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GROUP B STREPTOCOCCUS VACCINE

This application claims the benefit of U.S. Provisibnal Patent Application Serial No.
60/410,839, filed September 13, 2002, which application is incorporated herein by reference in its
entirety.

TECHNICAL FIELD Q

This invention relates to polysaccharides from the bacteria Streptbcoccus agalactiae (GBS)
and to their use in immunisation.
BACKGROUND ART

Once thought to infect only cows, the Gram-positive bacterium Streptococcus agalactiae (or
“group B streptococcus”, abbreviated to “GBS” (Ref. 1) is now known to cause serious disease,
bacteremia and meningitis, in immunocompromised individuals and in neonates. There are two -
types of neonatal infection. The first (early onset, usually within 5 days of birth) is manifested by
bacteremia and pneumonia. It is contracted vertically as a baby passes through the birth canal. GBS
colonises the vagina of about 25% of young women, and approximately 1% of infants born via a
vaginal birth to colonised mothers will become infected. Mortality is between 50-70%. The second
is a meningitis that occurs 10 to 60 days after birth. If pregnant women are vaccinated with type III
capsule so that the infants are passively immunised, the incidence of the late onset meningitis is
reduced but is not entirely eliminated.

The “B” in “GBS” refers to the Lancefield classification, which 1s based on the antigenicity
of a carbohydrate which is soluble in dilute acid and called the C carbohydrate. Lancefield identified
13 types of C carbohydrate, designated A to O, that could be serologically differentiated. The
organisms that most commonly infect humans are found in groups A, B, D, and G. Within group B,
strains can be divided into at least 9 serotypes (Ia, Ib, Ia/c, II, I, IV, V, VI, VII and VIII) based on
the structure of their polysaccharide capsule. In the past, serotypes Ia, Ib, II, and III were equally
prevalent in normal vaginal carriage and early onset sepsis in newborns. Type V GBS has emerged
as an important cause of GBS infection in the USA, however, and strains of types VI and VIII have
become prevalent among Japanese women.

The genome sequence of a serotype V strain 2603 V/R has been published (Ref. 2) and
various polypeptides for use a vaccine antigens have been identified (Ref. 3). The vaccines currently
in clinical trials, however, are based on polysaccharide antigens. These suffer from serotype-
specificity and poor immunogenicity, and so there is a need for effective vaccines against

S.agalactiae infection.
1
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It is an object of the invention to provide further and improved GBS vaccines.

DISCLOSURE OF THE INVENTION .

The inventors have realised that saccharide-based vaccines can be improved by using them in
combination with polypeptide antigens, and vice versa, such that the polypeptide and the saccharide
each contribute to the immunological response in a recipient. The combination is particularly
advantageous where the saccharide and polypeptide afe from different GBS serotypes.

The combined antigens may be present asa simple combination where separate saccharide
and polypeptide antigens are administered together, or they may be present as a conjugated
combination, where the saccharide and polypeptide antigens are covalently linked to each other.

Thus the invention provides an immunogenic composition comprising (i) one or more GBS
polypeptide antigens and (ii) one or more GBS saccharide antigens. The polypeptide and the
polysaccharide may advantageously be covalently linked to each other to form a conjugate.

Between them, the combined polypeptide and saccharide antigens preferably cover two or
more GBS serotypes (e.g. 2, 3, 4, 5, 6, 7, 8 or more serotypes). The serotypes of the polypeptide and
saccharide antigens may or may not overlap. For example, the polypeptide might protect against
serogroup II or V, while the saccharide protects against either serogroups Ia, Ib, or IIl. Preferred
combinations protect against the following groups of serotypes: (1) serotypes Ia and Ib, (2) serotypes
Ia and II, (3) serotypes Ia and I1I, (4) serotypes Ia and IV, (5) serotypes Ia and V, (6) serotypes Ia and
VI, (7) serotypes Ia and VII, (8) serotypes Ia and VIII, (9) serotypes Ib and II, (10) serotypes Ib and
II1, (11) serotypes Ib and IV, (12) serotypes Ib and V, (13) serotypes Ib and VI, (14) serotypes Ib and
VII, (15) serotypes Ib and VIII, 16) serotypes II and III, (17) serotypes II and IV, (18) serotypes II
and V, (19) serotypes II and VI, (20) serotypes II and VII, (21) serotypes Il and VII, (22) serotypes
IIT and IV, (23) serotypes IIl and V, (24) serotypes III and VI, (25) serotypes III and VII, (26)
serotypes III and VIII, (27) serotypes IV and V, (28) serotypes IV and VI, (29) serotypes IV and VII,
(30) serotypes IV and VIIL, (31) serotypes V and VI, (32) serotypes V and VII, (33) serotypes V and
VIII, (34) serotypes VI and VII, (35) serotypes VI and VIII, and (36) serotypes VII and VIIL

Still more preferably, the combinations protect against the following groups of serotypes: (1)
serotypes Ia and II, (2) serotypes Ia and V, (3) serotypes Ib and II, (4) serotypes Ib and V, (5)
serotypes Il and I, and (6) serotypes IIl and V. Most preferably, the combinations protect against
serotypes Il and V.

Protection against serotypes Il and V is preferably provided by polypeptide antigens.
Protection against serotypes Ia, Ib and/or III may be polypeptide or saccharide antigens.

Preferably, the immunogenic composition comprises one or more serogroup V antigens or
fragments thereof selected from the antigen group consisting of GBS 80, GBS 91, GBS 104, GBS
147, GBS 173, GBS 276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBSl358,
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GBS 361, GBS 404, GBS 656, GBS 690, and GBS 691. Preferably, the composition comprises a
cbmposition of at least two of these GBS antigens or a fragment thereof.

In one embodiment, the immunogenic composition comprises a GBS saccharide antigen and
at least two GBS polypeptide antigens or fragments thereof, wherein said GBS saccharide antigen
comprises a saccharide selected from GBS serotype Ia, Ib, and Ill, and wherein said GBS
polypeptide antigens comprise a combination of at least two polypeptide or a fragment thereof
selected from the antigen group consisting of GBS 80, GBS 91, GBS 104, GBS 147, GBS 173, GBS
276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, GBS 361, GBS 404,
GBS 656, GBS 690, and GBS 691. \

Preferably, the combination comprises GBS 80 or a fragment thereof. In one embodiment,

- the GBS polypeptide antigens comprise a combination of two GBS antigens or fragments thereof

selected from the antigen group consisting of (1) GBS 80 and GBS 91, (2) GBS 80 and GBS 104, (3)
GBS 80 and GBS 147, (4) GBS 80 and GBS 173, (5) GBS 80 and GBS 276, (6) GBS 80 and GBS .
305, (7) GBS 80 and GBS 313, (8) GBS 80 and GBS 322, (9) GBS 80 and GBS 328, (10) GBS 80
and GBS 330, (11) GBS 80 and GBS 338, (12) GBS 80 and GBS 358, (13) GBS 80 and GBS 361,
(14) GBS 80 and GBS 404, (14) GBS 80 and GBS 404, (15) GBS 80 and GBS 656, (16) GBS 80 and
GBS 690, and (17) GBS 80 and GBS 691.

Still more preferably, the combination is selected from the antigen group consisting qf )
GBS 80 and GBS 338; (2) GBS 80 and GBS 361, (3) GBS 80 and GBS 305, (4) GBS 80 and GBS
328, (5) GBS 80 and GBS 690, (6) GBS 80 and GBS 691 and (7) GBS 80 and GBS 147. Even more
preferably, the combination comprises GBS 80 and GBS 691.

In one embodiment, the composition comprises a combination at least three GBS polypeptide
antigens. Preferably, this combination comprises GBS 80 and GBS 691. '

Preferably, the immunogenic composition further comprises a GBS polypeptide or a
fragment thereof of serogroup II.

The polypeptide antigen .

The polypeptide is preferably: (a) a polypeptide comprising an amino acid sequence selected
from the group consisting of the even-numbered SEQ IDs 2-10966 from Ref. 3; (b) a polypeptide
comprising an amino acid sequence having sequence identity to an amino acid sequence from in (a);
or (c) a polypeptide coniprising a fragment of an amino acid sequence from (a).

Within (a), preferred SEQ IDs are those which encode GBS1 to GBS689 (see Table IV of
reference 3).

Within (b), the degree of sequence identity may vary depending on the amino acid sequence
(2) in question, but is preferably greater than 50% (e.g. 60%, 70%, 80%, 90%, 95%, 99% or more).
Polypeptides within (b) include homologs, orthologs, allelic variants and functional mutants of (a).

Typically, 50% identity or more between two proteins is considered to be an indication of functional
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equivalence. Identity between proteins is preferably determined by the Smith-Waterman homology
search algorithm as implemented in the MPSRCﬂ program (Oxford Molecular), using an affine gap
search with parameters gap open penalty=12 and gap extension penalty=1.

Within (c), the length of the fragment may vary depending on the amino acid sequence () in
question, but the fragment is preferably at least 7 consecutive amino acids from the sequences of (a)
e.g 8,10, 12, 14, 16, 18, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200 or more. Preferably the
fragment comprises one or more epitopes from the sequence. Other preferred fragments are the
N-terminal signal peptides of SEQ IDs 1-10966 from Ref. 3, SEQ IDs 1-10966 from Ref. 3 without
their N-terminal signal peptides, and SEQ IDs 1-10966 from Ref. 3 wherein up to 10 amino acid
residues (f.e. 1,2, 3,4, 5,6, 7, 8, 9 or 10 residues) are deleted from the N-terminus and/or the
C-terminus e.g. the N-terminal amino acid residue may be deleted. |

The polypeptides can, of course, be prepared by various means (e.g. recombinant expression,
purification from GBS, chemical synthesis efc.) and in various forms (e.g. native, fusions,
glycosylated, non-glycosylated etc.). They are preferably prepared in substantially pure form (i.e.
substantially free from other streptococcal or host cell proteins) or substantially isolated form.

Preferred polypeptide antigens are: GBS 80, GBS 91, GBS 104, GBS 147, GBS 173, GBS
276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, GBS 361, GBS 404,
GBS 656, GBS 690, and GBS 691, including polypeptides having amino acid sequences with
sequence identity thereto efc. .

The nucleotide and amino acid sequences of GBS80 in Ref. 3 are SEQ ID 8779 and SEQ ID
8780. These sequences are set forth below as SEQ ID NOS 1 and 2:

SEQID NO. 1

ATGAAATTATCGAAGAAGTTATTGTTTTCGGCTGCTGTTTTAACAATGGTGGCCGGGTCAACTGTTGAACCAGTAGCTCAGTTTGC
GACTGGAATGAGTATTGTAAGAGCTGCAGAAGTGTCACAAGAACGCCCAGCGAAAACAACAGTAAATATCTATAAATTACAAGCTG
ATAGTTATAAATCGGAAATTACTTCTAATGGTGGTATCGAGAATAAAGACGGCGAAGTAATATCTAACTATGCTAAACTTGGTGAC
AATGTAAAAGGTTTGCAAGGTGTACAGTTTAAACGTTATAAAGTCAAGACGCATATTTCTGTTGATGAATTGAAAAAATTGACAAC
AGTTGAAGCAGCAGATGCAAAAGTTGGAACGATTCTTGAAGAAGGTGTCAGTCTACCTCAAARAACTAATGCTCAAGGTTTGGTCG
TCGATGCTCTGGATTCAAAAAGTAATGTGAGATACTTGTATGTAGAAGATTTAAAGAATTCACCTTCAAACATTACCAAAGCTTAT
GCTGTACCGTTTGTGTTGGAATTACCAGTTGCTAACTCTACAGGTACAGGTTTCCTTTCTGAAATTAATATTTACCCTAAAAACGT
TGTAACTGATGAACCAAAAACAGATAAAGATGTTAAAAAATTAGGTCAGGACGATGCAGGTTATACGATTGGTGAAGAATTCAAAT
GGTTCTTGAAATCTACAATCCCTGCCAATTTAGGTGACTATGAAAAATTTGAAATTACTGATARATTTGCAGATGGCTTIGACTTAT
AAATCTGTTGGAAAAATCAAGATTGGTTCGAAAACACTGAATAGAGATCGAGCACTACACTATTGATGAACCAACAGTTGATAACCA
AAATACATTAAAAATTACGT TTAAACCAGAGAAATTTAAAGAAATTGCTGAGCTACTTAAAGGAATGACCCTTGTTAAAAATCAAG
ATGCTCTTGATAAAGCTACTGCAAATACAGATGATGCGGCATTTTTGGARATTCCAGTTGCATCAACTATTAATGAAAAAGCAGTT
TTAGGAAAAGCAATTGAAAATACTTTTGAACTTCAATATGACCATACTCCTGATAAAGCTGACAATCCAARAACCATCTAATCCTCC
AAGAAAACCAGAAGTTCATACTGGTGGGAAACGATTTGTARAGAAAGACTCAACAGAAACACAAACACTAGGTGGTGCTGAGTTIG
ATTTGTTGGCTTCTGATGGGACAGCAGTAAAATGGACAGATGCTCTTATTAAAGCGAATACTAATAAARACTATATTGCTGGAGAA
GCTGTTACTGGGCAACCAATCAAATTGARATCACATACAGACGGTACGTTTGAGATTARAGGTTTGGCTTATGCAGTTGATGCGAA
TGCAGAGGGTACAGCAGTAACTTACAAATTARAAGAAACAAAAGCACCAGAAGGTTATGTAATCCCTGATAAAGAAATCGAGTTTA
CAGTATCACAAACATCTTATAATACAARAACCAACTGACATCACGGTTGATAGTGCTGATGCAACACCTGATACAATTAAAAACAAC
AAACGTCCTTCAATCCCTAATACTGGTGETATTGGTACCGEGCTATCTTTGTCGCTATCGGTGCTGCGEGTGATGGCTTTTGCTGT TAA
GGGGATGAAGCGTCGTACAAAAGATAAC

SEQ ID NO: 2

MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMS IVRAAEVSQERPAKTTVNIYKLQADSYKSEITSNGGIENKDGEVISNYAKLGD
NVKGLQGVQFKRYKVKTDISVDELKKLTTVEAADAKVGTILEEGVSLPQKTNAQGLVVDALDSKSNVRYLYVEDLKNSPSNITKAY
AVPFVLELPVANSTGTGFLSEINIYPKNVVTDEPKTDKDVKKLGQODDAGYTIGEEFKWFLKSTIPANLGDYEKFEI TDKFADGLTY
KSVGKIKIGSKTILNRDEHYTIDEPTVDNONTLKITFKPEKFKEIAELLKGMTLVKNQDALDKATANTDDAAFLEIPVASTINEKAV
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LGKAIENTFELQYDHTPDKADNPKPSNPPRKPEVHTGGKRFVKKDS TETQTLGGAEFDLLASDGTAVKWTDALIKANTNKNY IAGE
AVTGQPIKLKSHTDGTFEIKGLAYAVDANAEGTAVTYKLKETKAPEGYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNN
KRPSIPNTGGIGTAIFVAIGAAVMAFAVKGMKRRTKDN

The nucleotide and amino acid sequences of GBS 91 in Ref. 3 are SEQ ID 8937 and SEQ ID
8938. These sequences are set forth below as SEQ ID NOS 3 and 4:

SEQ ID NO. 3

ATGAAAAAAGGACAAGTAAATGATACTAAGCAATCTTACTCTCTACGTARATATAAATTTGGTTTAGCATCAGTAATTTTAGGGTC
ATTCATAATGGTCACAAGTCCTGTTTTTGCGGATCAAACTACATCGGTTCAAGTTAATAATCAGACAGGCACTAGTGTGCGATGCTA
ATAATTCTTCCAATGAGACAAGTGCGTCAAGTGTGATTACTTCCAATAATGATAGTGTTCAAGCGTCTGATAAAGTTGTAAATAGT
CAAAATACGGCAACAAAGGACATTACTACTCCTTTAGTAGAGACAAAGCCAATGGTGGAARAAAACATTACCTGAACAAGGGAATTA
TGTTTATAGCAAAGAAACCGAGGTGAAAAATACACCTTCAAAATCAGCCCCAGTAGCTTTCTATGCAAAGARAGGTGATAAAGTTT
TCTATGACCAAGTATTTAATAAAGATAATGTGARATGGATTTCATATAAGTCTTTTTGTGGCGTACGTCGATACGCAGCTATTGAG
TCACTAGATCCATCAGGAGGTTCAGAGACTAAAGCACCTACTCCTGTAACAAATTCAGGAAGCAATAATCAAGAGAAAATAGCAAC
GCAAGGAAATTATACATTTTCACATAAAGTAGAAGTAAAAAATGAAGCTAAGGTAGCGAGTCCAACTCAATTTACATTGGACAAAG
GAGACAGAATTTTTTACGACCAAATACTAACTATTGAAGGAAATCAGTGEGTTATCTTATAAATCATTCAATGGTGTTCGTCGTTTT
GTTTTCCTAGGTAAAGCATCTTCAGTAGAAAAAACTGAAGATAAAGAAAAAGTGTCTCCTCAACCACAAGCCCGTATTACTAAAAC
TGGTAGACTGACTATTTCTAACCGAARACAACTACAGGTTTTGATATTTTAATTACGAATATTAAAGATGATAACGGTATCGCTGCTG
TTAAGGTACCGGTTTGGACTGAACAAGGAGGGCAAGATGATATTAAATGGTATACAGCTGTAACTACTGGCGATGGCAACTACAAA
GTAGCTGTATCATTTGCTGACCATAAGAATGAGAAGGGTCTTTATAATATTCATTTATACTACCAAGAAGCTAGTGGGACACTIGT
AGGTGTAACAGGAACTAAAGTGACAGTAGCTGGAACTAATTCTTCTCAAGAACCTATTGAAAATGGTTTAGCAAAGACTGGTGTTT
ATAATATTATCGGAAGTACTGAAGTAAAAAATGAAGCTARAATATCAAGTCAGACCCAATTTACTTTAGAAAAAGGTGACAAAATA
AATTATGATCAAGTATTGACAGCAGATGGTTACCAGTGGATTTCTTACAAATCTTATAGTGGTGTTCGTCGCTATATTCCTGTGAA
AAAGCTAACTACAAGTAGTGAAAAAGCGAAAGATGAGGCGACTAAACCGACTAGTTATCCCAACTTACCTAAAACAGGTACCTATA
CATTTACTAAAACTGTAGATGTGAAAAGTCAACCTAAAGTATCAAGTCCAGTGGAATTTAATTTTCAAAAGGGTGAAAAAATACAT
TATGATCAAGTGTTAGTAGTAGATGGTCATCAGTGGATTTCATACAAGAGTTATTCCGGTATTCGTCGCTATATTGAAATT

SEQID NO. 4

MKKGQVNDTKQSYSLRKYKFGLASVILGSFIMVTSPVFADQTTSVQVNNQTGTSVDANNS SNETSASSVITSNNDSVQASDKVVNS
ONTATKDITTPLVETKPMVEKTLPEQGNYVYSKETEVKNTPSKSAPVAFYAKKGDKVEYDQVFNKDNVKWISYKSFCGVRRYAAIE
SLDPSGGSETKAPTPVTNSGSNNQEKIATQGNY TFSHKVEVKNEAKVASPTQFTLDKGDRIFYDQILTIEGNQWLSYKSFNGVRRF
VLLGKASSVEKTEDKEKVSPQPQARI TKTGRLTISNETTTGFDILITNIKDDNGIAAVKVPVWTEQGGQDDIKWYTAVTTGDGNYK
VAVSFADHKNEKGLYNIHLYYQEASGTLVGVIGTKVTVAGTNSSQEPIENGLAKTGVYNI IGSTEVKNEAKISSQTQF TLEKGDKT
NYDQVLTADGYQWISYKSYSGVRRYIPVKKLTTSSEKAKDEATKPTSYPNLPKTIGTYTFTKTVDVKSQPKVSSPVEFNFQKGEKTH
YDQVLVVDGHQWISYKSYSGIRRYIET

The nucleotide and amino acid sequences of GBS 104 in Ref. 3 are SEQ ID 8777 and SEQ
ID 8778. These sequences are set forth below as SEQ ID NOS 5 and 6:

SEQ ID NO. 5

ATGAAAAAGAGACAAAAAATATGCAGAGGGTTATCAGTTACTTTACTAATCCTGTCCCAAATTCCATTTGCTATATTGGTACAAGG
TGAAACCCAAGATACCAATCAAGCACTTGGAAAAGTAATTGTTAAAAAAACGGGAGACAATGCTACACCATTAGGCARAGCGACTT
TTGTGTTAAAAAATGACAATGATAAGTCAGAAACAAGTCACGAAACGGTAGAGGGTTCTGGAGAAGCAACCTTTGAAAACATAAAA
CCTGGAGACTACACATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTGATAAAACCTGGAAAGTTAAAGTTGCAGATAA
CGGAGCAACAATAATCGAGGGTATGGATGCAGATAAAGCAGAGAAACGAAAAGAAGTTTTGAATGCCCAATATCCAAAATCAGCTA
TTTATGAGGATACAAAAGAAAATTACCCATTAGTTAATGTAGAGGGTTCCAAAGTTGGTGAACAATACAAAGCATTGAATCCAATA
AATGGAAAAGATGGTCGAAGAGAGATTGCTGAAGCGTTGGTTATCAAAAAAAATTACAGGGGTCAATGATCTCGATAAGAATAAATA
TAAAATTGAATTAACTGTTGAGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATGTCGTTGTGCTATTAGATA
ATTCAAATAGTATGAATAATGAAAGAGCCAATAATTCTCAAAGAGCATTAAAAGCTGGGGAAGCAGTTGAARAGCTGATTGATARA
ATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGACATATGCCTCAACCATTTTTGATGGTACTGAAGCGACCGTATCARAGGG
AGTTGCCGATCAAAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTATCATAAAACTACTTTTACAGCAACTACACATAATT
ACAGTTATTTAAATTTAACAAATGATGCTAACGAAGTTAATATTCTAAAGTCAAGAATTCCAAAGGAAGCGGAGCATATAAATGGG
GATCGCACGCTCTATCAATTTGCGTGCGACATTTACTCAAAAAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACAAAGTTCTAA
TGCTAGAAAAAAACTTATTTTTCACGTAACTGATGGTGTCCCTACGATGTCTTATGCCATAAATTTTAATCCTTATATATCAACAT
CTTACCAAAACCAGTTTAATTCTTTTTTAAATAAAATACCAGATAGAAGTGEGTATTCTCCAAGAGGATTTTATAATCAATGGTGAT
GATTATCAAATAGTAAAAGGAGATGGAGAGAGTTTTAAACTGTTTTCGGATAGAAAAGTTCCTGTTACTGGAGGAACGACACAAGC
AGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATGAGTAATGAGGGATATGCAATTAATAGTGGATATATTTATCTCTATTGGA
GAGATTACAACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCTGCAACGAAACAAATCAAAACTCATGGTGAGCCAACA
ACATTATACTTTAATGGAAATATAAGACCTARAGGTTATGACATTTTTACTGTTGGGATTGGTGTAAACGGAGATCCTGGTGCAAC
TCCTCTTGAAGCTGAGAAATTTATGCAATCAATATCAAGTAAAACAGAAAATTATACTAATGTTGATGATACAAATAAAATTTATG
ATGAGCTAAATAAATACTTTAAAACAATTGTTGAGGAAAAACATTCTATTGTTGATGGAAATGTGACTGATCCTATGGGAGAGATG
ATTGAATTCCAATTAAAAAATGGTCAAAGTTTTACACATGATGATTACGTTTTGGT TGGAAATGATGGCAGTCAATTAAAAAATGG
TETGGCTCTTGGTGGACCAAACAGTGATGGGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACATCTCAAACCATCAAAA
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TCAATCATTTGAACTTAGGAAGTGGACAAAAAGTAGTTCTTACCTATGATGTACGTTTAAAAGATAACTATATAAGTAACAAATTT
TACAATACAAATAATCGTACAACGCTAAGTCCGAAGAGTGAAAAAGAACCAAATACTATTCGTGATTTCCCAATTCCCAAAATTCG
TGATGTTCGTGAGTTTCCGGTACTAACCATCAGTAATCAGAAGAARATGGGTGAGGTTGAATTTATTAAAGTTAATARAGACAAAC
ATTCAGAATCGCTTTTGGGAGCTAAGTTTCAACTTCAGATAGAAAAAGATTTTTCTGGGTATAAGCAATT TGTTCCAGAGGGAAGT
GATGTTACAACAAAGAATGATGGTAAAATTTATTTTAAAGCACTTCAAGATGGTAACTATAAATTATATGAAATTTCAAGTCCAGA
TGGCTATATAGAGGTTAAAACGAAACCTGT TGTGACATTTACAATTCAAAATGGAGAAGTTACGAACCTGAAAGCAGATCCARATG
CTAATAAAAATCAAATCGGGTATCTTGAAGGAAATGGTAAACATCTTATTACCAACACTCCCARACGCCCACCAGGTGTTTTTCCT
AADMACAGGGGGAATTGGTACAATTGTCTATATATTAGTTGGTTCTACTTTTATGATACTTACCATTTGTTCTTTCCGTCGTAAACA
ATTG

SEQ ID NO. 6

MKKRQKIWRGLSVTLLILSQIPFGILVQGETQDTNQATL.GKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATFENIK
PGDYTLREETAPIGYKKTDKTWKVKVADNGATI IEGMDADKAEKRKEVLNAQYPKSAIYEDTKENYPLVNVEGSKVGEQYKALNPI
NGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVEGKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKLIDK
ITSNKDNRVALVTYASTIFDGTEATVSKGVADQNGKATNDSVSWDYHKTTFTATTHNYSYLNL TNDANEVNILKSRIPKEAEHING
DRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPTMSYATINFNPYISTSYQNQFNSFLNKIPDRSGILQEDFIINGD
DYQIVKGDGESFKLFSDRKVPVTGGTTQAAYRVPONQLSVMSNEGYAINSGY I YLYWRDYNWVYPFDPKTKKVSATKQIKTHGEPT
TLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDDTNKIYDELNKYFKTIVEEKHS IVDGNVTDPMGEM
IEFQLKNGQSFTHDDYVLVGNDGSQLKNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNYISNKE
YNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVEF IKVNKDKHSESLLGAKFQLQIEKDFSGYKQFVPEGS
DVTTKNDGKIYFKALODGNYKLYEISSPDGYIEVKTKPVVTFTIQNGEVTNLKADPNANKNQIGYLEGNGKHLITNTPKRPPGVFP
KTGGIGTIVYILVGSTFMILTICSFRRKQL

The nucleotide and amino acid sequences of GBS 147 in Ref. 3 are SEQ ID 8525 and SEQ
ID 8526. These sequences are set forth below as SEQ ID NOS 7 and 8:
SEQID NO. 7

GTGGATAAACATCACTCAAAARAGGCTATTITAAAGTTAACACTTATAACAACTAGTATTTTATTAATGCATAGCAATCAAGTGAATGCAGAGGAG
CAAGAATTAAAAAACCAAGAGCAATCACCTGTAATTGCTAATGTTGCTCAACAGCCATCGCCATCGGTAACTACTAATACTGTTGAAAAAACATCT
GTAACAGCTGCTTCTGCTAGTAATACAGCGARAGARATGGGTGATACATCTGTAARAAATGACARAACAGAAGATGAATTATTAGAAGAGTTATCT
AAAAACCTTGATACGTCTAATTTGGGGGCTGATCTTGAAGAAGAATATCCCTCTAAACCAGAGACAACCAACAATAAAGARAGCAATGTAGTAACA
AATGCTTCAACTGCAATAGCACAGAAAGTTCCCTCAGCATATGAAGAGGTGAAGCCAGAAAGCARGTCATCGCTTGCTGTTCTTGATACATCTARA
ATAACAAAATTACARAGCCATAACCCARAGAGGARAGGGAAATGTAGTAGCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTA
GATAGCCCAAAAGATGATAAGCACAGCTTTAAAACTAAGACAGAATTTGAGGAATTAAAAGCAAAACATAATATCACTTATGGGARATGGGTTAAC
GATARGATTGTTTTTGCACATAACTACGCCAACAATACAGAAACGGTGGCTGATATTGCAGCAGCTATGARAGATGGTTATGGTTCAGAAGCARAG
AATATTTCGCATGGTACACACGTTGCTGGTATTTTTGTAGGTAATAGTAAACGTCCAGCAATCAATGGTCTTCTTTTAGAAGGTGCAGCGCCAAAT
GCTCAAGTCTTATTAATGCGTATTCCAGATAAAATTGATTCGGACAAATTTGGTGAAGCATATGCTAAAGCAATCACAGACGCTGTTAATCTAGGA
GCAAAAACGATTAATATGAGTATTGGAAAAACAGCTGATTCTTTAATTGCTCTCAATGATAAAGTTAAATTAGCACTTAAATTAGCTTCTGAGAAG
GGCGTTGCAGTTGTTGTGGCTGCCGGAAATGAAGGCGCATTTGGTATGGATTATAGCAAACCATTATCAACTAATCCTGACTACGGTACGGTTAAT
AGTCCAGCTATTTCTGAAGATACTTTGAGTGTTGCTAGCTATGAATCACTTAAAACTATCAGTGAGCTCGTTGAAACAACTATTGAAGGTAAGTTA
GTTAAGTTGCCGATTGTGACTTCTAAACCTTTTGACAAAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCAAAAARAGACTTTGAAGGT
AAGGACTTTAAAGGTAAGATTGCATTAATTGAGCGTGGTGGTGGACTTGATTTTATGACTAAAATCACTCATGCTACAAATGCAGGTGTTGTTGGT
ATCGTTATTTTTAACGATCAAGAAAAACGTGGAAATTTTCTAATTCCTTACCGTGAARTTACCTGTGGGGATTATTAGTARAGTAGATGGCGAGCGT
ATAAAAAATACTTCAAGTCAGTTAACATTTAACCAGAGTTTTGAAGTAGTTGATAGCCARAGGTGGTAATCGTATGCTGGARCAATCAAGTTGGGGC
GTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTTTGAAAT TTATTCTTCAACCTATAATAATCAATACCARACAATGTCTGGT
ACAAGTATGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCAAAGTCATTTGGCTGAGAARATATARAGGGATGAATTTAGATTCTAARAAA
TTGCTAGAATTGTCTAAAAACATCCTCATGAGCTCAGCAACAGCATTATATAGTGARGAGGATAAGGCGTTTTATTCACCACGTCAGCAAGGTGCA
GGTGTAGTTGATGCTGARAAAGCTATCCAAGCTCAATATTATATTACTGGAAACCGATGGCAAAGCTAARATTAATCTCAAACGAATGGGAGATAAA
TTTGATATCACAGTTACAATTCATAAACTTGTAGAAGGTGTCAAAGAATTGTATTATCAAGCTAATGTAGCAACAGAACAAGTAAATAAAGGTAAA
TTTGCCCTTAARCCACAAGCCTTGCTAGATACTAATTGGCAGAAAGTAATTCTTCGTGATAAAGARACACAAGTTCGATTTACTATTGATGCTAGT
CAATTTAGTCAGAAATTAAAAGAACAGATGGCAAATGCGTTATTTCTTAGAAGGTTTTGTACGTTTTAAAGAAGCCAAGGATAGTAAT CAGGAGTTA
ATGAGTATTCCITTTGTAGGATTTAATGGTGATTTTGCGAACTTACAAGCACTTGAAACACCGATTTATARGACGCTTTCTAAAGGTAGTTICTAC
TATAAACCAAATGATACAACTCATAAAGACCAATTGGAGTACAATGAATCAGCTCCTTTTGARAGCAACAACTATACTGCCTTGTTAACACAATCA
GCGTCTTGGGGCTATGTTGATTATGTCAAAAATGGTGGGGAGTTAGAATTAGCACCGGAGAGTCCAAAAAGAATTATTTTAGGAACTTTTGAGAAT
AAGGTTGAGGATAAAACAATTCATCTTTTGGAAAGAGATGCAGCGAATAATCCATATTTTGCCATTTCTCCARATARAGATGGAAATAGGGACGAA
ATCACTCCCCAGGCAACTTTCTTAAGAAATGTTAARGGATATTTCTGCTCAAGTTCTAGAT CARAAATGGAAATGTTATTTGGCAAAGTAAGGTTTTA
CCATCTTATCGTARAAATTTCCATAATAATCCAAAGCAAAGTGATGGTCATTATCGTATGGATGCTCTTCAGTGGAGTGGTTTAGATAAGGATGGC
AAAGTTGTAGCAGATGGTTTTTATACTTATCGCTTACGTTACACACCAGTAGCAGAAGGAGCARATAGTCAGGAGTCAGACTTTARAGTACAAGTA
AGTACTAAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGAAACTAATCGAACATTAAGCTTAGCCATGCCTAAGGARAGTAGTTATGTTCCT
ACATATCGTTTACAATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGGGGATGAGACT TCTTACCATTAT TTCCATATAGATCARGAAGGT
AAAGTGACACTTCCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCGGTAGACCCTAAGGCCTTGACACTTGTTGTGGAAGATAAAGCTGGTAAT
TTCGCAACGGTAARATTGTCTGATCTCTTGAATAAGGCAGTAGTATCAGAGARRGARAACGCTATAGTAATTTCTAACAGTTTCARATATTTTGAT
AACTTGAAAAARGAACCTATGTTTATTTCTAAAAAAGAAAAAGTAGTARACAAGAATCTAGAAGARATAATATTAGTTAAGCCGCAAACTACAGTT
ACTACTCAATCATTGTCTAAAGAAATAACTAAATCAGGAAATGAGARAGTCCTCACTTCTACARACAATAATAGTAGCAGAGTAGCTAAGATCATA
TCACCTAAACATAACGGGGATTCTGTTAACCATACCTTACCTAGTACATCAGATAGAGCAACGAATGGTCTATTTGTTGGTACTTTGGCATTGTTA
TCTAGTTTACTTCTTTATTTGAAACCCAAAAAGACTAAAAATAATAGTAAA

