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USPAZ PROTEIN CONSTRUCTS AND USES THEREQF

FIELD OF THE INVENTIGN

[01] The present invenfion relates {o compositions comprising Moraselin catarrhalis (M.
catarrfiafis, M. cat) Ubiguitous surface protein A2 {UspAZ). Move parlicuiarly, the prasent
application relates to UspA2 protein constructs and immunogenic compositions comprising the
constructs, vacaines comprising such immunegenic compositions and therapeutic uses of the

samae.

BACKGROUND OF THE INVENTION

{02] Ubiquitous swface protein A2 (UspAZ) is 8 trimeric aufotransporter that appears as a
iofiipop-shared structure in electron micrographis (Hoiczyk et all EMBO J. 19 58865889
(20001}, it is composed of a N-{enminal head, foliowed by a stalk which ands by an
amphipathic helix and a C-terminal membrane domain. (Holczyk ot al. EMBO J. 18 5080-
5008 (2000)). UspAR2 conlains a very wsll consearved domain (Aebi et al, Infection & Immiunity
85(11) 4387-4377 (1987}), which is recognized by a monocional antibody that was shown
protective upon passive transfer in a mouse Moraxella catarrfialis challenge modal
{Helminnen et al. J Infect Dis. 170{4); 867-72 (18843},

{03] UspAZ has been shown to interact with host structures and exiracsliular mairdt profeins
iike fibronectin (Tan et al, J infect Dis. 182(6) 1028-38 (2005)) and laminiy (Tan st al, J
infect Dis. 1844} 493-7 (2008}, suggesting if can play a role at an early stage of Maoraxelfa

vatarrhialis infection,

{041 UspA2 also seams o be involved in the ability of Moraxeffa cafarrhsalis to resist the
bactericidal activity of normal buman serum. (Aftia AS st al Infect Immun 73(4): 2400-2410
{20085, H# { binds the complemeant inhibitor Cdbp, snabling Moraxalla cafarrhalis to inhibit
the classical complement system, (1) prevenis activation of the allemalive complement
pathway by absorbing C3 from ssrum and (i) interferss with the terminal stages of the
complement system, the Memibwane Attack Conmplex (MAC)Y, by binding the complement
regulator profein vifronectin, (de Vries st al,, Microbiol Mol Biol Rev. 73(3): 388-406 (2008},
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[08] Moraxella catarrhalis is an important and common respiratory pathogsan that has heen
assgdated with incraasad risk of exacerhgtions ¥y chronic obsiructive pulmuonary disease
{COPDY in adults. (Satessh et al,, Journal of Chronic Cbstructive Pulmonary Disease 3108
115 (2008},

[08] A nesd for vaccines for Moraxella natamhalis exists.

BRIEF SUMMARY OF THE INVENTION
[07] As a first asped!, the present invention provides the proteins of formwula {3).
[08] A~ (R~ (B} formula )

[09] wherein:

Als UspA2 from Moraxella cstarshalis or o immunogenic fragaient thereod,
Rqls an aming acid;

mis O, 1ord

8 is hisliding; and

nis, 1,2, 3.4, 50r8,

[10] As a second aspect, the present invention provides immunogenic composilions
comprising proteins of formula (1) and proteins of the invention. The composition may further
comprise g pharmaceutically acceplahle adjuvant.  The composifion may comprise an

axcipiant.

[11] I athird aspect, the present invention provides a mathod for the treatment or prevention
of a condition or disease caused wholly or in part by Moraxella catarrhalis. The method
comprises administering {o a subject in need thereof a therapsufically effective amount of a

protein of formuia {1} or a protein of the nvention.

{121 In a fowrlh aspec!, the present vention providss a method for the treatment or

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

therapeutically effective amount of a protein of formuda {§) or a protein of the invention.
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{13} In g {fifth aspect, the present invention provides a msthod for the treatmisnt or prevention
of exacerbations in chronic ohstructive pulmonary diseasse. The method comprises
adminisiering to a subject in need thereof a therapeulically effective amount of a protein of

formuta (1) or a protein of the invention.

{141 In a sixih sspect the present hwention provides & method for the treatment o
prevention of pneumonia. The method comprises administering to a subject in need thereof a

therapeutically effective amount of a protein of formula (1) or a profein of the invention.

[15] In a seventh aspect, the present iwention provides a pharmaceutical composition
comprising a protein of formula () or a protein of the invention for use in the treatment or
prevention of a condition or disease caused wholly or in parl by Moraxella calarrhalis.

FPharmaceutical composifions may further comprise a pharmaceudically acceplable adiuvant,

{181 I an eighth aapedt, the present invention provides nucleic aclds encoding the protaing

of the invention.

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

the invention.

[18] by g tenth aspedt, the present invention provides a composition comprising at least one
antigen from Moraxefla catarrhalis and at least one antigen from Haemiophilus influenzae, The
somposition may further comprise a pharmacautically accepiable adjuvart, The composition

may comprise an exaipisnt

[19] In an additional aspect, the present invention provides a method for the treatment or
pravention of a condition or disease caused wholly or in part by Moraxelfa catarrhalis andfor
Haemophilus influenzas. The msthod comprises administering to a subject in need thereof a

therapeautically effective amount of a profein of formula (1) or a protein of the invention.

201 In & futher aspect, the present invention provides a method for the freatment or
prevention of exacerbations in chronic obstructive pulmonary dissase. The method comprises
administering to a subjedt in need thereof g therapeutically effective amount of a protein of
formuda () or & protein of the invention and a therapeutically effective amount of at least one
antigen from Hasmophilus influsnzse.

(3%
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(211 The present invention also provides a pharmaceutical composition comprising a protein
of formula (1) or a protein of the invention for uss in the testment or pravention of a condition
or disease caused wholly of in part by Moraxelfa calarrhalis in combination with at lsast ong
antigen from Haamophilus influsnzas. Pharmaceutical compositions may further comprise a

pharmaceutically acceptable adjuvant.

{227 Further aspects of the present Invention are describad in the delailed description of

particular embodiments, examples and claims which follow,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. A typical fermentation profife with the High Cell Density inductions (HCDH) processes

and the paramesters monfiored during 20L-scale fed-batch fermentation.

Figurs 20 A typical fermentation profile with the Low Call Densily Induction (LCDH) processes
and the paramelers monitored during 200-scals fed-bateh fermentation,

Figurs 3; UspAR yield from profein constructs MGC-O01, MC-002, MC-004, MGC-008, MC-008,
MC-007, MC-008 and MC-010 svaluated in fermenter; data from Table 4.

Figure 4. Molecular weight distribution of purified MC-008 determined by sedimentation
velooity analytical ultracentrifugation. The miajority of protein is found as a frimer, with a small
proportion of a higher motecular weight oligomer that may correspond to dimer of frimer. MW
= molecular weight. kDa =kilodalton.

Figure 5: Molscular weight distribution of purifisd MC-001 determined by sedimentation

velocity analytical wiiracentrifugalion. Majority of protain is found as a timer,

Figure & Molecular weight distribution of purified MC-001 determined by sedimentiation
velocity analytical uitracentrifugation. The sample presents mudtiple species and is highly
polydisperse. The sedimentation coefficiant of the major speacies detected doesnt correspond

to the one of the frimers normally detecied in the other ints,
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Figure 7 Molscular welght distribution of purified MC-001 determined by sedimentation
velocity analytical ultracentrifugation. Majority of protein is found as & trimer,

Fyure 8. Molecular weight distribution of purified MC-007 determined by sedimentation
veloctly anaiyical ultracentrifugation. Majonty of proted is found as & trimer,

Figurs ©: Far-UV cireudar dichroisrn (CD) spectra of UspAZ constructs giving an indication of

protein sscondary structures.

Figure 10 Secondary structures muonitaring by circular dichrolsny (CD) during thermal
unfolding of MC-005 (UspA2Ahelix + 8Hig). Visual analysis of the spechrs clearly shows that

aada

protein loses most of ifs secondary structures af 33°C.

Figure 110 Secondary structures monitoring by cireular dichrolam (GD) during thermal
unfolding of MC-007 {UspA2 full helix + 8His). Visual analysis of the specira shows that loss
of secondary structure is slower compared o the construcat without helix. Structural changes
are deteciable upon heating fo 33°C, but compiste unfolding seems o oocur betwseen 35°C

and 37°C.

Figure 12; MALD spectrum of MC-001 of opt-01. The mass ohserved at 574370a may he
coherent with the demsthionyiated protein, while the peak at 57620Da could comespond fo the

complste proteln.

Figure 13 MALDI spectrum of MC-011 lot BMP37. The mass observed may be coherent with
the demethionyialad protein, The two other pesaks al +186Da and +3668D4 are unidentified.

Figure 14: Protective sfficacy of MC-001 and MC-007 in 8 mouse mode! of fung colonization.
Figure 15; Antibody response directed against UspAZ2 induced after intramuscular
administration in mice, where Pl and Pl indicste, respectively, anti-igG levels in sera

collected at day 28 (post 1) and day 42 {post I},

Figure 18 Bactericidal tiiers induced by UspAZ against & homologous strain formulated with
different adjuvanis {AG01g, ARD4, and AIRG,).

133
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Figure 17 Antibody response directed against UspAZ induced after inframuscular
administration in mice, using different formudations of antigens and adjiuvants.

Figure 18. Baclericidal titers induced by UspAZ2 against a homologous strain, using different

formulations of antigens and adjuvants.

Figure 16: IgG response inducead against PD in mice by PR-PEPHA-UspA2 vaceine {a trivalent
NTHi-M.cal. vaccine), formulated with different adjuvants.

Figure 20 1gG response induced against PE in mice by PD-PEPIA-USPAZ vaccine (a
trivalent NTHI-M. cal. vaccine}, formulated with different adjuvants,

Figure 21 1g response induced against PiA in mice by PDPERHA-UsPAR vaccine (&

trivalent NTHI-M. catl vaccineg), formuiated with different adjuvants.

Figure 22 Immunogenicity of FE in the bivalent PO-FEPHA and tivalent PD-PEPIHA-UspA2
formulations with ASO1E.

Figurs 23 mmunogenicity of PilA in the bivalent PD-PERIA and irivalent PE-PA-UspA2
formulations with ASO1E.

Figure 24: immunagenicity of PD in the bivalent PD-PERIIA and frivalent PE-FIIA-UspA2

formulgtions with ASQ1E.

Figure 25 Effect of the tetravalent PDY PEPIA UspA2f ASO1: vaccine formulation on mouse
lungs pre-sensitized with heat inantivaled M. cat. - Parjvascularitis and peribronchiolitis in PBS

mmunized mice.

Figure 26; Etfect of the tetravalent P/ PEPIA! UspAZ ASO1e vaccing formulation on mouse
iLings pre-sensitized with haat inactivated M. cal, - Day 2 post-mmunization.

Figure 27. Effect of the tetravalent PR/ PEPRIA! UspA2/ ABQ1,: vaceine formulation on miouse

ungs pre-sensilized with haat inactivated 8. cal - Day 7 post-immunization.

&
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Figure 28 Effect of the tetravalent PD/ PEPIIA/ UspAZ/ ABD1: vaceine formuiation on mouse

iungs pre-sensitized with heat inactivated M. cal. - Day 14 posi-immunization.

Figure 29 Effect of the tetravalent PD/ PERIA/ UspA2/ AS01e vaccine formulation on mmisa
lungs pre-sensitized with heat inactivated M. cat. — Detalled results

Figure 30: Postvaccination lung CD4 T cell responses upon M. cat. WC re-stimulation. Lung
CD4 cells expressing .17, Restimulated with heat-inactivated M. cat whole cells (WC) or
medium.

Figure 31: Post-vaccination lung CD4 T cell responses upon M. cat. WG re-stimulation. Lung
CD4 cells expressing TNFa. Restimulated with heal-ingctivated M. cat whole cells (WC) or

madivm,

Figure 32: Post-vaccination lung CD4 T cell responses upon M. cat. WC re-stimulation, Lung
CDM4 cells expressing IFNy. Restimulated with heat-inactivated M. cat whole cells {WC) or

medium.

Figure 33. Post-vaccination lung CD4 T celi responses upon M. cat. WC re-stimulation. Lung
CD4 celis expressing L18. Restimulated with heat-inactivated M. caf whole celis (WC) or

medium,

Figure 34: Posi-challenge iung CD4 T cell responses upon M. cal. WC re-stimulation. Lung
ClM cells expressing 1L17. Restimulated with heat-inactivated M. cat whole calis (WC) or

medium.

Figure 35. Post-challenge lung CD4 T cell responses upon M. cal, WC re-stimulation. Lung
CD4 cells expressing TNFo, Restimulated with heat-inactivated M. caf whaole cells (WG} or

medium.

Figure 36; Post-challenge lung CD4 T cell responses upon M, call WO re-stimulation. Lung
CD4 cells expressing IFNy. Restimulated with heat-inactivated M. caf whole cells (WC) or

risdium.
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Figure 37 Fost-challenge lung CD4 T cell responses upon M. cal. WG re-stimulation. Lung
CD4 cails expressing (L13. Restimulated with heat-inaclivated M. cat whole celis (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 helongs, For example, definitions of common ferms in molecular biology
can be found in Benjamin Lewin, Genes V|, published by QOxford University Press, 1994 (ISBN
0-19-854287-8); Kendrew &t al. {eds.), The Encyciopedia of Molecular Bictogy, published by
Biackwell Science Lid., 1584 (1SBH 0-832-02182-8}; and Robert & Meyers {sd.}), Molecuiar
Biology and Biotechnology: @ Comprehensive Desk Reference, published by VOH Publishers,
nc., 1995 (ISBN 1-56081-569-8),

[24] The singular terms g “aiy” and “the” include plural referents uniess context cleariy
indicates otherwise. Similarly, the word "o’ 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 moleculer weight or molscular mass values, given for nudels acids or
polvpeptides are approimals, and are povided for description.  Additionally, numerical
imitations given with respect to concentrations or levels of a substance, such as an anfigen
may be approxmate.  Thus, where a conceniration is indicated to be {for example)
approximatsly 200 pg, it s infendad thal the concentration includes values slightly more or

shghtly tess than { “about” or *~"} 200 pg.

[25] Although methads and materials similar or squivalent {o those described herein can be

£

usad i the practive or testing of this disclosurs, sultable methods and matenials are describad

batow.

28] 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, palypapiide,
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antigen) or step, or group of compounds or steps, but not fo the exclusion of any other
compounds, composition, steps, or groups thersof. The abbreviation, “e.g.” is derived from
the Latin exempli gratia, and is used hereln to indicate a non-imiting example. Thus, the

abbreviation “.¢." is synonymous with the term "for example.”

[27] In order to facilitate review of the varicus embodiments of this disclosure, the following
explanations of ferms are provided. Additional ferms 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 mermbers of the rodent genus (including but not limited to mice
and rats) and members of the order Lagomerpha {including but not limited to rabbifs).

[20] As used herein *UspA2" means Ubiguitous surface protein A2 from Moraxella
catarrhalis. UspAZ2 may consist of or comprise the amino acid sequence of SEQ ID NO: 1
from ATCC 25238.

METMELLPLEKIAYTSAMI IGLGAASTANAQAKNDITLEDLPYLIKRI DONELEADIGDIT
ALEKYLALSQYGNILALEELNKALEELDEDVGWNONDITANLEDDVETLTRNONALAEQGE
ATEEDLOGLADFVEGQEGKILONET S TKENTORNLVNGEE T EKNEDA TARNNES TEDLY D
FGHEVARSIGEITHAHNEAONETLKGLITN S IENTNN ITKNEAD IQALENNVVERLEFNLSG
RLIDOKADIDNNINNIYELAQQODOHSSDIRKTLREKNVERGLLELSGHRLIDORTDIAQNQA
NICDLATYNRLODQYAQKQTEAT DATNKASSENTONTEDLAAYNELODAYAKQQTEATDA
LNKASSENTQNIEDLAAYNELQDAYAKQQTEAiDALNKASSENTQNIAKNQADIANNINN
IYELAQQ‘“- DOHSSDIKTLARKASAANTDRIARKNKADADASEFETLTENONTLITEXKDEER DKL,
TTANKTATDANKASADTKFAATADATTRNGNATITRKNAKS ITDLGTRKVDGFDSRVTALDTK

VHNAFDGRITALDESKVENGMAAQAALSGLFOPYSVGKENATAALGGY GBKSAVAIGAGYRY

NPNLAFKAGARINTSGNKKGSYNIGVNYEF (SEQ ID NO: 1)

as well as sequences with at least or exactly 83%, 86%, 70%, 72%, 74%, 75%, 77%, 80%,
84%, 85%, 90%, 95%, 96%, 97%, U8%, 99% or 100% identity, over the entire length, {o SEQ
D NO: 1. Comparison of 38 sequences of UspA2 from Moraxella catarrhalis (Table 1, SEQ
D NO: 1~ SEQ ID NO: 38) demonstrated approximately 83% {o approximately 100% identity
to UspAZ as set forth in SEQ 1D NO. 1.
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{301 UspAZ as described in SEQ 1D NO: 1 canfaing a signal peptide (for example, amino
acide 1 to 28 of TEQ 1D NO: 1), a laminin binding domain {for example, amine acids 30 to 177
of SEQ D NG: 1), a filvonectin binding domainy {for example, amino acids 185 to 318 of SEQ
ID N 1) (Tan et &l JID 102 1028-38 (2005), a C3 binding domain (for example, amino
acids 30 to 538 of SEQ 1D NO: 1 {WQ2007/018483), ar a fragment of amine acids 30 {o 538
of SEQ D NG 1, for exanyle, amino acids 185 10 318 of SEQ 1D NGO 1 (Halistrbm T st al. 4
immuncl, 188 3120-3128 (2011}), an amphipathic helix {for example, amino acids 518 to 5§84
of SEQ D NGO 1 or amino acids 520-558 of SEQ 1D NGO, identified using different prediction
methods) and a C terminal ancher domain (for example, amine acids 578 {o 630 amino acids
of SEQ D NQ: 1 {Brooks et al., Infection & Immunity, 78{11), 8330-8340 (2008)).

{31] UspAZ aminoe acid differences have been described for various Moraxefia catarchalis
zpecies.  See for example, J Bacteriology 181{13)4028-34 {1988}, Infection and Immunity
TB{1135330-40 (2008) and PLoS Qne 7{8).e45452 (2012).

[32] UspAZ may consist of or comprise an amine acid sequence that differs from SEQ 1D NO.
1 at any one or more amino acid selected from the group consisting of: AA (amino acid) 30 to
298, AA 2099 {0 302, AA 303 {o 333, AA 334 to 339, AA 348, AA 352 1o 354, AA 368 1o 403,
Ad 441, AR 451 10 471, AR 472, AA474 {0 483, AA 4BT, AA 480, AA 483, AA 828, AA 532 or
AA 543, UspAZ may consist of or comymise an amino acid sequence that differs from SEQ ID
NO: 1 in that t contains at lsast one amino acid insertion in comparison to SEQ 1D NO. 1.
UspA2 may consists of or camprise an amino acid seguence that differs from SEQ 1D NG, 1 at
any one of the amino acid differences in SEQ 1D NO: 2 through SEQ ID NQ: 38, For example,
SEG D NO. 1 may contain K inslead of O at aming adid 70, 4 instead of G at amino acid 135

and/or D instead of N at aming acid 2186,

(331 Table 1. UspAZ amino acid sequences from 38 strains of Moraxalia catarthalis (SEQ ID
NO: 1~ SEQ 1D NO: 38).

Strain UspA2 sequences

ATCC 28238

(2RQ ID

NG 1

AUTDNNINNY

YELACQODUHSSDIKTLKRKNVEEGLLELSGELIDOKTDT AQRQARTODLAT YRELODQ YAQKQT

18
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EATDALNRKASSENTONIEDLAAYNELODAYAKQOTEATDALNKASSENTONIEDLAAYNELODA
YAKOOTEAIDALNKASSENTONTAKNCARTANN INNIYELAQQODOHS SDIKTLAKASAANTDR
TARNKADADASFETLIKNONTLI EXDKEHADKLI TANKTATDANKASADTRFAATADATTRNGNA
ITRHAKSITRLGTEVDGEDSRVTALDTRVNAFDER T TALUSKVENCMAADAALE GLEQRYEVEK
FNATAALGGYGSKSAVATGAGYRVNPNLAFKAGAATINTSCNRKKGSYNIGUNYEE (630 aa)

American
2933

METMKLLPLKIAVISAMIIGLOGAASTANAQSRDRSLEDTODS T SKLVODDINTLRKODOORMNRKY

LLENOLANTLITDELNNNVIEKNTNS IEALGDE IGWLEND IADLEEGVEELTKRONTLIEKDEER

DRLIAGNCADICTLENNVVEELEFRNLSGRLI BOEADIAKNNAS IEELYDPDNEVAERRTGE THAYT
ERVRKTLENLITNSVENTDNIDENRADTDNNINHT YELAGCGDOU SSDI KT LKNNVEEGLLELS
GHLIDOKADLIKDIKALESNVEECLLDLEGRLLDOKADLTKDIKALESNVEEGLLDLSGRLLDY

KADIAQNQTDIQDLAAYRELQDQYAQKOTEAL DALNKASSENTONTEDLAAYNELOUAYARQOT

EATDALNKASSENTONTAKNQADIANNINNT Y ELAQOODQIEADIKTLARKASAANTRRIATAEL

GIABNKEKDAQTAKAQANANKTAT DENKASADTKFAATADAT TENGNAT THNAKSITDLETRVDG

FDGRVTALDTRVNAFDGRITALDSKVENGMAAQAALSCLEQPYSVGKENATARLECYGEKSAVA

ICACYRVNPRLAFKAGAATNTSGNKKGSYNIGYVNYEE (6123 as)

METMKLL LK TAVTSALY IGLGAASTANADDOLDTRETFLPNFLSNDNYDLTDPFYHNMT LGIYTA

P

LLBPRODGSOPOLKFYSNDKDSVPRSLLFSKLLHEQOUNGFRRGIT I T FLDRKDGREVYQVDYKLD

ROKRROQVYSVTTEXTATDDDVNSAYSREI LEKVDDLDDEMNFLNEDITSLYDVTANQODAT
EDLEKEVRKGLNKELKELDKEVGVLSRDIGSLEDDVAQNRESTEDLYDFSQEVARSTGET HAHNK
AQRETLODLITNSVENTNNI TKNKADTOALENNVVEELENLSGRLIDOKADLTKDIKTLESNVE

EGLLELSGHLIDORADTAKNCADTAGNOANIODLAAYNELODAYAKODTEAT DALNKASSENTR
ONTAKNCGADTANNINNIYELAQOODGHESSE

NIEDLAAYNELODAYAKOOTEAIDALNKASSENT
KASARANTDRIAKNKADADASFETLTRNGNT LIEKDKEHDKLITANKTAI DENKASADTK

FAARTADATTKNGNAT TKNAKSI TDLATKVDGFRERVTALDTKVNAFPDGRITALDSKVENGMARD
ARLSGLFOPYSVGKFNATAALGGYGSKSAVALIGAGYRVNPNLAFRKAGAAINT SGNRKGEYNIGY

American

2908

(SEQ ID
HO: 4)

MRTMELLPLKIAVTSALIVGLGAASTANAQLVERFFPNIFLDKPLAKQHYENVYVGEDT S IVE DL

OSNSDOLKFYSPPEGLVPDSLLENEMLEEGTLNGEFREGRT IIPLDENGHKPVYKVIYKLDGKEPR

KVYSVITRIATAEDVATSSYANGICKDIDDLY DPDHOVTERLTOQHGRT IYRNGER ILANERESV(D
TLNKEVORNIEHIYELAQQODOUSSDIRTLESNVERGLLELSGULIDDKADLTKDIKT LESNVE
D

EAIDALREASSERTONIEDLAAYNELQDAYARQUTEATDATNKASSENTON TAKNGA

SGLLDLSGRLIDUKADLTRDIKTLESNVERGLLD IDQEARTAQMNOANTORUARYNELD

DIANNINNIYELAGQODOHS SUIRKTIARKASAANTNRIATAELG IAENKKDAQIAKAQANANKIA
DENKASADTRFAATADBI TKNGNAL TKNAKS T TDLGTEVDEFDSRVTALDTREVNARDGRITA

DSKVENGMAAQAALSCLIFOPYSVEKINATAALCGYGERKSAVAIGAGYRVNPNLAFKAGCPAINTS

(=Y
[
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GNEKGIYNIGVNYEE {831 aa)

-

OON000NO0GCQSRTET FRENT FFMENE

DELDUAYH

ish METMELLPLEIAVISAMITTGLGARS

LGIPPALLURQUGSQPULKFYSNDKD3VP DS LLFEKLLERQQLNGFKKGDTE L PLIRDEREY

YOVDYKIDX RROQVYSVITK RELLGE SLDDEMN

HDITSLYDY

CODATRGLS NDEDVAQNNE

CNNVVERLENLSGRLI DOKADLTKDI

FRQEVALST
GETHAHNKADNE'

RTLESNVEESLLELSGHLI DRRADTAKNQAR] LRALN

TONTIEDLAAYNELODAYARQOTEATDALNKASSENTON LEDLAAYNELODAYARGCTE

AT TALNKAISENTON TARNOADTANNINN IVELAQQODOHSSDIKTLAKASAENTDR I AKNKAD

EEDHERDELITANKIAIDEN

ITOLGTRVDAFDORVIALDTRYNAFDEGRITALDSKVENGMAAGAALICLEUPYEVERFNATAAL

3PN

GEYGERGAVAIGAGYRVRNE

AFKAGAAINTSGNKKGIYNIGVRY

METMEKLLPLEIAVISAMIVEGLAM

DY R Y ALDATEVEDST

DRRLENGY

ESVOYLNREV

GYACGKQTRATDALNKASSENTON T ARNGNY
SNVEEGLIDLEGRLI DOKADT AQNOART QDLARY?
DEARYNELD QOTEAIDAL

BT

ASSENTQNIEDL

3

FTRTLARASAAY

INNIYE
ONTLIERDKEADKLI TARKTAI DANKASADTKEAATA

...(

TORI

ITKRGNATTENA

RVNAFDER T TALDIRVENGMAARQARLBCLEQPYSVEREMN

KEAVATIGRGYRV

“/

NEY

FRACAAINTSCGNREGSYNTGVNYEE {6823 amino

MRTMEKLLPLEIAVISA i A LTEIFLENL
L5

TREFY ARG

PREGGTIIPLDENGREVIRLDEIVEQS

TORENQY

TRIVYSVITKTATADRDY

~./

INSAYSRGIC

HizDRKIFAR

ST HKTLEENVEKDLLDLSGRLIAQK

PELATYNELY
DOYAQROTEATDALNFASSIENTON TARNENE IRTLENRIEE TRDIKAL

DORVEREZLLDL

)-)A‘(ADIH'\:}D DDLAARTR

EDLAAYNELQDAYAROG

ATDALNNASSENTONTEDLAAYNELODAYAKD

Tamy T NRER
TBATNEASS

ENTONIARNCADIANNINNIYRELAQQON UPRRIAKREADADASEFRTLIK

EDEEHDEL PDLGTRYDA

KYENGMARGAATLS

VINTOSOGNKKGEYRIGVRYRR {684
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MKTMKLLPLKIAVTSAMI TGLGAAS TANAQQOOKTKIEVELPRLEFDNDY Y DLTDRPLYHSMILGD

TATLEDQODNSKEQLKEYSNDKDSVPRALLFSKLLARQOLNGFHAGDT I TPLUKDCRPVYTQDT

RTEDGEVETVYSVITRIATQRDVECSAYSRGICGUIDDLYDINREVNEY LKATHDYNERQTEATL

DALNKASSANTDRIDTABERIDRKNEYRI KALESKVGKDLLDLSGRLIAQKEDTDNNT

QOCDOHSSDIKTLKNNVEEGLLELSGHL
TERDIKTLENNIEEGLLEL
SENTONTEDLAAYNELYDAVAKQOTEATIDALNKASSENT
ALNKASSENTONIAKKQADTANNINNIYELAQQUDOHSSDIKTLAKY
SEETLTENONTLIEKDKEHDKLITANKT AT DANKASADTREFAATADAT TKNGNALTHKNAKS TTD
LETRVDGFDERVTALDTRKVNAFDGRITALDSKVE LEPQPYSVGRENATAALGGY
KGSYNIGVNYEE {684

IPOKADLTRDIKTLENNIEEGLLELSCHLI DORADL

SGHLTDOKADIAQNCGANT ODLAAYRELODOYADKOTEATLDALNKAS
ONIEDLAAYNELODAYAKQQTEATD

SAANTDRIAKNKADADA

NGMAAQAMLS

AVAIGCAGYRVNENLAFPKAGAATNTIGNK aminn acids)

METMRLLPLKIAVT SAMMVGLOGMAS TANAQQOKSPKTEI FLPNLEPDNDNTELTIFLY HNMT LGN

TALLTOENQYKFYADDGNGVEDSLLENKILEDOLLHCFREGDT I T PLDENGKPVYRLDS IVEQG
NSAYSRGIQGDIDDLYE NRLIEHGDEKIFANEESY

HSSDIKTLKKNVEKD

KTKIVYSVITRTATADDV! ANKENV VQYLNRE
DIAONOTDIONLATYNELQ

HLIDDKADLITKDIKAL

VONNIENIYELVQOODRG

DOYAOKQTEAI DALNKASSENTONTAKNSNATLE TumNNTBEGLLU-N

eal

TSNVEEGLLDLSGRLT DQKADIAQNQ_A NIODLAAYNELODAYAKQQTEA
EDLAAYNELQDAYARQQOTE LAAYNELODAYAKQOTEATDALNKASS
ENTONIAKNOQADIANNINNIYELAQUODOHSSDT KT LAKASAANTDRIAKNKADADAS FETLTK

IDALNKASSENTONI

NONTLIEKDEEHDELITANKTAI DANKASADTKEFAATADAI TKNGNALTEKNARS ITRLGTKVDRG

FRGRVTALDTRVNALDTKVNAPDGRLTALDSKVENRGMAAQAALSGLEQPY SYCKENATAALGEY

GOKSAVAIGASYRVNPNLAFKAGRATNTSCNKKGEYNIGVNYER {684 amine acids)
Dutch FI0 | MKIMKLLPLKIAVTEAMITGLGAASTANAQLARQFFPNI FSREAPVKGEYHNVVVCEUTSTVENT

QDSPRTQLEEYSNDEYSVPDSLLENKMIHEQOING FRKGDT T IPLDENGRPVYRVDYKLDGOER

4

RRYYBVTTKE JDDVDNEPYSREIQEDIDDLYEANKENVNRLIEHGDK I PANERSVQYLNEEY

SNVEEGLLEL

AT
ONNIENIYELAQQOODDHSSDIKTLE

IDQEADIAKKQADTAQNG

ENVEEGLLELSGHLIDOKADLTRDIRTLE

SGHL ANIGDLAAYNELGDAYARQOTEAI DALNKASSENTONIEDLA

AYNELOUDAYAKQOTEATDALNKASSENTONIAKNDADL CAQOQDOHSSDIKTLAK

ASAANTDRIAKNKADADASFETLTKY ANKTAI DANKASADTKFALAT]

ATTRNGNATTKNARSTTDLGTRVOAFDGRVTALDTRVRNAFDGRITALDSKVENGMARCRALSGL
FQPYSVGKENATARLGGYGSKSAVATGAGYRVNPNLAFKAG IRKGSYNIGYNYLRER

(.77 4
(574

Norweglan

"
}

TETPFPNLIPENENHIALDOVYENMILGDTA

VERSLLENKTLHDQOLNGEREGUT T T PLDENGKRVY KLDEKVERGVKK

MRTMKL

TTODNQYKEYAD]

AVISRLIVEGLGAASTANAQQOPOT

i3
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FAYSRGIQENT UL Y DANKENVNRLI BHGDK I FANEESVOY LNKEVD

(SEQ T
NNIENT BELAGOODOUSSDY KT LKKRNVERGLLELSGHT. I DOKADLTRNT K

CONVEEGLLDLS

LARYNELQDAYAKQOTEATDALNEASSE

_-v»
,v
r<2

ONIEDLAAYNELODAYARGOTEAT BALNKASSENTOGNIEDL)
NELODAYARQQTEAI DALSRASSENTON I EDLARYNELODAYAKODTEAT DALNKASS
LAQOODOHSSRTKTLARKASAANTOR TAXNKALADAS FETLTRNONT

BRUREHORLITANKTAT DANRASADTRKEFAATADAT TKNGNATI TRNAKS ITDLETRVDAF DERYY

LDTKVNALDTEVNAF DGR I TALDSKVENGMAAQRALSGLEQRP Y S VO K NATAALGE Y G B HS AV

ATGAGYRVNPNIAFSAGCAAINTSGNERGSYNTIGQYNYEER {£78 amino acids)

H
:

RIFFNERBDALDDVYHRMITGD

MKTMEKLILPLKIAVTSAMIVALGARITARACOROOPRTET ¥

13 TATTQRNG HILHDOQLNGIFKEGE

LD RIS R S}

KLDERVENGY

OIDODLYDANKENVNRLIEHGORIFAN

SVOYLNRE

jav e

LOLSGRLIAQREDIAGROTDIGDLATYRELD

THTLENNIEEGLLELSGHLIDOKADLTRDIETL
LEGHLTDORADLTRDIRALESNVERGLLDLEGRLLIDGE.

