(12) STANDARD PATENT (11) Application No. AU 2015220369 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(74)

(56)

Title
UspA2 protein constructs and uses thereof

International Patent Classification(s)
CO7K 14/21 (2006.01) CO7K 16/12 (2006.01)
A61K 39/00 (2006.01)
Application No: 2015220369 (22) Date of Filing:  2015.02.20
WIPO No: WO15/125118

Priority Data

Number (32) Date (33) Country
61/946,937 2014.03.03 us
61/946,932 2014.03.03 us
61/943,909 2014.02.24 us
Publication Date: 2015.08.27

Accepted Journal Date: 2018.02.01

Applicant(s)
GlaxoSmithKline Biologicals SA

Inventor(s)
Blais, Normand;Castado, Cindy;Chomez, Patrick;Dewerchin, Marianne

Agent / Attorney
Davies Collison Cave Pty Ltd, L 15 1 Nicholson St, Melbourne, VIC, 3000, AU

Related Art

WO 2007/018463 A2

YU-CHING SU ET AL, "Impact of sequence diversity in the Moraxella catarrhalis
UspA2/UspA2H head domain on vitronectin binding and antigenic variation”,
MICROBES AND INFECTION, (2013), vol. 15, no. 5, pages 375 - 387

WO 2007/084053 A1

WO 1998/028333 A2

MCMICHAEL JOHN C ET AL, "Isolation and characterization of two proteins from
Moraxella catarrhalis that bear a common epitope™, INFECTION AND IMMUNITY,
AMERICAN SOCIETY FOR MICROBIOLOGY, US, (1998), vol. 66, no. 9, pages 4374
- 4381

WO 2002/083710 A2




2015/125118 AT I 000 0000”0 O 00

W

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

27 August 2015 (27.08.2015)

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2015/125118 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

International Patent Classification:
A61K 39/00 (2006.01) CO7K 14/21 (2006.01)
CO7K 16/12 (2006.01)

International Application Number:
PCT/IB2015/051308

International Filing Date:
20 February 2015 (20.02.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/943,909 24 February 2014 (24.02.2014) US
61/946,932 3 March 2014 (03.03.2014) US
61/946,937 3 March 2014 (03.03.2014) US

Applicant: GLAXOSMITHKLINE BIOLOGICALS SA
[BE/BE]; rue I'Institut 89, B-1330 Rixensart (BE).

Inventors: BLAIS, Normand; c¢/o GlaxoSmithKline Bio-
logicals Canada, 525 Cartier Ouest, Laval, Québec H7V

388 (CA). CASTADO, Cindy; c¢/o GlaxoSmithKline Bio- —

logicals sa, rue de I'Institut 89, B-1330 Rixensart (BE).
CHOMEYZ, Patrick; c/o GlaxoSmithKline Biologicals sa,
rue de Institut 89, B-1330 Rixensart (BE).

gicals sa, rue de I'Institut 89, B-1330 Rixensart (BE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, _

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
DEWERCHIN, Marianne; c/o GlaxoSmithKline Biolo- —

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with sequence listing part of description (Rule 5.2(a))

(54) Title: USPA2 PROTEIN CONSTRUCTS AND USES THEREOF

UspA2 YIELD FROM PROTEIN CONSTRUCTS MC-001, MC-002, MC-004,
MC-005, MC-006, MC-007, MC-008 AND MC-010 EVALUATED
IN FERMENTER,; DATA FROM TABLE 4. His = HISTIDINE.

35
3
“ [7J NO His
25 7 28 [ 2 His
$ﬁ§f§ 2 / j.f-"/ & His
oy 7
15
1o g
0.5
0 £ & [
NO HELIX 112 HELIX FULL HELIX

(57) Abstract: The present invention relates to compositions comprising Moraxella catarrhalis (M. catarrhalis) Ubiquitous surface
protein A2 (UspA2). More particularly, the present application relates to UspA2 protein constructs and immunogenic compositions,
comprising the constructs, vaccines comprising such immunogenic compositions and therapeutic uses of the same. The invention
O further relates to compositions comprising UspA?2 in combination with at least one antigen from Haemophilus influenzae, immuno -
genic compositions comprising the antigens, vaccines comprising such immunogenic compositions and therapeutic uses of the same.
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USPAZ2 PROTEIN CONSTRUCTS AND USES THEREQF

FIELD OF THE INVENTION

01] The present invenfion relates fo compositions comprising Moraselia catarrhalis (M.
catarrfialis, M. cat) Ubiguitous sudace protein A2 (UspAZ). More particularly, the present
application relates to UspA2 protein constructs and immunogenic compositions comprising the
constructs, vaccines comprising such immiunogenic compositions and therapeutic uses of the

samea.

BACKGROUND OF THE INVENTION

321 Ubiguitous swiface protein A2 (UspA2) is 3 trimeric autotransporter that appears as a
ioliipop-shared structure in electron micrographs (Holozyk et all EMBO J. 18 5888-5889
(20003}, 1 is composed of a Nterminal head, foliowed by a stalk which snds by an
amphipathic helix and a C-terminal mesnbrane domain, {(Holczyk ot al. EMBO J. 18 5889-
58999 (2000)). UspA2 contains a very well conserved domain (Aebi et al, Infection & Immunity
85(11) 45874377 {1997}, which is recognized by a monocional antibody that was shown
protective upon passive transfer in a mouse Moraxella catarrhalis challengs modeal
{Helrminnen st al. J Infect Dis. 170(4); 867-72 (1884}).

{03] UspAZ2 has been shown to interact with host structures and extracsliular matrix proteing
fike fibronectin (Tan et al., J infect Dis. 182(6), 1028-38 (2005 and laminin (Tan of al, J
infect Dis. 184{4): 483-7 {2008)), suggesting it can play a role at an early stage of Moraxella

catarrhiadis infection.

{04] UspA2 also seams 1o be involved in the ability of Moraxefla catarrhslis to resist the
bactericidal activity of normal buman serum. (Attia AS st al Infect Immun 73(4): 2400-2410
{2005)). H {} binds the complemeant inhibitor Cdbp, snabling Moraxalla calfarrhalis to inhibit
the clessical complement system, () prevents activalion of the altemative complement
pathway by absorbing C3 from ssrum and () interferss with the terminal stages of the
complement system, the Membrane Attack Complex (MAC), by binding the complement
regulator profein vifronectin, (de Vries et al, Microbiol Mol Biol Rev. 73(3): 388-406 (2008)).
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[05] Moraxella catarrhalis is an important and common respiratory pathogen that has been
associated with increased risk of exacerbations in chronic obstructive pulmonary disease
(COPD) in adults. (Sateesh et al., Journal of Chronic Obstructive Pulmonary Disease 3:109-
115 (2006)).

[06] A need for vaccines for Moraxella catarrhalis exists.
BRIEF SUMMARY OF THE INVENTION
[07] As afirst aspect, the present invention provides the proteins of formula (1).
[08] A—(Riy)m—(B), (formulal)

[09] wherein:

A is UspA2 from Moraxella catarrhalis or an immunogenic fragment thereof;
Riis an amino acid;

mis 0, 1or2;

B is histidine; and

nis0,1,2,3,4,50r6.

[9a] In a particular aspect, the present invention provides an isolated protein comprising

formula I:
A - (R)m —(B), (formula )

wherein:

A is an immunogenic fragment of UspA2 from Moraxella catarrhalis having at least 90%
identity to any one of SEQ ID NOs:39 to 43;

Riis an amino acid;

mis 0 or 2;

B is histidine; and

nis1,2, 3,4 5o0r6.

[10] As a second aspect, the present invention provides immunogenic compositions
comprising proteins of formula (I) and proteins of the invention. The composition may further

2
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comprise a pharmaceutically acceptable adjuvant. The composition may comprise an

excipient.

[11] In a third aspect, the present invention provides a method for the treatment or prevention
of a condition or disease caused wholly or in part by Moraxella catarrhalis. The method
comprises administering to a subject in need thereof a therapeutically effective amount of a
protein of formula (1) or a protein of the invention.

[12] In a fourth aspect, the present invention provides a method for the treatment or
prevention of otitis media. The method comprises administering to a subject in need thereof a
therapeutically effective amount of a protein of formula (1) or a protein of the invention.

2A
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{13} In a fifth aspect, the present invention provides a method for the reatmant or prevention
of exacerhations in chronic obstructive pulmonary disease.  The method comprises
administering to a subject in need thereof a therapeudically effective amount of & protein of

formula {1} or a protein of the invention,

{141 In a sixih aspect the present invention provides s method for the treatment or
prevention of pneumonia. The method comprises administering to a subject in need thereof a

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

[15] In a seventh aspect, the present iwention provides a pharmaceutical compaosition
comprising & protein of formuda () or a proteln of the invention for use in the freatment or
prevention of a condition or disease caused wholly or in parl by Moraxefla calarrhalis.

Fharmaceutical compositions may further cormprise a pharmaceudically acceptable aditvant,

(18] In an eighth gapedt, the present tnvantion provides nucleic aclds encoding the protfeins

af the invention.

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

the vention,

[18] Inv g tenth aspedt, the present invention provides a composition comprising at least one
antigen from Moraxefla catarrhalis and at least one antigen from Haemophilus influsnzae, The
somposition may furlher comprise a pharmacautically accepiable adjuvant, The composition

may comprise an exdipisnt.

{19] In an addiional aspect, the present invention provides a method for the treatment or
pravention of a condition or disease caused wholly or in part by Moraxella catarrhalls andfor
Haemuophilus influenzas. The method comprises administering to a subject in need thereof a
therapeautically effective amount of a protein of formula (1) or a protein of the invention.

(201 in & further aspect, the present invention provides a method for the frestment or
prevention of exacerbations in chronie obstructive pulmonary dissase. The method comprises
administering to a subjed! in need thereof g therapeutically effective amount of a protein of
formula {1} or a protein of the invention and a therapeutically effective amount of at least ans
antigen from Haemophilus influsnzse.

(53
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[21] The present invention also provides a pharmaceutical composition comprising a protein
of formula (I) or a protein of the invention for use in the treatment or prevention of a condition
or disease caused wholly or in part by Moraxella catarrhalis in combination with at least one
antigen from Haemophilus influenzae. Pharmaceutical compositions may further comprise a

pharmaceutically acceptable adjuvant.

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

particular embodiments, examples and claims which follow.

[22a] The reference in this specification to any prior publication (or information derived from
it), or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from it)
or known matter forms part of the common general knowledge in the field of endeavour to
which this specification relates.

[22b] Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and “comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but
not the exclusion of any other integer or step or group of integers or steps.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: A typical fermentation profile with the High Cell Density Induction (HCDI) processes
and the parameters monitored during 20L-scale fed-batch fermentation.

Figure 2: A typical fermentation profile with the Low Cell Density Induction (LCDI) processes
and the parameters monitored during 20L-scale fed-batch fermentation.

Figure 3: UspA2 vield from protein constructs MC-001, MC-002, MC-004, MC-005, MC-006,
MC-007, MC-008 and MC-010 evaluated in fermenter; data from Table 4.

Figure 4: Molecular weight distribution of purified MC-005 determined by sedimentation

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

proportion of a higher molecular weight oligomer that may correspond to dimer of trimer. MW
4
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= molecular weight. kDa =kilodalton.

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

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

Figure 6: Molecular weight distribution of purified MC-001 determined by sedimentation
velocity analytical ultracentrifugation. The sample presents multiple species and is highly
polydisperse. The sedimentation coefficient of the major species detected doesn’t correspond

to the one of the trimers normally detected in the other lots.

4a
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Figure 77 Molecuiar weight distribution of purified MC-001 determined by sadimentation

valocity analylical ultracentrifugation. Majority of protein is found as & trimer,

Fiyure 8: Molecular weight distribution of purified MC-007 determined by sedimeniation
valochy anaiytical ultracentrifugation. Majodty of protein is found as a trimer,

Figurs & FarUV circular dichroism {CO) speatra of UspAZ constructs giving an indication of

profein secondary structures.

Figure 10 Secondary structures monitoring by circular dichrolsm (CDY during  thermal
unfolding of MC-005 (UspA2Ahelix + 8His). Visual analysis of the spechrs clearly shows that

e

protein loses most of s secondary structures af 33°C,

Figure 11 Secondary structures monitoring by cireular dichrolsm {(CD) duwring thermal
urifolding of MC-007 {UspA2 full helix + 8His). Visual analysis of the specira shows that loss
of sscondary structure is slower compared o the construat withoud helix. Structural changes
are detectable upon heating fo 33°C, but complete unfolding seems to occur bebween 38°C

and 37°C.

Figure 12 MALDE spectrum of MC-001 ot opt01. The mass ohsgrved at 574370Da may be
coherent with the demsthionyiated protein, while the psak at 5782002 could nonespond fo the

complste protein.

Figure 13 MALDI spectrum of MG-011 lof BMP37. The mass observed may be coherent with
the demethionyialed protein, The two other peaks al +1860a and +366Da ars unidentified.

Figure 14: Protective sfficacy of MC-001 and MC-007 in a8 mouse mode! of tung colonization.
Figure 15 Antibody response direcled against UspA2 induced after intramuscular
administration in mice, where Pl and Plll indicate, respactively, anti-lgG lavels in sera

collected atf day 28 (post ) and day 42 (post i),

Figure 168: Bactericidel titers induced by UspAZ against & homelogous strain fonmtlated with
different adjuvants {ASO 1, ARU4, and AIRQ,).

¥
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Figure 17: Antibody response directed against UspAZ induced after inframussular

administration in mice, using different formudations of antigens and adjuvants,

Figure 18: Baclericidal titers induced by UspAZ against a homologous strain, using different

formulations of antigens and adjuvants.

Figure 18 IgG response induced against PD in mice by PD-PEPIA-UspAZ vacaine {a trivalent
NTHi-M.cal. vaccine), formulated with different adiuvants.

Figure 200 1gG response induced against PE in mice by PD-PEPIA-UspAZ vaccine (&

trivalent NTHIM. cal. vacoine), formulated with different adjuvants.

Figure 21 196 respones induced against PHA in mice by PD-PEPIA-UsPpAR vaocine (a

trivalent NTHI-M. cat. vaccing), formuiated with different adjuvants.

Figure 22; Immunogenicity of PE in the bivalent PD-FEPIA and trivalent PD-PEPIA-UspA2
formulations with ASOHE.

Figure 23 Immunogenicity of PilA in the bivalent PD-PERIA and frivalent PE-PilA-UspA2
formulations with ASO1E.

Figure 24: immunagenicity of PD) in the bivalent PR-PEPIA and trivalent PE-PHA-UspA2
farmuiations with ASQ1E.

Figure 28 Effect of the fetravalent PLDY PEPIA UspA2f ASH: vaccine formulation on mouss
lungs pre-sensitized with heat inactivated M. cat ~ Perivascularitis and peribronchiolitis in FRS

mmunized mice,

Figure 26: Effect of the teiravalent PD/ PERIAS UspAZ AS01: vaccine formulation on mouse
iLngs pre-sensitized with heat ihactivated M. cat, - Day 2 post-immunization.

Figure 27: Effect of the tefravalent PIY PERIA UspA2/ A0 1, vaccine formulation on mouse

fungs pre-sensilized with haat inactivated 8. cal - Day 7 postimmunization.

&
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Figure 28 Effect of the tetravalent PD/ PEPIIAS UspA2/ ASD: vaceine formulation on mouse

iungs pre-sensitized with heat inactivated M. cat. - Day 14 post-immunization.

Figure 29: Effect of the tetravalent PD/ PEPIA/ UspA2f AS01¢ vaccineg formulation on mouse
lungs pre-sensitized with heat inactivated M. cal. — Detailed results

Figure 30: Post-vaccination lung CD4 T cell responses upon M. cat. WC re-stimulation. Lung
CD4 cells expressing IL17. Restimulated with heal-inactivaled M. caf whole cells (WC) or
medium.

Figure 31. Postvaccination lung CD4 T cell responses upon M. cat. WO re-stimulation. Lung
CD4 cells expressing TNFa. Restimulated with heal-inactivated M. caf whole cells (WC) or

madigm.

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 cell responses upon M. cat. WC re-stimulation. Lung
CD4 cells expressing L1138 Restimulated with heat-inactivated M. cat whole celis (WVC) or

mediun,

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

medium.

Figure 35. Pustchalienge lung CD4 T cell responses upon M. caf. WC re-stimuldation. Lung
CD4 cells expressing TNFo, Restimulated with heat-inactivated M. caf whale cells (WG} or

medium.

Figure 36; Post-challenge fung CD4 T cell responses upon M. cat, WC re-stimulation. Lung
CD4 cells expressing IFNy. Restimulated with heat-inactivated M. caf whole celis (WG} or

medium.
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Figure 37 Post-challenge fung CD4 T cell responses upon M. cal WO re-stimulation. Lung
CD4 cails expressing IL13. Restimulated with heat-inaclivated M. caf whole cells (WC) or
medivm,

DETAILED DESCRIPTION OF THE INVENTION

23] Unless otherwise sxplaived or defined hereln, all technical and scientific terms ussd

4

{iacnd

herein have the same meaning as commonly understood by one of ordinary skill in the st lo
which this disclosure belongs, For example, definitions of common ferms in molscular biology
gan be found in Bepjamin Lewin, Genes V| published by Qxford Universily Press, 1994 {ISBN
0-18-854287-8); Kendrew st al {eds.), The Encyolopedia of Molecular Bicfogy, published by
Biackwell Science Lid., 1884 (1SBN 0-832-03182-8}; and Robert & Meyers (ed}, Moleoular
Biology and Buz‘e:echm:}iogy‘: a Comprehensive Desk Relerance, published by VCH Publishers,
nc., 1895 (ISBN 1-56081-568-8),

[24] The singular ferms "8 “an” and “the” include plural referenis uniess context clearly
indicates otherwise. Similarly, the word “of” is intended to include “and” unless the cantexd
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 nudeic acids or
polvpeptides are approximals, and are provided for description.  Additionally, numerical
fimitations given with respect to concentrations or levels of g subsiance, such as an anfigen
may be approxmate.  Thus, where a conceniration is indicated to be {for sxample)
approximatsly 200 pg, it is inlendead tha! the concentration includes values slightly more or

siightly tess than { "about” or ™" 200 pg.

{28] Although methods and matsrials similar or squivalent to those deaonbaﬁ herein can be

used in the praciive or testing of this disclosurs, sultable methods and matetials are describad

batow.

(28] The term "comprisas” 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, polypepiide,
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antigen} or step, or group of compounds or steps, but not o the exclusion of any other
compounds, composition, steps, or groups thersof. The abbreviation, “e.g." is derived from
the Lalin exempli gratia, and is used herein o indicale a nondimiling example.  Thus, the
abbreviation “e.¢." is synonymous with the term "for example.”

1271 In order to facilitate review of the various embodiments of this disclosure, the following
explanations of terms are provided. Additional ferms and explanations are provided in the

context of this disclosure.

(28] A "sublect” as used herein is a mammal, including humans, non-human primates, and
non-primate mammals such as mermbers of the rodent genus (including but net limited to mice

and rats) and members of the order Lagomarpha {including but not limited to rabhbifs).

(28] As used herein "UspA2® means Ubiguilous surface protein AZ from Moraxella
catarrfialis. UspAZ2 may consist of or comprise the amino acid sequence of 3EQ 1D NO: 1
from ATCC 25238

METMELLPLEKIAVTSAMI IGLGAASTANAQAKNDITLEDLPYLIKKI DONELEADIGDIT
ALERYLALSQYGNILALEELNKALEELDEDVGUWNQN D TANLEDDVETLTENONALAERGE
ATKEDLOGLADFVEGORGRKITONRTS TKENTORNLVNGEFR IERKNKDATARNNES IEDLYD
FGHEVARS IGEITHAHNEAONETLRKEGL ATNS IENTNN ITKNEAD IQALENNVVERLFNLSG
RLTIDORADIDNNINNIYELAQQOQDOHSSDIKTLEKNVERGLLELSGRLIDORTDIAQNQA
NICDLATYNELODOYAQKQOTEAT DATNKASSENTONTEDLAAYNELODAYARKQOTEATDA
LRKASCLMTQNTEDLAAYNELQDAYAKQQTEAIDALNKASSENTQNIARNQADIANNINN
IVLLAHQPDOASS IKTLAKASAANT DRIARKNKADADASPETLTRNONTLTEXDRKERDKL,
TTANKTATDANKASADTRFAATADATTRNGNATTRNAKS ITRLGTRVDGFDSRVTALDTR

VHNAFDGRITALDERVENGMAAQAALSGLFORPY SVEGKENATAALGGY GEKEAVAIGAGYRY
NPNLAPKAGARINTSGNKKGSYNIGYNYEF {SEQ IR NO: 1)

as well as sequences with at least or exactly 83%, 686%, 70%, 72%, 74%, 75%, 77%, 80%,
84%, B5%, 90%, 85%, 96%, 7%, BB%, 29% or 100% identity, over the eniire length, to SEQ
D NO: 1. Comparison of 38 sequences of UspA2 from Moraxella calarrhalis (Table 1, 8EQ
ID NO: 1~ SEQ ID NO: 38) demonsirated approximately 83% {o approximately 100% idantity
o UspAZ as set foith in SEQ D NO. 1,
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{301 UspAZ2 as described in SEQ 1D NO 1 containg 2 signal peptide (for estgraple, amine
goids 110 29 of BEQ D NO: 1), alaminin binding domain {for example, aming acids 30 to 177
of SEQ D NG 1), a filwonectin binding domain {for example, amino acids 165 to 318 of SEQ
D NO: 1) (Tan et &l JID 192 1028-38 (20058), & C3 binding domain (for exampls, amino
acids 30 {0 530 of SEQ D NO: 1 {WQ2007/018483), or a fragment of amino acids 30 o 538
of SEQ 1D NO: 1, for exanyple, amino acids 185 10 318 of SEQ 1D NO: 1 (Halistrém T st al. 4
fmmunol, 188 3120-3128 (2011)), an amphipathic helix {for example, amino acids 518 to 8§84
of SEQ 1D NG 1 or amino acids 530-558 of SEQ 1D NG, identified using different pradiction
methods) and a C terminal anchor domain (for example, amine acids 576 {o 630 amino acids
of SEQ D NG 1 {Brooks et gl Infection & Immunily, 7611}, 8§330-8340 (23008)).

[31] UspA2 amino acid differences have been desciibed for various Moraxella cafarchalis
species.  See for example, J Bacteriology 181(13):3028-34 {1989}, Infection and Immunily
78(113:6330-40 (2008) and FLoS Une 7{8)e45452 (2013).

[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 acld) 30 to
2098, AA 2099 fo 302, AA 303 {o 333, AA 334 10 339, AA 348, AA 352 (o 354, AA 368 1o 403
Abd 441, AN 451 10 471, AR 472, AA474 0 483, AA 4BY, AA 480, AA 403, AA 528, AA 832 or
AA 543, UspAZ may consist of or conymise an amine acid sequence that differs from SEQ D
NO: 1 in that § contains &t lsast one aming 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 &t
any one of the amine acid differences in SEQ 1D NO: 2 through SEQ IDNQ: 38, For exampls,
SEG D NG 1 may contain K instead of Q st aming acid 70, O instead of G at amino acid 135

and/or D instead of N at amino acid 216,

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

Strain UsphAZ sequsncss

ATCC 25238 | MKITMELLPLEIAVISAMI ISLESAAS TANACAKNDITLEDLP YL IKRIDGNET

{8EQ ID YLALIOYGNITALEELNEALBELIE DV GWNONDIANLEDDVET LI RNONALAEQCEAIREDLOG
NGs 1} LADFVEGORGKILORETS I KRR TORRLVEGFELEKNKDA TAKNNES TERLYDFGHEVARSTGET

HARREAQNETLRGLI TN LENTNN I TRNKAD TCALENNVVER L TNLSCRLI DORAD T UNNINRNT

YELACOODUHSEDIKTLRRNVEEGLLELSGHLIDORTDT ADRQARTODLAT YRELODQYAQKOT

16
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EATDALNRASSENTONTEDLARYNELODAYAKQOTEAT DAL NKASSENTON IEDTAAYNELQ DA
YAKOOTEATDALNKASSENTONTARNGADTANN INN I YELAQOODOHS SDIKTLAKASARNTD
TAKNKADADASFETLIRKNONTLI EXDKEHDKLI TANKTAT DANKASADTRFAATADATTRNGNA

ITRHARSITDLGTEVDGFDSRVTALDTEVNAFDCRITALDSKVENCMAADAALSCGLEFORPYSVEK
FNATAALGEYGCEKEAVATGACYRVNPNLAFRKAGAATNTSGNREGSYNIGUNYEE {630 aa)

Anerican MEKTMKLLPLKIAVE TGLGAASTANAQSRIRS] DBRDINTLRODOGRMNEY

2933 L LNOLANT LT T DRI NNNY TENTNS T EALGDE I CHLEND IADLEEGVEELTKRONTL I EKDEER
DRLIAGNOATNTOTLENNVYERL FRLEGRLIDG ARRTGETHAYT
(BEQ ID ) oy NR T RN T TS VRN TR T DENEA DT DN TN T YELAGOODON SSDT KT LKNNVEEGLLELS
NO: 2} GHLi“bKADL_KYTKJLFSNVkFLLADL“UNfL YOREDLTEDYKALESNVEEGLLDLSGRLLDO
RADIAQNQTD IQDLAAY RELODOYAQKOTEAT DALNKASSENTONT EDLAAYNELODAYAKGOT
RATDATNKASSENTONT AKNGAD TANNTNNT Y ELAQOODOH 38D T KT LAKASAANTNRT ATARL
GTAENKKIAQTAKAGANANKTAT DENKASADTKFAATADAT TKNANAT TRNAKS T TDLATEVRG
FDGRVIALDPKVNAFDGRT TALDSKYENGMABOABLSCLEGPYSVCEFNATARLECY GEKSAVA
LOACYRVEPRIAFKAGAATNTSCNKKGSYNICYNYEE (613 aa)
American | MEEMKLLPLK TAVISALT I GLEARSTARAOODLOTETE L PN LENINY DL DPFYHNMT LGDTA
2012 L DRODESOPOLKFY SKOKDSVPDSTLFSKLLHEOOLNGFRKGOT T T PLOKDGREVYQVDYRED
SRGKROKRROVY SV TTRTAT DO VN AY SRET LEKVD DL D DRMNETNED T TST ¥ DVTANQODAT
(BEQ ID | ey kRGVKGT NKRLKELDKEVEVL,SRDTAS LEDDVAQNKES TEDLY DFSORVADS TGE T HAHNK
MO 31 | AOKETLODL T TRSVENTNNT TKNKADTOALENNVVEELFNLEGRL I DOKADLTKDT KTLESNVE

EGLLELSGHLIDORADTARNOADTAGNGANTODLAAYNELODAYAKDOTEAT DALNKASSENTR
NIEDLAAYNELODAYAKOOTEALIDALNKASSENTONIAKNOATTANNINN LY ELAQOQDORASSE
EEDREHDRKLITANKTAIDENKASADTK

IKTLAKASRANTDRIAKNKADADASFRTLTEN

[
Z
3
v

FARTADATTKNGNATTKNAKSITDLATKVDGERERVIALDTKVNAFDGRITALDSKVENGMARAG

ARLSGLFOPYSVGKENATAALGCYGSRSAVALCAGYRVNPNLAFKAGAAINT SGNRRGEYNIGY

American MRIMELLPLKIAVTSALIVGLGAAS TANACLVERFFPN IFLDKPLAKDHYENVYVGDTSTVEDL

2908 OSNSDOLKEY SDPEGLVPRSLLENEMLARGLLNGFREGDT ITPLDERGKPYYKVOYKLDGKEPR

KVYSVITRIATAEDVATESYANGICKDIDDLY DY DHOVTERLTOQHGRT IYRNGER TLANERESY(O

(SEQ ID TLNKEVORNIEHIVELAQQODOUSSDIKTLESNVERGLLELSCULIDDKADLTRDIKT LESHVE

HOs 4 EGLLDLSGRLIDUKADLTKDIKTLESNVEEGLLDLSG ADTAONOANTODLAAYNELQD

OYAQROTEAI DALNKASSERTQNIEDLAAYNELODAY ARGUTES

VT DALNKASSENTON TARKROA

DIANNINNIYELAQQOUDCHSSUTRTLARASAANTNRIATAELGIAENKKDAQIAKAQRNANKTA
DENKASADTREFAATADAITKNGNAL TKNAKS I'TDLGTRVDEFDESRVTALDTRVNAPRDER ITH

DSKVENGMAAQAALSCLEPOPYSVEKPNATAALCCYCSKSAVAICGACYRVNPRLAFKASAAINTS

s
fnd
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GNEKGIYNIGVNYEE {881 aa)

TFFPNIFFMNENHDELDDRYH

Finnish METMELIPLEIAVISAMITGLGAAL

DAL LURQUGEIGPOLEK

GEFRRGDTY IPLIOKDEREY
L

FOVDYKL DG KEKKDKRROV LD DEMNFLNED LTS YDV

ZLDREVOVLSRED TGS LNDDVAONNES TR Y DS VALST

CETHAHNRAQNEDTODLIUTNIVENTNNITRNRADIGR

A«,

LENRNVVEELENLSGRLI DOKADLTRDL

LM AT g [ ’
RTLESNVEER RLOGHLIDDRADIA N

CLQDAYA

QOT

AT GALNKASSENTON IARNOADIANNINE Y Y RLAQQOQDOHS SO KT LAKASAANTDR IABKNKAD

DLAAYNELOIRY ARGTE

CHRDEERDELITANKTIBAIDENKASADTRPAR

ITDLGTRVDAFDERVIALDTRYNAFDEGRITALDERVENGHMARGAALS

GEYGORSAVAIGAGY RVNPNLAFKAGAATNT SENKKGSYNIGVHNYRF 38}

BETMELLPLEIAVES YESPRTETFLENTEENEYAD TLYENMILGD

- oy

FREGDK LODENGERKPWYRKLDERLENGY

NEAYER

SVOYLNREV

DK LRKY DILDLATYNELQD

CYAQKQTEATDALNRASEENTON TARNENH TR

DOKADLIRDIRALE

SNVERGLLDLEC ATDALNKASSENTONIR

CDOKADTAQNOARI QDL AAYNELODAYAK

T
BANNELS

MTOMNIARNCADIANNINN
ONTLIEEDRERDRLITANKTAI DANKASADTKEFAATA

RIAKNKADADASFETLTKN

DERVIALDTEVV

RYNAY

SREAVATGAGYRVNPULAFRACRATNTSCNRKKEGSYNTIGUNYEER (623 anine acids)

Finnish METMELLPLEIAVTSAMMVGLGMASR IFLEFNLYDNDNTELTDPL Y HNMI LGN
358 ALLTQENQYRIYALLGNGVELS PYYRLDEIVEQS

KEKTVYSVITRTATADD

ITHELAQQODQHASDI KT LERNVEKDLLDLSGRL

DOYAQKOTEATDALNEASEENTONTARNENH IKTLENNIER

EDLAAYNELQDAYARQ ATDALNEASSENTONTIEDL

ENTONIARNCADIANBINNIYELAQY PASFETLTK

NONTLIFEKDEEHDE

FRORVTALDIRVNALDTRVNAFUGR UPALDERVENGMAAGAALE

SAVATL

VINTSOGNEKGEYRIGVNYREE {684
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METMEL
LEDQ

DALNKASSANTDRIDTAEERIDRKNEY DI KALESRVGKRL

QobQn
THEDIRT
SENTQ
ALNKAS

SFETLT
LGTRVD

S

LPLEIAVTSAMI TGLGAAS TANAQQOUKTKIEVELPNLEDNDY Y DLTDRPLYHSMITGD

QODNSKEQLKFYSNDKDSVEDSEL LHNEFRAGDT I TPLODKUGRPVYTQDT

KVETYVYSVTTRIATQDDVEQSAYSRGIQEDIDDLYDINREVNEY LEATHDYNEROTEAT

LDLSGRLIACKEDIDNNINHIYELA
SSDIKTLXNNVELGLLELSGHLI DOKADLIKDI KTLENN I EEGLLELEGHLI DOKADL
LENNIEEGLLELSGHLIDORADT AQNOAN T ODLARY NELODOYADK)TEA T DALNKAS
NIEDLAAYNELODAYAKQOTRALDALNKAS SENTOR I EDLARYNETLQDAYAKQUTEALD

SENTORIAKRQADIANNINMIYELAGQODOHSSDIKTLARVEAANTDRIARNKADADA
ENONTLIEKUDKEHDEL I TANKT AT DANKASADTRFAAT TTKNGHNATTKNAKSLITD

GEDCRVTALDTKVNAFDGRITALDSKVENGMAAQARLSELFOFYSVERENATARLGEY

VATIGAGYRVNENLAFPKACGAATNTSGHNREGSYNTIGUNYEEF (684 amino acids)

METMEL
TALLTOE
KTHIVY

DRYAOKY

ESNVEE

EDLAAY

LELKIAVT SAMMVGTGHMAS TANAQQOKSPRKTEI FLPNLPDNDNTELTHPLYHNMI LGN
OENQYKFYADDGNGVEDSLLENKILEDOLLHGFREGDT I T PLDENCGRPVYRLDS IVEQG
SVITETATADDVNSAY SRGIQGDIDDLYEANKENVNRLIEHGDKI FANEESVQYLNRE
ENIYELVOQORDCHSSDIKTLKKNVEKDLLDLS GR}ipPYE DIAONQTDIONLATYNELY
OTEAIDALNKASSENTONIAKNSNATRTLENNTERGLLELSGHLI DOKADLTKDIKAL
GLLDLSGRLIDOKADIAONDANTODIAAYNELODAYAKQOTEAT DALNEASSENTONT
NELODAYARQOTEAIDALNKASSERTONTEDLAAYNELODAYAKQOTEATDALNEASS

ENTONIAKNOQADIANNINNL YELAQQODOHIEDTKILAKASAANT DR EAKNKADADASHETLTK

NONTLI

FDERVT.

VAIGAGYRVNPNLAFKAGAATNTSENK

EEDREHDELITANKTAIDANKASADTKEFAATADARI TKNGNAT TENARKS ITRLETRVDG

ALDTRVRALDTKVNAPDGRITALDSKVENGMAAQARLSGLEUP Y SVORENATAALGEY

KGBYMIGVNYEF {684 amine acids)

MKTMKLL
ODRShY
RRVYSY
I\ '{TELT
SGHLID

AYNELD
ASAANTY

EQBYEVE

(=77 A
(574

LPLEIAVTEAMITGLGAAST

DQLKEYSNDEY SVPDSLLENKMLHEQOLN [ PLDENGRPVYRVOYRLDGOER
VITKIATODDVDNSPYSREIQEDIDDLYEANKENVNRLIEHGDKI PANERSVQYLNEEY
IYELAQOODOHSSDIKTLKEKNVEECLLELSGRLIDOEADLTRDIRTLESNVEEGLLEL
QEADTAERQADTAGNCANIGDLAAYNELGDAYARQOTEAI DALNKASSENTONIEDLA
DAYARKQOTEATDALNKASSENTONIAKNOADTANNINNIYELAQOODOHSSDIKTLAK

DRIAKNKADADASPETLTRKNCNTLIERKUKEHDRL T TANK TAT DANKASARTKEAATAD

IGNATTENARS TTDLGPRVDAFDEGRVTALDTRVNAFDGRITALDSKVENGMARQAAL S L

SKFNATABLGEYGSKSAVATGAGYRVNPNIAPKAGAR INTAGNRRGEYNIGYNYER

Norweglan

"
}
il

MERTMEKL

TTODND

LPLEIAVISALIVGLGAASTANAQQUPOTEITPPRIFFNEND IALDRVYENMILGDTA
YREYADATSEVPDSLLFNE T LHBQOLIGCFEEGUT LI PLDENGKRPVY KLDEKVENGVEK

i3
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QG

Y RANKENVNRL

(SEQ D

AR

WDODQUSEDIKTLKKRVERGLLELSGHL.I N

3
;

I T3
NCAY L4

LT DATNE
DAYARKGOTEAT DATNRASSENTENIEDLAARY

NEREBEGERTC

WS EE

LODAYAKODTEAT DALNKAGSENTONRY

DASFETLTREMNON

\1:':_\' 3

AQOODOHSS
EXDREHDRLITANKTALDANKASADTRFARTADAL TRNEGNAPEKNARS ITDLETRVDAF DGRYY
ALDTRVNALDTHVNAFDGERITALDSKVENGMARQAALSCLEY QP Y SVERFNATAALGE Y G SKEAY

RYNPNLAFKAGCAATNTSGNERCGSYNIGYNYRR {478 amine scids)

TMEKLLPLETAVISAMIVELEGARS TARACOOCOPRTET Y FRR I FINERBDALDDV Y HRMI 14D

N

LHDOQULNGIFKEGD

TEHGDKRI

KEBVYEVY! GUIDDLYEANKENVNE

CREDYAGROTDRIQODLATYNELD

i

GLLELSGHLIDOKADLTRDIK

VONNIENIHE

DOYAQK

ENNT SEHLIDORADLTRD IRALESNVEEGLLULEGRUL DURATT AUNGANTODTARY

DY AOROTEAT DALNKASSENTONT EDLAAYNELODAVAKQOTRAT I

AQOQDOHSBAD KASAANTLDRTAKNKADADASPETLTINGH

ARS TPDLGETRVIGEDGRVYT

EEDNEHDRLITAURTATIDINEASA
ALDTKVRNA

TREA

DERVERGMARQARLSCY FRATARLGE VRS KSAY

AKQHYHNVVREDTIEIVIEDL

ALTVELGARARTARAQLVERY

L LVEDELLEFNKMEHEQLLNGEHR LDENGEPVYEVDYKLDGRERR
TROLY
ELAQUODDHSSDIKTLESRY

ADTRAONQANTIODLAAYNELGDOYADKL

ANEEEVQ

FRNVE

RTLAKA

EATDALNRARS CNTARMCGADTANNTINN

SAANTDRIANNKADADASERTLTRKNONTLIEKDKERI { DTRKASADTRKFAARTADA

KNGNATTENA

ENGMAAGAALS

GNKK

GETRIGYVNYEE {587 amino av

AV B 37
CAVESAMIVGLGAAITANA

RLLPLE

L

25 TARITODROYKEYADAISEVPDSI DOQLRNGERES

G LQEGLIDRL Y EANKENVNE

EESVERVTTHETATRADVEQSAYS

{80 ID

JRER &

VOBNTENT RISV IKTLERNVERDL SERLIAQREDIAQNGTRIQDLATYNELD

DQYRORKQTRALDALNKASSENTOR I AKNSNEIKTL

4
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ENNIERGLLELIGHLIDORADLTRDIKALESNVEECLLDLSGRLLDOKADT AONQAN TODLAAY
ELODOYAQKOTEAT DALNKASSENTONIEDLAAYNELODAYAKQOTEAT DALNKASSENTON
AKNOADTANNINNIYELAQUCDUHSSDIKTLAKASARNT DRIAKNKADADASFETLTKNQNTLL

ERDREHDKLITANK TATDTNRASADTRFAATADAT TENGNAT TENAKS LT DLGTRVDGFDGRVT

ALDTKVNALDTKVNAFDGRITALDSKVENGMARQAAT SELFQPY SVEKFNATAALGEYGSKSAY

ATGAGYRVNPMNLAFKACGAATINTSGNERGSYNIGVRYEF (878 amino acids]

Norwegian

27

(SEQ ID

Now 15

METMKLLPLEIAVISALIVGLGAASTANAQVREKSLEDIFALLGEIDI SRLEKERRQOTRELQKY
LLSQYANVLTMEELNENVERNINS TEALGYEIGWLENDIADLEEGVERLTKNONT LI EKDEELR
DRLIAONQADI KT LENNVVERLFNLSDRLIDQEAD I AKKNAS TERL Y DEFDNEVAERI GETHAYT

EEVRETLEXLITRSVERTDNIDKNKADTOATENNVEEGLLELSCHLI DOKADLTEDI KALESRY

et

P EGLLULSCRLLDOKADIARNCADR T AONO T DIQDLAAYRELODOYAQKOTEAT DAL NEASSENT
ONIEDLAAYNELODAYAKDOTEAT DALNKASSENTORIEDLAAYNELQDAYARQOTRATDATNK

INTAKKROADIANNINNIYELAGCODCHSSDIRT LAKVSAANTDRIAKNKADADASTET

LITENONTLIERDKEHDKL I TANKPAT DANKASADTEEAATADAT TENOHAT TENAKSTTDLGTE
VDCFDERVTALDTRVNAFDCRITALDSKVENCMAAQAAL SCLFOPYSVEKEFNATAALGEYGERS

AVATGACGYRVNPHNLAFKAGANINTSGNRKKGSYNIGVNYEER {616 arino acids)

Norwaglan

36

N 16}

METMRT LPLKIAVIGALIVELEAAS TANAQATETPLPNLY DRDYT DPLYHGMITENTATTO

DTOYKEYAENGNEVPDSLEFPRKILEDCOULNGFREGUT LI PLUENGKPVYRLDE ITENGVKRKVY

SVTTKTATEEDVECGSAYSRGIOGDI DDLYEANKENVNRL I EHGDKIFANEESVQYLNEEVONNT
ENTHELAQOCDOHRSSDI R LERNVEEGLLELSGHL TDORADL TKDIKALESNVEECLLDLSGRL
LLDLSGRLLDORADIARNOQADTAGNGT DI ODLAAYNELODOYA
TONIHEDLAAYNE

TDOKADLIKDIKALESNVE
ORGTEAT DALNKASSENTONT EDLAAYNELDDOYAQKOTEAT DALNKASSEN
LODOYAQKOTEATDALNKASSERTONTEDLARYNELODOYAQRCTEAT DALNKASSENTORTAK
NOADTANNINNIYELAQUODOHSSDIKTLAKASARNT DRI AKNKADADASFETLTENONTLIER

M

DREHDKDITANKTAL DANKASADTKEAATADALT THKNGNAL TKNAKS I TDLOTRVDGEDEGRVTAL
STRVNALDTRVNAFDGRITALDSKVENGMAAGARLAGLEQPYEVGRIFNATARLGE Y GEKSAVAL

£y

CAGYRVNPNLAFRAGRATNTSCNKRGESYRIGVRYEEF {076 amino agids)

METMRLLFLETIAVTSALIVGLGAAS TANAQNGT S TREKNLKEYAQY LDNYAQYLDDLIDDL
DREVGELSQNIAKNQANTRKDLNKKLSRDIDSLREDVY DNQYEI VNNQADIERNODD IRELE
NNVGRELLNLSGRLLDGEADIDNNINNIYELAQCODOHS SDIKTLERNVERGLLELIGHT:T
DOXSDIAONCTDIQDLATYNELQDOYAQROTEATDALNKASS ENTON T EDLAAYNELODAY
AEQUTEAIDAINKASSENTONIODLAAYNELQDAYARQQTEATIDALYRASSENTONIEDLA
AYNELODAYARQOTEALDALNKASSENTONIENEAAYNELODAYARGOTEAT DALNKASSE
NTONIEDLAAYNELODAYARQOUTEAIDALNRASSENTONIARNQADTANNINNIYELAQDD

15
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DOHSEDIKTLAKASAANTDRIARNRADADASFRTLTRKNONTLY RKDEREDK LI TANKTRALE
ANFASADTHPAATADATPRNGNATTRKNAKSITDLGTRVDAFIGRVTALDTRVKAFDGRITA.