SEQID NO. 8

VDKHHSKKAILKLTLITTSILLMHSNQVNAEEQELKNQEQSPVIANVAQQPSPSVITNTVEKTSVTAASASNTAKEMGDTSVKNDKTEDELLEELS
KNLDTSNLGADLEEEYPSKPETTNNKESNVVINASTAIAQKVPSAYEEVKPESKSSLAVLDTSKITKLQAITQRGKGNVVAI IDTGFDINHDIFRL
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DSPKDDKHSFKTKTEFEELKAKHNI TYGKWVNDKIVFAHNYANNTETVAD IAAAMKDGYGSEAKN I SHGTHVAGI FVGNSKRPAINGLLLEGAAPN
AQVLLMRIPDKIDSDKFGEAYAKAI TDAVNLGAKT INMSIGKTADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDY SKPLSTNPDYGTVN
SPAISEDTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKDFEGKDFKGKIALIERGGGLDFMTKITHATNAGVVG
IVIFNDQEKRGNFLIPYRELPVGIISKVDGERIKNTSSQLTFNQSFEVVDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEIYSSTYNNQYQTMSG
TSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLELSKNILMSSATALYSEEDKAFY SPRQQGAGVVDAEKATQAQYY ITGNDGKAKINLKRMGDK
FDITVTIHKLVEGVKELYYQANVATEQVNKGKFALKPQALLDTNWQKVILRDKETQVRFTIDASQFSQKLKEQMANGYFLEGFVRFKEAKDSNQEL
MSIPFVGFNGDFANLQALETPIYKTLSKGSFYYKPNDTTHKDQLEYNESAPFESNNY TALLTQSASWGYVDYVKNGGELELAPESPKRIILGTFEN
KVEDKTIHLLERDAANNPYFAISPNKDGNRDEITPQATFLRNVKDISAQVLDONGNVIWQSKVLPSYRKNFHNNPKQSDGHYRMDALOWSGLDKDG
KVVADGFYTYRLRYTPVAEGANSQESDFKVQVSTKSPNLPSRAQFDETNRTLSLAMPKESSYVPTYRLQLVLSHVVKDEEYGDETSYHYFHIDQEG
KVTLPKTVKIGESEVAVDPKALTLVVEDKAGNFATVKLSDLLNKAVVSEKENAIVISNSFKYFDNLKKEPMF I SKKEKVVNKNLEELILVKPQTTV
TTQSLSKEITKSGNEKVLTSTNNNSSRVAKIIS PKHNGDSVNHTLPST,SDRATNGLFVGTLALLSSLLLYLKPKKTKNN SK

The nucleotide and amino acid sequences of GBS 173 in Ref. 3 are SEQ ID 8787 and SEQ
ID 8788. These sequences are set forth below as SEQ ID NOS 9 and 10:
SEQID NO. 9

ATGAAACGTAAATACTTTATTCTTAATACGGTGACGGTTTTAACGTTAGCTGCTGCAATGARATACTAGCAGTATCTATGCTAATAGTACTGAGACA
AGTGCTTCAGTAGTTCCTACTACARATACTATCGTTCAAACTAATGACAGTAATCCTACCGCAAAATTTGTATCAGAATCAGGACAATCTGTAATA
GGTCAAGTAAAACCAGATAATTCTGCGGCGCTTACAACAGT TGACACGCCTCATCATATTTCAGCTCCAGATGCTTTAAAARCAACTCAATCAAGT
CCTGTCGTTGAGAGTACTTCTACTAAGTTAACTGAAGAGACT TACAAACAAARAGATGGTCAAGATTTAGCCAACATGGTGAGAAGTGGTCAAGTT
ACTAGTGAGGAACTCGTTAATATGGCATACGATATTATTGCTAAAGARAACCCATCTTTARATGCAGTCATTACTACTAGACGCCAAGAAGCTATT
GAAGAGGCTAGAARACTTAAAGATACCAATCAGCCGTTITTAGGTGTTCCCTTGT TAGTCARGGGGT TAGGGCACAGTATTAAAGGTGGTGAARCC
AATAATGCCTTGATCTATGCAGATGGAAAAATTAGCACATTTGACAGTAGCTATGTCAAARAATATAAAGAT T TAGGATTTATTATTTTAGGACAA
ACGAACTTTCCAGAGTATGCCTGGCGTAATATAACAGATTCTAAAT TATACGGTCTARCGCATAATCCTTGGGATCTTGCTCATAATGCTGGTGGC
TCTTCTGETGGAAGTGCAGCAGCCATTGCTAGCGGAATGACGCCAATTGCTAGCGGTAGTGATGCTGGTGGTTCTATCCGTATTCCATCTTCTTGG
ACGGGCTTCGTAGGTTTAAAACCAACAAGAGCGATTGGTGAGTAATGAARAGCCAGATTCGTATAGTACAGCAGTTCATTTTCCATTAACTAAGTCA
TCTAGAGACGCAGAAACATTATTAACTTATCTARAGAARAGCGATCAAACGCTAGTATCAGTTAATGATTTAAAATCTTTACCAATTGCTTATACT
TTGAAATCACCAATGGGAACAGAAGTTAGTCAAGATGCTAAAAACGCTATTATGGACAACGTCACATTCTTAAGAAAACAAGGATTCARAAGTAACA
GAGATAGACTTACCAATTGATGGTAGAGCATTAATGCGTGATTATTCAACCTTGGCTATTGGCATGGGAGGAGCTTTTTCAACAATTGAAAAAGAC
TTAAARAAAACATGGTTTTACTAAAGAAGACGTTGATCCTATTACTTGGGCAGTTCATGTTATTTATCAAAATTCAGATAAGGCTGAACTTAAGARA
TCTATTATGGAAGCCCAAAAACATATGGATGATTATCGTAAGGCAATGGAGAAGCTTCACAAGCAATTTCCTATTTTCTTATCGCCAACGACCGCA
AGTTTAGCCCCTCTAAATACAGATCCATATGTAACAGAGGAAGATAAAAGAGCGATTTATAATATGGAAAACTTGAGCCARGAAGAAAGAATTGCT
CTCTTTAATCGCCAGTGGGAGCCTATGTTGCGTAGAACACCTTTTACACAAATTGCTAATATGACAGGACTCCCAGCTATCAGTATCCCGACTTAC
TTATCTGAGTCTGGTTTACCCATAGGGACGATGTTAATGGCAGGTGCARACTATGATATGGTATTAATTAAATTTGCARCTTTCTTTGAARAACAT
CATGGTTTTAATGTTAAATGGCAARGAATAATAGATAARGAAGTGAAACCATCTACTGGCCTAATACAGCCTACTAACTCCCTCTTTARAGCTCAT
TCATCATTAGTAAATTTAGAAGAAAATTCACAAGTTACTCAAGTATCTATCTCTAAAAAATGGATGAAATCGTCTGTTAAARATARACCATCCGTA
ATGGCATATCAAARAGCACTTCCTAAAACAGGTGATACAGAATCARGCCTATCTCCAGTTTTAGTAGTAACCCTTTTATTAGCTTGTTTTAGCTTT
GTAACAAAARAGAATCAGAAAAGT

SEQ ID NO. 10

MKRKYFILNTVIVLTLAAAMNTSSIYANSTETSASVVPTTNTIVQINDSNPTAKFVSESGQSVIGQVKPDNSAALTTVDTPHHISAPDALKTTQSS
PVVESTSTKLTEETYKQKDGQDLANMVRSGQVTSEELVNMAYDI IAKENPSLNAVITTRRQEAT EEARKLKDTNQPFLGVPLLVKGLGHSIKGGET
NNGLIYADGKISTFDSSYVKKYKDLGFI ILGQTNFPEYGWRNITDSKLYGLTHNPWDLAHNAGGSSGGSARAIASGMTPIASGSDAGGSIRIPSSW
TGLVGLKPTRGLVSNEKPDSYSTAVHFPLTKSSRDAETLLTYLKKSDQTLVSVNDLKSLPIAYTLKSPMGTEVSQDAKNA IMDNVTFLRKQGFKVT
EIDLPIDGRALMRDYSTLAIGMGGAFST I EKDLKKHGFTKEDVDPITWAVHVI YONSDKAELKKSIMEAQKHMDDYRKAMEKLHKQFPIFLSPTTA
SLAPLNTDPYVTEEDKRAIYNMENLSQEERIALFNRQWEPMLRRTPFTQIANMTGLPAISIPTYLSESGLPIGTMLMAGANYDMVLIKFATFFEKH
HGFNVKWQRI IDKEVKPSTGLIQPTNSLFKAHSSLVNLEENSQVTQVSISKKWMKSSVKNKPSVMAYQKALPKTGDTESSLSPVLVVTLLLACFSF
VTKKNQKS

The nucleotide and amino acid sequences of GBS 276 in Ref. 3 are SEQ ID 8941 and SEQ
ID 8942. These sequences are set forth below as SEQ ID NOS 11 and 12:
SEQ ID NO. 11

TTGCGTAAARAACAAAAACTACCATTTGATAAACTTGCCATTGCGCTTATATCTACGAGCATCTTGCTCAATGCACAATCAGACATTAARGCARAT
ACTGTGACAGAAGACACTCCTGCTACCGAACAAGCCGTAGAACCCCCACAACCAATAGCAGTTTCTGAGGAATCACGATCATCAAAGGAAACTAAA
ACCTCACAAACTCCTAGTGATGTAGGAGAAACAGTAGCAGATGACGCTAATGATCTAGCCCCTCAAGCTCCTGCTAAAACTGCTGATACACCAGCA
ACCTCAABAGCGACTATTAGGGATTTGAACGACCCTTCTCATGTCAAAACCCTGCAGGAAAARGCAGGCAAGGGAGCTGGGACCGTTGTTGCAGTG
ATTGATGCTGGTTTTGATARAAATCATGAAGCGTGGCGCTTAACAGACAARACTAAAGCACGTTACCAATCAARAGARARTCTTGAAAAAGCTARA
AAAGAGCACGGTATTACCTATGGCGAGTGEGTCAATGATAAGGTTGCTTATTACCACGACTATAGTARAGATGGTAAAAACGCTGTTGATCAAGAA
CACGGCACACACGTGTCAGGGATCTTGTCAGGAAATGCTCCATCTGAAATGARAGAACCTTACCGCCTAGAAGGTGCGATGCCTGAGGCT CARTTG
CTTTTGATGCGTGTCGARATTGTAAATGGACTAGCAGACTATGCTCGTAACTACGCTCAAGCTATCAGAGATGCTGTCAACTTGGGAGCTAAGGTG
ATTAATATGAGCTTTGGTAATGCTGCACTAGCTTACGCCAACCTTCCAGACGARACCAARAAAGCCTTTGACTATGCCAAATCAAAAGGTGTTAGC
ATTGTGACCTCAGCTGGTAATGATAGTAGCTTTGGGGGCAAGCCCCGTCTACCTCTAGCAGATCATCCTGATTATGGEGTGGTTGGGACACCTGCA
GCGGCAGATTCAACATTGACAGTTGCTTCTTACAGCCCAGATARACAGCTCACTGAAACTGCTACGGTCARAACAGACGATCATCAAGATARAGAA
ATGCCTGTTATTTCAACARACCGTTTITGAGCCAAACAAGGCTTACGACTATGCTTATGCTAATCGTGGTACGARAGAGGATGATTTTAAGGATGTC
GAAGGTAAGATTGCCCTTATTGAACGTGGCGATAT TGATTTCARAGATAAGATTGCARACGCTAAARARAGCTGGTGCTGTAGGGGTCTTGATCTAT
GACAATCAAGACAAGGGCTTCCCGATTGARTTGCCAAATGTTGACCAGATGCCTGCGGCCTTTATCAGTCGARGAGACGGTCTCTTATTARARGAC
AATCCCCCAAAAACCATTACCTTCAATGCGACACCTAAGGTATTGCCARCAGCAAGTGGCACCAAACTAAGCCGCTTCTCAAGCTGGGGTCTGACA
GCTGACGGCAATATTAAACCGGATATTGCAGCACCCGGCCAAGATATTTTGTCATCAGTGGCTAACAACAAGTATGCCAAACTTTCTGGAARCTAGT
ATGTCTGCACCATTGGTAGCGGGTATCATGGGACTGT TGCARAAGCAATATGAGACACAGTATCCTGATATGACACCATCAGAGCGTCTTGATTTA
GCTAAGAAAGTATTGATGAGCTCAGCAACTGCCCTATATGATGAAGATGAAAAAGCTTATTTTTCTCCTCGCCAACAGGGAGCAGGAGCAGTCGAT
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GCTARARAAGCTTCAGCAGCAACGATGTATGTAACAGATAAGGACAATACCTCAAGCAAGCTTCACCTGAACAATGTTTCTGATARATTTGAAGTA
ACAGTAACAGTTCACAACAAATCTGATAAACCTCAAGAGTTGTATTACCAAGTAACTGTTCAAACAGATAAAGTAGATGGAAAACACTTTGCCTTG
GCTCCTAAAGCATTGTATGAGACATCATGGCAAARAATCACAATTCCAGCCAATAGCAGCAARACAAGT CACCGTTCCAATCGATGCTAGTCGATTT
AGCAAGGACTTGCTTGCCCAAATGARAAATGGCTATTTCTTAGAAGGTTTTGTTCGTTTCAAACAAGATCCTACAARAGAAGAGCTTATGAGCATT
CCATATATTGGTTTCCGAGGTGATTTTGGCAATCTGTCAGCCTTAGAAAAACCAATCTATGATAGCARAGACGGTAGCAGCTACTATCATGARAGCA
AATAGTGATGCCAAAGACCAATTAGATGGTGATGGATTACAGTTTTACGCTCTGAAAAATAACTTTACAGCACTTACCACAGAGTCTAACCCATGG
ACGATTATTAAAGCTGTCAAAGARGGGGTTGAAAACATACAGGATATCGAATCTTCAGAGATCACAGAAACCATTTTTGCAGGTACTTTTGCAAAR
CAAGACGATGATAGCCACTACTATATCCACCGTCACGCTAATGCCAAACCATATGCTGCGATCTCTCCARATGGGGACGGTAACAGAGATTATGTC
CAATTCCAARGGTACTTTCTTGCGTAATGCTAAAAACCTTGTGGCTGAAGTCTTGCGACAAAGAAGGAAATGTTGTITGGACAAGTGAGGTAACCGAG
CAAGTTGTTAAAAACTACAACAATGACTTGGCAAGCACACTTGGTTCAACCCGTTTTGARAAAACGCGTTGGGACGGTARAGATARAGACGGCAAR
GTTGTTGCTAACGGAACCTACACCTATCGTGTTCGCTACACGCCGATTAGCTCAGGTGCARAAGAACAACACACTGATTTTGATGTGATTGTAGAC
AATACGACACCTGAAGTCGCAACATCGGCAACATTCTCAACAGAAGATAGTCGTTTGACACTTGCATCTARACCAARAACCAGCCAACCGGTTTAC
CGTGAGCGTATTGCTTACACTTATATGGATGAGGATCTGCCAACAACAGAGTATATTTCTCCAAATGAAGATGGTACCTTTACTCTTCCTGAAGAG
GCTGAAACAATGGAAGGCGCTACTGTTCCATTGAAAATGTCAGACTTTACTTATGTTGTTGAAGATATGGCTGGTAACATCACTTATACACCAGTG
ACTARGCTATTGGAGGGCCACTCTAATAAGCCAGAACAAGACGGTTCAGATCAAGCACCAGACAAGARACCAGAAGCTARACCAGAACARGACGGT
TCAGGTCAAACACCAGATARAAAAAAAGAAACTAAACCAGAAAAAGATAGTT CAGGTCAAACACCAGGTAARACTCCTCARAAAGGTCAATCTTCT
CGTACTCTAGAGAAACGATCTTCTAAGCGTGCTTTAGCTACAAAAGCATCAACAAGAGATCAGTTACCAACGACTAATGACAAGGATACAAATCGT
TTACATCTCCTTAAGTTAGTTATGACCACTTTCTTCTITGGGA '

SEQ ID NO. 12

MRKKQKLPFDKLAIALISTSILLNAQSDIKANTVTEDTPATEQAVEPPQPIAVSEESRSSKETKTSQTPSDVGETVADDANDLAPQ
APAKTADTPATSKATIRDLNDPSHVKTLQEKAGKGAGTVVAVIDAGFDKNHEAWRLTDKTKARYQSKENLEKAKKEHGITYGEWVN
DKVAYYHDYSKDGKNAVDQEHGTHVSGILSGNAPSEMKEPYRLEGAMPEAQLLLMRVEIVNGLADYARNYAQATRDAVNLGAKVIN
MSFGNAALAYANLPDETKKAFDYAKSKGVSIVITSAGNDSSFGGKPRLPLADHPDYGVVGTPAAADSTLTVASYSPDKQLTETATVK
TDDHQDKEMPVISTNRFEPNKAYDYAYANRGTKEDDFKDVEGKIALIERGDIDFKDKIANAKKAGAVGVLIYDNQDKGFPIELPNV
DOMPAAFISRRDGLLLKDNPPKTITFNATPKVLPTASGTKLSRFSSWGLTADGNIKPDIAAPGODILSSVANNKYAKLSGTSMSAP
LVAGIMGLLQKQYETQYPDMTPSERLDLAKKVLMSSATALYDEDEKAYFSPRQQGAGAVDAKKASAATMY VIDKDNTSSKVHLNNV
SDKFEVTVIVHNKSDKPQELYYQVTVQTDKVDGKHFALAPKALYETSWOKITI PANSSKQVTVPIDASRFSKDLLAQMKNGYFLEG
FVRFKQDPTKEELMSIPYIGFRGDFGNLSALEKPIYDSKDGSSYYHEANSDAKDQLDGDGLQFYALKNNFTALTTESNPWTIIKAV
KEGVENIEDIESSEITETIFAGTFAKQDDDSHYYTIHRHANGKPYAATISPNGDGNRDYVQFQGTFLRNAKNLVAEVLDKEGNVVWTS
EVTEQVVKNYNNDLASTLGSTRFEKTRWDGKDKDGKVVANGTYTYRVRYTPISSGAKEQHTDFDVIVDNTTPEVATSATFSTEDSR
LTLASKPKTSQPVYRERIAYTYMDEDLPTTEYISPNEDGTFTLPEEAETMEGATVPLKMSDFTYVVEDMAGNITYTPVTKLLEGHS
NKPEQDGSDQAPDKKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGKTPQKGQSSRTLEKRSSKRALATKASTRDQLPTTNDKDT
NRLHLLKLVMTITFFLG

The nucleotide and amino acid sequences of GBS 305 in Ref. 3 are SEQ ID 207 and SEQ ID
208. These sequences are set forth below as SEQ ID NOS 13 and 14:

SEQID NO. 13

ATGGGACGAGTAATGAAAACAATAACAACATTTGAAAATAAAAAAGTTTTAGTCCTTGGTTTAGCACGATCTGGAGAAGCTGCTGC
ACGTTTGTTAGCTAAGTTAGGAGCAATAGTGACAGTTAATGATGGCAAACCATTTGATGAAAATCCAACAGCACAGTCTTTGTTGG
AAGAGGGTATTARAGTGGTTTGTGGTAGTCATCCTTTAGAATTGTTAGATGAGGATTTTTGTTACATGATTAAAAATCCAGGAATA
CCTTATAACAATCCTATGGTCAAAAAAGCATTAGAAAAACAAATCCCTGTTTTGACTGAAGTGGAATTAGCATACTTAGTTTCAGA
ATCTCAGCTAATAGGTATTACAGGCTCTAACGGGAAAACGACAACCACAACGATGATTGCAGAAGTCTTAAATGCTGCGAGGTCAGA
GAGGTTTGTTAGCTGGGAATATCGGCTTTCCTGCTAGTGAAGTTGTTCAGGCTGCGAATGATAAAGATACTCTAGTTATGGAATTA
TCAAGTTTTCAGCTAATGGGAGTTAAGGAATTTCGTCCTCATATTGCAGTAATTACTAATTTAATGCCAACTCATTTAGATTATCA
TGGGTCTTTTGAAGATTATGTTGCTGCAAAATGGAATATCCARAATCAAATGTCTTCATCTGATTTTTTGGTACTTAATTTTAATC
AAGGTATTTCTAAAGAGTTAGCTAAAACTACTAAAGCAACAATCGTTCCTTTCTCTACTACGGAAAAAGTTCGATGGTGCTTACGTA
CAAGACAAGCAACTTTTCTATAAAGGGGAGAATATTATGTCAGTAGATGACATTGGTGTCCCAGGAAGCCATAACGTAGAGAATGC
TCTAGCAACTATTGCGGTTGCTAAACTGGCTGGTATCAGTAATCAAGTTATTAGAGAAACTTTAAGCAATTTTGGAGGTGTTAAAC
ACCGCTTGCAATCACTCGGTAAGGTTCATGGTATTAGTTTCTATAACGACAGCAAGTCAACTAATATATTGGCAACTCARAAAGCA
TTATCTGGCTTTGATAATACTAAAGTTATCCTAATTGCAGGAGGTCTTGATCGCGGTAATCAGTTTGATGAATTGATACCAGATAT
CACTGGACTTAAACATATGGTTGTTTTAGGGGAATCGGCATCTCGAGTAAAACGTGCTGCACAAAAAGCAGGAGTAACTTATAGCE
ATGCTTTAGATGTTAGAGATGCGGTACATAAAGCTTATGAGGTGGCACAACAGCGCGATGTTATCTTGCTAAGTCCTGCAAATGCA
TCATGGGACATGTATAAGAATTTCGAAGTCCGTGGTGATGAATTCATTGATACTTTCGAAAGTCTTAGAGGAGAG

SEQ ID NO. 14

MGRVMKTITTFENKKVLVLGLARSGEAAARLLAKLGAIVTVNDGKPFDENPTAQSLLEEGIKVVCGSHPLELLDEDFCYMIKNPGI
PYNNPMVKKALEKQIPVLTEVELAYLVSESQLIGITGSNGKTTTTTMIAEVLNAGGORGLLAGNIGFPASEVVQAANDKDTLVMEL
SSFQLMGVKEFRPHIAVITNLMPTHLDYHGSFEDYVAAKWNIONQMSSSDFLVLNFNQGI SKELAKTTKATIVPFSTTEKVDGAYV
QDKQLFYKGENIMSVDDIGVPGSHNVENALATIAVAKLAGISNQVIRETLSNFGGVKHRLQSLEKVHGISFYNDSKSTNILATQKA
LSGFDNTKVILIAGGLDRGNEFDELIPDITGLKEMVVLGESASRVKRAAQKAGVTYSDALDVRDAVHKAYEVAQQGDVILLSPANA
SWDMYKNFEVRGDEFIDTFESLRGE

The nucleotide and amino acid sequences of GBS 313 are in Ref. 3 are SEQ ID 4089 and
SEQ ID 4090. These sequences are set forth as SEQ ID NOS 15 and 16 below:
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SEQ ID NO. 15

ATGAARCGTATTGCTGTTTTAACTAGTGGTGGTGACGCCCCTGGTATGAACGCTGCTATCCGTGCAGTTGTTCGTAAAGCAATTTCTGAAGGTATG
GAAGTTTACGGCATCAACCAAGGTTACTATGGTATGGTGACAGGGGATATTTTCCCTTTGGATGCTARATTCTGTTGGGGATACTATCAACCGTGGA
GGAACGTTTTTACGTTCAGCACGTTATCCTGRATTTGCTGAACTTGAAGGTCAGCTTAAAGGGATTGAACAGCTTAAAARACACGGTATTGAAGGT
GTAGTAGTTATCGGTGGTGATGCTTCTTATCATGGTGCTATGCGTCTAACTGAGCACGGTTTCCCAGCTGTTGETTTGCCGGGTACAATTGATAAC |
GATATCGTTGGCACTGACTATACTATTGGTTTTGACACAGCAGTTGCGACAGCAGTTGAGAATCTTGACCCTCTTCGTGATACATCAGCAAGTCAT
AACCGTACTTTTGTTGTTGAGGTTATGGGAAGAAATGCAGGAGATATCGCTCTTTGEGTCAGGTATCGCTGCAGGTGCAGATCARATTATTGTTCCT
GAAGAAGAGTTCAATATTGATGAAGTTGTCTCARATGTTAGAGCTGGCTATGCAGCTGGTARACATCACCAAATCATCGTCCTTGCAGAAGGTGTT
ATGAGTGGTGATGAGTTTGCAAAAACAATGAAAGCAGCAGGAGACGATAGCGATCTTCGTGTGACGAATTTAGGACATCTGCTCCGTGGTGGTAGT
CCGACGGCTCGTGATCGTGTCT TAGCATCTCGTATGGGAGCGTACGCTGTTCAATTGTTGARAGAAGGTCGTGGTGGTTTACGCCGTTGGTGTCCAC
AACGAAGAAATGGTTGARAGTCCAATTTTAGGTTTAGCAGAAGAAGGTGCTTTGTTCAGCTTGACTCGATGAAGGAAARATCGTTGTTAATAATCCG
CATAAAGCGGACCTTCGCTTGGCAGCACTTAATCGTGACCTTGCCAACCAARGTAGTAAA

SEQ ID NO. 16

MKRIAVLTSGGDAPGMNAAI RAVVRKAISEGMEVYGINQGYYGMVTGDIFPLDANSVGDT INRGGTFLRSARYPEFAELEGQLKGIEQLKKHGIEG
VVVIGGDGSYHGAMRLTEHGFPAVGLPGTIDNDIVGTDYTIGFDTAVATAVENLDRLRDTSASHNRTFVVEVMGRNAGDIALWSGIAAGADQIIVP
EEEFNIDEVVSNVRAGYAAGKHHQI IVLAEGVMSGDEFAKTMKAAGDDSDLRVTINLGHLLRGGSPTARDRVLASRMGAYAVQLLKEGRGGLAVGVH
NEEMVESPILGLAEEGALFSLTDEGKI VV'NNPI—/IKADLRLAALNRDLANQS SK

The nucleotide and amino acid sequences of GBS 322 in Ref. 3 are SEQ ID 8539 and SEQ
ID 8540. These sequences are set forth below as SEQ ID NOS 17 and 18:
SEQ ID NO. 17

