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USPA2 PROTEIN CONSTRUCTS AND USES THEREOF 

FIELD OF THE INVENTION 

[1] The present invention relates to compositions- comprising. Moraxelia .catarrhalls (M. 

catarrhalis„ 114, cat) Ubiquitous surface protein A2 (UspA2), More particularly, the present 

application relates to UspA2 protein constructs and immunogenic compositions .comprising the 

constructs, vaccines comprising such immunogenic compositions and therapeutic uses of the 

same. 

BACKGROUND OF THE INVENTION 

[2] Ubiquitous surface protein A2 (UspA2) is a trimeric autotransporter that appears as a 

lollipop-shared structure in electron micrographs (Hoiczyk et al. EMBO J. 19: 5989.5999 

(2000)). If is composed of a N-terminal head, followed by a Stalk which ends by an 

amphipathic helix and a C-terminal membrane domain, (Hoiczyk et al. BAB° J. 19: 5989-

5999 (2000)). UspA2 contains a very well conserved domain (Aebi et al., Infection & Immunity 

65(1. 1) 4367-4377 (1997)), which is recognized by a monoclonal antibody that was shown 

protective upon passive transfer in a mouse Moraxella.catarrhaiis challenge model 

(Heirninnen et al. J Infect Die. 170(4): 867-72 (1994)). 

[031 UspA2 has been shown to interact with host structures and extracellula€ . matrix proteins 

like fibronectin (Tan et al.., J infect Dis. 192(6); 1029-38 (2005)) and laminin (Tan et al., J 

Infect Dis. 194(4): 493-7 (2006)), suggesting it can play a role at an early stage of Moraxe. 

ratarrhWis infection, 

[04] UspA2 also .seems to be involved in the ability of Moraxella catarthalis to resist the 

bactericidal .activity of normal human serum. (Attie AS et al. Infect Immun -73(4) 2400-2410 

(2005)). It (i) binds the complement inhibitor C4bp, enabling Moroxelia catarrhalls to inhibit 

the classical complement system, (ii) prevents activation of the alternative complement 

pathway by absorbing C3 from serum and (iii) interferes with the terminal stages of the 

complement system, the Membrane Attack Complex (MAC), by binding the complement 

regulator protein vitronectin. (de Vries et al., Mic,robiol Mol Biel Rev. 73(3): 389-406 (2009)). 
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[05] Wawa-a catarrhalis is an important and common respiratory pathogen that has been 

associated with increased risk of exacerbations in chronic obstructive pulmonary disease 

(COPD) in adults. (Satetsh et al, Journal of Chronic Obstructive Pulmonary Disease 3:109-

115 (2006)). 

[06] A need for vaccines for MamaPa catarrhal/8 exists, 

BRIEF SUMMARY OF THE INVENTION 

[07] As a first aspect, the present invention provides the proteins of formula (I). 

[08] A (R )m (8)„ (formula I) 

[09] wherein:  

A is UspA2 from Moraxalla catarrhafis or an immunogenic fragment thereof; 

R1  is an amino acid; 

m is 0, 1 or 2; 

B is histidine: and 

n is 0, 1, 2, 3, 4, 5 or 6, 

[10] As a second aspect, the present invention provides immunogenic compositions 

comprising proteins of formula (I) and proteins of the invention. The composition may further 

comprise a pharmaceutically acceptable adjuvant. The composition may comprise an 

excipient. 

[11] In a third aspect, the present invention provides a method for the treatment or prevention 

of a condition or disease caused wholly or in part by Moraxella '.oatarrhalis, The method 

comprises administering to a subject in need thereof a therapeutically effective amount of a 

protein of formula (I) or a protein of the invention. 

[12] In a fourth aspect, the present invention provides a method for the treatment or 

prevention of otitis media The method comprises administering to a subject in need thereof a 

therapeutically effective amount of a protein of formula (I) or a protein of the invention, 
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[13] In a fifth aspect, the present invention provides a method for the treatment or prevention 

of . exacerbations in chronic obstructive pulmonary disease. The method comprises 

administering to a subject in need thereof a therapeutically effective amount of a protein of 

formula (I) or a protein of the invention, 

[14] in a sixth aspect, the present invention provides a method for the treatment or 

prevention of pneumonia. The method comprises administering to a subject in need thereof a 

therapeutically effective amount of a protein of formula (I) or a protein of the invention. 

[15] In a seventh aspect, the present invention provides a pharmaceutical composition 

comprising a protein of formula (I) or a protein of the invention for use in the treatment or 

prevention of a condition or disease caused wholly or in part by. Moraxella 

Pharmaceutical compositions may further comprise a pharmaceutically acceptable. adjuvant 

[16] In an eighth aspect, the present invention provides nucleic acids encoding the proteins 

of the invention. 

[17] In a ninth aspect, the present invention provides a process of producing .nucleic acids of 

the invention, 

[181 In a tenth aspect, the present invention provides a composition comprising at least one 

antigen from Momella catarthails and at least one antigen from Haernophilos influonzaa The 

composition may further comprise a pharmaceutically acceptable adjuvant. The composition 

may comprise an excipient 

[19] In air additional aspect, the present invention provides a method for the treatment or.  

prevention. of a condition or disease caused wholly or in part  by Moraxella catarrhalls and/or 

Haetnophthis influenzae. The method comprises administering to a Subject in need thereof a 

therapeutically effective amount of a protein of formula (I) or a protein of the invention. 

[20] In a further aspect, the present invention provides a method for the treatment or 

prevention of exacerbations in chronic obstructive pulmonary disease. The method comprises 

administering to a subject in need thereof a therapeutically effective amount of a protein of.  

formula (I) or a protein of the invention and a therapeutically effective amount of at least one 

antigen. from Heetnophilus influenzae. 
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[21] The present invention also provides a pharmaceutical composition comprising a protein 

of formula (I) or a protein of the invention for use in the treatment or prevention of a condition 

or disease caused wholly or in part by MotaxeIe catarrholis in combination with at least one 

antigen from Haemophi influenzaa. Pharmaceutical compositions may further comprise a 

pharmaceutically acceptable adjuvant. 

[22] Further aspects of the present invention are described in the detailed description of 

particular embodiments, examples and claims which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: A typical fermentation profile with the High Cell Density Induction (HCDI) processes 

and the parameters monitored during 20L-scale fed-batch fermentation, 

Figure 2: A typical fermentation profile with the Low Cell Density Induction (LCDI) processes 

and the parameters monitored during 20L-scale fed-batch fermentation. 

Figure 3: UspA2 yield from protein constructs MC-001, MC-002, MC-004, MC-005, MC-006, 

rvIC-007, MC-008 and MC-010 evaluated in fermenter, data from Table 4. 

Figure 41 Molecular weight distribution of purified MC-005 determined by sedimentation 

velocity analytical .ultracentrifugation. The majority of protein is found as a trimer, with a small 

proportion of a higher molecular weight oligomer that may correspond to dimer of trimer. MW 

= molecular weight. kDa =kilodalton. 

Figure 5: Molecular weight distribution of purified MC-001 determined by sedimentation 

velocity analytical ultracentrifugation. Majority of protein is found as a tamer, 

Figure 6: Molecular weight distribution of purified MC-001 determined by sedimentation 

velocity analytical ultracentrifugation. The sample presents multiple species and is highly 

polydisperse. The sedimentation coefficient of the major species detected .doesn't correspond 

to the one of the trimers normally detected in the other lots. 
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Figure 7: Molecular weight distribution of purified MC-001 determined by sedimentation 

velocity analytical ultracentrifugation. Majority of protein is found as a trirner, 

Figure 8: Molecular weight distribution of purified MC-007 determined by sedimentation 

velocity analytical ultracentrifugation. Majority of protein is found as a trimer. 

Figure 9: Far-UV circular dichroism (CD) spectra of UspA2 constructs giving an indication of 

protein secondary structures. 

Figure 10: Secondary structures Monitoring by circular dichroism (CD) dUting thermal 

unfolding. of MC-005 (UspA2Ahelix 6His), Visual analysis of the spectra clearly shows that 

protein loses most of its secondary structures at 33°C. 

Figure 11: Secondary structures monitoring by circular dichroism (CD) during thermal 

unfolding of MC-007 (UspA2 full helix 1- 6His). Visual analysis of the spectra shows that loss 

of secondary structure is slower compared to the construct without helix. Structural changes 

are detectable upon heating to 33T, but complete unfolding seems to occur between 35°C 

and 37CC. 

Figure 12: MALDI spectrum of MC-001 lot opt-01. The mass observed at 57427Da may be 

coherent with the demethionylated protein, while the peak at 576200a could correspond to the 

complete protein. 

Figure 13: MAI..01 spectrum of MC-01.1 lot BMP37, The mass observed may be coherent with 

the damethionylated protein- The two other peaks at +166Da and +366Da are unidentified. 

Figure 14: Protective efficacy of MC.-001 and IV1C-007 in a mouse Model of lung colonization. 

Figure 15: Antibody response directed against UspA2 induced after intramuscular 

administration in mice, where Pli and Pill indicate, respectively, ariti-IgG levels in sera 

collected at day 28 (post Il) and day 42 (post Ill), 

Figure 16: Bactericidal titers induced by UspA2 against a homologous strain formulated with 

different adjuvants (AS01 E, AS040  and _AlPO4), 
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Figure 17: Antibody response directed against UspA2 induced after intramuscular 

administration in mice, using different formulations of antigens and adjuvants. 

Figure 18: Bactericidal titers induced by UspA2 against:a homologous strain, using different 

formulations of antigens and adjuvants. 

Figure 19: kl,IG response induced against PD in mice by PD-PEPi1A-UspA2 vaccine (a trivalent 

NTt-li-M. cat. vaccine), formulated with different adjuvants, 

Figure 20: IgG response induced against PE in mice by PD-PEPilA-UspA2 vaccine (a 

trivalent 	cat. vaccine), formulated with different adjuvants. 

Figure 21: IgG response induced against PitA in mice by PD-PERIA-UspA2 vaccine (a 

trivalent NTHi-M. cat, vaccine), formulated with different adjuvants, 

Figure 22: tmrnunogenidty of PE. in the bivalent PD-PEPilA and trivalent PD-PERA-LispA2 

formulations with AS01 E, 

Figure 23: Immunogenicity of RA in the bivalent PD-.PERA and trivalent FE-PrilA-UspA2 

formulations. with .AS01E.. 

Figure 24: Immunogenicity of PD in the bivalent PD-PERIA and trivalent PE-Pill,-UspA2 

formulations with AS01E. 

Figure 25: Effect of the tetravalent PIN PEPilAI UspA2/ AS01 E vaccine formulation on mouse 

lungs pre-sensitized with heat inactivated M. cat - Perivascular tis and peribronchiolitis in pas 

immunized mice. 

Figure 26: Effect of the tetravalent Pa/ PEPilAi UspA2/ AS01 E vaccine formulation on mouse 

lungs pre-sensitized with heat inactivated M. cat - Day 2 post-immunization. 

Figure 27: Effect of the tetravalent PD! PEPHAI UspA2/ AS01 fa vaccine formulation on mouse 

lungs pre--sensitized with heat inactivated M. oat - Day 7 post-immunization. 
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Figure 28: Effect of the tetravalent. PD/ PEPIIN UspA2/ ASO1E  vaccine formulation on mouse 

lungs pre-sensitized with heat inactivated M. cal. - Day 14 post-immunization. 

Figure 29: Effect of the tetravalent PD/ PEPilA/ lispA2/ AS01 E vaccine formulation on mouse 

lungs pre-sensitized with heat inactivated M. cat. — Detailed results 

Figure 30: Post-vaccination lung CD4 T cell responses upon M. cat; WC re-stimulation. Lung 

CD4 cells expressing IL17: Restimulated with heat-inactivated M. cat whole cells (WC) or 

medium. 

Figure 31: Post-vaccination lung CD4 T cell responses upon M. cat. WC re-stimulation. Lung 

CD4 cells expressing TNFa. Restimulated with heat-inactivated M. cat whole cells (WC) or 

medium. 

Figure 32: Post-vaccination lung CD4 T ce l responses upon M. cat. WC re-stimulation, Lung 

CD4 cells expressing IFNy. Restimulated with heat-inactivated M. cat whole cells (WC) or 

medium. 

Figure 33: Post-vaccination lung CD4 T cell responses upon P. cat. WC re-stimulation. Lung 

CD4 cells expressing IL13. Restimulated with heat-inactivated M. cat whole cells (WC) or 

medium. 

Figure 34: Post-challenge lung CD4 T cell responses upon M. cat. WC re-stimulation. Lung 

CD4 cells expressing IL17. Restimulated with heat-inactivated, M. cat WhOle cells (WC) or 

medium. 

Figure 35: Post-challenge lung CD4 T cell responses upon M. cat, WC re-stimulation. Luna 

CD4 cells expressing INF=. Restimulated with heat-inactivated M cat whole cells (WC) or 

medium. 

Figure 36; Post-challenge lung CD4 T cell responses upon M. cat. WC re-stimulation. Lung 

CD4 cells expressing IFNy. Restimulated with heat-inactivated M. cat whole cells (WC) or 

medium. 
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Figure 37: Post-challenge lung CD4 T cell responses upon M. cat. WC re-stimulation, Lung 

CD4 cells expressing IL13. Restirnulated with heat-inactivated M. cat whole cells (WC) or 

medium,. 

DETAILED DESCRIPTION OF THE INVENTION 

[23] Unless otherwise explained or defined herein, all technical and scientific terms used 

herein have the same meaning as commonly understood by one of ordinary skill in the art to 

which this disclosure belongs. For example, definitions of common terms in molecular biology 

can be found in Benjamin Lewin, Genes V, published by Oxford UniverSity Press, 1994 (ISBN 

0-19-854287-9); Kendrew et at (ads.), The Encyclopedia of Molecular Biology, published by 

Blackwell Science Ltd., 1994 (ISBN 0-6a2-02182-9); and Robert A. Meyers (pd.), Molecular 

Biology and Biotechnology. a Comprehensive Desk Refemnce, published by VCI-1 Publishers, 

Inc., 1995 (ISBN 1-56081-559-6). 

[24] The singular terms "a.," "an," and 'the" include .plural referents. unless context clearly 

indicates otherwise. Similarly, the word "Or is intended to include "and" unless the context 

clearly indicates otherwise. It is further to be understood that all base sizes or .amino acid 

sizes, and all molecular weight or molecular mass values, given for nucleic acids or 

polypeptides are approximate, and are provided for description. Additionally, numerical 

limitations given with respect to concentrations or levels. of .a substance, such as an antigen 

may be approximate. Thus, where a concentration is indicated to be (for example) 

approximately 200 pg, it is intended that the concentration includes values slightly more or 

slightly less than ( 'about" or "-") 200 pg. 

[25] Although methods and materials similar or equivalent to those described herein can be 

used in the practice or testing of this disclosure, suitable methods and materials are described 

below. 

[26] The term "comprises" means "includes". Thus;  unless the context requires otherwise, 

the word "comprises,' and variations such as "comprise" and "comprising" will be understood 

to imply the inclusion of a stated compound or composition (e.g., nucleic acid, polypeptide, 
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antigen) or step, or group of compounds or steps, but not to the exclusion of any other 

compounds, composition, steps, or groups thereof. The abbreviation, "e.g." is derived from 

the Latin exernpli gratia, and is used herein to indicate a non-limiting example. Thus, the 

abbreviation "e.g." is synonymous with the term "for example." 

[27] In order to facilitate review of the various embodiments of this disclosure, the following 

explanations of terms are provided. Additional terms and explanations are provided in the 

context of this disclosure. 

[28] A "subject' as used herein is a mammal, including humans, non-human primates, and 

non-primate mammals such as members of the rodent genus (including but not limited to mice 

and rats) and members of the order Lagomorpha (including but not limited to rabbits), 

[29] As used herein "UspA2" means Ubiquitous surface protein A2 from itlioraxella 

catarthalls. UspA2 may consist of or comprise the amino acid seqUence of SEQ ID NO: 1 

from ATOC 25238. 

MKTMKLLPLRIAVTSAMIIQLGAASTANAQAKNDITIEQLPYLIKKIDQNELEADIt3DIT 

ALEKYLALSUGNILALEELNKALEELDEDVGWNODIANLEDDVETLTKNQNALAWGE 

AIKEDLOGLADFVEGQEGKILONETSTKKNTQRNLVNGFEIEKNKDATARNNESTEDLYD 

FG1-5EVAESIGIHRtiNE1142NETLKQLITNSU:NTNNITKNKADII,ALENNVVEEIFNL$G 

RLIWKADIDNNINNIYELAQWWHSSDIKTLKKNVEEGLLELSGHLIDQKTDIAQNQA 

NIOLATYNELQDQYAMTEAUALNKASSENTWEDLAAYNELWAYAKQQTRaID 

LNKASSENTWIEDLANYNELODAYAKQUEAIDALNKASS:ENTOIAKNWIANNINN 

IYELAWOOS5DIKTLAKASAANTDRIAKNKADADASFETLTKNOTLIEEDKEHDKL 

ITANKTAIDANKASADTKFAATDA:ET4NGNAITKNAKSTTDLGTKVDGFDSRVTALDTK 

VNAFDGRITALDSKVENGMAAQAALSGLFQPYSVGKFNATAALGGYGSKSAVAIGAGYRV 

ESP" LAFKAGAAINTSGNNKGSYNIGVNYEF (SK ID NO 1) 

as well as sequences with at least or exactly 63%, 66%, 70%, 72%, 74%, 75%, 77%, 80%, 

84%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identity, over the entire length, to SEQ 

ID NO: 1, Comparison of 38 sequences of tsispA2 from Moraxella catarthaijs (Table 1, SEQ 

ID NO: 1 — SEQ ID NO: 38) demonstrated approximately 63% to approximately 100% identity 

to UspA2 as set forth in SEQ ID NO. 1. 
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[30] UspA2 as described in SEQ 113 NO: 1 contains a signal peptide (for example, amino 

acids 1 to 29 of SEQ ID NO: 1),. a laminin binding domain (for example, amino acids 30 to 177 

of SEQ ID NO: 1), a fibronettin binding domain (for example, amino acids 165 to 318 of SEQ 

ID NO: 1) (Tan et al, JID 192: 1029-38 (2005)), a C3 binding domain (for example, amino 

acids 30 to 539 of SEQ ID NO: 1 (W020071018463), or a fragment of amino acids 30 to 539 

of SEQ ID NO: 1, for example, amino acids 165 to 318 of SEQ ID NO: 1 (Halistram T et al. J. 

Immunol, 188: 3120-3129 (2011)), an amphipathic helix (for example, amino acids 519 to 564 

of SEQ ID NO: 1 or amino acids 520-569 of SEQ ID NO:1, identified using different prediction 

methods) and a •C terminal anchor domain (for example, amino acids 576 to 630 amino acids. 

of SEQ ID NO: 1 (Brooks et al., Infection & Immunity, 76(11), 5330-5340 (2008)). 

131] tispA2 amino acid differences have been described for various Moraxella catarrhalis 

species. See for example, 3 Bacteriology 181(13):4026-34 (1999), Infection and Immunity 

76(11):5330-40 (2008) and PLoS One 7(9):e45452 (2012). 

[32] UspA2 may consist of or comprise an amino acid sequence that differs from SEQ ID NO. 

1 at any one or more amino acid selected from the group consisting of: AA (amino add) 30 to 

298, AA 299 to 302, AA 303 to 333, AA 334 to 339, AA 349, AA 352 to 354, AA 368 to 403, 

AA 441„ktk 451 to 471, AA 472, AA474 to 483, AA 487, AA  490, AA 493, AA 529, AA 532 or 

AA 543. tispA2 may consist of or compriSe an amino acid sequence that differs from SEQ. ID 

NO: 1 in that it contains at least one amino acid insertion in comparison to SEQ ID NO, 1. 

UspA2 may consists. of or comprise an amino acid sequence that differs from SEQ ID NO. 1 at 

any one of the amino acid differences in SEQ ID NO: 2 through SEQ ID NO: 38. For example, 

SEQ ID NO. 1 may contain K instead of Q at amino acid 	Q instead of G at amino acid 135 

and/or 0 instead of N at amino acid 218, 

[33] Table 1: tispA2 amino add sequences from 38 strains of Moraxaila catanhalis (SEQ ID 

NO: 1 - SEQ ID NO: 38). 

Strain 
	

UspA2 sequences 

NTCC 25238 MEUMKIL PLKIAVTSA GLGAAS ANAQAKN DI TLEDLP KKI.E QNE LEAD. GUI TALEK 

SEQ ID 
	

YLAL SQYGN I LALEELNKAL EELDEDVG1INQN 0 IANLE D DVE T LT f<lci Q"NALAEQGEAI KE DWG 

NO 	1) 
	

LA DFVEGQEGKELQNET 53 I MN TQRNTIVNG FE I El KNKI)12a A TONE En YDFG VA IGE1. 

HMI N FAME T L.K.G T I E NTNN I TENKAD I Qr5.,T,EN NV V E T.. FN $Gt L OQIKAD I ON N I NN I 

YE:L.4Q QQDQH:3S DI KT LIKKNVE:EOLLELS (381, ID QKTD AQN 	Q A TYNE "QIN YAQKQT 

10 



WO 2015/125118 
	

PCT/1B2015/051308 

EAIDALNKASSERTQNIEDLAAYNELQDAYAKQQTEAIDALNKASSENTQNIEDLAAYNELQDA 

YAKOQTEAIDALNKASSENTQNIARNOADIANNINNIYELAQQQDQH8SDIKTLAKASAANTDR 

IAKNKADADASFETLTKNOTLIEKDKEHDKLITANKTAIDANKASADTKFAATADATTIOGNA 

ITKNAKSITDLGTKVDGFDSRVTALDTKVNAFDGRITALDSKVENGMAAQAALSGLEQPYSVGK 

TNATAALGGYGSKSAVAIGAGYRVNPNLAFKAGAAINTSGNKKGSYNIGVNYEF (6.30 aa) 

American 

2933 

(SEQ ID 

NO: 2) 

MKTMKUPLKIAVT$AMIIGIAGAASTANAQSRUZLEDIQDSISKINQDDINTLKQDQQKMNKY 

LLLNQLANTLITDELNNNWEENTNSIEALGDEIGWLENDLADLEEGVEELTKNQNTLIEKDEEH 

DRLIAQNQADIQTLENNVVEELFNLSQRLIDQEADIAKNNASIEELYDFDNEVAERIQEIHAYT 

EEVNKTLENLITNSVKNTDVIDKNKADIDNNINHIYELAQQ0DOSSDIKTLKNNVEEGLLELS 

CHLIWKADLTKDIKALESNVEEGLLDLSGRLIDQKADLTKDIKALESUVEEGLLDLSGRLIADQ 

KADIAQNQTDIQDIAAYNELQDQYAQKQTEAIDALNRASSENTQNIEDLAAYNELQDAYAKQQT 

EAIDALNKASSENTQNIAKNQADIANNINNIYELAQQQDQRSSDIKTLAKASAANTNRIATAEL 

GIAENKKDAQTAKAQAVANKTAIDERFASADTKEAATADAITKNGNAITKNAKSITDLGTMQ 

FDGRVTALDTKVNAEDGRITALDSKVENGMAAQAAL$GLEQPYSVGKFNATAALGGYUKSAVA 

ICAGYRVNI,NLAFKAGAAINTSc;NKKGSYNICVNYEF (613 aa) 

Amexl_caft 

2912 

(SEQ ID 

NO: 3 

MKTMKLULKIAVTSALIIGLGAASTANAQQQLWETYUNFLSNDNYDLTDPFYHNMILGDTA 

LLDKQDGSQPOLKITSNDKDSVPDSLIFSELLHEQQLNGFKKGDTIIPLDIOGKPVYWDYKLD 

EGKKOKRAM/Y8VTTKTATDOOVNSAYSRGILGKVDDLDDEMNFLNHDITSLYDVTANODAT 

KDLKKGVEGLNKELKELDKEVGVLSRDIGSLNDDVAQNNESIEDLYDFSQEVADSIGEIHAENK 

AQNETLODLITNSVENTNNITKNKADIQALENNVVEELFNLSGRLIDQKAOLTKDIKTLESNVE 

EGLLELSGHLIDQKADIAKNQADIAQNQANIQDLAAYNELQDAYAKQQTEAIDALNKASSENTQ 

NIEDLAAYNELQDAYAKQQTEAIDALNKASSENTQNIAKNQADIANNINNIYELAQQQDQIiSSD 

IKTLAKASAANTDRIAKNEADADASFETLTKNOTLIEKDKEHDKLITANKTAIDENKASADTK 

FAATADAITKNGNAITKNAKSITOLGTUDGFDSRVTALDTKII-NAFDGRITALDSKVENGMAAQ 

AALSGLEOPYSVGKFRATAALGGYGSKSAVAIGAGYWNPNLAVKAGAAINTSGNKKGSYNIGV 

NYEF.  (644 aa) 

American- 

2900 

(SEQ ID 

NO:. 	4) 

MKTMKUPLKIAVTSALIVGLGAASTANAQLVERFFPNIFLDKPLAKOYHNVVVGDTSIVSDL 

ONSDQLEFYSDDEGLVPDSLLINKMLHEQLLNGEWEGDTIIPLDENGKENYWDyKLDGKEPR 

KVYSVTTKIATAEDVAT$SYANGIQKDIDDLYDFDHQVTEEILTQW3KTIYWERILANEESVQ. 

YINKEVQNNIEHIYELAQQQDQUSSDIKTLESNVEKOLLELSGULIDOKADLTKDIKTLESNVE 

EGLLDLSGRLIDOKADLTKDIKTLESNVEEGLLDLSGRLIDQKADIAQWANIQDLAAYNELQD 

QYAMTEAIDALNKASSENTOIEDIAAYNELQDAYAKQQTEAIDALNKASSENTOIAKNQA 

DIANNINNIYELAQQQDQH8SDIKTLAKASAANTNRIATAELGIAENKKDAQIAKAQANANKTA 

IDENKASADTKVAATADAITKNGNAITKNAKSITDLGTKVDGFDSRVTALDTKVNAFDGRITAL 

DSKVENGMAAQAALKLFOYSVGKFNATAALGGYGSKSAVAWAGYRVRPNLAFKAGAAINT$ 
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GNKKGSYN OVN YEE ( 5 a 

Fi nni 

307 

( 	T D 

NO: 5) 

MKTMKLLPLKIAVTSAMIIGLGAASTANAQQMOOQQQQSRTEIFFPNIFFNENHDELDDAYR 

NI I L GDTALLOKQDGS Q PciLKF SND KDS V P DS LL FS KLLHE QQLNG FKKGDTI 7 PL DK DGKPIT 

QVDYKL bGKGKKOKR ROVYSVT TXT AT Lit: DV N 	RG ILG NV) DL D DEM FL MD 1 TS L 

TANNDAIKGLKKGVXGLNKELKtLDKEVGVLSRDTGSLNDDVAQNNESIEDLYDFSQEVADSI 

TEAHNKWNETIQDLI TN SV ENTNN TKNEADI QALENNWE ELFNLS GRLI DQKADLTKDI 

KTLE SNVBEGLL E LSGHL I DQKA DIA KNQADI AONOANIODLAAYNE,LODAYAKQQTEAIDALN 

KA SSENT QNI EDLAA YNEL QDA ThKQQTRAI DA LNKAS SENTO I DLAAYN ELQDAYAKQQTE 

Al DALNKASS EN TQN TAM QAD TANN INN I YELAQQQDQNSS0IKT LAK..a.,SAANTDRIAKNKA D 

A DAS Fv•P LT KNQNT LI EKDKER DKLITANKTAI DE Nep, SADT K FAATADAI 	T KNA KS 

I T DLG TKVDAVDGAVTAL DTKVNAFDGRI TAT, DS KV ENGMAAQAAL S GIFU? SVGKFNATAAL 

GGYGSKSAVAI GAM?' RVN MLA FKAGAAIN T SGNKKGSYNI (WM' E ( 6 ) 7 as) 

Finnish 

35.1  

.(SEQ ID 

NO; 61 

IKKTIIKLLPLItIAVTSAM IVGLGMAS T ANIV,OOKS MET FLPNI F YADDLDTLYHMI D 

TAT T DwyEryADDAT EVPOS LFFNKTIE DQLL GT-rKE COKE pLDEN GKPV YELDKRLEN GV 

QKTV VTT XTATAD DVNSAYE;RGI G DD FANKE NVNRLI ERG D K FANEE. YLN R 

ON N I EN E LA OOODOR S S DIKTLKKNVE KDLL DLSG R L 	D AQNQTDI ODIA T YNELQD 

QYAQKQTEAIDALNFASSENTQNI AKNSNH 7.FNNTULLLELSGELT DQKADLT Rat KALE 

SNVEE L DI„SGRL DOKADIAONQANT QDLA§YNELO AYAKQQTEATD7 LNKASS TONIE  

DLAYINELODAYAKOOTEAIDALNKASSENTONIEDLAAYNELQDAYAKQQTEAIDALNEASSE 

NTON TAKNQADIANNT NN YELAQQQDQHS S DI KTLAMSAANTD RIAMIKADADAS. FETL 

QNTLIEKDKEHDKLI TANKTAI DANKASADT KFAATADAITKNGNAI T MAKS I TDL (.4 T KNTDGE 

DGRVTAL DT KVNALDTEVNAFDG R TALDSKVENGP:411AQAALSGL FQPYSVGKFNATAALGGYG 

SKSAVA IGAGY RVN PNLAFKAGAAINT SIGN KKGS YN I GV WEE' ( 683 oral no acids) 

Finnish 

358 

(SEQ. ID 

NO; '7) 

MKTI1KL L PL K I AVT F.; AVIKVG L GMAST A NAQQOKS P KT EI FLPNL DN DNTEL T DPL 	ILG k:f 

TA Lia T QE NOTiFYAD DGNGVP D8LL 	ogr., H.GF1KEGGT I I PL DEN GK PV YKL PS I V EQG 

KTVY8 V T TXTATA DDVN SAYS RG QG D DLY EANKENVNRL I EITG DK I EANEESVOYLNRE 

VONNIENI HELAQQQDQH8SD I KTLKKNVEKDLL DL S GRL TAQKEDIAQNQT D QDLATYNELQ 

DQYAQKQTEADALNKASSENTQN IANNSNH I KT LENN TERM, LE LS GIIL DQKADLTKDIKAL 

ESNVEEGLLDLSGRLIDOKAPIAONOANIODLAAYNELODAYAKOOTEAIDALNKASSENTONI 

E DLAAYNEL QDAYAKQQT EAIDA LNKA.88ENTQUI ED LAAY NELQDAYAKQQT EAT DALN FAS 8 

'EN T QN TAM QAD TANN INN I ELAQQQDQHS S KTLAKA S AAN TDR AMKADADAS FET LT K 

NONTLIEKDKEHDKLITANKTAIDANKASADTKFAATADAITKNGNATTKNAKSITDIGTKVDG 

FDCRVTAT, DTKVNALDT KVNAFDGRI TAT, DSKVEN Gt4AAQAALSGL FQ PY SVGKFNATAAL GGY 

GS KS AVAI GAGY PNIAFKAGAAINTSGNKKGS GVNYEF (604 Wit:: 	 o acids ), 

12 
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rush MKTMKLLPLKIAVTSANIICrLGAASTANAQQQQKTKT EV FLPNL F DN D YDL TDP LYN S M I LCD 

216 
	

TATI FDQQ DN S KSQLK FY S NDKDSVP DS LI, FSKLL SEQQLNGFKAG DT I I PLDIMG KPVYT Q DT 

R.TKDGKVE TV SVTT KIATODDVEQSAY SRGI 	Y DI N REVNEYLKATIJD YNERQT EAT 

(SEQ ID DAL N KAS SANT DRIDTAEERI DKNE KALESNVGKDLLDL S G TAQKE DT MIN INS I YELA 

	

NO: 	) 	QQQDQI-13 S Din L KNNVEEG I L ELSG II LI DQKeIDL TKD I KT L EMI I EEGLLEL SGHLI DQKADL 

TKDI KT LENN I EEGLL ELSGHL I DQKADIAQNQAN I QDLAAYN ELQ DQYAQKQ TEAT DALNKAS 

S.ENTQNIEDLAAYN:ELODAYAKQQTEAIDAINKA.S SENTQNI EDLAAYNELQDAYAKQQ TEAT 

ALNKAS S EN TQN I AKNQA DT ANN I NN I Y E LAQQQDQRSS I KT LAMISAANT DR I AKN KADADA 

S 	T LT KNQN'T L I E IKDKET-IDKL I TANKTA I DANKASADT KFAATA OAT TKNGNAI TIKNAKS LTD 

LGTKVDGEDGRVTALDTKVNAFDGRI TALDSKVENGMAAQAALSGLFQPYSVGKFNATAALGGY 

GSK.SAVAIGAGYRVN.PNLAFKAGAAT NT SGNKKG.S YNIGVN F ( 684 amino acids) 

Dutch H2 MKTMKUPLKTAYTSAMMVGLGMASTANAMKSPKTEIFLPNIXDVDNTELTDPIASNMILGN 

TALLTUNOKFYADDGNGVPDSLIENKILHDQUHGFKKGDTIIPLDENGKPVYKLDSIVEQG 

(SEQ Ill KTKTVYSVTTKTATADDVNSAYSRGIQGDTDDLYEANKENVNRLIEKDKIFANEESVULNRE 

	

NO: 9) 	
VONNIENIYEtVOWDOSSOIKTLKKNVEXDLLDLSGRLIAOKEDIAOKTDIOLATYVELQ 

DQYAQKQTEAIDALWASSENTOMENSNHIKTLENNIEEGLLELSGHLIDMADUKDTKAL 

ESNVEEGLLUSGIRLIDQKADIAMANIQDLAAYNELOAYAKQQTEAIDAINKASSENTONI 

EDLAAYNELQUAYANWTEAIDALNKASSENTQNIEDLAAYNELOAYAMOTEAIDALNKASS 

ENTQN1P,KNQAD1ANNiNN1YELAQQQDOSSDIKTIAKASAANTWIAKNKADADASFETLTK 

NQNTLIEKDKEBDELITANETAIDANWADTKFAATADAITKNGNAITKNAE$ITDLGVWDG 

FDGRVTALDTKVNALDTKVNAFDGRITALDSKVENGMAAQAALSGLEQPYSVGKFRATAALGGY 

GSKSAVAIGAGY'RVNPNLAFEAGAAINTSGNIKKGSYNIGVNYEF (684 aminO aCids) 

Dutch rlo MKTMKLL PIJKIAVT S AMI I GLGAAS T.ANAQLARQFFPNI FS KRA P VKQ't YtINVVVGDTS I VENL 

Q DS DOTQLKE'YSNDEYSVPDSLLFN.104.LHEQQLNG FKKG.DTI PLDENGIONYKI/DYKLIX3QEP 
(SEQ ID RR1/ Y SNIT TKT AT ODDVDNS.IYYS RG I QGD I DDL YEANKENVNRL IEHGDKIFANEESVQYLNKEV  
NO: 	10) 	Q.NN I EN I YE LAQQQDQRS SD I KT LKKNVE EG LLEL S IDQKA DLTKO I KT LE SNVEEG LIE D 

S Gil L I DQ,K1.4D TAKNQADIAQNQ.A.19I QPLAAY N ELQQAYAKQQT EAT PAIN KAS SE NT QN I E 

AYNELQDAYAKQQT EAT DALNKASSENTQNTAKNQADIANNT NN I YELAQQQ DQS SS D I KTLAK. 

