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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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Clinical Scores 
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SEO ID NO: 498 fliB/STF2 amino acid sequence (hinge region underlined) 

MAOVINTNSLSLLTONNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKG 
LTOASRNANDGISIAQTTEGALNEINNNLORVRELAVOSANSTNSQSDLDSIQAEITQRL 
NEIDRVSGOTOFNGVKVLAQDNTLTIQVGANDGETIDIDLKOINSQTLGLDSLNVOKAYD 
WKDTAVTTKAYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFWTIG 
GFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVOELKDTPAVVSADAKN 
ALAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAKAKTTS 
YTAADGTTKTAANOLGGVDGKTEVVTIDGKTYNASKAAGHDFKAOPELAEAAAKTTENPL 
OKIDAALAOVDALRSDLGAVONRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA 
QILQQAGTSVLAQANOVPONVISLLR 

Figure 29 
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SEQ ID NO. 499 fliB/STF2 nucleic acid sequence (hinge region underlined) 

ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAA 
TCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGC 
GCGAAAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGT 
CTGACTCAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGC 
GCGCTGAACGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT 
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTG 
AACGAAATCGACCGTGTATCCGGCCAGACT CAGTTCAACGGCGTGAAAGTCCTGGCGCAG 
GACAACACCCTGACCATCCAGGTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTG 
AAGCAGATCA ACTCTCAGACCCTGGGTCTGGACTCACTGAACGTGCAGAAAGCGTATGAT 
GTGAAAGATACAGCAGTAACAACGAAAGCTTATGCCAATAATGGTACTACACTGGATGTA 
TCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGTGGTACGAATGGTACGGCTTCT 
GTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACAAGTACTTTGTTACTATTGGT 
GGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGATTATGAAGTTAACGTTGCTACTGAC 
GGTACAGTA ACCCTTGCGGCTGGCGCAACTAAAACCACAATGCCTGCTGGTGCGACAACT 
AAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAAT 
GCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAAATG 
TCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGAT 
AAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACAAGT 
TATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGT 
AAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCAT 
GATTTCAA AGCACA ACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG 
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA 
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAA 
GCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCG 
CAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTA ACCAGGTCCCGCAGAAC 
GTGCTGTCTCTGTTACGT 

Figure 30 
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SEQ ID NO. 500 flis/STF2A amino acid Sequence 

MAQVINTNSLSLLTONNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLT 
QASRNANDGISIAQTTEGALNEINNNLORVRELAVQSANSTNSQSDLDSIQAEITQRLNEID 
RVSGOTOFNGVKVLAODNTLTIOVGANDGETIDIDLKOINSOTLGLDSLNVHGAPVDPASPW 
TENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNM 
SRAQILQQAGTSVLAQANOVPONVLSLLR 

Figure 31 
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SEQ ID NO. 501 flis/STF2A nucleic acid Sequence 

ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATC 
CCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGA 
AAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACT 
CAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAA 
CGAAATCAACAACAACCTGCAGCGTGIGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCA 
ACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGAC 
CGTGTATCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACA ACACCCTGAC 
CATCCAGGTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCA ACTCTC 
AGACCCTGGGTCTGGACT CACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTAGCCCATGG 
ACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGA 
TCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACA 
ATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATG 
TCTCGCGCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCC 
GCAGAACGTGCTGTCTCTGTTACGTG 