LDSKVERGMAAGABLSGLEORPY VG RFNATAALGEYCEKSAVATGAGYRVN PRLAFKAGEA

INTSGNRKGSYNIGUVNYERF (629 amine aw

MKTMELLPLETAVT SAMIVCELOMASTANACGQORSPRTIETFLEN I FFNEYADDLDTLYBNME
LGDTATTHDDOYRKEYADDATEVEDSLFFNEILHDOLLYGFERGDRI I PLUENGK FVYRLDK
RLDNCVORTVY SVTTHTATARDVNSAY SRETQGDIDDLY RANSENVNR LT EHGDETI FANER

SVOYLNEEVONNIERIHELAQOOPOHSEDIKTLRRNVERGLLBLIGHLIDUKTRIAGNOTD

3
R

TQLLATYNELOINNWAQRQTEATIDALNEAS SENTONTARNSNRI RALBNNL EEGLLELSGHL
TOQEADLEIRDIRALESNVERGLEDLIGRLIPOEAD TACNQAN L QULAAYNELODAYAKDQT
EAIDALNEASSENTUN IEDLAAYRELGDAYAKQUTEAT DALRRASSENTONIEDLARYNE

QLAYAKQUTEATDALNKASSEY "\‘\,*\I"*\“’\SQADUm& NNIYELARGQUUOHSSIIRTLARAR

ARNTDRIARNKADADASFETLIRNONTLIERDHEHDRLITANRTALDANKASAIYTR FRATA

DARTTENGNAT TRN? TRLGTRVDCE DGRV TALDTRVNALIYYKVNAFDGRITALDSKVEN

GMAAQABLSGLEQUYSVEREFNATARLGEY GERKSAVATGAGYRVI PN LA FRAGARTNT SONK

RESYNIGYNYEF {843 amino scidsg)

Norweglar

©w

ARSTANAQAGSNRILDOVOATLRGIDEY RIKKELQOSOQ

YLIENGLANALNIEELNNNVORNTORLDSAATLYGRLARI VPR T RENRES TRENK

IKENKESIKENKESTIEKENKESTTTLIRESEFONQVILTVRNNASTEDLYAYED

T
LSRN

EITHAYTEEVNETLENLITNEVENTNNITRNEADIQALENNVVEE L ENLSGER]

£

IRNIYELEQRODOHSS DIKTLRKNVERGLLELSGHLIDORADLTRDIKTLEESNY

R T TVR T AT
FPATDALRNEAS

LEGRLLDQRADTACNQANT
LAAYNELODRAYARQOTEATDALNKASSERTONI EDLAAYNELQUAYAKQOTEAI DATNKA

SENTONIEDLAAYNELODAYARODTEATDALNRASSENTORTIARNOADTANNINNI YELA
QUODOHSERY KT LARKSAANT IR I AKNEADEDARFETLTENQNT LI BKDKEHDR LT TANKT

VIDANKASADTRPAATADATIRNCGRNATTENAKS TTDLG

VHAPDGRITALDSEVENCGMAAQARLSGLFOPY SVERENATAALGGYG!

PNLAFRKAGAAINTSONRRESYNTGVNYER {700 aming s

MRLLPLR IRV BALIVG LGAASTANAGATETFLPRLFDN DY IRTTDPL Y HOMI LANTA

TTUDTQYKEYAENONEVEDS LEFNRKILHDGOINGERESDT LI PLDENGKPVYRELDEITENG

VEREVY SVTPRTATREDVEQSAY SREIQEDRI DDLY EANKENVHNRL I EHGDKI FANRRSVQY

LERBVEREGLLELSGHLIRORAD

SVORNIENIHEIAQCODOH
KL

VEEGLLELSGHLIDORADLTRDIRALESNVERSLLDLSGRLLDUKAD T ARRQAL
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VNYEF (876 amino goids)

IODRLAAYNELODOYAQKOTEAI DALNKAS SENTONIEDLAAYNELOQDOQYAQRKOTEATDALN
KASSENTONIEDLAAYNELQDOYAQROTEAIDATNKASSENTONTEDLAAYNELODOYAQK
OTEATIDALNKASSENTONIAKNOADTANNINNIYELAQUODOHSSDIKTLARASAANTDRI
ARXNRADADASFETLTRENOQNTLIERDEEEDKLITANKTAL DANKASADTRFAATADATTENG
NATTENAKSITDLOSTRVDGFDGRVTALDTRKVNATDTRVNAFDGRITALDSKVENGMAAGAA
LSGLEQPYSVGRENATANLGGYGSKSAVATIGACYRVEPNIAFKAGAATNT SGNRRGSYNTG

Japanssa

Z7476

{SEQ ID

METMELLPLEIAVTSAMI IGLGAASTANAQLARGFFPNI FSNHAPVEQHYHNYVVGDTS IV
ENLQDEDDTCLEFY SNDEYSVPDELLENRKMLHEQOINGERRGDT I TPLDERGKEVYRVDYR
LDGEEPRRVYSVITRIATQDDVDNS PYSRGIQGDIDDLY EANRENVNRLY EHGDRIFANEE
SVOYLNKEVONNIERIYELAQQUDOHS SDIRTLEKENVERGLLELSGRL I DOKADTAQRGAN
TODLAAYNELODOYAQKQTEAIDALNRASSENTONIEDLAAYNELDDAYARDOTEAT DALN
KASSENTONIEDLAAYNELODAYAKQOTEATDALNRASSENTON TEDLAAYNELODAYAKO
QTFATIDALNKASSENTONTEDLAAYNELOLAYARQOTEAT DALNKASSENTONIEDLAAYN
BLODAYARQQTEAT DALNKAS SENTONTAKNGADIANNT NNIYELAQQQDOHSSDIRTLAK
VSAANTDRIARNKADADASFETLTENONTLIEKDKEHDEK LI TANKTATI DANKASADTRFAS
TADATTENGNAITENAKSITDLGTKVDEFDGRVIALDTRKYNAFDGRITALDS KVENGMAAD
AATEGLIFGPY SYGEMNATRATLGEYGSKEAVATUAGYRVN PN LAFRAGART NTICNKKCEYN

IGVNYEF {678 amino acids)

NO: 219
Belgian
77530

(SEQ LD

NGy 22)

METMKLLPLEIAVISAMIIGLCAASTANAQSRDRELEDIQDSISKLVODDINTLRQDOORM
NEYLLINQLANTLEITDRELNNNVIKNTNSIRALGDEIGWLENDIADLERGVEELTRKNONTLT
EXDEEHDRLIAQNQOADIQTLENNVVEELFNLSCRLIDOEADTAKNNASIEELY DFDNEVAR

RIGEITHAYTEEVNRTLENLITNSVENTDNI DENKADI DNNINHIYELAQQODQHSSDIRTL
KNNVEEGLLELSGHLIDORADLTRDIKALESNVEEGLLDLEGRLIDOKADL TR DI KALESN
VEECLLDLSGRLLDQEADTAQNUTDIQDLAAYNELODQYAQRQTEAT DAL NKASZSENTONT
EDLAAYNELQDAYARQOTEALIDALNKASSENT QNIARNDADTANNINNIYELAQQODOHSS
DIKTTLARASAANTNRIATAELGIAENEKDAQIAKAQANANKTAL DENRASADTKFAATADA
ITTERNGNAITRNARKS ITDLGTRVDGFDGRVIALDTEVNAFDGRITALDSRVENGMAAQALLS
GLEQPYSVERENATARLEGY GSKSAVATIGAGYRVN PN LAPKAGARATINTSCNKKGIYNTZVN

YEF (€613 amino acids)

Garan

MRIMELLPLKIAVTSALLVGLGAASTANAQATNKDITLEDVLKS IBEI DRYELRDYIEY PY

ATERFLLLSOYGNTLILEEFDNDIRLLOGDVEDLREESVI ELAKNONS LIEQGEATREDLOG

LADPVERQEDEILONET S TRENTORNLVNGFEIEENRDATARKNNES IEDLY DFGHEVAKRST

17
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GRIHAHNBAQNETLRDLITNSVENTINITRNEADIQALE SNVERG LLRLSCHLI DORADID

NN IBNIHELADROLOHSS I RTLEKENVERGLLEL
ARNQADT

SGHLIDORKSDTAQNOANIQDLATYNEL

DIAAYNELQDBEYARQOTEATDALNKASSENTONT

DIRYL

MM INNIVELAQQUDOHSS AXANTURIARKNEADADASFETLTRNON

TLIBKDKEHDRLITANKTAIDANKAS?

REFARTADAITHNGHAITEKNARS ITDLETRVYDG
PRERVITALDTREVNATDGRITALDORKVENGYAAQAATIGLYQEY SVEKFNATAALGGYGSKS

AVATGARYRVNEPNLAFTKAGAATNTIGNK

KEEYNLIGVNYEE {389 amino auids:

American

METMELLPLE LAVT SAMMVGLEMAST ANAQGROKSPRIEIFLPN LY DNDNTELEDPLY BN ME

LENTALLIQRENGYKPYADDANGY PDS LLENR I LEDQLLRGPRBGDT L I PLDENGEPVYYRLD

SIVEQGKTHTVYSVITRTATADDVNSAY SREIQGDIDDLY EANRKENVNRLI EHGDKI FANE

ESVOYLNR HELAQQUDOASSDIRTLEVMVERDLLDLSGRLIAGKEDIAGRDT
DINDLATYNELQDOYAQKOTEATDALNRASSENTON IARKNSNHIKTLENNIREGLLELEGH
LIDQRADLTRDIRALESNVERGRLIDLIGRLLDGRADT AGNQANIGDLARYNELODRYAROD
TRAIDRINKASSENTONT EDDARYNELODAYARKCQOTRATDALNEASSERTONTEDLRAYNE
LODAYARGOTEAIDALNKASRENTONTARNOANTARNINNT YR,

SAANTDRIARNKADADASE

LIKNONTLIEKDEEHDKLITANE

ADATTRNGNATTEKNARS ITDLETRVDGFUGRVTALDTRVNALDT
NGMARQAALIGLEOFY SVEKINATARLGGYGEKSAVAIGAGY RVN PN LAFRAGRATNT SIS

RHGRAYNIGUNYEF (8R4 amino

Grook

M Q‘ 7

[us

{5EG ID

NG 28]

&l

METMELLPLETAVISALT VL GRAS TANAQOOOKTETEVYLPNLEYNDY Y

LGDTAALYDRONYSNSCLREY SNDEESVIFLS LLPSEMTNRQCTNGFRAGDT I I PVDANGOV

TYQKIFPRVEGGRETRIVLEVITRIATQONVISAY SRETOGRVNDLDDEMNP LNEDITRLYDV
TANGODRIKCLERGVERLRRAVEC LR ELNE LDKEVGV LS BN TGO LN DUVAQNRESIEDLY
QESOEVADSIGETHAHNKADNETLEULITNSVENTRN I TRNEADT GALENNYVERLFN LSS

RLIDOEADLIKDIKTLESNVERCLLELSGHLIDORADTARNOQAD TAQRQANIGDLAAYNEL

GDAYARKQUTRATDALNEASEE AYNELQDAYARQQIEAI DALNEASLS

ARNOADRTANNINNIVELAGOODOHS SDIRKTLAKASAANT DRI AEKNRADADASFETIA KNG
PLIBKDEEHDKL LT ANKTAT DENRASADTRFARTADR I TENGRA T TENAKS I LG TEVDG
FRGRVTALDTRVRAFDGRITALDSKVENGMAACAA LSS LFQPISVER ENATAALGGYGERS

- N +

AVATGAGYRVHNPNLAFKACAAINTICNREGSYNIGVRYERY {850 aminoe acids)

Amerioan

V3112

MRIMELLPLRIAVIZALIVGLEAVSTTNADAQSRELDOQIGTRLADLAGKIAAGRNGEOONN

GNNORDINEY WP LAGYARILTNEELNNNVVRNS SSIETLETDIGHLERDVADLEDGVER LY

KNONTLIERDEEHDRLIAQNQADIQTLENNVVERLFNLSIRLIDGRADIAKNCADT BONNE




WO 2015/125118 PCT/IB2015/051308

SIRELYDFDNEVARRIGETHAVTERVNKTLODLI TNSVRNTDN L DRNKADT DRNNINHIYEL
AGOODOHGSDIKTLENNVEEGLLELSGRLIDORADLTEDIKTLENNVEEGLLDLSGRLIDD
CADTAKNGADIAQNGTRIQDLAAYNELODQYAGRQTEAT DALNKASSENTONTIEDLARYNE
LODAYARQUTEATIDALNKASSENTONTAKNOADTANNINNIYELACOODOHSSDIKTLARA

SAANTDRIARNKADADASFETLYKNGNTLIEKDREHDELITANKTAT DENKASADTKEAAT

ADATPRNGHAITENAKSITDLETRVDCPDGRVIALDTRVNAFDGRITALDSKVENGMARQA
ALSGLFQPYSVERINATAALGGYGSKSAVALCACGYRVNPNLAFRAGAATINTSGNEEGSYNT

GVNYEF (614 amino agids)

Awerisan | MKTMKLLELKIAVYSALIVGLGTASTANAQVASPANQRIQUKIKKVEKELRQDIKSLENDI
DSNTADIGSLNDOVAINDDDILINGADIAKNQDDIERNOADIKELDKEVGYLEREIGSLND
Fad DIADNYTDITUNYTDIIDNQANIARKRODD T ERNQADT KELDKEVEVLSREIGSLNDDVADN
(sEo 1p | QDDIAKNQADIOTLENNVEEGLLELSGHLLDOKADIDNNINNIYELAQQODOHSSDIKTLE
No: 27y | ENVEEGLLELSGHLIDQKTDIAQNGANTIQDLATYNELODQYAQEQTEATDALNKASSENTQ
NIAKNSNRIKALESNVEEGLLELSGHLIDQRADLTKDIKALESNVERGLLELSEHLIDOKA
DIAQNGAN QDI AAYNELQDOYAQKGTEA I DALNKASSENTONT EDLARY NELODAYAKGD
TEATDALNKASSENTONLAKNOADLANN LNNI YELAQUUDOHSSDT KT LAKASBANTDRIA
KNKADADAS FETLTRNONTLT EKDKEHDKLI TANKTAT DANKVSADTKFAATADA T TRNGN
AITKNAKSITDLGTKYDAFDSRY TALDTKVNAFDGRI TALDSKVENGMAADARLSGLEQEY

SVGKINATAALGGYGCSRSAVATGAGYRVNPNLAFKAGAATNT SGNERGSYNIGYRNYER

{668 amince acids)

American METMEKLLPLEIAVT SAMIVGLGAT S TVNACQVVEQFFENT FENENRDELDDAYHENMILEDTA
IVENSQDNSIQLEEYSNDBEDSVRPDS LLEFSKLLEEOOLNGFRAGDTI I PLDKDGRPVYTHDT
Vil7l
RPRDGRVETVYSVITRIATODDVEQSAYSRCIQGDIDDLYDINREVNEY LEKATHDYNERQT

(ara 1o EATDALNERAS SANTDRIDITAEBERIDENEY DIKALESNVEEGLLELSCHLIDORADLTRDIK

KO: 28) ALESNVEEGLLELSCGHLIDDKADLTKDI KALESNVEREGLLDLSGRUIDQKADTAONQANTD
DLAAYNELODAYAKQQTEALDATNKASSENTONIEDLAAYNELODAYARKOQTEA T DALNEA
SSENTONIEDLAAYNELODAYARQDTEAI DALNEASSENTCN I EDLAAYRELODAYARDOT
EATDALNKASSENTONTAKNQADIANNINNIYELAQOQIUHS SDIKTLAKASAANTIRIAK
NEADADASFETLIANQNTLIEEDREHDR LI TANRTAI DANRASANTRFARTADAT TRNGNA
ITENARKSITRLGTRVDGEDGRYVTALDTEVNALDTRVRAFPDCGRI TALDEKVENGMARGAALS
GLEQPYSVGEENATAALGEY GSKSAVATGRGYRVN PNLATRAGAATNT SENERGEYNIGVN

YEFE {674 amino acids)

METMRLLPLKIAVISAMI IGLGAASTANADSRDRSLEDIQUS I SKLVQDDIDT LEQDGOKRM

18
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TTAZE NEYLLLNQLARTLITDELNNNVIKNTNG IEALGDRIGHLENDIADLEEGVEELTENONT LY
DRLIAQNCADLIOTLENRVVERLFNLSGREIDOEADTARNNAS (IEELYDYDNEVAE
AYTEEVNETLENLITNSVENTDNIDRNRADIDNNINHIYELAQQQDQHSSDIKTL

ENNVEEGLLELSGHLIDQKADLTKDI KALESKVERGLLDLSGRLLDOREDLTR O TRALESN

v

LOLSGRLLDOKADIAGNOTRIQDLAAYNELODOYAQRQTEATDALNKAS SENTONL

DAYARQOTEATDALNEASSENTONIARNGARTANNINNI YELAQQODGHESR
DIETLAKASAANTNRIATAELGIAERERDAQUAKAQARANKT AL DENRASADTE FAATARA
ITRNGNATTRNARS ITRLGTRYDGHFDERYTALDTRVNAFDGRY TALDSRVENGMARDAA LS
GLPGEY SYGEPNATAALGEYCERSAVATIGAGY RVNPN LAPEACGAA T NT SGRKEGOYNIGYN

YEF {613 amine acids)

Kmeyican METMELLPLKIAVESAMIVELGATSTVNAGYVEQP PPN I PENERHDELDDEYHMNMT L

VONSQGINSTQLREYSNDEDSVFRE DL SELLHEQQINGPEAGDTI T IRLDRDER VY THIY

RITKBGRVETVYSVITHIATODDVEGSAY SRGIQGRIDDLY DI NREVNEY LEATHIYNERQT

MO 303 ALESNVEEGLLELSGHRLIUDORADLTREDIKALESRVEECLLDLAGRLLDGRADIAKNOADIA

CNOTRIQDLAAYNELODAYARQOTEAL DALNKASSENTON TARNQARIANN INNIY ELAGQ

GDRHSSUIRTLAKASARNTDRIAKNEADADASFETLTENONT LT ERREEHDRLITANETAL
DANKASADTRKFAATADATITRNGRNATTRNAKS ITDLGTRVDEP DORVTALDTRVNALDTRVE
AFDGRITALDSEVENGMARGAALSGLEPOPYSVEKINATAALGEYGEKSAVATGAGYRVNEN

LAFRAGARINTSONERGSYNIGUNYEF (378 amino agids)

METMKLLPLRKIAVT SAMMVGLEGMASTANAQQOEEPKTET FLENLFDNDRTELTDRL YHNMT
LONTALLTQENOY KEYADDGNGVEDSLLENKILHDOQLLHGFREGCDT I Y RLDENGREVYRLD
SIVEQGHETRIVYSVITKTATADDVNSAYSREGIQGDIDDLY BANKENVNRLIEHGDKIFANE

SVOYLNEEVONNIENTHELAQQODEHES DIKTLERNVERDLLULEGRLIAQUREDIAQNGT

PATDALNKASSENTON I AKNENBIKTIENNIERGE

KALESRVEEGLLDUSCRLIDOKADI AONCGAR IO ARYRELQDAYAKQG

;
p
i
ol
e
oo
pd
=
s
£y
o
=
£

NIONIEDLAAYNELQUAYAXODTEATDALNG

LOPAYARQUIEAIDATNRKAS SENDPORIAKNCGADIANNINNIYELAQUQDOHE SDIRTLAKA
SAANTDRIAKNRADADASTETLPRNONTLIERDUEHDRL I PANKTATDARKASA DT KEAAY
ADATTRKNGNATTENAR ST TDLETRVDGFREGRVIALDT KVNALDTRVNAFDGRITALDS

Kz ;ﬁ'“;%Q BALSGLEQPY SVORFNATABLCGY GSHBAVAIGAGY RVNPNLAFRAGAATNISEN

ERGEYNISVNYRE {684 amino acids)

fgan METMRLLPLETAVTSAMI ICLCAASTANADATETEFLPNLEDNDY T SPLYHEMILONTA

PN

rT
¥

20
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EGDT ITIPLDENGKPVYRLDETTENG

ENGNEVEDELFFRKILHDDOLNGE?

FEREVYSVPTRIATREDVEQSAYSREIGGDI DO LY EANKENVNRLIE

DEIPANEESYQY

{SEQ D KRN T RN T HE L AQODDOH S S DI KT L RNV EEG L LELSGRLIAGKEDI AGNOTDIONL
NO: 32) | ATYNELODOYAQKOTEAI DALNKAS SENTONIARNSNHIKTLENNI EEGLLELSGHLIDOR
ADLTRDIEALRSNVEEGLLOLAGRLLDOKAD T ARNOAD I AGNOT DI QD LAY NELODOYAG

KQTEAIDALNKASSENTONIEDLAAYRBLODAYARUOYEA TDALNRA

NELQIAYAKQUTREAIDALNKASSENTONIARNOQADTANN I NNIYELAQUODOHSSDIRTLA
BASAANTDRIARKNKADADASFETLTRNONTLIEKDKEADRKLITANKTATIDANRASADTREA

ATADRATTRNGRATITRRAK CRLGTRY REPDGRVIALI T RYNALTRVNAFLGRY

PNLAFKE

BRTGRE

HAHMEAQNETLRGLI NS IENT MM I TRNRAD T QAL ENNVVERLENLECGRLIDORADT NN INNT

YELAQUODDHSEDIKTLKKNVERGLLELSGH

IRDLATTRELGDOYADKOT

DALNEASSENTONIEDLARYY

DALMBAGSENTONTARNQAD IANNINR IVELAQQDDORI I

DASFETLYKNONTLIEKDKESDKLITARKT SHA
VDGPFDRSRVTALDTRVNAFDC LECGLEOPYSVER
FNATAALGGYCRRSAVATCAGYRVNFNLAFKAGAA INT SERKKGEYRIGVNYER {630

SWing asids)

¥

MEPMRLLPLRIAVTSALIVELGAASTANAQAODRELEQICDKLANLVERIEQA
TDINQY LI

SLHDDVAGNQADIKTLRYRVVEF

LEQYANVITHEELNNSVVENSS STETLDRDT AR LENDL T DLDKEVG

LENLSDRLIDCEADIAQNNESIEDLYDFGCREVARS TGR

3??
]
it
o
iz
%z

ITHAHNEAQNETLRDLUTNSVENTINITENRADICALENDVGRELLNLBGRLIDGKAL

NG 243 INHIYRLAQUODOES S DT RT LENNVRESLLELSCGHLIDREADLTED I KALESKVERGLLEL

SERLLDQHAD TAQNOANTODLARYN ELODAYAKQUTRAI DAL NKASS

LODAYARDDTEAI DALNRAS SENTUNI AKNQAD TANNTRNIYELAQQUUUHSSDIK P LAKA

SAANTDRIAKNRADADASERS I.-TJ SNONTLIERDEEHURKLITANKTALDANRASKDY

ADATTENGNATTRNARST TDL:H“TFV DEFRSRVIALDTRVEAFPDGRI TALDERVENGMARDA

ALSGLECPYSVORINATAALGOY G REAVATCAGY RVNPRLAFRAGAAINTRGRKEGRYNT

»)
<
Z
=
bp
o
o <
as
=
=
’:‘

AcLds;

Firmish

MMERLLRLEIAVT SAMITGLEGATITVNAQUVEQP FEN T FINENEDELDDAYHRMI LGDTA
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IVENSQINSTQLKEY SNDERSVPBS LLFSRLIHEQULNGFRAGDTI I RLDRGGKPVY TRDT

RERDGRVETYY SVTI TR IATQDRDVEQSAY SREIQGLIDRLY DI NREVNEYLRATHDYNERGTY

EATDALNKASSANTDRIDIARERI DENEY DI RALESNVEGRULLDLSGRLIAQREDIDRNEN
HIVELAQOODGHSSDIRT LENNVEEGLLELEGHLI DORADNLYRKDIK TLESNVEEGLEDLEG

RLIDORADIAQNOANTODLAAYNRELODOYAQKQTEATDALNRAS SENTON LEDLAAYNELY

el

DAYARQOTEATDATNEASSERTONT ARNQADT ARNINNY Y ELAGOODUHISDIK TLARVSA

ANTDRIARNEADADASFET LI ENONTLIERKDREHDELITANK TAIDANKASADT K PARTAD

AT TENGRATTENARSITULGTEVDEEDGRVTALDTRVNANDERTTALDERVENGMARQAAL

SELPQPYSVGEENATAALGGYGORSAVALGAGYRVNPN LAV HAGARINTHCREKGEYHN TGV

NYEP {614 amine scids}

Amarican

METMELEPPLRKIAVTSAMI TGLGARAS TANAQTTETFLENLE DRDY TE] ”l‘i)‘)i..”\f HMILGDTA

TTODTOYREYAENGNEVRDSLPENKILHDQLINGFRAGUT T I PLDERGEPVYKLDERTENG
VERREVY SVITHKTATUADVEQEAYSREIQGDIDDLY EANKENVNRLI REGDE T FANERSVQY
TAQEQTDRI

LNREVORNIBNIHELAQQUDOHSSDIRTLEKNVERDLLDLIGRLIAQK
ATYNELOQDOYAQROTEAL DALNRASSENTON LARKNSNHIKTLERNI EEDLLELSGHLI DK

ADLTRDIKALESNVERGLLDLSGRLIDURAD TACNCGANTQDLAAYNELODAYARCOTEATE

ALNKAESE DLAAYNELODAY

LGN L ELLARYNELODAYARQOTEATNATNKASSENTONT
SDIKTLARASARNT
LIRNONTLI EKDEEHDKLITANKTAI DANKASADTRFAATADALT
TALDSEVENGMAA

DALNKARSENTONTARNOADRTANNINNTYRLAGODDOHS

DRIABRNKADADRSE

RNGNATTRNAKST IDLGTRVDGEFDGRVTALDPRVRALDTRYNARDGRT

FOPY SVGHRIPNATAALGCYCSKSAVAT GRSYRVNPNLAFRAGAR INTSCNRKRGS Y

(€79 amine acids)

(SED ID

MO 37

MRIMKLLPLRIAVT SALTVELGAAS TANAQETLEEVIES IROTINEODLUDDIGYNSATDRY
NENVERNSNSTAKNSNITADLEADVEY LARNQNTLIEQRETINQEL

LVLSQYGENTY

BGITHRELESFIAYAHAQDURKN LYV NEFRIFENEDATAENNESIEDLYDFCHEVARSIGETHA
YTERVNETLENLI TNEVENTDRITRNRADIQALESNVERRLLNLEGRLIDUKADIDRNING
IVELAQUUDOHSSDIRKTLEREVERGLLELSGCHLIDOKS DIAQNGT DIQULAT YN ELGDOYA

GROTEATDALNEASSERTON I EDLAAYNELQDAYARKQQTEAI DALNEAS SENTONI BB LAK

T o
SOTEATDALRNKASEDN

YNELRDRDAYARQD

TONTRDLAAYNELQUAYARQOTEATL DALNEASSENTQN TEDLAAYNELQDAY ARDDTEAT
K

ALNRASSENTONTARNQADTANNINNIYELAQOUDOHSSUT KT LARASHAN:
LTENONTLIREDREHDRLITANKTAIDANRASADT RFARTADA T TRNGRATTEN

DTRVNAFDGRITALDSKVENGHAAQAALSGLEQPYSVGRT

VNENIAFRAGAATNTSONERGSYNIGVNYER {734
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amine acids)

American METMRLLPLRIAVTSALIVGLGAAS TANADAQARDRSLEDIQAL IGNIDVDRIRSQROKNP

BEIFOYLLLNQLANT LI TDELNNNVIENTNSIETLDND AW LNDDL I DLDKEVGVLIERDIGS
V1156
LHDDVAGNQAD IKTLENNVVEELFNLS DRLIDQGERE T AQNNESLEDLYDFGREVAESIGET

HAHNEAQNETLERL T TNSVENT DN I DENKADT CALENNVEEGL LELSGHL I DORKADLERET

=
o
W
.

KALESNVEEGLILDLAGRLLDOKADIAKNQADI AQNQTDI O DLARYN CLONOYADKQTEATD

¥
Z
@
w
o

-

ALNEASSENTONIEDLAAYNELODAYAKODTEAI DALNKASSENTONIEDLARYNELQDAY
ARCOTEAIDALNKASSENTONTARKNQADTANNINNIVELAQQODQHSSDIRT LAKV SAANT
DRIARNKADADASFETLAKNONTLIEKDKEHDELI TANETAIDANRASADTREAATADAITY
NG WAIT\NAKCILuhuTh»“brJQRVTALDTKVNAFDGRITALDSKVE {GMAAQAALEGL
FOPYEVERPNATAALGEYGSKSAVAIGAGYRVNPNLAFKAGAAINT SGNEKEGSYNIGVNYE

F {611 amino acids)

[34] UspAZ may be UspAZ from M calarrhalis strain ATCC(a US registered frademark)
25238™ American 2033, American 2912, American 2808, Finnish 307, Finnish 383, Finnish
358, Finnish 216, Duich H2, Dulch F10, Norwegian 1, Norwsgian 13, Norweglan 20,
Norwegian 25, Norwegian 27, Norweglan 38, BCSSY, Norwegian 14, Norwegian 3, Finish
414, Japanese Z7476, Belgium Z7530, German Z8063, American O12E, Greek MC317,
Amearican V1122 American P44, American V1171, American TTA24, American O38E,
American SP12-6, American 8SP12-5, Swedish BCS, American 7189, Finnish FINZ344,
American V1118, American V1145 or American V1156, UspA2 méy be UspAZ as set forth in
any of SEQ 1D NGO 1 - SEQ 1D NOG: 38. UspA2 may be UspA2 from another source which
corresponds fo the seguence of UspA2 in any ong of SEQ D NQ 1 ~ SEQ ID NGO 38
Corresponding UspA2 sequences may he determined by one skilled in the art using various
algorithms. For example, the Gap program or the Needle program may be used fo determine
UspAZ sequences corresponding to any one of SEQ ID NO: 1~ 3EQ {D NG, 38.

[358] UspAZ may be a sequence with at least 95% identity, over the entire length, 1o 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 aminge acids of BEQ 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 fragment of construct MC-001, MC-002, MC-003 or
MC-004), 534 caontiguous aminc acids of SEQ 1D NO: 1 {for example, the UspA2 fragment of
MGC-009 or MC-011) or 535 contiguous aming acids of SEG D NO: 1 {for sxample, the UspAZ
fragment of MC-007, MC-008 or MC-010). The immunogenic fragments may elicit antibodies
which can bind SEQ 1D NG 1.

371 immunogenic fragments of UspAZ may comprise immunogenic fragments of at least
480, 490, 511, 534 or 535 contiglious amino acids of any of SEQ D NO: 1~ SEQ ID NO: 38
Immunogenic fragments of UspAZ2 may comprise immunogenic fragments of UspA2 from any
of SEQ D NO: 2 — SEQ {D NO: 38 which correspond 1o the UspAZ fragment of SEQ 1D 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 EMBQOSS package (Free software; EMBOSS: The
European Molecular Biclogy Cpen Software Suite (2000). Trends in Geﬂétics 16{6). 276—
277y and the Gap program from the GCG(a US registered trademark) package (Accelrys Ing.)
may be used, '

[38] The Gap and Needle programs are an implementation of the Needieman-Wunsch
algorithm described in: Neadleman, & B, and Wunsch, C. D (1870} J. Mol Biol, 48, 443-453.
These programs are using frequently the BLOSUMSZ scoring matrix {Steven Henikoft and
Joria G. Henikoft {1992), "Amino acid substitution matrices from protein blocks”), Proc. Natl.
Acad. Sci. USA 89 (Biochemistry): 1001510819} with gap open and extension penalties of,
respectively, 8 and 2. Sometlimes, the PAM250 scorihg mairix {Dayhoft el al., {1978}, “A
model of evolutionary changes in proteing”, In “Atlas 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 tendenoy of each amino acid to mulale
in another, or fo be conssrved, These numbers are generally computed from statistics of
mutations observed in faithful paitwise or multiple alignments, or even in fragments of multiple
alignments. Generally, In these tables, if a 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 painwise alignment, aligned identical residues (“identities”) between the two
sequences can be ohserved. A percentage of identity can be computed by muitiplying by
100 {1) the guctient betwesn the number of identities 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 fo the
administered antigen or immunogen {(as compared o the immune response that would be
obtained in the shsenhce of adjuvant). This is to be distinguished from “adjuvant therapy’,
defined by the National Cancer Institute of the United States Institutes of Health in the context
of cancer freatment as addifional freatment given after the primary {reatment, o Jower the risk

that the cancer will reour,

[44] The invention further provides proteins of formula {) containing conservative aming acid
substitutions. For example, the proteins of formula () may contain a conservative substitution
of any amino acid from UspAZ2 of Moraxeila catarrahlis as described in any of the seguences
set forth herein {for example, any UspAZ sequence sef forth in SEQ 1D NO. 1 ~ SEQ 1D NO.
38).

[45] As used herein “signal peptide” refars 1o a short {less than 80 amino aéids, for example,
3 o 80 amine acids) polypeptide presant on precursor proteins {typically at the N ferminus},
and which is typically absent from the mature protein. The signal peptide (sp) s typically rich
in hydrophohic amino acids. The signal peptide directs the transport andfor secretion of the
franslated protein through the membrane. Signal peplides may also be called targeting
signals, transit peplides, localization signals, or signal sequences. For example, the signal

sequence may be a co-translational or posi-translational signal peplide.

2

|95}
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[48] A heterologous signal peptide may be cleaved from a protein construct by signal peptide
peptidases during or after protein traneportation or secretion. For example, the signal peptide
peptidase is signal peptide peptidase . A *hetsrologous” signal peptide is one which is not
associgted with the protein as it exists in nature.

471 As used herein “ireatment” means the prevention of oceurrence of symptoms of the
condition or disease in & subiect, the prevention of recurence of symptoms of the condition or
disease In a subject, the delay of recurrence of symptoms of the condition or disease in a
subject, the decrease in severity or frequency of symptoms of the condition or disease in a
subject, slowing or eliminating the progression of the condition and the partial or total

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

48] As uged herein, “optionally’ means that the subseqguently described event{s) may or may

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

[49] Otitis media is a major cause of morbidity in 80% of all chiidren less than 3 years of ags.
{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, there were
16 million vigits made to office-based 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 ofitis media rates range between 0.125 {0
1.24 per childyear. (Expert Review of Vaccines 8.1479-1500 (2008)). Otitis media is a costly
infection and the moest commaon reason children receive antibiotics. {Curmrent Infectious
Disease Reports 11:177-182 (2009)). Bagteria are responsibie for approximately 70% of
cases of acute ofitis media, with Strepfococcus pneumoniae, non-typeable Hasmophilus
influenzas (NTHI), and Moraxslia celarhalis predominating as the causative agents (Expert
Review of Vaccines 5:517-534 (2008)). A subset of children experience recurrent and chronie
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 pneumococcal conjugate vaccing have resulted i the emergence of B-lactamase-
producing Haemaophilus influenzae and Moraxella calarrhalis as the leading organisms
causing acule clitis media in North America, foliowed by Sireptococcus prieumoriae (Pedialr
Clin N Am 60 (2013) 301-407).
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[80] Since otihs media s g mullifactorial diseass, the feasibility of preventing ofitis media
using a vaccination strategy has been guestionsd. (Current Infectious Diseass Reporis
TH77-182 (2008))

{1} The chinchilla model is 3 robust and validated animal model of ofifis media and its
pravention (Expert Review of Vaccines 8:1083-1082 (2009)). While the chinchila model may
mimic the natural course of human infection, others have suggested that resulls in the
chinchiila model may vary from one laboratory to the next. {Current Qpinion in Investigational

Drugs 4.853-858 (2003)).

521 Various other rodenis have also been used for the Induction of ofitis media and are
summarized In Vaccine 2815011524 {2008). The murine aninmal model is often studied in

aiitis media research.

[83] The presence of bactericidal antibody is associated with protection from otitis media dus
to non-ypeable H. fluenzas. (Current Opinfon in Infectious Disease 18:129-134 (2003)).
However, an immune response need not be bactericidal fo be effective against NTHL
Antbodies that merely react with NTHi surface adhasing can reduce or eliminate ofitie media
in the chinchilla. {Current Opinion in hvestigational Drugs 4853-958 (20031,

[54] Chronic obstructive pulmonary dissase s a chyonic inflanmatory disease of the Jungs
and a najor cause of morbidity and moriality worldwide,  Approximately one in 20 deaths in
2005 in the US had COPD gs the underlying cause. (Drugs and Aging 26:985-899 (2008). 1t
s projected that in 2020 COPD will rse to the fifth feading cause of disabiity adjusted life
years, chranic invalidating diseasses, and to the third most important causs of mortality (Lancet
348 1488-1504 (1897}).

155] The course of COPD is characterized by progressive worsening of airflow limitation and
a deciing in pulmonary function. GOPD may be complicated by frequant and recurrent acute
exacerbations (AR}, which we assodiated with enormous haalth care expendiiure and high
morbidity, (Procesdings of the American Thoracic Society 4:554-584 (2007)), One study
suggests thal approximataly 50% of acute exacerbations of symptoms in COPD are caused
by nondypeable Hasmophilus influenzas, Moraxealla catarrhalis, Streploconous phaumoniae,
and Pasudomonas asruginosa.  (Trugs and Aging 28:985-990 {2009)). Haemophilus
influenzag (M. influenzae) is found in 20-30% of exacerbations of COPD; Strepiococcus
prsumonias, in 10-15% of exacerbations of COPD; and Moraxella catarrhalis, in 10-15% of
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exacerbations of COPL. (New England Joumnal of Medicine 358:2355-2385 {2008}
Haemophilus influsnizae, Streplococous prsemoniae, and Moraxella catarhafis have been
shown to be the primary pathogens in acule exacsrbations of bronchitls in Hong Kong, South
Barea, and the Phillipines, while Klehsiaglla spp., Pasudomonas seruginosa and Acinalobacter
spp. constitute a large proportion of pathogens in other Asian countriesfregions including
Indonasia, Thalland, Malaysia and  Talvan {(Respirology, (20711 18, 53383y
dob 100111441440, 1843 2011.01843.¢.  In Bangiadesh, 20% of patients with COPD showed
positive sputum culture for Fseudomonas, Kisbsiclls, Streplococous prewnorias and
Haemophilus influsnzae, while 65% of patients with AECOPD {acute exacerbation of COPD)}
showad positive culiures for Pseudomonas, Kisbsiella, Acinetobacter, Enterchacter, Moraxsila
catsrhalis and cambinstions thersof. (Mymensingh Medical Journal 18:578-585 (201Q)).
However, i has been suggesisd that the two muost important measures o prevent CORPD
exacerbation are active immunizations and chronic maintenance of pharmacotherapy.

{(Proceadings of the American Thoracio Soclely 4.554-804 (2007)).

58] Community-acquired preumonia (CAPY has been described as the leading cause of
death from infectious disease and the siwranked cause of death overall in the Usited States.
Moraxella catarrhalis is one of the psthogens associated with CAP in North Amerloa (Clin
Chest Med 26 (2008} 37 b5} and is ong of {he pathogens associated with moderaie (o severe
copmunity acquited pneumaonia n Japan {J lnfect Chamother. 2014 Nov 20, pi 31341
I2X{TDH00388-1. doil 101018/ 50,2014, 11.008. [Epub ahead of print]).