CAOROTEATDALNKASSENTORIEDLAAY NELODAYAKQOTRAY L

AQQODOHS SR

KASAANTDR TAKNKADADASTETLITKNONT

FEONBHDRLITAVYRTATDINMKASAL TADATTKNGNAITENARS PP DLGTRVRGFRGRVT

ALDTRVNALDTR

QT - .
SVOKENATRALGIZYIZSKSAY

BIGRGYRVNPNLAFKAGARTNTSONKKGSYNLGVNYEF (678 aming aclds)

VVVGEDTIIVED

KLLPLETAVYSAL IVELGCARRTANAQT VERFT

YSDDEGLVPDS LLFNKMLEEQLLNGYY

PVYEVRYKLDG

20 QONEDQLI

K YOy

=3

LSERLINQEADTAQNQANINDLAAYNELODQYAQKOTEAL FONTEDLAA

EATDALNKASE CNTARMCADTANNINNIYE GUUHSSTIKTLAKA

YMELODA

SAANTDORIAKKRADADRSFETLTRNONT LIERDKREDKLITANKTATI DTRKASADTKFAATADA

ITTRNGNATTENARSTIDLGTRVDERRDSRVTALDTRYNALDTEVNALDTRVNAV DGR L TALDSKY

SOYGESKS TV
ARG L \).’.‘.\\,{‘,\T\ HEaN

FRAGAAINTIGNKK

a T QT FORYOY - A
MEMAAGRALIGLEQ PFYSV ENATZE

GETRIGVNYERE (587 amino

METMELLPLREIAVESAMIVGLGAAITAN? CUFPRTETFEPNITETNENHDALDDVY HNMITGD

25 TRITODROYKEYADAISEVPDSLI

EESVERVTTETATRADVEQSAYS

SIQUUTDILY BANKEN
{SKQ ID

L

SEDIKPLERNVERDLLOLSSRLIAQREDI AQNGTDIODLATYNRLD

-5
Zo
o]
>
ot
Nt

SSENTORIAKNSNEIKTL

il

IDRQKADLTHDIIT

NN

14
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ENNIEBESGLLELIGELTOORADLTRDIKALESRVEEGLLDLSGRLLDOKADTAONQAN TODLAAY

ELODOYAQKOTEAL DALNKAS SENTONIEDLAAYNELODAYAKQOTEAT DALNKASSENTONT
3SDIKTLAKASAANT DRIAKNKADADASFETLTKNONTLI

AKNOADTANNINNIYELAQQGDCH

ERDRKEHDKLITANKTATDTINRKASADTKFARTADAL TRNGNAT TENAKS ITDLGTRVDGEDGRVT
ALDTKVNALDTKVRAFDGRITALDSKVENGMARQAATLSGLRQPY SVEKFNATAALEEYGSKSAY

AT

SAGYRVNPNLAFKAGAAINTSGNRKKGS YNIGVRNYEE (678 amino acids)

Norwegian
27

(SEQ ID

NO: LB)

MRTMKLLPLKIAVISALIVELGAASTANAQVREKSLEDIEALLGKIDI ERLEKERKQGTELOKY
LLLSQYANVLTMEELNKNVERKNTNS TIEALGYEIGWLENDIADLEREGVERLIKNONT LI EKDERH
DRLIAONQADTRTLENNVVERLFNLSDRL IDQEAD IAKNKAS IEELY DFDNEVAERT GETHAY T

EEVREKTLERKLITRSVERT DNIDKNKADIQALENNVEECLLE 1QVHA'OQKAUTTWFTKAJ‘QWV
BEEGLLULSGRLLDUKADTARNCADIAONQTDIODLAAYRELODOYADKOTEALDALNKASSENT

ONIEDLAAYNELODAYAKDOTEAT DALNKASSENTONIEDLAAYNELQDAYARQOTEATIDALNK

TNNT Y”LAy&vDyHooDTY”TnFVSAKVmDRTA(W’AJAﬁﬂ“FF”
LEKNONTLTEKDEKEH DKL TPANKTAT DANKASADTKFAATADAT TENGRATTKNAKS TTULETK
VDGEDSRVTALDTRVNAFDERITALD SKVENCMAAQAATL SELFOPYSVEKENATAALGGYGEKS

AVATIGACGYRVNPNLAFKAGANINTSGIKKGSYNIGVNYEER {616 amino acids)

Norwagian

MKTMKTLPLKIAVISATIVELEGARS TANAQATETPLPNLYDNDYT PLYHGMILGNTAITQ

DTOYKEYAENGNEVPDS L PNEKILYIDCOLNGFREGDT I T PLUENGKPVYRLDE I TENGVKRKVY

SVITKTATREDVECGSAYSRGIGGDIDDLYEANKENVNRLIERGDKIFAREESVQYLNKEVONNT

ENTHELAQOCLCHSSDIRTLRRNVEECLLELSGHL IDOKADLTK DI RALESNVEECLLDLSGEL
IDOKADLTKDIKALESNVEEGLLDLSGRLLUDORADIAKNOAD T AGNGT DI ODLAAYNELODOYA
CROTEAIDALNEASSENTONIEDLAAYNELDDOYAQKOTEATDALNKAS
LODOYROROTEATDALNKASSERTONIEDLAAYNELODCYAQKCTEALIDALNKASEENTORIAK

CONTEDLAAYNE

NOADTANNINNIYELACCQDOHSSDIKTLAKASAANTDRIAKNRADADASFETLTENONTLIER

DREHOKLITANKTAL DANKASADT KEAATADAT THKNGNAL TKNAKS I TDLOTKYDGEDGRVTAL
DTKVNALDTRVNAFDGRITALDSKVENGMAAGARLSGLFQPY SVGKFYATAALGEYGSKSAVAT
GAGYRVNENLAFKAGRAINTSENKRGSYNIGVRYEE {676 aminoe acids)

METMRLLPLEIAVTSALIVGLGAASTANAQNGT STKLENLKEYAQY LDNYAQYLDDLIDDL
DREVGELSQNIAKNQANTKDLNKKLIRDIDSLREDVY DRNQYEIVNNQADIERNQDDIRELE

NNVGRELLNLSGRLLDORADIDNNINNIYELAQOODOHSSDIKTLEENVERGLLELIGHLI

DORSDIAONCGTDIODLATYNELQDQYAQRKOTEATDALNEASS ENTONTEDLARYNELGDAY
AEQUTEAIDALNRKASSENTONIODLAAYNELOQDAYARKQQTEAIDALNKAS SENTONTEDLA
AYNELODAYARQOTEAIDALNKASSENTONIEDLAAYNELODAYAKQGOTEAT DALNKASSE

NTONIEDLAAYNELODAYAKQOTEAIDALNKASSENTONIARNQADTANNINN IYELAQ

15
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DOHBEDIRTLARASAANTDRIARNRADADASE

STRNONTLY RKDREEDRLITANKTALD

ANKASADTHERARTADATTRNGNATT KNAKSI TDLGTEVDAFLOCRVTALDTRVKAFDGRITA
LDSKVENGMAACQABRLSGLEQRY SVEREFNATAALGGYCEKSAVATGAGYRVN PRNLAFKAGAA

INTSCNRKKGSYNIGUVNYEER (6729 amdine acisds)

Naorwe

MKTMELLPLEIAVT SAMI VELOMAXTANAQUORSPRTETFLEN I FENEYADDLDTLYHNMT

14 LGDTATTHDE
RLDNGVORIVY SV TTHKTATADDVNSAY SRELQGDIDDLYRANKENVNRL T EHGDET FANER

SOYRFYADDATEVIP DS LEFNEILHDQLLYCFEEGURI IPLUENGKEVYRLDK

SVOYILNKEVONNIERIHELAQOODOHSSDIKTLRRKNVERGLLBLEGHLIDGRT RIAQNDTD

IOLDLATYNELQDYAQUOTRAI DALNKAS SENTON I ARN SNRIKALEN NI ERGLLELSGHL
IDRORADLIRDIKALESNVERGLLDLIGRLIDQRAD TACNOAN I QULAA Y NELODAYARQQT

EAIDALNEASSENTON I EDLAAYRELQDAYAKQUT BRI UDATLRKABSENTONIEDLABYNE

QLAYAKQUTRATIDI xl‘g’\li?lff\}QEJ\Ux N INNIYVELDAGQODOHS S KT LAKAS

CTRNONTLIER DEEHDRLEPANKT AL DANRASAIITR EE

DRITENGNATTR DGRVTALDTRVNALDTKVNATDGRIUTALDSKVEN

K'rl

CMAAQARLSCLEQEYSVERINATARLGEYGERSAVAI GRGYRVN PN LAFRAGAATNT SGNK

REIYNIGVNYEREF {883

TQQSH0
RYLTENQTANALNIEELNNNVORNTURLOSAAPLYGDL IR TVPKS T HENRES TRENK
EIIEENKESIKENKESIKENKESTKENKESTTT LI REBFONQVL I VRNNASTEDLYAYED

VAKSIGEIHAYTEEVNRTLENLITNAVENTNN PTRNEADIQALENNVVERLENLSGRLIDQ

Norweglan VELGAASTANAQAQSNASLDOVOALLREIDETRIKKY

KKNVERGLLELSGHL T DORADLTRDIKTLESNY

RADIDNNINNIVELAQOODOHSSDIKRT

EEGLLDLEGRLLUGRADIAGNOANT CAROQTEAIDALKEAL
DLARYNELODAYARQOTEAT DALNKASSENTON I EDLARYNELUDAVAKQUTREATDALNKA
SEENTONIEDLAAYNELDDAYARDQTEAI DALNRASSENTONIARNQADIANNINNIYELA

QUODQHESERI KT LARASAANT DRI AKNEADADASFETLTRNONTL T EKDEKEHDR LI TANKT

AKSTIDLOTEVDGEDGRVTALDTRVNALDTER

VIDANKASADTHPAATADATTENGRA

VHAFDGRITALDSEVENGMAAQAALSGLEFQPY SVERFNATARLGGYGERSAVAT G

PNLAFRAGAAINTSONRRKESYNIGVNYEF {700 amino ac

CLGAASTANACATETPLENLEFDYDY IETTDRPL Y HOMI TENTA

ITODTQYKEYAENGNEVEDSLEFNRILHDCOLNGERESGDT LI PLLENGRPVYRLDEITENG

4.4
VEBRVYSVIIRTATREDVEQSAY ARGIQGDI DDLY EARKENVNRLIBHGDKIFANERSVQY
T LNEEVONNIENIBEELAQCQRDOHS LEREVERGLLELIGHT: CLENN
Y \).FJ&} ip :
WO 20 VEEGLLELSGHI NYEERGLLDLSGRLLDOKADTARNQAD TAPNQTD
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'VNYEF 8§76 smino acids)

ICDLAAYNELODGYAQRKOTEAI DALNKAS SENTONIEDIAAYNELODOYRQRQTEATDALN
KASSENTONIEDPLAAYNELQDOYAQEQTRATDATNKASSENTONTEDLAAYNELQDQYAQK
QTEATDALNKASSENTONIARNQADTANNINNIVELAQOUDOHSSDIKTLAKASAANTDRI
AKNRADADASFETLTKNONTLIEKDKEHEDKLI TANKTAI DANKASADTRKFAAPADATTENG
NATTKNAKSITDLETRVDRGFDERVTALDTKVNALDTKVNAFDGRITALDS KVENGMAAGAR

Sb_ugPYSVGKFNATAAL¢GL SHSAVAIGAGYRVNEPNLAFRAGAATNTSGNERGSYNIG

Japanese

27476

{(SEQ ID

METMELLPLRKIAVTSAMI IGLGAASTANAQLAERGFFPNIFSNHAPVEQHYHNVVVGDTS IV
ENLQDEDRTCLEEFYSNDEYSVPDELLENKMIHEQUINGEKKGDT I TP LDENCKRVYRVDYR
LDGEEPRRVYSVITRIATQDDVDNSPYSRGIQGDIDDLY EANRKENVNR LI EHGDRI FANEE
SVQYLNKEVONNIERLYELAQQUDQHRSSDIRT LKENVEEGLLELSGRL I DOKADTAQRNQAN
ITQODLAAYRNELODOYAQKQTEAIDALNKASSENTONIEDLAAYNELDDAYAROQQTEATI DALN
KASSENTONIEDLAAYNELODAYAKQQOTEATL
QTFATDALNKASSENTONTIEDLAAYNELODAYARQUTEATI DALNKASSENTONI EDLAAYN

DALNKASSENTON TEDLAAYNELQDAYAKQ

BLODAYARQOTEATI DALNKAS SENTCN I AENCGADIANNINNIYRLAQQQDOHSSDIRTLAK
VSAANTDRIARNEADADASFETLTENONTLIEKDKEHDK LI TANKTAI DANKASADTRFAR
TADATTENGNATITENAKSITDLGTKYDEFDGRVTALDTKYNAFDGRITALDS KVENGMALD
AALSGLFPQPYSYGKFNATAATLGOYGSKSAVATCAGYRVNPNLAFKAGARTNTSGNKKGEYN

IGVNYEF {678 amino acids

~r

NO:s 21
Belgian
77530

{(SEQ 1D

NGy 22)

METMRKLLPLEIAVTSAMI IGLCGAASTANAQSRDRSLEDIQDSISKLVODDINTLRQDOORM
NEYLTTLNQLANTLI TORLNNNVIKNTNSTRALGDEIGWLENDIADLEEGVEE LT RNONTLT

EXDEEHDRLIAQNOQADIQTLENNVVEELENLSGRLIDQEADIAKNNASIEELYDFDNEVAR

RIGETHAYTEEVNKTLENLITNSVRNTDNIDENKADI DNNINHI YELAQQODQHSSDIRTL
KNNVEEGLLELSGHLIDORKADLTKDIKALESNVERGLLDLEGRLLDORADL TR DI RALESN
VEECLLDLSGCRLLDQ¥ADIAQNOTDIQDLAAYNELODQYAQRQTEATDATNKASZ SENTONT
EDLAAYNELQPAYARQQTEAL DALNKASSENTOQNIARKNDADTANNINNIYELAQQODOHSS
DIKTIAKASAANTNRIATAELGIAENKKDACGIARAQANANKTAI DENKASADTRFAATALA
ITTENGNAITRKNAKSITDLGTRVDGFDGRVTALDTKVNAFDGRITALDSRVENGMARAQAALS
GLEQPYSVERKENATAALGGYGSKSAVAIGAGYRVN PN LAPKAGAATNT SCGNEKGEYNTEVN

\

YEE (€13 amino acids

German

03
eic}
<
%)%
(O8]

MRITMELLPLEIAVTSALIVGLGAASTANAQATNKDITLEDVLKSIEEIDRYELRDYIEYPY
AIERFLLLSQYGNTLTLEEFDNDIELLDGDVEDLEESVIELARNONSLIEQGEATREDLQG
LADPVERQEDEKILONETSIRKNTORNLVNGFELIEKNKDATARKNNES FIEDLYDFGHEVAKST

17



WO 2015/125118 PCT/IB2015/051308

NITKNEADIQALESNVERGIL

GEYHAHNBAQNETLRDLITNSVK RLSGHLIDQUAD LD

NN INNIHELADOOLOHSS IR LEENVERALLELEGHLI DK SR TAQN QAN IO LAT Y NEL

QROYAQKEQTEAIDALNRASSENTONIEDLAAYNELODEYARQQTEATDALNEKAS SENTQONT

ARNQADIANNINNIVELAQQUDOHSSDIRYLAKASAANTDRIARNKADADAS FETL TENN

TLIBRKDEKEHDRLITANKTATANKAS? KEAATADAITENGNATITENARS I TDLGTRVIG

FRERVTALDTRVNAFLGRITALDERVENGMAAQAALIGLEQRPY SVEKINATAALGEGYGS KSR

AVATGARYRYNPNLAFRAGRATNTICHEKGEYNIGVNYEE {389 amino awids)

American

G ZE
{3EQ ID

NO: 24}

MEPTMELLPLE IAVT SAMMVGLOMASTANACOOKSPRTRIFLPNLIDNDNT ELI D FLYHNME

LETQENQYRY

VPDSLLINKILEDQLLAGPREGDT I IPLDERGKPVYKLD
SIVEQGKTETVYSVITRTATADDUNSAY SRGIQGDIDDLYEANKENVNR LI EHEDKI FANE

s

ESVQYLNREVONNIE

CHELAQQUDOHSSDIRK T LEVNVERDLLILSSRLIAGRKEDIAGND

DINDLATYNELQDOYAQKOTEATDALNRASSENTONIAKNSNHIRTLENNIREGLLELEGH
LIDOQRADLTRDIKALESNVEEGLLDLIGRLIDGRADI AGNQANIQULAAYNELY DAY AROO
FTEAIDALNKASSENTONIEDLARYNELGDAYARQOTEATDALNKASSENTONIEDLAAYNE
LODAYAKQRTEATDALNRKASSENTONTARNQADTARN INN T YELAGOODOESSDIKTLAKS
SAANTDRIARNKADADAS PETLTRKNONT L IEKDERHDKLITANKTAT D]

ADATTRNGNATTKNARS T I DLETRVDGIUGRVIALDTRVRALDT KVRAF

NEMAAQAALIGLFQPY SVEKINATAALGGYGSKSAVAT GAGYRVN LGARINT SG

KHGAYNIGUNYERE (684 amino agids)

{SEQ IR

NG: 28

e

METMELLP LKAV SALTVELGAAS TANAGOOOK T TRV PLPNLFYNDY IEETDLLYHNME

LGDTAALYDRON Y SNSQLRFY SNDEESVELS LLP S EMTNNQOLNG

IYQKIFPRY DSAY SRETOGRKVNULDDEMNELNEDITELYDV

TGRTRIVLAVTIFKTATOQM
TANGONDI KELERGVEDLRKIVEG LN KR LER LDKEVGV LS ED TGS LNDDVAQNRES TROLY
DESQEVADSIGET HAHNEAQNETLEDLI TNS VENTNNE DT

NEADTQALENNYVEELFNLSE
RLIDOEADLIKDIETLESNVERCLLELSGHLIDORADIARNQAD TAQNQANIODLAAYNEL
GDAYARQCTRATIDALNEASSENTONIEDLAAYNELOQDAYARQDUEAT DALNRASSENTONT

ARNDADIANNINNIYELAGOODOHISSDIRTLAKASARNTDRIAKNEADADAS FETTLIENQY

PLIBKDEDHDKLITANKT

ARTADALTENGNAT TRNAKSITHLGTEVDG
FOGRVTALDTRKVNARDGRITALDSKVENGMAAGARLSHLEQPYSVEKENATAALCGYGERS

AVAIGRGYRVNPNLAFKACAAINTSGNREKGSYNIGVRYEY {850 aminc acids

Awerican

V31122

METMELLPLRKIAVESALIVGLGAVSTTNAQAQSRELDQIUTRLADLAGR I AAGRNGGEUNN
CNNORDINKYLPLIQYARTILTMEELNNNVVENSSS TETLETRDIGH LENDVADLEDGVERLTY
KNONTLIERDEEHDRLIAQNQADIQTLENNVVERLFNLSURLIDGRAD I AKNUADT AQNNE

18




WO 2015/125118

PCT/IB2015/051308

SIRELYDFDNEVARRIGEIHAYTERVNKTLODLITNSVRNTDN L DRNKADT DNNINHI YEL
AQOODOHSSDIKTLENNVEEGLLELSGRLIDORADLTKDIKTLENNVEEGLLRLSGRLIDG
KADIAKNQADIAONGTRIQDLAAYNELODQYAGKQTEAT DALNKASSENTONIEDLAAYNE
LODAYAKQUTEAIDALNKASSENTONTAKNQADTANNINNIYELACOODOHSSDIKTLAKA
SAANTDRIARNKADADASFETLYKNQNTLIEKDEEHDKL I TANRTATDENKASADTKFAAT
ADATTRNGNAITRNAKSITDLGTRVDCEDGRVTIALDTRVNAFDGRITALDSKVENGMAKQA
ALSGLFQPYSVERKFNATAALGGYGSKSAVALGAGYRVNPNLAFRAGAAINTSGNRKKGSYNI

GVNYEF (61% amino acids)

Daerinan

"

P44

(SEQ 1D
MO 27)

METMKLLPLEIAVISALIVCLCTAS TANAQVASPANQRKIQURKTIKKVRKELRODIKSTRENDLE

DSNTADIGSLNDDVADNODDILINQADIARKNODDIERKNQADIKELDKEVGVLSREIGSLND
DIADNYTDIIDNYTDIIDNQANIARKRODDIERNCADI RELDRKEVGEVLSREIGSLNDDVADN
ODDIAKNQADIOTLENNVEEGCLLELSGHLLDOKADI DNNINNIYELAQQODOHSSDIKTLR
KNVEEG}LELSGHLIDQKTEEAQNQANIQDLATYNELQDQYAQEQTEAIDALNKASSENTQ
NIARKNSNRIKALESNVEEGLLELSGHLIDQRADLTKDIKALESNVEEGLLELSGHLIDQRA

DIAONCANIODLAAYNELQLOYAQKGTEAIDALNKASSENTON I EDLAAYNELQDAYAKQY

TEATDALNKASSENTONIAKNOADIANNINNILIYE
ENKADADASFETLTRKNONTLIERDKEHDKLITANKTAI DANKVSADTKEAATADAT TKNGN

LAQUODOHSSDT KT LAKASEANTDRIA

AITRNAKSITDLGTRVDAFDSRYVTALDTRVNAFDGRITALDSKVENGMAAQDAAL SGLEQYY
SVGKINATAALGGYGCSRSAVAIGACGYRVNPNLAFKAGAATNTSGNKRGSYNIGVNYER

{668 aminc acids)

American

V1171

(8RQ 1D

Ko« 28)

METMRLLPLEIAVTSAMIVGLGATSTYNAQVVEQFFENT FENENHDELDDAYHNMILGDTA
IVENSQDNSTOLKEY SRDEDSVPDSLLESKLLAROQLNGFKAGDTT IPLDEDGKPVY THDT
RTRDGEVETVYSVITRIATODDVEQSAYSRGIQCDIDDLYDINREVNEY LEATHDYNERQT
EATDALNKASSANTDRIDIAEERIDENEYDIKALESNVEECLLELSGHLINORADLTRDIK
ALESNVEEGLLELSGHLIDQKADLTKDT KALESNVEEGLLDLSGRLIDOKADIAQNQANID
DLAAYNELODAYAKQQTEALDALNKASSENTONIEDLAAYNELODAYAKDQTEATDALNEA
SSENTONIEDLAAYNELODAYARODTEAI DALNKASSENTCNIEDLAAYNELODAYAROOT
EATDALNKASSENTQNTAKNQADIANNINNIYELAQOQIUHS SDIKTLAKASAANT DRI AK
NEADADASFETLTKNQNTLIEKDREHDRL I TANRTATIDANRASADTRFAATADAT TENGHRA
ITENAKSITDLGTRVDGEDGRVTALDTEVNALDTRVNAFPIGRITALDSKVENCGMAACGAALS
GLEQPY SVGEENATAALGGY GSKSAVATGCAGYRYVNPNLATRAGAAINT SGNERGSYNIGVN

YEF {674 amino acids)

METMRLLPLKIAVISAMI IGLGAASTANAQSRDRSLEDIQES I SKLVQODDIDTLEQDGORM
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TTAZS NRYLLLNGIANTLITDELNNNVIENTNS T EALGDEIGWLENDI ADLEEGVEELTENONT
EXDEEHDRELIAQNCGADIQTLENNVVEELFNLSCRLIDGEADIAKNNASIEELYDEDNEVAE

SEQ ID
{ RIGEIHAYTEEVNKTLENLT TNSVENTDN IDKNKADI DNNINHI YELAQQQUQHSSDIKTL
NGO 25)

KNNVEREGLLELSGHLIDQKADLTKDIKALESKVEEGLLDLEGRLLDOKADLTRD IKALRSN

LDLEGRILDOKADIAGNOTRIODLARYNELODOYAQKOTEAL DALNKAS SENTONT

DRYARQOTEATDALNEASSENTONIARNQARTANNINNI YELAQQQDOHIR

PLAKASAANTNRIATAELGTAENKKDAQUAKAQANANKT AL DENRASADTR FARTADA

fw]
i
\ZX
vi

TTENGNALTENARS

PRLGTHVRGEDGRYTALDTRVNAFDGRITALDERVENGMAAQAALS
GLPOGEYSVERTNATARLGEYGSRGAVALGAGY RVNPN LAPKAGAATINT SGNKKGSYNIGYN

YEF {613 amine acids)

Bmerican | MREMELLPLKIAVISAMIVELGAT STVNAGYVEQPFEN I PFNERHDELDDAYHMMT LEDTA
IVSNEGONSTOLRFY SNDEDSVPRE DL SKLLEEQQLNC PRAGDT I I PLDKDEK DY Y TKINT
RTKDGRYE TV Y 4V T TR I ATODDVEGSAY SRGIOGD I DDLY DI N REVIEY LRATHOYNERQT
5 | PAIDALYRASSANTDRIFTATERIURNEYDT BALESNVEEGLLELSGHLT DOKADLTRD

MO 303 ALESNVEEGLLELSGHLI DORKARLTRDI KALESKVEEGLLDLAGRLLDGNADT AKNOADIA
GNOTDIGULARYNELQDAYAROOTEA
GDOHSSUIKTLAKASARNTDRI AKNKADADAS FET LTKNONTL T RRIESHDRL I TANKTAT

DALNKASSENTON IAKNQADIANN INNIYELAQO
UANKASADTKFAATADA L TRNGNATTRNAKS ITDLGTKV DEP DGRV TALDTRYNALDTRVN
AFDGRITALDSKVENGMAAGARLSGLPOPYSVOKFNATARLGOYGE KSAVATCAGYRVNEN

LAFRAGARINTSONRKRGEYNIGVNYER (878 amine acids)

METMKLLPLKIAVT SAMMVGLEMASTANAQQOR S PKTRI FLENLFDNDRTELTDEL Y HINMT

LONTALLTQENQYKEYADDGNGVEDSLLFNKILHDQLLHGFREGDT I TPLDENGEPVYRLD

SIVEQGRTRTVYSVITKTATADDVNSAY SREGIGGDIDDLY EANKENVNRLIERGDK I FANE

JACRWELS:

EVORNIENIHELAQQQODOHSSDIKTLRRKRNVERDLLDLEGRLUIAURBDIAQNQT

RO: 210 DI GDLATYNELODGYAQROTRPATDALNKASSENTON IAKNERE I KD LERNI ERGELLELEGH
LIDORADLTRDIKALESVERGLLDLSCRLIDOKAD I AQNCAN I GINLARYNELQDAYAKOG
TEATDALNKAS SENTONIEDIAXNYNELQUAYAXOUTEA T DALNKASSENTONIEDLAAYNE
LDOPAYARQUTEALDALNKAS SENTONIARKNGAD TANNINMNIYELAQUQDOHSSDIRTLAKA
SAANTDRIAKNRADADAS PETLYRBONTLIERDEEHDRLITANRKTATDARKASADY KFAAT
ADATTRNGNATTENAKSITDLGTRVDGFRGRVIALDTKVNALDTRVNAFDGRITALDSKVE
NG%&RWAALSGL:\ Y EVGRENAPABLGOY GSESAVALGAGY RVNPNLAFEAGARINTSGEN

FRGEYNISYNYRE {684 amino acids)

American METMRLLPLETAVISAMI IGLCAASTANADATETFLPRLEDNDY TETTRRLYHEMI LONTA

rT
v

20
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NEVPDELFEFNK TIPLDENGKPVYRLDEITENG

