACTACGAGGAG
TTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTCGAGAGGTTCGAAATCTT
CCCGAAGGAGAGCAGCTGGCCGAATCATAACACTAACGGTGTGACAGCCG
CCTGCAGTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGCTGTGGTTG
ACGGAGAAGGAGGGCAGCTACCCTAAGCTGAAGAACTCCTATGTGAACAA
AAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCCCCCCAATA
GCAAGGAGCAGCAGAATCTGTACCAAAACGAGAATGCCTATGTGAGCGTG
GTCACTAGTAACTATAACCGTCGGTTCACTCCCGAGATCGCCGAGCGTCC
GAAGGTGAGGGACCAGGCAGGCCGGATGAACTACTACTGGACCCTATTGA
AGCCAGGGGACACGATTATCTTCGAGGCAAACGGAAACCTCATAGCGCCG
ATGTACGCCTTCGCCCTGAGCCGTGGCCACCATCATCACCACCATTAATA
G

SEQ ID NO:113 FOR PRIMER
AGTCGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCAATAGCGAG

AACGGAATTTGCTACC

SEQ ID NO:114 REV PRIMER
AGTCGCATGCCTATTAATGGTGGTGATGATGGTGGCCACGGCTCAGGGCG

AAGG

SEQ ID NO:115 STF2.HAl-3mut
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAGGTTATCAATACCAACTCCCTGTCGTTGCTCA
CCCAAAATAACCTTAATAAAAGCCAGAGCGCACTGGGAACCGCCATAGAA
CGCCTCTCAAGCGGCCTCCGGATCAATTCTGCAAAAGACGACGCCGCCGG
TCAGGCCATCGCAAACCGCTTTACCGCCAATATCAAGGGACTGACGCAGG
CTTCGAGGAATGCTAACGATGGAATAAGCATCGCTCAAACCACGGAGGGC

GCCCTGAACGAGATCAACAACAACCTACAGCGCGTCAGGGAGCTCGCAGT

GCAGTCCGCCAATTCGACCAACTCGCAGTCGGACCTGGACTCGATCCAAG

CCGAAATCACCCAGCGCCTGAATGAGATTGACCGGGTGAGCGGTCAGACA

CAGTTTAACGGCGTGAAGGTACTTGCACAGGATAACACACTTACGATACA

GGTGGGCGCCAACGATGGTGAAACCATAGACATTGATCTCAAACAGATTA

ACAGCCAGACGCTCGGGTTGGATAGCCTGAATGTGCAAAAGGCGTACGAC

GTGAAAGACACGGCGGTCACTACCAAAGCCTACGCTAACAATGGCACTAC

CTTGGATGTGAGCGGATTGGATGATGCAGCAATCAAGGCTGCTACCGGCG

GTACGAACGGAACCGCGTCCGTGACCGGCGGTGCCGTGAAGTTCGATGCT

GACAACAATAAGTATTTCGTCACCATTGGAGGCTTTACTGGCGCCGACGC

AGCAAAGAACGGCGACTATGAAGTGAACGTGGCAACCGATGGAACCGTGA
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CGCTGGCCGCTGGTGCCACCAAGACCACCATGCCAGCCGGCGCCACAACT

AAGACCGAGGTGCAGGAGTTAAAGGACACCCCCGCGGTGGTTAGCGCAGA
TGCCAAAAACGCGTTGATCGCCGGCGGAGTGGATGCAACTGATGCTAATG
GTGCGGAGCTGGTTAAAATGTCGTATACAGACAAGAATGGTAAGACGATC
GAGGGCGGTTATGCCCTTAAGGCAGGAGATAAGTATTACGCTGCTGATTA
CGATGAGGCGACGGGAGCTATTAAGGCCAAGACAACGTCATACACGGCGG
CGGACGGAACGACTAAGACGGCTGCCAATCAGTTGGGAGGGGTTGACGGG
AAGACAGAGGTCGTTACGATCGATGGCAAGACATACAACGCCTCCAAGGC
CGCTGGCCACGATTTCAAAGCTCAACCCGAACTGGCCGAGGCCGCGGCGA
AAACAACTGAGAACCCGTTGCAGAAGATTGATGCGGCCCTGGCGCAAGTA
GATGCCCTGCGCTCAGACCTGGGCGCCGTTCAAAATCGATTCAATTCCGC
GATTACAAACCTGGGCAATACAGTAAACAATCTATCCGAGGCCAGATCCC
GCATTGAAGACTCCGACTACGCGACAGAAGTAAGTAACATGAGTCGTGCC
CAGATTCTGCAGCAGGCCGGCACTAGTGTCCTGGCCCAGGCCAATCAAGT
CCCGCAGAATGTGCTGAGCCTGCTGGCTTCTGGATCTGGATCTGGTTCTA
ACTCCGAGAACGAAATCTGTTACCCGGGCGACTTCATTGACAAAGAGGAG
CTCCGCGAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTTT

CCCAAAGGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCCG

CCTGTAGCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCTG

ACTGAAAAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACAA

GAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAACT

CCAAGGAGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGTC

GTGACATCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTCC

CAAAGTGCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTCA

AACCCGGAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCCC

ATGTATGCTGCTGCTCTCTCTCGCGGACACCACCACCACCACCACTAATA

G

SEQ ID NO:116 HAl-3mut PRS8
AACTCCGAGAACGAAATCTGTTACCCGGGCGACTTCATTGACAAAGAGGA

GCTCCGCGAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTT
TCCCAAAGGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCC
GCCTGTAGCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCT
GACTGAAAAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACA
AGAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAAC
TCCAAGGAGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGT
CGTGACATCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTC
CCAAAGTGCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTC
AAACCCGGAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCC

CATGTATGCTGCTGCTCTCTCTCGCGGACACCACCACCACCACCACTAAT
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AG

SEQ ID NO:117 ngSTF2.HAOs
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAAGTGATCAACACCAACTCCCTGTCCCTGCTCA
CTCAAAACAACCTCCAGAAATCTCAGTCTGCTCTCGGTACTGCTATCGAG
CGTCTCTCCTCCGGCCTGAGGATCAACTCCGCTAAAGATGACGCCGCCGG
ACAAGCTATCGCTAACCGCTTTACTGCCAACATTAAAGGCCTGACCCAAG
CCTCTAGGAACGCCAATGATGGCATTTCTATCGCTCAAACCACCGAAGGC

GCCCTGAACGAAATCAATAATAACCTGCAACGTGTCCGCGAACTCGCCGT

CCAGTCCGCCCAATCTACCAACTCTCAGTCTGACCTGGACTCTATCCAAG

CTGAGATCACCCAAAGGCTCAACGAGATCGATCGTGTGTCTGGTCAAACT

CAGTTTAACGGCGTCAAAGTGCTGGCTCAAGACAACACACTCACCATCCA

AGTAGGAGCCAATGACGGCGAGACAATCGATATCGACCTGAAGCAGATCA

ATTCTCAAACTCTGGGCCTGGACTCCCTGAACGTCCAAAAGGCTTACGAC

GTGAAGGACACCGCTGTGACAACCAAAGCCTATGCTAATCAAGGAACAAC

CCTGGACGTGTCCGGACTCGATGACGCCGCTATCAAGGCCGCTACTGGCG

GCACTCAGGGAACTGCCTCTGTGACCGGAGGCGCTGTGAAGTTCGACGCC

GATAACAACAAATACTTCGTCACTATTGGTGGTTTCACTGGCGCTGACGC

CGCTAAGAACGGTGACTACGAGGTCAACGTCGCCACTGACGGAACAGTGA

CACTGGCCGCTGGCGCTACCAAGACCACAATGCCTGCTGGTGCTACTACT

AAGACAGAGGTGCAGGAACTCAAGGACACCCCTGCCGTGGTGTCCGCCGA

TGCTAAGAACGCTCTCATTGCTGGTGGTGTCGACGCTACGGACGCCAACG

GAGCCGAGCTTGTGAAAATGTCCTACACCGACAAGAACGGAAAGACTATC

GAGGGAGGTTACGCTCTGAAGGCTGGCGATAAGTACTACGCCGCTGATTA

TGACGAAGCTACAGGCGCCATTAAAGCTAAAACCACATCTTATACCGCTG

CCGATGGTACTACCAAGACTGCTGCCAATCAGCTGGGTGGAGTCGATGGA

AAAACCGAAGTGGTCACAATCGACGGAAAGACCTATCAAGCCTCCAAGGC

TGCTGGCCACGACTTCAAGGCCCAACCCGAACTGGCCGAGGCTGCTGCTA

AAACCACTGAAAACCCCCTGCAGAAAATTGACGCTGCCCTGGCCCAAGTG

GATGCCCTCCGCTCCGACCTCGGCGCTGTGCAAAACCGCTTCAACTCCGC

TATTACAAACCTCGGCAATACCGTCAATCAACTCTCTGAAGCTAGGTCTC

GTATTGAGGATTCCGATTACGCTACCGAGGTCTCCCAGATGTCCCGTGCC

CAAATTCTCCAACAAGCCGGCACCTCCGTCCTCGCCCAAGCCAATCAGGT

GCCACAGAATGTGCTGAGCCTGCTGGCTTCTGGATCTGGATCTGGTTCTG

ACACCATCTGCATTGGCTACCATGCCCAGCAGTCTACAGATACAGTCGAT

ACCGTCCTGGAGAAACAAGTCACCGTCACGCACTCCGTGAACCTCCTGGA

GGACTCCCATAATGGCAAATTGTGTCGGCTGAAAGGCATCGCCCCTCTGC

AACTCGGCAAGTGCAATATTGCGGGGTGGCTGTTGGGCAACCCAGAATGT

GACCCCCTCCTGCCCGTCCGTTCTTGGTCTTACATCGTGGAAACACCTAA
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CTCCGAGAACGGCATCTGTTACCCGGGCGACTTCATTGAC TACGAGGAGC

TCCGCGAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAATTTTCC

CAAAGGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCCGLCC

TGTAGCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCTGAC
TGAAAAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACAAGA
AGGGCAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAACTCC
AAGGAGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGTCGT
GACATCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTCCCA
AAGTGCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTCAAA
CCCGGAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCCCAT
GTATGCTTTCGCTCTCTCTCGCGGATTCGGTTCCGGCATAATCACTAGCC
AAGCCTCCATGCACGAGTGCAATACCAAGTGTCAAACTCCACTGGGAGCC
ATTCAAAGCTCCCTGCCCTACCAAAACATCCATCCTGTGACCATTGGAGA
GTGCCCTAAATACGTGCGCAGCGCGAAACTGCGCATGGTGACCGGTCTCC
GCAATATACCCTCCATACAATCGCGCGGCCTGTTTGGTGCTATCGCTGGC
TTTATCGAGGGAGGATGGACTGGAATGATCGACGGCTGGTATGGCTATCA
TCATCAAAACGAACAGGGTTCCGGCTACGCCGCTGACCAAAAGTCCACTC
AAAACGCCATTAACGGTATTACAAACAAAGTAAACACCGTGATAGAGAAA
ATGAATATCCAATTCACTGCCGTGGGCAAAGAGTTTAACAAGCTGGAGAA
GCGCATGGAAAATCTGAACAAAAAAGTCGATGATGGCTTCCTCGACATCT
GGACTTACAACGCCGAACTCCTCGTGCTGCTCGAAAACGAGAGGACTCTG
GACTTCCACGACTCCAACGTGAAGAACCTGTACGAGAAAGTCAAATCCCA
ACTCAAGAACAACGCCAAAGAAATCGGCAACGGCTGCTTCGAGTTCTACC
ACAAATGTGATAACGAGTGTATGGAATCCGTACGGCAAGGCACTTACGAC
TACCCCAAATACAGCGAAGAGAGCAAATTGAACCGCGAGAAAGTGGACGG
CGTGAAACTGGAGTCCATGGGCATCTATCAGCACCACCACCACCACCACT
AATAG

SEQ ID NO:118 ngHAOs
GACACCATCTGCATTGGCTACCATGCCCAGCAGTCTACAGATACAGTCGA

TACCGTCCTGGAGAAACAAGTCACCGTCACGCACTCCGTGAACCTCCTGG
AGGACTCCCATAATGGCAAATTGTGTCGGCTGAAAGGCATCGCCCCTCTG
CAACTCGGCAAGTGCAATATTGCGGGGTGGCTGTTGGGCAACCCAGAATG
TGACCCCCTCCTGCCCGTCCGTTCTTGGTCTTACATCGTGGAAACACCTA
ACTCCGAGAACGGCATCTGTTACCCGGGCGACTTCATTGACTACGAGGAG
CTCCGCGAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTTT

CCCAAAGGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCCG

CCTGTAGCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCTG

ACTGAAAAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACAA

GAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAACT
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CCAAGGAGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGTC

GTGACATCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTCC
CAAAGTGCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTCA
AACCCGGAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCCC
ATGTATGCTTTCGCTCTCTCTCGCGGATTCGGTTCCGGCATAATCACTAG
CCAAGCCTCCATGCACGAGTGCAATACCAAGTGTCAAACTCCACTGGGAG
CCATTCAAAGCTCCCTGCCCTACCAAAACATCCATCCTGTGACCATTGGA
GAGTGCCCTAAATACGTGCGCAGCGCGAAACTGCGCATGGTGACCGGTCT
CCGCAATATACCCTCCATACAATCGCGCGGCCTGTTTGGTGCTATCGCTG
GCTTTATCGAGGGAGGATGGACTGGAATGATCGACGGCTGGTATGGCTAT
CATCATCAAAACGAACAGGGTTCCGGCTACGCCGCTGACCAAAAGTCCAC
TCAAAACGCCATTAACGGTATTACAAACAAAGTAAACACCGTGATAGAGA
AAATGAATATCCAATTCACTGCCGTGGGCAAAGAGTTTAACAAGCTGGAG
AAGCGCATGGAAAATCTGAACAAAAAAGTCGATGATGGCTTCCTCGACAT
CTGGACTTACAACGCCGAACTCCTCGTGCTGCTCGAAAACGAGAGGACTC
TGGACTTCCACGACTCCAACGTGAAGAACCTGTACGAGAAAGTCAAATCC
CAACTCAAGAACAACGCCAAAGAAATCGGCAACGGCTGCTTCGAGTTCTA
CCACAAATGTGATAACGAGTGTATGGAATCCGTACGGCAAGGCACTTACG
ACTACCCCAAATACAGCGAAGAGAGCAAATTGAACCGCGAGAAAGTGGAC
GGCGTGAAACTGGAGTCCATGGGCATCTATCAGCACCACCACCACCACCA
CTAATAG

SEQ ID NO:119 ngSTF2.HAl-1
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAAGTGATCAACACCAACTCCCTGTCCCTGCTCA
CTCAAAACAACCTCCAGAAATCTCAGTCTGCTCTCGGTACTGCTATCGAG
CGTCTCTCCTCCGGCCTGAGGATCAACTCCGCTAAAGATGACGCCGCCGG
ACAAGCTATCGCTAACCGCTTTACTGCCAACATTAAAGGCCTGACCCAAG
CCTCTAGGAACGCCAATGATGGCATTTCTATCGCTCAAACCACCGAAGGC

GCCCTGAACGAAATCAATAATAACCTGCAACGTGTCCGCGAACTCGCCGT

CCAGTCCGCCCAATCTACCAACTCTCAGTCTGACCTGGACTCTATCCAAG

CTGAGATCACCCAAAGGCTCAACGAGATCGATCGTGTGTCTGGTCAAACT

CAGTTTAACGGCGTCAAAGTGCTGGCTCAAGACAACACACTCACCATCCA

AGTAGGAGCCAATGACGGCGAGACAATCGATATCGACCTGAAGCAGATCA

ATTCTCAAACTCTGGGCCTGGACTCCCTGAACGTCCAAAAGGCTTACGAC

GTGAAGGACACCGCTGTGACAACCAAAGCCTATGCTAATCAAGGAACAAC

CCTGGACGTGTCCGGACTCGATGACGCCGCTATCAAGGCCGCTACTGGCG

GCACTCAGGGAACTGCCTCTGTGACCGGAGGCGCTGTGAAGTTCGACGCC

GATAACAACAAATACTTCGTCACTATTGGTGGTTTCACTGGCGCTGACGC

CGCTAAGAACGGTGACTACGAGGTCAACGTCGCCACTGACGGAACAGTGA
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CACTGGCCGCTGGCGCTACCAAGACCACAATGCCTGCTGGTGCTACTACT

AAGACAGAGGTGCAGGAACTCAAGGACACCCCTGCCGTGGTGTCCGCCGA
TGCTAAGAACGCTCTCATTGCTGGTGGTQTCGACGCTACGGACGCCAACG
GAGCCGAGCTTGTGAAAATGTCCTACACCGACAAGAACGGAAAGACTATC
GAGGGAGGTTACGCTCTGAAGGCTGGCGATAAGTACTACGCCGCTGATTA
TGACGAAGCTACAGGCGCCATTAAAGCTAAAACCACATCTTATACCGCTG
CCGATGGTACTACCAAGACTGCTGCCAATCAGCTGGGTGGAGTCGATGGA
AAAACCGAAGTGGTCACAATCGACGGAAAGACCTATCAAGCCTCCAAGGC
TGCTGGCCACGACTTCAAGGCCCAACCCGAACTGGCCGAGGCTGCTGCTA
AAACCACTGAAAACCCCCTGCAGAAAATTGACGCTGCCCTGGCCCAAGTG
GATGCCCTCCGCTCCGACCTCGGCGCTGTGCAAAACCGCTTCAACTCCGC
TATTACAAACCTCGGCAATACCGTCAATCAGCTCTCTGAAGCTAGGTCTC
GTATTGAGGATTCCGATTACGCTACCGAGGTCTCCCAGATGTCCCGTGCC
CAAATTCTCCAACAAGCCGGCACCTCCGTCCTCGCCCAAGCCAATCAGGT
GCCACAGAATGTGCTGAGCCTGCTGGCTTCTGGATCTGGATCTGGTTCTT
CCCATAATGGCAAATTGTGTCGGCTGAAAGGCATCGCCCCTCTGCAACTC
GGCAAGTGCAATATTGCGGGGTGGCTGTTGGGCAACCCAGAATGTGACCC
CCTCCTGCCCGTCCGTTCTTGGTCTTACATCGTGGAAACACCTAACTCCG
AGAACGGCATCTGTTACCCGGGCGACTTCATTGACTACGAGGAGCTCCGC
GAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTTTCCCAAA
GGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCCGCCTGTA
GCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCTGACTGAA
AAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACAAGAAGGG
CAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAACTCCAAGG
AGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGTCGTGACA
TCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTCCCAAAGT
GCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTCAAACCCG
GAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCCCATGTAT
GCTTTCGCTCTCTCTCGCGGATTCGGTTCCGGCATAATCACTAGCCAAGC
CTCCATGCACGAGTGCAATACCAAGTGTCAAACTCCACTGGGAGCCATTC
AAAGCTCCCTGCCCTACCAAAACATCCATCCTGTGACCATTGGAGAGTGC
CCTAAATACGTGCGCCACCACCACCACCACCACTAATAG

SEQ ID NO:120 ng HAl-1
TCCCATAATGGCAAATTGTGTCGGCTGAAAGGCATCGCCCCTCTGCAACT

CGGCAAGTGCAATATTGCGGGGTGGCTGTTGGGCAACCCAGAATGTGACC
CCCTCCTGCCCGTCCGTTCTTGGTCTTACATCGTGGAAACACCTAACTCC
GAGAACGGCATCTGTTACCCGGGCGACTTCATTGACTACGAGGAGCTCCG
CGAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTTTCCCAA

AGGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCCGCCTGT
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AGCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCTGACTGA

AAAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACAAGAAGG
GCAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAACTCCAAG
GAGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGTCGTGAC
ATCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTCCCAAAG
TGCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTCAAACCC
GGAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCCCATGTA
TGCTTTCGCTCTCTCTCGCGGATTCGGTTCCGGCATAATCACTAGCCAAG
CCTCCATGCACGAGTGCAATACCAAGTGTCAAACTCCACTGGGAGCCATT
CAAAGCTCCCTGCCCTACCAAAACATCCATCCTGTGACCATTGGAGAGTG
CCCTAAATACGTGCGCCACCACCACCACCACCACTAATAG

SEQ ID NO:121 ngSTF2.HAl-2
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAAGTGATCAACACCAACTCCCTGTCCCTGCTCA
CTCAAAACAACCTCCAGAAATCTCAGTCTGCTCTCGGTACTGCTATCGAG
CGTCTCTCCTCCGGCCTGAGGATCAACTCCGCTAAAGATGACGCCGCCGG
ACAAGCTATCGCTAACCGCTTTACTGCCAACATTAAAGGCCTGACCCAAG
CCTCTAGGAACGCCAATGATGGCATTTCTATCGCTCAAACCACCGAAGGC

GCCCTGAACGAAATCAATAATAACCTGCAACGTGTCCGCGAACTCGCCGT

CCAGTCCGCCCAATCTACCAACTCTCAGTCTGACCTGGACTCTATCCAAG

CTGAGATCACCCAAAGGCTCAACGAGATCGATCGTGTGTCTGGTCAAACT

CAGTTTAACGGCGTCAAAGTGCTGGCTCAAGACAACACACTCACCATCCA

AGTAGGAGCCAATGACGGCGAGACAATCGATATCGACCTGAAGCAGATCA

ATTCTCAAACTCTGGGCCTGGACTCCCTGAACGTCCAAAAGGCTTACGAC

GTGAAGGACACCGCTGTGACAACCAAAGCCTATGCTAATCAAGGAACAAC

CCTGGACGTGTCCGGACTCGATGACGCCGCTATCAAGGCCGCTACTGGCG

GCACTCAGGGAACTGCCTCTGTGACCGGAGGCGCTGTGAAGTTCGACGCC

GATAACAACAAATACTTCGTCACTATTGGTGGTTTCACTGGCGCTGACGC

CGCTAAGAACGGTGACTACGAGGTCAACGTCGCCACTGACGGAACAGTGA

CACTGGCCGCTGGCGCTACCAAGACCACAATGCCTGCTGGTGCTACTACT

AAGACAGAGGTGCAGGAACTCAAGGACACCCCTGCCGTGGTGTCCGCCGA

TGCTAAGAACGCTCTCATTGCTGGTGGTGTCGACGCTACGGACGCCAACG

GAGCCGAGCTTGTGAAAATGTCCTACACCGACAAGAACGGAAAGACTATC

GAGGGAGGTTACGCTCTGAAGGCTGGCGATAAGTACTACGCCGCTGATTA

TGACGAAGCTACAGGCGCCATTAAAGCTAAAACCACATCTTATACCGCTG

CCGATGGTACTACCAAGACTGCTGCCAATCAGCTGGGTGGAGTCGATGGA

AAAACCGAAGTGGTCACAATCGACGGAAAGACCTATCAAGCCTCCAAGGC

TGCTGGCCACGACTTCAAGGCCCAACCCGAACTGGCCGAGGCTGCTGCTA

AAACCACTGAAAACCCCCTGCAGAAAATTGACGCTGCCCTGGCCCAAGTG
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GATGCCCTCCGCTCCGACCTCGGCGCTGTGCARAACCGCTTCAACTCCGE

TATTACAAACCTCGGCAATACCGTCAATCAGCTCTCTGAAGCTAGGTCTC
GTATTGAGGATTCCGATTACGCTACCGAGGTCTCCCAGATGTCCCGTGCC
CAAATTCTCCAACAAGCCGGCACCTCCGTCCTCGCCCAAGCCAATCAGGT
GCCACAGAATGTGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCA
AAGGCATAGCGCCACTGCAGCTCGGCAAATGTAACATCGCAGGTTGGCTC
CTTGGTAACCCGGAGTGCGACCCCCTCCTCCCTGTACGATCCTGGAGTTA
TATCGTGGAGACCCCCAATAGCGAGAACGGAATTTGCTACCCAGGAGATT
TCATAGACTACGAGGAGTTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTC
GAGAGGTTCGAAATCTTCCCGAAGGAGAGCAGCTGGCCGAATCATAACAC
TAACGGTGTGACAGCCGCCTGCAGTCATGAAGGAAAGAGTTCATTCTATC
GCAACCTGCTGTGGTTGACGGAGAAAGAGGGCAGCTACCCTAAGTTGAAG
AACTCCTATGTGAACAAAAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCAT
ACACCACCCCCCCAATAGCAAGGAGCAGCAGAATCTGTACCAAAACGAGA
ATGCCTATGTGAGCGTGGTCACTAGTAACTATAACCGTCGGTTCACTCCC
GAGATCGCCGAGCGTCCGAAGGTGAGGGACCAGGCAGGCCGGATGAACTA
CTACTGGACCCTATTGAAGCCAGGGGACACGATTATCTTCGAGGCAAACG
GAAACCTCATAGCGCCGATGTACGCGTTCGCCCTGAGCCGTGGCTTTGGA
TCGGGGATCATCACGTCTCACCATCATCACCACCATTAATAG

SEQ ID NO:122 ng HAl-2
AAAGGCATAGCGCCACTGCAGCTCGGCAAATGTAACATCGCAGGTTGGCT

CCTTGGTAACCCGGAGTGCGACCCCCTCCTCCCTGTACGATCCTGGAGTT
ATATCGTGGAGACCCCCAATAGCGAGAACGGAATTTGCTACCCAGGAGAT
TTCATAGACTACGAGGAGTTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTT
CGAAAGGTTCGAGATATTCCCGAAGGAGAGCAGCTGGCCGAATCATAACA
CTAACGGTGTGACAGCCGCCTGCAGTCATGAAGGAAAGAGTTCATTCTAT
CGCAACCTGCTGTGGTTGACGGAGAAAGAGGGCAGCTACCCTAAGTTGAA
GAACTCCTATGTGAACAAAAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCA
TACACCACCCCCCCAATAGCAAGGAGCAGCAGAATCTGTACCAAAACGAG
AATGCCTATGTGAGCGTGGTCACTAGTAACTATAACCGTCGGTTCACTCC
CGAGATCGCCGAGCGTCCGAAGGTGAGGGACCAGGCAGGCCGGATGAACT
ACTACTGGACCCTATTGAAGCCAGGGGACACGATTATCTTCGAGGCAAAC
GGAAACCTCATAGCGCCGATGTACGCCTTCGCCCTGAGCCGTGGCTTTGG
ATCGGGGATCATCACGTCTCACCATCATCACCACCATTAATAG

SEQ ID NO:123 ngSTF2.HAl-2mut
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAAGTGATCAACACCAACTCCCTGTCCCTGCTCA
CTCAAAACAACCTCCAGAAATCTCAGTCTGCTCTCGGTACTGCTATCGAG
CGTCTCTCCTCCGGCCTGAGGATCAACTCCGCTAAAGATGACGCCGCCGG

ACAAGCTATCGCTAACCGCTTTACTGCCAACATTAAAGGCCTGACCCAAG
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-continued
CCTCTAGGAACGCCAATGATGGCATTTC TATCGCTCARACCACCGAAGGC

GCCCTGAACGAAATCAATAATAACCTGCAACGTGTCCGCGAACTCGCCGT

CCAGTCCGCCCAATCTACCAACTCTCAGTCTGACCTGGACTCTATCCAAG

CTGAGATCACCCAAAGGCTCAACGAGATCGATCGTGTGTCTGGTCAAACT

CAGTTTAACGGCGTCAAAGTGCTGGCTCAAGACAACACACTCACCATCCA

AGTAGGAGCCAATGACGGCGAGACAATCGATATCGACCTGAAGCAGATCA

ATTCTCAAACTCTGGGCCTGGACTCCCTGAACGTCCAAAAGGCTTACGAC

GTGAAGGACACCGCTGTGACAACCAAAGCCTATGCTAATCAAGGAACAAC

CCTGGACGTGTCCGGACTCGATGACGCCGCTATCAAGGCCGCTACTGGCG

GCACTCAGGGAACTGCCTCTGTGACCGGAGGCGCTGTGAAGTTCGACGCC

GATAACAACAAATACTTCGTCACTATTGGTGGTTTCACTGGCGCTGACGC

CGCTAAGAACGGTGACTACGAGGTCAACGTCGCCACTGACGGAACAGTGA

CACTGGCCGCTGGCGCTACCAAGACCACAATGCCTGCTGGTGCTACTACT

AAGACAGAGGTGCAGGAACTCAAGGACACCCCTGCCGTGGTGTCCGCCGA

TGCTAAGAACGCTCTCATTGCTGGTGGTGTCGACGCTACGGACGCCAACG

GAGCCGAGCTTGTGAAAATGTCCTACACCGACAAGAACGGAAAGACTATC

GAGGGAGGTTACGCTCTGAAGGCTGGCGATAAGTACTACGCCGCTGATTA

TGACGAAGCTACAGGCGCCATTAAAGCTAAAACCACATCTTATACCGCTG

CCGATGGTACTACCAAGACTGCTGCCAATCAGCTGGGTGGAGTCGATGGA

AAAACCGAAGTGGTCACAATCGACGGAAAGACCTATCAAGCCTCCAAGGC

TGCTGGCCACGACTTCAAGGCCCAACCCGAACTGGCCGAGGCTGCTGCTA

AAACCACTGAAAACCCCCTGCAGAAAATTGACGCTGCCCTGGCCCAAGTG

GATGCCCTCCGCTCCGACCTCGGCGCTGTGCAAAACCGCTTCAACTCCGC

TATTACAAACCTCGGCAATACCGTCAATCAGCTCTCTGAAGCTAGGTCTC

GTATTGAGGATTCCGATTACGCTACCGAGGTCTCCCAGATGTCCCGTGCC

CAAATTCTCCAACAAGCCGGCACCTCCGTCCTCGCCCAAGCCAATCAGGT

GCCACAGAATGTGCTGAGCCTGCTGGCTTCTGGATCTGGATCTGGTTCTA

AAGGCGCTGCCCCTCTGCAACTCGGCAAGTGCAATATTGCGGGGTGGCTG

TTGGGCAACCCAGAATGTGACCCCCTCCTGCCCGTCCGTTCTTGGTCTGA

CATCGCTGAAACACCTAACTCCGAGAACGGCATCTGTTACCCGGGCGACT

TCATTGACTACGAGGAGCTCCGCGAACAGCTGTCTTCTGTCTCTTCTTTC

GAACGTTTCGAAATTTTCCCAAAGGAATCCTCCTGGCCAAACCATAACAC

CAACGGAGTGACCGCCGCCTGTAGCCATGAGGGCAAGTCTTCTTTCTACC

GTAATCTGCTGTGGCTGACTGAAAAAGAGGGTTCTTATCCCAAACTGAAG

AACTCTTATGTCAACAAGAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTAT

CCACCACCCCCCCAACTCCAAGGAGCAGCAGAATCTGTACCAAAACGAAR

ATGCTTACGTGTCTGTCGTGACATCTAACTACAACCGGCGCTTCACGCCC

GAAATCGCCGAGCGTCCCAAAGTGCGCGATCAGGCCGGAAGGATGAACTA
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CTACTGGACCCTGCTCAAACCCGGAGATACCATCATATTCGAAGCCAATG

GCAATCTCATCGCTCCCATGTATGCTTTCGCTCTCTCTCGCGGATTCGGT
TCCGGCATAATCACTAGCCACCACCACCACCACCACTAATAG

SEQ ID NO:124 ngHAl-2mut
AAAGGCGCTGCCCCTCTGCAACTCGGCAAGTGCAATATTGCGGGGTGGCT

GTTGGGCAACCCAGAATGTGACCCCCTCCTGCCCGTCCGTTCTTGGTCTG
ACATCGCTGAAACACCTAACTCCGAGAACGGCATCTGTTACCCGGGCGAC
TTCATTGACTACGAGGAGCTCCGCGAACAGCTGTCTTCTGTCTCTTCTTT
CGAACGTTTCGAAATTTTCCCAAAGGAATCCTCCTGGCCAAACCATAACA
CCAACGGAGTGACCGCCGCCTGTAGCCATGAGGGCAAGTCTTCTTTCTAC
CGTAATCTGCTGTGGCTGACTGAAAAAGAGGGTTCTTATCCCAAACTGAA
GAACTCTTATGTCAACAAGAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTA
TCCACCACCCCCCCAACTCCAAGGAGCAGCAGAATCTGTACCAAAACGAA
AATGCTTACGTGTCTGTCGTGACATCTAACTACAACCGGCGCTTCACGCC
CGAAATCGCCGAGCGTCCCAAAGTGCGCGATCAGGCCGGAAGGATGAACT
ACTACTGGACCCTGCTCAAACCCGGAGATACCATCATATTCGAAGCCAAT
GGCAATCTCATCGCTCCCATGTATGCTTTCGCTCTCTCTCGCGGATTCGG
TTCCGGCATAATCACTAGCCACCACCACCACCACCACTAATAG

SEQ ID NO:125 ngSTF2.HA1l-3
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAAGTGATCAACACCAACTCCCTGTCCCTGCTCA
CTCAAAACAACCTCCAGAAATCTCAGTCTGCTCTCGGTACTGCTATCGAG
CGTCTCTCCTCCGGCCTGAGGATCAACTCCGCTAAAGATGACGCCGCCGG
ACAAGCTATCGCTAACCGCTTTACTGCCAACATTAAAGGCCTGACCCAAG
CCTCTAGGAACGCCAATGATGGCATTTCTATCGCTCAAACCACCGAAGGC

GCCCTGAACGAAATCAATAATAACCTGCAACGTGTCCGCGAACTCGCCGT

CCAGTCCGCCCAATCTACCAACTCTCAGTCTGACCTGGACTCTATCCAAG

CTGAGATCACCCAAAGGCTCAACGAGATCGATCGTGTGTCTGGTCAAACT

CAGTTTAACGGCGTCAAAGTGCTGGCTCAAGACAACACACTCACCATCCA

AGTAGGAGCCAATGACGGCGAGACAATCGATATCGACCTGAAGCAGATCA

ATTCTCAAACTCTGGGCCTGGACTCCCTGAACGTCCAAAAGGCTTACGAC

GTGAAGGACACCGCTGTGACAACCAAAGCCTATGCTAATCAAGGAACAAC

CCTGGACGTGTCCGGACTCGATGACGCCGCTATCAAGGCCGCTACTGGCG

GCACTCAGGGAACTGCCTCTGTGACCGGAGGCGCTGTGAAGTTCGACGCC

GATAACAACAAATACTTCGTCACTATTGGTGGTTTCACTGGCGCTGACGC

CGCTAAGAACGGTGACTACGAGGTCAACGTCGCCACTGACGGAACAGTGA

CACTGGCCGCTGGCGCTACCAAGACCACAATGCCTGCTGGTGCTACTACT

AAGACAGAGGTGCAGGAACTCAAGGACACCCCTGCCGTGGTGTCCGCCGA

TGCTAAGAACGCTCTCATTGCTGGTGGTGTCGACGCTACGGACGCCAACG

GAGCCGAGCTTGTGAAAATGTCCTACACCGACAAGAACGGAAAGACTATC
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GAGGGAGGTTACGCTCTGAAGGCTGGCGATAAGTACTACGCCGCTGATTA
TGACGAAGCTACAGGCGCCATTAAAGCTAAAACCACATCTTATACCGCTG
CCGATGGTACTACCAAGACTGCTGCCAATCAGCTGGGTGGAGTCGATGGA
AAAACCGAAGTGGTCACAATCGACGGAAAGACCTATCAAGCCTCCAAGGC
TGCTGGCCACGACTTCAAGGCCCAACCCGAACTGGCCGAGGCTGCTGCTA
AAACCACTGAARACCCCCTGCAGAAAATTGACGCTGCCCTGGCCCAAGTG
GATGCCCTCCGCTCCGACCTCGGCGCTGTGCARAACCGCTTCARCTCCGE
TATTACAAACCTCGGCAATACCGTCAATCAGCTCTC TGAAGCTAGGTCTC
GTATTGAGGATTCCGATTACGCTACCGAGGTC TCCCAGATGTCCCGTGCC
CAAATTCTCCAACAAGCCGGCACCTCCGTCCTCGCCCAAGCCAATCAGGT
GCCACAGAATGTGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCA
ATAGCGAGAACGGAATTTGCTACCCAGGAGATTTCATAGACTACGAGGAG
TTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTCGAGAGGTTCGAAATCTT
CCCGAAGGAGAGCAGCTGGCCGAATCATAACACTAACGGTGTGACAGCCG
CCTGCAGTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGCTGTGGTTG
ACGGAGAAGGAGGGCAGCTACCCTAAGCTGAAGAACTCCTATGTGAACAA
AAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCCCCCCAATA
GCAAGGAGCAGCAGAATCTGTACCAAAACGAGAATGCCTATGTGAGCGTG
GTCACTAGTAACTATAACCGTCGGTTCACTCCCGAGATCGCCGAGCGTCC
GAAGGTGAGGGACCAGGCAGGCCGGATGAACTACTACTGGACCCTATTGA
AGCCAGGGGACACGATTATCTTCGAGGCAAACGGAAACCTCATAGCGCCG
ATGTACGCCTTCGCCCTGAGCCGTGGCCACCATCATCACCACCATTAATA
G

SEQ ID NO:126 ngHAl-3
AATAGCGAGAACGGAATTTGCTACCCAGGAGATTTCATAGACTACGAGGA

GTTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTCGAAAGGTTCGAGATAT
TCCCGAAGGAGAGCAGCTGGCCGAATCATAACACTAACGGTGTGACAGCC
GCCTGCAGTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGCTGTGGTT
GACGGAGAAAGAGGGCAGCTACCCTAAGTTGAAGAACTCCTATGTGAACA
AAAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCCCCCCAAT
AGCAAGGAGCAGCAGAATCTGTACCAAAACGAGAATGCCTATGTGAGCGT
GGTCACTAGTAACTATAACCGTCGGTTCACTCCCGAGATCGCCGAGCGTC
CGAAGGTGAGGGACCAGGCAGGCCGGATGAACTACTACTGGACCCTATTG
AAGCCAGGGGACACGATTATCTTCGAGGCAAACGGAAACCTCATAGCGCC
GATGTACGCCTTCGCCCTGAGCCGTGGCCACCATCATCACCACCATTAAT
AG

SEQ ID NO:127 ngSTF2.HAl-3mut
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAAGTGATCAACACCAACTCCCTGTCCCTGCTCA
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CTCAAAACAACCTCCAGAAATCTCAGTCTGCTCTCGGTACTGCTATCGAG

CGTCTCTCCTCCGGCCTGAGGATCAACTCCGCTAAAGATGACGCCGCCGG
ACAAGCTATCGCTAACCGCTTTACTGCCAACATTAAAGGCCTGACCCAAG
CCTCTAGGAACGCCAATGATGGCATTTCTATCGCTCAAACCACCGAAGGC