[87] There is a nead for effective vaccines against M. cstarrhalis.
{58] The prasent invention relates to proteins of formuda {1
(28] A~ {Ridy~ 8), formudal)

[80] whereim

Ais UspAz from Moraxelis catardhalis or an immunogenic fragment thereof;
Ryis an aminp acid;

misQor 2,

8 is histidine; and

nis, 1,2,3,4,5w8.
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(61} In one particular smbodiment, R, and m are defined wherein (R, Is AS {alanine

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

[62] In ons embodiment, the proteins of formuia (B and profeins of the Invention are defined
wherein m is 0. In one embodiment. when m is 0, nis 2. In another embodiment of the

fnvention, whenmis @, nis not Q.
[63] Inone embodiment, mis 2.

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

embodiment, nis 2. In another embodiment, nis 8.

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

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

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

ane eémoodiment, nis 5.

B8] In one embodiment, the proteins of formula () further contaln a methionine (M) at the
aning terminus; & profein with the following formula: methionine- A — Ry — (B),. Thess are
included within proteins of the invention. In sne particular embodiment, whan mis 8 and n is

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

{6481 In one embodiment, the proteins of formula (1) and proteins of the invention are nen-

native profeins,

{781 In one embodiment, the proteins of formula {l) are defined wherein A is UspAZ from M.
catarrhalis. In anvther 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 NG: 2 SEQ 1D NG 3, SEQ D NO: 4, SEQ ID NG 5, SEQ ID NO: 6, SEQ D
NO: 7, SEQ ID NO: 8, SEQ D NO: 9, SEQ {D N 10, SEQ ID NO: 11, SEQ 1D NO: 12, SEQ
ID NG 13, SEQ ID NC: 14, SEQH D N 15, SEQ 1D NO: 18, SEQ 1D NO 17, SEQ D NO: 18,
SEQ D NO: 18, SEQ 1D NO: 20, SEQ 1D NO: 21, SEQ IDNOG; 22, BEQ ID NO: 23, SEQ D
NG 24, SEQ D 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, SEQID NGO 31, SEQ ID NQO: 32, SEQ ID NQ: 33, SEQ D NG 34, SEQIID
NO: 35, SEQ D NQ: 38, SEQ D NO: 37 and SEQ 1D NO: 38 or any subset of SEQ 1D NO 1
through SEQ 1D NO:38,  in anocther embodiment, the proteins of formula (1) sre defined
whersin A is UspA2, whereln UspAZ is af loast 63%, 66%, 70%, 72%, 74%, 75%, 77%, 80%,
84%, 85%, 90%, 95%, 86%, 87%, 88%, 89% or 100% identical, over the entlre length, to SEQ
{D'NG; 1. In another embodiment, the proteing of formuda (B are defined wherain A Is UspA2,
wherein UspAZ is approximately 75% to 100% identical to the UspAZ amino acid sequence
set forth in BEQ 1D NG 1. In another embodiment, A ls UspA2 wherain UspA2 is
approximately 80% to 100% identical to the UspAZ amine ackd sequence sef forth in SEQ D
NO: 1. I another emboediment, A Is UspAZ wherein UspAZ is af least 85% identical o the
UspA2 amino acid sequence sel forth in SEQ D NO: 1. i another embodiment, the proteins

I~

of formuda () are defined whersin A is UspA2, wharein UspAZR is approximately 75% to 1008
idantical io the UspAZ aming acid sequsnos sel forth inany one of SEQID NG 1 ~-8SEQ D
NG 38, I another embodiment, A is UspA2 wherein UspA2 Is approximately 80% to 100%
identical to the UspAZ2 amino acid sequence set forth in any one of SEQ ID NO: 1 - 8EQ D
NO: 38, iy additional embodiment, A is UspAZ wherein UspA2 is al least 85% ientical {o
UapA2 as set forth in any of SEQID NO 1~ SEQ 1D NO: 38, In g pardicular embodiment, Als
UspAZ having the amine ackl seguence saf forth in SEQ (D NG 1.

(711 In another embodiment, the proteinsg of formula () are defingd wherein Als an
immunoegenie fragmaent of UspA2 from M. oalarfialie. In ancther embodiment, Ais an
mmunogenic fragment of UspAZ wherein UspAZ has an gmine acid seguence salected from
the group consisting of SEQ ID NG: 1, SEQ D NGO 2, SEQHID NO: 3, BEQ D NG 4, BEQID
NG: §, SEQ ID NO: 8, SEQ D NG 7, SEQ 1D NO 8, SEQ ID NG @, SEG D NG 10, SEQ D
NO! 11, SEQ ID NO: 12, SEQ D NO: 13, SEQ D NO: 14, SEQ D NO: 15, SEQ 1D NO: 18,
SEQ D NG 17, SEQ D NG 18, SEQ YNNG 18, SEG D NO: 20, SEQ 1D NO: 21, SEQ 1D
NG, 22, SEQ D NG; 28, SEQ 1D NO: 24, SEQHD NQO: 25, SEQ D NO: 28, BEQ 1D NO 27,
SEQ D NG 28, SEQ ID NG 28, SEQ IR NGO 30, SEQ IDNO: 3, SEQID NO: 32, 5EQ D
NG: 33, SEQ D NC: 34, SEQ 1D NQ: 35, SEQ D NGO 36, SEQ D NO: 37 and SEQ 1D NO:
38 or any subset of SEQ I NQ: 1 through SEQ D NG 38, In another embodiment, A s an
immunogenic fragment of UspA2, wherein UspA2 is approximately 75% to 100% identical to
the amino acid sequeance sef forth in SEQID NG 1. In another embodiment, Alls an
mmunogenic fragment of UspA2, wherein UspA2 is approximately 80% fo 100% identical fo
SEQ D NO. 1. Inan another embodiment, A s an immunogenic fragmant of UspAZ, wherein
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UspA2 is at least 85% identical o SEQHD NO: 1. In another embodiment, A s an
immunagenic fragment of UspAZ, wherein UspAZ is approximately 75% fo 100% identical to
the amino acld sequence set forth in any one of SEQ D NOU 1~ SEQ D NO:L 38, In another
ambodiment, A is an immunogenic fragment of UspAZ2, wherein UspAZ is approximately 80%
fo 100% identical to any one of SEQ 1D NO: 1~ SEQ 1D NO; 38, In an additional
embodiment, A is an immunogenic fragment of UspAZ, wherein UspAZ is at loast 55%
identical to any of SEGHD NO: 1 - SEGQ ID NG 38, iIn a particular embodiment, Als an
immunogenic fragment of UspAZ2 wherein UspAZ has the amino acid sequence set forth in
SEQ D NO: 1,

[72] In ancther smbodiment, A is an immunogenic fragment of UspA2 from M. cotarrhalis
selected from the group consisting of amine acids 20-840 of SEQ 1D NO. 1 (SEQ 1D NO: 38,
amine acids 31-540 of SEQ 1D NO: 1 (SEQ D NQ: 40), amino acids 30-519 of SEQ 1D NO: 1
(SEQ D NO: 41), amino acids 30-884 of SEQ D NO: 1 (SEQ 1D NO: 42) and amino acids 31~
564 of SEQ 1D NO: 1 (SEQ 1D NO: 43). More specifically, in one embodiment, A is SEQ 1D
NO: 43, amino acids 31-564 of SEQ 1D NGO 1. In ar additional embodiment, Ais SEQ ID NO:
42, amino acids 30-564 of SEQ 1D NO: 1. In ancther embodimeant, Als an immunogenic
fragment of UspAZ from M. catarrhalis selacted from the group consisting of amino acids. 30-
540 of BEQ D NO. 1 (BEQ ID NO:38}, amino acids 31-54C of SEQ 1D NO. 1 (S8EQ 1D NO: 40)
and amino acids 30-519 of SEQ 1D NO. 1 (SEQ 1D NO: 41). In another smbodiment, Als an
immunogenic fragment of UspAZ2 with at least 52% (American 2008), 55% (Norwsgian 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 D NO. 38, Inanother embodiment, Ais an
immunogenic fragment of UspA2 with at least 52 % (American 2908), 57% (Dutch F10), 62%
{(American 2933}, 65% {Greek MC317), 87% {American V1122), 70% {American P44}, 73%
{American 7189}, 76% {Norweglan 3), 81% (German Z8063), 100% (Swedish BCS) identical
to SEL 1D NO. 43

[73] In ansther embodiment, A ls an immunagenic fragment of UspA2 from M. catarrhalis
from SEQ 1D NQ: 2 through SEQ ID NG: 38 where the fragment comprises the amino acids
that align with amino acids 30-540 of SEQ 1D NO. 1 {SEQ 1D NO: 39), amino acids 31-540 of
SEQ D NO! 1 (SEQ 1D NO: 40), amino acids 30-519 of SEQ ID NO: 1 (SEQ 1D NG: 41),
aming acids 30-884 of SEQ D NO: 1 (SEQ ID NO: 42) or amino acids 31-584 of SEQ ID NO:
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1{SEQ ID NO: 43}, In one embodiment, the Gap program (from the GOG package), or the
Neadie pragram {from the EMBOSS package), implementing the Needleman-Wunsch
algorithm, may be bsed io align the seguences,

{74} UspAZ2 ~ SEQID NO:1

MRTMELLPLRTAVISAMI IGLGAASTANAQAKND I TLEDLEYLIKKIDQUELEADRIGRIT
ALEXYLALSQYGNILALEELNKALRELDEDVGWNONDTANLEDDVETLTRNONALARQGE
AIREDLQCLAREVEGOEGR ITLONETS TRKENTORNLYVNGEE IEXNEDATARKNNRSIEDLY D

FGHEVAESIGETHARNEAONETLKGL ITNS TENTNNITENKADIQALENNVVERLFNLEG

RLIDOKADTDNNINNTYRELA OHESDIKTLKENVEEGLLELEGHLI DOKT D LAONCA
CNIODTATYNELODOYAGKOTEAI DALNKASSENTONT EDLAAYNELQDAYARQOTEATIDA
LNKASSENTONIEDLAAYNRELODAYARQOTEAI DALNRASSENTON TAKNQADIANNTNN
LY RLAQCODOHS SR IR TLARKASAANT DRIAKNEADADASFETLIRKNONTL TEXDREHDRL
PIANKTATDANKASADTRFAATADATITKNGNATTKNAKS ITDLGTRVIGY DSRVTALDTR
VNAFDCRITALDSEVENGMAAQAALSCLEQPYSVOKFNATAALGGY GBKSAVATGAGYRY

NENLAFKAGAATINT SGNRKGIYNIGYNYEY

[75] Amino acids 30-540 of UspA2 from SEQ 1D NO: 1, BEQ ID NO:38
GAKNDITLEDLEY LIKKIDONELEARIGDIT
ALFEKYLALSQYGNILALEELNKALERLDREDVEWNON D IANLEDDVET LTEKNONALALQGE
ATRRDLOGLADFVEGORGRILONED S THRNTQRNLVNG PRI EENKDATARKNNES TRDLYD
FGHEVAESIGETHAHNEAONETLRGLITNSIENTNN I TRKNKADIQALENNVVERELFNLSG
RETDOKADIDNNTRNTYRLAQOQDOHSADIRTLEKNVEEGLLELSGHLI DOKTDIAQNQA
NIQODLADPYNELODOQYAQEOTEATDALNKASSENTGN I EDLAAYNELODAYARQUTEATDA
LNKASSENTONTEDLAAYNELGDAYARQQTEAT DALNKASSENTOR IAKNGADIANNINN
YR LAQOGDOHAS DI KT L AKASAAN P DRI AR NKADADAS PEPL T KNONTL IRKDKEHDKT
TTANKTATIDANKASADTHIAATADAT TKNGNAT TRKNAKSITDLOTRVDGFNSRVTALDTH

[76] Amino acids 31-540 of UspA2 from SEQ 1D NO: 1, SEQ 1D NO: 40
AKNDITLEDLPYLIKKIDONELEADIGRY®

ALERKYLALSOYGNILALEDLNKALBEL DEUVEWNGN D IANLEDDVE VL TENONALARQGH

ATREDLOGIADFVEGORCH I LONET S IKENTORNLYVNCGFR TEKNEDATARNNES TEDLY D
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FCHEVARSICETHAHNEAONETILRGLITNS TENTNNITKNKADLQALERNNVVEELFNLSEG
RLIDOKADIDNNINNIYELAQRODOHSSDIRTLRKNVEEGLLELSGHL IDORTDTAQNQA
NIQBLATYNELODOYAOKQTEAT DATNKASSENTORN IEDLAAYNELODAYAKQOQTEATIDA

INEASSENTONIEDLARYNELCDAYAKOQOTEATDALNRKASSENTON TAKNQAD TANNINN
TYELAQOQODOHSSDIKTLARASAANT DRIAKNKADADASFETLTKNONTLIEXKDREEHDKL
ITANKTAIDANKASADTKEAATADATI TKNGNATTRNAKSTITDLGTKVDGEDSRVTALDTK

[77] Amino acids 30-51¢ of UspA2 from SEQ ID NG: 1, SEQ ID NO: 41
QAKNDITLEDLPYLIKKIDQNELEADTIGDIT

ALFERYLALSQYGNILALSBLNKALRELDEDVGHNQNDIANLEDDVETLTENONALARQGE

ATXEDRLOGLADFVEGOEGKILONETS TRENTORNLYNGFETHENEDATARNNESTREDLYD

FGHEVAES TGETHAHNE ETLKCGLITNSIENTNNITENRKADIOALENNYVEELEFNLES

BLIDQRADIDNN INNIYSLAQUODOHSSDIKTLRKNVESGLLELSGHLIDORKTDIAQHQA

NIQULATYNELODOYAQKOTEAT DALNKASSENTONIEDLAAYNELQDAYAKDQOTEATL DA
LNKASSENTONIEDLAAYNELQDAYARKQUTEALI DALNEASSENTON LAENQADIANNINN

TYELAQOQDOHSSDIRTLAKASAANT DRI AKNKADADASFETLTKNONTLIEKDEEHDKL
ITANKTAI DANKASADTHFAATADATTENGNATTENAKS

[78] Aming acids 30-564 of UspAZ fromy SEQ D NGO 1, SEQ D NQO: 42

QAKNDITLEDLPYLIKKT DONELEADIGDIT
ALERKYLALSQOYGNILALEELNKALERLDEDVGHNCNDIANLEDDVETL TENONALAEQGE
ALKEDLOGLADFVEGQRGRILONETS IRKNTORNLYNGFET EXKNKDA TAKNNES TEDLYD
FCHEVARSIGETHAEBNRAQNETLKGLITNS TENTNN ITKNKADIQALENKNVVEELFNLEG
RLIDQKADIDNNINNIYELAQQOUOHSSDIKTLKRKNVEEGLLELSGHL IDOKT DI AQNGA
NIQDLATYNELOIQYAQKOTEATDALNKASSENTONIEDLAAYNELQUAYAKQQTEALDA
LNKASERNTONIEDLAAYNELDDAY AKQOTEAT DALNKASSENTON TAKNQAD TANNINN
TYRLADOQDOHSSDIKTLAKASAANTDRIAKNKADADASFRETLTKNONTLIEXDKEHDKL
ITANKTAIDANKASAUTEFAATADATI TRNGNATTKNAKSETDLGTRVDGEDSRVTALDTR
VNAFDGRITALDSKVENGMARQAA

I
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{79] Amino acids 31-8684 of UspA2 from SEQ ID NG 1, SEQ D NO: 43
AKNDITLEDLPYLIKKIDONELEADTCDE

ALEKYLALSOYGNILALEELNEALERELDEDVCGHWNONDIANLEDDVETLTRNONALAEQGE
ATKEDLOGLADFVEGQEGKILONET S IKKNTORNLVNGFEIERNKDATARNNESTEDLYD
POHEVAESITCGE THAHNEAONETLKCLITNS I ENTUNITRRRADT QALENNVVEELENLSG
RLIDORADIDNNINNIYELAQQODOHSSDIKTLKENVEEGLLELSGHLIDOKTDLAQNOA
NIQDLATYNELODOYAQKOQTEATDATNKASEENTONT DLAAYNELQDAYAKQLTEAIQ‘
LNKASSENTONIPDLAAYNELQDAYAKQUIEAT DALNKASSENTONTAKNQADT ANNINN
IYELAQOODOHSSDIKTLAKASAANTDRIAKNKADADASFET LTRNONTLIEKDKEHDKL
TTANKTAIDANKASADTKFAATADAI TKNGNATTENAKSITDLETRVDGEDERVTALDTK
VNAFDGRITALDSRVENGMAAQAA

[80] In ancther embodiment, A is an immunogenic fragment of UspA2 from M. catarrhalis that
differs from SEQ ID NG 1 in one or more of the following amine acids:  AA (amino acid) 30 to
208, AA 200 (o 302, AA 303 fo 333, AA 334 to 339, AA 349, AA 352 to 354, AA 368 o 403,
AR 441, AA 451 {0 471, AA 472, AA 474 to 483, AA 487, AA 480, AA 483, AA 529, AA B32 or
AA B43. In ancther embodiment, A g an immunogenic fragment of UspAZ2 from M. calarrhalis
that differs from SEQ ID NO: 1 in that it contains al Jeast one amino acid inserfion in
comparison to SEQ ID NG 1

{811 In another embodiment, A is an immunogenic fragment of UspAd that contains & laminin

binding domain and a fibronactin bmdmg domain,

{821 In an additiongl embodiment, A is an immunogenic fragment of UspAZ2 that containg a
faminin binding domain, a fibronectin binding domain and a C3 binding domain.

831 In a further embodiment, A Is an immunogenic fragment of UspA2 that contains a
laninin binding domain, a fibronectin binding domain, a8 €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 NG 1 or may be the corresponding
sequence in any ong of SEQ 1D NGO 2 through SEQ D NO: 38
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[85] Proteins of formuda (1} and proleins of the invenlion ars usefl as immuhogens in
subjects such as mammals, particularly humans, In particular, the proteins of formula () and
profeins of the invention are useful in inducing an immune response against M. cafarhalis In
subjests, particularly humans. The proteins of formuda () and proteins of the nvention ars
useftd in the treatment or prevention of M. catarhalls infection or disease. More specifisally,
the proteins of formula (1) and proteins of the invention are useful in the freatment or
prevention of ofitis media andfor COPD and/or ARCOPD and/or pheumonia.

{86] The present invention relates {o immunogenic compositions comprising UspA2 from M.
cglarrhalis or an immunogenic fragment thereo! The presenmt invention alse relates to
vaccines comprising such immunogenic compositions and therapeutic uses of the same.
Immunogenic compositions and vaccines of the present invention are useful in the freatment
of prevention of M catarhalls infection or disegse.  More specifically, immunogenic
compositions and vaccines desaribed hevein ave usefud in the treatment or prevention of ofitis
media andior COPD andior AECOPD andfor preumonia.

871 In ohe embodiment, the immunogenic coraposition corprises UsphAZ from M
catarchalis. UspAZ may be any one of SEQ 1D NG 1 through SEQ 1D NG 38 or a UspAzZ
sequence at least 75%, BO%, 85%, 80%, ©8%, 858%, §7%, 98% or 8% identical to any one of
SEQ D NOU 1 through SEQ 1D NG: 38, UspA2 wmay also be a UspA2 sequence al lsast 63%
{Arnerican 2008), 66% {Japanese Z7478), 70% (Dulch F10), 72% (Finnish 388), 74%
{American P44}, 77% Finnishy 307 80% (Nonwegian 3), 84% (American V1148), 9%
{German Z8083} ar 100% (Swedish BCS) identical to that of SEQ 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: 38, S8EQ D
NQ: 40, SEQ 1D NO: 41, SEQ 1D NG 42 or SEQ 1D NO 43, or a sequence having at least
0%, 95%, SBY%, 97%, 98%, 98% seguence identity to any one of SEQ 1D NO: 38, SEQ D
NG 40, SEQ 1D NGO 41, SEQ D NOU 42 or SEQ 1D NG.43. The immunogenic fragment of
UspAZ may be a UspA2 sequence at least 52% (American 2908), §5% (Norwegian 28}, 57%
{(Japanese Z7478), 62% (Finnish FINZ344), 4% (American 2012), 69% (American P44), 73%
{American 7189}, 76% {(Norwegian 27}, 81% (American V1145, 88% {(German Z8083) or
100% (Swedish BOE) identical fo SEQ 1D NQ. 38, The immunogenic fragment of UspAZ2 may
also be g UspAZ saquence at loast 32 % {(American 2808}, 57% {Dutch F10), 62% {(Amaerican
2833}, 65% (Creek MC31T), 87% (American V1122), 70% (Ametdcan Pdd), 73% (American
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7188, 78% (Norweglan 3), B1% (German ZB063), 100% (Swedish BCE)} identical to SEQ D
NGO, 43, Amino acid differences have been desoribed in UspAZ2 from vartous Moraxelia

calarrhalis species.

(R9] UspA2 conlains 2 laminiy hinding domain {for example, amino acids 30-177 of SEQ 1D
NG 1, SEQ D NO: 44). In one embodiment, the fragment of UspAZ coumprises the laminin
binding region of SEQ ID NG 1. In an additional embodiment, the fragment of UspA2
comprises the laminin binding region of any ong of SEQ D NGO 2 ~ SEQ 1D NO:; 38.

{80 Amine acids 30177 of SEQ D NO: 1, SEQ D NOo 44
QAKNDITLEDLPY LIEKIDONELEADIGDITALERY LALSOYGHITALERLNRALRELDEINVG
WNONDTANLEDDVET L IKNONALARQGEATREDLOGLADFVEGQEGK I LONET S TKRNTORNL,

VNGPETERNEDATARNNESIED,

[91] UspAZ2 contains a fibronectin binding domain for example, amino acids 185-318 of SEQ
D NG 1, SEQ 1D NG 48} In one embodiment, the fragment of UspA2 comprises the
filvonectin binding region of SEQ 1D NOU 10 Ih an additional embuodiment, the fragment of
UspAZ comprises the Tibronedtin binding region of any ong of SEQ D NQO: 2 - SEQ D NO:38,
The fibronectin binding domain of SEQ ID NO: 45 alsp has C3 binding properiies.

{92] Amino acids 165-318 of SEQ 1D NO: 1, BEQ ID NO: 4&
KOATAKNNESTIEDLYD
PGHEVAESTGEIHAHNEAON DT LEGLITNS TENTNNITENKADTIQALENNVVERLENLEG

LEGHLIDOKTDIAONJA

LIDURADI DNNINNIYELAQQUDQHE S DI KTLKENVEEGT

NIQDLATYNELOROYAQK.

(931 UspA2 contains a ccmpiement component 3 {03} binding domaln {for example, aming
acide 30-838 of SEQ 1D NG: 1, 8EQ 1D NG: 48, or aming acids 165-318 of SEQ 1D NO 1,
SEQ 1D NO: 45).  In one embodiment, the fragment of UspAZ comprises the C3 binding
region of SEQ 1D NG 1. In an addilional embodiment, the fragment of UspAZ comprises a C3
kinding domain of any one of SEQ 1D NO: 2 ~ SEQ ID NO: 38.

194] Amino acids 30-53¢ of SEQ 1D NO: 1, SEQ 1D KO 46:

QAKNDITLEDLPYLIKKIDONELEADIGDIT
ALERYLALSQYGN I LALENLNEALEELDEDVGHNON D IANLEDDVETLTRNONALAEQSE
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EDLYD

ATREDLOGLADFVEGOEGR I LONET SIKENTORNLYVNGFEIEKNKDATAKNNERT!
FCHEVAESTGEIHAHNRAQNETLRGLITNS TENTNN I TKNKADTQALENNVVEELENLSG
RLTDOKADTDNNINNIYELAQOQDORSSDIRVLEKKNVEEGLLELSGHL IDQRKTDIAQNDA
NIQRDLATYNELQDQYAQKQTEATDALNEASSENTONIEDLAAYNELCODAYARQQTEALIRA
LNRASSENTONIEDLARYNELODAY ARQQTEAT DALNEASSENTONTAKNGADIANNINY
IYELAQOODOHSSDIKTLARASAANT DRIAKNKADADAR PETLTKNOKNTLTEKDREHDKL

ITANETAIDANKASADTKFAATADATTENGNAITKNAKS ITDLGTEVRGFRSRVTALDY

[85] UspAZ contains an amphipathic helbx (for example, amfno acids 519-584 of SEQ 1D NG
t or or amine acids 520-558 of SEQ D NO1). In one embodiment, the fragmernt of UspAZ2
comprises amino acids §18-8684 of SEQ 1D NO: 1. In another embodiment, the fragment of
UspAZ comprises amine acids §20-559 of SEQ 1D NG In an additional embodiment, the
fragment of UspA2 comprizes an amphipathic helix of any one of BEQ ID N 2 ~ SEQ D
NOag.

281 In one embodiment, the immunogenic composition comprises a protein of formuda (I}
whsrein A s an immunogenic fragment of UspAR that comiprises a laminin binding domain
and a fibronectin hinding domain

(971 In an additional embodiment, the immunogenic composition comprisss a protein of
formuda {1} wherein A ls any immunogenic ragment of UspAZ that comprises g laminin hinding
domain, a fibronactin binding domain and & CF binding domain.

98] In a further embodiment, the immunogenic composition comprises a profsin of formula
{1y wherein A Is an immunogenic fragment of UspAZ that comprrises a laminin binding domain,
a fibronectin binding domain, a C3 hinding domain and an amphipathic helix.

(981 In ancther embodimsnt, the Immunogenic composifion commises a profein as defined
by formula (). The immunogenic compeosition may contain, for example, a protsin of formula

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

{100] In one embodiment, the present immunogenic compasitions may be adminisiered with
other antigens. For example, the present mmunogenic composition may be administered
with antigens from H influsnzae.  For example, the protein of fonmula () may be administersd
with Protain D (PO} from M influenzas. Protein D may be as described in WOG1/18028. The

present immunogenic composition may be sdministerad with Protein E (PE) and Pilin A (Pil&)

L

-
e
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from H. Ipfluenzae.  Protein E and Pilin A may be as described in WO2012/139225; the
contents of which are incorporated herein by reference. Protein E and Pilin A may be

presented as g fusion profein.

[1011in anather embodiment, the immunogenic composiions of the invention may be
administered with additional antigens from other bacterial species alsc known to ause ofitis
media, COPD, AECOPD or pneumonia,

[102] The amount of the immunogenic compasition which is required to achieve the desired
therapsutic or biologicat effect will deperd on a number of factors such as the use for which it
is intended, the means of administration, the recipient and the typs and sevedly 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 condition caused in whole or in
part by M. catarrhalis in a human, for instance, may be expected o lig in the range of from
about 0.001 mg - .120mg. More specifically, a typical dose for the treatment of a condition
caused wholly or in part by M. catarrhalis in a human may lie in the range of from about 0.003
mg to about 0.03 mg of protein. The present invention provides an immunogenic composition
comprising a protein of formule (1) or a protein of the invention for use in the treatmernt or
prevention of a condition or disease caused wholly or v part by M cafarmhalis. The
immunogenic composition may contain additional antigens; a typical dose for the treatment of
3 condition caused wholly or in part by H. influenzae in & human may lig in the range of from
about 0.005 my to about 0.05 myg for sach additional antigen. This dose may be administered
as a single unit dose.  Several separate unit doses may alsa be administered, For example,
separate unit doses may bs 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).
Tha present invention also provides an immunogenic composition comprising a protein of
formula (I} or a protein of the invention for use in the treatment or prevention of a condition or
disease caused wholly or in part by Moraxella catarrhalis in combination with at least one

antigen frony Haemophifug influgnzas.

[103] Formulations comprising the immunogenic compositions of the invention may be
adapted for administration by an appropriste route, for example, by the intramuscular,
sublingual, transcutaneous, infradermal or infranasal route.  Such formulations may be

prepared by any method known in the art,
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[104] The immunogenic compositions of the present tnvention may additionally comprise an
adiuvant, When the term "adiuvant’ is used in this specification, i refers {o a substance that is
administered in conjunction with the immunaogenic compaosition to boost the patient's immune

response to the immunogenic component of the composition.

[105] Suitabie adjuvants include an aluminum salt such as aluminum hydroxide gel or
aluminum phosphate or alum, but may also be a salt of calclum, magnesium, fron or zing, of
may be an insoluble suspension of acylated fyrosine, or acylated sugars, cationically or
anionically derivatized saccharides, or polyphosphazenes. In ong embodiment; the protein
may be adsorbed onfo aluminium phosphate,  in another embodiment, the protein may be
adsorbed anto aluminium hydroxide. In a third embodiment, alum may be used 83 an

adjuvant.

[106] Suitable adjuvant systerns which promote a predominanily Thi response include: non-
toxic derivatives of lipid A, Monophospharyt lipid A (MPL) or a derivative thersof, 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-Q-acylated monophosphoryd lipid A,
together with either an aluminum salt (for instance aluminum phosphate or aluminum
hydroxide) of an oi-in-water emulsion. In such combinations, antigen and 3D-MPL are
contained i the same particulate structures, allowing for more efficient delivery of antigenic
and immunostimulatory signals. Studies have shown that 3D-MPL is able 1o further enhance
the immunogenicity of an alum-adsorbed antigen (Thoelen et al Vaccine (1998) 16,708-14;
EP 858454-B1).

[1071ASQ1 is an Adjuvant System containing MPL (3-O-desacyl-4’- monophuosphory! lipid A},
Q821 ({Quillafa saponaria Molina, fraction 21) Antigenics, New York, NY, USA} and
liposomes., ASO1B is an Adjuvant System containing MPL, Q821 and liposomes (50 yg MPL
and 50 ug G821}, ABDE is an Adiuvant System containing MPL, Q821 and liposores (28 ug
MPL and 25 wpg Q821). In one embodiment, the immunogenic composition or vaccing
comprises AS01.  In ancther embodiment, the immunogenic composition or vaccine
comprises ASQ1B or ASOIE. In a particular embodiment, the immunogenic composition or

vacsine comprises AS01ME.
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[108] ABQR Is an Adjuvant Aystem containing MPL and Q821 in an oilfwater emulsion. ASO2V
is an Adjuvant System containing MPL and Q821 in an oliivater emulsion (50 pg MPL and 50
ug Q821

[108] ASO3 iz an Adjuvant System containing o-Tocophserol and squalene in an oilfwater (o}
emudsion. AB03, is an Adjuvant System containing o-Tocopherel and squalens in an ofw
-emulsion {(11.88 my focopherol). AS03g is an Adjuvant System containing o-Tocopharo! and
squalens in an ofw emulsion (5.93 mg focopherol), ASO3: is an Adjuvant System containing o-
Tocopherol and squalene in an ofw emulsion (2.97 mg tocopherol). In one embodiment, the

imunogenic composition or vaccine comprises ASD3

{1101 AS04 is an Adjuvant Systerm contalning MPL (80 ug MPL) adsorbed on an sluminum
salt {500 ug A ). In one embodiment, the immunogenic composition or vaccine comprises
AR04,

1111 A system bwolving the use of X821 and 3D-MPL s disclosed in WO 5400183 A
composition wherein the 0821 is quenched with cholestero! is disclosed in WO 98/83732. An
addifional adjuvant formulation involving G821, 3D-MPL and tocophero! in an off in water
smulsion is desaibed In WO 8817210, In one smbodiment the immunogenic composition
addifionally comprises a saponin, which may be Q821. The formulation may also comprise an
off in watsr emulsion and iocopheral (WO 85/17210).  Unmethylated CpG containing
oligonucleotides (A0 86/02555) and ofher immunomodulatory oligonuclectides {(WQ (228757
and WO 03507822} are also preferential inducers of a TH1 response and are suitabls for use

in the prazent invention.

(1121 Additional adjuvants are those selected from the group of metal salls, ofl in water
emulsions, Toll like receptor agonists, {in parlicular Toll like receplor 2 agonist, Tofl like
receptor 3 agonist, Toll ke recepiar 4 agonist, Toll ke receptor 7 agonist, Toll ke raceptor 3

agonist and Toll ke receptor & agonist), sgponins or combinations theveof.

{1131 The present invention provides a process Tor preparing an immunogenic composition

compising combining a protein of formula {) or a protein of the invention with an adjuvant.

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

composition of the invention and a pharmaceutically acceptable adjuvant.
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[115] Possible excipients include arginine, pluronic acid andlor polysorbats. In a prefemred
embodiment, polysorbate 80 {for example, TWEEN(a US registered trademark) 80) is used.
in a futher embodiment, a final conceniration of about 0.03% to about 0.06% s used.
Specifically, a final concentration of about 0.03%, 0.04%, 0.05% or 0.06% polysorbate 80
(wiv) may be used. '

[118] The present invention provides a process for preparing an immunogenic composition or
vacging comprising combining a protein of formula () or protein of the invention with a

pharmaceutically acceptable exciplent.

[117] The present invention also provides nucleic acids encoding the proteins of the invention.
The term “nucleic acid” refers to @ polymeric form of nucleotides. Nudleotides can be
ribonuclectides, deoxyribonucleotides, or modified forms of either ribonuclectidss or
deoxyribonuclentides. 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
nucledc acids may be prepared by digesting longer amino acids or joining shorter aming acids.

[118] The present invention provides a method for the treatment or prevention of otitis media.
The method comprises administering to @ subject in need thereof a therapautically effective

amount ofa protein of formuta (1) or & protein of the invention.

[1201 The present invention provides a method for the treatment or prevention of
exacerbations in chronie sbstructive pulmoenary 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 () or a protein of the invention.

{121} The present invention provides a mathod for the treatment or prevention of pneumsnia.
The method comprises administering fo a subject 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 (1) or a protein of the invention for use in the treatment or pravention of a condition or

41



WO 2015/125118 PCT/IB2015/051308

disease caused wholly or in part by Moraxella catarrhalis. Pharmacsutical compositions may

further comprise 8 pharmaceutically acceptable adjuvant.

1123} The present invention provides use of (a) proteins of formula (I and proteing of the
invention, (bY an immunogenic composition comprising a protein of formula (1) or pretein of the
invention or (¢) & vaccine compiising {c¢1) a prefein of formula (I} or protein of the invention o
{c2} immunogenic composition comprising a protein of formula () or protein of the invention
for the manufacture of a medicament for treating or preventing M. cafarrhalis infection or

gdisesse.

[124] The present invention provides use of (a) proteins of formula (1) and profeins of the
invention, (b an immunegenic composition comprising a protein of formuia (I} or protein of the
invention or {¢) a vaccine comprising {c1) a protein of formuda {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 medicament for freating or preventing ofitis media.

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

obstructive puimonary disease (AECOPD).

[126] The present invention provides a use of (a) proteins of formula (1) and proteing of the
invention, (b) an immunogenic composition comprising a protein of farmula (I} or protein of the
invention or {g) a vaccing comprising (¢1) a protein of formula (1) or protein of the invention or
(£2) immunogenic composition comprising a profein of formula (1) or protein of the invention

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

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

scope of the invention in any way.

[128] In the examples, the following terms have the designated meaning:
@xhie = iy histidines;
xg = centrifugal force (number gravifies)

AS = glanine serine
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BSA = boving serum albumin:

°C = degreas Calsius;

Calls = caiclum chioride;

CD = cirgular dichroism;

CHCl; = chioroform;

CH.CN = agcetonitrile;

CO, = carbon dicxids;

Da = dalton;

DNA = deoxyribornucleic acid;

00 = dissolved oxygen;

D8C = diffsrential scanning calorimstry;
EDTA = ethylensdiamineteiraacstic acid,;
h = hour,

Hs0 = water;

0. =hydrogen pevroxide;

HMCDI = high call density induction;

HCI = hydrogen chioride;

His = his = histidine;

IMAC = immobiiized metal affinity chromatography;

PTG = isopropyl B-D-1-thingalactopyranoside;
KVolts = Kiloyolts

L = liter:

LB = Luria-Bertani;

LCDI = low cell densily induction;
MeOH = methanol;

mi = milliliter;

NaCl = sodium chioride;

RPM = rpm = revoiutions per minute;
min = minute;

mi = milimolar;

gy = microgram,

ul. = microliter;

MY = molecular weight;

miz = massfcharge;

Y
2
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NaCl = sodium chioride;

NaPQ, = sodium phosphate;

ng = nanogram;

NH,OH = ammonium hydroxide;
nm = nanometer;

0.D, = gptical densily;

PBS = phosphate buffered saling;
POR = polymerase chain reaction;
psi = pounds per square inch;
PVDF = polyvinylidence diluoride;
SDE-FPAGE = sodium dodecy! sulphate polyacrylamids gel elsclrophoresis;
TFA = friflucroacetic acld

Tm = melting point;

Trog = first melfing point;

T, = second melting point;

wiv = weight/volume.,
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[128] EXAMPLES

Example 4: Protein Constructs

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

additional aming acids. The following table describes protein constructs made.

I
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Table 20 Profein constructs containing UspA2 profein.

Consiruet 103

Deseription | N-ternuinsi C-Teemyinal
MC-001 UspAZ + 1/2 helix + 6His Uspa? figment. 0 HuHg
(A.A 30540 of STO HINTG
A4, 36
MC-Q02 UspAZ + 172 helix ElapAz fragment (00T o
A0S b?fQH} NO: ; %i«QID NO. a7y
AL 36
MC-803 UspAZ + 172 hely +1HHs (LispAZ frnpmieat - el
{AAG 30340 oF SEG D Ni)"i %0 ED N34Ty
ALK 30
MC004 LispA2 + /2 helix + 28 “UspAL fragment

(A A of S-’r‘ﬂ ﬁD \(} i ‘s% ﬂ i \() 4"}

1“5.; ."“‘X N

30

MLC-063

UspAL Abelix+ &His

UspAE fragawnl
(A 3-5i% of %!R U B33 ’\0 !, biWU Ii) ROy 4&}

ALAL 30
MC-406 UspAZ Ahelix TispAZ feagment 0 0 B
(A4S 30519 6f SEQ 10 NO: i ‘«LQ N 4‘;)
AA 34
MIC087 UspAZ -+ helix + 61His UspA2 fraament : :
! 1864 of SE0 10 NG 1 86010 NO: 99)
AAL 30
MC-808 UspAZ +helix +2His AlpA2 Bagmmand : ' CLRE
LA 30564 ol SEO HIRIL L, &LQ jif] Mx 19y
AAL 34

M09

LispAZ + heliy + 2Hi AQ

{ ap&" ir.zs.mcri LR

AB. W
MCH010 UspA2 + helix UsnAZ agmont
(A A 3.864 of B0 1Y NOS 1 S0 1D NO: 49)
z"\‘:’?‘.( 3{}
MO0 UspAL + LZhelis + 6HISACH | USpAS gt CASHIHIAN

(AR 3540 of SEG ID ’Qo,s qr«(s §D ’\0, 31}

AA

31

540 841

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

palow.

FROTEIN CONSTRUCT SEQUENGCES!