ATGAATAAAAAGGTACTATTGACATCGACAATGGCAGCTTCGCTATTATCAGT CGCAAGTGTTCAAGCACARGAAACAGATACGACGTGGACAGCA

CGTACTGTTTCAGAGGTAAAGGCTGATTTGGTAAAGCAAGACAATAAATCATCATATACTGTGAAATATGGTGATACACTARGCGTTATTTCAGAA
GCAATGTCAATTGATATGAATGTCTTAGCAAAAATAAATAACATTGCAGATATCAATCTTATTTATCCTGAGACAACACTGACAGTAACTTACGAT
CAGAAGAGTCATACTGCCACTTCAATGAAAATAGAAACACCAGCAACAAATGCTGCTGGTCARACAACAGCTACTGTGGATTTGAAAACCAATCAA
GTTTCTGTTGCAGACCAAAAAGTTTCTCTCAATACRATTTCGGAAGGTATGACACCAGAAGCAGCAACRACGATTGTTTCGCCAATGAAGACATAT
TCTTCTGCGCCAGCTTTGAAATCAAAAGAAGTATTAGCACAAGAGCAAGCTGTTAGTCAAGCAGCAGCTAATGAACAGGTATCACCAGCTCCTGTG
AAGTCGATTACTTCAGAAGTTCCAGCAGCTAAAGAGGAAGTTAAACCAACTCAGACGTCAGTCAGTCAGTCAACAACAGTATCACCAGCTTCTGTT
GCCGCTGAAACACCAGCTCCAGTAGCTAAAGTAGCACCGGTAAGAACTGTAGCAGCCCCTAGAGTGGCAAGTGTTARAAGTAGTCACTCCTAAAGTA
GARAACTGGTGCATCACCAGAGCATGTATCAGCTCCAGCAGTTCCTGTGACTACCGACT TCACCAGCTACAGACAGTAAGTTACARGCGACTGAAGTT
AAGAGCGTTCCGGTAGCACAARAAGCTCCAACAGCAACACCGGTAGCACAACCAGCTTCAACAACAAATGCAGTAGCTGCACATCCTGAAAATGCA
GGGCTCCAACCTCATGTTGCAGCTTATAAAGAAAAAGTAGCGTCAACTTATGGAGTTAATGAATTCAGTACATACCGTGCGGGAGATCCAGGTGAT
CATGGTAAAGGTTTAGCAGTTGACTTTATTGTAGGTACTAATCAAGCACTTGGTAATAAAGTTGCACAGTACTCTACACAAAATATGGCAGCAAAT
AACATTTCATATGTTATCTGGCAACAAAAGTTTTACTCARATACARACAGTATTTATGGACCTGCTAATACTTGGAATGCAATGCCAGATCGTGGT
GGCGTTACTGCCAACCACTATGACCACGTTCACGTATCATTTAACAAATAATATAAAAAAGGAAGCTATTTGGCTTCTTTTTTATATGCCTTGAAT
AGACTTTCAAGGTTCTTATATAATTTTTATTA

SEQ ID NO. 18

MNKKVLLTSTMAASLLSVASVQAQETDTTWTARTVSEVKADLVKQDNKSSYTVKYGDTLSVISEAMSIDMNVLAKINNIADINLIYPETTLTVTYD
QKSHTATSMKIETPATNAAGQTTATVDLKTNQVSVADQKVSLNTISEGMTPEAATTIVSPMKTYSSAPALKSKEVLAQEQAVSQAARANEQVSPAPY
KSITSEVPARKEEVKPTQTSVSQSTTVSPASVARETPAPVAKVAPVRTVAAPRVASVKVVTPKVETGASPEHVSAPAVPVITTSPATDSKLOATEV
KSVPVAQKAPTATPVAQPASTTNAVAAHPENAGLOPHVAAYKEKVASTYGVNEFSTYRAGDPGDHGKGLAVDFIVGTNQALGNKVAQYSTONMAAN
NISYVIWQQOKFYSNTNSIYGPANTWNAMPDRGGVTANHYDHVHVSFNK

The nucleotide and amino acid sequences of GBS 328 in Ref. 3 are SEQ ID 6015 and SEQ
ID 6016. These sequences are set forth below as SEQ ID NOS 19 and 20:
SEQ ID NO. 19

ATGAAAAAGAAAATTATTTTGAAAAGTAGTGTTCTTGGTTTAGTCGCTGGCGACTTCTATTATGTTCTCAAGCGTGTTCGCGGACCAAGTCGGTGTC
CAAGTTATAGGCGTCAATGACTTTCATGGTGCACTTGACAATACTGGAACAGCAAATATGCCTGATGGARARAGTTGCTAATGCTGGTACTGCTGCT
CAATTAGATGCTTATATGGATGACGCTCAAAAAGATTTCARACAAACTAACCCTAATCGTGAAAGCATTAGGGTTCAAGCAGGCGATATGGTTGGA
GCAAGTCCAGCCAACTCTGGGCTTCTTCAAGATGAACCAACTGTCARAAATTTTAATGCAATGAATGTTGAGTATGGCACATTGGGTAACCATGAA
TTTGATGAAGGGTTGGCAGAATATAATCGTATCGTTACTGGTAAAGCCCCTGCTCCAGATTCTAATATTAATAATATTACGARATCATACCCACAT
GAAGCTGCAAAACAAGAAATTGTAGTGGCAARATGTTATTGATAAAGTTAACAAACAAATTCCTTACAATTGGAAGCCTTACGCTATTAARAATATT
CCTGTARATAACARAAGTGTGAACGTTGGCTTTATCGGGATTGTCACCARAGACATCCCARACCT TGTCTTACGTAAARATTATGAACRATATGAA
TTTTTAGATGAAGCTGAAACAATCGTTAAATACGCCAARGAATTACAAGCTARAAATGTCAAAGCTATTGTAGTTCTCGCACATGTACCTGCAACA
AGTAAAAATGATATTGCTGAAGGTGAAGCAGCAGAAATGATGAARARAGTCAATCAACTCTTCCCTGARAATAGCGTAGATATTGTCTTTGCTGGA
CACAATCATCAATATACAAATGGTCTTGTTGGTAAAACTCGTATTGTACAAGCGCTCTCTCAAGGAAAAGCCTATGCTGATGTACGTGGTGTCTTA
GATACTGATACACAAGATTTCATTGAGACCCCTTCAGCTARAGTAATTGCAGTTGCTCCTGGTAAARARACAGCGTAGTGCCGATATTCAAGCCATT
GTTGACCAAGCTAATACTATCGTTAAACAAGTAACAGAAGCTAARATTGGTACTGCCGAGGTAAGTGTCATGATTACGCGTTCTGTTGATCAAGAT
BAATGTTAGTCCGGTAGGCAGCCTCATCACAGAGGCTCAACTAGCAATTGCTCGAAAARAGCTGGCCAGATATCGATTTTGCCATGACARATAATGGT
GGCATTCGTGCTGACTTACTCATCAAACCAGATGGAACAATCACCTGCGGAGCTGCACAAGCAGTTCAACCTTTTGGTAATATCTTACAAGTCGTC
GAAATTACTGGTAGAGATCTTTATAAAGCACTCAACGAACAATACGACCARAAACAAAATTTCTTCCTTCARATAGCTGGTCTGCGATACACTTAC
ACAGATAATAAAGAGGGCGGGGAAGAAACACCATTTAAAGTTGTAARAGCTTATAAATCAAATGGTGAGGARATCARTCCTGATGCAAAATACAAA
TTAGTTATCAATGACTTTTTATTCGGTGGTGGTGATGGCTTTGCAAGCTTCAGAAATGCCAAACTTCTAGGAGCCATTAACCCCGATACAGAGGTA
TTTATGGCCTATATCACTGATTTAGAAAAAGCTGGTARAARAGTGAGCGTTCCAARATAATARAACCTAAAATCTATGTCACTATGAAGATGGTTAAT
GAAACTATTACACAAAATGATGGTACACATAGCATTATTAAGAAACTTTATTTAGATCGACAAGGAAATATTGTAGCACAAGAGATTGTATCAGAC
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ACTTTAAACCAAACAARATCAAAATCTACAAAAATCAACCCTGTAACTACAATTCACAAAAARCAAT TACACCAATTTACAGCTATTAACCCTATG
AGAAATTATGGCAAACCATCAAACTCCACTACTGTAAAATCAAAACAATTACCAAAAACAAACTCTGAATATGGACAATCATTCCTTATGTCTGTC
TTTGGTGTTGGACTTATAGGAATTGCTTTAAATACAAAGARAAAACATATGARA

SEQ ID NO. 20

MKKKIILKSSVLGLVAGTS IMFSSVFADQVGVQVIGVNDFHGALDNTGTANMPDGKVANAGTAAQLDAYMDDAQKDFKQTNPNGESIRVQAGDMVG
ASPANSGLLQDEPTVKNFNAMNVEYGTLGNHEFDEGLAEYNRIVIGKAPAPDSNINNITKSYPHEAAKQETIVVANVIDKVNKQIPYNWKPYATKNI
PVNNKSVNVGFIGIVTKDIPNLVLRKNYEQYEFLDEAETIVKYAKELQAKNVKAI VVLAHVPATSKND IAEGEAAEMMKKVNQLFPENSVDIVFAG
HNHQYTNGLVGKTRIVQALSQGKAYADVRGVLDTDTQDFIETPSAKVIAVAPGKKTGSADIQAIVDQANT IVKQVTEAKIGTAEVSVMITRSVDQD
NVSPVGSLITEAQLAIARKSWPDIDFAMTNNGGIRADLLIKPDGT ITWGARQAVQPFGNILQVVEITGRDLYKALNEQYDQKONFFLQIAGLRYTY
TDNKEGGEETPFKVVKAYKSNGEEINPDAKYKLVINDFLFGGGDGFASFRNAKLLGAINPDTEVFMAYITDLEKAGKKVSVPNNKPKIYVTMKMVN
ETITONDGTHSI IKKLYLDRQGNIVAQEIVSDTLNQTKSKSTKINPVTTIHKKQLHQFTAINPMRNYGKPSNSTTVKSKQLPKTNSEYGQSFLMSV
FGVGLIGIALNTKKKHMK

The nucleotide and amino acid sequences of GBS 330 in Ref. 3 are SEQ ID 8791 and SEQ
ID 8792. These sequences are set forth below as SEQ ID NOS 21 and 22:
SEQ ID NO. 21

ATGAATAAACGCGTAARAATCGTTGCAACACTTGGTCCTGCGGTTGAATTCCGTGGTGGTAAGAAGT TTGGTGAGTCTGGATACTGGGGTGARRGC
CTTGACGTAGAAGCTTCAGCAGAAAAAATTGCTCAATTGATTAAAGAAGGTGCTAACGTTTTCCGTTTCAACTTCTCACATGGAGATCATGCTGAG
CAAGGAGCTCGTATGGCTACTGTTCGTARAGCAGAAGAGATTGCAGGACAARAAGTTGGCTTCCTCCTTGATACTAAAGGACCTGARATTCGTACA
GAACTTTTTGARGATGETGCAGATTTCCATTCATATACAACAGGTACAARATTACGTGTTGCTACTAAGCAAGGTATCARATCAACTCCAGAAGTG
ATTGCATTGAATGTTGCTGGTGGACTTGACATCTTTGATGACGTTGAAGTTGGTAAGCAAATCCTTGTTGATGATGGTARACTAGGTCITACTGTG
TTTGCAARAAGATAAAGACACTCGTGAATTTGAAGTAGT TGTTGAGAATGATGCGCCTTATTGGTAAACAAAAAGGTGTAAACATCCCTTATACTAAA
ATTCCTTTCCCAGCACTTGCAGAACGCGATAATGCTGATATCCGTTTTGGACTTGAGCAAGGACTTAACTTTATTGCTATCTCATTTGTACGTACT
GCTAAAGATGTTAATGAAGTTCGTGCTATTTGTGAAGARACTGGSMATGGACACGTTAAGTTGTTTGCTAAAATTGAAAATCARCAAGGTATCGAT
AATATTGATGAGATTATCGAAGCAGCAGATGGTATTATGATTGCTCGTGGTGATATGEGGTATCGAARGTTCCATTTGAAATGGTTCCAGTTTACCAA
AAAATGATCATTACTARAGTTAATGCAGCTGGTAAAGCAGTTATTACAGCAACAAATATGCTTGAAACAATGACTGATAAACCACGTGCGACTCGT
TCAGAAGTATCTGATGTCTTCAATGCTGTTATTGATGGTACTGATGCTACAATGCTTTCAGGTGAGTCAGCTAATGGTAAATACCCAGTTGAGTCA
GTTCGTACAATGGCTACTATTGATARAAATGCTCAAACATTACTCAATGAGTATGGTCGCTTAGACTCATCTGCATTCCCACGTAATAACARAACT
GATGTTATTGCATCTGCCETTAARGATGCAACACACTCAATGGATATCAAACTTGTTGTAACAATTACTGAAACAGGTAATACAGCTCGTGCCATT
TCTABATTCCGTCCAGATGCAGACATTTTGGCTGTTACAT TTGATGAAARAGTACAACGTTCATTGATGATTAACTGGGGTGTTATCCCTGTCCTT
GCAGACAAACCAGCATCTACAGATGATATGTTTGAGCT TGCAGAACGTGTAGCACTTGAAGCAGGATTTGTTGAATCAGGCGATAATATCGTTATC
GTTGCAGGTGTTCCTGTAGGTACAGGTGGAACTAACACAATGCGTGTTCGTACTGTTAAA

SEQ ID NO. 22

MNKRVKIVATLGPAVEFRGGKKFGESGYWGESLDVEASAEKIAQLIKEGANVFRFNFSHGDHAEQGARMATVRKAEE IAGQKVGFLLDTKGPEIRT
ELFEDGADFHSYTTGTKLRVATKQGIKSTPEVIALNVAGGLD I FDDVEVGKQILVDDGKLGLTVFAKDKDTREFEVVVENDGLIGKQKGVNIPYTK
IPFPALAERDNADIRFGLEQGLNFIAISFVRTAKDVNEVRAICEETGXGHVKLFAKIENQQGIDNIDEI IEAADGIMIARGDMGIEVPFEMVPVYQ
KMI ITKVNAAGKAVITATNMLETMTDKPRATRSEVSDVFNAVIDGTDATMLSGESANGKY PVESVRTMAT I DKNAQTLLNEYGRLDSSAFPRNNKT
DVIASAVKDATHSMDIKLVVTITETGNTARAISKFRPDADILAVTFDEKVQRSLMINWGVIPVLADKPASTDDMFEVAERVALEAGFVESGDNIVI
VAGVPVGTGGTNTMRVRTVK

The nucleotide and amino acid sequences of GBS 338 in Ref. 3 are SEQ ID 8637 and SEQ
ID 8638. These sequences are set forth below as SEQ ID NOS 23 and 24:

SEQ ID NO. 23

TTGTCTGCTATAATAGACAAAAAGGTGGTGATATTTATGTATTTAGCATTAATCGGTGATATCATTAATTCAAAACAGATACTTGA
ACGTGAAACTTTCCAACAGTCTTTTCAGCAACTAATGACCGAACTATCTGATGTATATGGTGAAGAGCTGATTTCTCCATTCACTA
TTACAGCTGETGATGAATTTCAAGCTTTATTGAAACCATCAAAARAGGTATTTCAAATTATTGACCATATTCAACTAGCTCTAARA

- CCTGTTAATGTAAGGTTCGGCCTCGGTACAGGAAACATTATAACATCCATCAATTCAAATGAAAGTATCGGTGCTGATGGTCCTGC

CTACTGGCATGCTCGCTCAGCTATTAATCATATACATGATAAAAATGATTATGGAACAGTTCAAGTAGCTATTTGCCTTGATGATG
AAGACCAAAACCTTGAATTAACACTAAATAGTCTCATTTCAGCTGGTGATTTTATCAAGTCAARATGGACTACAAACCATTTTCAA
ATGCTTGAGCACTTAATACTTCAAGATAATTATCAAGAACAATTTCAACATCAAAAGTTAGCCCAACTGGAARATATTGAACCTAG
TGCGCTGACTAAACGCCTTARAGCAAGCGGTCTGAAGATTTACTTAAGAACGAGAACACAGGCAGCCGATCTATTAGTTAAAAGTT
GCACTCARACTAAAGGGGGAAGCTATGATTTC

SEQ ID NO. 24

MSAIIDKKVVIFMYLALIGDIINSKQILERETFQQSFQQLMTELSDVYGEELISPFTITAGDEFQALLKPSKKVEFQI IDHIQLALKPVNVRFGLGTG
NIITSINSNESIGADGPAYWHARSAINHIHDKNDYGTVQVAICLDDEDQNLELTLNSLISAGDFIKSKWITNHFOMLEHLILQDNYQEQFQHOKTLAQ
LENIEPSALTKRLKASGLKIYLRTRTQAADLLVKSCTQTKGGSYDF

The nucleotide and amino acid sequences of GBS 358 in Ref. 3 are SEQ ID 3183 and SEQ
ID 3184. These sequences are set forth below as SEQ ID NOS 25 and 26:
SEQ ID NO. 25
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ATGTTTTATACAATTGAAGAGCTGGTAGAGCAAGCTAATAGCCAACATAAGGGTAACATAGCAGAGCTCATGATCCAAACGGARATTGAAATGACT
GGTAGAAGTCGTGAAGAAATTCGTTATATTATGTCCCGAAATCTTGAAGTCATGARAGCTTCTGTTATTGATGGATTAACCCCTAGTAAATCAATC
AGTGETTTAACAGGCCGTGATGCTCTCAAGATGGATCAATATTTACAATCAGGARAAACTATTTCAGATACCACAATCCTAGCTGCCGTTAGGAAT
GCTATGGCTGTTAATGAGTTAAATGCTAAGATGGGACTGGTCTGTGCARCACCAACTGCAGGTAGTGCAGGATGTTTACCAGCTGTGATTTCTACA
GCCATTGARAAGCTTAATTTAACAGAAGAAGAGCAACTTGATTTTCTATTTACAGCCGGCGCATTTGGTCTCGTCATTGGTAATAATGCCTCTATC
TCAGGTGCAGAAGGAGETTGCCAAGCTGAAGTTGGETCAGCTAGTGCTATGGCTGCCGGCTGCTTTAGTTATGGCTGCTGGAGGTACTCCTTTCCAA
GCTAGCCAAGCTATAGCATTTGTTATTAAAAATATGCTTGGACTTATCTGTGACCCTGTTGCAGGTTTAGTTGAAGT CCCTTGTGTGAAGCGGAAT
GCTCTTGGATCAAGTTTTGCACTIGTTGCTGCTGATATGGCCTTGGCTGCTATTGAATCGCARATTCCAGTAGATGAAGTTATTGATGCAATGTAT
CAAGTTGGATCAAGTTTACCGACTGCTTTTCGTGAGACTGCAGAAGGAGGACTTGCTGCCACGCCGACAGGAAGACGTTATAGTAAAGAAATTTTT
GGGGARA

SEQ ID NO. 26

MFYTIEELVEQANSQHKGNIAELMIQTEIEMTGRSREEIRYIMSRNLEVMKASVIDGLTPSKSISGLTGGDAVKMDQYLOSGKTISDTTILAAVRN
AMAVNELNAKMGLVCATPTAGSAGCLPAVISTAIEKLNLTEEEQLDFLFTAGAFGLVIGNNASI SGAEGGCQAEVGSASAMAAAALVMAAGGTPFQ
ASQAIAFVIKNMLGLICDPVAGLVEVPCVKRNALGSSFALVAADMALAGIESQIPVDEVIDAMYQVGSSLPTAFRETAEGGLAATPTGRRYSKEIF
GE

The nucleotide and amino acid sequences of GBS 361 in Ref. 3 are SEQ ID 8769 and SEQ
ID 8770. These sequences are set forth below as SEQ ID NOS 27 and 28:
SEQ ID NO. 27

ATGAGCGTATATGTTAGTGGAATAGGAATTATTTCTTCTTTGGGAAAGAATTATAGCGAGCATAAACAGCATCTCTTCGACTTAARAGAAGGAATTT
CTAAACATTTATATAAARAATCACGACTCTATTTTAGAATCTTATACAGGAAGCATAACTAGTGACCCAGAGGTTCCTGAGCAATACAAAGATGAGAC
ACGTAATTTTAAATTTGCTTTTACCGCTTTTGAAGAGGCTCTTGCTTCTTCAGGTGTTAATTTAAAAGCTTATCATAATATTGCTGTGTGTTTAGGG
ACCTCACTTGGGCGAAARGAGTGCTGGTCAAAATGCCTTGTAT CAATTTGARGAAGGAGAGCGTCAAGTAGATGCTAGTTTATTAGARAAAGCATCTG
TTTACCATATTGCTGATGAATTGATGEGCTTATCATGATATTGTGGGAGCTTCGTATGTTATTTCAACCGCCTGTTCTGCAAGTAATAATGCCGTAAT
ATTAGGAACACAATTACTTCAAGATGGCGATTGTGATTTAGCTATTTGTCGGTGGCTGTGATGAGT TAAGTGATATTTCTTTAGCAGGCTTCACATCA
CTAGGAGCTATTAATACAGAAATGGCATGTCAGCCCTATTCTTCTGGARARAGGAATCAATTTGGGTGAGGGCGCTGETTTTGTTGTTCTTGTCAAAG
ATCAGTCCTTAGCTAAATATGGAAAAATTATCGGTGGTCTTATTACTTCAGATGGTTATCATATAACAGCACCTAAGCCAACAGGTGAAGGGGCGGC
ACAGATTGCAAAGCAGCTAGTGACTCAAGCAGGTATTGACTACAGTGAGATTGACTATATTAACGGTCACGGTACAGGTACTCAAGCTAATGATARA
ATGGAAAAAAATATGTATGETAAGTTTTTCCCGACAACGACATTGATCAGCAGTACCAAGGGGCAAACGGGTCATACTCTAGGGGCTGCAGGTATTA
TCGAATTGATTAATTGTTTAGCGGCAATAGAGGAACAGACTGTACCAGCAACTARAAATGAGATTGCGATAGAAGGTTTTCCAGAAAATTTTGTCTA
TCATCAAAAGAGAGAATACCCAATAAGAAATGCTTTAAATTTTTCGTTTGCTTTIGGTGGAAATAATAGTGGTGTCTTATTGTCATCTTTAGATTCA
CCTCTAGAAACATTACCTGCTAGAGAARATCTTAAAATGGCTATCTTATCATCTGTTGCTTCCATTTCTAAGAATGAATCACTTTCTATAACCTATG
AAAAAGTTGCTAGTAATTTCAACGACTTTGARGCATTACGCTTTAAAGGGGCTAGACCACCCARAACTGTCAACCCAGCACAATTTAGGAAAATGGA
TGATTTTTCCAAAATGGTTGCCGTARCAACAGCTCAAGCACTAATAGAAAGCAATATTAATCTAARAAAACAAGATACTTCARAAGTAGGAATTGTA
TTTACAACACTTTCTGGACCAGTTGAGGTTGTTGAAGGTATTGAAARGCARAATCACAACAGAAGGATATGCACATGTTTCTGCTTCACGATTCCCGT
TTACAGTAATGAATGCAGCAGCTGETATGCT TTCTATCATTTTTARAATARCAGGTCCTTTATCTGTCATTTCGACAAATAGTGGAGCGCTTGATGG
TATACAATATGCCAAGGAAATCGATGCGTAACGATARTCTAGACTATGTGATTCTTGTTTCTGCTAATCAGTGGACAGACATGAGT TTTATGTGGTGG
CAACAATTAAACTATGATAGTCAAATGTTTGTCGGTTCTGATTATTGTTCAGCACAAGTCCTCTCTCGTCAAGCATTGGATAATTCTCCTATAATAT
TAGGTAGTAAACAATTAAAATATAGCCATAAAACATTCACAGATGTGATGACTATTTTTGATGCTGCGCTTCAAAATTTATTATCAGACTTAGGACT
AACCATAAAAGATATCARAGGTTTCCTTTGGAATGAGCGGARGAAGGCAGTTAGTTCAGATTATGATTTCTTAGCGAACTTGTCTGAGTATTATAAT
ATGCCAAACCTTGCTTCTGETCAGTTTGCATTTTCATCTAATGGTGCTGGTGAAGAACTGGACTATACTGTTAATGAAAGTATAGAAAAGGGCTATT
ATTTAGTCCTATCTTATTCGATCTTCGGTGGTATCTCTTITGCTATTATTGAAAAAAGG

SEQ ID NO. 28

MSVYVSGIGI ISSLGKNY SEHKQHLFDLKEGI SKHLYKNHDS ILESYTGSITSDPEVPEQYKDETRNFKFAFTAFEEALASSGVNLKAYHNIAVCLG
TSLCGKSAGONALYQFEEGERQVDASLLEKASVYHIADELMAYHDIVGASYVISTACSASNNAVILGTQLLODGDCDLAICGGCDELSDI SLAGFTS
LGAINTEMACQPYSSGKGINLGEGAGFVVLVKDQSLAKYGKI IGGLITSDGYHITAPKPTGEGAAQIAKQLVTQAGIDYSEIDYINGHGTGTQANDK
MEKNMYGKFFPTTTLISSTKGQTGHTLGAAGI IELINCLAAIEEQTVPATKNEIGIEGFPENFVYHQKREYPIRNALNFSFAFGGNNSGVLLSSLDS
PLETLPARENLKMAILSSVASISKNESLSITYEKVASNFNDFEALRFKGARPPKTVNPAQFRKMDDFSKMVAVITAQALIESNINLKKQDTSKVGIV
FTTLSGPVEVVEGIEKQITTEGYAHVSASRFPFTVMNAAAGMLS I IFKITGPLSVISTNSGALDG IQYAKEMMRNDNLDYVILVSANQWTDMSFMWW
QOLNYDSQMFVGSDYCSAQVLSRQALDNSPI ILGSKQLKYSHKTFTDVMT IFDAALONLLSDLGLTIKDIKGFVWNERKKAVS SDYDFLANLSEYYN
MPNLASGQFGFSSNGAGEELDYTVNESIEKGYYLVLSYSIFGGISFAIIEKR

The nucleotide and amino acid sequences of GBS 404 in Ref. 3 are SEQ ID 8799 and SEQ
ID 8800. These sequences are set forth below as SEQ ID NOS 29 and 30:
SEQ ID NO. 29

ATGAAAATAGATGACCTAAGAAARAGCGACAATGTTGAAGATCGTCGCTCCAGTAGCGGAGGTTCATTCTCTAGCGGAGGAAGTGGATTACCGATT
CTTCAACTTTTATTGCTGCGAGGGAGTTGGARAACCAAGCTTGTGGTTTTAATCATCTTACTGCTACTTGGCGGAGGGGGACTAACCAGCATTTTT
AATGACTCATCCTCACCTTCTAGTTACCAATCTCAGAATGTCTCACGT TCTGTTGATAATAGCGCAACGAGAGAACAAATCGATTTCGTTAATAAR
GTCCTTGGCTCAACTGAGGATTTCTGGTCACAAGAARTTCCAAACCCARGGTTTTGGAAAT TATARGGAACCAAAACTTGTTCTTTACACCAATTCA
ATTCABACAGGTTGTGGTATAGGTGAATCTGCTTCAGGACCATTTTAT TGTTCAGCAGATAAARARATCTATCTTGATATTTCTTTTTACAATGAR
TTATCACATAAATATGETGCTACTGGTGATTTTGCTATGECCTACGTCATCGCCCACGAAGT TGGTCACCACATTCAARCAGAGT TAGGCATTATG
GATAAGTATAATAGAATGCGACACGGACTTACTAAGAAAGAAGCAAATGCTTTAAATGTTCGGCTAGAACTTCARGCAGATTATTATGCAGGGGTA
TGGGCTCACTACATCAGGGGAAARAATCTCTTAGAACAAGGAGACTTTGAAGAGGCCATGAATGCTGCCCACGCCGTCGGAGACGATACCCTTCAG
ARAGARACCTACGGAAAATTAGTGCCTGATAGCTTTACCCATGGAACAGCTGAACAACGCCAACGTTGGTTTARCARAGGCTTTCAATATGGTGAC

- ATCCAACACGGTGATACTTTCTCCGTAGBRACATCTA
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SEQ ID NO. 30

MKIDDLRKSDNVEDRRSSSGGSFSSGGSGLPILQLLLLRGSWKTKLVVLI ILLLLGGGGLTSIFNDSSSPSSYQSQNVSRSVDNSATREQIDFVNK
VLGSTEDFWSQEFQTQGFGNYKEPKLVLYTNS IQTGCGIGESASGPFYCSADKKI YLDISFYNELSHKYGATGDFAMAYVIAHEVGHHIQTELGIM
DKYNRMRHGLTKKEANALNVRLELQADYYAGVWAHY I RGKNLLEQGDFEEAMNAAHAVGDDTLOKET YGKLVPDSFTHGTAEQRQRWFNKGFQYGD
IQHGDTFSVEHL '

The nucleotide and amino acid sequences of GBS 656 in Ref. 3 are SEQ ID 9323 and SEQ
ID 9324. These sequences are set forth below as SEQ ID NOS 31 and 32:
SEQID NO. 31

ATGAAAAGATTACATAAACTGTTTATAACCGTAATTGCTACATTAGGTATGTTGGGGGTAATGACCT TTGGTCTTCCAACGCAGCCGCAAAACGTA
ACGCCGATAGTACATGCTGATGTCAATTCATCTGTTGATACGAGCCAGGAATTTCARAATAATTTARAAAATGCTATTGGTAACCTACCATTTCAA
TATGTTAATGGTATTTATGAATTAAATAATAATCAGACAAATTTAAATGCTGATGTCAATGTTARAGCGTATGTTCARAATACAATTGACAATCAA
CARAGACTATCAACTGCTAATGCAATGCTTGATAGAACCATTCGTCAARTATCAARATCGCAGAGATACCACTCTTCCCGATGCAAATTGGAAACCA
TTAGCTTGGCATCAAGTAGCTACTAATGACCATTATGGACATGCAGTCGACAAGGGGCATTTAATTGCCTATGCTTTAGCTGGAARATTTCAAAGGT
TGEGATGCTTCCGTGTCARATCCTCARAATGTTGTCACACAAACAGCTCATTCCARCCAATCAAATCAAAAAARTCAATCGTGGACAAAATTATTAT
GAAAGCTTAGTTCGTAAGGCGGTTGACCARAACARACGTGTTCGTTACCGTGTAACTCCATTGTACCGTARTGATACTGATTTAGTTCCATTTGCA
ATGCACCTAGAAGCTARATCACARGATGGCACATTAGAATTTAATGTTGCTATTCCAAACACACAAGCATCATACACTATGGATTATGCAACAGGA
GAAATAACACTAAAT

SEQID NO. 32

MKRLHKLFITVIATLGMLGVMTFGLPTQPQNVTPIVHADVNSSVDTSQEFQNNLKNAIGNLPFQYVNG IYELNNNQTNLNADVNVKAYVONT IDNQ
QRLSTANAMLDRTIRQYONRRDTTLPDANWKPLGWHQVATNDHYGHAVDKGHLIAYALAGNFKGWDASVSNPONVVTQTAHSNQSNOKINRGONY Y
ESLVRKAVDONKRVRYRVTPLYRNDTDLVPFAMHLEAKSQDGTLEFNVAI PNTQASYTMDYATGEITLN

The nucleotide and amino acid sequences of GBS 690 in Ref. 3 are SEQ ID 9965 and SEQ
ID.9966. These sequences are set forth as SEQ ID NOS 33 and 34 below:
SEQID NO. 33