GCCCTGAACGAAATCAATAATAACCTGCAACGTGTCCGCGAACTCGCCGT

CCAGTCCGCCCAATCTACCAACTCTCAGTCTGACCTGGACTCTATCCAAG

CTGAGATCACCCAAAGGCTCAACGAGATCGATCGTGTGTCTGGTCAAACT

CAGTTTAACGGCGTCAAAGTGCTGGCTCAAGACAACACACTCACCATCCA

AGTAGGAGCCAATGACGGCGAGACAATCGATATCGACCTGAAGCAGATCA

ATTCTCAAACTCTGGGCCTGGACTCCCTGAACGTCCAAAAGGCTTACGAC

GTGAAGGACACCGCTGTGACAACCAAAGCCTATGCTAATCAAGGAACAAC

CCTGGACGTGTCCGGACTCGATGACGCCGCTATCAAGGCCGCTACTGGCG

GCACTCAGGGAACTGCCTCTGTGACCGGAGGCGCTGTGAAGTTCGACGCC

GATAACAACAAATACTTCGTCACTATTGGTGGTTTCACTGGCGCTGACGC

CGCTAAGAACGGTGACTACGAGGTCAACGTCGCCACTGACGGAACAGTGA

CACTGGCCGCTGGCGCTACCAAGACCACAATGCCTGCTGGTGCTACTACT

AAGACAGAGGTGCAGGAACTCAAGGACACCCCTGCCGTGGTGTCCGCCGA

TGCTAAGAACGCTCTCATTGCTGGTGGTGTCGACGCTACGGACGCCAACG

GAGCCGAGCTTGTGAAAATGTCCTACACCGACAAGAACGGAAAGACTATC

GAGGGAGGTTACGCTCTGAAGGCTGGCGATAAGTACTACGCCGCTGATTA

TGACGAAGCTACAGGCGCCATTAAAGCTAAAACCACATCTTATACCGCTG

CCGATGGTACTACCAAGACTGCTGCCAATCAGCTGGGTGGAGTCGATGGA

AAAACCGAAGTGGTCACAATCGACGGAAAGACCTATCAAGCCTCCAAGGC

TGCTGGCCACGACTTCAAGGCCCAACCCGAACTGGCCGAGGCTGCTGCTA

AAACCACTGAAAACCCCCTGCAGAAAATTGACGCTGCCCTGGCCCAAGTG

GATGCCCTCCGCTCCGACCTCGGCGCTGTGCAAAACCGCTTCAACTCCGC

TATTACAAACCTCGGCAATACCGTCAATCAGCTCTCTGAAGCTAGGTCTC

GTATTGAGGATTCCGATTACGCTACCGAGGTCTCCCAGATGTCCCGTGCC

CAAATTCTCCAACAAGCCGGCACCTCCGTCCTCGCCCAAGCCAATCAGGT

GCCACAGAATGTGCTGAGCCTGCTGGCTTCTGGATCTGGATCTGGTTCTA

ACTCCGAGAACGAAATCTGTTACCCGGGCGACTTCATTGACAAAGAGGAG

CTCCGCGAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTTT

CCCAAAGGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCCG

CCTGTAGCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCTG

ACTGAAAAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACAA

GAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAACT

CCAAGGAGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGTC

GTGACATCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTCC

CAAAGTGCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTCA
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AACCCGGAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCCC
ATGTATGCTGCTGCTCTCTCTCGCGGACACCACCACCACCACCACTAATA
G

SEQ ID NO:128 ngHAl-3mut
AACTCCGAGAACGAAATCTGTTACCCGGGCGACTTCATTGACAAAGAGGA

GCTCCGCGAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTT
TCCCAAAGGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCC
GCCTGTAGCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCT
GACTGAAAAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACA
AGAAGGGCAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAAC
TCCAAGGAGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGT
CGTGACATCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTC
CCAAAGTGCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTC
AAACCCGGAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCC
CATGTATGCTGCTGCTCTCTCTCGCGGACACCACCACCACCACCACTAAT
AG

SEQ ID NO:129 wtSTF2.HAl-1ng
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAGGTTATCAATACCAACTCCCTGTCGTTGCTCA
CCCAAAATAACCTTAATAAAAGCCAGAGCGCACTGGGAACCGCCATAGAA
CGCCTCTCAAGCGGCCTCCGGATCAATTCTGCAAAAGACGACGCCGCCGG
TCAGGCCATCGCAAACCGCTTTACCGCCAATATCAAGGGACTGACGCAGG
CTTCGAGGAATGCTAACGATGGAATAAGCATCGCTCAAACCACGGAGGGC

GCCCTGAACGAGATCAACAACAACCTACAGCGCGTCAGGGAGCTCGCAGT

GCAGTCCGCCAATTCGACCAACTCGCAGTCGGACCTGGACTCGATCCAAG

CCGAAATCACCCAGCGCCTGAATGAGATTGACCGGGTGAGCGGTCAGACA

CAGTTTAACGGCGTGAAGGTACTTGCACAGGATAACACACTTACGATACA

GGTGGGCGCCAACGATGGTGAAACCATAGACATTGATCTCAAACAGATTA

ACAGCCAGACGCTCGGGTTGGATAGCCTGAATGTGCAAAAGGCGTACGAC

GTGAAAGACACGGCGGTCACTACCAAAGCCTACGCTAACAATGGCACTAC

CTTGGATGTGAGCGGATTGGATGATGCAGCAATCAAGGCTGCTACCGGCG

GTACGAACGGAACCGCGTCCGTGACCGGCGGTGCCGTGAAGTTCGATGCT

GACAACAATAAGTATTTCGTCACCATTGGAGGCTTTACTGGCGCCGACGC

AGCAAAGAACGGCGACTATGAAGTGAACGTGGCAACCGATGGAACCGTGA

CGCTGGCCGCTGGTGCCACCAAGACCACCATGCCAGCCGGCGCCACAACT

AAGACCGAGGTGCAGGAGTTAAAGGACACCCCCGCGGTGGTTAGCGCAGA

TGCCAAAAACGCCTTGATCGCCGGCGGAGTGGATGCAACTGATGCTAATG

GTGCGGAGCTGGTTAAAATGTCGTATACAGACAAGAATGGTAAGACGATC

GAGGGCGGTTATGCCCTTAAGGCAGGAGATAAGTATTACGCTGCTGATTA
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CGATGAGGCGACGGGAGCTATTAAGGCCAAGACAACGTCATACACGGCGG

CGGACGGAACGACTAAGACGGCTGCCAATCAGTTGGGAGGGGTTGACGGG
AAGACAGAGGTCGTTACGATCGATGGCAAGACATACAACGCTTCCAAGGC
CGCTGGCCACGATTTCAAAGCTCAACCCGAACTGGCCGAGGCCGCGGCGA
AAACAACTGAGAACCCGTTGCAGAAGATTGATGCGGCCCTGGCGCAAGTA
GATGCCCTGCGCTCAGACCTGGGCGCCGTTCAAAATCGATTCAATTCCGC
GATTACAAACCTGGGCAATACAGTAAACAATCTATCCGAGGCCAGATCCC
GCATTGAAGACTCCGACTACGCGACAGAAGTAAGTAACATGAGTCGTGCC
CAGATTCTGCAGCAGGCCGGCACTAGTGTCCTGGCCCAGGCCAATCAAGT
CCCGCAGAATGTGCTGAGCCTACTAGCATCTGGATCTGGATCTGGTTCTT
CCCATAATGGCAAATTGTGTCGGCTGAAAGGCATCGCCCCTCTGCAACTC
GGCAAGTGCAATATTGCGGGGTGGCTGTTGGGCAACCCAGAATGTGACCC
CCTCCTGCCCGTCCGTTCTTGGTCTTACATCGTGGAAACACCTAACTCCG
AGAACGGCATCTGTTACCCGGGCGACTTCATTGACTACGAGGAGCTCCGC
GAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTTTCCCAAA
GGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCCGCCTGTA
GCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCTGACTGAA
AAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACAAGAAGGG
CAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAACTCCAAGG
AGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGTCGTGACA
TCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTCCCAAAGT
GCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTCAAACCCG
GAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCCCATGTAT
GCTTTCGCTCTCTCTCGCGGATTCGGTTCCGGCATAATCACTAGCCAAGC
CTCCATGCACGAGTGCAATACCAAGTGTCAAACTCCACTGGGAGCCATTC
AAAGCTCCCTGCCCTACCAAAACATCCATCCTGTGACCATTGGAGAGTGC
CCTAAATACGTGCGCCACCACCACCACCACCACTAATAG

SEQ ID NO:130 ngHAl-1
TCCCATAATGGCAAATTGTGTCGGCTGAAAGGCATCGCCCCTCTGCAACT

CGGCAAGTGCAATATTGCGGGGTGGCTGTTGGGCAACCCAGAATGTGACC
CCCTCCTGCCCGTCCGTTCTTGGTCTTACATCGTGGAAACACCTAACTCC
GAGAACGGCATCTGTTACCCGGGCGACTTCATTGACTACGAGGAGCTCCG
CGAACAGCTGTCTTCTGTCTCTTCTTTCGAACGTTTCGAAATTTTCCCAA

AGGAATCCTCCTGGCCAAACCATAACACCAACGGAGTGACCGCCGCCTGT

AGCCATGAGGGCAAGTCTTCTTTCTACCGTAATCTGCTGTGGCTGACTGA

AAAAGAGGGTTCTTATCCCAAACTGAAGAACTCTTATGTCAACAAGAAGG

GCAAAGAGGTCCTGGTGCTGTGGGGTATCCACCACCCCCCCAACTCCAAG

GAGCAGCAGAATCTGTACCAAAACGAAAATGCTTACGTGTCTGTCGTGAC

ATCTAACTACAACCGGCGCTTCACGCCCGAAATCGCCGAGCGTCCCAAAG
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-continued
TGCGCGATCAGGCCGGAAGGATGAACTACTACTGGACCCTGCTCARACCC

GGAGATACCATCATATTCGAAGCCAATGGCAATCTCATCGCTCCCATGTA
TGCTTTCGCTCTCTCTCGCGGATTCGGTTCCGGCATAATCACTAGCCAAG
CCTCCATGCACGAGTGCAATACCAAGTGTCAAACTCCACTGGGAGCCATT
CAAAGCTCCCTGCCCTACCAAAACATCCATCCTGTGACCATTGGAGAGTG
CCCTAAATACGTGCGCCACCACCACCACCACCACTAATAG

SEQ ID NO:131 ngSTF2.HAl-1lwt
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGCCCAAGTGATCAACACCAACTCCCTGTCCCTGCTCA
CTCAAAACAACCTCCAGAAATCTCAGTCTGCTCTCGGTACTGCTATCGAG
CGTCTCTCCTCCGGCCTGAGGATCAACTCCGCTAAAGATGACGCCGCCGG
ACAAGCTATCGCTAACCGCTTTACTGCCAACATTAAAGGCCTGACCCAAG
CCTCTAGGAACGCCAATGATGGCATTTCTATCGCTCAAACCACCGAAGGC

GCCCTGAACGAAATCAATAATAACCTGCAACGTGTCCGCGAACTCGCCGT

CCAGTCCGCCCAATCTACCAACTCTCAGTCTGACCTGGACTCTATCCAAG

CTGAGATCACCCAAAGGCTCAACGAGATCGATCGTGTGTCTGGTCAAACT

CAGTTTAACGGCGTCAAAGTGCTGGCTCAAGACAACACACTCACCATCCA

AGTAGGAGCCAATGACGGCGAGACAATCGATATCGACCTGAAGCAGATCA

ATTCTCAAACTCTGGGCCTGGACTCCCTGAACGTCCAAAAGGCTTACGAC

GTGAAGGACACCGCTGTGACAACCAAAGCCTATGCTAATCAAGGAACAAC

CCTGGACGTGTCCGGACTCGATGACGCCGCTATCAAGGCCGCTACTGGCG

GCACTCAGGGAACTGCCTCTGTGACCGGAGGCGCTGTGAAGTTCGACGCC

GATAACAACAAATACTTCGTCACTATTGGTGGTTTCACTGGCGCTGACGC

CGCTAAGAACGGTGACTACGAGGTCAACGTCGCCACTGACGGAACAGTGA

CACTGGCCGCTGGCGCTACCAAGACCACAATGCCTGCTGGTGCTACTACT

AAGACAGAGGTGCAGGAACTCAAGGACACCCCTGCCGTGGTGTCCGCCGA

TGCTAAGAACGCTCTCATTGCTGGTGGTGTCGACGCTACGGACGCCAACG

GAGCCGAGCTTGTGAAAATGTCCTACACCGACAAGAACGGAAAGACTATC

GAGGGAGGTTACGCTCTGAAGGCTGGCGATAAGTACTACGCCGCTGATTA

TGACGAAGCTACAGGCGCCATTAAAGCTAAAACCACATCTTATACCGCTG

CCGATGGTACTACCAAGACTGCTGCCAATCAGCTGGGTGGAGTCGATGGA

AAAACCGAAGTGGTCACAATCGACGGAAAGACCTATCAAGCCTCCAAGGC

TGCTGGCCACGACTTCAAGGCCCAACCCGAACTGGCCGAGGCTGCTGCTA

AAACCACTGAAAACCCCCTGCAGAAAATTGACGCTGCCCTGGCCCAAGTG

GATGCCCTCCGCTCCGACCTCGGCGCTGTGCAAAACCGCTTCAACTCCGC

TATTACAAACCTCGGCAATACCGTCAATCAGCTCTCTGAAGCTAGGTCTC

GTATTGAGGATTCCGATTACGCTACCGAGGTCTCCCAGATGTCCCGTGCC

CAAATTCTCCAACAAGCCGGCACCTCCGTCCTCGCCCAAGCCAATCAGGT

GCCACAGAATGTGCTGAGCCTACTAGCATCAGGTTCCGGCTCAGGTTCCA
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GCCACAACGGAAAGCTGTGCCGTCTGAAAGGCATAGCGCCACTGCAGCTC

GGCAAATGTAACATCGCAGGTTGGCTCCTTGGTAACCCGGAGTGCGACCC
CCTCCTCCCTGTACGATCCTGGAGTTATATCGTGGAGACCCCCAATAGCG
AGAACGGAATTTGCTACCCAGGAGATTTCATAGACTACGAGGAGTTGCGC
GAGCAGCTTTCGTCTGTGAGCAGCTTCGAGAGGTTCGAAATCTTCCCGAA
GGAGAGCAGCTGGCCGAATCATAACACTAACGGTGTGACAGCCGCCTGCA
GTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGCTGTGGTTGACGGAG
AAAGAGGGCAGCTACCCTAAGTTGAAGAACTCCTATGTGAACAAAAAAGG
CAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCCCCCCAATAGCAAGG
AGCAGCAGAATCTGTACCAAAACGAGAATGCCTATGTGAGCGTGGTCACT
AGTAACTATAACCGTCGGTTCACTCCCGAGATCGCCGAGCGTCCGAAGGT
GAGGGACCAGGCAGGCCGGATGAACTACTACTGGACCCTATTGAAGCCAG
GGGACACGATTATCTTCGAGGCAAACGGAAACCTCATAGCGCCGATGTAC
GCGTTCGCCCTGAGCCGCGGCTTTGGATCGGGGATCATCACGTCTAACGC
CTCGATGCACGAATGTAATACCAAATGCCAGACCCCACTGGGTGCTATCA
ACTCGTCCTTACCCTATCAAAATATACATCCGGTCACCATAGGCGAGTGT
CCCAAATATGTCAGACACCATCATCACCACCATTAATAG

SEQ ID NO:132 HAl-1 PRS8
AGCCACAACGGAAAGCTGTGCCGTCTGAAAGGCATAGCGCCACTGCAGCT

CGGCAAATGTAACATCGCAGGTTGGCTCCTTGGTAACCCGGAGTGCGACC
CCCTCCTCCCTGTACGATCCTGGAGTTATATCGTGGAGACCCCCAATAGC
GAGAACGGAATTTGCTACCCAGGAGATTTCATAGACTACGAGGAGTTGCG
CGAGCAGCTTTCGTCTGTGAGCAGCTTCGAAAGGTTCGAGATATTCCCGA
AGGAGAGCAGCTGGCCGAATCATAACACTAACGGTGTGACAGCCGCCTGC
AGTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGCTGTGGTTGACGGA
GAAAGAGGGCAGCTACCCTAAGTTGAAGAACTCCTATGTGAACAAAAAAG
GCAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCCCCCCAATAGCAAG
GAGCAGCAGAATCTGTACCAAAACGAGAATGCCTATGTGAGCGTGGTCAC
TAGTAACTATAACCGTCGGTTCACTCCCGAGATCGCCGAGCGTCCGAAGG
TGAGGGACCAGGCAGGCCGGATGAACTACTACTGGACCCTATTGAAGCCA
GGGGACACGATTATCTTCGAGGCAAACGGAAACCTCATAGCGCCGATGTA
CGCCTTCGCCCTGAGCCGTGGCTTTGGATCGGGGATCATCACGTCTAACG
CCTCGATGCACGAATGTAATACCAAATGCCAGACCCCACTGGGTGCTATC
AACTCGTCCTTACCCTATCAAAATATACATCCGGTCACCATAGGCGAGTG
TCCCAAATATGTCAGACACCATCATCACCACCATTAATAG

SEQ ID NO:133 HAl-1 PRS8
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGAGCCACAACGGAAAGCTGTGCCGTCTGAAAGGCATAG
CGCCACTGCAGCTCGGCAAATGTAACATCGCAGGTTGGCTCCTTGGTAAC

CCGGAGTGCGACCCCCTCCTCCCTGTACGATCCTGGAGTTATATCGTGGA
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GACCCCCAATAGCGAGAACGGAATTTGC TACCCAGGAGATTTCATAGACT
ACGAGGAGTTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTCGAAAGGTTC
GAGATATTCCCGAAGGAGAGCAGCTGGCCGAATCATAACACTAACGGTGT
GACAGCCGCCTGCAGTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGC
TGTGGTTGACGGAGAAAGAGGGCAGCTACCCTAAGT TGAAGAACTCCTAT
GTGAACAAAAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCC
CCCCAATAGCAAGGAGCAGCAGAATCTGTACCAAAACGAGAATGCCTATG
TGAGCGTGGTCACTAGTAACTATAACCGTCGGTTCACTCCCGAGATCGCC
GAGCGTCCGAAGGTGAGGGACCAGGCAGGCCGGATGAACTACTACTGGAC
CCTATTGAAGCCAGGGGACACGATTATC TTCGAGGCAAACGGAAACCTCA
TAGCGCCGATGTACGCCTTCGCCCTGAGCCGTGGCTTTGGATCGGGGATC
ATCACGTCTAACGCCTCGATGCACGAATGTAATACCAAATGCCAGACCCC
ACTGGGTGCTATCAACTCGTCCTTACCCTATCAAAATATACATCCGGTCA
CCATAGGCGAGTGTCCCAAATATGTCAGACACCATCATCACCACCATTAA
TAG

SEQ ID NO:134 FOR PRIMER
AGGCAGATCTATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCG

TATACATTTCTTACATCTATGCGAGCCACAACGGAAAGCTGTGCCGTCTG
AAAGG

SEQ ID NO:135 REV PRIMER
ACCTGCATGCCTATTAATGGTGGTGATGATGGTGTCTGACATATTTGGGA

CACTC

SEQ ID NO:136 HAOs PR8
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGACACCATTTGCATTGGATACCATGCAAACAACTCAA
CCGATACTGTTGATACCGTCCTTGAGAAGAACGTTACCGTCACGCACTCG
GTCAACCTATTAGAGGATAGCCACAACGGAAAGCTGTGCCGTCTGAAAGG
CATAGCGCCACTGCAGCTCGGCAAATGTAACATCGCAGGTTGGCTCCTTG
GTAACCCGGAGTGCGACCCCCTCCTCCCTGTACGATCCTGGAGTTATATC
GTGGAGACCCCCAATAGCGAGAACGGAATTTGCTACCCAGGAGATTTCAT
AGACTACGAGGAGTTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTCGAAA
GGTTCGAGATATTCCCGAAGGAGAGCAGCTGGCCGAATCATAACACTAAC
GGTGTGACAGCCGCCTGCAGTCATGAAGGAAAGAGTTCATTCTATCGCAA
CCTGCTGTGGTTGACGGAGAAAGAGGGCAGCTACCCTAAGTTGAAGAACT
CCTATGTGAACAAAAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCATACAC
CACCCCCCCAATAGCAAGGAGCAGCAGAATCTGTACCAAAACGAGAATGC
CTATGTGAGCGTGGTCACTAGTAACTATAACCGTCGGTTCACTCCCGAGA
TCGCCGAGCGTCCGAAGGTGAGGGACCAGGCAGGCCGGATGAACTACTAC
TGGACCCTATTGAAGCCAGGGGACACGATTATCTTCGAGGCAAACGGAAA

CCTCATAGCGCCGATGTACGCCTTCGCCCTGAGCCGTGGCTTTGGATCGG
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GGATCATCACGTCTAACGCCTCGATGCACGAATGTAATACCARATGCCAG
ACCCCACTGGGTGCTATCAACTCGTCCTTACCCTATCAAAATATACATCC
GGTCACCATAGGCGAGTGTCCCAAATATGTCAGATCCGCCAAGTTGCGGA
TGGTGACCGGCCTCCGCAATATTCCTAGTATTCAGTCACGCGGCTTGTTC
GGCGCCATCGCTGGTTTCATCGAAGGCGGGTGGACAGGCATGATTGATGG
CTGGTATGGCTATCACCACCAGAACGAGCAGGGCTCGGGCTACGCGGCTG
ACCAGAAGTCGACTCAGAATGCCATCAATGGCATCACGAATAAGGTGAAC
ACGGTCATTGAAAAGATGAACATTCAATTTACAGCCGTAGGAAAAGAGTT
TAATAAACTGGAAAAAAGAATGGAGAATCTGAATAAGAAGGTGGACGACG
GATTTTTGGACATCTGGACGTACAACGCCGAGCTGCTGGTTCTGCTGGAR
AATGAGCGAACACTGGATTTTCATGATTCTAACGTAAAGAATCTGTACGA
GAAGGTGAAGTCCCAACTAAAGAATAATGCCAAGGAAATCGGAAATGGAT
GCTTTGAGTTTTACCACAAGTGCGATAATGAGTGCATGGAATCCGTGCGA
AATGGTACATACGATTACCCAAAGTACTCCGAAGAATCCAAGCTAAATCG
CGAARAGGTTGATGGTGTTAAACTTGAATCCATGGGTATTTACCAACACC
ATCATCACCACCATTAATAG

SEQ ID NO:137 HAl-1 PR8 (no his tag)
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGAGCCACAACGGAAAGCTGTGCCGTCTGAAAGGCATAG
CGCCACTGCAGCTCGGCAAATGTAACATCGCAGGTTGGCTCCTTGGTAAC
CCGGAGTGCGACCCCCTCCTCCCTGTACGATCCTGGAGTTATATCGTGGA
GACCCCCAATAGCGAGAACGGAATTTGCTACCCAGGAGATTTCATAGACT
ACGAGGAGTTGCGCGAGCAGCTTTCGTCTGTGAGCAGCTTCGAAAGGTTC
GAGATATTCCCGAAGGAGAGCAGCTGGCCGAATCATAACACTAACGGTGT
GACAGCCGCCTGCAGTCATGAAGGAAAGAGTTCATTCTATCGCAACCTGC
TGTGGTTGACGGAGAAAGAGGGCAGCTACCCTAAGTTGAAGAACTCCTAT
GTGAACAAAAAAGGCAAGGAGGTTCTGGTGCTGTGGGGCATACACCACCC
CCCCAATAGCAAGGAGCAGCAGAATCTGTACCAAAACGAGAATGCCTATG
TGAGCGTGGTCACTAGTAACTATAACCGTCGGTTCACTCCCGAGATCGCC
GAGCGTCCGAAGGTGAGGGACCAGGCAGGCCGGATGAACTACTACTGGAC
CCTATTGAAGCCAGGGGACACGATTATCTTCGAGGCAAACGGAAACCTCA
TAGCGCCGATGTACGCCTTCGCCCTGAGCCGTGGCTTTGGATCGGGGATC
ATCACGTCTAACGCCTCGATGCACGAATGTAATACCAAATGCCAGACCCC
ACTGGGTGCTATCAACTCGTCCTTACCCTATCAAAATATACATCCGGTCA
CCATAGGCGAGTGTCCCAAATATGTCAGATAATAG

SEQ ID NO:138 REV PRIMER
ACCTGCATGCCTATTATCTGACATATTTGGGACACTCGCCTATGG

SEQ ID NO:139 HAl-1 NC
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGAGCCACAATGGTAAGCTGTGTCTGTTGAAGGGAATTG
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CACCCCTCCAACTGGGCAACTGTTCGGTCGCTGGTTGGATCCTCGGARAC
CCAGAATGCGAGCTCCTTATCAGTAAGGAATC TTGGTCTTATATTGTCGA
AACCCCGAACCCCGAGAACGGAACATGCTACCCGGGTTACTTTGCTGATT
ACGAAGAGCTTCGCGAGCAACTCAGCTCCGTATCCTCCTTCGAGCGCTTC
GAGATTTTTCCCAAAGAGTCCAGCTGGCCAAATCATACCGTCACCGGCGT
GTCGGCCTCCTGTTCCCACAACGGAAAGTCTAGCTTCTATAGARATCTTC
TCTGGCTGACGGGTAAGAATGGTCTTTACCCCAATTTGAGCAAGTCCTAC
GTCAACAACAAAGAAAAGGAAGTTCTGGTATTGTGGGGTGTGCACCACCC
TCCGAACATCGGCAATCAGCGCGCCCTGTATCACACAGAGAACGCGTATG
TTTCCGTTGTCTCCTCACATTACTCGAGGCGC TTCACTCCTGARATAGCT
AAGCGTCCGAAAGTGCGTGACCAGGAGGGACGTATCAACTATTATTGGAC
GCTGTTGGAGCCAGGCGATACAATTATC TTCGAGGC TAACGGTAACCTTA
TCGCTCCCTGGTACGCCTTCGCCCTGTCGCGTGGTTTCGGTAGTGGAATA
ATCACTAGTAATGCTCCTATGGACGAGTGTGACGCTAAGTGCCAAACACC
TCAGGGCGCTATCAATAGCTCCCTTCCATTCCAGAACGTCCATCCGGTTA
CCATTGGAGAGTGTCCAAAGTACGTGAGACACCATCATCACCATCACTAA
TAG

SEQ ID NO:140 FOR PRIMER
AGGCAGATCTATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCG

TATACATTTCTTACATCTATGCGAGCCACAATGGTAAGCTGTGTCTGTTG
AAG

SEQ ID NO:141 REV PRIMER
AGTCGCATGCCTATTAATGGTGGTGATGATGGTGTCTCACGTACTTTGGA

CACTCTCCAATGG

SEQ ID NO:142 HAOs NC
AGATCTATGAAGTTTCTCGTGAACGTTGCACTGGTGTTTATGGTAGTCTA

TATATCGTACATTTATGCTGACACGATTTGCATCGGTTACCATGCGAACA
ACTCCACGGATACCGTGGACACAGTGTTGGAAAAGAACGTGACCGTCACG
CACTCCGTAAACCTTCTGGAGGACAGCCACAATGGTAAGCTGTGTCTGTT
GAAGGGAATTGCACCCCTCCAACTGGGCAACTGTTCGGTCGCTGGTTGGA
TCCTCGGAAACCCAGAATGCGAGCTCCTTATCAGTAAGGAATCTTGGTCT
TATATTGTCGAAACCCCGAACCCCGAGAACGGAACATGCTACCCGGGTTA
CTTTGCTGATTACGAAGAGCTTCGCGAGCAACTCAGCTCCGTATCCTCCT
TCGAGCGCTTCGAGATTTTTCCCAAAGAGTCCAGCTGGCCAAATCATACC
GTCACCGGCGTGTCGGCCTCCTGTTCCCACAACGGAAAGTCTAGCTTCTA
TAGAAATCTTCTCTGGCTGACGGGTAAGAATGGTCTTTACCCCAATTTGA
GCAAGTCCTACGTCAACAACAAAGAAAAGGAAGTTCTGGTATTGTGGGGT
GTGCACCACCCTCCGAACATCGGCAATCAGCGCGCCCTGTATCACACAGA
GAACGCGTATGTTTCCGTTGTCTCCTCACATTACTCGAGGCGCTTCACTC

CTGAAATAGCTAAGCGTCCGAAAGTGCGTGACCAGGAGGGACGTATCAAC
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TATTATTGGACGCTGTTGGAGCCAGGCGATACAATTATCTTCGAGGCTAA
CGGTAACCTTATCGCTCCCTGGTACGCCTTCGCCCTGTCGCGTGGTTTCG
GTAGTGGAATAATCACTAGTAATGCTCCTATGGACGAGTGTGACGCTAAG
TGCCAAACACCTCAGGGCGCTATCAATAGCTCCCTTCCATTCCAGAACGT
CCATCCGGTTACCATTGGAGAGTGTCCAAAGTACGTGAGATCGGCCARAC
TTCGCATGGTCACGGGTCTGCGCAACATCCCGTCAATCCAATCTAGGGGC
CTCTTCGGCGCTATCGCCGGTTTCATTGAGGGCGGTTGGACTGGAATGGT
TGACGGATGGTACGGCTATCATCACCAGAACGAACAAGGTTCCGGTTACG
CTGCTGACCAGAAATCTACTCAGAACGCGATCAATGGTATCACGAACAAG
GTGAACAGCGTCATTGAAAAGATGAATACTCAGTTTACAGCCGTGGGCAA
AGAGTTCAATAAACTCGAGAGACGTATGGAAAACCTCAATAAGAAGGTGG
ATGACGGCTTCCTGGACATTTGGACTTACAACGCCGAGCTGCTGGTCCTG
CTCGAGAACGAGAGAACCCTTGACTTCCACGACAGCAACGTCAAGAACCT
GTACGAGAAGGTGAAAAGTCAACTTAAAAACAATGCCAAGGAGATTGGTA
ACGGCTGCTTCGAATTCTACCACAAGTGTAATAATGAGTGCATGGAATCC
GTTAAGAACGGCACCTACGATTACCCTAAATACTCAGAGGAGTCCAAGCT
TAACCGCGAGAAGATCGACGGCGTAAAACTGGAAAGCATGGGCGTATACC
AACACCATCATCACCATCACTAATAGGCATGC

SEQ ID NO:143 HAl-1 VN
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC

TTACATCTATGCGGAGAAGAAACACAACGGTAAGCTTTGCGACTTGGATG
GAGTCAAGCCCCTCATACTTAGAGATTGTAGTGTAGCCGGTTGGCTGCTC
GGTAACCCAATGTGCGATGAGTTCATCAATGTTCCCGAATGGTCATATAT
CGTCGAAAAAGCTAATCCTGTCAACGACCTGTGCTACCCCGGTGATTTCA
ATGACTATGAAGAACTGAAGCACCTGCTCTCCCGCATCAACCATTTCGAG
AAAATCCAGATCATTCCCAAGAGTTCCTGGTCTAGCCATGAGGCTAGTCT
GGGTGTCTCATCCGCCTGCCCATATCAGGGTAAAAGTTCTTTCTTTAGGA
ACGTAGTATGGTTGATAAAGAAAAACTCTACATACCCGACCATCAAGCGC
TCTTACAACAATACGAACCAAGAGGATCTGCTTGTCCTTTGGGGAATCCA
TCATCCTAATGATGCTGCCGAACAGACTAAGCTCTACCAAAACCCTACCA
CTTATATTTCCGTCGGCACCTCTACTCTGAACCAGCGCCTTGTGCCCAGG
ATCGCTACGAGATCAAAAGTCAACGGCCAATCGGGCCGCATGGAATTCTT
CTGGACGATCCTGAAGCCTAATGACGCTATCAACTTCGAGTCAAATGGAA
ACTTTATCGCTCCCGAGTACGCTTACAAGATCGTCAAGAAGGGCGACTCC
ACGATTATGAAGTCAGAGTTGGAGTACGGCAACTGCAACACAAAGTGCCA
AACTCCTATGGGCGCTATAAATTCTTCAATGCCGTTCCACAACATCCATC
CGCTCACGATCGGTGAGTGCCCGAAATATGTAAAGCACCATCACCACCAT

CACTAATAG
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SEQ ID NO:144 FOR PRIMER
AGGCAGATCTATGAAATTC TTAGTCAACGTTGCCCTTGTTTTTATGGTCG
TATACATTTCTTACATCTATGCGGAGAAGAAACACAACGGTAAGCTTTG

SEQ ID NO:145 REV PRIMER
AGTCGCATGCCTATTATGGTGGTGATGATGGTGCTTTACATATTTCGGGC

ACTCACCG

SEQ ID NO:146 HAOs VN
AGATCTATGAAATTCTTGGTTAATGTAGCCCTGGTGTTTATGGTAGTGTA

CATTTCATACATTTATGCTGATCAAATCTGCATTGGCTACCATGCCAACA
ACAGCACCGAGCAAGTTGACACGATCATGGAGAAGAACGTAACCGTCACT
CACGCTCAAGACATCCTGGAGAAGAAACACAACGGTAAGCTTTGCGACTT
GGATGGAGTCAAGCCCCTCATACTTAGAGATTGTAGTGTAGCCGGTTGGC
TGCTCGGTAACCCAATGTGCGATGAGTTCATCAATGTTCCCGAATGGTCA
TATATCGTCGAAAAAGCTAATCCTGTCAACGACCTGTGCTACCCCGGTGA
TTTCAATGACTATGAAGAACTGAAGCACCTGCTCTCCCGCATCAACCATT
TCGAGAAAATCCAGATCATTCCCAAGAGTTCCTGGTCTAGCCATGAGGCT
AGTCTGGGTGTCTCATCCGCCTGCCCATATCAGGGTAAAAGTTCTTTCTT
TAGGAACGTAGTATGGTTGATAAAGAAAAACTCTACATACCCGACCATCA
AGCGCTCTTACAACAATACGAACCAAGAGGATCTGCTTGTCCTTTGGGGA
ATCCATCATCCTAATGATGCTGCCGAACAGACTAAGCTCTACCAAAACCC
TACCACTTATATTTCCGTCGGCACCTCTACTCTGAACCAGCGCCTTGTGC
CCAGGATCGCTACGAGATCAAAAGTCAACGGCCAATCGGGCCGCATGGAA
TTCTTCTGGACGATCCTGAAGCCTAATGACGCTATCAACTTCGAGTCAAA
TGGAAACTTTATCGCTCCCGAGTACGCTTACAAGATCGTCAAGAAGGGCG
ACTCCACGATTATGAAGTCAGAGTTGGAGTACGGCAACTGCAACACAAAG
TGCCAAACTCCTATGGGCGCTATAAATTCTTCAATGCCGTTCCACAACAT
CCATCCGCTCACGATCGGTGAGTGCCCGAAATATGTAAAGTCGAATCGTC
TCGTACTGGCGACAGGCCTGAGAAATAGTCCGCAACGTGAACGTCGTCGC
AAGAAGAGAGGACTGTTTGGTGCCATTGCAGGCTTTATTGAGGGCGGCTG
GCAGGGCATGGTTGACGGATGGTACGGCTACCACCATTCAAACGAGCAGG
GATCTGGCTACGCCGCTGACAAAGAAAGCACCCAAAAGGCCATTGATGGA
GTGACGAATAAGGTGAATTCGATCATCGACAAAATGAACACGCAATTCGA
AGCAGTGGGTCGCGAATTCAATAACCTGGAGCGCCGTATCGAGAATCTGA
ACAAGAAGATGGAAGACGGCTTTTTGGATGTCTGGACATATAACGCTGAA
TTGCTGGTCCTCATGGAAAACGAGCGTACCCTTGATTTCCACGACAGCAA
CGTTAAGAACCTCTACGACAAGGTCAGGCTCCAGCTCAGGGATAACGCCA
AGGAATTGGGAAACGGATGCTTCGAGTTCTACCACAAATGCGACAACGAG
TGCATGGAGTCAGTCAGGAATGGTACCTACGACTACCCGCAATATTCTGA
GGAGGCTCGCTTGAAGCGTGAGGAAATATCGGGTGTTAAATTGGAGAGTA

TTGGAATCTACCAGCACCATCACCACCATCACTAATAGGCATGC
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SEQ ID NO:147 HAl-1 IND
ATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCGTATACATTTC
TTACATCTATGCGGAGAAAACCCATAACGGTAAGTTGTGCGACCTTGACG
GTGTAAAGCCCCTGATCCTCCGTGACTGCAGTGTTGCTGGTTGGCTTTTG
GGCAACCCCATGTGTGACGAATTTATCAACGTGCCTGAATGGTCATACAT
TGTAGAGAAGGCCAACCCCACGAACGATCTCTGTTATCCCGGCAGCTTCA
ATGACTATGAGGAACTTAAGCACCTTCTGTCACGTATCAACCACTTCGAA
AAGATCCAGATCATCCCGAAGAGCTCCTGGAGCGACCACGAAGCCAGTTC
GGGTGTGTCTTCCGCTTGCCCCTACCTCGGTAGCCCTTCCTTCTTCCGTA
ACGTAGTGTGGCTGATCAAGAAGAATAGCACTTACCCTACAATCAAAAAG
TCGTATAACAATACTAACCAAGAGGATCTGCTTGTACTCTGGGGAATTCA
TCATCCCAACGACGCGGCGGAGCAGACCAGGTTGTACCAGAACCCCACCA
CTTACATCTCCATCGGTACGTCCACACTGAATCAGCGTCTGGTCCCCAAG
ATCGCAACCAGGTCCAAGGTTAACGGTCAGTCCCGTCGTATGGAGTTCTT
CTGGACCATCCTGAAGCCCAACGACGCCATCAACTTCGAGTCCAACGGTA
ATTTCATTGCTCCGGAGTACGCCTACAAGATAGTTAAGAAGGGTGATTCA
GCGATCATGAAGTCGGAACTTGAGTATGGCAACTGCAACACTAAATGCCA
AACTCCAATGGGCGCTATCAACTCCAGTATGCCATTCCATAACATCCACC
CATTGACAATCGGTGAATGTCCCAAGTACGTGAAGCACCACCATCACCAT
CACTAATAG

SEQ ID NO:148 FOR PRIMER
AGGCAGATCTATGAAATTCTTAGTCAACGTTGCCCTTGTTTTTATGGTCG

TATACATTTCTTACATCTATGCGGAGAAAACCCATAACGGTAAGTTGTG

SEQ ID NO:149 REV PRIMER
AGTCGCATGCCTATTAATGGTGGTGATGATGGTGCTTCACGTACTTGGGA

CATTCACCGATTG

SEQ ID NO:150 HAOs IND
AGATCTATGAAGTTCCTGGTCAATGTAGCCTTGGTATTTATGGTAGTCTA

TATCTCGTACATTTACGCAGACCAGATTTGTATTGGATATCACGCTAACA
ACAGCACAGAGCAGGTAGATACTATTATGGAGAAAAATGTTACCGTCACT
CACGCCCAGGACATCCTGGAGAAAACCCATAACGGTAAGTTGTGCGACCT
TGACGGTGTAAAGCCCCTGATCCTCCGTGACTGCAGTGTTGCTGGTTGGC
TTTTGGGCAACCCCATGTGTGACGAATTTATCAACGTGCCTGAATGGTCA
TACATTGTAGAGAAGGCCAACCCCACGAACGATCTCTGTTATCCCGGCAG
CTTCAATGACTATGAGGAACTTAAGCACCTTCTGTCACGTATCAACCACT
TCGAAAAGATCCAGATCATCCCGAAGAGCTCCTGGAGCGACCACGAAGCC
AGTTCGGGTGTGTCTTCCGCTTGCCCCTACCTCGGTAGCCCTTCCTTCTT
CCGTAACGTAGTGTGGCTGATCAAGAAGAATAGCACTTACCCTACAATCA
AAAAGTCGTATAACAATACTAACCAAGAGGATCTGCTTGTACTCTGGGGA
ATTCATCATCCCAACGACGCGGCGGAGCAGACCAGGTTGTACCAGAACCC

CACCACTTACATCTCCATCGGTACGTCCACACTGAATCAGCGTCTGGTCC
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CCAAGATCGCAACCAGGTCCAAGGTTAACGGTCAGTCCGGTCGTATGGAG
TTCTTC TGGACCATCCTGAAGCCCAACGACGCCATCAACTTCGAGTCCAA
CGGTAATTTCATTGC TCCGGAGTACGCCTACAAGATAGTTAAGAAGGGTG
ATTCAGCGATCATGAAGTCGGAACTTGAGTATGGCAACTGCAACACTAAA
TGCCAAACTCCAATGGGCGCTATCAACTCCAGTATGCCATTCCATAACAT
CCACCCATTGACAATCGGTGAATGTCCCAAGTACGTGAAGAGCAACAGGT
TGGTATTGGCCACCGGTTTGAGARACAGCCCCCAGAGAGAGTCGCGTCGT
AAAAAGCGCGGCTTGTTCGGAGCCATCGCTGGCTTCATAGAGGGTGGTTG
GCAGGGAATGGTCGATGGTTGGTATGGTTATCATCATTCCAACGAGCAGS
GAAGTGGTTACGCCGCCGACAAAGAATCGACCCAGAAGGCTATTGACGGC
GTCACAAACAAAGTAAACTCTATCATTGATAAGATGAACACCCAGTTCGA
GGCTGTAGGTAGAGAATTCAACAACCTCGAAAGACGTATTGAGAACCTGA
ACAAGAAAATGGAGGATGGCTTCCTGGACGTGTGGACCTACAATGCTGAG
CTGTTGGTCCTTATGGAGAACGAGCGTACCCTCGATTTCCATGACTCARA
CGTGAAGAACCTGTATGACAAGGTGCGTTTGCAACTGAGGGACAACGCAA
AGGAGCTTGGAAACGGTTGTTTCGAATTTTATCATAAGTGCGACAATGAG
TGTATGGAGTCGATTAGAAATGGCACGTACAACTACCCTCAATACAGCGA
AGAAGCTCGTCTCAAACGTGAGGAAATCAGCGGCGTCAAGC TCGAATCAA
TCGGTACCTATCAGCACCACCATCACCATCACTAATAGGCATGC