FREDVEQRAYSRELGGDIDDLYEANKENVNRLTERGDRITANEESVQY
{5ECG ID LNEBVONNIENTHELAQOODOHISDIKTLREKNVERGLLELSGRLIAUKEDIAQNGTDIQ
NO: 323 ATYNELRDPQYAQROTEAI DALNEAS SENTONIAENSNHIKTLENNIEEGLLELSGHLIDOR
ADLTRDIKALESNVERGLIDLIGRLLDQKADIAKNQADTAGNQTY DIQDLAAY

LQDQYAQ
KQTEAI DALNKASSENTONIEDLAAYNELOGDAVAKUOT EATDALRKAS LARY
ITYBLAQUGDOHS SNTRILA

ANKTATIDANKASADTRER

NELQDAYAKQUTRATDALNKASSENTORIARKNQADTANNIN
RASAANTDRIARNKADADASFETLTRNQNTLI EXKDKERDKL]

ATADATTRNGRATTRRNAKSITDLGTRVREFDGRVIALITRVNALUITRVNAFDERITALDSK

VENGMAAQAALIGLEQRY (SAVAIGAGYRVNRPNLAFKAGAATNTS

GNRRKGSYNIGUVNYER (8¢

LLPLEIAVTSAMIIGLGRAASTANAQARNDITLE

STEDLYDFGH

"!‘

FALSTGRT
ENTNMITENRADTCALENNVVERLENLEGRLIDORADT DNNINNT

ODLAT Y NELODOYAQKOT

SN
ROININ

ONTARKNQADTANNINNIYELAQQO ANTPDR

(J
)
)
o
ex
1)
T
Pt
o~
w5
S

5

54

TAKNRADADASKFETLTRKNONTLIEKDKEH DKL I TANKT ATADALTKRGHA

TTKRAKSTTD LDTEVNAFDG IGMARAGARLSCLEPQFYEVEE
FNATAALGGYGCERSAVALGAGYRVNENLATKAGAA INT SCREKGSYNIGUNYER {630

aning asids)

»

METMRLLPLRIAVISALIV

LGAASTANAQAQDRSLEQICDRLANLVERIERDAKS

G INQY LL LAY ANV L TMER L NNV VKNS S STETLONDI AW TLNDDL T DLOKEVO VLS RDTG

SLHDDVAQNQADI KT LRYRVVERLEFNLEDRLIDGEADIAQNNES IEDLYDFGR

-
"

IHAHNERONETLRDL TN SVENTDN I TENRADIGATENDVGKEELNLSGRLIDGKADT

NG 24) INHIYELAQUODOESS NI KT LENNVEECGLLELSGHLI DQEADLYEDIKALESNVERGLLEL

ATYR VR FOCINT R T IVA
DAYAKC ,z‘\‘a: TEAIDRALNK }\A

SEALLDOFADTAQNOANTODLARYN R

2

LORDAYARDDTEAI DALNEAS SENTONT AKNQADTANNINN LY ELAQUODUHSSDIKTLAKA
SAANTDRIAKNRADADASFRETLT E¢ NONTLIERDEEHURLITANKTAIDANKASED

ADAITENGNATTRNAKSITDLGTRVYDGFRSRVTALDTRVHAFDGRI TALDIRVEN

AT O YDV AR NI AR DT "(“.‘/"” "" %
ALSGLIOPYSVERENATARLSOYGIKSAVATEARY

VNPRLAFRAGRAINTEGRKKGIYRI

GVRNYEY (616 aming acgids)

Lah MRITMBRILRRHIAVT SAMI T GLEGATITVNAQVVEQFFENT FINENHDELDDAY HNMI LEDTA

Pl
Lo
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IVENSQDNSTQLKFYSNDELRSVREDS LUFS KLLHECOLNG FRAGDTT I PLDKDEKPVYTRDT

HERDGRVETWYSVTTR IATQIDVEQSAY SREIQGLI DRLY DINREVNRYLRATH DYNERGT

ULLDLSGRLIAQREDIDNNEN

DALNKASSANTDRIDIARERIDENEYDIKALEIRNVG
MO 38) HIYELAQOODGHSSPIRTLENNVERGLLELEGHLI DORADTLYKDIK P LESNVEEGLLDLEG
RLIDORADIAQNQANTODLAAYNELODGYADKQTEAT DALNRKAS SENTON L EDLAAYNEL
DAYARQGOTI LAQORDUHSSDIKTLARVSA

ANTDRIARNEADADASFETLIENONT LIBKDREHDE L ITANR TAIDANKASADT K FAATAD

NTONTAKNQADTARNNINNIYS

ATTENGRAITENARS ITULGTEVDOFDGRVTALDTRVNAFDGRTUTALD SRV ENGMARQARL
SELEFQPYSVGRFNATRAALGGYGSKSAVALGAGY RVNENLAF KAGRAINTSCNRKGAYN TGV

NYEF (614 amino acids)

American MRKTUMELPRPLRKIAVTY SAMT TGLGARS TANAQTTET FLENLE DNDY TE] ‘Tl)"if\f MILGDTA
TEODTQYREYAENGNEVIDSLEEFNKILHDQLINGFKAGDY LI PLDENGEFVYKLDERTENG
VERRVY SVITKTATUADVEGEAYSREGIQEDIDDLY EANKENVNRLI REGDE T FANBEIVQY

LNREVORNIENIHELAQOCLOHSSDIRY LKKNVERDLLDLIGRLIAQKEDTAQRQTRIGDL

N 38) ATYNELQUOYAQROQTEAL CALNRKASSENTON IAKNSNHIKTLENNI ERCLLELSGHLIDOR
ADLTRDIKALESNVERGLLDLAGRLIDORADTAONCGANTQDLAAYNELODAYARQOTEATE

ALNKASSENTONI EDLAAYN BELODAYARCOTEATDAINKASSENTONIEDLAAYRELQDAY
AKGUTEATDALNRARSENTONTARNQADNTANN I NN TYRLAGCODOHSS DI KTLARA S ARNT
DIRNONTLI EKDEEHDKLITANKTALDANKASADTRFAATADALT

TALDSEVENGMAA

DRIAENKADADIASE

RNGNATTRNAKSI TDLGTRVDGEDERVTALDTRVNALDTKYNAFDG

ORY SVGKENATAALGCYGSKSAVATGRASYRVN PN LAFRKAGAR INTSGNRRGSY

NIGVNYEREE {€7% amino acids)

MRIMEKLELPLKIAVTSA VLESIKQINEQDLODRIGYNSATDRY

LVLESQYENT LNENVERNSNSTARNSNSTADLEADY

NONTLIEQNETINQEL

BGITHRELESFIAYARAQDURKNLVNEFRIEENEDATANNESIEDLYDFGHEVARSEGETRA
SEO I YT ERVNETLENLITNESVENTDRITENRARDIQALESNVERELLNLEGRLIDURADIDNNING

MO 37 IYELAQQUDOHSSTIRTLERREVEEGLLELIGE IQDLATYRELODOYA

QROTEATTALNEAISERNTONIEDLAAVNELQD QUUEAL SSENTONIEDLAA

YNELODAYARQOTEATDALNKAS,

COTEATDALRNRASSEN

TENIERDLAAYNELODAYARQOTEAT DALRKASSENTQN TEDLAAYNELQDAY ARDQDTE

AT
ALNRASSENTONTIARNQADNTANNINNT YELAQUODOHS SDIRT LARKASAANT DR LAKNKAD
ADASEFRTLTRNONT LI REKDRERDRLITANKTALIDANRASADT RFARNTADA T TRNGNATTEN

LDTHVNAFDGRITALDSKVENGMARDAALSGLEQRYSVGRT

NATAALGGYGCSKIAVATIGASYRVAFNIAFRKAGAATNT SONKREGSYNICVNYER {74
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aming acids)

American METMKLLPLRIAVTSALIVGLGRASTANADAQARDRSLEDTOALIGNIDV DRIRSQRQKND
EIFQYLLUDNQLANTLITDELNNNVIENTNS IETLDND TAWLNDDL I DLDKEVEGYLERDIGS
LHDDVAQNOADIKTLENNVVEELPNLSDRLIDOEAETAQNNESTEDLYDFGREVAESIGET
SEQ TD HAHNEAQNETLEDL T TNSVENT DN EIDRNRKADI GALENNVEEGLLELSGHLIDOQRARLTKDI
NO:>38) KALESNVERGLILNDLEGRLLDGKADIAKNOQADI AONQTRIQDLAAYNELQDOYAQKOTEATD
ALNEASSENTONIEDLAAYNELODAYAKDDTRAI DALNKASSENTONIEDLAAY NELODAY
ARQOTEATIDALNKASSENTONIARKNQADIANNINNLYELAQQODQHS SDI KT LAKV SAANT
DRIARNRADADASFETLOYKNONTLIEKDREHDELI TANKTATIDANKASADTRFAATADATLT
KNGNAITKNAKSITDLGTRVDGFDSRVTALDTKVNAFDGRITRLDSKVENGMAAQAFLSGL
FOPYSVERFNATAALGGYGSKSAVAIGAGYRVNPNLAFKAGAAINT SGNKECGEYNIGVNYE

F {611 aming acids)

[34] UspAZ may be UspAZ from M catarrhalis strain ATCC(a US registered trademark)
25238™ American 2933, American 2912, American 2808, Finnish 307, Finnish 383, Finnigh
358, Fimnish 216, Duich H2, Duich F10, Norwegian 1, Nopwegian 13, Norwegian 20,
Norwegian 25, Norwegian 27, Norweglan 38, BCSSY, Norwegian 14, Norwegian 3, Finish
414, Japanese Z7476, Belgium Z7530, German Z8063, American O12E, Greek MC217,
American V1122 American P44, American V1171, American TTA24, American O35E,
American SP12-8, Amsrican SP12-5, Swadish BCS, American 7189, Finnish FINZ344,
American V1118, American V1145 or American V1156, UspA2 méy be UspAZ as set farth in
any of SEQ D NO: 1 - SEQ ID NO: 38, UspA2 may be UspAZ from another source which
corresponds fo the seguence of UspAZ2 in any ong of SEQ D NOr 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 usad fo determine
UspAZ sequences corresponding to any one of SEQ 1D NO: 1 - SEQ {D NG; 38.

{358] UspAZ may be a sequence with at least 95% identity, over the entire length, fo any of
SEQID NO: 1 ~SEQ D NO: 38,

{38] Immunogenic fragments of UspA2 comprise immunogenic fragments of at least
450 contiguous amino acids of SEQ 1D NO: 1, 480 contiguous amine acids of SEQ 1D NO: 1
{for example, the UspAZ fragment of MC-004 or MC-005), 511 contiguous amino acids of
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SEQ D NO: 1 for example, the UspAZ fragmient of construct MC-001, MC-002, MC-003 or
MC-004), 534 cantiguous amine acids of SEQ 1D NO: 1 {for example, the UspA2 fragment of
MGC-009 or MC-011) or 535 cantiguous amino acids of SEQ D NQ: 1 (for example, the UspAZ
fragment of MC-007, MC-008 or MC-010). The immunogenic fragmenis may elicit antibodies
which can bind SEQ 1D NO: 1.

[37] Immunogenic fragments of UspA2 may comprise immunogenic fragments of al least
450, 490, 511, 534 or 535 contiguous amino acids of any of SEQ ID NO: 1 —~ SEQ D NO: 38.
immunegenic fragments of UspA2 may comprise immunogenic fragments of UspA2 from any
of SEQ ID NO: 2 — SEQ D NO: 38 which correspond to the UspAZ fragment of SEQ D NO: 1
in any of the UspA2 constructs MC-001, MC-002, MC-003, MC-004, MC-008, MC-006, MC-
007, MC-008, MC-008, MC-010 or MGC-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 Biclogy Cpen Software Suite (2000). Trends in Geﬂétics 16(8), 276—
277y and the Gap program from the GCG(a US registered trademark) package (Accelrys Inc.)
may be used. '

[387 The Gap and Needle programs are an implementation of the Needieman-Wunsch
algorithm described in: Needleman, S B. and Wunsch, C. D. {1270) J. Mol Biol. 48, 443-453.
These programs are using frequently the BLOSUMS2 scoring matrix {Steven Henikoft and
Jorja G. Henikoft {1982), "Amino acid subsiitution matrices from protein blocks”), Proc. Natl
Acad. Sci. USA 89 (Biochemistry): 10915-10919) with gap open and extension penalties of,
respectively, 8 and 2. Somelimes, the PAM250 s-.cor’ihg malrix {Dayhoft af al., {1978}, “A
model of evolutionary changes in proteing”, in “Atias of Protein sequence and structure” 5(3)
M.O. Dayhoft {ed.), 345-352, National Biomedical Research Foundation, Washington) is also

used.

{401 Scoring malrices are describing by numbers the tendency of each aming acid to mutale
in anocther, or to be consarved, These numbers are generally computed from statlistics of
muiations observed in faithful pairwise or multiple alignments, or even in fragments of multiple
alignments. Generally, in these tables, if g high positive numbar is associated with a pair of

identical amino acids, it is indicating that this residue has a low fendency 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 chserved. A percentage of identity can be computed by muitiplying by
100 {1} the guotient betwesn the number of identifies and the length of the alignment (for
example, in the Needle program output), or (2) the guotient between the number of identities
and the length of the longest sequence, or {3) the guotient between the number of identities
and the Jength 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 alignmenis computed by the Gap software.

[43] As used herein, “adjuvant” means a compound or substance thatl, 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’,
definad by the National Cancer Institute of the United Stales Institutes of Health in the context
of cancer freatment as addifional freatment given after the primary treatment, {0 lower the risk

that the cancer will recur.

[44] The invention further provides proteins of formula () containing conservative amino acid
substitutions. For example, the proteins of formula (1) may contain a conseyvative substifution
of any amino acid from UspAZ of Moraxeila catarrahlis as described in any of the seguences
set forth herein (for example, any UspAZ sequence set forth in SEQ 1D NO. 1 — SEQ ID NO.
38).

[45] As used herein “signal peptide” refers 1o a short (less than 80 amino aéids, for example,
3 to 80 amine atids) polypeptide present on _f:}afecurSO:r 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
franslated protein through the membrane. Signal peplides may also be cailed targeting
signals, transit peptlides, localization signals, or signal sequences. For example, the signal

sequence may be a co-translational or post-fragnalational signal peptide.

2

i
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[48] A heterologous signal peptide may be cleavad 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 . A "heterologous” signal peptide is one which is not

associated with the protein as it exisis in nature.

471 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
dissase In a subject, the delay of recurrence of symptoms of the condition or dissase in a
subject, the decrease in severity or frequency of symptoms of the condition or disgase in a

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

sfimination of symptoms of the disease or condition in a subject.

48] As used herein, ‘optionally’” means that the subsaquently described event(s) may or may

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

f49] Otitis media s a major cause of morbidity in 80% of all children less than 3 years of age.
{(Expert Rev. Vacoines 8:517-534 (2008}). More than 80% of children develop ofitis media
before age 7 (Current Opinion in Investigational Drugs 4:953-858 (2003)). In 2000, thare were
18 million visits made to office-bassed physicians for ofitis media in the United States and
approximately 13 million antibaclerial prescriptions dispensed. (Pediatrics 113:1451-1465
{2004)). In European countries, the reported acute otitis madia rates range between 0.125 t0
1.24 per child-year. (Expert Review of Vaccines 8:1478-1500 (2008)). Otitis media is a costly
infection and the maost commaen reason children receive antibiotics. (Current Infectious
Disease Reports 11:177-182 (2009)). Bacteria are responsibie for approximately 70% of
cases of acute olitis media, with Strepfococcus pneumoniae, non-typeabls Haemophilus
influenzae (NTHI), and Moraxslia calarrhalis predominating as the causative agents (Expert
Review of Vaccines 5:517-534 (2008)). A subset of children aexperiance 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 {2008)). Recent antibiotic pressure and vaccination
with. the pneumacoccal conjugate vaceine have resulted in the emsrgence of B-lactamase-
producing Heemophilus influenzae and Moraxella catarrhalis as the leading organisms
causing acule otitis media in North Ametica, foliowed by Strepiococcus prieumorniae (Pedialr
GClin N Am 60 (2013) 301-407).
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{801 Since otitis media s g mullifactorial disease, the feasibility of preventing ofitis media
using a vaccingtion strategy has been questioned. {Currert Infectious Disease Reporis
THT7-182 {2008)).

{511 The chinchilla model is 3 robust and validated animal model of ofifis media and its
pravention (Expert Raview of Vaccinss 8§ 1063-1082 {2008)). While the chinchiils model may
mimic the natural course of human infection, others have suggested that resulls in the
chinchiifa moded may vary from one laboratory t© the nexd. {Current Qpinien in Investigational

Drugs 4.853-858 (2003)).

53] Various other rodents have siso been used for the induction of olitis media and are
suntmarized in Vaccine 28:1501-1524 {2008). The murine animal mode! is often studied in

atitis media research.

[83] The presence of baclericidal antibody Is associaled with protection from olitis media due
to nondypeable H fuenzas. (Current Opinlon in Bfectious Disease 18128-134 (2003
HMowever, an immune response nead not be baclenddal fo be eoffective against NTHL
Antibodiss that merely react with NTHi surface adhesing can reduce or eliminate ofitis madia

in the chinchilia. (Current Opinion in hvestigational Drugs 4.953-958 (20033,

1541 Chronic obstructive pulmonary dissase is a chyonic inflammatory disease of the jungs
and a nwajor cause of morbidily and morialty worldwide, Approximately ong in 20 deaths in
2005 in the US had COPD as the underlving cause. {Drugs and Aging 268:985-899 (2005)). &
is projectad that in 2020 COPD will dse to the fifth leading cause of disabiiity adjusted life
years, chranic invalidating dissases, and {o the third most important causs of mortality (Lancet
348 1498-1504 {1097)).

[58] The course of COPD is characterized by progressive worsening of airflow imitation and
a deciine in pulmonary function. GOPD may be complicated by frequsnt and recurrent aoule
exacerbations (AE}, which arg associated with enormous haalth care expendiiure and high
morbidity, (Procesdings of the American Thoracic Sociely 4.554-584 (2007)). One study
suggests thal approximately 50% of acule exacerbations of symptoms in COPD are causad
by non-typeable Haemophilus influenzas, Moraxella catarrhalis, Streplococcus pneumoniae,
and Passudomonas asruginosa.  {(Drugs and Aging 20:085-898 (2009)). Haemophilus
influenzae (H. influenzae) s found in 20-30% of exacerbations of COPD; Sfreplococcus
preymonias, in 10~15% of exacsrbations of COPD; and Moraxefla catarrhalis, in 10-158% of

27
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exacerbations of COPD. (New England Joumnal of Medicine 358:2355-2365 (2008}
Haemophilus influsnizae, Streplococous preumnoniae, and Moraxella caisrrhalis have been
shown to be the primavy pathogens in acute exacerbations of bronchitis in Hong Kong, South
Korea, and the Phillipines, while Klebsialla spp., Pasudomonas aeruginosa and Acinelobacter
spp. constitute a large propertion of pathogens in other Asian countriesfregions including
Indonesia, Thalland, Malaysia and Talwvan (Respirology, {2011) 18, 533-53g;
dob 10,1111/, 1440, 1843.2011.01843.¢.  In Bangiadesh, 20% of patients with COPD showed
positive sputum  culiure for Fseudomonas, Klebsiella, Streptococcus prewnoniae and
Haemophitus influsnzae, while 65% of patients with AECOPD {acute exacerbation of COPD}
showed positive cultures for Pseudomuonas, Kisbsiella, Acinetobacter, Entervhacter, Moraxsila
catsrhalis and cambingtions thereof. (Mymensingh Medical Journal 18:578-585 (2010,
However, § has heen suggesiad that the fwo most important measuwres o prevent COPD
exacerbation are active immunizations and chronic maintenance of pharmacotherapy.

(Proceadings of the American Thoracis Sociely 45584584 (2007)).

(58] Comnunity-acquired preumonia (CAR} has been deacribed as the leading causs of
death from infactious disease and the six-ranked cause of death overall in the United States.
Moraxella catarrhalis is one of the psthogens associated with CAP in North Amerlca {Clin
Chest Med 28 (2008} 37 ~55) and is one of the pathogens associated with moderais 1o severe
community acquited pnsumaenia in Japan {J infect Chemother. 2014 Nov 26, gl 81341
J2X{T00388-1. doil 1010184 5iac. 2014, 11.008. [Epub ahead of print]).

[B87] Thereis a need for effective vaccines against M. cafarrhalis.
IS8] The present invention relates to proteins of formuda {1).
[89] A~ {Rilp ~ (B)y formula ]

[80] whereim

Ais UspAz from Moraxefls catarrhalis o an immundgenic fragment thereof;
Ryis an amino acid;

misQor 2,

& is histiding; and

nis,1,2,3, 4, 5w8.
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[61] In one particular embodiment, Ry and m are delined wherein Ry is AS {(alanine

serine). In ancther embodiment, Ry is non-native amino acids.

{621 In one embodiment, the proteins of formuia (1) and proteins of the invention are defined
wherein m is 0. In one embodiment, when mis 0, nig 2. In ancther embodimert of the
invention, whenmis §, nis not 0.

[63] inone embodiment, mis 2.

[84] i one particular embodiment, n is selected from the group consisting of 1, 2and 6. In
another embodiment, n is selected from the group consisting of 2 and 6. In one particular
embodiment, n is 2. In another embodiment, nis 8.

[85] In one embodiment, i is selectad from the group consisting of 0, 1, 2, and 8, or any

subset thereof.
{881 In one embodiment nis 0. In another embodiment, whennis 0, mis 2.

[87] In one embodiment, 11 is 1. In one embodiment, nis 3. In one embodiment, nis 4. In

one émoodiment, nis 5.

B8] In one embodiment, the proteins of formula () further contain a methionine (M) af the
antine terminus; & profein with the following formula: methionine- A — (Ryyn — {(B)n. Thess ars
included within proteins of the invention. [n one particular embodiment, whenmis 8 and n is

{3, the proteins of formula (1) and proteins of the invention are non-native proteins.

681 In one embodiment, the proteins of formula (1) and proteins of the invention are non-

native profeins,

{781 in one embodiment, the proteins of formula {J) are dﬁeﬁned wherein Als UspA2 from M.
catarrhalis. In another embodiment, the proteins of formula (1) 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 D NO: 2 SEQ 1D NG 3, SEQ D NO: 4, SEQ ID NOG: 5, SEQID NO: 6, SEQ D
NO: 7, SEQ 1D NO: 8§, SEQ ID NO: 9, SEQ ID NO: 10, SEQ 1D NO: 114, SEQ 1D NO: 12, SEQ
IDNO: 13, SEQ D NC: 14, SEQID NC: 15, SEQ 1D NO: 16, SEQ 1D NO: 17, SEQ ID NO: 18,
SEQ D NO: 19, SEQ 1D NO: 20, SEQ D NO: 21, SEQ IDNG: 22, BEQ ID NO: 23, SEQ D
NG: 24, SEQ 1D NO: 25, SEQ 1D NO: 26, SEQ ID NO: 27, SEQ 1D NO: 28, SEQ 1D NO: 28,
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SEQID NO: 30, SEQ ID NG 31, BEQ ID NQ: 32, SEQ 1D NQ: 33, SEQID NG 34, SEQ D
NQ: 35, SEQ D NG 38, SEQ D NG 37 and SEQ 1D NO: 38 or any subset of SEQ 1D NQ: 1
through SEQ 1D NO:S8,  in another embodiment, the proteins of formula (1) are defined
whersin A is UspA2, whereln UspAZ is al loast 63%, 6%, 70%, 72%, 74%, 75%, 77%, 80%,
84%, 85%, 90%, 85%, 96%, 87%, 98%, 99% or 100% identical, over the entire length, to SEQ
D NO: 1. In ancther embodiment, the profeing of formuta (1) are defined wherein A is UspA2,
wherein UspAZ is approsimately 75% {o 100% identical to the UspAZ amino acid sequsnces
set forth in SEQ 1D NO: 1. In anocther embodiment, Als UspA2 wherein UspAR is
approximately 80% to 100% identical {o the UspAZ amine acid sequance sef forth in SEQ 1D
NO: 1. In another embodiment, A is UspA2 wherein UspAZ is at least 95% identical o the
UspA2 amino acid seguence sef forth in SEQ 1D NQ: 1. i another embodiment, the proteins
of formula () are defined whersin A s UspA2, wherein UspAZR is approximately 75% to 100%
identical o the UspA2 aming acid segusnoes sel forth in any one of SEQ ID NG 1 ~SEQ 1D
NG 38, Iy another embodiment, A s UspA2 whierein UspA2 is approximately 80% to 100%
identical to the UspAZ2 amino acid sequence set forth in any one of SEQID NO: 1 - 8EQ ID
NO: 38, In additional ermbodiment, A is UspA2 wherein UspA2 is al least 85% identical {o
UspA2 as set forth in any of 3EQ 1D NO: 1 - BEQ 1D NO: 38! In g particular embodiment, A ds
UspAZ having the amine ackl sequence saf forth in SEQ D NG 1.

(71} In ancther smbodiment, the proteing of formula () are defined wherein Alls an
immunocgenio fragment of UspA2 from M. oalarfialis. In another embodiment, Afs an
mmunogenic fragmant of UspAZ wherein UspAZ has an amine acid sequence salected from
the group consisting of SEQ 1D NG: 1, SEQ ID NG 2, SEQ D NOC 3, SEQ D NG 4, SEQ D
NG §, SEQ D NO: 8, SEQ 1D NG 7, SEQ IR NQ B, SEQ IDNO: 8, SEQ D NG 10, SEQ D
NOY 11, SEQ ID NO: 12, SEQ D NO: 13, SEQ D NO: 14, SEQ D NO: 15, SEQ D NO: 18
SEQ D NG 17, SEQ D NG 18, SEQ Y NG 18, SECHD NO: 20, SEQ 1D NO: 21, SEQ D
NO: 22, SEQ D NG 2§, SEQ D NO: 24, SEQ D NO: 25, QEQGHID NO: 28, SEQ 1D NO: 27,
SEQ D NG 28, SEQ D NG 28, SEQ ¥ NGO 30, SEQID NO: 31, SEQIDNG: 32, BEQ ID
NG: 33, SEQ D NO: 34, SEQ 1D NQ: 35, SEQ D NGO 36, SEQ D NO: 37 and SEQ 1D NO:
38 or any subset of SEQ D NQ: 1 through SEQ D RO 38, I ancther embodiment, A ts an
immunogenic fragment of UspA2, wherein UspA2 is approximately 75% to 100% identical o
the amino acid saquence set forth in SEQID NG 1. In another embodiment, Als an
immunogenic fragment of UspAZ, wherein UspAZ2 is approximately 90% o 100% identical {o
SEQ D NO. 1. Inan another embodiment, A fs an immunogenic fragmant of UspAZ, wherein
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UspA2 is at least 95% identical o SEQ 1D NO: 1. In another embodiment, A is an
immunagenic fragment of UspAZ2, wherein UspAZ2 is approximately 75% to 100% identical to
the amino acid sequence set forth in any one of SEQ 1D NOQ: 1~ SEQ ID NO: 38.  In another
aembodiment, A is an immunogenic fragment of UspAZ2, wherein UspAZ is approximately 0%
o 100% identical to any one of SEQ 1D NO: 1~ SEQ 1D NO; 38, In an additional
embodiment, A is an immunogenic fragment of UspAZ2, whersin UspA2 is at lsast 95%
identical to any of SEQ D NQO: 1 - SEQ ID NO: 38, In a particular embodiment, Als an
immunogenic fragmeant of UspAZ wherein UspAZ has the amino acid sequence sst forth in
SEQ IDNO 1.