ATGAGTAAACGACAAAATTTAGGAATTAGTAAARAAGGAGCAATTATATCAGGGCTCTCAGTGGCACTAATTGTAGTAATAGGTGGCTTTTTATGG
GTACAATCTCAACCTAATAAGAGTGCAGTAAAAACTAACTACAAAGTTTTTAATGTTAGAGAAGGAAGTGTTTCGTCCTCAACTCTTTTGACAGGA
ARMAGCTAAGGCTAATCAAGAACAGTATGTGTATTTTGATGCTAATAARGGTAATCGAGCAACTGTCACAGTTAAAGTGGGTGATARAATCACAGCT

‘GGTCAGCAGTTAGTTCAATATGATACAACAACTGCACAAGCAGCCTACGACACTGCTAATCGTCAATTAAATAAAGTAGCGCGTCAGATTAATAAT

CTAAAGACAACAGGAAGTCTTCCAGCTATGGAATCAAGTGATCAATCTTCTTCATCATCACAAGGACAAGGGACTCAATCGACTAGTGGTGCGACG
AATCGTCTACAGCAAAATTATCAAAGTCAAGCTAATGCTTCATACAACCAACAACTTCAAGATTTGAATGATGCTTATGCAGATGCACAGGCAGAA
GTAAATAAAGCACAAAAAGCATTGAATGATACTGTTATTACAAGTGACGTATCAGGGACAGTTGTTGAAGTTAATAGTGATATTGATCCAGCTTCA
AAAACTAGTCAAGTACTTGTCCATGTAGCAACTGAAGGTAAACTCCAAGTACAAGGAACGATGAGTGAGTATGATTTGGCTAATGTTAAAAAAGAC
CAGGCTGTTAAAATAAAATCTAAGGTCTATCCTGACAAGGAATGGGAAGGTAAAATTTCATATATCTCAAATTATCCAGAAGCAGAAGCARACAAC
AATGACTCTAATAACGGCTCTAGTGCTGTAARATTATAAATATARAGTAGATATTACTAGCCCTCTCGATGCATTAAAACARGGTTTTACCGTATCA
GTTGAAGTAGTTAATGGAGATAAGCACCTTATTGTCCCTACAAGTTCTGTGATARACARAGATAATARACACTTTGTTTGGGTATACAATGATTCT
AATCGTAAAATTTCCAAAGTTGAAGTCAAAATTGCGTAAAGCTGATGCTAAGACACAAGAAATTTTATCAGGTTTGARAGCAGGACAAATCGTGGTT

ACTAATCCAAGTAAAACCfTCAAGGATGGGCAAAAAATTGATAATATTGAATCAATCGATCTTAACTCTAATAAGAAATCAGAGGTGAAA

SEQ ID NO. 34

MSKRONLGISKKGAI ISGLSVALIVVIGGFLWVQSQPNKSAVKTNYKVFNVREGSVSSSTLLTGKAKANQEQYVYFDANKGNRATVIVKVGDKITAG
QOLVQYDTTTAQAAYDTANRQLNKVARQINNLKTTGSLPAMESSDQSSSSSQGQGTOSTSGATNRLQONYQSQANASYNQOLODLNDAYADAQAEVN
KAQKALNDTVITSDVSGTVVEVNSDIDPASKT SQVLVHVATEGKLQVQGTMSEYDLANVKKDQAVKI KSKVYPDKEWEGKI SY I SNYPEAEANNNDS
NNGSSAVNYKYKVDITSPLDALKQGFTVSVEVVNGDKHLIVPTSSVINKDNKHFVWVYNDSNRKI SKVEVKIGKADAKTQEILSGLKAGQIVVINPS
KTFKDGQKIDNIESIDLNSNKKSEVK

The nucleotide and amino acid sequences of GBS 691 in Ref. 3 are SEQ ID 3691 and SEQ
ID 3692. These sequences are set forth as SEQ ID NOS 35 and 36 below:
SEQ ID NO. 35

ATGAAAAAAATTGGAATTATTGTCCTCACACTACTGACCTTCTTTTTGGTATCTTGCGGACAACARACTARACAAGAARGCACTARAACAACTATT
TCTAAAATGCCTAARATTGAAGGCTTCACCTATTATGGAAARATTCCTGARAATCCGARAAAAGTAATTAATTTTACATATTCTTACACTGGGTAT
TTATTAAAACTAGGTGTTAATGTTTCAAGT TACAGTTTAGACTTAGAAARRAGATAGCCCCGTTTTTGGTAAACAACTGAAAGAAGCTARAAAATTA
ACTGCTCATGATACAGAAGCTATTGCCGCACAAARAACCTGATTTAATCATGGTTTTCGATCAAGATCCARACATCAATACTCTGAAAARAATTGCA
CCAACTTTAGTTATTAAATATGGTGCACARAATTATTTAGATATGATGCCAGCCTTGGGGARAGTATTCGGTARAAGAARARGAAGCTAATCAGTGG
GTTAGCCAATGGAAAACTAANACTCTCGCTGTCAAARARGATTTACACCATATCTTARAGCCTAARCACTACTTTTACTATTATGGATTTTTATGAT
AAAAATATCTATTTATATCGTAATAATTTTGGACGCGCTGGAGAACTAATCTATGATTCACTAGGTTATGCTGCCCCAGARAARGTCAAAAAAGAT
GTCTTTAAAAAAGGETGCTTTACCGTTTCGCAAGAAGCAATCGGTGATTACGTTGGAGATTATGCCCTTGTTAATATAAACAAAACGACTARARAA
GCAGCTTCATCACTTAAAGAAAGTGATGTCTGGAAGAATTTACCAGCTGTCARAARAGGGCACATCATAGAAAGTAACTACGACGTGTTTTATTTC
TCTGACCCTCTATCTTTAGAAGCTCAATTAAAATCATTTACAAAGGCTATCARAGARAATACARAT

SEQ ID NO. 36
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MKKIGIIVLTLLTFFLVSCGQQTKQESTKTTISKMPKIEGFTYYGKIPENPKKVINFTYSYTGYLLKLGVNVSSYSLDLEKDSPVF
GKQLKEAKKLTADDTEATIAAQKPDLIMVFDQDPNINTLKKIAPTLVIKYGAQNYLDMMPALGKVFGKEKEANQWVSQWKTKTLAVK
KDLHHILKPNTTFTIMDFYDKNIYLYGNNFGRGGELIYDSLGYAAPEKVKKDVFKKGWFTVSQEAIGDYVGDYALVNINKTTKKAA
SSLKESDVWKNLPAVKKGHI IESNYDVFYFSDPLSLEAQLKSFTKAIKENTN

Other preferred polypeptide antigens include: GBS4 (SEQ ID 2 from Ref. 3); GBS22 (SEQ
ID 8584 from Ref. 3); and GBS85 (SEQ ID 216 from Ref. 3), including polypeptides having amino
acid sequences with sequence identity thereto efc.

The polypeptide is preferably not a C protein (alpha or beta} or epsilon) or a R protein (Rib).

The nucleotide and amino acid sequences of GBS 4 in Ref. 3 are SEQ ID 1 and SEQ ID 2.
These sequences are set forth below as SEQ ID NOS 37 and 38:
SEQ ID NO. 37

ATGAAAGTGAAAAATAAGATTTTAACGATGGTAGCACTTACTGTCTTARCATGTGCTACTTATTCATCAATCGGTTATGCTGATACAAGTGATARGA
ATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAARAGATCAGATGAACTAGACCAGTCTAGTACTGGTTCTTCTTCTGAAAATGAATC
GAGTTCATCAAGTGAACCAGRAACAAATCCGTCAACTAATCCACCTACAACAGAACCATCGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATEGT
AGAACGAAGACAGAAATTGGCAATAATAAGGATATTTCTAGTGGAACAAAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTA
GTGATCAAGAAGAAGTGGATCGCGATGAATCATCATCTTCAAAAGCAAATGATGGGAAAAARAGGCCACAGTAAGCCTAAARAGGAACTTCCTARAAC
AGGAGATAGCCACTCAGATACTGTAATAGCATCTACGGGAGGGATTATTCTGTTATCATTAAGTTTTTACAATAAGAARATGARACTTTAT

SEQ ID NO. 38

MKVKNKILTMVALTVLTCATYSSIGYADTSDKNTDTSVVITTLSEEKRSDELDQSSTGSSSENESSS SSEPETNPSTNPPTTEPSQPSPSEENKPDG
RTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKANDGKKGHSKPKKELPKTGDSHSDTVIASTGGI ILLSLSFYNKKMKLY

The nucleotide and amino acid sequences of GBS 22 in Ref. 3 are SEQ 8583 and SEQ ID
8584. These sequences are set forth below as SEQ ID NOS 39 and 40:
SEQ ID NO. 39

ATGAARAGGATACGGAAARAGCCTTATTTTTGTTCTCGGAGTAGTTACCCTAATTTGCTTATGTGCTTGTACTARACAAAGCCAGCAARAARATGGCT
TGTCAGTAGTGACTAGCTTTTATCCAGTATATTCCATTACAAAAGCAGTT TCTGGTGATTTGAATGATATTAAAATGATTCGATCACAGTCAGGTAT
TCATGGTTTTGAACCCTCATCAAGTGATGTTGCTGCCATTTATGATGCTGATCTATTTCTTTATCAT TCGCACACACTAGAAGCTTGGGCGAGACGT
TTGGAACCTAGTTTGCATCACTCTAAAGTATCTGTAATTGAAGCTTCAAAAGGTATGACTTTGGATARAGTTCATGGCTTAGAAGATGTAGAGGCAG
AAAAAGGAGTAGATGAGTCAACCTTGTATGACCCTCACACTTGGAATGACCCTGTAAAAGTATCTGAGGAAGCACAACTCATCGCTACACAATTAGC
TAAARAGGATCCTARAAACGCTAAGGTTTATCAAARRAAATGCTGATCAATTTAGTGACAAGGCAATGGCTATTGCAGAGAAGTATAAGCCAAAATTT
AAAGCTGCAAAGTCTAAATACTTTGTGACTTCACATACAGCATTCTCATACT TAGCTAAGCGATACGGATTGACTCAGTTAGGTATTGCAGGTGTCT
CAACCGAGCAAGAACCTAGTGCTAAARAARATTAGCCGAAATTCAGGAGTTTGTGAAAACATATARGGTTAAGACTATT TTTGTTGAAGAAGGAGTCTC
ACCTAAATTAGCTCAAGCAGTAGCTTCAGCTACTCGAGTTAAAATTGCAAGT TTAAGTCCTTTARAAGCAGT TCCCAAARACAATAARAGATTACTTA
GAAAATTTGGAAACTAATCTTAAGGTACTTGTCARATCGTTAAATCAATAG

SEQ ID NO. 40

MKRIRKSLIFVLGVVTLICLCACTKQSQOKNGLSVVTSFYPVYSITKAVSGDLNDIKMIRSQSGIHGFEPSSSDVAAIYDADLFLYHSHTLEAWARR
LEPSLHHSKVSVIEASKGMTLDKVHGLEDVEAEKGVDESTLYDPHTWNDPVKVSEEAQLIATQLAKKDPKNAKVYQKNADQFSDKAMAIAEKYKPKF
KAAKSKYFVTSHTAFSYLAKRYGLTQLGIAGVSTEQEPSAKKLAEIQEFVKTYKVKT IFVEEGVSPKLAQAVASATRVKIASLSPLXAVPKNNKDYL:
ENLETNLKVLVKSLNQ

The nucleotide and amino acid sequences of GBS 85 in Ref. 3 are SEQ ID 215 and SEQ ID
216. These sequences are set forth below as SEQ ID NOS 41 and 42:
SEQ ID NO. 41

ATGCCTAAGAAGAAATCAGATACCCCAGAAAAAGAAGAAGTTGTCTTAACGGAATGGCAAAAGCGTAACCTTGAATTTTTAAAAARACGCAAAGAAG
ATGAAGAAGAACAAARACGTATTAACGAAAAATTACGCTTAGATAAAAGAAGTAARATTAAATATTTCTTCTCCTGAAGAACCTCARAATACTACTAA
AATTAAGAAGCTTCATTTTCCAAAGATTTCAAGACCTAAGATTGAAAAGARACAGAARAAAGARARAATAGTCAACAGCTTAGCCAAAACTAATCGC
ATTAGAACTGCACCTATATTTGTAGTAGCATTCCTAGTCATTTTAGTTTCCGTTTTCCTACTAACTCCTTTTAGTAAGCAAAAAACAATAACAGTTA
GTGGARATCAGCATACACCTGATGATATTTTGATAGAGAAAACGAATATTCAAARARACCGATTATTTCTTTTCTTTAATTTTTARACATAAAGCTAT
TGAACAACGTTTAGCTGCAGAAGATGTATGGGTAARAACAGCTCAGATGACTTATCAATTTCCCAATAAGTTTCATATTCAAGTTCAAGARAATAAG
ATTATTGCATATGCACATACAAAGCAAGGATATCAACCTGTCTTGGARACTGGAAAAARGGCTGATCCTGTAAATAGTTCAGAGCTACCARAGCACT
TCTTAACAATTAACCTTGATAAGGAAGATAGTATTAAGCTATTAATTAAAGATTTAAAGGCTT TAGACCCTGATTTAATARGTGAGATTCAGGTGAT
ARGTTTAGCTGATTCTAARACGACACCTGACCTCCTGCTGTTAGATATGCACGATGGAAATAGTATTAGAATACCATTATCTARATTTAAAGAARGA
CTTCCTTTTTACAARACAAATTAAGAAGAACCTTAAGGARCCTTCTATTGTTGATATGGAAGTGGGAGTTTACACAACAARCAAATACCATTGAATCAA
CCCCTGTTARAGCAGAAGATACAAAAAATAAATCAACTGATAAAACACAAACACAAAATGGTCAGGTTGCGGAARATAGTCAAGGACARACAAATAA
CTCARATACTAATCAACAAGGACAACAGATAGCAACAGAGCAGGCACCTAACCCTCAAAATGTTAAT
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SEQ ID NO. 42

MPKKKSDTPEKEEVVLTEWQKRNLEFLKKRKEDEEEQKRINEKLRLDKRSKLNISSPEEPQNTTKIKKLHFPKISRPKIEKKQKKEKI VNSLAKTNR
IRTAPIFVVAFLVILVSVFLLTPFSKQKTITVSGNQHTPDDILIEKTNIQKNDYFFSLIFKHKAIEQRLAAEDVWVKTAQMT YQF PNKFHIQVOENK
I IAYAHTKQGYQPVLETGKKADPVNSSELPKHFLTINLDKEDS IKLLIKDLKALDPDLISEIQVISLADSKTTPDLLLLDMHDGNSIRIPLSKFKER
LPFYKQIKKNLKEPSIVDMEVGVYTTTNT IESTPVKAEDTKNKSTDKTQTONGQVAENSQGQTNNSNTNQQGQQIATEQAPNPONVN

GBS polypeptides of the invention may be present in the composition as individual separate
p'olypeptides. It is preferred, however, that two or more (i.e. 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19 or 20) of the antigens are expressed as a single polypeptide chain (a ‘hybrid’
polypeptide). Hybrid polypeptides offer two principal advantages: first, a polypeptide that may be

‘unstable or poorly expressed on its own can be assisted by adding a suitable hybrid partner that

overcomes the problem; second, commercial manufacture is simplified as only one expression and
purification need be employed in order to produce two polypeptides which are both antigenically
useful.

The hybrid polypeptide may comprise two or more polypeptide sequences from the first
antigen group. Accordingly, the invention includes a composition comprising a first amino acid
sequence and a second amino acid sequence, wherein said first and second amino acid sequences are
selected from a GBS antigen or a fragment thereof. Preferably, the first and second amino acid
sequences in the hybrid polypeptide comprise different epitopes.

The hybrid polypeptide may comprise one or more polypeptide sequences from different
GBS serotypes. Accordingly, the invention includes a composition comprising a first amino acid
sequence and a second amino acid sequence, said first amino acid sequence and said second amino
acid sequence selected from a GBS serotype selected from the group consisting of serotypes Ia, Ib,
Ta/c, IL, II1, IV, V, VI, VII and VIIL. The first and second amino acid sequence may be from the same
GBS serotype or they may be from different GBS serotypes. Preferably, the first and second amino
acid sequence are selected a GBS serotype selected from the group consisting of serotypes Il and V.
Most preferably, at least one of the first and second amino acid sequences is from GBS serotype V.
Preferably, the first and second amino acid sequences in the hybrid polypeptide comprise difference
epitopes. '

In one embodiment, the hybrid polypeptide comprises one or more GBS antigens from
serotype V. Preferably, the hybrid polypeptide comprises a first amino acid sequence and a second
amino acid sequence, said first amino acid sequence and said second amino acid sequence
comprising a GBS antigen or a fragment thereof selected from the group consisting of GBS 80, GBS
91, GBS 104, GBS 147, GBS 173, GBS 276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330,
GBS 338, GBS 358, GBS 361, GBS 404, GBS 656, GBS 690, and GBS 691. Preferably, the GBS
antigen or fragment thereof is selected from the group consisting of GBS 80 and GBS 691.
Preferably, the first and second amino acid sequences in the hybrid polypeptide comprise difference

epitopes.
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Hybrids consisting of amino acid sequences from two; three, four, five, six, seven, eight,
nine, or ten GBS aﬁtigens are preferfed. In particular, hybrids consisting of amino acid sequences
from two, three, four, or five GBS antigens are preferred.

Different hybrid polypeptides may be mixed together in a single formulation. Within such
combinations, a GBS antigen may be present in more than one hybrid polypeptide and/or as a
non-hybrid polypeptide. It is preferred, however, that an antigen is present either as a hybrid or as a
non-hybrid, but not as both.

Preferably, the GBS antigen in one of the hybrid polypeptides is GBS 80 or a fragment
thereof. Accordingly, examples of two-antigen hybrids for use in the invention may comprise: (1)
GBS 80 and GBS 91, (2) GBS 80 and GBS 104, (3) GBS 80 and GBS 147, (4) GBS 80 and GBS
173, (5) GBS 80 and GBS 276, (6) GBS 80 and GBS 305, (7) GBS 80 and GBS 313; (8) GBS 80 and
GBS 322, (9) GBS 80 and GBS 328, (10) GBS 80 and GBS 330, (11) GBS 80 and GBS 338, (12)
GBS 80 and GBS 358, (13) GBS 80 and GBS 361, (14) GBS 80 and GBS 404, (14) GBS 80 and
GBS 404, (15) GBS 80 and GBS 656, (16) GBS 80 and GBS 690, and (17) GBS 80 and GBS 691.
Preferably, a two-antigen hybrid for use in the invention comprises GBS 80 and GBS 691.

Hybrid polypeptides can be represented by the formula NH,-A-{-X-L-},~B-COOH, wherein:
X is an amino acid sequence of a GBS antigen or a fragment thereof; L is an optional linker amino
acid sequence; A is an optional N-terminal amino acid sequence; B is an optional C-terminal amino
acid sequence; and nis 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14 or 15.

If a -X- moiety has a leader peptide sequence in its wild-type form, this may be included or
omitted in the hybrid protein. In some embodiments, the leader peptides will be deleted except for
that of the -X- moiety located at the N-terminus of the hybrid protein i.e. the leader peptide of X; will
be retained, but the leader peptides of X; ... X, will be omitted. This is equivalent to deleting all
leader peptides and using the leader peptide of X; as moiety -A-.

For each # instances of {-X-L-}, linker amino acid sequence -L- may be present or absent.

. For instance, when -n=2 the hybrid may be NH>-X;-L;-X;-1,-COOH, NH,-X;-X,;-COOH,

NH-X;-L1-X,-COOH, NH,-X;-X,-L,-COOH, efc. Linker amino acid sequence(s) -L- will typically
be short (e.g. 20 or fewer amino acids Z.e. 19, 18, 17, 16, 15, 14, 13, 12,11,10,9,8,7,6,5,4,3, 2,
1). Examples comprise short peptide sequences which facilitate cloning, poly-glycine linkers (i.e.
comprising Gly, where n=2,3,4, 5,6, 7, 8,9, 10 or more), and histidine tags (i.e. His, where n = 3,
4,5,6,7,8,9, 10 or more). Other suitable linker amino acid sequences will be apparent to those
skilled in the art. A useful linker is GSGGGG (SEQ ID 1), with the Gly-Ser dipeptide being formed
from a BamHI restriction site, thus aiding cloning and manipulation, and the (Gly)s tetrapeptide

being a typical poly-glycine linker.
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-A- is an optional N-terminal amino acid sequence. This will typically be short (e.g. 40 or
fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19,

18,17, 16, 15, 14, 13,12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to

direct protein traffickinig, or short peptide sequences which facilitate cloning or purification (e.g.
histidine tags i.e. His, where n =3, 4,5, 6,7, 8,9, 10 or more). Other suitable N-terminal amino acid
sequences will be apparent to those skilled in the art. If X, lacks its own N-terminus methionine, -A-
is preferably an oligopeptide (e.g. with 1, 2, 3, 4, 5, 6, 7 or 8 amino acids) which provides a N-
terminus methionine.

-B- is an optional C-terminal amino acid sequence. This will typically be short (e.g. 40 or
fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19,
18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include sequences to direct
protein trafficking, short peptide sequences which facilitate cloning or purification (e.g. comprising
histidine tags i.e. His, where n =3, 4, 5, 6, 7, 8, 9, 10 or more), or sequences which enhance protein
stability. Other suitable C-terminal amino acid sequences will be apparent to those skilled in the art.

Most preferably, n is 2 or 3.

The saccharide antigen

The saccharide antigen is generally the capsular polysaccharide of a GBS or a derivative
thereof. Suitable derivatives include oligosaccharide (e.g. from 3 to 150, preferably 8 to 100,
monosaccharide units) fragments of the polysaccharide (e.g. refs. 12 to 16), de-acetylated saccharides
(Ref. 16), N-acroylated saccharides (16), saccharides with terminal aldehyde groups, efc.

The saccharide is preferably conjugated to a carrier molecule to enhance immunogenicity
(e.g. see refs. 4 to 23 etc.). In some embodiments of the invention the GBS saccharide is conjugated
to a GBS protein as defined above, therqby giving a polypeptide/saccharide combination of the
invention in a single molecule. In other embodiments the GBS saccharide is conjugated to a non-
GBS protein, in which case the conjugate will be combined with a separate GBS protein to give a
polypeptide/saccharide combination of the invention.

Non-GBS carrier polypeptides include tetanus toxoid, the N.meningitidis outer membrane
protein (24), synthetic peptides (25, 26), heat shock proteins (27, 28), pertussis proteins (29, 30),
protein D from H.influenzae (31), cytokines (32), lymphokines (32), hormones (32), growth factors
(32), toxin }A or B from C.difficile (33), iron-uptake proteins (34) etc. Preferred carrier proteins are
the CRM197 diphtheria toxoid (35) and tetanus toxoid.

The saccharide and polypeptide are joined covalently. This may involve a direct covalent
bond between the saccharide and polypeptide, or indirect coupling via a linker or spacer may be used
(e.g. via a B-propionamido linker (16), etc.). Any suitable conjugation chemistry may be used (e.g

reductive amination (21) etc.). Linkage is preferably via a terminal saccharide in the polysaccharide.
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A single carrier molecule may carry saccharide antigens of a single type (e.g. saccharides
derived from a single GBS serotype) or may carry multiple different antigens (e.g. saccharides
derived from multiple GBS serotypes, all conjugated to the same carrier).

The saccharides can, of course,'be prepared by various means (e.g. purification of the
saccharide from GBS, chemical synthesis, etc.), in various sizes (e.g. full-length, fragmented, efc.)
and may be derivatised for linking to carriers. They are preferably prepared in substantially pure
form (i.e. substantially free from other streptococcal saccharides) or substantially isolated form.
Processes for preparing ca;psular polysaccharides from GBS are well known in the art (e.g. refs. 36 to
39) and processes for preparing oligosaccharides from polysaccharides are also known (e.g
hydrolysis, sonication, enzymatic treatment, treatment with a base followed by nitrosation, etc. (12 to
16)).

As an alternative to using a saccharide antigen in non-conjugated combinations, a peptide
mimetic of the GBS capsular polysaccharide may be used (e.g. 40). Suitable peptides can be selected
by techniques such as phage display using protective anti-saccharide antibodies. Asa further

alternative, an anti-idiotypic antibody may be used instead of a saccharide antigen (e.g. ref. 41).

Prime/boost schedules

Polypeptide/saccharide combinations of the invention may be given as single doses or as part
of a prime/boost schedule. In a prime/boost schedule, the combinations may be used as the priming
dose, the boosting dose(s), or both.

If a combination is used for both priming and boosting, it is preferred to use the same
combination both times. If a combination is used for only one of priming and boosting, it is
preferred that the other dose should use the polypeptide or saccharide on which the combination is
based. Thus the invention provides a prime-boost schedule where either (i) one of the saccharide and
polypeptide antigens is used for priming an immune response and a combination are used for
boosting the response, or (ii) combined saccharide and polypeptide antigens are used for priming an
immune response but only one is used for boosting the response.

Various timings for priming and boosting are suitable for use with the invention. In one
embodiment, a priming dose is given to a child and a booster is given to a teenager (13-18 years) or
young adult (19-25 years). In another embodiment, a priming dose is given to a teenager or young
adult and a booster is given during pregnancy. In another embodiment, a priming dose is given to a

female who intends to become pregnant and a booster is given during pregnancy.

Immunaogenic pharmaceutical compositions
Polypeptide/saccharidé combinations are formulated as immunogenic compositions, and

more preferably as compositions suitable for use as a vaccine in humans (e.g. children or adults).
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Vaccines of the invention may either be prophylactic (i.e. to prevent infection) or therapeutic (i.e. to
treat disease after infection), but will typically be prophylactic. Accordingly, the invention includes a
method for the therapeutic or prophylactic treatment of GBS infection in an animal susceptible to
GBS infection comprising administering to said animal a therapeutic or prophylactic amount of the
immunogenic compositions of the invention. '

The composition of the invention is preferably sterile.

The composition of the invention is preferably pyrogen-free.

The composition of the invention generally has a pH of between 6.0 and 7.0, more preferably
to between 6.3 and 6.9 e.g. 6.6+0.2. The composition is preferably buffered at this pH.

Other components suitable for human administration are disclosed in reference 42.

Vaccines of the invention may be administered in conjunction with other immunoregulatory
agents. In particular, compositions will usually include an adjuvant. Preferred further adjuvants

include, but are not limited to, one or more of the following set forth below:

A. Mineral Containing Compositions

Mineral containing compositions suitable for use as adjuvants in the invention include
mineral salis, such as aluminium salts and calcium salts. The invention includes mineral salts such as
hydroxides (e.g. oxyhydroxides), phosphates (e.g. hydroxyphoshpates, orthophosphates), sulphates,
etc. {e.g. see chapters 8 & 9 of ref. 43}), or mixtures of different mineral compounds, with the
compounds taking any suitable form (e.g. gel, crystalline, amorphous, efc.), and with adsorption
being preferred. The mineral containing compositions may also be formulated as a particle of metal
salt. See ref. 44.

B. Oil-Emulsions

Oil-emulsion compositions suitable for use as adjuvants in the invention include squalene-
water emulsions, such as MF59 (5% Squalene, 0.5% Tween 80, and 0.5% Span 85, formulated into
submicron particles using a microfluidizer). See ref. 45.

Complete Freund’s adjuvant (CFA) and incomplete Freund’s adjuvant (IFA) may also be

used as adjuvants in the invention.

C. Saponin Formulations

Saponin formulations, may also be used as adjuvants in the invention. Saponins are a
heterologous group of sterol glycosides and triterpenoid glycosides that are found in the bark, leaves,
stems, roots and even flowers of a wide range of plant species. Saponin from the bark of the Quillaia
saponaria Molina tree have been widely studied as adjuvants. Saponin can also be commercially

obtained from Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil), and Saponaria

* officianalis (soap root). Saponin adjuvant formulations include purified formulations, such as QS21,

as well as lipid formulations, such as ISCOMs.

Saponin compositions have been purified using High Performance Thin Layer
Chromatography (HP-LC) and Reversed Phase High Performance Liquid Chromatography (RP-
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HPLC). Specific purified fractions using these techniques have been identified, including QS7,
QS17, QS18, QS21, QH-A, QH-B and QH-C. Preferably, the saponin is QS21. A method of
production of QS21 is disclosed in U.S. Patent No. 5,057,540. Saponin formulations may also
comprise a sterol, such as cholesterol (see WO 96/33739).

Combinations of saponins and cholesterols can be used to form unique particles called
Immunostimulating Complexs (ISCOMs). ISCOMs typically also include a phospholipid such as
phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used in ISCOMs.
Préferably, the ISCOM includes one or more of Quil A, QHA and QHC. ISCOMs are further
described in EP 0 109 942, WO 96/11711 and WO 96/33739. Optionally, the ISCOMS may be
devoid of additional detergent. See ref. 46.

A review of the development of saponin based adjuvants can be found at ref. 47.

C. Virosomes and Virus Like Particles (VLPs)

Virosomes and Virus Like Particles (VLPs) can also be used as adjuvants in the invention.
These structures generally contain one or more proteins from a virus optionally combined or
formulated with a phospholipid. They are generally non-pathogenic, non-replicating and generally
do not contain any of the native viral genome. The viral proteins may be recombinantly produced or
isolated from whole viruses. These viral proteins suitable for use in virosomes or VLPs include
proteins derived from influenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid
proteins), Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus,
Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages, QB-phage (such as coat
proteins), GA-phage, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty protein pl). VLPs
are discussed further in WO 03/024480, WO 03/024481, and Refs. 48, 49, 50 and 51. Virosomes are
discussed further in, for example, Ref. 52

D. Bacterial or Microbial Derivatives

Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as:
¢)) Non-toxic derivatives of enterobacterial lipopolysaccharide (LPS)

Such derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL
(3dMPL). 3dMPL is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated
chains. A preferred “small particle” form of 3 De-O-acylated monophosphoryl lipid A is disclosed in
EP 0 689 454. Such “small particles” of 3dMPL are small enough to be sterile filtered through a
0.22 micron membrane (see EP 0 689 454). Other non-toxic LPS derivatives include
monophosphoryl lipid A mimics, such as aminoalkyl glucosaminide phosphate derivatives e.g.
RC-529. See Ref. 53.

) Lipid A Derivatives

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174.
OM-174 is described for example in Ref. 54 and 55.