SEQ ID NO:151 STF2.HAl-1His (PR8)
MKFLVNVALVFMVVYISYIYAAQVINTNSLSLLTQNNLNKSQSALGTAIE

RLSSGLRTNSAKDDAAGQATANRFTANIKGLTQASRNANDGISIAQTTEG
ALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQT
QFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
VKDTAVTTKAYANNGTTLDVSGLDDAATKAATGGTNGTASVTGGAVKFDA
DNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATT
KTEVQELKDTPAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKT I
EGGYALKAGDKYYAADYDEATGATIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQV
DALRSDLGAVQONRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA
QILQQAGTSVLAQANQVPONVLSLLASGSGSGSSHNGKLCRLKGIAPLQL
GKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELR
EQLSSVSSFERFEIFPKES SWPNHNTNGVTAACSHEGKSSFYRNLLWLTE
KEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQONLYQNENAYVSVVT
SNYNRRFTPETAERPKVRDQAGRMNY YWTLLKPGDTIIFEANGNLIAPMY
AFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIGEC

PKYVRHHHHHH
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SEQ ID NO:152 ngSTF2.HAl-1His (PRS)
MKFLVNVALVFMVVYISYIYAAQVINTNSLSLLTQNNLQKSQSALGTAIE
RLSSGLRINSAKDDAAGQATANRFTANIKGLTQASRNANDGIS IAQTTEG
ALNE INNNLQRVRELAVQSAQSTNSQSDLDS IQAEITQRLNEIDRVSGQT
QFNGVKVLAQDNTLTIQVGANDGET IDIDLKQINSQTLGLDSLNVQKAYD
VKDTAVTTKAYANQGTTLDVSGLDDAAIKAATGGTQGTASVIGGAVKFDA
DNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATT
KTEVQELKDTPAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKT I
EGGYALKAGDKY YAADYDEATGATKAKTTS YTAADGTTKTAANQLGGVDG
KTEVVT IDGKTYQASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQV
DALRSDLGAVQNRFNSAITNLGNTVNQLSEARSRIEDSDYATEVSQMSRA
QILQQAGTSVLAQANQVPONVLSLLASGSGSGSSHNGKLCRLKGIAPLQL
GKCNIAGWLLGNPECDPLLPVRSWS YIVETPNSENGICYPGDF IDYEELR
EQLSSVSSFERFEIFPKES SWPNHNTNGVTAACSHEGKSSFYRNLLWLTE
KEGS YPKLKNSYVNKKGKEVLVLWG IHHPPNSKEQONLYQNENAYVSVVT
SNYNRRFTPE IAERPKVRDQAGRMNYYWTLLKPGDT I IFEANGNL IAPMY
AFALSRGFGSGIITSQASMHECNTKCQTPLGAIQSSLPYQNIHPVTIGEC
PKYVRHHHHHH

SEQ ID NO:153 STF2.HAl-2His (PR8)
MKFLVNVALVFMVVYISYIYAAQVINTNSLSLLTQNNLNKSQSALGTAIE

RLSSGLRINSAKDDAAGQATANRFTANIKGLTQASRNANDGISIAQTTEG
ALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQT
QFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
VKDTAVTTKAYANNGTTLDVSGLDDAATKAAIGGTNGTASVTIGGAVKFDA
DNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATT
KTEVQELKDTPAVVSADAKNALTIAGGVDATDANGAELVKMSYTDKNGKT I
EGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQV
DALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA
QILQQAGTSVLAQANQVPONVLSLLASGSGSGSKGIAPQLGKCNIAGWLL
GNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFE
RFEIFPKESSWPNHNTNGVTAACSHEGKSSPYRNLLWLTEKEGSYPKLKN
SYVNKKGKEVLVLWGIHHPPNSKEQQONLYQNENAYVSVVTSNYNRRFTPE
TAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRGFGS
GIITSHHHHHH

SEQ ID NO:154 ngSTF2.HA1-2His (PR8)
MKFLVNVALVFMVVYISYIYAAQVINTNSLSLLTQNNLQKSQSALGTAIE

RLSSGLRINSAKDDAAGQATANRFTANIKGLTQASRNANDGISIAQTTEG
ALNEINNNLQRVRELAVQSAQSTNSQSDLDSIQAEITQRLNEIDRVSGQT

QFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
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VKDTAVTTKAYANQGTTLDVSGLDDAAIKAATGGTQGTASVTGGAVKFDA

DNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATT
KTEVQELKDTPAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKT I
EGGYALKAGDKYYAADYDEATGATIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVTIDGKTYQASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQV
DALRSDLGAVQONRFNSAITNLGNTVNQLSEARSRIEDSDYATEVSQMSRA
QILQQAGTSVLAQANQVPONVLSLLASGSGSGSKGIAPLQLGKCNIAGWL
LGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSF
ERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLK
NSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTP
EIAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRGFG
SGIITSHHHHHH

SEQ ID NO:155 STF2.HAl-2mutHis (PR8)
MKFLVNVALVFMVVYISYIYAAQVINTNSLSLLTQNNLNKSQSALGTAIE

RLSSGLRINSAKDDAAGQATANRFTANIKGLTQASRNANDGISIAQTTEG
ALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQT
QFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
VKDTAVTTKAYANNGTTLDVSGLDDAATKAATGGTNGTASVTGGAVKFDA
DNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATT
KTEVQELKDTPAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKT I
EGGYALKAGDKYYAADYDEATGATIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQV
DALRSDLGAVQONRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA
QILQQAGTSVLAQANQVPONVLSLLASGSGSGSKGAAPLQLGKCNIAGWL
LGNPECDPLLPVRSWSDIAETPNSENGICYPGDFIDYEELREQLSSVSSF
ERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLK
NSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTP
EIAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRGFG
SGIITSHHHHHH

SEQ ID NO:156 ngSTF2.HAl-2mutHis (PRS)
MKFLVNVALVFMVVYISYIYAAQVINTNSLSLLTONNLOKSQSALGTAIE

RLSSGLRINSAKDDAAGQATANRFTANIKGLTQASRNANDGISIAQTTEG
ALNEINNNLQRVRELAVQSAQSTNSQSDLDSIQAEITQRLNEIDRVSGQT
QFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
VKDTAVTTKAYANQGTTLDVSGLDDAATKAATGGTQGTASVTGGAVKFDA
DNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATT
KTEVQELKDTPAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKT I
EGGYALKAGDKYYAADYDEATGATIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVITDGKTYQASKAAGHDFKAQPELAEAAAKTTENPLQKIDAATLAQV

DALRSDLGAVQONRFNSAITNLGNTVNQLSEARSRIEDSDYATEVSQMSRA
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QILQQAGTSVLAQANQVPONVLSLLASGSGSGSKGAAPQLGKCNIAGWLL
GNPECDPLLPVRSWSDIAETPNSENGICYPGDFIDYEELREQLSSVSSFE
RFEIFPKESSWPNHNTNGVTAACSHEGKS SFYRNLLWLTEKEGSYPKLKN
SYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTPE
TAERPKVRDQAGRMNYYWTLLKPGDTI IFEANGNLIAPMYAFALSRGPGS
GIITSHHHHHH

SEQ ID NO:157 STF2.HAl-3His (PR8)
MKFLVNVALVFMVVYISYIYAAQVINTNSLSLLTQNNLNKSQSALGTAIE

RLSSGLRINSAKDDAAGQATANRFTANIKGLTQASRNANDGISIAQTTEG
ALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQT
QFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
VKDTAVTTKAYANNGTTLDVSGLDDAATIKAATGGTNGTASVTIGGAVKFDA
DNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATT
KTEVQELKDTPAVVSADAKNALTIAGGVDATDANGAELVKMSYTDKNGKT I
EGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQV
DALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA
QILQQAGTSVLAQANQVPONVLSLLASGSGSGSNSENGCYPGDFIDYEEL
REQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKS SFYRNLLWLT
EKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVV
TSNYNRRFTPETAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPM

YAFALSRGHHHHHH

SEQ ID NO:158 STF2.HAl-3mutHis (PR8)
MKFLVNVALVFMVVYISYIYAAQVINTNSLSLLTQNNLNKSQSALGTAIE

RLSSGLRINSAKDDAAGQATANRFTANIKGLTQASRNANDGISIAQTTEG
ALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQT
QFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
VKDTAVTTKAYANNGTTLDVSGLDDAATIKAATGGTNGTASVTIGGAVKFDA
DNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATT
KTEVQELKDTPAVVSADAKNALTIAGGVDATDANGAELVKMSYTDKNGKT I
EGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQV
DALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA
QILQQAGTSVLAQANQVPONVLSLLASGSGSGSNSENE ICYPGDFIDKEE
LREQLSSVSSFERFEIFPKES SWPNHNTNGVTAACSHEGKSSFYRNLLWL
TEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSV
VTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAP

MYAAAT.SRGHHHHHH
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SEQ ID NO:159 STF2.HAl-2 (IND)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGIS TAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQPNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAATKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALTAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLOQKIDAALAQVDALRSDLGAVONRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPON
VLSLLAGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPTNDL
CYPGSFNDYEELKHLLSRINHFEKIQITPKSSWSDHEASSGVSSACPYLG
SPSFFRNVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTR
LYQNPTTYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKPNDAT
NFESNGNFIAPEYAYKIVKKGDSAIMKSE

Drosophila

SEQ ID NO:160 STF2A.HAOshis
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTA

GCCCATGGACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAG

GTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTC

TGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTA

GCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC

GCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCA

GGTCCCGCAGAACGTGCTGTCTCTGTTACGTGAATTCTCTAGATATCCAG

CACAGTGGCGGCCGCTCGACACAATATGTATAGGCTACCATGCGAACAAT

TCAACCGACACTGTTGACACAGTACTCGAGAAGAATGTGACAGTGACACA

CTCTGTTAACCTGCTCGAAGACAGCCACAACGGAAAACTATGTAGATTAA

AAGGAATAGCCCCACTACAATTGGGGAAATGTAACATCGCCGGATGGCTT

TTGGGAAACCCAGAATGCGACCCACTGCTTCCAGTGAGATCATGGTCCTA
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CATTGTAGAAACACCAAACTCTGAGAATGGAATATGTTATCCAGGAGATT

TCATCGACTATGAGGAGCTGAGGGAGCAATTGAGCTCAGTGTCATCATTC
GAAAGATTCGAAATATTTCCCAAAGAAAGCTCATGGCCCAACCACAACAC
AAACGGAGTAACGGCAGCATGCTCCCATGAGGGGAAAAGCAGTTTTTACA
GAAATTTGCTATGGCTGACGGAGAAGGAGGGCTCATACCCAAAGCTGARAA
AATTCTTATGTGAACAAAAAAGGGAAAGAAGTCCTTGTACTGTGGGGTAT
TCATCACCCGCCTAACAGTAAGGAACAACAGAATCTCTATCAGAATGAAA
ATGCTTATGTCTCTGTAGTGACTTCAAATTATAACAGGAGATTTACCCCG
GAAATAGCAGAAAGACCCAAAGTAAGAGATCAAGCTGGGAGGATGAACTA
TTACTGGACCTTGCTAAAACCCGGAGACACAATAATATTTGAGGCAAATG
GAAATCTAATAGCACCAATGTATGCTTTCGCACTGAGTAGAGGCTTTGGG
TCCGGCATCATCACCTCAAACGCATCAATGCATGAGTGTAACACGAAGTG
TCAAACACCCCTGGGAGCTATAAACAGCAGTCTCCCTTACCAGAATATAC
ACCCAGTCACAATAGGAGAGTGCCCAAAATACGTCAGGAGTGCCAAATTG
AGGATGGTTACAGGACTAAGGAACATTCCGTCCATTCAATCCAGAGGTCT
ATTTGGAGCCATTGCCGGTTTTATTGAAGGGGGATGGACTGGAATGATAG
ATGGATGGTATGGTTATCATCATCAGAATGAACAGGGATCAGGCTATGCA
GCGGATCAAAAAAGCACACAAAATGCCATTAACGGGATTACAAACAAGGT
GAACACTGTTATCGAGAAAATGAACATTCAATTCACAGCTGTGGGTAAAG
AATTCAACAAATTAGAAAAAAGGATGGAAAATTTAAATAAAAAAGTTGAT
GATGGATTTCTGGACATTTGGACATATAATGCAGAATTGTTAGTTCTACT
GGAAAATGAAAGGACTCTGGATTTCCATGACTCAAATGTGAAGAATCTGT
ATGAGAAAGTAAAAAGCCAATTAAAGAATAATGCCAAAGAAATCGGAAAT
GGATGTTTTGAGTTCTACCACAAGTGTGACAATGAATGCATGGAAAGTGT
AAGAAATGGGACTTATGATTATCCCAAATATTCAGAAGAGTCAAAGTTGA
ACAGGGAAAAGGTAGATGGAGTGAAATTGGAATCAATGGGGATCTATCAG
ACGCGTACCGGTCATCATCACCATCACCATTGA

SEQ ID NO:161 FOR PRIMER
ATTCTCCGGCGGCCGCTCGACACAATATGTATAGGCTACC

SEQ ID NO:162 REV PRIMER
AGTCTTGCGGCCGCCTATTAATGGTGATGGTGATGATGCTGATAGATCCC

CATTGATTCC

SEQ ID NO:163 HAOs PR8 template
GACACAATATGTATAGGCTACCATGCGAACAATTCAACCGACACTGTTGA

CACAGTACTCGAGAAGAATGTGACAGTGACACACTCTGTTAACCTGCTCG

AAGACAGCCACAACGGAAAACTATGTAGATTAAAAGGAATAGCCCCACTA

CAATTGGGGAAATGTAACATCGCCGGATGGCTTTTGGGAAACCCAGAATG

CGACCCACTGCTTCCAGTGAGATCATGGTCCTACATTGTAGAAACACCAA

ACTCTGAGAATGGAATATGTTATCCAGGAGATTTCATCGACTATGAGGAG

CTGAGGGAGCAATTGAGCTCAGTGTCATCATTCGAAAGATTCGAAATATT
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TCCCAAAGAAAGCTCATGGCCCAACCACAACACAAACGGAGTAACGGCAG

CATGCTCCCATGAGGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTG
ACGGAGAAGGAGGGCTCATACCCAAAGCTGAAAAATTCTTATGTGAACAA
AAAAGGGAAAGAAGTCCTTGTACTGTGGGGTATTCATCACCCGCCTAACA
GTAAGGAACAACAGAATCTCTATCAGAATGAAAATGCTTATGTCTCTGTA
GTGACTTCAAATTATAACAGGAGATTTACCCCGGAAATAGCAGAAAGACC
CAAAGTAAGAGATCAAGCTGGGAGGATGAACTATTACTGGACCTTGCTAA
AACCCGGAGACACAATAATATTTGAGGCAAATGGAAATCTAATAGCACCA
ATGTATGCTTTCGCACTGAGTAGAGGCTTTGGGTCCGGCATCATCACCTC

AAACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACACCCCTGGGAG

CTATAAACAGCAGTCTCCCTTACCAGAATATACACCCAGTCACAATAGGA

GAGTGCCCAAAATACGTCAGGAGTGCCAAATTGAGGATGGTTACAGGACT

AAGGAACATTCCGTCCATTCAATCCAGAGGTCTATTTGGAGCCATTGCCG

GTTTTATTGAAGGGGGATGGACTGGAATGATAGATGGATGGTATGGTTAT

CATCATCAGAATGAACAGGGATCAGGCTATGCAGCGGATCAAAAAAGCAC

ACAAAATGCCATTAACGGGATTACAAACAAGGTGAACACTGTTATCGAGA

AAATGAACATTCAATTCACAGCTGTGGGTAAAGAATTCAACAAATTAGAA
AAAAGGATGGAAAATTTAAATAAAAAAGTTGATGATGGATTTCTGGACAT
TTGGACATATAATGCAGAATTGTTAGTTCTACTGGAAAATGAAAGGACTC
TGGATTTCCATGACTCAAATGTGAAGAATCTGTATGAGAAAGTAAAAAGC
CAATTAAAGAATAATGCCAAAGAAATCGGAAATGGATGTTTTGAGTTCTA
CCACAAGTGTGACAATGAATGCATGGAAAGTGTAAGAAATGGGACTTATG
ATTATCCCAAATATTCAGAAGAGTCAAAGTTGAACAGGGAAAAGGTAGAT
GGAGTGAAATTGGAATCAATGGGGATCTATCAG

SEQ ID NO:164 STF2A.HAOs
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTA

GCCCATGGACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAG

GTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTC

TGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTA
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GCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC

GCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCA
GGTCCCGCAGAACGTGCTGTCTCTGTTACGTGAATTCTCTAGATATCCAG
CACAGTGGCGGCCGCTCGACACAATATGTATAGGCTACCATGCGAACAAT
TCAACCGACACTGTTGACACAGTACTCGAGAAGAATGTGACAGTGACACA
CTCTGTTAACCTGCTCGAAGACAGCCACAACGGAAAACTATGTAGATTAA
AAGGAATAGCCCCACTACAATTGGGGAAATGTAACATCGCCGGATGGCTT
TTGGGAAACCCAGAATGCGACCCACTGCTTCCAGTGAGATCATGGTCCTA
CATTGTAGAAACACCAAACTCTGAGAATGGAATATGTTATCCAGGAGATT
TCATCGACTATGAGGAGCTGAGGGAGCAATTGAGCTCAGTGTCATCATTC
GAAAGATTCGAAATATTTCCCAAAGAAAGCTCATGGCCCAACCACAACAC
AAACGGAGTAACGGCAGCATGCTCCCATGAGGGGAAAAGCAGTTTTTACA
GAAATTTGCTATGGCTGACGGAGAAGGAGGGCTCATACCCAAAGCTGARAA
AATTCTTATGTGAACAAAAAAGGGAAAGAAGTCCTTGTACTGTGGGGTAT
TCATCACCCGCCTAACAGTAAGGAACAACAGAATCTCTATCAGAATGAAA
ATGCTTATGTCTCTGTAGTGACTTCAAATTATAACAGGAGATTTACCCCG
GAAATAGCAGAAAGACCCAAAGTAAGAGATCAAGCTGGGAGGATGAACTA
TTACTGGACCTTGCTAAAACCCGGAGACACAATAATATTTGAGGCAAATG
GAAATCTAATAGCACCAATGTATGCTTTCGCACTGAGTAGAGGCTTTGGG
TCCGGCATCATCACCTCAAACGCATCAATGCATGAGTGTAACACGAAGTG
TCAAACACCCCTGGGAGCTATAAACAGCAGTCTCCCTTACCAGAATATAC
ACCCAGTCACAATAGGAGAGTGCCCAAAATACGTCAGGAGTGCCAAATTG
AGGATGGTTACAGGACTAAGGAACATTCCGTCCATTCAATCCAGAGGTCT
ATTTGGAGCCATTGCCGGTTTTATTGAAGGGGGATGGACTGGAATGATAG
ATGGATGGTATGGTTATCATCATCAGAATGAACAGGGATCAGGCTATGCA
GCGGATCAAAAAAGCACACAAAATGCCATTAACGGGATTACAAACAAGGT
GAACACTGTTATCGAGAAAATGAACATTCAATTCACAGCTGTGGGTAAAG
AATTCAACAAATTAGAAAAAAGGATGGAAAATTTAAATAAAAAAGTTGAT
GATGGATTTCTGGACATTTGGACATATAATGCAGAATTGTTAGTTCTACT
GGAAAATGAAAGGACTCTGGATTTCCATGACTCAAATGTGAAGAATCTGT
ATGAGAAAGTAAAAAGCCAATTAAAGAATAATGCCAAAGAAATCGGAAAT
GGATGTTTTGAGTTCTACCACAAGTGTGACAATGAATGCATGGAAAGTGT
AAGAAATGGGACTTATGATTATCCCAAATATTCAGAAGAGTCAAAGTTGA
ACAGGGAAAAGGTAGATGGAGTGAAATTGGAATCAATGGGGATCTATCAG
TAG

SEQ ID NO:165 FOR PRIMER
ATTCTCCGGCGGCCGCTCGACACAATATGTATAGGCTACC

SEQ ID NO:166 REV PRIMER
AGTCTTGCGGCCGCCTATTAATGGTGATGGTGATGATGCTGATAGATCCC

CATTGATTCC
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SEQ ID NO:167 HAOs.STF2A
GACACAATATGTATAGGCTACCATGCGAACAATTCAACCGACACTGTTGA

CACAGTACTCGAGAAGAATGTGACAGTGACACACTCTGTTAACCTGCTCG

AAGACAGCCACAACGGAAAACTATGTAGATTAAAAGGAATAGCCCCACTA

CAATTGGGGAAATGTAACATCGCCGGATGGCTTTTGGGAAACCCAGAATG

CGACCCACTGCTTCCAGTGAGATCATGGTCCTACATTGTAGAAACACCAA

ACTCTGAGAATGGAATATGTTATCCAGGAGATTTCATCGACTATGAGGAG

CTGAGGGAGCAATTGAGCTCAGTGTCATCATTCGAAAGATTCGAAATATT

TCCCAAAGAAAGCTCATGGCCCAACCACAACACAAACGGAGTAACGGCAG

CATGCTCCCATGAGGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTG

ACGGAGAAGGAGGGCTCATACCCAAAGCTGAAAAATTCTTATGTGAACAA

AAAAGGGAAAGAAGTCCTTGTACTGTGGGGTATTCATCACCCGCCTAACA

GTAAGGAACAACAGAATCTCTATCAGAATGAAAATGCTTATGTCTCTGTA

GTGACTTCAAATTATAACAGGAGATTTACCCCGGAAATAGCAGAAAGACC

CAAAGTAAGAGATCAAGCTGGGAGGATGAACTATTACTGGACCTTGCTAA

AACCCGGAGACACAATAATATTTGAGGCAAATGGAAATCTAATAGCACCA

ATGTATGCTTTCGCACTGAGTAGAGGCTTTGGGTCCGGCATCATCACCTC

AAACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACACCCCTGGGAG

CTATAAACAGCAGTCTCCCTTACCAGAATATACACCCAGTCACAATAGGA

GAGTGCCCAAAATACGTCAGGAGTGCCAAGTTGAGGATGGTTACAGGACT

AAGGAACATTCCGTCCATTCAATCCAGAGGTCTATTTGGAGCCATTGCCG

GTTTTATTGAAGGGGGATGGACTGGAATGATAGATGGATGGTATGGTTAT

CATCATCAGAATGAACAGGGATCAGGCTATGCAGCGGATCAAAAAAGCAC

ACAAAATGCCATTAACGGGATTACAAACAAGGTGAACACTGTTATCGAGA

AAATGAACATTCAATTCACAGCTGTGGGTAAAGAATTCAACAAATTAGAA

AAAAGGATGGAAAATTTAAATAAAAAAGTTGATGATGGATTTCTGGACAT

TTGGACATATAATGCAGAATTGTTAGTTCTACTGGAAAATGAAAGGACTC

TGGATTTCCATGACTCAAATGTGAAGAATCTGTATGAGAAAGTAAAAAGC

CAATTAAAGAATAATGCCAAAGAAATCGGAAATGGATGTTTTGAGTTCTA

CCACAAGTGTGACAATGAATGCATGGAAAGTGTAAGAAATGGGACTTATG

ATTATCCCAAATATTCAGAAGAGTCAAAGTTGAACAGGGAAAAGGTAGAT

GGAGTGAAATTGGAATCAATGGGGATCTATCAGGAATTCTCTAGATATCC

AGCACAGTGGCGGCCGCTCGCACAAGTAATCAACACTAACAGTCTGTCGC

TGCTGACCCAGAATAACCTGAACAAATCCCAGTCCGCACTGGGCACCGCT

ATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAAGACGATGC

GGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGA

CTCAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACT

GAAGGCGCGCTGAACGAAATCAACAACAACCTGCAGCGTGTGCGTGAACT

GGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGACCTCGACTCCA
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TCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGC
CAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGAC
CATCCAGGTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGC
AGATCAACTCTCAGACCCTGGGTCTGGACTCACTGAACGTGCATGGAGCG
CCGGTGGATCCTGCTAGCCCATGGACCGAAAACCCGCTGCAGAAAATTGA
TGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTAC
AAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAAT
CTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGT
TTCCAACATGTCTCGCGCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTC
TGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTACGTTAA
TAG

SEQ ID NO:168 FOR PRIMER
AGGCAAGATCTGACACAATATGTATAGGCTACC

SEQ ID NO:169 REV PRIMER
AGTCAGACGCGTCTATTAACGTAACAGAGACAGCAC

SEQ ID NO:170 HAOs.his
GACACAATATGTATAGGCTACCATGCGAACAATTCAACCGACACTGTTGA

CACAGTACTCGAGAAGAATGTGACAGTGACACACTCTGTTAACCTGCTCG

AAGACAGCCACAACGGAAAACTATGTAGATTAAAAGGAATAGCCCCACTA

CAATTGGGGAAATGTAACATCGCCGGATGGCTTTTGGGAAACCCAGAATG

CGACCCACTGCTTCCAGTGAGATCATGGTCCTACATTGTAGAAACACCAA

ACTCTGAGAATGGAATATGTTATCCAGGAGATTTCATCGACTATGAGGAG

CTGAGGGAGCAATTGAGCTCAGTGTCATCATTCGAAAGATTCGAAATATT

TCCCAAAGAAAGCTCATGGCCCAACCACAACACAAACGGAGTAACGGCAG

CATGCTCCCATGAGGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTG

ACGGAGAAGGAGGGCTCATACCCAAAGCTGAAAAATTCTTATGTGAACAA

AAAAGGGAAAGAAGTCCTTGTACTGTGGGGTATTCATCACCCGCCTAACA

GTAAGGAACAACAGAATCTCTATCAGAATGAAAATGCTTATGTCTCTGTA

GTGACTTCAAATTATAACAGGAGATTTACCCCGGAAATAGCAGAAAGACC

CAAAGTAAGAGATCAAGCTGGGAGGATGAACTATTACTGGACCTTGCTAA

AACCCGGAGACACAATAATATTTGAGGCAAATGGAAATCTAATAGCACCA

ATGTATGCTTTCGCACTGAGTAGAGGCTTTGGGTCCGGCATCATCACCTC

AAACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACACCCCTGGGAG

CTATAAACAGCAGTCTCCCTTACCAGAATATACACCCAGTCACAATAGGA

GAGTGCCCAAAATACGTCAGGAGTGCCAAATTGAGGATGGTTACAGGACT

AAGGAACATTCCGTCCATTCAATCCAGAGGTCTATTTGGAGCCATTGCCG

GTTTTATTGAAGGGGGATGGACTGGAATGATAGATGGATGGTATGGTTAT

CATCATCAGAATGAACAGGGATCAGGCTATGCAGCGGATCAAAAAAGCAC

ACAAAATGCCATTAACGGGATTACAAACAAGGTGAACACTGTTATCGAGA

AAATGAACATTCAATTCACAGCTGTGGGTAAAGAATTCAACAAATTAGAA
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AAAAGGATGGAAAATTTAAATAAAAAAGTTGATGATGGATTTCTGGACAT
TTGGACATATAATGCAGAATTGTTAGTTCTAC TGGAAAATGAAAGGACTC
TGGATTTCCATGACTCAAATGTGAAGAATCTGTATGAGAAAGTAARAAGC
CAATTAAAGAATAATGCCAAAGAAATCGGAAATGGATGTTTTGAGTTCTA
CCACAAGTGTGACAATGAATGCATGGAAAGTGTAAGAAATGGGACTTATG
ATTATCCCAAATATTCAGAAGAGTCAAAGTTGAACAGGGAAAAGGTAGAT
GGAGTGAAATTGGAATCAATGGGGATCTATCAGACGCGTACCGGTCATCA
TCACCATCACCATTGA

SEQ ID NO:171 FOR PRIMER
ATTCTCCGGCGGCCGCTCGACACAATATGTATAGGCTACC

SEQ ID NO:172 REV PRIMER
AGTCTTGCGGCCGCCTATTAATGGTGATGGTGATGATGCTGATAGATCCC

CATTGATTCC

SEQ ID NO:173 HAOs
GACACAATATGTATAGGCTACCATGCGAACAATTCAACCGACACTGTTGA

CACAGTACTCGAGAAGAATGTGACAGTGACACACTCTGTTAACCTGCTCG

AAGACAGCCACAACGGAAAACTATGTAGATTAAAAGGAATAGCCCCACTA

CAATTGGGGAAATGTAACATCGCCGGATGGCTTTTGGGAAACCCAGAATG

CGACCCACTGCTTCCAGTGAGATCATGGTCCTACATTGTAGAAACACCAA

ACTCTGAGAATGGAATATGTTATCCAGGAGATTTCATCGACTATGAGGAG

CTGAGGGAGCAATTGAGCTCAGTGTCATCATTCGAAAGATTCGAAATATT

TCCCAAAGAAAGCTCATGGCCCAACCACAACACAAACGGAGTAACGGCAG

CATGCTCCCATGAGGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTG

ACGGAGAAGGAGGGCTCATACCCAAAGCTGAAAAATTCTTATGTGAACAA

AAAAGGGAAAGAAGTCCTTGTACTGTGGGGTATTCATCACCCGCCTAACA

GTAAGGAACAACAGAATCTCTATCAGAATGAAAATGCTTATGTCTCTGTA

GTGACTTCAAATTATAACAGGAGATTTACCCCGGAAATAGCAGAAAGACC

CAAAGTAAGAGATCAAGCTGGGAGGATGAACTATTACTGGACCTTGCTAA

AACCCGGAGACACAATAATATTTGAGGCAAATGGAAATCTAATAGCACCA

ATGTATGCTTTCGCACTGAGTAGAGGCTTTGGGTCCGGCATCATCACCTC

AAACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACACCCCTGGGAG

CTATAAACAGCAGTCTCCCTTACCAGAATATACACCCAGTCACAATAGGA

GAGTGCCCAAAATACGTCAGGAGTGCCAAATTGAGGATGGTTACAGGACT

AAGGAACATTCCGTCCATTCAATCCAGAGGTCTATTTGGAGCCATTGCCG

GTTTTATTGAAGGGGGATGGACTGGAATGATAGATGGATGGTATGGTTAT

CATCATCAGAATGAACAGGGATCAGGCTATGCAGCGGATCAAAAAAGCAC

ACAAAATGCCATTAACGGGATTACAAACAAGGTGAACACTGTTATCGAGA

AAATGAACATTCAATTCACAGCTGTGGGTAAAGAATTCAACAAATTAGAA

AAAAGGATGGAAAATTTAAATAAAAAAGTTGATGATGGATTTCTGGACAT

TTGGACATATAATGCAGAATTGTTAGTTCTACTGGAAAATGAAAGGACTC
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TGGATTTCCATGACTCAAATGTGAAGAATCTGTATGAGAAAGTAAAAAGC
CAATTAAAGAATAATGCCAAAGAAATCGGAAATGGATGTTTTGAGTTCTA
CCACAAGTGTGACAATGAATGCATGGAAAGTGTAAGAAATGGGACTTATG
ATTATCCCAAATATTCAGAAGAGTCAAAGTTGAACAGGGAAAAGGTAGAT
GGAGTGAAATTGGAATCAATGGGGATCTATCAG

SEQ ID NO:174 FOR PRIMER
AGGCAAGATCTGACACAATATGTATAGGCTACC

SEQ ID NO:175 REV PRIMER
AGTCAGACGCGTCTATTAACGTAACAGAGACAGCAC

SEQ ID NO:176 HAOsHis (PRS8)
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCRLKGIAPL

QLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEE
LREQLSSVSSFERFEIFPKES SWPNHNTNGVTAACSHEGKSSFYRNLLWL
TEKEGSYPKLKNSVTNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSV
VTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAP
MYAFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIG

ECPKYVRSAKLRMVTGLRNIPSIQSRGLFGATAGFIEGGWTGMIDGWYGY

HHQNEQGSGYAADQKSTQONAING ITNKVNTVIEKMN IQFTAVGKEFNKLE
KRMENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKS
QLKNNAKE IGNGCFEFYHKCDNECMESVRNGTYDYPKY SEESKLNREKVD
GVKLESMGIYQHHHHHH

SEQ ID NO:177 STF2A.HAOs (PR8)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVHGAPVDPASPWTENPLQKIDAALAQ
VDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSR
AQILQQAGTSVLAQANQVPONVLSLLREFSRYPAQWRPLDTICIGYHANN
STDTVDTVLERKNVTVTHSVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGWL
LGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSF
ERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLK
NSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTP
EIAERPKVRDQAGRMNYYWTLLKPGDT ITFEANGNLIAPMYAFALSRGFG
SGIITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIGECPKYVRSAKL

RMVTGLRNIPSIQSRGLFGAIAGFIEGGWTGMIDGWYGYHHQNEQGSGYA

ADQKSTONAINGITNKVNTVIEKMNIQFTAVGKEFNKLEKRMENLNKKVD

DGFLDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKE IGN

GCFEFYHKCDNECMESVRNGTYDYPKYSEESKLNREKVDGVKLESMGIYQ

SEQ ID NO:178 STF2
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
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CTGGTCTGCGTATCAACAGCGCGARAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAARACTATCGATATCGATC TGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGC TACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAAT TTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAARACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCARAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAARATTGATGCCGCGCTGGCGCAGETGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGT

SEQ ID No:179 HAl-lhis (PR8)
MKFLVNVALVFMVVYISYIYASHNGKLCRLKGIAPLQLGKCNIAGWLLGN

PECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERF
EIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSY
VNKKGKEVLVLWGIHHPPNSKEQONLYQNENAYVSVVTSNYNRRFTPEIA
ERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRGFGSGI
ITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIGECPKYVRHHHHHH

SEQ ID No:180 HAl-lhis (VN)
MKFLVNVALVFMVVY ISYIYAEKKHNGKLCDLDGVKPLILRDCSVAGWLL

GNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFE
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KIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKR

SYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPR

TATRSKVNGQSGRMEFFWT ILKPNDAINFESNGNFIAPEYAYKIVKKGDS

TIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKYVKHHHHH
H

SEQ ID No:181 HAl-lhis (IND)
MKFLVNVALVFMVVYISYIYAEKTHNGKLCDLDGVKPLILRDCSVAGWLL

GNPMCDEFINVPEWSYIVEKANPTNDLCYPGSFNDYEELKHLLSRINHFE
KIQIIPKSSWSDHEASSGVSSACPYLGSPSFFRNVVWLIKKNSTYPTIKK
SYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTTYISIGTSTLNQRLVPK

TATRSKVNGQSGRMEFFWT ILKPNDAINFESNGNFIAPEYAYKIVKKGDS

ATMKSELEYGNCNTKCQTPMGAINS SMPFHNIHPLTIGECPKYVKHHHHH
H

SEQ ID No:182 HAl-lhis (NC)
MKFLVNVALVFMVVYISYIYASHNGKLCLLKGIAPLQLGNCSVAGWILGN

PECELLISKESWSYIVETPNPENGTCYPGYFADYEELREQLSSVSSFERF
EIFPKESSWPNHTVTGVSASCSHNGKS SFYRNLLWLTGKNGLYPNLSKSY
VNNKEKEVLVLWGVHHPPNIGNQRALYHTENAYVSVVSSHYSRRFTPEIA
KRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPWYAFALSRGFGSGT
ITSNAPMDECDAKCQTPQGAINS SLPFQNVHPVTIGECPKYVRHHHHHH

SEQ ID No:183 HAl-1 (MAL)
ACCACTACCCCAACCAAATCTCACTTCGCAAACCTGAAAGGCACTGAAAC

CCGTGGCAAGCTGTGTCCGAAGTGTCTGAACTGCACCGATCTGGACGTCG
CACTGGGTCGTCCGAAATGTACTGGTAACATTCCGTCCGCGCGTGTCTCC
ATCCTGCATGAAGTGCGTCCAGTGACCTCCGGCTGTTTTCCGATTATGCA
TGATCGTACTAAAATCCGTCAGCTGCCGAACCTGCTGCGTGGTTACGAAC
ACATTCGTCTGTCCACCCATAACGTTATCAACGCGGAAAACGCGCCGGGC
GGTAGCTATAAAATCGGTACCTCTGGTTCTTGCCCGAACGTGACTAACGG
TAACGGCTTCTTTGCAACCATGGCCTGGGCGGTCCCGAAAAACGACAACA
ACAAGACCGCGACCAATTCCCTGACCATCGAAGTCCCGTATATCTGCACC
GAAGGTGAAGATCAAATCACGGTTTGGGGCTTCCACTCCGACAACGAGGC
ACAAATGGCGAAACTGTACGGTGACAGCAAACCGCAAAAATTCACTAGCT
CCGCTAACGGTGTTACCACCCACTACGTTTCCCAGATCGGTGGTTTCCCA
AACCAGACCGAAGATGGTGGTCTGCCGCAGTCCGGTCGCATCGTTGTAGA
TTATATGGTGCAGAAAAGCGGTAAAACCGGTACCATCACCTACCAGCGTG
GCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCGGTCGTAGCAAAGTA
ATCAAAGGTTCCCTGCCGCTGATCGGTGAAGCAGACTGCCTGCACGAGAA
ATACGGCGGTCTGAACAAAAGCAAGCCGTACTATACCGGCGAACATGCGA

AAGCAATTGGTAACTGTCCAATTTGGGTGAAATAGTAG

Sep. 27, 2007

-continued
SEQ ID No:184 STF2.HAI-1 (MAL)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC

TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG

TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT

GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA

AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC

GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC

CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA

TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC

AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC

GTGCTGTCTCTGTTAGCGACCACTACCCCAACCAAATCTCACTTCGCAAA

CCTGAAAGGCACTGAAACCCGTGGCAAGCTGTGTCCGAAGTGTCTGAACT

GCACCGATCTGGACGTCGCACTGGGTCGTCCGAAATGTACTGGTAACATT

CCGTCCGCGCGTGTCTCCATCCTGCATGAAGTGCGTCCAGTGACCTCCGG

CTGTTTTCCGATTATGCATGATCGTACTAAAATCCGTCAGCTGCCGAACC

TGCTGCGTGGTTACGAACACATTCGTCTGTCCACCCATAACGTTATCAAC

GCGGAAAACGCGCCGGGCGGTAGCTATAAAATCGGTACCTCTGGTTCTTG

CCCGAACGTGACTAACGGTAACGGCTTCTTTGCAACCATGGCCTGGGCGG
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TCCCGAAAAACGACAACAACAAGACCGCGACCAATTCCCTGACCATCGAA

GTCCCGTATATCTGCACCGAAGGTGAAGATCAAATCACGGTTTGGGGCTT

CCACTCCGACAACGAGGCACAAATGGCGAAACTGTACGGTGACAGCAAAC

CGCAAAAATTCACTAGCTCCGCTAACGGTGTTACCACCCACTACGTTTCC
CAGATCGGTGGTTTCCCAAACCAGACCGAAGATGGTGGTCTGCCGCAGTC
CGGTCGCATCGTTGTAGATTATATGGTGCAGAAAAGCGGTAAAACCGGTA
CCATCACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCT
TCCGGTCGTAGCAAAGTAATCAAAGGTTCCCTGCCGCTGATCGGTGAAGC
AGACTGCCTGCACGAGAAATACGGCGGTCTGAACAAAAGCAAGCCGTACT
ATACCGGCGAACATGCGAAAGCAATTGGTAACTGTCCAATTTGGGTGAAA
TAGTAG

SEQ ID No:185 HAl-2 (MAL)
AAAGGCACTGAAACCCGTGGCAAGCTGTGTCCGAAGTGTCTGAACTGCAC

CGATCTGGACGTCGCACTGGGTCGTCCGAAATGTACTGGTAACATTCCGT
CCGCGCGTGTCTCCATCCTGCATGAAGTGCGTCCAGTGACCTCCGGCTGT
TTTCCGATTATGCATGATCGTACTAAAATCCGTCAGCTGCCGAACCTGCT
GCGTGGTTACGAACACATTCGTCTGTCCACCCATAACGTTATCAACGCGG
AAAACGCGCCGGGCGGTAGCTATAAAATCGGTACCTCTGGTTCTTGCCCG
AACGTGACTAACGGTAACGGCTTCTTTGCAACCATGGCCTGGGCGGTCCC
GAAAAACGACAACAACAAGACCGCGACCAATTCCCTGACCATCGAAGTCC