[72] In ancther smbodiment, A is an immunogenic fragment of UspAR from M. calarrhalis
selected from the group consisting of amino acids 30-540 of SEQ 1D NGO, 1 (SEQ D NO: 38},
aminge acids 31-540 of SEQ 1D NO: 1 (BEQ D NQ: 40), amino acids 30-519 of SEQ 1D NO: 1
(SEQ 1D NO: 41), amino acids 30-584 of SEQ D NO: 1 (SEQ 1D NQ: 42) and amino acids 31~
564 of SEQ 1D NO: 1 (SEQ 1D NO: 43). More specifically, in one embodimeant, A is SEQ D
NC: 43, amino acids 31-864 of SEQ 1D NO: 1. In an additional embodiment, A is SEQ ID NO;
42, amino acids 30-564 of SEQ 1D NO: 1. In another embodiment, A is an immunogsnic
fragment of UspAZ2 from M. catarrhalis selected from the group consisting of amino acids 30-
B40 of BEQ ID NG, 1 (BEQ D NO:BS}}, amino acids 31-540 of SEQ 1D NO. 1 (SEQ ID NO: 40)
and amino acids 30-519 of SEQ D NO. 1 {SEQ 1D NO: 41). In another embodiment, Als an
immunogenic fragment of UspAZ2 with af least 52% {American 2008), 558% (Norwagian 25},
57% (Japanese £7476), 62% (Finnish FIN2344), 64% (American 2912}, 89% {(American P44),
73% (American 7169), 76% (Norwegian 27), 81% (American V11458), 88% {German Z8063) or
100% (Swedish BCS) identity to SEQ 1D NO. 38, Inancther embaodiment, Als an
immunogenic fragment of UspA2 with at least 52 % (American 2908), 57% (Duich F10), 62%
{(American 2933}, 65% (Greek MC317), 87% (American V1122), 70% {American P44), 73%
{American 7189), 76% {Norwegian 3), 81% (German Z80863), 100% (Swedish BC5} identical
to SEQ 1D NO. 43

73] In ancther embodiment, A ls an immunogenic fragment of UspAZ2 from M. catarrfalis
from SEQ 1D NO: 2 through SEQ ID NG: 38 where the fragment comprises the amino acids
that align with amino acids 30-540 of SEQ ID NC. 1 (SEQ ID NO: 39), aming acids 31-540 of
SEQ 1D NO: 1 (SEQ 1D NO: 40}, amino acids 30-519 of SEQ 1D NO: 1 (SEQ ID NCG: 41},
aming acids 30-884 of SEQ 1D NO: 1 (SEQ D NO: 42) or amino acids 31-584 of SEQ ID NO:
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1{SEQ ID NQ: 43}, In one embodiment, the Gap program (from the GCG package), or the
Neeadie pragram {from the EMBOSS package), implementing the Nesdleman-Wunsch

algorithm, may be bsed io align the seguences,

[74] UspAZ2 ~ SEQID NO1

METMELLPLEKIAVISAMI ICLGAASTANAQAKNDITLEDLEY LIKKIDQNELEARIGDIT
ALEXKYLALSOYGNILALEELNKALEELDEDVEWRONDIANLEDDVETLTEKNONALARQGE
Pxil\; SLQGLADEVEGQEGRILONE TS IKENTORNLVNGEFEIRKNKDALARKNNESTEDLYD
FGHEVAES IGETHAHNEAONETLKGLITNS TENTRNITKNKADIQALENNVVERLENLEGC

RLIDOKADIDNNINNIYELAQOODOHESRDIKTLKENVEEGLLELEGHLIDOKT DIAONCA
CNIODLATYNELODOYAGKOTEAI DALNKASSENTONTEDLAAYNELQDAYARQQTEATI DA
LNKASSENTONIEDLAAYNELODAYARGOTEATI DALNRASSENTONTAKNGQADIANNTNN
Y RLARCODOHS SR IR T LAKASAANTDRIAKNEADADASFETLIRNGNTLIER DRESDRL
TTANKTATDANKASADTRFAATADAITKNGNAITKNAKS ITDLGTKVDGY DSRVTALDTR
VNAFDGRITALDSEVENGMAAQAALSCGLEQPYBVCKFNATAALGCGYGEKSAVATGAGY RV

NENLAFKAGRATINTSGNRKGIYNIGVNYE

=31

[75] Amino acids 30-840 of UspAZ from SEQ 1D NO: 1, SEQ D NO:38
AKNDITLEDLEYLIRKKIDONELEARIGDIT
ALEKYLALSOYONTLALEELNKALERLDEOVEHRONDIANLEDDVET LT KNONALARQGE

AIKEDLOGLADFVESORGRILONE D ST HKNTORNLVNGFEIERNRDATARNNES TRDLYD
FGHEVARS IGETHANNEAONETLRGLITNS IENTNN ITRKNKADLQALENNVVEELENLSG
RETRORADIDNNTNNIYELAGOODOHSEDIRTLEKNVEEGLLELSGHLI DORTDIAGNOA

NMIQPLATYNE

AROYAQHOTEATDALNKASSENTON I RDLARY NELODAYAKGUTRATDA
LEKASSENTONIEDLAAYNELGDAYARQOTEATDALNKASSENTON IAKNCADEANNIRNN
YELAQOODOHES DY RTLAKASAANDDRIARKNKADADASFETLTKNONTL IRKDHERDKRE
TTANKTATDANKASADTRIAATADATTENGNATITKNARS ITDLOTRVRGERSRVTALDTR

[768] Amino acids 31-540 of UspA2 from SEQ ID NO: 1, SEGID NO: 40
AKNDITLEDLPYLIKKIDONELEADIGOI®
ALEKYLALSOYGNILALESLNKALEELDEDVERNGNDIANLEDRDDVETUTENONALAEQGE
IREDLOGLADRFVEGQEGK TLONET S IKENTORNLVNGFRIDKNRDATARNNES YEDLYD
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FPCHEVARSIGETHAHNEAONE TIXGLITNS TENTNNITKNKADIQALENNVVEELENLSESG
RLIDOKADIDNNIMNIYELAQQODOHISDIKTLRKNVEECGLLELSGHLIDORTRIAQNQOA
NIQBLATYNELODOYADKGTEATDATNKASSENTON IEDLAAYNELODAYAKQOTEAT DA
LNKASSENTONIEDLAAYNELODAYAKQQTEAI DALNRASSENTONIAKNQADTANNINN
IYELAQQODOHSSDIKTLAKASARNTDRIARNRKADADASFETLTKNONTLIEKDKEHDKL
TTANKTAIDANKASADTKEAATADATITKNGNATITEKNAKSITDLGTKVDGEFDSRVTALDTK

{771 Amino acids 30-51¢ of UspA2 from SEQ 1D NO: 1, SEQ ID NO: 41
QAKNDITLEDLPYLIKKIDQNELEADIGDIT
ALFKYLALSQYGNILALEELNRALERELDEDVGHNQNDIANLEDDVETLTENONALARQGE
ATKEDLOGLAREVEGOEGKILONET S TKENTORNLYNGFEIRKNEKDATARNNES IEDLYD
FGHEVARSIGEIHAHNEAQNETLKCGLI TS TENTNN ITENKADTOALENNYVEELENLSG
RLIDORADT DNNINGTYELAQUODOHSSDIKT LKKNVEEGLLELSGHL IDOKTDIAGNOA
NIODLATYNELODOYAQKOTEAL DALNKASSENTONIEDLAAYNELQUDAYARKQOTEAT DA
LNKASSENTONIEDLAAYNELQDAYAKQQOTEAI DALNKASSENTONTARNQADIANNINN
IYELAQOQDOHS SDIKTLAKASAANT DRIAKNKADADASFETLTKNONTLIEKDEKEHDKE
ITTANKTAIDANRASADTKFAATADATTKNGNATTKNAKS

[78] Amino acids 30-564 of UspAZ from SEQ D NO: 1, SEQ 1D NO: 42
QAKNDITLEDLPYLIKKIDONELEADIGDIT

ALERYLALSQYGNILALEELNKALERLDEDVGHNON D IANLEDDVETLTENCNALAEQGL
AITKEDLOGLADFVEGOREGRILONETS IKRKNTORNLVNGFE I EKNKDATARKNNES TEDLYD
FGHEVAESIGETHASNEAQNETLKGLITNS IENTNNITKNEKADIQALENNVVEELEFNLSG

RLIDQKADIDNNINNIYELAQQQUOHSSDIKTLKKNVEEGLLELSGHL IDQKTRIAQONGA
NIQDLATYNELODQYAQKQTEAT DALNKASSENTON IEDLAAYNELQDAYAKQQTEATDA
LNKASSENTONIEDLAAYNELODAYAKQOQTEAI DALNKASSENTON IAKNQADTANNINN
IYRLAGOODOHS SDIKTLAKASAANTDRIAKNKADADASEFETLTRNONTLIEXDEEHDEL
TTANKTAIDANKASADTRFAATADAI TKNGNATTKNAKS I DLGTRVDGFDSRVIALDTR
VNAFDGEITALDSRVENGMAAQAA

(o
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{79] Amino acids 31-564 of UspA2 from SEQ 1D NG: 1, SEQ 1D NO: 43

AKNDITLEDLPYLIKKIDONELEADTGDIT
ALEKYLALSQVGNILALEELNRALEFLDEDVCWNQNDTANLEDDVETLTENONALAEQGE
ATKEDLOGLADFVEGQEGKILONETS IKKNTORNLVNGEFETERNKDATARNNES TEDLY D
PGHEVAESIGEIHAHNEAONETLKGLITNS IENTNN I TEKNKADT QAL ENNVVEELENLEG
RLIDORADIDNNINNIYELAQQODOHSSDIKTLKRKNVEEGLLELSGHLIDOKTDIAONQA
NTQDLATYNELQDQYAQKQTEAIDALNKASSENTQ&EEDLAAYNELQDAYRKQ&TEAIE“
LNKASSENTONIFDLAAYNELODAYAKQUIRAI DALNKASSENTONIARKNQADIANNINN
IYELAQOODOHISDIKTLAKASAANTDRIAKNKADADASFETLTRNONTLIEKDKEHDKL
ITANKTAIDANKASADTKFAATADAI TKNGNATTENAKS ITDLETRVDGEFDERVTALDTK
VNAFDGRITALDSRKVENGMAAQAA

[80] In another embodiment, A is an immunogenic fragment of UspA2 from M. catarrhalis that
differs from SEQ 1D NGt 1 in one or more of the following amine acids:  AA {amino acid) 30 o
298, AA 200 (o 302, AA 303 fo 333, AA 334 1o 339, AA 340, AA 352 to 354, AA 388 o 403,
AA441, AA 451 10 471, AA 472, AA 474 to 483, AA 487, AA 490, AA 483, AA 529, AA 532 or
AA B43. In another embodiment, A is an immunogenic fragment of UspAZ2 from M. calarhalis
that differs from SEQ ID NO: 1 in that it contains al least one amino acid inserfion in
comparison to SEQ ID NGO 1

{811 In another embodiment, A is an immunogenic fragment of UspAZ2 that containg a laminin

binding domain and a fibronectin bmdmg domain.

[82] In an additional embodiment, A is an immunogenic fragment of UspAZ2 that contains &
laminin binding domain, a fibronectin binding domain and a C3 binding domain.

{831 In a further embodimert, A s an immunogenic fragment of UspAZ2 that contains a
faminin binding domain, a fibronectin binding domain, 8 3 binding domain and an
amphipathic helix,

{84] The laminin binding domain, fibronectin binding domain, C3 binding domain or
amphipathic helix may be as defined for SEQ D NO. 1 or may be the corresponding
sequence in any ong of SEQ 1D NO: 2 through SEQ 1D NO: 38
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[85] Proteins of formula (1) and proteins of the invention are useful as immunhogens in
subjects such as mammals, particularly humans. In particular, the proteins of formula {1} and
proteins of the invention are useful in inducing an immune response against M. calamballs In
subjects, particularly humans. The profeins of formuda (1) and proteins of the nvention are
usefid in the treatment or prevention of M. cafarhalls infection or disease. More spacifizaily,
the proteins of formula (1) and profeins of the invention are useful in the freatment or
prevention of otitls media and/or COPD andfor ARCOPFD and/or pneumonia.

{86] The present invention relates to immunogenic compositions comprising UspAZ from M.
calarrhalis or an mmunogenic fragment thereof, The present invention alse relates to
vaccines comprising such immunogenic compositions and therapeutic usss of the same,
Immunogenic compositions and vaccines of the present invention are useful in the treatment
of prevention of M calgrialls infection or disegse.  More specifically, lnwnunogenic
compasitions and vaccines descaribed herein are yseful in the treatment or prevention of ofitis
media andéor COPD andior AECOPD andfor praumonis.

{871 In one embodiment, the immunogenic corposition conprises UspAZ from M
oatarrhalis. UspAZ may be any one of SEQ 1D NG 1 through SEQ 1D NG 38 or a UspAZ
sequence at least 75%, BO%, 85%, 00%, ©8%, 88%, §7%, 98% or Q0% identical to any one of
SEQ D NOQU1 through SEQ 1D NG: 38, UspA2 may alsa be a UspA2 sequence at least 63%
{Arnerican 2008), 66% (Japanese Z7478), 70% (Dulch F10), 72% (Finnish 388), 74%
{American P44}, 77% Finnish 3073, 80% {(Nonwegian 3), 84% (American 1148}, 90%
{German Z8083) ar 100% {Swedish BCS) identical o that of 8EQ ID NG, 1.

[88] I another embodiment, the inmunogenic composition comprises an immunogenic
fragment of UspAZ. The immunogenic fragment of UspAZ may be SEQ ID NO: 39, SEQ ID
NQ: 40, SEQ D NO: 41, SEQ 1D NGO 42 or SEQ (D NO 43, or a sequence having at least
0%, 95%, 8BY%, 97%, 8%, 99% sequence identity to anv one of SEQ 1D NO: 38, SEQ D
NG 40, SEQ 1D NGO 41, SEQ D NOU 42 or S8EQ 1D NO.43. The immunogenic fragment of
UspAZ may be a UspAZ sequence at least 53% {(Amaerican 2908}, 55% (Norwegian 28), 57%
{(Japanese L7476}, 62% (Finnish FINZ344), 84% (American 2013), 69% (American P44), 73%
{American 7189}, 76% {Norwegian 27}, 81% (American V1148), 88% (German Z8083) or
100% (Swedish BOS) identical to SEQ 1D NQ. 38, The immunogenic fragment of UspA2 may
als0 he g UspAZ sequence at loast 32 % {(American 2808}, 57% {Dutch F10), 82% {American
2833}, 65% (Creek MC317), 87% (American V1122), 70% (Ametican Pd4d), 73% (American
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7168, 78% (Norweglan 3}, B1% (German ZBO63), 100% (Swedish BCE) identical to BEQ I
NG, 43, Amine acid differences have been described in UspAZ2 from vartous Moraxelia

catarrhalis species.

(39 UspA2 contains 8 laminin hinding domain {for example, amino acids 30-177 of SEQ 1D
NQ: 1, SEQ 1D NO: 44). In one embodiment, the fragment of UspAZ comprises the laninin
binding rsgion of SEQ 1D NG 1. In an sdditional embodiment, the fragment of UspA2
comprises the laminin binding region of any one of SEQ [D NO: 2 ~ SEQ 1D NO: 38.

{80} Amine  ackds 30177 of SEQ D NO: 1, S8EQ D NOU 44

QAKNDITLEDLRPYLIEKIDONELEADIGDITALERY LALSQYGNILALERLERALEELDEDVG
WNONDIANLEDDVETLPKNONALARQGEATREDLOCLADEVECQRGK I LONET S TKRNTORNL,

VNGPEIERNEDATARNNESIED

[91] UspA2 contains a fibronectin binding domain for example, amino acids 165-318 of SEQ
ID NG 1, BEQ 1D NG 48}, In one embodiment, the fragment of UspA2 comprises the
filbronectin binding region of SEQ 1D NOU 1. fh an additional embuodiment, the fragmeant of
UspAZ comprises the Tibronectin binding region of any one of SEQ D NQO: 2 — SEQ D NO:38.
The fibronectin binding domain of SEQ 1D NO: 45 also has C3 hinding properties.

{92] Amino acids 165-318 of SEQ 1D NO: 1, BEQ ID NG 45
KEATAKNNESIEDLYD

PGHEVARSTGEIHAENEAONDTLEGLITNS TENTNNITENKADIQALENNVVERLENLEG

RLIDORKADT DNNINNIYELAQQULOHE SDIKTLKERVEESG LEGHLIDCKTDIAONUA

NIQDLATYNELOROYADK.

(931 UspAZ2 contains a ccmpiement compoenent 3 {03} binding damaln {for exampls, amine
acide 30-838 of SEQ 1D NO: 1, 8EQ 1D NG: 48, or aming acids 1656-318 of SEQ 1D NO: 1,
SEQ 1D NO: 45). In one embodimant, the fragment of UspA2 comprises the C3 binding
region of SEQ 1D NO: 1. In an addilional embodiment, the fragment of UspAZ comprises a C3
kinding domain of any one of SEQ 1D NO: 2 ~ SEQ ID NG: 38.

94] Amino acids 30-539 of SEQ D NO: 1, BEQ ID NO: 48:

QAKNDITLEDLPYLIKKIDONELEADIGDIT
ALERYLALSQYGN I LALERLNKALEELDEDVGRNON D IANLEDRDVETLTRNQNALAEQGE
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AIKEDLOGLADFVEGOREGKILONET S TKENTORNLVNGFET BKNKDA TAKNNEATEDLYD
FEHEVARS TERT HAHNBAONETLRGL T TNS TENTNN I TKNKAD TQALENNVVERLFNLSE
RLIDDKADI DNNINNIYELAQQODORSSDIKTLKKNVEEGLLELSGHL I DOKTDIAQNQA
NIODLATYNELQDQYAQRQTEATDALNKASSENTONIERLARYNELGDAYARDOTEATDA
LNKASSENTONI EDLARYNELODAY ARKQQTEAT DALNKASSENTONIAKNGAD T ANNINY
IYELAGOODOHSSDIKTLAKASAANT DRIAKNKADADAS FEPLTKNONTL IEKDREHDKL
T TANETAIDANKARAD TR FARTADA T TRNGNA I TKNAKS TP DLATRVDGERSRVTALDT

[95] UspAZ contains an amphipathic helix (for sxampls, amiho acitds 518-864 of SEQ 1D NO
{ or or amino acids 520-555 of SEQ D N1} In one embodiment, the fragment of UspA2
comprises amino acids §18-5684 of SEQ 1D NO: 1. In another embodiment, the fragment of
UspAZ comprises amino acids 520-559 of SEQ ID NO1. In an additional embodiment, the
fragment of UspA2 comprizas an amphipathic helix of any one of BEQ ID N 2 ~ SEQ ID
NO:38.

{281 in one embodiment, the immunogenic composition comprises a protein of formula (I
wherein A is an immunopgenic ft'ag,nﬁ-eswt of UspAR that comprises a laminin binding domain
and a fibronectin hinding domain

[97] In an addiional embodiment, the immunogenic compesition comprisss & protein of
formuda (1) wherein A is an immunogenic ragment of UspAZ that comprises g laminin hinding
domain, a fibronaectin binding domain and 8 CF binding domain.

98] In a further embodiment, the immunogenic composition comprises a protein of formula
{1} wherain A {s an immunogenic fragment of UspAZ that comprises a laminin binding domain,
a filronectin binding domain, a C3 hinding domain and an amphipathic helix.

(981 In ancther embodimsnt, the Immunogenic composition comprises a profein as defined
by formula (). The immunegenic compeosition may contain, for sxample, a protsin of formula

{1} with an additional mathionine at the amino fsrminus.

{100] In one embodiment, the present immunagenic compaositions may be administered with
other antigens., For example, the present immunogenic composition may be administered
with antigens from H. influsnzae. For example, the protein of fonmula () may be adminisiersd
with Protein D (RD) from & influenzae. Protein D may be as describad in WOS1H/18026. The

present immunogenic composition may be administerad with Protein E (PE) and Pilin A (PilA)

(%)

~
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from H. {pfluenzae.  Protein E and Filin A may be as described in WOZ012/139225; the
contents of which are incorporated herein by reference.  Protein E and Pilin A may be

presented as g fusion protein.

[101}In ancther embodiment, the immunogenic compositions of the invention may be
administered with additional antigens from other bacterial species also known to cause ofitis
media, COPD, AECOPD or pneumonia,

[102] The amount of the immunoegenic compaesition which is required to achieve the desired
therapsutic or biological effect will depand on a number of factors such as the use for which it
is intended, the means of administration, the recipient and the type and severty of the
condition being treated, and will be ultimately at the discretion of the altendant physician or
veterinarian. In general, a typical dose for the treatment of a condifion caused in whole or in
part by M. catarrhalis 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. eatarrhalis in 3 human may lie in the range of from about 0.003
mg o about 0.03 mg of protein. The present invention provides an immunogenic composition
comprising a protein of formuls (1) or a protely of the invention for use in the treatment or
prevention of a condition or disease caused wholly or in part by M cafarhalis. The
immunogenic composition may contain additional antigens; a typical dose for the treatment of
a condition caused wholly or in part by H. influenzae in a human may lie in the range of from
about 6.005 my 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 b administered as separate priming doses within the first year of life
or as separate booster doses given at regular infervals (for example, every 1, § or 10 years).
The present invention also provides an fmmunogenic composition comprising a protein of
formuta (1) or a protein of the invention for use in the treatment ar prevention of a condition or
disease caused wholly or in part by Moraxelfa catarhalis in combination with at least one

antigen from Haemophilus influenzae.

{103} Formulations comprising the iImmunogenic compaositions of the invention may be
adapted for administration by an appropriste route, for example, by the intramuscular,
sublingual, transcutaneous, infradermal or infranasal route.  Sueh 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
adjiuvant, When the term "adjuvant” is used in this specification, it refers {0 a substance that is
adrministered in conjunction with the immunogenic composition o boost the patisnt's immune

response to the immunogenic companent of the composition.

[105] Suitable adjuvanis include an aluminum salt such as aluminum hydroxide gel or
aluminum phosphate or alum, but may also be a salt of calcium, magnesium, ron or zing, or
may be an insoluble suspension of acylated fyrosine, or acylated sugars, cationically or
anionically derivatized saccharides, or polyphosphazenss. In onhe embodiment; the protein
may be adsorbed onfo 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 Thi response includs: non-
toxic derivatives of lipid A, Monophospharyt 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) of an oi-inswater emulsion. In such combinations, antigen and 3D-MPL are
containad 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 ef al Vaccine {19988) 16,708-14;
EP 6588454-B1).

[1071AS01 is an Adjuvant System containing MPL (3-O-desacyl-4’- monophosphory! lipid A),
G821 ((Quillafa saponaria Molina, fraction 21) Antigenics, New York, NY, USA} and
liposomes. ASO1B is an Adiuvant System containing MPL, G521 and liposomes {50 pg MPL
and 80 ug Q821). ASHE is an Adiuvant System containing MPL, Q521 and liposomes (25 ug
MPL and 25 ug Q821). In one embodiment, the immunogenic composition or vaccine
comprises AS01.  In ancther embodiment, the immunogenic compaosition or vaccine
comprises AS01B or ASCIE. In a particular embodiment, the immunogenic composition or

vaccine comprises ASOME.
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[108] ABQR is an Adjuvant Aystem containing MPL and Q821 in an oifwater emulsion. ASO2V
is an Adjuvant System containing MPL and Q821 in an oflivater emulsion (50 ug MPL and 50
ug Q821

[108] ASQ3 iz an Adjuvant System containing o-Tocopherol and squalene in an oilfwater (oiw}
emutlsion, ABQO3s j& an Adjuvant Syslem containing o-Tocopheral and squalene in an ofw
- emulsion (11,88 my tocopheral). AS03g is an Adjuvant System confaining o~Tocopharo! and
sgualens in an o/w emulsion (5.93 mg tocopherol), ASO3: is an Adjuvant Systermn containing o-
Tocopherol and squalene in an ofw emulsion (2 .97 mg tocopherol). 1n one embuodiment, the

imrnunogenic composition or vaccine comprises ASO3.

{1101 AS04 s an Adjuvant Systerm containing MPL (80 ug MPL) adsorbed on an aluminum
salt (500 ug A ). In one embodimant, the rmunogenic composition or vaccine comprises
RN

1T A system wolving the use of RI821 and 3D-MPL is disclosed in WO 8400183, A
composition wherein the QS21 is quenched with cholesterol is disclosed in WO 98/33738. An
additional adjuvant formulation involving G821, 3D-MPL and tocophersl In an off iy water
emulsion is descaibed in WO 8517210, In one smbadiment the immunogenic composition
addifionally comprises a saponin, which may be Q821. The formulation may also comiprise an
off in watsr emulsion and iocopherol (WO 85/17210).  Unmethylated CpG containing
oligonucleotides (VO 88/02555) and other immunomodulatory oligonuclectides {(WQ 0228757
and WO 03507822} are also preferential inducers of a TH1T respeonse and are suitabls for use

in the prazent invention.

(1121 Additional adjuvants are those selected from the group of melal salls, ofl in water
emulsions, Toll like receptor agonists, {in parlicular Toll like receptor 2 agonist, Toll like
receptor 3 agonist, Toll like recepiar 4 agonist, Toll fike receptor 7 agonist, Toll fike raceptor 8
agonist and Toll ke receptor & agonist), sgponins or combinations theveof.

{1131 The present invention provides a process for preparing a1 Immunogenic composition

compising comixining a protein of formula {8} or a protein of the invention with an adjuvant.

[114]1The present invention further provides & vaccine containing an  immunogenic

composition of the invention and s pharmaceutically acceptable adjuvant.
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[115] Possible excipients include arginine, pluronic acid andfor polysorbate. In a preferred
embodiment, polysorbate 80 {for example, TWEEN(a US registered trademark) 80) is used.
in a further embodiment, a final concaniration of about 0.03% to about 0.08% is ussd
Specificaily, a final concentration of about 0.03%, 0.04%, 0.058% or 0.068% polysorbate 80
(wiv) may be usad. ’

{116] The present invention provides a process for preparing an immunogenic compaosition or
vaccing comprising combining a protein of formula (1) 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. Nudleotides can be
ribonuclectides, deoxyribonucleotides, or modified forms of either ribonuclectides or
deoxyribonucieotides. The ferm 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 fonger amino acids or joining shorter aming 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 therapautically effective

amount ofa pratein of formula {i) or a protein of the invention,

[120]1 The present invention provides a method for the treatment or prevention of
exacerbations in chronic obstructive pulmonary disease. The exacerbation of COPD may be
an acute exacerbation. The method comprises adminisiering to a subject in need thereof a

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

{1211 The present invention provides a method for the treatment or prevention of pneumsnia.
The method comprises administering to a subjsct in need thereof a therspeutically effective

amount of the protein of formula (1} 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 whoily or in part by Moraxella catarrhalis. Pharmaceutical compositions may

further comprise a pharmaceuticaﬁy acceptable adjuvant.

1123} The present invention wovides use of (a) proteins of formula (1) and proteins of the
invantion, (b) an inmunogenic composition comprising a protein of formula (1) or protein of the
invention or () a vaccine compuising {c1) a protein of formula {f} or protein of the invention or
{c2} immunogenic composition comprising a protein of formula (1) or protein of the invention
for the manufacture of a medicament for treating or preventing M. cafarrhalis infection or

disease.

[124] The present invention provides use of (a) proteins of formula (1) and proteins of the
invantion, (D) an immunogenic composition comprising a protein of formuta (§) or protein of the
invention or {¢) a vaccine comprising {¢1) a protein of formula (1) 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 medicamsnt for treating or preventing ofitis media.

[125] Th'e present invention provides use of (g) proteing of formula (1) and proteing of the
invention, (b) an immunagenic composition comprising a protein of formuta (I} or protein of the
invention or {c) a vaccing comprising {¢1) a protein of formula (1) or protein of the invention or
{c2} immunogenic composition comprising a protein of formula () or protein of the invention
for the manufacture of a medicament for treating or preventing acute exacerbations of chronic

obstructive pulmonary disease (AECCRD).

[126] The present invention provides a use of (a) proteins of formula (1) and proteins of the
invention, (D) an immunogenic composition comprising a protein of farmula (8} or protein of the
invention or {¢) a vaccing comprising {1} a protein of formuda (1) or protein of the invention or
{c2} immunogenic composition coamprising a profein of formula {1} or protein of the invention

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

[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:
Gxhis = aix histidines;
xg = centrifugal force (number gravities)

AS = alanine serine
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B8A = bovine serum albumin;

°C = degreas Celsius;

Calls = calcium chioride;

CD = circular dichroism;

CHGl; = chiorofor;

CH:CN = acetonitrile;

CO, = carhon dioxide;

Da = dalton;

DNA = deoxyribonucleic acid;

D20 = dissolved oxygen;

D8C = differential scanning calorimstry,
EDTA = sthylenediamineteiraacstic acid;
h = hour,

Hs0 = water;

H.0, =hydrogen peroxide,

HCDI = high call density induction;

HCI = hydrogen chioride;

His = his = histiding;

IMAC = immobilized metal affinity chromatography;

PTG = isopropyl B-D-1-thiogatactopyranpside;
KVolts = Kilovolts

L = liter;

LB = Luria-Bertani;

LCDI = low cell density induction;
MeOH = methanol;

mi = milliliter;

NaCl = sodium chicride;

RPM = rpm = revaiutions per minute;
min = minute;

mi = milimolar;

g = microgram,

ul. = microliter;

MW = molecular weight;

miz = massicharge;

PCT/IB2015/051308
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NaCl = sodium chioride;

NaPQy = sodium phosphate,

ng = nanogram;

NH,OH = ammonium hydroxide;
nm = nanometer;

0.D. = optical density,

PBS = phasphate buffered saling;

PCR = polymerase chain reaction;

psi = pounds per square inch;
PVDF = polyvinylidence diluoride;

PCT/IB2015/051308

SDS-PAGE = sodium dodecy! sulphate polvacrylamide gel electrophoresis;

TFA = trifluorcacstic acid
T = melting point;

Ty = first melting point;
Tm, = second melting point;
wiv = weight/volume,
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[120] EXAMPLES

Example 1: Protein Consiiucis

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

additional amino acids. The following table describes protein constructs mads.

>
un
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Table 2: Protein construcis containing UspA2 protein.

Construst 311

Deseription

| Weterminsi

LWFerminal

MC-0B1 HspAZ + 12 belix + 6His ErpAE feiimgnt o
A4 30540 of SEQ 1N
AA, 30 540 541 538
MC-082 UspAZ + 172 helix UspA2 Bragament 00 :
{ALAL 36546 of biﬂQ. n N{) 1 bi‘Q ﬁ) NO 3")
AA 36
MC-003 UspAZ + 142 hedty +1H0s LispAZfenpmeat e
{3,400 30-340 of SEQ I Ni)n i ‘59{3(* 3?3 ?\‘{3 474
AL 36
fL L WRTTHES LispA2 + /2 helix + 2Hig UspAZ fragment . I A
ALALSE-R38 of SFQ KD NG SEQ D \() 4"}
Al ."“‘X N 3{}
ML-063 UspAZ Abelix + ¢3is UspA2 fragaient

(A 30-519 ei%wm) ’\0 m»f!

G I NOES)

ALAL R
MC-006 UspAZ Ahelix VspAL dragmant. 0
TAAS 3818 of SEQ in \IO i ‘«L‘
AA. 38
MIC007 UspAZ -+ hotix + 6khis UspA2 fragment - :
A 3,566 0T SE0 10 NG 1 800 ID NO: 49)
AAL 3¢
MC-H0R UspAZ +helix +2His LspAZ fragraesd 0 0 R
i {A &t 30-364 of SEG 113 g, &LQ IB jofe §9>
AR 3¢

{09

TispA2 + heliv + 2His AQ

k¥ ap A2 feapraent -

(A A SL564 of SEO 1) NOGL SEQ IINGESH

AA. 31
MO-010 UspAZ + helix UspA2 feagment | o
AR HRS64 0“‘5}&{) ED \(.‘l i ‘sL(‘ﬁ fi) ’\0» 4‘}}
AA, 39
M-8 UspAZ + 1/2hediy + 6HEsAG |- UspA2 ragmant -

(AR 31540 ciSﬁQIB ’Qo,s qr«(s m ’\0, 31}

AA

31

AAL = amino acid
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The DNA and amino acid seguences for each protein constructs listed in Table 2 are set forth

pelow.

FROTEIN CONSTRUCT SEQUENCES!