ASAANT DRIAKNKADADASI-ETLTKNQN.TLIEKDKEH DKLI TANKTAT DANKASADTKFAA TAD 

A TT K.N GNAT TKNAKS I T DLGTKVOAF OGRVTA LOT KVNA OG R I TAL S VENGMAAQAAL S GL 

FQ FYSVGKFNATAALGGYGSKSAVAI GAG Y. RVN PNLA FKAGA A NTS GU KG SYNT GVNYE F 

(574 amino acids) 

Norwegian MKTNKLL PLK IAVT SAL I VGLGAASTANAQQQ PQT ET FF PN I F MEN DALDDITY ENNIT G DTA 

	

1 
	

I TQDNQYKE'YADAIS E P prsi,LFNKI DQQLNG EG DT I PI. D ENGKPV Y KL DE KVENGIIKK 

13 
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(SEQ 

NO: 'I) 

SVY8VTTIKTATRADVEQSAYSaUggDIDDLYEANKENVNRLIERGDICFANEESVQYLNKEVQ 

NNIENIREFAQQQDQRSSDIKTLKKNVERGLLELSGRLIMCADLTKDIKTLESNVEEGUDLS 

GRLLDQKADIAQNQANIQDLAAYNELQDAYAKQQTEAIDALNKASSENTQNIEDLAAYNELQDA 

YAKQQTEAIDALNRASSENTONIEDIAAYNEWDAYAKQQTEAIDALNEASSENTOIEDLAAY 

NEWDAYAEWTEAIDALNKASSENT(XIEDLAAYNELQDAYAKQQTEAIDALNKASSENTONI 

AKNQADIANNINNIYELAQQQDQESSDrECTLAKASAAUTDRIANNKADADASFETIAXNQNTII 

EEDKEHDELITANKZAIDANKASADTKMATADAITKNGNAITKNAKSITDLOTKVDAgDGRVT 

ALDTKVNALDTKVNAPDGRITALDSKVENGMAAQAALSCLFWMGKFNATAALGGYGSKSAV 

AIGKYRVNPNLAFMAXINTSGNKKGSYNIEVNYEr (678 amino acids) 

Norwegian 

(SEQ ID 

NO: 12) 

MKTMKUPLKIAVTSAMIVGLGAASTANAQQQQQPRTETZFPNIFINENRDALDDVYRNMILGD 

TAITQDWYKEYADAISEVPDSLLYNKilaIDWIAGFIKEGDTIIPLDENGKWYKLDEEVENGV 

KKSVYSVTTKTATRADVEQSAYSRGEOGDIDDLYEANKENVNRLIEHGDEITANEESVOLNRE 

VQNNIENIRELAQQQDQESSDIKTIAKNVEI<DLLDLSGRLIAQKEDIAQNQTDIQDLATYNELQ 

DQYAQKQTEAIDALNKA-88ENTQNIAKN8NHIXTLENNIBEGUELSGHLIDQKADLTIOTETL 

ENNIEECiLLELSGifLibQKADLTKDIKAtESNVEEGLIJDLSGRLIAWEADIAQNQANIQDLAAY 

NELQDQIAMTEPaDALNKASSENTWIEDLAAYNZLODAYAKQQTEAIDALNKASSENTONI 

AKNQAD IANN NN LAQQQDQ }{.S8DI KT IJ MASAANTI)11 I Aii-NKADA DA f3FETI,TF,NQN`f 

EKDREHDIU, TANI<TNI NIKASADr PRFAATADAITIKNGNA.I 'MAKS I T DLGT DGF DGRVT. 

ALDTIVNALDTIVNAFDGRITDSTWENGMA&QAALSGLEQPYSVGUNATAALGGYG8KSAV 

AIGAGYRVNPNLAFKAGAAINTSGNKKGSYNIGVNYEF (678 amino. atidel 

Norwegian 

20 

(SEQ ID 

NO: 13) 

MKTMLLPLKIAVTSALIVGLGAASTANAQINERFFPNIPLOKPLAKOMINVVVGDTSIVSDL 

ONSDQLKFY8DDEGIWPDSLUNKMILHOLLNGFKGDTTIPLDENGKIWYKVDYKLDGKEPR 

EVYMITTXTATAEDVATSSYANGTOKOIDDINDFDHOTTEnTQEGWEIYRNGERILANEESVQ 

YLNEEVQNNIERIYELAQQQDQUSDIKTLFSNVEKOLLELSGHLIOQKADIAKDIRTLENRVE 

EGUDLSGRLIDQKADIAQN0ANIODIAAYNELQDQYAQKQTEAIDALNKASSENTQUIDLAA 

YNELQDAYAKQQTEAIDALNEASSENTQNIAKNQADIANNINNIYELAQQQDQBSSDIKTLAKA 

SAMTDRIAKNKADADASFETLTKNOTLI MKEHDKLITANKTAIDTNKASADTKFAATADA 

ITIOGNAITKNAKSITDLGTKVDGFDSRVTALDTKVNALDTKVNALDTIMAFDGRITALDSKV 

ENGMAAQAAISSIEWYSVGKENATAALGGYGSKSAVAIGAGYRVNPNLAFKAGAAINTSGNKK 

GSYNIGVNYEF 5.87 amino acids) 

MKTMKLLPLEIAVTSAMIVGLGAASTANAQQQQQPRTETFFPNIFFNENHDALDDWHNMILOD 

TAITQDNQUTYADAISEVPDSLLENKILHDQQLNOFKEGDTIIPLDENGKPVYKLDEKVENOV 

KIMPTSVTILINATRADVEQSAYSRGIQGDIDDLYEANKENVNRLIEHGDKIFANEESVULNRE 

VQNNIENIHELAQQQDQHSSDIXTLXKNVEKDLLDLSGRLIAQKEDIAQNQTDIQDaATYNMQ 

DQYAQKQTRAIDALNKASSENTQNIAKN8N81KTLENNIEEOLLELSCHLTDOKADLTKDIKTI, 

Norwegian 

25 

(SEQ ID 

NO:i:)  
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ENNIEE.GLLELSGEL I DQKADLTKD I KALES NVEEGLL DLSGRLL DQKAD IAQNQAN I QDLAAY 

NELQDQYAQXQTEAI DALNKASSENTQNIEDLAAYNELODAYAKOOTEAI DALN KASS ENTONI 

AKNQADIANNINNI YELAQQQDQH SS DI KTLAKASAANT DRIAKN KADADAS FETLTKNONTLI 

EKDKEHDKLITANKTAIDTNKASADTKFAATADAITKNGNAITKNAKSITDLGTKVDG.FDGRVT 

AL DTKVNAL DTKVNAE'DGRI TALDSKVENGMMQAALSGL FQPYSVGKFNATAALGGYGS KSAV 

AIGAGYRVNPNLA.FKAGAAINTSGNKKGS YNIGVNYET (f78 amino acids) 

Norwegian 

27 

(SEQ ID 

NO: 15) 

MKTMKLL PL KI AVT SAL I VGLGAAS TANAQVIWKSLEDI EALLGKI DI SELEKEKKQUE LQK Y 

LLL$QYANVIATMEELNKNVEKNTNS I EALGYE IGIriLEN DIADLE EGVEELTKNONT LI EKDEEE 

DRLIAQNQADI KTLENNVVEELEN LS DIU' DQEAD IAKNNAS I EELYDFDNEVAERI GE I HAYT 

EEVNKTLEKLI TN SVICNT DNI D.KNKADIQALENNVEEGLLELSGH LI DQKADLTKDI KALESNV 

EEGLLDLS GRLLDQKADIAKNQADIAONQT.D I QDLAATNELODQ YAOKOTEA1 DAIMAS SEN T 

QN LEDLAILY.NELQ DAYAKQQT EAT DALNIMS SENT QN I EDIAAYNELODAYAKQQT EA I DALNK 

ASS.ENTMAKISIQADIMNINNIYZI,AQOQD.QH.$ $ DIXTLAKV$MIT DRIATOIKADAD1k$:EST 

LTENOT LI EKDE.EHDIKI, I TMKTA I DM KASADT KFMTAD ZI T KNGNA ITKNAK SI TDL(3T1( 

VDC3. EPS RVTAL DTKVNAFDG RITALP$KVENGMAKAAL SG LF.OPYS VGKFNATAALGGXGSKS 

AVAIGAGYRVNPNLAFKAGAAI NT SGNKKGSYN IGVN YE F (616 amino acids) 

Nor wel gi a n 

36 

(SEQ ID 

NO: 	16) 

MKTMKT .T.,PT..K TAV T SAL IVGLGAA S TANAQAT ET FL PN L FDN DYT ET T DPLYEGM IL GNTAI T(2. 

DTQYKFMENGNEVPDS L FFNKILE DQQLNG FKEG DT I I PL DENGKPVYKLDEI TENGVKRKVY 

SVT TKTATRE DVEQSAYSRGIQGD I DDLYEANKENVNRL I EHGDKI FANE E SVQYLNIKEVQNNI 

EN LHELAOQQDQESSD I KILKKNVEEGLLEL SGHL I DOKADLTKDIKALESNVEEGLLDLSGHL 

T. DQKA DLTKDIKALE S N VEEGL LDL S GRLL DQKAD IARNQAD IAQNQ T D I QDLAAYNELQDQYA 

OKQTRAI DALN.KAS:3ENTQN I E DLAAYNELQ DQY.AOKOT E ATDALNKAS SENTO IEDLAAYNE 

LODOYAQKQTEAI DALNKASS ENTQN I EDLAAYNELQDQYAQKQTEAI DALNKAS S ENTQNI AK 

NQADIANN INNLYELAQQQDQE SS DI KTLAKASAANTDRI AKNKADADASFETLTKNQNTL I EK 

DKEHDICL I TANKTAL DAN KASADT KFAATADAITKNGNA1 TINAKS I T DLG TKVDGEDGRVTAL 

DTKVNALDTKVNAEDGRI T.ALDSKVENOMAAQAALSGLFOPYSVGKFNATAALGGYGSKS'AVAI 

GAGYRVNPNLAFKAGAAINTSGNKKGSYNIGVNYEF ( 676 aminn acids ) 

SC5 SV 

(SEQ ID 

NO:. 	17) 

MKTMKLLPLKIAVTSALIVG.LGAASTANAQNGTSTKLKNLKEYAQYLDNYAQYLDDDI DDL 

DKEVGE L SON TAKNOANI KDLNKKLSEDI DSLREDVYDNQYEI VNNQADI EKNO DD I KELE 

NNVGKELLNLSGRLLDQKADIDNNINNIYELAQQQDQHSSDIKTLKKNVEEGLLELSGHLI 

MKS DI AONQT DI Q DLATYNELQ DQYAQKQT EA.IDALNKASS ENTQNIE DIAAYNELO DAY 

AKQQT EAI DALIN) KAS S EN TQNI ca D LAAYN ElIQDAYAKQQT EAI.Drs LNKAS S ENTQN I E DIA 

AYNELQDAYAKQQTEMDALNI<ASS gNTQNIEDLAIMIELQDAYAKQQTEAI DALNKAS S E. 

WONT EDIAAYNELWAYAKNTEAIDALNKASSENTQNIAKNQADIANNINN I YE LaQQ(2 
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DQHSSDIKTLAKASAANTDRIAENKADADASFETLTKNONTLIEKETEHDKLITANKTAID 

ANKASADTKFAATADAITKNGNAITKNAKSITDLGTKVDAFDGRVTALDTKVNAFDGRITA 

LDSKVENGMAN2AALSGLFQPITVGKFNATAALGGYOSKSAVAIGAGYWNPNLAFKAGA 

INTSGNKKGSYNIGVNYEF (629 amino acids) 

Norwegian 

14 

(SEQ IL) 

NO: 18) 

Norwegian 

($EQ ID 

NO: 19) 

Finnish 

414 

(SEQ ID 

NO: 20) 

MKTMLLALKTAVTSAMIVGLGMASTANAQQQRSPKTETELPNIFFNETADDLDTLYMMI 

LGOTAITIMDOW/APDATEVPDSLETNEILHDQLLYGUEGIAIIPIDENGKFTYXLDK 

RLDNGWKWYSVTTKTATADINNSAYSRGIQGDIDDLYEANHENVNEILIEHMEIFANEE 

SWYLNKETANIENIHELAMDOSSDIKTLKKNVEEGLLELSGHLIWKTDIAQNQTD 

IOLATYNEWDOAQWEEAIDALNEASSENTQNMENSNRIXALENNIEEGLIELSGHL 

IDGKADLTKOIKALESNVEEGLLDL,WRLIDWADIAQNQAMIQULAAYNELQUAYANQT 

BAIDALNEASSENTWIEDLAAYNELWAYAKWTEAIOALNKAWSENTOIEDIAAYNEL 

WAYAKWTEAIDAINKASSENTOIAKNQADIANNINNIYELAQQQDQHSSDIFTLAKAS 

AANTDRIAENKADADASFULTENQNTWIEKDKEHDELITANKTAIDANKASADTKFAATA. 

DAITKNGRAITKNAESIMIGTKVDOFDURVTALDTEVNALDTKVNAMGRITAIDSKVEN 

GMAAQAALSGLFQPYSVGKFNATAALGGYGSKSAVAIGAGYEVNPNLAFKAGAAINTSGNK 

KGSYNIGVNYU (683 amino acid8) 

MKTIMKLLPLISIAVT$AMIVOLGAASTANAQAMRSLDQVQALLRGIDETKIKKEIWWQ 

PELNKYLTFKLANALNIEELNNNVOWTQALLISAATLYODLSKTVPKSIXENKESIKENK 

ESIKENKESIKENKESIKENKESIKENRESITTURKSFQNQVDIVRNNAZIEDLYAYGQE 

VAXSIGETHAYTEEVNKTLENLITNSVENTNNITKNKADIQAIENNVVEELENLSGRLIDO 

EADIDNNINNIYELAQQQ0QHSSDIKTLKKNVEEGLLELSGHLIDOKADLTRDIKTLESNV 

EELLDISGRELDQVAD1AQNOARTQDLAAYNELQDAYAKOOTEAIDALNEASSENTOIR 

DLANYMELQDAYAKQUEAIDALNKASSENTQNIEDLAAYNELQDAYARQQTEATDALNKA 

SStNTQNIEDLAAYNELWAYAKOQTEAIDALNKASSENTWIAMADIANNINNIYELA 

QWWHSSDIKTLAKASAANTDRIAENKADADASEETLTXNONTLIEKDKEHDKLITANKT 

✓IDANKASADTKFAATAW:ITENGNAITXNAKSITDLGTKVDGEDGRVTALDTKVNALDTK 

VNAITGRITALDSKVENGMAWALSGIFOYSVGKFNATAALGGYGSKSAVAIGAGYRVN 

PNIAFKAGAAINTSGNKKGSYNIGVNYEF (700 amino acidsy 

MKTMXLLPLXIAVTSALIVGLGAASTAUWATETFLPNLFDNDYIETTDPIYHGMTLGVTA 

ITQDWYKEIMENGNEWDSLEFNULHDWLNGFKEUTITUDENGKEVLUDEITENG 

VKBIWYSVTTKTATREDVEQSAYSRGIQGDIDDLYEANKENVNRLIENGDKIFANgESVW 

LNEEVONNIZNIaLAWW9H83DIKTLKKNVEEGLLEL3GHLIDUADLTIOTKTLENN 

VBEGLL8LSGELLOOKADLTKDIEALESNVEEGLLDLSGBLIAVEADIAKKADIAQNQTD 

16 
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IQDLAAYNELQDQYAQKOTEAIDALNKASSENTOIEDLAAYNELOQYAQKQTEAIDAIN 

FASSENTOIEDLAAYNELQDQYAMTEAIDALNKASSENTQNIEDLAAYNELQDQYAQK 

QTEAIDAINKASSENTONIAKNQADIANNINNIYELAQQQDQHSEDIRTLAKASAANTDRI 

AKNO,DADASFETLTKNOTLIEKDKEHDKLITANKTAIDANKASADTKFAATADAITIM 

NAITKNAKSITDLGTKVD6FDGRVTALDTKVNALDTKVNAFDGRITALDSMINGMAAQAA 

LSGLFQPYSVGKFNATAALGGYGSKSAVAIGAGYRVNPNLAFKAGAAINTSGNKKGSYNIG 

VNYEF (676 amino acids) 

Japanese MKTMELLPLKIAVT8AMIIGLGAASTANAQLAEQFFPNIFSNHAPVKQHYHNVVVGDTSIV 

ENLQDSDDTQLKFYSNDEYSVPDELLFNKMIHEQQLNGFKKGDTIIPLDENGEBVYKVDYK 

	

27476. 	
LDGQEPRRVYSVTTKIATQDDVDNSPYSRGIQGDIDDLYEANKENVNkLIENGDKIFANEE 

(SEQ ID SVULNKEVONNIENIYELAQQQDQHSSDIXTLKKNVEEGLLELSGALIDUADIAQNQAN 

	

NO: 21) 
	IQDLAAYNELQDQYAQKQTEAIDALNKASSENTOIEDLAAYNELOAYAKQQTW0AIAN 

NA$SENTOIEDIJAAYNELQDAYAKQQTEAIDALNKASSENTOIEDLAAYNELOAYAKQ 

OTEAIDALNKASSENTQUEDLAAYNELQDAYAKQQTEAIDALNKASSENTQNIEDLARYN 

ELQDAYARQOTEAIDALNEASSENTOIAKNQADIANNINNIYELAQQQDQHSSDIFILAK 

VSAANTDRIAKNKADADASFETLTKNQNTLIEKDKEHDKLITANKTAIDANKASADTKFAA 

TADAITKNGNAITKNAKSITDLGTKVDGFDGRVTALDTKVNAFDGRITALDSKVENGMAAQ 

AALSGLFOPYSVGICFNATAALGGW;$1<$AVAIGAGYRVNPNLAFWAAINT$GNMSYN 

IGVNYEF (678 amino acids) 

Belgian MKTATUPLKLAVTSAMIIGLGAASTANAURDRSLEDIQDSISKLVQDDINTLKODQUM 

NKYLLINQLANTLITDELNNNVIKNTNSTEALGDETGWLENDIADLEEGVEELTENQNTLI 

	

27530 	
EKDEEHDRLIAQNQADIQTLENNVVEELFNLSGRLIDQEADIAKNNASIEELYDFDNEVAE 

(SEQ ID RIGETHAYTEEVNKTLENLITNSVXNTDNIDKNKADIDNNINHIYELAQQQDOESDIKTL 

	

NO: 22) 
	KNNVEEGLLEISGHLIDUADLTXDIKALESNVEEGLLDLSGULDQKADIAKDIKALESN 

VBEGLI4DLSGRZLDQKADIAQNQTDIQUIAPAYNELQDQYAQKQTEAIDALNEASEENTQN1 

EDLAAYNELQDAYAKQQTEAIDALNKASSENTWIAKNQADIANNINNIYELAMODOES 

DIKTLAKASAANTNRIATAELGIAMIKKDAQIAKAQANANKTAIDENKASAOTKFAATADA 

ITKNGNAITKNAKSITDLOTKVDGFDGRVTALDTKVNAFDGRITALDSKVENGMAAWLS 

GLFQPYSVGKFNATAALGGYGSKSAVAIGAGYRVNPNLP.,FKAGAAINTSGNKKGSYNIGVN 

YEF (613. amino acids) 

	

German 	MIUMMULKIAVTSALIVGLGAASTANAQATNIOITLEDVIJKSIEEIDPYEIADYIEYPT 

AIERFLUSQYGNTLTLEEFDNDIELLDQDVEDLEESVTELAKNQNSITEWEAIKEDLQG 

	

Z8063 	
LADFVERQBDKIWNETSIKKNWRNINNGFRIEKNKDAIAKNNESIEDLYDFGBEVAKSI 

17 



                 

American 

  

MEMEL LP LKI AVT AMIV(ILGMAS T ANAQQQ K SP KT El FL PNL LI'DN DN T ELT D P LY1INMI 

'LGNTALLTQENQYXE'YADDGNGVPDSLLFNKILHDQLLHGFKEGDT I. I PL DENGXPVYKLD 

S IVE QG KT KTVYSVT TKTATADDVN SAY S QGD IDDLYEANKENVNRLI EfiGDKIFANE 

ESVOLNREVONNI ENIHEL AQQQDQH SDI KTIKKN VE KDL LDL ELI AQKE 

D I QDLAT NE LQD0 AQK QTEA:L DALNKAS S ENTQNI AK N S Nf I I KT NNIEEGLLELSGH L S 

T. I DQKA.T3LTKDI KALE S NIVREGLI,DLSG RI., I DUAD AQNQANI QDLAAYNELQ DAYAKQQ 

T 	DA LNKAS SEN TQNI tYLAP...YNELQ DA YAK QQT &AI DAL NKASS ENT QNI E DLAAYE E 

QDAYAKQQTEAIDALNKiSS 	AKNQADIANNTT3NIYEI1AQQQDQHsSDIXTLAKA 

SAAN T DRIAKNKADADAS FETLT KNQNTL I E K DKEHD XL". TAN KTAI DANKASADTK MAT 

A DAI T KNG NAI KNA KS I T DIGT KV DGEDGRVT A L DT XVNALDT KVNAFDGRITAL DS KV E 

NGMAAQAALSGE, FQ PY SI/ GKFNATAA LGG Y SAVAT AG Y MINPNLA FKAGAAIN7 SG} 

KKGSYNIGVNYEF (684 amine acids    

 

"012E 

   

(SE° ID 

NO 	2 4 ) 

  

      

      

      

      

Greek. 

MC 317 

(SEQ. ID 

NO1 25) 

  

TMKL L PLK IAVT SALI LGAASTANAQQQQ KTXT EV FLPN L FM? E E TD LL law I 

1`..G 	LV DR NY}N SQL KEY SNDEES V PDS LLFS KM TANQQIN GFICA Gal I I P \MAN GP 

I YQKDT EG GET RTVI, MITT 	QO DVDSAY S RG T.QGKVN DLE)DEMINIFINHD ITSLYDV 

TANQQDDIKGLKKGVKDLKKGVKGLNXEIKELDKMVGVLSRDIGSLNDDVAQNNESIEDLY 

ED FSQEVAD SI GE I HAFINKAQNE TLQDL I T NSVENT NITKNKADIQALENNVVEELFNLSG S 

RI, DQKAD L T K DI KT LE SWF, E GIL E L EGHL I DQKAD TAKNQAD AQNQAN Q IILKAYN E L 

QDAYA QQT EA I DALN KA S EN TQNIEDI:?'iAYNELQD'YAKA?Q`L`EAIDALN1AS.SENJQNI  

AKNQAD I ANN I NN I YE LAQQQDQFi5anIKTLAFfASAANTDRIA1 NKADA DASFE T LT K NQW 

TL I E K DKEII D K LI TAN KTAT DENKASADT KFAATA DAI ?BMA T KNAXS TDLGTEVDG 

EDGRITT ALDT XVNAFTYG R I TALD K VE IsIGMAAQAALSGL .11QP1.5"V GK FNATAAL GG KS 

AVAIGAGYRVNPNLAFKAGAAINTSGNKKGSYNIGVNYEE (650 amino acids) 

      

      

MKTMKELPLKIAVTSALIVGLGAVSTTNAQAQSRSLDQIQTKLADLAGKIAAGKNGWQNN 

QMNDINKYLFLSQYANILTMEELNNNVWNSSSIETLETDFGWLENDVADLEDGVEELT 

KNOTLIEKDEEHDRLIAMIADIOUNNVVEELMSDRLIDQKADIAKNQADIWINE 

American 

V1122 

WO 2015/125118 	 PCT/1B2015/051308 

S EQ 

NO 	23 ) 

GE I .1-TA E AQNETL Kt) L TNSVKNTDN I T XNKAD QALE NVEKG LLE,Ls GHL I DQKAD I L) 

NN 	ELAQQQD01-1 S SDI KT L }<DIVE EGLLELS LI DQKSD IAQN QANIQULAT YN EL 

QDQYAQKQT EA I DALN KA S SE NTQNI EDLAAYNELQDA YAKQQTEAI DALNKAS SENTQN I 

A KN QAD LANNI NNI YE Lim:MOO-1S S DI KT LAKASAANT 1)RI AKNKADADAS EE TL TXN QN 

T LI E KDK E HMI, I TAN KTA I DAN KA S A DT KFAATADA I T KN GNAI TK WARS 1 T DLG T KV DO 

FDSRVTALDTRVNAFDGRITAL.D;SKVENGMhAQAALSGL EQPYS K ENATAA EGGYGS KS 

AVAIGAGYRVNPNLA 'MGM INTSGNKKG;E-;YNI GVNYE ( 5 8 9 aani no a c.::j. d s ) 
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S IEELYDPONEVAEKI GEIRAYTEEVN KT LQDL ITNSVKNT DN DKN KAD I DM NHI YEL 
(SEQ ID 

NO: 26) 
	AQQWWSSDIKTUNNVEEGLLELSGHLIDOKADLTRDIKTLENNVEEGLLDLSGRLIDQ 

KADIAKNQADIAQNQTDIODLAAYNELQDQYAQKQTEAIDALNKASSENTOIEDLAAYNE 

IQDAYAKQQTEAIDALNKASSENTQNIAKNQAD1ANNINNIYRLAQQQDQHSSDIKTLAKA 

SAANTDRIAKNKADADASFETLTKNOTLIEKDKEHDELITANKTAIDENKASADTKFAAT 

ADAITKNGNAITKNAKSITDLGTKVDGFDGRVTALDTKVNAFDGRITALDSKVENGMAAQA 

ALSGIFQPYSVGKFNATAALGGYGSKSAVAIGAGYRVNPNLAFKAGAAINTSGNKKGSYNI 

GVNYEF (616 amino acids) 

American MKTMKLLPLKIAVTSALIVGLGTASTANAQVASPANQKIWKIKKVRKELRQDIKSLRNDI 

DSNTADIGSLNDDVADNODIIDNQADIAKNQDDIEKNQADIKELDKEVGVLSREIGSLND 

	

P44 	
DIADNYTDIIDNYTDIIDNQANIAKNQDDIEKNQADIKELDKEVGVLSREIGSLNDDVADN 

(SEQ 
	QDDIAKNQADIOLENNVEWLLELSGHLLDQKADIDNNINNIYELAQQQDQHSSDIKTIJK 

NO: 27) 
	KNVEEGLLELSGNLIDQKTDIAQNQANIQDLATYNELQDQYAQEQTEAIDALNKASSENTQ 

NIAKNSNRIKALESNVEEOLLELSGHLIDUADLTKDIKALESNVEEGLLELSGHLIDOA 

DIAQNQANIQDLAAYNELQDQYAQKQTEAIDALNKASSENTQNIEDLAAYNELQDAYAKQQ 

TEAIDALNKASSENTQNIAKKADIANNINNIYELAMMISSDIKTLAKASAANTDRIA 

KNKADADASFETLTKNQNTLIEKDKENDKLITANKTAIDANKVSADTKFAATADAITKNGN 

AITKNAKSITDLGTKVDAFDSRVTALDTKVNAFDGRITALDSKVENGMAAQAALSGLFQPY 

SVGKFNATAALGGYGSKSAVAIGAGYRVNPNLAFKAGAAINTSGNKKGSYNIGVNYEF 

(66 amino acids) 

Amer is  can MKTMI:LLPLKIAVTSAMIVGLGATSTVNAQVVEOFFPNIFFNENIMELDDAYNNMILGDTA 

IVSNSQDNSTQLKFYSNDEDSVPDSLLF$KLLREQQLNGFKAGDTIIPLDKDGKPVYTKDT 

	

S%1171 	
RTKDGKVETVYSVTTKIATQDDVEQSAYSRGIQGDI DDLY DI NREVNEYLKATHDYNERQT 

(SEQ ID EAIDALNKASSANTDRIDTAEERIDKNEYDIKALESNVEEGLLELSCHLIDQKADLTKDIK 

NO: 2.4.3) 
	ALESNVEEGLLELSGHLIDQKADLTKDIKALESNVEEGLLDLSGRLIDQKADIAQNQANIQ 

DLAAYNELQDAYAK QQT EAI DALNKASS E [WON IEDLAAYNELQ DAYAKQQTEA MAL N KA 

SS EN TQNI EDLAAYNELQ DA Y. ARQQTEAI DA LNKASSENTONI E DLAAYNELQDAYAKQQT 

EAI DALNKAS S ENTQN IAKNQAD IANNI NN YELAMDOS S Din LAKASAANTDR1 AK 

NKADADA S FE T LTKNQN T te I EKDKEHDK L I T ANKTA DANEA$ A.ETK FAATADA KNGNA 

I T KN.AKS I TDLGTKVDGF DG RVTAL DTKVNALDTKVNA FDG RI TALDF, KVENGMAAQAALS 

GL FQ PY EVGK ?NAT AALGGYG SKSAVA IGAG YR7VNPN LA FEAGAAI NT,EGNKKGSYN IGVN 

YEF (674 amino acids) 

American MKTMKLLPLKIAVT SAMI IGLGAASTANAQ$RDRSLEDIQDS I SKLVQDDI DT L KQDQQKM 
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VKYLLLNOLANTLITDELNNNVIKNTNSIEALGDEIGILENDIADLEEGVEELTENONTLI 

EKDEEHDRLIAGNOADIOTLENNWEELFNLSGRLIDOEADIARNNASIEELYDFDNEVAE 

RIGEIHAYTEEVNKTLENLITNSWNTONIOKNXADIDNNINHIYELAWODOMDIKTL 

KNNVEEGLLELSGHLIDOXADLTKDIKALESNVEEGUDLSGRUDOXAOLTRDIXALESN 

VEEGLLUSGRLLDOKADIAONOTDIODLAAYNELODOYAMTEAIDALNKASSENTOI 

EDLAAYNELQDAYAKQUEAIDALNKASSENTONTAKNQADIANNINNIYELAWQDQHSS 

DIKTLAKASAANTNRIATAELGIAENKKDAQIAKAQANANKTAIDENNASADTKEAATADA 

ITKNGNAITKNAKSITDLGTKVDGEDORVTALDTKVNAFDGRITALDSKVENGMAAQAALS 

GLFOYSVGKFNATAALGGyGSKSAVAIGAGYRVNPNLAFKAGAAINTSGNKKGSYNIGVN 

-YEE' (613 amino acids)  

TTA24 

(sEp ID 

NO: 29).  

MKTMICLLPLKIAVTSAMIVGLGATSTVNAVVEQFFITNIFFN ENHDELDDAYFINIII LGDTA 

IVSNSQDNSTQLKfYSNDEDSVPDS'LL t'SKLLHEQQLNG FKAG DT I PL DK DGK PV T K DT 

RA KDGKVE YSVT T KIATO DDVEQSA 	QGD I DDLY DI N R EVNEYL KATHDYNE5RQT 

EAI DALN KA SBANT DRIDTAEERIDENEYDIRALESNVEEGLLELSGTiLI DOKADLTKDIK 

ALESNVEE GLLEL S GHLI DQ.KADLTKD I KALE SNVEE.GLI,DLSGRL L DVADIARNQAD A 

ON QT ODLMYNELODAYAKOOTEAI DALMSSENT QN IA XN QA IANN.I NN IyELIAQQ 

QDQI-1 SS DI KTLAKASAANTDRI AKNEADADAS FET LTKNQNTLI EKDREH DKLI ANKTAI  

DANKASADTKFAATADAI TKNGNAI T MAKS I TDLGTKVDGFDG TALDT MAL DTKVN 

AFDGRITALDSKVENGMAAQAALSGLFQPYSVGKENATAALGGY GS KSAVAIGAGYRVNPN 

LAFKAGAAINTSGNEKGSYNIGVNYEF (576 amino acids) 

MKTMKUPLKIANITSAMMVGLGMASTANAQWESPKTEIFLPNLFONDNTELTDPLYRNMI 

LGNTALLTOENOYKFYADDGNGVPDSLUNKILHOOLLHGFKEUTIIPLDENGKPVYKLD 

SIVEQMKTVYSVMTATADINUSAYSRGIQGOIDDLYEANRENVNRLIERGDKIFANE 

ESVOIAREVONIENIRELANQDQH8SDIKTIAKNVEKOLLUSGRLIAMDIAONQT 

DIQDLATYNELQDQYAMTEAIPAINXASSMTQNIAMSNHIKTLENNIEEGLLELSGH 

LIDOADLTKDIKALESNWEGLLOLSGRLIDQKADIAQNQANIQUAAYNELWAYAKW 

TEAIDAINFASSZUTOIEDLAAYNELOAYAKQQTEAIDALNXASSENTQNIEDIJAAYNE 

LOAYAKQQTEAIDALNKASSENTWIAKNQADIANNINNIYELAQQQDQHSSDIKTLAKA 

SAANTDRIAKNKADADASFETLTKNQNTLITEADKEHDELITANKTAIDANKASADTKFAAT 

ADATTKNGNAITKNAK$ITDLGTKVDGFDGRVTALDTKVNALDTZVNAFDGRITALDSKVE 

NSMWAALSGLVQPYSVGIUNATAALGGYGSKSAVAIGAGYRVNPNIAFKAGAAINTSGN.  

