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ANTI-BACTERIAL

VACCINE COMPOSITIONS
FIELD OF THE INVENTION

The present invention relates generally to the identification of genes
responsible for virulence of streptococci, thereby allowing for production of novel
attenuated mutant strains useful in vaccines and identification of new anti-bacterial
agents that target the virulence genes and their products.

BACKGROUND OF THE INVENTION

The genus Streptococcus encompasses several significant pathogens that infect
a wide variety of animals. There are a large variety of Streptococcus species, many of
which cause infections in animals and man. Streptococci are gram positive cocci
occurring in pairs and chains. The main groups of streptococcal diseases include
upper respiratory infections with lymphadenitis (horses, swine, cats, guinea pigs,
humans) neonatal respiratory and septicemic infections (horses, swine, dogs,
humans), secondary pneumonias and complications (horses, non-human primates,
small carnivores, humans) and pyrogenic infections unrelated to the respiratory tract
(human genitourinary tract infections, bovine mastitis).

Little is known about the mechanism of pathogenesis of diseases caused by
streptococci. Various cellular components, such as muramidase-released protein
(MRP), extracellular factor (EF), and cell-membrane associated proteins, fimbriae,
haemagglutinins, and haemolysin, have been suggested as virulence factors. However,
the precise role of these protein components in the pathogenesis of the various
diseases remains unclear. There is a pressing need therefore to identify additional
virulence genes in the streptococci. In addition, there remains a need for safe and

effective vaccines for treating and preventing diseases caused by streptococci.

Information Disclosure - Patent Documents
US20020055168 A1 Streptococcus suis vaccines and diagnostic tests
WO02003046183 A2 Streptococcus suis avirulent vaccine and uses in antibiotic
design
US20030072769 A1 Virulence genes, proteins, and their use
US20040009192 A1 Virulence of streptococci
WO02002061070 A2 Environmentally regulated genes, involved in the virulence of

Streptococcus suis.
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SUMMARY OF THE INVENTION

In general, the present invention provides materials and methods for
production and use of attenutated gram positive bacteria. In one aspect the invention
comprises attenuated species in the streptococcal family of bacteria.

The attenuated bacteria of the invention have utility as immunogenic
compositions and vaccines.

One aspect of the invention provides an attenuated streptococcal bacteria
comprising a functional mutation of a virulence gene selected from the group consisting
of gifA, guaB, lin0523, manM, purA, purD, scrB, scrR, SMU.61, sprl1018, spyM3-0908
treR, sp0843, endoD, neuB, pgdA, gInQ, and nadR, wherein said functional mutation
attenuates the bacteria.

The functionally mutated genes enumerated above may comprise a
polynucleotide selected from the group consisting of:

a) a polynucleotide sequence selected from group consisting of SEQ ID NOs:
1,3,5,7,9,11,13,15,17,19,21,23, 142,144,146,148,150, and 152;

b) a polynucleotide that hybridizes to the complement of a polynucleotide sequence set
forth in a) under moderate to highly stringent conditions; and

c.) a polynucleotide that encodes a polypeptide that has at least 99%, 98% 97% 96%
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86% 85%, 84%, 83%, 82%, 81%
80%, 79%, 18%, T1%, 16%, 15%, 14%, 73%, 12%, T11% 70%, 69%, 68%, 67%, 66%,
65%, 64%, 63%, 62%, 61%, 60% identity and/or similarity to a polypeptide selected
from the group consisting of the polypeptide sequences set forth in SEQ ID
NOs:2,4,6,8,10,12,14,16,18,20,22,24,143,145,147,149,151, and 153.