MC-001 (DNA) - SEQ 1D NO: 52

ATGCAGCCCARAAATGATAT TACCCT GEAAGATCTCOUCETATC TSATCARARARATCGATCAS
AACGAACTGGAAGCCGATATTGETGATATTACCGCACTGGARRRATATCTGECACTCAGCCAL
TATGGAA&TATTCTGGCCCTGGAAGAACTGAATAAAGfTCTGGAAG“GTTGGATGAAGATGTG
GETTGCAATCAGAATCGATATCGCCAATCIGGARAGATGATGTTGRAACCCTGACCAAARBAT CAG
AATGCACTGCGCAGAACAGCGCTGAAGCAATTARACGAACGATCTGCAGGGTCTGCCAGATTTIGTT
GAAGGTCAGCGAAGGCARRATTCTCCAGARACGAAACCAGCATCAAAAARRRCACCCAGCETAAT
CTGETGAATGECT T TCAAATTCARAARAARCARACGATCCCATTGCCAARAACAACGAAAGCATT
GARGATCTGTATGAT T T TCOTCATGARG T TGCCGAARGCAT TEGTGARATTCATGCACATAAC
GARGCACAGAATGARACCUTGARARAGETCTGAT TACCAACAGCATCGAAAATACCAATAACATT
ACCAARARCARAGCAGATATTCAGGCGUTGGRARAATAATSTTGTGHAAGAACTGTTTAATCTG
AGCGETCCTCTGATTGATCAGARAGCCGATALCGATAXNTAACATTAACAACATTTATGARLTG
GCACAGCAGCAGGATCAGCATAGCAGCLATATCAAAACCCTGAAAAARAAACCTTGAAGAAGGT
CTGCTGRAACTETCTGETCACCTGATCGAT CAGAARACTCGATATTGCCCAGAATCAGGCAAAT
ATTCAGBATCTGGCCACCTATARTGAACTCCAGCGATCACTATGCACACGARACAGACCGAAGCA
ATTCGATGCCCTCAATARAGCEACGCRECECAAAACACCCAGRAATATCCGAAGATCTGECAGCATAC

RN
AACGAACTGUAGGATGCLTATGUARRACAGUACGACTGAAGCCATCGACECACTGAACAAGGCA
AGCTCTGARARCACGCAGAACAT TGRAGAT CTGECTCCCTATRAATGAATTACAGGATGCGTAT
GCCARAACAGCAGACCGRAGCGATTGATGCGCTGAACAAAGCLTCTTCTGARAATACACAGAAT
ATCCCCAAAAATCAGGCCGATATTGCCAACAATATCAATAATATCTATGAACTGGUCTAGCAG
CAGGATCAGCACTCTYCTGATATCARAACACTGGCAAAAGCARGCECAGCARATATCEATCET
ATTGCCARAAACAAAGCCOAT GCAGATGCARGCT PTGAAACACTCACGAARAACCAGAACACC

CTGATTGAARAAGATAAMGARCATGATAAACTGATCACCGCCAATARBACLGUAATTCGATGCA
AATAARGCCAGCSCAGATACCARRTTTGCAGCAACCECAGATGCARTTACCAARAATGGCAAT
GCCATCACCAAAAATGCCAAAAGCATTACCGATCTIGGGCACCAAACGTTGATGETTTTGATAGC

CGTCTGACCGCACTGGATACCAAAGCAAGUCATCATCATCACCACCACTAA

3

MGC-001 (protein} — (M}(UspA2 amino acids 30 - B40H{ASHHHEHHH} SEQ 1D NQO: 63

MOAKNDITLEDLPYLIKKIDONEDEARIGDITALEKY LALBQYGN I LALEELNKALEELDEDY
CWNONDIANLEDDVETLTENONALANQGEAIREDLOGLADEVEGOEGKILONETS LEKKNTQORN
LYNGFEIERNKDATARKNNES IEDLY DFGHEVAESTGEIHAENEAONETLKGLITNSIENTNNI
THENEADICALENNVYEELFNLSGRLIDOKADTI DNNINNIYELAQOODNOHSEDIKTLEKENVEEREG
LLELSGHLIDQRTDIAGNDAN IQULATYNELQROYACKOTEAL DALNKASSENTON T ERLAAY
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NELODAYAXOOTEAT DALNKAS SENTONT EDLAAYNELOUAY AKOOTEAT DALNKASSENTON
TAKNQADTANNINNIYELAQQGDO! SSITKLLBZ SARANTORTAKNKADATASFETLTKNONT
L TEKDKEHDKL T TANKTAL DANKASAD TR FAATADAT TENGNA T TENAKS [T DLETEVDGEDS
RYTALDTKASHHHAEH

fu—

MC-002 (DNA} - SEQ 1D NO: 84
ATGCAGGLCAAAAAT GATRATTACCOT GEAAGH TCTGUCGTATTTGATCAAANRBATCGATCAG
AACGAACTEGAAGUCCATATTGEPGATATTACCGCAT TGLAAAAATATC TGS ACTGAGCCAG

TATGCARATATTCTGGUCUTGGAAGRACRGAATARRGUTUTGEGALACAGCTGEAT BARGATETG
GETTCGAATCAGAATGATATCGCCARTCTGEGAAGATGATGTYGAAACCCTGACTAARAATLAL

AATGCACTGGCAGRACAUGETGAAGCART TAAAGRAGAT U TGCAGRETCYGGUAGATTTTIETY
GAAGGTCAGEAAGGUARAATTUTGUARRACEAAALTUAGCATCAAAAAARATCARLCCAGULTAAY
CTGGTGAATGGUTTTGAAATTCARAAAAACAAAGATGCCATTGCCAAAAACARALGARAGCATY
GRAGATCTGTATGATIPTGETCAT CARCTT GCCGARAGCATTSCTCARAAT TCATGCACATAAC
SAAGCACAGRAATGRARCCCTGARABGTUIGATPACCAACAGCATCGARAATACCAATRACATT
ACCAARAACAAAGCAGATATTCAGGCGUTGCAAANTANTETTGIGGAAGARCTETTTAATCTG
AGCHETOETOTGATTGATCAGARAAGCCEGATATCGATAATAACATTARCAATATTTAT
GO ACACCAGLANGATCAGCATAGCAGCGATATCAARACCCTSARARARAACGTTGAA
CTGUTCRAALTETCTOETCACCTCATCGATCAGAAAATUTGATATTGCCCAGARATCAG
ATTCAGCATCTGOCCACCTATAATCAACTGCACCGATCAGTATGCACACARACAGACCGAAGCA
ATTGP«.‘I‘GCC’" CAATAAAGCGAGCAGCCARRACACTCAGCANTAPCCARGATCOTGECAGCATAL
AACGAACTGCAGGATE 'CTATGCRAAR\,, AGCAGACTGAAGCCATCCACGCRCTGAMIARGGCA
AGUTCTGAARACACGIAGARCAT TERAGATCTGECTECOUTATARTGART TACAGGATGCETAT
GCLAAACAGCAGRCULAARCEATTEATECGCTEARCAARGCOTOTTITCAARATACACAGRAT

ATCECCAMAAATCAGGCCCATATTGRCARCAATATCAATAATAYCTATGAAN T GCCCCAGCAG
CAGEAPCAGSCACTCTTOIGATATCARRMACACTCCCARAAGCAAGCECAGCARATACCGATCEY
ATTGCGARAARCRAA PECARGUTTTCAARCAUTCACGARARMCCACAACACT
CTGATTGARARAGATAARGAAL PAAACTGATCACCECCAATARAACCGUARTTEATGCA
ARTARAGCCACCGUAGATRCCARATTTGCAGCARCCGTAGAT GCAAT TACCAARRATGGCAAT
GCCATCACCAAARATGCCARRRGCATTACCGATCTGCGCACCARAGTTGATGLGTTTIGATAGC
CETGTEACCOCAUTGEATACCAAATAA

L

3

MC-002 {(Protain} — {Mi{UspAZ amine acids 30-840) SEQ D NO; §&

MOAKNDITLEDLEY LIKRIDORELEADIGD I TALERY LALSQYGNILALEELNKALERLDEDV

CWRNONDIANLEDDVETLTENGNALABQGEATRKEDLOGLADEVEGOEGK TLONETE T RKRNTQRY

LVNGPETESNKDATAKNNES IRDLY DFGHEVARSIGETHAHNBAQNETLEGLITHS T

THRN

LLELSGHLI DGR TDIAQNQANTODLATYNELODOYAQROTEAT DALNKASSENTON I EDLAAY
BLOD

KADTCALENNVVEELFNLSGRLIDOEADT DNNISNIYELAGOQDOHSSRIKTLERNVERG
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_x,mcf PEATIDALNKASSENTONIEDLAAYNELODAYAKQOTEATDALNKASSENTON T ARNG

TANNINNIYELAQCQODOHSSDIRTLAKASAANTDRIAKNKADADAS FETLTKNONTLIEKD
KEADKLITANKTAI DANKASADTKFAATADA I TENGNAT TRNAKS I TDLGTKVRGEDSRVTAL
DTE ’

h,‘.!

SEQ I NO: 866
ATGCAGGCCAAAARTGATATTACCCTEGAAGATCTGCCGTATCTCATCARRAARATCGATCAG
AACGARCTGGAAGCUGATATTCETGATATTACCCGCACTGEGAARBRRTATCTGGCACTGAGCCAG
TATCGRAATATTCTEGCCCTGEAAGAACTEAATARRGCTCTGEARGRGCTOGATGAAGATETG
GGTTGCAATCACAATGATATCELCAATCTGGAAGATCGATCT TGAAACCCTCACCAAAAATCAG
AATGCACTCGCAGRACAGEETCARGCAATTARAGAAGAT CIGCAGEETCTGLCAGATTTTETT
GARGGTCAGGAAGGCAAARTTCTGCAGAACCARACCAGCATCAAAARAAACACCCAGCGTAAT
CTGGTGRATGGCTTTCAARNT TGAAARAAACAAAGATGCCATTGCCARAALCAACGARAGCATY
ATCTETATGATTTTCETCATGAAGTTGCCGARAGCATTGCTGAAATTCATGCACATARC
¥AAGpnCnGLﬂTbAAACLCTbAAAG STCTGATTACCAACAGCAT CGARAATACCAATARACTATT
ACCAARRAACAARGCAGATATTCAGGCGCTGCARAATAAT GTTGTGCGRAGRACTGTTTAATCTG
AGCGETCGTCTGATTCGATCAGAAAGCCGATATCCGATARTAACATTAACARCATTTATCGAACTG
GCACAGCAGCAGGATCAGCATAGCAGCCGATATCARRACCCTCGARARARAACCGTTGAAGAAGET
CTCCTGEARCTGTCTGGTICACCTGAT CCGATCACGAARACTEATATTGCCCAGAATCAGGCAARAT
ATTCAGGATCTGGCCACCTATAATGAACT GCAGGAT CAGTAT GCACAGAAACAGACCGAAGTA
ATTGATGCCCTEAATAAAGEGAGCAGCGAAAAUACCCAGAATATCGAAGATCTGGCAGCATAC
AACGARCTECAGGATGCCTATSCAARRCAGCAGACTGAAGCCATCGACGCACTGAACAAGGCA
AGCTCTGAARACACGCAGRACATTGAAGATCTGGCTGCCTATAATGAATTACAGGATGLGTA
GCCAARCAGCAGACCGARGCGATTGATGUGCTGAACARAGCCTCTTCTGARARATACACAGAAT
ATCGCCRAARAATCAGGCCCATATTCCCAACAATATCARTAATATCTATGAACTGECCCAGCAL
AGCGATCAGCACTCTTCTGATATCAARACACTCGCARARCGCARGCEBCAGUAARTACCEATCETY
ATICCG«ﬁAAZ CARAGCCGATGIAGATGCAAGCTTTGAAACACTGACGAARRACTUAGAACALT
GATTGCARRARAGATAAAGARCATCATARACTGATCACCGCCAATAAAACTGUAATTGATGLA
ATARAGCCAGCGCAGATACUAAAT TTGCCAGUAACCGCAGATGCAATTACCAARAANTGGLAAT
GCCATCACCARRAATGCCAARAGCATTACCGATCTGGECACCAAAGTTGATGGTTTTGATAGC
CETETGACCCCACTCCATACCAARG ITAAI&CATTTGATGGTCGTATTACUQCTCTGGATAGT
AARGTTCAAAATCOAATGECAGCACAAGCAGTACACT AR

T,

SEQIDNO: &7

MOARKNDITLEDLPY LIKRIDONELEADIGDITALERYLALSQYGNI LALEELNKALERLDEDV
GWNONMDTANLEDDV ﬂillJﬂf}ifﬂC)fﬁi%l#?\lﬁﬁ}(ﬁlﬂ]&i:} EDLOGLADEVEGQEGEKILONETS IRENTORN
LVNGEFEIRKNKDATARKNNESTEDLY DEGHEVAES IGE THAHNEAONETLRGLITNS TRNTNNT
TKNEADT deEWNVVE“JﬂmEqﬂRTIPAKAU DN INNIYELAQOQODOEASDIKTLKENVERG
LLELSGHLIDQRTDIAQNQANTIODLATYNELQUOYAQEOTEATI DALNKAS CL.\""'“N EDLAAY
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NELQDAYARQOTEAI DALNKASSENTONTEDLAAYNELODAYAKQQTEAT DALNKASSENTON
IAKHCADTANNINNIYELAQOODOHSSDIKTLAKASAANT DRIAEKNKADADASFRTLTRNONT
LIEKDKEHDRLITANKTATIDANKASADTHFAATADATITKNGNAI TKNAKSITRLGTRVRGEDS

RVTALDTEVNAFDGRITALDSKVENGMARQAAH

MC-003 (DNA)} = SEQ ID NO: 87

ATCCAGGCCAARRATGATATTACCCTGLAACATCTCCCETATCTCGATCAARAAAAT CGATCAG
ACCAACTCGGRAAGCCCGATATTCEICATATTACCCCACT GEAARAATAT CTCGCACT GAGCLCAG

TATGEAAATATTCTGECCCTECAAGAACTCARTARAGCTCTGCARGAGCTCGRTGAAGATCTG

GGEITGGAATCAGARTGATATCGCCAATCTGCAAGATGATGETTGARACCCTGACCAAAARTCAG
BAATGCACTGGCAGAACAGGETGAACCAATTAARGAAGATCTGCAGGGTCTGCCAGATTTITCETY
GRAAGGTCAGGRAAGGCAABATTCTGCAGARCGAAACCAGCATCAARARAAACACCCAGCCTAAT
CTGETGAATGGCTTTGAAAT TCARAAMARCAAAGATGCCATTGCUARAAACAACGAAAGCATT
GAAGATCTETATEATTTTGETCATEAAGTTCCCCGAAAGCATTGCTGAAATTCATSCACATARC
GARGCACAGRAATGARACCCTGARAGGTCTGATTACCAACAGCATCCAARATACCAATARCATT
ACCAAAAACAAAGUAGATATTCAGGCCCTGGARAATAATCT TETCGAAGAACTGTTTARTCTG
AGCGETCOTCTGATTCATCAGARAGCCGATATCCATAATARCATTARCAACATTTATGAALTG
GCACRGCAGCAGGATCAGCATAGCAGCGATATCAARACCCTGAAAAAAARCGT TGAAGRAGET
CTGCTGGRACTETCTGGETCACCTGATCGATCAGAAAACTCGATATTIGCCCAGAATCAGGCARAT
ATTCAGGATCTGECCACCTATAATGAACT GCAGGATCAGTATGCACAGAAACAGACCGAAGCA

ATTGATGCCCTCARATAARGCCAGCAGUGARAACACCCAGANTATCOAAGATCT GGCAGTATAC

AACGAACTGCAGGATGCCTATGCAAAACAGCAGACTGARGCCATCEACGCACT GABRCAAGGTA
AGCTCICARAACACGCAGAACATTCAAGRTCTGGECTGCCTATAATGAATTACAGGATGLGTAT
COCAAMCAGCAGACCGAAGCGATTGATGCECTGAACRAAGCCTCTTCTGRAAATACACAGAAT
ATCCCCAARARTCAGGUCGATATTCCCARCAATATCAATAATATCTATGAACTGGCCCAGCAG
CAGGATCAGCACTCTTCTGATATCAAAACACTGGCAAAAGCAAGUGCAGCAAATACCGATCET
ATTGCEGARARACAAAGCCEATGCAGATGCAAGCTTT GAAACACTGALGAAAAACTAGARACACT
CTGATTCGAARAAGATAARGAACATCGATARACTCATCACCCCCAATAAAACCECAATTGATGCA
ARTARAGCCAGCECAGATACCAAATTTGLAGLRACCGCAGATGCART TACCAAARATGGCAAT
GCCATCRCCAABAATGCCAABAGCATTACCGATCTGGGCACCAARAGTTGATGETTTTGATAGC

CETGTGACCCLACTCEATACCAARCACTAR

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

MOAKNDITLEDLRPY LIKRIDONELEADIGDITALERY LALSOYCRILALEELNKALEELDEDY
GHNONDIAVLEDDVETLTKNONALARQGEATIKEDLOGLADFVEGOEGKI LONET STREKNTORN
LVNGFEILRKNKDATIARKNNES IEDLYDPGHEVARSIGE THABNEAQNETLKGLITNS IENTNNT
TRNKADTQALENNVVEELFNLSGRLIDOQKADRI DNNINNIYELAQOODOHS SDIKTLKENVEEG
LILELSGHLIDOKTDIACNOAN IODLATYNELODQYAQKQTEAT DALNKAS SENTON LENLAAY
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NELODAYARQOTEATDAINEASSENTONIEDLAAYNELDDAY ARGQTEAT DAL NKASSENTO!
TAKNOADIANNTINNIYELAQUODOHSSDIKTLAKASAANTDRIAKNEADADASFET TKNQNT
DIEKDKEHDELI TANKTAT DANKASADTKFAATADATTRNGNAITRNAKS ITOLGTRYDGYDRS
RVTALDTKH

MC-004 (DNA) - SEQ D NO: 58
ATGCAGGCCAAARATCGATATTACCCTGGAAGATCTECLETATCTGATCAAAAARATCGATCAG
AACCAACTGGAAGCCCGATAT TGS TCGATATTACCGCACTESCAARAATATCTGECACTGAGCCAG
TATGGARATATTUTSGGCCCTGCGAAGARCTGAATAAAGCTCTGGAAGAGL TOGGAT GARGATGETG
GGTTGGAATCAGAATGATATCGCCAATCTEGARGATGATGTTGARACCCPCGACCAAABATCAG
ARTGCACTGGCAGAACAGGETGAAGCAATTAAAGRAGATCT GCAGEETCTGCLCACGRTTTTENT
GRAGGTCAGGAAGGCAAAATTCTGCAGRAACCGARACCAGCATCAARAAAAACACCCAGCGTAAT
CTGETGAATGGCTTTGAAATTGAARAAAACARAAGATGCCATTGCCARARACAACGARAGCATT
GRAGATCTEGTATGATTTTGCTCAT GAAGTTCCCCRAAGCATTGCTCGAAATTCATGCACATAAL
CARGCACAGALTGALRACCCTG GGTCTG&TTRQClﬁCAGCAT GAMNAKTACCAATARCATT
ACCARARACAAAGCAGATATTCAGGCGCTEGARAAT AATGTTETEGRAGARCTGTTITAATCTS
AGCGGTCSTCTGATTGATCAGARAGCCGATATCGATARTAACATTAACARCATTTATGAACTG
GCACAGCAGCAGGATCAGCATAGUACGUGATATCAARRCCCYGARBRARAANCGTTGARGAAGGTY
CTGCTGGRACTGTCTGGETCACCTGATCGATCAGAAAACTGATATTCGCCCAGAATCAGGCAAAT
ATTCAGGATCTGCCCACCTATAAT GAACTGCAGGATCAGTATCCACACGAANCACACCGAAGCA
ATTCATGCCOTGAATAAAGCEAGCACCEGARAACACCCRAEAATATCCARGATCTGGCAGCATAC
ARCGAACTGCAGGATGCCTATGCARARCAGCAGACTGAAGCCATCGACGCACTGAACRAGGCA
AbCl”“““‘AACACGCAGAACATTCA“bATCT‘GvTG CTATAATGAATTACAGGATGCGTAT
GCCRAAACAGCAGACCGAAGCGATTCATGCCCTGAATARAGUCTCTTOCTGARARTACACAGAA
ATCGCCAARAATCAGGCUGATATTGLCAACAATATCAATAATATCTATGAACTGGCCCAGCAG
CAGGATCAGCACTCTTCTGATATCAARACACTEGCAAAAGUAAGUGCAGCAAATACCGATCGT
ATTGCGAARAACAAAGCLCGATECAGATGCAAGCT TTGARACACT GACGARARACCAGARCACT
CIGATTGAARAAGA TAAthhuATCAfPu&uTGﬂTpﬁCCGCCAALAAA“CTGP ATTGARTGCA
BATARRGCCAGCGCAGATACCARATTTGCAGTAACCECAGRATGCAATTACCAARAAATGGCAAT
GCCATCACCAARAATGCCARARRGCATTACCGAT C FGUCACCAARGTTGATGLTTTTGATAGC

CEPGTGACCEGLACTGCATACCARACATCATTAA

9]

MO-004 {Protein) — (M){UspA2 amino acids 30-540){HH) SEQ 1D NO: 59
MOAKNDITLEDLPYLIKKIDOQNELEADIGDITALERKYLALSQYGNILALEELNEALEELDEDY
GWNONDIANLEDDVETLTRKRONALAEQGEATKEDLOGL EVLLCE””AL NETSIKE
LVNGPEIRENKDATAKNNES IEDLY DFGHEVAES T CZLHA“DLﬁQVL““ LTINS T
TRNEADIQALENNVVERLENLSGRLIDOKADI DN TN ITYELAQCOUQHSSDI KTLKKNVERG
LLELSCGHLIDOKTBIAQONQANTIODLATYNELQDOYAQKQTE \T7¢1Na SSENTONIEDLAAY
NELODAYAKQOTEATDALNKASSENTQNIEDLARYNE] QDAT"AKQOTLA DALNEASSENTON
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IAKNQADTANNINNIYELA KASAANTORIAKE
LIEFDREHDKLIUTANKTAL Bli IKASADTRKFAATADATTENGNATTENA;
RVTALDTKHH

MG-005 (DNA) - SEQ D NO: 80

RTTACCCTGEAAGATCTGLCETATCTCATCARARARAAATIGATIAL

ATGCAGGCCARAARTGAT

o e PN L e AT AC OGO RO A AT AT T OO AT RGO AL
ARCGRACUTGERAGLUGATATTOETGATATTACCGCACTELARAAATATCTHECAC ALy
AT GG ARATAT POTEGOCOTEGAS 7y AT A ARG O GG A AGAGC TOCATEAASATGT
TATGGAAARTATTCTEGCCCTGGAAGRATTEARATARA GEARGAGCTGCATCGAAGATETG

SGTTOCAATCAGAATGATATCBUCARTU TGHAAGATCATATTCARACCCTCACU ARAANTCAG

ARTGCAOTGGCAGAACAGGLTGAAGCAATT AAAGRAGATCTGUAGGGICTGGCAGATTTTETT
GRAGGTCAGGRAAGGUARAATTUTGLAGARCGABACTCAGCATCARAARAAACACCCAGCGTAAT
CTGGTGARTGECTTTCGAAATTGAAAAARARCAAAGATGCCATTGCCARARAACAACGAARGCATT
GRAGATCTGTATGATITTGHTCATCAAGTTGCLGAAAGCATTGGTGAAAT TCATGUACATART
GAAGCACAGAATGAAACCOTGARALGGTICTGATTACCRAACAGCATCCAAAATACLAATARCATT
ACCAAALACAAAGCACGATATTCAGLUCCTGGAAAATAATCT TCTGCAAG
RGUGETCETCTCAT TCGAT CAGRRAAGUCGATATCOGATAATALRATTAACAN
CACARGUAGTAGGAT CAGCATAGCAGCGATATCARAACCCTCGARRAARRACETY GAAGRAGSHT
CHRGCYGGARCTEICTGEICALCTGATCGATCA G?ﬁfﬁk"x’\”(v-x LATTGCCCAGAATCAGGCAAN
TTCAGGATCTGGCCACUTATAATGARCTEUAGGATT ATGCACAGAARCAGACCGAAGCA
ATTGATGCCCTGAATARAGUGACCAGCUGAAAACACCCAGRATATCCAAGATCTGGUAGCATAL
AACGABCTECAGCATGCCTATECARAACABCACACTCAAGSCCATCGACGLACTGAACAAGGCA
AECTCTGARAACACGCAGARCAT PEAAGATCTEEUTRUCTATAATCGAAT TACACGGATGUETAT

s

SCCARACAGCAGACCEAAGCGATTGAT GAACRAAGSCUTCTTCTGAARATACACAGAAT
AT “’"’Ct_,,wm_ VAATCAGCUUGATATTGCCRACAATATCAATARTATCTA ‘GAACTGG: C*:I}&mt,}%‘:
CAGERATCAGCACTOTTOTGATATCAARRACACTGEUARARLGCAAGLGUAC AAATACCEATUGY

\f*u*(r\ *1 NI RN, ¥y BEXNEITCAY g s Y YA YR OV N N 2 TR N
AT CGABRARACARAGLOGATCCAGATGCAAGU T Y TEARACAL TEACGARRAAACCAGRALACC
/'\f) FINTLTYY ~ R YR 3y (Sl BT TR VLN )m N N Y (w ~

CTEATTGAAARAGATARAGAACATOATARACTCATDACUGUCAATARAACCEGUAR P TGEATEL
TR Yara PN e ~r Der T I Y N e '\7\,/‘ ,--; Nt ST EVR T T
AR f\u ;LLS; tot, "\/4\[\1\ A U T} AY: Al v&i l{ -A:\J 'r\ (J:JGQ‘ .:L\' 5 A'&.\T‘ By .L - uz‘ J\J Z) AT GG AATT

GUCATCRACCARAAATGCCAARRGCECRAAGTUATCATCATCACCACCACTAN

MC-008 (Proteind ~ (M} ’Js;}&, aming acids JG-STYHASHEHHHAH) SEQ 1D NQ: 61

L’Q\JEL BADIGD LALSOYGNTLALERLNKALERLDEDY
RNONALAEQGGEA LADEVEGQEGKILONETS TKRD
SIBEDLYDFRGH SEAQNETLREGLITHNAIENTNNI
{ ENNVVEELEPNLEGRLIDOKADT DN IENIVELAGQODOHB S DT TLHENVE
LLELSGRLI JQ*K'L’D}.&Q\P\AEVL RLATYRELQDOYS CTEAIDALNKASSENTONIED
NELODAYAKQOTEAIDALNRASSE N”QNLFD xAYN}.n DAYARQOTEATDATLNKE
TAKNQADIA J\H':TTI\?IYELA QODOHESDIKTLARASAANTDRIAKNEADADAS I”I‘.‘i{“ '
LIBEDEEREDELITANKTAIDANKASADTRKEAATADATTRNGNATITEKNAKSASHEHEHR

__J

-;'"N GNT
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MC-006 [DNA) - SEQ 1D NO: 82

ATGCAGGCCAAAARTGATATTACCCTGCGAAGATCTGCLCETATCYGATCARAAAAATCGATCAG
AACGAACTGEAAGCCGATATTGETGATAT TACCGRRACTGGARARATATCTGGUACTGAGCCAG
PATGGARATATTCTGOOCCTGGARGARCTGARTARAGCTCTGGARGAGCTGGATGARGATGETS
GGTTGGAATCAGAATEATATCGCCAATCT GCARAGATGATETTGARAACCCTGACCAARAATCAG
ARTGCACTGGCACAACAGGRT GARGCAATTAAAGAAGATCTECAGGETCTEGCAGATITTTETT
GAAGGTCAGGAAGGCAARATTCTCGCAGAACGARAACCAGCATCAARL ARAACACCCAGCETAAT
CPGETEAATCGOTTTGAAAT TCARAAAAACAARAGATGCCAT TECCAARAACRACGRARAGCATT
GAAGATCTGTATEGATTTTGGTCATGAAGTTGCCGANAGCATTGGTCAAATTCATGCACATARC
GARGCACAGAATGAAACCCTGAALGETCTGATTACCAACAGCATCGARBATACCARTAACATT
BCCAAARNACAAAGCAGATATTCAGGUGCTGGAAAADAATEGTTCTGGARGAACTGTTTAATCTG
AGCCOCTCETCTCATTGATCAGAAAGCCEATATCGATAATAACATTAACAACATTTATGRACTG
GCACAGCAGCAGEATCAGCATAGCAGCGATATCARRACCCTOARARAARACCETTGAAGRAGGT
CUGCTGEAACTETCTGETCACCTGATC AT CACGARBACTEGATAT TGLCCAGAATCAGGCARATY
ATTCAGGATCTCGECCACCTATAATGAACTGCACGRTCAGTATGCACAGALAACAGACCGARAGCA
" ATTGATGCCCTGAATARAGCGAGCAGCGAALACACCCAGARTAT CGAAGATCTGGCAGCATAC
AACGAACTGCAGSATGCCTATGCAARACAGCAGACTGARSCCATCGACGCACTGARCARGGCA
AGCTCPCAAAACAIGCASAACAT TGAAGATCTGEUTGCCTATAATGAATTACAGGATGCGTAT
GCCARACAGEAGACCGAAGCGAT TGATECECTGAACBARGCCTCTTCTEAARATACACAGAAT
ATCCCCAAARATCAGGCCGATATTGCCAACRATATCAATARTATCTATCGARCTGEUCCAGLAL
CTAGGATCAGCACTCTTCTGRATATCAARACACTGGCARAAGCAACCHCAGCAAATACCGATLGT
ATTGCGRAARACARAGCCGATOCAGATGCAAGCTTTGARACACTGACGARAALCCAGAACACC
CTCATTGARAARCGATARAGARCATCAT AAACTOATCACCECCARTARARCCGCAAT TEGATCCA
AATAAAGCCAGUGCAGATACCAARTTTGCAGCAACCGCAGATGCAATTACCARAARTGGCAAT

GUCATCACCARRRATGCCAARRAGCTAR

MC-008 (Protein) — (M} UspA2 arning acids 30-518) SEQ 1D NG: 63
MOAKNDITLEDLPYLIKKIDONELEADIGED TTALERKY LALSQYGNILALERELNKALEELDEDV
GWNONDIANLEDDVETLIRNONALAECGERIRKEDLOGLADPVEGQEGR TLONETS TRRNTQRN
LYNGFEIEKNKDATAKNNES IRDLYDFGHEVAESIGETHAHNEAONET LEGLI TN S TENTNNI
THNKADICALENNVVERLFNLSGRLIDOKADI DNNINN IYRLAGQODQHSEDIKTLRKNVEERG
LLELSGELIDORKTDTIAQNQANICDLATYNELODGYAQKQTEAI DALNKASSENTON IEDLAAY
NELODAYAKOQTEATDALNKASSENTONIEDLAAYNELODAYAKQQTEATDALNKASSENTQON
TAKNOQADTANNINNITIYELAQOODOHS SDIKTLAKASARNTDRT AKNKADADASFET L TRKNGNT
LIFKDKEHIKLITANKTATDANKASARTREFAATADATTKNGNATITENAKS

MC-007 (DNA) - SEQ ID NO: 64
ATGCCAGGCCARAARTGATATTACCCTGCARGATCTCLCGTATCTCATCAABAAAATCGATCAG
ARCGRACPGCARGCCEATATTGHTGATATTACCECACTGCAARAATAT CTGECACTGAGCCAG
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TATGGARATATTCTGCGCCUTCEGAAGRACTGAATARAGCTCTGGAAGAGCTGGATGARGATGTG
GGTTGGAATCAGAATGATATCGCCAATCTGEARGATGATGTTGARACCCTGACCARRARNTCAG
ABRTGCACTGGUCRGAACAGEGTGAAGCAATTAARGARGAT CTGCAGGETCTGGLAGRTTTIGTY
GAAGGTCAGGAAGGCAAAATTCTGCAGRACGARACCAGCATCAARAARAACACCCAGCGTAAT

CTCETGAATGECTTTCALATTCAAAAABACAAAGATECCAT TGCCAARARCAACGARAGCATT
CAAGATUTGTATGATTTTGGTCATGAAGT PEGCLGAARGCATTGETEARAT TCATCGCACATRAC
CAAGCACAGAATGAAACCCTGRAAGGTCTGATTACCAACAGCATCGRAAATACCAATAACA

ACCAARARCARAGCAGATATTCAGECGLTGCGAARATAATEGTTGTEGRAAGAACTGTTTAATCTG
AGCCETCETCTGATTGATCAGAARGCCGATATCGATAATAACATTAACAACATTTATGAACTG
GUACAGCAGCAGGATCAGCATAGUAGCGATATCAARACCCTCARABARARACETT CAAGARGET
CTGCTGGARCTCTCTGETCACCTCGATCEAT CACGAARACTGATATTCGCCCAGAATCAGGLAARAT
ATTCAGGATCTGGCCACCTATAATCGAACTGCAGGATCACTATGCACAGAAACACGACCGRAGCA
ATPGATGCCCTGAAT AARGCGAGCAGUGARAACACTCCAGAATAT U GARAGATCTEGCAGCATAL
ARCGRACTGCAGBATGCCTATGCAMAACAGCACACT GAAGCCATCCGACGCACTGAACARGGCA
AGCTCTGARBACACGCAGAACATTGAAGATCTCECTGCCTATAATGAATTACAGGATGCGTAT
GCCARACAGCAGACCGAAGCGATTGATGCGCTCGAACAAAGCCCTCTTCTGAAAATACACAGAAT
ATCGCCARAANTCAGGCCGATATTGCCAACAATAT CAATAATATCTATGAACTGGCCCAGCAL
CAGGATCAGCACTCTTCICGATATCAAAACACT CGCAARAGUAAGUGCAGLCAAATALCGATCGT
ATTGECEARAAACARAGCCEATGCAGATGCAAGCTTICAARCACTEACGARAAACCAGARCACE
CTGATTGAAARAGATARAGAACATGATARLCTEGAYCACCECCAATARAACLGCAATTGATGCA
AATARAGCCAGCGUAGATACCRAATTTGCAGCAACCCCAGAT GCARTTACCAABARTGECAAT
SCCATCACCRAAAAATGCCRAAARGCATTACCGATC GCACCARAGTTGATGETTTTGATAGC

CETGTGACCGCACTGGATACCAAAGTTAATGCATTTGATGGTCCTATTACCGCTCTGGATAGT
ARAGTTGAAAATGCETATGCCAGCACAGGCAGCAGCAAGCCATCATCATCACCACCATTAA

MC-007 {(Profein) — (MM}{UspA2 amine acids 30-084)(ASHHHHHH) SEQ D NO: 68

MORRNDITLEDLPYLIKKIDONELEADIGDITALEKY LALSOYGNILALEELNRKALERLDEDY
GWNONDIANLEDDVETLTENONALAEQGEATKEDLOGLADEVEGOEGK TLONET S TKENTQRY
LVNGEFELERNKDATARNNES IEDLY DFGHEVAESTGETHAHNEAQNETLKGLITNG TENTNNL
TENEADIQALENNVVEELE 'LSGRLIDQKAD TDNNINNIYELAQCOODOHSSDIKTLERNVEEG
LLELSCGHLIDORKTDIACNOAN IQDLATYNELODOYAQKOTEA T DALNKASSENTON LEDLAAY
NELODAYARQUTEAI DALNEASSENTONIEDLAAYNELODAYARKCQTEA TDALRKASSENTON
IAKNQADITANNINNIYELAQOQUDOHSEDIKTLARASAANT DR TARKNRADARAS FETLLIRNONT
LIEKDEKEHDELITANKTALDANKASADTEPAATADALTENGNATITKNARS ITDLGTRVDGYDS
RYTALDTRVNAFPDGRITALDEKVENCMARDAAASHEHHIE

MC-008 {DNA} - SEQ 1D NQ: 66
ATGCAGGCCARARATGATATTACCCTGUARGAT CT GUCCOGTATUTGAT CARANRANTICGATTAG
ABCGAACTGGAAGCCGATATTGGIGATATTACCGCACTGEARARAATATCTGECACTGAGCCASL
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TATGGARATATTCTGEUCOTGEAAGRACTEAAT ARAGCTUT GEAACAGCTGEAT BAAGATETG
GGTTCEAATCAGAATGATATCGCCARTCTGGARGATGATGTTGAARCCCTGACCARRARTCAG
AATGCACTGGCAGAACAGGETGAAGCAAT TARAGAAGAT CTGCAGGGTCTGGCAGATTTTGLT
GAAGGTCAGGAAGGCAARATTCTCCAGAACCARACCAGCATCAAARAARACACCCAGCETAAT
CTEOTCARTCCCTITCARATT CANARRAACARAGATCGCCATTOCCAAAAACARCGAARGCATT
GAAGATCTGTATGATT T TCGTCATGAAGT PGCOGARAAGCATTGET GARATPCATGCACATARC
GARGCACAGAATGAARCCUTGAARGGTCTGATTACCARCAGCATCGAARATACCARTARCATT
ACCAARAACARAGUAGATATTCAGELGUTGGAAAATAATGTTGTGRARGAAUTGTITAATCTEG
AGCGGTCGTCTGATTGATCAGRAAGCCGATATCGATAATAACATTAACARCATTTATGAACTG
GCACAGCAGCAGEATCAGCATAGCAGCGATATCAAAACCCT GARAAAARACGTT GAAGARAGET
CTPECTEEARCTETCTEETCACCTGATCGATCAGAAAACTCGATAT TCLCCAGRATCAGGCAAAT
ATTCAGEATCTCECCACCTATAATGAACTGCAGGATCAGTATGCACAGARACAGACTCGRAAGTA
ATTGATGCCCTCARTAARAGLGAGCAGCGARRACACCCAGAATATCCARGATCTGGECAGCATAC
AACGAACTGCAGGATGCUTATGCARAACAGCAGACTGAAGCCATCCACGTACTCARIAAGGTA
AGCTCTCAARACACGCAGARCATTCGAAGATCTGECTGCCTATARTGAAT TACAGGATGCGTAT
GCCAAACAGCAGACCGAAGCGATTCATGCECTGARCAAAGCCT CTTCTGAAAATACACAGRAT
ATCESCCARAAATCAGGCCEGATATTECCAACAATATCRATAATATCTATEARCTEGCCCAGCAG
CAGGATCAGCACTCTTCTGATATCAARACACTGECANARCCAAGCGCAGCARATACCGATCGT
ATTGCCAARARCAAAGCCGAT GCAGATGCAAGCT TTGAAACACT GACGARANBACCAGARCACC
CTGATTGAAARAGATAARGRACATGATARACTGATCACCGCCAATARAACCGCARTTGATGCA
ARTARAGCCAGCCCAGATACCAAATTTGCAGCAACCHECAGATGCAATTACCAARAATGGCAAT
GCCATCACCAAARATGCCARAAGCATTACCGATCTGEGCACCARAGTTGATGEGTTTTGATAGC
CETETCACCGCACTEGATACCARAGTTAATGCATTTGATGETCETATTACCECTCTGGATAGT
ARAGTTGAABAATGLETATGGCAGUACAGGCAGLACACCACTAA

MC-008 (Frotein} — (M}{UspA2 30-564)(HH} SEQ D NQ: 67
MOAKNDITLEDLPYLIKKIDONELEADIGDI TALEKYLALSQYCNTILALEELNKALEELDEDY
GWNONDTANLEDDVETLTRNONALARQCEATREDLOGLADFVEGORECGK TLONETA TKKNTORN
LYNGFEIEENEDALARNNES LEDLYDEGHEVAES IGETHAHNRBAQNETLEKGLITNSTENTNN I
TENRKADIQALENNVYERELFNLSGRLIDOKADIDNNINNIYELAQQUDOHSSDIKTLKERNVEEG
LLELSCGHLIDOQKTDIAONQANIODLATYNELODOYAQKOTEAT DALNKASSENTONIEDLAAY
NELOQDAYAKQQTEAIDALNKASSENTONIBDLAAYNELODAYAKQOTEAT DATNKASBENTON
TAKNOADTANNINNIYELAQOODOHSSDIKTLAKASAANTDRIAKNKADADASFETLTRNGNT
LIEKDKEHDEL ITANKIATDANKASADTKEAATADATTENGNALTRNAKS TTDLGTRVDGFDS
RYTALDTRVNAFDGRITALDSKVENGMAAQAANH

MC-008 (DNA) - SEQ ID NO: 68
ATGCCCAARAARATGATATTACCCTEGAAGATCTGCCETATCTGATCARARAAATCGATCAGAAL

GAACTGGAAGCCGATATTGETGATAT TACCGCACTGGAARAATATCTGECACTGAGCCAGTAT
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GGAARTATTUTGGCCCTGGAAGRACT GAATARAGCTCTECCAAGAGCTGEATGAAGATCTGEET
TEEAATCAGAATCGATATCGUCAATCTCGLAAGATCGATCTTCAARCCCIGACTAARRATCAGAAT
GUACTGGCAGAACAGGETCARGCAATT ABAGAAGATCTGUAGEETCTCECAGATTTTETTOAA

GHTCAGGRAGGUARAATTCTGCAGRACGRAACUAGUATCAABRAARAATACLCAGCETARTOTG
GRCAATGGOTTIGAARTTCARARARACARAGATGCCA TTC("C.’XAZ\[@)‘\,?\ACGmf.Ata('Z\TTbA?\
GATCTCGTATGATTTTGETCATCAAGTTCCCGARAAGCATTGETGAAAT TCATGCACATAACGAA
GCACAGRAATGARACCUTGARMAGGTCTCGATTACCAACAGUATCGAARATACCAATARCATTALT
AAAAATUARAGUAGATATTCAGGLGCTGLEAARATAATCT TGTGEAAGRACTCTITAATCTGAGT
GETCCTCTGATTGRT CAGARAGCUGATA SRTTARCARCAT
CAGCAGCAGCATCAGUATAGCACCGATATCAARACCOUTGAARAARAACGTTEAREAS wT’C
CTGGAACTGTCTGGTCACCTGATCGATCAGAARAACTGATATTGCCCAGAAT CAGGCAARATATT
CAGEATCTGGCCACCTATAATGRACTGCAGGATCAGTATGCACAGARACAGACCGAAGCRAYT

"J&

CATGCLCTGAATAAALCGAGCAGUGAAARACACCLAGAATAT CUAAGATCTUGUAGCATALAAC

GAAUTGUAGGATGCCTATGCARAACAGCAGACTGAAGCCATCEACGLACTGAACAAGGTAAGT

TCTGAARACACGCAGAACATTGAAGATCPCELTGCCTATARTGANTTACAGEAT GCETATECE
by £ N ES

ARATAGCAGACCGARGUGHTTGATGCHCTCGARCAAAGCCTCT TCTGAAANTACACAGRATATC
GUCARRARTCAGECCGATRATTECCARCAATATCAATARTATCTATGAACYGEUCCAGEAGTALG
CATCARGCACTCTTOTCATATCARARCACTHGELARARGCARGLGCRGUAARTACCGATCGIATY
GUGAAAAALCAARGLUGATGCAGATRCRAGUTITGAARCADTGACGAARARCCAGRACALCIT
ATTGAAARAGATAARAGARCATCGATAAACTGATCACCGCCARTAAAACCECAATTGATGCAAAT
ANAGCCAGCGCAGATACCAAAT TTGCAGCAACCCGUACGATRCARATTACCARNARTEECAATGCC
ATCACCARRAATGCUARAAGCRTTACCEAYUTOGOUACCAAAGT TEATGCUIT TCATAGCCET