KKCZYNIGVNYEF (684 amino acids) 

American 

035E 

(SEO ID 

NO: 30) 

Aneifican 

SP12-6 

(SEQ ID 

Ni,: 31) 

Americ4n MKTMKLLPLKIAVTSAMI I GLGAASTANAQATET FLPNLF DNDYTETTDPIYHGMILGNIA. 
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SP12-5 

(SEQ ID 

NO: 32) 

T QD QY KEYAENGNEV ?DEL FMK I LEDQQLNGEKEGDT I I PLDENGKPVYKL DE I 1 ENG 

V KRKV YS wirr KTNT RE DVEQ S S RGI QG D DD LYE NKENVN RL TERG D VAN E ESV 

TINK EVQNN TEN I HELAWQ DQ1-13 SDIK =MITE EGT: LEL S GRLI AQKEDIAQN QT DT Q DL 

AT Y N ELQ D QYAOKQTEAT DALNKAS S E NT QN TARNS N H I KT LENNIE EGL E LEGE L I DQK 

A !MT K DIKAL ESNV E sGL7 D LSGRI, DQKAD TAENQA D TAQN QT DI Q.DLAAYNELQDQ YAQ 

KQT EAT DALNKAS S E P.4 TQN TE DLAAYNELQDA "(Algal EA IDALNKA S S ENT QN I EDLAA 

N.ELQDAYAKQQT EA IDAINKAS EN TQNT AKNQA DIANN' :IN Y MAO QQDQHS SDI KT TA 

EA SAAN T AENKADA DASF E T INKN QNTLIE.K DKEROKI4 I TAN KTAT DAN KASA DT KFA 

ATADAITKNGNAITKNAKSITDLGTKVSGFDGRVTALDTKVNALDTKVNAPDGRITALDSK 

VENGMAAQAALSGLEQPYSVGRENATAALGGYGSKSAVAIGAGYRVNPNLAFKAGAAINTS 

GNKKGSYNIGMYEF (686 amino acids) 

edish 

}3C5 

(SEQ ID 

NO: 33) 

KTLIKLL PLK TAVT SAMT IGLGAAS TANAQAKN DT TLEDL PYL INKT DCINELEAD I @DT TALEK 

YLALSUGNTLALEELNKAIXEIDEDVOWNQNDIANLEDDVETLTKNQNALAEQGEAIKEDLQG 

LADYVEGQEGKILWETSIKKNTONIVNGFEIEKNEDAIAKNNESIEDLYDFGHEVAESIGEI 

HAHNEAQNETIKGLITNSIENTNNITENKADIQALENNVVEELFNISORLIDUADIDNNINNI 

YELAQQQDQRSSDIKILKKNVEE6LLEM)GHLIDQKTDIAMANIQDLATYNELQDQYAQKQT 

EAT DA TAMS S ENTQNI EDLAA YNELQDAYAKQQT EAT MINIMS SENT QN EDLAA =EMMA 

YAKQQTEAIDALNKASSENTOIAENQADIANNINNIYELAQQ0DOSSDIKTLAKASEANTDR 

XAKNKADADASFEILTKNQNTLIEKDKERDKL1TANKTAIDANKASADTKFAATADAITKNGNA 

I TKNAKSI DLGTKVDQED$RVTALDTKVNAFDGRI TAL DSKVEN GMAAQAALSGLFQP Y MICK 

ENATAhLGGYGSKSAVAIGAGYRVNI2NLAENAGAAINTSGNKKGSYNIGVNYEE 

amino a cii.d 	

( .630 

Amyx :tan 

7169 

(SEQ ID 

NO: 34) 

MKTMKUPLKLAYTSAIIVGLCiAASTANAQA0DRSLEOIQDKLANLVEKIEQAKSONGQSQ 

KDINQYLLLSQYANVLTMEELNNNVVKNSSSIETLDNDIAWLNDDLIDLDKEVGVLSRDIG 

SLHDDVAQNQADIXTLKNNWEEIFNLSDRLINEADIAQNNESIEDLYDPGREVAESIGE 

IHAHNEAQNETIKDLITN8WNTDNITKNKADIQALENDVGKELLNLSGRLIDQKADIDNN 

INHIYEDAQQQDQIISSDINTLKNNVEEGLLELSGHLIDUADLTEDIRALE8NVEEGLLDL 

SGRLLDWADIAQNQANIQDLANYNELQDAYAKQQTRAIDALNKASSENTWIEDLAAYNE 

LQDAYAKQQTEAIDALNKASSENTQNIAKNQAD/ANNINNIYELAQQQDQHSSDIKTIAKA 

SAANTORIAKNEADADASFETLTKNQNTLIEKDKEHDKIITANKTAIDANKASADTKFAAT 

ADAITKNQNAITRNAKITDLGTENDGFDSRVTALDTKVNAFDGRITALDSKVENGMAAQA 

ALSGLFUYSVGKFNATAALGGYGSKSAVAIGAGYMINPNLAFKAGAAINTSGNKKGSYNI 

GVNYEI,' (616 amino at1id) 

MKTMKLLPLKIAVTSAMIIGLGATSTVNAQVVEQFFPNIFFNENHDELDDAYHNMILGDTA 

21 



WO 2015/125118 	 PCT/1B2015/051308 

KIN2.344 

(SEQ IC 

NO: 35) 

1VSNSQDNSTOLKFYSNDEDSVPD3LLESKLIREQQLNGFKAGDTTIPLDKEGKINYTEDT 

RTKIDGKVETVYSVTTEIATQEDVEQSAYSRGIQGDIDDLYDINREVNEYLKATHDYNERQT 

EAIDALNKASSANTDRIDTAEERIDKNEYDTKALESNVGKDLLDLSGRLIAMDIDNNIN 

HIYELAQQOUSSDIKILKNINVEEGLLEISGHLINKADLTKDIKTLESNVEEGLIOLSG 

RLIKKADIAQNQANIQDLAAYNELQDQYAQKQTEAIDALNEASSENTQNIEDLAAYNELQ 

DAYAKQUEAIDALNKAS$ENTQNIANNQADIANNINNIYELAQQQDQRSSDIKTLAKVSA 

ANTDBIAKNKADADASFETLITKNQNTLIEKDKEHDKLITANKTAIDANKABADTKFAATAD 

AITENGNAITKNAKSITPLGTKVDGEDGRVTAIDTKVNAFDGRITALDSKVENGMAAQAAL 

SGLFQPYSVGRFNATAAIGGYGSKSAVAIGAGYWINPNLAFKAGAAINTSGNKKGSYNIGV 

NYEF (614 amino acids ) 

Ametican 

V1118 

(SEQ ID 

NO: 36) 

MKTMKLPPLKIAVTSAMIIGLGAASTANAQTTETFLPNLVONDYTETTDPLYTIGMILGDTA 

ITQDTQYKEYAENGNEVPDSLFFNKILHDQUNGFKAGDTIIPLDENGKPVYKLDERTENG 

VKRKVYSVTIKTATQADVIWAYSRGIQGDIDDLYEANKENVNRLIEHGDKIFANEESVQY 

LNREVQNNIENIHELAQQQDQHSSDIKTIAKNVEKDLLDLSGRLIAQKEDIAQNQTDIOL 

ATYNELQDQYAQKQTEAIQALNKASSENTQNIAKNSNHIETLENNIEECLLELSGHLIWK 

ADLTKDIKALESNVEEGLIMLSGRLIDUADIAQNQANIQOLAAYNELOAYAKQUEAID 

ALNKASSENTWIEMLANYNELQDAYAKQQTEAIDAUNKASSENTOIEDLAAYNEWDAY 

AKQQTEAIDALNKASSENTONIAKNOADIANNINNIYELAQQMHSSDItTLAKASAANT 

DRIANNKADADASFETLTENOTLIEKDKEHDKLITANKTAIDANKASADTKFAATADAIT 

ENGNAITKNAKSITDLGTKVDGFDGRVTALDTKVNALDTKVNAFDGRITALDSKVENGMAA 

QAALSGLFQPKYSVGKFNATAALGGYGSKSAVATGAGYRVNPNLAFKAGAAINTSGNKKGSy 

NIGVNYEE (679 amino ar.ids) 

Amer -ran 

V1145 

(SEQ ID 

NO: 37) 

MKTMKTA:PLKIAVTSAI;IVGLGAASTANAQETLEENTLESIKQINEODLQDDIGYNSAJ.DRY 

LV LS (Xi'. GN L L AKELNENVE, KNSN S I.AKNSN IADLEADVG YLAENQNT L I EQNET I N QE 

EGI THELES F I A YAHAQDQKN N E FE I E KNKDA AKNN ES I EDLYDFGHEVAE'SIGEI HA 

r REVNKTLENLITNSITKNTDNITKNKADI QAL ESNVE KELLNL S G RL tiLQKAD DN N l NE 

:EYE LAQQQDQHS SD I KT L KKNVEEGLL E L S GHLI DO KSDIAQNQ T D I QDLATYNELQDQYA 

QKQT EA I DATA KAS S ENT QN EDLAAYNE LQDAYAKQQT EA I DALNKAS S EN T QNI EDLAA 

YN E LQ DAYAKQQT EAT DA LN xAssr,N T 018 MANY NEL OA YAKQQT EAI DALNKAS S EN 

TONI H1DLAAYN E LQDAYA KQQT EA I DALN SEN TQN IEDL AAY N E LQDAYAKQQT EA I D 

LNKA S S EN T QN AENQA DIANN I NN I YELAQQQDQHfii S E. T LAKASAANTDRIAKNKAD 

A DAS FE T L TKNONT LI EK DK E.HD KLITAN K T AI DANKASADT K FAATADA T KNGNA I TKN 

A KS I TD LG TEAT DGF Ds.Rv TAT, DT MAE DG R I TALDS K V EN GEIAAQAALS G LEW YS VGKE 

N TAALGGYGSKSAVA.I GAG Y RV N PNLAFKAGAAINT S UNKKGS YN GVN YE 	{ 724 

22 



WO 2015/125118 	 PCT/1B2015/051308 

ariii no acids) 

erican M KTPIKLLPLK I AVT SA LI VGLGAASTANAQAQARD RS 'LE D I QALIGN I DV DK I CR S OM NI? 

E I FULLINQLSNTI I T DELNNNVI KN T N ET L DNDT LNDDL I D DKEVCRTI SR DI G S 
V1156 	

IIDDVAQN.QAD 1 KT LENNVVEE FNLS DR LI DUAKI i QNNES1EDLYDFGREVAES1GET 

(SEQ ID HAHNFAONET LKDL TNS KN T DNI DKNKA DI QA.LE NNW EGLLE G 	KADLT.K D I 

NO;. 38) 
	KALE SNVEEGLIDI., SGRLLDQKADIAKNQADIAQNQTDI Q D LAAYNF, L QDQYAQ.KOT EAT D 

LNY,A$ S ENT QNI EDLAAYNELQDAYAKQQT EAT DALNKAS ENTQN I EDLAAYNELODAY 

A-KW:TEAT DALNYNA S $ EN T QN TAM QAD TANN I NN I Y EIAQQQDQI7IS S DI KT LAKVSAANT 

D R I AKN KADADAS FE; TLTKNQNTL I E KDKE HDK I, ITANKTAIDPNK1s.,S ADTK FA ATADA I T 

KNGNAT TKNAKS IT DLGTEVDGFDSRVTALDTKVNAFDGRI T ALD SKV F,N GMAAQAAL xCL  

FOP Y VGKENATA.21/21, GGY GSKSAVA GAGY RVN PNLA FKAGW NT S GNKKG SYNI GVNY E 

F (611 amino acids) 

[34] UspA2 may be UspA2 from M. catarrhalis strain ATCC(a US registered trademark) 

252387m, American 2933. American 2912, American 2908, Finnish 307, Finnish 353, Finnish 

358, Finnish 216, Dutch H2, Dutch F10, Norwegian 1, Norwegian 13, Norwegian 20, 

Norwegian 25, Norwegian 27, Norwegian 36, BC5SV, Norwegian 14, Norwegian 3, Finish 

414, Japanese 27476, Belgium 27530, German Z8063, American 012E, Greek MC317, 

American V1122, American P44, American V1171, American I A24, American 035E, 

American SP12-6, American SP12-5, Swedish BC5, American 7169, Finnish FIN2344, 

American V1118, American V1145 or American V1156. UspA2 may be UspA2 as set forth in 

any of SEQ ID NO: 1 - SEQ ID NO: 38. UspA2 may be UspA2 from another source which 

corresponds to the sequence of UspA2 in any one of SEQ ID NO: 1 - SEQ ID NO: 38. 

Corresponding UspA2 sequences may he determined by one skilled in the art using various 

algorithms. For example, the Gap program or the Needle program may be used to determine 

UspA2 sequences corresponding to any one of SEQ ID NO: 1 - SEQ ID NO; 38. 

[35] UspA2 may he a sequence with at least 95% identity, over the entire length, to any of 

SEQ ID NO: 1 - SEQ ID NO: 38. 

[36] Immunogenic fragments of UspA2 comprise immunogenic fragments of at least 

450 contiguous amino acids of SEQ ID NO: 1, 490 contiguous amino acids of SEQ ID NQ: .1 

(for example, the UspA2 fragment of MC-004 or Me-005), 511 contiguous amino acids of 
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SEQ ID NO: 1 (for example, the UspA2 fragment of construct MC-001, MC-002, MC-003 or 

MC-004), 534 contiguous amino acids of SEQ ID NO: 1 (for example, the UspA2 fragment of 

MC-009 or MC-011) or 535 contiguous amino acids of SEQ ID NO: 1 (for example, the UspA2 

fragment of MC-007, MC-008 or MC-010). The immunogenic fragments may elicit antibodies 

which can bind SEQ ID NO: 1. 

[37] Immunogenic fragments of UspA2 may comprise immunogenic fragments of at least 

450, 490, 511, 534 or 535 contiguous amino acids of any of SEQ ID NO: 1 — SEQ ID NO: 38. 

Immunogenic fragments of UspA2 may comprise immunogenic fragments of UspA2 from any 

of SEQ ID NO: 2 — SEQ ID NO: 38 which correspond to the UspA2 fragment of SEQ ID NO: 1 

in any of the UspA2 constructs MC-001, MC-002, MC-003, MC-004, MC-005, MC-006, MC-

007, MC-008, MC-009, MC-010 or MC-011. The immunogenic fragments may elicit 

antibodies which can bind the full length sequence from which the fragment is derived. 

[38] Alignments between polypeptides pairs may be calculated by various programs. For 

example, the Needle program from the EMBOSS package (Free software; EMBOSS: The 

European Molecular Biology Open Software Suite (2000). Trends in Genetics 18(6): 276-

277) and the Gap program from the GCG(a US registered trademark) package (Acceirys Inc.) 

may be used. 

[39] The Gap and Needle programs are an implementation of the Needleman-Wunsch 

algorithm described in: Needleman, S. B. and Wunsch, C. D. (1970) J. Mol. Biol. 48, 443-453. 

These programs are using frequently the BLOSUM62 scoring matrix (Steven Henikoft and 

Jorja G. Henikoft (1992), "Amino acid substitution matrices from protein blocks"), Proc. Nati. 

Acad. Sci. USA 89 (Biochemistry): 10915-10919) with gap open and extension penalties of, 

respectively, 8 and 2. Sometimes, the PAM250 scoring matrix (Dayhoft et al., (1978), "A 

model of evolutionary chances in proteins'', In "Atlas of Protein sequence and structure" 5(3) 

M.O. Dayhoft (ed.), 345-352, National Biomedical Research Foundation, Washington) is also 

used. 

[40] Scoring matrices are describing by numbers the tendency of each amino acid to mutate 

in another, or to be conserved, These numbers are generally computed from statistics of 

mutations observed in faithful pair wise or multiple alignments, or even in fragments of multiple 

alignments. Generally, in these tables, if a high positive number is associated with a pair of 

identical amino acids, it is indicating that this residue has a low tendency for mutation. At the 
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opposite, a high positive number associated with a pair of different amino acids is indicating a 

high tendency of mutation between these two. And this is called a "conservative substitution'. 

[41] Looking at a pairwise alignment, aligned identical residues ('identities") between the two 

sequences can be observed, A percentage of identity can be computed by multiplying by 

100 (1) the quotient between the number of identities and the length of the alignment (for 

example, in the Needle program output), or (2) the quotient between the number of identities 

and the length of the longest sequence, or (3) the quotient between the number of identities 

and the length of the shortest sequence, or (4) the quotient between the number of identities 

and the number of aligned residues (for example, in the Gap program output). 

[42] The percentage of identities of Table 8 have been calculated according the definition (3) 

of the previous paragraph, using the pairwise alignments computed by the Gap software. 

[43] As used herein, "adjuvant" means a compound or substance that, when administered to 

a subject in conjunction with a vaccine, immunotherapeutic, or other antigen- or immunogen-

containing composition, increases or enhances the subject's immune response to the 

administered antigen or immunogen (as compared to the immune response that would be 

obtained in the absence of adjuvant). This is to be distinguished from "adjuvant therapy", 

defined by the National Cancer Institute of the United States Institutes of Health in the context 

of cancer treatment as additional treatment given after the primary treatment, to lower the risk 

that the cancer 'WM recur. 

[44] The invention further provides proteins of formula (I) containing conservative amino acid 

substitutions. For example, the proteins of formula (I) may contain a conservative substitution 

of any amino acid from UspA2 of Moraxella catarrahlis as described in any of the sequences 

set forth herein (for example, any UspA2 sequence set forth in SEQ ID NO. 1 — SEC) ID NO. 

38). 

[45] As used herein "signal p p id refers to a short (less than 60 amino acids, for example, 

3 to 60 amino acids) polypeptide present on precursor proteins (typically at the N terminus), 

and which is typically absent from the mature protein. The signal peptide (sp) is typically rich 

in hydrophobic amino acids. The signal peptide directs the transport and/or secretion of the 

translated protein through the membrane. Signal peptides may also be called targeting 

signals, transit peptides, localization signals, or signal sequences, For example, the signal 

sequence may be a co-translational or post-translational signal peptide. 
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[46] A heterologous signal peptide may be cleaved from a protein construct by signal peptide 

peptidases during or after protein transportation or secretion. For example, the signal peptide 

peptidase is signal peptide: peptidase I. A lieterologous" signal peptide is one which is not 

associated with the protein as it exists in nature. 

[47] As used herein "treatment" means the prevention of occurrence of symptoms of the 

condition or disease in a subject, the prevention of recurrence of symptoms of the condition or 

disease in a subject, the delay Of recurrence of symptoms of the condition or disease in a 

subject, the decrease in severity or frequency Of symptems of the condition or disease in a 

subject, slowing or eliminating the progression of the condition and the partial or total 

elimination of symptoms of the disease or condition in a subject, 

[418] As used herein, "Optionally')  means that the subsequently described event(s) may or may 

not occur, and includes both event(S) that occur and events that do not occur. 

[49] Otitis media is a major cause of morbidity in 80% of all children less than 3 years of age. 

(Expert Rev. Vaccines 5:517-534 (2006)). More than 90% of children develop otitis media 

before age 7 (Current Opinion in Investigational Drugs 4:953-958 (2003)). In 2000, there were 

16 million visits made to office-based physicians for otitis media in the United States and 

approximately 13 million antibacterial prescriptions dispensed. (Pediatrics 113:1451-1465 

(2004)). In European countries, the reported acute otitis media rates range between 0,125 to 

1.24 per child-year. (Expert Review of Vaccines 8:1479-1500 (2009)). Otitis media is a costly 

infection and the most common reason children receive antibiotics. (Current Infectious 

Disease Reports 11:177-182 (2009)). Bacteria are responsible for approximately 70% of 

cases of acute otitis media, with Streptococcus pneumonic°, non-typeable Haernophilus 

influenza° (NTHi), and Moraxella calatrhalis predominating as the causative agents (Expert 

Review of Vaccines 5:517-534 (2006)). A subset of children experience recurrent and chronic 

otitis media and these otitis prone children have protracted middle-ear effusions that are 

associated with hearing loss and delays in speech and language development. (Current 

Infectious Disease Reports 11:177-182 (2009)). Recent antibiotic pressure and vaccination 

with the pneurnococcal conjugate vaccine have resulted in the emergence of fi-lactamase-

producing Haemophilus influenzae and Moraxella catarrhalis as the leading organisms 

causing acute otitis media in North America, followed by Streptococcus pi-Jelin-Jo/lice (Pediatr 

Clin N Am 60 (2013) 391-407). 
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[50] Since otitis- media is e multifactorial disease, the feasibility of preventing otitis media 

using a vaccination strategy has been questioned. (Current Infectious Disease Reports 

11:177-182 (2009)). 

[51] The chinchilla model is a robust and validated animal model of otitis media and its 

prevention (Expert Review of Vaccines 8:1063-1082 (2009)). While the chinchilla model may 

the natural course of human infection, others have suggested that results in the 

chinchilla model may vary from one laboratory to the next. (Current Opinion in Investigational 

Drugs 4:953-958 (2003)), 

[52] Various other rodents have also been used for the induction of otitis media and are 

summarized in Vaccine 26:1501-'1524 (2008) The murine animal model is often studied in 

otitis media research, 

[53] The presence of bactericidal antibody is associated with protection from otitis media due 

to non-typeable 	influenzae, (Current Opinion in Infectious Disease 16:129-134 (2003)). 

However, an immune response need not be bactericidal to be effective against NTHi. 

Antibodies that merely react with NTHi surface adhesina can reduce or eliminate otitis media 

in the chinchilla. (Current Opinion in Investigational Drugs 4:953-958 (2003)). 

[54] Chronic obstructive pulmonary disease is a chronic inflammatory disease of the lungs 

and a major cause of morbidity and mortality worldwide. Approximately one in 20 deaths in 

2005 in the US had COPD es the underlying cause. (Drugs and Aging 26:985-999 (2009)). It 

is projected that in 2020 COPD will rise to the fifth leading cause of disability adjusted life 

years, chronic invalidating diseases, and to the third most important cause .of mortality (Lancet 

349:1498-1504 (1997)). 

1551 The course of COPD is characterized by progressive worsening of airflow limitation and 

a decline in pulmonary function. COPD may be complicated by frequent and recurrent acute 

exacerbations (AE), which are associated with enormous health care expenditure and high 

morbidity. (Proceedings of the American Thoracic Society 4:554-564 (2007)). One study 

suggests that approximately 50% of acute exacerbations of symptoms in COPD are caused 

by non-typeable Haernophikis infiuenzae, Moraxella catarrhaiis, Streptococcus prietitnatthle, 

and Pseudomonas aeruginosa, (Drugs and Aging 26:985-999 (2009)). tlaernophilos 

inflOatizae 	influenzae) is found in 20-30% of exacerbations of COPD; Streptococcus 

pneurnoniae, in 10-15% of exacerbations. of COPD; and Moraxelia catarrhal's, in 10-15%. of 
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exacerbations of COPO. (New England journal of Medicine 359:2355-2366 (2008)). 

Haernophilus influonzae, Streptococcus pneurrioniae, and Moraxella catarrhalis have been 

Shown to be the primary pathogens in acute exacerbations of bronchitis in Hong Kong, South 

Korea, and the PhiMoines, while .Kiebstelia spp., Pseudornonas .3eruginosa and Acinctobacter 

app. constitute a large proportion of pathogens. in other Asian countries/regions including 

Indonesia, Thailand, Malaysia and Taiwan (Respirology, (2011) 16, 532-539 

doi:10.1111/j.1440,1843,2011.01943,x), In Bangladesh, 20% of patients with COPD showed 

positive sputum culture for Pseudomenes, Kichatelia, Streptococcus prieumonioe and 

Haemophilus inftuortzae, while 65% of patients with AECOPD (acute exacerbation of COPD) 

showed positive cultures for Pseuctotronas, Kiebstella:  Acinetobacter, Enterobacter, Moraxella 

catarrhal's and combinations thereof (Mymensingh Medical journal 19:576-585 (2010)), 

However, it has been suggested that the two most important measures to prevent COPO 

exacerbation are active immunizations and chronic maintenance of pharmacotherapy. 

(Proceedings of the American Thoracic Society 4.554-564 (2007)), 

[56] Community-acquired. pneumonia (CAP) has been described as the leading cause of 

death from infectious disease and the six-ranked cause of death overall in the United States. 

Moraxella catarrhalis is one of the pathogens associated with CAP in North America (GUn 

Chest Med 26 (2005) 37.55) and is one of the pathogens associated with moderate to severe 

community acquired pneumonia in Japan (J infect Chemother. 2014 Nov 20. pii; S1341 

321X(14)00396-1. doi; 10.10184,jiac.2014.11 	[Epub ahead of print]). 

[57] There is a need for effective vaccines against M, catarrhal's. 

[58] The present invention relates to proteins of formula (1). 

[59] A -- (R1) • 	{B)„ (formula. I) 

[60] wherein: 

A is UspA2 from Moraxella catarrhalis or an mmunogenic fragment thereof 

R1  is an amino acid; 

m is 0 or 2; 

B is histidine; and 

n is 0;  1, 2, 3, 4, 5 or 6, 
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[61] In one particular embodiment, R1  and m are defined wherein (R1)„, is. .AS (alanine 

serine). in another embodiment, R1. is non-native amino acids. 

[62] In one embodiment, the proteins of formula (I) and proteins of the invention are defined 

wherein m is 0. In one embodiment, when m is 0, n is 2. In another embodiment of the 

invention, when m is 0;  n is not 0. 

[63] In one embodiment, m is 2. 

[64] in one particular embodiment, n is selected from the group consisting of 1, 2 and 6_ In 

another embodiment, n is selected from the group consisting of 2 .and 6. In one particular 

embodiment, n is 2, In another emb.o.Oiment„ n is 6. 

[65] In one embodiment, n is selected from the group consisting of 0, 1, 2, and 6, or any 

subset thereof. 

[66] In one embodiment n is 0. In another embodiment, when n is m is 2.. 

[67] In one embodiment, n is 1. In one embodiment, n is 3, In one embodiment, n is. 4. In 

one embodiment, n is 5. 

[63] In one embodiment, the proteins of formula (I) further contain a methionine (M) at the 

amino terminus; a protein with the following formula: methionine- A - (R1)„, (B),,. These are 

included within proteins of the invention. In one particular embodiment, when m is 0 and n is 

0, the proteins of formula (I) and proteins of the invention are non-native proteins. 

[69] In one embodiment, the proteins of formula (I) and proteins of the invention are non-

native proteins, 

[70] In one embodiment, the proteins of formula (I) are defined wherein A is UspA2 from M. 

catarihalis. In another embodiment, the proteins of formula (I) are defined wherein A is 

UspA2 as set forth in an amino acid sequence selected from the group consisting of SEQ ID 

NO: 1;  SEQ ID NO: 2, SEQ ID NO: 3, SEC) ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID 

NO: 7, SEQ ID NO: 8;  SEQ ID NO: 9;  SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ.  

ID NO: 13;  SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, 

SEQ ID NO: 19, SEQ ID NO: 20. SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID 

NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, 
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SEQ ID NO:. 30, SEQ ID NO; 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ III 

NO: 35, SEQ ID NO: 36, SEQ ID NO: 37 and SEQ ID NO: 38 or any subset of SEQ ID NO: 1 

through .SEQ. ID NO: ,8. In another embodiment, the proteins of formula (I) are defined 

wherein A is UspA2, wherein UspA2 is at least 63%, 66%, 70%, 72%, 74%, 75%, 77%, 80%, 

84%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical, over the entire length, to SEQ 

ID NO: 1, in another embodiment, the proteins of formula (I) are defined wherein A is UspA2, 

Wherein UspA2 is approximately 75% to 100% identical to the UspA2 amino acid sequence 

set forth in SEQ ID NO: 1, In another embodiment, A is UspA2 wherein LispA2 is 

approximately 90% to 100% identical to the UspA2 amino acid sequence set forth in SEQ ID 

NO: 1. In another embodiment, A is UspA2 wherein UspA2 is at least 95% identical to the 

UspA2 amino acid sequence set forth in SEQ ID NO: 1, In another embodiment, the proteins 

of formula (II are defined wherein A is UspA2, wherein UspA2 is approximately 75% to 100% 

identical to the UspA2 amino acid sequence set forth in any one of SEQ ID NO: 1 - SEQ ID 

Na 38, In another embodiment, A is tispA2 wherein UspA2 is approximately 90% to 100%. 

identical to the UspA2 amino acid sequence set forth in any one of SEQ ID NO: 1 - SEQ ID 

Na 38. In additional embodiment, A is UspA2 wherein UspA2 is at least 95% identical to 

UspA2 as set forth in any of SEQ ID NO:' 1 - SEQ. ID NO: 38. In a particular embodiment, A is 

UspA2 having the amino acid sequence set forth in SEQ ID NO. 1. 

[71] In another embodiment, the proteins Of formula (O. are defined wherein A. is an.  

Immunogenic fragment of UspA2 from M. cataffhalis„ In another embodiment, A is an 

immunogenic fragment of UspA2 wherein LIspA2 has an amino acid sequence selected from 

the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID 

NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO:-9, SEQ ID NO: 10, SEQ ID 

NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, .SEQ ID NO: 16„ 

SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ. ID NO: 20, SEQ ID NO: 21, SEQ 

NO: 22, SEQ ID NO: 	SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, 

SEQ ID NO: 28, SEQ ID NO: 29, .8E0 ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID 

NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37 and SEQ ID NO:. 

38 or any subset of SEQ ID NO: 1 through SEQ ID NO: 38, In another embodiment, A is an 

immunogenic fragment of UspA2„ wherein UspA2 is approximately 75% to 100% identical to 

the amino acid sequence set forth in SEQ ID NO: 1. In another embodiment, A is an. 

immunogenic. fragment of UspA2, wherein UspA2 is approximately 90% to 100% identical to 

SEQ ID NO. 1. In an another embodiment, A is an immunogenic fragment of UspA2, wherein 
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UspA2 is at least 95% identical to SEQ ID NO: 1. In another embodiment, A is an 

immunogenic fragment of UspA2, wherein UspA2 is approximately 75% to 100% identical to 

the amino acid sequence set forth in any one of SEQ ID NO: 1 - SEQ ID NO: 38. In another 

embodiment, A is an immunogenic fragment of UspA2, wherein UspA2 is approximately 90% 

to 100% identical to any one of SEQ ID NO: 1 - SEQ ID NO: 38. In an additional 

embodiment, A is an immunogenic fragment of UspA2, wherein UspA2 is at least 95% 

identical to any of SEQ ID NO: 1 -- SEQ ID NO: 38. In a particular embodiment, A is an 

immunogenic fragment of UspA2 wherein UspA2 has the amino acid sequence set forth in 

SEQ ID NO: 1. 

[721 In another embodiment, A is an immunogenic fragment of UspA2 from M. catarrhalis 

selected from the group consisting of amino acids 30-540 of SEQ ID NO. 1 (SEQ ID NO: 39), 

amino acids 31-540 of SEQ ID NO; 1 (SEQ ID NO: 40), amino acids 30-519 of SEQ ID NO: 1 

(SEQ ID NO: 41), amino acids 30-564 of SEQ ID NO: 1 (SEQ ID NO: 42) and amino acids 31-

564 of SEQ ID NO: 1 (SEQ ID NO: 43). More specifically, in one embodiment, A is SEQ ID 

NO: 43, amino acids 31-564 s f SEQ ID NO: 1. In an additional embodiment, A is SEQ ID NO: 

42, amino acids 30-564 of SEQ ID NO: 1. In another embodiment, A is an immunogenic 

fragment of UspA2 from M. catarrhal's selected from the group consisting of amino acids 30.-

540 of SEQ ID NO, 1 (SEQ ID NO:39), amino acids 31-540 of SEQ ID NO. 1 (SEQ ID NO: 40) 

and amino acids 30-519 of SEQ ID NO. 1 (SEQ ID NO: 41), In another embodiment, A is an 

immunogenic fragment of UspA2 with at least 52% (American 2903), 55% (Norwegian 25), 

57% (Japanese Z7476), 62% (Finnish FIN2344), 64% (American 2912), 69% (American P44), 

73% (American 7169), 76% (Norwegian 27), 81% (American V1145), 88% (German 28063) or 

100% (Swedish BC5) identity to SEQ ID NO, 39, In another embodiment, A is an 

immunogenic fragment of UspA2 with at least 52 % (American 2908), 57% (Dutch F10), 62% 

(American 2933), 65% (Greek MC317), 67% (American V1122), 70% (American P44), 73% 

(American 7169), 76% (Norwegian 3), 81% (German Z8063), 100% (Swedish BC5) identical 

to SEQ ID NO. 43. 

[73] in another embodiment, A is an immunogenic fragment of UspA2 from M. catarrhaiis 

from SEQ ID NO: 2 through SEQ ID NO: 38 where the fragment comprises the amino acids 

that align with amino acids 30-540 of SEQ ID NO. 1 (SEQ ID NO: 39), amino acids 31-540 of 

SEQ ID NO: 1 (SEQ ID NO.: 40), amino acids 30-519 of SEQ ID NO: 1 (SEQ ID NO: 41), 

amino acids 30-564 of SEQ. ID NO: 1 (SEQ ID NO: 42) or amino acids 31-564 of SEQ ID NO: 
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I (SEQ ID NO: 43). In one embodiment;  the Gap program (from the GeG package), or the 

Needle program (from the EMBOSS package), implementing the Neediernan-Wunsch 

algorithm, may be used to align the sequences. 