CGTATATCTGCACCGAAGGTGAAGATCAAATCACGGTTTGGGGCTTCCAC

TCCGACAACGAGGCACAAATGGCGAAACTGTACGGTGACAGCAAACCGCA
AAAATTCACTAGCTCCGCTAACGGTGTTACCACCCACTACGTTTCCCAGA
TCGGTGGTTTCCCAAACCAGACCGAAGATGGTGGTCTGCCGCAGTCCGGT
CGCATCGTTGTAGATTATATGGTGCAGAAAAGCGGTAAAACCGGTACCAT
CACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCG
GTCGTAGCAAAGTAATCAAAGGTTGATAG

SEQ ID No:186 STF2.HAl-2 (MAL)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGCTACTACACTGGATGTA
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TCGGGTCTTGATGATGCAGCTATTAAAGCGGC TACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAAT TTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAARACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCARAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAARATTGATGCCGCGCTGGCGCAGETGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCGAAAGGCACTGAAACCCGTGGCAAGCTGTGTCC
GAAGTGTCTGAACTGCACCGATCTGGACGTCGCACTGGGTCGTCCGARAT
GTACTGGTAACATTCCGTCCGCGCGTGTCTCCATCCTGCATGARAGTGCGT
CCAGTGACCTCCGGCTGTTTTCCGATTATGCATGATCGTACTARAATCCG
TCAGCTGCCGAACCTGCTGCGTGGTTACGAACACATTCGTCTGTCCACCC
ATAACGTTATCAACGCGGARAACGCGCCGGGCGGTAGCTATAAAATCGGT
ACCTCTGGTTCTTGCCCGAACGTGACTAACGGTAACGGCTTCTTTGCAAC
CATGGCCTGGGCGGTCCCGAAAAACGACAACAACAAGACCGCGACCAATT
CCCTGACCATCGAAGTCCCGTATATCTGCACCGAAGGTGAAGATCARAATC
ACGGTTTGQGGCTTCCACTCCGACAACGAGGCACAAATGGCGAAACTGTA
CGGTGACAGCAAACCGCAAAAATTCACTAGCTCCGCTAACGGTGTTACCA
CCCACTACGTTTCCCAGATCGGTGGTTTCCCAAACCAGACCGAAGATGGT
GGTCTGCCGCAGTCCGGTCGCATCGTTGTAGATTATATGGTGCAGARAAG
CGGTAAAACCGGTACCATCACCTACCAGCGTGGCATCCTGCTGCCGCAGA
AAGTTTGGTGCGCTTCCGGTCGTAGCAAAGTAATCARAGGTTGATAG

SEQ ID No:187 HAl-2 (SH)
AAAGGCACTCGTACCCGCGGTAAGCTGTGCCCGGACTGCCTGAACTGTAC

CGATCTGGATGTTGCACTGGGTCGTCCGATGTGCGTTGGTACCACCCCGT
CTGCGAAAGCCAGCATCCTGCACGAAGTTCGCCCGGTTACTTCCGGTTGT
TTCCCGATTATGCATGATCGTACCAAAATTCGTCAGCTGCCAAACCTGCT

GCGTGGCTATGAAAACATTCGTCTGTCCACTCAAAACGTAATCGATGCAG



US 2007/0224205 Al

-continued
ARARAGCGCTGGGTGGCCCGTATCGTCTGGGTACCAGCGGCTCCTGCCCE
AACGCGACGAGCAAAAGCGGCTTCTTCGCCACCATGGCTTGGGCCGTTCC
GAAAGACAACAACAAAAACGCTACGAACCCGCTGACCGTCGAAGTCCCGT
ACATCTGCACCGAAGGCGAAGATCAGATCACTGTGTGGGGCTTCCACAGC
GATGATAAGACCCAGATGAAAAATCTGTACGGTGACTCCAACCCGCAGAA
ATTCACCTCTTCTGCTAACGGTGTAACGACCCACTACGTTTCTCAGATCG
GTGGTTTCCCGGACCAGACGGAAGATGGCGGTCTGCCTCAGTCCGGCCGE
ATCGTAGTTGATTACATGGTCCAGAAACCGGGTAAGACTGGTACCATTGT
TTACCAGCGTGGTGTACTGCTGCCGCAGAAGGTCTGGTGTGCTTCCGGCC
GTTCCAAGGTCATTAAGGGCTGATA

SEQ ID No:188 STF2.HAl-2 (SH)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG

ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC

TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG

TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT

GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA

AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC

GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC

CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
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TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCGAAAGGCACTCGTACCCGCGGTAAGCTGTGCCC
GGACTGCCTGAACTGTACCGATCTGGATGTTGCACTGGGTCGTCCGATGT
GCGTTGGTACCACCCCGTCTGCGARAGCCAGCATCCTGCACGAAGTTCGC
CCGGTTACTTCCGGTTGTTTCCCGATTATGCATGATCGTACCARAATTCG
TCAGCTGCCAAACCTGCTGCGTGGCTATGAAAACATTCGTC TGTCCACTC
AAAACGTAATCGATGCAGAAAAAGCGCTGGGTGGCCCGTATCGTCTGGGT
ACCAGCGGCTCCTGCCCGAACGCGACGAGCAARAGCGGCTTCTTCGCCAC
CATGGCTTGGGCCGTTCCGAAAGACAACAACAAAAACGCTACGAACCCGC
TGACCGTCGAAGTCCCGTACATCTGCACCGAAGGCGAAGATCAGATCACT
GTGTGGGGCTTCCACAGCGATGATAAGACCCAGATGAAAAATCTGTACGG
TGACTCCAACCCGCAGAAATTCACCTCTTCTGCTAACGGTGTAACGACCC
ACTACGTTTCTCAGATCGGTGGTTTCCCGGACCAGACGGAAGATGGCGGT
CTGCCTCAGTCCGGCCGCATCGTAGTTGATTACATGGTCCAGARACCGGG
TAAGACTGGTACCATTGTTTACCAGCGTGGTGTACTGCTGCCGCAGAAGG
TCTGGTGTGCTTCCGGCCGTTCCAAGGTCATTARAGGGCTGATAG

SEQ ID No:189 HAl-2 (Lee)
AAAGGCACTCAGACCCGTGGCAAGCTGTGTCCGAACTGTTTCAACTGCAC

CGATCTGGACGTTGCACTGGGTCGTCCGAAATGCATGGGTAACATCCCGT
CTGCGAAGGTAAGCATCCTGCACGAAGTTAAACCGGTAACCAGCGGCTGT
TTCCCGATCATGCACGACAAAACTAAAATTCGTCAGCTGCCGAACCTGCT
GCGTGGTTATGAGAACATTCGTCTGTCTACCTCTAATGTTATCAACGCGG
AGACTGCACCAGGTGGCCCATACAAAGTAGGTACCAGCGGTTCCTGTCCG
AACGTTGCGAATCGTAACGGCTTCTTCAACACTATGGCGTGGGTTATCCC
GAAAGATAACAATAAAACTGCAATTAACCCGGTAACTGTAGAAGTTCCGT
ACATCTGCTCCGAAGGCGAGGACCAGATTACGGTATGGGGCTTTCACAGC
GACGATAAAACCCAGATGGAGCGTCTGTACGGTGACTCTAACCCGCAGAA
ATTCACCTCCTCCGCGAACGGCGTTACCACCCACTATGTTTCTCAGATCG
GCGGTTTCCCGAATCAGACCGAAGACGAAGGCCTGAAGCAGTCCGGCCGT
ATTGTTGTAGACTACATGGTTCAGAAGCCGGGCAAAACTGGTACCATTGT
ATACCAGCGCGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCGGTC
GTAGCAAAGTAATCAAAGGTTGATAG

SEQ ID No:190 STF2.HAl-2 (Lee)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
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AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCGAAAGGCACTCAGACCCGTGGCAAGCTGTGTCC
GAACTGTTTCAACTGCACCGATCTGGACGTTGCACTGGGTCGTCCGAAAT
GCATGGGTAACATCCCGTCTGCGAAGGTAAGCATCCTGCACGAAGTTAAA
CCGGTAACCAGCGGCTGTTTCCCGATCATGCACGACAAAACTAAAATTCG
TCAGCTGCCGAACCTGCTGCGTGGTTATGAGAACATTCGTCTGTCTACCT
CTAATGTTATCAACGCGGAGACTGCACCAGGTGGCCCATACAAAGTAGGT
ACCAGCGGTTCCTGTCCGAACGTTGCGAATCGTAACGGCTTCTTCAACAC
TATGGCGTGGGTTATCCCGAAAGATAACAATAAAACTGCAATTAACCCGG
TAACTGTAGAAGTTCCGTACATCTGCTCCGAAGGCGAGGACCAGATTACG
GTATGGGGCTTTCACAGCGACGATAAAACCCAGATGGAGCGTCTGTACGG
TGACTCTAACCCGCAGAAATTCACCTCCTCCGCGAACGGCGTTACCACCC
ACTATGTTTCTCAGATCGGCGGTTTCCCGAATCAGACCGAAGACGAAGGC

CTGAAGCAGTCCGGCCGTATTGTTGTAGACTACATGGTTCAGAAGCCGGG
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CAAAACTGGTACCATTGTATACCAGCGCGGCATCCTGCTGCCGCAGARAG

TTTGGTGCGCTTCCGGTCGTAGCAAAGTAATCAAAGGTTGATAG

SEQ ID No:191 HAl-2 (Ohio)
AAAGGCACTAAAACCCGTGGCAAGCTGTGTCCGAAGTGTCTGAACTGCAC

CGATCTGGACGTCGCACTGGGTCGTCCGAAATGTACTGGTAACATTCCGT
CCGCGGAAGTCTCCATCCTGCATGAAGTGCGTCCAGTGACCTCCGGCTGT
TTTCCGATTATGCATGATCGTACTAAAATCCGTCAGCTGCCGAACCTGCT
GCGTGGTTACGAACACATTCGTCTGTCCACCCATAACGTTATCAACGCGG
AAAAGGCGCCGGGCGGTCCCTATAAAATCGGTACCTCTGGTTCTTGCCCG
AACGTGACTAACGGTAACGGCTTCTTTGCAACCATGGCCTGGGCGGTCCC
GAAAAACGACAACAACAAGACCGCGACCAATTCCCTGACCATCGAAGTCC
CGTATATCTGCACCGAAGGTGAAGATCAAATCACGATTTGGGGCTTCCAC
TCCGACAGCGAGACACAAATGGCGAAACTGTACGGTGACAGCAAACCGCA
AAAATTCACTAGCTCCGCTAACGGTGTTACCACCCACTACGTTTCCCAGA
TCGGTGGTTTCCCAAACCAGACCGAAGATGGTGGTCTGCCGCAGTCCGGT
CGCATCGTTGTAGATTATATGGTGCAGAAAAGCGGTAAAACCGGTACCAT
CACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCG
GTCGTAGCAAAGTAATCAAAGGTTGATAG

SEQ ID No:192 STF2.HAl-2 (Ohio)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCACCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT

GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG

TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT

GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT

GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT

ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
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ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTARAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTC TGGCGCAGGCTAACCAGGTCCCGCAGAAL
GTGCTGTCTCTGTTAGCGAAAGGCACTAAAACCCGTGGCAAGCTGTGTCC
GAAGTGTCTGAACTGCACCGATC TGGACGTCGCACTGGGTCGTCCGARAT
GTACTGGTAACATTCCGTCCGCGGAAGTCTCCATCCTGCATGAAGTGCGT
CCAGTGACCTCCGGCTGTTTTCCGATTATGCATGATCGTACTAAAATCCG
TCAGCTGCCGAACCTGCTGCGTGGTTACGAACACATTCGTCTGTCCACCC
ATAACGTTATCAACGCGGAAAAGGCGCCGGGCGGTCCCTATAAAATCGGT
ACCTCTGGTTCTTGCCCGAACGTGACTAACGGTAACGGCTTCTTTGCAAC
CATGGCCTGGGCGGTCCCGAAAAACGACAACAACAAGACCGCGACCAATT
CCCTGACCATCGAAGTCCCGTATATCTGCACCGAAGGTGAAGATCAAATC
ACGATTTGGGGCTTCCACTCCGACAGCGAGACACAAATGGCGAAACTGTA
CGGTGACAGCAAACCGCAAAAATTCACTAGCTCCGCTAACGGTGTTACCA
CCCACTACGTTTCCCAGATCGGTGGTTTCCCAAACCAGACCGAAGATGGT
GGTCTGCCGCAGTCCGGTCGCATCGTTGTAGATTATATGGTGCAGAARAG
CGGTAAAACCGGTACCATCACCTACCAGCGTGGCATCCTGCTGCCGCAGA
AAGTTTGGTGCGCTTCCGGTCGTAGCARAGTAATCAAAGGTTGATAG

SEQ ID No:193 FOR PRIMER
CGGATAACAATTCCCCTCTAG

SEQ ID No:194 REV PRIMER
CGAAGTGAGATTTGGTTGGAGTAGTGGTCGCTAACAGAGACAGCACGTTC

SEQ ID No:195 FOR PRIMER
CCCGCAGAACGTGCTGTCTCTGTTAGCGACCACTACCCCAACCAAATCTC

SEQ ID No:196 REV PRIMER
CTATTTCACCCAAATTGGAC

SEQ ID No:197 REV PRIMER
CACAGCTTGCCACGGGTTTCAGTGCCTTTCGCTAACAGAGACAGCACGTT

C

SEQ ID No:198 FOR PRIMER
CCCGCAGAACGTGCTGTCTCTGTTAGCGAAAGGCACTGAAACCCGTGGC

SEQ ID No:199 REV PRIMER
GACTAGACGCTCAGCTATCAACCTTTGATTACTTTGCTACGACC

SEQ ID No:200 REV PRIMER
CACAGCTTACCGCGGGTACGAGTGCCTTTCGCTAACAGAGACAGCACGTT

C
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SEQ ID No:201 FOR PRIMER
CGGGATCCAAAGGCACTCGTACCCGCGGTAAG

SEQ ID No:202 REV PRIMER
GACTAGACGCTCAGCTATCAGCCCTTAATGACCTTGGAACGGCC

SEQ ID No:203 REV PRIMER
GCATAGTTTTCCTCTGGTCTGTGTTCCTTTCGCTAACAGAGACAGCACGT

TC

SEQ ID No:204 FOR PRIMER
AAAGGAACACAGACCAGAGG

SEQ ID No:205 REV PRIMER
CTACTACCCTTTTATTACCTTGCTCC

SEQ ID No:206 REV PRIMER
CACAGCTTGCCACGGGTTTTAGTGCCTTTCGCTAACAGAGACAGCACGTT

C

SEQ ID No:207 FOR PRIMER
AAAGGCACTAAAACCCGTGGC

SEQ ID No:208 REV PRIMER
GACTAGACGCTCAGCTATCAACCTTTGATTACTTTGCTACGACC

SEQ ID NO:209 STF2.HAl-1 (MAL)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVTIGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALTAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQON
VLSLLATTTPTKSHFANLKGTETRGKLCPKCLNCTDLDVALGRPKCTGNI
PSARVSILHEVRPVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVIN
AENAPGGSYKIGTSGSCPNVTNGNGFFATMAWAVPKNDNNKTATNSLTIE
VPYICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFTSSANGVTITHYVS
QIGGFPNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQRKVWCA
SGRSKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVK

SEQ ID NO:210 STF2.HAl-2 (MAL)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVTIGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
AL TAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA

TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
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DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVONRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQON
VLSLLAKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVS ILHEVR
PVTSGCFPTMHDRTKIRQLPNLLRGYEHIRLS THNV INAENAPGGSYKIG
TSGSCPNVTNGNGFFATMAWAVPKNDNNKTATNSLT IEVPY ICTEGEDQT
TVWGFHSDNEAQMAKLYGDSKPQKFTS SANGVTTHYVSQIGGFPNQTEDG
GLPQSGRIVVDYMVQKS GKTGTITYQRGILLPQKVWCASGRSKVIKG

SEQ ID NO:211 STF2.HAl-2 (SH)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT

ANRFTANIKGLTQASRNANDGTS IAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVT IGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALTIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGT SVLAQANQVPQN
VLSLLAKGTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKASILHEVR
PVTSGCFPIMHDRTKIRQLPNLLRGYENIRLSTQNVIDAEKALGGPYRLG
TSGSCPNATSKSGFFATMAWAVPKDNNKNATNPLTVEVPYICTEGEDQIT
VWGFHSDDKTQMKNLYGDSNPQKFTSSANGVTITHYVSQIGGFPDQTEDGG
LPQSGRIVVDYMVQKPGKTGTIVYQRGVLLPQKVWCASGRSKVIKG

SEQ ID NO:212 STF2
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA

CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT

CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT

GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT

AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC

AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC

CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA

CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA

TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG

TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA

AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
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GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC

TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGT

SEQ ID NO:213 B/Yamagata/16/18 HA
MKAIIVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTIGVIPLTTT

PTKSHFANLKGTKTRGKLCPNCLNCTDLDVALGRPMCMGTIPSAKASILH
EVRPVTSGCFPIMHDRTKIRQLPNLLRGYENIRLSTHNVINAERAPGGPY
RLGTSGSCPNVTSRNGFFATMAWAVPRDNKTATNPLTVEVPYICTKGEDQ
ITVWGFHSDDKTQMKNLYGDSNPQKFTS SANGVTTHYVSQIGDFPNQTED
GGLPQSGRIVVDYMVQKPGKTGT IVYQRGVLLPQRKVWCASGRSKVIKGSL
PLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKY
RPPAKLLKERGFFGATAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADLKS
TQEAINKITKNLNSLSELEVKNLQRLSGAMDELHNEILELDEKVDDLRAD
TISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVDIGNGCFET
KHKCNQTCLDRIAAGTFNAGEFSLPTFDSLNITAASLNDDGLDNHTILLY
YSTAASSLAVTLMIATFIVYMVSRDNVSCSICL

SEQ ID NO:787 B/Victoria/2/87 HA
MKAIIVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTIGVIPLTTT

PTKSHFANLKGTKTRGKLCPKCLNCTDLDVALGRPKCTGTIPSAKASILH
EVKPVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAETAPGGPY
KVGTSGSCPNVTNGNGFFATMAWAVPKNDNNKTATNPLTVEVPYICTEGE
DQITVWGFHSDNEAQMVKLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQA
EDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG
SLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGT

KYRPPAKLLKEKGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADL

KSTQEAINKITKNLNSLSELEVKNLQRLSGAMDELHNKILELDEKVDDLR

ADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNGCF
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ETKHKCNQTCLDRIAAGTFNAGEFSLPTFDSLNITAASLNDDGLDNHTIL

LYYSTAASSLAVTLMIAIFIVYMVSRDNVSCSICL

Example 13 Flagellin Proteins with Engineered
Cysteine Residues for Chemical Conjugation

[0561] The crystal structure for the bacterial flagellin S.
typhimurium flagellin type 2 (STF2, SEQ ID NO: 312) has
been reported (Yonekura, K., et al., Nature 424:643-650
(2003)). Complete atomic model of the bacterial flagellar
filament by electron cryomicroscopy has been reported, and
the most detailed structure-function study of the TLRS
activation was based on this structure (Smith, K. D., et al.,
Nature Immunology 4:1247-1253 (2003)). Toll-like Recep-
tor 5 (TLRS) recognizes a conserved site on flagellin
required for protofilament formation and bacterial motility
(Nature Immunology 4(12):1247-1253). Mutational analysis
demonstrated that the TLRS activity of flagellin resides in
two regions in the N- and C-terminal domains, stretches of
39 and 31 amino acids, respectively (Smith, et al.). These
regions are highlighted in grey in FIG. 18. Alanine-scanning
mutagenesis of these regions identified a number of muta-
tions which reduced TLRS activation, but no single mutation
completely abrogated activity, suggesting that there is a
degree of flexibility or redundancy in the TLRS binding site.
This makes sense from an evolutionary perspective, other-
wise the bacteria could easily evolve to evade detection by
TLRS. Deletion of the hypervariable hinge region and
retention of the conserved N- and C-terminal domains
results in a protein (STF2A) that retains full TLRS activity,
demonstrating that the N- and C-terminal domains (together)
are necessary and sufficient for TLRS activation.

[0562] Lysine residues are convenient substrates for
chemical conjugation of diverse chemical structures to a
protein carrier such as flagellin. Of the 30 lysine residues in
STF2 (SEQ ID NO: 312), only one lies within the experi-
mentally-defined TLRS activation site, and this particular
lysine is not conserved among all bacterial flagellins (Smith,
et al., Nature Immunology 4:1247-1253 (2003)). Of the
remaining 29 lysines, 24 are located in the hypervariable
hinge region of flagellin, thus leaving only 5 lysine residues
in STF2A (SEQ ID NO: 313). The structure in FIGS. 19 and
20 shows that most lysines are spatially distal to the TLRS
activation domain, thus it would seem that lysines could be
randomly conjugated with peptide or carbohydrate antigens
with a reasonable probability of not interfering with the
TLRS activity of the resulting conjugated STF2A (SEQ ID
NO: 313) protein. Five lysines appear to border the TLRS
activation site quite closely; these residues would be the first
to consider mutating if antigen conjugation to lysine affects
TLRS activity.

[0563] Possible additional sites for conjugation (such as
cysteines or additional lysines) may be engineered into
full-length flagellin (STF2 (SEQ ID NO: 312)) or STF2A
(SEQ ID NO: 313) by placing such residues in the hyper-
variable region or in the tail of the conserved N- and
C-terminal domains distal to the TLRS binding site. Chemi-
cal methods for conjugation to other amino acids also exist.
These include carboxy amino acids (glutamic acid, aspartic
acid) and the carboxyl terminal amino acid, arginine, histi-
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dine, tryptophan, tyrosine, and serine. Any of these strate-
gies may be utilized to conjugate antigenic structures to
flagellin without interfering with the TLRS activation site.

[0564] Some types of antigens including polysaccharides
are not amenable to recombinant fusion DNA technology
nor to synthetic peptide chemistry, and thus cannot be
genetically or synthetically linked to a ligand for a Toll-like
Receptor (TLR). In addition, it is possible that genetic or
synthetic fusion of a peptide to a TLR ligand may inhibit the
proper folding of the TLR ligand. Chemical conjugation of
the antigen to the TLR ligand, which is folded and purified,
may be useful. The chemical conjugation of peptide antigens
also permits the placement of antigen at specific sites on the
TLR ligand, thus limiting interference with receptor binding
of the TLR ligand or maximizing exposure to antigen
receptors. The conjugation of many peptide antigens to a
TLR ligand may also maximize immunogenicity by increas-
ing the conformational heterogeneity with which antigen is
presented to the immune system. To provide a site for
chemical conjugation of such antigens to flagellin, a cysteine
residue was engineered at different sites in the gene encod-
ing STF2A (flagellin with the hypervariable hinge region
deleted; SEQ ID NO: 313 and SEQ ID NO: 314).

Materials and Methods

[0565] Polymerase chain reaction (PCR): Platinum® PCR
SuperMix High Fidelity kit (catalog number 12532-016,
Invitrogen Corporation, Carlsbad, Calif.) was used for all
PCR amplifications using the following protocol based on
the manufacturer’s instructions.

[0566] 1. The following components were added in any
order to each reaction tube:

[0567] a. 45 pl Platinum® PCR SuperMix High
Fidelity (PCR reaction buffer)

[0568] b. Primer solution (10 pMol final concentra-
tion of each primer)

[0569]
DNA)

[0570] 2. Reaction volume was made up to 50 pl with
water

c. Template DNA solution (10 ng plasmid

[0571] 3. Tubes were capped and loaded in thermal
cycler

[0572] 4. Tubes were incubated at 94° C. for 30 to 120
seconds to completely denature the template and acti-
vate the enzyme

[0573] 5. The following PCR amplification was per-
formed for 25-35 cycles:

[0574]
[0575] b. Anneal at 50-55° C. for 15-30 seconds

[0576] c. Extend at 68-72° C. for 1 minute per kb of
PCR product size

[0577] d. If necessary, cool to 4° C. and hold until
ready for next process

[0578] Construction of STF2A gene (SEQ ID NO: 314):
Full length flagellin of Salmonella typhimurium fljb (STF2,
SEQ ID NO: 312) is encoded by a 1.5 kb gene (SEQ ID NO:
315). To generate STF2A (SEQ ID NO: 314), the sequence

a. Denature at 94° C. for 15-30 seconds
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corresponding to the hypervariable hinge region (amino
acids 170 to 415 of SEQ ID NO: 312) was deleted and
replaced with a short flexible linker (GAPVDPASPW (SEQ
1D NO: 336)) designed to facilitate interactions of the NH2
and COOH terminal sequences of STF2 (SEQ ID NO: 315)
necessary for TLRS signaling (Smith, K. D., et al., (2004).
Toll-like Receptor 5 recognizes a conserved site on flagellin
required for protofilament formation and bacterial motility
(Smith, et al., Nature Immunology 4:1247-53 (2003)).

[0579] To generate the STF2A plasmid, a two-step PCR
was used (FIG. 21). In the first reaction, a plasmid encoding
STF2.0VA (a fusion of full-length STF2 with full-length
ovalbumin, SEQ ID NO: 316) was mixed with primers
STF28BGF-1 (SEQ ID NO: 317) and STF28MCR-1 (SEQ
ID NO: 318) in PCR reaction buffer, and the mixture was
amplified in a PCR reaction as described above. In a parallel
reaction, STF2.0VA template plasmid was mixed with prim-
ers STF28.MCF-2 (SEQ ID NO: 319) and STF28ECR-2
(SEQ ID NO: 320) in PCR reaction buffer, and the mixture
was amplified in a PCR reaction as described above.

[0580] The PCR amplification reactions generated ~500
bp and 270 bp fragments, respectively. These PCR products
were combined with primers STF28BGF-1 (SEQ ID NO:
317) and STF28ECR-2 (SEQ ID NO: 320) in PCR reaction
buffer, and the mixture was amplified in a PCR reaction as
described above. The amplified DNA product from this
reaction (770 bp) was digested with BglIl and EcoRI restric-
tion enzymes for 2 hours at 37° C., and ligated into pMTBiP/
V5-His B (Invitrogen, Carlsbad, Calif.) that had previously
been digested with Bglll and EcoRI and treated with calf
intestinal phosphatase (CIP). An aliquot of the ligation mix
was used to transform E. coli TOP10 cells. The resultant
construct pMT/STF2A was used to generate the cysteine
modified STF2A constructs.

[0581] Construction of STF2A genes engineered to
express a single cysteine residue: To introduce cysteine
residues at defined positions in the STF2 polypeptide, pMT/
STF2A was used as a template in PCR with primer pairs as
defined below.

[0582] To construct the STF2A.3'Cys (SEQ ID NO: 325)
plasmid, pMT/STF2A plasmid was mixed with 3'Forwardl
(SEQ ID NO: 321) and 3'Reversel (SEQ ID NO: 322)
primers in PCR reaction buffer, and the mixture was ampli-
fied in a PCR reaction as described above.

[0583] To construct the 5'Cys.STF2A (SEQ ID NO: 326)
plasmid, pMT/STF2A plasmid was mixed with 5'Forward2
(SEQ ID NO: 323) and 5'Reverse2 (SEQ ID NO: 324)
primers in PCR reaction buffer, and the mixture was ampli-
fied in a PCR reaction as described above.

[0584] For STF2A3'Cys (SEQ ID NO: 325) and
5'Cys.STF2A (SEQ ID NO: 326) constructs, the PCR prod-
ucts generated were digested with Ndel and Blp1 restriction
enzymes and purified by agarose gel electrophoresis. The
purified fragments were ligated by compatible ends to
pET24a (Novagen, Madison, Wis.) plasmid DNA that had
been previously digested with Ndel and Blpl restriction
enzymes and CIP-treated. The resulting constructs are des-
ignated pET/STF2A.3'Cys and pET/5'Cys.STF2A, respec-
tively.

[0585] To construct the STF2A HingeCys (SEQ ID NO:
331) plasmid, a two step PCR similar to that described in
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FIG. 18 was employed. One fragment was generated by
mixing pMT/STF2A with paired HingeForwardl (SEQ ID
NO: 327) and HingeReverse3 (SEQ ID NO: 328) primers in
PCR reaction buffer, and the mixture was amplified in a PCR
reaction as described above. Another fragment was gener-
ated by mixing pMT/STF2A with paired HingeForward2
(SEQ ID NO: 329) and HingeReverse4 (SEQ ID NO: 330)
primers in PCR reaction buffer, and the mixture was ampli-
fied in a PCR reaction as described above. Aliquots from
each of these PCR reactions were combined and mixed with
HingeForwardl (SEQ ID NO: 327) and HingeReverse4
(SEQ ID NO: 330) primers in PCR reaction buffer, and the
mixture was amplified in a PCR reaction as described above.
The final PCR product was purified by agarose gel electro-
phoresis and digested with Ndel and Blp1, and the purified
fragment was ligated into the pET24a vector as described
above. The resulting construct is designated pET/
STF2A. HingeCys.

[0586] Protein expression: Plasmids pET/STF2A.3'Cys,
pET/5'Cys.STF2A, and pET/STF2A.HingeCys were trans-
formed into competent E. coli BLR(DE3) cells as follows.
To a 1.5-ml snap-cap polypropylene tubes pre-chilled on ice
was added 20 pl aliquot of BLR (DE3) cells and 1 ul plasmid
DNA (1 pg/ul), and the mixture was incubated for 30
minutes. The tubes were heated for exactly 30 seconds in a
42° C. water bath without shaking, and then placed on ice for
an additional 2 minutes. To each tube of heat shocked cells
were added 250 pl of room temperature SOC medium.

[0587] The cells were recovered at 37° C. (shaking at 250
rpm) for 60 minutes prior to plating on selective media
containing kanamycin. Various ailquots (50-100 pl) of the
transformation mix were plated and the plates were incu-
bated at 37° C. for 15 to 18 hours. Colonies were picked and
inoculated into 2 ml Luria-Bertani (LB) broth supplemented
with 25 pg/ml kanamycin and 12.5 pg/ml tetracycline, and
cultured overnight. Fresh LB cultures were inoculated by
diluting an aliquot of the overnight cultures 1:100 and
cultured at 37° C. with shaking. When the OD,, of the
culture reached 0.6 to 1.0, protein expression was induced
by the addition of isopropyl thio-p-D-galactoside (IPTG) to
a final concentration of 1 mM. Several hours after induction,
the cells were harvested for analysis of protein expression by
SDS-PAGE. Glycerol stocks were prepared from cultures
grown in LB supplemented with 0.5% glucose, 25 pug/ml
kanamycin and 12.5 pg/ml tetracycline and were frozen at
-80° C. following the addition of glycerol (7% final).

[0588] Protein purification: Proteins STF2A.3'Cys (SEQ
ID NO: 332) and STF2A . HingeCys (SEQ ID NO: 333) were
expressed and purified as follows. Glycerol stocks of E. coli
BLR(DE3) cells harboring the desired plasmids were inocu-
lated into 10 L shake-flasks containing LB and incubated at
37° C. with constant shaking. When cultures reached an
optical density of A4,,=0.8, protein expression was induced
by the addition of 1 mM IPTG and cultures were incubated
at 37° C. with constant shaking for 4 hours before harvest-
ing. Cells were collected from 10 L of culture by low-speed
centrifugation at 5,000 rpm (SLA3000 rotor) for 10 minutes
and suspended in 50 mM Tris-HCI pH 8.0, 1 mM EDTA, 1
mM DTT (100 ml/10 L).

[0589] The cells were disrupted by passing the cell sus-
pension twice through a microfiuidizer at 18,000 psi. The
insoluble material was separated from soluble proteins by
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centrifugation at 10,000 rpm (SS34 rotor) for 15 minutes.
Under the culture conditions described, all STF2A proteins
fractionated with the insoluble material and formed stable
inclusion bodies that were collected as a solid pellet follow-
ing centrifugation. The inclusion bodies were washed twice
with 50 mM Tris-HCI, pH 8.0, 0.1 M NaCl and 0.5% Triton
X-100, followed by two washes with the same buffer with-
out detergent. Each wash was performed using a dounce
homogenizer and the cleaned inclusion bodies (IBs) were
collected by centrifugation at 10,000 rpm (SS34 rotor) for 15
minutes. The purified IBs were washed a final time with 50
mM Tris-HCI, pH 8.0 and stored as a cell pellet at —-80° C.
until needed.

[0590] 1B material was thawed and solubilized in 8 M urea
at pH 4.0. This step selectively solubilized the target protein
while leaving a significant amount of debris and contami-
nating proteins as a solid precipitate which was removed by
centrifugation. Because of the single cysteine present in
these proteins, all subsequent purification procedures were
carried out using buffers containing 1 mM DTT as a reduc-
ing agent. Solubilized protein was captured using SP fast
flow sepharose (30 ml, XK16) and selectively eluted with 8
M urea in 25 mM Na Acetate (C,H30,Na), pH 4.0, 1 mM
DTT, 1 mM EDTA and 0.2 M NaCl. To eliminate protein
precipitation following this step, the pH of the SP elution
was adjusted from 4.0 to 8.0 by dialysis against 50 mM
Tris-HC], pH 8.0, 1 mM DTT, 1 mM EDTA before protein
refolding. The dialyzed material was refolded by direct
dilution (10-fold) into 50 mM Tris-HCI pH 8.0, 1 mM DTT
and 1 mM EDTA such that the final protein concentration
was less than 0.1 mg/ml. The refolded SP pool was loaded
directly onto Q high performance sepharose (30 ml, XK16)
and bound protein was eluted with a 20 column volume
linear gradient from 0 to 0.5 M NaCl in 50 mM Tris-HCI, pH
8.0, 1 mM DTT, 1 mM EDTA. This chromatography step
yielded a single peak that eluted at a conductivity of approxi-
mately 15 ms/cm. The eluted material was pooled and stored
at -80° C.

[0591] Protein characterization: Proteins were character-
ized for purity, identity, endotoxin content, and biological
activity using the following assays.

[0592] SDS-PAGE: Proteins (typically 5 pg) were diluted
in SDS-PAGE sample buffer (1% SDS, 30 mM Tris-HCI, pH
6.8, 4% glycerol, 0.1 mg/ml bromophenol blue) with and
without 5 mM [-mercaptoethanol. The samples were boiled
for 5 minutes and loaded onto a 4-20% SDS polyacrylamide
gel. Following electrophoresis, gels were stained with coo-
massie blue to visualize protein bands.

[0593] Endotoxin assay: Endotoxin levels were measured
using the QCL-1000 Quantitative Chromogenic LAL test kit
(BioWhittaker #50-648U), following the manufacturer’s
instructions for the microplate method.

[0594] Protein Assay: Protein concentrations were deter-
mined by the MicroBCA Protein Assay Reagent Kit in a
96-well format using BSA as a standard (Pierce Biotech-
nology), following the manufacturer’s instructions.

[0595] Flagellin ELISA: Protein integrity and concentra-
tion were examined by ELISA with antibodies specific for
flagellin. 96-well ELISA plates were coated overnight at 4°
C. with serial dilutions of each target protein, in PBS starting
at 5 pg/ml. Plates were blocked with 200 pl/well of Assay
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Diluent Buffer (ADB; BD Pharmingen) for one hour at room
temperature then washed three times in phosphate-buffered
saline containing Tween-20 (PBS-T, 12 mM NaPO,, 137
mM NaCl, 2.7 mM KCl, 0.05% Tween 20). Rabbit poly-
clonal anti-flagellin antibody diluted in ADB (100 pl/well,
1:5000) was added to all wells and the plates were incubated
for 1 hour at room temperature or overnight at 4° C., then
washed three times with PBS-T. HRP-labeled goat anti-
rabbit IgG antibody (Jackson Immunochemical) diluted in
ADB was added (100 pl/well, 1:5000) and the plates were
incubated at room temperature for 1 hour. The plates were
washed three times with PBS-T. After adding TMB Ultra
substrate (Pierce) and monitoring color development, A5,
was measured on a Tecan Farcyte microplate spectropho-
tometer.

[0596] TLRS bioactivity assay: HEK293 cells (ATCC,
Cat#CRL-1573, Manassas, Va.) constitutively express
TLRS, and secrete several soluble factors, including IL.-8, in
response to TLRS signaling. Cells were seeded in 96 well
microplates (50,000 cells/well), and recombinant test pro-
teins were added. The next day, the conditioned medium was
harvested, transferred to a clean 96-well microplate, and
frozen at -20° C. After thawing, the conditioned medium
was assayed for the presence of IL-8 in a sandwich ELISA
using an anti-human I[.-8 matched antibody pair (Pierce;
Rockford, Il1., #M801E and #M802B) following the manu-
facturer’s instructions. Optical density was measured using
a microplate spectrophotometer

Results and Discussion

[0597] Protein yield and purity: The final yield and endot-
oxin levels of each protein are shown below.

Protein SEQ ID NO:  Yield (mg) Endotoxin (EU/ug)
STF2A.3'Cys 332 75.0 0.01
STF2A.HingeCys 333 117.0 0.004

[0598] Flagellin integrity: Engineering a single cysteine
into STF2A does not diminish its recognition by flagellin-
specific antibodies, as shown in FIG. 22.

[0599] TLRS agonist activity in the HEK293 1L-8 assay:
Engineering a single cysteine into STF2A does not diminish
the TLR agonist activity of the protein, as shown in FIG. 23.
Cells exposed to STF2A.3'Cys (SEQ ID NO: 332) or
STF2A.HingeCys (SEQ ID NO: 333) secreted IL.-8 at levels
comparable to those induced by exposure to full-length
flagellin (STF2, SEQ ID NO: 312) or STF2A without
cysteine residues (SEQ ID NO: 313).

[0600] Fusion of full-length flagellin (STF2, SEQ ID NO:
312) or hinge region-deleted flagellin (STF2A, SEQ ID NO:
313) to a protein antigen such as West Nile virus envelope
protein or influenza A hemagglutination significantly
increases the immunogenicity of the fused antigen. This
approach is useful for protein or peptide antigens which can
be encoded in a genetic fusion construct expressing both
flagellin and the antigen of interest in a single protein, but it
cannot be applied to non-protein or non-peptide antigens,
such as polysaccharide antigens. Since many bacteria and
tumor cells express specific polysaccharide structures that
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are antigenic but poorly immunogenic, it is important to
devise scalable methods for increasing the immunogenicity
and protective efficacy of such structures. Chemical conju-
gation to a TLR ligand, such as flagellin, is one potential
strategy.

[0601] There are several methods of chemical linkage, but
one of the simplest is to couple an antigen to a free thiol
group such as that on a single, unmatched cysteine residue.
Since flagellin does not natively contain any cysteines,
cysteine residues were engineered into flagellin at one of
three positions: the amino terminus of flagellin
(5'Cys.STF2A, SEQ ID NO: 326 and SEQ ID NO: 334), the
carboxy terminus of flagellin (STF2A.3'Cys, SEQ ID NO:
325 and SEQ ID NO: 332), and in the deleted hinge region
of flagellin (STF2A.HingeCys, SEQ ID NO: 331 and SEQ
1D NO: 333). All constructs were produced in the expression
vector pET24a for E. coli expression. When purified from E.
coli cells, STF2A.HingeCys (SEQ ID NO: 333) and
STF2A.3'Cys (SEQ ID NO: 332) proteins retain all antigenic
and TLRS biological activity properties of the unmodified
STF2A protein, thus confirming that the introduction of a
single cysteine residue does not negatively impact the
expression, purification, refolding, or biological activity of
STF2A.

Conjugation of Influenza hemagglutinin
Maturational Cleavage site peptide to
STF2A hingeCYS

[0602] A peptide representing the maturational cleavage
site of influenza hemagglutinin was chemically conjugated a
modified flagellin protein, STF2A.HingeCys (SEQ ID NO:
333).

Materials and Methods

[0603] Production of STF2A.HingeCys  protein:
STF2A.HingeCys protein (SEQ ID NO: 333) was expressed
and purified as described in the previous Example.