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

MAQVINTNSLSLITONNINKNOSALSSSIERLSSGLRINSAKDDAAGOAIANRFTSNIKG 
LTOAARNANDGISVAQTTEGALSEINNNLORERELTVOASTGTNSDSDLDSIODEIKSRL 
DEIDRVSGOTOFNGVNVLAKDGSMKIQVGANDGOTITIDLKKIDSDTLGLNGFNVNGSGT 
IANKAATISDLTAAKMDAATNTITTTNNALTASKALDOLKDGDTVTIKADAAQTATVYTY 
NASAGNFSLSNVSNNTSEKAGDVAASLLPPAGOTASGVYKAASGEVNFDVDANGKITIGG 
OKAYLTSDGNLTTNDAGGATAATLDGLFKKAGDGOSIGFKKTASVTMGGTTYNFKTGADA 
DAATANAGVSFTDTASKETVLNKVATAKOGKAAAADGDTSATITYKSGVOTYOAVFAAGD 
GTASAKYADKADVSNATATYTDADGEMTTGSYTTKYSIDANNGKVTVDSGTGTGKYAPK 
WGAEVYVSANGTLTTDATSEGTVTKDPLKALDEAISSIDKFRSSLGAIONRLDSAVTNLN 
NTTTNLSEAQSRIQDADYATEVSNMSKAQIIQQAGNSVLAKANOVPQQVLSLLQG 

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

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

Figure 34 



Patent Application Publication Sep. 27, 2007 Sheet 41 of 91 US 2007/0224205 A1 

SEQID NO. 504 Salmonella muenchen flagellin fliCamino acid sequence (hinge region 
underlined) 

MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLT 
QASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANGTNSQSDLDSIQAEITQRLNEID 
RVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKEISSKTLGLDKLNVQDAYTPKETAV 
TVDKTTYKNGTDTITAOSNTDIOTAIGGGATGVTGADIKFKDGOYYLDVKGGASAGVYKATY 
DETTKKVNIDTTDKTPLATAEATAIRGTATITHNQIAEVTKEGVDTTTVAAQLAAAGVTGAD 
KDNTSLVKLSFEDKNGKVIDGGYAVKMGDDFYAATYDEKTGTITAKTTTYTDGAGVAQTGAV 
KFGGANGKSEVVTATDGKTYLASDLDKHNFRTGGELKEVNTDKTENPLQKIDAALAQVDTLR 
SDLGAVQNRFNSAITNLGNTVNNLSSARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQ 
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 
CCGTGTATCCGGTCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGA 
CCATCCAGGTTGGTGCCAACGACGGTGAAACTATTGATATTGATTTAAAAGAAATTAGCTCT 
AAAACACTGGGACTTGATAAGCTTAATGTCCAGGATGCCTACACCCCGAAAGAAACTGCTGT 
AACCGTTGATAAAACTACCTATAAAAATGGTACAGATACTATTACAGCCCAGAGCAATACTG 
ATATCCAAACTGCAATTGGCGGTGGTGCAACGGGGGTTACTGGGGCTGATATCAAATTTAAA 
GATGGT CAATACTATTTAGATGTTAAAGGCGGTGCTTCTGCTGGTGTTTATAAAGCCACTTA 
TGATGAAACTACAAAGAAAGTTAATATTGATACGACTGATAAAACTCCGTTAGCAACTGCGG 
AAGCTACAGCTATTCGGGGAACGGCCACTATAACCCACAACCAAATTGCTGAAGTAACAAAA 
GAGGGTGTTGATACGACCACAGTIGCGGCTCAACTTGCTGCTGCAGGGGTTACTGGTGCCGA 
TAAGGACAATACTAGCCTTGTAAAACTATCGTTTGAGGATAAAAACGGTAAGGTTATTGATG 
GTGGCTATGCAGTGAAAATGGGCGACGATTTCTATGCCGCTACATATGATGAGAAAACAGGT 
ACAATTACTGCTAAAACAACCACTTATACAGATGGTGCTGGCGTTGCTCAAACTGGAGCTGT 
GAAATTTGGTGGCGCAAATGGTAAATCTGAAGTTGTTACTGCTACCGATGGTAAAACTTACT 
TAGCAAGCGACCTTGACAAACATAACTTCAGAACAGGCGGTGAGCTTAAAGAGGTTAATACA 
GATAAGACTGAAAACCCACTGCAGAAAATTGATGCTGCCTTGGCACAGGTTGATACACTTCG 
TTCTGACCTGGGTGCGGTACAGAACCGTTTCAACTCCGCTATCACCAACCTGGGCAATACCG 
TAAATAACCTGTCTTCTGCCCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTCTCC 
AACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGTACCTCCGTTCTGGCGCAGGCTA ACCA 