[741 UspA2 SEQ ID NO: 1 

HKTNKLLPLK TAVTSAMI IGLGAASTANAQ AKN T LEDLPYL IKKI DQN ELEAD I G DI T 

ALE K Y LA L SQ Y GN L ALE E N KAL E EL DE D GWN QN DI ANL E D 	L KN QNALAEQGE 

A I KEDLQGLADFV EGQEGK I LQNET S 3 KKN TQRNLVN G FE E KNK DAIAKNNE S I EDLYD 

EGHEVAES I GE I HAP, NEAQNETLKGL I TN S I ENTIcIN I TKNKADIQALENNWEEL FNLSG 

RL I DQKADI DNN INN I YELAQQQDQHS S DI KTLKKN VE E GLLELSGHLI DQKTDIAQNQA 

. N I QDLAT YN ELQDQYAQKQ T EA. I DAL N KASS EN TQN I EDLAAYNELQDAYAKQQTEAI DA 

LNKASS E N TON I E DLAAYN E LQ DAYAKQQT EA I DALN KA S S ENTQN I AKN QAD I AN NNN  

YELAQQQDQHS S D TKMAKASAAN T DRIAKNEADADAS FET LTKNQNTL IEKDKEHDKL 

I TAN KTAI DAN KAS ADTKFAA TA DAI K.N NA IT KNA KS IT DL GT KVDG FDSRVTAL DT K 

VNAF DGRITALDS KVENGMAAQAAL SGL FQ PYSVGK FNATAAL GGYG S KS AVM: GAGY 

N PNLAFKAGAAINT S GNKKGSYN T, GVNYEF 

[751 Amino acids 30-540 of UspA2 from SEQ ID NO: 1, SEQ ip NO:39 

QAKN D TLEDLP YL IKKI DQNELEAD I CID' T 

ALE KYLAL SQ YGNI LAL Ehli4,1 KALE E L DEDVGWN QN D I AN LE D DV ET L T KNQ NALAEQGE 

AI KE DLQGLADFVE GQEGKI LQNET S EKN QRNLVNG FEI EKNKDA I AKNNE S EDLyD 

PVEEV,PLES 1.G E I.B.AHNEKNE.TLKati 	S IENTNN ITKNKADIQALENNVVEEL FNL SG 

RL DQKADI DNN I tqN YELAQQQDQHSS D I KT LKKNVEEGLL EL SGHL I DQKTDIAQNQA 

NT.QDLATYN.E LQ AQK QT EAIDA LN KAS S EN TQN I E DLAAsyNE L Q DA YAKQQT EA I DA 

LNKA S$ EN T QN E DL AAY ELQ DA Y AKQQTEA I DA LNKAS S ENTQN I A KNQAD I ANN I NN 

Y ELAQQQ DOSS DI KT LAKASAANTDR I A KIN KA DA DA S } ETi1TK QNTLI.EKDKEHDKL 

TANETAT DANKASA DTKFAATADAITKNGNAITKNAKS I TDL G TKVDGFDS RVTALDTK 

[7$] Amino acids 31-540 of UspA2 from SEQ ID NO:. 1, SEQ ID NO: 40 

AKNDIT LEDLPYLIKKI DOELEALYI GUI T 

ALEKYLALSQYGN LALEELNKALEELDF,DVGt.qNQN D ANL E D DV E TL T KN QNA LAEQGE 

A I KE DLQGLADFVEGQEGK ILQNET S IKKNIV.RNLVNG FE IEKNKDAIAKNNE S vEDL 

32 



WO 2015/125118 	 PCT/1132015/051308 

FGHEVAES I GEIHAH NEA.QN ETLKGL I TN S IENTNN ITKN KAD I QALENNVVEEL FN LS G 

RL I DQKA DI DNN I NNI YELAQQQ DQH S SD IKTLKKN VEEGLLELSGHL I DQKT DI AQN QA 

N IQDLATYNELQDQYAQKQTEAIDALNKA$ SENTO EDLAAY N ELQDAYAKQQTEAIDA 

LNKASSENTQNI E DLAAYNELQDAYAKQQT EA I DALNKAS S ENTQN IAKNQAD I ANN I NN 

I Y.ELAQQQ DOS SDIKTLAKASAANTDRIAKNKADADA..SFETLTKNQNTLIEKDKEHDKL 

I TANKTA I DANKASADTKFAATADAI TKNGNA ITKNAKS I T DLGTKVDG FDSRVTALDTK 

[77] Amino acids 30-519 of UspA2 from SEQ ID NO: 1, SEQ ID NO: 41 

QAKNDITLE DLP YL I KKI DQNELEADIGDIT 

ALEXYLALSQYGNILALEELNKALEELDEDVGWNQNDIANLEDDVETLTKNQNALAEQGE 

AIKEDLQGLADFVEGQEGKILQN.ET S IKKNTQRNLVNGFEIEKNKDATAKNNESI EDLYD 

FGH:EVAES I GEIHAHNEAQNETLKGLITNS IENTNN IT KNKADIOALENNVVF,EL FNL SG 

RL IDQKADI DNN I NNIYELAQQQDQHSSDIKTLKKNVEEGLLELSGHL I DQKT.DI AQNQA 

14 Q DT.,ATYNELQ DQYAQKQTEAI DALNKAS SENTQN IEDLAAYNELQ DAYAKQQTEAI DA 

LNKASSENTQNIEDLAAYNELQDAYAKQQTEAI DALNKAS SENTQN IAKN QAD IANN I NN 

I YELAQQQDQH.S DIKTLAKASAANT DRIAKNKADADAS FETLT KNQN T L EKDKEHDKL 

I TANKTAI DANKA S A DTK FAA.T.ADAITKNGNA I TKNAKS 

[78] Amino acids 30-564 of UspA2 from SEQ ID NO: 1, SEQ ID NO: 42 

QAK.N DIME DLPYL I KK I DQNELEADIGDIT 

ALEKYLAL GN ILALEELNKALEEL DEDVGWNQNDIANLEDDVETLTKNQNALAEQGE 

AI KEDLQGLADFVEGQEGKILQNETS I KKNTQRNLVNG FEI EKNKDAIAKNNES I EDLY D 

FGHEVAES IGEIHAHNEAQNETLKGL ITN S IENTNN I T KNKADIQALENNVVEEL ENL SG 

RL IDQKADI DNN INN I YELAQQQDQH SSDI KTLKKNVEEGLLELSGHL I DQKT DI AQNQA 

N I Q DLAT YN ELQ DQYAQKQT EAI DALN KA SS EN T QN I EDLAAYNELQ DAYAKQQTEAI DA 

LNKASSENTQNIEDLAAYNELQI3AYAKQQTEA1 DALNKASSENTQN IAKNQADIANN INN 

I YEL' AQQQDQHSSDIK.TLAKASAA1 T DRIAKNKADADASFETLTKNQNTL I E KDKER DKr, 

I TAN KTAI DAN KA SA DTKFAATADAI TKNGNA I T MAKS I TDLGT KV DG DS RVTALDT K 

VNAF1DGR I TAL DS K VEN GMAAQAA 
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[79] Amino acids 31-564 of UspA2 from SEQ ID NO: 1, SEQ ID NO: 43 

AKNDITLEDLPYLIKKIDQNELEADIGDIT 

ALEKYLALSOYGNTLALEELNKALEEIDEDVGWNQNDIANLEDDVETLTKNQNALAEOGE 

KE DLQ GLAD FVEGQEGKILQNETS I KKN TORNLVN G FE I E KNKDAI AKNNE S I E D 

FGHEVAE S IGE IHAHN EAQNE ILKGL I INS I ENTNNI TKNKADI QALENNVVEEL YNLSG 

RL I DQKADI DNN INN I ELAQQQDQHS S DIKE LKKNVE EGLIEL S GILL IDQKTDIAQNQA 

NIDDLATYNELQDQYAQKQTEAIDALNKASSENTQNIEDLAAYNELQDAYAKQQTEAIDA 

LNKAS S ENT QN I E DLAAYN ELQ DAYAKQQTEA I DALNKAS SENTO IAKNQAD I TiNN INN 

ELAQQQDQI-IS S DI KTLAKASAANTD R IAKNKADADAS FETL T KNQNT T. EKDK,Efi DKL 

I TANKTAI DANKASADTKFAATADA T KNGNA ITKNAKS I T DL GIT KVDG DSRV TAL DT K 

VNAFDGRITALDSKVENGMAAQAA 

[80] In another embodiment, A is an immunogenic fragment of LispA2 from M. catarrhalis that 

differs from SEQ ID NO: 1 in one or more of the foliovving amino acids: AA (amino acid) 30 to 

298, AA 299 to 302, AA 303 to 333, AA 334 to 339, AA 349, AA 352 to 354, AA 358 to 403, 

AA 441, AA 451 to 471, AA 472, AA 474 to 483, AA 487, AA 490, AA 493, AA 529, AA 532 or 

AA 543. In another embodiment, A is an immunogenic fragment of UspA2 from M. catarrhalis 

that differs from SEQ ID NO: 1 in that it contains at least one amino acid insertion in 

comparison to SEQ ID NO. 1. 

[81] In another embodiment, A is an immunogenic fragment of UspA2 that contains a laminin 

binding domain and a fibronectin binding domain. 

I821 In an additional embodiment, A is an immunogenic fragment of UspA2 that contains a 

laminin binding domain, a fibronectin binding domain and a .ca binding domain. 

[83] In a further embodiment, A is an immunogenic fragment of UspA2 that contains a 

laminin binding domain, a fibronectin binding domain, a C3 binding domain and an 

amphipathic 

[84] The laminin binding domain, fibronectin binding domain, C3 binding domain or 

arnphipathic helix may be as defined for SEQ ID NO: 1 or may be the corresponding 

sequence in any one of SEQ ID NO: 2 through SEQ ID NO: 38. 
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[85] Proteins of formula (I) and proteins of the invention are useful as immunogens in 

subjects such as mammals, particularly humans.. In particular, the proteins of formula (I) and 

proteins of the invention are useful in inducing an immune response against M. catarrhalis in 

subjects, particularly humans. The proteins of formula (I) and proteins of the invention are 

useful in the treatment or prevention of M. catarrhalfs infection or disease. More speclically, 

the proteins of formula (I) and proteins of the invention are useful in the treatment or 

prevention of otitis Media and/or COPD and/or AECOPD and/or pneumonia. 

[86] The present invention relates to immunogenic compositions comprising UspA2 from M. 

catarrhalis or an immunogenic fragment thereof. The present invention also relates to 

vaccines comprising such immunogenic compositions and therapeutic uses of the same, 

Immunogenic compositions and vaccines of the present invention are useful in the treatment 

or prevention of M. calardialis infection or disease. More specifically, imrnunogenic 

compositions and vaccines described herein are useful in the treatment or prevention of otitis 

media and/or COPD and/or AECOPD and/or pneumonia. 

[87] In one embodiment, the immunogenic composition comprises UspA2 from M. 

catatthalls. UspA2 may be any one of SEQ ID NO; 1 through SEQ. ID NO: 38 or a UspA2 

sequence at least 75%, 80%, 85%, 90%, .95%, 96%, 97%, 98% or 99% identical to any one of 

SEQ ID NO: 1 through SEQ. ID NO: $8, UspA2 may also be a UspA2 sequence at least 63% 

(American 2908), 66% (Japanese Z7476), 70% (Dutch Fl 0), 72% (Finnish 358), 74% 

(American P44), 77% (Finnish 307), 80% (Norwegian 3), 84% (American 1.145), 90% 

(German Z8063) or 100% (Swedish BC5) identical to that of SEQ ID NO,. 1. 

[88] In another embodiment, the immunogenic composition comprises an immunogenic 

fragment of UspA2. The immunogenic fragment of UspA2 may be SEQ ID NO: 39, SEQ. ID 

NO: 40, SEQ ID NO: 41, SEQ ID NO: 42 or SEQ ID NO.43, or a sequence having at least 

90%, 95%, 96%., 97%, 93%, 99% sequence identity to any one of SEQ ID NO: 39, SEQ ID 

NO: 40, SEQ ID NO: 41, SEQ ID NO: 42 or SEQ ID NO.43. The immunogenic fragment of 

UspA2 may be. a UspA2 sequence at least 52% (American 2908), 55% (Norwegian 25), 57% 

(Japanese Z7476), 62% (Finnish F1N2344), 64% (American 2912), .69% (American P44),. 73% 

(American 7169), 76% (Norwegian 27), 81% (American V1145), 88% (German 28063) or 

100% (Swedish BC5) identical to SEQ ID NO. 39: The immunogenic fragment of UspA2 may 

also be a UspA2 sequence at least 52 ?,4; (American 2908), 57% (Dutch F10), 62% (American 

2933), 65% (Greek MC317), 67% (Arnerican V1122), 70% (American P44), 73% (American. 
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7169), 76% (Norwegian 3), 81% (German Z8063), 100% (Swedish BC5) identical to SEQ ID 

NO, 43. Amino acid differences have been described in UspA2 from various Motaxe/la 

oatarrhalis species. 

[89] UspA2 contains a laminin binding domain (for example, amino acids 30-177 of SEQ ID 

NO: 1, SEQ ID NO: 44). In one embodiment, the fragment of UspA2 comprises the laminin 

binding region of SEQ ID NO: 1. In an additional embodiment, the fragment of Us.pA2 

comprises the laminin binding region of any one of SEQ ID NO: 2 — SEQ ID NO: 38. 

[90] Amino acids 30-177 of SEQ ID NO: 	1, SEQ ID NO: 44: 

QAKNDI TILE DL FYI I KKI DQNELEA DISDI TALEKYLALSQYGN LALEE IiNKALEELDEDVG 

VINO D I AN LE DDVETLTKNONALAEQGEAIKEDLQGLADEVEGQEGKILQNETS I KKL1T QRNI: 

VNGFE I EKNKDAIAKNNES IEL.  

[91] UspA2 contains a fibronectin binding domain (for .example, amino acids 165-318 of SEQ 

ID NO: 1, SEQ ID NO: 45). In one embodiment, the fragment of UspA2 comprises the 

fibronectin binding region of .SEQ ID NO: 1. In an additional embodiment, the fragment. of 

UspA2 comprises the fibronectin binding region of any one of SEQ ID Na 2 — SEQ ID NO:38. 

The fibronectin binding domain of SEQ ID NO: 45 also has Ca binding properties, 

[92] Amino acids 165-318 of SEQ ID NO: 1, SEQ ID NO: 45: 

KDAIAKNNES EDLYD 

FGKEVAES IGE IHAHN EAQN ETLKGI, I TN S IENTNNITKNKADIQALENNWEELFNISG 

RLI DV:AN DNN INN IYELAQQQDQIISSDIXTLKKNVEEGLLELSGELID(.?KTOIAQNQA 

N Q DIATYN EI,QDQY AQK 

[93] UspA2 contains a complement component 3 (C3) binding domain (for example, amino 

acids 330-539 of SEQ ID NO: 1, SEQ ID NO: 46, or amino acids 165-318 of SEQ ID NO: 1, 

S.EO ID NO: 451. In one embodiment, the fragment of UspA2 comprises the 03 binding 

region of SEQ ID NO: 1. In an additional embodiment, the fragment of UspA2 comprises a C3 

binding domain of any one of SEQ ID NO: 2 — SEQ ID NO: 38. 

[94] Amino acids 30-539 of SEQ ID NO: 1, SEQ ID NO: 46: 

()MN DI TLEDLPYLIKKIDOELEADIGUI T 

P,LEKYLALSQYGNILAI,EELNKALEELVE: DVGT/INQIWIANLEDDVETLTKNQNALAEQGE 
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AIKEDLQGLADFVEGQEGKILQNET S I KKNTQRN LVNG FE IEKN KDA IA KNNES IEDLYD 

FGHEVASS I GE I HAHNEAQNETLKGL I TN S IENTNN YTKNKADIQALENNVVEEL FNLSG 

RL DQKAD I DNN NN IYELAQQQDQRS 8 DI KYLKKNVE E GLLE LS GHL I DQKT DIAQNQA 

NI QDLATYNELQDQYAQKQT EAIDALNKASSENTQNIEDLAAYNELQ DA YAKQQT EA DA 

LN KA S S ENTQNI E DLAAY NELQ DAY AKQQ TEAT DALNKASSEN TQN IAKNQAD TANN NN 

I YE LAW() DQHS S DI KTLAKASAANT DRIAKNI<ADADAS FETLT KNQN TT, I EKDKEHDKL 

TANKTAT DANKASA DT KEAATADA I T KNGN A I T KN AK S IT DLGTKVDGFDSRVTALDT 

[95] UspA2 contains an amphipathic helix (for example, amino acids 519-564 of SEQ ID Na 

1 or or amino acids 520-559 of SEQ ID NO:1) In one embodiment, the fragment of UspA2 

comprises amino acids 519-564 of SEQ ID NO: t. In another embodiment, the fragment of 

UspA2 .comprises amino acids 520-559 of SEQ, ID NO:.1, In an additional embodiment, the 

fragment of UspA2 comprises an amphipathic helix of any one of SEQ ID NO: .2 SEQ ID 

NO:38. 

[95] In one embodiment, the immunogenic composition comprises a protein of formula (I) 

wherein A is an immunogenic fragment of Lis A2 that comprises a iaminin binding domain 

and a fibronectin binding domain. 

[97] In an additional embodiment, the immunogenic composition comprises a prOtein of 

formula (I) wherein A is an immunogenic fragment of UspA2 that comprises a laminin binding 

domain, a fibronectin binding domain and a C3 binding domain. 

[98] In a further embodiment, the immunogenic composition comprises a protein of formula 

(I) wherein A is an immunogenic fragment of LIspA2 that comprises a laminin binding domain, 

a fibronectin binding domain, a 03 binding domain and an amphipathic helix. 

[99] In another embodiment, the immunogenic composition comprises a protein as defined 

by formula (I). The immunogenic composition may contain, for example, a protein of formula 

(I) with an additional methionine at the amino terminus. 

[100] In one embodiment, the present immunogenic compositions may be administered with 

other antigens. For example, the present immunogenic composition may be administered 

with antigens from H. infitionzae. For example, the protein of formula (I) may be administered 

with Protein D (PD),  from H. influenzae. Protein D may be as described in W091/18926. The 

present immunogenic composition may be administered with Protein E (PE) and Pilin A (PilA) 
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from H. Influenzae. Protein E and Pilin A may be as described in W02012/139225; the 

contents of which are incorporated herein by reference. Protein E and Pilin A may be 

presented as a fusion protein. 

[101] In another embodiment, the immunogenic compositions of the invention may he 

administered with additional antigens from other bacterial species also known to cause otitis 

media, COPD, AECOPD or pneumonia. 

[102] The amount of the immunogenic composition which is required to achieve the desired 

therapeutic or biological effect will depend on a number of factors such as the use for which it 

is intended, the means of administration, the recipient and the type and severity of the 

condition being treated, and will be ultimately at the discretion of the attendant physician or 

veterinarian. In general, a typical dose for the treatment of a condition caused in whole or in 

part by M. catarrhaiis in a human, for instance, may be expected to lie in the range of from 

about 0.001 mg - 0.120 mg. More specifically, a typical dose for the treatment of a condition 

caused wholly or in part by M. catarrhalis in a human may lie in the range of from about 0.003 

mg to about 0.03 mg of protein. The present invention provides an immunogenic composition 

comprising a protein of formula (I) or a protein of the invention for use in the treatment or 

prevention of a condition or disease caused wholly or in part by M. catarrhal's. The 

immunogenic composition may contain additional antigens; a typical dose for the treatment of 

a condition caused wholly or in part by H. influenza° in a human may lie in the range of from 

about 0.005 mg to about 0.05 mg for each additional antigen. This dose may be administered 

as a single unit dose. Several separate unit doses may also be administered. For example, 

separate unit doses may be administered as separate priming doses within the first year of life 

or as separate booster doses given at regular intervals (for example, every 1, 5 or 10 years). 

The present invention also provides an immunogenic composition comprising a protein of 

formula (1) or a protein of the invention for use in the treatment or prevention of a condition or 

disease caused wholly or in part by Moraxella catarrhalis in combination with at least one 

antigen from Haemophiius influenzae. 

[103] Formulations comprising the immunogenic compositions of the invention may be 

adapted for administration by an appropriate route, for example, by the intramuscular, 

sublingual, transcutaneous, intradennal or intranasal route. Such formulations may be 

prepared by any method known in the art. 
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[104] The immunogenic compositions of the present invention may additionally comprise an 

adjuvant. When the term 'adjuvant" is used in this specification, it refers to a substance that is 

administered in conjunction with the immunogenic.: composition to boost the patient's immune 

response to the immunogenic component of the composition. 

[105] Suitable adjuvants include an aluminum salt such as aluminum hydroxide gel or 

aluminum phosphate or alum, but may also be a salt of calcium, magnesium, iron or zinc, or 

may be an insoluble suspension of acylated tyrosine, or acylated sugars, cationically or 

anionically derivatized saccharides, or polyphosphazenes. In one embodiment, the protein 

may be adsorbed onto aluminium phosphate. In another embodiment, the protein may be 

adsorbed onto aluminium hydroxide. In a third embodiment, alum may be used as an 

adjuvant. 

[106] Suitable adjuvant systems which promote a predominantly Thl response include: non-

toxic derivatives of lipid A, Monophosphoryl lipid A (MPL) or a derivative thereof, particularly 3-

de-O-acylated monophosphoryl lipid A (3D-MPL) (for its preparation see GB 2220211 A); and 

a combination of monophosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl lipid A, 

together with either an aluminum salt (for instance aluminum phosphate or aluminum 

hydroxide) or an oil-in-water emulsion. In such combinations, antigen and 3D-MPL are 

contained in the same particulate structures, allowing for more efficient delivery of antigenic 

and immunostimulatory signals. Studies have shown that 3D-MPL is able to further enhance 

the immunogenicity of an alum-adsorbed antigen (Thoelen et al. Vaccine (1998) 16;708-14; 

EP 689454-B1). 

[107] AS01 is an Adjuvant System containing MPL (3-O-desacyl-4'- monophosphoryl lipid A), 

0521 ((Quill* saponaria Molina, fraction 21) Antigenics, New York, NY, )SA) and 

liposomes. ASO1B is an Adjuvant System containing MPL, 0621 and liposomes (50 1.1,g MPL 

and 50 pg QS21). ASOl E is an Adjuvant System containing MPL, QS21 and liposomes (26 lig 

MPL and 25 pg QS21), In one embodiment, the immunogenic composition or vaccine 

comprises AS01. 	in another embodiment, the immunogenic composition or vaccine 

comprises ASO1B or ASO1E. In a particular embodiment, the immunogenic composition or 

vaccine comprises ASO1E. 
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[1081 AS02 is an Adjuvant Aystem containing MPL and .0S21 in an oil/water emulsion. ASO2V 

is an Adjuvant System containing MPL and QS.21 in an oil/water emulsion (50 jAg MPL and 50 

0S21). 

[109) AS03 is an Adjuvant System containing o-Tocopherol and squalene in an oil/water (oiw) 

emulsion. ASO3A  is an Adjuvant System containing .3.1-Tocopherol and squalene in an .o/w 

emulsion (11,80 mg tocopherol). AS038  is an Adjuvant System containing a-Tocopherol and 

squalene) in an o/w emulsion (0.93 mg tocopherol). AS93c  is an Adjuvant System containing a-

Tocooherol and squalene in an ofw emulsion (2,97 mg tocopherol), In one embodiment, the 

immunogenic composition or vaccine comprises AS03, 

[110] AS04 is an Adjuvant System containing MPL (50 ug MPL) adsorbed on an aluminum 

salt (500 1.<g 	). In one embodiment, the immunogenic composition or vaccine comprises 

AS04. 

[1111A system involving the use of QS21 and .3D-MPL, is disclosed in WO 94;00153, A 

composition wherein the 0S21 is quenched with cholesterol is disclosed in WO 96133739. An 

additional adjuvant formulation involving 0S21, 3D-MPL and tocopherol in an oil in water 

emulsion is described in WO 95/17210. in one embodiment the immunogenic composition 

additionally comprises a .saponin.,. which. may be 0S21, The formulation may also comprise an 

oil in water emulsion and tocopherol (WO 95/1.7210). Unmethylated CpG containing 

oligonucleotides (WO 96/02555) and other immunomoduiatoiy oligonucleotides (WO 0226757 

and WO 03507822) are also preferential inducers of a TH.1 response and are suitable for use 

in the present invention. 

[112] Additional adjuvants are those selected from the group of metal salts, oil in water 

emulsions, Toll like receptor agonists, (in particular Toll like receptor 2 ag.onist, Toll like. 

receptor 3 agonist,. Toll like receptor 4 agonist, Toll like receptor 7 agonist, Toll like receptor 8 

agonist and. Toll like receptor 9 agonist)„ saponins or combinations thereof. 

[1.13] The present invention provides a process for preparing an immunogenic composition 

comprising combining a protein of formula (I) or a protein of the invention With an adjuvant. 

(1114) The present invention further provides a vaccine containing an immunogenic. 

composition of the invention and a pharmaceutically acceptable adjuvant. 
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[115] Possible excipients include arginine, pluronic acid and/or polysorbate. In a preferred 

embodiment, polysorbate 80 (for example, TWEEN(a US registered trademark) 80) is used. 

In a further embodiment, a final concentration of about 0.03% to about 0.06% is used. 

Specifically, a final concentration of about 0.03%, 0.04%, 0.05% or 0.06% polysorbate 80 

(\v/v) may be used. 

[116] The present invention provide • a process. for preparing an immunogenic composition or 

vaccine comprising combining a protein of formula.  (I) or protein of the invention with a 

pharmaceutically acceptable excipient, 

[117] The present invention also provides nucleic acids encoding the proteins of the invention. 

The term "nucleic acid" refers to a polymeric form of nucleotides. Nucleotides can be 

ribonucleotides, deoxyribonucleotides, or modified forms of either ribonucleotides or 

deoxyribonucleotides. The term includes single and double forms of DNA. The nucleic acids 

are preferably substantially free from other nucleic acids. 

[118] The present invention provides a process of producing nucleic acids of the invention, 

Nucleic acids of the invention may be prepared by methods known by those skilled in the art. 

For example, the nucleic acids of the invention may be synthesized in part or in whole. The 

nucleic acids may be prepared by digesting longer amino acids or joining shorter amino acids. 

[119] The present invention provides a method for the treatment or prevention of otitis media. 

The method comprises administering to a subject in need thereof a therapeutically effective 

amount ofa protein of formula (I) or a protein of the invention, 

[120] The present invention provides a method for the treatment or prevention of 

exacerbations in chronic obstructive pulmonary disease. The exacerbation of COP° may be 

an acute exacerbation. The method comprises administering to a subject in need thereof a 

therapeuticaily.effeetive amount of the protein of formula (I) or a protein of the invention. 

[121] The present invention provides a method for the treatment or prevention of pneumonia. 

The method comprises administering to a subject in need thereof a therapeutically effective 

amount of the protein of formula (I) or a protein of the invention. 

[122] The present invention provides •a pharmaceutical composition comprising a prOtein of 

formula (I) or a protein of the invention for use in the treatment or prevention of a condition or 
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disease caused wholly or in part by Moraxella catarrhalis. Pharmaceuticalcompositions may 

further comprise a pharmaceutically acceptable adjuvant. 

[123] The present invention provides use of (a) proteins of formula (I) and proteins of the 

invention, (b) an immunogenic composition comprising a protein of formula (I) or protein of the 

invention or (c) a vaccine comprising (c1) a protein of formula (I) or protein of the invention or 

(c2) immunogenic composition comprising a protein of formula (I) or protein of the invention 

for the manufacture of a medicament for treating or preventing M. catarrhalis infection or 

disease. 

[124] The present invention provides use of (a) proteins of formula (I) and proteins of the 

invention, (b) an immunogenic composition comprising a protein of formula (I) or protein of the 

invention or (c) a vaccine comprising (el) a protein of formula (I) or protein of the invention or 

(c2) immunogenic composition comprising a protein of formula (I) or protein of the invention 

for the manufacture of a medicament for treating or preventing otitis media. 

[125] The present invention provides use of (a) proteins of formula (I) and proteins of the 

invention, (b) an immunogenic composition comprising a protein of formula (I) or protein of the 

invention or (c) a vaccine comprising (el) a protein of formula (I) or protein of the invention or 

(c2) immunogenic composition comprising a protein of formula (I) or protein of the invention 

for the manufacture of a medicament for treating or preventing acute exacerbations of chronic 

obstructive pulmonary disease (AECOPD). 

[126] The present invention provides a use of (a) proteins of formula (I) and proteins of the 

invention, (b) ari immunogenic composition comprising a protein of formula (I) or protein of the 

invention or (c) a vaccine comprising (c1) a protein of formula (I) or protein of the invention or 

(c2) immunogenic composition comprising a protein of formula (I) or protein of the invention 

for the manufacture of a medicament for treating or preventing pneumonia. 

[127] The following examples are intended for illustration only and are not intended to limit the 

scope of the invention in any way. 

[128] In the examples, the following terms have the designated meaning: 

6xhis. = six histidines; 

xg = centrifugal force (number gravities) 

AS = alanine serine 
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BSA = bovine serum albumin; 

= degrees Celsius; 

CaQ.I2 = calcium chloride:, 

CD = circular dichroism; 

CH 	= chloroform; 

CH3CN W  acetonitrile; 

002  = carbon dioxide; 

• dalton; 

DNA = deoxyribonucleic acid; 

DO = dissolved OXygen;, 

DSC = differential scanning calorimetry; 

EDTA = ethylenediaminetotraacetic acid; 

h -= hour; 

H2O = water;. 

H202  =hydrogen peroxide; 

HCDI = high cell density induction; 

HCI. =- hydrogen chloride; 

His = his histidine; 

MAC = immobilized metal affinity chromatography; 

IRTG = isopropyl .p-D-1-thiogal.a6topyr,911 

kVolts. = kilovolts 

L = liter; 

LB = Luria-Bertani; 

LCD.I = low cell density induction; 

MeOhl = methanol; 

ml = milliliter; 

NaCI = sodium Chloride; 

RPM = rpm = revolutions per minute; 

min. = minute; 

rnM 

.= microgram; 

• = microliter; 

• = molecular weight; 

m/ =- mass/charge; 
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.NaCI = sodium chloride; 

NaPO4  - sodium phosphate; 

ng = nanogram; 

1*-1401-1 = ammonium hydroxide; 

nm = nanorneterc. 

D.Q. = optical density; 

PBS = phosphate buffered saline; 

PCR-  = polymerase chain reaction; 

psi = pounds per square inch; 

PVDF = polyvinylidence .diluoride; 

SDS-PAGE = sodium dodecyl sulphate polyacrylamide gel electrophoresis; 

TPA = trifluoroacetic acid 

Tm = melting pOint; 

= first melting point. 

Tm2  = second melting point; 

w/v = 'weight/Volume, 
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[129] EXAMPLES 

Example 1: Protein Constructs 

Protein constructs were produced with different fragments of UspA2 with and without 

additional amino acids. The following table describes protein constructs made. 
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Table 2: Protein constructs containing UspA2 protein. 

Construct 11)  

MC-001 

Description  

lisp A2 + 1/2 helix + 6His 

A.A. 

	  I N-terminal -C-Terminal 

:11iPA1:frOgOetir :..... 	.. : 	:.:' 	:: :::-: 
	 (AA,: 30*0 Of. SK* In NO: I, SEQ In NO: 47) . 

A.$iiifillitiii .. • ::. 
. 	. 	. 	. 

540 541 	548 30 

MC-002 l5pA2 + 1/2 helix t st)42 fragment 
(A.A.: 30-540 of SEQ 11) NO; 1, tils:(1 ID NO: •47) 

4.0 

• 

A.A. 	 30  
? 
i 

MC-003 UspA2 + 1/2 helix +lHis tisttAl frnment 	. 	> : 	:, 	. 
(A.A.: 30-540 f4 Sk:Q11) NO;. :1;' Ski:ID :NO 471 

30 

:I,TspA2 6ligniciit 
(AA.:  30-540 of SEQ. It) NO: t , SE/ 11) NO; 4i ) — 

30 

-..„--- 
540 54 1 

Ulf 
,„...,....______ 

540 54 5 42 

MC-004 

A.A. 

UspA2 + 1/2 helix + 2His 

&A. 

MC-005 its )A.. Abell x •1•6116 	UspA2 fragment 
	  (A.A.: 30.519 of SEQ ID NOi 1, SEQ 'Ili NO: 44 	 

A.A. 	 30 519 

:AS111110 sat s 

520 	527...  

MC-006 

MC-007 
......... 

1 

UspA2 Ahelix 

A.A. 

'UspA2 + helix + 6His 

, A.A. 

VANSW38.5...,,,Navvv.aockx, 
UspA2 fragment 
(A.A.:30-519 ofS( 4 ) tts 7\t): s, -S &) 111 '~6-}: 4S) 

519 

564 

. 

AS111111111111 

565 	572 

30 

4s14.42 fragment 	. 
k.A.., 30464 of WO ID NO: 1; SFS) ID NO: 49)  

30 

MC-008 
— 1 

UspA2 +helix +Zits 

A.A. 

----- 
UspA2 + helix: +f  21 is ilQ 

A.A. 

ttapA2 n agrn*nt 
	  ±k.4..: 33-al ;IrSE(j II) NO: 1, S):() )13 NO: .0) 

30 

'1.1spA2 frump: t..' 
 	(A  ,A4 31464 afii.6 lir) Iki1 14 WO10140: $0) 

564 565 566 

I/11 
. 	• . 

MC2-009 

3 ) 

o k2 ficiOgii=ri it . 	— 
	 ali.32-Itital.UPIilt 26=12.t:12.1.,_ 

r 

3(t 

564 565 566 

. 	... 
. 	. 	.. 

MC-010 

MC-011 

UspA2 + iIcii‘ 

A, A: 564 

UspA2 -I- label& -t• 6HisAQ ..,07777;77— — 
'(A.A4 31:540 elSEQ ID NO: 1, SEOlp NO:. 51) 

1,A$1-11111111111 	. 
  :  

A.A. 	 31 540 541 	548 

A.A. = amino acid 
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The DNA and mina acid sequences for each protein constructs isted in Table 2 are set forth 

below. 