MC-001 (DNA) - SEQ ID NO: 52
ATGCAGGCCAAAAATGATATPACCCTGCAAGATCTCCCGTATC TGATCARAARARATCGATCAL
ALCGARACTGGAAGCCGATATTGETGATATTACCGCACTGCABRARATATCTGECACTGAGCCRG
TATGGARATATTCTGGCCCTGGAAGRACTGRATARAGCTCTGGAAGAGUTGEATGAAGATETG
GETTGGAATCAGAATGATATCGCCAATCTGEAAGATGATGTTGARACCCTGACCAAAAATCAG
AATGCACTGCCAGAACAGGETGAAGCAAT TARACAAGATCTGCAGGET CTGGCAGATTITTGTT
GAAGGTCAGCAAGGCARAATTCTGCAGAACGARACCAGCATCAAAAARAACACCCAGCGTAAT
CTGETGAATCGOCT P TCARATTCARARAAACARACGATECCATTSCCAARAACAACGARAGCATT
GARGATCTGTATGATT T TOGTCATGAAGT PTGCCCAARGCAT TEGTGAAATTCATGCACATARC
CAAGCACAGAATGARACCCTGAAAGGT CTGAT TACCAACAGCATCGARAATACCAATRACATT
ACCABAAALABAGCAGATATTCAGGCSC TGGARARATAATSTTETCEARGARC TG T TTAATOTG
AGCHGTCOTCTGAT TCATCAGARAGCCGATATCGATARTARCATTARCAACAT T TATGAACLTG
GCACAGCAGCAGEATCAGCATAGCAGCEATATCARAACCCTGARAAAARACOTTGARGARAGGT
CTECTGGAACTGTCTGETCACCTCATCGATCAGAARACTCGATAT TGCCCAGAAT CAGGCAAAT
ATTCAGGATCTGGCCACCTATAATGAACTGCAGGATCAGTATGCACAGARACACGACCGARNGCA
ATTCGATGCCOTIGARATARAGCGAGCAGCGARRACACCCAGARATAT CGAAGATCTGECAGCATAC
ARCGAACTGUACGGATGCCUTATGCARAACAGLACACTGRAGCCATCGACGCACTGAACARGGCA
AGCTCTGARAACACGCAGAACAT TGAAGAT CTCGCTECCTATAATGAATTACAGGATGCGTAT
GECABACAGCAGACCGRAGCGATTCATCCECTCAACARAGCLTCTTCTCARAATACACAGAAT
ATCECCAAAAATCAGGCCGATAT TGCCAACARTATCAATAATATCTATGAACTEGCCCAGCAG
CAGGATCAGCACTCTTCTGATATCARAACACTCECARAAGCARGCEGCAGCAARATACCEATCGET
ATTECOAAARACAAAGCCOATGCACATGCAAGOT TTGAAACAUTGACGARARACCAGAACALC
CTGATTGAARAAGATAAAGAACATGATAAACTGATCACCGCCAATAARACLGCAATTCGATGCA
ARTAARGOCAGCGCAGATACCAARTTTGCAGCAACCBCAGATGCAATTACCAARAATCGCAAT
GCCATCACCARAAATGCCAAAAGCATTACCGATCTGGGUACCAAAGTTGATGET T TTGATAGT
COTGTGACCGCACTEGATACCARAGCAAGCCATCATCATCACCACCACTAR

MG-001 (protein} — (M}(UspA2 amino acids 30 - 540){ASHHHHHH) SEQ 1D NQO: 53

MOAKNDITLEDLPYLIKKIDONELEARDIGDITALEKY LALSQYGN I LALERELNEALEELDEDV
CWNONDIANLEDDVETLTENONALAEQGEATIREDLOGLADEVEGQEGKILONETSTEKNTQRY
LVNGPEIERNKDALARNNES IRDLY DFGCHEVARSTGEIHAHNEAQNETLKGLITNS IENTNNT
TENKADIQALENNVVEELFNLSGRLIDOKADIDRNINNIYELAQQOQODOHSSDIKTLRKENVEEG
LLELSGHLIDOKTDIACNCANIQDLATYNELQDRGYACKOTEAI DALNKASSENTON IEDLAARY
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YAKQQTEATDALNKASSE
Q DL NNINNTY LKQ’Y’L SS
LIBKDKEHDKLITANKTAIDANKASADTRE?
ALDTRKASHHEHEH

DOTEATDALNKASSENTON
SAANTDRIAKNKADADASFETLTKNONT
ATTENGNAI PKNAKS TIDLETEVDGEDS

Frj w

v_\/(ﬂ

MC-002 (DNA} - SEQ ID NO: 54
ATGCAGGCCAAAAATGATRT TACCOTCGAAGATCTGUCCTATCTGATCAAAANBATCGATCAL
AACGAACTGGAAGUCGATATTGEPGATATTACCGCACTCGCAAAAATATCYGECACTGAGCCALL
TATGCARATATTCTGSUCUTGGRAAGRACYGAATAAAGCTUTGCGAACAGCTGEATCARGATETG

GETTCGAATCAGAATGATATCGCLCAATCTGGAAGATGATETIGARACCCTGACCAABARTLAL

AARTGCACTGECAGARCAGGETGRAGCART TARAGRAGAT O TGCAGGETCTGECAGATTTTATT
GRAGGTUCAGGAAGGCARAATTC TGCAGAACGAAALCAGCATCAARRARAACALCCAGCETRAAY
GGTCAATGGUTITTGAAATTCAAAAARACAAACGATGCCATTGCCAAAAACAALGARAGCATY
GRAGATCTCTATGAPTTTCETCAT GAAGT T GCCGARAGCATTGGT GAAAT TCATGCACATARC

SAAGCACAGAATGRARCCCTGRAAGGTUTGATTACCAACAGCATCCAAAATACTARTARCATT
ACCAARRACAAAGCAGATATTCAGGCGUTGEARAATANTETT G TGGARAGARACTETYTARATCTG
AGCGGTUGTUTGATTGATCAGAARGCCEATATCGATRATAAUATTAACARCATTTATGAR

GCACAGTAGLAGGATCAGCATAGCAGCGATATCAARARACCCTGAAAARARACGT TCGRAGARAGET
CTGCTCCAACTETCTGETCACCTEATCCATCAGAAAACTCATATTGCCCAGAATCAGGUAARAT
ATTCAGCATCTGLCCACCTATAATCAATUTGCAGCGATCAGTATGCACAGA? AFACCGARGCA
ATTGATGCCCTCAATAAAGCCABCAGCCARAACACCCAGKATAPCCAAGATUTBECAGCATAL
AACGAACTGCAGGATG C’("IA 'GCARAACAGCAGACTGAAGCCATCGACGCACTCAACARGGCA
AGUTCTGRARBACACGCAGARCATTCAACATCTGECTGCUTATARTGAAT TACAGGATGCETAT

GCCAAACAGCAGACCHAAGCGAT TGATGLGUTCAACARAGCUTCTTLTCAAAATACACAGAAT

ATCGCCARAAATCAGGCCCATATTGCCAACARTATCARTARTATC TATGAACTGGCCCAGCAG
CAGGATCABCACTCTTUTBATATCAARACACTCEUARAAGCARGCECACCARATACCOATCGT

VITGCCARAAACARAGCCGATGCAGATGRRAGUT TTCAARCAUTGACGAARAACCAGAACACL
CTGATTGARAAAGATAARGAACATGATARACTGATCACCGCCAATAARACCGCARTIGATGCA
ARTAAMNGCCAGCGCAGATACCARATTYGCAGCARACCGUAGAT GCAATTACCAARARATGGCAAT
SCCATCACCARAARATGCCAARAAGUATTAL AGGCACCRRACTTGATGLTTTTIGATAGT
CETGTEACCGCACTGEATACCABATAR

MC-002 (Profein} — {Mi{UspAZ amino acids 30-840) SEQ D NO: 5&

MOAKNDITLEDLEY LIKKIDOQNELEADIGDITALERY LALSQYGNILALEELNKALERLDEDV
CWNONDIANLEDDVETLTRNONALAEQGEATKEDLOCLADEVEGORCK T LONETE T KRNTQRY
LVNGSFEIESNKDATIAKNNES TRDLY 3‘”{"{3}3}3&72&_}35%} GCEIHAHNEAQNETLESLITHS TRNTNNT
TRNKADTCALENNVVELLEFNLSGRLIDQRKADIDRNINNIYELAGOQDOHS SRIKTLHRNVERG
LLELSGHLINDCRTDIAQNQANIGDLATYNELODOYAQKOTEAY ")?%.x._\__\K_m,I;F’N’PQN“‘” DLARY
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\KOOTEAIDALNKASSENTONIEDLAAYNELODAYAKQOTEAT DALNKASSENTONTARNG
IAN’_ZINN VLLAQQQLJ HSSDIKTLAKASAANTDRIAKNKADADAS FETLTKNONTLIEKD
EHDKLITANKTAI DANKASADTKFAATADA I PENGNATTRNAKS I TDLGTRVDGFRSRVTAL

DTK '

SEQ I NO: §6
ATGCAGGCCARA?QTGATATTHCCCTGGA&GATCTGCCCTATCm ATCAARARRATCGATCAG
ARCGAACTGGAAGCCGATATTCETGATATTA L“CTLGAAAAA?ATPTbuLQCTFAECCAG
TATGGAAATATTCTGGCCCTGGAAGAACTGAATAAAGCTCTGGAAGAGCTCGATGAAGATCT
GGTTGGAATCACAATGATATCGCCAATCTCGAACGATGATGT TGAARCCCTCACCAARAATCAG
AATGCACTCGCAGAACAGECTCAAGCAATTAAAGAAGATCTGCAGGGTCTGGCAGATTTTETT
GABGGTCAGGAAGGCAAAATTCTGCAGAACCGARACCAGCATCAAAARAAACACCCAGCGTAAT
CTGGQJAAU“’C”llb“KAT”LAHABAAAC[AAbAleCfm”’"LlquﬂGﬂth“&AGCATT
GAAGATCTGTATGATTITCETCATGAAGTTGCCGAAAGCATTGGTGARATTCATGCACATARC
GAAGCACAGAATGARACCCT GARAGGTCTGATTACCAACAGCATCGRAAATACCAATAACATT
BACCARAAACARAGCAGATATTCAGGCGCTGGARAATAATGTTGTGGAAGAACTCTTTAATITG
AGCGGETCGTCTGATTGAT CAGAAAGCCGATATCGATAATARCATTAACAACATTTATCGAACTG
GCACAGCAGCAGGATCAGCATAGCAGCCCATATCAAAACCCTCGAARAAAAACGTTGAAGAAGGET
CTGCTGGARCTETCTOGETCACCTCGATCGATCAGAAAACTGATATTGCCCAGAATCAGGCARAT
ATTCAGGATCTGGCCACCTATAATGAACTGCAGGATCAGTATGCACAGAAACAGACCGAAGCA
ATTGATGCCCTEAATAAAGCCGAGCAGCCAARACACCCAGAATATCGAAGATCTGGCAGCATAC
AACGARAUTGCAGCGATGCCTATGCAARARCAGCAGACTGAAGCCATCGACGCACTGARCAAGGCA
AGCTCTGAARACALGC AGAKCATTG“AuATCTC ZCTGCCTATAATGAATTACAGGATGCGTA
GCCAAACAGCAGACCGARGCGATTGA Tvv SCTGARCARAGCCTCTPCTGARRATACACAGAAT
ATCGCCRARAATCAGGCCGATATTCCCAACAATATCARTAATATCTATGARCTGGCCCAGCAG
AGGATCAGCACTCTTCTGATATCAAAACACTGECAAAARGCAAGCGCAGCAAATACCGATCET
ATTGCCCGARAAACAAAGCCGATGIAGATGCAAGCTTTCGAAACACTGACGAARAACCRGARCALT
CTGATTGAARAAGATAAAGAACATGATAAACTCGATCACCGCCAATARAACCGCAATTGATGCA
AATAAAGCCAGCGCAGATACCAAAT T IGCAGCAACCGCAGATGCAATTACCAAAARTGGLAAT
GCCATCACCAAARATGCCARAAGCATTACCCGATCTGGGCACCAAA ATGGTTTTGATAGC
CCTCTGACCCCACTGCGATACCARAGT TAATGCATTTCATGCGTCCTATTACCCCTCTCGGATAGT

E s

"TGAARATGCARTGECAGCACAAGCAGCACACTAA

SEQ D NO; &7

MOAKNDITLEDLPY LIKRIDORELEADIGDITALERYLALSQYGNI LALPELNKALERLDEDRV
CWNONDT «NLhD)“11LFBKOKALA:QQEWthDLQGLA*’\ BEGOEGKILONETIIKENTORN
LVNGFEIEKNKDAIARKNNESIEDLYDFGHEVAESIGE THAHNEAQNETLEKGLITNS IENTNNI
TKNKADT deE’\?N VVEELENLSGRLIDOKADIDNNINNIYELAQQODOHSSDIKTLREKNVEEREG
LLELSGHLIDQETDIAQNQAN IODTATYNELQUQYAQEQTEAIDALNEAS gu\*m“N EDLAAY
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NELQDAYARQQOTEAIDALNKASSENTONIEDLAAYNELODAYAKQOTEATDALNKASSENTON
TAKNCADIANNINNIYELAQOODCOHSSDIKTLAKASAANT DRI AKNKADADASFETT TKNONT
LIEKDKEHDRLITANKTATIDANKASADTEFAATADATITKNGNALITKNAKSITDLGTRVRGEDS
RVTALDTKVNAFDGRITALDSKVENGMAAQAAH

MC-003 (DNA) ~ SEQ ID NO: 87

ATGCAGGCCAAARATCATATTACCLCTCGAAGATCTGCCETATCTCGATCAMAAAART CGATCAG
ACGAACTCGAAGCCCATATTCCYCATATTACCGCACT GGAARRATATCTCGCACT GAGCLAG
TATGEAAATATTCTGGCCCTECAAGARCTCGARTARAGCTCTGCARGAGCTGGATGAAGATCTG
GGTTGGAATCAGAATGATATCGCCAATCTCCGAAGATGATGTITGARAACCUTCACCAARAAATCAG
\ATGCACTGGCAGAACAGGGTCGAAGTAATTAARGRAGATCTGCAGGETCTGGCAGATTTTGTY
GAAGGTCAGGAAGGCAARATTCTGCAGAACGARACCAGCATCAAAAAAAACACCCAGCETAAT
CTGETGAATGGCTTTCAAAT TCARAAAARCAAAGATECCATTGCUARAAACAACGAAAGCATT
GRAGATCTETATGATTTTGCETCATGAAGY TCGCCCGARAGCATTGCTGAAATTCATGCACATARL
GARGCACAGAATGARACCUIGAAAGHGTCTGATTACCAACAGCAT CCGAAAATACCAATARCATT
ACCAARAAACAAAGCAGATATTCAGGCGCTGGARA] Z‘L\TAAI{J"_‘EC’T@G \AGAACTGTTTAATCTG
AGCGGTCGTCTGATTCATCAGARAGCCGATATCCATAATAACAT TARCAACATTTATGAALTG
GCKCAGOLGC]&C GATCAGCATAGCAGCGATATCAAARACCOTGAARAARAACGTTGAAGRAGET
TGCTGGRACTETCTGETCACCTGATCGATCAGAARACTGATATTGCCCAGAATCAGGCAAAT
“"‘m’”Z—\FG ATCTGGCCACCTATAATGAACTGCAGGATCACGTATGCACAGAAACAGACCGAMGCA
ATTGATGCCCTGAATARAGCGAGCAGUGARAACACCCAGAATATCEAAGATCTGGCAGCATAC
AACGARACTGCAGGATGCCTATECAARACAGCAGACTGAA GCC%TCGA"‘GCACTGFM( AAGGTCA
AGCTCTCAAARCACGCAGAACATTCAAGATCTGGCTGCCTATAATGAATTACAGGATGCGTAT
CUCAADCAGCAGACCGRAGCGATTGATGCGCTGAACAAAGCCTOTTCTCGARAATACACAGART
ATCGCCAARARATCAGGCCGATATTCCCAACAATATCAATAATATCTATGAACTGECCCAGCAG
CAGGATCAGCACTCTTCTGATATCAAAACACTGGCAAAAGCAAGCGCAGCAAATACCGATCGT
ATTGCGAAARACAAAGCCGATCCAGATGCAAGCTTT CAAACACT GALGAARAACTCAGAACACT
CTGATTGAAAAAGAT AAAGAACATGATAAACTCGATCACCGCCAATAAAACCGUAATTGATGCA
AATARAGCCAGCECAGATACCAAATTTGCAGCAACCGCAGATGCART TACCAARARTGGCAAT
GCCATCACCAARAATGCCAA \AJALFA”TAC(’C?\’ICTGGC’CAC\,AA GTTEGATGGTTTTGATAGC
CETGTGACCCCACTGGATACCARACACTAA

MIC-003 (Protein) — (M}{(UspA2 amino acids 30-540)(Hj — SEQ iD NO: 88

MOAKNDITLEDLEYLIKKIDONELFARIGDITALERYLALSOYCGRILALEELNKALEELDEDY
GWNONDIANLEDDVETLTKNONALARQGEATIKEDLOGLADEVEGQEGKILONETS IKKNTORN
LVNGFEIRKNKDAIAKNNESIEDLYDPGHEVARSTGE ITHABNEAGNETLKGLITNS IENTNNT
TENEADIGALEBNNVVEELENLSGRLIDQKADIDNNINNIYELAQOODOHS SDIKTLKENVEEG
LILELSGHLIDOKTDIACNQAN IQDLATYNELODQY AQKY I’UAL DALNKASSENTONIEDLAAY
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NELODAYARKQOTEATDALNKASSENTONIEDLAAYNELODAYARKOQTEAT DALNKASSENTON
TAKNCADIANNINNIYELAQQODOHSSDIKTLAKASAANTDRIAKNKADADASFETLTKNONT
LIEKDKEHDELI TANKIAT DANKASADTKFAATADATTRKNGNATI TRNAKS ITDLGTRVDGERS
RVTALDTKH

MC-004 (DNA) - SEQ 1D NO: 58
ATGCAGGCCAAAAATCATATTACCCTGGAAGATCTGCCETATCTGATCAAAAARNATCGATCAG
AACCARCTGGAAGCCGATATTGCTGATATTACCGCACTGCGAARAATATCTGGCACTGAGCCAG
TATGGAAATATTCTEGCCCTGEAAGAACTGAATARAGC TCTGGAAGAGC PTGCATGARGATETG
GGTTGGAATCAGAATGATATCGCCAATCTGGARAGATGATGTTGARBCCUTCGACCARAAATCAG
BATGCRCTGGCAGAACAGGGTGAAGCAATTAAAGRAGATCT GCAGGETCTGCGCAGATTTTGET
GRAGGTCAGGAAGGCAAAATTCTGCAGAACGARACCAGCATCAARAAAARCACCCAGCGTAAT
CTGETGAATCGCTTTCAAATTGAARAAAACARAGATGCCATTGCCAAAAACAACGARAGCATT
GAAGATCTCTATGATTTTGCTCAT GAAGTTGCCGARAGCATTGGTCGAAATTCATGCACATAAC
GAACCACACGHEATCAAACCCTGAAAGGTCTGATTACCAACAGCATCEANAATACCAATAACATT
ACCARAAACARAGCAGATATTCAGGCGCTGCARAATARTGTTGTCGRAGARCTGTITAATCTG
AGCGGTCGTCTGATTGATCAGARAGCCGATATCGATAATARCATTAACAACATTTATGAALTG
GCACAGCAGCAGGATCAGCATAGCAGCGATATCARRACCCTGAARARAAACGTITGAAGAAGGT
CTGCTGGRACTGTCTGGETCACCTGATCGATCAGAAAACTGATATTCGCCCAGAATCAGGCAAAT
ATTCAGGATCTGGCCACCTATAATCGAACTCCAGCGATCACGTATCCACACGAAACAGACCGRAGCA
ATTCATGCCUTGCAATAAAGCCAGCAGCCARAACACCCAGAATATCCAAGATCTGGCAGCATAC
ARCCAACTGOAGGATGCCTATGCARAACAGCAGACTGARGCCATCEGACGCACTGAACAAGECA
AGCTCTGARAACACGCAGAACATTGARGATCTGGCTGCCTATAATGAATTACAGGATGCGTAT
GCCAARCAGCAGACCGRAGCGATTCGATGCCUTGAATARAGCCTCTTCTGARAATATACAGAAT
ATCGCCAARAATCAGGCUGATATTGLCAACAATATCAATAATATCTATGAACTGGCCCAGCAG
CAGGATCAGCACTCTTCTGATATCAAAACACTGGCAAAAGCAAGLGCAGCAAATACCGATCGY
ATTGCGAARAACAAAGCLCGATGCAGATGCAAGCTTTGARACACT GACGARARACCAGARCACT
CTGATTGAARAAGATARAGAACATCATAAACTGATCACCGCCAATARAACCGCAATTGATGCA
AXTABAGCCAGCGCAGATACCAAATTTGCAGCAACCGCAGATGCAATTACCAARARTGGCAAT
GCCATCACCAARAATGCCRAARAGCATTACCGATCTCGGCACCAAAGTTGATGETTTTGATAGC
CETCETCACCCLACTCGATACCAAACATCATTAA

MO-004 (Protein) — (M){UspA2 amino acids 30-540){HH) SEQ ID NO: 59

MOAKNDIPLEDLPYLIKKIDONELEADIGDITALERKYLALSQYGNILALEELNKALEELDEDY
GWNONDIANLEDDVETLTEKNONALAEQGEATKEDLQGLADEVEGORGK ILONET S TKENTORN
LVNGFEIRENKEDATAKNNES IEDLY DFGHEVAESIGETHAHNEAQNET LKGLITNSTENTNNT
TRKNEADIQALENNVVERLEFNLSGRLIDOKADI DNNTNNIYELAQOOUQHSSDIKTLKENVEREG
LLELSGHLIDOKTDIAQNQAN IQDLATYNELODOYAQKQTEAT DALNKASSENTON TEDLAAY
ENTONTEDLARYNELODAYAKQOTEAT DALNKASSENTON

NELQDAYAKQQTEATDALNKASSE
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ITAKNQADIANNINNIYELAQQ KASAANTURIAXNKADADASHETLITENQNT
LIERDREHDKLTUTANKTALDA Nf(é%b’ DTKFAATADATTRNGNAITENAKS TTDLGTRVEG DS
RVTALDYTKHH

MG-008 (DNA) - SEQ D NO: 60
ATGCRGGCCARAAAATGATATTACCOTGERAGATCTGLCETATCTCGATCAAARAARTCGATCA
ARCGAACTEGAAGLUCATATIGETGATATTACCGCACTCGARRAATATUTGGCACTEA %CCX
TATGGAAATAT TCTGCCCCTGCAAGAATUTGAATARAGCTCTCOARGAGCTGCATGAALE ’T"i}’i G
.JGTT"GM. APCAGAATGATATCHCCAATCTGEAAGATCATATTCARACCCTGACCAAARNTCAG
TEGCAGAACAGEETGAAGCAATTARAGAAGATCTGUAGSGGTCTGGCAGATTTTCTT
GAAGGTCAGGRAAGGCAAAATTUTGLAGARCGARACCAGCATCARAAARAACACCCAGCGTAAT
CTGGTGARTGECTTTGAAATTGAAAAARACAAAGATGCCATTGCCAARAACAACGAAAGCATT
GRAGATCTGTATGATTITCGLTCATCGAAGTTGCLGARAGCATTGGTGAAATTCATGCACATAAT
'

t"
:‘~\' (—
“]

GAAGCACAGAATGAAACCCTGRARGETCTOATTACCAACAGCATCGAAAATACCAATARCATT
ACCAARRACAAAGCCACATAT TCACCCCCTCGEAAAATAATETTGTCCAACARTT G TTVARTCYS
RGUGHETCETCTEATTCAYCAGAAACGUCCATATCCATAATARUATTAACAACAT P TATGAACTE
GCACA %CF—;GC»»»GW CA \GC'ATAGCA‘“C GATATCR AZ"&E\CLC'TCA ARARARCGTTGAAGRAGST
FPCTGGETOA SATPCCATCAGAAAACTGATATTGCCUAGAATCAGGCARAT
GATCTGGCCACTTATAATGAACTGCAGEA \'“ CAGTATGCACAGARACAGACTGAAGCA
) GCCCTGAATAAAGULGAGCAGCCARAACACCLCAGAATATCCAAGATCTGGCAGCATAL
AACGBACTECACGCATCCCTATECARAACABCATGAL 'i’SAAGCCA’I'CGACGCACTGA?-\CAAG(JC'fX
AGCTCTGARAACACGCAGAACATPGAA G-‘ri(“ 5 CTATAATCGAAT TACAGGATGCETAT

CARACAGCAGACCEAAGCGAT PCGATGCGCTGAACRAAGCITCTTCTCAARATACACAGAAY
s

G
Ty N TSN N Y
TCAGGICGAY

KTCGCCAAARA CRAATATCAATAATATCTATCAACTGGUCTAGTAL
CAGGATCACCACTOTTOTGATATCAARACACTGCUARARAGCAACLGUACTAAATALCHEATIGY

ATTGCCGARARACARAGTCGATGUAGATG C}’X}&GCT PUGARACACTLACGAAAAACCAGAACACT
CTGATTCARAAAACGATAAAGAACATGATARRCTGAT CACCGUCAR }.'AE%E«\AC AATTGATGCA
ARTAARGCCAGCCCAGATALCAAT ‘i’r"l'oC“\,C ACCGCAGATGCAATTACCARAANTGECART

GIICH]T ’”QCCAH\;u\A' ’C”:Cll AAAGCBCRAGUCATCATCATCACCACCRCTAA

MC-G08 {sz'eira} - ( M} {JS;JAQ aminG acids 30-STOHASHHHRHAH) SEQ ILNQ: 61
ALSQYCGNTLALERLNKALERT
ADFVEGOEGKTLONETS TKRNTQRN
{AHNBAQNETLEGLI TN S TENTNNT
IYELAQQODOHSSDIRTLERNVERG
LLELSG PAiJQRZ'LRQNQANIQDLA”YK QDOYAQROTEAIDA LhKébﬁ”NTQN\'
NELQDAYAKQUTEATI DALNRASSENTONTEDLAAYNELODA '\AFQ”ILAH TNEASSENTON
TAKNQADILZ Nf':?!N I YELAQQQD’QH‘S SDIKTLARASAANTDRIAKNKADADAS I”“.‘f TENONT
LIBEDHEHDKL I TANKTATIDANKASADTKFAATADAT TRNGHNAT TKNAK SASHHHERH

»..(
3 J»-«'
‘.,.,

TAKNNE _.IEDI.Q{DE’ §
NYVEELEFNLEGRLIDOKAL
w1
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MC-006 (DNA) - SEQ 1D NO: 82
ATGCAGGCCAAAANTGATATTACCCTGGAACGATCTGCCETATCTGATCARAAAAATCGATCAG
AACGALACTGCGAAGCCGATATTGGTGATATTACCGCACTGGANARANTATCTGGCACTGAGCCAG
TATGGAAATATTCTGCCCCTGCAAGAACT GAATAAAGCTCTGGAAGAGCTGGATGARAGATETG
GGTTGCAATCAGAATSATATCGCCAATCT GCGAAGATGATGTTCGARACCCTGACCAAAAATCAG
AATGCACTGGCAGAACAGCOTGAAGCAATTAALAGAAGATCTGCAGGETCTCGCAGATTTTETT
GAAGGTCAGGAAGGCAARATTCTGCCAGAACGAAACCAGUATCAARNAANANCACCCAGCETAAT
CTGOETCAATCCGOTT TCAAATTCARAAALNACAARGATGCCAT TCGCCAARAACAACGARAAGCATT
GAAGATCTGTATGATTT TGO TCATGAAGTTGCCGARAGCAT TEGCTGAAATTCATGCACATARC
GAAGCACAGAATGAAACCCTGAAAGETCTGATTACCARCAGCATCGAARATACCAATARCATT
ACCAAARAACAAAGCAGATAY TCAGGCGUTGGARAATAATGTTCTGGAAGARACTGTTTAATCTG
AGCEETCETCTCATTCGATCAGAAAGCCCATATCCGATAATAACATTAACAACATTTATGAACT G
GCACAGCAGCAGGATCAGCATAGCAGCGATATCAARACCCTCAAAARAARACCETTGAAGAAGET
CTGCTGCAACTGTCTIGGTCACCTGATCGATCAGARAACTG, FPGCCCAGAATCAGGCARAT
ATTCAGCGATCTGGUCACCTATAATGAACTCCAGGRICAGTATGCACAGARACAGACCGRAGCA
" ATTGATGCCCTGAATARAAGCGAGCAGCGARAACACCCAGARTAT CGAAGATCTGGCAGCATAC
AMCGAACTECAGBATGCCCTATGCAAAACAGCAGACTSARGCCATCEACGCACTGAACARCGCA
AGCTCPGAAAACALGCAGAACATTGAAGATCTGGUTGCCTATAATGAATTACAGGATGCGTAT
GCCARARCAGEAGARCCGARGCGATTGATGCHGCTGAACARAGCCTCTTO TCGAARATACACAGARAT
ATCGCCARAARATCAGGCCGATATTGCCAACAATATCAATAATATCTATCGAACTGGUUCAGLALG
CAGGATCAGCACTCTTCTCATATCAARACACTGGCAAAAGCAAGCGCAGCAAATALCCGATCET
ATTCCCRAARACAARAGCCGATGCAGATGCAAGCTTTCARACACTCGACGARARACCAGAACALC
CTCATTGARARACATAAARGAACATCATAAACTGATCACCGCCAATARAACCGCAAT TGATGCA
ARTAAAGCCAGCGCAGATACCAAATTT GCAGCAACCGCAGATGCAATTACCARAARTGECAAT
GUCATCACCARARATGCCABBAGCTAR

a4

MGC-0086 (Frotein) — (M){UspAZ2 amino acids 30-518) SEQ 1D NC: 63
MOAENDITLEDLPYLIKKIDONELEADIGDITALEKYLALSQYGNILALERLNKALEELDEDV
GWNCNDIANLEDDVETLTRNOQNATLAEQGEAIREDLQCGLADPVEGOEGRK TLONETSTRRNTQRN
LVNGPEIERKNRKDATARKNNES IRDLYDFGHEVAESIGETHAHNEAQNETLKGLITN S TENTNNT
THNKADIQALENNVVEELFNLSGRLIDOKADIDNNINNIYELAGQODOHSEDI KTLKKNVEEG
LLELSGHLIDORTDIAONQANICDLATYNELOROYAQROTEAI DALNKASSENTON IEDLAAY
NELODAYAKQQTEATDALNKASSENTONIEDLAAYNELGDAYARQQTEATDALNKASSENTON
ITAKNQADTANNINNIYELAQUODOHSSDIKTLAKASAANTDRIAKNKADADASFETLTENONT
LIEKDKEHDELITANKTAIDANKASADTKFAATADAITKNGNAITKNAKS

MC-007 (DNA) - SEQ ID NO: 64
ATGCAGCCCARAAATGCGATATTACCCTGCAAGATCTCLCGTATCTCGATCAAMAAANTCGATCALG
AACGAACTCEAAGCCEATATTCETCATATTACCGCACTHGARARAT AT CTGRCANTEAGCCAG

53
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TATGCAAATATTCTGGCCCTEEAAGRACTGAATARRGCTCTEGAAGAGCTGGATGAAGATGTG
GGTTGGRATCAGAATGATATCGCCAATCTGEARGATGATGTTGARACCCTGACCRARAATCAG
ARTECACTGGCAGRACAGGGTGAAGCAATTAARGAAGAT CTGCAGGGTCTGGCAGATTTTGTT
GAAGGTCAGGAAGGCAAAATTCTGCAGRACGARACCAGCATCAAAAAMAACACCCAGCETAAT
CTCETGAATCGUTTTCARAT TCAAAAARACAAACGATCCCATTGCCAARAACANCCGARAGCATT
GARGATCTGETATC AWITTuG" CATGAAGTTGCCGAARGCATTGETGARATTCATGCACATAAC
GRAGCACAG AﬂTCAAAvC‘TGz AGGTCTGATTACCAACAGCATCGARAATACCAATAACATT
ACCAAAAACARAAGCAGATAT AGB”C(TGGAAAATﬁAT”TTCT&JALQAACTQTTTAPTLTG
AGCGGTCETCTCGATTGATCAGRARAAGCCGATATCGATAATRAACATTAACAACAT T TATGAACTG
GCACAGCAGCAGGATCAGCATAGCAGCCATATCAARACCCTGARARARAACETTGAAGAAGET
CTGCTEGAACTCETCTGETCACCTGATCEAT CACAARACTGATATTGCCCACGAAT CAGGCAAAT
ATTCAGGATCTGGCCACCTATAATGAACTGCAGGATC A‘fAm”CﬂCAGAR\FACACP AAGCA
ATPGATGCCCTGRATAAAGCGAGCAGCCARAACACTCCAGCAATATCGAAGATCTEGCAGCATAL
%AfG&ﬁC”GVAGGAW“’CTATQQAAAACQC3AFACTG“Aw CATpGACu\ACTGAACRAGGCA
AGCTCTGARRACACLGCAGAACATTGAAGATCTECECTGCCTATAATGAATTACAGGATGCGTAT
GCCARACAGCAGACCGAAGCGATTGATGCGCTCGAACAAAGCCTCTTCTCGAAAATACACAGAAT
ATCGCCARAAATCAGGCCGATATTGCCAACAATATCAATAATATCTATGAACTGGCCCAGT
CAGGATCAGCACTCITCTCGATATCAAAACACTCGCAAAAGCAAGCGCAGCAAATACCGATEGT
ATTGCGARAAACARAGCCGATCCAGATCCAAGCT T TCAAACACTCACGARARACCAGAACACE
JICATIcAAAAAwATHAAGAALAfbA”AAACT SATPCACCGCCAATARAACCGTAATTGATGCA
AATAAAGCCAGCGCAGATACCRAATTTGCAGCAACCGCAGAT GCARTTACCAARAATGGECAAT
@CCAiLACCRAAAATGCCAAAAGCATW%CCGATQ GGGCACCARAGTTGATGHTTTTGATAGC
CETGTGACCGCACTGGATACCAAACTTAATGCATTTGATGGTCOCTATTACCGCTCTGGATAGT
ARAGTTGAAAATGCTATGGCAGCACAGGCAGCAGCAAGCCATCATCAT CACCACCALTAA

.)