Also contemplated are immunogenic compositions, preferably vaccine
compositions, comprising the attenuated bacteria of the invention, optionally
comprising a suitable adjuvant and/or a pharmaceutically acceptable diluent or carrier.
In order for a modified strain to be effective in a vaccine formulation, the attenuation
must be significant enough to prevent the pathogen from evoking severe clinical
symptoms, but also insignificant enough to allow limited replication and growth of
the bacteria in the host. |

The invention also provides polynucleotides encoding gene products that are
required for virulence in gram-positive bacteria, particularly streptococci .
Polynucleotides of the invention include DNA, such as complementary DNA,
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genomic DNA, including complementary or anti-sense DNA, and wholly or partially
synthesized DNA; RNA, including sense and antisense strands; and peptide nucleic
acids as described, for example in Corey, TIBTECH 15:224-229 (1997).

Virulence gene polynucleotides of the invention include an isolated
polynucleotide comprising a polynucleotide sequence selected from the group
consisting of:

(a) a polynucleotide sequence set forth in SEQ ID NOs: 1,3,5,7,9,11,13,15,17,19,21,
23, 142,144,146,148,150, and 152;

(b) a polynucleotide that encodes a polypeptide that has at least 99%, 98% 97% 96%
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86% 85%, 84%, 83%, 82%, 81%
80%, 719%, 18%, T7%, 16%, 15%, 14%, 13%, 12%, T11% 10%, 69%, 68%, 67%, 66%,
65%, 64%, 63%, 62%, 61%, 60% identity and or similarity to a polypeptide selected
from the group consisting of the polypeptide sequences set forth in SEQ ID
NOs:2,/4,6,8,10,12,14,16,18,20,22 and 24;

(c) a polynucleotide encoding a polypeptide selected from the group consisting of
SEQ ID NOs: SEQ ID NOs:2,4,6,8,10,12,14,16,18,20,22, 24,143,145,147,149,151, and
153;

(d) a polynucleotide which is the complement of any of (a), (b) or (c)

This of course includes species homologs and clonal variants of SEQ ID NOs:
1,3,5,7,9,11,13,15,17,19,21, 23, 142,144,146,148,150, and 152.

The invention therefore comprehends gene sequences from other streptococci as
well as related gene sequences from other gram-positive bacterial organisms,
including naturally occurring (i.e. i.e. clonal variants) and artificially induced variants
thereof. Knowledge of the sequence of a polynucleotide of the invention makes
readily available every possible fragment of that polynucleotide. The invention
therefore provides fragments of a polynucleotide of the invention.

The invention further embraces expression constructs comprising
polynucleotides of the invention. Host cells transformed, transfected or
electroporated with a polynucleotide of the invention are also contemplated. The
invention provides methods to produce a polypeptide encoded by a polynucleotide of
the invention comprising the steps of growing a host cell of the invention under
conditions that permit, and preferably promote, expression of a gene product encoded
by the polynucleotide, and isolating the gene product from the host cell or the medium

3
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of its growth.

Identification of polynucleotides of the invention makes available the encoded
polypeptides. The invention therefore comprises an isolated polypeptide comprising a
polypeptide that has at least 99%, 98% 97% 96% 95%, 94%, 93%, 92%, 91%, 90%,
89%, 88%, 87%, 86% 85%, 84%, 83%, 82%, 81% 80%, 19%, 18%, 11%, 16%, 15%,
74%, 73%, 712%, 11% 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%
identity and or similarity to a polypeptide selected from the group consisting of the
polypeptide sequences set forth in SEQ ID NOs:2,4,6,8,10,12,14,16,18,20,22,
24,143,145,147,149,151, and 153.

Polypeptides of the invention include full length and fragment, or truncated,
proteins; variants thereof; fusion, or chimeric proteins; and analogs, including those
wherein conservative amino acid substitutions have been introduced into wild-type
polypeptides.

Antibodies that specifically recognize polypeptides of the invention are also
provided, and include monoclonal and polyclonal antibodies, single chain antibodies,
chimeric antibodies, humanized antibodies, human antibodies, and complementary
determining region (CDR)-grafted antibodies, as well as compounds that include
CDR sequences which specifically recognize a polypeptide of the invention. The
invention also provides anti-idiotype antibodies immunospecific for antibodies of the
invention.