PROTEIN CONSTRUCT SEQUENCES: 

MC-001 (DNA) - SEQ ID NO: 52 

AT GCA.G.GCC',AAMAT GAT T-iT TACCC T GGAAGAT C T GC C GT AT C T GA T CAAAAAAAT C GAT CAG 

AACGAACT G GAAG C C GA TAT T GGTGAT AT TACC GCAC T G GAAAAAT AT C T GG C.ACT. GA  G C C.AG 

T AT GGAMTAT T CT GGC CCT GGAAGAAC T GMTAAAGC T C T GGAAGAGCT G GA T GAAGAT GTG 

GGTTGGAATCAGAATGATATCGCCAATCTGGAAGATGATGTTGAAACCCTGACCAAAAATCAG 

AAT GCAC TGGCAGAACAGGGT GAAG CAAT TAAAGAAGATCT GCAGG GT CTGGCA GAT T T T GT T 

GAAGGTCAGGAAGGcAAAATTcTGCAGAAC.GAAACCAGCATCAAAAAAAACACCCAGCGTAAT 

CTGGTGAATGGCTTTGMATTGAAAAAAACAAAGATGCCATTGCCAAAAACAACGAAAGCA'.PT 

GAAGATCTGTATGATTTTGGTCATGAAGTTGCCGAAAGCAT T G GT GAAAT T CAT GCA CA T A.A.0 

GAAGCACAGAAT GAAACCC T GA,AAGG T C T GAT T AC CAA C AGCAT CGAAAATA CCAAT AA C AT T 

ACCAAAAACAAAGCAGATATTCAGGCGCTGGAAAATAATGTTGTGGAAG.AACTGTTTAAT CT G 

AGCGGTCGTCTGATTGATCAGAAAGCCGATATCGATAATAACAT.TAACAACATTTATGAACTG 

GCACAGCAGCAGGATCAGCATAGCAGCGATATCAAAACCCTGAA_AAAAAACGTTGAAGAAGGT 

CTGcTGGAACTGTTCTGGTCACCTGATCGATC,AGAMACTGATATTGCCCAGAATCAGGCAAAT 

ATTCAGGATCTGGCCAECTATAATGAACTGCAGGATCAGTATGrACAGAAACAGACCGAAGCA 

AT TGATGCC C T GNATAAAG CGAG CAGC GAAAACAC C CAGAAT AT C: GAAGATC T GGCAGCATAC 

AACGAACTGCAGGATGCCTATGCAAAACAGCAGACTGAAGCCATCGAC.GCACTGAACAAGGCA 

AGCTCTGAAAACACGCAGAACATTGAAGATCTGGCTGC C TATAATG AATTACAGGAT GC GTAT 

GC CAAACAGCAGACC GAAGC GAT TGATGCGCT GAACAAAGCCTCT TCT GAAAA TACACAGAAT 

ATCGCCAAAAATCAGGCCGATATTGCCAACAATATCAATAATATCTATGAACTGGCCCAGCAG 

CAGGATCAGCACTCTTCTGATATCAAAACAcTGGCAAAAGCAAGC:GCAGCAAATACCGATCGT 

AT T GC GMAAACAMGC CGATGCAGAT G CAAGC T TT GAAACACT GA C GAAAAAC CAGAACACC 

CT GAT T GAAAAA,GA TMAGAACAT. GAr,l2AMC T GAT CAC C GC CAA TAAAACCGCAATTGATGCA 

AATAAA.GCCAGCGCAGATACCAAAT T TG:CA.GCAAC.:CGC AGATGCAA.TTACCAAAAA..TGGCAA T 

GCCATCACCAAAAATGCCAAAAGCAT"TACCGATCTGGGCACCAAAGTTGATGGTI7TGATAGC 

CGTGT GACC G CAC T G GA TAC CAAAGCAAGCCAT CAT CATCAC CAC CACTAA 

MC-001 (protein)—(MKUspA2 amino acids 30 - 540)(ASHHP-IHH1-I) SEQ IU NO: 53 

MOAKNDITLEDLPYLIKKIWNELEADIGDITALEKYIALSWGNILALEELNKALEELDEEN 

GWKNDIANLEDDVETLTKNOALAEWEAIKEDWGLADENEWEGKIWNETSIKKNTQRN 

LVNGFETEKNKDAIAKNNE:SIULYDFGHEVAE,STGETHAHNAQNETLXGLITNSIENTNNI 

TKNKADIQALENNVV4ELFWAGRLIWKADIDNNINNIYELAQINDMSDIKTLKOVEEG 

LLELSGHLIDOMDIAMANIOLATYNELOQYAQKQTEAUALNKASSENTQNTEDLAAY 
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NELQDAYAKQQTEAI DALNKAS SENT QN I EDLAAYNEL Q DAY AKQQTEAI DALNKAS SENTO 

IAKNQADIANN INN I YELAQQQDQHSS D I KT LAM SAANT DRIAKNKADA DAS FET LTKNONT 

LIEKDKEEIDKI, I TAN KT Ai DAN K ASADTKFA ATADAI KN GNA I TKNAKS I T GT KVDG F DS 

RVTALDTKA.SEHHH.HH 

MC-002 (DNA) - SE:0 	54 

ATG CAGG C C AAAAAT GATAT TACC C T G GAAGAT C TGC CGTAT C T GAT CAAANVkAT CGATCAG 

AACGAAC T GGAAG CC GATAT TG GTGAT ATT ACCGCAC G GAAAAATA T C GGCAC T GAG CCAG 

TAT G GAAATATT CT GGCCCTGGAAGAACT GAA T AAAGC T C TGGAAGAGC T GGA T GAAGAT GTG 

GGTT GGAAT C A GAA T GATA TC G CCAATC TG G AAGAT GAT G.TT GAAAC C C T GACC AAAAAT CAG 

AATG CA C T GG CAGAACAG GGT GAAG CAATTAAAGAAGAT C TGCAGGGT C GGCAGAT TT T GT T 

GAAGG T C AGGAAG GCAAAATT C TGC AGAAC GAAACC AGCAT CAAAAAAAA C AC C CA G CGTAAT 

CTGGTGAAT G.Garr GAA.ATT GAAAAAAACAAAGATGCCAWG CCAAAAACAA C GAAAG CATT 

GAAGAT CT G T AT GATT TTG GT CATGAAGT G C CGAAAGCATTG G TGAAAT TCA TGCACATAAC 

GAAG CACA GAAT GAAACC C T GAAAG G T C TGATTA CCAA CAG CA TC GAAAATAC CAAT AA C A TT 

AC CAAAAA.CA AA G CAG AT AT T CAGG CG C TGGAAAATA AT GT TGTG GAAGA.A. C T GT T AA T CTG 

AGCGG T CG T CT GAT G ATC7.3iG AAAGC C G ATA T CG AT AA T NA CAT TAACAACAT T T AT GAA C T G 

GCACAGCAGCAGGATCAGCATAGCAGCGATATCAAAACCCTGPsAAAAACGTTGAA.GAAGGT 

C T GCT GGAACT GTC.T GGT CAC CTGATCGATCAGAAAACT GA TAT T GC CCAGAAT C AG GCAAAT 

AT T CAG GA TC T GGC CAC C TATAA:TGAACT G CAGGATCAGTAT GCACAGAAACAGACC G AAG CA 

AT TGAT GC C CT GAATAAAGCG AG C AGC GAAAACAC C CAGAAT AT CGAAGAT CT G G CAGCAT AC 

AAC GAAC T G CAG GAT GCC.TAT GCAAAAC2-‘G CAGACT GAA GC CAT CGACGCACT GAACAAGGCA 

AGCT CT GAAAACACGCAGAACATT GAAGATC T GGC TGCCTATAA TGAAT TACAGGATGC GTAT 

GCCAAAC.AGCAGAC CGAAGCGATT GA TGCGC T GAACAAAGCCTCT T CTGAAAATACA.CAGAAT 

.1.197c G CCAAAI1A TCAGGCC GATATT GCCAACAATAT CAATAATAT CTA TGAACT GGCCCAGCAG 

CAGGAT C AG CACTC7I CT GATATCAAAACAC T G GCAAAAGCAAGGGCAGCAAATAC CGATC GT 

ATT G CGAAAAA CAAAGCC GAT G CAGA T G CAAGC Tri."T GAAACAC MAC GAAA-AA CCAGAACAC C 

C T. GATTGAAAAAGA T AAAGAA (:: AT GATAAAC T GATCAC C GCCAATAAAACCGCAAT TGAT G CA 

AATAAAGC CA G CGCA GAT AC CA AAT TT G CAGCAAC C G C AGAT GCAAT T AC C AAAAA TG G C.AAT 

GCCAT CACCAAAAAT GCCAAAAGCATTACCGAT CTG GGC.ACCAAAGTT GAT GGTTT TGATAGC 

C GT GT GAC C CAC T G GATAC CAAATAA 

MC-002 (Protein) — (41)(UspA2 amino acids 30-540) SEQ ID NO: 55 

MQAKN D I T LE DIJ IKK I DO ELEA DIGDI TAL EKYLALSQ GN LAU ELNKI-UJEE T., DE D\' 

GWNQN ANLEDDVE T LTKN QN ALAEQGEA IKE DL c7.  LAP FVEG QEGK I LQNET S I KKNTQRN 

LVNGTEI EKNKDA I AKNNES E DLY D FGHE VAES I GEI fliWNEAQNETLKI.3LI TNSIEN TNN I 

T KNKA D QALENN VVE EL FNL S GRL I DQKA D DNN NN I YE LAQQQ DQ FIS DIKT KKNVE E G 

13 LEL SGH L I DQKT DIAQNQANIQDLATYNELQDQYAQKC.1TEM DALNKAS SENTQN .EDLA.AY  
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AYAKQQT EA I DALN KAS N T QN 1E DLAAYNELQDAYAKQQTEAI DAL N KASS EN TQN I AXNQ 

ADTANNINNIYELAQQQDQ.HSSDI KT LAKASAANT DR TAKNKA.DADAS FE T TKNQNT I, I E KD 

K.ERDKL I TAN KTA DANKASADTKFAATADA TKNGNA TKNAK S I T DL GT KVDG F.D S.RVTAL 

DTK 

SEQ ID NO: 56 

AT GCAGGCCAAAAATGATAT TACC.CT GGAAGAT C T G CCGTAT CT GAT CAAA.AAAAT CGAT C AG 

AA CGAACT GGAAGC C GATAT T GGTGATAT TACC GCACT G GAAAAATA T CT GGCAC TGAGCCAG 

TA TGGAAATAT T CTGG C CC T G GAAGAACT GAATAAAGC T C TG GAAGAGC T G GAT GAAG A.TGT G 

GGT T GGAAT CAGAAT G AT AT CG CCAAT C TG GAAGATC AT G TT .GAAAC C CT GAC CAAAAAT CAC, 

AA T GCAC,TGGCAGAACAGGGTGAAQCAAT TAAAGAAGAIC TG cAGGG TCT G GC:AGAT T TTG TT 

GAAGG T CAG GAAGGCAAAAT T C T GCA GAAC GAAAC CAGCAT CAAAAAAAACACCCAGCG T AA T 

C TGGT GAAT C.;GC TT GAAATT GAAA.AAAACAAAGAT GC CATT G CCAAAA.ACAAC GAAAG CAT T 

GAAG.'AT C T GTAT GAT T T T GGT CAT GAAGTT GCCGAARG.CATT G GT GRAAT T CAT GCACATAAC 

GAAGCACAGAATGAAACC CT GAAAGGT C T GAT TACCAACAG CAT CGAAAA TAC CA ATAACAT T 

ACCAAAAA CAAAGC AGATA TTC AGGC GCT GGAAAATAAT GT TGTGGAAGAACTGTT TAATCTG 

AGCGGT CGT CT GAT T GAT CAGAAAGCC GA TAX GATAATA.ACAT TAACAACAT T TAT GAAC T G 

GCA C.AGCA G CAGGAT CAGCN:PAG.CAGCGA T AT CAAAA C C CT GAANIAAAAC GT T GAAGAAG GT 

C T GC T(.4GAA.CT GT C T GGT CAC CT GAT C GAT CA GAAAACT GATAT T GCCCAGA.A.TCA GGC AAAT 

ATTCAGGAT C TGGCCAC C TA TAA TGAACT GCAG.GATCAG TAT G CACAGAAMAGAG CGAAGGA 

A1 T GAT GCCC T GAATAAAGC GA GCAGCGAAAAC ACC CAGAATAT CGAAGAT CT GGCAGCATAC 

AA C C4AAC T GCAGGAT GC C TA T G CAPiAACAGCAC-AC.T GAAGCCA.T CGAC G CA CT GAA CAAGG CA 

AGC T CT GAAAACAC GCAGAA CA T TGAAGATC T G GCT GC C TAT:AAT GAAT T AC AG GA TGCG TA T 

GC CAAACAGC AGAC CGAA GC GAT T GAT GC GC T G AACAAAGC CTCT T C T GAAAATACACAGAA T 

AT CGC CAAAAAT C AG GC C GA TAT T GC CAACAAT. ATCAAT AATAT C TAT GAAC T C CeA(3 CA G 

CAGGATCAGCAC TC TT C T GA TAT CAAAACACTGGCAAAA GCAAGC GCAG CAZ-VVTAC CG'AT C GT 

AT T GC GAAAAACAAAG C C GATGCA GAT GC AA GCT T TGAAACAC T GAQ GAAAAAC C AGAACAC C 

CT GAT T GAAAAAGATAAAGAAC'AT GATAAAC T GAT CA C CGC CAATAAAAC CG CAAT T GAT GCA 

AAT AAA GC CAGC GCA.GATA C CAAAT TTGC AGC AAC CGCA GAT GCAAT T AC C:AAAAAT G GCAAT 

GCCA.TCACCAAAAATGCCAAAAGCAT T ACCGATCT GGGCACCAAAGTTGATGGT T T TGATAGC 

CO T G.T GACC GCACT GOAT:AC CAAAGT TAAT GCAT TT GAT GG'T CGTAT TACCGC T 01GGATAG T 

AAAGTTGAAAA.TGGAATGGCAGCACAAGCAGCACACTAA. 

SEQ ID NO: 5.7 

MQAKN T:E,E, DLP IKK IDQNEL EA D IGD TALEKYLALSQYGN LAL E ELNKALEEL DE DV 

GWNQND IANLE D DVET TKNONALAE QGEAI KEDLQUADF"iTEGOEGK I LQNIETS I KKN 'TON 

LVNGEPE 'EIK iYDAIAKNNE.SIEDI,YDFG.HWARSIGEIFJAHNEAQNET 	TTNS T EN TNNI 

T KNKAD TQALENNWEEL S I DQKAD I DNN INN I YE LAQQQDQHS SDI KT 1, KKNVEEG 

E SGHL I DQKT D I.AQNQAN IQDLAT YNELQDWAQKQTEAI DALNKAS SENTO I E MANY 
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NELQ DAYAXQQT EA I DALN KA S SEN T QN DI, AAYN F:LQDi YAKQQTEATDALNKASSEN.TQN 
AKNQAD ANN I NN I Y ELAQQQDQH 5 S DI KTLAKASAANT DR TAENKADADASFETLT KNQNT 

I: EKDKE.H DIU]: TANETAI DAN KA:FAAD TKFAAM DikIT KNGNA.I TKNAKS I T DI4GT 1WD GiD S 

RVTAL DT KVNA FDGE. T TAT., D.SKITEN GMAAQAAH 

MC 003 (DNA) - SEQ 13 NO: 87 

ATGCAGGCCAAAAAT GATAT TA CC CT GGAAGATCTGCCGTAT C T GAT CAAAAAAAT CGAT CA G 

AACGAAC T GGAAGCC GATATTQGT. G-ATAT TAC CG CAC T GGAAAAATAT.CTGGCACT GAG C CAG 

TAT GG AAAT AT TCT GGC CC TGGAAGAACT GAATAAA G CT CTGGAAGAGCT G GAT G AA GAT GTG 

GGITGGAATCAGAAT GATAT C GCCAAT CT GGAAGAT GAT GT T GAARC:CGT GAC CAAAAAT CAG 

ART GCACT GGCAGAACAGGGT GAAGCAAT TAA AGAA GAT CT GcA OGGT cT GG.CAGAT T TT GT T 

GAAGGTCAGGAAGGCAAAAT T C TG CAGAAC GAAA CCAG CAT CAAAAAAAACACCCAGCGTAAT 

CT G GT GAAT GGCT TT GAAAT T C-AAAAAAA CAAAGAT G C CAT T G C CAAAAACAAC GAAAG CAT T 

G AA GA T CT G TAT GATT TTGGT CAT GAAGT TGCC GAAAG CAT T G GT GAAAT TCATGCACATAAC 

G AA G CACA GAAT GAAAC C CT GAAAGGT CT. GA T TAC cd-IACAGcs'AT CGAAAATACCAATAACATT 

.AcCAAAAACAAAGCAGATATTCAGGCG.CTG:GAAAATAATGTTGTGGAAGAACTGTT TAATCT G 

AGCG GTC GT CT GAT T GATCAGAMG C CGV_Fikril C GAT.AA TAACAT TAACAACAT T TAT. GARGTG 

GCACAGCA.GCAGGAT CAG CA TAGCA GCGATATCAMAcCCTGAAAAAAAA.CGTTGAAGAAGGT 

CTGCTGGAACTGTCTGGTCAC.CTGATCGATCAGAAAACTGATATTGCCCAGAATCAGGCAAAT 

ATTCAGGATCTGGCCACCTATAATGAACTGCAGGATCAGTATGCACAGAAACAGACCGAAGCA 

ATTGATGCCCTGAATAAAGCGAGcAGCGAAAACACcCAGAATATcGAAGATCTGGcAGcATAC 

AAcGAACTGCAGGATGcCTATGCAAAACAGCAGACTGAAGQCATCGAC GCA cTGAACAA G GCA 

AGC `1' CT GNMCAC GCAGA..A.C'ATT GAAGAT CTGGC TGCC TATA_A T GAATT A CAGGAT GCG _T 

GCCRAACAGCAGACCGAAGCGATT GAT GC GC TGAACAAAGOCTCTTCTGAAAAT.ACAcAGAAT 

ATCGCCAAAAATCAGGC CGAT T G C CAACAATAT CANT AAT AT CTATGAACTGC;CCCAGCAG 

CAGG'AT CAGCACT CT T CTGAT ATCAAAA CACT GGCPsAAAGCARGC GCAGCAAATAC CGAT C GT 

AT T G CGAAAAACAAAGC.CGAT G CAGAT GCAAG CT T T GAAACAC T GAC GA/AC CAGAACAC C 

CTGAT TaAA-KAAGATAAAGAACAT GATAAACTGAT CAC C GCCAATAAAACCGCAAT TGAT G CA 

AATAAAGC CACICGCAGATAC CARA T TTGCAG CAAC CGCAGATGCAAT TAcCAAAAATGGCAAT 

GCcATcACCAAAAAT GCCAAAAGCATTAC C GAT CT GGGCACCAAAGITGATGGI"1"1"TGATAGC 

CGTGTGACCOCACTGGATACCAAACAGTAA 

MC-003 (Protein) - (M)(UspA2 amino acids 30-540)(h SEQ ID NO: 88 

MQAKNDI TLEDLP YL KKI DONELEAD IGDI TALEKYLALSQYGNI LALE ELNKAL EELDE D,V 

QNDIANL EDOVE T LTKNQNALAEQGEAI KEDLQGLADEVEGQEGK I LQNET S I KKNT QRN 

INN GET.; EKN KDA I KNN ESTE DM* D.FGliEVAE S IGE HAHNEAQNETLKGL ITNS IENTNN 

TKNKAD I QALENNWEELFNLSGRLIDQKADIDNNINN I YELAQQQDQRS SD IKT LKKNVEEG 

LT, EL SGHL IDQKT D TAO QAN 101, AT YNE14QDQYAQKQTEAI DALNKAS $EN QN TEDLAAY 
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NT_•Lc).DAYAKQQT EA DALNKASS ENT QN DT, AAYN ELQ DAYAKQOT EAT Di-d,E1 FAS' SENTO 

IAKNQADIANN T NN I Y ELAM DQRSS DIKTLAKASAANT DR I AKNKADADAS FETLTKNOT 

L EKDKEHDKL I TAN KTAI DANKASADTK FAATADAT T KNGNAT TKNAKS TT DL GT FAIDG F DS 

RVTAL DT 

MC-004 (DNA) - SEQ ID NO: 58 

A`PGCAGGCCAAAAA`i'GA`i'A`TTAGCCTC GAAGAT CTGCC; GTAT C T GAT CAAAAAAAT CGATCAG 

AA C GAAC T GGAAGC CGATAT TGG T GAT kirr AC C GCAC T G GAAAAATAT CT GGC ACT GAGC CAG 

TAT GGAAATAT T C T GG C CC T GGAAGAACT GAATAAAG C TC T GGAAG AG C TGGAT GAAGAT GT G 

GGT T GGAAT CAGAAT GAT ATC GCC:AAT CT GGAAGATGATGT T GAAACc C TGAC CAAAAAT CAG 

AAT GCACT G GC AG AA CAGGC- T GAAGCAAT TAAAGAAGAT C T GC AGGGT C T GGCAGATT T T GT T 

GAAGGTCAGGAAGGCAAAATT CT GCAG AAC GAAAC CAG CAT C AAAAAAAACAC CCAGC G TAA T 

CT GG TGAAT GGC T T TG AAAT T GA.A.A.,AAAACAAAGATGCCAT"T GC CAAAAACAAC G.P.AAG CAT T 

GAA GAT Grr TAT GAT T T T GGT CAT GAA GTT GGAAAGCA T TGG TGAAAT T CAT GcACATAA C 

GAAGCACAGAATGAAA,CCCTGAAAGGT .C; T GAT TAC CAACAG CATCGAAAATAC CAATAACATT 

AC CAAAAACAAAGCAGATAT TCAGGGGC T GGAAAA TAAT GT T GT GGAAG AAC T GT T TAAT CT G 

AGCGGT CGT C T GAT T GATCAGAAAGCCGAT ATC GA TAA TAACATTAACAACAT T TA TGAACTG 

GCACAGCAG CAGGAT CAGCATA GCAGC GATAT C AAAAC CC T GAAAAAAAACG TT GAAGAAGG T 

CT GC TGG AAC TGT CT GGT CACCT GA T CGAT CAGAAAAC T GA TA T TGCC CAGAAT CAGGCAAAT 

AT T GAGGAT CT GG CACC T ATAAT GAACT GGAGGAT CA GTAT GCACAGAAACAGAC CGAAGCA 

AT T GAT GC C CTGAATAAAGC GAG CAG GAMACACCCAGAAT AT CGAAGATCTOGCAGCATAC 

AACGAACT G CAGGAT GC C TAT GCAAAACAGCAGAC T GAAGC CAT C GAC GCAC T GAACAAGGCA 

AGC T CT GAPiAACACGCAGAA CAT T GAAGAT C TGGC T GCCTAT AAT GAAT TAGAG GATGCG TA T 

GC CAAACAGCAGACCGAA GCGAT T GAT GC GC T GAACAAA GC C T CT T CT GAAAATACAC AG AA T 

AT CGCCAAAAATGAGGCC GA T AT T GCC AA CAATATCAATAATAT CTAT GAACT GGC CCAGCA G 

GA G GA T cAGc.,73orc T TC T G AT AT CAAAAGAC T GGCAAAA GCAAGCGCAG CAAATAC CGAT C GT 

ATTGCGAAAAACAAAGCCGATGCAGAT GCAAGCTTTGAAACA c2r GA CGAAAAA CCA GA ACA C C 

C TGAT T GAAAAAGATAAAGA,ACAT GAT AAAC T GAT CAC C GC CAATAAAAC CGCAAT T GAT G CA 

AATAAAGC CAG GGCAGATAGCAAAT T T GCIAGCAAC C GC AGAT GCAATT CCAAAA_A TGG GAAT 

GCCATCACCAAAAATGCCAAAAGCAT TACCGATCT GGGCAC CAAAGT T GAT GGT T T TGATAGC 

CGTG TGAC C GCAC T GGA TA C CAAACAT CAT TAA 

MC-004 (Protein) — (M)(UspA2 amino acids 30-540)(HH) SEQ IC NO: 59 

MAME)" TLE.DLPYL IKKT DQNE EAD I GDI TALEKYLALSTIGN I :GALE ELNKAL EEL D E DV 

GWNQNDIANLEDDVE HIT KNQNALAEQGEAT KEDL QGLADFVE G QE GK ILQNETSIKKNTQRN 

LVNG FETE KNKDAIAKNNE S IEDL Y DFGHEVAES I GE I HAHN EAQN LKGI, I TNS T ENT NN T 

T KNKAD I QALENNVVEEI, FNL SGRLIDQIAC}1D iNINN.TYELAQQQDQHSSDIKTIYKNVE 

LI, EL SGFIL DO,KTD IAQNQAN I QDLATYNELQDQYAQKQTEAI DAL IVASSENTON IEDIAAY 

NELQDAYAKQQTEAI DALNKASS.ENTOTEDLAAYNFIQ.DAYAKINTEAIDALNKASSENTQN 
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AKNQA D IANN INN I Y UAW() DQHS SDI KT LAKASAANT DRI AKNKA DAD AS FE TKN QN T 

IL E KDKERDKL ITANKTA T. DAN KAS ADT KFAA T ADA I T KNGNA I TKNAKS T.DLG T KV D G El DS 

yVTALDrI?KHH  

MC-005 (DNA) - SEQ ID NO: 60 

A T GCAGGC CAAAAA iT GATATTAC CCT GGAAGA Tea' GCC GTATCT GATC AAAAA AAT C GAT CAG 

AACGAAC TG GAAG CC GATA GGTG ATATTAC C GCAC T GGAAAAATATC' T G GcAcT G C CAC!  

TATGGAAATAT TCTGGCCCTGGAAGAACTGAATAAAGCTCTGGAAGAGCT G GAT GAAGAT GT G 

GGT T GGAATCAGAAT GAT ATC GC CAAT C TG GMGAT GAT GT TGAAAC C C T GACCAAAAATCAG 

AAT GCACTGGCAGAAC A G GGT GAAGC AATTAAAG.AA GA T C GCAGG GT C T GGCAGA T T TT GT T 

GAAGGTCAGGAAGGCAAAAT T CT G CAGAAC GAAACCAGC ATCA AAAAAAACAC C C AGCGTAAT 

CT GGT GAATGGCTT GAAAT TGAAAAAAACAAAGATGCC AT T GCCAAAAACAAC GAA AGCAT T 

GAAGATCT GTATGAT ITT GGT CAT GAAGTT G CCG AAAGCATT GGT GAAAT T C AT G CACAT AA C 

GAAGCACAGAATGAAACCC...T GAAAGG TC T GAT".1' AC C.; AACAGCA T C GAAAAT AC CAAT AA CAT T 

AC CAAAAACAAAGCAGATAT CAG GCGC T GGAAAATAAT GT TGTGGAAGAACT G T TTAisa C TG 

AGCGGT C GT CT GArr G AT C AGAAAGC cGATA T C G ATAATAAC ATTAACAACA17 T AT G AAC T G 

GCACAGCAGCAGGAT CAGCATAGCAG CGATAT CAAAACCCTGAAAAAAAACGTT GAAGAAGGT 

C GC T GGAACT GTCT GGTC AC C TGATCGATCAGA AAAC T GAT AT T GC C CAGAATCAGGCAAAT 

ATT CAGGA TCT GGC CACCT ATAAT GAACT GCAGGAT CAGT AT GCACAGAAACAGACCG AA GCA 

AT T GA TG C C CT GAA TAAAC,3C.: GAGC AGCGAAAACA Cc CMG:4.1AT AT GAAGAT C T G GCA G CA TAC 

AACGAACTGCAGGAT GCC TAT GCAAAMAGCAGACT GAAGCCATCGACGCACTGAACAAGGCA 

AG C CTGAAAACAC G CAGAACATT GAAGAT CT G G CT GCC,'TATAATOAAT TACAGGATG C GT AT 

GC CAAACAGCAGACC GNIGC GATTGATGC GC TGAACAAAGCC T CT TC T GAAAATACACAGAAT 

A TCG C CA7-1AAAT CA G GCCGATATTGC CAACAA T AT CAATAATAT CTAT GAAC T GGCC CAGCAG 

CAGGATCAGCACT CT T CTGATA T CAAAACAC T GGCA AAAGC AA GC GCA GCAAA T AC C GA T 

T T 	 CC   	 AC 	A 	CMACACCAGCGAAAACAAAGGATGCAGATGCAAGCITTGAAACTGACGAAAACCA  

CTGATTGAAAAACAT AAAGAACATGATAAACTGAT CAC C GC CAATAAAACC GCAAT T GAT GCA 

AA TAAAG C CAGC GCAGATACCAAAT T T G CAG CAAC CGCAGA T G CAA T T AC (IN-gm T GGCAAT 

GCCATCACCAAAAAT G C CAAAAG C GCAAGC CAT CATCAT CAC CAC CAC TAA 

MC-005 fProtein) (M)(U,spA2 amino acids 30-519)(ASHHHHHH) SEQ ID NO: 61 

MQAKNDITI, E PM KK IDQN E LEAD IC Di TALEKYLALSQY NTL LEH'LNKA1JiiELDDV 

GWNQN D ANL E DERET LT KN QNALAEQGFAI KE DL QG LADETEG QE GKI LQNE TS1 KKN Q RN 

LVNG FEI EKNKIDA KNN ES IE DFGHEVA.E SI GE IHAHNENNETLKGL I TN S IENTNN I 

T KNKADI QALENNWEEL ENT., SGRL IDQKADI DNN INNI YELAQQQDQHS SD IKTL KKNVE EG 

LLEL SGHL DQKT DIAQNQAN IQDLATYNELQDQYAQKQTEAI DALNKAS S ENTQN IE Di-AA Y 

N EL() DAYAn QTEA DALNKASSENTON-  ED L AAY 	YAK Qt', TEAIDALNKAS -.T4 EN TON 

IAKNQADIANN 	YELAQQQDQHS SDIKTLAKASAANTDR IAKNKADADA S FETLTKNOT 

LIEKDKEHDKLITANKTAIDANKASADTKFAATADTaTENGNAITKNAKSASHHHEHH 
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MC-006 (DNA) - SEQ ID NO: 62 

AT GCAGGCCAAAAATGATArTAC C CT G GAAGAT CT G C C GTAT C T GAT CAAAAAAAT CGAT CAG 

AACGAACTGGAAGCCGATATTGGTGATATTACCGCACTGGAAAM1 TAT CT GGCACTGAGCCAG 

TAT G GAAATAT TC T GGCCC T GGAAGAAC T GAAT AAAGC TC T GGAAGAG C T GGAT GAAGAT GT G 

GGTTGGAATCAGAATGATATCGCCAATCTGGAAGATGATGTTGAAACCCTGACCAAAAATCAG 

AAT GC AC T GG CAGAACA G GG T GAAGC AAT TAAAGAAGATCT GCAGGG T C T GGCAGATTTTGT T 

GAAGGT C.AGGAA.GGC AAAAT Ter G CAGAAC GAA_AC cAGCAT CAAAA_AAAACAC C CAGC GMAT 

CT GGTGAATGGCTTT GAAAT T GAAAAAAACAAAGATGC CAT T GC CAAAZ-1ACAAC 	AZ ' AGCAT T 

GAAGATCTGT AT GATT T TGG TCAT GAAGT TGCCGAAAGCAT TGGTGA;UT TCATGCACATAAC 

GAAGCACAGAAT GAAAC CC T GAAAGGT CT GATTAC CAACAG CATCGAAAATAC CAATAACAT T 

AC CAAAAA CAAAG CAGATAT TCAG GCGCT GGAAAATAATGT TGTGGAAGAACTGT T TAATCTG 

AG C GGT C GTC TGATTGAT CAGAAAGCCGATATCGATAATAACATTAACAACATT TATGAAC T G 

GCACAG CA GCAGGAT CAGCATAGCAGC GA TAT CAAAACCCT GAAAAAAAACGT T GAAGAAGGT 

CT-GC TGGAACT GT cirGqrc ACCT G AT GAT CAGA.AAACT GATAT T GC C CAGAAT CAGGCAAAT 

AT T CAGGA T CT GGC CA.CC T ATAAT GAA.CT CAGGATCAGT GCACAGAAACAGAC CGAAG CA 

AT T GATGCC CT GAATAAAGCGAGCAGCGAAAACAC C CAGAATAT CGAAGA TC T GGCAGCATAC 

AAC GAACTGCAG GAT GCC TATGCAAAAC AG CAGACT GAAG C CAT CGAC GCAC T GAAC AAG GC A 

AGCTCTGAAAACACGCAGAACATTGAAGATCTGGCTGCCTATAATGAATTACAGGATGCGTAT 

GCCAAACAGCAGACCGAAGCGATTGATGCGCTGAPICAAAGCCTCTTCTGAAAATACACAGAAT 

ATCGCCAATIAATCAGGCCGATATT G CCAACAAT C AATAATAT CT AT GAACTGGCCCAGCAG 

CAG GAT C AG CAC T C T TC T GATAT CAAAACAC T.GGCAAAAC.;C,AAGCGCA G CAAATAC CGAT C GT 

A T T GC GAAAAAC AAA.GC C GAT GCAGAT GcAAGCTT T GAAACAC T GACGAAAAAC CAGAACACC 

CTGATTGAA_AAAGATAAAGAACATGATAAACTGATCACCGCCAATAAAACCGCAATTGATGCA 

AATAAAGCCAGCGCAGATAC:CAAATTTGCAGCAACCGCAGATGCAATTACCAAAAATGGCAAT 

GCCAT CA C CAAAAAT GC CAAAAGC TAA 

MC-006 (Protein) - (M)(UspA2 amino acids 30-519) SEQ ID NO: 63 

MQAKND ITLEDL PY L 	DQN ELEAD IG D I TALEKYLAL SQY GNI LALE ELNKALEEL DE DV 

GWNQNDIANLEDDVETLTKNQNALAEQGEATKEDLOGLADTNEGQPIGK ILQNET S IKKNTORN 

L VNG FE IEKNKDA I AKNNE S IE DLYDFGHEVAES I GE IHAHNEAQNETLKGL I TN S I EN TNN I 

T KNKAD I QALENNVVEELFNL SGRL I DQKAD DNN INN IYELAQQQDQHSSDI KTLKKNVEEG 

LLELSGHL I DQKTDIAQNQANIQDLATYNELQ DQYAQKQTEAI DALNKASSENTQN I EDLAAY 

N ELQ DAYAKQQT EAI DALNKAS S ENTQN I E.DLAAYNELQ DAYAKQQTEA I DALNKASSENTQN 

IAKNQA DIANN INNIYELAQQQDQHS S DI KT LAKASAAN.TDR I A.KNKADA DAS FETLTKNQNT 

L I EKDKEH DKL I TAN KTA I DAN KA SA DTK FAATADAI TKN GNA I MAKS 

MC-007 (DNA) - SEQ ID NO: 64 

AT GCAGGCCAAAAAT GATATTACC CT GGAAGATC TG C CGTAT C TGAT C AAAAAAATC.GATCAG 

AACGAACTGGAAGCCGATAT TGG TGATATT ACCGC ACTGGAAAAATAT CT GGCACTGAGCCAG 
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TAT GGAAATATTCT GGCC CTGGAAGAACT GAATAAAGCTCTG GAAGAG CTGGAT GAAGAT GT G 