MC-007 (Protein) — (M}{UspA2 amino acids 30-884)(ASHHHHHH) SEQ D NO: 85
MOAKNDITLEDLPYLIKEIDONELEADIGCDITALERKY LALSQYGNI LALERLNEALEELDEDY
CWNONDIANLEDDVETLTRNONALAEQGEATKEDLOGLADEVEGORGR I LONE TS TKKNTORN
LYNGFEIERNKDALAKNNES IEDLY DFGHEVAESTIGET HAHNFAQNETLKGLITNS TENTNNT
TKNKADIQAPENNVVb‘f’NLSGBLLDQKALADN INNIVELAQOQDOHSSDIKTLEKENVERG
LLELSGHLIDORTDIACNOAN IQDLATYNELOROYAQKOTEATI DALNKASSENTONTEDLARY
NELQDA&A&MQTEAIDALNKASSENTQN EDLAAYNRELODAYAKQQTEATDALNKASSENTON
TAKNQADIANNINNIYELAQQUDOHSSDIKTLAKASAANTDRTARNEKADADAS FETLTRNONT
LIBKDEEHDKLITANKTATIDANKASADTEPAATADATTRNGNATI TKNARS TTYDLGTRVDGEES
RYTALDTRVNAFDGRITALDSKVENGMAADAAASHIERHIIH

MC-008 (NA} - SEQ D NQ: 66
ATGCAGGCCARAAATCATATTACCCTGGAAGRTCTGUCGTATCT GAT CARAARANTCGATTAG
AACGAACTGCGAAGCCCGATATTGETGATATT iCCL“QTGbAAA SATATCTGECACTGAGCCAG
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TATGGARATATTCTGGCCOTGGARGARCTGAAT ARAGCTCTGGAAGAGCTGEAT GAAGATETG
GGTTGGAATCAGAATGATATCGCCAATCTGEGAAGATGATGTTGARACCCTGACCARAAATCALG
AATGCACTGGLAGAACAGGETGAAGCAAT TARAGAAGAT CTCGCAGGGTCTGGCAGATTTTGTT
GAAGGTCAGGAAGGCAARATTCTCCAGAACCGAAACCAGCATCAAAAAAAACACCCAGCETAAT
CTGOTCAATCCCTITCARAAT T CANARAAACARAGATGCCCATTCCCAAAAACAACGAARGCATT
GAAGATCTGTATGATT TTCGTCATGAAGT TGCCGARAGCATTGGETGARATTCATGCACATAAC
GAAGCACAGAATGAAACCCTGAAAGGTCTGATTACCAACAGCATCGAARATACCARTAACATT
ACCAAAARACAAAGCAGATATTCAGGCGLUTGGAAAATAATCTTGTCGAAGRACTGTTTAATCTG
AGCGGTCOGTCTCATTGATCAGAAAGCCGATAT CGATAATAACATTAACARCATTTATGAACTG
GCACAGCAGCAGGATCAGCATAGCAGCGATATCAAAACCCTGARAAAAAACGTT GAAGAAGET
CPECTEEAACTETCTECTCACCTGAT CCATCACAAAACTGATATTCLCCAGAATCAGGCARAT
ATTCAGEATCTEGCCACCTATAATGAACTGCAGCGATCAGTATGCACAGAAACAGRCCGAAGER
ATTGATGCCCTCARTARAGL GAGCAGCGARRACACCCAGAATATCCARGATCTGGCAGCATAC
AACGAACTGCAGGATGCCTATGCARAACAGCAGACTGAAGCCATCCGACGCACTGAACAAGGTA
AGCTCTGAARACACGCAGARCATTCAACGATCTGGCTGCCTATARATGAAT TACAGGATGCGTAT
GCCAAACAGCAGACCGAAGCGATTCGATGCGCTGARCAAAGCCT CTTCTGARRAATACACAGRAT
ATCECCARAAATCAGGCCEATATTECCAACARTATCRATAATATCTATGAACTEGCCCAGCAG
CAGGATCAGCACTCITCTGATATCARAAACACTGECANAAGCAAGCGCAGCAAATACCGATCGT
ATTGCCARARACAAAGCCGATGCCAGATGCAAGCT TTGAAACACTGACGARARANCCAGAATACT
CTGATTGAAAAACATAAAGAACATGATAAACTGATCACCGCCAATAAAACCGCAATTGATGCA
AATAAAGCCAGCCCAGATACCARATTTGCAGCAACCHCACATGCAATTACCAAAAATGGCAAT
GCCATCACLARARATGCCAARAGCATTACCCGATCTGGGCACCARAGTTGATGGTTTTGATAGC
CETETGACCGCACTEGATACCABAGTTAATGCATTTGATGETCEGTATTACCECTCTGGATAGT
ABAGTTGAAAATGETATGECAGCACAGGCAGCACACCACTAA

MC-008 (Frotein} ~ (M}{UspA2 30-5684){HH) SEQ ID NQ: 67
MOAKNDITLEDLEYLIKKIDONELEADIGDITALEKYLALSQYGNILALEELNKALEELDEDY
GWNONDIANLEDDVETLTRKNONALARQOGEATRENLOGLADFVEGOREGR T LONETS TKKNTORN
LYNGFEIBENRDALARNNES IEDLY DFGEEVAES IGEI HARNEAONETLEKGLITNSTENTNN I
TENEKADIQALENNVYERELENLSGRLIDOKADIDNNINNIYELAQQUDQHSSDIKTLKRNVEEG
LLELSGHLIDOKTDIAQNQANTODLATYNELODOYAQKQTEATI DALNKASSENTONTEDLAAY
NELQDAYAKQOQTEATIDALNKASSENTONIEDLAAYNELODAYAKQOTEATI DALNKASSENTON
TAKNGADTIANNINNIVYELAQOODOHSSDIKTLARKASAANTDRIAKNKADADASFETLTRNQNT
LIEKDKEHDELITANKTATIDANKASADTKFAATADATTENGNALITRNARS ITDLGTRVDGEDS
RVTALDTKVNAFDGRITALDSKVENGMAAQAANH

MC-009 (DNA) - SEQ ID NO: 68
ATGGCEAAARATGATATTACCCTEEAACGATCTGCCETATCTGATCAAAARAAATCGATCAGAAL
GAACTGGAAGCCGATATTGETGATATTACCECACTGGARRAATATCTGGCACTGAGCCAGTAT
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GGARAATATTCTGECCCTEGAAGRACTAAATAAACCTCTCGAAGAGCTGEATCARGATETGEET
TGGAATCAGAATCGATATCGICAATCTGLAAGAT ""U‘«"’i‘fuu'&(ffj CTGACCAARAATCAGAAT
CxJQJJibe AGAACAGGHTCGAAGCAATTAAAGARCGATCTGCAGGETUIGGCAGATTTTGTTGALR
GHTCAGGA CAAAATTCPGCAGRACGAAARCUAGCATCAARARAAACACICAGCETAATCTG
CTGAATGECTTTGAAAT TCGARAARRACARAGATGCCATTCCCAARAAACAACGAAAGCATTEAA
SATCTETATGATTTITGETCATCRAAGTTCCCECARRCGCAT TCETGCARATTCATGCACATARACGAA
GCACAGAATGCAAACCUTGARAGGTCTGATTIACCRACAGCATCGARAATACORATARCATTACC
AAARAUARAGUAGRTATTCAGGLGCYGLARAAATAATCGTTGTGEAAGRACTGITTAATCTGAGT
GGTCETCPGATTGAT CAGAL M-\GVVGA ATCGATAATAACATTAACAACATT TATGAACTEGEA
CAGCAGCAGGAT CAGTCATAGCACCGATATCAARACCUTGAAAARALACGTTCARGAAGETCRG
CT f«GM\C‘TGT“TG(‘T(*ACC GATCGATCAGARAACTGATATTGCCCAGAATCABGCARATATT
CAGGATCTEGCCACCTATAATGAACTGCAGGATCAGTATGCA LAGT%,“N/\\. CCGAAGCAATRT
GATGCCCTGARTARAGUGACCAGCGARARACACCCAGAATATCEGARGATCTCGUAGCATACAAC
GUAGGATGCCTATGCARAACAGCAGACTGARGCCATCEACCLACTGARCAAGGTAAGT
TCTHEAARACACGCAGAACATTCAAGATCRGETGCCTAT AAT CANT T ACAGEATGCGTATECT
ARACAGCAGACCGAAGUGATTGATGCHLCTGARCAAAGCCTCT TCTGAAANTACACAGAATATC
GCCARRARTCAGECCGATATTGCCAACAATATCAATAATATCTATGRAACYGECCCAGCAGOAG
CATLAGCACTCTTOTCATATCARARC GCAGCAAATACCGATCGTATT
GUGAAAAATARAGCCOATCCACATRCRAGCTYTCGAARCALNTGACCARRAACCAGARACACTITG
ATTGARARALE ATCATAAACTGATCACCCGCCAATAAAACCGCAATTGATGCAAAT
APAGUCAGCECAGATACCAAATTTGCAGCAACCCCACGATGCAATTACCARAAAATGGCAATGCC
ATCACCARAAATCGCCARAAGCATTACCCATCTGEOCALCAARGSTTIGATCGCTTT TCATAGCLE

-

TGACCHGCACTS }T“CCZ ACTTAATGCATTTGATCETCGTATTACCGCTCTCGCGATAGTRAR
GTTGAAARTGGTATGGCAGUACAGGCAGCACALCALTAA

MC-009 (Protein) — (M)(UspA2 37-564)(HH) SEQ ID NO: 69
MAKNDTTLEDLPYLITKRIDONELEADRIC I’L"KYL»-\A,L.“Q GNTLALERLNRALERELDEDVG
ANLEDDVETLTEKNONALARQGEAIKEDLOGLAL : 1x
G FETERNEDAT AKNNES IERDLYDFGHEVARSTIGEITHARNEAQNETLKELITY SIENTI\INIH.
KNKADIQALENNVVEELENLSGRLIDQEA 'Y"DNN.'Z\‘\KT”FI--Ang,D HSSDTKTLK]
LELS "IiL DOKTDIAQNCGANIQDLE _’.E‘YNELQDQ OROTEATDALN KASSPE\”"‘C‘N B
ELODAYRAXKQOTE DALNKASSENTONTEDLARYNELODAY? A:\,QQT;_Ai DALNKASSENTONI
Q«Q»« ANNTNNIYELAQQODOHSS DIKTLAKASAANT DRI AKNKADADAS FETLTRNONTL
IEXDRKEHDELITARBKTAL DZ‘\NI{AS. DTRKPARTADARITEKNGNATTENARS ITULGTRVDGEDER
VIALDTKVNATDGRITALDERKVENGMAAGAAHH
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MC-010 {DNA) - SEQ IR NQL 70
ATGUAGGUCAAAAATGAT

AACCARACTGUAAGCCGATATTG

TOGAAGATOTGCCGTATCTGATCAARAARRTCGATCAG

TATTACCGUACTGEARARATATITGGCACTGAGCCAG
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TATGGAARTATTCTGGCCCTGGAAGAACTGAATARAGCTCTGEGAAGAGCTGGATGAARGATETG
GGTTGCAATCAGAATGATAT CGCCAATCTGGAAGATCATGI TGAAACCCTGACCARRAAATCAG
ARTGCACTGGCAGAACAGGCTCAAGTAATTAAAGAAGATCTGCAGGETCTGGCAGATTTTGTT
GAAGGTCAGGAAGGCAARAT PCTGCAGARCCGARACCAGCATCARARAARAKCACCCAGCGTAAT
CTGETGAATGGCTTTGAAATTGRAARARACAAACATGCCATTGCOARAAACAACGAAAGCATT
GAAGATCTGTATCATTTTGETCATGARGT TCCCCABAGCATTGETGAAATTCATGCACATAAT
GARGCACAGAATGARACCOTGAAAGETCTGATTACCAACAGCATCGARRATACCAATAACATT
&CCAAAAA\ &AQCDuAWFTTVﬁG&*GCTJCAAAATAA””TTFICGAPLAAvT TTTAATCTG
CGSTQGTQTGATIGAT CAGAAAGCCGARTATCGATAATAACATTAACAACATTTATGAACTG
GCACAGTAGTAGGA ACCDTAGCAGCGATATCAAAACCCTGAAAA“.ﬂA‘ GTTGAAGAAGGT
CTGCTGGAACTLTCTGETCACCTGATCGRATCRASAAARCTGATATTGCCCAGAATCAGGCARAT
ATTCAGGATCTEGCCACCTATAATGRACTGCAGGATCAGTATGCACAGARACAGACCGAAGCA
ATTCGATGCCCTCGAATARAAGCGAGCAGCGAAAACACCCAGAATAYCGAAGATCTGGTAGCATALC
AACGAACTGCAGGATGCCTATGCAARACAGCAGACTGAAGCCATCGACGCACTGAACAAGELA
AGCTCTCGAMACACGCAGAACATTGAAGATCTCGCTGCCTATAATCAAT TACAGGATGCGETAT
GCCARAACAGCAGACCGAAGCGATTCATGCGCTCAACARACCCTCITCICAAAATACACAGAAT
RTCGCCAARAATCAGGCCGATATTGCCAACRATATCAATAATATCTATGAACTEGCCCAGBCAG
GGATCAGCACTCTTCTGATATCAAAACACTGGCAAAACGCANGCECAGCAAATACCGATCGT
ATTECGAARAACARBAGCLGATGCCAGATGCAAGCTTTGARACACTGACGAARARCCAGRACACT
CIGATTCAARAAGATAAAGAACATGATAARACTEGATCACCGCCAATARAACCGCAATTGATGL.
AATAAAGTCAGCGCAGATACCARATTTGCAGCAACCGUCAGATGCAATTACCARARATGGCAAT
GCCATCACCAARAATGCCARARGCATTACCLAT CTCGEECACCAAAGTTCGATGEGTTTTEGATAGC
CGTGTGACCGCACTGGATACCARAGT TAATGCAT TTGATGETCETAT TACCGUTCTEGATAGT
ARAGTTCAARATCGETATGGCAGCACAGGLAGCATAA

A

MC-010 (Protein) — (M){UspA2 amine acids 30-564) SEQ 1D NO: 71
MOAKND I T LEDLRPYLIKKIDONELEADIGDITALERY LALSOYGN T LALEELNKALEELDEDS
NNQNJ“ANLHDDV“TLTKNQ\LLAEQﬂB11KEDLQGLADFVEGQL@KILQNETSJ.(VlORN
LVNGFEIEKNKDATAKNNES IEDLYDFGHEVAES IGEIHAHNEAQONET LKGLITNS IENTNNT
TKHNEKADIQALENNVVEELFNLSCGRLIDCKADIDNNINKIYELACGQOQDOHSSDIKTLRKKNVEERS
LLELSGHLIDC K”DTAﬂNgkN““DLAT&NELQDQ!KQRuTFHLDAL\mAuuFNTONI%PL$RV
NELODAYARQOTEAIDALNKASAENTCNIEDLAAYNELQUAYAKOQOTEAI DALNKASSENTON
IARNQADIANNINNIYELAQQUDCHSSDIKTLARKASAANTDR I AKNKADADASFETLTKNONT
LIEKDKEHDKLITANKTAI DANKASADTKFAATADAT TKNGNAITKNAKS ITDLGTKVDGEDS
RVTALDTRVNAFDGRITALDSRVENGMAADAA

MC-GTT (DNA) - SEQ ID NG 72
ATGGCGARAAATGATATTACCOCTGGAAGATCTGCCETATCTGATCARRARARATCGATCAGARAL
GRACTGCAAGCCGATATTGETCATATTACCGCACTGGRAARRATATCTGGCACTGAGCCAGTAT
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GGAARTATTCTGECCCTGRAAGAACTGAATARAGCTCTCGAAGAGCTGGATGRAAGATGTGGET
TGCARTCAGARTCATATCECCAATCTGGRAGATGATGTTGAAACCOTGACCAAARAT CAGART
GCACTGGCAGAACAGGETGAAGCAATTARRAGAAGAT CTGCAGGGTCTGGCAGATTTTGTTCGAA
GETCAGGARGCGCAAARTTCTGCAGAACGARACCAGCATCAAAAARARCACCCAGCGTAATCTG
STGAATGECTTTECAAATTGAAAAARACAAACGATGCCATTGCCAARAACAACGARAGTATTGAA
GATCTGPATGATTITEGTCATGAAGTTGCLCGARAGCATTGHTGARATTCATGCACATRACGA
CACAGAATGAAACCCTGARAGETCTGATTACCAACAGCATCGAAAATACCAATAACATTACC
AAAARCAAAGCAGATAT TCAGGCGCTGGRARATAATGTTGTGCARGAACTETTTAATCTGAGC
GGTCGTCTGATTGATCAGAAAGCCCGATATCGATAATAACATTAACAACATTTATGAACTGGCA
CAGCAGCAGCATCAGCATAGCAGCGATATCAARAACCCTGARAAAARACGYTEAAGARGGTUTG
CTGCGAACTGTCTGETCACCTCATCCATCAGARAS fGATATTdCLL[GA\prvGCﬂﬂﬂTAm”
CAGGA“L”'C(CALCYATAK’bﬁ TGCA AT?RGTKT&C7g“bAAKCACA”CGR SCAAT
GATGCCCTCAATARABCGAG ﬁbpwaﬁi't CCCAGAATATCGARGATCTGGCAGCATACARAC
bhﬁ”m"CnLCArCJ TA?GCAAAALA sCAGARCTGARGCCATCGACGCACTGAACAAGGCAAGC
TCTGRARAACACGCAGAACATTCAAGATCTGCCTGCCTATAATGAATTACAGGATCCETATGCC
ARACAGCAGACCGARGUGATTCGATGCLCTGAACAAAGCCTCITCIGAAAATACACAGAATATC
SCCARABATCAGGCCGATAT TCCCAACAATATCAATAATATCTATGARCTSGCCCAGCAGCAG
GATCAGCACTCTTCTGATATCAAAACACTGCCAARAGUAAGCGCAGCARATACCGATCETATT
GCGAAAARCAAAGCCGATGCAGATGCAAGLTTYGAAACACTCGALGAARARCCAGRACALCCTG
ATTCAAAARGATAAAGAACATCATAAACTGATCACCGCCAATAARACCGCAATTGATGCAAAT
ARAGCCAGCGCAGATACCAAAT PTCCAGCAACCGCAGATGCARTTACCARAAATGCCAATECC
ATCACCARAAATGCCAAAAGCATTACCGATCTGGGCACCRAAAGTTCATGETTTTCATAGCCET
GTGACCGCACTGGATACCAAAGCAAGCCATCATCAT CACCACCAUTAA

-
A4
TG

MC-011 (Protein} —~ (M}{{UspA2 amino acids 31~54Q}{)4$HHHHHH) SEQIDNO: 73
MAENDITLEDLPYLIKKL DQNHLLACiQLI‘JZLL}:,KY.JAL*"W‘ GNILALEELNKALEELDEDVG
WNONDIANLEDDVETLTKNONALAEQGEATKEDLOGLARDFVEGQEGK ILONET STRKNTORNT,
VNGPEIEKNKDATAKNNESIEDLYDFGHEVAES IGETHAHNEAQNETLKGLITNS TENTNNIT
KNKADL KLwNmVVBELE\JDWK“¢JQ<APIWB NINNTYRLAQQOUDOHSSDIRTLEKNVEEGL
LELSGHLI K“PTAQNOAWTOPLA“YRSLODQYAQ {OTEATIDALNKASSENTONIEDLAAYN
ELQDAYAKQQTEAID LNKASSENTONIEDLAAYNELODAYARQQTEATI DALNKAS SENTONT
AKNCADIANNINNIYELAQOQDUHSSDIKTLAKASAANTDRIAKNKADADASFETLTRKNGNTL
TERKDKEHDELI TANKTATDANKASADTKFAATADAITRNGNATI TKNAKSITDLEGTRVDGRDSR
VYTALDTKASHHHHHEA
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Vegtor Construction and Transformation

ONA Seguence for UspAZ fram slrain ATCC 28238 - SEQ 1D NQG: 74,

ATCAAAACUATGAAACTTCTCCUTCTAAAAATCGOTGTAACCAGTGCCATBATTATTGGCTTGGORTS
COGCATCTACTOLGAATGCRCAGBUTAAAAATGATATAACTTTAGAGGATTTACCATATTTAATAAA
AAAGATTGACCAAAATGAATTGGAABCAGATATCRGAGATATTACTGCTCTTGAAAAGTATCOTAGCA
CTTAGCLAGTATGGCAATATTTTAGCTOTABAAGABLTCAACAAGGUTCTABAAGABCTCBACBAG
GATOTTOOATGOAATCABAATOATATTOCAAACTTGGAARATCATETTGAAAUGUTCACTAAAAAT
CAAAATRCTTTEBUTCAACAARRTOABBCAATTAAAGAABATCTTCAAGGRUTTEUAGATTTTGTA
CAAGGGTAAGAGGGTAAAATTCTACAASATGAAACTTCAATTAAARAAAATACTCAGAGAAACLTTG
TCAATEGBTTTCAGATTGAGAAARATARAGATGCTATTGCTAAAAACAATGAGTCTATCGAABATCT
TTATGATTTTGGTCATGAGGTTGCAGAAAGTATAGRUGAGATACATGCTCATAATGAAGTGCAARA
TG:’%’?\;‘\CTG'E"E‘AAAGGCTTGATAACAAACAGT.ATTGAGAATABTf*@'-\Ti\AT,ﬁ\WAQQAA;’-’\AAC!\AAGGT
GACATCCAABCACTTGAAAACAATOTCOTAGAAGAACTATTCAATCTAAGCGGTCGUCTAATTGAT
CAAAAAGCAGATATTGATAATAACATCAADAATATOTATGAGC THCCACAATAGUAARATCAGCATA
GOTCTGATATCAAAACACTTAAAAAAAATCTCGAARAABETTTETTGBAGCTAAGCGGTCACCTAAT
TOATCAAAAAAGAGATATTGCTOCAAAACCAAGCTAACATCCAAGATCTGGUCACT TAGAACGAGTTA
CAAGACCAGTATGCTCAAAAGTAAACCGAAGUBATTGACGCTCTAAATAAAGTAAGCTOTCAGAAT
ACACAARACATCRAABATCTBGCLECTTACAACGAGCTACAABATOCLUTATEECAAACAGTAAATE
SAAGCAARTTSACGCTCTAAATAAAGCAAGCTCTCAGAATACACAARACATCGAABATCTGEOCGLT
TACAACBAGTTAGAAGATGUCTATECCAAADAGTAAAGCBAAGCCAT TRACRETCTAATAAAGCA
AGCTCTGAGAATACACAAAACATTGCTAAAAACCAABTGGATATTOCTAATAACATCAACARTATOT
ATGAGCTQGUACAACAGCAACATCAGCATAGCTCTGATATUAARACCTTAGUAAAAGTAAGTACTG
CCAATACTOATCOTATTCGCTAAAAACAAAGLC CCATEUTGATGUAAGTTTTCAAALBUTCALCCAAAAA
TCAAAATATUTTTGATTCAAAAAGATAAAGAGCAT GACAAATTAATTACTECAAACAAAACTOCGATT
BATGCCAATAAAGCATCTCCGGATACCAAGTTTGCAGCBACARCAGACGUCATTATCAAAARTAG
AAATGCTATCACTAAAAACGUAAATCTATCACTBATTTOGRCACTAAAGTGOATGGTTTTGACAGT
COTGTAACTOCATTAGACACCAAAGTCAATGUCTTTCGATEBTCETATCACAGCT TTAGACAGTAAA
GTTGAAAACGIZTATGGCTGUCCAAGCTGOCCTAASTEGTCTATTCCAGCCTTATAGLGTTGGTAAG
TITAATGCBACCGOTGCACTTCGTGELOTATGGUTCAAAATOTCCEGT TGO TATC BB TGCTEGRUTAT
COTGTGAATCCAAATCTOROGTTTAAAGCTGR TR0 GGCRATTAATACCARTRATAATAARAAAGGC
TCTTATAACATCGGTGTGAATTAGGAGTTCTAA

Protein Seguence for UspAZ from strain ATCC 28238 -~ SEQ ID NO. 1 as described above.
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Vecotor Constriction

To ganarate the construct MG-001, DNA fragment coding for an UspA2 gene fragment {(amino
acids 30 o 540 from strain ATCC 25238} Induding the Ndel 7 Xhol restriction sites 1o facilitate
the cloning (he starling methioning s ancoded by Ndel site} and the DNA sequence
corresponding fo the AS {(alanine serine) aminc acids finker and 8xhis amine 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 befter fit with the codon usage in
Escherichia coff for oplimal expression. The UspAZ Tragment was cloned according to
standard methoeds into the pET-28b expression vecior using the Ndel / Xhol restriction sites.

To generate MC-002, MC-003, and MC-004 constructs, 8 polymerase ohain reaction was
performed to amplify the UspAZ gene fragment (aming acids 30-540 fram strain ATCC 258238}
using the MG-001 construet as g fempiate, the primer UspAZNde opt (which contsing the
mathioning start codon), and the primer UspA2opt delta His, A2opt 1His delta AS, and AZopt
2His delta AS, respaclively. The UspA2 fragment was cloned aceording o standard methods
into the pET-26b expression veotor using the Ndel 7 Xhol restriction sites.

To generate the construct MC-005, a polymerase chain reaction was performed to amplify the
{UspAZ gene fragment {aming acids 30-519 from strain ATCC 25238} using the MC-001 vector
as a template with the primers UspA2Nde opt (which contains the methionine start codon) and
R delta hairpin AZopt His, DNA sequence corresponding 0 Nde! restriction sife was
incorporated into the § primer and Xhof restriction site was incorporated into the 3" primer, In
addition, DNA ssguence corrasponding 1o the AS amino acids linker and 8xhis aminge acids
was incorporated into the 3 primer. The generaled PCR product was then inserted into the
pET-28b{+} cloning vector (NOQVAGEN{a US regislered trademark)}.

To generate the construct MC-0086, a polymerase chain reaction was performed fo amplify the
UspA2 gens fragment (aming acids 30-818 from strain ATCC 28238) using the MG-008
constret as a template with the primers UspAZNde opt {which contains the methionine start
codon} and delta His delia hélice. BNA sequerice corrasponding to Ndef restriclion site was

incorporated inte the & primer and Xho! restriction sife was incorporated into the 37 primer.
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The generated PCR product was then inserled info the pET-28b{+) cloning vector
{(MOVAGEN(a US registered trademark)).

To generate the construet MC-007, DNA fragment coding for an UspAdZ gene fragment (amino
acids 30 fo 584 from strain ATCC 25238} including the Ndal / Xhol restriction siies io facilitate
the cloning (stariing methionine & encoded by Ndel site) and the DNA sequencs
corresponding fo the AS amine acids linker and Sxhis amine acids was codon-optimized and
synthesized by GENEART(@ US registered trademark) {plasmid: 1026388). The UspAZ
fragment was cloned aceording to standard methods into the pET-28h expression vector using
the Ndel / Xhol restriction sites.

To genevate the construct MC-008, a polymerase chain reaction was performed to amplify the
UspA2 gene fragment {amino acids 30-564 from strain ATCC 285238) using the MC-0G7
consiruct as 2 template with the primers UspAZNde opt (which contains the methionine start
codon) and 2His hélice deltaAS. DNA sequence corresponding to Ndel restriction site was
incorporated into the & primer and Xhol restriclion site was incorporated into the ¥ primer,
The generated PCR product was then inserfed into the pET-28b(+) cloning vecior
(NOVAGEN({a US registered trademark)).