[0604] Synthesis of HIC1 peptides The sequence NH,-
NIPSIQSRGLFFAIAGFIE-COOH (SEQ ID NO: 337) rep-
resents the maturational cleavage site of influenza A/HIN1
hemagglutinin (Bianchi, E., et al. (2005). Universal influ-
enza B vaccine based on the maturational cleavage site of
the hemagglutinin precursor (Bianchi, et al., J. Virol
79:7380-7388 (2005)). Two peptides were designed with an
extra cysteine or an extra lysine on the N-terminus to
facilitate chemical linkage to carrier proteins, resulting in the
following peptide sequences:

CysHIC1 (SEQ ID NO: 338)

NH,-CNIPSIQSRGLFFAIAGFIE-COOH (SEQ ID NO: 338)

LysH1C1 (SEQ ID NO: 339)

NH,-KNIPS IQSRGLFFATIAGFIE-COOH (SEQ ID NO: 339)
[0605] The peptides were synthesized by Anaspec, Inc.,
(San Jose, Calif) utilizing standard Fmoc chemistry, after
which they were cleaved from the matrix with trifluoroacetic
acid (TFA), purified by reversed-phase HPLC and lyo-
philized.

[0606] Conjugation of CysHIC1  peptide to
STF2A.HingeCys: STF2A.HingeCys protein (SEQ ID NO:
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333) at a concentration of 4.9 mg/ml. was dialyzed overnight
into Buffer A [1x phosphate-buffered saline (PBS), 5 mM
EDTA, pH 7.2]. BM(PEO), (Pierce Biotechnology, Rock-
ford, 111.), a homobifunctional maleimide crosslinker, was
dissolved in DMSO (dimethyl sulfoxide) and added to a
final concentration of 2.3 mM. After incubating for 1 hour at
room temperature, the free crosslinker was removed from
the protein using a 5 ml Superdex 25 HiTrap desalting
column. CysH1C1 peptide (SEQ ID NO: 338) was dissolved
in DMSO and added to the maleimide-derivatized
STF2A.HingeCys protein at a final concentration of 0.32
mM. After incubating 3 hours at room temperature, the
reaction was stopped by adding DTT (dithiothreitol) to a
final concentration of 40 mM. The protein and protein-
peptide conjugate were separated from free peptide by
fractionation on a Superdex 200 10/300 size-exclusion chro-
matography (SEC) column (GE/Amersham; Piscataway,
N.J.) equilibrated in 1x Tris-buffered saline (TBS), pH 8.0.

[0607] Protein characterization: Proteins were character-
ized for purity, identity, endotoxin content, and biological
activity as described in the previous Example.

Results and Discussion

[0608] Characterization of the
STF2A.HingeCys:CysH1C1 peptide conjugate: Conjugation
of the CysHIC1 peptide (SEQ ID NO: 338) to
STF2A. HingeCys (SEQ ID NO: 333) was assayed by SDS-
PAGE with coomassie staining. Peptide conjugation to the
protein resulted in a doublet band in which the faster-
migrating band corresponded to the un-conjugated protein
and the slower migrating band corresponded to the protein-
peptide conjugate.

[0609] A cloudy precipitate was seen in the conjugation
mixture due to the low solubility of the peptide. To ascertain
if the protein-peptide conjugate was precipitating, the mix-
ture was centrifuged (16,000xg for 15 minutes) and the
resulting pellet and supernatant fractions analyzed by SDS-
PAGE. The majority of the peptide-conjugated protein
remains in the supernatant indicating that it is still soluble.

[0610] Size-exclusion chromatography (SEC) of the
STF2A HingeCys:CysHIC1 conjugate was performed to
separate the conjugated protein from remaining crosslinker
and unconjugated peptide. A single major protein peak
eluted in the included range of the column at the expected
volume for monomeric STF2A, while there is very little
material eluting in the void (FIG. 24), indicating that most
of the fractionating protein is monomeric.

[0611] The monomeric nature of the
STF2A HingeCys:CysHIC1 conjugate was confirmed by
SDS-PAGE analysis of the S200 fractions (FIG. 25). The
protein-peptide conjugate co-elutes with the unconjugated
protein in the same ratio as in the load sample, indicating
that the conjugate species is a monomer.

[0612] Bioactivity of the STF2AHingeCys:CysHIC1
conjugate mixture was found to be equivalent to the uncon-
jugated STF2A.HingeCys protein, indicating that the attach-
ment of the BM(PEO), crosslinker and the peptide conju-
gation reaction does not inhibit TLRS stimulatory activity
(FIG. 8).
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Conjugation of a PAM;CYS-Containing
Lipopeptide to an Influenza Hemagglutinin Antigen

[0613] Several types of Toll-like Receptors (TLRs) are
potently activated by lipids or lipid-conjugates. These
include TLR2/1 (diacyl lipoproteins and GPI-linked pro-
teins), TLR2/6 (triacyl lipoproteins and GPI-linked proteins)
and TLR4 (lipopolysaccharides). The utility of vaccines
composed of antigens liked to such lipids is obvious: the
lipids are strong activators of innate immune pathways and
yet are themselves poorly immunogenic. However, the pro-
duction of such conjugates is very complex. Biosynthesis of
recombinant lipoproteins in bacteria is limited by low pro-
ductivity and extreme difficulty in purifying the resulting
protein-lipopeptide fusion. Chemical synthesis of lipopep-
tide antigens is more straight forward, but is limited to
peptide antigens. Here we demonstrate the chemical conju-
gation of a Pam,;Cys lipopeptide, a TLR2/6 agonist, to
influenza HA1-1His, in a process which bypasses the diffi-
culties inherent in both biosynthesis and complete chemical
synthesis of lipidated antigens.

Materials and Methods

[0614] Production of HA1-1His4(PR8)Bv (SEQ ID NO:
179) HA1-1Hisg (PR8)Bv was prepared as described herein.

[0615] Synthesis of Pam;CS(K),GC (SEQ ID NO: 335)
Custom lipopeptide synthesis was performed by Anaspec,
Inc. (San Jose, Calif.) using standard solid-phase Fmoc
chemistry, after which the lipopeptide was cleaved from the
matrix with trifluoroacetic acid (TFA), purified by reversed-
phase HPLC and lyophilized.

[0616] Conjugation of Pam,CS(K),GC (SEQ ID NO:335)
to HAI-1His,(PR8)Bv (SEQ ID NO: 179) HAI-
1His4(PR8)Bv (SEQ ID NO: 179) was dialyzed into Buffer
A (IxPBS+5 mM EDTA, pH 7.2). Sulfo-SMCC (Pierce;
Rockland, I11.) a heterobifunctional maleimide/NHS-ester
crosslinker was dissolved in DMSO and added to a final
concentration of 0.432 mM. After incubating for 30 min. at
room temperature the protein was desalted into Buffer A
using a G-25 HiTrap desalting column (GE/Amersham;
Piscataway, N.I.). Triton X-114 (TX-114) (Sigma; St Louis,
Mo.) was added to a final concentration of 1% (W/v).
Pam,CS(K),GC was dissolved to 20 mg/ml in DMSO and
added to a final concentration of 0.6 mg/ml. After incubating
at room temperature for 3 hours, the reaction tube was
placed in a 37° C. bath for 10 minutes to cause TX-114
droplet formation. The sample was then centrifuged at
16,000xg for 10 minutes to separate the detergent and
aqueous phases. After drawing off the aqueous phase the
detergent phase was resuspended to the original reaction
volume with Buffer A. The total, detergent, and aqueous
samples were then analyzed by SDS-PAGE.

[0617] Protein characterization: Proteins-lipopeptide con-
jugates were characterized by SDS-PAGE. Samples (typi-
cally 5 pug) were diluted in SDS-PAGE sample buffer (0.1M
Tris, pH 8.0/4% SDS/25% glycerol/0.1M DTT). The
samples were boiled for 5 minutes and loaded onto a 10%
SDS polyacrylamide gel. Following electrophoresis, gels
were stained with coomassie blue to visualize protein bands.

Results and Discussion

[0618] Input HA1-1Hisq(PR8)Bv (SEQ ID NO: 179) runs
as a doublet band on SDS-PAGE. This has been seen for all
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of the HA1-1His, proteins made in Baculovirus to date and
is likely due to differences in glycosylation. HAI-
1His4(PR8)Bv (SEQ ID NO: 179) which has been deriva-
tized with Sulfo-SMCC but not conjugated to lipopeptide
stays in the aqueous phase during TX-114 separation, the
expected behavior for a soluble, globular protein. HA1-
1His4(PR8)Bv (SEQ ID NO: 179) conjugated to Pam;Cys
shows 3 or 4 bands of higher molecular weight than the
derivatized input protein, consistent with covalent modifi-
cation by the lipopeptide. On TX-114 phase separation the
higher mw species segregate primarily into the detergent
phase while the lower species (corresponding to the unmodi-
fied protein) stay in the aqueous phase. This behavior is
consistent with the commonly observed segregation of lipo-
proteins into detergent droplets and confirms that HA1-
1His4(PR8)Bv (SEQ ID NO: 179) has been covalently
modified with the Pam;CS(K),GC (SEQ ID NO: 335)
lipopeptide. The higher molecular-weight bands of approxi-
mately 60, 120, and 180 kDa, which are seen in the
SMCC-derivatized protein but not in the input, are covalent
HA1-1 multimers formed by the crosslinker. This multim-
erization would be prevented, and the yield of singly lipi-
dated HA1-1 improved, by engineering a single cysteine
into HA1-1 and using a cysteine-specific rather than a
lysine-specific crosslinker. Such a strategy would also give
better control over the site of attachment of the lipopeptide
on HA1-1, giving a more homogeneous product and possi-
bly improving immunogenicity

SEQ ID NO: 312, amino acid sequence of STF2
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVTIGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
AL TAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQON
VLSLLR

SEQ ID NO: 313, amino acid sequence of STF2A
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVHGAPVDPASPWTENPLQKIDAALAQ
VDALRSDLGAVQONRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSR
AQILOQAGTSVLAQANQVPONVLSLLR

SEQ ID NO: 314, nucleotide sequence of STF2A
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTA
GCCCATGGACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAG
GTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTC
TGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTA
GCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC
GCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCA
GGTCCCGCAGAACGTGCTGTCTCTGTTACGT
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-continued

SEQ ID NO: 315, nucleotide sequence of STF2
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTACGT

SEQ ID NO: 316, nucleotide sequence of STF2.0VA

ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAATTTGACGCAGATAATAACAA
GTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATG
GCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCT
GGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAGT
ACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAATG
CCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTG
GTCAAAATGTCTTATACCGATAAAATGGTAAGACAATTGAAGGCGGTTAT
GCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGAC
AGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCACTA
CCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAGTC
GTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGA
TTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGARAA
ACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGC
TCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCT
GGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATT
CCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGCAG
CAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGT
GCTGTCTCTGTTACGTCTCGAGGGCTCCATCGGCGCAGCAAGCATGGAAT
TTTGTTTTGATGTATTCAAGGAGCTCAAAGTCCACCATGCCAATGAGAAC
ATCTTCTACTGCCCCATTGCCATCATGTCAGCTCTAGCCATGGTATACCT
GGGTGCAAAAGACAGCACCAGGACACAAATAAATAAGGTTGTTCGCTTTG
ATAAACTTCCAGGATTCGGAGACAGTATTGAAGCTCAGTGTGGCACATCT
GTAAACGTTCACTCTTCACTTAGAGACATCCTCAACCAAATCACCAAACC
AAATGATGTTTATTCGTTCAGCCTTGCCAGTAGACTTTATGCTGAAGAGA
GATACCCAATCCTGCCAGAATACTTGCAGTGTGTGAAGGAACTGTATAGA
GGAGGCTTGGAACCTATCAACTTTCAAACAGCTGCAGATCAAGCCAGAGA
GCTCATCAATTCCTGGGTAGAAAGTCAGACAATGGAATTATCAGAATGTC
CTTCAGCCAAGCTCCGTGGATTCTCAAACTGCAATGGTTCTGGTTAATGC
CATTGTCTTCAAAGGACTGTGGGAGAAAGCATTTAAGGATGAAGACACAC
AAGCAATGCCTTTCAGAGTGACTGAGCAAGAAAGCAAACCTGTGCAGATG
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-continued
ATGTACCAGATTGGTTTATTTAGAGTGGCATCAATGGCTTC TGAGAAAAT
GAAGATCCTGGAGCTTCCATTTGCCAGTGGGACAATGAGCATGTTGGTGC
TGTTGCCTGATGAAGTCTCAGGCCTTGAGCAGCTTGAGAGTATAATCAAC
TTTGAAAAACTGACTGAATGGACCAGTTCTAATGTTATGGAAGAGAGGAA
GATCAAAGTGTACTTACCTCGCATGAAGATGGAGGAAAAATACAACCTCA
CATCTGTCTTAATGGCTATGGGCATTACTGACGTGTTTAGCTCTTCAGCC
AATCTGTCTGGCATCTCCTCAGCAGAGAGCCTGAAGATATC TCAAGCTGT
CCATGCAGCACATGCAGAAATCAATGAAGCAGGCAGAGAGGTGGTAGGGT
CAGCAGAGGCTGGAGTGGATGCTGCAAGCGTCTC TGAAGAATTTAGGGCT
GACCATCCATTCCTCTTCTGTATCAAGCACATCGCAACCAACGCCGTTCT
CTTCTTTGGCAGATGTGTTTCCCCTTCGAAGC TTGAAGGTAAGCCTATCC
CTAACCCTCTCCTCGGTCTCGATTCTACGCGTACCGGTCATCATCACCAT
CACCATTGA

SEQ ID NO: 317, nucleotide sequence of STF28BGF-1
CTCGGGAGATCTGCACAAGTAATCAACACTAACAGTCT

SEQ ID NO: 318, nucleotide sequence of STF28MCR-1
CCATGGGCTAGCAGGATCCACCGGCGCTCCCTGCACGTTCA

SEQ ID NO: 319, nucleotide sequence of STF28MCF-2
GGAGCGCCGGTGGATCCTGCTAGCCCATGGACCGAAAACCCG

SEQ ID NO: 320, nucleotide sequence of STF28ECR-2
TCTGCAGAATTCACGTAACAGAGACAGCACGTTCTGCGGGACGTCCCGCA
GAACGTGCTGTCTCTGTTACGTGAATTCTGCAGA

SEQ ID NO: 312, nucleotide sequence of 3'Forwardl
ACTGAGTGCATATGGCACAAGTAATCAACACTAACAG

SEQ ID NO: 322, nucleotide sequence of 3'Reversel
GACTGACTGCTCAGCCTATTAGCAGAGCGGCCGCCACTGTGCTGGATATC
TAGAG

SEQ ID NO: 323 nucleotide sequence of 5'Forward2
AGTCAGGCCATATGTGCGCACAAGTAATCAACACTAACAGTCTG

SEQ ID NO: 324, nucleotide sequence of 5'Reverse2
GACTGACTGCTCAGCCTATTAACGTAACAGAGACAGCACGTTCTGCGGGA
CCTGGTTAG

SEQ ID NO: 325, nucleotide sequence of STF2A.3'Cys
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTA
GCCCATGGACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAG
GTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTC
TGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTA
GCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC
GCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCA
GGTCCCGCAGAACGTGCTGTCTCTGTTACGTGAATTCTCTAGATATCCAG
CACAGTGGCGGCCGCTCTGC

SEQ ID NO: 326, nucleotide sequence of 5'Cys.STF2A
ATGTGCGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAA
TAACCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGT
CTTCTGGTCTGCGTATCAACAGCGCGAAGACGATGCGGCAGGTCAGGCGA
TTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAA
CGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTG
CTAACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATC
ACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAA
CGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCG
CCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAG
ACCCTGGGTCTGGACTCACTGAACGTGCATGGAGCGCCGGTGGATCCTGC
TAGCCCATGGACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGC
AGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAAC
TCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCG
TAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTC
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-continued
GCGCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTC TGGCGCAGGCTAAC

CAGGTCCCGCAGAACGTGCTOTCTCTGTTACGT

SEQ ID NO: 327, nucleotide sequence of
HingeForwardl
ACTGAGTGCATATGGCACAAGTAATCAACACTAACAG

SEQ ID NO: 328, nucleotide sequence of
HingeReverse3
GGTCCATGGGCAAGCAGGATCCACCGGCGCT

SEQ ID NO: 329, nucleotide sequence of
HingeForward2
AGCGCCGGTGGATCCTGCTTGCCCATGGACC

SEQ ID NO: 330, nucleotide sequence of
HingeReversel
GACTGACTGCTCAGCCTATTAACGTAACAGAGACAGCACGTTCTGCGGGA
CCTGGTTAG

SEQ ID NO: 331, nucleotide sequence of
STF2A.HingeCys
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAGACGATGCGGCAGGTCAGGCGATTG
CTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAAC
GCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGA
AATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTA
ACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCACC
CAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACGG
CGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCCA
ACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACC
CTGGGTCTGGACTCACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTTG
CCCATGGACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGG
TGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCT
GCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAG
CCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCG
CGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAG
GTCCCGCAGAACGTGCTGTCTCTGTTACGT

SEQ ID NO: 332, amino acid sequence of STF2A.3'Cys
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVHGAPVDPASPWTENPLQKIDAALAQ
VDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSR

AQILQQAGTSVLAQANQVPQONVLSLLREFSRYPAQWRPLE

SEQ ID NO: 333, amino acid sequence of
STF2A.HingeCys
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA

NDGETIDIDLKQINSQTLGLDSLNVHGAPVDPAE PWIENPLQKIDAALAQ
VDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSR
AQILOQAGTSVLAQANQVPQNVLSLLR

SEQ ID NO: 334, amino acid sequence of 5'Cys.STF2A

ME AQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQA
IANRFTAN IKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQS
ANSTNSQSDLDS IQAEITQRLNE IDRVSGQTQFNGVKVLAQDNTLTIQVG
ANDGETIDIDLKQINSQTLGLDSLNVHGAPVDPASPWTENPLOKIDAALA
QVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMS
RAQILQQAGTSVLAQANQVPONVLSLLR

SEQ ID NO: 335,
CSKKKKGC

SEQ ID NO: 336,
GAPVDPASPW
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Example 14 Cloning and Expression of
STF2.4xH1C1, a Fusion Protein Comprising
Flagellin (TLRS Agonist) and the Maturational
Cleavage Site Peptide of Influenza A
Hemagglutinin

Materials and Methods

[0619] Construct design: To facilitate cloning of target
genes in fusion with flagellin, a cassette plasmid containing
a unique Blpl site at the 3' end of the flagellin gene was used
(STF2.blp, SEQ ID NO: 340). This cassette was made by
introducing a silent mutation (5'-GTGCTGAGCCTGT-
TACGT-3") at nucleotides 1501 to 1518 of STF2, creating
the unique BlpI site in the plasmid cassette, pET24/STF2.blp
(SEQ ID NO: 340). Synthetic genes encoding one, two,
three and four copies of the maturational cleavage site
fragment (H1C1) of influenza A subtype H1 (NIPSIQSR-
GLFGAIAGFIE; SEQ ID NO: 341) were codon-optimized
for E. coli expression and obtained from a commercial
vendor (DNA2.0 Inc., Menlo Park, Calif)). The synthetic
genes were excised with Blpl enzyme and ligated by com-
patible ends to pET24/STF2.blp which had been treated with
BlplI and bacterial alkaline phosphatase (BAP). These con-
structs were designated as STF2.1xH1C1, STF2.2xH1Cl1,
STF2.3xH1C1 and STF2.4xHIC1 respectively (SEQ ID
NO: 342; SEQ ID NO: 343; SEQ ID NO: 344; SEQ ID NO:
345).

[0620] Similarly, a fusion gene constructed to contain the
H1C1 sequence and flanked by a pair of cysteines to
facilitate loop formation of the concatemers was designated
as STF2.4xH1C2 (SEQ ID NO: 346). A similar approach
was employed to generate a construct harboring four tandem
copies of the cleavage fragment of influenza A subtype HS
(RERRRKKRGLFGAIAGFIE; SEQ ID NO: 347) desig-
nated as construct STF2.4xH5C1 (SEQ ID NO: 348). The
consensus cleavage fragments representing subtypes H3
(NVPEKQTRGIFGAIAGFIE; SEQ ID NO: 349), H2
(NVPQIESRGLFGAIAGFIE; SEQ ID NO: 350) and the
B-strain, B/HA (PAKLLKERGFFGAIAGFLE; SEQ ID
NO: 351) are thus amenable to this experimental approach
as outlined above. In each case, the constructed plasmids
were used to transform competent £. coli TOP10 cells and
putative recombinants were identified by PCR screening and
restriction mapping analysis.

[0621] The integrity of the constructs was verified by
DNA sequencing and they were used to transform the
expression host, BLR3 (DE3) (Novagen, San Diego, Calif;
Cat #69053). Transformants were selected on plates con-
taining kanamycin (50 pg/ml.), tetracycline (5 pg/ml) and
glucose (0.5%). Colonies were picked and inoculated into 2
ml of LB medium supplemented with 25 pg/ml kanamyecin,
12.5 pg/ml tetracycline and 0.5% glucose and grown over-
night. Aliquots of these cultures were used to inoculate fresh
cultures in the same medium formulation, which were
cultured until they reached an OD.,,=0.6, at which time
protein expression was induced by the addition of 1 mM
IPTG and culturing for 3 hours at 37° C. The cells were
harvested and analyzed for protein expression.

[0622] SDS-PAGE and Western blot: Protein expression
and identity were determined by gel electrophoresis and
immunoblot analysis. Cells were harvested by centrifugation
and lysed in Laemmli buffer. An aliquot of 10 pl of each
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lysate was diluted in SDS-PAGE sample buffer with or
without 100 mM DTT as a reductant. The samples were
boiled for 5 minutes and loaded onto a 10% SDS polyacry-
lamide gel and electrophoresed (SDS-PAGE). The gel was
stained with Coomassie R-250 (Bio-Rad; Hercules, Calif.)
to visualize protein bands. For western blot, 0.5 pl/lane cell
lysate was electrophoresed and electrotransfered to a PVDF
membrane and blocked with 5% (w/v) dry milk. The mem-
brane was probed with anti-flagellin antibody 6H11 (Inotek;
Beverly, Mass.) After probing with alkaline phosophatase-
conjugated secondary antibodies (Pierce; Rockland, IlL.),
protein bands were visualized with an alkaline phosphatase
chromogenic substrate (Promega, Madison, Wis.). Bacterial
clones which yielded protein bands of the correct molecular
weight and reactive with the appropriate antibodies were
selected for production of protein for use in biological
assays.

Results and Discussion

[0623] Cloning and expression of cleavage site constructs:
The maturational cleavage site fragment of hemagglutinin
precursor is well-conserved across subtypes of influenza
strains A and B, and could therefore be a target for the
development of a universal vaccine effective against most
circulating strains of influenza. A series of plasmids encod-
ing a fusion of the TLRS ligand with cleavage fragment was
generated and expressed in E. coli strain BLR(DE3). As
assayed by Coomassie blue staining of the SDS-PAGE gel
and confirmed by immunoblot assays, the E. coli strains
harboring the constructs STF2.1xH1C1, STF2.2xHI1Cl1,
STF2.3xHI1C1, and STF2.4xH1C1 displayed bands that
correspond to the predicted molecular weights of 55, 58, 60
and 62 kDa respectively. Similarly, BLR(DE3) strains
expressing the constructs STF2.4xH1C2 and STF2.4xH5C1
display recombinant fusion proteins migrating with the
apparent molecular weight of 62 Kda and 66 Kda respec-
tively. These data indicate that a fusion of flagellin and
cleavage fragment of HA is abundantly expressed in £ coli.

Expression and Purification of STF2.4xHI1C1, a
Fusion Protein Comprising Flagellin (TLRS
Agonist) and the Maturational Cleavage Site

Peptide of Influenza A Hemagglutinin

Materials and methods

[0624] Bacterial cell growth and cell lysis: The STF2.4x
H1C1 (SEQ ID NO: 345) construct was expressed in the E.
coli host strain BLR(DE3). The strain was retrieved from a
glycerol stock and grown in shake flasks to a final volume
of 12 L. Cells were grown in LB medium containing 50
ng/ml kanamycin, 12.5 pg/ml tetracycline, 0.5% dextrose to
ODj,0=0.6 and induced with 1 mM IPTG for 3 h at 37° C.
The cells were harvested by centrifugation (7000 rpmx7
minutes in a Sorvall RC5C centrifuge) and resuspended in
20 mM Tris-HCL, pH 8.0, 1 ng/ml DNAsel, 1 mM PMSF,
protease inhibitor cocktail and 1 mg/ml lysozyme. The cells
were then lysed by two passes through a microfiuidizer
(Microfluidics; Newton, Mass.) at 15,000 psi. The lysate
was centrifuged at 45,000 g for one hour in a Beckman
Optima L ultracentrifuge (Beckman Coulter; Fullerton,
Calif.) to separate the soluble and insoluble fractions.

[0625] Purification of STF2.4xHI1C1 (SEQ ID NO: 345):
After centrifugation, the supernatant fraction was collected
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and passed through a Q sepharose Fast Flow column (GE/
Amersham Biosciences; Piscataway, N.J.). The flow-
through fraction from this step was supplemented with
Triton X-100 (Sigma; St. Louis, Mo.) to a final concentra-
tion of 1% (w/v) and passed through the same Q sepharose
column. The flow through fraction was collected again and
supplemented with urea to a final concentration of 8 M and
citric acid to a final concentration of 20 mM. After adjusting
the pH to 3.5 with concentrated HCl, the solution was passed
over a Source S column (GE/Amersham Biosciences; Pis-
cataway, N.J.) equilibrated with 20 mM citric acid, pH 3.5.

[0626] The column was then washed with 10 column
volumes of equilibration buffer supplemented with 1% (w/v)
Triton X-100 to remove endotoxin. The protein was then
eluted in a 5-column volume linear gradient of 0 to 1 M
NaCl in equilibration buffer. The STF2.4xH1C1 was then
re-folded by rapid dilution to a final concentration of 0.1
mg/ml protein in refolding buffer [0.1 M Tris-HCI, pH 8.0,
0.1 M NaC, 1% (w/v) glycerol]. The refolded protein was
concentrated using a pressurized ultrafiltration stir-cell (Mil-
lipore; Billerica, Mass.) and fractionated on a Superdex 200
size-exclusion column (GE/Amersham Biosciences; Piscat-
away, N.I.).

[0627] SDS-PAGE and Western Blot analysis: Protein
identity was determined, and purity estimated, by SDS-
PAGE. An aliquot of 5 pg of each sample was diluted in
SDS-PAGE sample buffer with or without 100 mM DTT as
a reductant. The samples were boiled for 5 minutes and
loaded onto a 10% SDS polyacrylamide gel (LifeGels;
French’s Forrest, New South Wales, AUS) and electrophore-
sed. The gel was stained with Coomassie R-250 (Bio-Rad;
Hercules, Calif.) to visualize protein bands. For western
blot, 0.5 pg/lane total protein was electrophoresed as
described above and then electro-transfered to a PVDF
membrane and blocked with 5% (w/v) dry milk before
probing with anti-flagellin antibody (Inotek; Beverly, Mass.)
or serum from mice immunized with a synthetic, lipidated
HI1C1 peptide. After probing with alkaline phosophatase-
conjugated secondary antibodies (Pierce; Rockland, IlL.),
protein bands were visualized with an alkaline phosphatase
chromogenic substrate (Promega; Madison, Wis.).

[0628] Protein assay: Total protein concentration for all
proteins was determined using the Micro BCA (bicincho-
ninic acid) Assay (Pierce; Rockford Ill.) in the microplate
format, using bovine serum albumin as a standard, according
to the manufacturer’s instructions.

[0629] Endotoxin assay: Endotoxin levels for all proteins
were determined using the QCL-1000 Quantitative Chro-
mogenic LAL test kit (Cambrex; E. Rutherford, N.I.), fol-
lowing the manufacturer’s instructions for the microplate
method.

[0630] TLRS bioactivity assay: HEK293 cells constitu-
tively express TLRS, and secrete several soluble factors,
including IL.-8, in response to TLRS signaling. Cells were
seeded in 96-well microplates (50,000 cells/well), and the
STF2.4xHI1C1 test protein was added. The next day, the
conditioned medium was harvested, transferred to a clean
96-well microplate, and frozen at -20° C. After thawing, the
conditioned medium was assayed for the presence of IL-8 in
a sandwich ELISA using an anti-human I[.-8 matched
antibody pair (Pierce, Rockland, 111.; #M801E and #M802B)
following the manufacturer’s instructions. Optical density
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was measured using a microplate spectrophotometer (FAR-
Cyte, GE/Amersham; Piscataway, N.J.).

Results and Discussion

[0631] The purified and refolded STF2.4xH1C1 protein
(SEQ ID NO: 345) was found to be substantially aggregated
as the majority of the protein fractionated in the void volume
of the Superdex S200 column (FIG. 26). The protein also
had poor in vitro TLRS activity, with an EC,, value approxi-
mately two orders of magnitude higher than the standard
flagellin fusion protein STF2.OVA. The purified protein
reacted with serum from mice immunized with a synthetic,
lipidated HIC1 peptide.

Expression and Purification of STF2.1xH1C1, a
Fusion Protein Comprising Flagellin (TLRS
Agonist) and the Maturational Cleavage SITE
Peptide of Influenza A Hemagglutinin

Materials and methods

[0632] Bacterial cell growth and cell lysis: The STF2.1x
H1C1 (SEQ ID NO: 355) construct was expressed in the F.
coli host strain BLR(DE3). The strain was retrieved from a
glycerol stock and grown in shake flasks to a final volume
of 12 L. Cells were grown in LB medium containing 50
pg/ml kanamycin/12.5 pg/ml tetracycline/0.5% dextrose to
ODj0=0.6 and induced with 1 mM IPTG for 3 hours at 37°
C. The cells were harvested by centrifugation (7000 rpmx7
minutes in a Sorvall RC5C centrifuge) and resuspended in
20 mM Tris-HCL, pH 8.0, 1 ng/ml DNAsel, 1 mM PMSF,
protease inhibitor cocktail and 1 mg/ml lysozyme. The cells
were then lysed by two passes through a microfiuidizer
(Microfluidics; Newton, Mass.) at 15,000 psi. The lysate
was centrifuged at 45,000 g for one hour in a Beckman
Optima L ultracentrifuge (Beckman Coulter; Fullerton,
Calif.) to separate the soluble and insoluble fractions.

[0633] Purification of STF2.1xHIC1 (SEQ ID NO: 342):
After centrifugation, the supernatant fraction was collected
and passed through a Q sepharose Fast Flow column (GE/
Amersham Biosciences; Piscataway, N.J.). The flow-
through fraction from this step was supplemented with
Triton X-100 (Sigma; St. Louis, Mo.) to a final concentra-
tion of 1% (w/v) and passed through the same Q sepharose
column. The flow-through fraction was collected again and
supplemented with urea to a final concentration of 8 M and
citric acid to a final concentration of 20 mM. After adjusting
the pH to 3.5 with concentrated HCl, the solution was passed
over a Source S column (GE/Amersham Biosciences; Pis-
cataway, N.J.) equilibrated with 20 mM citric acid, pH 3.5.

[0634] The column was then washed with 10 column
volumes of equilibration buffer supplemented with 1% (w/v)
Triton X-100 to remove endotoxin. The protein was then
eluted in a 5-column volume linear gradient of 0 to 1 M
NaCl in equilibration buffer. The STF2.1xH1C1 was re-
folded by rapid dilution to a final concentration of 0.1 mg/ml
protein in refolding buffer [0.1M Tris-HCl, pH 8.0/0.1M
NaCl/1% (w/v) glycerol]. The refolded protein was concen-
trated using a pressurized ultrafiltration stir-cell (Millipore;
Billerica, Mass.) and fractionated on a Superdex 200 size-
exclusion column (GE/Amersham Biosciences; Piscataway,
N.I).

[0635] SDS-PAGE and western blot analysis: Protein
identity was determined, and purity estimated, by SDS-
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PAGE. An aliquot of 5 pg of each sample was diluted in
SDS-PAGE sample buffer with or without 100 mM DTT as
a reductant. The samples were boiled for 5 minutes and
loaded onto a 10% SDS polyacrylamide gel (LifeGels;
French’s Forrest, New South Wales, AUS) and electrophore-
sed. The gel was stained with Coomassie R-250 (Bio-Rad;
Hercules, Calif.) to visualize protein bands. For western
blot, 0.5 pg/lane total protein was electrophoresed as
described above and the gels were then electro-transfered to
a PVDF membrane and blocked with 5% (w/v) dry milk
before probing with anti-flagellin antibody (Inotek; Beverly,
Mass.) or serum from mice immunized with a
Pam3Cys.H1C1 peptide (SEQ ID NO: 358). After probing
with alkaline phosophatase-conjugated secondary antibod-
ies (Pierce; Rockland, I11.), protein bands were visualized
with an alkaline phosphatase chromogenic substrate
(Promega; Madison, Wis.).

Results and Discussion

[0636] The purified and refolded STF2.1xHIC1 protein
(SEQ ID NO: 342) was found to be monomeric as judged by
the elution profile on a Superdex 200 gel filtration column.
The majority of the protein was found in the included
volume with the major peak eluting at approximately 14 mls.
This corresponds very closely with the known elution profile
of purified, monomeric flagellin on this column. Almost no
protein was seen eluting in the void volume, known to be
approximately 7 mls for this column, demonstrating that
virtually no aggregates are present.

Immunogenicity and Efficacy of PAM3Cys.HIC1, a
Fusion Peptide Comprising PAM3CYS (TLR2
Agonist) and the Maturational Cleavage Site
Peptide of Influenza A Hemagglutinin

Materials and methods

[0637] Peptide design and synthesis: Pam3 (tri-palmoytyl)
is the natural ligand for Toll-like Receptor 2 (TLR2), and it
is natively expressed as the lipidation motif of bacterial
lipoprotein (BLP, SEQ ID NO: 357). Pam3 can be made by
chemical synthesis and conjugated to macromolecules such
as proteins or coupled to the N-terminus of synthetic pep-
tides using standard peptide synthesis chemistry. This strat-
egy usually involves the synthesis of a peptide of interest
concluded by the coupling of Pam3-modified cysteine
(Pam3Cys) to the amino terminus to yield the lipopeptide of
interest. This approach was used to synthesize a lipidated
HA cleavage fragment peptide, Pam3Cys.HIC1 (Pam3Cys-
SLWSEENIPSIQSRGLFGAIAGFIEE, SEQ ID NO: 358).

[0638] Mice and immunization: Female BALB/c mice
(Jackson Laboratory, Bar Harbor, Me.) were used at the age
of 6-8 weeks. Mice were divided into groups of 10 and
received inguinal subcutaneous (s.c) immunizations on days
0 and 14 as follows:

[0639] 8) PBS (Phosphate Buffered Saline).

[0640] 9)20ug of HICI native peptide (SEQ ID NO: 358)
in saline buffer (10 mM Histidine, 10 mM Tris, 75 mM
NaCl, 5% (vol/vol) sucrose, 0.02% (w/v) Polysorbate-80,
0.1 mM EDTA, 0.5% (v/v) ethanol, pH 7.2)

[0641] 10)20 pg of Pam3Cys.H1C1 peptide (SEQ ID NO:
358) in saline buffer
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[0642] An additional group of five mice received an
experimentally determined sublethal challenge with 8x10*
egg infectious dosages (EID) PR/8/34 and were allowed to
convalesce for >21 days. These animals were then used as
immune convalescent positive controls during the challenge
studies. Mice were bled on days 10 (primary) and 21 (boost),
and sera were clarified by clotting and centrifugation and
stored at -20° C.

[0643] Serum antibody determination: H1C1-specific IgG
levels were determined by ELISA. 96-well ELISA plates
(Costar (Cat #9018) Corning, N.Y.) were coated overnight at
4° C. with 100 pl/well H1C1 peptide (SEQ ID NO: 358) in
PBS (5 ug/ml). Plates were blocked with 200 pl/well of
Assay Diluent Buffer (ADB; BD Pharmingen, (Cat#:
555213) (San Diego, Calif.) for one hour at room tempera-
ture. The plates were washed three times in PBS+0.05%
(v/v) Tween 20 (PBS-T). Dilutions of the sera in ADB were
added (100 pl/well) and the plates were incubated overnight
at 4° C. The plates were washed three times with PBS-T.
HRP-labeled goat anti-mouse IgG antibodies (Jackson
Immunochemical, West Grove, Pa. (Cat#: 115-035-146))
diluted in ADB were added (100 pl/well) and the plates were
incubated at room temperature for 1 hour. The plates were
washed three times with PBS-T. After adding TMB Ultra
substrate (Pierce (Cat 34028), Rockford, Il1.)) and monitor-
ing color development, A,s, was measured on a Tecan
Farcyte (Durham, N.C.) microplate spectrophotometer.

[0644] Influenza virus challenge of mice. To assess effi-
cacy, mice immunized as described above were challenged
on day 28 by intranasal administration of an LD, (dose
lethal to 90% of mice) (8x10° EID) of influenza A isolate
PR/8/34. Animals were monitored daily for 21 days follow-
ing the challenge for survival, weight loss and clinical
presentation. The % weight loss was calculated based on the
mean of ((Daily weight (g)/Initial weight (g) day 28)x100)
of each individual animal per group. Clinical scores were
assigned as follows: 4 pts=healthy, 3 pts=reduced grooming,
2 pts=reduced physical activity and 1 pt=moribund. (Experi-
mental results for clinical scores and weight loss reflect the
results based on surviving animals on the day evaluated).

Results and Discussion

[0645] Induction of H1C1-specific antibody responses fol-
lowing immunization with Pam3Cys.HIC1: Mice were
immunized with native HIC1 peptide (SEQ ID NO: 358)
and the same peptide modified by the addition of an amino
terminal Pam3Cys residue, to test the hypothesis that link-
age of the peptide to a TLR2 ligand would increase its
immunogenicity. Immunogenicity was determined by mea-
suring levels of antibodies to native HIC1 (SEQ ID NO:
358) in the sera of the immunized mice. The results show
clearly that mice immunized with the Pam3Cys-modified
peptide generated higher antibody titers to the immunizing
peptide backbone sequence than did mice immunized with
the native peptide (SEQ ID NO: 358) (FIG. 27).

[0646] Protection from lethal influenza virus challenge
following immunization with Pam3Cys.H1C1 The results in
FIG. 27 demonstrated that immunization of mice with
Pam3Cys.H1C1 generated an antibody response that recog-
nized native H1C1 peptide. In order to evaluate efficacy, the
same mice were challenged on day 28 with an LD, (8x10?
EID) of PR/8/34 virus administered intra-nasally. Mice were
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monitored daily for 21 days following the challenge for
survival, weight loss and clinical presentation. As shown in
FIG. 28, PBS-immunized mice died between 6 and 10 days
post-challenge, while convalescent mice survived beyond
the 21-day observation period. Mice immunized with native
H1C1 (SEQ ID NO: 358) began to die by day 6 post-
infection at a rate similar to the PBS control mice, although
2 of the 10 mice survived beyond the 21-day observation
period. In contrast, and similar to the convalescent mice, all
mice immunized with Pam3Cys.H1C1 survived beyond the
21-day observation period. Thus, while HIC1 alone is not
potently immunogenic (FIG. 27) nor protective (FIG. 28),
the same sequence coupled to a TLR2 ligand is both
immunogenic and protective.