GGTTGGAATCA.GAATGATATCGCCAATCTGGAAGATGATGTTGAAAceCTGACCAAAAATcAG 

AATGCACTGGCAGAACAGGGT GAA.GCAATTAAAGAAGATCTGCAGGGTCTGGCAGATTTTGTT 

GAAG G TC AGGAAG GCAAAATT CT GC AGAAC GAAACCAGCAT:CAAAAAAAACAC C CAGCGTAAT 

CTGGTCAAT GGC TT T GAAAT T GAAAAAAACAAAGATGCCATT GC CAAAAACAACGAAAG CArr 

GAAGAT CT GTATGAT TTTGGTCATGAAGTTGCCGAAAGCATTGGTGAAATTCATGCACATAAC 

GAAGCACAGAAT GAAACCCT GAAAGGT CT GAT T AC CAAC AGCAT CGAAAATACCAA TAA CAT T 

AC.CAAAAACAAA.GCAGATAT T CAGGCGCT GGAAAAT AAT GTT GTGGRAGAAc T GT TTAATCTG 

AG.CGGT C GT C TGA.T T GATCAG AAAGC CGATAT CG ATAATAAC ATTAACAACAT TTATGAAQ TG 

G CACAG CAGCAGGAT CAGCATAGCAGC GATA TCAAAAC C C TGAAAAAAAAC G T T GAAGAAG GT 

CTGCTGGAACTGT CT GGTCACCTGATC GATCAGAAAAC TGATATT GCCCAGAAT CAGGCAAA T 

ATTCAGGATCT G GC CAC C TATAAT GAAC T GCAGGAT CAG TAT G CACAGMACAGAC CGAAGCA 

AT T GAT GCCC T GAATAAAGC GAQCA0CGAAA2?1QACQCAQAATAT C GAAGAT CT GGCAGCA T AC 

AACGAACT GCAG GAT GC CTAT G CAAAA CAGCAGAC T GAAGCCAT AC GCAC T GAACAAGGCA 

AGCTCTGAAAA CACGCAGAACA TTGAA GA TC TGGC T GC CT ATAATG.AAT T ACA G GA.T GC GT AT 

GC CAAACAG CAGAC C GAAGC GAT T GATGCGCT GAACAAAGCCT CT TCT GAAAA TA CACAGAAT 

ATCG C CAAAAA TCAGG CC GATAT T GCC AACAATAT CAA TAATATCTAT GAAC T G GC CCAGCAG 

CAGGATCAGCACTCrTCTGATATCAAAACACTGGCAAAAGCAAGCGCAGCAAATACCGATCGT 

AT T G CGAAAAACAAAG CCGAT G CAGAT GCMG C TT T GAMCAC T GAC GAAAAACCAGAACAC C 

CT GATT GAAAAAGATAAAGAACAT GATAAAC TGAT C ACC GCCAATAAAAC CGCAAT TGATGC.A 

AATAAAGCCAGCGCAGATACCAAAT TTGCAGCAAcCGCAGATGCAATTACCAA.AAATGGQAAT 

GC.CATCACCAAA.AATGCCAAAAGCATTACCGATCTGGGCACCA,AAGTTGATGGTTTTGATAGC 

CGT GTGACCGCACT GGATACCAAAGT TAATGCATT T GA TGGTCGTA T TACCGCT CT GG.ATAGT 

AAAGT T GAAAAT GGTATGG CAG CACAGGCAGCAGCAAGCCAT CAT CATCAC CAC CACTAA 

MG-007 (Protein) ---(114)(UspA2 amino acids 30-5644(ASHHHHHH) SEQ ID NO: 65 

MAKND I TU. DLPYL I KK.I DQNE LEAD IGD I TALEKYLALSQYGNILALEELNKALEELDEDV 

Gra Q.ND 	D DVE KNQNALAEQGEA IKE DLQGLADEVEGQEGK ILQ.NET  S IKKNTQRN 

LV G FE IEKNKDAIAKNNES IE DLY DFGHEVAES I GEI HAHNEAQN LKGLI TN S IENTNNI 

TKNI<ADIQALENNVVEL EVLSGRL DQKAD DNN INN I YELAQQQDQH S DIKTLKKNVEJEG 

LLELSGHL I DQKT IAQNQAN IQDLATYNELQDQYAQKQTEA DALNKA SSP:NT QN IEDLAAY 

NELQDAYAKQQTEAI DALNKA S S ENTQN 	AAYNELQ.DAYAKQQTBIA DALNKASSEN TQN 

IAKN QA DIANN INN IYELAQQQ DOSS D IKTL AKA SAANT DR IAKN KA DA DA S FET KNQ NT 

LIEKDKERDKLI TANKTAI DANKASADTKFAATADAITENGNA I TKNAKS I T MGT KV DGE'D 

RVTALDTKVNAFDGRTTAL DS KVEN GMAAQAAAS 

MQ-008 (DNA) - .SEQ ID NO: 66 

AT GCAG GCCAAAAAT GATAT TAC CC T G GAAGAT C T GCC GTATC T GAT CAAAIVkAATCGATCAG 

AAC GAACT G GAAGCC GATATTGG T GATA>T TACCGCAC TGGAAAAAT AT C TGGCACTGAGC C AG 
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T AT G GAAATAT TCTGGCCCTGGAAGAACTGAAT AAAGCTC.T GGAAGAGCTGGATGAAGATGTG 

G GT T G GAATCAGAAT GATAT C GC CAAT CT GGAAGAT GATGTTGAAACCC T G ACCAA:AAAT C AG 

AATG QAC T G GCAGAACAG GGTG AA GCAAT TAAAGAAGATQ T GCAGG GT C TGGCAGA T T TTGT T 

AAGGT CAGGAAGGCAAAAT TCTGCAGAACGAAACCAGCATCAA CACCCAGCGTAAT 

CT G.GTGAATG G C TT Tat-AA.1"I(GAAAAAAACAAAGATGCCATTGCCAAAAACAACGAAAGGAT T 

GAAGAT CT GTAT GAT TTT GGT CAT GAAGT TGCC GAAAGC AT TG.GT GAAA T T CAT GCACATAA C 

GAAGCACAGAATGAAACCCTGAAAGGTCT GAT T.ACCAAGAGCAT C.GAAAATACCAATAACAT T 

ACCAAAAACAAAG CAGATAT T CAGGCGC TGGAAAAT AAT GT TGTGGAAGAAC T GT T T AATCTG 

AG C.GG T CGT C T GAT T GAT CA GAAAGCC GATAT CG.ATAATAA.CAT TAACA_ACAT T T AT GAAC T G 

GCACAGC.AGCAGGATCAGGATAGCAGCGATATQAAAPiCCCTGAAAAAAA_ACGTTGAAGAA.GGT 

CTC:i GT GGAAC T GTC T GGT CACC T GAT CGA TCAGAAAAC TGATAT TGCGCAGAATQAGGCAAAT 

Ts.,TT CAGGATCT GGC CACCTATAA T GAAC T GCAGGAT CAG TAT GCACAGAAACAGACC GAAGCA 

AT TGAT.GCCCT GAATAAAG CGAG CAG CGAAAACAC C CAGAATAT C GAAGA TC TGGCAG CA TA C 

AAC GAAC T GCAGGAT GCC TAT G CAAAACAGCA GACT G AAGC CATC G.A CG CAC T GAACAAGGCA 

AGCT C TGAAAACAC GCAGAACAT T GAAGA TC T G GCTGC C TAT AAT GAAT TACAGGATGCGTAT 

G GQ AAAGAG GAGA C GAAG CGAT T GA T G C GC T GAACAAAG CCTCT T GT GAAAATA.0 A CAGAAT 

ATC GC CAAAAATCAGGC GGATAT TaCCAA CAATATCAATAATAT C TAT GAACT GGCCCAGCAG 

CAG GA T CA GCAC T C.T T C'T' GATATCAAAACACT GGCAAAA G CAAGCG CAG CAAATA C C GAT C GT 

AT T GCGAAAAACAMGCCGATGC,AGATGCAAGCTTTGA.AACACTGACGAAAAACCAGAACAGC 

QTGATTGAAAAAGATAAAGAACAT GATAAAC T GAT CAC CGCCAATAAAAC C G CAAT TGAT GCA 

AATAAAGCCAGCGCAGATACCAAAT T TGCAGCAACCGCAGATGCAATTACCAAAAAT GGCAAT 

GCCA T CAC Q AAAAA T G CCAAAAGCA T TACCGA TC T GGG CA C CAAAG T T GAT G GT TT TGATAGC 

CGT GT GACQGCACTGGATACQAAAGTTAATGCAT T TGAT GGT CGTAT TACCGCT C T GGATA GT 

AAAGTT GAAAAT GGTAT GC:AGCACAGGC:AG CACACGAC TAA 

MC-008 (Protein) - (M)(UspA2 30-564)(HH) SEQ ID NO: 67 

MQAKND TT L P YL I KK I DQN ELE.AD I G. DI TALEKYLAL SQY.GN.T LALEEL NKALE EL DE DV 

GWNQNP I A.N LE DDVE TL TKNQNALAEQGEA I KE.1 DLQGL ADFVEGQEGKILQNE T KKNT Q RN 

LVNGFETEKNKDAIAKNNES I E DLY D FG HEVAESI GE I HAHNEAQN ET LKGL I TNS IENTNN I 

TKNKADI QALENNVVEEL FNLSGRL.IDQKA.DI DNN INN I I ELAM DQHS S D I KT LKKNVEE G 

LL 	S GHL I DQKT D IAQNQAN I Q DLATYN ELQ DQ YAQK Q T EAT DALNKAS SENTO EDLAAY 

NELQ DAY:M.0MT DALNKAS SENTO I EDLAAYNELQDAYAKQQTEA DALNKAS S EN TO 

TAKNQAD-1 ANNINN I Y ELAQQa DOSS DI KT LAKA SAA NT DR IA.KNKADA DA S VET LTKNQN T 

L I EK DKEHDKL ITANKTAI PANKASADTKFAATA DA I T KNGNAI TKNAKS I T DLGTKV E'DS 

RVTAL DTKVNAEDG R I TALDSKVENGMAAQAAHH 

MC-009 (DNA) - SEQ ID NO: 68 

AT GGC GAAAAAT GATAT TAC CC T GGAAGAT CT GC C GTA TCT GAT CAAAAAAAT C GATCAG AAC 

GAAC T G GAAGCCGATAT TGGT GATAT TAC C G CAC TGGAAAARTAT CT G GCAC T GAGCCAGTAT 
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GGAAA TAIT GG C C CT GGAAGA,AC T GAATAAAGCTCTGGAAGAGCT GGATGAAGAT GTG G GT 

T G GAATCAGAA TGAT AT C GC CAAT C TGGAA GAT GAT Ga"T GAAACCCT GAC CAAAAAT CAGAAT 

GCAC GG CAGAACAG GGT GAAGCAArTAAAGAAGAT C T GCAGG GT CT G GCAGAITTT GT T GAA 

GGTCAGGAAGGCAAAATTCTGCAGAAC.G:AAACCAGCATCAAkAAAACACCCAGCGTA7,\ TCTG 

G TG AAT GG C T T TGAAATTGAAAAAAACAAAGAT GCC AT T GCCAAAAACAACG AAAGC AT TGAA 

GAT C T G TAT GAT T TTGGT CAT GAAG TT GC CGAAAG CAT T GGT GAAAT TCAT GC,A CAT AA C GAA 

GCACAGAAT GAAACC CTGAAAG GT CT GATTAC CAACAGCAT CGAAAATAC CAAT AACAT T AC C 

RAAAACAAAGCAGATATE CAGGCGCT GGAAAATAAT G T GT GGAlkGAACT GrT AAT C T GAG C 

GG T CG TC TGAT T GAT CAGAAAG C C GA T AT CGATAATAACAT TAA CAACATI TAT GAAC T GG CA 

CAGCAG CAG GAT CAGCATAGCAGC GA T ATC.AAAACCC T GA AA AAAAACGT T GAAGAAGGTCTG 

C GGAACT GT CT GG TCAC C TGATC GAT CAGAAAAC TGAT AT TGCC CA GAATCAG GCAAATATT 

C 

 

AC GAT C T G GCCA C CT ATAAT GAAC T GCA G GAT CAGT AT GCA CA G AAACAGA C C GAAG CAATTI 

GAT G CC orGAATA.a4GCGA GCAGC GAAAA.CA CCCAGA AT ATCQAA,GA TCTG GCAGCATACAA 

GAACTG CAG GAT GCC TAT GCAAAACAGCAGACT GAAG C CAT CGACGCACT GARCAAGGCAAQC 

TC TGAAAACACGC1-‘GAACAT T GAAGATCTGGCT GCCTATAAT GAAT"TACAG GAT GC GTAT GCC 

AAACAGC AGACC GAAGCGA T T GAT GCGCTGAACAAAGC C TCT T CTGAAA1-\ TACACAGAATATC 

G CCAA AAAT CA G GCC GAT AT T GCCAACAAT AT C AA TAATAT CT ATGAA CT G GC C CA GCAGC At3 

GAT CAGC ACT CT T CT GAT AT CAAAACACT GGCAAAAGCAAGC G CAGCAAAT ACC GATCGTAT T 

GC GAAN:‘ACAAAGC C GATGCAGAT GCAAGCT TGAAAC ACTGAC GAAA.AAC CA G AACAC C CT G 

.AT GAAAAA,GATAAAGAACI-VT GATAAACT GAT CAC.' C QC CAATAAAAC CGCAAT T GAT GCAAAT 

f3AAG('CAGCGCAGATAC C.AAAT TT G CAGCAACC GCAGAT GCAAFTACCAAAAAT G G CAAT G CC 

AT C ACCAAAAATG C CAAAAG CATTACC GAT CT GG GC ACC AAAGITGA T GGTTTT GATAGCCGT 

GTGACCGC AC TG.GAT ACCAAAGT TAA T GCAT T TGAT GGT CG TAT TACCGCTC TGGATAGTAAA 

GTTGAAAAT GGTATGGCAGCACAGGCAGCACACCACTAA 

MC-009 (Protein) (M)(UspA2 31-5641(HH) SEQ ID NO: 69 

A KN DITLE 	KT.( I T.VN E L EA DI GDITA E KY LAL S QYGN I LALE E KAL EE LDE WC-

WNQN DIA NLE DDVE T LTKNONALAEOGEAIKE DLOGLADEVEGQEGKILQNETS I KKN TQRNL 

VNGFEIEKNEDA MENNE S E DLYD FGHE VAE $1 GE I HAFINEAQNET LKGI, I TN S I EN TNN 

KNKADI QALENNVVEEL FNLS GRL I DQRADI DNNINNIYELAQQQDQHSSDIKTLKKNVEEGL 

L EL SGHL DQKT D IAQNQAN IQDLATYNELQDQYAQKQTENI DALNKAS S EN TQN I E DLAAYN 

E LQ DAYAKQQT EAT. DAINKAS SEN TQN I E DLAAYN ELQDAYAKQQT EA I DALN KAS SENT QN I 

AKN QADIANN INN I YELAQQQDQHSS DI KT LAKASAANT DR IAKNKA DA DAS FETLTKNONTL 

I E.K.DKEHDKI, ITANKTAI DANKASADTKFAATADAITKNGNA TKNAKS I T MGT KNIDG FDSR 

VTAL DT KM AEDGR I TALDSKVENGMAAQAAHH 

MC-010 (DNA) - SEQ ID NO: 70 

AT GCAG (3.C. CAAWT GATAT T ACC C T GGAAGATC T GCCGTAT C T GAT CAAAAAAAT CGA T CAG 

AAC GAA C IG GAAK C GMAT T GGTGA TAT TA C CGCACTGGAAAAATAT T GGCAC TGAGCCAG 
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'TAT GGANA T AT T C T GG C C CT G GAAGAAC TGAATAMG CTC TG GAAGAG CT G GAT GAAG ATGT G 

GGT T GGAATCAGAATGATATCGCCAATCT GGAAGATGAT GTT GAAAC C CT GAC CAAAAAT C AG 

AA T G CACT G GCAGAACAGGGT GAAGCAAT TAAAGAAGAT C'TGOAGGGTCTGGCAGAT T 'T T GT T 

GAAGGTCAGG:AAGGCAAAAT' T GC AGAACGAAACCAGCATCAAA..AAAAACAeC CAGCGTAAT 

CTGGT GAAT GG CT T T GAAAT T G AAAAAAACAAA.GAT GC CATT GCC.AAAAACAAC GAAAG CAT T 

GAAG.ATCT GTAT GAVE TT GGTCATGAAGT T GC CGAAAG CATT GG TGAAATTCATGCACATAAC 

GAAGCA C AGAA.T GAAAC CC TGAAAG GTCT GATT AC CAACA GCA T.0 GAAAATACC A_AT AACA TT 

ACCAPak.AACAAAGCAGATATTCAGGC GCT GGAAAAT AA TG TT GT.GGAA.GAAC.TG  T T TAAT CT G 

AGCGGT CG T C T GA T T GATCAGAAAG CC GAT AT C GATAATAAC.A T TAACAACAT T TATGAA CT G 

GCACAGCA G CAGGAT CA.GCA TAG CAG CGATATCAAAAC C CT GAAAAAAAAC G T T GAAGAAGGT 

CT GC T GGAA.0 TGT cTGGTCACCT GATC GAT CAGAAAACT GATAT T G CC CAGAAT CAGGCAAAT 

AT T CA G GAir C T GGC CACCTATAAT GAAC T GC AGG ATCA G TAT G C ACAGAAAC AGAC CGAAGCA 

AT T GA T G CCC TGAAT AAAGCGA(.3 CA C G.AAAACAC CC_AGAATAT C GAAGAT C T GG GAG' CA TA C 

AAC GAACTGCAGGAT GC CTA TGCAAAAC,AGCAGACTGAAG C C.AT C GAC G CAC T GAAC AA GGCA 

AG C T C'T GAAAACAC G CAGAACAT TGAAGATC T GGCT GC C TATAAT GAAT TAC AG GATGCG TAT 

GCCAAACAGCAGACCGAAGCGATT GAT GC G C T GAACAAAGC C T CT TCT CAAAAT ACACAGAAT 

AT C_'; GCCAAAAA T CAGGCCGAT A TT GCC AA C A ATAT CA ATAATA T C TAT CAAC: T GGCCCAGCAG 

C AG GA TCAGCACT CT TC T GATAT CAAAACAC TGGCAAAAGCAAGCG CACCAAATACC GAT CGT 

.AT T GCGAAAAA.CAAAGC CGATGCAGATGCA.AGCT TTGA.AACACTGACGAAAAAC CAGAACAC.0 

C T GA T T QAAAAAGATAAAGAA CAT QAT AAACT GA TCAC C G C CAA TAAAAC CGC AA T T GAT G CA 

AAT AAAGC CAG C GCAGATAC CAAAT T TGCAGCAACCGCAGAT GCAATTAC C:AAAAATGGCAAT 

C CAT CACCAAKAATGCCAAAAGCAT T AC CGA T C TGGGCACCAAAGT T GA T GG T T T TGATAG C 

CGTGT GACCGCAC T GGATACCAAAG T TAAT GCAT T T GAT GGT:C GTATTACC GCTC T GGATA G T. 

AAA.GT  TGAAAATGGTATGGCA.GCACAGGCAGCATPA 

MC-010 (Protein) - (M)(UspA2 amino acids 30-564) SEQ ID NO: 71 

14QAKN 	DL P YL I KKI DQN E 1_, EA 1),IGDIT AL E KYLAL SQYGN.T. TAL.12,ELNKAL E4I_DEDV 

GW 	D I AN.LE DDVE T T KNQNALAEQGEAI KEDLOGLA DEVEGQ.EGK I LQN E1TS I KKN TORN 

T.VNG FE I EKNKDA IAKNNESIEDLYDFGHEVAE S I GE I HAFINEAQNET LKGL I TN S I EN T N.N I 

T KNKADTQALENNIVVE EL FNI, S GRE, DQKADI DNNI.NNIYELAQQQDQIISS DI KTLIKKNVEEG 

LI, ELS GHL I DQ.KT DIAQN QAN.I Q.DLAT YNEL QDQ.Y.AQKQT EA I DALNKASS EN TQN EDIAAY 

N ELQ DAYAKQ QTEA I DAL N KAS S EN TQN I E D LAAYN E LQDAYAKQQTEA I DALN KA S S EN TQN 

I AKN QAD IANNINN ELAQQQ. I)Q US S D I KT LAKASAAN TDR I AKNKADA DAS FE T LTKNOTT! 

L LEI{ DKEI-I L TANK-CA DANK,ASA DT K.FAATADAIT GNA I TKNAKS1T DL GT KVQGFDS 
RITT.AL DTKVN AFDG TAL DSEVE 14 G MARQAP, 

MC-Q11 (DNA) - SEQ fJ NO: 72 

AT GGCGAAAAATGAT AT T ACC CT GGAA GAT C T GC C GTAT CTGAT cAAAAAAAT C,GAT GAAC 

GAAC T GGAAGCcGAT AT TGG GATATTACCGCAQTGGAAAWATCP GC CACTGAGCCTiG TAT 
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GGAAAT A T TCT GGCC CTGGAAGAAC TGAAT AAAG CT C T GGAAGAGCT GGATGAAGAT GT GGGT 

T G GAAT C AGAAT GA T A T CGC:CAAT CT GGAA GAT GA T GAAACCCT GACCAAAAA.TCAGAAT 

GC ACTGGCAGAACAG GGT GAAGCAAT TAAAGAAGATCT GCAGGGTCTGGCAGAVT TT GT T GAA 

GGTCAGGAAGGCAAAATT CT GCAG.AACGAAAC CAG CAT CAA_AAAAAACACCCAGCGTAAT C TG 

GTGAATGGCTTTGAAATT GAAAAAAA CAAAGAT GC CA T T GC CAAAAACAAC GAAAGCAT T GAA 

GAT C TGT.AT GAT T TT GGT CAT GAAGTTGCCGAAAGCAT T GG T GAAATT CAT GCACATAACGAA 

GCACAGAAT G AMC C C T GAAAGGT CT GAT TAC CAACAG GAT CGAAAATAC CAATAACAT TACC 

AAAAACAAAGCAGATATTCAGGCGCTGGAAMTAATGTTGTGGAAGAAGTGTTTAATCTGAGC  

GGT GGTCT GATT GAT CAGAAA GCC GA T AT C GATAATAACAT TAACAA CAT T TATGAACT GG CA 

CAGCAGCAGGATCAGCATAGCAGCGATATCAAAACCGTGAMAAAAACGTTGAAGAAGGTCTG 

CT G GAA C TG T CT:GG T CAC C T GATC GAT CAGAAAACT GATAT T G C CC AGAAT CAGG'C AAATA T T 

C AGGAT TG GC CACC TATAAT GfiAGT GCAG GATCAGTA T G CAC AGAAACAGAC C GAAGCAA TT 

GAT GCC'c T:GAATAAAGCGAG CAGCGAAAAC ACC CA(7,AA TC GAAGAT C T GGCAGCAT ACAAC 

GAACT G CAG GAT. GC G TAT G C AAAAC.AGCAGACT GAA GC CA TC GACG CAC TGAA CAAG GCAAG C 

T C TG AAAAC ACGCAGAA C AT T GAA.:(3A.T CT GG C TGCC TA TAAT GAAT TAC AG GAT G CG TAT GC e 

AAAC AGC AGACC GAAGCG ATT GAT GC GC T GAAC.AAAGCCTCTTCT GAAAATACACA GAAT AT C 

GCCAAAAAT CAGGC CGAT AT TG CCAACAAT AT CAAT AATATC TAT GAACT GGC CCAG CAG CAG 

C.;AT CAGCACT CT TCTGATATC.AAAACACT GG CAAAAG GAAGC GCAGCAAATAC CGATCGTAT T 

GCGAAAAACAAAGCC GAT GCAGATGCAAGC TT T GAAACA C T.GAC GAAAAACCAGAACAC C CT G 

ATT GAIVVAA' QAT AAAGAA CAT GAT.AAACT GA TCAG C G C CAATAAAAC C G C.AAT T GAT GCAAA T 

ANAGCCAGCGCA.C3ATACCAAAT TT G C AGC C CGCAGAT GCAAT TACCAAAAAT GGCAAT GC (.: 

ATC ACC.AAAAATGCCA AA AC4 CATTAC CGAT CT GGG.CACCAAAGT TGAT GGTT GATAGCC.GT 

G TGAC C GCAC TG GAT AC CAAAGCAAG G CAT CAT CAT CAC CAC CACTAA 

MG-011 (Protein) - `W 1J. 	amino acids 3.1-540)64$17/HHHHH) SEC) /D NO: 73 

MAKNDITLEDLPYLIKKI DQUELEADIGDI TALEKYLAL SQY GN ILAL EELN KALE EL DEDVG 

WNQNDIANLE DDVETLTKNQNALAENEAIKEDLQGLADFVEGQECCKILQNET SIKIKNTQRNI, 

VW; FE IEKNKDAIAKNNE S I E DIA DFGHEVAE S I GE I HAHN EAQNET LKGL TNST ENTNN IT 

KNKADIQALENNVVEELENISGRL I DQKAD I DN.NINN IYELAQQQDQHSS DI KT liKKNVEEGL 

LEL $ GHL DQKT D AQNQAN I QDLATYNELQDQYAQKQTEAI DALNKAS S EN T QNI E DLAAYN 

ELQDAyAKQQ.TEAI DALNKASUNTQNTEDLAAYNELQ.DAYAKQQTEAT DAL N KAS SENTO 

AKNQADIANNINNI YELAQQQDQHSSDIKTLAKASAANTDR:IAKNKADAI2AS FETLTKNQNTT.  

I EIMKEHDKLI TANKTA I DANKASADTKFAATADAITKNGNAI TKNAKS I T DLGTKVDG FDS R 

vTALDTKAHHHHHH 
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Vector Construction and Transformation 

DNA Sequence for UspA2 from strain ATC,'C 2523$ SEQ ID NC): 74. 

ATGAAAACCATGAAACTTOTOCCIGIAAAMTCGCTGIAACCAGTGCCATGATTATTGGCTIGGOTG 
OGGCATCTACTGCGAATGCGCAGGCTAMAATGATATAACTITAGAGGATITACCATATTTAATAAA 
AAAGATTGACCAWTGAATTGGN\GCAGATATCGGAGATATTAQTGCTCTTGAAAAGTATCTAGCA 
CTTAGGCAGTATGGCAATATTTTAGCTCTAGAAGAGCTCAACAAGGCTCTAGAAGAGCTCGACGAG 
GATOTTGGATGGAATCAGAATGATATTGCAAACTIGGAAGATGATGTTGAAAGGCTCACCAAAAAT 
CMAKIGGITIGGCTGAACAAGGTGAGGCAATTAAAGAAGATGTICAAGGGCTTGCAGATITTGIA 

GAAGGGCAAGASGGTAAMTTCTACAWTGMACTTCAATTAAAAAAAATN3TCAGAGAAACCTTG 
TCMTGGGTTTGAGATTGAGAAk\AATAAAGATGCTATTGGTAAAAACAATGAGTCTATGGAAGATCT 
TTATGATTTTGGTGATGAGGTTGCACAAAGTATAGGCGAGATACATGCTCATAATGAAC?C9CAAAA 
TGAMCTOTTAAAGGCTTQATAACAAACAGTATIGAGAATABTAATAATA 	i 1 ACCAAAAACMAGGT 

GACATCCAAOCACTTGAMACAATGTCGTAQAAGAACTATTCAATCTAAGCGGTCGCCTMTTGAT 
CAAAAAGCAGATATTGATAATAACATCAACAATATCTATGAGCTGGCACAACAGCAAGATCAGC/JA 

GCTCTGATATCAAAACACTTAAAAAMATGTCGNkGAAGGTTTG 	I tGGAGCTAAGOGGICACCTAAT 

TGATCAMAAACAGATATTGCTQAAAACCAAGCTAACATCCAAGATCIGGCCACTTACAACGAGOTA 

CAAGACCAGTATOCTCAAAAGCAMGCGAAGCGATTGACGCTUAAATAMGCAAGCTCTGAGAAT 
ACACMAACATCGAAGATCTGGCCGOTTACAACGAGCTACAAGATGGCTATGCCAAACAGCMACC 

GAAGCAATTGAOGCTCTAAATAAAGCAAGQTGTGAGAATACACMAACATCGAAGATCTGGCCGCT 
TACAACGAGCTACAAGATQCCTATGCCAAACAGCAAACCGAAGCCATTGAGGCTCTAAATAN-\GCA 

AGCTCTGAGAATACACAAMCATTGCTAAA/-',<ACQAAGCGGATATTGCTMTAACATCAACAATATCT 

ATGAGCTGGCACAACAGCAAGATCAGCATAGCTCTGATATCAAAACGTTGGCAAAAGCAAGTGGTG 
CCAATAGTGATCGTATTGCTAAAAACAAAGCCGATGCTGATGCAAGTTTTGAAACGCTCACCAAAAA,  

TCAAAATACTITGATTGAAAAAGATAAAGAGCATGACAAATTAATTACTGCAAACAAAACTGCGATT 
GATGCCAATMAGGATCTGCC3GATACCAAGTTTOGAGCGACAGCAGACGCCATTACCAAMATQG 
MATGCTATCACTAAAAACGCAAAATCTATCACTGATTTGGGGACTAAAGTGGATGGTTTTGACAGT 

CGIGTAACTGCATTAGACACCMAGICAATOCCTITGATGGICGTATCACAGCTITAGAGAGTAAA 
STTGAAAACGGIATGGGIGCCCMGCTGCCCTAAGTGGTOTATTCCAGCCTTATAGCGTTGGTAAG 

AATGCGACCGCTGCACTTGGTGGCTATGGCTCAAAATCTGGGGTTGGIATCGGTGCTGGCTAT 
CGTGTGAATCCAAATCTGGCGTTIMAGGIGGTGCGGCGATTAATACCAGIGGTAATAAAMAGGC 

TCTIATAACATCGGTGTGAATTAGGAGTTCTAA 

Protein Sequence for UspA2 from strain ATCC 25238. SEQ ID NO. I as described above. 
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Vector Construction 

To generate the construct MC-001, DNA fragment coding for an UspA2 gene fragment (amino 

acids 30 to 540 from strain ATCC 25238) including the. Ndel i Xhol restriction sites to facilitate 

the cloning (the starting methionine is encoded by Ndel site) and the DNA sequence 

corresponding to the AS (alanine serine) amino acids linker and 6Xhis amino acids was 

codon-optimized (non-native) and synthesized by GENEART(a US registered trademark). 

Codon-optimized means that the nucleotide sequence was changed from the native sequence 

without changing the amino acid sequence in order to better fit with the codon usage in 

Esoherichia coil for optimal expression. The UspA2. fragment was cloned according to 

standard methods into the pET-26b expression vector using the Ndel Xhol restriction sites. 

To generate MC-002, MC-003, and MC-004 constructs, a polymerase chain reaction was 

performed to amplify the UspA2 gene fragment (amino .acids 30-540 from strain ATCC 25238) 

using the MC-001 construct as a. template, the primer UspA2Nde opt (which contains the 

methionine start codon), and the primer UspA2opt delta His, A2opt 1Hia delta AS, and A2opt 

2His .delta AS, respectively. The UspA2 fragment was cloned according to standard methods 

into the pET-26b expresSiOn vector using the Mel 1 Xhol restriction sites. 

To generate the construct MC-005, a polymerase chain reaction was performed to amplify the 

UspA2 gene fragment (amino acids 30-519 from strain AMC 25238) using the MC-001 vector 

as a template with the primers UspA2Nde opt (which contains the methionine start radon) and 

R delta hairpin A2opt His. DNA sequence corresponding to Ndei restriction site was 

incorporated into the 5' primer and Xhoi restriction site was incorporated into the .3' primer, In 

addition, DNA sequence corresponding to the AS amino acids linker and 6xhis amino acids 

was -incorporated into the 3' primer. The generated PCR product was then inserted into the 

pET-26b(+) cloning vector (NOVAGEN(a US registered trademark)). 

To generate the construct MC-006., a polymerase chain reaction was performed to amplify the 

Lisp42 gene fragment (amino acids 30-519 from strain ATCC 25238) using the MC-005 

construct as a template with the primers UspA2Nde opt (Which contains the methionine start 

codon) and delta His delta hence. DNA sequence corresponding to Mei restriction site was 

incorporated into the 5' primer and Xhol restriction site was. incorporated into the .3' primer. 
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The generated PCR product was then inserted into the F.)ET-26b(+) cloning vector 

(NOVAGEN(a US registered trademark)). 

To generate the construct MC-007, DNA fragment coding for an UspA2 gene fragment (amino 

acids 30 to 664 from strain ATCC 25238) including the Ndel Xhol restriction sites to facilitate 

the cloning (starting methionine is encoded by Ndel site) and the DNA sequence 

corresponding to the AS amino acids linker and &his amino acids was cocion-optimized and 

synthesized by GENEART(a US registered trademark) (plasmid:. 1026399). The UspA2 

fragment was cloned according to standard methods into the pET-26b expression vector using 

the hide! Xhol restriction sites. 

To generate the construct MC-008, a polymerase chain reaction was performed to amplify the 

UspA2 gene fragment (amino acids 30-564 from strain ATCC 25238) using the MC-007 

construct as a template with the primers UspA2Nde opt (which contains the methionine start 

codon) and 21-lis Woe deltaAS. DNA sequence corresponding to Ndel restriction site was 

incorporated into the 5" primer and .Xhol restriction site was incorporated into the 3' primer, 

The generated PCR product was then inserted into the pET-261 (±). cloning vector 

(NOVAGEN(a US registered trademark)). 

To generate the construct MC-009., a polymerase chain reaction was performed to amplify the 

UspA2 gene fragment (amino acids 31-564 from strain ATCC 25236) using the 1026399 

plasmid as the template and the primers N-term cyto Abis (which contains the rnethionine start 

cod(*) and 2His helice deitaAS. DNA sequence corresponding to A/del restriction site was 

incorporated into the .6' primer including the glutamine deletion and Xhol restriction site was 

incorporated into the 3' primer including two histidine residues. The generated PCR product 

was then inserted into the pET-26b(+) cloning vector (NO\IAGEN (a US registered 

trademark)). DNA sequencing of the final construct was performed to confirm the correct 

sequence. 

To generate the construct MC-010, a polymerase chain reaction was performed to amplify the 

UspA2 gene fragment (amino acids 30-564 from strain ATCC 25238) using the MC-007 

construct as a template with the primers UspA2 Nde opt (which contains the methionine start 

codon) and cyto helice. 	.dAS., DNA sequence corresponding to Ndel restriction site was 

incorporated into the 5' primer and Xhol restriction site was incorporated into the 3' primer. 
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The generated PCR product was then inserted into the pET-26b(+) cloning vector (NOVAGEN 

(a US registered trademark)). 

To generate the construct MC-011, a polymerase chain reaction was performed to amplify the 

LlspA2 gene fragment (amino acids 31-540 from strain ATCO 25238).  using the MC-001 

construct as a template with the primers N-term cyto Abis (which contains the methionine start. 

codon) and N-term reverse. DNA sequence corresponding to Ndel restriction site was 

incorporated into the 5' primer and Xhol restriction site was incorporated into the 3' primer. 