To generate the construct MC-008, a polymerase chain redction was performed {o amplify the
UspA2 gene fragment {amino acids 31-564 from strain ATCC 25238) using the 1026399
plasniid as the template and the primers Nuterm cyto Abis {which contains the methionine start
codon} and 2His hélice deltaAS. DNA ssgquence c@rreépondmg o Ndel restriction site was
incorporated into the § primer including the gltamine deletion and Xhol restriction site was
ncorporated into the & primer including two histidine residues. The generated PCR product
was then nserted info the pET-28b{+) cloning vector {(NOVAGEN (a US registered
frademark)). DNA seqguencing of the final construct was performed o confirm the correct

sBruence,

To generate the construct MG-010, g polymerase chain reaction was performed to amplify the
UspAZ2 gens fragment (amino acids 30-884 from strain ATCC 25238} using the RC-007
construct as g template with the primers UspA2 Nde opt (which contains the methionine start
codon} and cyto hélice diHis dAS. DNA seguence corresponding fo Ndel restriction site was
nceorporated inte the 8§ primer and Xhol restriction sile was incorporated inte the 3 primer.
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The generated PR product was then insertad inlo the pET-2060{+} cloning vector (NOVAGEN
{a USB registered trademark)). '

To generate the construct MC-011, a polymerase chain reaction was performed to amplily the
UspAZ gene fragment {amino acids 31-540 from strain ATCC 28238) using the MC-001
construct as a femplate with the primers Nerm cylo Abis {which containg the methioning start
codony and Nderm reverse. DNA ssguence corresponding to Ndel resiriction site was
incorporated into the § primer and Xhol restriction site was incorporated info the 3 primer,
The generaled POR product was then inserted into the pET-26h{+) cdloning vector
(NQVAGEN{a UB registered trademark)).

A detailed list of PCR primer sequences used for amplifications e fllustrated in Table 3, The
polymerase chain reaction was performed using Expand High Fidelity PCR System kit
{Roche} scoording (e manufaciurer’s recommendations. Ligation was performed using Rapid
3NA Ligstion Kt {(Roche) accarding (o manufaciurer’s recommendations.

Table 3 PCR primer sequences used for UspA2 amplifications

Primer il DNA Seguence

59_‘3!

UspAZ Nds opt GAATTCTTAATTAACATATGCAGGCCARAAATGATATTACCCTE {SEQ 1D NOTS}

UspAlopt delta
His GGCGCGLLTCCAGTIATTATITGGTATCCAGTGUGETCACALS (SEQ 1D NOTE)

Uspaopt 1His
delta AS GGCECGCCTCGAGTTAGTOTTTOGTATCCAGTGCGGTCACALG {SEQ D NOW77)

UspAZopt 2iis | GGCGCGLCTCGAGTTAGTGGTRTTIGRTATCCAGTGLGGTCACACG (SEQ 1D
delfa AS NO:78 )

R dofta hairpin GOELGLGLOTCGAGTIAGTRETGETGATGATGATGGCTTGLGLTTOTGGCATTITIG
AZopt His GTCATGGCAT {(SEQUID NOTe )

Tela His delia
halice CLGCTCOAGCTAGCTTITGGCATTITTIGGTGATGGT {SEQ 1D N8O )

N term cytoAbis GEAATTCCATATGGCOAAAAATGATATTACCCTGRAAGATCTR (SEQLID NOB1)

2His hilice delia GGCELCOLLTCRAGTTAGTGGTSTGLTGLOTATRCTRCCATACCATT {(SEQU D

&2
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AS NO:82)
Cyto hélice dHis
dAS GGCGLGCCTCGAGTTATGUTGCCTGTGCTGCCATACCATT {SEQL 1D NO:83 )

N term reverse CAGTTCATTATAGGTGGCCAGATCCTG {SEQ 1D NO:84)

Transformation

Escherichia coli (£. colil BLR (DES3), modified BLR (DE3} or B834(DE3) cells were
transformed with plasmid DNA according to standard methods with CaCl-treated cells
{Hanahan D. « Plasmid fransformation by Simanis. » In Glover, D. M. (Ed), DNA cloning. [RL

Press London. (1985): p. 108-135.). Briefly, BLR (DES3) competent celis were gently thawed
on ice. Approximately 4 of plasmid (10-100 ng) were mixed using 50-100 pl competent cells.
Thergafter, this formulation was incubated on ice for § min. To perform the fransformation
reaction, the formulation was heat puised at 42°C for 30 seconds then incubated on ice for 2
minutes. Approximately 0.5 ml of 50C medium (Super Opfimal 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 ug/mi kanamycin. Around 150 i of

{ransformed cell culture was plated and Incubated overnight at 37°C.

BLR (DE3): BLR is a recA” derivative of BL21 (F~ ompT hsdSB(rB— mB-) gaf dam {DE3). This
£, cofi strain used for expression of recombinant proteins improves plasmid monomer yields
and may help stabilize target plasmids conlaining repetitive sequences or whose products
may cause fhe ipss of the DE3J prophagse (Studier, FIWL (1881} Jd. Mel. Bilol 219 37-44). The
detailed genotype of E.cofi BLR {DES) has been publishad by NOVAGEN(a US registered
trademark). (F- ompT hedSE (rB- mB-} gal dom A(sr-recA)308:Tn 18 (TetR) (DEI).

BB34 (DE3) is the parental strain for BL21. These hosts are methionine auxotrophs and allow
high specific activity labeling of targst proteing with 355-methionine and selenomethionine for
crystatfography. The detalled genctype of Ecofi B834 (DEZ) has been published by
NOVAGEN(a US registered trademark): F~ompT hsdSylre— mp~) gal dem met (DE3).
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Madified BLR (DE3). In order to prevent {phospho)givconoyiation, Pyl gene was Insertad iny
the bictin locus focaled in the BLR {(DEJ} genoms. by addition, to prevent the He-Val
substitutions, the C219Y mudation in the threonine deaminass gens was corrected,
Genotype . (F- ompT hsdS8B (B- mB-) gal dom AlerbrecAl308:Tn1d {TelR); AlbioA-
biolncPgh TO + (C218Y} (DE3).

Exanmple 2 Protein exprossion using shaks flask

Escherchia coli strains transformed with recombinant plasmid were used {o inoculate 100 mi
of LI broth (Becton, Dickinson and Company) £ 1% {weight/voiume, wiv) glucose (Laboratoire
MAT, catalogue number. GR-0101) and 80pgim! kanamycein (Sigma). This preculture was
generally grown overnight &t 37°C. Twelve mi of the precuiture is used to inoculate 500 mi LB
broth+80ug/mi kananmycine. Cullures were incubated at 37°C with agitation of 150 RPM to

reach an 0.0 ggonm 0F ~0.8.

Al an OD.gom ~0.8, the BLR (DE3J) cultwres were induced for the expression of the
resombinant protein by addition of 1 mM isopropy! B-D-{-thingalaciopyrancside (PTG, EMD
Chemicals inc., calslogue number: 5815} and incubaled pvernight at 23<C with agitation of
150 RPM. After the induction period, the cultures were ceninfuged al 8370g for 20 minudes

and the peflets from 380 mi culture were frozen at -20°C separately.

Example 3 Froteln purification using phosphate buffer (MC-001 construct and MC-011

Each bacterial pellet obtained after indudlion in shake flask was resuspendead in 30 mi 20 mM
potassium phosphate buffer (pH 8.0} containing 10 mM NaCl and Roche COMPLETE(R US
registered frademark} Protease inhibitor Cocktall (1 talist/BC ml mi buffer), Cell lysis is
performed by 3 X French Press exiractions (20 D00 psi) and clarification s performed by 30
minutes centrifugation at 23700¢g. Supernatant s harvasted and filtrated on 0.22 ym.

BxHis fagged-proteing were purified on immobilized metal affinity chromatography (MAL)
using XK18 column and 20 ml MNINTA resin {Qi‘agen) previoysly squilibrated with 20 mM
potassium phosphate buffer {pH 8.0} containing 10 miV NaCl or PES buffer pH 8.0 contalning
500 mi arginine.  The soluble components were foaded on at up 10 4 miémin (producing a
“‘How through fraction™). After loading on the column, the column was washed with 60mit of 20
M potassium phosphate buffer (pH 8.0) containing 10 mM NaCl at g rate of 4 mifimin
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producing a “wash fraction #1. A second wash using same buffer + 10 mM imidazols was
performed, producing a “wash fraction #2. Elution was performed using same buffer
containing 200 orfand 500 mM imidazole.

Sampiles from elution fractions wers analyzed by sodium dodecy! sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). Samplés containing the protein were dialyzed against 5 fiters of
20 mM potassium phosphate buffer {(pH 8.0) containing 10 mM NaCl. Protein concentration

was determined using Lowry methed.

Example 4; Profein purificafion using srginine conlaining buffer (MC-001, MC-005 and

MC-007)

“Each bacterial pellet obtained after induction in shake flask (Example 3) or fermenter

{(Example ) was resuspended in 30 mi PBS buffer + 500 mM arginine pH8.0 and Roche
COMPLETE(a US registered trademark) Protease Inhibitor Cocktail {1 fablet/50 mi buffer).
Alternatively, fermentation cell paste (=7g) was resuspended in 80 mi PBS buffer containing
500 mM arginine pHB.0 and Roche COMPLETE(a US registered frademark) Protease
inhibitor Cocktail {1 tablet/50 mi buffer).

Ceall lysis was performed by 2 or 3 X Franch Press extractions (20 800 psi) and clarification
was performed by 30 minutes centrifugation at 23 700g 4°C. Supematant was harvested and
fillrated on 0.22 ym. BxHis lagged-proteins were purifisd on immobilized metal affinity
chromatography {IMAC) using XK18 column and B0 mi NINTA resin (Qiagen) previcusly
equilibrated with PBS buffer + 500 mM argining pH 8.0 . The socluble components were
lvaded on at up to 4 mi/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
{oH 8.0} containing 10 mM NaCl at a rate of 4-6 mi/min producing a "wash fraclion #1.” A
second wash using same buffer + 10 mb imidazole was petformed, producing g “wash
fraction #2." Elution was performed using same buffer + 200 oM imidazole or 500 mM
imidazole. In further elution vials, § mM EDTA final concentration was added.

Sampies from elution fractions were analyzed by sadium dodecy! sulfate polyacrylamide gel
elecirophoresis (8DS-PAGE). Sampiss containing the proteins were dialyzed against 5 liters
of 20 mM potassium phosphate buffer (pH 8.0) containing 10 mM NaCl and 5 mM EDTA.
Protein concentration was determined using Lowry method.
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. This protocol may be used with other BxHis tagged-proteins.

Exampie 5 Fermentalion

The following fermentation procedure may be used:
Working seeds are frozen aliquots of flask-grown Escherfchia colf BLR(DEZ) or BLR{DES)-
derived strains transformed with a pET26b derivative containing a sequence coding for a

specific antigen candidate recombinant protein construct.

A working seed (W8) is removed from frozen storage, thawed and used to inoculate an
Erlenmeyer flask containing pre-culture media. Manipulation of the seed and flask culiure ars
performed asaptically under a Laminar Alr Flow (LAF) 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 o reach an Optical Density at 850 nm (ODssonn) between

1.0 and 3.0, typically between 4 — 8 hrs.

A 20L fermentor is prepared by Clean-In-Place folliowed by an automated steam sterilisation
sequence. Starting medium is transferred assptically into the fermentor. A bottle filled with
NH,OH 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 NH,OH solution. lrradisted
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 pO2-
cascade {control dissolved oxygen) to or a pre-programimed feed-curve. Agitation is controlled

either by a pO2-cascade or a pre-programmed agitation-curve.

Initial fermentor parameters are typically as follows:

s Temperature: 28°C - 32°C
s Pressure; 0.8 barg (7 psi)
@ Ar flow rate: 2 VWM (Vessal Volumes per Minute)

) pH: Regulated at 8.8 by addition of NH,OH 25%.

An aliquot of this pre-culturs (typically betwsen 5mi — 50ml) is usad to inoculate the starting
fermentor madia by syringe addition through a septum en the fermentor head-plate. The
phases of Fermentation Culture are:

® Baich Fhage: Biomass is accumulated Using carbon source i starting media.
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® Faed-batch Phase: Fesd media is introduced sither according fo pO2-cascads
control or pre~-programmed feed curve. Biomass accumudation continuss on cavbon
source in feed media.

® induction Phase: Expression of the recombinant profein antigen is induced by
addition of IPTG solution to the culture in the fermentor,

At harvest, the culture is collected typically in 1L centrifugation botlles and centrifuged to
separate the solid pellst {cell-paste) fraction from the liguid supernatant fractipn{ The
supematant 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 coli standard pre-culture

Each standerd pre-culture were prepared using g frozen seed cultire of E£scherichia coli
strains. These strains are BLR(DE3) strains transformed with a pET28h derivative containing

a sequence coding for the specific construct {o be evaluated.

The seed cylture was thawed {o room te;n'perainsre and 400 pl were used fo inoculate a 2 litre
Erlenmeyer flask containing 400 mi of precullure medium {adapted from Zabwiskie &t al. {J.
ind. Microbiol, 2:87-95 (1987)).

The inoculated flask was then incubated at 37 °C (+ 1°C) and 200 rpm. The pre-culture was
stoppsd after 8h of incubation. At this step the oplical density at 850nm (Olssonn) is about 2.
The pre-culture was used fo incculate medium in a fermenter as soon as the culture was

stoppead.

20L scale fedbatch fermentation

Method

A 20 litre Termenter {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 mi of undiluted irradiated antifoam (SAG 471} was also added to the fermenter.
The temperature (28°C), head pressure (0.5 bar}, aergtion rate (20 litres sparged air per
riinute) and initial agitation speed (300 rpm) were then set prior to inoculation. The level of

67



WO 2015/125118 PCT/IB2015/051308

dissoived miygen i these conditions was 100%. The head pressure and asration rate were
mainiamed ot & constant lsvel during the fermentation.

Incculation was achieved by the addition of an equivalent 10 mi QDB50nm = 2 of pre-culture
{prepared as described above, in Example 2} following the next formula

20
Frecultyre Final QD65%on
During batch phass {0-15h), the temperature was maintained at 28°C. The level of dissolved
oxygen was set gt 20%. The lbvel of dissolved omxygen (DG} was reguldied by increasing
stirring when the DO feli balow 20%. Glucose exhaustion resuited in an increase in DO and a

Frevulture Volumelnd) =

concomitant decrease in stirring.

When giticose is exbausted, the feeding rate is started hased on a pH signal that increases
abave 7.0, Front this point forward, the feeding rate was controlled by oxygen demand,
increasing the flow rate when digsolved oxygen tends 1o drop below the 20% sef point. Al this

step the agitation speed is maintained at 900 rpm.

During the fed-batch phase (before induction), the pH was maintained af 8.8 by addition of

base, the temperature was regulatad at 30°C.

Two strategies were applied {o produce the protein:

The "High Cali Density Induction” {(HCDI) {s applied when culture is induced with 1 mM PTG
{isopropyl-heta-D-thiogalactopyrancside) at an optical density of B0 1 5, typivally reached after
400 of culture. The temperature was maintained at 28°C and feeding rafe sfill controfied by
exygen demand with a constant agitation sp-eéd’ at 800 rpm.

The "Low Cell Density Induction” (LCDI) process means an induction af an optical density of
40 + § ysuslly reached afler 24h of culture. The temperature was decreassd fo 30°C and the
congtant feeding rate of 0.5 mifmin is applied. Then 1 M PTG is added to the culture. Al this
atep, the DO level was maintained at 20% by conbrolling the stirring rate.

Al the end of the induction phase (72h), cell paste was collected by centrifugation (6,500xg,
4°C for 1h), and stored at -20°C.
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Figures 1 and 2 illustrate a typical fermentation profile with the HCD! and the LCDI processes

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

Table 4 sets forth the constructs evaluated in fermentar and UspA2 yield obtained for sach

ane.
Table 4
Coﬁstruct 0 Name Helix :z:; p:;zzss Yi:is dp?gil_);

MC-008 UsippAZ + Helix + 2 His Full 2res HCDI 2,21
MC-B07 tspA2 + Helix + & His Full & ras | L2018 2.60
MC-010 UspAZ + Halix Full No HCDI .22
MC-00% UspA2 AHelix + & His No 6 res LCDY 1.92
MC-GDE UspAZ Aelix No No DI 1.14
MC-004 UspAZ+ % Helix + 2 His /2 2 res LB .92
MC-001 UspA2+ % Helix + 6 His 1/2 6 res HEDS 3.68
MC-002 UspA2+ % Helix 172 No HCD‘E 0.49

His=histidine

Figure 3 depicls in graphical form the UspAZ2 yield in Table 4 from the constructs svaluated in

fermenter.

in this figure, UspAZ2 vield is affected by histidine residuss present in the constiuct . (p«<0.G5,
one way, thres levels, Type | ANOVA). A positive correlation between the number of histidine
residues and UspAZ fermentation yield was obsesrved, with a yield increase higher than 400%

between 0 and € residues in fed-hatch fermentations.

it was alsa cbeerved that one histidine rasidue added o haif-helix pattern (MC-003 construct]
produced a UspA?2 vield of about 1 g/l of protein.

Examupie §: Protein characterization

Analytical ultracentrifugation
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Analytical ultracenirifugation is used o determine the homogeneity and size disiribution in
solution of the different species within a protein sample by measuring the rate at which
molecides move i1 response o g centrifugal force. This iz based an the calculstion of the
coeffivients of sedimentation of the different species thatl are obiained by sedimeniation
valochy sxperiment, which depend on thelr molecular shape and mass.

The following protein samples were spun in g Beckman-Coulter Proteomel.ab X1 analytical
gitracentrifuge at 28 COORPM after the AN-8OTI roter had been equilibrated o 158°C.
g, MC-008 lof BMPSES | §75ugimi In 20mM NaPQ,, 10mi NaCl, pHB,0
b, MGC-001 lot BMP13 |, 545ug/miin 20mM NaPQ,, 10mM NaCl, pH8,0
MC-001 lof BMP14 | 545ug/mit in 20mM NaPQ,, 10mM NaCl, pH8.0
MC-001 ot BMPSS | 445ug/mit in 20mM NaPO,, 10mM NaCl, pHB,0
MC-007 tot BMP70, 510ug/mi in 20mM NaPQy, 10mM NaCl, pH8,0

& & o

For data coliaction, from 133 1o 325 scans ware recorded at 280nm svery 5 minutes,

Data analysis was performad using the program SEDFIT {avallable fhrough the Ngtional
institutes for Health} for determination of the G(8) distribution. The C(S) distribution is a
representation of the relative intensily of the different components in a mixture of
macromolecules separated by thelr coefficient of sedimantation, which s a function of
molecule size and conformation. Delermination of the parlial specific volume of the protsing
at 15°C was performed with the SEDNTERP software from thelr amine acid seguence.
SELNTERP (SEDNTERP is distributed and supported through the Biomolecular Interaction
Technologies Center af the University of New Hampshire} was also used to determing the
viscasity and the density of the buffer at 18°C.

Distermination of the relative abundance of all species has been performed by considering the
total area undar the curve of the overall distribution as 100% of the sample and by calculating
the percentage of this total area represented by the cortribution of every species. C(8)
distribufion plot {concentration vs sedimentistion coefficient) has been used for thal
caicuation, considering that s a beller representation of the raw data than the C{W
distribution {concentration vs molecular weight).
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Analytical ultracentrifugation of the different purified consiructs allowed obsearvation that
UspA2 Ahelix, UspAZ ¥4 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 fo purification
(Figures 4, §, 7 and 8).

A heterogeneocus size distribulion has been observed for UspAZ %2 helix when no L-arginine
was added during cell lysis. Two major populations are observed. if was not possible to
confirm the molecular weight of the species detected by AUC (analytical ulfracentrifugation)
with this protein preparation, since the frictional ratio which is essential for molecular waight
astimation needs to be calcdlated from an homogeneous sample. However, based on
sadimentation coefficients, none of the observed species seem to correspond to the trimer

observed in other samples.

Figure 4 Hlustrates the molecular weight distribution of purified MC-008 determined by
sedimentation velocity analytical ulirgeentrifugation. The majority of protein is found as a
frimer, with a small proportion of a higher molecular weight oligomer that may correspond {o

dimer of trimer.

Figure 5 iflustrates the molecular weight distribution of purified MC-001 determined by
sedimentation velocity analyiical ultracentrifugation. Majority of protein is found as g frimer.

Figure 8 illustrates the molecular weight disiribution of purified MC-001 determined by
sedimentation velocity analytical ultracentrifugation. The sample presents mulliple spacies
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 lllustrates the molecular weight distribution of puﬁfied MC-001 determinad by
sedimentation velocity analytical ultracentrifugation. The majority of protein is found as &

frimer.
Figure B illustrates the molecuiar waight distribution of purified MGC-007 determined by

sedimentation velocity analytical uliracentrifugation. The majority of protein is found as a

rmer.

7%



WO 2015/125118 PCT/IB2015/051308

Circular dichrolsm/Secondary Structure

Circular dichroism (CD) is used to determine the secondary structure compasition of a protein
by measuring the difference in the absorption of lefi-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 (180-250nm) are different whether a protein exhibits a
bata-shest, 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

- apectra.

Far UV speotra ars measured using an optical path of 0.0%cm from 178 o 250nm, with g 1nm
resolution and bandwidth on a Jasco J-720 spectropalarimeter. Temperalure of the cell is
maintained at different temperatures by a Peltier thermostated RTE-111 cell block. A nitrogen

flow of 10L/min is maintained during the measursments.

Concentration of the following pratein constructs was adjusted to 400ugimi in 20mM NaPO4,
10 mM NaCl, pH8,0 buffer.

a. MGC-005 lot BMPE2 | in 20mM NaPO4, 10mM NaCi, pH8,0
b. MC-001 lot BMP13 | in 20mM NaPQ4, 10mM Nall, pHB,0
c. RC-001 lot BMP14 | in 20mM NaPO4, 10mM NaCl, pH8,D
d. MC-001 lot BMPS54 , in 20mM NaPO4, 10mM NaCl, pHB,0
e. MC-007 lot BMP70 | in 20mM NaPO4, 10mM NadCl, pH8,0

Calculations of secondary structurss have been done using the following algorithms:
Salcon 3 (Sresrama and Woody, Anal. Biochem. {1983}, 208, 32 ; Sreerama and
Woody, Biochemistry, 33, 10022-25 (1894) ; Sresrama et al. Protgin Science, 8§, 370~
380 (1989) ;  .Johnson W.C.Jr. Proteins:Str Func.Genet. 35,307-312 (1998} )
CDSSTR (Johnson W.C. Proteins:Strus. Func.Genet. 35, 307-312 (1998) modified by
Sresrama. N.{Anal Biochem. 287,252 (2000)).

Displayed results are an average of the percentage calcuiated with both algorithms and are

subjected to a 5% arror margin.
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Results of the secondary sfruciure calculations for fermentor expressed proteins are displayed

in Table 5, considering & 5% error margin.

Talle & Secondary structurs caleulations at 23°C

FProtein Halix Beta randam
MC-005 BMP53 40.8 28.4 34.1
MOC-007 BMP70 58.2 18.2 247
RMC-001 BRPE4 53.7 14.2 34.4

Caloudations 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 proporion of helical structures, with presence of beta structures.

Superposition of the specira on Figure 9 shows no significant difference in the shape between
constructs, Specitra of MC-005 helix shows a lowsr intensity which could account for a lower
alpha structurs that is coherent with the absence of C-lerminal helbx.

Figure 8 iHlustrates the far-UV ciroular dichroism spectra of UspAZ2 constructs MC-001, MO~
008 and MCO07 giving an indication of protein sscondary structures. Superpoesition of spectra
clearly shows that constructs containing half and full Cerminal helix have no delactable
differance in their secondary structurss, while the consiruct withowd helix generates g spectra

with a difference in intensity that could account for a different secondary structure content,

Thenmal unfolding

Measurement of far-lUV CD speclra al different temperatures during thermal unfolding
suggested that MC-005 is less thermally stable than MG-007. The specirs ohserved at 33°C
for MC-008 is similar fo the typical spectra of an unfolded protein. For the MC-007 construct,
gven if partial loss of secondary structures is ohserved at 33°C, the complete unfolding seems
to ocour hetween 35°C and 37°C. This may be an indication of higher thermal stability of the

full elix containing construct MC-007.
Figure 10 tHustrates sscondary structures monitoring by cireular dichrolsm during thermal
unfolding of MC-005 {UspAR2Ahelix+8His). Visual analysis of the specirs clearly shows that the

pratein 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 {UspAZ2 + helix + 8His). Visual analysis of the spectra shows that loss of
secondary structure is slower compared fo the construcet without helix. Structural changes are
detectable upon heating to 33°C, but complete unfoiding seems to occur between 35°C and
37°C.

Differential Scanning Calorimetry (DSC) thermal unfolding
Thermal transitions of different UspAZ2 constructs were gompared in order to evaluate the

affect 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
NaPQ4, 10mM NaCl, 5mi EDTA, pH8 was used as refersnce and subtracied from the scans.
Proteins were equilibrated at initial temperature for 15 minutes before femperature ramping

DSC scans were then conducted from 10°C {0 80°C at a heating rate 80°C/hr.

Two transitions were detected in MC-001 and MC-007 constructs and only one in MGC-D05.

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 fo 34.5°C for the half helix (MC-001)

ft has been demonstrated that for MC-001 and MC-007, the first Tm around 32°C i3
reversible, while the higher Tm is irreversible. For MC-005, the only Tm detected is

irreversibls.

This may be an indication of a higher thermal stablility of full helix containing construct MOC-
Q07.

Tahle &: Mefting points of UspAZ constructs measured by DSC

Constructs fmgfml] 1 Tmy °C) T (°C)
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KMIC-005 |
A T
IotBIMPE3 0.400 31.74
MG-001
400 32.02 _
JOtBMP54 0.40 2.0 34.51
MC-007 T
I6tBMPT70 0.400 32.19 37.50

Mass spectrometry

UspAZ2 protein samples were prepared by protein precipitation with CHCL / MeCH / HO
system. The protein pellet was centrifuged at the boitom of the eppendorf tube before being
gently dried under nitrogen. The dried pellet was then dissolved in 2y of pure formic acid
hefore being diluted with 3pl of ulfrapure water and 5yl of sinapinic acid. Binapinic acid used
as matrix for MALDI-TOF (f\,’iatrix—Assi.sted Laser Desorption/lonisation followed by Time-Of-
Flight spectrometry analyser) analysis is prepared in 50% CHRCN / 50% H.O supplemented

by TEA 0.1% final concentration.

1ul of the sample + malrix mixture was spotted onto a Bruker 384 ground stainless steed
MALDI target and let to dry for crystallization at room temperature and atmospheric pressure
{dried droplef method).

UspAZ mass spectrometry analysis was performed on a Bruker Ultraflex 2 MALDE-TOF mass
spectrometer (Bruker Dalionics, Bremen, Germany) in positive ionization and finear mode.
Protein samples, co-crystallized in sinapinic acid matrix, were irradiated by a smartheam
laser. Mass measturement of intact UspAZ2 protein were done over 10.000-100.000 Da mass
range with an acceleration voltage of 28 kKVolts. Laser altenuation was fine-tuned in order to
get the best protein signal as possible and to avoid any fragmentation as well as hackground
over-ionization phenomena. Calibration of the mass spectrometer was performed in close
external method with homalogous matrix and using the commercial Bruker Protein Calibration
mixture 2, by accurate measures on the foliowing calibrators: [M+2H (mass measured by

MS detector following addition of two H+ ions fo the protein dudring lonisalion) specias of

75



WO 2015/125118 PCT/IB2015/051308

profein A at mfz 22307 Da, M+H]" species of trypsinogen at miz 23832 Da, M+H]" speacies of
protein A at miz 44613 Da and [M+H]" species of bovine albumin at miz 86431 Da°. Each

presanted spectrumn results from the sum of 500 individual shots.

The following samples ware anslyzed;

MC-001 construct with MUOAK amino acids {(SEQ 1D N 85} in N-terminal producsd in shake
flask, fof opt-01, MC-011 construet with MAK aming acids in Nderminal producsed iy shake
fask, lot BMP37.

in Table 7 and Figure 12, MGC-001 profein with MGAK amino acids (SEQ 1D NO: 88) at the N-
ferminal extremity has been shown fo be af least parlislly demethionyiated, as shown by the
measwed motecudar mass of 87427Da, compared {o the expected mass of 875650a. The
other peak of 87820Da may represent the complete non-demethionyiated protein, N-

acetylated protein, or another modified protein population.

Figurs 12 iustrates the MALD spsstrum of MCO01 lof optdit. The mass observed at
57437Da may be coherent with the demethionylated protein, while the peak at 576200a could

corraspond to the complets protein,

As shown i Table 7 and figure 13, MG-011 protein with MAK amine acids at the N-terminal
extremity gave a major population in MALDEMSE that may correspond fo the demethionylated
protein, with a mass of §7285Da, compared to 574370a for the expeciad mass based on
complete amino acid sequance. The two other peaks at +188Da and +388Da are nof close fo
any expected postiranslgtional modifications, so they couldnt be ideniified by this

experiment,

Table 7: Molecular mass of two UspA2 constructs as measured by MALDEMSE. Both
construcls have a mein measwed mass lower than the one expecisd from aming acid
sequence. The mass of the major population oblained with both constructs may be coherent

with & demethionylated protsin.

Frotsin Theorstical Measurad Comment
mass (Da) mass {Da)

~
&
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-H7427.9 ~Coherent with demethionylation
0 0 TEEE (57434.6)
MC-001 lot opt-01 | 57565.8 -57620.3 - Coherent with protein containing

N-terminal methionine

| Coherent with demethionylation

MC-011 Jot BMP37 | 57437.6 572652 (57306 .4)

N-terminal sequencing by Edman’s degradation

in order fo svaluats if the optimisation of the N-terminal region (optimisation of the amine acid
sequance next o 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 exiremity.

The proteins were separated by SDS PAGE on a Novex 4%-20% polyacrylamide gel fram
Invitrogen, before transfer onto Problot PYDF {(polyvinylidence dilucride) (Bio-Rad) membrane.
The membrane was stained with amidoblack. The band of interest was then cut and analysis
was carried ouf according 1o the manufacturer's protocal 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 NO:88), which
corrgsponds o the N-lerminal extremily of the protein starling at the amino acid number fwo

aftsr the initial methionine. This indicates thal the maﬁurei protein is mainly demethionyiated.