GGTTCCGCAAAACGTCCTCTCTTTACTGCGTTAA 

Figure 36 
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SEQ ID: 506 Amino acid sequence of pmT/STF2 (Linker underlined) 

MKLCILLAVVAFVGLSLGRSAOVINTNSLSLLTONNLNKSQSALGTAIERLSSGLRI 
NSAKDDAAGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVREL 
AVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGOTOFNGVKVLAQDNTLTIQVGAND 
GETIDIDLKOINSOTLGLDSLNVOKAYDVKDTAVTTKAYANNGTTLDVSGLDDAAIK 
AATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLA 
AGATKTTMPAGATTKTEVOELKDTPAVVSADAKNALIAGGVDATDANGAELVKMSYT 
DKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANOLGGVDG 
KTEVVTIDGKTYNASKAAGHDFKAOPELAEAAAKTTENPLOKIDAALAOVDALRSDL 
GAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQA 
NQVPQNVLSLLRKGNSKLEGQLEFPRTSPVWWNSADIQHSGGRSSLEGPRFEGKPIP 
NPLLGLDSTRIGHHHHHH 

Figure 37 
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MCS 

BrbB str2 put/str? 
pMT). BiP STF2 H 4xM2e STF2.4xM2e (H1) 

pMT). BiP STF2 - 4xM2esTF2.4xM.2e (H5) 

pMT) BiP STF2 4xM.2e STF2, 4xM.2e (H1H5) 

Figure 41A 
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MCS 

pMT). BiP STF2A pMT/STFA 

pMT). BiP sTF2A - 4xM2e STF2A. 4xM2e (H1) 

pMT). BiP stF2A - 4xM2e STF2A. 4xM.2e (H5) 

Figure 41B 
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MCS 

PICZO/STF2A Aloxi of STF2A 

Aox of STF2A HA STF2A.HAPR8 

Aloxi Of STF2A HA STF2A.HAH5 

Figure 42 
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SEO ID NO. 562 

GACCAGATCTGTATCGGTTATCATGCTAACAATTCTACTGAACAAGTAGATACTATCATG 
GAGAAGAACGTTACAGTTACACATGCACAAGATATCCTGGAAAAGAAGCATAATGGAAAA 
CTGTGTGACCTTGATGGTGTTAAACCACTAATATTGCGTGACTGCTCAGITGCTGGGTGG 