The generated PCR product was then inserted into the pET-26b(+) cloning vector 

(NOVAGEN(a US registered trademark)). 

A detailed list of PCR primer aequences used for amplifications is illustrated in Table 3. The 

polymerase chain reaction was performed using Expand High Fidelity PCR System kit 

(Roche) according to manufacturer's recommendations. Ligation was performed using Rapid 

DNA Ligation. Kit (Roche) according to manufacturer's recommendations. 

Table 3: PCR primer sequences used for tispA2 amplifications 

Primer ID DNA Sequence 

5' — 3' 

lispA2 fide opt GAA1TCTFAATTAACATATc3CAGGCCAAAAATGATATTACCCD3 (SEQ ID 0:75) 

GGCGCGCCFCGACiTTATTATTIGGTATCCACITGCGGTCACACG (SEQ ID NO:76) 
tispA2upt delta 

His 

UspA2opt tHis 
delta AS SGCGCGCCTCGAGTTAGTG I i I SGTATCCAGIGCOGTCACACG (SEQ ID NO:77) 

UspA2opt 21-tis 
delta AS 

GGCGCGCCTCGAGTTAGTGCITGTTTGGTATCCAGTGCGGTCACACG 0.0 ID 

NO:7 	) 

R delta hairpin 
A2opt His 

GGCGCGCCICGAGTTAGTGGTGGTGATGATGATGGCTTGCGC111i GGCAH i I 1G 

GTGATGGCAT (HQ ID .N.O.:79 ) 

Delta His delta 
Wine CCGCTCGAGCTAGLIIII GGCATT tI I SGTGATGGC (SEQ ID NO:80 ). 

N term . eytoAbis GG-AATT(CATATGGCGAAAAATGATATTACCCTGGAAGATCTG (SEQ ID NO: 

2His Wine delta GGCGCGCCYCGAG-TrAGTGGIGTGCTGCCTGIGCMCCATACCATT (SEQ ID 
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AS 	r NO:82) 

Cyto Mice dHis 1- 
dAS 	GGCGCGCCTCGAGITATGCMCCTGIGCMCCATACCATT (SEQ ID NO:83 ) 

N term reverse 

 

CAGITCATTATAGGTGGCCAGATCCIG (SEQ ID NO:84) 

  

Transformation 

Escherichia coli (E. coli) BLR (DE3), modified BLR (DE3) or B834(DE3) cells were 

transformed with plasmid DNA according to standard methods with CaCl2-treated cells 

(Hanahan D. (.( Plasmid transformation by Simanis. » In Glover, D. M. (Ed), DNA cloning. IRL 

Press London. (1985): p. 109-135.). Briefly, Bl..R (DE3) competent cells were gently thawed 

on ice. Approximately 4p1 of plasmid (10-100 ng) were mixed using 50-100 pi competent cells. 

Thereafter, this formulation was incubated on ice for 5 min. To perform the transformation 

reaction, the formulation was heat pulsed at 42°C for 30 seconds then incubated on ice for 2 

minutes. Approximately 0.5 ml of SOC medium (Super Optimal broth with Catabolite 

repression) was added to the transformed cells and the cell culture was incubated at 37°C for 

one hour before plating on Luria-Bertani (LB) agar with 50 ughnl kanamycin. Around 150 pi of 

transformed cell culture was plated and incubated overnight at 37°C. 

BLR (DE3): BLR is a rock-  derivative of BL21 (F— arnpT hsdSB(rB— mB—) gal dern (DE3). This 

E. coli strain used for expression of recombinant proteins improves plasmid monomer yields 

and may help stabilize target plasmids containing repetitive sequences or whose products 

may cause the loss of the DE3 prophage (Studier, F.W. (1991) J. Mol. Biol. 219: 37-44). The 

detailed genotype of E.coli BLR (DE3) has been published by NOVAGEN(a US registered 

trademark). (F- ompT hsdSB (rB- mB-) gal dcm A(srl-recA)306::Tn10 (TetR) (DE3). 

B834 (DE3) is the parental strain for BL21. These hosts are methionine auxotrophs and allow 

high specific activity labeling of target proteins with 35S-methionine and selenomethionine for 

crystallography. The detailed genotype of E.coli B834 (DE3) has been published by 

NOVAGEN(a US registered trademark): F-  ompT hsdSB(rB— mix-) gal dcm met (DE3). 
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Modified SLR (DE3):. In order to prevent (ohospho)gluconoylation, Pgi gene was inserted in 

the biotin locus located in the BLR (DE3) genome. In addition, to prevent the Ile-Val 

substitutions, the C210Y mutation in the threonine deaminase gene was corrected. 

Genotype : (F- ompT hsdSB 	rnE3-) gal darn A. (sr 	0 (TetR); A(OloA- 

bioD):.:Pgi; TO + (C2I9Y) (DE3). 

Example 2: Protein expression usina shake flask 

Eschetichia coil strains transformed with recombinant plasmid were used to inoculate 100 ml 

of LB broth (Becton, Dickinson and Company) ± 1% (weight/volume, w/v) glucose (Laboratoire 

MAT, catalogue number: GR.-010.1) and 5Ouglini kanamycin (Sigma). This preculture was 

generally grown overnight at 3: C, Twelve ml of the precuiture is used to inoculate 500 ml LB 

broth-180pg/M1 kanamycine. Cultures were incubated at 37`)C- With agitation of 150 RPM to 

reach an 0.116000.0, of -0.6. 

At an 0.134s0-0,,,, -0.6, the BL.R. (DE23) cultures were induced for the expression of the 

recombinant protein by addition of 1 m1'0 isopropyl 8-D-1-thiogalactppyranoside (IPTG; EMD 

Chemicals Inc., catalogue number: 5815) and incubated overnight at 23"C with agitation of 

150 RPM. After the induction period, the cultures were centrifuged at -6370g for 20 minutes 

and the pellets from 350 ml culture were frozen at -'20C separately, 

Example 3: Protein purification using  phosphate buffer (MC-001 construct and MC-011 

cui:Istruct) 

Each bacterial pellet obtained after induction in shake flask was resuspended in 30 ml 20 mM 

potassium phosphate buffer (pH 8.0) containing 10 'rnM. NaCl and Roche COMPLETE(a US 

registered trademark) Protease Inhibitor Cocktail (1 tablet/50 ml mi buffer). Cell lysis is 

performed by 3 X French Press extractions (20 000 psi) and clarification -is performed by 30 

minutes centrifugation at 23700g. Supernatant is harvested and filtrated on 0.22 um. 

tagged-proteins- were purified on immobilized metal affinity chromatography (IMAC) 

using _XX.16 column and 20 ITO NiNTA resin (Qiagen) 'previously equilibrated with 20 mM 

potassium phosphate buffer (pH 8.0) containing 10 infv1 NaCl or PBS buffer pH 8.0 containing 

500 rnM atginine. The soluble components were loaded on at up to 4 ml/min (producing a 

"flow through fraction"). After loading on the column, the column was washed with 60m1 of 20 

mM potassium phosphate buffer (pH 8..0) ;. ontainin€g 10 rnM NaCl at a rate of 4 ml/rein 
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producing a "wash fraction #1. A second wash using same buffer 4- 10 mM imidazole was 

performed, producing a "wash fraction #2. Elution was performed using same buffer 

containing 200 orland 500 rriM imidazole. 

Samples from elution fractions were analyzed by sodium dodecyl sulfate polyacrylarnide gel 

eiectrophoresis (SOS-PAGE). Samples containing the protein were dialyzed against 5 liters of 

20 mM potassium phosphate buffer (pH 8.0) containing 10 mM NaCI, Protein concentration 

was determined using Lowry method. 

ElcpLiii2L0L4LealtginfigriffcplignAgioxpigiilifitspnigialmii2gittilKSDIJKIOSAspsir 
Mc7007)  

Each bacterial pellet obtained after induction in shake flask (Example 3) or tormenter 

(Example 5) was resuspended in 30 mi. PBS buffer + 500 mM arginine pH8.0 and Roche 

COMPLETE(a US registered trademark) Protease Inhibitor Cocktail (1 tablet/50 ml buffer). 

Alternatively, fermentation cell paste (7g) was resuspended in 90 ml PBS buffer containing 

500 mM arginine pH8.0 and Roche COMPLETE(a US registered trademark) Protease 

Inhibitor Cocktail (1 tablet/50 ml buffer). 

Cell lysis was performed by 2 or 3 X French Press extractions (20 000 psi) and clarification 

was performed by 30 minutes centrifugation at 23 7009 4cC. Supernatant was harvested and 

filtrated on 0.22 pm. SxHis tagged-proteins were purified on immobilized metal affinity 

chromatography (IMAC) using XK16 column and 80 ml NiNTA resin (Qiagen) previously 

equilibrated with PBS buffer + 500 mM arginine pH 8,0 . The soluble components were 

loaded on at up to 4 ml/min (producing a "flow through fraction"). After loading on the column, 

the column was washed with the same buffer, then with 20 mM potassium phosphate buffer 

(pH 8,0) containing 10 rnM NaCI at a rate of 4-6 rnl/min producing a "wash fraction #1," A 

second wash using same buffer + 10 mM imidazole was performed, producing a "wash 

fraction #2." Elution was performed using same buffer + 200 mM imidazole or 500 mM 

imidazoie, In further elution vials, 5 mM EDTA final concentration was added, 

Samples from elution fractions were analyzed by sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SOS-PAGE). Samples containing the proteins were dialyzed against 5 liters 

of 20 mM potassium phosphate buffer (pH 8.0) containing 10 mM NaCI and 5 mM EDTA. 

Protein concentration was determined using Lowry method. 

65 



WO 2015/125118 	 PCT/1132015/051308 

This protocol may be used with other 6xHis tagged-proteins. 

Example 5: Fermentation 

The following fermentation procedure may be used: 

Working seeds are frozen aliquots of flask-grown Escherichia coil BLR(DE3) or BLR(DE3)- 

derived strains transformed with a pET26b derivative containing a sequence coding for a 

specific antigen candidate recombinant protein construct. 

A working seed (WS) is removed from frozen storage, thawed and used to inoculate an 

Erlenmeyer flask containing pre-culture media. Manipulation of the seed and flask culture are 

performed aseptically under a Laminar Air Flow (I_AF) Hood or Biological Safety Cabinet 

(BSC). The pre-culture flask is incubated typically between 30°C - 37°C under 200 RPM 

agitation speed for the time needed to reach an Optical Density at 650 nm (0D650,,,,) between 

1.0 and 3.0, typically between 4 — 6 hrs. 

A 20L fermentor is prepared by Clean-In-Place followed by an automated steam sterilisation 

sequence. Starting medium is transferred aseptically into the fermentor. A bottle filled with 

NH4OH 25 % is aseptically connected to the fermentor for automatic pH control. The initial pH 

of the starting medium is adjusted to target pH by addition of NH4OH solution. Irradiated 

antifoam is added using a syringe through a septum in the head-plate. A bottle filled with Feed 

medium is aseptically connected to the fermentor. Feed addition is controlled by either a p02-

cascade (control dissolved oxygen) to or a pre-programmed feed-curve. Agitation is controlled 

either by a p02-cascade or a pre-programmed agitation-curve. 

Initial fermentor parameters are typically as follows: 

• Temperature: 28°C - 32°C 

• Pressure: 0.5 barg (7 psi) 

O Air flow rate: 2 VVM (Vessel Volumes per Minute) 

• pH: Regulated at 6,8 by addition of NH4OH 25%. 

An aliquot of this pre--culture (typically between 5m1 50m1) is used to inoculate the starting 

fermentor media by syringe addition through a septum on the fermentor head-plate. The 

phases of Fermentation Culture are: 

• Batch Phase: Biomass is accumulated using carbon source in starting Media. 
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O Fed-batch Phase: Feed media is introduced either according to p02-cascade 

control or pre-programmed feed curve. Biomass accumulation continues on carbon 

source in feed media. 

• Induction Phase: Expression of the recombinant protein antigen is induced by 

addition of IPTG solution to the culture in the fermenter. 

At harvest, the culture is collected typically in IL centrifugation bottles and centrifuged to 

separate the solid pellet (cell-paste) fraction from the liquid supernatant fraction. The 

supernatant is discarded, and the wet cell weight (solid pellet) is recorded and the cell-paste 

bags stored at -20°C. 

The following procedure may also be used: 

Escherichia coil standard pre-culture 

Each standard pre-culture were prepared using a frozen seed culture of Escherichia coil 

strains. These strains are BLR(DE3) strains transformed with a pET26b derivative containing 

a sequence coding for the specific construct to be evaluated. 

The seed culture was thawed to room temperature and 400 pl were used to inoculate a 2 litre 

Erlenmeyer flask containing 400 nil of preculture medium (adapted from Zabriskie et al. (J. 

Ind. Microbial. 2:87-95 (1987)). 

The inoculated flask was then incubated at 37 °C (-± 1°C) and 200 rpm. The pre-culture was 

stopped after 611 of incubation. At this step the optical density at 650nm (00650,) is about 2. 

The pre-culture was used to inoculate medium in a fermenter as soon as the culture was 

stopped. 

20L scale fedbatch fermentation 

Method  

A 20 litre fermenter (Biolafitte) was used. Nine litres of batch phase medium were aseptically 

transferred into the fermenter. The pH of the medium was readjusted to 6.8 with base 

addition. 1 ml of undiluted irradiated antifoam (SAG 471) was also added to the fermenter. 

The temperature (28°C), head pressure (0.5 bar), aeration rate (20 litres sparged air per 

minute) and initial agitation speed (300 rpm) were then set prior to inoculation. The level of 
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dissolved oxygen in these conditions was 100%. The head pressure and aeration rate were 

maintained at a constant level during the fermentation, 

Preculowe v aimne(tra) = 
pr e culture Final OD650nrn 

During batch phase (0-15h)„ the temperature was maintained at 28°C. The level of dissolved 

oxygen was set at 20%. The level of dissolved oxygen (DO) was regulated by increasing 

stirring when the DO fell below 20%. Glucose exhaustion resulted In an increase in DO and a 

concomitant decrease in stirring.. 

When glucose is exhausted, the feeding rate is started based on a 'pH signal that increases 

above 7.0. From this point forward, the feeding rate was controlled by oxygen demand, 

increasing the flow rate when dissolved oxygen tends to drop below the 20% set point. At this 

step the agitation speed is maintained at 900 rpm. 

During the fed-batch phase (before induction), the pH was maintained at 6.8 by addition of 

base, the temperature was regulated at 30°C. 

Two strategies were applied to produce the protein: 

The "High Cell Density Induction" (HCDI) is applied when culture is induced with 1 ml\il !PI'S 

(isopropyl-beta-D-thiogalactopyranoside). at an optical density of 80 ± 5, typically reached after 

40h of culture. The temperature was maintained at 28"C and feeding rate still controlled by 

oxygen demand with. a constant agitation speed at :900 rpm.. 

The "Low Cell Density Induction" (LODE) process means an induction at an optical density of 

40 ± 5 usually reached after 24h of culture. The temperature was decreased to 30QC and the 

constant feeding rate of 0.:5 int/min is applied. Then 1 nn 1` IPTS is added to the culture. At this 

step, the DO level was maintained at 20% by controlling the stirring rate. 

At the end of the induction phase (72h), cell paste was collected by centrifugation (6,500xg, 

4°C for 111), and stored at -20'e. 

Inoculation was achieved by the addition of an equivalent 10 mi OD650nm = 2 of pre-culture 

(prepared as described above, in Example 2) following the next formula: 

20 

68 



WO 2015/125118 	 PCT/1B2015/051308 

Figures 1 and 2 illustrate a typical fermentation profile with the HCDI and the LCDI processes 

and the parameters monitored during 20L-scale fed-batch fermentation. 

Table 4 sets forth the constructs evaluated in fermenter and UspA2 yield obtained for each 

one. 

Table 4 

Construct ID Name Helix 
His 
tag 

Process 
used 

UspA2 
Yield (g/1) 

MC-008 UspA2 + Helix + 2 HIS Full 2 res HCDI 2.21 

MC-007 

MC-010 

UspA2 + Helix + 6 His Full 6 res LCDI 2.60 

UspA2 +Helix Full No HCDI 012 

MC-005 UspA2 L1Helix + 6 His No 6 res LCDI 1.92 

MC-006 UspA2 L1Helix No No LCDI 1.14 

MC-004 

MC-001 

MC-002 

UspA2+ Y2  Helix + 2 His 

UspA2+ 4 Helix + 6 His 

1/2 2 res LCDI 0.92 

1/2 6 res 

No 

HCDI 

HCDI 

3.68 

0.49 UspA2+ )4 Helix 1/2 

His=histidine 

Figure 3 depicts in graphical form the UspA2 yield in Table 4 from the constructs evaluated in 

fermenter. 

In this figure, UspA2 yield is affected by histidine residues present in the construct . (p<0.05, 

one way, three levels, Type II ANOVA).. A positive correlation between the number of histidine 

residues and UspA2 fermentation yield was observed, with a yield increase higher than 400% 

between 0 and 6 residues in fed-batch fermentations. 

It was also observed that one histidine residue added to half-helix pattern (MC-003 construct) 

produced a UspA2 yield of about 1 g/l of protein. 

Example 6: Protein characterization 

Analytical ultracentrifugation 
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Analytical ultracentrifugation is used to determine the homogeneity and size distribution in 

solution of the different species within a protein sample by measuring the rate at which 

molecules move in response to a centrifugal force. This is based on the calculation of the 

coefficients of sedimentation of the different species that are obtained by sedimentation 

velocity experiment, which depend on their Molecular shape and mass. 

The following protein samples were spun in a Beckman-Coulter ProteomeLab XL-1 analytical 

ultracentrifuge at 28 000RPM after the AN-60T1 rotor had been equilibrated to 15°C, 

a. MC-005 lot BMP53 675pgiml in 20mM NaPO4,. 10mM NeCI, pH8,0 

b. MC-001 lot BMP13 , 54.5141ml in 20mM NaPO4, 10mM NaCI, pH8,0 

c. MC-001 lot BMP14 5451,1g1m1 in 20mM NaPO4,. 10mM NaCl, pH8,0 

d. MC-001 lot Bi`v1P54 445pg/ml in 20mM NaPa, 10mM NaCI, pHS,0 

e. MC-007 lot BMP70 51Oug1ml in 20mM NaPO4, 10mM NaCI, pHS,0 

For data collection, from 133 to 325 scans were recorded at 280nm every 5 minutes, 

Data analysis was performed using the program SEDFIT (available through the National 

Institutes for Health) for determination. of the  C(S) distribution, The Op distribution is a 

representation of the relative intensity of the different components in a mixture of 

macromolecules separated by their coefficient of sedimentation, which is a 'function of 

molecule size and conformation. Determination of the partial specific volume of the proteins 

at 15°C was performed with the SEDNTERP software from their amino acid sequence. 

SEDNTERP (SEDNTERP is distributed and supported through the Biornolecular Interaction 

Technologies Center at the University of New Hampshire) was also used to determine the 

viscosity and the density of the buffer at 10°C. 

Determination of the relative abundance of all species has been performed by considering the 

total area under the curve of the overall distribution as 100% of the sample and by calculating 

the percentage of this total area represented by the contribution of every species, C(S) 

distribution plot (concentration vs sedimentation coefficient) has been used for that 

calculation, considering that it's a better representation of the. raw data than the C(fv.1) 

distribution (concentration vs molecular weight). 
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Analytical ultracentrifugation of the different purified constructs allowed observation that 

UspA2 Ahelix, UspA2 1/2  helix and UspA2 full helix with C-terminal his tag are present mainly 

as trimers in solution when 500mM L-arginine is added during cell lysis prior to purification 

(Figures 4, 5, 7 and 8). 

A heterogeneous size distribution has been observed for UspA2 1/2  helix when no L-arginine 

was added during cell lysis. Two major populations are observed. It was not possible to 

confirm the molecular weight of the species detected by AUC (analytical ultracentrifugation) 

with this protein preparation, since the frictional ratio which is essential for molecular weight 

estimation needs to be calculated from an homogeneous sample. However, based on 

sedimentation coefficients, none of the observed species seem to correspond to the trimer 

observed in other samples. 

Figure 4 illustrates the molecular weight distribution of purified MC-005 determined by 

sedimentation velocity analytical ultracentrifugation. The majority of protein is found as a 

trimer, with a small proportion of a higher molecular weight oligomer that may correspond to 

dimer of trimer. 

Figure 5 illustrates the molecular weight distribution of purified MC-001 determined by 

sedimentation velocity analytical ultracentrifugation. Majority of protein is found as a trimer. 

Figure 6 illustrates the molecular weight distribution of purified MC-001 determined by 

sedimentation velocity analytical ultracentrifugation. The sample presents multiple species 

and is highly polydisperse. The sedimentation coefficient of the major species detected 

doesn't correspond to the one of the trimers normally detected in the other lots. 

Figure 7 illustrates the molecular weight distribution of purified MC-001 determined by 

sedimentation velocity analytical ultracentrifugation. The majority of protein is found as a 

trimer. 

Figure 8 illustrates the molecular weight distribution of purified MC-007 determined by 

sedimentation velocity analytical ultracentrifugation. The majority of protein is found as a 

trimer. 
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Circular dichroisnrifSecondary Structure 

Circular dichroism (CD) is used to determine the secondary structure composition of a protein 

by measuring the difference in the absorption of left-handed polarized light versus right-

handed polarized light which is due to structural asymmetry. The shape and the magnitude of 

the CD spectra in the far-UV region (190-250nm) are different whether a protein exhibits a 

beta-sheet, alpha-helix or• random coil structure. The relative aboundance of each secondary 

structure type in a given protein sample can be calculated by comparison to reference 

spectra. 

Far UV spectra are measured using an optical path of 0.01cm from 178 to 250nm, with a inm 

resolution and bandwidth on a Jasco J-720 spectropolarimeter. Temperature of the cell is 

maintained at different temperatures by a Peltier thermostated RTE-111 cell block. A nitrogen 

flow of 101../min is maintained during the measurements. 

Concentration of the following protein constructs was adjusted to 400pg/ml in 20mM NaPO4, 
10 mM NaCI, pH8,0 buffer. 

a. MC-005 lot BMP53 in 20mM NaPO4, 10mM NaCI, pH8,0 

b. MC-001 lot BMP'13 , in 20mM NaPO4, 10mM NaCI, pH8,0 

c. MC-001 lot BMP14 , in 20mM NaPO4, 10mM NaCI, pH8,0 

d. MC-001 lot BMP54 , in 20mM NaPO4, 10mM NaCI, p1-18,0 

e. MC-007 lot BMP70 , in 20mM NaPO4, 10mM NaCI, pH8,0 

Calculations of secondary structures have been done using the following algorithms: 

Selcon 3 (Sreerama and Woody, Anal. Biochem. (1993), 209, 32 ; Sreerama and 

Woody, Biochemistry, 33, 10022-25 (1994) ; Sreerama et al. Protein Science, 8, 370-

380 (1999) ; Johnson W.C.Jr.,Proteins:Str.Func.Genet.35,307-312 (1999) ) 

CDSSTR (Johnson W.C. Proteins:Struc.Func.Genet. 35, 307-312 (1999) modified by 

Sreerama. N.(Anal.Biochem.,287,252 (2000)). 

Displayed results are an average of the percentage calculated with bath algorithms and are 

subjected to a 5% error margin. 
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Results of the secondary structure calculations for fermentor expressed proteins are displayed 

in Table 5, considering a 5%© error margin. 

Table Secondary structure calculations at 22°C 

Protein  Helix Beta random 
MC-005 13MP53 40.8  26.4  34.1 
MC 007 BMP70 58.2 18.2  I 	24.7  
IVIC-001 BMP54 53.7  14.2 34.4 

Calculations are compatible with the shape and visual analysis of the spectra, where helical 

content increases with the intensity of minima at 208. and 220nm. Proteins are composed of a 

high proportion of helical structures, with .presence of beta structures.. 

Superposition of the spectra on Figure 9 shows no significant difference. in the shape. between 

constructs. Spectra of MC-005 helix shows a lower intensity which could account for a lower 

alpha structure that is coherent with the absence of C-terminal helix. 

Figure 9 illustrates. the far-UV circular dichroism spectra Of UspA2 constructs MC-001, MC-

005 and MC007 giving an indication of protein secondary structures. Superposition of spectra 

clearly shows that constructs containing half and full .0-terminal helix have no detectable 

difference in their secondary structures, while the construct without helix generates a spectra 

with a difference in intensity that could account for a different secondary structure content, 

Thermal unfolding 

Measurement of far-UV CD spectra at. different temperatures during thermal unfolding 

suggested that MC-005 is less thermally stable than IVIC-007. The spectra observed at 33°C 

for MC-005 is similar to the typical spectra of an unfolded protein. For the MC-007 construct, 

even if partial loss of secondary structures is observed at 33°C, the complete unfolding seems 

to occur between 35°C and 37°C. This may be an indication of higher thermal stability of the 

full helix containing construct MC-007: 

Figure 10 illustrates secondary structures monitoring by circular dichroism during thermal 

unfolding of MC-005 (UspA2Ahelix+61-11s). Visual analysis of the spectra clearly shows that the 

protein loses most of its secondary structures at 33°C. 
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Figure 11 illustrates secondary structures monitoring by circular dichroism during thermal 

unfolding of MC-007 (UspA2 + helix + 6His). Visual analysis of the spectra shows that loss of 

secondary structure is slower compared to the construct without helix. Structural changes are 

detectable upon heating to 33°C, but complete unfolding seems to occur between 35°C and 

37°C. 

Differential Scanning Calorimetry (DSC) thermal unfolding 

Thermal transitions of different UspA2 constructs were compared in order to evaluate the 

effect of C-terminal helix modifications on thermal stability of the proteins. 

Analysis was done on VP-DSC from MicroCal (part of GE Healthcare). The buffer 20mM 

NaPO4, 10mM NaCI, 5mM EDTA, pH8 was used as reference and subtracted from the scans. 

Proteins were equilibrated at initial temperature for 15 minutes before temperature ramping 

DSC scans were then conducted from 10°C to 60°C at a heating rate 90°C/hr. 

Two transitions were detected in MC-001 and MC-007 constructs and only one in MC-005. 

Values of the transitions (or Tm) of the different constructs can be found on Table 6. 

While the lower Tm of all three proteins is around 32°C, the main difference is the value of the 

second Tm. The construct containing a full helix (MC-007) has a higher Tm at 37.5°C 

compared to 34.5°C for the half helix (MC-001). 

It has been demonstrated that for MC-001 and MC-007, the first Tm around 32°C is 

reversible, while the higher Tm is irreversible. For MC-005, the only Tm detected is 

irreversible. 

This may be an indication of a higher thermal stability of full helix containing construct MC-

007. 

Table 6: Melting points of UspA2 constructs measured by DSC 

Constructs (mg/mt..] Trni  (°C) Tm2  (°C) 
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MC-005 
lotBrv1P53 

0.400 31.74 

MC-001 
lotBMP54 

0.400 32.02 34.51 

MC-007 
lotBMP70 

0.400 32.19 37.50 

Mass spectrometry 

UspA2 protein samples were prepared by protein precipitation with CHC13  I Me0H / H2O 

system. The protein pellet was centrifuged at the bottom of the eppendorf tube before being 

gently dried under nitrogen. The dried pellet was then dissolved in 2p1 of pure formic acid 

before being diluted with 3p1 of ultrapure water and 5p1 of sinapinic acid. Sinapinic acid used 

as matrix for MALDI-TOF (Matrix-Assisted Laser Desorption/Ionisation followed by Time-Of-

Flight spectrometry analyser) analysis is prepared in 50% CH3CN / 50% H2O supplemented 

by TFA 0.1% final concentration. 

1u1 of the sample 4- matrix mixture was spotted onto a Bruker 384 ground stainless steel 

MALDI target and let to dry for crystallization at room temperature and atmospheric pressure 

(dried droplet method). 

UspA2 mass spectrometry analysis was performed on a Bruker Ultraflex 2 MALDI-TOF mass 

spectrometer (Bruker Daltonics, Bremen, Germany) in positive ionization and linear mode. 

Protein samples, co-crystallized in sinapinic acid matrix, were irradiated by a smartbeam 

laser. Mass measurement of intact UspA2 protein were done over 10.000-100.000 Da mass 

range with an acceleration voltage of 25 kVolts. Laser attenuation was fine-tuned in order to 

get the best protein signal as possible and to avoid any fragmentation as well as background 

over-ionization phenomena. Calibration of the mass spectrometer was performed in close 

external method with homologous matrix and using the commercial Bruker Protein Calibration 

mixture 2, by accurate measures on the following calibrators: [M-1-21-1]2+  (mass measured by 

MS detector following addition of two Hi- ions to the protein dudring ionisation) species of 
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protein A at m/z 22307 Da, [WM' species of trypsinogen at m/z 23982 Da, [m+Hy species of 

protein A at m/z 44613 Da and 1M+1-11÷  species of bovine albumin at miz 66431 De, Each 

presented spectrum results. from the sum of 500 individual shots. 

The following samples were analyzed: 

MC-001 construct with MOAK amino acids (SEQ ID NO: 85) in N-terminal produced in shake 

flask, lot opt-01, MC-011 construct with MAK amino acids in N-terminal produced in shake 

flask, lot BMP37. 

In Table 7 and Figure 12, MC-001 protein with MOAK amino acids (SEQ ID NO: 85) at the N--

terminal extremity has been shown to be at least partially demethionylated, as shown by the 

measured molecular mass of 57427Da, compared to the expected mass of 575650a. The 

other peak of 5762ODa may represent the complete non-demethionylated protein, N-

acetylated protein, or another modified protein population. 

Figure '12 illustrates the MALDI spectrum of MC-001 lot opt-01. The mass observed at 

57427Da may be coherent with the demethionylated protein, while the peak at 57620Da could 

correspond to the complete protein. 

As shown in Table 7 and figure 13, MC-011 protein with. MAK amino acids at the N-terminal 

extremity gave a major population in MALDI-MS that may correspond to the demethionylated 

protein, with a mass of 572650a, compared to 57437Da for the expected mass based on 

complete amino acid sequence. The two other peaks at +186Da and +366Da are not close to 

any expected post-translational modifications, so they couldn't be identified by this 

experiment 

Table 7: Molecular mass of two tispA2 constructs as measured by .MALDI-MB. Both 

constructs have a main measured mass lower than the one expected from amino acid 

sequence. The mass of the major population obtained with both constructs may be coherent 

with a demethionylated. protein. 
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MC-001 lot opt-01 57565.8 

-57427.9 

-57620.3 

MC-011 lot BMP37 57437.6 57265.2 
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-Coherent with demethionylation 
(57434.6) 
- Coherent with protein containing 
N-terminal methionine 
Coherent with demethionylation 
(57306.4)  

N-terminal sequencing by Edman's degradation 

In order to evaluate if the optimisation of the N-terminal region (optimisation of the amino acid 

sequence next to the N-terminal methionine) leads to demethionylation of the protein, N-

terminal sequencing has been done on the MC-011 construct carrying MAK amino acids on his 

N-terminal extremity. 

The proteins were separated by SDS PAGE on a Novex 4%-20% polyacrylamide gel from 

invitrogen, before transfer onto Problot PVDF (polyvinylidence diluoride) (Bio-fad) membrane. 

The membrane was stained with arnidoblack. The band of interest was then cut and analysis 

was carried out according to the manufacturer's protocol using an Applied Biosystems Procise 

sequencer system. Twelve cycles of Edman's degradation were performed. 

The N-terminal amino acid sequence obtained is AKNDITLEDLP (SEQ ID N0:86), which 

corresponds to the N-terminal extremity of the protein starting at the amino acid number two 

after the initial methionine. This indicates that the mature protein is mainly demethionylated. 

Example 7: lispA2 construct MC-001: Bactericidal activity, 

Bactericidal Assay 

Moraxella catarrhaiis was cultivated overnight on Petri dish at 37°C + 5% 002. Bacteria were 

transferred in 12 mi HBSS-BSA (Hank's Buffered Salt Solution with Bovine Serum Album) 0.1% 

buffer in order to get an OD ,-,20  of 0.650. Serum samples were heated for 45 min at 56°C to 

inactivate the endogenous complement. Serial two-fold dilutions of sera in SBA buffer (HB.SS—

BSA 0.1%) were added on a 96-well round bottom microtitre plate (25 pl/well). Subsequently, 50 

pl of SBA buffer were added in each well. Then 25 pl of Moraxella catarrhalis strains at 4 10'4  

cfulml were added to the wells containing sera and incubated for 15 min at room temperature. 

Finally 25 pi of freshly thawed baby rabbit complement diluted 1/8 in HBSS-BSA 0.1% were 
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added to reach a final volume of 125 pl. Plates were incubated for 1 h at 37 'C with orbital 

shaking (210 rpm). The reaction was stopped by laying the microplate on ice for at least 5 min, 

After homogenization, various dilutions of the suspension (a mixture of bacteria, serum, 

complement and buffer, at a volume of 125 pi as discussed in the previous paragraph) were 

added onto chocolate agar plates and incubated for 24 hours at 37°C with 5% CO2  and 

Moraxella catarthalis colonies were counted. 

Eight welts. without serum sample were used as bacterial controls to determine the number of 

Moraxelk1 catarrhalis colonies per well. The mean number of CFU (colony forming unit) of the 

control wells was determined and used for the calculation of the killing activity for each serum 

sample. The bactericidal titers were expressed at the reciprocal dilution of serum inducing 50% 

of killing,. 

Anti-UspA2 antisera generated in mice, guinea pigs and rabbits against MC-001 were tested in 

the bactericidal assay described here above against 20 different Moraxella catarrhalis strains 

isolated from various tissues (blood, sputum, nose, middle ear fluids) in various countries (US, 

Finland, Netherlands, Norway, Sweden). 

As shown below anti-UspA2 antibodies were able to induce a cross-bactericidal killing of 

Moraxella catarrhails, whatever the percentage of homology of the UspA2 expressed by the 

tested strain. Moreover bactericidal activity was also shown against strains which only express 

UspAl or the chimeric protein UspA2H. As expected, no or only weak bactericidal antibody 

titres were measured against UspAl and UspA2 double knock-out mutants. 