3 Immunostimulatory oligonucleotides
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Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include
nucleotide sequences containing a CpG motif (a sequence containing an unmethylated cytosine
followed by guanosine and linked by a phosphate bond). Bacterial double stranded RNA or
oligonucleotides containing palindromic or poly(dG) sequences have also been shown to be

immunostimulatory.

The CpG’s can include nucleotide modifications/analogs such as phosphorothioate
modifications and can be double-stranded or single-stranded. Optionally, the guanosine may be
replaced with an analog such as 2’-deoxy-7-deazaguanosine. See ref. 56, WO 02/26757 and WO
99/62923 for examples of possible analog substitutions. The adjuvant effect of CpG oligonucleotides
is further discussed in Refs. 57, 58, WO 98/40100, U.S. Patent No. 6,207,646, U.S. Patent No.
6,239,116, and U.S. Patent No. 6,429,199.

The CpG sequence may be directed to TLRY, such as the motif GTCGTT or TTCGTT. See
ref. 59. The CpG sequence may be specific for inducing a Thl immune response, such as a CpG-A
ODN, or it may be more specific for inducing a B cell response, such a CpG-B ODN. CpG-A and
CpG-B ODNs are discussed in refs. 60, 61 and WO 01/95935. Preferably, the CpG is a CpG-A ODN.

Preferably, the CpG oligonucleotide is constructed so that the 5’ end is accessible for receptor
recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3° ends to form
“immunomers”. See, for example, refs. 62, 63, 64 and WO 03/035836.

) ‘ ADP-ribosylating toxins and detoxified derivatives thereof.

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as
adjuvants in the invention. Preferably, the protein is derived from E. coli (i.e., E. coli heat labile
enterotoxin “LT), cholera (“CT”), or pertussis (“PT”). The use of detoxified ADP-ribosylating
toxins as mucosal adjuvants is described in WO 95/17211 and as parenteral adjuvants in WO
98/42375. Preferably, the adjuvant is a detoxified LT mutant such as LT-K63, LT-R72, and
LTR192G. The use of ADP-ribosylating toxins and detoxified derivaties thereof, particularly LT-
K63 and LT-R72, as adjuvants can be found in Refs. 65, 66, 67, 68, 69, 70, 71 and 72 each of which
is specifically incorporated by reference herein in their entirety. Numerical reference for amino acid
substitutions is preferably based on the alignments of the A and B subunits of ADP-ribosylating
toxins set forth in Domenighini et al., Mol. Microbiol (1995) 15(6):1165 — 1167, specifically

- incorporated herein by reference in its entirety.
E. Human Immunomodulators

Human immunomodulators suitable for use as adjuvants in the invention include cytokines,
such as interleukins (e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12, efc.), interferons (e.g. interferon-
~), macrophage colony stimulating factor, and tumor necrosis factor.

F. Bioadhesives and Mucoadhesives

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable
bioadhesives include esterified hyaluronic acid microspheres (Ref. 73) or mucoadhesives such as
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cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone,
polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be used as

adjuvants in the invention. E.g., ref. 74.

G. Microparticles

Microparticles may also be used as adjuvants in the invention. Microparticles (i.e. a particle
of ~100nm to ~150um in diameter, more preferably ~200nm to ~30pm in diameter, and most
preferably ~500nm to ~10pm in diameter) formed from materials that are biodegradable and
non-toxic (e.g. a poly(a-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride,
a polycaprolactone, etc.), with poly(lactide-co-glycolide) are preferred, optionally treated to have a
negatively-charged surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic
detergent, such as CTAB).

H. Liposomes
Examples of liposome formulations suitable for use as adjuvants are described in U.S. Patent
No. 6,090,406, U.S. Patent No. 5,916,588, and EP 0 626 169.

L Polyoxvyethylene ether and Polyoxyethviene Ester Formulations

© Adjuvants suitable for use in the invention include polyoxyethylene ethers and
polyoxyethylene esters. Ref. 75. Such formulations further include polyoxyethylene sorbitan ester
surfactants in combination with-an octoxynol (Ref. 76) as well as polyoxyethylene alkyl ethers or
ester surfactants in combination with at least one additional non-ionic surfactant such as an octoxynol
Ref. 77).

Preferred polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl
ether (laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene-
4-Jauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.

L. Polyphosphazene (PCPP)

PCPP formulations are described, for example, in Ref. 78 and 79.

K. Muramyl peptides

: Examples of muramyl peptides suitable for use as adjuvants in the invention include N-
acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine
(nor-MDP), and N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-
hydroxyphosphoryloxy)-ethylamine MTP-PE).

L. Imidazoquinolone Compounds.

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include
Imiquamod and its homologues, described further in Ref. 80 and 81.

The invention may also comprise combinations of aspects of one or more of the adjuvants identified

above. For example, the following adjuvant compositions may be used in the invention:

1 a saponin and an oil-in-water emulsion (ref. 82);
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2 a saponin (e.g.., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) (see WO
94/00153);

3 a saponin (e.g.., QSZl) + a non-toxic LPS derivative (e.g., 3dMPL) + a cholesterol;

@) a saponin (e.g. QS21) +3dMPL + IL-12 (optionally + a sterol) (Ref. 83);
combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (Ref. 84);

) SAF, c'ontaining 10% Squalane, 0.4% Tween 80, 5% pluronic-block polymer L121,
and thr-MDP, either microfluidized into a submicron emulsion or vortexed to generate a larger
particle size emulsion.

©6) Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% Squaléne, 0.2%
Tween 80, and one or more bacterial cell wall components from the group consisting of

monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS),
preferably MPL + CWS (Detox™); and
@) one or more mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS

(such as 3dPML).

Aluminium salts and MF59 are preferred adjuvants for parenteral immunisation. Mutant
bacterial toxins are preferred mucosal adjuvants.

The composition may include an antibiotic.

GBS polypeptide(s) and saccharide(s) in the compositions of the invention will be present in
‘immunologically effective amounts’ i.e. the administration of that amount to an individual, either in
a single dose or as part of a series, is effective for treatment or prevention of disease. This amount
varies depending upon the health and physical condition of the individual to be treated, age, the
taxonomic group of individual to be treated (e.g. non-human primate, primate, etc.), the capacity of
the individual's immune system to synthe.sise antibodies, the degree of protection desired, the
formulation of the vaccine? the treating doctor's assessment of the medical situation, and other
relevant factors. It is expected that the amount will fall in a relatively broad range that can be
determined through routine trials.

Typically, the compositions of the invention are prepared as injectables. Direct delivery of
the compositions will generally be parenteral (e.g. by injection, either subcutaneously,
intraperitoneally, intravenously or intramuscularly or delivered to the interstitial space of a tissue) or
mucosal (e.g. oral or intranasal [85,86]). The compositions can also be administered into a lesion.
The invention provides a syringe containing a composition of the invention.

Once formulated, the compositions of the invention can be administered directly to the
subject. The subjects to be treated can be animals; in particular, human subjects can be treated. The
vaccines are particularly useful for vaccinating children and teenagers, and more particularly

females.
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As well as GBS polypeptides and saccahrides, the composition of the invention may

comprise further antigens. For example, the composition may comprise one or more of the following

further antigens:

antigens from Helicobacter pylori such as CagA [87 to 90], VacA [91, 92], NAP [93, 94, 95],
HopX [e.g. 96], HopY [e.g. 96] and/or urease.
a saccharide antigen from N.meningitidis serogroup A, C, W135 and/or Y, such as the

_ oligosaccharide disclosed in ref. 97 from serogroup C [see also ref. 98] or the

oligosaccharides of ref. 99.

a saccharide antigen from Strepfococcus pneumoniae [e.g. 100, 101, 102].

an antigen from hepatitis A virus, such as inactivated virus [e.g. 103, 104].

an antigen from hepétitis B Virﬁs, such as the surface and/or core antigens [e.g. 104, 105].

an antigen from Bordetella pertussis, such as pertussis holotoxin (PT) and filamentous
haemagglutinin (FHA) from B.pertussis, optionally also in combination with pertactin and/or
agglutinogens 2 and 3 [e.g. refs. 106 & 107]. ‘

a diphtheria antigen, such as a diphtheria toxoid [e.g. chapter 3 of ref. 108] e.g. the CRM ;o7

" mutant [e.g. 109].

" atetanus antigen, such as a tetanus toxoid [e.g. chapter 4 of ref. 128].

a saccharide antigen from Haemophilus influenzae B [e.g. 98].

an antigen from hepatitis C virus [e.g. 110].

an antigen from N.gonorrhoeae [e.g. 111,112, 113, 114].

an antigen from Chlamydia pneumoniae [e.g. refs. 115 to 121].

an antigen from Chlamydia trachomatis [e.g. 122].

an antigen from Porphyromonas gingivalis [e.g. 123].

polio antigen(s) [e.g. 124, 125] such as OPV or, preferably, IPV.

rabies antigen(s) [e.g. 126] such as lyophilised inactivated virus [e.g. 127, RabAvert™],
measles, mumps and/or rubella antigens [e.g. chapters 9, 10 & 11 of ref. 128].

influenza antigen(s) [e.g. chapter 19 of ref. 128], such as the haemagglutinin and/or
neuraminidase surface proteins.

an antigen from Moraxella catarrhalis [e.g. 129].

an antigen from Streptococcus pyogenes (group A streptococcus) [e.g. 3, 130, 131].

an antigen from Staphylococcus aureus [e.g. 132].

an antigen from Bacillus anthracis [e.g. 133, 134, 135].

an antigen from a virus in the flaviviridae family (genus flavivirus), such as from yellow
fever virus, Japanese encephalitis virus, four serotypes of Dengue viruses, tick-borne

encephalitis virus, West Nile virus.
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— apestivirus antigen, such as from classical porcine fever virus, bovine viral diarrhoea virus,
and/or border disease virus.

— aparvovirus antigén e.g. from parvovirus B19.

— aprion protein (e.g. the CJD prion protein)

— an amyloid protein, such as a beta peptide [136]

— acancer antigen, such as those listed in Table 1 of ref. 137 or in tables 3 & 4 of ref. 138.

The composition may comprise one or more of these further antigens.

Toxic protein antigens may be detoxified where necessary (e.g. detoxification of peﬂuséis
toxin by chemical and/or genetic means [107]).

Where a diphtheria antigen is included in the composition it is preferred also to include
tetanus antigen and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred
also to include diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is
preferred also to include diphtheria and tetanus antigens. DTP combinations are thus preferréd.
Saccharide antigens are preferably in the form of conjugates. Carrier proteins for the conjugates are
the same as those described above for GBS saccharide conjugation, with CRM197 being preferred.

Antigens in the composition will typically be present at a concentration of at least 1pg/ml
each. In general, the concentration of any given antigen will be sufficient to elicit an immune
response against that antigen.

As an alternative to using protein antigens in the composition of the invention, nucleic acid

encoding the antigen may be used. Protein components of the compositions of the invention may

- thus be replaced by nucleic acid (preferably DNA e.g. in the form of a plasmid) that encodes the

protein.
Methods of treating patients

The invention provides polypeptide/saccharide combinations of the invention for use as
medicaments.. The medicament is preferably able to raise an immune response in a mammal (7.e. it is

an immunogenic composition) and is more preferably a vaccine.

The invention also provides a method of raising an immune response in a patient, comprising
administering to a patient a composition of the invention. The immune response is preferably
protective against streptococcal disease, and may comprise a humoral immune response and/or a
cellular immune response.

The invention also provides the use of polypeptide/saccharide combination of the invention in
the manufacture of a medicament for raising an immune response in an patient. The medicament is
preferably an imimunogenic composition (e.g. a vaccine). The medicament is preferably for the

prevention and/or treatment of a disease caused by GBS (e.g. meningitis, sepsis, chorioamnionitis).

24



10

15

20

25

30

WO 2004/041157 PCT/US2003/029167

The invention also provides for a kit comprising a first component comprising the
immunogenic compositions of the invention. The kit may further include a second component
comprising one or more of the following: instructions, syringe or other delivery device, adjuvant, or
pharmaceutically acceptable formulating solution.

The invention also provides a delivery device pre-filled with the immunogenic compositions

- of the invention.

The invention also provides a method for raising an immune response in a mammal
comprising the step of administering an effective amount of a composition of the invention. The
immune response is preferably protective and preferably involves antibodies and/or cell-mediated
immunity. The method may raise a booster response.

Process for manufucturing

The invention provides a process for preparing a composition of the invention, comprising
the step of mixing (i) one or more GBS polypeptide antigens with (ii) one or more GBS saccharide
antigens.

The process may comprise the step of covalently linking the GBS polypeptide to the GBS
saccharide in order to form a conjugate.

Definitions

The term “comprising” means “including” as well as “consisting” e.g. a composition
“comprising” X may consist exclusively of X or may include something additional e.g. X +Y.

The term “about” in relation to a numerical value x means, for example, x+10%.

The word “substantially” does not exclude “completely” e.g. a composition which is
“substantially free” from Y may be completely free from Y. Where necessary, the word
“substantially” may be omitted from the definition of the invention.

MODES FOR CARRYING OUT THE INVENTION

GBS serotype III is grown in Todd-Hewitt broth as described in reference 36 and its capsular
polysaccharide was purified. The polysaccharide is depolymerised, sized and purified as described in
reference 14 to give oligosaccharide antigen. Similar procedures are used to prepare capsular
polysaccharides from other GBS serotypes.

The oligosaccharide is either admixed with or covalently conjugated (directly or via a linker)
to purified serotype V protein. Preferably, the protein comprises a GBS antigen or a fragment
thereof selected from the group consisting of GBS 80, GBS 91, GBS 104, GBS-147, GBS 173, GBS
276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, GBS 361, GBS 404,
GBS 656, GBS 690, and GBS 691.
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It will be understood that the invention has been described by way of example only and
modifications may be made whilst remaining within the scope and spirit of the invention. All

documents cited herein are incorporated by reference in their entirety.

26



WO 2004/041157

PCT/US2003/029167

REFERENCES (the contents of which are hereby incorporated by reference)

(1]

[2]

3l

[4]

(5]

[6]

(71

[8]

(1

[10]
[11]
[12]
[13]
[14]
{13]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
(28]
[29]
(30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]

Schuchat (1999) Lancet 353(9146):51-6.

Tettelin ef al. (2002) Proc. Natl. Acad. Sci. US4, 10.1073/pnas.182380799.

International patent application W002/34771.

Kasper (1995) Proc Assoc Am Physicians 107:369-373.

US patent 6,426,074.

European patent application EP-A-0866133.
US patent 5,820,860.

US patent 5,648,241.

US patent 5,834,444,

International patent application W091/04049.
International patent application W094/10317.
International patent application WO87/06267.
International patent application W091/04335.
US patent 6,372,222.

International patent application W096/40795.
WO000/10599.

US patent 5,302,386.

International patent application W0O94/06467.
US patent 5,993,825.

US patent 5,843,461.

US patent 5,795,580.

International patent application W098/09648.
US patent 6,280,738.

EP-A-0372501

EP-A-0378881

EP-A-0427347

WO093/17712

WO094/03208

WO98/58668

EP-A-0471177

WO00/56360

WO91/01146

WO00/61761

WO01/72337

Research Disclosure, 453077 (Jan 2002)

US patent 4,207,414,

US patent 4,324,887.

US patent 4,367,221.

US patent 4,367,223.

Pincus et al. (1998) J. Immunology 160:293-298.

International patent application W099/54457.

27



WO 2004/041157 PCT/US2003/029167

[42] Gennaro (2000) Remington: The Science and Practice of Pharmacy. 20th edition, ISBN:
0683306472.

43. Vaccine design:the subunit and adjuvant approach (1995) Powell & Newman. ISBN 0-306-44867-
X.

44. WO000/23105.
45. W090/14837.
46. WO00/07621.
47. Barr, et al., “ISCOMs and other saponin based adjuvants”, Advanced Drug Delivery Reviews

(1998) 32:247 —271. See also Sjolander, et al., “Uptake and adjuvant activity of orally delivered’
saponin and ISCOM vaccines”, Advanced Drug Delivery Reviews (1998) 32:321 — 338.

48. Niikura et al., “Chimeric Recombinant Hepatitis E Virus-Like Particles as an Oral Vaccine
Vehicle Presenting Foreign Epitopes™, Virology (2002) 293:273 — 280.

49. Lenz et al., “Papillomarivurs-Like Particles Induce Acute Activation of Dendritic Cells”, Journal
of IImnunology (2001) 5246 — 5355.

- 50. Pinto, et al., “Cellular Immune Responses to Human Papillomavirus (HPV)-16 L1 Healthy
Volunteers Immumzed with Recombinant HPV-16 L1 Virus-Like Particles”, Journal of Infectious
Diseases (2003) 188:327 — 338.

51. Gerber et al., “Human Papillomavrisu Virus-Like Particles Are Efficient Oral Immunogens when
Coadministered with Escherichia coli Heat-Labile Entertoxin Mutant R192G or CpG”, Journal of
Virology (2001) 75(10):4752 — 4760.

52. Gluck et al., “New Technology Platforms in the Development of Vaccines for the Future”,
Vaccine (2002) 20:B10 -B16.

53. Johnson et al. (1999) Bioorg Med Chem Lett 9:2273-2278.

54. Meraldi et al., “OM-174, a New Adjuvant with a Potential for Human Use, Induces a Protective
Response with Administered with the Synthetic C-Terminal Fragment 242-310 from the
circumsporozoite protein of Plasmodium berghei”, Vaccine (2003) 21:2485 — 2491.

55. Pajak, et al., “The Adjuvant OM-174 induces both the migration and maturation of murine
dendritic cells in vivo”, Vaccine (2003) 21:836 — 842.

56. Kandimalla, et al., “Divergent synthetic nucleotide motif recognition pattern: design and
development of potent immunomodulatory oligodeoxyribonucleotide agents with distinct cytokine
induction profiles”, Nucleic Acids Research (2003) 31(9): 2393 - 2400.

57. Krieg, “CpG motifs: the active ingredient in bacterial extracts?”, Nature Medicine (2003) 9(7):
831 -835.

58. McCluskie, et al., “Parenteral and mucosal prime-boost immunization strategies in mice with
hepatitis B surface antigen and CpG DNA”, FEMS Immunology and Medical Microbiology (2002)
32:179-~185.

59. Kandimalia, et al., “Toll-like receptor 9: modulation of recognition and cytokine induction by
novel synthetic CpG DNAs”, Biochemical Society Transactions (2003) 31 (part 3): 654 — 658.

60. Blackwell, et al., “CpG-A-Induced Monocyte IFN-gamma-Inducible Protein-10 Production is
Regulated by Plasmacytoid Dendritic Cell Derived IFN-alpha”, J. Immunol. (2003) 170(8):4061 —
4068.

61. Krieg, “From A to Z on CpG”, TRENDS in Immunology (2002) 23(2): 64 — 65.

62. Kandimalla, et al., “Secondary structures in CpG oligonucleotides affect immunostimulatory
activity”, BBRC (2003) 306:948 — 953.

63. Kandimalla, et al., “Toll-like receptor 9: modulation of recognition and cytokine induction by
novel synthetic C?pG DNASs”, Biochemical Society Transactions (2003) 31(part 3):664 — 658.

28



WO 2004/041157 PCT/US2003/029167

64. Bhagat et al., “CpG penta- and hexadeoxyribonucleotides as potent immunomodulatory agents™
BBRC (2003) 300:853 — 861.

65 Beigndn, et al., “The LTR72 Mutant of Heat-Labile Enterotoxin of Escherichia coli Enahnces the
Ability of Peptide Antigens to Elicit CD4+ T Cells and Secrete Gamma Interferon after
Coapplication onto Bare Skin”, Infection and Immunity (2002) 70(6):3012 — 3019.

66 Pizza, et al., “Mucosal vaccines: non toxic derivatives of LT and CT as mucosal adjuvants”,
Vaccine (2001) 19:2534 - 2541. '

67 Pizza, et al., “LTK63 and LTR72, two mucosal adjuvants ready fdr clinical trials” Int. J. Med.
Microbiol (2000) 290(4-5):455-461.

68 Scharton-Kersten et al, “Transcutaneous Immunization with Bacterial ADP-Ribosylating
Exotoxins, Subunits and Unrelated Adjuvants”, Infection and Immunity (2000) 68(9):5306 — 5313.

69 Ryan et al., “Mutants of Escherichia coli Heat-Labile Toxin Act as Effective Mucosal Adjuvants
for Nasal Delivery of an Acellular Pertussis Vaccine: Differential Effects of the Nontoxic AB
Complex and Enzyme Activity on Th1 and Th2 Cells” Infection and Immunity (1999) 67(12):6270 —
6280.

70 Partidos et al., “Heat-labile enterotoxin of Escherichia coli and its site-directed mutant LTK63
enhance the proliferative and cytotoxic T-cell responses to intranasally co-immunized synthetic
peptides”, Immunol. Lett. (1999) 67(3):209 — 216.

71 Peppoloni et al., “Mutants of the Escherichia coli heat-labile enterotoxin as safe and strong
adjuvants for intranasal delivery of vaccines”, Vaccines (2003) 2(2):285 —293.

72 Pine et al., (2002) “Intranasal immunization with influenza vaccine and a detoxified mutant of
heat labile enterotoxin from Escherichia coli (LTK63)” J. Control Release (2002) 85(1-3):263 — 270.

73. Singh et al. (2001) J. Cont. Rele. 70:267-276.
74. W099/27960.
75. W099/52549.
76. W001/21207.
77. WO01/21152.

78. Andrianov et al., “Preparation of hydrogel microspheres by coacervation of aqueous
polyphophazene solutions”, Biomaterials (1998) 19(1 —3):109 - 115.

79. Payne et al., “Protein Release from Polyphosphazene Matrices”, Adv. Drug. Delivery Review
(1998) 31(3):185 — 196.

80. Stanley, “Imiquimod and the imidazoquinolones: mechanism of action and therapeutic potential”
Clin Exp Dermatol (2002) 27(7):571 - 577.

81. Jones, “Resiquimod 3M”, Curr Opin Investig Drugs (2003) 4(2):214 - 218.
82. W099/11241.

83. WO98/57659.

84. European patent applications 0835318, 0735898 and 0761231.

[85] Bakke et al. (2001) Infect. Immun. 69:5010-50135.

[86] Katial et al. (2002) Infect. Immun. 70:702-707.

[87] Covacci & Rappuoli (2000) J. Exp. Med. 19:587-592.

[88] WO93/18150.

[89] Covacci et al. (1993) Proc. Natl. Acad. Sci. USA 90: 5791-5795.
[90] Tummuru et al. (1994) Infect. Immun. 61:1799-1809.

[91] Marchetti et al. (1998) Vaccine 16:33-37.

[92] Telford et al. (1994) J. Exp. Med. 179:1653-1658.

29



WO 2004/041157 PCT/US2003/029167

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]
[101]
[102]
[103]
[104]
[105]
[106]
[107]
[108]
[109]
[110]
[111]
[112]
[113]
[114]
[115]
[116]
[117]
[118]
[119]
[120]
[121]
[122]
[123]
[124]
[125]
[126]
[127]
[128]
[129]
[130]
[131]
[132]
[133]
[134]

Evans et al. (1995) Gene 153:123-127.

WO096/01272 & WQ96/01273, especially SEQ ID NO:6.
WQ097/25429.

WO98/04702.

Costantino et al. (1992) Vaccine 10:691-698.

Costantino et al. (1999) Vaccine 17:1251-1263.

International patent application PCT/IB02/03191.

Watson (2000) Pediatr Infect Dis J 19:331-332.

Rubin (2000) Pediatr Clin North Am 47:269-285, v.

Jedrzejas (2001) Microbiol Mol Biol Rev 65:187-207.

Bell (2000) Pediatr Infect Dis J 19:1187-1188.

Iwarson (1995) APMIS 103:321-326.

Gerlich et al. (1990) Vaccine 8 Suppl:863-68 & 79-80.
Gustafsson et al. (1996) N. Engl. J. Med. 334:349-355.
Rappuoli et al. (1991) TIBTECH 9:232-238.

Vaccines (1988) eds. Plotkin & Mortimer. ISBN 0-7216-1946-0.
Del Guidice et al. (1998) Molecular Aspects of Medicine 19:1-70.
Hsu et al. (1999) Clin Liver Dis 3:901-915. .

International patent application W099/24578.

International patent application W099/36544.

International patent application W099/57280.

International patent application PCT/IB02/02069.

International patent application W002/02606.

Kalman et al. (1999) Nature Genetics 21:385-389.

Read et al. (2000) Nucleic Acids Res 28:1397-406.

Shirai et al. (2000) J. Infect. Dis. 181(Suppl 3):S524-S527.
International patent application W099/27105.

International patent application WO00/27994.

International patent application WO00/37494.

International patent application W099/28475.

Ross et al. (2001) Vaccine 19:4135-4142.

Sutter et al. (2000) Pediatr Clin North Am 47:287-308.
Zimmerman & Spann (1999) Am Fam Physician 59:113-118, 125-126.
Dreesen (1997) Vaccine 15 Suppl:S2-6.

MMWR Morb Mortal Wkly Rep 1998 Jan 16;47(1):12, 19.
Vaccines (1988) eds. Plotkin & Mortimer. ISBN 0-7216-1946-0.
McMichael (2000) Vaccine 19 Suppl 1:5101-107.

Dale (1999) Infect Dis Clin North Am 13:227-43, viii.

Ferretti et al. (2001) PNAS USA 98: 4658-4663.

Kuroda ef al. (2001) Lancet 357(9264):1225-1240; see also pages 1218-1219.
J Toxicol Clin Toxicol (2001) 39:85-100.

Demicheli et al. (1998) Vaccine 16:380-884.

30



WO 2004/041157

[135]
[136]
[137]
[138]

Stepanov et al. (1996) J Biotechnol 44:155-160.

Ingram (2001) Trends Neurosci 24:305-307.
Rosenberg (2001) Nature 411:380-384.
Moingeon (2001) Vaccine 19:1305-1326.

31

PCT/US2003/029167



WO 2004/041157 PCT/US2003/029167

CLAIMS:

1. An immunogenic composition comprising a GBS saccharide antigen and at least
two GBS polypeptide antigens, wherein said GBS saccharide antigen compﬁses a
saccharide selected from GBS serotype Ia, Ib, and III, and wherein said GBS polypeptide
antigens comprise a combination of at least two polypeptide or fragments thereof selected
from the antigen group consisting of GBS 80, GBS 91, GBS 104, GBS 147, GBS 173,
GBS 276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, GBS
361, GBS 404, GBS 656, GBS 690, and GBS 691. '

2. The immunogenic composition of claim 1, wherein said GBS polypeptide

antigens further comprise a GBS polypeptide or a fragment thereof of serogroup IIL

3. The immunogenic composition of claim 1, wherein said GBS polypeptide antigen

combination comprises GBS 80 or a fragment thereof.

4. The immunogenic composition of claim 3, wherein said GBS polypeptide
antigens comprise a combination of two GBS antigens or fragments thereof selected from
the group consisting of (1) GBS 80 and GBS 91, (2) GBS 80 and GBS 104, (3) GBS 80
and GBS 147, (4) GBS 80 and GBS 173, (5) GBS 80 and GBS 276, (6) GBS 80 and GBS
305, (7) GBS 80 and GBS 313, (8) GBS 80 and GBS 322, (9) GBS 80 and GBS 328, (10)
GBS 80 and GBS 330, (11) GBS 80 and GBS 338, (12) GBS 80 and GBS 358, (13) GBS
80 and GBS 361, (14) GBS 80 and GBS 404, (14) GBS 80 and GBS 404, (15) GBS 80
and GBS 656, (16) GBS 80 and GBS 690, and (17) GBS 80 and GBS 691.

5. The imxhﬁnogenic composition of claim 4, wherein said combination is selected
from the group consisting of (1) GBS 80 and GBS 338; (2) GBS 80 and GBS 361, (3)
GBS 80 and GBS 305, (4) GBS 80 and GBS 328, (5) GBS 80 and GBS 690, (6) GBS 80
and GBS 691 and (7) GBS 80 and GBS 147.
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6. The immunogenic composition of claim 4, wherein said combination comprises
GBS 80 and GBS 691.
7.  The immﬁnogenic composition of claim 1, wherein said composition comprises a

combination of at least three GBS polypeptide antigens.

8. The immunogenic composition of claim 7, wherein said combination comprises
" GBS 80 and GBS 691.

9. The immunogenic composition of claim 7, wherein said combination comprises
GBS 80.

10.  The immunogenic composition of claim 1, wherein at least one GBS polypeptide

antigen is covalently linked to the GBS saccharide antigen.

11.  The immunogenic composition of claim 1, wherein said GBS saccharide antigen

is covalently linked to a carrier protein.

12.  The immunogenic composition of claim 11, wherein said carrier protein is
selected from the group consisting of tetanus toxoid, diphtheria toxoid, N. meningitides
outer membrane protein, heat shock protein, pertusis protein, protein D from H.

influenzae, and toxin A or B from C. difficile.

13.  The immunogenic composition of claim 12, wherein said carrier protein is

selected from the group consisting of tetanus toxoid and diphtheria toxoid.

14.  The immunogenic composition of claim 13, wherein said carrier protein is a

diphtheria toxoid.

15.  The immunogenic composition of claim 14, wherein said diphtheria toxoid is

CRM197.
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16. A method for the therapeutic or prophylactic treatment of GBS infection in an
animal susceptible to GBS infection comprising administering to said animal a

therapeutic or prophylactic amount of the immunogenic composition of claim 1.