TTGTTGGGGAATCCAATGTGCGACGAATTTATCAACGTTCCAGAATGGAGTTACATTGTT 
GAAAAAGCTAACCCTGTTAACGACTTGTGTTACCCAGGCGATTTTAATGACTACGAGGAA 
CTTAAGCATTTGTTGTCAAGAATTAACCACTTCGAGAAAATTCAAATTATTCCAAAGTCA 
TCTTGGTCCTCCCATGAAGCATCCCTAGGAGTCTCTTCCGCTTGCCCTTACCAAGGCAAG 
AGTTCCTTTTTTCGTAATGTCGTCTGGCTGATCAAAAAGAACTCCACCTATCCAACTATA 
AAGAGATCATACAACAACACAAATCAGGAGGATCTGCTAGTTCTGTGGGGCATTCACCAC 
CCCAATGACGCAGCTGAGCAGACTAAATTGTACCAAAACCCAACTACCTATATATCAGTT 
GGTACCTCAACTCTTAACCAGCGACTAGTCCCCCGTATTGCTACTAGGTCAAAGGTTAAT 
GGTCAAAGTGGACGAATGGAGTTTTTCTGGACTATTTTGAAGCCCAACGATGCCATCAAC 
TTCGAAAGTAATGGAAATTTCATAGCCCCTGAGTACGCTTACAAAATCGTTAAAAAGGGT 
GATTCCACTATCATGAAATCTGAACTGGAATACGGAAACTGTAACACCAAATGCCAGACG 
CCAATGGGTGCCATCAACTCTTCTATGCCTTTTCACAACATTCATCCTTTGACTATTGGT 
GAATGCCCAAAGTACGTCAAATCTAACCGTTTGGTGTTGGCTACTGGTCTAAGGAACTCC 
CCTCAGCGTGAAAGAAGAAGAAAGAAGAGGGGATTATTCGGTGCTATCGCTGGATTTATT 
GAGGGAGGATGGCAGGGAATGGTCGATGGCTGGTATGGTTACCATCACTCAAATGAACAG 
GGAAGTGGATACGCAGCTGATAAAGAATCTACT CAAAAGGCTATCGACGGTGTTACAAAC 
AAGGTCAATTCTATTATCGATAAGATGAATACACAGTTTGAGGCTGTTGGTAGAGAGTTC 
AATAATCTTGAGAGAAGAATCGAAAACCTGAACAAGAAAATGGAAGACGGATTTTTAGAT 
GTATGGACTTACAATGCTGAGTTGTTGGTCTTGATGGAGAATGAACGAACGTTGGACTTC 
CATGACTCCAATGTGAAGAACCTATATGACAAAGTGAGGCTGCAACTTAGAGACAACGCC 
AAGGAATTGGGAAACGGGTGCTTCGAGTTTTACCACAAATGCGACAACGAATGTATGGAA 
TCAGTGAGAAACGGTACCTATGATTACCCCCAATATTCCGAGGAGGCAAGACTGAAGAGA 
GAAGAGATATCTGGTGTAAAGTTGGAATCCATCGGTATTTATCAGATTCTATCTATATAT 
TCTACCTAATAG 

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

MAQVINTNSLSLITONNINKNOSALSSSIERLSSGLRINSAKDDAAGOAIANRFTSNIKG 
LTOAARNANDGISVAOTTEGALSEINNNLORIRELTVOASTGTNSDSDLDSIODEIKSRL 
DEIDRVSGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGTKDPLKALDEA 
ISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEAQSRIQDADYATEVSNMSKAQIIQQA 
GNSVLAKANOVPQQVLSLLOG 

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

MKLCILLAVVAFVGLSLGRSAOVINTNSLSLLTONNLNKSQSALGTAIERLS 
SGLRINSAKDDAAGOAIANRFTANIKGLTOASRNANDGISIAOTTEGALNEI 
NNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKV 
LAODNTLTIQVGANDGETIDIDLKOINSOTLGLDSLNVHGAPVDPASPWTEN 
PLQKIDAALAQVDALRSDLGAVONRFNSAITNLGNTVNNLSEARSRIEDSDY 
ATEVSNMSRAQILOOAGTSVLAOANOVPONVLSLLREFSRYPAOWRPLTRTG 
HHHHHH 

Figure 46 
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SEO 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 flic. Amino Acid Sequence 
(Hinge region deleted) 

MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKG 
LTOASRNANDGISIAQTTEGALNEINNNLORVRELAVOSANGTNSOSDLDSIOAEITORL 
NEIDRVSGOTOFNGVKVLAQDNTLTIQVGANDGETIDIDLKEISSKTLDKHNFRTGGELK 
EVNTDKTENPLQKIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTVNNLSSARSRIEDSD 
YATEVSNMSRAQILOOAGTSVLAQANOVPQNVLSLLR 