According to another aspect of the invention, methods are provided for
identifying novel anti-bacterial agents that modulate the function of gram-positive
bacterial virulence genes or gene products. Methods of the invention include
screening potential agents for the ability to interfere with expression or activity of one
or more gene products selected from the group consisting of gtfA, guaB, lin0523, manM,
purA, purD, scrB, scrR, SMU.61, spr1018, spyM3-0908, treR sp0843, endoD, neuB,
pgdA, ginQ, and nadR,

Also contemplated are methods for screening potential agents for the ability to
interfere with biological function of a bacterial gene product encoded one or more
streptococcal genes selected from the group consisting of gtfA, guaB, lin0523, manM,
purA, purD, scrB, scrR, SMU.61, sprl1018, spyM3-0908, treR, sp0843, endoD, neuB,
pgdA, gInQ, and nadR, followed by identifying agents that provide positive results in
such screening assays. In particular, agents that interfere with the expression of

4
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virulence gene products include anti-sense polynucleotides and ribozymes that are
complementary to the virulence gene sequences. The invention further embraces
methods to modulate transcription of gene products of the invention through use of
oligonucleotide-directed triplet helix formation.

Agents that interfere with the function of virulence gene products include
variants of virulence gene products, binding‘partners of the virulence gene products
and variants of such binding partners, and enzyme inhibitors (where the product is an
enzyme).

Novel anti-bacterial agents identified by the methods described herein are
provided, as well as methods for treating a subject suffering from infection with gram
positive bacteria involving administration of such novel anti-bacterial agents in an
amount effective to reduce bacterial presence.

Numerous additional aspects and advantages of the invention will become
apparent to those skilled in the art upon consideration of the following detailed
description of the invention which describes presently prepared embodiments thereof.

DETAILED DESCRIPTION OF THE INVENTION

Some General Definitions

In the discussion below we will often make use of the term “identity” or
similarity as applied to the amino acid sequences of polypeptides. Percent amino acid
sequence “identity” with respect to polypeptides is defined herein as the percentage of
amino acid residues in the candidate sequence that are identical with the residues in
the target sequences after aligning both sequences and introducing gaps, if necessary,
to achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Percent sequence identity
is determined by conventional methods. For example, BLASTP 2.2.6 [Tatusova TA
and TL Madden, “BLAST 2 sequences- a new tool for comparing protein and
nucleotide sequences.” (1999) FEMS Microbiol Lett. 174:247-250.]

Briefly, as noted above, two amino acid sequences are aligned to optimize
the alignment scores using a gap opening penalty of 10, a gap extension penalty of
0.1, and the “blosum62” scoring matrix of Henikoff and Henikoff (Proc. Nat. Acad.
Sci. USA 89:10915-10919. 1992) .
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The percent identity is then calculated as:

Total number of identical matches x 100

[length of the longer sequence + number of gaps
introduced into the longer sequence to align
5 the two sequences]

Percent sequence “similarity” (often referred to as “homology”) with respect
to a polypeptide of the invention is defined herein as the percentage of amino acid
residues in the candidate sequence that are identical with the residues in the target

10  sequences after aligning the sequences and introducing gaps, if necessary, to achieve
the maximum percent sequence identity (as described above), and also considering

any conservative substitutions as part of the sequence identity.

Total number of identical matches and conservative substitutions x 100

[length of the longer sequence +number of gaps introduced into
15 the longer sequence to align the two sequences]
Amino acids can be classified according to physical properties and
contribution to secondary and tertiary protein structure. A conservative substitution is
recognized in the art as a substitution of one amino acid for another amino acid that

has similar properties.