17. A method for the manufacture of a medicament for raising an immune response
against GBS comprising combining a GBS saccharide antigen and at least two GBS
polypeptide antigens, wherein said GBS saccharide antigen comprises a saccharide
selected from GBS serotype Ia, Ib, and III, and wherein said GBS polypeptide antigens
comprise a combination of at least two polypeptide or fragments thereof selected from
the antigen group consisting of GBS 80, GBS 91, GBS 104, GBS 147, GBS 173, GBS
276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, GBS 361,
GBS 404, GBS 656, GBS 690, and GBS 691.
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SEQUENCE LISTING

SEQ ID NO. 1

ATGAAATTATCGAAGAAGTTATTGTTTTCGGCTGCTETTTTAACAATGGTGEGCGGGETCAACTGTTGAACCAGTAGCTCAGTTTGC
GACTGGAATGAGTATTGTAAGAGCTGCAGAAGTGTCACAAGAACGCCCAGCGAAAACAACAGTAAATATCTATAAATTACAAGCTG
ATAGTTATAAATCGGAAATTACTTCTAATGGTGGTATCGAGAATAAAGACGGCGAAGTAATATCTAACTATGCTAAACTTGGTGAC
AATGTAAAAGGTTTGCAAGGTGTACAGTTTAAACGTTATAAAGTCAAGACGGATATTTCTGTTGATGAATTGAARAAATTGACAAC
AGTTGAAGCAGCAGATGCAARAAGTTGGAACGATTCTTGAAGAAGETGTCAGTCTACCTCAAAAAACTAATGCTCARGGTTTGETCG
TCGATGCTCTGGATTCAAAAAGTAATGTGAGATACTTGTATGTAGAAGATTTAAAGAATTCACCTTCAAACATTACCAAAGCTTAT
GCTGTACCGTTTGTGTTGGAATTACCAGTTGCTAACTCTACAGGTACAGGTTTCCTTTCTGAAATTAATATTTACCCTAAAAACGT
TGTAACTGATGAACCAARAACAGATAAAGATGTTARAAAAATTAGGTCAGGACGATGCAGGTTATACGATTGGTGAAGAATTCAAAT
GGTTCTTGAAATCTACAATCCCTGCCAATTTAGGTGACTATGAAAAATTTGAAATTACTGATAAATTTGCAGATGGCTTGACTTAT
AAATCTGTTGGAAAAATCAAGATTGGTTCGAAAACACTGAATAGAGATGAGCACTACACTATTGATGAACCAACAGTTGATAACCA
AAATACATTAAAAATTACGTTTAAACCAGAGAAATTTAAAGAAATTGCTGAGCTACTTAAAGGAATGACCCTTGTTAAAAATCAAG
ATGCTCTTGATAAAGCTACTGCAAATACAGATCATGCGGCATTTTTGGAAATTCCAGTTGCATCAACTATTAATGAARAAAGCAGTT
TTAGGAAAAGCAATTGAAAATACTTTTGAACTTCAATATGACCATACTCCTGATAAAGCTGACAATCCAAAACCATCTAATCCTCC
AAGAAAACCAGAAGTTCATACTGGTGCGAAACCGATTTGTAAAGAAAGACTCAACAGAAACACAAACACTAGGTGATGCTGAGTTTG
ATTTGTTCCCTTCTGATGCGGACAGCAGTAAAATGGACAGATGCTCTTATTAAAGCGAATACTAATAAAAACTATATTGCTGGAGAA
GCTGTTACTGGGCAACCAATCAAATTGARATCACATACAGACGGTACGTTTGAGATTAAAGGTTTGGCTTATGCAGTTGATGCGAA
TGCAGAGGGTACAGCAGTAACTTACAAATTAAAAGAAACARAAGCACCAGAAGGTTATGTAATCCCTGATAAAGARATCGAGTTTA
CAGTATCACAAACATCTTATAATACAAAACCAACTGACATCACGGTTGATAGTGCTGATGCAACACCTGATACAATTAAAAACAAC
AAACGTCCTTCAATCCCTAATACTGGTGETATTGGTACGGCTATCTTTGTCGCTATCGGTGCTGCGGTGATGGCTTITGCTGTTAA
GGGGATGAAGCGTCGTACAAAAGATAAC

SEQ ID NO: 2
MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMSIVRAAEVSQERPAKTTVNIYKLQADSYKSEI TSNGGIENKDGEVISNYAKLGD
NVKGLQGVQFKRYKVKTDISVDELKKLTTVEAADAKVGTILEEGVSLPQKTNAQGLVVDALDSKSNVRYLYVEDLKNSPSNITKAY
AVPFVLELPVANSTGTGFLSEINIYPKNVVTDEPKTDKDVKKLGODDAGYTIGEEFKWFLKSTIPANLGDYEKFEITDKFADGLTY
KSVGKIKIGSKTLNRDEHYTIDEPTVDNQONTLKI TFKPEKFKEIAELLKGMTLVKNQDALDKATANTDDAAFLEIPVASTINEKAV
LGKAIENTFELQYDHTPDKADNPKPSNPPRKPEVHTGGKRFVKKDSTETQTLGGAEFDLLASDGTAVKWTIDALIKANTNKNYIAGE
AVTGQPIKLKSHTDGTFEIKGLAYAVDANAEGTAVTYKLKETKAPEGYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNN
KRPSIPNTGGIGTAIFVAIGAAVMAFAVKGMKRRTKDN

SEQ ID NO. 3

ATGAAAANAGGACAAGTAAATGATACTAAGCAATCTTACTCTCTACGTAAATATAAATTTGGTTTAGCATCAGTAATTTTAGGGTC
ATTCATARATGGTCACAAGTCCTGTTTTTGCGGATCAAACTACATCGGTTCAAGTTAATAATCAGACAGGCACTAGTGTGGATGCTA
ATAATTCTTCCAATGAGACAAGTGCGTCAAGTGTGATTACTTCCAATAATGATAGTGTTCAAGCGTCTGATAAAGTTGTAAATAGT
CAAAATACGGCAACAAAGGACATTACTACTCCTTTAGTAGAGACARAGCCAATGGTGGAAAAAACATTACCTGAACAAGGGAATTA
TGTTTATAGCAAAGAAACCGAGGTGAAAAATACACCTTCAAAATCAGCCCCAGTAGCTTTCTATGCARAGAAAGGTGATAAAGTTT
TCTATGACCAAGTATTTAATAARAGATAATGTGAAATGCGATTTCATATAAGTCTTTTTGTGGCGTACGTCGATACGCAGCTATTGAG
TCACTAGATCCATCAGGAGGTTCAGAGACTAARAGCACCTACTCCTGTAACAAATTCAGGAAGCAATAATCAAGAGAAAATAGCAAC
GCAAGGAAATTATACATTTTCACATAAAGTAGAAGTAAAAAATGAAGCTAAGGTAGCGAGTCCAACTCAATTTACATTGGACAAAG
GAGACAGAATTTTTTACGACCAAATACTAACTATTGAAGGAAATCAGTGGTTATCTTATAAATCATTCAATGGTGTTCGTCGTTTT
GTTTTGCTAGGTAAAGCATCTTCAGTAGAAAAAACTGAAGATARAGAAAAAGTGTCTCCTCAACCACAAGCCCGTATTACTARAAC
TGGTAGACTGACTATTTCTAACGAAACAACTACAGGTTTTGATATTTTAATTACGAATATTAAAGATGATAACGGTATCGCTGCTG
TTAAGGTACCGGTTTGGACTGAACAAGGAGGGCAAGATGATATTAAATGGTATACAGCTGTAACTACTGGGGATGGCAACTACAAA
GTAGCTGTATCATTTGCTGACCATAAGAATGAGAAGGGTCTTTATAATATTCATTTATACTACCAAGAAGCTAGTGGGACACTTGT
AGGTGTAACAGGAACTAAARGTGACAGTAGCTGGAACTAATTCTTCTCAAGAACCTATTGAAAATGGTTTAGCARAGACTGGTGTTT
ATAATATTATCGGAAGTACTGAAGTAAAAAATGAAGCTAAAATATCAAGTCAGACCCAATTTACTTTAGAARAAAGGTGACAAAATA
AATTATGATCAAGTATTGACAGCAGATGGTTACCAGTGGATTTCTTACARATCT TATAGTGGTGTTCGTCGCTATATTCCTGTGAA
AAAGCTAACTACAAGTAGTGAAAAAGCGAAAGATGAGGCGACTAAACCGACTAGTTATCCCAACTTACCTAARACAGGTACCTATA
CATTTACTAAAACTGTAGATGTGARAAGTCAACCTAAAGTATCAAGTCCAGTGGAATTTAATTTTCAAAAGGGTGAAAAAATACAT
TATGATCAAGTGTTAGTAGTAGATGGTCATCAGTGGATTTCATACAAGAGT TATTCCGGTATTCGTCGCTATATTGARAATT

SEQ ID NO. 4

MKKGQVNDTKQSYSLRKYKFGLASVILGSFIMVTSPVFADQTTSVQVNNQTGTSVDANNSSNETSASSVITSNNDSVQASDKVVNS
ONTATKDITTPLVETKPMVEKTLPEQGNYVYSKETEVKNTPSKSAPVAFYAKKGDKVFYDQVFNKDNVKWISYKSFCGVRRYAAIE |
SLDPSGGSETKAPTPVTNSGSNNQEKIATQGNYTFSHKVEVKNEAKVASPTQFTLDKGDRIFYDQILTIEGNQWLS Y KSFNGVRRF
VLLGKASSVEKTEDKEKVSPQPQARI TKTGRLTISNETTTGFDILITNIKDDNGIAAVKVPVWTEQGGODDIKWYTAVTTGDGNYK
VAVSFADHKNEKGLYNIHLYYQEASGTLVGVTGTKVIVAGTNSSQEPIENGLAKTGVYNI IGSTEVKNEAKISSQTQFTLEKGDKT
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NYDQVLTADGYQWISYKSYSGVRRYIPVKKLTTSSEKAKDEATKPTSYPNLPKTGTYTFTKTVDVKSQPKVSSPVEFNFQKGEKIH
YDQVLVVDGHOWISYKSYSGIRRYIET

SEQ ID NO. 5

ATGAAAAAGAGACAAAAAATATGGAGAGGGTTATCAGTTACTTTACTAATCCTGTCCCARATTCCATTTGGTATATTGGTACARGG
TGAAACCCAAGATACCAATCAAGCACTTGGAAAAGTAATTGTTAAAAAAACGGGAGACAATGCTACACCATTAGGCAARAGCGACTT
TTETGTTAAAAAATGACAATGATAAGTCAGAARACAAGTCACGAAACGGTAGAGEGTTCTGGAGAAGCAACCTTTGARRACATARAA
CCTGGAGACTACACATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTGATAAAACCTGGAAAGTTAAAGTTGCAGATAA
CGGAGCAACAATAATCGAGGGTATGGATGCAGATAAAGCAGAGAAACGAAAAGAAGTTTTGAATGCCCAATATCCARARTCAGCTA
TTTATGAGGATACAAAAGAAAATTACCCATTAGT TAATGTAGAGGGTTCCAAAGTTGGTGAACAATACARAGCATTGAATCCAATA
ARTGGARAAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCAAAAAAAARTTACAGGGGTCAATGATCTCGATAAGAATAAATA
TAAAATTGAATTAACTGTTGAGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATGTCGTTGTGCTATTAGATA
ATTCAAATAGTATGAATAATGAAAGAGCCAATAATTCTCAAAGAGCATTAAAAGCTGGGGAAGCAGTTGAAAAGCTGATTGATAAA
ATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGACATATGCCTCAACCATTTTTGATGGTACTGAAGCGACCGTATCARAGEE
AGTTGCCGATCAAAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTATCATARAAACTACTTTTACAGCAACTACACATAATT
ACAGTTATTTAAATTTAACAAATGATGCTAACGAAGTTAATATTCTAAAGTCAAGAATTCCAAAGGAAGCGGAGCATATAAATGGE
GATCGCACGCTCTATCAATTTGETGCGACATTTACTCAARAAGCTCTAATGARAGCAAATGAAATTTTAGAGACACAAAGTTCTAA
TGCTAGAAAAAAACTTATTTTTCACGTAACTGATGGTGTCCCTACGATGTCTTATGCCATAAATTTTAATCCTTATATATCAACAT
CTTACCAAAACCAGTTTAATTCTTTTTTAAATAARATACCAGATAGAAGTGGTATTCTCCAAGAGGATTTTATAATCAATGGTCAT
GATTATCAAATAGTAAAAGGAGATGGAGAGAGTTTTAAACTGTTTTCGGATAGAAAAGTTCCTGTTACTGGAGGAACGACACARGC
AGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATGAGTAATGAGGGATATGCAATTAATAGTGGATATATTTATCTCTATTGGA
GAGATTACAACTGGGTCTATCCATTTGATCCTAAGACAARGAAAGTTTCTGCAACGAAACARATCAAAACTCATGGTGAGCCAACA
ACATTATACTTTAATGGAAATATAAGACCTARAGGTTATGACATTTTTACTGT TGGGATTGGTGTAAACGGAGATCCTGETGCAAC
TCOTCTTGAAGCTGAGARATTTATGCAATCAATATCAAGTAAAACAGAAAATTATACTAATGTTGATGATACAAATAAAATTTATG
ATGAGCTAAATAAATACTTTAAAACAATTGTTGAGGARAAACATTCTATTGTTGATCGGARATGTCACTGATCCTATGGGAGAGATG
ATTGAATTCCAATTAAAAAATGGTCAAAGTTTTACACATGATGATTACGTTTTGGTTGGARATGATGGCAGTCAATTARAARATGG
TETCEGCTCTTGGTGGACCARACAGTCGATGCGEGCAATTTTAAAAGATGTTACAGTGACTTATGATAAGACATCTCAAARCCATCARRA
TCAATCATTTGAACTTAGGAAGTGGACAAAAAGTAGTTCTTACCTATGATGTACGTTTAARACGATAACTATATAARGTAACARATTT
TACAATACAAATAATCGTACARCGCTAAGTCCGAAGAGTGAAARAGAACCARATACTATTCGTGATTTCCCAATTCCCAARATTCG
TGATGTTCGTGAGTTTCCEGTACTAACCATCAGTAATCAGARGAAAATGGGTGAGGTTGAATTTATTAAAGTTAATARAGACAARC
ATTCAGAATCGCTTTTGEGAGCTAAGT TTCAACTTCAGATAGAAAAAGATTTTTCTGGGTATAAGCAATTTGTTCCAGAGGGARGT
GATGTTACAACAAAGAATGATGGTAAAATTTATT TTAAAGCACTTCAAGATGGTAACTATAAATTATATGAAATTTCAAGTCCAGA
PGECTATATAGAGGTTAAAACGAAACCTGTTGTGACATTTACAATTCAAAATGGAGAAGTTACGAACCTGAAAGCAGATCCAAATG
CTAATAAAAATCAAATCGGGTATCTTGAAGGAAATGGTAAACATCTTATTACCAACACTCCCAAACGCCCACCAGGTGTTTTTCCT
AMAACAGGGCGAATTGGTACAATTGTCTATATATTAGTTGGTTCTACTTTTATGATACTTACCATTTGTTCTTTCCGTCGTAAACA
ATTG

SEQ ID NO. 6

MKKRQKIWRGLSVTLLILSQIPFGILVQGETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATFENIK
PCGDYTLREETAPIGYKKTDKTWKVKVADNGATI I EGMDADKAEKRKEVLNAQYPKSAIYEDTKENYPLVNVEGSKVGEQYKALNPI
NGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVEGKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKLIDK
I TSNKDNRVALVTYASTIFDGTEATVSKGVADQNGKALNDSVSWDYHKTTFTATTHNYSYLNLTNDANEVNILKSRIPKEAEHING
DRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPTMSYAINFNPYISTSYQNQFNSFLNKIPDRSGILQEDFIINGD
DYQIVKGDGESFKLFSDRKVPVTGGTTQAAYRVPQNQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQIKTHGEPT
TLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENY TNVDDTNKIYDELNKYFKTIVEEKHS IVDGNVTDPMGEM
IEFQLKNGQSFTHDDYVLVGNDGSQLKNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNYISNKF
YNTNNRTTLSPKSEKEPNTIRDFPI PKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSESLLGAKFQLQIEKDFSGYKQFVPEGS
DVTTKNDGKIYFKALQDGNYKLYEISSPDGYIEVKTKPVVTFTIQNGEVTNLKADPNANKNQIGYLEGNGKHLITNTPKRPPGVFP
KTGGIGTIVYILVGSTFMILTICSFRRKQL

SEQ ID NO. 7

GTGEATAAACATCACTCAAAAAAGGCTATTTTARAGT TAACACT TATAACAACTAGTATTTTATTAATGCATAGCAATCARGTGAATGCAGAGGAG
CAAGAATTAAAAAACCAAGAGCAATCACCTGTAATTGCTAATGTTGCTCARCAGCCATCGCCATCGGTAACTACTAATACTGTTGAARRAACATCT
GTAACAGCTGCTTCTGCTAGTAATACAGCGARAGAAATGGGTGATACATCTGTAAARAAATGACAARACAGAAGATGRATTAT TAGAAGAGTTATCT
AAAAACCTTGATACGTCTAATTTCGGGGCTGATCTTGAAGARGAATATCCCTCTARACCAGAGACAACCAACAATARAGAAAGCAATGTAGTAARCA
AATGCTTCAACTGCAATAGCACACAAAGTTCCCTCAGCATATGARGAGGTGAAGCCAGARAGCAAGTCATCGCTTGCTGTTCTTGATACATCTARA
ATAACAARAATTACAAGCCATAACCCAAAGAGGARAGGGAAATGTAGTAGCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTA
GATAGCCCAAAAGATGATAAGCACAGCTTTAAAACTAAGACAGAATTTGAGGAATTAAAAGCAAAACATAATATCACTTATGGGARATGEGTTAAC
GATAAGATTGTTTTTGCACATAACTACGCCAACAATACAGAAACGGTGGCTCGATATTGCAGCAGCTATGAAAGATGGTTATGGTTCAGAAGCAAAG
AATATTTCGCATGGTACACACGTTGCTGETATTTTTGTAGGTAATAGTAAACGTCCAGCAATCAATGGTCTTCTTTTAGAAGGTGCAGCGCCARAT
GCTCAAGTCTTATTAATGCGTATTCCAGATARAATTGATTCGGACAAATTTGGTGAAGCATATGCTAAAGCAATCACAGACGCTGTTAATCTAGGA
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GCAAAAACGATTAATATGAGTATTGGAAAAACAGCTGATTCTTTAATTGCTCTCAATGATAAAGTTAAATTAGCACTTAAATTAGCTTCTGAGAAG
GGCETTECAGTTETTGTGGCTCCCGGAAATGAAGGCGCATTTGGTATGGATTATAGCARACCATTATCAACTAATCCTGACTACGGTACGGTTAAT
AGTCCAGCTATTTCTGAAGATACTTTGAGTGTTGCTAGCTATGAATCACTTARAACTATCAGTGAGCGTCGTTGAAACARCTATTGAAGGTAAGTTA
GTTAAGTTGCCGATTEGTCGACTTCTARACCTTTTGACAAAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCAAARAAAGACTTTGAAGGT
AAGGACTTTAAAGGTAAGATTGCATTAATTGAGCCTGGTGETGGACT TGATTTTATGACTAAAATCACTCATGCTACAAATGCAGGTGTTGTTGGT
ATCGTTATTTTTAACGATCAAGAAAAACGTGGAAATTTTCTAATTCCTTACCCGTGAATTACCTGTGGGGATTATTAGTARAAGTAGATGGCGAGCGT
ATAAAAAATACTTCAAGTCAGTTAACATTTAACCAGAGTTTTGAAGTAGTTGATAGCCAAGGTGGTAATCGTATGCTGGAACAATCAAGTTGGGGC
GTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTTTGARATTTATTCTTCAACCTATAATAATCAATACCAAACAATGTCTGGT
ACAAGTATGECTTCACCACATGTTGCAGGATTAATGACAATGCTTCARAGTCATTTGGCTGAGAAATATAAAGGGATGARTTTAGATTCTAAAAAR
TTGCTAGAATTGTCTAAAAACATCCTCATGAGCTCAGCAACAGCATTATATAGTGAAGAGGATAAGCCGTTTTATTCACCACGTCAGCAAGGTGCA
GGTGTAGTTGATGCTGAARARAGCTATCCAAGCTCAATATTATATTACTGGAAACGATGGCAAAGCTARAATTAATCTCAAACGAATGGGAGATAAA
TTTGATATCACAGTTACAATTCATAAACTTGTAGAAGGTGTCAAAGAATTGTATTATCAAGCTAATGTAGCAACAGAACAAGTAAATAAAGGTAAA
TTTGCCCTTAAACCACAAGCCTTGCTAGATACTAATTGGCAGAAAGTAATTCTTCGTGATAAAGAAACACAAGTTCGATTTACTATTGATGCTAGT
CAATTTAGTCAGAAATTAAAAGAACAGATGGCAAATGGTTATTTCTTAGAAGGTTTTGTACGTTTTAAAGAAGCCAAGGATAGTAATCAGGAGTTA
ATGAGTATTCCTTTTGTAGGATTTAATGGTGATTTTGCGAACTTACAAGCACTTGAAACACCGATTTATAAGACGCTTTCTAAAGGTAGTTTCTAC
TATAAACCAAATGATACAACTCATAAAGACCAATTGGAGTACAATGAATCAGCTCCTTTTGAAAGCAACAACTATACTGCCTTGTTAACACAATCA
GCGTCTTGGGGCTATGTTGATTATGTCAAAAATGGTGGGGAGTTAGAATTAGCACCGGAGAGTCCAAAAAGAATTATTTTAGGAACTTTTGAGAAT
AAGGTTGAGGATAAAACAATTCATCTTTTGCGAAAGAGATGCAGCGAATAATCCATATTTTGCCATTTCTCCAAATAAAGATGGARATAGGGACGAA
ATCACTCCCCAGGCAACTTTCTTAAGAAATGT TAAGCGATATTTCTGCTCAAGTTCTAGATCAAAATGCAAATGTTATTTGGCAAAGTAAGGTTTTA
CCATCTTATCGTAAAAATTTCCATAATAATCCAAAGCARAGTGATGGTCATTATCGTATGGATGCTCTTCAGTGCAGTGCTTTAGATAAGGATGGC
AAAGTTGTAGCAGATGETTTTTATACTTATCGCTTACGTTACACACCAGTACGCAGAAGGAGCARATAGTCAGGAGTCAGACTTTAAAGTACAAGTA
AGTACTAAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGAAACTAATCGAACATTAAGCTTAGCCATGCCTAAGGARAGTAGTTATGTTCCT
ACATATCCTTTACAATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGCCGATGAGACTTCTTACCATTATTTCCATATAGATCAAGAAGGT
AARGTGACACTTCCTAAAACGGTTAAGATACGAGAGAGTGAGGTTGCGEGTAGACCCTAAGGCCTTGACACTTGTTGTGGAAGATAAAGCTGGTAAT
TTCGCAACGGTAARATTGTCTGATCTCTTGAATAAGGCAGTAGTATCAGAGAAAGARAACGCTATAGTAATTTCTAACAGTTTCARATATTTTGAT
AACTTGAAAAAAGAACCTATGTTTATTTCTAAAAAAGAAAANGTAGTAAACAAGAATCTAGAAGAAATAATATTAGTTAAGCCGCAAACTACAGTT
ACTACTCAATCATTGTCTAAAGARATAACTAAATCAGGAAATGAGAAAGTCCTCACTTCTACARACAATAATAGTAGCAGAGTAGCTAAGATCATA
TCACCTAAACATAACGGEGGATTCTGTTAACCATACCTTACCTAGTACATCAGATAGAGCARCCGAATGETCTATTTGTTGGTACTTTGGCATTGTTA
TCTAGTTTACTTCTTTATTTGARAACCCAAAAAGACTAAAAATAATAGTARA

SEQID NO. 8

VDKHHSKKAILKLTLITTSILLMHSNQVNAEEQELKNQEQSPVIANVAQQPSPSVITNTVEKTSVTAASASNTAKEMGDTSVKNDKTEDELLEELS
KNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTAIAQKVPSAYEEVKPESKSSLAVLDTSKITKLQAITQRGKGNVVAI IDTGFDINHDIFRL
DSPKDDKHSFKTKTEFEELKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVGNSKRPAINGLLLEGAAPN
AQVLLMRIPDKIDSDKFGEAYAKAITDAVNLGAKTINMSIGKTADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDY SKPLSTNPDYGTVN
SPAISEDTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKDFEGKDFKGKIALIERGGGLDFMTKITHATNAGVVG
IVIFNDQEKRGNFLIPYRELPVGIISKVDGERIKNTSSQLTFNQSFEVVDSQGGNRMLEQSSWGVTAEGATKPDVTASGFEIYSSTYNNQYQTMSG
TSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLELSKNILMSSATALYSEEDKAFYSPRQQGAGVVDAEKATIQAQYYITGNDGKAKINLKRMGDK
FDITVTIHKLVEGVKELYYQANVATEQVNKGKFALKPQALLDTNWOKVILRDKETQVRFTIDASQFSQKLKEQMANGYFLEGFVRFKEAKDSNQEL
MSIPFVGFNGDFANLQALETPIYKTLSKGSFYYKPNDTTHKDQLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGELELAPESPKRITILGTFEN
KVEDKTIHLLERDAANNPYFAISPNKDGNRDEITPQATFLRNVKDISAQVLDONGNVIWQSKVLPSYRKNFHNNPKQSDGHYRMDALQWSGLDKDG
KVVADGFYTYRLRYTPVAEGANSQESDFKVQVSTKSPNLPSRAQFDETNRTLSLAMPKESSYVPTYRLQLVLSHVVKDEEYGDETSYHYFHIDQEG
KVTLPKTVKIGESEVAVDPKALTLVVEDKAGNFATVKLSDLLNKAVVSEKENATVISNSFKYFDNLKKEPMF I SKKEKVVNKNLEEL ILVKPQTTV
TTOSLSKEITKSGNEKVLTSTNNNSSRVAKI ISPKHNGDSVNHTLPSTSDRATNGLFVGTLALLSSLLLYLKPKKTKNNSK

SEQ ID NO. 9

ATGAAACGTAAATACTTTATTCTTAATACCGGTGACGGTTTTAACGTTAGCTGCTGCAATGAATACTAGCAGTATCTATGCTAATAGTACTGAGACA
AGTGCTTCAGTAGTTCCTACTACAAATACTATCGTTCARACTAATGACAGTAATCCTACCGCARAATTTGTATCAGAATCAGGACAATCTGTAATA
GGTCAAGTAAAACCAGATAATTCTGCGGCGCTTACAACAGT TGACACGCCTCATCATATTTCAGCTCCAGATGCTTTAAAAACAACTCAATCAAGT
CCTGTCEGTTGAGAGTACTTCTACTAAGTTAACTGAAGAGACTTACAAACAAAAAGATGGTCAAGATTTAGCCAACATGGTGAGAAGTGGTCAAGTT
ACTAGTGAGCGAACTCGTTAATATCGGCATACGATATTATTGCTARAGAAAACCCATCTTTAAATGCAGTCATTACTACTAGACGCCAAGAAGCTATT
GAAGAGGCTAGAAAACTTAAAGATACCAATCAGCCCTTTTTAGGTGTTCCCTTGTTAGTCAAGGGGTTAGGGCACAGTATTAAAGGTGGTGAAACC
AATAATGGCTTGATCTATGCAGATGGAAAAATTAGCACATTTGACAGTAGCTATGTCAARARATATAAAGATTTAGGATTTATTATTTTAGGACAA
ACGAACTTTCCAGAGTATGGGTGGCGTAATATAACAGATTCTAAATTATACGGTCTAACGCATAATCCTTGGGATCTTGCTCATAATGCTGGTGGC
TCTTCTGGTEGGAAGTGCAGCAGCCATTGCTAGCGEAATGACGCCAATTGCTAGCGGTAGTGATGCTGGTGGTTCTATCCGTATTCCATCTTCTTGE
ACGGGCTTGGTAGGTTTAAAACCAACAAGAGGATTGGTGAGTAATGAARAGCCAGATTCGTATAGTACAGCAGTTCATTITTCCATTAACTAAGTCA
TCTAGAGACGCAGAAACATTATTAACTTATCTAAAGAAAAGCGATCAAACGCTAGTATCAGTTAATGATTTAAAATCTTTACCAATTGCTTATACT
TTGAAATCACCAATGGGAACAGAAGTTAGTCAAGATGCTAAAAACGCTATTATGGACAACGTCACATTCTTAAGAAAACAAGCGATTCARAGTAACA
GAGATAGACTTACCAATTGATGGTAGAGCATTAATGCGTGATTATTCAACCTTGGCTATTGGCATGGGAGGAGCTTTTTCAACAATTGARAARAGAC
TTAAAAAAACATGGTTTTACTARAGAAGACGTTGATCCTATTACTTGGGCAGTTCATGTTATTTATCAAAATTCAGATAAGGCTGAACTTAAGAAA
TCTATTATGGAAGCCCAAAAACATATGCATGAT TATCGTAAGGCAATGGAGAAGCTTCACAAGCAATTTCCTATTTYCTTATCGCCAACGACCGCA
AGTTTAGCCCCTCTAAATACAGATCCATATGTAACAGAGGAAGATAAAAGAGCGATTTATAATATGGAAAACTTGAGCCAAGARGAAAGAATTGCT
CTCTTTAATCGCCAGTGGGAGCCTATGTTGCGTAGAACACCTTTTACACAAATTGCTAATATGACAGCACTCCCAGCTATCAGTATCCCGACTTAC
TTATCTGAGTCTGGTTTACCCATAGGGACGATGTTAATGGCAGGTGCAAACTATGATATGGTATTAATTAAATTTGCAACTTTCTTTGARAAACAT
. CATGGTTTTAATGTTAAATGGCAAAGAATAATAGATARAAGAAGTGAAACCATCTACTGGCCTAATACAGCCTACTAACTCCCTCTTTARAGCTCAT
TCATCATTAGTAAATTTAGAAGAARAATTCACAAGTTACTCAAGTATCTATCTCTAAAAAATGGATGAAATCCTCTGTTAAAAATAAACCATCCGTA
ATCGCATATCAAAAAGCACTTCCTARAACAGGTGATACAGAATCAAGCCTATCTCCAGTTTTAGTAGTAACCCTTTTATTAGCTTGTTTTAGCTTT
GTAACAAAARAGAATCAGAAAAGT .
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SEQ ID NO. 10

MKRKYFILNTVTVLTLAAAMNTSSIYANSTETSASVVPTTNTIVQTNDSNPTAKFVSESGQSVIGQVKPDNSAALTTVDTPHHI SAPDALKTTQSS
PVVESTSTKLTEETYKOKDGODLANMVRSGOVTSEELVNMAYDI IAKENPSLNAVITTRRQEATEEARKLKDTNQPFLGVPLLVKGLGHS IKGGET
NNGLIYADGKISTFDSSYVKKYKDLGFIILGQTNFPEYGWRNITDSKLYGLTHN PWDLAHNAGGSSGGSAAATASGMTPIASGSDAGGSIRIPSSH
TGLVGLKPTRGLVSNEKPDSYSTAVHF PLTKSSRDAETLLTYLKKSDQTLVSVNDLKSLPIAYTLKS PMGTEVSQDAKNA IMDNVTFLRKQGFKVT
EIDLPIDGRALMRDYSTT.AIGMGGAFSTIEKDLKKHGFTKEDVDPI TWAVHVIYQONSDKARLKKS IMEAQKHMDDYRKAMEKLHKQFPIFLSPTTA
SLAPLNTDPYVTEEDKRAIYNMENLSQEERTALFNRQWEPMLRRTPFTQIANMTGLPAISI PTYLSESGLPIGTMLMAGANYDMVLIKFATFFEKH
HGFNVKWQRI IDKEVKPSTGLIQPTNSLFKAHSSLYNLEENSQVTQVSISKKWMKSSVKNKPSVMAYQKALPKTGDTESSLSPVLVVTLLLACFSF
VTKKNOKS