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

ATGGCACAAGTCATTAATACAAACAGCCTGTCGCTGTTGACCCAGAATAACCTGAACAAA 
TCCCAGTCCGCTCTGGGCACCGCTATCGAGCGTCTGTCTTCCGGTCTGCGTATCAACAGC 
GCGAAAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGT 
CTGACTCAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGC 
GCGCTGAACGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT 
AACGGTACTAACTCCCAGTCTGACCTTGACTCTATCCAGGCTGAAATCACCCAGCGTCTG 
AACGAAATCGACCGTGTATCCGGTCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAG 
GACAACACCCTGACCATCCAGGTTGGTGCCAACGACGGTGAAACTATTGATATTGATTTA 
AAAGAAATTAGCTCTAAAACACTGACAGATAAGACTGAAAACCCACTGCAGAAAATTGAT 
GCTGCCTTGGCACAGGTTGATACACTTCGTTCTGACCTGGGTGCGGTACAGAACCGTTTC 
AACTCCGCTATCACCAACCTGGGCAATACCGTAAATAACCTGTCTTCTGCCCGTAGCCGT 
ATCGAAGATTCCGACTACGCGACCGAAGICTCCAACATGTCTCGCGCGCAGATTCTGCAG 
CAGGCCGGTACCTCCGTTCTGGCGCAGGCTAACCAGGTTCCGCAAAACGTCCTCTCTTTA 
CTGCGTTAA 

Figure 49 
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IL-8 Secretion Following Stimulation of TLR5+ Cells . 
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TNFSecretion Following Stimulation of TLR2+ Cells 

-(- LPS 

-O-LPSPMB 

-- Pam3Cys 
-- Pam3Cys+PMB 
-0-Pam3Cys.M2e 
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3.2 M2e-Specific IgG 

-O-M2e 
2.8 - -A - Pam3 CSK-4 

2.4 - --O-- Pan-M2e 
-- M2e--Pam CSK4 

2.0 - -X- PBS 
A 
O 16 - 
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O4 - 
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Serum Dilution 

Figure 52 
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OVA Specific IgG 

s's 4S as 
Immunization 

Figure 53 
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M2e-Specific IgG Serum Titer 

-O- PBS 

-C-M2e 

- A M2e - Alum 

-0-Pam3Cys.M2e 
- - STF2.4XM2e 

10 r 100 1000 10000 100000 

Serum Dilution 

Figure 54 
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M2e-Specific Serum IgG Titer Post-boost 

-O-R.028 (25 ug) 
-- D.002 (25 ug) 
-- D.002 (15ug) 
-O-D.002 (10 g) 
-A-D.002 (5 g) 
- A - D.002 (2.5 g) 
-A-D.002 (0.5 g) 
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Pam3Cys. M2e Dose Response 

-O-Pam 3Cys. M2e3Oug 

-0-Pam 3Cys. M2e 1 Oug 

-e-Pam 3Cys. M2e 5ug 

-- Pam 3Cys. M2e 3ug 
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Serum Dilution 

Figure 56 
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M2e Specific Serum IgG Titer 

-O- Baby C 

-- C57BL/6 

0 CB6 F1 

- 7 - DBA/2 

->e-Cr:NIH(Swiss) 
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Rabbit IgG to M2e Individual Rabbits Day 49 (Day 7 Post Boost 2) 1:125 Dilution 
2.5 
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O 
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Dose in pg/ml 

Figure 58 

  



Patent Application Publication Sep. 27, 2007 Sheet 66 of 91 US 2007/0224205 A1 

STF2.4xM2e Rabbit immunogenicity: 
14 Day Post-prime 

Treatment Group (Dilution) 

Figure 59 
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Survival Following Viral Challenge 

100 S. 
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T7 acO E- pET/STF2.EIII+ 

T7 acO E+ pET/STF2AE+ 

Figure 61 
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-0-STF2.OVA (010) 
-- STF2A.EIII+ (044) 
- A -STF2A.EIII+ (045) 

10 100 1000 10000 

concentration, ng/ml 
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-0- Pam CKS4 

-HSTF2.OVA (010) 
-A-STF2.EIII+ (054) 
-K-STF2.EIII+ (057) 

10 100 1000 10000 

concentration, ng/ml 

Figure 62B 
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STF2A.EII+ (O44) 
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Figure 63 
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050324 QC ELISA: polyclonal anti-WNE (L2 0605) 
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050324 QC ELISA: anti-flagellin (6H11) 

160 
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050324 OC ELISA: 5C5 monoclonal anti-WNE 
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050324 QC ELISA: 7H2 monoclonal anti-WNE 
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C3H/HeN E-specific IgG Sera (Boost d35) 

-O-PBS 

- A -STF2A.EIII+ (045) ip. 
- A -STF2A. EIII+ (045) s.c. 