SEQ ID NO: 340 STF2.blp
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAACCGTTTCAACTCTGCTATCACCAACC
TGGGCAATACCGTAAACAATCTGTCTGAAGCGCCTAGCCGTATCGAAGAT
TCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCA
GCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACG
TGCTGAGCCTGTTACGT

SEQ ID NO: 341 HA maturation cleavage fragment
(H1N1)
NIPSIQSRGLFGAIAGFIE

SEQ ID NO: 342 STF2.1xHI1C1

MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSALDAAGQATA
NRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSAN
STNSQSDLDSIQAEITQRLNE IDRVSGQTQFNGVKVLAQDNTLTIQVGAN
DGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDVS
GLDDAATKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAARNG
DYEVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALT
AGGVDATDANGAELVKMSYTDKNGKT IEGGYALKAGDKYYAADYDEATGA
TIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFK
AQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGN
TVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQONVLS
LLAMEWENIPSIQSRGLFGAIAGFIE

SEQ ID NO: 343 STF2.2xHI1C1

MAQVINTNSLSLLTQNLNKSQSALGTAIERLSSGLRINSAKDDAAGQATA
NRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSAN
STNSQSDLDSIQAEITQRLNE IDRVSGQTQFNGVKVLAQDNTLTIQVGAN
DGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDVS
GLDDAATKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAARNG
DYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNA
LIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEAT
GATKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHD
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-continued
FKAQPELAEAAAKTTENPLQK IDAALAQVDALRSDLGAVONRFNSATTNL
GNTVNNLSEARSRIEDSDYATEVSNMSRAQ ILQQAGTSVL IAQANQVPQON
VLSLLAMEWENIPSIQSRGLFGAIAGF IEEWENIPSIQSRGLFGAIAGFI
E

SEQ ID NO: 344 STF2.3xHI1C1
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
DGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDVS
GLDDAATKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAARNG
DYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNA
LIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEAT
GATKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHD
FKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNL
GNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQONV
LSLLAMEWENIPSIQSRGLFGAIAGFIEEWENIPSIQSRGLFGAIAGFIE
EWENIPSIQSRGLFGAIAGFIE

SEQ ID NO: 345 STF2.4xH1C1
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVT IGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKLTPAVVSADAKN
ALTIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGT SVLAQANQVPQN
VLSLLAMEWENIPSIQRGLFGAIAGFIEEWENIPSIQSRGLFGAIAGFIE
EWENIPSIQSRGLFGAIAGFIEEWENIPSIQSRGLFGAIAGFIE

SEQ ID NO: 346 STF2.4xH1C2
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
DGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDVS
GLDDAATKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAARNG
DYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNA
LIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEAT
GATKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHD
FKAQPELAEAAAKTTENPLQKIDAALLAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGT SVLAQANQVPQN
VLSLLAGCGSEWENIPSIQSRGLFGAIAGF IEEWENIPSIQSRGLFGAIA
GFIEEWENIPSIQSRGLFGAIAGFIEEWENIPSIQSRGLFGAIAGFIESG
o}

SEQ ID NO: 347 HA maturation cleavage fragment
(H5N1)
RERRRKKRGLFGAIAGFIE

SEQ ID NO: 348 STF2.4xH5C1
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAT
ANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRVRELAVQSA
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
NDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDV
SGLDDAAIKRAATGGTNGTASVTIGGAVKFDADNNKYFVT IGGFTGADAAKN
GDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN
ALTIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAALYDEA
TGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGH
DFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITN
LGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGT SVLAQANQVPQN
VLSLLAEWERERKKRGLFGAIAGFIEEWERERRRKKRGLFGAIAGFIEEW
RERRRKKRGLFGAIAGF IEEWERERRRKKRGLFGAIAGFIE

SEQ ID NO: 349 HA maturation cleavage fragment
(H3N2)
NVPEKQTRGIFGAIAGFIE

SEQ ID NO: 350 HA maturation cleavage fragment
(H2N1/H2N2/H2N3/H2N5/H2N8 /H2N9 )
NVPQIESRGLFGAIAGFIE

SEQ ID NO: 351 HA maturation cleavage fragment
(B strain)
PAKLLKERGFFGAIAGFLE
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-continued

SEQ ID NO: 352 STF2.4xHI1C1
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCGATGGAATGGGAGAACATCCCTAGCATCCAATC
TCGCGGCCTGTTTGGCGCTATCGCGGGCTTTATCGAAGAATGGGAGAACA
TCCCGAGCATCCAATCTCGCGGTCTGTTTGGTGCGATCGCTGGTTTCATC
GAGGAGTGGGAGAACATTCCTAGCATTCAAAGCCGTGGCCTGTTCGGCGC
TATTGCAGGTTTTATTGAAGAATGGGAAAATATCCCGTCTATCCAATCCC
GCGGTCTGTTCGGCGCGATCGCAGGTTTCATTGAATAATAAGCTAAGC

SEQ ID NO: 353 STF2.3xHI1C1
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGAGCCTGTTAGCGATGGAATGGGAAAATATCCCTAGCATCCAATC
TCGCGGTCTGTTCGGTGCTATTGCTGGCTTCATCGAGGAATGGGAGAACA
TCCCATCTATTCAGTCTCGCGGCCTGTTTGGTGCGATCGCGGGTTTTATT
GAGGAATGGGAAAACATTCCAAGCATTCAGTCACGTGGTCTTTTCGGCGC
CATCGCTGGTTTTATCGAATGATAAGCTTAGCCCAAGG
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-continued

SEQ ID NO: 354 STF2.2xHIC1
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGARATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGS
TACGGCTTCTGTAACCGGTGGTGCGGTTAAAT TTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCARAAAT
GGCGATTATGAAGTTAACGTTGC TACTGACGGTACAGTAACCCTTGCGGT
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGC TAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTARAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTC TGGCGCAGGCTAACCAGGTCCCGCAGAAL
GTGCTGAGCCTGTTAGCGATGGAATGGGAAAATATCCCTAGCATCCAATC
TCGCGGTCTGTTCGGTGCTATTGC TGGCTTCATCGAGGAATGGGAGAACA
TCCCATCTATTCAGTCTCGCGGCCTGTTTGGTGCGATCGCGGGTTTTATT
GAGTGATAAGCTTAGCCCAAGG

SEQ ID NO: 355 STF2.1xHI1C1
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGG
TACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGAGCCTGTTAGCGATGGAATGGGAAAATATCCCTAGCATCCAATC
TCGCGGTCTGTTCGGTGCTATTGCTGGCTTCATCGAGTGATAAGCTTAGC
CCAAGG

SEQ ID NO: 356 STF2.4xHI1C1

ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAA
CCTGAACAAATCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTT
CTGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGTCAGGCGATT
GCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA
CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG
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AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC
CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC
CCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATA
CAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGS
TACGGCTTCTGTAACCGGTGGTGCGGTTAAAT TTGACGCAGATAATAACA
AGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCARAAAT
GGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGC
TGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACTAAAACAGAAG
TACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGC TAAAAAT
GCCTTAATTGCTGGCGGCGTTGACGC TACCGATGCTAATGGCGCTGAGTT
GGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTT
ATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCAC
TACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAG
TCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT
GATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTARAACCACCGA
AAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGC
GCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTC TGAAGCGCGTAGCCGTATCGAAGA
TTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGC
AGCAGGCCGGTACTTCCGTTC TGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCGGGTTGTGGTTCCGAGTGGGAAAATATTCCGTC
TATCCAGAGCCGTGGTCTGTTCGGCGCAATTGCTGGCTTCATTGAAGAAT
GGGAAAACATCCCGTCCATCCAGAGCCGTGGCCTGTTCGGCGCCATTGCT
GGTTTCATCGAGGAATGGGAAAACATTCCGTCCATCCAGTCCCGCGGTCT
GTTTGGCGCTATCGCCGGTTTCATTGAGGAATGGGAAAATATCCCTTCCA
TCCAGTCTCGTGGTC TGTTCGGCGCGATTGCAGGCTTTATCGAATCTGGT
TGCTAATAAGCTAAGC

SEQ ID NO: 357 Bacterial lipoprotein of E. coli
MKATKLVLGAVILGSTLLAGCSSNAKIDQLSSDVQTLNAKVDQLSNDVNA
MRSDVQAAKDDAAPANQRLDNMATKYRK

SEQ ID NO: 358 H1Cl native peptide
SLWSEENIPSIQSRGLFGAIAGFIEE

Example 15

Flagellin-M2e Fusion Proteins

[0647] M2e is conserved across multiple influenza A sub-
types (also referred to herein as “strain). M2e is at least a
portion of the M2 protein, in particular, a 24 amino-terminus
(also referred to herein as an “ectodomain”) of the M2
protein. The M2 ectodomain is relatively small amino acid
sequence (24 amino acids) compared to HA (about 566
amino acids) and NA (about 469 amino acids). The M2e
sequence of exemplary avian influenza A isolates differs
from that of human isolates, but is highly-conserved among
the avian isolates (see, for example, SEQ ID NOS: 544-556,
570 and 573-578). Four tandem copies of M2e fused to the
carboxy terminus of a flagellin STF2 (full-length or STF2
hinge region-deleted) were generated. The STF2 without the
hinge region is also referred to herein as “STF2A.”

Construction of Fusion Protein

[0648] The carboxy-terminal fusion of the synthetic
4xM2e sequence (4 consecutive 24 amino acid sequences)
with STF2 was constructed as follows. The pET24A vector
was purchased from Novagen, San Diego, Calif. The strat-
egy employed the Seamless Cloning Kit (Catalog number
214400) from Stratagene (La Jolla, Calif. www.strat-
agene.com) performed by DNA 2.0 Inc. (Menlo Park,
Calif.). The gene encoding the fusion protein was in pDrive
4xM2e (G00448 and was used as a PCR template for insert
preparation for construction of the C-terminal fusion expres-
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sion construct with STF2. The synthetic 4xM2e construct
pDrive 4xM2e G00448 was used as a template for PCR as
outlined in the Seamless Cloning Kit (Catalog number
214400) from Stratagene (La Jolla, Calif.). The expected
product from this amplification includes the 318 bp and the
restriction enzyme sites incorporated into the oligonucle-
otides used to amplify this insert. The procedure was as
follows:

PCR Conditions

1 ulL =20 ng of pDrive 4xM2e G00448

5 uL of 10x cloned Pfu polymerase buffer

1 puL of 40 mM dNTP mix

1 plL =10 pmol of forward primer 4xM2eforbsl
1 plL =10 pumol of reverse primer 4xM2erevwsto
40 pL ddH,O

[0649] Immediately before starting the thermal cycling 1
pL of PfuTurbo DNA Polymerase the following were added.

4Xm2eforbsl primer sequence:
(SEQ ID NO: 566)
5'-CGCTCTTCAMTGAGCTTGCTGACTGAGGTTGAGACCCCGATTC

4xM2erevwsto primer sequence:

(SEQ ID NO: 567)
5'-CGCTCTTCACGCTTATTATCTAGACGGGTCTGAGCTATCGTTAGAGC
GAG

[0650] This reaction was cycled as follows on a Thermo
Hybaid PxE thermal cycler (Waltham, Mass.).

Initial cycle
Temperature Duration
95° 3 minutes
65° 1 minute
72° 1 minute

[0651]

Subsequent nine cycles

Temperature Duration
95° 45 seconds
65° 35 seconds
72° 1 minute

[0652] At this point the following was added to each
reaction.

5 uL of 10x cloned Pfu polymerase buffer
1 pL of 5-methyl ANTP mix
44 pl ddH,O

[0653] Subsequently the following thermal cycling was
repeated five times.
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Temperature Duration
95° 45 seconds
65° 35 seconds
72° 1 minute

[0654] The 100 pl product was brought to a volume of
300 uL by the addition of TE buffer. The resulting product
was phenol chloroform (Invitrogen Carlsbad, Calif.-Catalog
number 15593-031) extracted once and chloroform
extracted once. The amplification product was then ethanol
precipitated by addition of 30 pl. of Sodium acetate buffer
pH 5.2 and 750 pl of 100% Ethanol. The DNA pellet
washed twice with 300 pl. 70% Ethanol allowed to air dry
for ten minutes and then resuspended in 50 pl. TE buffer.

Amplification of Vector STF2 in pET24.

[0655] The previously constructed pET24a/STF2.M2e
construct was used as a template for PCR as outlined in the
Seamless Cloning Kit (Catalog number 214400) from Strat-
agene (La Jolla, Calif.). The expected product from this
amplification includes the whole of the pET24 plasmid plus
the STF2 sequences but does not include the single copy of
M2E that exists in this construct. The procedure was as
follow:

PCR Conditions

1 uL -40 ng of STF2.M2E pET22-2

5 uL of 10x cloned Pfu polymerase buffer
1 puL of 40 mM dNTP mix

1 plL =10 pmol of primer 4xMECpET24

1 pLL =10 pmol of primer 4xM2eC-STF2
40 pL ddH,O

[0656] Immediately before starting the thermal cycling the
following were added:

[0657] 1 pL of PfuTurbo DNA Polymerase

4XMECpET24 primer sequence:
(SEQ ID NO: 568)
5 ' -GCTCTTCAGCGGCTGAGCAATAACTAGCATAACCCCTTGGG

4xM2eC-STF2 primer sequence:
(SEQ ID NO: 569)
5'-CGCTCTTCACAGACGTAACAGAGACAGCACGTTCTGCGG

[0658] This reaction was cycled as follows on a Thermo
Hybaid PxE thermal cycler (Waltham, Mass.).

Initial cycle
Temperature Duration
95° 3 minutes
65° 1 minute
72° 18 minutes
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[0659]

Subsequent nine cycles

Temperature Duration
95° 45 seconds
65° 35 seconds
72° 18 minutes

[0660] At this point the following was added to each
reaction.

5 uL of 10x cloned Pfu polymerase buffer
1 pL of 5-methyl ANTP mix
44 pl ddH,O

[0661] Subsequently the following thermal cycling was
repeated five times.

Temperature Duration
95° 45 seconds
65° 35 seconds
72° 18 minutes

[0662] The 100 ul product was brought to a volume of
300 uL by the addition of TE buffer. The resulting product
was phenol chloroform (Invitrogen Carlsbad, Calif.-Catalog
number 15593-031) extracted once and chloroform
extracted once. The amplification product was then ethanol
precipitated by addition of 30 ul. of Sodium acetate buffer
pH 5.2 and 750 pl of 100% Ethanol. The DNA pellet
washed twice with 300 pl. 70% Ethanol allowed to air dry
for ten minutes and then resuspended in 50 ul. TE buffer.

Digestion and Ligation of Vector and Insert Amplifications

[0663] Eam 1104 I digests were set up separately for
vector and insert as follows:

[0664] 30 uL of amplified product after ethanol precipita-
tion

[0665] 5 uL of 10x Universal buffer (Supplied with Seam-
less Cloning Kit)

[0666] 4 ul.Eam 1104 I restriction enzyme (Supplied with
Seamless Cloning Kit)

[0667] 11 pL dd,O

[0668] Digests were mixed gently and incubated at 37° C.
for one hour and ligation reactions of vector and insert
products were prepared as above performed as follows
(Reagents supplied with Seamless Cloning Kit):

[0669]
[0670] 9 pL ddIL,O

[0671] 5 pl of Eam 1104 1 digested 4xM2e amplified
insert

Ingredients added in order listed:
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[0672] 5 pL of Eam 1104 1 digested STF2.M2E pET22-2
amplified vector

[0673] 2 ul 10x Ligase buffer

[0674] 2 uL 10 mM rATP

[0675] 1 ul T4 DNA Ligase (diluted from stock 1:16)
[0676] 1 pl. Eam 1104 I restriction enzyme

[0677] The ligation reactions were mixed gently and incu-

bated for 30 minutes at 37° C. The ligations were then stored
on ice until transformed into XI.-10 competent cells (Strat-
agene Catalog number 200314) later than same day.

Transformation of Ligation into X[.-10 Competent Cells

[0678] Eppendorftubes were chilled for ten minutes while
the XL.-10 (Stratagene Catalog number 200314) competent
cells thawed on ice.

[0679] 50 pL of competent cells were aliquoted from the
stock tube per ligation.

[0680] 2 uL of f-mercaptoethanol stock which is provided
with the XL-10 cells.

[0681] This mixture was incubated for ten minutes on ice
gently mixing every 2 minutes. Seamless cloning ligation
reaction (4 ul) was added, swirled gently and then incubated
on ice for 30 minutes. The tubes were heat shocked for 35
seconds at 42° C. in a water bath. The tubes were incubated
on ice for at least two minutes. SOC medium (400 pl.) were
added to the cells and incubated for one hour at 37° C. with
agitation.

[0682] Two LB agar kanamycin (50 pg/mL) plates are
used to plate 200 pL. and 10 L of the transformed cells and
allowed to grow overnight.

Screening of Kanamycin Resistant Clones

[0683] Recombinant candidates were grown up for mini-
preps in Luria Broth containing Kanamycin (25 ug/ml.) and
extracted using the QIAprep Spin Miniprep Kit (Qiagen
Valencia, Calif. Catalog Number 27106). Candidate clones
were screened by restriction enzymes (New England Biolabs
Beverly, Mass.) and positive clones were grown up in 100
ml, of Luria Broth containing kanamycin (25 ug/mL) and
extracted using the Qiagen HiSpeed Plasmid Midi Kit
(Catalog number 12643). These clones were submitted to
GENEWIZ (North Brunswick; NJ) for sequencing.

Production and Purification of STF2.4xM2e Fusion Protein

[0684] STF2.4xM2e in E. coli BLR(DE3)pLysS host
(Novagen, San Diego, Calif., Catalog #69053) was retrieved
from glycerol stock and scaled up to 5 L. Cells were grown
in LB medium containing 15 pg/ml Kanamycin and 12.5
pg/ml Teteracycline to ODg,,=0.4 and induced with 1 mM
IPTG for 3 h at 37° C. The cells were harvested by
centrifugation (7000 rpmx7 minutes in a Sorvall RC5C
centrifuge) and resuspended in 2xPBS, 1% glycerol,
DNAse, 1 mM PMSF, protease inhibitor cocktail and 1
mg/ml lysozyme. The suspension was passed through a
microfluidizer to lyse the cells. The lysate was centrifuged
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(45,000 g for one hour in a Beckman Optima L ultracentri-
fuge) to separate the soluble fraction from inclusion bodies.
Protein was detected by SDS-PAGE in the soluble and
insoluble fractions.

[0685] The soluble fraction was applied to Sepharose Q
resin in the presence of high salt via batch method to reduce
DNA, endotoxin, and other contaminants. The flow through
containing the protein of interest was loaded onto 30 ml Q
Sepharose column (Amersham Biosciences). Bound protein
was eluted using a linear gradient from Buffer A to B.
(Buffer A: 100 mM Tris-Cl, pH 8.0. Buffer B: 100 mM
Tris-Cl, 1 M NaCl, pH 8.0). Eluted protein was further
purified using a 45 ml Source Q column that provided
greater resolution needed to resolve contaminating proteins.
Bound protein was eluted with a linear gradient from Buffer
Ato B (Buffer A: 100 mM Tris-Cl, pH 8.0 Buffer B: 100 mM
Tris-Cl, 1 M NaCl, pH 8.0).

[0686] Final purification of protein was completed using
Superdex-200 gel filtration chromatography. The column
was developed with 100 mM Tris, 150 mM NaCl and 1%
glycerol plus 1% Na-deoxycholate to remove the LPS.
Buffer exchange was carried out using overnight dialysis
against buffer containing 50 mM Tris, 100 mM NaCl and 1%
glycerol was done to remove Na-deoxycholate. Protein
concentration was determined by the MicroBCA Protein
Assay Reagent Kit (Pierce Biotechnology). Purified prepa-
rations of STF2.4xM2e yielded a single band visible with
Coomassie stain that migrated with an apparent molecular
weight of about 64 kDa on 12% SDS polyacrylamide gels.

Example 16

Expression and Purification of Flagellin (STF2 and
STF2A) Fusion Protein Constructs Encoding
Influenza A M2 Ectodomain Sequences

[0687] The consensus M2e sequences from several influ-
enza A strains of human and avian origin are depicted in
SEQ ID NOS: 544-556, 570 and 573-578. To facilitate the
cloning of the M2e sequence, two vector cassettes, pMT/
STF2 and pMT/STF2A, each containing a multiple cloning
site (MCS) were generated (See FIGS. 17A and 17B). To
generate pMT/STF2, the 1.5 kb gene encoding full length
flagellin of Salmonella typhimurium fljb type 2, or STF2,
was fused to the Ig binding protein (BIP) secretion signal of
pMTBIP/V5-His vector (Invitrogen Corporation, Carlsbad,
Calif.) for expression in Drosophila. The BiP sequence is
included at the 5' end of the construct as a secretion signal
for expression in Drosophila. A chemically-synthesized
4xM2e gene representing the H1, H2 and H3 consensus
sequence, SEQ ID NO: 544, was cloned into the MCS of
pMT/STF2 to create pMT/STF2.4xM2e(H1).

[0688] A similar strategy prophetically is employed to
clone two HS-associated M2e sequences, SLLTEVETP-
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TRNEWECRCSDSSDP (SEQ ID NO: 553) (A/Viet Nam/
1203/2004) and SLLTEVETLTRNGWGCRCSDSSDP
(SEQ ID NO: 552) (A/Hong Kong/156/97). Codon-opti-
mized chemically synthesized genes containing four tan-
demly repeated copies of the indicated H5-associated M2e
sequence prophetically are cloned into pMT/STF2 to gen-
erate  STF2.4xM2e(HSVN) and STF2.4xM2e(HSHK),
respectively. To generate a construct that contains multiple
M2e forms, the heterologous 4xM2e sequence(s) propheti-
cally are inserted into either of the primary constructs.

[0689]
sequences from different species. For example, the H1

“Heterologous sequences,” as used herein, means

sequence is a human sequence and the HS sequence is an
avian sequence. Thus, the H1 and HS sequences are heter-
ologous sequences (e.g., SLLTEVETPTRNEWESRSSDSS-
DPLESLLTEVETPTRNEWESRSSDSSDPESSLLT
EVETPTRNEWESRSSDSSDPGSSLLTE-
VETPTRNEWESRSSDSSDP (SEQ ID NO: 597), encoded

by

(SEQ ID NO: 598)
tctetgectgactgaagtagaaactccaacgecgtaatgaatgggaatcceg

ttctagcgactectetgatectectegagtecetgetgacggaggttgaaa
ccccgacccgcaacgagtgggaaagecgttectecgattectetgatcecg
gagagcagcctgctgaccgaggtagaaaccccgacccgtaatgagtggga
atctcgctecectectgattettetgaccecgggatectetetgetgaccgaag
tggagactccgactcgcaacgaatgggagageccegttcecttetgactectet

gacccg.

[0690] Primary constructs comprise at least one pathogen-
associated molecular pattern (e.g., STF2, STF2A) and at
least a portion of at least one integral membrane protein
(e.g., M2e, such as SEQ ID NOS: 510 and 544). If there is
more than one integral membrane in a primary construct, the
integral membrane proteins are from the same species.

[0691] A heterologous construct includes at least two
integral membrane proteins such as H1 (human) and HS
(avian), for example, in SEQ ID NOS: 583 and 584.

[0692] To generate pMT/STF2A, the hyper-variable
region that spans amino acids 170 to 415 of the full-length
flagellin gene of SEQ ID NO: 499 was deleted and replaced
with a short (10 amino acid) flexible linker (GAPVD-
PASPW, SEQ ID NO: 594) designed to facilitate interactions
of the amino and carboxy terminal sequences necessary for
TLRS signaling. The protein expressed from this construct
retains potent TLRS activity whether expressed alone or in
fusion with test antigen. Thus, a second series of M2e
constructs prophetically is generated based on pMT/STF2A.
Drosophila Dmel-2 cells (Invitrogen Corporation, Carlsbad,
Calif.) grown at room temperature in Schneider’s medium
supplemented with 10% FBS and antibiotics prophetically is
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transfected with the constructs described above using Cell-
fectin reagent (Invitrogen) according to the manufacturer’s
instructions. Twenty-four hours post transfection, cells pro-
phetically is induced with 0.5 mM CuSO, in medium
lacking FBS and incubated for an additional 48 hours.
Conditioned media (CM) prophetically is harvested from
induced cultures and screened for protein expression by
SDS-PAGE and Western blot analyses using anti-flagellin
and anti-M2e specific antibodies. The identity, TLR bioac-
tivity of the fusion protein, antigenicity assessed by ELISA
and in vivo mouse studies for immunogenicity prophetically
is performed.

Example 17

Construction and Expression of
Flagellin-Hemaglutinin (HA) Constructs

[0693] The gene encoding HA from genomic DNA from
the in-house laboratory strain PR8, an attenuated derivative
of A/Puerto Rico/8/34 was isolated (SEQ ID NO: 565,
encoding SEQ ID NO: 564). The gene was fused to the
STF2A cassette that has been previously constructed in
pPICZA generating STF2A.HAPR8 (SEQ ID NO: 560,
encoding SEQ ID NO: 559) (See FIG. 42). Purified recom-
binant protein was tested for immunogenicity and efficacy in
BALB/c mice. The gene encoding H5N1 of the A/Vietnam/
1203/04 strain was custom synthesized and fused to STF2A
cassette generating STF2A.HAHS (SEQ ID NO: 558, encod-
ing SEQ ID NO: 557). Both human and avian HA constructs
were transformed into Pichia pastoris strains GS115 and
X-33 (Invitrogen Corporation, Carlsbad, Calif.). Selected
clones were screened for expression by fractionation on
SDS-PAGE gel and staining by Coommassie Blue and
Western blot analysis using anti-HA and anti-flagellin anti-
bodies.

Example 18

Generation of a Pam3Cys Fusion Protein

[0694] M2e (SEQ ID NO: 544) was chemically coupled to
a tri-palmitoylcysteine (Pam3Cys) moiety through the
amino terminal serine residue of the peptide. The structure
of the fusion protein (Pam3Cys.M2e) is shown in FIG. 39.
The chemical name for Pam3Cys.M2e is [Palmitoyl-
Cys((RS)-2,3-di(palmitoyloxy)-propyl)-Ser-Leu-Leu-Thr-
Glu-Val-Glu-Thr-Pro-Ile-Arg-Asn-Glu-Trp-Gly-Ser-Arg-
Ser-Asn-Asp-Ser-Ser-Asp-Pro-OH  acetate  salt]. The
molecular mass of Pam3Cys.M2e is 3582.3 daltons.

[0695] Pam3Cys.M2e was synthesized using a solid phase
peptide synthesis methodology based on a well established
Fmoc-strategy (Houben-Weyl, 2004. Synthesis of peptides
and peptidomimetics, Vol. 22, Georg Thieme Verlag Stut-
tgart, N.Y.). The synthetic scheme and manufacturing pro-
cess for Pam3Cys.M2e is diagrammed in the flow chart
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below. The Pam3Cys.M2e is a fusion protein (chemically
linked) and is also referred to herein as a “lipidated peptide.”

[0696] The first step in the synthesis included solid phase
peptide synthesis. The amino acid sequence of
Pam3Cys.M2e was assembled on an H-Pro-2-chlorotrityl
chloride resin by solid phase peptide synthesis. This resin is
highly suitable for the formation of peptides with the Fmoc-
strategy. The peptide chain was elongated by successive
coupling of the amino acid derivatives. Each coupling step
was preceded by an Fmoc-deprotection step and both steps
were accompanied by repeated washing of the resin. After
coupling of the last amino acid derivative, the final Fmoc-
deprotection step was performed. Finally, the peptide resin
washed and dried under reduced pressure. During solid
phase peptide synthesis color indicator tests were performed
for each step to monitor the completion of the Fmoc-
cleavage and the subsequent coupling of the amino acid

derivatives.

[0697] Stage 2 of the synthesis included coupling of
Pam3Cys-OH. Pam3Cys-OH was pre-activated with N,N'-
dicyclohexyl-carbodiimide (DCCI) in the presence of 1-hy-
droxybenzotriazole (HOBt). The resulting solution was fil-
tered and added to the peptide resin. At the end of the
reaction time the peptide resin washed and dried under
reduced pressure. Color indicator tests were performed to
control the coupling of Pam3Cys-OH.

[0698] Stage 3 of the synthesis included cleavage from the
resin including cleavage of the side chain protecting groups.
The peptide resin was treated with trifluoroacetic acid
(TFA). The product was precipitated from the reaction
mixture and lyophilized.

[0699] Stage 4 of the synthesis included purification by
preparative reverse phase HPLC. The crude material
obtained from Stage 3 was purified by preparative HPL.C on
a reverse phase column using a TFA system. The fractions
were collected, checked by analytical HPL.C and pooled
accordingly. Pooled fractions from the TFA runs were lyo-
philized.

[0700] Stage 5 of the synthesis included precipitation in
the presence of EDTA. The purified material from Stage 4
was precipitated from an aqueous solution of EDTA. The
product was filtered off and dried under reduced pressure.

[0701] Stage 6 of the synthesis included ion exchange
chromatography. The last stage of manufacturing
Pam3Cys.M2e was the exchange from the trifluoroacetate
salt into the acetate salt by ion exchange. The material from
Stage 5 was loaded onto an ion exchange column and eluted
with acetic acid. Fractions were checked by thin layer
chromatography and the combined product-containing frac-
tions were filtered and lyophilized to yield the final product.
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H-Pro-2-chlorotrityl chloride resin

Stage 1: Solid phase
peptide synthesis
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Coupling of 23 N-a-Fmoc-protected
amino acid derivatives carry the side
chain protecting groups mentioned below;
final Fmoc-deprotection at the N-terminus

H-Ser(tBu)-Leu-Leu- Thr(tBu)-Glu(OtB

Ser(tBu)-Ser(tBu)-Asp(OtBu)-Pro-2-chlorotrityl chloride

1) Val-Glu(OtBu)- Thr(tBu)-Pro-Ile- Arg(Pbf)-
Asn(Mtt)-Glu(OtBu)-Trp(Boc)-Gly-Ser(tBu)-Arg(Pbf)-Ser(tBu)- Asn(Mtt)-Asp(OtBu)-

resin

| Stage 2: Coupling ofPa.mS—Cys—OHl

Drying

Pam3-Cys-Ser(tBu)-Leu-Leu-Thr(tBu)-Glu(OtBu)- Val-Glu(OtBu)- Thr(tBu)-Pro-Ile-
Arg(Pbf)-Asn(Mtt)-Glu(OtBu)-Trp(Boc)-Gly-Ser(tBu)- Arg(Pbf)-Ser(tBu)- Asn(Mtt)-
Asp(OtBu)-Ser(tBu)-Ser(tBu)-Asp (OtlBu)—Pro—Z—chlorotrityl chloride resin

Stage 3: Cleavage from the resin including
cleavage of the side chain protecting groups

Ser-Arg-Ser-Asn-Asp-Ser-Ser-Asp-
Lyophilization

Pam3-Cys-Ser-Leu-Leu-Thr-Glu-Val-Glu-Thr-Pro-Ile- Arg- Asn-Glu-Trp-Gly-
Pro-OH crude (trifluoroacetate salt)

Stage 4: Purification by preparative HPLC

Pam3-Cys-Ser-Leu-Leu-Thr-Glu- Val-Glu-Thr-Pro-Ile- Arg- Asn-Glu-Trp-Gly-Ser-
Arg-Ser-Asn-Asp-Ser-Ser- Asp-Pro-OH purified (trifluoroacetate salt)

Stage 5: Precipitation in the presence of
E

Ser-Asn-Asp-Ser-Ser-Asp-Pro-OH purified (trifluoroacetate s
Drying

Pam3-Cys-Ser-Leu-Leu-Thr-Glu-Val-Glu-Thr-Pro-Ile- Arg- Asn-Glu-Trp-Gly-Ser-Arg-

alt)

Stage 6: Ion exchange

Ser-Asn-Asp-Ser-Ser-Asp-Pro-OH purified (acetate salt)
Final Iyophilization

Pam3-Cys-Ser-Leu-Leu-Thr-Glu-Val-Glu-Thr-Pro-Ile- Arg- Asn-Glu-Trp-Gly-Ser-Arg-

Pam3-Cys-OH = Palmitoyl-Cys(RS)-2,3-di(palmitoyloxy)-propyl)-OH

[0702] The purity specification for the Pam3Cys.M2e drug
substance was >80% by RP-HPLC. The specification was
based on the purity achieved with three non-GMP lots of
Pam3Cys.M2e made from the same GMP batch of M2e-
peptide intermediate resin. The purity of the three non-GMP
lots of Pam3Cys.M2e was 80.2%, 80.3% and 80.8%, for lots
D.001.Pam3Cys.M2e, D.002.Pam3Cys.M2e and
D.003.Pam3Cys.M2e, respectively.

Example 19
Immunogenicity
Materials and methods
Synthesis and Purification of PAM3Cys.M2e

[0703] Pam3Cys.M2e was prepared by Genemed Synthe-
sis and Bachem using solid phase synthesis methodologies

and FMOC chemistry as described above. Mass spectros-
copy analysis was used to verify the molecular weight of the
final product.

Endotoxin Assay

[0704] Endotoxin levels of the STF2.4xM2e and the
Pam3Cys.M2e were measured using the QCL-1000 Quan-
titative Chromogenic LAL test kit (BioWhittaker #50-
648U), following the manufacturer’s instructions for the
microplate method.

TLRS Bioactivity Assay

[0705] HEK293 cells constitutively express TLRS and
secrete several soluble factors, including IL.-8, in response to
TLRS signaling. HEK293 cells were seeded in 96-well
microplates (50,000 cells/well) and test proteins were added
and incubated overnight. The next day, the conditioned
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medium was harvested, transferred to a clean 96-well micro-
plate and frozen at -20° C. After thawing, the conditioned
medium was assayed for the presence of IL.-8 in a sandwich
ELISA using an anti-human I[-8 matched antibody pair
(Pierce, #M801E and #M802B) following the manufactur-
er’s instructions. Optical density was measured using a
microplate spectrophotometer (FARCyte, Amersham).
Results are reported as pg of IL8 per ml as determined by
inclusion of a standard curve for IL8 in the assay.

TLR2 Bioactivity Assay

[0706] RAW264.7 cells (ATCC) express TLR2 and
secrete several soluble factors, including TNFa, in response
to TLR2 signaling. RAW264.7 cells were seeded in 96-well
microplates (50,000 cells/well), test compounds were added
and incubated overnight. The next day, the conditioned
medium was harvested, transferred to a clean 96-well micro-
plate and frozen at -20° C. After thawing, the conditioned
medium was assayed for the presence of TNFa in a sand-
wich ELISA using an anti-mouse TNFa matched antibody
pair (Pierce) following the manufacturer’s instructions.
Optical density was measured using a microplate spectro-
photometer (FARCyte, Amersham). Results are reported as
ng of TNF per ml as determined by reference to a standard
curve for TNF included in the assay.

Mouse Immunogenicity

[0707] Female BALB/c mice (National Cancer Institute)
were used at the age of about 6-8 weeks. Mice were divided
into groups of 5 to 10 mice per group, and immunized
subcutaneously on each side of the base of the tail on days
0 and 21 with the indicated concentrations of STF2.4xM2e
or Pam3Cys.M2e fusion protein. On days 10 (primary) and
28 (boost), individual mice were bled by retro-orbital punc-
ture. Sera were harvested by clotting and centrifugation of
the heparin-free blood samples.

Mouse Serum Antibody Determination

[0708] M2e-specific IgG levels were determined by
ELISA. 96-well ELISA plates were coated overnight at 4° C.
with 100 pl/well of a 5 pg/ml solution of the M2e peptide in
PBS. Plates were blocked with 200 ul/well of Assay Diluent
Buffer (ADB; BD Pharmingen) for one hour at room tem-
perature. The plates were washed three times in PBS con-
taining 0.05% Tween-20 (PBS-T). Dilutions of the sera in
ADB were added (100 pl/well) and the plates were incu-
bated overnight at 4° C. The plates were washed three times
with PBS-T. Horse radish peroxidase, or HRP-labeled goat
anti-mouse IgG antibodies (Jackson Immunochemical)
diluted in ADB were added (100 pl/well) and the plates were
incubated at room temperature for 1 hour. The plates were
washed three times with PBS-T. After adding TMB Ultra
substrate (3,3',5,5'-tetramentylbenzidine; Pierce) and moni-
toring color development, the O.D. 450 was measured on a
Tecan Farcyte microspectrophotometer.

Rabbit Immunogenicity

[0709] Female and male NZW rabbits (Covance Research
Products) were used at the age of about 13-17 weeks.
Rabbits were divided into groups of 3 male and 3 female per
group, and immunized i.m. on alternating thighs on days 0
and 21 and 42 with the indicated concentrations of
Pam3Cys.M2e peptide or STF2.4xM2e fusion protein. Ani-
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mals were bled on day -1 (prebleed), 14 (primary) and 28
and 42 (boost). Sera were prepared by clotting and centrifu-
gation of samples.

Rabbit Serum Antibody Determination

[0710] M2e-specific IgG levels were determined by
ELISA. 96-well ELISA plates were coated overnight at
about 4° C. with 100 pl/well M2e peptide in PBS (5 png/ml).
Plates were blocked with 200 pl/well of Assay Diluent
Buffer (ADB; BD Pharmingen) for one hour at room tem-
perature. The plates were washed three times in PBS-T.
Dilutions of the sera in ADB were added (100 ul/well) and
the plates were incubated overnight at about 4° C. The plates
were washed 3x with PBS-T. Bound IgG was detected using
HRP-conjugated goat anti-rabbit IgG (Jackson Immu-
nochemical). The plates were washed three times with
PBS-T. After adding TMB Ultra substrate (Pierce) and
monitoring color development, O.D. 450 was measured on
a Molecular Devices Spectramax microspectrophotometer.
Results are reported as the Delta O.D. which is determined
by subtracting the O.D. 450 reading for the prebleed of each
animal from the O.D. 450 for each animal post-immuniza-
tion.

BALB/C Mouse Efficacy Model

[0711] In atypical experiment, about 5-6 week old female
BALB/c mice (10-20 per group) were obtained and allowed
to acclimate for one week. Fusion proteins formulated in
PBS or other suitable formulation were administered by s.c.
injection. Mice were immunized on days 0 and 14. On day
21, sera was harvested by retro-orbital puncture and evalu-
ated for M2e specific IgG by ELISA. Mice were challenged
by intranasal administration of 1xL.D90 of the well charac-
terized mouse adapted Influenza A strain, A/Puerto Rico/8/
34 (HIN1). Mice were monitored daily for 14 days for
survival and weight loss. Mice that lost about 30% of their
initial body weight were humanely sacrificed, and the day of
sacrifice recorded as the day of death. Efficacy data were
reported as survival times.

Results
In Vitro Bioactivity

[0712] These assays were based on cell lines expressing
the relevant TLR and screened for the ability to produce
either IL.8 or TNF-c in response to TLR triggering. In FIG.
52, the ability of STF2.4xM2e (M) or STF2.0VA (O) to
stimulate TLRS dependent I1.8 production was evaluated
following the stimulation of TLRS positive, HEK293 cells.
The results indicate that both fusion proteins stimulated 1.8
production in a dose dependent manner and that the activity
of the PAMP was retained in the context of the fusion.

[0713] TLR2 activity was similarly evaluated for
Pam3Cys.M2e following stimulation of TLR2 positive
RAW264.7 cells. In FIG. 51, the experimental groups are:
the known endotoxin, LPS, as a positive control (¢), LPS
plus the inhibitor of endotoxin polymixin B (PMB) as a
negative control (O), free Pam3Cys as a positive control for
TLR2 signalling (M), free Pam3Cys plus PMB (0O),
Pam3Cys.M2e (#) and Pam3Cys.M2e plus PMB (< ). The
results showed similar activity profiles for Pam3Cys.M2e
and the free TLR2 ligand Pam3Cys. The addition of poly-
myxin B (PMB) did not reduce its activity, indicating that
there is no or low endotoxin contamination.
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Physical Linkage of PAMP and Antigen Enhances Immu-
nogenicity

[0714] Using mouse models of immunogenicity, chemical
coupling of Pam3Cys to M2e enhances the immunogenicity
of the M2e antigen as compared to either the M2e peptide
delivered alone or the M2e peptide co-delivered with free
Pam3Cys. In the experiment shown in FIG. 52, groups of
mice were immunized on days 0 and 21 with PBS as a
negative control (*), the free TLR2 ligand, Pam3CSK-4 (( ),
M2e peptide alone (o), free Pam3CSK-4 mixed with M2e
peptide (O0), or the fusion of Pam3Cys and M2e referred to
as Pam3.M2e (#). The relevant the molar ratio of M2e
peptide delivered was held constant. On day 28, sera were
harvested and analyzed for M2e-specific antibody titers by
ELISA. The results show that chemical coupling of
Pam3Cys to the M2e (Pam3Cys.M2e) generates a detectable
serum antibody response to the M2e antigen.

[0715] Physical linkage between the TLRS ligand STF2
and antigen was demonstrated using the model antigen
ovalbumin (OVA). Mice received a single s.c. immunization
with STF2, OVA, STF2.0VA fusion protein, STF2+OVA
mixture or PBS alone. Dosages were calculated to deliver 12
ng equivalents of STF2 and OVA per group. Seven days
later, sera were harvested and OVA-specific antibodies were
examined by ELISA. Data shown in FIG. 53 depict IgG1
titers at a 1:100 dilution of the sera. These results demon-
strate that physical linkage of the TLRS ligand and antigen
results in optimal immunogenicity in vivo.