Table 8: Cross-bactericidal activity of anti-UspA2 MC-001 antibodies generated in mouse, 

guinea pig and rabbit, 1+2 KO is a double knock out, UspA1 & UspA2. 1K0 is a UspA1 

knockout only. MEF (AOM) Middle Ear Fluid (Acute Otitis Media). ' in the Isolate source 

column = not aware of the isolate source. 
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Sttoins Isolate eourto LlettA gen.* prosoet 

Ident4113.' VerS,13,S the 
vaccine set' ttan oo 

ATCC262:38 

.A.ni-UspA2 antio(trom 
bettericidal actIvity 

Mouse iGufftoo picl Rabbit 

ATCC 25238 LispA1lUspA2 45,2/100 +44 4+ +++ 

43617 Bronchitis LispAl 40.1 + 4' + 

Arner'ican 2926 1 tispAl 36.4 - 4/• . 

2933 UspA1ltispA2 44.6/62.4 . 4+ +4 

2912 / UspA1fLispA2 39.3/84.6 4+ 4+ 444 

2.903 , UspAlilispA2 43.3152.8 4++ +4+ + ++ 

Finnish. 307 MEE (AC.11‘,4) UspAlltispA2 47.6170.1 ... 4+ 444 

353 MEF f POM) UspA11t_ispA2.  45161.8 + 4+ 44. 

3t.i9 MEF (AGM) UspA11iA•pA2 47/61,5 444 +++ +4+ 

216 MEF (A044) UspAllUspA2. 416,6ffi6.9 444 +++ 4+4 

Dutch NO nose t.ispAliLisp/3.2H 41,1170.1 +4 +++ 4++ 

112 sputum • UspAlitispP2 47/81.6 +++ 444- +++ 

F10 sputum Lisp.A1itispA2 42.9161,1 ++ +++ +4+ 

NeDle9 an 1 Tracheotomy (Pneumora) tisp,k1/1ispA2 44.8/80.5 4++ ++4 +++ 

13 Tracheotomy (Pneurnonia) Usa(klii.isp,4.2 47,8155 ++ +++ 4++ 

20 Tradiestoiny (Pneurnalla) U6pAlitip,r,.2 33.7/50.8 +++ +4 +++ 

25 Tracheotomy (Pneurnomfa) UspAlltispA2 47,8/55 4+ 444 +++ 

27 T.......;185tomy(Ptleurnonia) VspAl (lisp,42 46176.1 44 444 +4+ 

35 Tracheotomy (Pneurnona) Lisp/MIL/4)A2 .536/61.6 + +4 +4 

.:"s,votfish BB 18 Wi sputum UspAlitispA2H 42.957.3 +++ +4+ +++ 

E81-118 (1+2K0) .. - 4,  

BE.'",111e, (WO.) UspA2H 57.3 444 444 +++ 

RH41/s.41.-  blood UspA1lUspA2H 37,4159.9. not. One 4+ +4. 

Rt'44 (1+2K0) I - - - 
^ 

" dctermined using the s(rfmare Gapt.1/3tustaV versus the.ATC=C2.5208.1)spA2fragMent F P.30.640, 

>50000 
++ >20000 
+ >500 

<200 
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Table 9: UspA Expression in the M. catarrhelis ,strains in Table 8. 

Strains tispAl 
expression 

UspA2 
expression 

UspA2H 
expression 

ATCC 25238. Yes Yes No 
43817 Yes stop codon No 

American 2926 Yes No stop =Jon 
2933 Yes Yes No 
2912 Yes Yes No 
2908 Yes Yes No 

Finnish 307 Yes Yes No 
353 Yes Yes No 
358 Yes Yes No 
216 Yes Yes Nc 

Dutch N9 Yes No Yes 
H2 Yes Yes No 
F10 Yes Yes No 

Noive,gian 1 Yes Yes No 
13 Yes Yes No 
20 Yes Yes No 
25 Yes Yes No 
27 Yes Yes No 
eN Yes Yes No 

Swedish BBH18 WT Yes No Yes 
BBH18 (1+2K0) No No No 

BBH18 (1K0) No No Yes 
RH4 WI Yes No Yes 

RH4 (1-1-2K0) No No No 
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Example 8: Protection in  a mouse model of lung colonization (MC-001) 

Five weeks-old female Balbic mice (n=8/5- groups) were immunized by the intramuscular route 

at days 0, 14 and 28 with 50 pi of vaccine containing 10 hg  of UspA2 construct MC-001 

formulated within ASO2V. Mice were intranasally challenged at day 42 with 5,105  CPU of various 

Moraxella catarrhalis strains, Bacteria were counted in lungs collected 0, 3 and 6 hours post-

challenge: Differences between groups were analysed using the Dunnet test. 

As summarised in Table 10, UspA2 construct MC-001 induced a significant protection against 

both homologous and heterologous strains, including the strain 43617 which does express 

UspAl but not LispA2 and the BBH18 strain which expresses the chimeric protein LispA2H 

(constituted of the N-terminal sequence from UspAl and the C-terminal sequence from 'UspA2). 

Table 10: Protective efficacy of UspA2. MC-001 construct. 

Identity % * versos Login du / rt) 

Strain 
UspA 

expressed 
the vaccinel 

sequence ATCC25238 
Control 
group 

vaccine 

group 

p value 

25238 Us pAl & Us pA2 	.. 	45.2/100  5,2 3.1 0,01 

43617 UspAl 	I 	 440 .1 4,9 3.6 0,01  

Flo Lis pAl & UspA2 42.9/61.1 4.3 3.9 0,25 

PlO Us pAl & Us p42 42,9/61.1 4.4 3.6 0;01 

BBH18 UspAl & Us 1A21-1 42.9/57.3  43 3.5 001 

20 UspAl. & Os plA2  33:7/60.6 	 4.4 .---i .9 0:02 

del:ernlined s I ng th 	pl/ClustzilX software vers us the ts,TCC25238 Us p42 fragrnept AA 30-540 

p values In hold are s ignif lea nl: (p <0.05) 

Example 9: tispA2 construct MC-007: Antibody bactericidal activity. 

Bactericidal Assay 

A/ler -axe/la catarrhalis 25238 was cultivated overnight On Petri dish at 3T0 4.- 5% CO2. Bacteria 

were transferred in 12 ml HBSS-BSA 0,1% .buffer in order to get an OD 620 of 0.650. Serum 

samples were heated for 45 min at 56'C to inactivate the endogenous. complement. Serial two-

fold dilutions of sear in SBA buffer (FIBS'S—BSA 0,1%) were added on a 96-well round bottom 

microtitie plate (25 pilwell). Subsequently, 50 pi of SBA buffer were added in each well. Then 25 

pi of fOoraxella catarrhalis 25238 strain at 4 101.4  cfu/ml were added to the wells containing sera 
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and incubated for 15 min at room temperature. Finally 25 pl of freshly thawed baby rabbit 

complement diluted 1/8 in HBSS-BSA 0.1% were added to reach a final volume of 125 pl. 

Plates were incubated for 1 h at 37 "C with orbital shaking (210 rpm). The reaction was stopped 

by laying the microplate on ice for at least 5 min. After homogenization, various dilutions of the 

suspension were added onto chocolate agar plates and incubated for 24 hours at 37°C with 5% 

CO2  and Moraxella colonies were counted. Eight wells without serum sample were used as 

bacterial controls to determine the number of Moraxella catarrhalis colonies per well. The mean 

number of CFU of the control wells was determined and used for the calculation of the killing 

activity for each serum sample. The bactericidal titers were expressed at the reciprocal dilution 

of serum inducing 50% of killing. 

Anti-UspA2 antisera generated in mice with UspA2 construct MC-001 or MC-007 were tested in 

a bactericidal assay using the protocol described above against the 25238 Moraxella catarrhalis 

homologous strain. 

As shown in Table 11, the MC-007 UspA2 construct elicited a high bactericidal response, similar 

to that induced by the MC-001. 

Table 11: Bactericidal activity of anti-UspA2 MC-001 and MC-007 antibodies. Normal mouse 

sera = sera from mice immunized with ASO2V only, not with UspA2. 

Samples 
	

Bactericidal titers 

Normal mouse sera (ASO2V) 

Mouse Anti-Killed whale cells 25238 
	

+4- 

Mouse anti-UspA2 against 
UspA2 MC-001 

Mouse anti-UspA2 against 
UspA2 MC-007 
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Example 10: UspA2 construct MC-0 7: Protective efficacy in a lung challena e model 

Protection in a mouse model of king colonization 

Five weeks-old female Baib/c mice (8 mice per group, 5 groups max per time point) were 

immunized by the intramuscular route at days 0, 14 and 28 with 50 pi of vaccine containing 10 

pg of UspA2 construct MC-001 formulated with ASO2V or MC-007 formulated within ASO2V. 

Mice were intranasally challenged at day 42 with 5.105  CFU of Moraxella catarrhalls strain 

ATCC(a US registered trademark) 25238TM.  Mice were immunized with 10 pg of killed whole 

cells from Moraxella catarrhal s strain ATCC(a US registered trademark) 252381m (as positive 

control) (M,cat. WC 25238 in Figure 14) or with ASO2V alone (as negative control). Bacteria 

were counted in lungs collected 0, 3 and 6 hours post-challenge, Differences between groups 

were analysed using the Dunnet test. 

As shown in Figure 14, both UspA2. constructs were similarly protective 'against ATCC(a US.  

registered trademark) strain 25238 
.
M'. 

Example 11: immunogenicity of 1ispA2 MG-009 protein formulations in mice 

Groups of 25 female Balb/c mice were immunized by the intramuscular (IM) route at days 0, 14 

and 28 with 50 pi of the following formulations: 

-MC-009 (1 pg) Al 04 (1000 pg/m1) 

-MC-009 (1 tag) ASO4C (A1PO4/MPL, 100/100 per ml) 

-MC-009 (1 pg) AS01 E (QS21IMPL 50/50 per ml) 

Anti-lgG levels were determinedin individu 	era collected at days 28 (P11) and 42 (P111) using 

the following protocol: 
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EL /SA to measure anti-UspA2 antibodies.  

Plates were coated overnight at 4°C with 100 pl per well of UspA2 construct MC-009 

at 4 pg/mi in carbonate buffer pH 9.6. The plates were washed three times with NaCI 

0.09% TWEEN(a US registered trademark) 20 (polysorbate 20) 0.05%. After 

washing, serial two fold dilutions of sera were added to microwells in PBS TWEEN(a 

US registered trademark) 20 0.05%. The plates were placed at room temperature for 

30 minutes with shaking. After washing, anti-mouse lgG antibodies (Jackson 115-

035-003) conjugated to peroxydase (100 pl per well) were added, and the plates 

were placed at room temperature for 30 minutes with shaking. Plates were washed 

as above and the solution of revelation (4 mg of OPDA Sigma P8787) and 5 p1 of 

H202  in 10 nil of citrate 0.1M PH (pH) 4.5) was added to each well (100 pl/well) for 15 

min in darkness. The reaction was stopped by addition of 50 pl of HCI 1N and the 

absorbance was read at 490 nm (620 nm for the reference filter). 

The titers were calculated by the 4-parameters method using the SOFTMAX(a US registered 

trademark) Pro software. 

As shown in Figure 15, UspA2 induced high antibody levels with each adjuvant 

formulation. 

Bactericidal Assay 

The bactericidal assay was performed against M. catarrhalis strain (ATCC(a US registered 

trademark) 25238TM)  expressing a homologous full length UspA2 using the following protocol: 

Moraxella catarrhalis strain ATCC(a US registered trademark) 25238TM  was cultivated 

overnight on Petri dish at 37°C + 5% CO2. Bacteria were transferred in 10 nil of BHi (broth 

heart infusion) in order to get an OD KO of 0.650. Serum samples were heated for 45 min at 

56°C to inactivate the endogenous complement, Serial two-fold dilutions of sera in SBA buffer 

(HBSS—BSA 0.1%) were added on a 96-well round bottom microtitre plate (25 pl/well). 

Subsequently, 50 pl of SBA buffer were added in each well. Then 25 p1 of Moraxella 

catarrhalis strain 25238TM at 4 10'3  cfu/ml were added to the wells containing sera and 

incubated for 15 min at room temperature. Finally 25 pl of freshly thawed baby rabbit 

complement diluted 1/8 in HBSS-BSA 0.1% were added to reach a final volume of 125 pl. 

Plates were incubated for 1 h at 37 °C with orbital shaking (210 rpm). The reaction was 

stopped by laying the microplate on ice for at least 5 min. A 20 pl aliquot of each well of the 
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plate was then transferred into the corresponding well of a 96-well flat bottom micropiate and 

50 pi of Mueller Hinton Broth-0.9% agar was added to each well. 50 pi of PBS 0.9% agar was 

added as a second layer. After 3 hours at 3TC. With 5% 002  plates were incubated overnight 

at 25'0, Moraxelle colonies were counted using an automated image analysis system (KS 

400, Zeiss, Oberkochen, Germany). Eight wells without serum sample were used as bacterial 

controls to determine the number of Moraxella per well. The mean number of CPU of the 

control wells was determined and .used for the calculation of the killing activity for each serum 

sample, The bactericidal titers were expressed at the reciprocal dilution of serum inducing 50% 

of killing. 

Figure 16 illustrates the bactericidal titers induced by UspA2 against a homologous strain; in 

this experiment, UspA2 induced high levels of bactericidal antibodies for each. adjuvant 

formulation. Sera were tested at Pill; five pools of five sera samples were tested. 

Example  12: Immunogenicitv of UspA2 in combination with PD and PE-PilA NMI 
antigens. 

Immunization Protocol 

Groups of 25 female Balb/c mice were immunized by the intramuscular (IM) route at days 0, 

14 and 28 with 50 pl of the following formulations: 

-UspA2 construct MC-009 (1 pg)  AIPO4 

-UspA2 construct MC-009 (1 pg) ASO4C 

-UspA2 construct MC-009 (1 pg) AS01 E 

-UspA2--PD--PEPiIA (UspA2 construct MC-009, PEPUA construct LVL--735) AIPO4 (1 ug of each of 
UspA2, PD and PEPilA; 1000 mglmlAiPO4) 

-UspA2-PD-PEPilA (UspA2 construct MC-009, PEPilA construct LV.L.-735) ASO4C AlPO4 (1 ug of 
each of UspA2, PD and PEPilA: 100/100 per ml AIPO4/MPL) 

4UspA2-PD-PEPHA (UspA2 construct MC-009, PEPiIA construct LVL735) AS01 E (1 ug of each of 
UspA2, PD and PEPilA; 50/50 per ml 0821/MPL) 

ELISA to measure anti-UspA2 antibodies 

Anti-UspA2 IgG levels were determined in individual sera collected at days 28 and 42 using the 
following protocol. 
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Plates were coated overnight at 4°C with 100 pl per well of UspA2 construct MC-009 

at 4 pg/mi in carbonate buffer pH 9.6, The plates were washed three times with NaCI 

0.09% TWEEN(a US registered trademark) 20 (polysorbate 20) 0.05%, After 

washing, serial two fold dilutions of sera were added to microwells in PBS TWEEN(a 

US registered trademark) 20 0.05% The plates were placed at room temperature far 

30 minutes with shaking. After washing, anti-mouse lgG antibodies (Jackson 115-

035-003) conjugated to peroxydase (100 pl per well) were added, and the plates 

were placed at room temperature for 30 minutes with shaking. Plates were washed 

as above and the solution of revelation (4 mg of OPDA Sigma P8787) and 5 pl of 

H202  in 10 ml of citrate 0.1M PH (pH) 4.5) was added to each well (100 plfwell) for 15 

min in darkness. The reaction was stopped by addition of 50 pi of HCI 1N and the 

absorbance was read at 490 nm (620 nm for the reference filter). The titers were 

calculated by the 4-parameters method using the SOFTMAX(a US registered 

trademark) Pro software, 

ELISA to measure anti-PE antibodies 

Plates were coated overnight at 4°C with 100 pi per well of 2 pgiml of UspA2 in carbonate 

buffer pH 9.6. The plates were washed three times with NaCI 0.09% TVVEEN(a US registered 

trademark) 0.05%. After washing, serial two fold dilution of sera were added to microwells in 

PBS TWEEN(a US registered trademark) 20 0.05%. The plates were placed at room 

temperature for 30 minutes with shaking. After washing, anti-mouse 1gG antibodies (Jackson 

115-035-003) conjugated to peroxydase ('100 pl per well) were added, and the plates were 

placed at room temperature for 30 minutes with shaking. Plates were washed as above and 

the solution of revelation (4 mg of OPDA and 5 pi of H207  in 10 ml of citrate 0.1M PH 4.5) was 

added to each well (100 ullwell) for 15 min in darkness. The reaction was stopped by addition 

of 50 pl of HC11N and the absorbance was read at 490 nrn (620 nm for the reference filter). 

The titers were calculated by the 4-parameters method using the SOFTIVIAX(a US registered 

trademark) Pro software. 

ELISA to measure anti-PlIA antibodies 

Plates were coated overnight at 4'C with 100 pi per well of 4 pg/mi of PilA in carbonate buffer 

pH 9.6. The plates were washed three times with NaCi 0.09% TWEEN(a US registered 

trademark) 0.05%. After washing, serial two fold dilution of sera were added to microwells in 
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PBS TWEEN(a US registered trademark) 20 0.05%. The plates were placed at room 

temperature for 30 minutes with shaking. After washing, anti-mouse IgG antibodies (Jackson 

115-035-003) conjugated to peroxydase (100 pi per well) were added, and the plates were 

placed at room temperature for 30 minutes with shaking. Plates were washed as above and 

the solution of revelation (4 mg of OPDA and 5 pi of H202  in 10 ml of citrate 0.1M PH 4.5) was 

added to each well (100 pl/well) for 15 min in darkness. The reaction was stopped by addition 

of 50 pl of HCI 1N and the absorbance was read at 490 nm (620 nm for the reference filter). 

The titers were calculated by the 4-parameters method using the SOFTMAX(a US registered 

trademark) Pro software. 

ELISA to measure anti-PD antibodies 

Plates were coated overnight at 4°C with 100 pl per well of 8 tag/ml of PD in carbonate buffer 

pH 9.6. The plates were washed three times with NaCI 0,09% TWEEN(a US registered 

trademark) 0.05%. After washing, serial two fold dilution of sera were added to microwells in 

PBS TWEEN(a US registered trademark) 20 0.05%. The plates were placed at room 

temperature for 30 minutes with shaking. After washing, anti-mouse IgG antibodies (Jackson 

115-035-003) conjugated to peroxydase (100 pi per well) were added, and the plates were 

placed at room temperature for 30 minutes with shaking. Plates were washed as above and 

the solution of revelation (4 mg of OPDA and 5 pl of H202  in 10 ml of citrate 0.1M PH 4.5) was 

added to each well (100 pl/well) for 15 min in darkness. The reaction was stopped by addition 

of 50 pi of HCI 1N and the absorbance was read at 490 nrn (620 nm for the reference filter). 

The titers were calculated by the 4-parameters method using the SOFTMAX(a US registered 

trademark) Pro software. 

Bactericidal assay 

Bactericidal titres were measured in pooled sera (5 pools/ group) collected at day 42 using the 

following protocol: 

Moraxelia catarrhalis was cultivated overnight on Petri dish at 37°C + 5% CO2. Bacteria were 

transferred in 10 ml BHi (broth heart infusion) medium in order to get an OD 620 of 0.650. 

Serum samples were heated for 45 min at 56 °C to inactivate the endogenous complement. 

Serial two fold dilutions of sera in SBA buffer (HBSS—BSA 0.1%) were added on a 96-well 

round bottom microtitre plate (25 pl/well). Subsequently, 50 pl of SBA buffer were added in 

each well. Then 25 pl of Moraxella catarrhalis strain 25238 at 4 10A3  cfu/ml were added to the 
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wells containing sera and incubated for 15 min at room temperature. Finally 25 pi of freshly 

thawed baby rabbit complement diluted 1/8 in HBSS-BSA 0,1% were added to reach a final 

volume of 125 pi. Plates were incubated for 'I h at 37 °C with orbital shaking (210 rpm). The 

reaction was stopped by laying the microplate on ice for at least 5 min. A 20 pi aliquot of each 

well of the plate was then transferred into the corresponding well of a 96-well flat bottom 

microplate and 50 pi of Mueller Hinton Broth-0.9% agar was added to each well. 50 pl of PBS 

0,9% agar was added as a second layer. After 3 hours at 37°C with 5% CO2  plates were 

incubated overnight at 25°C. Moraxella colonies were counted using an automated imago 

analysis system (KS 400, Zeiss, Oberkochen, Germany). Eight wells without serum sample 

were used as bacterial controls to determine the number of Moraxella per well. The mean 

number of CFLJ of the control wells was determined and used for the calculation of the killing 

activity for each serum sample. The bactericidal titers were expressed at the reciprocal 

dilution of serum inducing 50% of killing. 

The bactericidal assay was performed against Moraxella catarrhalis strain 25238TM, 

expressing a homologous UspA2. 

A negative impact of the presence of PD and PE-PilA antigens on UspA2 IgG levels was 

observed in ASO4C (post III) and ASOlE (post II) formulations (Figure 17). However the impact 

remained limited (a-',  2 fold antibody decrease) and was not confirmed in the bactericidal assay 

(Figure 18). The IgG responses induced against PD, PE and PilA in mice by PE-PEPHA-

UspA2 vaccine are shown in figure 19, figure 20 and figure 21, respectively. 

Therefore, UspA2 was immunogenic when combined with PD and PE-PilA. 

Example 13: UspA2 construct MC-009: immunogenicity of PD and PE-PHA NTHi, 

antigens in combination with UspA2 in mice 

Immunization protocol 

Groups of 25 female Balbic mice were immunized by the intramuscular 	) route at days 0, 14 

and 28 with 50 pi of the following formulations: 

PD-PEPilA (1 pg cf PD and 1 ug of PEPIIA construct LVL-735) ASOlE 

-UspA2-PD-PEPilA (1 pg of UspA2 construct MC-009, PD and PEPiIA construct LV -735)ASOlE 
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The ELISA IgG levels to PD, PE and PiIA were determined in individual sera collected at days 

28 (PII) and 42 (Pill). 

ELISA to measure anti-PE antibodies 

Plates were coated overnight at 4°C with 100 pl per well of 2 pg/ml of UspA2 in carbonate 

buffer pH 9.6. The plates were washed three times with NaCI 0.09% TWEEN(a US registered 

trademark) 0.05%. After washing, serial two fold dilution of sera were added to microwells in 

PBS TWEEN(a US registered trademark) 20 0.05%. The plates were placed at room 

temperature for 30 minutes with shaking. After washing, anti-mouse IgG antibodies (Jackson 

115-035-003) conjugated to peroxydase (100 pl per well) were added, and the plates were 

placed at room temperature for 30 minutes with shaking. Plates were washed as above and 

the solution of revelation (4 mg of OPDA and 5 pl of H202 in 10 ml of citrate 0.1M PH 4.5) was 

added to each well (100 pl/well) for 15 min in darkness. The reaction was stopped by addition 

of 50 pl of HCI 1N and the absorbance was read at 490 nm (620 nrn for the reference filter). 

The titers were calculated by the 4-parameters method using the SOFTMAX(a US registered 

trademark) Pro software. 

ELISA to measure anti-PilA antibodies 

Plates were coated overnight at 4°C with 100 pl per well of 4 pg/rni of PiIA in carbonate buffer 

pH 9.6. The plates were washed three times with NaCI 0.09% TWEEN(a US registered 

trademark) 0.05%. After washing:  serial two fold dilution of sera were added to microwells in 

PBS TWEEN(a US registered trademark) 20 0.05%. The plates were placed at room 

temperature for 30 minutes with shaking. After washing, anti-mouse lgG antibodies (Jackson 

115-035-003) conjugated to peroxydase (100 pi per well) were added, and the plates were 

placed at room temperature for 30 minutes with shaking. Plates were washed as above and 

the solution of revelation (4 mg of OPDA and 5 pl of H202  in 10 ml of citrate 0.1M PH 4.5) was 

added to each well (100 pl/well) for 15 min in darkness. The reaction was stopped by addition 

of 50 pl of HCI 1N and the absorbance was read at 490 nm (620 nm for the reference filter). 

The titers were calculated by the 4-parameters method using the SOFTMAX (a US registered 

trademark) Pro software. 

ELISA to measure anti-PD antibodies 

Plates were coated overnight at 4°C with 100 pl per well of 8 pg/ml of PD in carbonate buffer 

pH 9.6. The plates were washed three times with NaCI 0.09% TWEEN(a US registered 
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trademark) 0.05%. After washing, serial two fold dilution of sera were added to microwells in 

PBS TWEEN(a US registered trademark) 20 0.05%. The plates were placed at room 

temperature for 30 minutes with shaking, After washing, anti-mouse igG antibodies (Jackson 

115-035-003) conjugated to peroxydase (100 pl per well) were added, and the plates were 

placed at room temperature for 30 minutes with shaking. Plates were washed as above and 

the solution of revelation (4 mg of OPDA and 5 pl of H202  in 10 ml of citrate 0.1M PH 4.5) was 

added to each well (100 pl/well) for 15 min in darkness. The reaction was stopped by addition 

of 50 pi of HCI 1N and the absorbance was read at 490 nm (620 nm for the reference filter). 

The titers were calculated by the 4-parameters method using the SOFTMAX(a US registered 

trademark) Pro software. 

No major impact of the addition of UspA2 on PD and PEPilA immunogenicity in ASOlE was 

observed as shown in figures 22, 23 and 24. 

Example 14: Safety of a tetravalent vaccine formulation containing UspA2 in a mouse 

Moraxelia catarrhalis lung inflammation model. 

To mitigate the risk of inducing undesirable inflammatory responses in the lungs of COPD 

patients upon immunization with a candidate vaccine aiming at preventing the exacerbations 

due to Non-typeable Haemophilus influenzae (NTHi) and Moraxella catarrhalis (M. cat,), 

various animal models were developed and used to assess the safety of this vaccine. The 

formulation tested contained three NTHi antigens (PD, PE and PilA, with the two last ones 

combined as a PEPiIA fusion protein), one M. cat. antigen (UspA2) and the Adjuvant System 

01E (AS010. 

Two models were particularly dedicated to evaluate the safety of the UspA2 component of the 

vaccine. 

Model 1: 

Objective 
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This model aimed at assessing the possible induction of undesirable immune responses in 

inflamed lungs upon vaccination. 

Study design.  

C57BI/6 mice were sensitized by three intranasal administrations of 25 pg of heat—inactivated 

M. cat. strain ATCC(a US registered trademark) 25238-m whole cells (expressing an UspA2 

which is 100% homologous to the vaccine UspA2) at days 0, 7 and 14. This treatment induced 

in the lungs a perivascular and peribronchiolar inflammation (with formation of lymphoid 

aggregates), alveolitis, pneumonitis, fibrosis and a strong M.cat. whole cell-specific 1L-17' 

CD4+  T cell response, which altogether mimicked the inflammatory process observed hi the 

lungs of COD patients (except emphysema). 

The mice were then vaccinated at day 42 by the intramuscular route with 1110th  of human 

dose of the following formulations: 

PD 10 pg/ PEPilA (LVL735 construct, described in W02012/139225) 10 pg/ UspA2 (MC009 

construct) 10 pg/ AS01 E 

- PD 10 pg/ PEPilA (LVL735 construct) 10 pg/ UspA2 (MC009 construct) 3.3 pg/ ASOlE  

- AS01 E (negative control) 

- PBS (negative control) 

To assess the impact of these formulations on the sensitization-induced lung inflammation: 

Mice were daily monitored from day 43 to day 49 to look at mortality and any clinical 

signs indicating the induction of adverse events (prostration, piloerection, hunched position). 

A histological analysis of the lungs was performed at days 2, 7 and 14 post-vaccination 

(with 5 mice per group and time-point) to look at a possible aggravation of the inflammation. 

The induction of potentially undesirable T cell responses was evaluated on pools of 

lungs collected at days 7 and 14 post-vaccination (with 4 pools/group/time-point and the lungs 

of 3 mice per pool). The lung T cells were re-stimulated overnight either with UspA2 peptides, 

heat—inactivated M. cat. whole cells (WC) or medium (as a negative control) and then 

analyzed by flow cytometry for the expression of CD5, CD4, CD8, IL-17, 1L-13, TNRy, and 

FNy. 

Result 
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No mortality or adverse event was reported. 

Lung histology (Figures 25 to 29): 

o The alterations observed in the lungs were similar in severity in all groups and 

characterized by slight to moderate perivascular/bronchiolar mononuclear cell 

infiltrates. 

No alveclitis and/or pneumonitis related to vaccination were observed. 

- T cell response: 

o Strong CD4F  T cell responses (mainly IL-17 and TNRy.. producing cells) were 

measured in the lungs upon re-stimulation with WC, but regardless of the 

formulation administered (vaccines or adjuvant alone or PBS) (Figures 30 to 33). 

Low or no lung CDS'.  T cell responses were observed (data not shown). 

o No detectable T cell response was re-stimulated by UspA2 peptides, whatever the 

group, indicating that no UspA2-specific response was primed or boosted post-

vaccination (data not shown). 

Model 2: 

® Objective 

This model aimed at assessing the possible induction of undesirable immune responses in 

inflamed lungs upon vaccination and M. cat. challenge. 

® Study design 

C57BI/6 mice were successively: 

- Sensitized by three intranasal administrations of 25 pg of heat—inactivated M. cat. strain 

25238 WC (expressing an UspA2 which is 100% homologous to the vaccine UspA2) at 

days 0, 7 and 14 (as in Model 1). 

Vaccinated at day 42 by the intramuscular route with 1/10th  of human dose of the following 

formulations (as in Model 1): 

PD (10 pg/ PEPilA (LVL735 construct) 10 pg/ UspA2 (MC009 construct) 10 erg/ 

ASOIE  
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• PD 10 pg/ PEPlIA (LVL735 construct) 10 ug/ UspA2 (MCOO9 construct) 3.3 pg/ 

AS01 

• AS01 E (negative control) 

• PBS (negative control) 

Challenged by One intranasal administration of 25 pg of heat-inactivated 	cat. .strain F10 

vvc (expressing an UspA2 which shares 53% homology with the vaccine LispA2) or by 

one intranasal administration of PBS as a control, both at day 56, The challenge strain 

was different from the sensitization strain to mimic the situation observed in COPD 

patients who experience new exacerbations due to newly acquired M. cat. strains. 

To assess the impact of vaccination and challenge on the sensitization-induced lung 

inflammation:. 

Mice were daily monitored from day 43 to day 63 to look at mortality and any clinical signs 

indicating the induction of adverse events (prostration„ 01o:erection, hunched position)„ 

The induction of potentially undesirable T.cell responses was evaluated on pools of lungs 

collected at days 7 and 14 post-challenge (with 4 pods/group/time-point and the lungs of 3 

mice per pool). The lung T cells were re-stimulated overnight either with UspA2 peptides, 

heat-inactivated M. cat, F10 WC or medium (as a .negative control) and then analyzed by 

flow cytometry for the expression of CD5, CD4, C-D8, IL-17, 1L13, TNFa and IFN^f- 

is 	Results 

No mortality or adverse event was reported. 

T cell response: 

o 

	

	Strong post-challenge CD4÷  I cell responses (mainly 1L-17 and TNFa producing 

cells) were measured in the lungs upon re-stimulation with F10 WC, regardless 

of the formulation administered (vaccines or adjuvant alone or PBS) (Figures 34 

to 37), Not surprisingly, these responses were higher in mice challenged with 

inactivated bacteria than in mice challenged with PBS. Whatever the challenge;  

low or no lung COW I cell responses were observed (data not shown). 

c. 

	

	No detectable T cell response Was re-Stimulated by UspA2 peptides, whatever 

the group, indicating that no LlspA2,specific response was primed or boosted 

post-challenge (data not shown). 
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Conclusion 

The RD/ 	UspA2i ASOlE  formulations tested and more specifically the UspA2 

component of these vaccines were shown safe in a mouse M. cat. lung inflammation model. 
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CLAIMS 

1. A protein consisting of formula I: 

A — (RI). — (B),1  (formula I) 

wherein: 

A is an immunogenic fragment of UspA2 from Moraxella catarrhalis having at least 90% identity to 

SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42 or SEQ ID NO: 43; 

R1  is an amino acid; 

m is 0 or 2; 

B is histidine; and 

n is 1, 2, 3, 4, 5 or 6. 

	

2. 	The protein according to claim 1 wherein (RI). is AS (alanine serine). 

	

3. 	A protein according to any of claims 1-2 further comprising a methionine at the amino terminal. 

	

4. 	The protein according to any of claims 1-3 wherein A is an immunogenic fragment of UspA2 

selected from the group consisting of amino acids 30-540 of SEQ ID NO. 1 (SEQ ID NO: 39), amino acids 

31-540 of SEQ ID NO: 1 (SEQ ID NO: 40), amino acids 30-519 of SEQ ID NO: 1 (SEQ ID NO: 41), 

amino acids 30-564 of SEQ ID NO: 1 (SEQ ID NO: 42) and amino acids 31-564 of SEQ ID NO: 1 (SEQ 

ID NO: 43). 

	

5. 	The protein according to any of claims 1-3 wherein A is an immunogenic fragment of UspA2 of 

SEQ ID NO. 43 or a sequence having at least 90%, 95%, 96%, 97%, 98%, 99% sequence identity to SEQ 

ID NO. 43. 

	

6. 	The protein according to any of claims 1-5 wherein the protein is selected from the group 

consisting of SEQ ID NO: 53, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID NO: 61, SEQ ID NO: 65, SEQ 

ID NO: 67, SEQ ID NO: 69, SEQ ID NO: 73 and SEQ ID NO: 88. 

	

7. 	The protein according to any of claims 1-6 wherein the protein is SEQ ID NO: 69 (MC-009). 

	

8. 	An immunogenic composition comprising a protein of formula (I) as defined in any of claims 1-7. 

	

9. 	The immunogenic composition of claim 8 further comprising at least one antigen from 

Haemophilus influenzae, optionally Protein D. 
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10. The immunogenic composition of claim 8-9 further comprising Haemophilus influenzae antigens 

Protein E, Pi1A or Protein E and Pi1A as a fusion protein. 

11. A vaccine comprising the protein of any of claims 1-7 or immunogenic composition of any of 

claims 8-10 and optionally further comprising an adjuvant, optionally ASO1E. 

12. The vaccine of claim 11 wherein the immunogenic composition contains a protein of SEQ ID NO: 

69, Protein D and a PE-Pi1A fusion protein, optionally LVL-735. 

13. A process for preparing the immunogenic composition of claims 8-10 or the vaccine of claims 11 

and 12 comprising combining a protein of formula (I) with a pharmaceutically acceptable excipient. 
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