TEACCGCACTSGATACCAAAGTTAAT GCATT TGATGETIGT \TTE—‘\CCLCTQ TGGATAL "1‘7&5%7&
GTTGARARTGGTATGECAGCACAGHECAGCACATCALTAA

MC-00Y {'Pi’f}feiﬂ} - (M}(U&f)!fi 2 37-564)(HH) SEQ ID NQ: 69
UNELEADRYGOITALERYLAL LDERLNKALERLDEDVG
NLEDDVETLY RNQ\AL ROGEATREDLOGT é‘AZ‘L \"‘;‘JQE\_,&\?.::"\\E?MC'I
EIERKNEDATARNNESTERLYDEFGHEVARGIGETHARNEAONETLKGLITN S TENTN LY
KNKADIQALENNVVEELEFNLSGRLIDQEA NNIYELAQQQDOHSEDT KT LEENVEEGL
LELS 'SliL DOKTDIAUNQANIQDLATYNELQDOYAQKOTEAT DALNKASIENTONTIED
ELOQDRYRKQOTE ATNKAS SENTON! LARYNELQDAYZ A;\QQTLAL DALNKASSENTONI
Q"" CANNTNNIYELAQUODOHS SDIKT LARKASRANTDR l?i’ ADADASFETLTRNONTL
TERDKEHDELITANKTAT DANKASADTRKPAATADATITENGNATTENARS ITHLGTRVDGFDSR
VIALRTKVNAYDGRITALDERKVENGMAAGAAH

MC-010 {DNA) - SEQ D NQ: 70
ATGUAGGUCAAARATGATAT TACCUTGOAAGATCT GCCETATCTGATCARAAAARTCGATCAG

AACCGARCTECAAGCCCATATTEETCATATTACCEGCACTGEARARRATATOTGGCACTEAGCCAG



WO 2015/125118 PCT/IB2015/051308

TATGGAAATATTCTGGCCOTGGAAGAACTGAATARAGCTCTGGAAGAGCTGGAT GAAGATETSG
GETTGECAATCAGARATGATATCGCCAATCTGEAAGRTGATGTTCGAAACCCTCGACCARAAATTAG
ARTGCACTGGUAGANCAGGETGAAGUAAT TARAGARGATCTGCAGGETCTGGCAGATTTTGTT
GAAGCTCAGGAAGGCAARAT TCTGCAGARCGAARCCAGCATCANAARAAACACCLCAGCETAAT
CTGGETGRATGGCTTTGAAAT TGAAAAALACAALAGATGOCATTGCOARAAACAACGAAAGCATT
GAAGATCTGTATCATTTTGETCATGAACTTCCCCARRGCATTGETGARATTCATGCACATRAAT
GAAGCACAGAATGARACCOTGAAAGGTCTGATTACCAACAGCATCGARARTACCAATAACATT
ACCARAAACARAGCAGATATTCAGLCOUIGGAAAATAATGTTETGEAAGAACTGTTTAATOTG
AGCGETOGTUTGATTCGATCAGAAAGOCGATAT CCATAATAACATTAACARCAT TTATCGAACTG
GUACAGCAGUAGGH AGCATAGCAGCFA”ATMA?“AC”CEQAAAQA?AACGTTGAAGAAGGT
CTGUTGLAACTHTCTGETICACCTGATCGATCABARARCTGATATTGCCCAGAATCAGGCARAT
ATTCAGGATCTEGCCACCTATAATGRA ‘TGCAGGATCAGTATGCQCAJAAACAGL”C”AAuCA
ATTGATGCCCTCGAATARAGLGAGCAGCGAAAACACCUCAGAATA I CEAAGATCTGRCAGCATAC
ARCCGAACTGCAGGATGCCTATGCARAACAGCAGACTGAAGCCATCGACGCACTGAACRAGGTA
AGCTCTGANACACGCAGAACATTGAAGATCTGGCTCCOTATAATCAAT TACAGGATECGETAT
GCCAARCAGCAGACCGARGCEATTEATGC “TCFACAAAQLC&CTT”EGAAAAlAQbCAG“ﬂ
ATCL”CAﬁPAATCAquFGKTA””“(CﬂACRAT%_J»ATAuT?”CTTFTEACTCGCCCAGCAC
GGATCAGCACTCTYTCTGATATCARAACACTGECAAAAGCARGCECAGCAAATACCGATCGT
ATTGCGAARAACABAGCLGATGCAGATGUAAGCTT TCGARACACTGACGAARAACCAGAACACT
CRGATTCRAAAAGATAARGAACATGAT ARACTEATCACCGCCAATARAALCCGCAATPGATGCA
AATAAAGCCAGCGCAGATACCARATTTGCAGCARCCGCAGATGCAATTACCARAAATGGUAAT
GCCATCACCAAALATGCCARARGCATTACCCATOTCLGEGCACCARAGTTCGAT GG T TTTGATAGT
CGTCTGACCEGCACTGEATACCARAGTTAATGCAT TTGATGETCETATTACCECTCTEGATAGT
ARAGTTCGAAAATEETATGGCAGCACAGGUAGCATAR

=

MC-010 (Protein) — {M)}{(UspA2 amino acids 30-564) SEQ ID NO: 71
MOARKND I LEDLRY LIKE I DONELEADIGDITALER Y LAL SOV N T LALEELNKALEELDEDV
'WKQNJiANLHDDVETLTKNQNALAEQﬁBL KEDLOGLADEVEGOEGRILONETS T RRNTORN
CVNGEEIEKNKDATAKNNES IEDLYDPGHEVAES IGE THAANEAQONET LKGLI TN S IENTRNNT
TKNKADIQALENNVVEELFNLSGRLIDOKADIDNNINKIYELAQOQDOHSSDIKTLEKNVEES
LLELSGHLIDOKTDIAQNCANTIODLATYNELGDG YKQR;TFHLDALQAAuUFNTONImPL$av
NELODAYARQOTEAI DALNKASAENTCNIEDLARYNELODAYAKOOTEAT DALNKASSENTON
IARKNQADIANNINNIYELAQQUDOHESDIKTLAKASAANTDR T AKNKADA UA%EFTLTKVJNM
LIEKDRENDKLITANK AL DANKASAD TR FAATADAT TENGNATI TKNAKS ITDLETKVDEFDS
RVTALDTRVNAFDGRITALDIRVENGMAADAA

MC-GTT (DNA) - SEQID NO: 72
ATGGUCGARARATCGATATTACCOTGGAAGATCTGCCETATCTGATCAARAAARAT CGATCAGAAC
GAACTCGCAAGCCGATATTGETICGATATTACCEGCACTBCGARARATATCTEGCACTGAGCCAGTAT
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C"J

SGAAAT ‘T’IC‘TLGLCCT SGAAGRACTGAATARAGCTCTGGAAGAGCT GRGATGARAGATGTGGGT
GGAATCAGAA TATCECCAATCTGGARGATCGAT G GAAACCCTGACCAARAAT CAGAAT
CACTGGCAGRACAGEETEAAGCAATTARAGAAGATCTGCAGGGTCTGGCAGAT T TTGTTCGAA
SETCAGGRAAGGCCABAARARTTCTGCAGAACGARACCAGCATCAARAARRAACACCCAGCOTAATCTG
GTEAATGECTTTCGAAETTCAAAAAAACAARGRATGCCATTGCCAARAACAACGABAGCATTGAA
GATCTGTATGATT T(;(?TC‘[‘_TGAZ GTTGCCEAARAGCAT TGETGARATTCATCCACATAACEAA
SCACAGAATGARACCCTGARAGGTCTGATTACCAACAGCATCGRRAAATACCAATAACATTACC
AABRAACARAGCAGATATTCAGGCGCTECARRATAATGTTGTGEARGAACTETTTAATUTGAGC
GGTCGETCTGATTGATCAGAAAGCCGATATCGATAATAACATTAAC AACAT“i“I'Z:\J’I‘GEu‘xC“:“CCC
AGCAGCAGGATCAGCATAGCAGCGATATCAARACCLTGARRAAMARCGT TCAAGAAGETOTG
CTGGAACTETCTGETCACCTCATCEGATCAGAAAACT GATATTGCCCAGAATCAGGCAARTATT
CAGGATCTCCCCACCTATAATGAACTGCAGGATCAGTATCCACAGARACAGALCHA AAT
GATGCCCTGAATARAGCGAGCAGCERARAC Z»x(_,CC?‘*GAATZM\,’; VAGATCTGGCAGCATACAARC
GAAUTGCAGGE r’“LCTnj}GCAZ\AACAG AGACTGAAGCCATCGACGCACTCAACAAGGCAAC
TCTGRAAACACGCAGAACATTCAAGATCTGCCTGCCTATAATGAATTACAGGATCCGTATGCC
ARACAGCAGACCGRACCGATTCATGCECTCGAACAAAGCTTICTITCIGAAAATACACAGARTATC
SCCRAARATCAGGCCGATAT TCCCAACAATATCAATAATATCTATECARCTGGLCCAGCAGCAG
GATCAGCALTCTTCTGATATCAARAACACTGCCAAAAGUCANGCGCAGCARATACCEATCETATT
GUGAAAARCAAAGCCGATGCACATGCAAGUTTT GAARCACTGALGAARAACCAGAACACCCTG
ATTCAAAARGATAAAGAACATCGATAAACTEATCACCGCCAATARAACCGCAATTGATGCAAAT
AAAGCCAGCGCAGATACCAARAT PTCCAGCAACCCCAGATCCAATTACCARAAATGCGCAATECC

3

‘”) (D

1-5

ATCACCARRAATGCCARAAGCATTRACCGATCTGEGCACCAAAGTTCGATEETT ITCGATAGCCET
GTGACCGCACTGGATACCAARGCAAGCCATCATCAT CACCACCATTARA

MC-011 (Protein} — (M}{UspAZ amino acids 31-840)(ASHHHHHH) SEQ ID NO: 73
MAKNDITLEDLPYLIKKIDONELEADIGUDITALEKY LALSQYGNILALEELNKALEELDREDVG
WNONDIANLEDDVETLTE \'QN!~LAL$\}E«_,'X TREDLOGLADEVEGQEGK ILONET STEENTORNL
VNGPEIERNEDATAKNNESIEDLYDFGHEEVAE S IGE THAHNEAQONET LKGLITNS TENTNNTT
KNEKADIQALE ==§1VVEELE NL .‘3"~L&.EA,M)§>:_,',A.DI DNNINNIYELAQQODOHSS DIRTLERKNVERGL
L ELSGHLIDOKTDIAQNOAN IODLATYNELODOYAQKQTEAL DALNKASSENTONIEDLAAYN
BLODAYAKGOTRATI DALNKASSENTONIEDLAAYNELODAYARQOTEATI DATNKAS SENTONT
AKNCGADIANNINNIYELAQOODUHSSDIKTLAKASAANT DR IAKNEKADADASFETLTEKNONTL
TEKDKEHDELI TANKTAT DANKASADTKFAATADATITRKNGNATI TKNAKSITDLGTRVDGFDSR
VTALDTKASHEHERH

n
oo
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VYeaior Construction and Transformation

DNA Segquence for UspAZ fram sirain ATOC 28238 ~ SEQ IDNG: 74,

ATGAARACCATOAAACTTOTCCCTCTARAAATOBCTOTAACCASTGCCATGATTATTGGCTTGEOTS
CGGCATCTACTOLOAATGCRCAGGUTAARAATOATATAACTTTAGAGBATTTACCATATTTAATAAA
AAAGATTGACCAAAATGAATTOCAABCAGATATCRGAGATATTACTOCTCTTCARAAAGTATOTAGCA
CTTAGCCARTATGGCAATATTTTAGCTCTAGAAGABLTCAAGAAGRUTUTAGAAGAGCTCGACGAR
GATOTTGOATGOAATCAGAATCGATATTOUAAALTTGGAARATCATGTTGARACGCTCACCAAAAAT

CAAAATROCTTTREOTGAACAAGRTRAGRCAATTAAAGAAGATCTTCAAGORUTTGCABATTTTGTA

CAAGGGUAAGAGGGTAAAATTCTACAARATGAAALTTCAATTAARARARATACTCAGAGAAACLTTG
TCAATGEBTTTCAGATTCGAGAAAAATARAGATGCTATTGCTAAAAACAATGAGTCTATCGARGATCT
TTATGATTTTGGTCATGAGGTTGCAGAAAGTATAGRUGAGATACATGUTCATARTGAAGTGCAAMAA

TEAAACTCTTAAAGGLTTRATAACAAACAGTATTGABAATALTAATAATATTACCAAAAACAAAGCT

GACATCCAAGTACTTGAAAACAATCTCOTAGAAGAACTATTCAATCTAAGCGGTCOOCTAATTGAT

CAARAAGCAGATATTGATAATAACATCAADAATATOTATSAGCTSECATCAAGABUAASZATCAGCATA
GOTCTGATATCAAAACACTTAAAAAAAATETOCAAGAABSETTTETTGBAGCTAABCGGTCACOTAAT
TOATCARAAAACAGATATTGCTCARAACCAAGCTAACATCOAAGATCTOGUCACTTACAACGAGBTTA
CAAGACCAGTATGCTCAAAAGTAAACCCAAGTBATTCACGLTCTAAATAAAGCAAGCTUTCAGAAT
ACACAARACATCOAABATCTBROCECTTACAACGAGCTACAABATGUCTATECCAAADABLAAAGE
CAAGCAATTOACBOTCTAAATAAAGCAAGCTL TEABAATACACAARACATCGAASATCTGGRCGTT
TACAACBAGCTACAAGATGCOTATEOCAAACABCAAAGCBAAGCUAT TEACRETCTARATAAAGCA
AGCTCTGAGAATACACAAAACATTGCTAAAAACCAAGTCGCATATTGUTAATAACATCAACARTATOT
ATCGAGCTQRCACAACAGCAAGATCAGCATAGCTCTOATATOAAAACCTTRORAANABCAAGTGECTE
CCAATACTOATCOTATTGCTAAARACAAAGCCCATOUTGATGUAAGTT T TCARACGUTCALCAAAAA
TCAAAATACTTTGATTOAAAAAGATAAAGAGCATOACAAATTAATTACTELARAACAAAACTGOGATYT

GATGCCAATAAAGCATCTCCRGATACCAAGTTTGCAGCEBACARCAGACGUOATTACCALAARTGG

AAATGCTATCACTAAAAACGUAAAATCTATCACTBAT TTOGGCACTAAAGTCGATEGTTTTGARAGT
COTGTAACTOCATTAGACACCAARGTCAATECCTTTGATRBTCETATCACAGCT TTAGACAGTAAA

GTTGAAAACGIETATGGCTEUCCAAGCTROCCTAAGTEBTUTATTCCAGLCTTATASLGTTRGTAAS
TTTAATGCGACCBCTGRACTTGETGGLTATGROTOAAAATOTGCOETTGUTATCBBTBCTERCTAT
COTCTGAATOCAAATCTOBOGTTTAAAGCTGETEOGGCRATTAATACCARTRRTAATAAAAAAGEL
TCTTATAACATUGGTGTGAATTACGAGTTCTAA

Protein Seguence for UspAZ2 from strain ATCC 28238 -~ SEQ D NO. 1 as described above.
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Veclor Construction

To generate the construct MG-001, DNA fragment coding for an UspAZ gene fragment {amino
acids 30 1o 540 from strain ATCC 25238) Indluding the Ndel § Xhol restriction sites 1o facilitate
the cloning (he starling methionine is encoded by Ndel sited and the DNA sequence
corresponding o the AS {alanine serine) amine acids linker and Sxhis amine acids was
codon-optimized {hon-native) and synthesized by GENEART(a US registered trademark).
Codon-optimized means that the nucleotide sequence was changed from the native segquence
withowl changing the amino ackd sequence in order to befter it with the codon usage in
Escherictia cofi for oplimal sxpression.  The UspAZ Tragment was cloned according
standard methods into the pET-28b expression vector using the Ndel [ Xhol restiiction sites.

To generate MO-002, MC-003, and MC-004 construets, 8 polymerase chain reaction was
performed {o amplify the UspAZ gene fragment (aming acids 30-540 fram strain ATCC 25338
using the MG-007 construct as @ tembiale, the primer UspAZNde opt {(which contains the
mathionine start codon), and the primer UspA2opt deita His, AZopt 1His delta AS, and Aldopt
2His delta AS, respectivaly. The UspA2 fragment was doned according fo standard methads

info the pET-26b expressian vector using the Nl 7 Xhol restriction sites.

To genarate the construct MC-005, & polymerase chaln reaction was performed 10 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 to Ndef restriction sife was
incorporated infe the 7 mimer and Xhof restriction site was incorporated into the ¥ primer, In
addition, DNA sequence corrasponding o the AS amino acids tinker and 8xhis amine acids
was {ncorporated into the 3° primer. The gensrated PCR product was then ingerted into the
pET~28b{+} cloning vector (NOVAGEN{a US registered trademark)).

To generate the construct MC-006, a polymerass chain reaction was performed fo ampiify the
UspAZ gene fragment (@ming aclds 30-512 from strain ATCC 28238) using the MC-005
construet as a lemplate with the primers UspAZNde opt {which contains the methionine start
codon} and delts His delta hélice. DNA sequerice corrasponding to Nde! restriclion site was

incorporated inte the 8 primer and Xho! restriction sife was incorporated into the 37 primer.
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The generated POR oduct was then inserted info the pRT-28b(+) cdloning veclor
{(NOVAGEN(a US registered trademari)).

To generate the construct MC-007, DNA fragment coding for an UspAZ qene fragment {amino
acids 30 {o 584 from strain ATCC 25238} including the Ndal 7 Xhol restriction siles io facifitale
the cloning (starting methionine s encoded by Ndel site} and the DNA ssuuence
corresponding 1o the AS amino acids linker and Sxhis amine acids was codon-optimized and
synthesized by GENEART(R US registered trademark) (plasmid 10283898}, The UspAZ
fragment was cloned according to standard methods into the pET-28b expression vector using
the Ndel{ Xhol restriction sites.

To generate the construct MC-008, a polymerase chain reaction was performed to amplify the
UspA2 gene fragment {amino acids 30-884 from strain ATCC 28238) using the MC-007
ponsiruct as a femplate with the primers UspAZNde opt (which contains the methionine start
codon) and 2His hélice deltaAS. DNA sequence corresponding to Ndel restriction site was
ineorporated info the & primer and Xhol restriction site was incorporated into the 3 primear,
The generaled PCR product was then inserted into the pET-28b{+} dloning wvector
(NOVAGEN({a US registered trademark)).

To generate the construct MC-008, a polymerase chain regction was performed o amplily the
UspA2 gene fragment {amino acids 31-5684 from strain ATCC 25238) using the 1026389
plasniid as the template and the primers Nterm oyto Abis {which sontains the methionine start
codon} and 2His hélice deltaAS. DNA seguence corvesponding o Adel restriction site was
incorporated into the § primer including the glutamine deletion and Xhol restriction site was
incorporated into the 3 primer including two histidine residues. The generated PCR product
was then inserted into the pET-28b{+) cloning vector (NOVAGEN {(a US registered
frademark)). DNA seguencing of the final construct was perfaormed fo confirm the correct

sBIence,

To generate the construct MG-010, 8 polymerase chain reaction was performed to amplify the
UspAZ gena fragment {(amino acids 30-884 from strain ATCC 25238} using the BC-007
construct as g templale with the primers UspAZ2 Nde opf (which contains the methionineg start
codon) and cyio hélice dHis dAS. DNA seguence corresponding fo Ndel restriction site was

incorporated into the § primer and Xhol restriction site was incorporated info the 3° primer.
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The generated PR product was then inserted inlo the pET-20k({+} cloning vector (NOVAGEN
{(a US registered trademark)). '

To generate the construct MC-011, a polymerase chain regction was performed fo amplify the
UspAZ2 gens fragment {amino acids 31-840 from strain ATCC 28238} using the MC-001
constroct ag a femplate with the primers Nelerm gyfo Abils {which containg the methioning start
codon} and Nderm reverse. DNA ssguence corresponding to Ndel restriction eite was
incorporaled into the & primer and Xhol restriction site was incorporated into the 3 primer,
The generated POR product was then insered into the pET-26b{+) doning vector
(NOVAGEN(s UB registered trademark)).

A detgiled list of PCR primer sequances used for amplifications la fllustrated in Table 3. The
polymerase chain reaction was performed using Expand High Fidelity PCR System kit
{Roche} acoording {o manufacturer's recommerndations. Ligation was performed using Rapid
{3NA Ligation K {(Roche) according to manufaciurer's recommendalions.

Table 3 PCR primer sequences used for UspAZ amplifications

Primer il DNA Seguence

5 -3

UspAZ Nde opt GAATTCTTAATTANCATATOCAGOCCAALAATGATATTACCOTS (BEQ ID NOWTS)

UspAlopt delta
His GGCGCELCTCECAGTTATTATITGGTATCCAGTGLGETCACALS (BEQ IR NOTE)

UspAopt 1His
delta AS SGCECGCCTCCGAGTTAGTETTTGGTATCCAGTGCGGTCACALG {SEQ 1D NOW7T)

UspAZopt 2itis | GOCGCGLCTCGAGTTAGTGRTATTTGRTATCCAGTGCGETCACACE {SEQ 1D
delfa AS NO:78 )

R dafta hairpin GOCGLGLOTCGAGTTAGTGETIGETGATGATGATGGCTTGLGLT TITGGCATTITIG
AZopt His GTCATGGCAT (BEQID NOTe )

Dstta His delta
haline CCOCTCGAGCTAGLITITCGCATTTTTEETGATEGT {SEQ D N80

N term cytoAbls GEAATTCCATATGGCGAAAAATEATATTACCCTGRAAGATCTR (SEQUID NOWB1)

2His hilice delta GGCELELLTCRAGTTAGTGGTGTCLTGLITATGCTHRCCATACCATT {(SEQUID

&2
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AS NCE82)
Oyio hélice diis
dAS GGCECGCCTCGAGTTATGUTGOCTGTGCTGCCATACCATY (SEQ 1D NO:83 )

N term reverse CAGTTCATTATAGGTGGCCAGATCCTG {SEQLID NO:g4)

Transformation

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

Press London. (1985) p. 109-135.). Briefly, BLR (DE3) competent celis were gently thawsd
on ice. Approximately 4l 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 pulsed at 42°C for 30 seconds then incubated on jce for 2
minutes. Approximately 0.5 ml of SOC medium (Super Optimal broth with Catabolite
reprassion) 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/mt 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 darn (DE3). This
E. coli strain used for expression of recombinant proteins improves plasmid monomer yields
and may help stabilize targs! plasmids containing repetlitive sequences or whose products
may cause the loss of the DEJ prophage (Studier, PWL (1881) J. Mol Blol. 218 37-44). The
detailed genotype of E.coli BLR {DE3) has been published by NOVAGEN(a US registered
frademark). (F- ompT hedSE {B- mB-} gal dom A(sri-recA)308: Tn1d (TetR} (DE3J).

BB34 (DE3) is the parental strain for BL21. These hosts are methionine auxotrophs and allow
high specific activity labeling of targst proteing with 358-methionine and selenomathionine for
crystalfography. The detailed genotype of Ecoli B834 (DEZ) has been published by
NOVAGEN(a US registered trademark): F~ompT hadSalre—~ mp~) gal dem met (DE3).
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Madified BLR (DE3). In order to prevent {phospho)givconoviation, Pgf gene was Inserted in
the biotin ocus focaled i the BLR (DE3) genoms. Iy addition, to pevent the He-Wal
substitutions, the C218Y mutation in the threonine deaminass gens was corrected.
Genolype : (F- ompT hsd8B (B~ mBY) gal dom AlsrbrecA308: Tn1ld (TelR);, AbinA-
bioloPgl TD + {C218Y1 (DE3Z).

Example 2 Protein exprossion using shaks flask

Escherchia coli strains transformed with recombinant plasmid were used fo inpoulate 100 mi
of LB broth (Becton, Dickinson and Company) £ 1% {weightfvolume, wiv) giucose (Laboratoire
MAT, catalogue number;. GR-0101} and Biughm! kanamyein (Sigma). This preculture was
generally grown ovarnight & 37°C, Twelve mi of the preculture s used to inoculats 500 mi LB
broth+60ug/mi kanamyeine, Cullures werg incubated at 37°C with agitation of 150 RPM to

reach an 0.0 ggemm oF ~0.5

Al an ODgenm ~0.8, the BLE (DEJ) cultures were induced for the expression of the
resombinant protein by addition of 1 miM isopropy! B-D-1-thingalactopyrancside (PTG, EMD
Chemicals Ine., catalogue number. 5815} and incubaled overnight at 23°C with aghiation of
150 RPM. After the induction period, the cultures were ceninfuged af 8370g for 20 minudes

and the pellets from 380 mi culture ware frozen at -20°C separately.

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

Each bacterial pellat obtained after indudtion in shake flask was resuspendsd n 30 mi 20 mM
potassium phosphate buffer (pH 8.0} containing 10 mM NaCl and Roche COMPLETE(s US
registered frademark) Pratease inhibitor Cocktall (1 talist/B0 mi mi bhuffer), Cell lysis is
performed by 3 X French Press exdractions (20 000 psiy and dlarification s performed by 30
minutes centrifugation &t 23700g. Supernatant is harvested and filtrated on 0.22 um.

BxHis tagged-proteins were purified on irmmobilized metal affinity chromalography (MAC)
using XK18 oolumn and 20 mil NMiNTA resin (Qiagen) previously sguiiibrated with 20 miM
potassiom phosphate buffer {pH 8.0} containing 10 mlM NaCl or PBS buffer pH 8.0 containing
500 miM arginine.  The scluble components were foaded on at up 10 4 miéfmin (producing a
“How through fradtion™). After loading on the column, the column was washed with 80mi of 20
mM potassium phosphate buffer (pH 8.0) containing 10 mM NaCl al a rate of 4 miimin
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producing a “wash fraction #1. A secgond wash using same buffer + 10 mM imidazole was
performed, producing a “wash fraction #2. Elution was performed using same huffer
containing 200 orfand 500 mM imidazole,

Samples from elution fractions were analyzed by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (GDS-PAGE). Samples containing the protein were dialyzed against 5 fters of
20 mM potassium phosphate buffer {pH 8.0} containing 10 miM NaCl. Prolain concentration

was determinad using Lowry method.

Example & Profeln purifivation using arginine confaining buffer (MC-Q01, MC-808 and

MC-007}

Each bacterial pellet oblained after induction in shake flask {Example 3} or fermenter

{(Example 5) was resuspended in 30 mi PBS buffer + 500 mM arginine pH8.0 and Roche
COMPLETE(a USB registered trademark) Protease Inhibitor Cockiall {1 {ablet/50 mi buffen.
Alternatively, fermentation cell paste (=7g) was resuspended in 90 mi PBS buffer containing
500 mM arginine pHB80 and Roche COMPLETE{(a US registered frademark) Protease
inhibitor Cocktail (1 tablet/50 mi buffer).

Call lysis was performed by 2 or 3 X French Press extractions (20 000 psi) and clarification
was performed by 30 minutes centrifugation at 23 700g 4°C. Superatant was harvested and
fitrated on 0.22 ym. BxHis itagged-proteins were purffisd on immobilized metal affinity
chromatography {IMAC) using XK18 column and B0 mi NINTA resin {Qisgen) previously
equilibrated with PBS8 buifer + 500 mM argining pH 8.0 . The soluble compoenents wers
lvaded on at up to 4 mi/min {producing a *flow through fraction™). After loading on the columm,
the column was washed with the same buffer, then with 20 mM potassium phosphate buffer
{pH 8.0} containing 10 mM NaCl at a rate of 4-6 mi/min producing a “wash fraction #1.” A
second wash using same buffer + 10 mM imidazole was performed, producing a “wash
fraction #2." Elution was petformed using same buffer + 200 mM imidazole or 500 mM
imidazole. b further elution vials, § mM EDTA final concentration was added.

Samples from slution fractions were analyzed by sodium dodecy! sulfate polyacrylamide gel
slectrophoresis (SDS-PAGE). Sampiss containing the proteins were dialyzed against 5 lilers
of 20 mM polassium 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 8xHis tagged-proteins.

Example 5: Formentation

The following fermentation procedure may be used:
Working seeds are frozen aliguots of flaslegrown Escherichia colf BLER{DEZ) or BLR{DES)-
derived strains transformead with a pET28b derivative containing a sequence coding for a

specific antigen candidate recombinant protein construct.

A working seed (WS) is removed from frozen storage, thawed and used o inoculate an
Erlenmeyer flask containing pre-culture media. Manipulation of the seed and flask culture are
perfarmed asaptically under a Laminar Air Flow (LAF) Haod or Biological Safety Cabinet
(BSC). The pre-culiure flask is incubated typically between 30°C - 37°C under 200 RPM
agitation speed for the time needed o reach an Optical Density at 856 nm (ODssonn) between

1.0.and 3.0, typically between 4 - 8 hrs.

A 20L fermentor is prepared by Clean-in-Place foliowed by an automated steam sterilisation
sequence. Starting medium is transferred aseptically 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 botfle filled with Feed
medium is aseptically conngcted o the fermentor. Feed addition is controlled by either a pO2-
cascade {control dissolved oxygen) to or a pre-programimed feed-curve. Agliation is controlled

either by a pQ2-cascade or a pre-programred agitation-curve.

Initial fermentor parameters are fypically as follows:

s Temperature: 28°C - 32°C
s Pressure; 0.8 barg (7 psi)
® Alr flow rate: 2 VVM (Vessal Volumes per Minute)

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

An aliquot of this pre-culfure (typically betwsen 8mi — 80ml) is usad to inoculate the starting
fermentor madia by syringe addition through a septum on the fermentor head-plate. The
phases of Fermentation Culture are:

® Baich Fhase! Biomass 18 accumulated using carbon source iy starting media.
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® Fed-batch Phase: Feed media is introduced sither according to pO2-cascads
control or pre~-programmed feed curve. Biomass aceumulation confinuss on cavbon
source in feed media.

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

At harvest, the culture iz collscted typically i 1L centrifugation bottles and centrifuged to
separate the solid pellst {celi-paste) fraction from the lguid supermatant fraction. The
supematant is discarded, and the wet cell weight (solid pellst) Is recorded and the cell-paste
bags stored at -20°C. |

The following procedurs may also be used:

Escherichia coli standard pre-culture

Each standerd pre-culture were prepared using g frazen seed culture of Escherichia coli
strains. These strains are BLR{DE3) strains transformed with a pET26b derivative containing

a sequence coding for the spectfic construct to be evaluated.

The sesd culture was thawed {o room temperaiure and 400 pl were ysed {o incoulate a 2 fitre
Erlenmeyer flask containing 400 mi of preculiure medium (adapted from Zalwiskie &t al. {J.
ind. Microbiol, 2:87-95 (1987)).

The inoculated flask was then incubated at 37 °C (x 1°C) and 200 rpm. The pre-culture was
stopped after 6h of incubation, Al this step the optical densily at 850nm [O0ssem) I8 about 2,
The pre-culture was used fo incculate medium In a fermenter s soon as the cullure was

stopped.

20L scale Tedbateh fermentation

Method

A 20 litre Termenter (Biolafitle) was used. Nine litres of bateh phase medium were aseptically
transferred into the fermenier. The pH of the medium was readjusted to 8.8 with base
addition. 1 mi of undiluled iradiated antifoam (SAG 471) was also added fo the fermenter.
The temperature (28°C), head pressurs (0.5 bar}, acration rate (20 litres sparged air per
minute) and initial agitation speed (300 rpm) were thet se&t prior to inoculation. The level of
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dissoived omiygen in these conditions was 100%. The head pressure and asration rate wsera
maintained at o constant level during the fermentation.

Incculation was achieved by the addition of an squivalent 10 mi ODB50nm = 2 of pre~culture

{preparad as described above, in Example 2} following the next formula

20

Freoylture Volumelind) = . S
. Freculture Finadd OP650m

During batch phass {0-15h), the temperalure was maintained af 28°C. The leval of dissolved
xvgen was set at 20%. The oval of dissolved oxygen (DO was regulated by incrsasing
stirring whest the DG feli below 20%. Glucose exhaustion resulted inan incrsazse n DO and a

concomitant decrsase in stirring.

When gitcose is exhausted, the feeding rale ia started hased on a pH signal that ncreasss
above 7.0, Frony this point forward, the Teeding rafe was controlled by oxyvgen demandg,
incraasing the flow rate when digsolved oxygen tends {o drop below the 20% set point. Al this
step the agitation speed is maintained at 300 rpm.

During the fed-balch phase (before induction), ihe pH was maintained al 6.8 by addition of
base, the temperalure was regulated at 30°C.

Two stratagies were applied fo produce the profein:

The "High Gali Density Induction” {(HODI) s applied when culture is induced with 1 mM PTG
{isopropyi-beta-D-thiogalactopyrancside) at an optical density of 80 & 5, typically reached after
40h of cultire. The temperature was maintained at 28°C and feeding rate sofill controlied by
exygen dengand with a consiant agitstion speed at 800 rpm.

The "Low Cell Density Induction” (LCDY) process means an induction af an optical density of
40 £ 5 ysuslly reached afler 24h of culture, The lfemperature was decrsased o 30°C and the
constant feeding rate of 0.5 mifmin s applisd. Then 1 b PTG s added to the culture. At this
atep, the DO levelwas maintained at 20% by controlling the stirring rate.

Al the end of the induction phase (72h), cell paste was collected by centrifugation {(8,500xg,
4°C for 1h), and sfored at ~20°C.
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Figurss 1 and 2 fllustrate 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 fermenter and UspA2 vield obtained for sach

ane.
Table 4
Consteuct 1D Name Helin 2:; PZZZSS Y;:is dpgf’i_};

MC-008 UspAZ + Helix + 2 His Full 2 res HEDI 221
MC-007 UspA2 + Helix + 6 His Full Gras LCOH 2.60
MC-010 UspAZ + Halix Full No HCBI 022
MC-005 UspAZ AHelix + 6 His No 6 res LCDI 1.92
NMC-GDE UspAZ AHelix Na No COI 1.14
MC-004 UspAZ+ % Helbe+ 2 His 12 2 res LDt 3.92
MC-001 UspA2+ % Heliw + S His 172 G res HCDE 3.68
MC-002 UspA2+ 3% Helix 1/2 Mo HCD‘E 0.49

His=histidine

Figure 3 depicls in graphical form the UspA2 yield in Table 4 from the constructs evaluated in

farmenter.

in this figure, UspA2Z vield is affected by histidine residuss present in the construct . (p«0.05,
one way, thres levels, Type | ANOVA). A positive correlation between the number of histidine
residues and UspA2 fermentation yield was observed, with a yield increase higher than 400%

betweaen 0 and 8 residues in fed-batoh fermentations.

it was also cheerved that one histidine rasidus added o half-helix pattern (MC-003 construct;
produced a UspA2 vield of about 1 g/t of protein.

Examulie §; Proteln characterization

Analytical ultracentrifugation
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Analytical ultracentrifugation is used o determine the homogeneity and size distribution in
solution of the different species within a protein sample by measuring the rate at which
molecudes move it response o g centrifugal force, This is based on the caloulation of the
coefficionts of sedimentation of the differesit speciss that are oldtained by sedimesriation
valochty sxperimeant, which depeand on thelr molecular shape and mass.

The following protein samplas were spun in 8 Beckman-Coulter Protesmelab XL-1 analytical
witracenirifuge at 28 COORPM after the AN-BOTI rofey had besn equilibrated to 15°C.
g, MC-005 lot BMPSES | 678ug/mi in 20mM NaPO,, 10mM NaCl, pHB. 0

b, MC-001 lot BMP13 , 845ug/mi in 20mM NaPQy, 10mM NaCl, pM8,0
¢.  MGC-001 lol BMP14 | 548ugimt in 20mbA NaPQ,, 10mM NaCl, pH8,0
d. MC-001 lot BMPS4 | 445ua/ml in 20mM NaPQ,, 10mM NaCl, pHB,0
2. MG-007 lot BMPYO , 510ugind in 20mM NaPQ,, 10mM NaCl pH8,D

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

Data analysis was performed using the program SEDFIT {avallable through the Ngtional
institutes for Heaith) for determination of the (8} distribution. The C(8) distribution s a
representation of the relative intensity of the different components in a mixture of
macromelecules separated by thelr cosfficient of sedimantation, which s a functon of
molecule size and conformation. Delermination of the parlial specific volume of the rotsing
at 15°C was peformed with the SEDNTERF software from thelr aming acld seguence.
SELNTERF (SEDNTERR s distributed and supported through the Biomolecular Interaction
Technologias Center at the University of New Hampshire) was also used to determine the
viscasity and the density of the budfer at 18°C.

Determination of the relative abundance of alf species has been performed by considering the
total ares under the curve of the overall distribution as 100% of the sample and by calculating
the percentage of this lotal area represented by the cortribution of every species. C(8)
distribution plot {concentration vs sedimentation coefficient) has been used for that
calcUlation, corsidering that s a beller representation of he raw data than the G
distribution {(concentration v molecular weight).
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Analvtical ultracentrifugation of the different purified constructs allowed obsearvation that
UspA2 Ahslix, UspA2 ¥ helix and UspA2 full helix with C-terminal his tag are present mainly
as frimers in solution when S00mM L-arginine is added during cell lysis prior to purification
(Figures 4, 5, 7 and 8).

A hetercgeneocus size distribution has been observed for UspAZ Y helix when no L-argining
was added during cell lysis. Two major populations are observed, It was not possible to
confirm the molecular weight of the species detected by AUC {analytical ultracentrifugation)
with this protein preparation, since the frictional ratio which is essential for molecular weight
astimation needs to be ¢alculated from an homogensous sample. However, based on
sedimentation coefficients, none of the observed species seem o correspond o the trimer

observed in othier samples.

Figure 4 illustrates the molecular weight distribution of purified MC-008 determined by
sedimentation velocity analytical ultrgcentrifugation. The majority of protein is found as a
frimer, with a small proportion of a higher molecular weight cligomer that may correspond to

dimer of trimer.

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

Figure @ illustrates the molscular weight distribution of purified MC-001 determined by
sedimentation velocity analytical ultracentrifugation. The sample presents muliiple species
and is highly polydisperse. The sedimentation cosfiicient of the major species detected
doesn’t correspond to the one of the trimers normally detected in the other lots.

Figure 7 llustrates the molecular weight distribution of puﬁfied MC-001 determinsd by
sedimentation veloaity analyfical ultracentrifugation. The majority of protein is found as a

trimer.
Figure 8 llustrates the molecutar waight distribution of purified MGC-007 determined by

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

rmer,
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Circular dichrolam/Secondary Structure

Circutar dichroism (CD) is used to determine the secondary structure compaesition of a protein
by measuring the difference in the absorption of left-handed polarized light versus right-
handed polarized light which is due to structural asymmetry. The shape and the magnitude of
the CD spectra in the far-UV region (180-250nm) are different whether a protein exhibits a
beta-shest, alpha-helix or random coll structure. The relative aboundance of each secondary
structure type In a given protein sample can be calculated by comparison to reference

apectra.

Far UV speoctra are measured using an optical path of 0.0%om from 178 to 250nm; with a Tnm
resolution and bandwidth on a Jasco J-720 spechropolarimeter. Temperature 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 measuraments,

Concentration of the foliowing pratein constructs was adjusted to 400ug/mi in 20mb NaPO4,
10 mM NaCGl, pH8,0 buffer.

a. MC-005 lot BMPES | in 20mM NaPO4, 10mM NaCl, pH8,0
b. MC-001 iot BMP13 | in 20mM NaPO4, 10mM NaCl, pHB8.0
. MC-001 ioft BMP14 | in 20mM NaPO4, 10mM NaCl, pH8.0
d. MC-001 ot BMP54 | in 20mM NaPO4, 10mM NaCl, pHB,0
a. MC-007 lot BMP7Q | in 20mM NaPO4, 10mM NaCl, pH8,0

Calculations of secondary structures have been done using the following algorithms:
Sslcon 3 (Sresrama and Woody, Anal. Biochem. {1993), 209, 32 | Sreerama and
Woody, Biochemistry, 33, 10022-25 {(1994) ; Sresrama et al. Protein Science, 8§, 370~
380 (1889) ;  Johnson W.C Jr Proteins:Str. Func. Genet 35,307-312 (1988} )
COSSTR (Johnson W.C. Proteine: Strus.Fune.Genet. 35, 307-312 (1898} modified by
Sreerama. N.{Anal.Biochem., 287,252 (2000}).

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

subjected to a 5% arror margin.
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Results of the sscondary sfruciure calculations for farmentor expressed proteins are digplayed

in Table B, considering a 5% error margin,

Table & Secondary structurs calaulations at 23°C

Protein Helix Beta randaom
MC-005 BMP5E3 40.8 28.4 34.1
RMC-007 BMPTO 582 182 24,7
MC-001 BRFP54 53.7 14.2 34.4

Caloulations gre compatible with the shape and visual analysis of the speclra, where helical
content increases with the intensity of minima at 208 and 220nm. Proteing are composed of a

high proporion of helical structures, with presence of beta structuras.

Superposition of the specira on Figure ¥ shows no significant difference in the shape belween
ponstructs. Spectra of MC-005 helix shows a lower intensily which could account for a lower
alpha structurs that is coherent with the absence of C-terminal halb

Figure 8 Hustrates the far-UV circular dichrolsm spectra of UspA2 constructs MC-001, MO~
008 and MCO07 giving an indication of protein sscondary structures. Superpesition of spectra
clearly shows that constiucts containing half and full Cerminal helix have no delactable
difference in their secondary structurss, while the construct withoud helix generates g spectra

with a difference i intensily that could account for a different secandary structure content,

Therma! urdolding

Measurement of far-UY CD spectra at different femperatures during thermal unfolding
suggestad that MC-005 is less thermally stable than MG-007. The spectra ohserved at 33°C
for MC-008 is similar to the typical spectra of an unfolded protein. For the MC-007 construct,
sven if pariial loss of secondary structures is observed gt 33°C, the somplete unfolding seems
to voour between 35°C and 37°C. This may be an indication of higher thermal stabilily of the

full elix containing construct MU-007.
Figure 10 Hlustrates secondary structures monltoring by oireular dichrolsm during thermal
unfolding of MC-005 {UspA2Aheli+BHis). Visual analysis of the speclrs clearly shows that the

protein Joses most of its sscondary structures at 33°C.
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Figure 11 illustrales 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 struciure is slower compared to the construct without helix. Structural changes are
detectable upon heating {o 33°C, but complete unfoiding seems to occur between 35°C and
37°C.