PAMP Linked Antigens are More Immunogenic than Con-
ventional Adjuvant

[0716] Groups of 5 BALB/c mice were immunized on day
0 and 14 with 30 pg of Pam3Cys.M2e (#), 22.5 pg of M2e
which is the molar equivalent of M2e in 30 npg of
Pam3Cys.M2e (<), 22.5 mg of M2e adsorbed to the con-
ventional adjuvant Alum (1), or 25 mg of the recombinant
protein STF2.4xM2e (H). A group receiving PBS was
included as a negative control (o). Sera were harvested 7
days post the second dose and M2e specific IgG were
evaluated by ELISA. The results shown in FIG. 54 indicate
that M2e alone is poorly immunogenic in that it failed to
elicit antibody titers above background. The conventional
adjuvant Alum provided a modest enhancement in the
immune response to M2e. The PAMP linked M2e con-
structs; however, provided the greatest enhancement in
immunogenicity. These results indicate direct linkage of
PAMPs with portions of an integral membrane protein of an
influenza viral protein can elicit immune responses that are
more potent than those elicited by the conventional adjuvant
Alum.

Dose and Immunogenicity

[0717] Dose ranging studies were carried out to further
assess the potency of Pam3Cys.M2e and STF2.4xM2e. For
STF2.4xM2e, BALB/c mice were immunized on day 0 and
14 with dilutions of STF2.4xM2e that ranged from 0.25 to
25 pg of STF2.4xM2e per immunization. The prefix D002
refers to the specific batch of STF2.4xM2e used in this
experiment, while R-028 refers to a historical reference
batch of STF2.4xM2e used in this experiment. Seven days
following the last immunization (Day 21) mice were bled
and M2e-specific IgG responses were evaluated by ELISA.
The results shown in FIG. 55 demonstrate that immunization
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with doses as low as 0.25 pg per immunization of STF2.4x
M2e induced detectable levels of M2e-specific IgG, with the
optimal dose in mice falling in the range of about 2.5 to
about 25 ug.

[0718] For Pam3Cys.M2e, BALB/c mice were immunized
on day 0 and 14 with 0.05 to 30 pg of Pam3Cys.M2e per
immunization. Seven days following the last immunization
(Day 21) mice were bled and M2e-specific IgG responses
were evaluated by ELISA. The results shown in FIG. 56
demonstrate that immunization with concentrations as low
as 0.05 pg of Pam3Cys.M2e induced detectable levels of
M2e-specific IgG, with the optimal dose for mice in this
study of about 30 pg.

Immunogenicity In Multiple Mouse Strains

[0719] The immunogenicity of Pam3Cys.M2e was evalu-
ated in multiple mouse strains including BALB/c (@),
C57BL/6 (W), CB6/F1 (4), DBA/2 (A), Cr:NIH (Swiss) (X)
and C3H/HeN (*). Groups of five for each strain were
immunized on day 0 and 14 with 30 pg of Pam3Cys.M2e per
immunization. Sera were harvested on day 21 and levels of
M2e-specific IgG evaluated by ELISA. All strains exhibited
significant levels of M2e-specific IgG indicating that the
immunogenicity of Pam3Cys.M2e is not dependent on a
particular MHC (FIG. 57).

Immunogenicity in Rabbits

[0720] Studies aimed at evaluating the immunogenicity of
Pam3Cys.M2e and STF2.4xM2e in a second species, rabbit,
were carried out. In the first study, rabbits (3 females and 3
males/group) were immunized with 500, 150, 50, 15 or 5 pg
(im.) of Pam3Cys.M2e on day 0, 21 and 42. As a control,
an additional group received the formulation buffer F111 (10
mM Tris, 10 mM histidine, 75 mM NaCl, 5% sucrose,
0.02% Polysorbate-80, 0.1 mM EDTA, 0.5% ethanol, 20
mg/mL hydroxypropyl-beta-cyclodextrin, pH 7.2). On day 7
post-boost 2, peripheral blood was obtained and the anti-
M2e antibody titers were evaluated by ELISA. The results
shown in FIG. 58 depict the individual rabbit antibody titers
at a 1:125 dilution of the sera. The data suggest a dose-
response relationship between the amount of Pam3Cys.M2e
used for prime/boost vaccinations and the level of the
antibody titer achieved.

[0721] In the second study, rabbits (3 females and 3
males/group) were immunized with 500, 150, 50, 15 or 5 pg
(im.) of STF2.4xM2e. As a control, an additional group
received saline alone. On day 14 post-immunization, periph-
eral blood was obtained and the anti-M2e antibody titers
were evaluated by ELISA. Notably, significant M2e-specific
IgG responses were detectable by day 14 post-prime in all
animals immunized (FIG. 59). The results indicate that
STF2.4xM2e elicits a rapid and consistent immune response
in rabbits.

Efficacy in the Mouse Challenge Model

[0722] The efficacy of the Pam3Cys.M2e and STF2.4x
M2e was evaluated in BALB/c mice using the well charac-
terized mouse adapted strain, Influenza A/Puerto Rico/8/34
(PR/B) as the challenge virus. Groups of ten mice were
immunized s.c. on day 0 and 14 with 30 pg of Pam3Cys.M2e
in the formulation buffer F111 (M), 30 pg of Pam3Cys.M2e
in the proprietary buffer F120 (10 mM Tris, 10 mM histi-
dine, 10% sucrose, 0.02% Polysorbate-80, 0.1 mM EDTA,
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0.5% ethanol, 0.075% docusate sodium, pH 7.2) (A), 30 ug
of Pam3Cys.M2e in the buffer F119 (10 mM Tris, 10 mM
histidine, 75 mM NaCl, 5% sucrose, 0.02% Polysorbate-80,
0.1 mM EDTA, 0.5% ethanol, 0.1% docusate sodium, pH
7.2), 30 ug of STF2.4xM2e in the buffer F105 (10 mM Tris,
10 mM histidine, 75 mM NaCl, 5% sucrose, 0.02% Polysor-
bate-80, 0.1 mM EDTA, 0.5% ethanol, pH 7.2), 3 ug of
STF2.4xM2e in buffer F105 (10 mM Tris, 10 mM histidine,
75 mM NaCl, 5% sucrose, 0.02% Polysorbate-80, 0.1 mM
EDTA, 0.5% ethanol, pH 7.2) (@) or 0.3 ug of STF2.4xM2e
in buffer F105 (O). A group receiving PBS alone was
included as a negative control (o), and a convalescent group
with immunity to PR/8 following a sublethal challenge with
the virus was included as a positive control (< ). On day 28,
animals were challenge with an LD90 of the PR/8 challenge
stock. Weight loss and survival was followed for 14 days
post challenge (FIG. 60).

[0723] Animals in the convalescent group which had
successfully cleared an earlier non-lethal infection with
PR/8 demonstrated 100% protection to a subsequent viral
challenge. Animals receiving the PBS buffer alone exhibited
morbidity beginning on days 7 and 8, with 80% lethality
occurring by day 10, while animals immunized with 30 ug
of Pam3Cys.M2e in F111 demonstrated enhanced survival,
with 50% of mice surviving the challenge. Animals receiv-
ing Pam3Cys.M2e in F119 exhibited morbidity beginning
on days 8 and 9 with 80% of the mice surviving. Animals
receiving Pam3Cys.M2e in buffer F120 (10 mM Tris, 10
mM histidine, 10% sucrose, 0.02% Polysorbate-80, 0.1 mM
EDTA, 0.5% ethanol, 0.075% docusate sodium, pH 7.2) or
the STF2.4xM2e protein exhibited the mildest disease
course with 90 to 100% of the mice in these groups
surviving the lethal challenge. These results demonstrate
that both Pam3Cys.M2e and STF2.4xM2e can confer pro-
tective immunity to a challenge with influenza A in vivo.

Discussion

[0724] Salmonella typhimurium flagellin (fjB) is a ligand
for TLRS. A recombinant protein consisting of full-length
flijB (STF2) fused to four tandem repeats of M2e was
expressed in E. coli and purified to >95% purity with low
endotoxin levels. In reporter cell lines, this protein (STF2.4x
M2e) triggered 118 production in a TLRS5-dependent fash-
ion. Mice immunized with dilutions of STF2.4xM2e that
ranged from 0.25 pg to 25 pg, formulated in the buffer F105
which is without a conventional adjuvant or carrier, mounted
a vigorous antibody response. The potency of the recombi-
nant protein was further demonstrated in rabbit immunoge-
nicity studies where animals receiving as little as 5 pg of
protein seroconverted after a single dose. The efficacy of the
PAMP fusion protein was demonstrated in the mouse chal-
lenge model using Influenza A/Puerto Rico/8/34 as the
challenge virus. Mice immunized with as little as about 0.3
ng of the protein per dose exhibited mild morbidity with
100% of the mice surviving the challenge.

[0725] Synthetic tripalmitoylated peptides mimic the acy-
lated amino terminus of lipidated bacterial proteins and are
potent activators of TLR2. In these studies, a tripalmitoy-
lated peptide consisting of three fatty acid chains linked to
a cysteine residue and the amino terminus of the Influenza
A M2 ectodomain (M2e) was synthesized using standard
solid-phase  peptide  chemistries.  This  peptide
(Pam3Cys.M2e) triggered TNFo production in a TLR2-
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dependent fashion in reporter cell lines. When used to
immunize mice without adjuvant, Pam3Cys.M2e generated
an antibody response that was more potent than M2e when
mixed with free Pam3CSK-4. Pam3Cys.M2e was also found
to be immunogenic in rabbits where a dose response rela-
tionship was observed between the amount of
Pam3Cys.M2e used for immunization and the antibody titer
achieved. The efficacy of the Pam3Cys.M2e peptide in a
number of different formulations was evaluated in the mouse
challenge model using Influenza A/Puerto Rico/8/34 as the
challenge virus. Pam3Cys.M2e formulated in F119 and
F120 exhibited the mildest morbidity with about 80 to about
100% of the mice surviving the challenge.

Example 20

Materials and Methods
PCR Amplification and DNA Primers

[0726] All PCR amplifications were performed using Pfu
Ultra Hotstart PCR Master Mix (Catalog number 600630)
from Stratagene (La Jolla, Calif.) according to the manu-
facturer’s recommendations. DNA primers were purchased
from Sigma Genosys and are described below.

STF28BGF-1:
(SEQ ID NO: 644)
CTCGGGAGATCTGCACAAGTAATCAACACTAACAGTCT

STF28MCR-1:
(SEQ ID NO: 645)
CCATGGGCTAGCAGGATCCACCGGCGCTCCCTGCACGTTCA

STF28MCF-2:
(SEQ ID NO: 646)
GGAGCGCCGGTGGATCCTGCTAGCCCATGGACCGAAAACCCE

STF28ECR-2:

(SEQ ID NO: 647)
TCTGCAGAATTCACGTAACAGAGACAGCACGTTCTGCGGGACGTCCCGCA
GAACGTGCTGTCTCTGTTACGTGAATTCTGCAGA

pET24AR:5
(SEQ ID NO: 648)
TCCGGCGTAGAGGATCGAGA

STF2-E3R3:

(SEQ ID NO: 649)
CAATTGACCTTCAAGCTTCGAATTGCCCTTACGTAACAGAGACAGCACGT
TCTG

AX-E3F3:

(SEQ ID NO: 650)
AAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGTATGGAAAAATTGCA
GTTGRAG

pET24AF:
(SEQ ID NO: 651)
GCTTAATGCGCCGCTACAGG

5'WNE28:
(SEQ ID NO: 652)
GCGGCCGCTCATGGAAAAATTGCAGTTGAAGGGAACAACC

3'WNE28:
(SEQ ID NO: 653)
CCGCGGTTTGCCAATGC TGCTTCCAGACTTGT

NdeI-STF2:
(SEQ ID NO: 654)
CCGGCATGCCATATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGC
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-continued
BlpI-EdIII:
(SEQ ID NO: 656)
GCATGCTCAGCTTATTAAGGGTTTGCCAATGC TGCTTCCCAGACTTGTG

JE EIII primer:
(SEQ ID NO: 53)
TACGTGAATTCAGCAGATATCCAGCAC

Cloning of pET/STF2A.EIII

[0727] Full length flagellin of Salmonella typhimurium
fljb (flagellin phase 2) (also referred to herein as “STF2”) is
encoded by a 1.5 kb gene. A truncated version of the STF2
(STF2A, SEQ ID NO: 606, encoded by SEQ ID NO: 607)
was generated by deleting the hyper-variable region that
spans amino acids 170 to 415 of SEQ ID NO: 604. The
deleted region was replaced with a short flexible linker
(GAPVDPASPW, SEQ ID NO: 659) designed to facilitate
interactions of the NH2 and COOH termini sequences
necessary for TLRS signaling. To generate this construct, a
two-step PCR was used. In the first reaction, STF2.0VA
(SEQ ID NO: 755 encoding amino acid sequence SEQ 1D
NO: 756) served as the DNA template and STF28BGF-1 and
STF28MCR-1 were used as primer pairs. In a separate
reaction, the same DNA template was combined with prim-
ers STF28MCF-2 and STF28ECR-2.

[0728] The PCR amplification reactions generated about
500 bp and about 270 bp fragments, respectively. These PCR
products were combined in a final PCR reaction using
STF28BGF-1 and STF28ECR-2 as primers. The amplified
DNA product from this reaction (about 0.77 kb) was
digested with Bglll and EcoRI restriction enzymes and
ligated into pMTBiP/V5-His B (Invitrogen, Carlsbad, Calif.)
that had previously been digested with Bglll and EcoRI and
treated with alkaline phosphatase. An aliquot of the ligation
mix was used to transform TOP10 cells (InVitrogen, Carls-
bad, Calif.). PCR screening was performed using vector
specific primers, pPMTFOR (methionine promoter) (CATCT-
CAGTGCAACTAAA, SEQ ID NO: 759) and BGHREV
(bovine growth hormone poly A) (TAGAAGGCACAGTC-
GAGG, SEQ ID NO: 760), to identify several positive
clones. All positive clones were further analyzed by restric-
tion mapping analysis and confirmed by DNA sequencing.
The resultant construct pMT/STF2A was used to generate
pMT/STF2A.EIll+.

[0729] The domain IIT of the West Nile virus envelope
protein of pET/STF2A. EIll+ (SEQ ID NOS: 673, 674) was
derived from the Drosophila expression plasmid pMT/
STF2.E. This plasmid contains full-length STF2 (amino
acids 1-506, SEQ ID NO: 604) fused to the West Nile Virus
envelope protein (amino acids 1-406, SEQ ID NO: 642). The
pMT/STF2.E (SEQ ID NO: 761) clone AX-1 was used as a
DNA template and 5S'WNE28 (SEQ ID NO: 652) and
3'WNE28 (SEQ ID NO: 653) served as primers for PCR
amplification. In order to facilitate restriction analysis and
subsequent cloning steps, the 5' primer encoded a novel Notl
site (New England Biolabs, Beverly, Mass.) and the 3'
primer contained a unique Sacll site. The amplified EIIl+
DNA fragment (345 bp; SEQ ID NO: 781 that encodes
amino acids 292-406 of SEQ ID NO: 642) was subcloned
into pCR-Blunt II-TOPO cloning vector (InVitrogen, Carls-
bad, Calif.) to generate plasmid TOPOEIII. A stop codon
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was subsequently introduced downstream of the EIIl+
sequence by blunting the Sacll and Spel restriction sites
using T4 DNA polymerase.

[0730] To generate pMT/STF2A.EII+ (SEQ ID NOS:
673, 674), the EIll+ fragment was isolated from TOPOEIII+
using Notl and BamHI restriction sites and ligated into the
Notl and Sacll restriction sites in pMT/STF2A. The BamHI
site of the EIII+DNA fragment and the Sacll site of pMT-
STF2A were blunted with T4 DNA polymerase prior to
ligation. The STF2AEIIl+ sequence (SEQ ID NOS: 673,
674) from pMT/STF2A.Ell+ was isolated by PCR amplifi-
cation using the primers Ndel-STF2 and Blpl-EdIIl. To
generate pET/STF2A EIll+ (SEQ ID NO: 674), the PCR
product was digested with Ndel and Blpl and ligated into
pET24a plasmid that had been predigested with Ndel and
Blpl. The ligation mix was transformed into Mach-1 cells
(InVitrogen, Carlsbad, Calif.) and the cells were grown on
LB supplemented with 50 pg/ml kanamycin. Several colo-
nies were screened by restriction mapping and were verified
by DNA sequencing.

Cloning of pET/STF2. EIll+

[0731] The West Nile virus EIll+ sequence of pET/
STF2.EII+ (SEQ ID NOS: 657, 658) was derived from
pETSTF2.E (SEQ ID NOS: 761, 762). This E. coli expres-
sion plasmid contains full-length STF2 (amino acids 1-506)
fused to the West Nile Virus envelope protein (amino acids
292-406 of SEQ ID NO: 642, which is SEQ ID NO: 610).
In two independent PCR reactions, pET/STF2.E was used as
the DNA template. One reaction used the primers
pET24AR:5 (SEQ ID NO: 648) and STF2-E3R3: (SEQ ID
NO: 649) and the other used AX-E3F3 (SEQ ID NO: 650)
and pET24AF (SEQ ID NO: 651). These PCR reactions
generated a 1.5 kb fragment that consisted of full-length
STF2 and a 340 bp fragment that comprised the EIIl domain
plus additional amino acids that extended into domain I of
the envelope protein. Aliquots of these PCR amplification
reactions were combined, and the two products served as
templates for a PCR reaction with the external primers
pET24AR (SEQ ID NO: 648) and pET24AF (SEQ ID NO:
651). This resulted in the generation of about a 1.8 kb DNA
fragment that fused EIll+ sequence (SEQ ID NO: 781, a
nucleic acid sequence encoding amino acids 292-406 of
SEQ ID NO: 642, which is SEQ ID NO: 610) to STF2. The
PCR product was digested with Ndel and Blpl and gel
purified and ligated by compatible ends to a pET24a vector
that had previously been digested with compatible enzymes
and de-phosphorylated. The ligation mix was transformed
into Mach-1 cells (InVitrogen, Carlsbad, Calif.) as described
for pET/STF2A EIll+. Several colonies were screened by
restriction mapping and two clones were verified by DNA
sequencing.

Cloning of pET/STF2A.JEII+

[0732] A portion of the envelope protein of a Japanese
encephalitis virus (JEV) (strain SA-14-14-2 (Jai, L., et al.,
Chin Med J (Eng) 116:941-943 (2003)); currently employed
in a JEV vaccine encoded by domain III was custom
synthesized by DNA 2. Inc (Menlo Park, Calif.). The portion
of domain III was excised from the pJ2:G01510 using Notl
and Blp I site that flank the insert. The DNA insert was gel
isolated and cloned by compatible ends to pET24A/
STF2A EIll+ (SEQ ID NOS: 673, 674) that had previously
been digested with the appropriate enzymes to release the
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West Nile virus EIII+ insert. The deleted vector was then gel
purified and ligated to an aliquot of JE EIll+. The ligation
mix was used to transform TOP-10 cells (InVitrogen, Carls-
bad, Calif.) and the cells were grown on LB supplemented
with 50 pug/ml kanamycin. Several colonies were screened
by restriction mapping and were verified by DNA sequenc-
ing.

[0733] The resulting construct, pET24A/STF2A.JEIII
(SEQ ID NOS: 608, 609) was BLR (DE3) strain (Novagen)
and expression was monitored in several clones using Com-
massie Blue staining which was confirmed by Western blot
using  anti-flagellin  antibodies.  Using, pET24A/
STF2A.JEIII+ as the DNA template and the JE EIll+ oligo-
nucleotide as primer (SEQ ID NO: 656) the cysteine residue
in the linker region between STF2A and JEIII+ was changed
to a serine residue using QuikChange Site Directed
Mutagenesis Kit (Stratagene, LaJolla, Calif.) according to
the manaufacturer’s instructions. The clone was verified by
sequencing and assayed for expression as described for
pET24A/STF2A.JEIII+ above.

[0734] When a cysteine residue in a linker in change to a
serine residue the fusion protein in also referred to herein by
inclusion of an “s” in the designation of the fusion protein.
For example, “STF2A.EIII+” includes a cysteine residue in
the linker (SEQ ID NO: 674), whereas “STF2A.EIlls+”
include a serine residue substituted for the cysteine residue
in the linker (SEQ ID NO: 675).

Cloning the EIIl Domain of Each Dengue Virus Fused to the
C-Terminal End of Flagellin (STF2A)

[0735] Initially, obtaining biologically active material
from the fusion of the entire envelope protein of West Nile
virus was difficult, perhaps due to the presence of multiple
cysteines residues (12 cysteines) in the envelope protein (see
SEQ ID NO: 642). However, when the region encoding
domain III (EIII) of the protein was sub-cloned, the fusion
protein was abundantly expressed in E. co/i and was highly
efficacious in mice. Although there is an overall sequence
dissimilarity among the 4 distinct DEN viruses (Denl,
Den2, Den3, Dend4, SEQ ID NOS: 763-770, the three-
dimensional structures within domain III of the envelope
protein are similar among the flaviviruses. This domain in
DEN and other flaviviruses encodes the majority of the
type-specific contiguous critical/dominant neutralizing
epitopes. Domain III of the dengue viruses (Denl, Den2,
Den3 and Den4) has been expressed, in bacteria and shown
to be immunogenic, capable of inducing neutralizing anti-
bodies in experimental animals (Simmons, M., et al., Am. J.
Trop. Med Hyg 65:159 (2001)). Domain III corresponding to
residues about 295 to about 399 (exact numbering depends
on the particular DEN virus, for example, of SEQ 1D NOS:
763, 765, 767, 769) of the four different DEN viruses have
been codon-optimized for expression in E. coli. The syn-
thetic gene was amplified by using PCR and sub-cloned into
the Notl site of the vector pET/STF2A generating pET/
STF2A.DENIEII], pET/STF2A.DEN2EII], pET/
STF2A.DEN3EIIl and pET/STF2A.DEN4EIl (SEQ 1D
NOS: 683, 685, 687 and 689).

E.  coli Production of STF2.EIIl+,
STF2A.Ellls+ and STF2A.JEIII+

[0736] Cell cultures (6 L) of BLR(DE3) pLysS that harbor
pETSTF2.Elll+ (SEQ ID NOS: 657, 658), pETSTF2A.EIIl+

STF2A EIll+,
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(SEQID NOS: 673, 674), pETSTF2A Ellls+ (SEQ ID NOS:
675, 676) or pETSTF2A.JEIII+ SEQ ID NOS: 608, 609)
were grown in LB medium containing 15 pg/ml kanamyecin,
12.5 pg/ml tetracycline and 24 pug/ml chloramphenicol. At an
ODg( of about 0.6 protein expression was induced with 1
mM IPTG for about 3 h at about 37° C. Following induction,
cells were harvested by centrifugation (7000 rpmx7 minutes
in a Sorvall RC5C centrifuge) and resuspended in 2xPBS,
1% glycerol, DNAse, 1 mM PMSF, protease inhibitor cock-
tail and 1 mg/ml lysozyme. The suspension was passed
through a microfluidizer to lyse the cells and the lysate was
centrifuged (45,000 g for one hour in a Beckman Optima L.
ultracentrifuge) to separate the soluble fraction from inclu-
sion bodies. Under these growth and induction conditions,
STF2.EIll+ was expressed as a soluble protein and
STF2A.EIll+ (SEQ ID NOS: 673, 674), STF2A Ellls+ (SEQ
ID NOS: 675, 676) and STF2A.JEII+ (SEQ ID NOS: 608,
609) formed inclusion bodies.

Purification of STF2.EIll+

[0737] Cell lysate containing soluble STF2.EIIl+ (SEQ ID
NOS: 657, 658) was applied to Sepharose Q resin (Amer-
sham Biosciences, Piscataway, N.J.) in the presence of 0.5
M NaCl to reduce DNA, endotoxin, and other contaminants.
The flow-through fraction was collected and the conductiv-
ity adjusted by a 10-fold dilution with buffer A (Buffer A:
100 mM Tris-Cl, pH 8.0). The diluted material was re-
loaded onto Q Sepharose and bound protein was eluted with
a linear gradient from 20% to 60% Buffer B (Buffer B: 100
mM Tris-Cl, 1 M NaCl, pH 8.0). Fractions containing
STF2.EIlI+ were pooled and further processed by Superdex-
200 gel (SD200) filtration chromatography in the presence
of Na-deoxycholate to remove residual endotoxin (running
buffer: 1% Na-deoxycholate, 100 mM NaCl, 100 mM Tris-
HCl, 1% glycerol, pH 8.0). Following SD200 chromatog-
raphy, the eluted protein was loaded directly onto Q
Sepharose and washed extensively with buffer A to remove
detergent. Bound protein was again eluted with a linear
gradient from 20% to 60% Buffer B. In one preparation
(Batch 057), this step was substituted with a detergent
removal procedure using Extract-D detergent removal gel
(Pierce Biotechnology, Rockford, I11.). The purified protein
was dialyzed against buffer containing 50 mM Tris, 100 mM
NaCl and 1% glycerol and stored at —80° C.

Purification of STF2A.EIll+

[0738] STF2A.EII+ inclusion bodies were collected by
low-speed centrifugation (7000 rpmx7 minutes in a Sorvall
RCS5C centrifuge) and solubilized with buffer containing 8
M urea, 100 mM Tris-HCI, 5 mM EDTA, pH 8.0. The urea
concentration of the solubilized protein was adjusted to 1 M
and the sample was loaded onto Q Sepharose. The bound
protein was eluted using a linear gradient from 0% to 100%
Buffer B. (Buffer A: 100 mM Tris-HC1, 5 mM EDTA, 1 M
urea, pH 8.0. Buffer B: 100 mM Tris-Cl, 5 mM EDTA, 1 M
NaCl, 1 M urea, pH 8.0). Due to the formation of protein
aggregates following elution, the urea concentration of the Q
Sepharose material was adjusted to 8 M. The protein was
further purified by gel filtration chromatography using
SD200. The column was pre-equilibrated with 100 mM
Tris-HCI, pH 8.0, 100 mM NaCl, 1% glycerol, 8 M urea plus
1% Na-deoxycholate. The eluted protein was subjected to a
second IEX chromatography step using Source Q to remove
1% Na-deoxycholate. Bound protein was eluted with a
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linear gradient from 20% to 60% Buffer B. (Buffer A: 100
mM Tris-Cl, pH 8.0, 8 M urea, 5 mM EDTA. Buffer B: 100
mM Tris-HCl, pH 8.0, 5 mM EDTA, 8 M urea, 1 M NaCl).
Final polishing of the protein was completed by gel filtration
chromatography using SD200 (Running Buffer: 100 mM
Tris-HC], pH 8.0, 8 M urea, 100 mM NaCl and 1% glyc-
erol). Reducing agent was added to the SD200 fraction (2.5
mM DTT) and the protein was refolded by step-wise dialysis
against decreasing concentrations of urea. The urea concen-
tration was reduced sequentially against buffers that con-
tained 100 mM Tris-HCI, pH 8.0, 100 mM NaCl, 1%
glycerol and 6 M, 4 M, 2 M or no urea.

Refolding and Purification of STF2A.EIll+ Trimer

[0739] STF2A.EIll+ (SEQ ID NOS: 673, 674) from urea-
solubilized inclusion bodies was efficiently refolded to form
trimer product by simple dialysis as described above the
trimer (3 of these STFA.EIII fusion proteins) was deduced
based on molecular weight in SDS-PAGE. Following dialy-
sis, endotoxin was removed by multiple extractions with
Triton X-114. The trimer was purified and separated from
monomer and aggregates by S200 size exclusion chroma-
tography. The final product migrated as a single band with
an apparent molecular weight of about 130 kDa on SDS-
PAGE.

Refolding and Purification of STF2A.EIll+ Monomer

[0740] The monomeric form of STF2AEII+ (SEQ ID
NOS: 673, 674) was produced consistently and efficiently by
refolding using rapid dilution, which prevented individual
STF2A.EIll+ fusion proteins from interacting with one
another to form meutimers, such as trimers (supra).
STF2A.EIIl+ solubilized from inclusion bodies in 4M urea
was raised to 8M urea without reductant. The protein was
then rapidly diluted in Tris/NaCl/glycerol buffer, pH 8.0, to
about 0.1 mg/ml and a final urea concentration of 0.1M at
room temperature. The monomer was further purified and
separated from aggregates by S200 size exclusion chroma-
tography. The final product migrated as a single band with
an apparent molecular weight of about 43 kDa on SDS-
PAGE.

Purification of STF2A.Ellls+ (Serine Substitution of the
Linker between STF2A and Ell+, SEQ ID NO: 675)

[0741] STF2A.Ellls+ (SEQ ID NOS: 675, 676) from solu-
bilized inclusion bodies was refolded using a rapid dilution
method similar to that used to refold the STF2A.EIIl+
monomer. The refolded protein was captured on a butyl
sepharose column and eluted while removing most of the
endotoxin contamination. Eluate from the butyl sepharose
purification was concentrated and put through 4 cycles of
Triton X-114 extractions to reduce endotoxin levels down to
about <0.1 EU/ug before a final purification step over SD200
gel filtration. The final pooled product migrated as a single
band with an apparent molecular weight of about 43 kDa on
SDS-PAGE and contained a trace amount of Triton X-114
(about 0.000015%).

Purification of STF2A JEIII+ (SEQ ID NOS: 608, 609)

[0742] Protein was isolated from inclusion bodies under
denaturing conditions. Inclusion bodies were washed with
detergent (0.5% Triton X 100) and solubilized in 8 M urea,
resulting in partial purification of the target protein. For
endotoxin removal, protein was applied on a Source S cation
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exchange column at low pH (about 3.5) and eluted with a
salt gradient (0 to about 1 M NaCl). The protein was
refolded using rapid dilution as described for STF2A.EIII+
monomer. The protein was then concentrated and further
purified using SD200 to separate the monomeric form of the
protein from aggregates. The purified material migrated with
an apparent molecular weight of about 43 kDa on SDS
PAGE and contained acceptable levels of endotoxin (about
0.03 EU/ug).

Fed Batch Production of Fusion Proteins

[0743] STF2A.ElIs+ was produced in an aerobic biore-
actor using a fed batch process. Three control loops were
placed to control pH by acid (2 N HCl) or base (3 N
NH,OH) addition, temperature by heating (heating blanket)
or cooling (time cycled cooling loop), and dissolved oxygen
by compressed air flow (manually controlled), agitation
(mixing speed) and O, flow (timed cycled) in cascade. Cells
[BLR(DE3) pLysS that harbor the STF2A.EIlls+ were
adapted to and banked in MRSF media (see infra), and
frozen in 25% glycerol. Cells were scaled up for the biore-
actor by adding 1 mL of banked cells to 1 L of MRSF media
and agitating at about 37° C. for about 15.5 to about 16.5
hours. Cells from the scale up process were added in a about
1:10 ratio to MRSF or MRBR synthetic media at about 37°
C. and about 0.5 vvm air flow.

[0744] The process, was run in batch mode at about 37° C.
until the cells oxygen consumption was such that the com-
pressed air flow is about 1.5 vvm and the agitation is at the
maximum, about 6 hours, when the temperature is dropped
to between about 25° C. and about 33° C. The feed can be
started before the culture is induced, or up to about 1 and
about Y2 hours after. The feed rate can be kept constant, or
adjusted based on process variables (dissolved oxygen,
glucose concentration). The culture was induced with IPTG
upon batch glucose exhaustion. The culture was maintained
for a minimum of about 2 hours and a maximum of about 20
hours.

MRBR Media Trace Metal Solution 1000x
Composition g/L Component g/L
Glucose 20 EDTA, disodium 5
KH,PO, 2.2 FeSO,(7H,0) 10
(NH,),S0, 4.5 ZnSO4(7TH,0) 2
Citric Acid 1.0 MnSO,(H,0) 2
MgSO4(7H,0) 1.0 CoClL,(6H,0) 0.2
CaCl, 0.04 CuS0,(5H,0) 0.1
Trace Metals 1 ml Na,Mo0,(2H,0) 0.2
Thiamine HCI 0.01 H;3BO,; 0.1
Antifoam 0.05

MRSF Media Feed Media
Composition g/l Composition g/l
Glucose 10 (20 in bioreactor) NaCl 0.5
KH,PO, 7.8 FeSO4(7H,0) 2
(NH,),S04 2.33 CaCl, 35
Citric Acid 1.0 MgSO4(7H,0) 12
MgSO4(7TH,0) 1.0 Thiamine HCI 1
CaCl, 0.04 Trace Metals 1 ml
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-continued
Trace Metals 1 ml Glucose 100
Thiamine HCI 0.01

Kanamyecin 0.0075 (shake flask only)

[0745] STF2A.EIlls+ was produced as inclusion bodies.
Upon harvest, the cells were separated from the conditioned
media by centrifugation (Beckman Avanti J-20 XP, JLA
8.1000 rotor, 10 kxg for about 20 minutes at about 4° C.) and
resuspended in equal volume of 50 mM Tris, 100 mM NaCl,
1 mM EDTA, pH 8.0. The centrifugation was repeated under
the same conditions, with the cells resuspended in a mini-
mum volume of the same buffer. The suspension was passed
through a homogenizer (APV-1000) at >10,000 psi for at
least two passes.

[0746] The solids can be separated and the STF2A EIlls
solubilized by one of three methods; centrifugation, filtra-
tion, or fluidized bed chromatography.

Method 1

[0747] Solids are separated by centrifugation (Beckman
Avanti J-20 XP, JA 20 rotor, 20 kxg for 20 minutes at 4° C.)
and resuspended in 50 mM tris, 1 m NaCl, 1 mM EDTA, 1%
glycerol, 0.5% Triton X-100, pH 8.0. This process was
repeated up to 6 times (total) at increasing speeds and times
(to a maximum of about 40 kxg for about 20 minutes). After
the final pellet recovery, the pellet was resuspended in 50
mM Tris, 0.1M NaCl, 1 mM EDTA, pH 8.0 and clarified by
centrifugation (Beckman Avanti J-20 XP, JA 20 rotor, 40 kxg
for about 20 minutes at about 4° C.) The pellet was resus-
pended and dissolved in 50 mM Tris, 0.1M NaCl, 1 mM
EDTA, 4 M urea, pH 8.0. Insolubles were removed by
centrifugation (Beckman Avanti J-20 XP, JA 20 rotor, 40 kxg
for about 50 minutes at about 4° C.), the supernatant retained
for further processing.

[0748] After the multiple washes described above,
STF2A.EIIls can also be dissolved in 50 mM acetate, 10 mM
NaCl, 8M urea, pH about 4.1 to about 5.3 and clarified by
centrifugation (Beckman Avanti J-20 XP, JA 20 rotor, 20 kxg
for about 20 minutes).

Method 2

[0749] After homogenization, the lysate was captured in
body feed and STF2A.Ellls+ extracted with urea containing
buffer. Body feed is a filter aid designed to trap particles in
a cake above a depth filter. The body feed (Advanced
Minerals Corporation CelPure 65) is a diatomite (silica
powder) with a high surface area and low permeability,
retaining <0.2 pum particles. The filter aid was pre-mixed
with the lysate and pumped over a depth filter (Ertel 703),
building up a cake containing both body feed and lysate
particles. The suspension creates a depth filter as the par-
ticles settle on the filter pad. A 50 mM Tris, 100 mM NaCl
pH 8.0 wash was performed to remove soluble proteins and
nucleic acids. A subsequent wash with 50 mM Tris, 100 mM
NaCl, 4 M urea, pH 8 solubilizes and removes the
STF2A.EIlls from the body feed for further processing.

Method 3

[0750] After the cells were initially resuspended in buffer,
they were resuspended in sodium chloride and urea contain-
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ing buffer at pH about 6 to about 8 and homogenized. The
lysate was applied on a Streamline CST fluidized bed
column (GE Healthcare) where the STF2A.Ellls+ binds to
the resin and the particulates flow through. STF2A Ellls+
may be eluted in low salt conditions at a pH greater than the
load pH, in the presence or absence of detergents such as
Triton X-100 or polysorbate 80.

SDS-PAGE

[0751] Proteins (typically about 5 ng) were diluted in
SDS-PAGE sample buffer with and without §-mercaptoet-
hanol. The samples were boiled for 5 minutes and loaded
onto a 4-20% SDS polyacrylamide gel. Following electro-
phoresis, gels were stained with coomassie blue to visualize
protein bands.

Endotoxin Assay

[0752] Endotoxin levels were measured using the QCL-
1000 Quantitative Chromogenic LAL test kit (BioWhittaker
#50-648U, Walkersville, Md.), following the manufacturer’s
instructions for the microplate method.

Protein Assay

[0753] Protein concentrations were determined by the
MicroBCA Protein Assay Reagent Kit in a 96-well format
using BSA as a standard (Pierce Biotechnology, Rockford,
).

TLRS Bioactivity Assay

[0754] HEK293 cells (ATCC, Catalog No. CRL-1573
Manassas, Va.) constitutively express TLRS, and secrete
several soluble factors, including I.-8, in response to TLRS
signaling. Cells were seeded in 96-well microplates (about
50,000 cells/well), fusion proteins added and incubated
overnight. The next day, the conditioned medium was har-
vested, transferred to a clean 96-well microplate, and frozen
at =20° C. After thawing, the conditioned medium was
assayed for the presence of IL.-8 in a sandwich ELISA using
an anti-human IL-8 matched antibody pair (Pierce, #M8O1E
and #M802B, Rockford, Il1.) following the manufacturer’s
instructions. Optical density was measured using a micro-
plate spectrophotometer (FARCyte, Amersham Biosciences,
Piscataway, N.J.).

Plaque Reduction Neturalization Test (PRNT)

[0755] PRNT was performed according to Wang, et al., J.
Immunol. 167:5273-5277 (2001). Briefly, serum samples
were heat inactivated by incubation in a 56° C. water bath
for about 30 min and were serially diluted in PBS with 5%
gelatin from Y10 to Y2se0. West Nile virus was diluted in PBS
with 5% gelatin so that the final concentration was about 100
PFU/well. Virus was mixed with about 75 pl serum in a
96-well plate at about 37° C. for about 1 h. Aliquots of
serum-virus mixture were inoculated onto confluent mono-
layers of Vero cells in a six-well tissue culture plate. The
cells were incubated at about 37° C. for 1 h, and the plates
were shaken every 15 min. The agarose overlay was then
added. The overlay was prepared by mixing equal volumes
of a solution consisting of 100 ml 2xMEM (Life Technolo-
gies) with sterile 2% agarose. Both solutions were placed in
a 40° C. water bath for 1 h before adding the overlay. The
cells were incubated for 4 days at 37° C. in a humidified 5%
CO,-air mixture. A second overlay with an additional 4%
neutral red was added on day 5. Virus plaques were counted
about 12 h later.
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Antigenicity of STF2A-Fusion Proteins

[0756] ELISA plates (96-well) were coated overnight at 4°
C. with serial dilutions (100 pl/well) of purified STF2A-
fusion proteins (SEQ ID NOS: 761, 762, 657, 658, 673, 674)
in PBS (about 2 pg/ml). Plates were blocked with 200
ul/well of Assay Diluent Buffer (ADB; BD Pharmingen) for
one hour at room temperature. The plates were washed 3x in
PBS-Tween, and then incubated with antibodies reactive
with flagellin or the E domain of the construct. The expres-
sion of flagellin was detected using the mAb 6H11 (Intotek),
while the antigenicity of WNV-E was monitored using a
panel of mAb (5CS, 7H2, SH10, 3A3, and 3D9) (Beasley, D.
W., etal., J. Virol. 76:13097-13100 (2002)) were purchased
from Bioreliance (Road Rockville, Md.). Antibodies diluted
in ADB (about 100 pl/well) were incubated overnight at 4°
C. The plates were washed 3x with PBS-T. HRP-labeled
goat anti-mouse IgG antibodies (Jackson Immunochemical,
West Grove, Pa.) diluted in ADB were added (100 pl/well)
and the plates were incubated at room temperature for 1
hour. The plates were washed 3x with PBS-T. After adding
TMB (3,3',5,5'-tetramentylbenzidine) Ultra substrate (Pierce
Biotechnology, Rockford, Il1.) and monitoring color devel-
opment, A, 5, was measured on a Tecan Farcyte microspec-
trophotometer.