-O-STF2.EIII+ (057) ip. 
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Survival of WNV-challenged C3H/HeN mice 
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WNE Specific IgG Sera Titer (Post-boost Day 35) 

-- PBS 
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Survival of WNV-challenged C3H/HeN mice 
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WNE IgG Competition Assay 

-O-PBS (i.p.) 

-0-AX-1 CM (i.p.) 

-A-STF2A.EIII+ (i.p.) 

-O-STF2A.EIII+ (s.c.) 

100 1000 10000 
Serum Dilution 

Figure 69 

  



Patent Application Publication Sep. 27, 2007 Sheet 81 of 91 US 2007/0224205 A1 

STF2AEIIIS 
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STF2AEIIIS 
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Peptide Specific IgG 
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Flavivirus Envelope Protein Domain I/III junction 
(domain 280-297, domain III 298-406) 

WN aa 28-307 
WN LTSGHLKCRVKMEKLOLKGTTYGVCSK(SEQ ID NO: 691) 
JE LTSGHLKCRLKMDKLALKGTTYGMCTE (SEQ ID NO: 692) 
D1 IFAGHLKCRLKMDKLTLKGMSYVMCTG (SEQ ID NO: 639) 
D2 LFTGHLKCRLRMDKLQLKGMSYSMCTG(SEQ ID NO: 694) 
D3 IFAGHLKCRLKMDKLKLKGMSYAMCLN(SEQ ID NO: 695) 
D4 MFAGHLKCKVRMEKLRIKGMSYTMCSG (SEQ ID NO: 696) 

XXXGHLKCRXXMXKLXLKGXXYXXCXX (SEQ ID NO: 697) 
GHLKCRMKLLKGYC (SEQ ID NO: 698) 

Figure 73 
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Figure 74 
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Flagellin from Pseudomonas aeruginosa (accession number P21184) 
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Flagellin from Listeria monocytogenes (accession number Q92DW3) 
* 10 k * 20 3 O k 40 5 O r 60 
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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 
CCC. 

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 STF2HA 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 meant-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 ODso meant-SD of 10 
individual Sera/group. 

0.036 FIG. 8A depicts survival of BALB/c mice immu 
nized with STF2HA1-2(PR8) (SEQID NO:90). Mice from 
FIGS. 8 and 9 were challenged on day 28 with an LDo 
(8x10 EID) of influenza A PR/8/34 administered intrana 
Sally (Day 0 post-challenge). 

0037 FIG. 8B depicts weights of BALB/c mice immu 
nized with STF2HA1-2(PR8) (SEQID 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 0 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) (SEQID: NO90). 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 0 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 STF2HA1-2(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 ug of 
STF2HA1-2(PR8) (SEQ ID NO: 90), or 3 or 0.3 g 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 Cath NR-660)) 
and (FIG. 10B) recombinant flagellin (STF2) (SEQID NO: 
96) by ELISA. 

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

0.042 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 meaniSD 
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 in. with an LDoo (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 in. with an LDoo (8x10 
EID) of influenza A PR/8/34. Graph reflects the average 
weight per group based on individual animals measured 
daily for 21 days. 

004.5 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 LD (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 ug STF2. HA1-2(VN). 

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

0.048 FIG. 16 depicts an anti-HA antibody titers of mice 
following immunization with 1 ug STF2.HA1-2(VN). 

0049 FIG. 17 depicts a survival of mice following chal 
lenge with 10 LDoo 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 TLR5 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 TLR5 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. 
0.055 FIG. 23 depicts TLR5-dependent secretion of IL-8 
following stimulation of HEK293 cells with the indicated 
STF2A proteins. 
0056 FIG. 24 depicts the S200 chromatogram of 
STF2A.Hinge(Cys:CysH1C1. 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 IL-8 
following stimulation of RAWhTLR5 cells (closed symbols) 
or TLR5-negative RAW cells (open symbols) with 
STF2A.Hinge(Cys (squares), STF2A.Hingecys:CysH1C1 
conjugate (circles), or STF2.OVA (triangles). 
0.058 FIG. 26 depicts the S200 chromatogram of 
STF2.4xH1C1. Void=column void volume; conjugate=elu 
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 H1C1 peptide or 
Pam3Cys.H1C1 peptide. 