Example 7: UspA2 construct MC-0041: Bactericidal aotivity.

Bactericidal Assay
Moraxelia cafarrhalis was cullivatad overnight on Petri dish at 37°C + 5% CO.. Bacteria were
transferred i 12 mi HBSS-BSA {(Hank’s Buffersd Salt Solution with Baovine Serum Alburm) Q.1%

buffer in order {0 get an OD g of 0.850. Serum s:émpie‘s were healed for 45 min at 58°C to

inactivate the endogencus complement. Serial two-fold dilutions of sera in SBA buffer (HBSS-
BSA 8.1%} were added on a 88-wsll round bottom microtire plate (25 pifwell). Subsequently, 80
ul of SBA buffer were added in sach well. Then 25 i of Moraxelia catarrhalis strains at 4 107
cfulmi were added to the wells containing sera and incubated for 18 min at room tempsrature.
Finally 25 @i 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 ul. Piates were incubsied for 1 h at 37 “C with orbital

shaking (210 rpm). The reaction was stopped by faying the microplate on ice for at least & min.

After homaogenization, various diiutions of the suspension (a mixture of bacteria, serum,
complement and buffer, at a volume of 125 ul as discussed in the previous paragraph) were
added onto chocolate agar plates and incubated for 24 hours at 37°C with 5% CO, and

Moraxefla catarrhalis colonies were counted.

Eight wells without serum sample were used as hacterial controls to determine the number of
Moraxella catarrhalis colonies per well. The mean number of CFU {coleny forming unit) of the
contrel wells was determined and used for the calculation of the killing activity for sach serum
sample. The bactericidal {ifers were exprassed at the reciprocal dilution of serum inducing 50%

of killing.

Anti-UspAZ2 antisera generated in mice, guinea pigs and rabbits against MC-001 were fested in
the bactericidal assay described here above against 20 different Moraxella catarrhalis sirains
isolated from various tissues (blood, sputum, nose, middle ear fluids) in various countries (US,

Finland, Netherlands, Norway, Sweden).

As shown below anti;UspA‘:Z antibodies were able to induce a cross-hactericidal kiling of
Moraxella catarrhalls, whatever the percentage of homiology of the USpAQexpresseci by the
tested strain. Moreover bactericidal activity was also shown against strains which only express
UspA1 or the chimeric protein UspA2H. As expected, no or only weak bactericidal antibody

titres were measured against UspA1 and UspA2 double kKnock-cul mutants.

Table 8: Cross-bactericidal activity of anti-UspA2 MC-001 antibodies generatad in mouss,
guinea pig and rabbif, 142 KO is a double knock ouf, UspA1l & UspA2. 1KQ is a UspAt
knockaut only. MEF (AOM) = Middie Ear Fluid (Acute Otitis Media). "/ * in the Isolate source

solumn = nipt aware of the isolate sourcs.
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Jentity %" versus the AntiiispAY antiserum
Steaing tsolate S0UrCe UspA gene prosent v‘ac;\:ga(fz g;;; g;sg!c‘e hactaricigal autivity
TR AR Mouse | Suineapig| Rabbi
ATCC 25238 { Uspd tiispaR 4821146 LRy b bk
436147 Bronchiifs LispAt 494 * + *
Arnerdean 7826 / UspAt 354 - s« -
%833 3 $spATRIapA2 44.6/82 4 ~ RE +3
2042 / UspAtiapa2 30.3164.6 ¥ R Fpdn
2808 { UsgA1UspAR 43.3182.8 Ak Rt B
Firpishy 307 MEF (ACH} UgpATUSpAZ A7 BI70A - Ry i
3453 MEF (ACM} UspAlRispaZ 45818 + e Ex3
358 MEF (AON} UspAtilispAZ 47515 Pp et bk
%10 MEF (AON) UspAHUSPAZ 485669 T b SHF
Dutch NG nove UspAtUapA2H 4147701 e ER Y PERY
M2 SEURUT LspAtllspa2 4714.6 Ft e Fib
Fi0 sputum LispA T UspA2 426611 ¥ X3 ik
Nonegian 3 Trachestomy (Fnaunona) LspAiidsna2 44 BB0G Sk Feid e
13 Trachectamy (Preunonis) UspATAISRAZ e REa s e
20 Tracheotomy (Preumsania) SpATARRAZ H3 R T
25 Trachestomy Preumcnia) UspAtidspd2: Aok Hede Fibd
27 henfomy Poeumonia) UspAthisphz 467781 A Eau) EE
&6 Tracheoiomy (Pheumonial UspAtilispAZ 5568186 * b +F
Bweadish 2BHIS WT sputm UspATAispA2H 42.9/57.3 b R bt
BREAS (14260} . ' - % . .
BEHIS (1KQ) UspAzH 57.3 R S bt Sk
RHAWT hiood UspAtiUspaeH 3744585 not done 3 EPs
FHA (152K0) - - - - +

* dafermined using e software GaptCluslalx versus the ATCCREZER UspA2 fagmert AA3N:540.

+i+ *BA0GE0
w4 »20000
+ >5(0

- <200
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Tabls 9; UspA Expression in the 8. cafarhalis etrains in Table 8.

Sirains UspAd UspAZ2 UspAZH
gxpression | expression jexpression
ATCC 25238 Yes Yas No
' 43817 Yes stop cadon D
Ametican 2928 Yes No stop codon

2933 Yes Yes No

2812 Yes Yas No

2808 Yes Yes No

Finnish 3Q7 Yes Yes No
353 Yazs Yes No

358 Yes Yes No

2186 Yes ¥as No

Dugeh NS Yes No Yo
H2 Yes Yes No

10 Yes Yeas No

MNorvegian 1 Yes Yes No
13 Yasg Yes No

20 Yes Yes No

25 Yes Yes No

27 Yes Yesg No

38 Yas Yes Na

Swadish BBHI8WT Yes No Yas
BEH18 (1+2KO) No No No

BEHIS (1KO) No No Yes
RH4 WT Yes No Yag

RH4 (1+2KO) No No No
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Example & Profection in a mouse mwodel of lung colonizalion (MC-001)

Five wasks-old female Balbic mice (n=8/5 groups) were immunized by the intramuscular route
at days 8, 14 and 28 with 50 wl of vaccine containing 10 pg of UspA2 construct MC-001
formulated within ASO2V. Mice were intranasally challenged at day 42 with 5.10° CFU of various
Maraxella catarrhalis strains, Bacteria were counted in iungs coliscted 8, 3 and © hours post-
challenge. Differsnces between groups were analysed using the Dunnet test, ‘

As sumimarised in Table 10, UspA2 construct MC-001 inducsd a significant protection against
both homologous and heterologous strains, including the sirain 43817 which does express
UspA1 but not UspAZ2 and the BBH18 sirain which expresses the chimeric protein UspAZH
{constituted of the N-terminal sequence from UspA1 and the C-srminal sequence from LispAZ).

Table 10 Protective efficacy of UspA2. MGC-001 construnt,

‘ Usph §&a§&§ty % *‘veirsus Log ofu / mi
Strain snpressed ‘ g:he“uacrcmai Congrol Y acoine £ value
Saguence ATCCRR338 group gYOUp
QELIB UspAl & UspAR 45.2/100 ’ 5.2 3.1 B33
43617 UspAl 40,1 a3 3.6 £8.01
Fi0 UspA1 & UspA2 42.8/61.1 4.2 2.9 Q.25
FiQ UspAl & UspAZ 42.9/61.1 4.4 3.6 Q41
BBH18 UspAl & UspAZH 42.8/57.3 43 3.5 8,01
20 Usphld & Uspa2 33.7/80.6 4.4 3.8 G002

* determined using the Qapl/Qlucta X software versus the ATCC25238 UspAZ fragment AR 30-540

£ vaiues in bold are significani{p <0.05}

Example 8: UspA2 construct MG-007: Antibody bactericidal activity.

Bactericidal Assay

Moraxeifg catarrhalis 25238 was cullivated overnight on Petrt dish at 37°C + 5% GO, Bacleria
were transferred in 12 mi HBSSG-BSA 0.1% buffer in order 1o get an QD 5y of 8.858C. Ssrum
samples were heated for 45 min at 88°C o inhactivate the endogenous complement. Serial two-
fold dilutions of sera in SBA buffer (HBES-BSA 0.1%) were added on a 88-well round botfom
microtitre plate (25 pliwell). Subseguently, 50 yl of SBA budfer were added in each well. Then 25
yt of Moraxella calarrbalis 25238 strain at 4 10™ ofu/mi were added to the wells containing sera
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and incubated for 15 min af room temperature. Finally 25 yl of freshly thawed baby rabbit
complement difuted 1/8 in HBSS-BSA 0.1% were added to reach a final volume of 125 pl
Plates were incubatad for 1 b at 37 °C with orbital shaking (210 rpm}. The reaction was stopped
by laying the microplate on ics 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%
CO, 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 conirol 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 vatarrhalis

hormologous 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 Bactericida} activity of anti-UspAZ MC-001 and MC-007 antibodies. Normal mouse
sera = sera from miice immunized with ASO2V only, not with UspAZ.

Samples Bactericidal fiters

Normal mouse sera (AS02V) -
Mouse Anti-Killed whaole cells 25238 o

Mouse anti-UspAZ against e
UspA2 MGC-001

Mouse anti-UspA2 against e
UspA2 MC-007
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Example 10: UspAZ2 construst MC-007; Protective sfficacy in a lung challenge medsl

Protection in a mouse model of lung colonizatioy

Five wesks-old female Baib/c mice (8 mice per group, 5 groups max per time point) were
immunized by the inframuscular route at days 0, 14 and 28 with 50 |l of vaccine containing 10
g of UspAZ construct MC-001 formulated with ASO2V or MC-007 formulated within ASG2V.
Mice were intranasally challenged at day 42 with 5.10° CFU of Moraxelfa catarrhalis strain
ATCC{a US registered trademark) 25238™. Mice were immunized with 10 ug of killed whoie
cells from Moraxefla catarrhalis sttain ATCC{a US registered trademark) 25238™ (as positive
control) (M.cat. WG 25238 in Figure 14) or with AS02V alone (as negative control). Bacteria
warg counted in lungs collected 0, 3 and 8 hours post-challenge. Diffsrences between groups

were analysed using the Dunnet test.

As shown in Figure 14, both UspAZ constructs were similarly prolective against ATCC{a US

registered trademark) strain 25238™,

Example 11: Immunogenicity of UspA2 MC-008 protein formulations in mice

Groups of 25 female Balb/c mice were immunized by the inframuscular (IM) route at days 0, 14

and 28 with 50 pi of the following formulations:
-MC-008 {1 pg) AIPO4 (1000 ug/mi)

~-MC-008 (1 ug) ASC4C (AIPO/MPL 100/100 per mi)
-MC-008 {1 pg)y ASCTE {QS21/MPL 80/50 per mi}

Anti-IgG levels were determined in individual sera collected at days 28 (PH) and 42 (Pill} using

the following protocol
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ELISA to measure anti-UspAZ antibodies.

Plates wers coated overnight at 4°C with 100 wl par well of UspA2 construct MC-009
at 4 ug/mi in carbonate buffer pH 8.8. The plates were washed three times with NaCl
0.09% TWEEN(a US registered frademark) 20 {polysorbate 20} 0.05%. Alfter
washing, serial two fold dilutions of sera were gdded to microwells in PBS TWEEN(a
US registered trademark) 20 0.05%. The plates were placad at room temperature for
30 minutes with shaking. After washing, anti-mouse igG antibodies (Jackson 115-
035-003) conjugated to peroxydase (100 (W 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 & ul of
HoOsin 10 ol of citrate 0.1M PH {pH) 4.5) was added to each well (100 pliwell) for 15
min in darkness, The reaction was stopped by addition of 80 pi of HCI 1N and the

absorbance was read at 480 nm (820 nm for the referenice filler).

The titers were calculated by the 4-parameters method using the SOFTMAX({(a US registersd

trademark) Pro software.

As shown in Figure 15, UspA2 induced high antibody levels with each adjuvant

formulation.

Bactericidal Assay

The baclericidal assay was performed against M. calarrhialis strain (ATCC{a US registered
trademark) 25238™) expressing a homologous full length UspAZ using the following protocol
Moraxella catarrhalis sirain ATCCG(a US registered trademark) 25238"™ was cultivated
overnight on Petri gdish at 37°C + 5% C0O,. Bacteria were transferred in 10 mi of BH (broth
heart infusion) in order to get an OD 50 of 0.650. Serum samples were heated for 45 min at
56°C to inactivale the endogenous complemant, Serial fwo-fold dilutions of sera in SBA buffer
(HBSS-BSA 0.1%) were added on a 96-well round boftom microtitre plate (25 ulwell).
Subseguently, 50 pl of SBA buffer were added in each well Then 25 yl of Moraxells
catarrhalis strain 25238™ at 4 10 ofml were added to the wells containing sera and
incubated for 18 min at room temperature. Finally 25 ul of freshly thawed baby rabbit
complement dilufed 1/8 in HBSS-BSA 0.1% were added to reach a final volume of 125 yl.
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 i aliguot of each well of the
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plate was then transferred info the cotresponding well of a B8-well flat bolton microplate and
80 yl of Mueller Hinton Broth—0.8% agar was agided to gach well 50 yl of PES 0.9% agar was
added as a second layer. After 3 hours at 37°C with 5% CO, plates were Incubated ovemight
ab 28°C, Moraxalia colanies were counted using an automated image anaglysis sysiem [KS
400, Zelss, Obarkochen, Germany). Eight walls without serum sample were used as bactarial
controls to determine the number of Moraxella per well. The mean number of CFU of the
control wells was determined and usead for the calcudation of the killing activity for sach serum
sampie. The bactericidal titers were expressed at the reciprocal dilution of sevum inducing 50%

of killing.

Figure 18 Mustrates the baclerinidal titers induced by UspAZ2 against a homologous strain: In
this experiment, UspAZ induced high levels of bactericidal antibodies for each adjuvant
formulation, Sera were tested at Plll; five pools of five sera samples were tested,

Example 12 bnmunogeniclty of UspdZ2 in combination with PD and PE-PHA NTHI

antigens.
imenunization Protocod

Groups of 25 female Balb/c mice were immunized by the intramuscular (M) route at days §,
14 and 28 with 50 gl of the following formulations:

~UapA2 construct MC-000 (1 ug) AIPO4

~UspAZ construct MGC-008 {1 ng) AS04C

~UspAZ construct MC-002 {1 ug) ASDTE

-UspA2-PD-PERIA (UspAZ construct MG-008, PERIA sonstruct LVL-735) AlIPO4 {1 ug of each of
UspAZ, PD and PEPIA; 1000 mgimi AlPQ4)

~UspA2-PD-PEPIA (UspA2 construct MG-009, PERIA construct LVL-735) ASG4C AIPQ4 (1 ug of
each of UspAZ2, FD and PEPIA; 1000100 per mi AIPQ4MPL)

~UspAZ-PL-PEPIA {UspAZ construct MC-008, PERIA construct LVL-7358) ASOIE (3 ug of each of
UspA2, PD and PEPHA, 50/50 per ml QS2TMPL)

ELISA to magsure anti-UspA2 _am‘;’bod{ea

Anti-UspA2 g6 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-008
at 4 ug/mi in carhonate buffer pH 9.8, The plates were washed three times with NaCl
0.08% 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. Affer washing, anti-mouse IgG antibodies {Jackson 115-
035-003) conjugated o peroxydase (100 yl per welly 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 & wl of
HoOy in 10 mi of citrate 0.1M PH (pH) 4.5) was added to each well (100 piwell) for 15
min in darkness. The reaction was stopped by addition of 50 pt of HCH 1N and the
absorbance was read at 4490 nm (820 nm for the reference fiiter). The titers were
calculated by the 4-parameters method using the SOFTMAX(a US registered

trademark) Pro software,

=LISA fo measure anti-PE antibodiss

Plates were coated overnight at 4°C with 100 uf per well of 2 pg/mi of UspAZ in carbonate
buffer pH 9.6, The plates were washed three firnes with NaCl 0.00% TWEEN(a US registered
irgdemark) 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 fo peraxydase (100 ul per well) were added, and the plates wers
placed at room temperature for 30 minufes with shaking. Plates were washed as abhove and
the solution of revelation (4 mg of OPDA and 5 i of HyO,in 10 mi of citrate 0. 1M PH 4.5) was
added to each well (100 pliwell) for 15 min in darkness. The reaction was stopped by addition
of 580 yl of HCIH 1IN and the absorbance was read at 480 nm (820 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-PilA antibodies

Plates were coated overnight at 4°C with 100 il per well of 4 yg/mi of FilA in carbonate buffer
pH 8.6 The plates ware washed three times with NaCl 0.08% TWEEN{(a US registered

trademark) 0.05%. After washing, serial two fold dilution of sera were addad to microwells in
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PBS TWEEN{(a US registered frademark) 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 ui per well} were added, and the plates were
placed af room temperature for 30 minutes with shaking. Plates were washed as above and
the solution of revelation (4 mg of OPDA and 5 ui of HxOq2in 10 mil of citrate 0.1M PH 4.5) was
added to sach well (100 piwell} for 15 min in darkness. The reaction was stopped by addition
of 50 il of HCL 1N and the absorbance was read at 490 nm (820 nim for the reference filter}.
The titers were calculated by the 4-parameters method using the SOFTMAX(a US registered
trademark) Pro software.

ELISA to measurée anti-PD antibodies

Plates were coated overnight at 4°C with 100 i per well of B ug/mi of PD in carbonate buffer
pH 9.6. The plates were washed three fimes with NaCl 0.00% TWEEN{a US registered
trademark) 0.05%. After washing, serial fwo fold dilution of sera were added to microwells in
PBS TWEEN{(a US registersd trademark) 20 0.05%. The plates were placed al room
fermperature for 30 minutes with shaking. After washing, anti-mouse IgG antibodies {(Jackson
1158-035-003) sonjugated 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
tha sofution of revelation {4 mg of OPDA and & ul of HxGrin 10 mi of citrate 0.1M PH 4.5} was
added to each well (100 piiwell) for 15 min in darkness. The reaction was stopped by addition
of 50 ul of HC! 1N and the absorbance was read at 490 nro {820 nm for the reference filter),

The titers were calculated by the 4-parameters method using the SOFTMAX((a US ragistered

trademark) Prosoftware,

Baclericidal assay

Bactericidal titres were measured in pooled sera (5 pools! group) collected at day 42 using the
following protocel:

Moraxelia catarrhalis was cullivated overnight on Petr dish at 37°C + 5% CO,. Bacteria were
transferred in 10 mi BHI {broth heart infusion) medium in order fo get an OD g of 0.650.
Serum samples were heated for 45 min at 56 °C to inactivale the endogencus complement,
Serial two fold dilutions of sera in SBA buffer (HBSS-BSA 0.1%) were added on a 98-well
round hottom micretitre plate (25 plfwell). Subsequently, 50 ul of SBA buffer were added in
sach well, Then 25 ul of Moraxelia catarrhalis strain 25238 at 4 10™ cfwml were added to the

87



WO 2015/125118 PCT/IB2015/051308

wells containing sera and incubsted 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 il Plates were incubated for 1 h at 37 °C with orbital shaking (210 rpm). Ths
reaction was stopped by taying the microplate on ice for at least 8 min. A 20 il aliguot of each
well of the plate was then iransferred into the corresponding well of a 26-well flat bottom
microplate and 50 yf of Mueller Hinton Broth-0.9% agar was added to each well. 50 il of PBS
0.9% agar was added as a second layer. After 2 hours at 37°C with 5% CO, plates were
incubated overnight at 25°C. Moraxella colonies were counted using an automated image
analysis system (KS 400, Zeiss, Cberkochen, Germany). Eight wells withoul serum sample
were used as bacterial controls to determine the number of Moraxella 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 fiters were expressed at the reciprocal

dilution of sertim inducing 50% of Killing.

The hactericidal assay was performed against Moraxelfa calarrhalis strain 25238™,
expressing a homologous UspA2,

A negative impact of the presence of PD and PE-PIA antigens on UspAZ 1gG levels was
observed in AS04T (post 1) and ASO1E {post Il) formulations (Figure 17). However the impact
remained limitad (< 2 fold antibody decrease) and was not confirmed in the bactericidal assay
{Figure 18). The lgG responses induced against PD, PE and PilA in mice by PE-PEPIIA-
UspAZ2 vaccine are shown in figure 19, figure 20 and figure 21, respectively.

Therefors, UspAZ was immunogenic when combined with PD and PE-PIlA.

Example 13: UspA2 construct MC-009:; mmunogenicity of PD and PE-PIIA NTHI

antigens in combination with UspA2 in mice

Immunization profoco!

Groups of 25 female Balb/c mice were immunized by the intramuscular (IM) route at days 0, 14
and 28 with 50 gl of the following formulations:

- PD-PEPHA {1 ug of PD and 1 ug of PEPIIA construct LVL-738) ASC1E

-UspAR-PD-PEPIA (1 ug of UspA2 construct MC-009, PD and PEPIA construct LVL-735) ASC1E
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The ELISA IgG levels to PD, PE and PilA were detammined in individual sera collected at days
28 (P and 42 (P},

ELISA o measure anli-FE antibadies

Plates were coated overnight at 4°C with 100 ui per well of 2 ugimi of UspAZ in carbonate
buffer pH 8.8, The plates were washed three times with NaCl 0.08% TWEEN(a US registered
trademark) 0.05%. After washing, serlal two fold dilution of sera were added o 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 g antibodies (Jacksen
115-035-003) conjugated to peroxydase {100 il 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 | of H;Oin 10 mi of citrate 0. 1M PH 4.5) was
added to each well (100 plwsll) for 15 min in darkness. The reaction was stopped by addition
of 50 ul of HCH 1IN and the absorbance was read at 490 nm (820 nm for the reference filter).

The titers were caloulated by the 4-parameters method using the SOFTMAX{a US registered

trademarik)} Pro software.

ELISA to measure anti-FilA aniibodies

Plates were coaled overnight at 4°C with 100 ul per well of 4 pg/mi of PilA iIn carbonate buffer
pH 8.8. The plates were washed three fimes with NaCl 0.08% TWEEN{a US reqistered
irademark) 0.05%. After washing, serial two fold dilution of sera were added to microwells in
PRS TWEEN{a US registered trademark) 20 0.05%. The plates were placed al 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
piaced at room termperature for 30 minuies with shaking. Plales were washed as above and
the solution of revelation (4 mg of OPDA and 5 pi of H.Oy in 10 mi of citrate 0.1M PH 4.5) was
added to each well (100 plhwall) for 15 min in darkness. The reaction was stoppad by addition
of 50 yl of HC! 1N and the absorbance was read at 480 nm (620 nm for the reference filter).
The fiters were calculated by the 4-parameters method using the SOFTMAX (a US registered
trademark) Pro software.

ELISA fo measure anti-FD andibodiss

Plates were coated overnight at 4°C with 100 ui per well of 8 pg/ml of PD in carbonate buffer
pH 2.6. The plates were washed three times with NaCl 0.08% TWEEN(a US registered
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trademark) 0.05%. After washing, serial two fold dilution of sera wete added to microwells in
PRS TWEEN(a US registered trademark) 20 0.05%. The plates were placed at room
temperature for 30 minules with shaking, After washing, antiemouse I1gG antibodies (Jackson
115-035-003) conjugated to peroxydase (100 pl per well) were added, and the plales were
placad at roon temperature for 30 minutes with shaking. Plates wers washed as above and
the solution of revelation (4 mg of OPDA and 5 yl of Hy0,in 10 mi of citrate 0.1M PH 4.5) was
added to sach well (100 pliwell) for 15 min in darkness. The reaction was stopped by addition
of 50 ui of HGI 1N and the absorbance was read at 490 nm (620 nm for the reference filter).
The titers were calculaled by the 4-parameters methed using the SOFTMAX((a US registered
trademark} Pro software.

No major impact of the addition of UspAZ on PD and PEPHA immunogenicity in AS0ME was

observed as shown in figures 22, 23 and 24

Example 14: Safety of a tetravalent vaceine formulation containing UspA2 in a mouse

Moraxella catarrhalls 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 Hasmophilus influenzae (NTHI) and Moraxella catarrhalis (M. cal),
varioug animal models were developed and ussd {o assess the safely of this vaccine. The
formulation tested contained three NTHI antigens (PD, PE and PilA, with the two last ones
combined as a PEPIA fusion profein), one M. cal. antigen {UspAZ2) and the Adjuvant System
01 (ASTHE).

Two models were particularly dedicated to evaluate the safsty of the UspA2 component of the

VAGTING,
Model 1:

s Objective
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This model aimed at assessing the possible induction of undesirable immune responses in

inflamed lungs uwpon vaccination,
e Study design

CB7BI/E mice were sensitized by three intranasal adminisfrations of 25 ug of heat-inactivated
M. cat. strain ATCC(a US registered trademark) 25238™ whole cells (expressing an UspAz
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 iymphoid
aggregates), alveolitis, pneumonitis, fibrosis and a strong M.cat whole cell-spscific 1L-17"
CD4" T cell response, which altogethsr mimicked the inflammatory process observed in the
lungs of COPD patients (except emphysema).

The mice were then vaccinated at day 42 by the intramuscular route with 140" of human

dose of the following formulations:

- PD 10 pg/ PEPIA (LVL735 construct, described in WO2012/138225) 10 g/ UspA2 (MCD0S
construct) 10 pgf ASO1:

- PD 10 ug/ PEPIA (LVL735 construct) 10 ug/ UspA2 (MCO09 construct) 3.3 ugl ASDe

- ABQ1e Inegative control)

- PBS {negative control}

To assess the impact of these formulations on the sensitization-induced lung inflammation:
- Mice wafe daily monitored from day 43 to day 48 o lock at mortality and any dinicst
signs indicating the induction of adverss events (prostration, pilogrection, hunched position}.
A histological analysis of the lungs was performed af days 2, 7 and 14 post-vaccination
{with 3 mice per group and time-point) to lock at a possible aggravation of the inflammation.
- The induction of polentially undesirabis T cell responses was evaluated on pocis of
lungs collected at days 7 and 14 pastwvaccination {(with 4 pools/groupftime-point and the lungs
of 3 mice per pool). The lung T cells wers re-stimulated overnight either with UspA2 peptides,
heal-inactivated M. caf whole cells (WC) or medium {88 a negative control} and then
analyzed by flow cytometry for the expression of CD§, CD4, CDS§, H.-17, 1113, TNFo and
{FNy.

o Results

91



WO 2015/125118 PCT/IB2015/051308

No mortality or adverse event was reported.

Lung histology (Figures 25 to 20y

o The alterations observed in the lungs were similar in severity in all groups and
characterized by slight to moderate perivascular/bronchiclar mononudiear csll
infiltrates,

e No alveclitis and/or pneumonitis related fo vaccination were observed.

- Teell response:

o Strong CD4" T cell responses (mainly H-17 and TNFu producing cells) were
measurad in the lungs upon re-stimulation with WO, but regardiess of the
formulation administered {vaccines or adjuvant alone or PB3} (Figures 30 o 33).
Low ar no lung CDB™ T cell responses were observed {data not shown).

o No detectable T cell rasponse was re-stinulated by UspA2 peptides, whatever the
group, indicating that no UspAZ2-specific response was primed or boosted post-

vaccination {data not shown).
Model 2;
e Objective

This model aimed at gssessing the possible induction of undesirable immune responses in

inflarmed lungs upon vaceination and M. cal. challenge.
® Study design
CE7EIS mice were successively:

- Sensitized by three intranasal administrations of 25 ug of heat-nactivated M. caf. strain
25238 WC (expressing an UspAZ2 which is 100% homologous to the vaccine UspAZ) at

Vaccinated at day 42 by the intramuscular route with 1/10" of human dose of the following
formulations (as in Moded 1)
« PD {10 ug/ PEPIIA (LVL735 constructy 10 ugf UspA2 (MCOO0 construct) 10 ug/
ASO1e
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o PD 10 pg/ PERIA (LVL735 construct) 10 pg/ UspA2 (MCOUS construet) 3.3 pg/
A1

= ASQ01: {negative control)

« PBS (nsgative controf)

WC (expressing an UspAZ which shares 83% homology with the vaccine UspA2) or by
one infranasal administration of PBS as a conifrol, both at day 56, The challenge strain
was diffsrert from the sensitization strain to mimic the situation observed in COPD
patients who sxperigncs new exacsrbations due to newly acquired M. catl sirains,

To aszess the impact of vaccination and challenge on the sensifization-induced lung

inflammation:

- Mice were dally monitored from day 43 to day 83 {o look at mortality and any clinical signs
indicating the induction of adverse events {prostration, pilosraction, hunched position).
The induction of potentially undesirable T cell responses was syaluated on pools of lungs
collectad at days 7 and 14 post-challenge {with 4 poolsigroupftime-point and the lungs of 3
mice per pool). The lung T cells were re-stimulated ovemight elther with UspA2 peptides,
heat-inactivated M cal. F10 WC or medium (a5 a negative control} and then analyzed by
flow cytometry for the expression of CDS, CD4, CD8, H-17, 113, TNFa and IFNy.

8 Resulls

- No mortality or adverse eventwas reported.
- T cell response: ’
o Strong post-challenge C4™ T cell responses (mainly L-17 and TNFa producing
celis) were measured in the lungs upon re-stimulation with F10 WC, regardiess
of the formulation administered {vaccines or adjuvant alone or PBS) (Figures 34
to 373, Not surprisingly, these responses were higher in mice challenged with
inactivated bacteria than in mice challenged with PBS. Whataver the challenge,
tow or no lung CDB' T cell responses were chaeyved (data hot shown),
o No detectabie T cell response was re-stimulated by UspAZ peptides, whatever
the group, indicating that no UspA2:specific response was primed or boosted
posi-challengs {data nof shown).
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Conclusion

The PD{ PEPHA/ UspA2/ ABDT: formulafions tested and more specifically the UspAZ
component of these vactines were shown safe in a mouse M. cal. lung inflammation model,
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CLAIMS

1. A protein consisting of formula I:
A —Rp)m— (B)n (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;

R, is an amino acid;

mis 0 or2;

B is histidine; and

nis1,2,3,4,50r6.

2. The protein according to claim 1 wherein (R;), 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, PilA or Protein E and PilA 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-PilA 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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