Differential Scanning Calorimetry (DSC) thermal unfolding
Thermal transitions of different UspA2 constructs were pompared in order to evaluate the

affect of Cerminal helix modifications on thermal stability of the proteins.

Analysis was done on VP-DSC from MicroCal (part of GE Healthcare). The buffer 20mM
NaPQO4, 10mM NaCl, 5mM EDTA, pH8 was used as reference and subtracied from the scans.
Proteins were equilibrated at initial tempersture for 15 minutes before temperature ramping

DSG 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 MC-005.

Values of the transitions {or Tm) of the different constructs can be found on Table 6.

Whife the lower Tm of all three proteins is around 32°C, the main difference is the value of the
second Tm. The construct containing g full helix (MC-007) has a higher Tm at 37.5°C
comparad fo 34.5°C for the half helbe (MC-001)

ft has been demonstrated that for MG-001 and MC-007, the first Tm around 32°C is
reversible, while the highsr Tm is ireversible. For MC-003, the only T detected is

irreversible.

This may be an indication of a higher thermal stability of full helix containing construct MC-
Qo7.

Tahle 6 Melting points of UspAZ2 constructs measured by DSC

Conshructs mgimb] Ty (°C) Te (°C)
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MC-008

4 4 b seeee
IotBMPS3 0:400 i
MC-001

400 3204 :
ItBMP54 (.40 2.0 34.51
MC-Q07 .

A 2% 14
It BMPT0 0.400 32.19 37.80

Mass speetromelry

UspA2 profein samples were prepared by protein precipitation with CHClL # MeOH / H,C
system. The protein pellet was centrifuged at the boltom of the sppendorf tube before being
gently dried under nitrogen. The dried pellst was then dissolved in 2ul of pure formic acid
hefore being diluted with 3pl of ultrapure water and il of sinapinic acid. Binapinic acid used
as matrix for MALDLTOF (Matrix-Assisted Laser Desorptionfionisation followed by Time-Of
Flight spectrometry analyser) analysis is prepared in 50% CHCN / 50% H,O supplemented

by TEA 0.1% final concentration.

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

UspAZ mass spectrometry analysis was parformed on a Bruker Ultraflex 2 MALDI-TOF mass
spactrometer (Bruker Dalionics, Bremen, Germany) in positive innization and lingar mode.
Protein samples, co-crystallized in sinapinic acid matrix, were irradiated by a smartheam
laser. Mass measurement of intact UspAZ protein were done over 10.000-100.000 Da mass
range with an acceleration voltage of 25 kVolts. Laser altenuation was fins-tuned in order to
get the best protein signal as possible and 1o avoid any fragmentation as well as background
over-ionization phenomena. Calibration of the mass spectrometer was performed in olose
external mathod with homolpgous matrix and using the commeraial Bruker Protein Calibration
mixture 2, by accurate measures on the foliowing calibrators: IM+2HI™ (mass measured by

MS detector following addition of two H+ ions to the protein dudring lonisation) species of
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profein A at miz 22307 Da, [M+H] species of trypsinogen at mfz 23982 Da, [M+H]" spacies of
protein A al miz 44813 Da and [MH" species of bovine albumin at miz 86431 Da°. Each

presanted spechrum results from the sum of 500 individus! shots.

The following samples were anslyzed;

MC-001 construct with MGOAK amino acids (S8EQ 1D NG 85} in N-terminal producsd in shake
flask, fot opt-01, MC-011 consbuct with MAK aming acids in Nderminal produced iy shakes
flask, lot BMP37.

in Table 7 and Figure 12, MGC-001 protein with MGAK amine acids (SEQ 1D NO: 88) at the N-
ferminal extremity has been shown 1o be al least partislly demethionyiated, as shown by the
measwed molecudar mess of 8742704, compared o the expected mass of 875850a. The
cther peak of 8782002 may represent the complete non-demsthionviated protein, N-

acetylatad protein, or ancther modified protein population.

Figure 12 Hlustrates the MALD spectrum of MC-O0T fof opt-01. The mass observed at
574370a may be coherent with the demethionylated protein, while the peak at 576200a could

correspond to the complets protain,

As shown i Table 7 and figure 13, MG-O11 proteln with MAK amine acids at the Nulerminal
aextremity gave & major population in MALDEIMSE that may correspond fo the demethionylated
protein, with a mass of §7208Da, compared to 574370a for the expeciad mass bassed on
complete amino acld sequance. The two other peaks at +188Da and +3880a are nof closse fo
aryy expected postiranslational modifications, so they couldnt be ideniified by this

expernnmest,

Table 7 Mdeoular mass of two UspA2 constructs as messurad by MALDEME. Both
construcls have a main msaswed mass lower than the one expeciad from aming acid
sequence. The mass of the major population oblained with both constructs may be coherent

with a demethionylated profsin.

Frotein Theorstical Measured Comment
mass (Da) maas {Da)

~4
[o2]



WO 2015/125118 PCT/IB2015/051308

-B7427.9 ~Coherent with demeathionylation
O 0 2ERE ¢ {57434.6)
MC-001 lot opt-01 | 57565.8 -57620.3 - Coharent with protein containing

N-terminal methionine

Coherent with demethionylation

MC-011 ot BMP37 | §7437.6 57265.2 (57306.4)

N-ferminal sequencing by Edman’s degradation

in order {o svaluate iIf the oplimisation of the N-temminal region (optimisation of the aming scid
seguence nexd to the N-erminal methionine) leads to demethionylation of the protein, N-
terminal sequencing has been done on the MCG-011 construct carrying MAK amino acids on his

N-terminal extremity.

The proteins were separated by SDE& PAGE on a Novex 4%-20% polyacrylamide gel from
Invitrogen, before transfer onto Problot PYDF {(polyvinylidence dilueride) (Bio-Rad] membrane.
The membrane was siained with amidoblack. The band of interest was then cut and analysis
wag carvied oul according 1o the manufacturer's protocol using an Applied Bicsysiems Procise
sequencer system. Twalve cycles of Edman’s degradation were performed.

The N-terminal amino acid sequence oblained is AKNDITLEDLP (SEQ ID NO:88), which
corrgsponds {o the N-lermingl extremily of the proteiln starding at the amino acid number two

after the initial methionine, This indicates thal the maturé protein is mainly demethionyiated.

Example 7 UspA2 construct MC-004: Bactoricidal activity,

Bactericidal Assay
Moraxella calarrhalis was cultivated overnight on Petri dish at 37°C + 5% CO,. Bacleria were
transferred in 12 mi HBSS-BEA (Mank’s Buffered Salt Solution with Bovine Serum Album) 0.1%

buffer in arder to get an OD 55 of 0.650. Serum samples were heated for 45 min at 58°C to

inactivate the endogenous complement. Serial two-fold diludions of sera in SBA buffer (HBSS-
BSA G.1%} were added on a 98-wall round bottom microtitre plate (25 pliwell). Subsequently, 50
ul of SBA buffer were added in each well. Then 25 ul of Moraxelia catarrhalis strains at 4 10
cfulmi were added to the wells containing sera and incubated for 18 min at room temperature.
Finally 25 @i of freshly thawed baby rabbit complement diluted 1/8 in HBSS-B8A 0.1% were
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added to reach a final volume of 125 ul. 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 lzast & min.

After homogenization, various dilglions of the suspension (@ mixture of bacleria, serum,
complement and buffer, al a volume of 125 p! as discussed in the previous paragraph) were
added onto chocolate agar plates and incubated for 24 howrs at 37°C with 5% CO; and

Moraxelia catarrhalis colonles were counted.

Eight wells without serum sample were used as bacterial controls to defermine the number of
Moraxefla catarrhalis colonies per well. The mean number of CFU (colony forming unit) of the
corirel wells was determined and used for the calculation of the killing activity for each setum
sample. The bactericidal {iters were exprassed at the reciprocal dilution of serum inducing 50%

of killing.

Anti-UspAZ antisera generated in mice, guinea pigs and rabbits against MG-001 were fested in
the bactericidal assay described here above against 20 different Moraxella cafarrhalis strains
izolated from various tissues (blood, sputum, nose, middle ear fluids) in various countries (U5,

Finland, Netherlands, Norway, Swedsn).

As shown below anti;UspA‘:Z antibodies werg able to induge a cross-bactericidal killing of
Moraxella catarrhalls, whatever the percentage of homology of the USpAQexpresseci by the
tested strain. Moreover bactericidal activity was also shown against strains which only express
UspA1l or the chiimeric protein UspA2H. As expected, no or only weak bactericidal antibody

tifres were measured against Usp&1 and UspAR double knock-cul mutants.

Table 8: Cross-bactericidal activity of anti-UspA2 MC-001 antibodies generated in mouss,
guinea plg and rabbit, 1+2 KO is a double knock ouf, UspA1 & UspA2. 1TKO is a UspAt
knockout only. MEF (AOM) = Middie Ear Fluid (Acute Otitis Media). "/ * in the Isolate source

solumn = not aware of the isolate sourcs.
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Hentity % versus the Anti-BspAYantissrum
Strring Isolate SOUCE UspA gene present VaUTING sSgUense hactericidal agtivity
ATGGIRLIS Mouse | Bulnoapig] Rabbit
ATCC 25238 { UspA thlspa2 4520100 FbA o bR
43617 Bronchitis LispAi 45.4 + + +
Amerioan 7926 4 UspAd 354 - i -
2833 i LispAiRispA2 3461862 4 ~ R 4
2812 { UspAiflsps2 39.3164.6 £ S ok FAE
2808 { UsgAHUSpAR 433828 s g R d
Firrish 307 MEF (AGM) UsoATUspAZ A7 BI70A - e F¥d
353 MEF (AC) UspAtiispaZ 45018 + R ER
3R MEF (AONM) Lispd tAdspAZ 474815 b e FH
218 KMEF (ADM) LspATUSpAR 455869 Pkt Ry by
Buteh NG nove UspAifapA2H 41.470.1 £ bk At
e SERRUT {3spadiliapd A4751.8 Ft ok Tt
F10 aputum {IspATUspAR 42.8/61.1 e b bk
Nonegian 3 Trachastomy (Fraunoeria) LispAiRispaZ 448804 St Fad F
13 Trachectomy (Preuntonia) UspA TAUBpAZ 47.8/55 i Rtas b
20 Tracheotomy Prievraania) spA HURRAZ I8 FEQS 3 hod P
25 Teachantomy {Preumonia) UspAildspd2 47 BI58 ok g oo
27 Tracheoiomy FPosumonia) UspAtAdspaz 46/78.1 kS S S 3
&6 Tracheociomy (Preumonia) UspAtilispAZ 556816 * b +E
Bweadish 2BHIS WT SRR YepAtispAZH 4295573 Gy b bt
BRHAS (14210 N . " . .
BEHAZ (IR UspAZH 373 Ak ot LRSS
R4 WT hinod UspAtillspaH R SeeRe notnne +4 b
BH (12K - - . - 3+

* daternined usivg e sofiware Gapt. A usialX varsus the A1

wit >BAGE0
w4 220000
+ =500

- <200

e,

b

CR5738 UspA2 fragmert AA30-540.

o
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Tabls 9 UspA Expression in the M. catarhalis strains in Table 8.

Slrains UspAi Usplz UspAZH
expression jexpression expression
ATCC 25238 Yes Yasg No
43817 Yas stop sadon N
American 2928 Yes No stop codaon

2933 Yes Yeas No

2812 Yesg Yas No

2808 Yesg Yas No

Firmish 3Q7 Yes Yes No
353 Yesu Yes No

358 Yes Yes No

216 Yés Yas No

Dugeh NS Yes No Yasg
H2 Yes Yeas Mo

Fi0 Yos Yeas No

MNorvegian 1 Yesg Yes No
13 Yas Yes No

20 Yes Yes No

25 Yes Yes No

27 Yes Yasg No

38 Yas Yes Na

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

BREBHIS (1KO) Mo No Yes
RH4 WT Yes No Yag

RH4 (1+2KO) No No No
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Example 8: Protection in g mouse nodel of lung colonization (MC-081)

Five wesks-old female Balbic mice (r=8/5 groups} were immunized by the intramuscular routs
at days 0, 14 and 28 with 50 ul of vaccine containing 10 ug of UspA2 construct MC-001
formulated within AS02V. Mice were intranasally challenged at day 42 with 5.10° CFU of various
Maoraxelle catarrbalis sirains. Bacterls were counted in lungs collected 0, 3 and 8 hours post-

chaillenge. Differenves betweaen groups were analysed using the Dunnet test.

As summarised in Table 10, UspA2 construct MC-001 induced a significant protection against
both homologous and heterologous sirains, including the sirain 43817 which doss exprass
UspAt but not UspAZ and the BBH1S strain which expresses the chimeric protein UspAZH
{constituted of the N-terminal sequence frorm UspAd and the C-erminal sequence from UspAZ).

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

‘ UspA identity % “*‘.versus Logs ofu /o mi
Strain sxpressed ”:he‘vaccmai Cankrol Vacoihne £ value
saguence ATCC2E23R group group
25238 UspAl & UspAd 45.2/100 52 3.1 Q4L
43617 Uspal A0,1 A48 3.6 .01
Fi0 UspAL & UspA2 42.8/61.1 4.3 2.9 3.25%
FLO UspAl & UspAR A2.9/61,1 4.4 3.6 Q.01
BBH1B8 UspAl & UspAZH A2R/872.3 4.3 3.5 3.04
20 Usphl & UspA2 33.7/60.6 4.4 3.8 G402

* determined using the Gepl/Clusta X software versus the ATCC25238 UspAZ fragmeant AA 30-540

p values in bold are significant {p <005}

Example 8: UspAZ construct MC-007: Antibody bagtericidal activity,

Eactericidal Assay

Moraxells catarrhalis 25238 was cullivated overnight on Petri dish at 37°C + 5% CO.. Baclaria
were transferred in 12 mi HBSS-BSA 0.1% buffer iy order to get an OD 4y of 0.850. Ssrum
samples were haalted for 45 min at 88°C {o inactivate the endogenous complement. Berial two-
fold dilutione of sera in SBA buffer (HBES-BSA 0.1%) were added on a 88-well round botfom
microtitre plate (28 plwsll). Subssguently, 50 yl of 8BA bulfer were added in each well. Then 25
ut of Moraxella calarrhalis 25238 strain at 4 10™ ofu/mi were added to the wells containing sera
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and incubated for 15 min at room temperature. Finally 25 ul of freshly thawed baby rabbit
complement difuted 178 in HBSS-BSA 0.1% were added to reach a final volume of 125 ul
Piates were incubsted Tor 1 h at 37 °C with orbital shaking (210 rpm). The reaction was stopped
by layving the microplate on ice for at least 5 min. After homogenization, various dilutions of the
suspension were added onto chocolate agar plates and incubated for 24 hours at 37°C with 5%
CO, and Moraxella colonies were counted. Eight wells without serum sample were used as
bactenial controls to determine the number of Moraxella catarrhalis colonies per well. The mean
number of CFU of the control welis was determined and used for the calcuiation of the killing
activity for sach serum sample. The bactericidal tiers were expressed atl the reciprocal dilution

of serum inducing 50% of kifling.

Anti-UspA2 antisera generated in mice with UspAZ2 construct MC-001 or MC-007 wers fested in
a bactericidal assay using the protocol described above against the 26238 Moraxalla vatarrhalis

hornologous strain.
As shown in Table 11, the MC-DO7 UspA2 construct elicited a high bactericidal response, similar

to that induced by the MC-001.

Table 11 Bactericida} activity of anti-UspA2Z MC-001 and MC-007 antibodies. Normal mouse
sera = sera from mice immunized with ASO2V only, not with UspA2.

Samples Bactericidal fiters

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

Mouse anti-UspAZ2 against 4
UspAZ MOC-0019

Mouse anti-UspA2 against E
UspA2 MC-007
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Example 10: UspA2 construct MC-007; Protective sfficacy in a lung challenge model

Protection in a mouse model of lung colonization

Five weeks-old female Balb/c mice (8 mice per group, 5 groups max per time point) were
immunized by the intramuscular route at days 0, 14 and 28 with 50 il of vaccine containing 10
ug of UspAZ construct MC-001 formulated with AS02V or MC-007 formulated within ASC2V.
Mice were intranasally challenged at day 42 with 5.10° CFU of Moraxella catarrhalis strain
ATCC{a US registered trademark) 25238™. Mice were immunized with 10 ug of killed whole
cells from Moraxella catarrhalis strain ATCC{a US registered trademark) 25238™ (as positive
control) (M.cat. WG 25238 in Figure 14) or with AS02V alone {as negative control). Bacteria
weare counted in lungs collected 0, 3 and 8 hours post-challenge. Differences betwesn groups

were analysed using the Dunret test.

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

registerad trademark) strain 25238™,

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

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

and 28 with 80 4l of the following formulations:
-MC-008 {1 pg) AIPO4 (1000 ug/mi)

~MC-009 (1 ug) ASMC (AIPOYMPL 100100 per mb
-MC-008 (1 pg) ASOIE (QS21/MPL 81450 per mi)

Anti-lgG levels were determined in individual sera collected at days 28 (Plf) and 42 (P} using

the following protocol
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ELISA o measure anti-UspAZ antihodies.

Plates ware coataed overnight at 4°C with 100 W par well of UspA2 construct MC-009
at 4 yg/mi in carbonate buffer pH 9.8, The plates were washed three times with NaCl
0.09% TWEEN(a US registered frademark) 20 {(polysorbate 20} 0.05%. After
washing, serial fwo fold dilutions of sera were added to microwells in PBS TWEEN(a
US registered trademark) 20 0.05%. The plates were placed at room temperaiure for
30 minutes with shaking. After washing, anti-mouse 1gG antibodies {Jackson 115-
035-003) conjugated to peroxydase (100 ¢ per well) were added, and the plates
were placed at room tempsrature for 30 minutes with shaking. Flates were washed
as above and the solution of revelation (4 myg of OPDA Sigma P8787) and & pl of
HaOsin 10 ool of citrate 0.1M PH {(pH)} 4.58) was added o each well (100 pliwel]) for 15
min in darkness, The reaction was stopped by addition of 50 pl of HC 1N and the

absorbance was read af 480 nm (820 nm for the reference filter).

The fiters wars calculated by the 4-parameters method using the SOFTMAX{a US registerad

trademark) Pro software.

As shown in Figure 18, UspAz2 induced high ghtibody levels with each adjuvant

formulatior.

Bactericidal Assay

The bactericidal assay was performed against M. calarrhalis strain (ATCC{a US registered
frademark) 25238™) expressing a homologous full length UspAZ using the following protocol:
Moraxella catarrhalis strain ATCC{a US registered trademark) 25238™ was cultivated
overnight on Petri dish at 37°C + 5% GOy, Bacteria were transferred in 10 mi of BHI (breth
heart infusion) in order to get an OD 49 of 0.8580. Serum samples were heated for 45 min at
568°C to inactivale the endogenous complemeant, Serial fwo-fold dilutions of sera in SBA buffer
(HESS-BSA 0.1%) were added on a 96-wall round boftom microtitre plate (25 uliwell).
Subssqguently, 50 ut of SBA buffer were added in sach well Then 25 u of Mcraxelia

catarrhalis strain 25238™ at 4 107

ciw/ml were added to the wells containing sera and
incubated for 18 min at room temperature. Finally 25 ul of freshly thawed baby rabhbit
complement diluted 1/8 in HBSS-BSA 0.1% were added to reach a final volume of 125 yb
Plates were incubated for 1 h gt 37 °C with orbital shaking (210 rpm). The reaction was

stopped by laying the microplate on ice for at least 5§ min. A 20 pl aliguot of each well of the

84



WO 2015/125118 PCT/IB2015/051308

plate was then transferrad info the corresponding well of a 88-well flat boltom microplate and
&0 ul of Musller Hinton Broth-0.8% agar was added {o sach well. 50 yl of PRS 0.8% agar was
added as a second layer. After 3 hours at 37°C with 5% CO, plates were incubated overnight
al 28°C, Morasella colonies were counted using an automated image analysis system KS
400, Zeiss, Obarkochen, Germany). Eight wells without serum sample were used as baclerial
controls to determine the number of Moraxella per well. The mean number of CFU of the
conirol wells was determined and usad for the caleulation of the killing activity for sach serum
sample. The bactericidal ters were expressed at the reciprocal dilution of serum inducing 50%

of kifling.

Figure 15 ilustrates the baclenicidal thers induced by UspA2 against & homologous strain In
this experiment, UspAZ induced high levels of bactericidal antbodies for each adiuvant

formulation. Serg were tested at Pl five pools of five sera samples were tested.

Example 12: nmunogenicity of Uspl2 in combination with PD and PE-PUA NTHi

antigens.
immunization Protocad

Groups of 28 female Balb/c mice were immunized by the Intramuscular (W) route at days 0,
14 and 28 with 50 ! of the following formulations:
~UapA2 construct MC-000 {1 ug) AlRO4

~UspA2 construct MC-008 (1 pg) ASG4C
~UspAZ construct MC-002 {1 ug) ASDIE

-UspA2-PD-PEPRIA (UspA2 construct MG-008, PERIA construct LVL-735) AIPO4 {1 ug of each of
UspAZ, PD and PEPIA; 1000 mgimi AIPQ4)

~UspA2-PD-PEPIA (UspAZ construct MC-008, PERIA construct LVL-735) ASG4C AIPQ4 (1 ug of
each of UspA2, PD and FEPIA; 1004100 per mi AIPO4MPL)

~UepAZ-PR-PERTA (UspAZ construst MC-008, PERIA construct LVL-735) ASOIE {1 ug of sach of
UspAZ2, PD and PEPRHA; 50/80 per mi GS21/MPL)

ELISA fo megsure anti-Uspd? antibodies

Anti-UspA2 {gG 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 ul per well of UspA2 construct MC-Q08
at 4 pg/mi in carbonate buffer pH 9.8, The plates were washed three times with NaCl
0.09% TWEEN(a US registered trademark) 20 (polysorbale 20) 0.05%. After
washing, serial two fold dilutions of sera were added to microweils in PBS TWEEN(a
US registered trademark) 20 0.05%. The plates were placed at room temperature for
30 minutes with shaking. After washing, snti-mouse 1gG antibodies {Jackeon 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
a5 ahove and the solution of revelation (4 mg of OPDA Sigma P8787) and 5wt of
HoO, in 10 mi of cifrate 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 50 i of HCI 1N and the
absorbance was read at 4490 nm (820 am for the reference filter). The titers were
calculated by the 4-parameters method using the SOFTMAX(a US registered

trademark) Pro software,

ELISA fo measure anti-PE antibodies

Plates were coated overnight at 4°C with 100 @l per well of 2 ug/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 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 o peroxydase (100 pl per well) were added, and the plates were
placed at room temperature for 30 minufes with shaking. Plates were washed as above and
the solution of revelation (4 mg of OPDA and 5 i of HxOyin 10 ml 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 50 ! of HCI 1N and the absorbance was read at 490 nim (820 nm for the reference filter)

The titers were calculated by the 4-parameters method using the SOFTMAX (s US registered

trademark) Pro software.

ELISA to msasure 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 were washed three times with NaCl 0.08% TWEEN{a US registered
trademark) 0.05%. After washing, serial two fold dilution of sera were gdded 1o 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 gl 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 1 of HxOain 10 mi of cifrate 0.1M PH 4.5) was
added to gach well {100 pliwell) for 15 min in darkness. The reaction was stopped by addition
of 50 il of HCH N and the absorbance was read at 490 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 fo measure anti-PD antibodies

Plates were coated overnight at 4°C with 100 ui per well of B ugimi of PD in carbonate huffer
pH 9.6, The plales were washed three times with NaCl 0.09% 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 placsed at room
femperature for 30 minuies with shaking. After washing, anti-mouse g antibodies (Jackson
115-035-003) conjugated to peroxydase (100 pl per welly were added, and the plates were
placed at room temperature fér 30 minutes with shaking. Plates were washed a5 above and
tha solution of revelation (4 mg of OPDA and & yl of HxOs 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 50 ul of HCI 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 registered

trademark) Pro software,

Baclericidal assay

Bactericidal titres were measured in pooled sera (5 pools/ group) collected at day 42 using the
following protocol

Moraxelfa catarrhalis was cultivaled overnight on Peln dish at 37°C + 5% CO,. Bacteria were
transferred in 10 mi BHI {broth heart infusion) medium in order {o get an OD g of 0.650.
Serum samples were healed for 45 min at 58 °C to inactivate the endogencus complement.
Serial two fold dilutions of sera in SBA buffer (HBSS-BSA 0.1%) were added on a 96-well
round bottom microtitre plate (25 plfwell}. Subsequently, 50 ul of 3BA buffer were added in

sach well, Then 25 ol of Moraxelia catarrhalis strain 25238 at 4 10" ofu/ml were added fo the
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wells containing sera and incubated for 15 min at room temperature. Finally 25 pi of freshly
thawed baby rabbit complemant diluted 1/8 in HBSS-BSA 0.1% were added {o reach a final
volume of 125 pl. Plates were incubated for 1 h at 37 °C with orbital shaking (210 rpm). The
reaction was stoppad by laying the microplate on ice for at least 5 min. A 20 yl aliquot of gach
weil of the plate was then transferred into the corresponding well of a 96-well fiat bottom
micraplate and 50 @l of Mueller Hinton Broth-0.8% agar was added o sach well. 50 pl of PBS
0.8% agar was added as a second layer. After 3 hours at 37°C with 5% CO, plates were
incubated overnight at 25°C. Moraxella colonies were counted using an automated images
analysis system (KS 400, Zeiss, Oberkochen, Germany). Eight wells without serum sample
were ussd as bactsrial 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 expressad at the reciprocal

dilution of seruirn inducing 50% of killing.

The bactericidal assay was performed against Moraxella calarrhalis strain 25238™,

expressing a homologous UspA2,

A negative impact of the presence of PD and PE-PIA antigens on UspA2 jgG levels was
observed in AS04C {(post ill) and ASC1E {post I}) formulations (Figure 17). However the impact
remained imited {2 2 fold antibody decregse) and was not confirmed in the bactericidal assay
{Figure 18). The IgG responses induced against PD, PE and PHA in mice by PE-PEPIA-

UspAZ2 vaccine ars 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-003; bmmunogenicity of PD and PE-PIA NTHI

anfigens in combination with UspA2 in mice

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

and 28 with 50 ¢ of the following formulations:
- PD-PEPIA {1 ug of PD and 1 ug of PEFIIA construct LVL-738) ASO1E
~UspA2-PD-PEPIA (1 ug of UspA2 construct MOC-009, PD and PEPHIA construct LVL-735) ASQ1E
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The ELISA oG lsvels to PD, PE and PIlA were detemmined in individual sera collected at days
28 (P and 42 (PH).

ELISA fo measure anli-FE anlibodiss

Plates were coated overnight at 4°C with 100 @i per well of 2 ugimi of UspAZ in carbonale
buffer pH 5.8, The plates were washed three times with NaCl 0.08% TWEEN(a US registered
trademark) 0.05%. After waghing, serial 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 IgG anfibodiss (Jackson
115-035-003) conjugated to peroxydase (100 yl 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 revelgtion (4 mg of OPDA and 5 il of HxO:in 10 mi of citrate 0.1M PH 4.5} was
added to each well (100 uliwell) for 15 min in darkness. The reaction was stopped by addition
of 80 il of HCI N and the absorbance was read al 490 nm (820 nm for the reference filter).

The titers were calculated by the 4-parametsrs method using the SOFTMAX{a US registered

trademark) Pro software.

ELISA to measura anti-FilA aniibodies

Plates were coalted overnight at 4°C with 100 i per well of 4 pg/mi of PilA in carbonate buffer
pH 8.8. The plates were washed thres fimes with NaCl 0.00% TWEEN{a US reqisterad
trademark) 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 weare placed al room
temperature for 30 minutes with shaking. After washing, anti-mouse 1gG antibodies {Jackson
115-035-003) conjugated to peroxydase (100 pl per well) were added, and the plates were
piaced at room temperature for 30 minuies with shaking, Plales were washed as above and
the solution of revelation (4 mg of OPDA and 5§ ul of Hx(Oyin 10 mil of citrate 0.1M PH 4.5) was
added to each well (100 plhwell) for 156 min in darkness. The reaction was stopped by addition
of 50 ¢l of HCl 1N and the absorbanecs was read at 420 nm (820 nm for the reference fifer).
The fiters were calculated by the 4-parameters method using the SOFTMAX (a8 US registered
trademark) Pro software.

ELISA to measure anti-FD antibodiss

Plates were coated overnight at 4°C with 100 w! per well of 8 pg/ml of PD in carbonate buffer
pH 9.6, The plates were washed three times with NaCl 0.08% TWEEN{a US registered
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frademark) 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 at room
temperature for 30 minules with shaking, After washing, anfi-mouse 1gG antibodies (Jackson
115-035-003) conjugated to peroxydase (100 pi per well) were added, and the plates were
placad at roon temperature for 30 minules with shaking. FPlates were washed as above and
the solution of revelation (4 mg of OPDA and 5 yl of H,0,in 10 mi of citrate 0.1M PH 4.5) was
added to sach well (100 plwsll) for 15 min in darkness. The reaction was stopped by addition
of 50 ul of HG! 1N and the absorbance was read at 490 nm {820 nm for the reference filter).

The titers were calculated by the 4-paramsters method using the SOFTMAX (a8 US registered

trademark) Pro sofiware.

No major impact of the addition of UspAZ2 on PD and PEPIA 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

Moraxelia catarrhalis lung inflammation model,

To mitigate the risk of Vinducing 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. val),
various animal models were developed and ussd to assess the safely of this vaccine. The
formulation tested contained three NTHE antigens (PR, PE and PilA, with the two last ones
combined as a PEPFIIA fusion protein), oneg M. cal. antigen {(UspA2) and the Adjuvant System
Ot (ASOH1e).

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

yacaing,
Model 1.

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

inflamed lunge wpon vaccination,
e Study design

CH7BI/E mice were sensitized by three intranasal administrations of 25 ug of heat-inactivaled
M. cat. strain ATCC(a US registered trademark) 25238™ whole cells (expressing an UspAz2
which is 100% homologous to the vaccing UspA2) at days D, 7 and 14, This treatment induced
in the lungs a perivascular and penibronchioler inflammation {with formation of lymphoid
aggregates), alveolitis, pneumonitis, fibrosis and a strong M.cat whole cell-specific 1L-177
CD4" T celf response, which altogether mimicked the inflammatory process observed in the

hings of COPD patients (except emphysema),

The mice were then vaccinated at day 42 by the intramuscular route with 1/10" of human

doss of the following formulations:

- PD 10 pgl PEPIA (LVL735 construct, describad in WO2012/138225) 10 ug/ UspA2 (MCD0S
construct) 10 pgf ASD1e

- PD 10 pg/ FEPIA (LVL735 construct) 10 pg/ UspA2 (MCO0S construct) 3.3 ug/ ASD1g

- ASQ01e Inegative control)

- PBS {negative control)

To assass the impact of these formulations on the sensitization-induced lung inflammation:
- Mice wate daily monitored from day 43 {o day 49 to look at martality and any dinical
signs indicating the induction of adverse events {prostration, piloeraction, hunched position}.
A histological analysis of the lungs was performed af days 2, 7 and 14 post-vaceination
{(with § mice per group and time-point) to look at a possible aggravation of the inflammation.
- The induction of potentially undesirabis T cell responses was evaluated on pocis of
jungs collected at days 7 and 14 postvaccination {(with 4 podlsigroupftime-point and the ings
of 3 mice per pool). The lung T cells were re-stimulated overnight either with UspA2 peptides,
heal-inactivated M. cat. whole cells (WG or medium {as a negative contral} and then
analyzed by flow cylometry for the expression of CD§, CD4, CD§, 1L-17, 1113, TNFu and
{FNy.

& Resulis
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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 mononudlear csll
infiltrates.

No aiveolitis and/or pneumonitis refated to vaccination were obssarved.

- T gell response:

o

Model 2¢

Strong CDR4" T cell responses (mainly H-17 and TNFo producing cells) were
measurad in the lungs upon re-stimulation with WG, but regardiess of the
formulation administered {vaccines or adjuvant along or PBE} (Figures 30 o 33).
Low or no kung CD8™ T cell responses were observed {data not shown).

No detectable T call response was re-stimulated by UspA2 peptides, whatever the
group, indicating that no UspAZ-specific response was primed or boosted post-

vacgcination {data not shownl.

e Objective

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

inflamed lungs upon vaccination and M. catl. chaillenge.

® Study design

CE7EYS mice were successively:

- Sensitized by three intranasal administrations of 25 g of heat-inactivaled &, cal strain

25238 WC (expressing an UspA2 which is 100% homologous to the vaccine UspAZy at

Vaccinated at day 42 by the intramuscular route with 1/10" of human dose of the following

formuiations {(as in Model 1)
« PO {10 ug/ PEPIA (LVYL735 constructy 10 ug! UspA2 (MCOO9 construct) 10 pgf
ASC1g

a2
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s P10 pgd PEPIA (LVL735 construct) 10 pg/ UspA2 (MCO0E construct) 3.3 pg!
ASO:
= ASO1: {negative control)
« PBS {(negative control)
- Challenged by ane infranasal administration of 28 yg of heat-ihactivated M. caf strain FigQ

WG {expressing an UspA2 which shares 83% homology with the vaccine UspAZ) o by
one intranasal administration of PBS as a control, both at day 58, The challenge strain
was differert from the sensitization sirain to mimic the situation observed in COPD

patients who sxperisncs new exacsrbations due to newly acquired M. cal strains,

To assess the impact of vaccinstion and challenge on the sensifization-induced lung

inflamrmation;

- Mice were dally monitored from day 43 to day 83 to look at mortality and any colinical signs
indicating the induction of adverse svents (prostration, pilosraction, hunched position).
The induction of potentially undesirable T cell responses was svaluated on pools of lungs
collectad gt days 7 and 14 post-challenge {with 4 pools/groupfime-point and the fungs of 3
mice per pool). The lung T cells were re~stimulated overmight aither with UspA2 peptides,
heat-inactivated 4 cat. F10WC or medium {33 a negative control) and then analveed by
flow eytometry for the expression of CDS, GD4, CD8, H-17, 113, TNFo and IFNy.

) Resulls

- No mortality or adverse event was raported,
- T call responss: |
& Strong post-challenge CO4™ T cell responses (mainly [L-17 and TNFr producing
celis) were measured in the lungs upon re~stimulation with F10 WC, regardiess
of the formulation administered {vaccines or adjiupvant alone or PBS) (Figures 34
to 37}, Not surprisingly, these responses were higher in mice challenged with
jnactivated bactera than in mice challengad with PBS. Whatever the challenge,
fow or no lung CD8' T cell responses were ohserved (data not shown),
o No detectabie T cell response was re-stimulated by UspA2 peptides, whatever
the group, indicating thal no UspA2sspecific response was primed or boosted

post-challenge {data not shown).

53
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Conclusion

The PD/ PEPIA/ UspA2/ ABD1: formulafions tested and more specifically the UspAZ
component of these vaccines were shown safe in @ mouse M. cal. lung inflammation mode!,
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CLAIMS

1. An isolated protein comprising formula I:

A = (R{)m—(B), (formula I)

wherein:

A is an immunogenic fragment of UspA2 from Moraxella catarrhalis having at least 90%
identity to any one of SEQ ID NOs:39 to 43;

R1is an amino acid;

mis O or 2;

B is histidine; and

nis1,2,3,4,5o0r6.

2. The protein according claim 1 wherein (R+)n, is AS (alanine serine).

3. The protein according to claim 1 or claim 2 further comprising a methionine at the amino
terminal.

4. The protein according to any one 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 one of claims 1-4 wherein A is an immunogenic fragment of
SEQ ID NO:43 or a sequence having at least 90%, 95%, 96%, 97%, 98% or 99% sequence
identity to SEQ ID NO. 43.

6. The protein according to any one 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.

95
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7. The protein according to any one of claims 1-5 wherein A is an immunogenic fragment of
UspA2 comprising a laminin binding domain and a fibronectin binding domain or an
immunogenic fragment of UspA2 comprising a laminin binding domain, a fibronectin binding
domain and a C3 binding domain.

8. The protein according to any one of claims 1-7 wherein the protein is SEQ ID NO: 69.
9. An immunogenic composition comprising a protein of formula (1) as defined in any one of
claims 1-8.

10. The immunogenic composition of claim 9 further comprising at least one antigen from

Haemophilus influenzae.

11. The immunogenic composition of claim 10 wherein the at least one antigen is Protein D.

12. The immunogenic composition of any one of claims 9-11 further comprising Protein E,
PilA or PE and PilA as a fusion protein.

13. A vaccine comprising the protein of any one of claims 1-8 or the immunogenic
composition of any one of claims 9-12.

14. The vaccine of claim 13, further comprising an adjuvant, e.g. ASO1E.

15. The vaccine of claim 13 or 14 wherein the immunogenic composition contains a protein
of SEQ ID NO: 69, Protein D and a PE-PIlA fusion protein (optionally LVL-735).

16. The vaccine of claim 15 comprising:

(i) 10ug of protein D, 10ug of the PEPIIA fusion protein LVL735, 10ug of the UspA2 construct
MCO009 and the adjuvant ASO1E, or

(i) 10pg of protein D, 10ug of the PEPIIA fusion protein LVL735, 3.3ug of the UspA2 construct
MCO009 and the adjuvant ASO1E.

17. A method for the treatment or prevention of otitis media, pneumonia or M. catarrhalis

96
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infection in a subject in need thereof comprising administering to said subject a therapeutically
effective amount of the immunogenic composition according to any one of claims 9-12 or the

vaccine of any of claims 13-16.

18. A method for the treatment or prevention of acute exacerbations of chronic obstructive
pulmonary disease (AECOPD) in a subject in need thereof comprising administering to said
subject a therapeutically effective amount of the immunogenic composition according to any one

of claims 9-12 or the vaccine of any one of claims 13-16.

19. Use of the protein of any one of claims 1-8, or the immunogenic composition of any one
of claims 9-12, or the vaccine of any one of claims 13-16, for the preparation of a medicament

for the treatment or prevention of otitis media, pneumonia or M. catarrhalis infection.