0060 FIG. 28 depicts a survival plot of BALB/c mice 
immunized with native H1C1 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 (flB/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 flB/ 
STF2 without the hinge region (also referred to herein as 
“flB/STF2A or “STF2A) (SEQ ID NO: 500). 
0064 FIG. 32 depicts the nucleic acid sequence (SEQID 
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 (SEQID 
NO: 503) encoding SEQ ID NO: 502. The nucleic acid 
sequence encoding the hinge region is underlined. 
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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 (SEQID 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 pPICZC. expression vector (Invitrogen 
Corporation, Carlsbad, Calif.). Cf. Secretion signal sequence 
of yeast. STF2: full-length flagellin of S. typhimurium. 
STF2A: hinge region-deleted STF2. MCS: multiple cloning 
site. 

0075 FIG. 43 depicts the amino acid sequence (SEQ ID 
NO: 561) of HA (PR8). 
0.076 FIG. 44 depicts the nucleic acid sequence (SEQID 
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 
fiCA. 

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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0.083 FIG. 51 depicts TNF secretion following stimula 
tion of TLR2+ cells. 

0084 FIG. 52 depicts M2e-specific IgG. 
0085 FIG. 53 depicts the OVA-specific IgG. 
0.086 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. 
0.091 FIG. 59 depicts the immunogenicity of STF2.4x 
M2e in a rabbit 14 days post-prime. 
0092 FIG. 60 depicts the survival of BALB1c 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 LDoo of influenza A/Puerto 
Rico/8/34 virus (Day 0 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 TLR5 bioactivity of 
STF2.EIII+ (SEQ ID NOS: 657, 658) and STF2AEIII+ 
(SEQ ID NOS: 673, 674) fusion proteins. Serial dilutions of 
purified proteins were added to HEK293 (TLR5+) cells 
overnight and IL-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). 
0.095 FIG. 63 depicts STF2A.EIII+ antigenic epitopes 
assessed by ELISA. Plates were coated with full-length 
WNE (open bars) (SEQID NO: 642) or STF2A.EIII+ (SEQ 
ID NOS: 673,674) and probed with the indicated antibodies 
(mAb). Poly=polyclonal antiserum to WNE: 3D9 through 
7H2=neutralizing monoclonal antibodies to WNE epitopes: 
anti-flagellin=monoclonal antibody to flagellin. 

0.096 FIGS. 64A, 64B, 64C and 64D depict reactivity of 
STF2.E (SEQ ID NOS: 761, 762); STF2.EIII+ (SEQ ID 
NOS:657, 658) and STF2A.EIII+ (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), 25ug of STF2A.EIII+ (SEQID NOS:673, 
674) i.p., 25 ug STF2A.EIII+ s.c., 25 ug STF2.EIII+ (SEQ 
ID NO:659,658) i.p., 25 ug STF2.EIII+ (SEQ ID NOS:657, 
658) or 25 ug STF2.E (SEQID 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 
(SEQID NO:642) was used as the antigen in this assay. This 
antigen (60) was produced in Drosophila as a his-tagged 
protein. 