SEQ ID NO. 11

TTGCGTAAAARACAAAAACTACCATTTGATAAACTTGCCATTGCGCTTATATCTACGAGCATCTTGCTCAATGCACAATCAGACATTARAGCARAT
ACTGTGACAGAAGACACTCCTGCTACCGAACAAGCCGTAGAACCCCCACAACCAATAGCAGTTTCTGAGGAATCACGATCATCAAAGGAAACTARA
ACCTCACAAACTCCTAGTGATGTAGGAGAAACAGTAGCAGATGACGCTAATGATCTAGCCCCTCAAGCTCCTGCTAAAACTGCTGATACACCAGCA
ACCTCARAAGCGACTATTAGGGATTTGAACCGACCCTTCTCATGTCAARACCCTGCAGGAAAAAGCAGGCAAGGGAGCTGGGACCGTTGTTGCAGTG
ATTGATGCTGGTTTTGATAAAAATCATGAAGCGTGGCGCTTAACAGACAAAACTAAAGCACGTTACCAATCAAAAGAAAATCTTGAAAAAGCTARA
AAAGAGCACGGTATTACCTATGGCGAGTGGCTCAATGATAAGGTTGCTTATTACCACGACTATAGTAAAGATGCGTAAAAACGCTGTTGATCAAGAA
CACGGCACACACGTGTCAGGGATCTTGTCAGGARATGCTCCATCTGARAATGARAGAACCTTACCGCCTAGAAGGTGCGATGCCTGAGGCTCAATTG
CTTTTGATGCGTGTCGAAATTGTAAATGGACTAGCAGACTATGCTCGTAACTACGCTCAAGCTATCAGAGATGCTGTCAACTTGGGAGCTAAGGTG
ATTAATATGAGCTTTGGTAATGCTGCACTAGCTTACGCCAACCTTCCAGACGAAACCAAAAAAGCCTTTGACTATGCCAAATCAAAAGEGTGTTAGC
ATTGTGACCTCAGCTGGTAATGATAGTAGCTTTGGGGGCAAGCCCCGTCTACCTCTAGCAGATCATCCTGATTATGGGGTGGTTGGGACACCTGCA
GCGGCAGATTCAACATTGACAGTTGCTTCTTACAGCCCAGATAAACAGCTCACTGAAACTGCTACGGTCAAAACAGACGATCATCAAGATAAAGAA
ATGCCTGTTATTTCAACAAACCGTTTTGAGCCAAACAAGGCTTACGACTATGCTTATGCTAATCGTGGTACGAAAGAGGATGATTTTAAGGATGTC
GAAGGTAAGATTGCCCTTATTGAACGTGGCGATATTGATTTCAAAGATAAGATTGCAARACGCTAAAAAAGCTGGTGCTGTAGGGGTCTTGATCTAT
GACAATCAAGACAAGGGCTTCCCGATTGAATTGCCAAATGTTGACCAGATGCCTGCGGCCTTTATCAGTCGAAGAGACGGTCTCTTATTAAAAGAC
AATCCCCCAAAAACCATTACCTTCAATGCGACACCTAAGGTATTGCCAACAGCAAGTGGCACCAAACTAAGCCGCTTCTCAAGCTGGGETCTGACA
GCTGACGGCAATATTAAACCGGATATTGCAGCACCCGGCCAAGATATTTTGTCATCAGTGGCTAACAACAAGTATGCCARACTTTCTGGAACTAGT
ATGTCTGCACCATTGGTAGCGGETATCATCGCGACTGTTGCAAAAGCAATATGAGACACAGTATCCTGATATGACACCATCAGAGCGTCTTGATTTA
GCTAAGAAAGTATTGATGAGCTCAGCAACTGCCCTATATGATGAAGATGAAARAAGCTTATTTTTCTCCTCGCCAACAGGGAGCAGGAGCAGTCGAT
GCTAAARAAGCTTCAGCAGCAACGATGTATGTAACAGATAAGGACAATACCTCARGCAAGGTTCACCTGAACAATGTTTCTGATAAATTTGAAGTA
ACAGTAACAGTTCACAACAAATCTGATAAACCTCAAGAGTTGTATTACCAAGTAACTGTTCAAACAGATARAGTAGATGGARAACACTTTGCCTTG
GCTCCTAAAGCATTGTATGAGACATCATGGCAAARAAATCACAATTCCAGCCAATAGCAGCAAACAAGTCACCGTTCCAATCGATGCTAGTCGATTT
AGCAAGGACTTGCTTGCCCAAATGAAAAATGGCTATTTCTTAGAAGGTTTTGTTCGTTTCAAACAAGATCCTACAAAAGAAGAGCTTATGAGCATT
CCATATATTGGTTTCCGAGGTGATTTTGGCAATCTGTCAGCCTTAGAAAAACCAATCTATGATAGCARAGACGGTAGCAGCTACTATCATGAAGCA
AATAGTGATGCCAAAGACCAATTAGATGGTGATGGATTACAGTTTTACGCTCTGAAARAATAACTTTACAGCACTTACCACAGAGTCTAACCCATGE
ACGATTATTAAAGCTGTCAAAGAAGGGGTTGAAAACATAGAGGATATCGAATCTTCAGAGATCACAGAAACCATTTTTGCAGGTACTTTTGCAAAA
CAAGACGATGATAGCCACTACTATATCCACCGTCACGCTAATGGCAAACCATATGCTGCGATCTCTCCAAATGGGGACGGTAACAGAGATTATGTC
CAATTCCAAGGTACTTTCTTGCGTAATGCTAARAACCTTGTGGCTGAAGTCTTGGACAAAGAAGGARATGTTGTTTGGACAAGTGAGGTAACCGAG
CAAGTTGTTAAAAACTACAACAATGACTTGGCAAGCACACTTGGTTCAACCCGTTTTGAAAAAACCGCGTTGGGACGGTAAAGATARAGACGGCAAA
GTTGTTGCTAACGGAACCTACACCTATCGTGTTCGCTACACGCCGATTAGCTCAGGTGCAARAGAACAACACACTGATTTTGATGTGATTGTAGAC
AATACGACACCTGAAGTCGCAACATCGGCAACATTCTCAACAGAAGATAGTCGTTTGACACTTGCATCTAAACCAAAAACCAGCCAACCGGTTTAC
CGTGAGCGTATTGCTTACACTTATATGGATGAGGATCTGCCAACAACAGAGTATATTTCTCCARATGAAGATGGTACCTTTACTCTTCCTGARAGAG
GCTGAAACAATGGAAGGCGCTACTGTTCCATTGAARATGTCAGACTTTACTTATGTTGTTGAAGATATGGCTGGTAACATCACTTATACACCAGTG
ACTAAGCTATTGGAGGGCCACTCTAATAAGCCAGAACAAGACGGTTCAGATCAAGCACCAGACAAGAAACCAGAAGCTAAACCAGAACARGACGGT
TCAGGTCAAACACCAGATAAAAAAAAAGAAACTARACCAGARARAGATAGTTCAGGTCAAACACCAGGTAAAACTCCTCAAAAAGGTCAATCTTCT
CGTACTCTAGAGAAACGATCITCTAAGCGTGCTTTAGCTACAARAGCATCAACAAGAGATCAGTTACCAACGACTAATGACAAGGATACAAATCGT
TTACATCTCCTTAAGTTAGTTATGACCACTTTCTTCTTGGGA

SEQ ID NO. 12

MRKKQKLPFDKLAIALISTSILLNAQSDIKANTVTEDTPATEQAVEPPQPIAVSEESRSSKETKTSQTPSDVGETVADDANDLAPQ
APAKTADTPATSKATIRDLNDPSHVKTLQEKAGKGAGTVVAVIDAGFDKNHEAWRLTDKTKARYQSKENLEKAKKEHGITYGEWVN
DKVAYYHDYSKDGKNAVDQEHGTHVSGILSGNAPSEMKEPYRLEGAMPEAQLLLMRVEIVNGLADYARNYAQATIRDAVNLGAKVIN
MSFGNAALAYANLPDETKKAFDYAKSKGVSIVTSAGNDSSFGGKPRLPLADHPDYGVVGTPAAADSTLTVASYSPDKQLTETATVK
TDDHQDKEMPVISTNRFEPNKAYDYAYANRGTKEDDFKDVEGKIALIERGDIDFKDKIANAKKAGAVGVLIYDNQDKGFPIELPNV
DOMPAAFISRRDGLLLKDNPPKTITFNATPKVLPTASGTKLSRFSSWGLTADGNIKPDIAAPGODILSSVANNKYAKLSGTSMSAP
LVAGIMGLLOKQYETQYPDMTPSERLDLAKKVLMSSATALYDEDEKAYFSPRQQGAGAVDAKKASAATMYVTDKDNTS SKVHLNNV
SDKFEVTVTVHNKSDKPQELYYQVTVQTDKVDGKHFALAPKALYETSWQKITIPANSSKQVTVPIDASRFSKDLLAQMKNGYFLEG
FVRFKQDPTKEELMSIPYIGFRGDFGNLSALEKPIYDSKDGSSYYHEANSDAKDQLDGDGLOFYALKNNFTALTTESNPWTIIKAV
KEGVENIEDIESSEITETIFAGTFAKQDDDSHYYIHRHANGKPYAAT SPNGDGNRDYVQFQGTFLRNAKNLVAEVLDKEGNVVWTS
EVTEQVVKNYNNDLASTLGSTRFEKTRWDGKDKDGKVVANGTYTYRVRYTPISSGAKEQHTDFDVIVDNTTPEVATSATFSTEDSR
LTLASKPKTSQPVYRERIAYTYMDEDLPTTEYISPNEDGTFTLPEEAETMEGATVPLKMSDFTYVVEDMAGNITYTPVTKLLEGHS
NKPEQDGSDQAPDKKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGKTPQKGOSSRTLEKRSSKRALATKASTRDQLPTTNDKDT
NRLHLLKLVMTTFFLG
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SEQ ID NO. 13 ‘

ATGGGACGAGTAATGAAAACAATAACAACATTTGAAAATARAAAAGT TTTAGTCCTTGGTTTAGCACGATCTGGAGARGCTGCTGC
ACGTTTGTTAGCTAAGTTAGGAGCAATAGTGACAGTTAATGATGGCAAACCATTTGATGAAAATCCAACAGCACAGTCTTTGTTGG
AAGAGGGTATTARAGTGGTTTCTGETAGTCATCCTTTAGAATTGTTAGATGAGGATTTTTGTTACATGATTARAAATCCAGGAATA
CCTTATAACAATCCTATGGTCAAAAAAGCATTAGARAAACAAATCCCTGTTTTGACTGAAGTGGAATTAGCATACTTAGTTTCAGA
ATCTCAGCTAATAGGTATTACAGGCTCTAACGGGAAAACGACAACGACAACGATCGATTGCAGAAGTCTTAAATGCTGGAGGTCAGA
GAGGTTTGTTAGCTGGGAATATCGECTTTCCTGCTAGTGAAGTTGTTCAGGCTGCCGAATGATAAAGATACTCTAGTTATGGAATTA
TCAAGTTTTCAGCTAATGGGAGTTAAGGAATTTCGTCCTCATATTGCAGTAATTACTAATTTAATGCCAACTCATTTAGATTATCA
TGGGTCTTTTGAAGATTATGTTGCTGCAAAATGGAATATCCAAARATCAAATGTCTTCATCTGATTTTTTGGTACTTAATTTTAATC
AAGGTATTTCTAAAGAGTTAGCTAAARACTACTAAAGCAACAATCGTTCCTTTCTCTACTACGGAAAAAGTTGATGGTGCTTACGTA
CAAGACAAGCAACTTTTCTATAAAGGCGAGAATATTATGTCAGTAGATGACATTGGTGTCCCAGGAAGCCATAACGTAGAGAATGC
TCTAGCAACTATTGCGGTTGCTAAACTGGCTGGTATCAGTAATCAAGTTATTAGAGAAACTTTAAGCAATTTTGGAGGTGTTAAAC
ACCGCTTGCAATCACTCGGTAAGGTTCATGGTATTAGTTTCTATAACGACAGCAAGTCAACTAATATATTGGCAACTCAAAAAGCA
TTATCTGGCTTTGATAATACTAAAGTTATCCTAATTGCAGGAGGTCTTGATCGCGGTAATGAGT TTGATGAATTGATACCAGATAT
CACTGGACTTAAACATATGGTTGTTTTAGGGGAATCGGCATCTCGAGTAAAACGTGCTGCACAAAAAGCAGGAGTAACTTATAGCG
ATGCTTTAGATGTTAGAGATGCGGTACATAAAGCTTATGAGGTGGCACAACAGGGCGATGTTATCTTGCTAAGTCCTGCAAATGCA
TCATGGGACATGTATAAGAATTTCGAAGTCCGTGGTGATGAATTCATTGATACTTTCGAAAGTCTTAGAGGAGAG

SEQ ID NO. 14

MGRVMKTITTFENKKVLVLGLARSGEAAARLLAKLGATVTVNDGKPFDENPTAQSLLEEGIKVVCGSHPLELLDEDFCYMIKNPGI
PYNNPMVKKALEKQIPVLTEVELAYLVSESQLIGITGSNGKTTTTTMIAEVLNAGGQRGLLAGNIGFPASEVVQAANDKDTLVMEL
SSFQLMGVKEFRPHIAVITNLMPTHLDYHGSFEDYVAAKWNIQNQMSSSDFLVLNFNQGI SKELAKTTKATIVPFSTTEKVDGAYV
QDKQLFYKGENIMSVDDIGVPGSHNVENALATIAVAKLAGISNQVIRETLSNFGGVKHRLOSLGKVHGISFYNDSKSTNILATQKA
LSGFDNTKVILIAGGLDRGNEFDELIPDITGLKHMVVLGESASRVKRAAQKAGVTYSDALDVRDAVHKAYEVAQQGDVILLSPANA
SWDMYKNFEVRGDEFIDTFESLRGE

SEQ ID NO. 15

ATGAAACGTATTGCTGTTTTAACTAGTGGTGGTGACGCCCCTGGTATGAACGCTGCTATCCGTGCAGTTGTTCGTAAAGCAATTTCTGAAGGTATG
GAAGTTTACGGCATCAACCAAGGTTACTATCCTATGGTGACAGCGGGATATTTTCCCTTTGGATGCTAATTCTGTTGGGGATACTATCAACCGTGGA
GGAACGTTTTTACGTTCAGCACGTTATCCTGAATTTGCTGAACTTGAAGGTCAGCTTAAAGGGATTGAACAGCTTAAAAAACACGGTATTGAAGGT
GTAGTAGTTATCGGTGGTGATGGTTCTTATCATGGTGCTATGCGTCTAACTGAGCACGETTTCCCAGCTGTTGGTTTGCCGGGTACAATTGATARC
GATATCGTTGGCACTGACTATACTATTGGTTTTGACACAGCAGTTGCGACAGCAGTTGAGAATCTTGACCGTCTTCGTGATACATCAGCAAGTC CAT
AACCGTACTTTTGTTGTTGAGGT TATGGGAAGAAATGCAGGAGATATCGCTCTTIGGTCAGGTATCGCTGCAGGTGCAGATCARATTATTGTTCCT
GAAGAAGAGTTCAATATTGATGAAGTTGTCTCAAATGTTAGAGCTGGCTATGCAGCTGETAAACATCACCAAATCATCGTCCTTGCAGRAGGTGTT
ATGAGTGGTGATGAGTTTGCAAARACAATGARAGCAGCAGEAGACGATAGCGATCTTCGTGTGACGAATTTAGGACATCTGCTCCGTGGTEGGTAGT
CCGACGGCTCGTGATCGTGTCTTAGCATCTCGTATGGGAGCGTACGCTGTTCAATTGTTGAAAGAAGETCGTGGTGGTTTAGCCGTTGGTGTCCAC
AACGAAGAAATGGTTGAAAGTCCAATTTTAGGTTTAGCAGAAGAAGGTGCTTTGTTCAGCTTGACTGATGAAGGAAAAATCGTTGTTAATAATCCG
CATAAAGCGGACCTTCGCTTGGCAGCACTTAATCGTGACCTTGCCAACCAAAGTAGTARA

SEQ ID NO. 16

MKRIAVLTSGGDAPGMNAAIRAVVRKAISEGMEVYGINQGYYGMVTGDIFPLDANSVGDTINRGGTFLRSARYPEFAELEGQLKGIEQLKKHGIEG
VVVIGGDGSYHGAMRLTEHGFPAVGLPGTIDNDIVGTDYTIGFDTAVATAVENLDRLRDTSASHNRTFVVEVMGRNAGDIALWSGIAAGADQIIVE
EEEFNIDEVVSNVRAGYAAGKHHQIIVLAEGVMSGDEFAKTMKAAGDDSDLRVINLGHLLRGGS PTARDRVLASRMGAYAVQLLKEGRGGLAVGVH
NEEMVESPILGLAEEGALFSLTDEGKIVVNNPHKADLRLAALNRDLANQSSK

SEQ ID NO. 17

ATGARATARAAAGGTACTATTGACATCGACAATGGCAGCTTCGCTATTATCAGTCGCAAGTGTTCAAGCACAAGAAACAGATACGACGTGGACAGCA
CGTACTGTTTCAGAGGTARAGGCTGATTTGGTAAAGCAAGACAATAAATCATCATATACTGTGAAATATGGTGATACACTAAGCGTTATTTCAGAA
GCAATGTCAATTGATATGAATGTCTTAGCAAAAATAAATAACATTGCAGATATCAATCTTATTTATCCTGAGACAACACTGACAGTAACTTACGAT
CAGAAGAGTCATACTGCCACTTCAATGAARRATAGAAACACCAGCAACARATGCTGCTGGTCAAACAACAGCTACTGTGGATTTGAAAARCCAATCAA
GITTCTGTTGCAGACCAAAAAGTTTCTCTCAATACAATTTCGGAAGETATGACACCAGAAGCAGCAACAACGATTGTT'TCGCCAATGAAGACATAT
TCTTCTGCGCCAGCTTTGAAATCARAAGAAGTATTAGCACAAGAGCARGCTGTTAGTCAAGCAGCAGCTAATGAACAGGTATCACCAGCTCCTGTG
AAGTCGATTACTTCAGAAGTTCCAGCAGCTAAAGAGGAAGTTAAACCAACTCAGACGTCAGTCAGTCAGTCAACAACAGTATCACCAGCTTCTGTT
GCCGCTGAAACACCAGCTCCAGTAGCTAAAGTAGCACCGGTAAGAACTGTAGCAGCCCCTAGAGTGGCAAGTGTTAAAGTAGTCACTCCTAARGTA
GAAACTGGETGCATCACCAGAGCATGTATCAGCTCCAGCAGTTCCTGTGACTACGACTTCACCAGCTACAGACAGTAAGTTACAAGCGACTGAAGTT
ARGAGCGTTCCGGTAGCACAAAAAGCTCCAACAGCAACACCGGTAGCACAACCAGCTTCAACAACAAATGCAGTAGCTGCACATCCTGAAAATGCA
GGGCTCCAACCTCATGTTGCAGCTTATAAAGAAARAGTAGCGTCAACTTATGGAGTTAATGAATTCAGTACATACCGTGCGGGAGATCCAGGTGAT
CATGGTAAAGGTTTAGCAGTTGACTTTATTGTAGGTACTAATCAAGCACTTGGTAATARAGTTGCACAGTACTCTACACAAAATATGCGCAGCARAT
AACATTTCATATGTTATCTGGCAACARAAGTTTTACTCAAATACAAACAGTATTTATGGACCTGCTAATACTTGGAATGCAATGCCAGATCGTGGT
GGCGTTACTGCCAACCACTATGACCACGTTCACGTATCATTTAACAAATAATATAAAAAAGGAAGCTATTTGGCTTCTTTTTTATATGCCTTGAAT
AGACTTTCAAGGTTCTTATATAATTTTTATTA
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SEQID NO. 18

MNKKVLLTSTMAASLLSVASVQAQETDTTWTARTVSEVKADLVKQDNKSSYTVKYGDTLSVISEAMSIDMNVLAKINNIADINLIYPETTLTVTYD
QKSHTATSMKIETPATNAAGQTTATVDLKTNQVSVADQKVSLNTISEGMTPEAATTIVSPMKTYSSAPALKSKEVLAQEQAVSQAAANEQVSPAPY
KSITSEVPAAKEEVKPTQTSVSQSTTVSPASVAAETPAPVAKVAPVRTVAAPRVASVKVVTPKVETGASPEHVSAPAVPVTTTSPATDSKLQATEV
KSVPVAQKAPTATPVAQPASTTNAVAAHPENAGLQPHVAAYKEKVASTYGVNEFSTYRAGDPGDHGKGLAVDFIVGTNQALGNKVAQYSTONMAAN
NISYVIWQQKFYSNTNSIYGPANTWNAMPDRGGVTANHYDHVHVSFNK

SEQ ID NO. 19

ATGARARAGAAAATTATTTTGAAAAGTAGTGTTCTTGGTTTAGTCEGCTGGGACT TCTATTATGTTCTCAAGCGTETTCGCCGACCAAGTCGGTGTC
CAAGTTATAGGCGTCAATGACTTTCATGGTGCACTTGACAATACTGGAACAGCAAATATGCCTGATGGAAAAGTTGCTAATGCTGGTACTGCTGCT
CAATTAGATGCTTATATGGATGACGCTCAAAAAGATTTCAAACAAACTAACCCTAATGGTGAAAGCATTAGGGTTCAAGCAGGCGATATGGTTGGA
GCAAGTCCAGCCAACTCTGGGCTTCTTCAAGATGAACCAACTGTCAAAAATTTTAATGCAATGAATGTTGAGTATGGCACATTGGGTAACCATGAR
TTTGATGARGGGTTGGCAGAATATAATCGTATCGTTACTGGTAAAGCCCCTGCTCCAGATTCTAATATTAATAATATTACGAAATCATACCCACAT
GAAGCTGCAAAACAAGAAATTGTAGTGECAAATGTTATTGATAAAGTTAACAAACAAATTCCTTACAATTGGAAGCCTTACGCTATTAAAAATATT
CCTGTAAATAACAAAAGTGTGAACGTTGGCTTTATCGGGATTGTCACCAAAGACATCCCAAACCTTGTCTTACGTAAAAATTATGAACAATATGAA
TTTTTAGATGAAGCTGAAACAATCGTTAAATACGCCAAAGAATTACAAGCTAARAAATGTCAAAGCTATTGTAGTTCTCGCACATGTACCTGCAACA
AGTAAAAATGATATTGCTGAAGGTGAAGCAGCAGAAATGATGAAAAAAGTCAATCAACTCTTCCCTGAARATAGCGTAGATATTGTCTTTGCTGGA
CACAATCATCAATATACAAATGGTCTTGTTCGTAAARACTCGTATTGTACAAGCGCTCTCTCAAGGAAAAGCCTATGCTGATGTACGTGGTGTCTTA
GATACTGATACACAAGATTTCATTGAGACCCCTTCAGCTAAAGTAATTGCAGTTGCTCCTGGTAARAAAACAGGTAGTGCCGATATTCAAGCCATT
GTTGACCAAGCTAATACTATCGTTAARACAAGTAACAGAAGCTAAAATTGGTACTGCCGAGGTAAGTGTCATGATTACGCGTTCTGTTGATCAAGAT
AATGTTAGTCCGGTAGGCAGCCTCATCACAGAGGCTCAACTAGCAATTGCTCGAAAAAGCTGGCCAGATATCGATTTTGCCATGACAAATAATGGT
GGCATTCGTGCTGACTTACTCATCAAACCAGATGGAACAATCACCTGGGGAGCTGCACAAGCAGTTCAACCTTTTGGTAATATCTTACAAGTCGTC
GAAATTACTGGTAGAGATCITTATARAGCACTCAACGAACAATACGACCAAARACAARATTTCTTCCTTCARATAGCTGGTCTGCGATACACTTAC
ACAGATAATAAAGAGGGCGGGGAAGAAACACCATTTAARAGTTGTAAAAGCT TATAAATCARATGGTGAGGAAATCAATCCTGATGCAAAATACAAR
TTAGTTATCAATGACTTTTTATTCGGTGGTGGTGATGGCTTTGCAAGCTTCAGAAATGCCARACTTCTAGGAGCCATTAACCCCGATACAGAGGTA
TTTATGGCCTATATCACTGATTTAGAAAAAGCTGGTAAARAAGTGAGCGTTCCAAATAATAAACCTARRATCTATGTCACTATGAAGATGGTTAAT
GAAACTATTACACAAAATGATGGTACACATAGCATTATTAAGAAACTTTATTTAGATCGACAAGGAAATATTGTAGCACAAGAGATTGTATCAGAC
ACTTTAAACCAAACAAAATCAAAATCTACAARAAATCAACCCTGTAACTACAATTCACAAAAAACAATTACACCAATTTACAGCTATTAACCCTATG
AGAAATTATGGCAAACCATCAAACTCCACTACTGTAAAATCAAAACAATTACCAAAAACARACTCTGAATATGGACAATCATTCCTTATGTCTGTC
TTTGGTGTTGGACTTATAGGAATTGCTTTAAATACAAAGAAAAAACATATGAAA

SEQ ID NO. 20

MKKKIILKSSVLGLVAGTSIMFSSVFADQVGVQVIGVNDFHGALDNTGTANMPDGKVANAGTAAQLDAYMDDAQKDFKQTNPNGESIRVQAGDMVG
ASPANSGLLQDEPTVKNFNAMNVEYGTLGNHEFDEGLAEYNRIVIGKAPAPDSNINNITKSYPHEAAKQEIVVANVIDKVNKQI PYNWKPYATIKNI
PVNNKSVNVGFIGIVTKDIPNLVLRKNYEQYEFLDEAETIVKYAKELQAKNVKAIVVLAHVPATSKNDIAEGEAAEMMKKVNQLFPENSVDIVFAG
HNHQYTNGLVGKTRIVQALSQGKAYADVRGVLDTDTQDFIETPSAKVIAVAPGKKTGSADIQAIVDQANTIVKQVTEAKIGTAEVSVMITRSVDQD
NVSPVGSLITEAQLATARKSWPDIDFAMTNNGGIRADLLIKPDGTITHGAAQAVQPFGNILQVVEITGRDLYKALNEQYDQKONFFLQIAGLRYTY
TDNKEGGEETPFKVVKAYKSNGEEINPDAKYKLVINDFLFGGGDGFASFRNAKLLGAINPDTEVFMAYITDLEKAGKKVSVPNNKPKI YVTMKMVN
ETITONDGTHSIIKKLYLDRQGNIVAQEIVSDTINQTKSKSTKINPVTITIHKKQLHQFTAINPMRNYGKPSNSTTVKSKQLPKTNSEYGQSFLMSV
FGVGLIGIALNTKKKHMK

SEQ ID NO. 21

ATGAATAAACGCGTAAAAATCGTTGCAACACTTGGTCCTGCGGTTGAATTCCCGTGGTGGTAAGAAGTTTGGTGAGTCTGGATACTGGGGTGAAAGC
CTTGACGTAGAAGCTTCAGCAGAAAAAATTGCTCAATTGATTAAAGAAGETGCTAACGTTTTCCGTTTCAACT TCTCACATGGAGATCATGCTGAG
CAAGGAGCTCGTATGGCTACTGTTCGTARAGCAGARGAGATTGCAGGACAAARAGTTGECTTCCTCCTTGATACTAAAGGACCTGARATTCGTACA
GAACTTTTTGAAGATGGTGCAGATTTCCATTCATATACAACAGGTACAAAATTACGTGTTGCTACTAAGCAAGGTATCAAATCAACTCCAGAAGTG
ATTGCATTGAATGTTGCTEGCTGGACTTGACATCTTTGATGACGTTGAAGTTGGTAAGCAARATCCTTGTTGATGATGGTAAACTAGGTCTTACTGTG
TTTGCAAAAGATAAAGACACTCGTGAATTTGAAGTAGT TGTTGACGAATGATGGCCTTATTGGTAAACAAAAAGGTGTAAACATCCCTTATACTAAA
ATTCCTTTCCCAGCACTTGCAGAACGCGATAATGCTGATATCCGTTTTGGACTTGAGCAAGGACTTAACTTTATTGCTATCTCATTTGTACGTACT
GCTARAGATGTTAATGAAGTTCGTGCTATTTGTGAACGAAACTGGSMATGGACACGTTAAGTTGTTTGCTAAAATTGARAATCAACAAGGTATCGAT
AATATTGATGAGATTATCGAAGCAGCAGATGGTATTATGATTGCTCGTEGGTGATATGGGTATCGAAGTTCCATTTGAAATGGTTCCAGTTTACCAA
AAAATGATCATTACTAAAGTTAATGCAGCTGGTAAAGCAGTTATTACAGCAACAAATATGCTTGAAACAATGACTGATAAACCACGTGCGACTCGT
TCAGAAGTATCTGATGTCTTCAATGCTGTTATTGATGGTACTGATGCTACAATGCTTTCAGGTGAGTCAGCTAATGGTAAATACCCAGTTGAGTCA
GTTCGTACAATGGCTACTATTGATAAAAATGCTCARACATTACTCAATGAGTATGGTCGCTTAGACTCATCTGCATTCCCACGTAATAACAAAACT
GATGTTATTGCATCTGCGGTTAAAGATGCAACACACTCAATGGATATCAAACTTGTTGTAACARATTACTGARACAGETAATACAGCTCGTGCCATT
TCTAAATTCCGTCCAGATGCAGACATTTTGGCTGTTACATTTGATGAAAAAGTACAACGTTCATTGATGATTAACTGGGGTGTTATCCCTGTCCTT
GCAGACAAACCAGCATCTACAGATGATATGTTTGAGGTTGCAGAACGTGTAGCACTTGAAGCAGGATTTGTTGAATCAGGCGATAATATCGTTATC
GTTGCAGGTGTTCCTGTAGGTACAGGTGGAACTAACACAATGCGTGTTCGTACTGTTAAA