20. Use of the protein of any one of claims 1-8, or the immunogenic composition of any one
of claims 9-12, or the vaccine of any one of claims 13-16, for the preparation of a medicament
for the treatment or prevention of acute exacerbations of chronic obstructive pulmonary disease
(AECOPD).
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GIn GIn GIn

Ser Ala Ala

Ala Phe

430

Ser

Asp Lys Glu

445

Ala
460

Asn Lys

Thr Lys

Asp Leu Gly

Asp Thr Lys

510

atctgatcaa
tggaaaaata
aagctctgga
aagatgatgt
ttaaagaaga
agaacgaaac
aaaaaaacaa
gtcatgaagt
ccctgaaagg
cagatattca

tgattgatca

Page 120

Asp

GIn
400

Asp

Asn Thr

415

Glu Thr

His Asp

Ala Ser

Asn Gly

480

Thr
495

Lys

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt
tgccgaaagc
tctgattacc
ggcgctggaa

gaaagccgat

60
120
180
240
300
360
420
480
540
600
660



atcgataata
gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagcg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
ggttttgata
taa

<210>
<211>

<212>
<213>

53
520
PRT

<220>
<223>
<400> 53

Met GIn Ala
1

Lys Lys lle

Ala Leu Glu

35

Leu Glu
50

Glu

Trp Asn GIn

65

Thr Lys Asn

acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc
ccatcaccaa

gccgtgtgac

Protein sequence for

Lys Asn As

Asp GIn As

20

Lys Tyr Le

Leu Asn

Ly

Asn Asp Il

70

GIn Asn Al

85

VR65032W0-seql-000001 . txt

catttatgaa ctggcacagc agcaggatca

aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa
aaatgccaaa

cgcactggat

Artificial Sequence

p Ile Thr

n Glu Leu

u Ala Leu

40

s Ala Leu

55

e Ala Asn

a Leu Ala

gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctyg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa
agcattaccg

aCCaaagCaa

Leu Glu Asp

10

Glu Ala

25

Asp

Ser GIn Tyr

Glu Glu Leu

Leu Glu

Asp
75

GIn
90

Glu Gly

tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa
ccgcagatgc
atctgggcac

gccatcatca

MC-001 construct

Leu Pro

Ile Gly

30

Gly Asn
45

Asp Glu

60

Asp Val

Glu

Page 121

Tyr Leu

Asp lle

Ile Leu

Asp Val

Glu Thr

Ile Lys

gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt
aattaccaaa
caaagttgat

tcaccaccac

15

Thr

Ala

Gly

Leu

80

Glu
95

720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1563



Asp

Leu

Asn

Glu

145

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GlIn

Asn

305

Ala

Ser

Leu

Leu

GIn

Gly

130

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

GIn

Asn

115

Phe

Ile

Glu

Ile

Asp

195

Ser

Asn

Lys

His

GIn

275

GIn

GIn

Ala

Glu

Asp
355

Gly
100
Glu

Glu

Glu

Thr
180

Thr

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

Leu

Thr

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ala

Ser

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

Ile

Lys

135

Tyr

His

Ile

Leu

Ile

215

Leu

Lys

GIn

Thr

Ile

295

Asp

Thr

Asn

Lys

VR65032W0-seql-000001. txt
Asp Phe Vval Glu Gly GIn Glu Gly

Lys

120

Asn

Asp

Asn

Glu

Glu

200

Asp

Ala

Asn

Lys

Tyr

280

Asp

Leu

Glu

Ile

GIn
360

105

Lys

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

Glu

345

GIn

Asn

Asp

Gly

Ala

170

Thr

Asn

Lys

GIn

Glu

250

Asp

Glu

Leu

Ala

Ile

330

Asp

Thr

Thr

Ala

His

155

GIn

Asn

Val

Ala

GIn

235

Glu

Ile

Leu

Asn

Tyr

315

Asp

Leu

Glu

GlIn

Ile

140

Glu

Asn

Asn

Val

Asp

220

Asp

Gly

Ala

GlIn

Lys

300

Asn

Ala

Ala

Ala

Page 122

Arg

125

Ala

val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ala

Ile
365

110

Asn

Lys

Ala

Thr

Thr

190

Glu

Asp

Leu

Asn

270

GlIn

Ser

Leu

Asn

Tyr

350

Asp

Lys

Leu

Asn

Glu

Leu

175

Lys

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

Ile

val

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Glu

Asp

320

Ala

Glu

Leu



Asn Lys Ala

370

Asp lle Ala

385

Asp GIn

Asn Thr Asp

Glu Thr Leu

435

Asp
450

Lys

Ala
465

Ser Ala

Asn Gly Asn

Thr Lys Val

Ala Ser His

515

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

54
1539
DNA

<220>
<223>
<400> 54
atgcaggcca
cagaacgaac
agccagtatg
gaagatgtgg
accaaaaatc
ctggcagatt
aaaaacaccc

gCCaaaaaca

attggtgaaa

Ser Ser

Asn

Asn

Ser
405

Ser

Arg lle

420

Thr Lys

Leu Ile

Asp Thr

Ala Ile

485

Asp
500

Gly

aaaatgatat
tggaagccga
gaaatattct
gttggaatca
agaatgcact
ttgttgaagg
agcgtaatct
acgaaagcat

ttcatgcaca

Glu

Ile

390

Asp

Ala

Asn

Thr

Lys

470

Thr

Phe

His

VR65032W0-seql-000001 . txt

Asn Thr GIn Asn lle
375

Glu
395

Asn Asn Tyr

Thr Leu Ala

410

Lys

Lys Asn Lys Ala

425

Asp

GIn Asn Thr Leu

440

Ala
455

Asn Lys Thr Ala

Phe Ala Ala Thr Ala

475

Lys Asn Ala Lys Ser

490

Asp Ser Arg Val Thr

505

His
520

His

Artificial Sequence

DNA sequence for MC-002 construct

taccctggaa gatctgccgt

tattggtgat attaccgcac
ggccctggaa gaactgaata
gaatgatatc gccaatctgg
ggcagaacag ggtgaagcaa
tcaggaaggc aaaattctgc
ggtgaatggc tttgaaattg
tgaagatctg tatgattttg

taacgaagca cagaatgaaa

Ala Lys Asn
380

Leu Ala GIn

Lys Ala Ser

Ala Ala

430

Asp

Glu Lys

445

Asp

Ile
460

Asp Ala

Asp Ala

Thr Asp

Ala Leu Asp

510

atctgatcaa
tggaaaaata
aagctctgga
aagatgatgt
ttaaagaaga
agaacgaaac
aaaaaaacaa
gtcatgaagt

ccctgaaagg

Page 123

GIn Ala

GIn GIn

400

Ala
415

Ala

Ser Phe

Lys Glu

Asn Lys

Thr Lys

480

Leu
495

Gly

Thr Lys

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt
tgccgaaagc

tctgattacc

60
120
180
240
300
360
420
480
540



aacagcatcg
aataatgttg
atcgataata
gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagcg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
ggttttgata
<210>
<211>

<212>
<213>

55
512
PRT

<220>
<223>

<400> 55

Met GIn Ala Lys Asn

1

Lys Lys

Ala Leu Glu

35

Leu Glu
50

Glu

Trp Asn GIn

65

Thr Lys Asn

aaaataccaa
tggaagaact
acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc
ccatcaccaa

gccgtgtgac

Protein sequence

5

Asp GIn

20

Lys Tyr

Leu Asn

Asn Asp

GIn Asn

85

Asp

Asn

Leu

Lys

Ile

70

Ala

VR65032W0-seql-000001 . txt

taacattacc
gtttaatctg
catttatgaa
aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa
aaatgccaaa

cgcactggat

Artificial Sequence

for

Thr

Glu Leu

Ala Leu

40

Ala
55

Leu
Ala

Asn

Leu Ala

aaaaacaaag
agcggtcgtc
ctggcacagc
gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa
agcattaccg

accaaataa

Leu Glu Asp

10

Glu
25

Ala Asp

Ser GIn Tyr

Glu Glu Leu

Leu Glu

Asp
75

Glu GIn

90

Gly

cagatattca
tgattgatca
agcaggatca
tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa
ccgcagatgc

atctgggcac

MC-002 construct

Leu Pro Tyr

Ile Gly Asp

30

Asn
45

Gly

Asp Glu

60

Asp

Asp Val Glu

Glu Ala lle

Page 124

ggcgctggaa
gaaagccgat
gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt
aattaccaaa

caaagttgat

Leu
15

Thr

Leu Ala

Val Gly

Thr Leu

80

Lys Glu

95

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1539



Asp

Leu

Asn

Glu

145

Ile

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GIn

Asn

305

Ala

Ser

Leu

Leu

GIn

Gly

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

GIn

Asn

115

Phe

Ile

Glu

Ile

Asp

195

Ser

Asn

GIn

275

GIn

GIn

Ala

Glu

Asp
355

Gly

100

Glu

Glu

Glu

Ile

Thr
180

Thr

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

Leu

Thr

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ala

Ser

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

VR65032W0-seql-000001 . txt

Asp Phe Vval

e
Lys

135

Tyr

Ile

Leu

Ile

215

Leu

Lys

GIn

Thr

Ile

295

Asp

Thr

Asn

Lys

Lys

120

Asn

Asp

Asn

Glu

Glu

200

Ala

Asn

Lys

Tyr

280

Asp

Leu

Glu

Ile

GIn
360

105

Lys

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

Glu

345

GIn

Glu Gly GIn Glu Gly

Asn

Asp

Gly

Ala

170

Thr

Asn

Lys

GIn

Glu

250

Asp

Glu

Leu

Ala

lle

330

Asp

Thr

Ala

His

155

GIn

Asn

vVal

Ala

GIn

235

Glu

lle

Leu

Asn

Tyr

315

Asp

Leu

GIn

lle

140

Glu

Asn

Asn

Val

Asp

Asp

Gly

Ala

GIn

Lys

300

Asn

Ala

Ala

Thr Glu Ala

Page 125

Arg

125

Ala

Val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ala

Ile
365

110

Asn

Lys

Ala

Thr

Thr

190

Glu

Leu

Asn

270

GIn

Ser

Leu

Asn

Tyr

350

Asp

Lys

Leu

Asn

Glu

Leu

175

Lys

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

Ile

Val

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Ala

Glu

Asp

Ala

Glu

Leu



Asn Lys Ala

370

Asp Ile Ala

385

Asp GIn

Asn Thr Asp

Glu Thr Leu

435

Asp
450

Lys

Ala
465

Ser Ala

Asn Gly Asn

Thr Lys Val

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

56
1614
DNA

<220>

<223> DNA

<400> 56
atgcaggcca

cagaacgaac
agccagtatg
gaagatgtgg
accaaaaatc
ctggcagatt
aaaaacaccc
gccaaaaaca
attggtgaaa
aacagcatcg

aataatgttg

Ser Ser

Asn Asn

Glu

Ile

VR65032W0-seql-000001 . txt

Asn
375

Asn Asn

390

Ser
405

Ser

Arg lle

420

Thr Lys

Leu lle

Asp Thr

Asp

Ala

Asn

Thr

Lys

Lys

Lys Asn

lle

Thr

Lys

Glu
395

Tyr

Leu Ala

410

Ala Asp

425

GIn Asn

440

Ala
455

Asn

Phe Ala

470

Ala lle

485

Asp
500

Gly

sequence for construct

aaaatgatat
tggaagccga
gaaatattct
gttggaatca
agaatgcact
ttgttgaagg
agcgtaatct
acgaaagcat
ttcatgcaca
aaaataccaa

tggaagaact

Thr

Phe

Lys Asn

Asp Ser

Artificial Sequence

taccctggaa
tattggtgat
ggccctggaa
gaatgatatc
ggcagaacag
tcaggaaggc
ggtgaatggc
tgaagatctg
taacgaagca
taacattacc

gtttaatctg

Thr

Lys

Ala

Ala

Arg
505

Leu Ile

Thr Ala

Thr Ala

475

Lys Ser

490

Val Thr

gatctgccgt
attaccgcac
gaactgaata
gccaatctgg
ggtgaagcaa
aaaattctgc
tttgaaattg
tatgattttg
cagaatgaaa
aaaaacaaag

agcggtcgtc

Thr GIn Asn lle Ala Lys Asn

380

Leu Ala GIn

Lys Ala Ser

Ala Ala

430

Asp

Glu Lys

445

Asp

lle
460

Asp Ala

Asp Ala lle

Ile Thr Asp

Ala Leu Asp

atctgatcaa
tggaaaaata
aagctctgga
aagatgatgt
ttaaagaaga
agaacgaaac
aaaaaaacaa
gtcatgaagt
ccctgaaagg
cagatattca

tgattgatca

Page 126

GIn Ala

GIn GIn

400

Ala
415

Ala

Ser Phe

Lys Glu

Asn Lys

Thr Lys

480

Leu
495

Gly

Thr Lys

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt
tgccgaaagce
tctgattacc
ggcgctggaa

gaaagccgat

60
120
180
240
300
360
420
480
540
600
660



atcgataata
gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagcg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
ggttttgata
accgctctgg
<210>
<211>

<212>
<213>

57
537
PRT

<220>
<223>

<400> 57

Met GIn Ala

1

Lys Lys lle

Ala Glu

35

Leu

Glu
50

Leu Glu

Trp Asn GIn

65

Thr Lys Asn

Asp Leu GIn

acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc
ccatcaccaa
gccgtgtgac

atagtaaagt

Protein sequence

Lys Asn

Asp GIn

20

Lys Tyr

Leu Asn

Asn Asp

GIn Asn

85

Gly Leu

Asp

Asn

Leu

Lys

Ile

70

Ala

Ala

VR65032W0-seql-000001 . txt

catttatgaa
aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa
aaatgccaaa
cgcactggat

tgaaaatgga

Artificial Sequence

for cons

Thr

Glu Leu

Ala Leu

40

Ala Leu

Ala Asn

Leu Ala

Asp Phe

ctggcacagc
gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa
agcattaccg
accaaagtta

atggcagcac

truct

Glu
10

Leu Asp

Glu
25

Ala Asp

Ser GIn Tyr

Glu Glu Leu

Leu Glu Asp

75

Glu GIn

90

Gly

Val Glu Gly

agcaggatca
tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa
ccgcagatgc
atctgggcac
atgcatttga

aagcagcaca

Leu Pro Tyr

Ile Gly Asp

30

Asn lle

45

Gly

Asp Glu

60

Asp

Val Glu

Glu Ala lle

GIn Glu Gly

Page 127

gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt
aattaccaaa
caaagttgat
tggtcgtatt

ctaa

Leu

Ile Thr

Leu

Val Gly

Thr Leu

80

Lys Glu

95

Lys

720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1614



Leu

Asn

Glu

145

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GIn

Asn

305

Ala

Ser

Leu

Asn

GIn

Gly

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

Lys

Asn

115

Phe

Ile

Glu

Ile

Asp

195

Ser

Asn

Lys

His

GIn

275

GIn

GIn

Ala

Glu

Asp

355

Ala

100

Glu

Glu

Glu

Thr
180
Ile

Gly

Thr

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

Ser

Thr

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ser

Ser

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

Glu

VR65032W0-seql-000001 . txt

Ile Lys
120

Lys Asn
135

Tyr Asp

His Asn

Ile Glu

Leu Glu
200

Ile Asp
215

Leu Ala

Lys Asn

GIn Lys

Thr Tyr
280

Ile Asp
295

Asp Leu

Thr Glu

Asn lle

Lys GIn

360

Asn Thr

105

Lys

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

Glu

345

GIn

GIn

Asn

Asp

Gly

Ala

170

Thr

Asn

Lys

GIn

Glu

250

Asp

Glu

Leu

Ala

lle

330

Asp

Thr

Thr

Ala

His

155

GIn

Asn

val

Ala

GIn

235

Glu

lle

Leu

Asn

Tyr

315

Asp

Leu

Glu

GIn

lle

140

Glu

Asn

Asn

Val

Asp

Asp

Gly

Ala

GIn

Lys

300

Asn

Ala

Ala

Ala

Asn Ile Ala
Page 128

Arg

125

Ala

Val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ala

Ile

365

Lys

110

Asn

Lys

Ala

Thr

Thr

190

Glu

Asp

Leu

Asn

270

GIn

Ser

Leu

Asn

Tyr

350

Asp

Asn

Leu

Asn

Glu

Leu

175

Lys

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

GIn

Val

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Glu

Asp

Ala

Glu

Leu

Ala



Asp
385
Asp

Asn

Glu

Ala

465

Asn

Thr

Val

Asn

370

Ile

GIn

Thr

Thr

Asp

450

Ser

Gly

Lys

Asn

Gly
530

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

<220>
<223>

<400>
atgcaggcca

Ala

Asp

Leu
435

Lys

Ala

Asn

Val

Ala

515

Met

58
1545
DNA

Asn

Ser

Arg

420

Thr

Leu

Asp

Ala

Asp

500

Phe

Ala

Asn

Ser

405

Ile

Lys

Ile

Thr

Ile

485

Gly

Asp

Ala

Ile

390

Asp

Ala

Asn

Thr

Lys

470

Thr

Phe

Gly

GIn

375

Asn

Lys

GIn

Ala

455

Phe

Lys

Asp

Arg

Ala
535

Artificial Sequence

DNA
58

cagaacgaac

agccagtatg

gaagatgtgg

accaaaaatc

ctggcagatt

aaaaacaccc

gCcCaaaaaca

VR65032W0-seql-000001 . txt

Asn

Lys

Asn

Asn

440

Asn

Ala

Asn

Ser

lle

520

Ala

lle Glu

395

Tyr

Thr Leu Ala

410

Lys Ala

425

Asp

Thr Leu lle

Lys Thr Ala

Ala Thr Ala

475

Ala Lys Ser

490

Arg Val Thr

505

Thr Ala Leu

His

sequence for MC-004 construct

aaaatgatat taccctggaa
tggaagccga
gaaatattct
gttggaatca
agaatgcact
ttgttgaagg
agcgtaatct

acgaaagcat

tattggtgat
ggccctggaa
gaatgatatc
ggcagaacag
tcaggaaggc
ggtgaatggc
tgaagatctg

gatctgccgt
attaccgcac
gaactgaata
gccaatctgg
ggtgaagcaa
aaaattctgc
tttgaaattg

tatgattttg

380

Leu Ala GIn

Lys Ala Ser

Ala Ala

430

Asp

Glu Lys

445

Asp

lle
460

Asp Ala

Ala lle

Ile Thr Asp

Ala Leu Asp

Ser
525

Asp Lys

atctgatcaa
tggaaaaata
aagctctgga
aagatgatgt
ttaaagaaga
agaacgaaac
aaaaaaacaa

gtcatgaagt

Page 129

GIn GIn

400

Ala
415

Ala

Ser Phe

Lys Glu

Asn Lys

Thr Lys

480

Leu
495

Gly

Thr Lys

Val Glu

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt

tgccgaaagc

60
120
180
240
300
360
420
480



attggtgaaa
aacagcatcg
aataatgttg
atcgataata
gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagcg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
ggttttgata
<210>
<211>

<212>
<213>

59
514
PRT

<220>
<223>

<400> 59

1

Lys Lys lle

Ala Leu Glu

35

Leu Glu
50

Glu

Trp Asn GIn

65

Thr Lys Asn

Met GIn Ala Lys Asn
5

ttcatgcaca
aaaataccaa
tggaagaact
acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc
ccatcaccaa

gccgtgtgac

Protein sequence

Asp GIn
20

Lys Tyr Leu

Leu Asn

Asn Asp lle
70

GIn Asn

Asp

Asn

Lys

Ala

VR65032W0-seql-000001 . txt

taacgaagca
taacattacc
gtttaatctg
catttatgaa
aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa
aaatgccaaa

cgcactggat

Artificial Sequence

for

Ile Thr

Glu Leu

Ala Leu

40

Ala
55

Leu
Ala

Asn

Leu Ala

cagaatgaaa
aaaaacaaag
agcggtcgtc
ctggcacagc
gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa
agcattaccg

accaaacatc

Leu Glu Asp

10

Glu
25

Ala Asp
Ser GIn Tyr
Glu Glu Leu
Leu

Glu Asp
75

Glu GIn Gly

ccctgaaagg
cagatattca
tgattgatca
agcaggatca
tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa
ccgcagatgc
atctgggcac

attaa

MC-004 construct

Leu Pro

Ile Gly Asp

30

Gly Asn lle

45

Asp Glu

60

Asp

Asp Val Glu

Glu Ala lle

Page 130

tctgattacc
ggcgctggaa
gaaagccgat
gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt
aattaccaaa

caaagttgat

Leu Ile

15

Ile Thr

Leu

Val Gly

Thr Leu

80

Lys Glu

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1545



Asp

Leu

Asn

Glu

145

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GIn

Asn

305

Ala

Ser

Leu

Leu

GIn

Gly

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

GIn

Asn

115

Phe

Ile

Glu

Ile

Asp

195

Ser

Asn

Lys

His

GIn

275

GIn

GIn

Ala

Glu

Asp

Gly
100
Glu

Glu

Glu

Thr

180

Gly

Ile

Thr

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

85

Leu

Thr

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ala

Ser

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

VR65032W0-seql-000001 . txt

Asp Phe

Ile Lys
120

Lys Asn
135

Tyr Asp

His Asn

Ile Glu

Leu Glu
200

Ile Asp
215

Leu Ala

Lys Asn

GIn Lys

Thr Tyr

280

Ile Asp

295

Asp Leu

Thr Glu

Asn lle

Lys GIn

Val

105

Lys

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

Glu

345

GIn

90

Glu Gly GIn

Asn

Asp

Gly

Ala

170

Thr

Asn

Lys

GIn

Glu

250

Asp

Glu

Leu

Ala

lle

330

Asp

Thr

Ala

His

155

GIn

Asn

vVal

Ala

GIn

235

Glu

lle

Leu

Asn

Tyr

315

Asp

Leu

GIn

lle

140

Glu

Asn

Asn

Val

Gly

Ala

GIn

Lys

300

Asn

Ala

Ala

Thr Glu Ala
Page 131

Glu

Arg

125

Ala

Val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ala

Ile

Gly

110

Asn

Lys

Ala

Thr

Thr

190

Glu

Leu

Asn

270

GIn

Ser

Leu

Asn

Tyr

350

Asp

95

Lys

Leu

Asn

Glu

Leu

175

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

Ile

Val

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Glu

Asp

Ala

Glu

Leu



355

Asn Lys

370

Asp lle

385

Asp GIn

Asn Thr Asp

Glu Thr Leu

435

Asp
450

Lys

Ala
465

Ser

Asn Gly Asn

Thr Lys Val

His

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

60
1500
DNA

<220>

<223> DNA

<400> 60
atgcaggcca

cagaacgaac
agccagtatg
gaagatgtgg
accaaaaatc
ctggcagatt
aaaaacaccc

gCcCaaaaaca

Ala

Ala

Ala

Ser

Asn

Ser

Arg

420

Thr

Leu

Asp

Ala

Asp
500

sequence for MC-005 construct

aaaatgatat taccctggaa
tggaagccga
gaaatattct
gttggaatca
agaatgcact
ttgttgaagg
agcgtaatct

acgaaagcat

Ser

Asn

Ser

405

Ile

Lys

Ile

Thr

Ile

485

Gly

Glu

Ile

390

Asp

Ala

Asn

Thr

Lys

470

Thr

Phe

Asn

375

Asn

Ile

Lys

GIn

Ala

455

Phe

Lys

Asp

Artificial Sequence

VR65032W0-seql-000001 . txt

360

Thr

Asn

Lys

Asn

Asn

440

Asn

Ala

Asn

Ser

tattggtgat
ggccctggaa
gaatgatatc
ggcagaacag
tcaggaaggc
ggtgaatggc
tgaagatctg

GIn

lle

Thr

Lys

425

Thr

Lys

Ala

Ala

Arg
505

Asn

Tyr

Leu

410

Ala

Leu

Thr

Thr

Lys

490

Val

lle

Glu

395

Ala

Asp

lle

Ala

Ala

475

Ser

Thr

gatctgccgt

attaccgcac

gaactgaata

gccaatctgg

ggtgaagcaa

aaaattctgc

tttgaaattg

tatgattttg

365

Ala Lys Asn

380

Leu Ala GIn

Lys Ala Ser

Ala Ala

430

Asp

Glu Lys

445

Asp

lle
460

Ala

Asp Ala lle

Ile Thr Asp

Ala Leu Asp

atctgatcaa
tggaaaaata
aagctctgga
aagatgatgt
ttaaagaaga
agaacgaaac
aaaaaaacaa

gtcatgaagt

Page 132

GIn

GIn

Ala

415

Ser

Lys

Asn

Thr

Leu

495

Thr

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt

tgccgaaagc

Ala

GIn

400

Ala

Phe

Glu

Lys

Lys

480

Gly

Lys

60
120
180
240
300
360
420
480



attggtgaaa
aacagcatcg
aataatgttg
atcgataata
gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagcg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
<210>
<211>

<212>
<213>

61
499
PRT

<220>
<223>

<400> 61

Met GIn Ala Lys Asn

1

Lys Lys lle

Ala Leu Glu

35

Leu Glu
50

Glu

Trp Asn GIn

65

Thr Lys Asn

ttcatgcaca
aaaataccaa
tggaagaact
acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc

ccatcaccaa

Protein sequence

5

Asp GIn
20

Lys Tyr Leu

Leu Asn

Asn Asp lle
70

GIn Asn
85

Asp

Asn

Lys

Ala

VR65032W0-seql-000001 . txt

taacgaagca
taacattacc
gtttaatctg
catttatgaa
aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa

aaatgccaaa

Artificial Sequence

for

Thr

Glu Leu

Ala Leu

40

Ala
55

Leu
Ala

Asn

Leu Ala

cagaatgaaa
aaaaacaaag
agcggtcgtc
ctggcacagc
gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa

agcgcaagcc

Leu Glu Asp

10

Glu
25

Ala Asp

Ser GIn Tyr

Glu Glu Leu

Leu Glu

Asp
75

Glu GIn

90

Gly

ccctgaaagg
cagatattca
tgattgatca
agcaggatca
tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa
ccgcagatgc

atcatcatca

MC-005 construct

Leu Pro Tyr

Ile Gly Asp

30

Gly Asn lle

45

Asp Glu

60

Asp

Asp Val Glu

Glu Ala lle

Page 133

tctgattacc
ggcgctggaa
gaaagccgat
gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt
aattaccaaa

ccaccactaa

Leu
15

Ile Thr

Leu Ala

Val Gly

Thr Leu

80

Lys Glu

95

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500



Asp

Leu

Asn

Glu

145

Ile

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GIn

Asn

305

Ala

Ser

Leu

Leu

GIn

Gly

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

GIn

Asn

115

Phe

Ile

Glu

Ile

Asp

195

Ser

Asn

GIn

275

GIn

GIn

Ala

Glu

Asp
355

Gly

100

Glu

Glu

Glu

Ile

Thr
180

Thr

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

Leu

Thr

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ala

Ser

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

VR65032W0-seql-000001 . txt

Asp Phe Vval

e
Lys

135

Tyr

Ile

Leu

Ile

215

Leu

Lys

GIn

Thr

Ile

295

Asp

Thr

Asn

Lys

Lys

120

Asn

Asp

Asn

Glu

Glu

200

Ala

Asn

Lys

Tyr

280

Asp

Leu

Glu

Ile

GIn
360

105

Lys

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

Glu

345

GIn

Glu Gly GIn Glu Gly

Asn

Asp

Gly

Ala

170

Thr

Asn

Lys

GIn

Glu

250

Asp

Glu

Leu

Ala

lle

330

Asp

Thr

Ala

His

155

GIn

Asn

vVal

Ala

GIn

235

Glu

lle

Leu

Asn

Tyr

315

Asp

Leu

GIn

lle

140

Glu

Asn

Asn

Val

Asp

Asp

Gly

Ala

GIn

Lys

300

Asn

Ala

Ala

Thr Glu Ala

Page 134

Arg

125

Ala

Val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ala

Ile
365

110

Asn

Lys

Ala

Thr

Thr

190

Glu

Leu

Asn

270

GIn

Ser

Leu

Asn

Tyr

350

Asp

Lys

Leu

Asn

Glu

Leu

175

Lys

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

Ile

Val

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Ala

Glu

Asp

Ala

Glu

Leu



VR65032W0-seql-000001 . txt

Asn Lys Ala Ser Ser Glu Asn Thr GIn Asn Ile Ala Lys Asn
370 375 380

Asp Ile Ala Asn Asn lIle Asn Asn Ile Tyr Glu Leu Ala GIn

385 390 395

Asp GIn His Ser Ser Asp lle Lys Thr Leu Ala Lys Ala Ser

405 410

Asn Thr Asp Arg lle Ala Lys Asn Lys Ala Asp Ala Asp Ala
420 425 430

Glu Thr Leu Thr Lys Asn GIn Asn Thr Leu lle Glu Lys Asp

435 440 445
His Asp Lys Leu Ile Thr Ala Asn Lys Thr Ala lle Asp Ala
450 455 460

Ala Ser Ala Asp Thr Lys Phe Ala Ala Thr Ala Asp Ala lle

465 470 475

Asn Gly Asn Ala lle Thr Lys Asn Ala Lys Ser Ala Ser His

485 490

His His His

<210> 62

<211> 1476

<212> DNA

<213> Artificial Sequence

<220>

<223> DNA sequence for MC-006 construct

<400> 62

atgcaggcca aaaatgatat taccctggaa gatctgccgt atctgatcaa

cagaacgaac tggaagccga tattggtgat attaccgcac tggaaaaata

agccagtatg gaaatattct ggccctggaa gaactgaata aagctctgga

gaagatgtgg gttggaatca gaatgatatc gccaatctgg aagatgatgt

accaaaaatc agaatgcact ggcagaacag ggtgaagcaa ttaaagaaga

ctggcagatt ttgttgaagg tcaggaaggc aaaattctgc agaacgaaac

aaaaacaccc agcgtaatct ggtgaatggc tttgaaattg aaaaaaacaa

gccaaaaaca acgaaagcat tgaagatctg tatgattttg gtcatgaagt

attggtgaaa ttcatgcaca taacgaagca cagaatgaaa ccctgaaagg

aacagcatcg aaaataccaa taacattacc aaaaacaaag cagatattca

aataatgttg tggaagaact gtttaatctg agcggtcgtc tgattgatca

Page 135

GIn Ala

GIn GIn

400

Ala
415

Ala

Ser Phe

Lys Glu

Asn Lys

Thr Lys

480

His
495

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt
tgccgaaagce
tctgattacc
ggcgctggaa

gaaagccgat

60
120
180
240
300
360
420
480
540
600
660



atcgataata
gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagcg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
<210>
<211>

<212>
<213>

63
491
PRT

<220>
<223>

<400> 63

acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc

ccatcaccaa

Protein sequence

VR65032W0-seql-000001 . txt

catttatgaa
aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa

aaatgccaaa

Artificial Sequence

for

ctggcacagc
gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa

agctaa

agcaggatca
tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa

ccgcagatgc

MC-006 construct

Met GIn Ala Lys Asn
1 5

Lys Lys lle Asp GIn

20

Ala Glu

35

Leu Lys Tyr

Glu
50

Leu Glu Leu Asn

Trp Asn GIn Asn

65

Asp

Thr GIn Asn

85

Lys Asn

Asp Leu GIn Gly Leu

100

Leu GIn Asn Glu Thr

Asp Thr Leu

Glu Glu

25

Asn Leu

Ala Leu Ser

40

Leu

Ala
55

Lys Leu Glu

Ile
70

Ala Asn Leu

Ala Leu Ala Glu

Ala Phe Vval

105

Asp

Ser Lys Lys

Glu Asp Leu
10

Ala Asp lle

GIn Tyr Gly

Glu Leu Asp

60

Glu Asp

GIn
90

Glu

Glu Gly GIn

Asn Thr GIn
Page 136

Pro

Gly

Asn

45

Glu

vVal

Ala

Glu

Arg

Tyr

Asp

30

Ile

Asp

Glu

Ile

Gly

Asn

gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt

aattaccaaa

Leu
15

Ile Thr

Leu Ala

Val Gly

Thr Leu

80

Lys Glu

95

Lys Ile

Leu Val

720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1476



Asn

Glu

145

Ile

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GIn

Asn

305

Ala

Ser

Leu

Asn

Asp

Gly

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

Lys

370

Ile

115

Phe

Ile

Glu

Ile

Asp

195

Ser

Asn

GIn

275

GIn

GIn

Ala

Glu

Asp

355

Ala

Ala

Glu

Glu

Ile

Thr
180

Thr

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

Ser

Asn

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ser

Asn

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

Glu

Ile

Lys
135

Tyr

Ile

Leu

Ile

215

Leu

Lys

GIn

Thr

Ile

295

Asp

Thr

Asn

Lys

Asn

375

Asn

VR65032W0-seql-000001 . txt

120

Asn

Asp

Asn

Glu

Glu

200

Asp

Ala

Asn

Lys

Tyr

280

Asp

Leu

Glu

lle

GIn

360

Thr

Asn

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

Glu

345

GIn

GIn

Ile

Asp Ala lle

Gly

Ala

170

Thr

Asn

Lys

GIn

Glu

250

Asp

Glu

Leu

Ala

lle

330

Asp

Thr

Asn

His

155

GIn

Asn

vVal

Ala

GIn

235

Glu

lle

Leu

Asn

Tyr

315

Asp

Leu

Glu

lle

140

Glu

Asn

Asn

Val

Asp

Asp

Gly

Ala

GIn

Lys

300

Asn

Ala

Ala

Ala

Ala
380

Tyr Glu Leu
Page 137

125

Ala

Val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ala

Ile

365

Lys

Ala

Lys

Ala

Thr

Thr

190

Glu

Leu

Asn

270

GIn

Ser

Leu

Asn

Tyr

350

Asp

Asn

GIn

Asn

Glu

Leu

175

Lys

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

GIn

GIn

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Ala

Glu

Asp

Ala

Glu

Leu

Ala

GIn



385

Asp GIn His

Asn Thr Asp

Glu Thr Leu

435

Asp
450

Lys

Ala
465

Ser Ala

Asn Gly Asn

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

64
1635
DNA

<220>

<223> DNA

<400> 64
atgcaggcca

cagaacgaac
agccagtatg
gaagatgtgg
accaaaaatc
ctggcagatt
aaaaacaccc
gccaaaaaca
attggtgaaa
aacagcatcg
aataatgttg
atcgataata
gatatcaaaa
atcgatcaga

aatgaactgc

gcgagcageg

VR65032W0-seql-000001 . txt

390

Ser
405

Ser

Arg lle

420

Thr Lys

Leu lle

Asp Thr

Asp

Ala

Asn

Thr

Lys

Ile Lys

Lys Asn

Thr

395

Leu
410

Lys Ala Asp

425

GIn Asn
440

Ala Asn
455

Phe Ala

470

Ala lle

485

Thr

Lys Asn

Artificial Sequence

Thr

Ala

Ala

Leu Ile

Lys Thr Ala

Thr Ala
475

Lys Ser

490

sequence for MC-007 construct

aaaatgatat
tggaagccga
gaaatattct
gttggaatca
agaatgcact
ttgttgaagg
agcgtaatct
acgaaagcat
ttcatgcaca
aaaataccaa
tggaagaact
acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta

aaaacaccca

taccctggaa
tattggtgat
ggccctggaa
gaatgatatc
ggcagaacag
tcaggaaggc
ggtgaatggc
tgaagatctg
taacgaagca
taacattacc
gtttaatctg
catttatgaa
aaacgttgaa
tgcccagaat
tgcacagaaa

gaatatcgaa

gatctgccgt
attaccgcac
gaactgaata
gccaatctgg
ggtgaagcaa
aaaattctgc
tttgaaattg
tatgattttg
cagaatgaaa
aaaaacaaag
agcggtcgtc
ctggcacagc
gaaggtctgc
caggcaaata
cagaccgaag

gatctggcag

Ala Asp Ala Ser
430

Glu Lys Asp Lys
445

Ile Asp Ala Asn

460

Asp Ala lle Thr

atctgatcaa
tggaaaaata
aagctctgga
aagatgatgt
ttaaagaaga
agaacgaaac
aaaaaaacaa
gtcatgaagt
ccctgaaagg
cagatattca
tgattgatca
agcaggatca
tggaactgtc
ttcaggatct
caattgatgc

catacaacga

Page 138

400

Ala Lys Ala Ser Ala Ala

415

Phe

Glu

Lys

Lys
480

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt
tgccgaaagce
tctgattacc
ggcgctggaa
gaaagccgat
gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa

actgcaggat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
ggttttgata
accgctctgg
catcaccacc
<210>
<211>

<212>
<213>

65
544
PRT

<220>
<223>
<400> 65

Met GIn Ala
1

Lys Lys lle

Ala Glu

35

Leu

Glu
50

Leu Glu

Trp Asn GIn

65

Thr Lys Asn

Asp Leu GIn

GIn Asn

115

Leu

Asn Gly Phe

aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa

aagccagcgc

VR65032W0-seql-000001 . txt

tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat

agataccaaa

gacgcactga
aatgaattac
gcctcttctg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca

tttgcagcaa

acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa

ccgcagatgc

ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt

aattaccaaa

ccatcaccaa
gccgtgtgac

atagtaaagt

actaa

Lys

Asp

20

Lys

Leu

Asn

GIn

Gly

100

Glu

Glu

Asn

GIn

Tyr

Asn

Asp

Asn

85

Leu

Thr

Ile

Protein sequence

Asp

Asn

Leu

Lys

Ile

70

Ala

Ala

Ser

Glu

Artificial Sequence

for

Ile

Glu

Ala

Ala

55

Ala

Leu

Asp

Lys

aaatgccaaa
cgcactggat

tgaaaatggt

agcattaccg
accaaagtta

atggcagcac

MC-007 construct

Thr

Leu

Leu

40

Leu

Asn

Ala

Phe

Lys

120

Asn

Leu

Glu

25

Ser

Glu

Leu

Glu

Val

105

Lys

Lys

Glu
10

Asp Leu

Ala Asp lle

GIn Tyr Gly

Glu Leu Asp

60

Glu Asp

75

Asp

GIn
90

Gly Glu

Glu GIn

Asn Thr GIn

Asp Ala lle
Page 139

Pro

Gly

Asn

Glu

val

Ala

Glu

Arg

125

Ala

atctgggcac
atgcatttga

aggcagcagc

Asp

30

Ile

Asp

Glu

Ile

Lys

caaagttgat
tggtcgtatt

aagccatcat

Leu

15

Ile

Leu

Val

Thr

Lys

95

Leu

Asn

Ile

Thr

Gly

Leu

80

Glu

Ile

Val

Asn

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1635



Glu

145

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GIn

Asn

305

Ala

Ser

Leu

Asn

Asp

385

Asp

130

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

Lys

370

Ile

GIn

Ile

Glu

Ile

Asp

195

Ser

Asn

Lys

His

GIn

275

GIn

GIn

Ala

Glu

Asp

355

Ala

Ala

His

Glu

Ile

Thr

180

Gly

Ile

Thr

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

Ser

Asn

Ser

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ser

Asn

Ser

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

Glu

Ile

390

Asp

135

Tyr

His

Ile

Leu

Ile

215

Leu

Lys

GIn

Thr

Ile

295

Asp

Thr

Asn

Lys

Asn

375

Asn

VR65032W0-seql-000001 . txt

Asp

Asn

Glu

Glu

200

Asp

Ala

Asn

Lys

Tyr

280

Asp

Leu

Glu

lle

GIn

360

Thr

Asn

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

Glu

345

GIn

GIn

Ile

Thr

Gly

Ala

170

Thr

Asn

Lys

GIn

Glu

250

Asp

Glu

Leu

Ala

lle

330

Asp

Thr

Asn

Tyr

His

155

GIn

Asn

val

Ala

GIn

235

Glu

lle

Leu

Asn

Tyr

315

Asp

Leu

Glu

lle

Glu
395

140

Glu

Asn

Asn

Val

Gly

Ala

GIn

Lys

300

Asn

Ala

Ala

Ala

Ala

380

Leu

Leu Ala Lys
Page 140

Val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ala

Ile

365

Lys

Ala

Ala

Ala

Thr

Thr

190

Glu

Leu

Asn

270

GIn

Ser

Leu

Asn

Tyr

350

Asp

Asn

GIn

Ser

Glu

Leu

175

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

GIn

GIn

Ala

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Glu

Asp

Ala

Glu

Leu

Ala

GIn

400

Ala



Asn Thr

Glu Thr

450

Ala Ser
465

Asn Gly

Thr Lys

Val Asn

Asn Gly
530

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

<220>
<223>

<400>
atgcagg

cagaacg
agccagt
gaagatg
accaaaa
ctggcag
aaaaaca
gccaaaa
attggtg
aacagca
aataatg

atcgata

Asp

Leu
435

Lys

Ala

Asn

Val

Ala

515

Met

66
1617
DNA

Arg

420

Thr

Leu

Asp

Ala

Asp

500

Phe

Ala

405

Ile

Lys

Ile

Thr

Ile

485

Gly

Asp

Ala

Ala

Asn

Thr

Lys

470

Thr

Phe

Gly

GIn

Lys

GIn

Ala

455

Phe

Lys

Asp

Arg

Ala
535

Artificial Sequence

DNA

66
cca

aac
atg
tgg
atc
att
ccc
aca
aaa
tcg
ttg

ata

VR65032W0-seql-000001 . txt

Asn

Asn

440

Asn

Ala

Asn

Ser

lle

520

Ala

410

Lys Ala Asp
425

Thr Leu lle

Lys Thr Ala

Ala Thr Ala
475

Ala Lys Ser
490

Arg Val Thr
505

Thr Ala Leu

Ala Ser His

sequence for MC-008 construct

aaaatgatat taccctggaa gatctgccgt

tggaagccga
gaaatattct
gttggaatca
agaatgcact
ttgttgaagg
agcgtaatct
acgaaagcat
ttcatgcaca
aaaataccaa
tggaagaact

acattaacaa

tattggtgat

gaatgatatc
ggcagaacag
tcaggaaggc
ggtgaatggc
tgaagatctg

taacattacc

gtttaatctg

attaccgcac

ggccctggaa gaactgaata

gccaatctgg
ggtgaagcaa
aaaattctgc
tttgaaattg

tatgattttg

taacgaagca cagaatgaaa

aaaaacaaag

agcggtcgtc

catttatgaa ctggcacagc

Ala

Glu

lle

460

Asp

lle

Ala

Asp

His
540

Asp

Lys

445

Asp

Ala

Thr

Leu

Ser
525

Ala

430

Asp

Ala

Ile

Asp

Asp

Lys

His

atctgatcaa

tggaaaaata

aagctctgga

aagatgatgt

ttaaagaaga

agaacgaaac

aaaaaaacaa

gtcatgaagt

ccctgaaagg

cagatattca

tgattgatca

agcaggatca

Page 141

415

Ser

Lys

Asn

Thr

Leu

495

Thr

Val

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt
tgccgaaagce
tctgattacc
ggcgctggaa
gaaagccgat

gcatagcagc

Phe

Glu

Lys

Lys

480

Gly

Lys

Glu

60
120
180
240
300
360
420
480
540
600
660
720



gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagcg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
ggttttgata
accgctctgg
<210>
<211>