Immunization of Mice

[0757] C3H/HeN mice (10 per group) were immunized
intraperitoneally or subcutaneously with the indicated con-
centrations of fusion proteins or synthetic peptides on days
0, 14 and 28. On days 21 and 35, immunized animals were
bled by retro-orbital puncture. Sera were harvested by
clotting and centrifugation of the heparin-free blood
samples. On day 35, mice were challenged with a lethal dose
of WNV strain 2741 (Wang, T., et al., J. Immunol 167:5273-
5277 (2001)). Survival was monitored for 21 days post-
challenge.

Serum Antibody Determination

[0758] West Nile envelope protein specific IgG levels
were determined by ELISA. ELISA plates (96-wells) were
coated overnight at about 4° C. with 100 pl/well of West Nile
E protein mAb 5C5, 7H2, SH10, 3A3, and 3D9 (Beasley, D.
W., et al., J. Viro. 76:13097-13100 (2002)) (Bioreliance,
Road Rockville, Md.) in PBS at a concentration of 2 pg/ml.
Plates were blocked with 200 pl/well of Assay Diluent
Buffer (ADB; BD Pharmingen, San Diego Calif.) for one
hour at room temperature. The plates were washed 3x in
PBS-T. Dilutions of the sera in ADB were added (100
ul/well) and the plates were incubated overnight at 4° C. The
plates were washed 3x with PBS-T. HRP-labeled goat
anti-mouse IgG antibodies (Jackson Immunochemical, West
Grove, Pa.) diluted in ADB were added (100 pl/well) and the
plates were incubated at room temperature for 1 hour. The
plates were washed 3x with PBS-T. After adding TMB
(3,3',5,5'-tetramentylbenzidine) Ultra substrate (Pierce Bio-
technology, Rockford, Ill.) and monitoring color develop-
ment, A5, was measured on a Tecan Farcyte microspectro-
photometer.

[0759] Production of Pam3Cys.WNV001 Peptide Synthe-
sis
[0760] Pam3Cys.WNVO001 was synthesized by Bachem

Bioscience, Inc. (King of Prussia, Pa.). WNVO001 is a 20
amino acid peptide (SEQ ID NO: 771) of the West Nile virus
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envelope protein chemically coupled to a tri-palmitoylcys-
teine (Pam3Cys) moiety through the amino terminal serine
residue of the peptide. The chemical name for
Pam3Cys. WNV001 is [Palmitoyl-Cys((RS)-2,3-di(palmi-
toyloxy)-propyl)-LTSGHLKCRVKMEKLQLKGT  (SEQ
ID NO: 771) acetate salt] The molecular mass of
Pam3Cys. WNV001 is 3163.3 daltons. The peptide was
synthesized by Bachem using solid phase synthesis meth-
odologies and FMOC chemistry. The amino acid sequence
of Pam3Cys.WNV001 was assembled on an H-Pro-2-chlo-
rotrityl chloride resin by solid phase peptide synthesis. The
peptide chain was elongated by successive coupling of the
amino acid derivatives. Each coupling step was preceded by
an Fmoc-deprotection step and were accompanied by
repeated washing of the resin. After coupling of the last
amino acid derivative, the final Fmoc-deprotection step was
performed. Finally, the peptide resin washed and dried under
reduced pressure. During solid phase peptide synthesis color
indicator tests were performed for each step to monitor the
completion of the Fmoc-cleavage and the subsequent cou-
pling of the amino acid derivatives. To couple Pam3Cys-OH
to the elongated peptide, the lipid moiety was pre-activated
with N,N'-dicyclohexyl-carbodiimide (DCCI) in the pres-
ence of 1-hydroxybenzotriazole (HOBt). The resulting solu-
tion was filtered and added to the peptide resin. At the end
of'the reaction time the peptide resin washed and dried under
reduced pressure. Color indicator tests were performed to
control the coupling of Pam3Cys-OH. The completed pep-
tide was cleaved from the resin by incubating with trifluo-
roacetic acid (TFA). The liberated product (crude peptide
material) was precipitated from the reaction mixture and
lyophilized. The crude product was used for initial immu-
nogenicity studies.

Synthesis of WNV-E Peptide Arrays

[0761] Peptide arrays (SEQ ID NOS: 703-754) were syn-
thesized by Sigma Genosys (Woodlands, Tex.).

Results

West Nile Fusion Protein

[0762] West Nile virus (WNV) has emerged in recent
years in temperate regions of Europe and North America,
presenting a threat to public and animal health. The most
serious manifestation of WNV infection is fatal encephalitis
(inflammation of the brain) in humans and horses, as well as
mortality in certain domestic and wild birds. WNV has also
been a significant cause of human illness in the United
States. The envelope glycoprotein of West Nile (WNV-E)
and other flaviviruses may generate neutralizing and pro-
tective antibodies. By linking this antigen to a Toll-like
Receptor ligand, the compositions, fusion proteins and
polypeptides described herein may target appropriate anti-
gen presenting cells without the need for adjuvant or other
immune modulator formulations.

[0763] As described herein, several strategies have been
implemented to facilitate production of West Nile virus
envelope (WNV-E) fusion proteins in E. coli. One approach
is to engineer a smaller WNV-E antigen by fusing domain II1
(EIII) and, optionally, with amino acids of domain II of the
WNV-E protein to full-length STF2 (e.g., STF2.E,
STF2.EIll+). Domain III is responsible for virus-host inter-
actions and retains many West Nile virus neutralizing anti-
body epitopes. It also contains only 2 of the 12 cysteine
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residues present within the full length envelope protein,
making expression in E. coli more feasible. A second
approach has been to delete the hyper-variable hinge region
of flagellin (e.g., STF2A) thereby creating a smaller fusion
protein (STF2A.EIlIl+) The hyper-variable region of flagellin
is not required for TLRS signaling and its removal may also
reduce the immunogenic potential of flagellin. Both
STF2.EIll+ and STF2A EIll+ have been expressed in E. coli
and purified. The purified proteins have been characterized
for TLRS signaling activity in bioassays and for E epitope
display in ELISA assays using a panel of WNV-E polyclonal
and neutralizing monoclonal antibodies. Results from these
studies indicate that STF2A.EIll+ has higher PAMP activity
and more conformation-sensitive neutralizing WNV-E
epitopes than STF2.EIll+.

Purity of STF2.EIll+ and STF2A EIIl+

[0764] Several lots of STF2.EIll+ and STF2A.EIIl+ have
been produced in E. coli and purified (Table 12). STF2.EIIl+
was expressed as a soluble protein and purified under
non-denaturing conditions using a 4-step process, as
described above, that included anion exchange chromatog-
raphy and gel filtration. Final yields from 6 L cultures ranged
from about 0.9 mg to about 3.8 mg and all preparations
contained low levels of endotoxin as measured by standard
LAL procedures (about <0.1 EU/ug protein, see supra). In
contrast, STF2A EIll+ formed inclusion bodies in E. coli,
and was purified under denaturing conditions. All chroma-
tography steps used to purify STF2A.EIIl+ required the use
of 8M urea. Following purification, the denatured protein
was refolded by step-wise dialysis to allow for gradual urea
removal. Refolding was typically carried out at protein
concentrations of about 0.3 mg/ml without any loss due to
protein precipitation. Two preparations of STF2A.EII+
from a single 6 L culture yielded about 1.2 and about 6.7 mg
of protein, both of which had acceptable endotoxin levels.
As expected, purified STF2.EIIl+ and STF2A.EII+
migrated on SDS PAGE under reducing conditions as about
65 kDa and about 43 kDa proteins, respectively. Notably,
STF2A.EIll+ migrated slightly faster under non-reducing
conditions. This altered migration may be due to disulfide
bond formation involving the two cysteines residues in
domain III of the envelope protein. As well, a larger species
of STF2A.EIll+ was detected by Western blot analysis
whose molecular weight is consistent with a trimer form of
the protein (“(STF2A.EIII+)x3 or 3 units of STF2A.EIII+”).

TABLE 11

Endotoxin levels and TLR-5 activity for STF2.EIIl+ (SEQ ID NO:
658) and STF2A.EIII+ (SEQ ID NO: 674) fusion proteins.

Endotoxin
Batch Yield Levels TLR-5
Number Protein (mg) (EU/ug) ECsq
052 STF2.EIll+ 3.8 0.03 >5000.00 ng/ml
054  STF2.EIl+ 0.9 0.02 1195.00 ng/ml
057 STF2.EIll+ 1.6 0.07 197.92 ng/ml
044  STF2A.EIll+ 1.2 0.07 1.13 ng/ml
045 STF2A.EIll+ 6.7 0.07 4.34 ng/ml

TLRS Activity in the HEK293 IL.-8 Assay

[0765] To compare the PAMP activity of both fusion
proteins, a TLRS bioassay was performed. HEK293 IL-8
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cells were treated with serial dilutions of two independent
protein batches (FIGS. 62A and 62B). Cultures were incu-
bated for a 24 hour period and conditioned media were
harvested and assayed for IL-8 production by ELISA. As
shown in FIG. 62A, STF2A.Elll+ showed potent TLR-5
activity. Regression analysis of the titration curve deter-
mined the EC,, of batches 2004-044 and 2004-045 to be
1.13 ng/ml and 4.34 ng/ml, respectively (Table 11, supra). In
both cases, the TLRS specific-activity was at least about
10-fold higher than the control protein STF2.OVA. In con-
trast, 2 preparations of STF2.EIll+ showed significantly
weaker TLRS activity than STF2.0VA. The EC,, of
STF2.EIII+ batches 054 and 057 were about 1195.00 ng/ml
and about 197.92 ng/ml.

Antigenicity of STF2.EIIl+ and STF2A EIIl+

[0766] The antigenicity of STF2.EIll+ and STF2A.EIIl+
was examined by direct ELISA using a flagellin monoclonal
antibody specific for the N-terminal region of STF2 (6H11,
Inotek Pharmaceuticals, Beverly, Mass.) and a panel of
WNV-E-specific antibodies (5C5, SH10, 3A3, 7H2 and 3D9,
Bioreliance, Road Rockville, Md.) previously shown to
neutralize West Nile virus in vitro. As shown in FIG. 63, a
comparison of the reactivity of full length West Nile virus
envelope protein with STF2A.EIIl+ revealed that West Nile
virus monoclonal antibodies 5C5, SH110, 3A3 and 7H2, but
not 3D9 recognize the fusion protein. This pattern of reac-
tivity is consistent with the proposed location of 5C5, SH10,
3A3 and 7H2 epitopes within EIII. The epitope for 3D9 lies
outside of domain III of the West Nile virus envelope
protein. As expected, all West Nile virus monoclonal anti-
bodies reacted with full length West Nile virus envelope
protein and the flagellin monoclonal only reacted with
STF2A EIll+. Both proteins reacted with a polyclonal West
Nile virus envelope antiserum, but STF2A EIll+ reactivity
was somewhat reduced, perhaps due to the reduced number
of potential epitopes present in the smaller domain.

[0767] Using 5C5 and 7H10 WNV monoclonal antibod-
ies, a direct antigenic comparison was made between
STF2.EIll+ and STF2A.EIlI+ (FIGS. 64A, 64B, 64C and
64D). In these studies, plates were coated with the indicated
proteins and then detected with polyclonal rabbit anti-E, or
mouse monoclonal antibodies as described. As shown in
FIGS. 64A, 64B, 64C and 64D, both STF2.EIll+ and
STF2A EIll+ were readily detected with the flagellin mono-
clonal antibody with no significant differences in reactivity.
However, distinct reactivity with the anti-envelope mono-
clonal antibodies was observed. The reactivity of
STF2A EIll+ with either 5C5 or 7H2 was significantly
greater than that observed with STF2.EIll+. Collectively,
these results indicate that the flagellin 6H11 epitope of
STF2A EIll+ is un compromised and is comparable to the
flagellin sequence of STF2.EIll+. They also highlight dis-
tinct differences in the antigenicity of the EIIl domains of
these proteins and indicate that STF2A.EIIl+ contains more
of the critical conformation dependent neutralizing epitopes
than STF2.EII+.

Efficacy and Immunogenicity

[0768] Several efficacy studies designed to examine the
protective efficacy our candidates in C3H/HeN mice follow-
ing challenge with West Nile virus have been completed.
Studies typically consisted of 5 groups of mice (10 mice per
group) immunized intraperitoneally (i.p.) or subcutaneously
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(s.c.) on days 0, 14 and 28. On days 21 and 35, sera were
harvested and tested for West Nile virus envelope protein—
IgG antibody (ELISA) and the ability to neutralize West Nile
virus in vitro (PRNT assay). On day 35, mice were chal-
lenged with a lethal dose of West Nile virus strain 2741.
Survival was monitored for 21 days post-challenge.

[0769] Mice were immunized with PBS, Drosophila con-
ditioned medium containing STF2.E (CM, positive control),
25 ug of STF2AEIll+ i.p., 25 pg STF2A EIll+ s.c., 25 nug
STF2.EII+ i.p. and 25 pg STF2.EIll+ s.c. The West Nile
virus envelope protein antibody responses and survival data
are shown FIGS. 65 and 66. By day 35 all groups that
received STF2A.EIII+ had significant levels of West Nile
virus envelope protein IgG. In contrast, mice that received
STF2.EII+ had no measurable West Nile virus envelope
protein antibody response. Administration of STF2A.EIII+
ip. or s.c led to 100% survival following West Nile virus
challenge. Consistent with the poor immunogenicity of
STF2.Elll+, little to no protection was provided by this
candidate when compared to the PBS control. The poor
immunogenicity and efficacy of STF2.EIIl+ in this study are
attributed to the reduced TLRS activity and/or the weak EIII
epitope reactivity of this protein.

Plaque Reduction Neutralization Titers

[0770] To further evaluate the West Nile virus envelope
protein antibody response elicited by STF2A.EIll+ and
potentially correlate protective efficacy with neutralizing
antibody titers, the plaque reduction neutralization test
(PRNT) was performed. Day 35 serum samples from effi-
cacy studies described above were tested for their ability to
block West Nile virus infection in cultured Vero cells.
Briefly, pooled mouse serum samples were heat-inactivated
and serially diluted two-fold in PBS with 0.5% gelatin.
Dilutions starting with 1:10 were incubated with about 100
pfu of the West Nile virus strain 2741. The virus/serum
mixture was incubated at about 37° C. for 1 h and then
inoculated onto confluent monolayers of Vero cells (ATCC,
Catalog Number CCL-81, Manassas, Va.) in duplicate wells
of 6-well tissue culture plates. The virus was allowed to
adsorb to the cell monolayer prior to adding a 1% agarose
overlay. Infected cell cultures were incubated for 4 days at
37° C. followed by a second agarose overlay containing 4%
neutral red. Virus plaques were counted 12 h later. Serum
titers that led to 80% reduction in viral plaque numbers
(PRNT,,) were recorded.

[0771] A summary of the PRNT,, data from efficacy
studies concerning STF2.EIll+ and STF2A.EIIl+ is pre-
sented in Table 12 below. In two independent studies involv-
ing STF2.EIll+ where survival of about 50% or less was
reported, pooled sera failed to inhibit plaque formation. This
finding is not surprising given the weak antibody response
elicited by this construct. In three efficacy studies involving
STF2AEIll+ where survival was about 70% or greater,
pooled sera had neutralization titers of 1:40 or better. Neu-
tralization titers of 1:40 or greater typically correlate with
protection in vivo.
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TABLE 12

Survivial and PRNTgq Results for STF2.EIll+ (SEQ ID
NO: 658), STF2A.EIll+ (SEQ ID NO: 674) and STF2.E
(SEQ ID NO: 762) CM (Control Media) Fusion Proteins

Study  Survival PRNTg,

Batch  Candidate Route # (%) (dilution)

054 STF2.EIIl+ L.p. 3 50 Negative

057 STF2.EIIl+ L.p. 4 11 Negative

057 STF2.EII+ s.c. 4 20 negative

044  STF2A.EII+ ip. 2 70 1:40

045 STF2A.EIIl+ ip. 3 90 1:40

045 STF2A.EIIl+ s.C. 3 100 1:160

045 STF2A.EIIl+ ip. 4 100 1:80

045 STF2A.EIIl+ s.C. 4 100 1:40

— STF2.E CM ip. 3 90 1:640

— STF2.E CM ip. 4 — 1:1280

STF2A.Ellls+ a Modified Version of STF2A.EIll+

[0772] Protein preparations of STF2A.EIIl+ tested in the
mouse efficacy studies described above were purified by
anion-exchange and size-exclusion chromatography steps
carried out under denaturing conditions followed by refold-
ing using step-wise dialysis. With this process, two predomi-
nant species that correspond to the monomeric and trimeric
forms of STF2A.EIll+ were generated and present as a
mixture in the final product. To minimize the heterogeneity
of the final product, new refolding and purification methods
have been developed that favor the production of either
monomer or trimer. Because it is unclear which form of
STF2A EIll+ is the active component or if both are equally
potent, both species have been produced in milligram quan-
tities and tested for efficacy in mice.

[0773] 1t was initially unclear as to why STF2A.EIIl+
refolding resulted in the formation of a trimeric species.
However, when the sequence of the STF2A EIll+ expression
construct was re-examined, we identified a cysteine residue
within the linker sequence that separates STF2A from EIll+.
The presence of this cysteine would likely interfere with the
formation of the appropriate disulfide bond during refolding
and might account for the trimeric form of STF2A.EIll+.
This unnecessary cysteine was changed to a serine using
site-directed mutagenesis and the modified protein
(STF2A.Ellls+) was produced and purified. It should be
noted that refolding the serine-substituted construct yielded
only monomeric protein.

[0774] Protective efficacy of STF2A.EIll+ (monomer) and
STF2A Ellls+ (trimer) were evaluated in C3H/HeN mice
following challenge with West Nile virus. Five groups of
mice (10 per group) were immunized with about 25 ug of
protein s.c. on days 0, 14 and 28. On days 21 and 35, sera
were harvested and tested for WNV-E IgG antibody
(ELISA). On day 38, mice were challenged with a lethal
dose of WNV strain 2741 and survival was monitored for 21
days. ELISA results from boost 2 (day 35, FIG. 67) and
survival data (FIG. 68) indicate that all constructs elicited
significant levels of WNV-E reactive IgG prior to viral
challenge and provided about 90% to about 100% protection
against the lethal infection. These findings indicate that
monomeric or multimeric (e.g., trimers) forms of
STFA.EIll+ are efficacious and removal of the additional
cysteine from the construct does not appreciably impact
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potency. Removal of the cysteine within the linker sequence
may simplify purification of the protein by reducing hetero-
geneity following protein refolding.

Conclusion

[0775] Two recombinant fusion proteins containing the
Salmonella typhimurium flagellin (STF2) fused to EIll+
domain of West Nile virus envelope protein have been
generated. One includes the full length STF2 sequence
(STF2.EIll+) and the other a modified version of STF2 that
lacks the internal hypervariable region of STF2
(STF2A.Elll+). Both proteins have been expressed in E. coli
and purified by conventional means using anion exchange
chromatography and gel filtration. STF2.EIll+ was pro-
duced as a soluble protein and was purified under non-
denaturing conditions. In contrast, STF2AEIIl+ was
expressed as an insoluble protein and was purified under
denaturing conditions and refolded by step-wise dialysis to
remove urea. In HEK293 I8 assays, preparations of

STF2A.EIll+ showed greater TLR-5 activity than
STF2.EIll+.
[0776] In envelope protein epitope display analysis using

ELISA assays and West Nile virus envelope protein anti-
bodies, STF2A.EIll+ displayed more of the critical confor-
mation dependent neutralizing epitopes. Consistent with the
potent TLR-5 activity and envelope protein epitope antige-
nicity observed with STF2A.EIll+, STF2A EIll+ was highly
immunogenic and efficacious in mice challenged with a
lethal dose of West Nile virus. Because monomeric and
trimeric species of STF2A.EIll+ were generated during the
purification process of this protein, a cysteine within the
linker sequence of the expression construct was changed to
a serine. Removal of this cysteine eliminated the production
of trimeric forms of the protein during refolding and resulted
in the generation of monomeric product that displayed
potent efficacy in vivo.

Japanese Encephalitis Fusion Protein

[0777] JE virus is localized in Asia and northern Australia
(about 50,000 cases with about 10,000 deaths annually). An
approved inactivated virus vaccine was recently associated
with a case of acute disseminated encephalomyelitis,
prompting the Japanese Ministry of Health, Labor and
Welfare to recommend the nationwide suspension of the
vaccine. Given the complexities of producing inactivated
viruses in infected mouse brains or even in cell culture, and
the potential for adverse events associated with inactivated
viruses, the opportunity for recombinant-based JE vaccine is
appealing.

[0778] A STF2A.JEII+ fusion construct was constructed.
The JE EIII+DNA fragment was generated synthetically and
codon optimized for expression in E. coli. The sequence was
ligated into pET24STF2A to generate pETSTF2AJEIII+.
Expression constructs have been screened by restriction
analysis and for expression in E. coli BLR(DE3) by IPTG
induction. The DNA sequence of each construct has been
confirmed, and production of the protein has been scaled up.
A batch of material has been generated. A total of about 24
mg of material was purified. This material has potent TLRS
activity, acceptable levels of endotoxin (about 0.03 EU/ug)
and a A280/A260 ratio of about 1.3.
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Flavivirus Peptides
Identification of WNV-E Specific Antibody Epitopes

[0779] To identify linear epitopes within the West Nile
virus envelope protein that are recognized by antisera from
STFA.Ellls+ immunized mice, several synthetic peptide
arrays were generated. One array consisted of overlapping
peptides of 20 amino acids in length that spanned the entire
West Nile virus domain III and parts of domain I1 (SEQ ID
NOS: 728-754). ELISA results with this array identified a
highly reactive 20 amino acid sequence that mapped to the
N-terminal region of domain III and included part of the
domain I domain CRVKMEKLQLKGTTYGVCSK (SEQ
ID NO: 728). To fine map this epitope, additional arrays
were generated that focused on the domain I and II junctions
(SEQ ID NOS: 703-754). These arrays included an alanine
substitution scan to identify amino acids critical for antibody
binding (SEQ ID NOS: 728-754). As shown in FIGS. 69 and
70, antisera from STF2A.EIIl (monomer and trimer) and
STF2A Ellls+ immunized mice reacted with peptides that
spanned the EI/EIl junction (peptides E-30 to E-42) and
included the E2-21 peptide CRVKMEKLQLKGT-
TYGVCSK (SEQ ID NO: 728). This reactivity was severely
reduced when specific amino acids (E6, K7, .10 and K11)
were changed to alanines (FIG. 71). Although it is not
known if the antibodies that recognize this epitope are
neutralizing, efforts are underway to design and test a
peptide vaccine based on this region of WNV-E.

Immunogenicity of Pam3Cys. WNV001 Peptide Vaccine.

[0780] A lipidated West Nile virus envelope protein fused
to Pam3Cys on the N-terminal end was synthesized using
the 20 amino acid sequence LTSGHLKCRVKMEK-
LQLKGT (SEQ ID NO:772) (Putnak, R., et al, Vaccine
23:4442-4452 (2005)). The immunogenicity of this peptide
was tested in C3H/HeN mice and compared to peptide
without Pam3Cys (FIG. 72). The reactivity of antisera from
immunized animals was tested by direct ELISA as described
in the legend and the results indicate that the
Pam3Cys. WNVO0O01 peptide is significantly more immuno-
genic than the peptide without the TLR2 modification. The
antisera from these studies will be tested in virus neutral-
ization assays (PRNT) to determine if the antibodies elicited
will neutralize West Nile virus in vitro. The lipidated peptide
will also be tested in the West Nile virus challenge model to
assess protective efficacy against a lethal virus challenge.

Assay Development
Competition ELISA Assay Development

[0781] To assess the neutralizing potential of antisera
derived from immunized mice, a competition ELISA assay
was developed using well-characterized monoclonal anti-
body (7H2) that neutralizes West Nile virus in culture and
reacts with a conformation-sensitive epitope within the EIII
domain of the West Nile virus envelope protein antigen. The
assay was designed as a capture ELISA that measures the
ability of sera from immunized animals to prevent 7H2 from
binding West Nile virus envelope protein. Serial dilutions
ranging from 1:10 to 1:5000 of day 35 mouse antisera from
efficacy study 4 (FIGS. 65 and 66, Table 13) were incubated
with biotinylated West Nile virus envelope protein and then
added to ELISA plates pre-coated with 7H2 monoclonal
antibody (Bioreliance, Road Rockville, Md.). Following
several washes to remove unbound material, bound West
Nile virus envelope protein was detected using avidin-HRP.
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Results from a representative experiment are shown in FIG.
69. At dilutions of 1:25, a measurable loss of West Nile virus
envelope protein binding to 7H2-coated plates was observed
when antisera derived from animals immunized with
STF2A.EIlls where tested. No competition was detected
with antisera derived from mock immunized animals that
received PBS in place of antigen. These initial results
demonstrate that antibodies elicited by STF2A EIll+ com-
pete with 7H2 for binding Wests Nile virus envelope protein.
These findings are consistent with the protection from WNV
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infection observed in animals immunized with STF2A.EIII+
and help establish a correlation between antibody epitope
reactivity in vitro and efficacy in vivo.

[0782] While this invention has been particularly shown
and described with references to example embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims.

SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20070224205A1).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).

What is claimed is:

1. A composition comprising a flagellin component that is
at least a portion of a flagellin, wherein the flagellin com-
ponent includes at least one cysteine residue and whereby
the flagellin component activates a Toll-like Receptor 5.

2. The composition of claim 1, further including at least
a portion of at least one member selected from the group
consisting of a Toll-like Receptor 1 agonist, a Toll-like
Receptor 2 agonist, a Toll-like Receptor 3 agonist, a Toll-like
Receptor 4 agonist, a Toll-like Receptor 6 agonist, a Toll-like
Receptor 7 agonist, a Toll-like Receptor 8 agonist and a
Toll-like Receptor 9 agonist.

3. The composition of claim 2, wherein the Toll-like
Receptor 2 agonist is a Pam3Cys.

4. The composition of claim 3, wherein the Pam3Cys
further includes at least one additional cysteine residue.

5. The composition of claim 1, wherein at least one
cysteine residue substitutes for at least one amino acid
residue in a naturally occurring flagellin amino acid
sequence of the flagellin component.

6. The composition of claim 5, wherein the cysteine
residue is remote to at least one amino acid of the Toll-like
Receptor 5 recognition site of the flagellin component.

7. The composition of claim 1, wherein the flagellin
component includes at least a portion of a naturally occur-
ring flagellin amino acid sequence in combination with the
cysteine residue.

8. The composition of claim 7, wherein the cysteine
residue is at least one member selected from the group
consisting of the amino-terminal amino acid of the flagellin
component and the carboxy-terminal amino acid of the
flagellin component.

9. The composition of claim 7, wherein the cysteine
residue is remote to at least one amino acid of the Toll-like
Receptor 5 recognition site of the flagellin component.

10. The composition of claim 1, wherein the flagellin
component lacks at least a portion of a hypervariable region.

11. The composition of claim 1, further including at least
a portion of at least one antigen.

12. The composition of claim 11, wherein the antigen is
chemically conjugated to the flagellin component.

13. The composition of claim 12, wherein the antigen is
essentially hydrophobic.

14. The composition of claim 13, wherein chemical
conjugation results in increased aqueous solubility of the
antigen as a component of the composition.

15. The composition of claim 1, wherein the cysteine
residue is in the hypervariable region of the flagellin com-
ponent.

16. The composition of claim 1, wherein the flagellin is at
least a portion of at least one member selected from the
group consisting of a S. typhimurium flagellin, an E. coli fliC
flagellin, S. muenchen flagellin, P. aeruginosa flagellin and
Listeria monocytogenes flagellin.

17. The composition of claim 16, wherein the flagellin is
at least a portion of a S. #yphimurium flagellin and the S.
typhimurium flagellin is selected from the group consisting
of SEQ ID NO: 812 and SEQ ID NO: 816.

18. The composition of claim 17, wherein at least one
cysteine residue substitutes for at least one amino acid in a
naturally occurring flagellin amino acid sequence of the
flagellin component.

19. The composition of claim 18, wherein the amino acid
is at least one amino acid selected from the group consisting
of amino acid 1, 237, 238, 239, 240, 241 and 495 of SEQ ID
NO: 812.

20. The composition of claim 17, wherein the flagellin is
at least a portion of a S. #yphimurium flagellin and the S.
typhimurium flagellin includes at least a portion of SEQ ID
NO: 816.

21. The composition of claim 20, wherein at least one
cysteine residue substitutes for at least one amino acid in a
naturally occurring flagellin amino acid sequence flagellin
component.

22. The composition of claim 21, wherein the amino acid
is at least one amino acid selected from the group consisting
of amino acid 1, 240, 241, 242, 243, 244 and 505 of SEQ ID
NO: 816.
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23. The composition of claim 16, wherein the flagellin is
at least a portion of an S. muenchen flagellin and the S.
muenchen flagellin includes at least a portion of SEQ ID
NO: 504.

24. The composition of claim 23, wherein at least one
cysteine residue substitutes for at least one amino acid in a
naturally occurring flagellin amino acid sequence flagellin
component.

25. The composition of claim 24, wherein the amino acid
is at least one amino acid selected from the group consisting
of amino acid 1, 237, 238, 239, 240, 241 and 504 of SEQ ID
NO: 504.

26. The composition of claim 16, wherein the flagellin is
at least a portion of P aeruginosa flagellin and the P.
aeruginosa flagellin includes at least a portion of SEQ ID
NO: 815.

27. The composition of claim 26, wherein at least one
cysteine residue substitutes for at least one amino acid in a
naturally occurring flagellin amino acid sequence flagellin
component.

28. The composition of claim 27, wherein the amino acid
is at least one amino acid selected from the group consisting
of'amino acid 1, 211, 212, 213 and 393 of SEQ ID NO: 815.

29. The composition of claim 16, wherein the flagellin
includes at least a portion of a Listeria monocytogenes
flagellin and the Listeria monocytogenes flagellin includes at
least a portion of SEQ ID NO: 820.

30. The composition of claim 29, wherein at least one
cysteine residue substitutes for at least one amino acid in a
naturally occurring flagellin amino acid sequence flagellin
component.

31. The composition of claim 30, wherein the amino acid
is at least one amino acid selected from the group consisting
of'amino acid 1, 151, 152, 153, 154 and 287 of SEQ ID NO:
820.

32. The composition of claim 16, wherein the flagellin is
at least a portion of E. coli flagellin and the E. coli flagellin
includes at least a portion of SEQ ID NO: 502.

33. The composition of claim 32, wherein at least one
cysteine residue substitutes for at least one amino acid in a
naturally occurring flagellin amino acid sequence flagellin
component.

34. The composition of claim 33, wherein the amino acid
is at least one amino acid selected from the group consisting
of amino acid 1, 238, 239, 240, 241, 242, 243 and 497 of
SEQ ID NO: 502.

35. The composition of claim 11, wherein the antigen is
at least a portion of an influenza antigen.

36. The composition of claim 35, wherein the influenza
antigen is at least a portion of an integral membrane protein
of influenza.

37. The composition of claim 35, wherein the influenza
antigen is an influenza A antigen.

38. The composition of claim 35, wherein the influenza
antigen is an influenza B antigen.

39. The composition of claim 35, wherein the influenza
antigen is an influenza C antigen.

40. The composition of claim 36, wherein the integral
membrane protein is at least a portion of a hemagglutinin
protein.

41. The composition of claim 40, wherein the portion of
the hemagglutinin protein includes at least a portion of a
maturational cleavage site of the hemagglutinin protein.
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42. The composition of claim 41, wherein the matura-
tional cleavage site includes at least one member selected
from the group consisting of SEQ 1D NO: 530, SEQ ID NO:
532, SEQ ID NO: 533, SEQ ID NO: 534, SEQ ID NO: 535,
SEQ ID NO: 600, SEQ ID NO: 601, SEQ ID NO: 602, SEQ
ID NO: 603, SEQ ID NO: 821, SEQ ID NO: 796, SEQ ID
NO: 797, SEQ ID NO: 798, SEQ ID NO: 799 and SEQ ID
NO: 822.

43. The composition of claim 36, wherein the integral
membrane protein includes at least a portion of a matrix 2
protein.

44. The composition of claim 11, wherein the antigen is
at least a portion of at least one member selected from the
group consisting of a West Nile viral protein, a Langat viral
protein, a Kunjin viral protein, a Murray Valley encephalitis
viral protein, a Japanese encephalitis viral protein, a Tick-
borne encephalitis viral protein, Dengue 1 viral protein,
Dengue 2 viral protein, Dengue 3 viral protein, Dengue 4
viral protein, hepatitis C viral protein and a Yellow fever
viral protein.

45. The composition of claim 11, wherein the antigen
includes a pathogen-related antigen.

46. The composition of claim 45, wherein the pathogen-
related antigen is at least one member selected from the
group consisting respiratory syncytial virus, Plasmodium
Jfalciparum and Plasmodium vivax.

47. The composition of claim 1, further including a carrier
protein.

48. The composition of claim 47, wherein the carrier
protein is at least one member selected from the group
consisting of a tetanus toxoid, a Vibrio cholerae toxoid, a
diphtheria toxoid, a cross-reactive mutant of diphtheria
toxoid, a E. coli B subunit of a heat labile enterotoxin, a
tobacco mosaic virus coat protein, a rabies virus envelope
protein, a rabies virus envelope glycoprotein, a thyroglobu-
lin, a heat shock protein 60, a keyhole limpet hemocyanin
and an early secreted antigen tuberculosis-6.

49. The composition of claim 1, wherein at least one
member selected from the group consisting of an arginine
residue, a serine residue and a histidine residue substitutes
for at least one lysine of at least one member selected from
the group consisting of at least a portion of the flagellin
component and at least a portion of the flagellin.

50. A composition comprising a Toll-like Receptor ago-
nist component that is at least a portion of a Toll-like
Receptor agonist, wherein the Toll-like Receptor agonist
component includes at least one cysteine residue in a posi-
tion where a cysteine residue does not occur in the native
Toll-like Receptor agonist, whereby the Toll-like Receptor
agonist component activates a Toll-like Receptor.

51. The composition of claim 50, wherein the Toll-like
Receptor agonist component includes at least a portion of a
naturally occurring Toll-like Receptor agonist in combina-
tion with the cysteine residue.

52. The composition of claim 51, wherein the cysteine
residue is remote to at least one amino acid of the Toll-like
Receptor recognition site of the Toll-like Receptor agonist
component.

53. The composition of claim 50, wherein the Toll-like
Receptor agonist is at least a portion of at least one member
selected from the group consisting of a Toll-like Receptor 1
agonist, a Toll-like Receptor 2 agonist, a Toll-like Receptor
3 agonist, a Toll-like Receptor 4 agonist, a Toll-like Receptor
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5 agonist, a Toll-like Receptor 6 agonist, a Toll-like Receptor
7 agonist, a Toll-like Receptor 8 agonist and a Toll-like
Receptor 9 agonist.

54. The composition of claim 53, further including at least
a portion of at least one antigen.

55. A composition comprising a flagellin component that
is at least a portion of a flagellin, wherein at least one lysine
of the flagellin component has been substituted with at least
one arginine, whereby the flagellin component activates a
Toll-like Receptor 5.

56. The composition of claim 55, wherein the flagellin is
at least a portion of at least one member selected from the
group consisting of a S. typhimurium flagellin, an E. coli fliC
flagellin, S. muenchen flagellin, P. aeruginosa flagellin and
Listeria monocytogenes flagellin.

57. The composition of claim 56, wherein the flagellin is
at least a portion of a S. #yphimurium flagellin and the S.
typhimurium flagellin is selected from the group consisting
of SEQ ID NO: 812 and SEQ ID NO: 816.

58. The composition of claim 57, wherein the lysine
residue that is substituted with the arginine is at least one
lysine residue selected from the group consisting of lysine
19,41, 58, 135, 160, 177, 179, 203, 215, 221, 228, 232, 241,
251, 279, 292, 308, 317, 326, 338, 348, 357, 362, 369, 378,
384, 391 and 410 of SEQ ID NO: 812.

59. The composition of claim 57, wherein the lysine
residue that is substituted with the arginine is at least one
lysine residue selected from the group consisting of lysine
20,42, 59, 136, 161, 177, 182, 189, 209, 227, 234, 249, 271,
281, 288, 299, 319, 325, 328, 337, 341, 355, 357, 369, 381,
390, 396, 403, 414 and 422 of SEQ ID NO: 816.

60. The composition of claim 56, wherein the flagellin is
at least a portion of an E. coli fliC flagellin and the F. coli
flagellin includes at least a portion of SEQ ID NO: 814.

61. The composition of claim 56, wherein the flagellin is
at least a portion of a S. muenchen flagellin and the S.
muenchen flagellin includes at least a portion of SEQ ID
NO: 813.

62. The composition of claim 56, wherein the flagellin is
at least a portion of a P. aeruginosa flagellin and the P.
aeruginosa flagellin includes at least a portion of SEQ ID
NO: 815.

63. The composition of claim 56, wherein the flagellin is
at least a portion of a Listeria monocytogenes flagellin and
the Listeria monocytogenes flagellin includes SEQ ID NO:
500.

64. The composition of claim 55, further including at least
a portion of at least one antigen.

65. The composition of claim 64, wherein the antigen is
conjugated to the flagellin component after substitution of
the lysine for arginine.

66. The composition of claim 64, wherein the antigen is
at least a portion of an influenza antigen.

67. The composition of claim 66, wherein the influenza
antigen is at least a portion of an integral membrane protein.

68. The composition of claim 67, wherein the integral
membrane protein includes at least a portion of a hemag-
glutinin protein.

69. The composition of claim 67, wherein the integral
membrane protein includes at least a portion of a matrix 2
protein.

70. The composition of claim 66, wherein the influenza
antigen is an influenza A antigen.

Sep. 27, 2007

71. The composition of claim 66, wherein the influenza
antigen is an influenza B antigen.

72. The composition of claim 66, wherein the influenza
antigen is an influenza C antigen.

73. A composition comprising a flagellin component that
is at least a portion of a flagellin, wherein at least one lysine
of the flagellin component has been substituted with at least
one serine residue, whereby the flagellin component acti-
vates a Toll-like Receptor 5.

74. A composition comprising a flagellin component that
is at least a portion of a flagellin, wherein at least one lysine
of the flagellin component has been substituted with at least
one histidine residue, whereby the flagellin component
activates a Toll-like Receptor 5.

75. A method of stimulating an immune response in a
subject, comprising the step of administering to the subject
a composition that includes a flagellin component that is at
least a portion of a flagellin, wherein the flagellin component
includes at least one cysteine residue and whereby the
flagellin component activates a Toll-like Receptor 5.

76. The method of claim 75, further including at least a
portion of at least one antigen.

77. A method of stimulating an immune response in a
subject, comprising the step of administering to the subject
a composition that includes a flagellin component that is at
least a portion of a flagellin, wherein at least one lysine of
the flagellin component has been substituted with at least
one arginine, whereby the flagellin component activates a
Toll-like Receptor 5.

78. The method of claim 77, further including at least a
portion of at least one antigen.

79. A method of stimulating an immune response in a
subject, comprising the step of administering to the subject
a composition that includes a flagellin component that is at
least a portion of a flagellin, wherein at least one lysine of
the flagellin component has been substituted with at least
one serine residue, whereby the flagellin component acti-
vates a Toll-like Receptor 5.

80. The method of claim 79, further including at least a
portion of at least one antigen.

81. A method of stimulating an immune response in a
subject, comprising the step of administering to the subject
a composition that includes a flagellin component that is at
least a portion of a flagellin, wherein at least one lysine of
the flagellin component has been substituted with at least
one histidine residue, and whereby the flagellin component
activates a Toll-like Receptor 5.

82. The method of claim 81, further including at least a
portion of at least one antigen.

83. A method of stimulating an immune response in a
subject, comprising the step of administering to the subject
a composition that includes a Toll-like Receptor agonist
component that is at least a portion of a Toll-like Receptor
agonist, wherein the Toll-like Receptor agonist component
includes at least one cysteine residue in a position where a
cysteine residue does not occur in the native Toll-like
Receptor agonist, whereby the Toll-like Receptor agonist
component activates a Toll-like Receptor agonist.

84. The method of claim 83, further including at least a
portion of at least one antigen.
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