0.098 FIG. 66 depicts STF2A.EIII+ (SEQ ID NOS: 673 
674) and STF2.EIII+ (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.EIII+ proteins induce 
WNV-specific IgG antibodies. Mice were immunized s.c. on 
days 0, 14 and 28 with PBS alone or about 25 ug of 
STF2A.EIII+ (SEQ ID NOS: 673, 674) (045 positive con 
trol), STF2A.EIII+ (067, trimer), STF2A.EIII+ (070, mono 
mer) or STF2A.EIIIs+ (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.EIII+ (SEQ ID NOS: 673, 
674) and STF2A.EIIIs+ (SEQID 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.EIII+ (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.EIIIs+ (SEQID 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(CS), 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 (SEQID NO: 
771) inducing EIII 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 g of 
Pam3Cys.WNV001. 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 
STF2A.EIIIs-- 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 D0, 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. 
0.111 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., HA1-1, 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). 
0.116) 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. 
0.117) 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 (PRNTs); 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. J., 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., LDo, LDo LDo, LDso 
LDoo LDzo, LDso, LDoo). 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 “LDs: a lethal dose of a virus 
that results in the death of 80% of a population of subjects 
is referred to herein as “LDo”: a lethal dose of a virus that 
results in death of 90% of a population of subjects is referred 
to herein as “LD.” 
0119 For example, determination of the LD 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 
W1US. 

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)). 
0.121. It is 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. 

0.122 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. 
0.124. 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. Virol., 80:7546-54 (2006)); Canine 
distemper virus (Singethan K., et al., J Gen 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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0.130 HA1-1, as used herein, refers to a protein portion 
of a viral hemagglutinin that includes at least about one 
B-sandwich that includes the substrate binding site, which 
includes at least about two B-sheets, at least about two to 
about three short C.-helixes, at least one Small B-sheet and at 
least one additional small f-sandwich at the bottom of the 
molecule and at least about four disulfide bonds. The 
B-sandwich that includes the substrate binding site of the 
HA1-1 includes at least about four B-strands as the top sheet 
and at least about three to about four f-strands as the bottom 
sheet. At least about one C-helix of the HA1-1 portion is 
located by the side of B-sandwich that includes the substrate 
binding site and at least about one to about two are located 
at the bottom of the B-sandwich that includes the substrate 
binding site. The small f-sandwich of the HA1-1 can 
include at least about two to about three B-strands in each 
B-sheet; or about three to about four B-strands. Exemplary 
HA1-1 protein portions include SEQID NOS: 8, 11, 14, 17, 
20, 38, 40, 45, 47, 49, 179, 180, 181 and 182. 

0131 “HA1-2, as used herein, refers to a protein portion 
of a viral hemagglutinin that includes at least about one 
B-sandwich that includes the Substrate binding site, at least 
about two to about three short C.-helixes, at least about one 
small B-sheet at the bottom of the molecule and at least 
about two disulfide bonds. A B-strand in a viral hemagglu 
tinin can include between about two to about 15 amino 
acids. A Small B-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 B-sheet can include between about 
two to about three B-strands; or between about three to about 
four B-strands. The B-sandwich that includes the substrate 
binding site of HA1-2 can further include at least about four 
B-strands as the top sheet and at least about three to about 
four f-strands as the bottom sheet. At least about one C.-helix 
of the HA1-2 portion is located by the side of the B-sand 
wich that includes the substrate binding site and at least 
about one to about two are located at the bottom of the 
B-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) “HA1-3, as used herein, refers to a protein portion 
of a viral hemagglutinin that includes at least one B-sand 
wich that includes the substrate binding site, at least about 
two short C.-helixes and at least one disulfide bond. “B-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 
B-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 B-sandwich that 
includes the Substrate binding site of the portion can include 
a portion that binds sialic acid. The B-sandwich that includes 
the substrate binding site of HA1-3 can further include at 
least about four B-strands as the top sheet and at least about 
three B strands as the bottom sheet. At least about one 
C.-helix of the HA1-1 portion is located by the side of the 
B-sandwich that includes the Substrate binding site and at 
least one other C-helix is located at the bottom of the 
B-sandwich that includes the substrate binding site. A short 
C.-helix can include less than about 5 turns (2, 3, 4, 5 turns) 
in an O-helix. An O-helix in a viral hemagglutinin can be 
between one to about 15 turns; or between about two to 15 














































































































































































































































