<212>
<213>

67
538
PRT

<220>
<223>

<400> 67

1

Lys Lys lle

Ala Glu

35

Leu

Glu
50

Leu Glu

Trp Asn GIn

65

Thr Lys Asn

Asp Leu GIn

Met GIn Ala Lys Asn
5

ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc
ccatcaccaa
gccgtgtgac

atagtaaagt

Protein sequence

Asp GIn

20

Lys Tyr

Leu Asn

Asn Asp

GIn Asn

85

Gly Leu

100

Asp

Asn

Leu

Lys

Ile

70

Ala

Ala

VR65032W0-seql-000001 . txt

aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa
aaatgccaaa
cgcactggat

tgaaaatggt

Artificial Sequence

for

Ile Thr

Glu Leu

Ala Leu

40

Ala
55

Leu

Ala Asn

Leu Ala

Asp Phe

gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa
agcattaccg
accaaagtta

atggcagcac

Leu Glu Asp

10

Glu
25

Ala Asp

Ser GIn Tyr

Glu Glu Leu

Leu Glu

Asp
75

Glu GIn

90

Gly

Val
105

Glu Gly

tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa
ccgcagatgc
atctgggcac
atgcatttga

aggcagcaca

MC-008 construct

Leu Pro

Ile Asp

30

Gly Ile

Asp Glu

60

Asp

Asp Val Glu

Glu Ala lle

GIn Glu

Page 142

tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt
aattaccaaa
caaagttgat
tggtcgtatt

ccactaa

Leu Ile

15

Thr

Leu

Val Gly

Thr Leu

80

Lys Glu

95

Ile

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1617



Leu

Asn

Glu

145

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GIn

Asn

305

Ala

Ser

Leu

Asn

GIn

Gly

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

Lys
370

Asn

115

Phe

Ile

Glu

Ile

Asp

195

Ser

Asn

Lys

His

GIn

275

GIn

GIn

Ala

Glu

Asp

355

Ala

Glu

Glu

Glu

Thr

180

Gly

Ile

Thr

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

Ser

Thr

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ser

Ser

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

Glu

VR65032W0-seql-000001 . txt

Ile Lys
120

Lys Asn
135

Tyr Asp

His Asn

Ile Glu

Leu Glu
200

Ile Asp
215

Leu Ala

Lys Asn

GIn Lys

Thr Tyr
280

Ile Asp
295

Asp Leu

Thr Glu

Asn lle

Lys GIn

360

Asn Thr
375

Lys Asn Thr GIn Arg Asn

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

Glu

345

GIn

GIn

Asp Ala

Gly His
155

Ala GIn
170

Thr Asn

Asn Val

Lys Ala

GIn GIn
235

Glu Glu
250

Asp lle

Glu Leu

Leu Asn

Ala Tyr

315

Ile Asp
330
Asp Leu

Thr Glu

Asn lle

lle

140

Glu

Asn

Asn

Val

Gly

Ala

GIn

Lys

300

Asn

Ala

Ala

Ala

Ala
380

Page 143

125

Ala

Val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ala

Ile

365

Lys

Lys

Ala

Thr

Thr

190

Glu

Leu

Asn

270

GIn

Ser

Leu

Asn

Tyr

350

Asp

Asn

Leu

Asn

Glu

Leu

175

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

GIn

Val

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Glu

Asp

Ala

Glu

Leu

Ala



Asp lle

385

Asp GIn

Asn Thr Asp

Glu Thr Leu

435

Asp
450

Lys

Ala
465

Ser

Asn Gly Asn

Thr Lys Val

Val Asn

515

Asn Gly Met

530

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

68
1614
DNA

<220>

<223> DNA

<400> 68
atggcgaaaa

aacgaactgg
cagtatggaa
gatgtgggtt
aaaaatcaga
gcagattttg
aacacccagc
aaaaacaacg

ggtgaaattc

Ala

Ala

Ala

Asn Asn

Ile

VR65032W0-seql-000001 . txt

Asn

390

Ser
405

Ser

Arg lle

420

Thr Lys

Leu lle

Asp Thr

Asp

Ala

Asn

Thr

Lys

Ile Lys

Lys Asn

GIn Asn

440

Ala
455

Asn

Phe Ala

470

Ala lle

485

Asp
500

Gly
Phe Asp

Ala Ala

Thr

Phe

Gly

GIn

Lys Asn

Ser

Asp

lle
520

Arg

Ala
535

Ala

Artificial Sequence

395

Thr Leu Ala

410

Lys Ala

425

Asp

Thr Leu lle

Lys Thr Ala

Ala Thr Ala

475

Ala Lys Ser

490

Arg Val Thr

505

Thr Ala Leu

His His

sequence for MC-009 construct

atgatattac
aagccgatat
atattctggc
ggaatcagaa
atgcactggc
ttgaaggtca
gtaatctggt
aaagcattga

atgcacataa

cctggaagat
tggtgatatt
cctggaagaa
tgatatcgcc
agaacagggt
ggaaggcaaa
gaatggcttt
agatctgtat

cgaagcacag

ctgccgtatc
accgcactgg
ctgaataaag
aatctggaag
gaagcaatta
attctgcaga
gaaattgaaa
gattttggtc

aatgaaaccc

Asn Ile Tyr Glu Leu Ala GIn

Lys Ala Ser

Ala Ala

430

Asp

Glu Lys

445

Asp

lle
460

Ala

Asp Ala

Ile Thr Asp

Ala Leu Asp

Ser
525

Asp Lys

tgatcaaaaa
aaaaatatct
ctctggaaga
atgatgttga
aagaagatct
acgaaaccag
aaaacaaaga
atgaagttgc

tgaaaggtct

Page 144

GIn GIn

400

Ala
415

Ala

Ser Phe

Lys Glu

Asn Lys

Thr Lys

480

Leu
495

Gly

Thr Lys

Val Glu

aatcgatcag
ggcactgagc
gctggatgaa
aaccctgacc
gcagggtctg
catcaaaaaa
tgccattgcc
cgaaagcatt

gattaccaac

60
120
180
240
300
360
420
480
540



agcatcgaaa
aatgttgtgg
gataataaca
atcaaaaccc
gatcagaaaa
gaactgcagg
agcagcgaaa
tatgcaaaac
cagaacattg
accgaagcga
aatcaggccg
cagcactctt
gcgaaaaaca
ctgattgaaa
gcaaataaag
ggcaatgcca
tttgatagcc
gctctggata
<210>
<211>

<212>
<213>

69
537
PRT

<220>
<223>

<400> 69

Met Ala Lys Asn Asp lle
1 5

Lys Ile

Leu Glu

35

Glu Glu

50

Leu

Asn GIn Asn

65

Lys Asn

ataccaataa
aagaactgtt
ttaacaacat
tgaaaaaaaa
ctgatattgc
atcagtatgc
acacccagaa
agcagactga
aagatctggc
ttgatgcgct
atattgccaa
ctgatatcaa
aagccgatgc
aagataaaga
ccagcgcaga
tcaccaaaaa
gtgtgaccgc

gtaaagttga

Protein sequence for

Asp GIn Asn Glu

20

Lys Tyr Leu Ala

Asn Lys Al

Asp lle Al
70

GIn Asn Ala Leu

VR65032W0-seql-000001 . txt

cattaccaaa
taatctgagc
ttatgaactg
cgttgaagaa
ccagaatcag
acagaaacag
tatcgaagat
agccatcgac
tgcctataat
gaacaaagcc
caatatcaat
aacactggca
agatgcaagc
acatgataaa
taccaaattt
tgccaaaagc
actggatacc

aaatggtatg

Artificial Sequence

Thr Leu

Glu

Leu

Ser
40

Leu

a Leu Glu

55

a Asn Leu

Ala Glu

aacaaagcag
ggtcgtctga
gcacagcagc
ggtctgctgg
gcaaatattc
accgaagcaa
ctggcagcat
gcactgaaca
gaattacagg
tcttctgaaa
aatatctatg
aaagcaagcg
tttgaaacac
ctgatcaccg
gcagcaaccg
attaccgatc
aaagttaatg

gcagcacagg

Glu Asp Leu

10

Ala
25

Asp lle
GIn Tyr Gly
Glu Leu Asp
Glu Asp Asp

75

GIn Gly Glu

atattcaggc
ttgatcagaa
aggatcagca
aactgtctgg
aggatctggc
ttgatgccct
acaacgaact
aggcaagctc
atgcgtatgc
atacacagaa
aactggccca
cagcaaatac
tgacgaaaaa
ccaataaaac
cagatgcaat
tgggcaccaa
catttgatgg

cagcacacca

MC-009 construct

Pro Tyr Leu

Ile
30

Gly Asp

Asn lle Leu

45

Glu Asp Val
60

Val Glu Thr

Ala lle Lys

Page 145

gctggaaaat
agccgatatc
tagcagcgat
tcacctgatc
cacctataat
gaataaagcg
gcaggatgcc
tgaaaacacg
caaacagcag
tatcgccaaa
gcagcaggat
cgatcgtatt
ccagaacacc
cgcaattgat
taccaaaaat
agttgatggt
tcgtattacc

ctaa

Ile
15

Thr Ala

Ala Leu

Gly Trp

Thr
80

Leu

Glu Asp

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1614



Leu

GIn

Gly

Ser

145

Gly

Leu

Ala

Leu

Asn

225

Gly

Ile

Lys

Thr

305

Tyr

Ser

GIn

GIn

Asn

Phe

130

Ile

Glu

Ile

Asp

Ser

210

Asn

Lys

His

GIn

GIn

290

GIn

Ala

Glu

Asp

Gly

Glu

115

Glu

Glu

Ile

Thr

Ile

195

Gly

Ile

Thr

Leu

Asp

275

Thr

Asn

Lys

Asn

Ala

Leu
100
Thr

Ile

Asp

Asn

180

GIn

Arg

Tyr

Leu

Ile

260

Leu

Glu

GIn

Thr
340

Tyr

85

Ala

Ser

Glu

Leu

Ala

165

Ser

Ala

Leu

Glu

Lys

245

Asp

Ala

Ala

Glu

GIn

325

GIn

Ala

Asp

Ile

Lys

Tyr

150

His

Ile

Leu

Ile

Leu

230

Lys

GIn

Thr

Ile

Asp

310

Thr

Asn

Lys

Phe

Lys

Asn

135

Asp

Asn

Glu

Glu

Asp

215

Ala

Asn

Lys

Asp

295

Leu

Glu

Ile

GIn

VR65032W0-seql-000001 . txt

Val

Lys

120

Lys

Phe

Glu

Asn

Asn

200

GIn

GIn

Val

Thr

Asn

280

Ala

Ala

Ala

Glu

GIn

Glu

105

Asn

Asp

Gly

Ala

Thr

185

Asn

Lys

GIn

Glu

Asp

265

Glu

Leu

Ala

Ile

Asp

345

Thr

90

Gly

Thr

Ala

His

GIn

170

Asn

Val

Ala

GIn

Glu

250

lle

Leu

Asn

Tyr

Asp

Leu

GIn

GIn

lle

Glu

155

Asn

Asn

vVal

Asp

Asp

235

Gly

Ala

GIn

Lys

Asn

315

Ala

Ala

Glu

Arg

Ala

140

Val

Glu

lle

Glu

lle

220

GIn

Leu

GIn

Asp

Ala

300

Glu

Leu

Ala

Glu Ala lle
Page 146

Gly

Asn

125

Lys

Ala

Thr

Thr

Glu

205

Asp

Leu

Asn

GIn

285

Ser

Leu

Asn

Tyr

Asp

Lys

110

Leu

Asn

Glu

Leu

Lys

190

Leu

Asn

Ser

Glu

GIn

270

Tyr

Ser

GIn

Lys

Asn

350

Ala

95

val

Asn

Ser

Lys

175

Asn

Phe

Asn

Ser

Leu

255

Ala

Ala

Glu

Asp

Ala

335

Glu

Leu

Leu

Asn

Glu

Ile

160

Gly

Lys

Asn

Asp

240

Ser

Asn

GIn

Asn

Ala

320

Ser

Leu

Asn



355

Ala
370

Lys Ser

Ile
385

Ala Asn

GIn Ser

Thr Asp Arg

Thr Thr

435

Leu

Asp Lys Leu

450

Ser Ala

465

Asp

Gly Asn Ala

Lys Val Asp

Ala Phe

515

Asn

Gly Met Ala
530

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

70
1611
DNA

<220>

<223> DNA

<400> 70
atgcaggcca

cagaacgaac
agccagtatg
gaagatgtgg
accaaaaatc

ctggcagatt

Ser Glu

Asn lle

Ser Asp

405

Ile
420

Ala

Lys Asn

Ile Thr

Thr Lys

Thr
485

Gly Phe

500

Asp Gly

Ala GIn

Asn

Asn

390

Ile

Lys

GIn

Ala

Phe

470

Lys

Asp

Arg

Ala

Thr

375

Asn

Lys

Asn

Asn

Asn

455

Ala

Asn

Ser

Ala
535

Artificial Sequence

VR65032W0-seql-000001 . txt

360

GIn

lle

Thr

Lys

Thr

440

Ala

Ala

Arg

Thr

520

His

Asn Ile Ala

Glu Leu

395

Tyr

Ala
410

Leu

Ala
425

Asp Ala

Leu Ile Glu

Thr Ala lle

Thr Ala Asp

475

Ser lle

490

Lys

Val
505

Thr Ala

Ala Leu Asp

His

sequence for MC-010 construct

aaaatgatat taccctggaa
tggaagccga tattggtgat
gaaatattct ggccctggaa
gttggaatca gaatgatatc
agaatgcact ggcagaacag

ttgttgaagg tcaggaaggc

gatctgccgt
attaccgcac
gaactgaata
gccaatctgg
ggtgaagcaa

aaaattctgc

365

Lys Asn GIn

380

Ala GIn GIn

Ala Ser Ala

Ala Ser

430

Asp

Lys Asp

445

Lys

Asp Ala Asn

Ala Ile Thr

Thr Asp Leu

Thr
510

Leu Asp

Ser Lys Val

525

atctgatcaa
tggaaaaata
aagctctgga
aagatgatgt
ttaaagaaga

agaacgaaac

Page 147

Ala Asp

GIn Asp

400

Ala
415

Asn
Phe Glu
Glu
Ala

Lys

Asn
480

Lys

Gly Thr

495

Val

Glu Asn

aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt

cagcatcaaa

60
120
180
240
300
360



aaaaacaccc
gccaaaaaca
attggtgaaa
aacagcatcg
aataatgttg
atcgataata
gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagcg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
ggttttgata
accgctctgg
<210>
<211>

<212>
<213>

71
536
PRT

<220>
<223>

<400> 71

1

Lys Lys 1lle Asp GIn Asn
20

Ala Leu

Leu Glu
50

agcgtaatct
acgaaagcat
ttcatgcaca
aaaataccaa
tggaagaact
acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc
ccatcaccaa
gccgtgtgac

atagtaaagt

Protein sequence

Met GIn Ala Lys Asn Asp
5

Glu Lys Tyr Leu
35

Glu Leu Asn Lys

VR65032W0-seql-000001 . txt

ggtgaatggc
tgaagatctg
taacgaagca
taacattacc
gtttaatctg
catttatgaa
aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa
aaatgccaaa
cgcactggat

tgaaaatggt

Artificial Sequence

Ile Thr

Glu Leu

Ala Leu
40

Ala Leu
55

tttgaaattg
tatgattttg
cagaatgaaa
aaaaacaaag
agcggtcgtc
ctggcacagc
gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa
agcattaccg
accaaagtta

atggcagcac

Leu
10

Glu
25

Ser

Glu Glu Leu

aaaaaaacaa
gtcatgaagt
ccctgaaagg
cagatattca
tgattgatca
agcaggatca
tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa
ccgcagatgc
atctgggcac
atgcatttga

aggcagcata

for MC-010 construct

6

Page 148

agatgccatt
tgccgaaagc
tctgattacc
ggcgctggaa
gaaagccgat
gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt
aattaccaaa
caaagttgat
tggtcgtatt

a

Glu Asp Leu Pro Tyr Leu lle

15

Ala Asp lle Gly Asp lle Thr
30
GIn Tyr Gly Asn lle Leu Ala
45

Asp Glu Asp Val Gly
0

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1611



Trp

65

Thr

Asp

Leu

Asn

Glu

145

Gly

Lys

Asn

Ile

225

Asp

Ser

Asn

GIn

Asn

305

Ala

Asn

Lys

Leu

GIn

Gly

Ser

Gly

Leu

Ala

Leu

210

Asn

Ile

Gly

Ile

Lys

290

Thr

Tyr

GIn

Asn

GIn

Asn

115

Phe

Ile

Glu

Ile

Asp

195

Ser

Asn

Lys

His

GIn

275

GIn

GIn

Ala

Asn

GIn

Gly

100

Glu

Glu

Glu

Thr

180

Gly

Ile

Thr

Leu

260

Asp

Thr

Asn

Lys

Asp

Asn

85

Leu

Thr

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu

245

Ile

Leu

Glu

Ile

GIn
325

Ile

70

Ala

Ala

Ser

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

Asp

Ala

Ala

Glu

310

GIn

VR65032W0-seql-000001 . txt

Ala Asn Leu Glu Asp Asp Val Glu
75

Leu

Asp

Ile

Lys

135

Tyr

His

Ile

Leu

Ile

215

Leu

Lys

GIn

Thr

Ile

295

Asp

Thr

Ala

Phe

Lys

120

Asn

Asp

Asn

Glu

Glu

200

Asp

Ala

Asn

Lys

Tyr

280

Asp

Leu

Glu

Glu

Val

105

Lys

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Thr

265

Asn

Ala

Ala

Ala

GIn

90

Glu

Asn

Asp

Gly

Ala

170

Thr

Asn

Lys

GIn

Glu

250

Asp

Glu

Leu

Ala

lle
330

Gly Glu

Gly GIn

Thr GIn

Ala lle

140

His Glu
155

GIn Asn

Asn Asn

vVal Vval

Ala Asp

GIn Asp

235

Glu Gly

lle Ala

Leu GIn

Asn Lys

300

Tyr Asn
315

Asp Ala

Page 149

Ala

Glu

Arg

125

Ala

Val

Glu

Ile

Glu

205

Ile

GIn

Leu

GIn

Asp

285

Ala

Glu

Leu

Ile

Gly

Asn

Lys

Ala

Thr

Thr

190

Glu

Leu

Asn

270

GIn

Ser

Leu

Asn

Thr

Lys

95

Lys

Leu

Asn

Glu

Leu

175

Leu

Asn

Ser

Glu

255

GIn

Tyr

Ser

GIn

Lys
335

Leu
80

Glu

Val

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu

Ala

Glu

Asp

Ala



VR65032W0-seql-000001. txt
Ser Ser Glu Asn Thr GIn Asn lle Glu Asp Leu Ala Ala Tyr Asn Glu
340 345 350

Leu GIn Asp Ala Tyr Ala Lys GIn GIn Thr Glu Ala Ile Asp Ala Leu
355 360 365

Asn Lys Ala Ser Ser Glu Asn Thr GIn Asn Ile Ala Lys Asn GIn Ala
370 375 380

Asp Ile Ala Asn Asn lIle Asn Asn Ile Tyr Glu Leu Ala GIn GIn GIn
385 390 395 400

Asp GIn His Ser Ser Asp lle Lys Thr Leu Ala Lys Ala Ser Ala Ala
405 410 415

Asn Thr Asp Arg lle Ala Lys Asn Lys Ala Asp Ala Asp Ala Ser Phe
420 425 430

Glu Thr Leu Thr Lys Asn GIn Asn Thr Leu lle Glu Lys Asp Lys Glu
435 440 445

His Asp Lys Leu lle Thr Ala Asn Lys Thr Ala lle Asp Ala Asn Lys
450 455 460

Ala Ser Ala Asp Thr Lys Phe Ala Ala Thr Ala Asp Ala lle Thr Lys
465 470 475 480

Asn Gly Asn Ala lle Thr Lys Asn Ala Lys Ser lle Thr Asp Leu Gly
485 490 495

Thr Lys Val Asp Gly Phe Asp Ser Arg Val Thr Ala Leu Asp Thr Lys
500 505 510

Val Asn Ala Phe Asp Gly Arg lle Thr Ala Leu Asp Ser Lys Val Glu
515 520 525

Asn Gly Met Ala Ala GIn Ala Ala
530 535

<210> 72

<211> 1560

<212> DNA

<213> Artificial Sequence

<220>
<223> DNA sequence for MC-011 construct

<400> 72
atggcgaaaa atgatattac cctggaagat ctgccgtatc tgatcaaaaa aatcgatcag 60

aacgaactgg aagccgatat tggtgatatt accgcactgg aaaaatatct ggcactgagc 120

cagtatggaa atattctggc cctggaagaa ctgaataaag ctctggaaga gctggatgaa 180

Page 150



gatgtgggtt
aaaaatcaga
gcagattttg
aacacccagc
aaaaacaacg
ggtgaaattc
agcatcgaaa
aatgttgtgg
gataataaca
atcaaaaccc
gatcagaaaa
gaactgcagg
agcagcgaaa
tatgcaaaac
cagaacattg
accgaagcga
aatcaggccg
cagcactctt
gcgaaaaaca
ctgattgaaa
gcaaataaag
ggcaatgcca
tttgatagcc
<210>
<211>

<212>
<213>

73
519
PRT

<220>
<223>

<400> 73

1

ggaatcagaa
atgcactggc
ttgaaggtca
gtaatctggt
aaagcattga
atgcacataa
ataccaataa
aagaactgtt
ttaacaacat
tgaaaaaaaa
ctgatattgc
atcagtatgc
acacccagaa
agcagactga
aagatctggc
ttgatgcgct
atattgccaa
ctgatatcaa
aagccgatgc
aagataaaga
ccagcgcaga
tcaccaaaaa

gtgtgaccgc

VR65032W0-seql-000001 . txt

tgatatcgcc
agaacagggt
ggaaggcaaa
gaatggcttt
agatctgtat
cgaagcacag
cattaccaaa
taatctgagc
ttatgaactg
cgttgaagaa
ccagaatcag
acagaaacag
tatcgaagat
agccatcgac
tgcctataat
gaacaaagcc
caatatcaat
aacactggca
agatgcaagc
acatgataaa
taccaaattt
tgccaaaagc

actggatacc

Artificial Sequence

aatctggaag
gaagcaatta
attctgcaga
gaaattgaaa
gattttggtc
aatgaaaccc
aacaaagcag
ggtcgtctga
gcacagcagc
ggtctgctgg
gcaaatattc
accgaagcaa
ctggcagcat
gcactgaaca
gaattacagg
tcttctgaaa
aatatctatg
aaagcaagcg
tttgaaacac
ctgatcaccg
gcagcaaccg
attaccgatc

aaagcaagcc

10

atgatgttga
aagaagatct
acgaaaccag
aaaacaaaga
atgaagttgc
tgaaaggtct
atattcaggc
ttgatcagaa
aggatcagca
aactgtctgg
aggatctggc
ttgatgccct
acaacgaact
aggcaagctc
atgcgtatgc
atacacagaa
aactggccca
cagcaaatac
tgacgaaaaa
ccaataaaac
cagatgcaat
tgggcaccaa

atcatcatca

Protein sequence for MC-011 construct

aaccctgacc
gcagggtctg
catcaaaaaa
tgccattgcc
cgaaagcatt
gattaccaac
gctggaaaat
agccgatatc
tagcagcgat
tcacctgatc
cacctataat
gaataaagcg
gcaggatgcc
tgaaaacacg
caaacagcag
tatcgccaaa
gcagcaggat
cgatcgtatt
ccagaacacc
cgcaattgat
taccaaaaat
agttgatggt

ccaccactaa

Met Ala Lys Asn Asp lle Thr Leu Glu Asp Leu Pro Tyr Leu lle Lys
5 15

Lys Ile Asp GIn Asn Glu Leu Glu Ala Asp lIle Gly Asp lle Thr Ala
30

Leu Glu Lys Tyr Leu Ala Leu
35

20

40

25

45

Page 151

Ser GIn Tyr Gly Asn lle Leu Ala Leu

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



Glu

Asn

65

Lys

Leu

GIn

Gly

Ser

145

Gly

Leu

Ala

Leu

Asn
225

Lys

Thr
305

Glu

50

GIn

Asn

GIn

Asn

Phe

130

Ile

Glu

Ile

Asp

Ser

210

Asn

GIn

GIn
290

GIn

Leu

Asn

GIn

Gly

Glu

115

Glu

Glu

Ile

Thr

Ile

195

Gly

Ile

Thr

Leu

Asp

275

Thr

Asn

Asn

Asp

Asn

Leu

100

Thr

Asn

180

GIn

Arg

Tyr

Leu

Ile

260

Leu

Glu

Ile

Lys

Ile

Ala

85

Ala

Ser

Glu

Leu

Ala

165

Ser

Ala

Leu

Glu

Lys

245

Ala

Ala

Glu

Ala

Ala

70

Leu

Asp

Ile

Lys

Tyr

150

Ile

Leu

Ile

Leu

230

Lys

GIn

Thr

Ile

Asp
310

Leu

55

Asn

Ala

Phe

Lys

Asn

135

Asp

Asn

Glu

Glu

Asp

215

Ala

Asn

Lys

Tyr

Asp

295

Leu

VR65032W0-seql-000001 . txt

Glu Glu Leu Asp Glu Asp Vval
60

Leu

Glu

Val

Lys

120

Lys

Phe

Glu

Asn

Asn

200

GIn

GIn

Val

Thr

Asn

280

Ala

Ala

Glu

GIn

Glu

105

Asn

Asp

Gly

Ala

Thr

185

Asn

Lys

GIn

Glu

Asp

265

Glu

Leu

Ala

Asp

Gly

90

Gly

Thr

Ala

His

GIn

170

Asn

vVal

Ala

GIn

Glu

250

lle

Leu

Asn

Tyr

Asp

75

Glu

GIn

GIn

lle

Glu

155

Asn

Asn

vVal

Asp

Asp

235

Gly

Ala

GIn

Lys

Asn
315

Val

Ala

Glu

Arg

Ala

140

Val

Glu

lle

Glu

lle

220

GIn

Leu

GIn

Asp

Ala

300

Glu
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Glu

Ile

Gly

Asn

125

Lys

Ala

Thr

Thr

Glu

205

Asp

Leu

Asn

GIn

285

Ser

Leu

Thr

Lys

Lys

110

Leu

Asn

Glu

Leu

Lys

190

Leu

Asn

Ser

Glu

GIn

270

Tyr

Ser

GIn

Leu

Glu

95

Ile

Val

Asn

Ser

Lys

175

Asn

Phe

Asn

Ser

Leu

255

Ala

Ala

Glu

Asp

Trp

Thr

80

Asp

Leu

Asn

Glu

Ile

160

Gly

Lys

Asn

Ile

Asp

240

Ser

Asn

GIn

Asn

Ala
320
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Tyr Ala Lys GIn GIn Thr Glu Ala lle Asp Ala Leu Asn Lys Ala Ser
325 330 335

Ser Glu Asn Thr GIn Asn lle Glu Asp Leu Ala Ala Tyr Asn Glu Leu
340 345 350

GIn Asp Ala Tyr Ala Lys GIn GIn Thr Glu Ala Ile Asp Ala Leu Asn
355 360 365

Lys Ala Ser Ser Glu Asn Thr GIn Asn Ile Ala Lys Asn GIn Ala Asp
370 375 380

Ile Ala Asn Asn lle Asn Asn lIle Tyr Glu Leu Ala GIn GIn GIn Asp
385 390 395 400

GIn His Ser Ser Asp lle Lys Thr Leu Ala Lys Ala Ser Ala Ala Asn
405 410 415

Thr Asp Arg lle Ala Lys Asn Lys Ala Asp Ala Asp Ala Ser Phe Glu
420 425 430

Thr Leu Thr Lys Asn GIn Asn Thr Leu Ile Glu Lys Asp Lys Glu His
435 440 445

Asp Lys Leu Ile Thr Ala Asn Lys Thr Ala Ile Asp Ala Asn Lys Ala
450 455 460

Ser Ala Asp Thr Lys Phe Ala Ala Thr Ala Asp Ala lle Thr Lys Asn
465 470 475 480

Gly Asn Ala lle Thr Lys Asn Ala Lys Ser lle Thr Asp Leu Gly Thr
485 490 495

Lys Val Asp Gly Phe Asp Ser Arg Val Thr Ala Leu Asp Thr Lys Ala
500 505 510

Ser His His His His His His

515
<210> 74
<211> 1893
<212> DNA
<213> Moraxella catarrhalis
<400> 74
atgaaaacca tgaaacttct ccctctaaaa atcgctgtaa ccagtgccat gattattggc 60
ttgggtgcgg catctactgc gaatgcgcag gctaaaaatg atataacttt agaggattta 120
ccatatttaa taaaaaagat tgaccaaaat gaattggaag cagatatcgg agatattact 180
gctcttgaaa agtatctagc acttagccag tatggcaata ttttagctct agaagagctc 240
aacaaggctc tagaagagct cgacgaggat gttggatgga atcagaatga tattgcaaac 300
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ttggaagatg
gcaattaaag
ctacaaaatg
attgagaaaa
tttggtcatg
gaaactctta
aaagctgaca
cgcctaattg
caacagcaag
ttgttggagc
aacatccaag
gaagcgattg
gccgcttaca
ctaaataaag
ctacaagatg
tctgagaata
atctatgagc
gcaagtgctg
gaaacgctca
attactgcaa
gcgacagcag
actgatttgg
gtcaatgcct
gcccaagctg
gctgcacttg
aatccaaatc
tcttataaca
<210>
<211>

<212>
<213>

75
44
DNA

<220>
<223>

<400> 75

atgttgaaac
aagatcttca
aaacttcaat
ataaagatgc
aggttgcaga
aaggcttgat
tccaagcact
atcaaaaagc
atcagcatag
taagcggtca
atctggccac
acgctctaaa
acgagctaca
caagctctga
cctatgccaa
cacaaaacat
tggcacaaca
ccaatactga
ccaaaaatca
acaaaactgc
acgccattac
gcactaaagt
ttgatggtcg
ccctaagtgg
gtggctatgg
tggcgtttaa
tcggtgtgaa

Primer sequence

VR65032W0-seql-000001 . txt

gctcaccaaa
agggcttgca
taaaaaaaat
tattgctaaa
aagtataggc
aacaaacagt
tgaaaacaat
agatattgat
ctctgatatc
cctaattgat
ttacaacgag
taaagcaagc
agatgcctat
gaatacacaa
acagcaaacc
tgctaaaaac
gcaagatcag
tcgtattgct
aaatactttg
gattgatgcc
caaaaatgga
ggatggtttt
tatcacagct
tctattccag
ctcaaaatct
agctggtgcg
ttacgagttc

Artificial Sequence

aatcaaaatg
gattttgtag
actcagagaa
aacaatgagt
gagatacatg
attgagaata
gtcgtagaag
aataacatca
aaaacactta
caaaaaacag
ctacaagacc
tctgagaata
gccaaacagc
aacatcgaag
gaagccattg
caagcggata
catagctctg
aaaaacaaag
attgaaaaag
aataaagcat
aatgctatca
gacagtcgtg
ttagacagta
ccttatagcg
gcggttgcta
gcgattaata

taa

ctttggctga
aagggcaaga
accttgtcaa
ctatcgaaga
ctcataatga
ctaataatat
aactattcaa
acaatatcta
aaaaaaatgt
atattgctca
agtatgctca
cacaaaacat
aaaccgaagc
atctggccgce
acgctctaaa
ttgctaataa
atatcaaaac
ccgatgctga
ataaagagca
ctgcggatac
ctaaaaacgc
taactgcatt
aagttgaaaa
ttggtaagtt
tcggtgcetgg
ccagtggtaa

gaattcttaa ttaacatatg caggccaaaa atgatattac cctg
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acaaggtgag
gggtaaaatt
tgggtttgag
tctttatgat
agcgcaaaat
taccaaaaac
tctaagcggt
tgagctggca
cgaagaaggt
aaaccaagct
aaagcaaacc
cgaagatctg
aattgacgct
ttacaacgag
taaagcaagc
catcaacaat
cttggcaaaa
tgcaagtttt
tgacaaatta
caagtttgca
aaaatctatc
agacaccaaa
cggtatggct
taatgcgacc
ctatcgtgtg

taaaaaaggc

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1893

44
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<210> 76
<211> 43
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer sequence

<400> 76
ggcgcgectc gagttattat ttggtatcca gtgcggtcac acg

<210> 77

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer sequence

<400> 77
ggcgcgectc gagttagtgt ttggtatcca gtgcggtcac acg

<210> 78

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer sequence

<400> 78
ggcgcgectc gagttagtgg tgtttggtat ccagtgcggt cacacg

<210> 79

<211> 66

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer sequence

<400> 79
ggcgcgectc gagttagtgg tggtgatgat gatggcttgc gettttggca tttttggtga

tggcat

<210> 80

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer sequence

<400> 80
ccgctcgage tagcttttgg catttttggt gatggce

<210> 81

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
Page 155

43

43

46

60
66

36



VR65032W0-seql-000001. txt
<223> Primer sequence

<400> 81
ggaattccat atggcgaaaa atgatattac cctggaagat ctg 43

<210> 82

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer sequence

<400> 82
ggcgcgectc gagttagtgg tgtgctgcct gtgctgccat accatt 46

<210> 83

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer sequence

<400> 83
ggcgcgectc gagttatgct gcctgtgctg ccataccatt 40

<210> 84

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer sequence

<400> 84
cagttcatta taggtggcca gatcctg 27

<210> 85

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> N terminal amino acids of MC-001

<400> 85

Met GIn Ala Lys
1

<210> 86

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> N terminal amino acid sequence

<400> 86

Ala Lys Asn Asp lle Thr Leu Glu Asp Leu Pro
1 5 10
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<210>
<211>
<212>
<213>

87
1542
DNA

<220>

<223> DNA

<400> 87
atgcaggcca

cagaacgaac
agccagtatg
gaagatgtgg
accaaaaatc
ctggcagatt
aaaaacaccc
gccaaaaaca
attggtgaaa
aacagcatcg
aataatgttg
atcgataata
gatatcaaaa
atcgatcaga
aatgaactgc
gcgagcagceg
gcctatgcaa
acgcagaaca
cagaccgaag
aaaaatcagg
gatcagcact
attgcgaaaa
accctgattg
gatgcaaata
aatggcaatg
ggttttgata
<210>
<211>

<212>
<213>

88
513
PRT

VR65032W0-seql-000001 . txt

Artificial Sequence

sequence for MC-003 Construct

aaaatgatat
tggaagccga
gaaatattct
gttggaatca
agaatgcact
ttgttgaagg
agcgtaatct
acgaaagcat
ttcatgcaca
aaaataccaa
tggaagaact
acattaacaa
ccctgaaaaa
aaactgatat
aggatcagta
aaaacaccca
aacagcagac
ttgaagatct
cgattgatgc
ccgatattgc
cttctgatat
acaaagccga
aaaaagataa
aagccagcgc
ccatcaccaa

gccgtgtgac

taccctggaa
tattggtgat
ggccctggaa
gaatgatatc
ggcagaacag
tcaggaaggc
ggtgaatggc
tgaagatctg
taacgaagca
taacattacc
gtttaatctg
catttatgaa
aaacgttgaa
tgcccagaat
tgcacagaaa
gaatatcgaa
tgaagccatc
ggctgcctat
gctgaacaaa
caacaatatc
caaaacactg
tgcagatgca
agaacatgat
agataccaaa
aaatgccaaa

cgcactggat

Artificial Sequence

gatctgccgt
attaccgcac
gaactgaata
gccaatctgg
ggtgaagcaa
aaaattctgc
tttgaaattg
tatgattttg
cagaatgaaa
aaaaacaaag
agcggtcgtc
ctggcacagc
gaaggtctgc
caggcaaata
cagaccgaag
gatctggcag
gacgcactga
aatgaattac
gcctcttctyg
aataatatct
gcaaaagcaa
agctttgaaa
aaactgatca
tttgcagcaa
agcattaccg

accaaacact

atctgatcaa
tggaaaaata
aagctctgga
aagatgatgt
ttaaagaaga
agaacgaaac
aaaaaaacaa
gtcatgaagt
ccctgaaagg
cagatattca
tgattgatca
agcaggatca
tggaactgtc
ttcaggatct
caattgatgc
catacaacga
acaaggcaag
aggatgcgta
aaaatacaca
atgaactggc
gcgcagcaaa
cactgacgaa
ccgccaataa
ccgcagatgc
atctgggcac

aa
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aaaaatcgat
tctggcactg
agagctggat
tgaaaccctg
tctgcagggt
cagcatcaaa
agatgccatt
tgccgaaagc
tctgattacc
ggcgctggaa
gaaagccgat
gcatagcagc
tggtcacctg
ggccacctat
cctgaataaa
actgcaggat
ctctgaaaac
tgccaaacag
gaatatcgcc
ccagcagcag
taccgatcgt
aaaccagaac
aaccgcaatt
aattaccaaa

caaagttgat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1542



<220>
<223>

<400>

Met GIn Ala Lys Asn

1

Lys

Ala

Leu

Trp

65

Thr

Asp

Leu

Asn

Glu

145

Gly

Lys

Asn

Ile

225

Asp

Lys

Leu

Glu

50

Asn

Lys

Leu

GIn

Gly

130

Ser

Gly

Leu

Ala

Leu

210

Asn

Ie

Glu

35

Glu

GIn

Asn

GIn

Asn

115

Phe

Glu

Asp
195
Ser

Asn

Lys

Asp

20

Lys

Leu

Asn

GIn

Gly

100

Glu

Glu

Glu

Thr
180

Thr

5

GIn

Tyr

Asn

Asp

Asn

85

Leu

Thr

Ile

Asp

His

165

Asn

GIn

Arg

Tyr

Leu
245

Protein sequence

88

Asp

Asn

Leu

Lys

Ile

70

Ala

Ala

Ser

Glu

Leu

150

Ala

Ser

Ala

Leu

Glu

230

Lys

VR65032W0-seql-000001 . txt

for MC-003 Construct

Glu

Ala

Ala

55

Ala

Leu

Asp

Lys
135

Tyr

Leu
Ile
215

Leu

Lys

Thr

Leu

Leu

40

Leu

Asn

Ala

Phe

Lys

120

Asn

Asp

Asn

Glu

Glu

200

Asp

Ala

Asn

Leu

Glu

25

Ser

Glu

Leu

Glu

Val

105

Lys

Lys

Phe

Glu

Asn

185

Asn

GIn

GIn

Val

Glu Asp Leu

10

Ala

GIn

Glu

Glu

GIn

90

Glu

Asn

Asp

Gly

Ala

170

Thr

Asn

Lys

GIn

Asp

Tyr

Leu

Asp

75

Gly

Gly

Thr

Ala

His

155

GIn

Asn

Val

Ala

GIn
235

Gly

Asp

60

Asp

Glu

GIn

GIn

Ile

140

Glu

Asn

Asn

Val

Asp

220

Asp

Glu Glu Gly

250
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Pro

Gly

Asn

45

Glu

val

Ala

Glu

Arg

125

Ala

val

Glu

Ile

Glu

205

Ile

GIn

Leu

Tyr

Asp

30

Asp

Glu

Gly

110

Asn

Lys

Ala

Thr

Thr

190

Glu

Asp

Leu

Leu

15

Leu

val

Thr

Lys

95

Lys

Leu

Asn

Glu

Leu

175

Lys

Leu

Asn

Ser

Glu
255

Thr

Gly
Leu

80

Glu

val

Asn

Ser

160

Lys

Asn

Phe

Asn

Ser

240

Leu



Ser

Asn

GlIn

Asn

305

Ala

Ser

Leu

Asn

Asp

385

Asp

Asn

Glu

Ala
465

Asn

Thr

Gly

Ile

Lys

290

Thr

Tyr

Ser

GIn

Lys

370

Ile

GIn

Thr

Thr

Asp

450

Ser

Gly

Lys

GIn

275

GIn

GIn

Ala

Glu

Asp

355

Ala

Ala

Asp

Leu

435

Lys

Ala

Asn

val

Leu

260

Asp

Thr

Asn

Lys

Asn

340

Ala

Ser

Asn

Ser

Arg

420

Thr

Leu

Asp

Ala

Asp
500

Ile

Leu

Glu

Ile

GIn

325

Thr

Tyr

Ser

Asn

Ser

405

Ile

Lys

Ile

Thr

Ile

485

Gly

Asp

Ala

Ala

Glu

310

GIn

GIn

Ala

Glu

Ile

390

Asp

Ala

Asn

Thr

Lys

470

Thr

Phe

VR65032W0-seql-000001 . txt

GIn Lys Thr

Thr

Ile

295

Asp

Thr

Asn

Lys

Asn

375

Asn

Lys

GIn

Ala

455

Phe

Lys

Asp

Tyr

280

Asp

Leu

Glu

Ile

GIn

360

Thr

Asn

Lys

Asn

Asn

440

Asn

Ala

Asn

Ser

265

Asn

Ala

Ala

Ala

Glu

345

GIn

GIn

Thr

Lys

425

Thr

Lys

Ala

Ala

Arg
505

Asp Ile Ala GIn

Glu

Leu

Ala

Ile

330

Asp

Thr

Asn

Tyr

Leu

410

Ala

Leu

Thr

Thr

Lys

490

Val

Leu

Asn

Tyr

315

Asp

Leu

Glu

Glu
395
Ala

Asp

Ala
Ala
475

Ser

Thr

GlIn

Lys

300

Asn

Ala

Ala

Ala

Ala

380

Leu

Lys

Ala

Glu

Ile

460

Asp

Ile

Ala
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Asp

285

Ala

Glu

Leu

Ala

Ile

365

Lys

Ala

Ala

Asp

Lys

445

Asp

Ala

Thr

Leu

Asn

270

GIn

Ser

Leu

Asn

Tyr

350

Asp

Asn

GlIn

Ser

Ala

430

Asp

Ala

Asp

Asp
510

GIn

Tyr

Ser

GIn

Lys

335

Asn

Ala

GIn

GIn

Ala

415

Ser

Lys

Asn

Thr

Leu

495

Thr

Ala

Glu

Asp

320

Glu

Leu

GIn

400

Ala

Phe

Glu

Lys

Lys

480

Gly

Lys
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