SEQ ID NO. 22

MNKRVKIVATLGPAVEFRGGKKFGESGYWGESLDVEASAEKIAQLIKEGANVFRFNFSHGDHAEQGARMATVRKAEEIAGQKVAFLLDTKGPEIRT
ELFEDGADFHSYTTGTKLRVATKQGIKSTPEVIALNVAGGLDIFDDVEVGKQILVDDGKLGLTVFAKDKDTREFEVVVENDGLIGKQKGVNIPYTK
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IPFPALAERDNADIRFGLEQGLNFIAISFVRTAKDVNEVRAICEETGXGHVKLFAKIENQQGIDNIDEIIEAADGIMIARGDMGIEVPFEMVPVYQ
KMIITKVNAAGKAVITATNMLETMTDKPRATRSEVSDVENAVIDGTDATMLSGESANGKYPVESVRTMAT IDKNAQTLLNEYGRLDSSAFPRNNKT
DVIASAVKDATHSMDIKLVVTITETGNTARAISKFRPDADILAVTFDEKVQRSLMINWGVIPVLADKPASTDDMFEVAERVALEAGFVESGDNIVI
VAGVPVGTGGTNTMRVRTVK

SEQ ID NO. 23

TTGTCTGCTATAATAGACAAAAAGGTGGTCGATATTTATGTATTTAGCATTAATCGGTGATATCATTAATTCAAAACAGATACTTGA
ACGTGAAACTTTCCAACAGTCTTTTCAGCAACTAATGACCGAACTATCTGATGTATATGGTGAAGAGCTGATTTCTCCATTCACTA
TTACAGCTGGTGATGAATTTCAAGCTTTATTGAAACCATCAAAARAGGTATTTCAAATTATTGACCATATTCAACTAGCTCTAARA
CCTGTTAATGTAAGGTTCGGCCTCGGTACAGGAAACATTATAACATCCATCAATTCAAATGAAAGTATCGGTGCTGATGGETCCTGC
CTACTGGCATGCTCGCTCAGCTATTAATCATATACATGATAAAAATGATTATGGAACAGTTCAAGTAGCTATTTGCCTTGATGATG
AAGACCAAAACCTTGAATTAACACTAAATAGTCTCATTTCAGCTGGTGATTTTATCAAGTCAAAATGGACTACAAACCATTTTCAA
ATGCTTGAGCACTTAATACTTCAAGATAATTATCAAGAACAATTTCAACATCAAAAGTTAGCCCAACTGGAAAATATTGAACCTAG
TGCGCTGACTAAACGCCTTAAAGCAAGCGGTCTGAAGATTTACTTAAGAACGAGAACACAGGCAGCCGATCTATTAGTTAAAAGTT
GCACTCAAACTAAAGGGGGAAGCTATGATTTC

SEQ ID NO. 24

MSAIIDKKVVIFMYLALIGDIINSKQILERETFQQSFQQLMTELSDVYGEELISPFTITAGDEFQALLKPSKKVFQIIDHIQLALKPVNVRFGLGTG
NIITSINSNESIGADGPAYWHARSAINHIHDKNDYGTVQVAICLDDEDQNLELTLNSLISAGDFIKSKWITNHFQMLEHLILODNYQEQFQHOKLAQ
LENIEPSALTKRLKASGLKIYLRTRTQAADLLVKSCTQTKGGSYDF

SEQ ID NO. 25

ATGTTTTATACAATTGAAGAGCTGGTAGAGCAAGCTAATAGCCAACATAAGGGTAACATAGCAGAGCTCATGATCCAAACGGARATTGAAATGACT
GGTAGAAGTCGTGAAGAAATTCGTTATATTATGTCCCGAAATCTTGAAGTCATGAAAGCTTCTGTTATTGATGGATTAACCCCTAGTAAATCAATC
AGTGGTTTAACAGGCGETGATGCTGTCAAGATGGATCAATATTTACAATCAGGAAAAACTATTTCAGATACCACAATCCTAGCTGCCGTTAGGAAT
GCTATGGCTGTTAATGAGTTARATGCTAAGATGGGACTGGTCTGTGCAACACCAACTGCAGGTAGTGCAGGATGTTTACCAGCTGTGATTTCTACA
GCCATTGARAAGCTTAATTTAACAGAAGAAGAGCAACTTGATTTTCTATTTACAGCCGGCGCATTTGGTCTCGTCATTGGTAATAATGCCTCTATC
TCAGGTGCAGAAGGAGGTTCGCCAAGCTGAAGTTGEGETCAGCTAGTGCTATGECTGCEECTGCTTTAGTTATGGCTGCTGEGAGGTACTCCTTTCCAA
GCTAGCCAAGCTATAGCATTTGTTATTAAAAATATGCTTGGACTTATCTGTGACCCTGTTGCAGGTTTAGTTGAAGTCCCTTGTGTGARGCGGAAT
GCTCTTGGATCAAGTTTTGCACTTGTTGCTGCTGATATGGCCTTGEGCTGGTATTGAATCGCAAATTCCAGTAGATGAAGTTATTGATGCAATGTAT
CAAGTTGGATCAAGTTTACCGACTGCTTTTCGTGAGACTGCAGAAGGAGGACTTGCTGCCACGCCGACAGGAAGACGTTATAGTAAAGAAATTTTT
GGGGAA

SEQ ID NO. 26

MFYTIEELVEQANSQHKGNIAELMIQTEIEMTGRSREEIRYIMSRNLEVMKASVIDGLTPSKSISGLTGGDAVKMDQYLQSGKTISDTTILAAVRN
AMAVNELNAKMGLVCATPTAGSAGCLPAVISTAIEKLNLTEEEQLDFLETAGAFGLVIGNNASISGAEGGCQAEVGSASAMAAAALVMAAGGTPFQ
ASQAIAFVIKNMLGLICDPVAGLVEVPCVKRNALGSSFALVAADMALAGIESQIPVDEVIDAMYQVGSSLPTAFRETAEGGLAATPTGRRYSKEILF
GE

SEQ ID NO. 27

ATGAGCGTATATGTTAGTGGAATAGGAATTATTTCTTCTTTGGGAAAGAATTATAGCGAGCATAAACAGCATCTCTTCGACTTAAAAGAAGGAATTT
CTAAACATTTATATARARATCACGACTCTATTTTAGAATCTTATACAGGAAGCATAACTAGTGACCCAGAGGTTCCTGAGCAATACAAAGATGAGAC
ACGTAATTTTAAATTTGCTTTTACCGCTTTTGAAGAGGCTCTTGCTTCTTCAGGTGTTAATTTAAAAGCTTATCATAATATTGCTGTCTGTTTAGGG
ACCTCACTTGGGGGAAAGAGTGCTGGTCAARATGCCTTGTATCAATTTGAAGAAGGAGAGCGTCAAGTAGATGCTAGTTTATTAGAAAAAGCATCTG
TTTACCATATTGCTGATGAATTGATGGCTTATCATGATATTGTGGGAGCTTCGTATGTTATTTCAACCGCCTGTTCTGCAAGTAATAATGCCGTAAT
ATTAGGAACACAATTACTTCAAGATGGCGATTGTGATTTAGCTATTTGTGGTGGCTGTGATGAGTTAAGTGATATTTCTTTAGCAGGCTTCACATCA
CTAGGAGCTATTAATACAGAAATGGCATGTCAGCCCTATTCTTCTGGAARAGGAATCAATTTGGGTGAGGGCGCTGGTTITGTTGTTCTTGTCARAG
ATCAGTCCTTAGCTARATATGGAAAAATTATCCGTGGTCTTATTACTTCAGATGGTTATCATATAACAGCACCTAAGCCAACAGGTGAAGGGGCEGT
ACAGATTGCAAAGCAGCTAGTGACTCAARGCAGGTATTGACTACAGTGAGATTGACTATAT TAACCGGTCACGGTACAGGTACTCAAGCTAATGATAAA
ATGGAAAAAAATATGTATGGTAAGTTTTTCCCGACAACGACATTGATCAGCAGTACCAAGGGGCARACGGGTCATACTCTAGGGGCTGCAGGTATTA
TCGAATTGATTAATTGTTTAGCGGCAATAGAGGAACAGACTGTACCAGCAACTAAAAATGAGATTGGGATAGAAGGTTTTCCAGAAAATTTTGTCTA
TCATCAAARAGAGAGARATACCCAATAAGAAATGCTTTAARATTTTTCGTTTGCTTTTGGTGGAAATAATAGTGGTGTCTTATTGTCATCTTTAGATTCA
CCTCTAGARACATTACCTGCTAGAGAARATCTTARAATGGCTATCTTATCATCTGTTGCTTCCATTTCTAAGAATGAATCACTTTCTATAACCTATG
AAAAAGTTGCTAGTAATTTCAACGACTTTGAAGCATTACGCTTTARAGGGGCTAGACCACCCAAAACTGTCAACCCAGCACAATTTAGGAAAATGGA
TGATTTTTCCAAAATGGTTGCCGTAACAACAGCTCAAGCACTAATAGARAGCAATATTAATCTAAAAAAACAAGATACTTCAAAAGTAGGAATTGTA
TTTACAACACTTTCTGGACCAGTTGAGGTTGTTGAAGGTATTGAAAAGCAAATCACARCAGAAGGATATGCACATGTTTCTGCTTCACCGATTCCCGT
TTACAGTAATGAATGCAGCAGCTGGTATGCTTTCTATCATTTTTAAAATAACAGGTCCTTTATCTGTCATTTCGACAAATAGTGCAGCGCTTGATGG
TATACAATATGCCAAGGARATGATGCGTAACGATAATCTAGACTATGTGATTCTTGTTTCTGCTAATCAGTGGACAGACATGAGT TTTATGTGGTGE
CAACAATTAAACTATGATAGTCARATGTTTGTCGGTTCTGATTATTGTTCAGCACAAGTCCTCTCTCGTCAAGCATTGGATAATTCTCCTATAATAT
TAGGTAGTAAACAATTAAAATATAGCCATAAARACATTCACAGATGTGATGACTATTTTTGATGCTGCGCTTCAARATTTATTATCAGACTTAGGACT
AACCATAAARAGATATCAAAGGTTTCGTTTGGAATGAGCGGAAGAAGGCAGTTAGT TCAGATTATGATTTCTTAGCGAACTTGTCTGAGTATTATAAT
ATGCCAAACCTTGCTTCTGGTCAGTTTGGATTTTCATCTAATGGTGCTGGTGAAGAACTGCACTATACTGTTAATGAARGTATAGAAAAGGGCTATT
ATTTAGTCCTATCTTATTCGATCTTCEGTGGTATCTCTTTTGCTATTATTGAAARRAGG
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SEQ ID NO. 28

MSVYVSGIGIISSLGKNYSEHKQHLFDLKEGISKHLYKNHDSILESYTGSITSDPEVPEQYKDETRNFKFAFTAFEEALASSGVNLKAYHNIAVCLG
TSLEGKSAGONALYQFEEGERQVDASLLEKASVYHIADELMAYHDIVGASYVISTACSASNNAVILGTQLLODGDCDLATICGGCDELSDISLAGFTS
LGAINTEMACQPYSSGKGINLGEGAGFVVLVKDQSLAKYGKIIGGLITSDGYHITAPKPTGEGAAQIAKQLVTQAGIDYSETIDYINGHGTGTQANDK
MEKNMYGKFFPTTTLISSTKGQTGHTLGAAGIIELINCLAAIEEQTVPATKNEIGIEGFPENFVYHQKREYPIRNALNFSFAFGGNNSGVLLSSLDS
PLETLPARENLKMAILSSVASISKNESLSITYEKVASNFNDFEALRFKGARPPKTVNPAQFRKMDDFSKMVAVITAQALIESNINLKKQDTSKVGIV
FTTLSGPVEVVEGIEKQITTEGYAHVSASRFPFTVMNAAAGMLSIIFKITGPLSVISTNSGALDGIQYAKEMMRNDNLDYVILVSANQWTDMSFMWW
QOLNYDSQMFVGSDYCSAQVLSRQALDNSPIILGSKQLKYSHKTFTDVMTIFDAALONLLSDLGLTIKDIKGFVWNERKKAVSSDYDFLANLSEYYN
MPNLASGQFGFSSNGAGEELDYTVNESIEKGYYLVLSYSIFGGISFAIIEKR

SEQ ID NO. 29

ATGAAAATAGATGACCTAAGAAAAAGCGACAATGTTGAAGATCGTCGCTCCAGTAGCGGAGGTTCATTCTCTAGCGGAGGAAGTGGATTACCGATT
CTTCAACTTTTATTGCTGCGAGGCGAGT TGGARAACCAAGCTTGTGETTTTAATCATCTTACTGCTACTTGGCGGAGGGGGACTAACCAGCATTTTT
AATGACTCATCCTCACCTTCTAGTTACCAATCTCAGAATGTCTCACGTTCTGTTGATAATAGCGCAACGAGAGAACAAATCGATTTCGTTAATAAA
GTCCTTGECTCAACTGAGGATTTCTGGTCACAAGAATTCCAAACCCAAGGTTTTGGAAATTATAAGGAACCAAAACTTGTTCTTTACACCAATTCA
ATTCABACAGGTTGTGGTATAGGTGAATCTGCTTCAGGACCATTTTATTGT TCAGCAGATAAAARARATCTATCTTGATATTTCTTTTTACAATGAA
TTATCACATAAATATGETEGCTACTCGTGATTTTGCTATGEGCCTACGTCATCGCCCACGAAGTTGGTCACCACATTCARACAGAGTTAGGCATTATG
GATAAGTATAATAGAATGCGACACGGACTTACTAAGAAAGAAGCAAATGCTTTAAATGTTCGCGCTAGAACTTCAAGCAGATTATTATGCAGGGGTA
TGECCTCACTACATCAGGEGGARAAAATCTCTTAGAACAAGGAGACTTTGAAGAGGCCATGAATGCTGCCCACGCCGTCGGAGACGATACCCTTCAG
AAAGAAACCTACGGAAAATTAGTGCCTGATAGCTTTACCCATGGRAACAGCTGAACAACGCCAACGTTGGTTTAACAAAGGCTTTCAATATGGTGAC
ATCCAACACGGTGATACTTTCTCCGTAGAACATCTA

SEQ ID NO. 30

MKIDDLRKSDNVEDRRSSSGGSFSSGGSGLPILQLLLLRGSWKTKLVVLIILLLﬁGGGGLTSIFNDSSSPSSYQSQNVSRSVDNSATREQIDFVNK
VLGSTEDFWSQEFQTQGFGNYKEPKLVLYTNSIQTGCGIGESASGPFYCSADKKIYLDISFYNELSHKYGATGDFAMAYVIAHEVGHHIQTELGIM
DKYNRMRHGLTKKEANALNVRLELQADYYAGVWAHYIRGKNLLEQGDFEEAMNAAHAVGDDTLOKETYGKLVPDSFTHGTAEQRQRWFNKGFQYGD
IQHGDTFSVEHL

SEQ ID NO. 31

ATGAAAAGATTACATAAACTGTTTATAACCGTAATTGCTACATTAGGTATGTTGGGGGTAATGACCTTTGGTCTTCCAACGCAGCCEGCAAAACGTA
ACGCCGATAGTACATGCTGATGTCRAATTCATCTGTTGATACGAGCCAGGAATTTCARAATAATTTAAAAAATGCTATTGGTAACCTACCATTTCAA
TATGTTAATGCTATTTATGAATTAAATAATAATCAGACAAATTTARAATGCTGATGTCAATGTTAAAGCGTATGTTCAARAATACAATTGACAATCAA
CAAAGACTATCAACTGCTAATGCAATGCTTGATAGAACCATTCGTCAATATCAARATCGCAGAGATACCACTCTTCCCGATGCAAATTGGARACCA
TTAGGTTGGCATCAAGTAGCTACTAATGACCATTATGGACATGCAGTCGACAAGGGGCATTTAATTGCCTATGCTTTAGCTGGAAATTTCAAAGGT
TGGGATGCTTCCGTGTCAAATCCTCAAAATGTTGTCACACARAACAGCTCATTCCAACCAATCRAATCAAAAAATCAATCGTGGACARAATTATTAT
GABAGCTTAGTTCGTAAGGCGGTTGACCAAAACAAACGTGTTCGTTACCGTGTAACTCCATTGTACCGTAATGATACTGATTTAGTTCCATTTGCA
ATGCACCTAGAAGCTAAATCACAAGATGGCACATTAGAATTTAATGTTGCTATTCCARAACACACAAGCATCATACACTATGGATTATGCAACAGGA
GAAATAACACTAAAT

SEQ ID NO. 32

MKRLHKLFITVIATLGMLGVMTFGLPTQPQNVTPIVHADVNSSVDTSQEFQNNLKNAIGNLPﬁQYVNGIYELNNNQTNLNADVNVKAXVQNTIDNQ
QRLSTANAMLDRTIRQYQNRRDTTLPDANWKPLGWHQVATNDHYGHAVDKGHLIAYALAGNFKGWDASVSNPOQNVVTQTAHSNQSNOKINRGONYY
ESLVRKAVDQNKRVRYRVTPLYRNDTDLVPFAMHLEAKSQDGTLEFNVAIPNTQASYTMDYATGEITLN

4

SEQ ID NO. 33

ATGAGTAAACGACAARATTTAGGAATTAGTAAAAAAGGAGCAATTATATCAGGGCTCTCAGTGGCACTAATTGTAGTAATAGGTGGCTTTTTATGG
GTACAATCTCAACCTAATAAGAGTGCAGTAAARACTAACTACAAAGTTTTTAATGTTAGAGAAGGAAGTGTTTCGTCCTCAACTCTTTTGACAGGA
AAAGCTAAGGCTAATCAAGAACAGTATGTGTATTTTGATGCTAATAAAGGTAATCGAGCAACTGTCACAGT TAAAGTGGGTGATAAARTCACAGCT
GGTCAGCAGTTAGTTCAATATGATACAACAACTGCACAAGCAGCCTACGACACTGCTAATCGTCAATTARATARAGTAGCGCGTCAGATTAATAAT
CTAAAGACAACAGGAAGTCTTCCAGCTATGGAATCAAGTGATCAATCTTCTTCATCATCACAAGGACAAGGGACTCAATCGACTAGTGGTGCGACG
AATCGTCTACAGCAAAATTATCAAAGTCAAGCTAATGCTTCATACAACCAACAACTTCAAGATTTGRAATGATGCTTATGCAGATGCACAGGCAGAA
GTAAATAAAGCACAAAAAGCATTGAATGATACTGTTATTACAAGTGACGTATCAGGGACAGTTGTTGAAGTTAATAGTGATATTGATCCAGCTTCA
ARAACTAGTCAAGTACTTGTCCATGTAGCAACTGAAGGTAAACTCCAAGTACAAGGAACGATGAGTGAGTATGATTTGGCTAATGTTAAAAAAGAC
CAGGCTGTTAAAATAAAATCTAAGGTCTATCCTGACAAGGAATGGGAAGGTAAAATTTCATATATCTCARATTATCCAGAAGCAGAAGCARACAALC
AATGACTCTAATAACGGCTCTAGTGCTGTARAT TATAAATATAAAGTAGATATTACTAGCCCTCTCGATGCATTAAAACAAGGTTTTACCGTATCA
GTTGAAGTAGTTAATGGAGATAAGCACCTTATTGTCCCTACAAGTTCTGTGATAARCAAAGATAATAAACACTTTGTTTGGGTATACAATGATTCT
AATCGTAAAATTTCCAARAGTTGAAGTCAARATTGGTAAAGCTGATGCTAAGACACAAGAAATTTTATCAGGTTTGARAAGCAGGACAAATCGTGGTT
ACTAATCCAAGTAAAACCTTCAAGGATGGGCAARARATTGATAATATTGAATCAATCGATCTTAACTCTAATAAGAAATCAGAGGTGAAA

SEQ ID NO. 34
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MSKRONLGISKKGAIISGLSVALIVVIGGFLWVQSQPNKSAVKTNYKVFNVREGSVSSSTLLTGKAKANQEQYVYFDANKGNRATVTVKVGDKITAG
QOLVQYDTTTAQAAYDTANRQLNKVARQINNLKTTGSLPAMESSDQSSSSSQGQGTQSTSGATNRLOONYQSQANASYNQQLODLNDAYADAQAEVN
KAQKALNDTVITSDVSGTVVEVNSDIDPASKTSQVLVHVATEGKLOVOGTMSEYDLANVKKDQAVKIKSKVYPDKEWEGKISYISNYPEAEANNNDS
NNGSSAVNYKYKVDITSPLDALKQGFTVSVEVVNGDKHLIVPTSSVINKDNKHFVWVYNDSNRKISKVEVKIGKADAKTQEILSGLKAGQLIVVINPS
KTFKDGQKIDNIESIDLNSNKKSEVK

SEQ ID NO. 35

ATGAABAAAATTGGAATTATTGTCCTCACACTACTGACCTTCTTTTTGGTATCTTGCGGACAACARACTARACAAGAAAGCACTAAAACAACTATT
TCTAAAATGCCTAAAATTGAAGGCTTCACCTATTATGGAAAAATTCCTGAARATCCGAAAAAAGTAATTAATTTTACATATTCTTACACTGGGTAT
TTATTAAAACTAGGTGTTAATGTTTCAAGTTACAGTTTAGACTTAGAAAAAGATAGCCCCGTTTTTGGTAAACAACTGAAAGAAGCTAAAAAATTA
ACTGCTGATGATACAGAAGCTATTGCCGCACAAAAACCTGATTTAATCATGGTTTTCGATCAAGATCCAAACATCAATACTCTGAAAAAAATTGCA
CCAACTTTAGTTATTAAATATGGTGCACAAAATTATTTAGATATGATGCCAGCCTTGGGGAAAGTATTCGGTAAAGAARAAGAAGCTAATCAGTGG
GTTAGCCAATGGAAAACTAAAACTCTCECTGTCAAAAAAGATTTACACCATATCTTAAAGCCTAACACTACTTTTACTATTATGGATTTTTATGAT
AAAAATATCTATTTATATGGTAATAATTTTGGACGCGGTGGAGAACTAATCTATGATTCACTAGGTTATGCTGCCCCAGAAAAAGTCARAARAAGAT
GTCTTTAAAARAGEGTGETTTACCGTTTCGCARAGAAGCAATCGGTGATTACGTTGGAGATTATGCCCTTGTTAATATAAACAAAACGACTARAARA
GCAGCTTCATCACTTAAAGAAAGTGATGTCTGCAAGAATTTACCAGCTGTCARAAAAGGGCACATCATAGARAGTAACTACGACGTGTTTTATTTC
TCTGACCCTCTATCTTTAGAAGCTCAATTAAAATCATTTACAAAGGCTATCAAAGAAAATACAAAT

SEQ ID NO. 36

MKKIGIIVLTLLTFFLVSCGQQTKQESTKTTISKMPKIEGFTYYGKIPENPKKVINFTYSYTGYLLKLGVNVSSYSLDLEKDSPVE
GKQLKEAKKLTADDTEAIAAQKPDLIMVFDQDPNINTLKKIAPTLVIKYGAQNYLDMMPALGKVFGKEKEANQWVSQWKTKTLAVK
KDLHHILKPNTTFTIMDFYDKNIYLYGNNFGRGGELIYDSLGYAAPEKVKKDVFKKGWFTVSQEAIGDYVGDYALVNINKTTKKAA
SSLKESDVWKNLPAVKKGHIIESNYDVFYFSDPLSLEAQLKSFTKATKENTN

SEQ ID NO. 37

ATGAAAGTGAAAAATAAGATTTTAACGATGCGTAGCACTTACTGTCTTAACATGTGCTACTTATTCATCAATCGGTTATGCTGATACAAGTGATAAGA
ATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAAAAGATCAGATGAACTAGACdAGTCTAGTACTGGTTCTTCTTCTGAAAATGAATC
GAGTTCATCAAGTGAACCAGAAACAAATCCGTCAACTAATCCACCTACAACAGAACCATCCCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGT
AGAACGAAGACAGAAATTGGCAATAATAAGCGATATTTCTAGTGGAACAARAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTA
GTGATCAAGAAGAAGTGGATCGCGATGAATCATCATCTTCAAARGCARATGATGGGAAAAAAGGCCACAGTAAGCCTAAAAAGGAACTTCCTAAAAC
AGGAGATAGCCACTCAGATACTGTAATAGCATCTACGGGAGGGATTATTCTGTTATCATTAAGTTTTTACAATAAGAARATGAAACTTTAT

SEQ ID NO. 38

MKVKNKILTMVALTVLTCATYSSIGYADTSDKNTDTSVVITTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQPSPSEENKPDG
RTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKANDGKKGHSKPKKELPKTGDSHSDTVIASTGGI ILLSLSFYNKKMKLY

SEQ ID NO. 39

ATGAABAGGATACGGAAAAGCCTTATTTTTGTTCTCGGAGTAGTTACCCTAATTTGCTTATGTGCTTGTACTAAACAAAGCCAGCAAAAAAATGGCT
TGTCAGTAGTGACTAGCTTTTATCCAGTATATTCCATTACAAAAGCAGTTTCTGGTGATTTGAATGATATTAAAATGATTCGATCACAGTCAGGTAT
TCATGETTTTGAACCCTCATCAAGTGATEGTTGCTGCCATTTATGATGCTGATCTATTTCTTTATCATTCGCACACACTAGAAGCTTGGGCGAGACGT
TTGGAACCTAGTTTGCATCACTCTAAAGTATCTGTAATTGAAGCTTCARAAGGTATGACTTTGGATARAGTTCATGGCTTAGARGATGTAGAGGCAG
AAAAAGGAGTAGATGAGTCAACCTTGTATGACCCTCACACTTGGAATGACCCTGTAAAAGTATCTGAGGAAGCACAACTCATCGCTACACAATTAGC
TAAAAAGGATCCTAAAAACGCTAAGGTTTATCAAAAAAATGCTGATCAATTTAGTGACAAGCGCAATGGCTATTGCAGAGAAGTATAAGCCAAAATTT
AAAGCTGCAAAGTCTAAATACTTTGTGACTTCACATACAGCATTCTCATACTTAGCTAAGCGATACGGATTGACTCAGTTAGGTATTGCAGGTGTCT
CAACCGAGCAAGAACCTAGTGCTAAAAAATTAGCCGAAATTCAGGAGTTTGTGAAAACATATAAGGTTAAGACTATTTTTGTTGAAGAAGGAGTCTC
ACCTAAATTAGCTCAAGCAGTAGCTTCAGCTACTCGAGTTAAAATTGCAAGTTTAAGTCCTTTARAAGCAGTTCCCAAAAACRATAAAGATTACTTA
GARAATTTGGAAACTAATCTTAAGGTACTTGTCAAATCGTTAAATCAATAG :

SEQ ID NO. 40

MKRIRKSLIFVLGVVTLICLCACTKQSQQKNGLSVVTSFYPVYSITKAVSGDLNDIKMIRSQSGIHGFEPSSSDVAATYDADLFLYHSHTLEAWARR
LEPSLHHSKVSVIEASKGMTLDKVHGLEDVEAEKGVDESTLYDPHTWNDPVKVSEEAQLIATQLAKKDPKNAKVYQKNADQFSDKAMATAEKYKPKF
KAAKSKYFVTSHTAFSYLAKRYGLTQLGIAGVSTEQEPSAKKLAEIQEFVKTYKVKTIFVEEGVSPKLAQAVASATRVKIASLSPLXAVPKNNKDYL
ENLETNLKVLVKSLNQ

SEQ ID NO. 41

ATGCCTAAGAAGAAATCAGATACCCCAGAAAAAGAAGAAGTTGTCTTAACGGAATGGCARAAGCGTAACCTTGAATTTTTAAAAAAACGCAAAGAAG
ATGAAGAAGAACAAAAACGTATTAACGAAAAATTACGCTTAGATAARAGAAGTAAATTARATATTTCTTCTCCTGAAGAACCTCAAAATACTACTAA
AATTARGAAGCTTCATTTTCCAAAGATTTCARGACCTAAGATTGAAAAGAAACAGAAAARAGAAAAAATAGTCAACAGCTTAGCCAAAACTAATCGC
ATTAGAACTGCACCTATATTTGTAGTAGCATTCCTAGTCATTTTAGTTTCCGTTTTCCTACTAACTCCTTTTAGTAAGCAAAAAACAATAACAGTTA
GTGGAAATCAGCATACACCTGATGATATTTTGATAGAGAAAACGAATATTCAAAAAAACGATTATTTCTTTTCTTTAATTTTTAAACATARAGCTAT
TGAACAACGTTTAGCTGCAGAAGATGTATGGGTARARAACAGCTCAGATGACTTATCAATTTCCCAATAAGTTTCATATTCAAGTTCAAGAAAATAAG



WO 2004/041157 PCT/US2003/029167

ATTATTGCATATGCACATACAAAGCAAGGATATCAACCTGTCTTGGAAACTGGAAAAAAGGCTGATCCTGTAAATAGTTCAGAGCTACCAAAGCACT
TCTTAACAATTAACCTTGATAAGGAAGATAGTATTAAGCTATTAATTAAAGATTTAARGGCTTTAGACCCTGATTTAATAAGTGAGATTCAGGTGAT
AAGTTTAGCTGATTCTAAAACGACACCTGACCTCCTGCTGTTAGATATGCACGATGGAAATAGTATTAGAATACCATTATCTAAATTTAAAGAAAGA
CTTCCTTTTTACAAACAAATTAAGAAGAACCTTAAGGAACCTTCTATTGTTGATATGGAAGTGGGAGTTTACACAACAACAAATACCATTGAATCAA
CCCCTGTTAAAGCAGAAGATACAAAAAATAAATCAACTGATAAAACACAAACACAAAATGGTCAGGTTGCGGAAAATAGTCAAGGACAAACAAATAA
CTCAAATACTAATCAACAAGGACAACAGATAGCAACAGAGCAGGCACCTAACCCTCAARAATGTTAAT

SEQ ID NO. 42

MPKKKSDTPEKEEVVLTEWQKRNLEFLKKRKEDEEEQKRINEKLRLDKRSKLNISSPEEPQNTTKIKKLHFPKISRPKIEKKQKKEKIVNSLAKTNR
TRTAPIFVVAFLVILVSVFLLTPFSKQKTITVSGNQHTPDDILIEKTNIQKNDYFFSLIFKHKATIEQRLAAEDVWVKTAQMTYQF PNKFHIQVQENK
IIAYAHTKQGYQPVLETGKKADPVNSSELPKHFLTINLDKEDSIKLLIKDLKALDPDLISEIQVISLADSKTTPDLLLLDMHDGNSIRIPLSKFKER
LPFYKQIKKNLKEPSIVDMEVGVYTTTNTIESTPVKAEDTKNKSTDKTQTQNGQVAENSQGQTNNSNTNQQGQQIATEQAPNPQNVN
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