20 Exemplary conservative substitutions are set out in Table 1.
Table 1

Amino Acid Conservative Changes

Alanine (A) Glycine (G), Serine (S)

Aspartic Acid (D) Glutamic Acid (E)

Glutamic Acid (E) Aspartic Acid (D)

Phenylalanine (F) Tryptophan (W), Tyrosine (Y)

Glycine (G) Alanine (A)

Histidine (H) Tyrosine (Y)

Isoleucine (I) Leucine (L), Methionine (M), Valine
)

Lysine (K) Arginine (R)

Leucine (L) Isoleucine (1), Methionine (M) Valine
V)

Methionine (M) Isoleucine (1), Leucine (L), Valine (V)

Asparagine (N) Glutamine (Q)

Glutamine (Q) Asparagine (N)

Arginine (R) Lysine (K)

Serine (S) Alanine (A), Threonine (T)
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Threonine (T) Serine (S)

Valine (V) Isoleucine (I), Methionine (M) Valine
V)

Tryptophan (W) Phenylalanine (F), Tyrosine (Y)

Tyrosine (Y) Phenylalanine (F) Histidine (H)
Tryptophan (W)

As used hereinafter "isolated" means altered by the hand of man from the
natural state. If an "isolated” composition or substance occurs in nature, it has been
changed or removed from its original environment, or both. For example, a
polynucleotide or a polypeptide naturally present in a living animal is not "isolated,"
but the same polynucleotide or polypeptide separated from the coexisting materials of
its natural state is "isolated", as the term is employed herein.

This application makes reference to sequences which “hybridize under
moderate to highly stringent conditions” to the non-coding strand, or complement, of
any one of the polynucleotides of the invention. Exemplary high stringency
conditions include a final wash in buffer comprising 0.2X SSC/0.1% SDS, at 65°C to
75°C, while exemplary moderate stringency conditions include a final wash in buffer
comprising 2X SSC/0.1% SDS, at 35°C to 45°C. It is understood in the art that
conditions of equivalent stringency can be achieved through variation of temperature
and buffer, or salt concentration as described in Ausubel, et al. (Eds.), Protocols in
Molecular Biology, John Wiley & Sons (1994), pp. 6.0.3 to 6.4.10. Modifications in

hybridization conditions can be empirically determined or precisely calculated based
on the length and percentage of guanosine/cytosine (GC) base pairing of the probe.
The hybridization conditions can be calculated as described in Sambrook, et al.,
(Eds.), Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory
Press: Cold Spring Harbor, New York (1989), pp. 9.47 to 9.51.

"Virulence genes," as used herein, are genes whose function or products are
required for successful establishment and/or maintenance of a bacterial population
within a host animal. Thus, virulence genes and/or the proteins encoded thereby may
be involved in, but not essential for, growth of the organism in the host organism;
they may also be involved in pathogenesis in the host organism. We have identified
gtfA, guaB, lin0523, manM, purA, purD, scrB, scrR, SMU.61, spr1018, spyM3-0908 ,
treR sp0843, endoD, neuB, pgdA, glnQ, and nadR as virulence genes in the streptococci.

The activities of the proteins encoded by the virulence genes we have

7
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identified are discussed below.

GuaB encodes an IMP dehydrogenase (EC1.1.1.205), which converts inosine
5'-phosphate to xanthosine 5'-phosphate. GuaA encodes a GMP synthetase
(EC6.3.4.1) which converts xanthosine 5'-phosphate to GMP. These two enzymes
function in de novo synthesis of GMP and in the salvage of purine nucleotides.
(Neidhart, F.C., Ed. in Chief. Escherichia coli and Salmonella Cellular and
Molecular Biology, 2" Edition. 1996. ASM Press, Washington, D.C.; and Noriega
FR., Losonsky G., Lauderbaugh C., Liao FM., Wang JY., and Levine MM. 1996.
“Engineered deltaguaB-A delta virG Shigella flexneri 2a strain CVD 1205:
construction, safety, immunogenicity, and potential efficacy as a mucosal vaccine.”
Infect. Immun. 64(8):3055-61.)

PurA encodes adenylosuccinate synthetase (EC6.3.4.4) which converts IMP to
N°-(1,2-dicarboxyethyl)-AMP. This enzyme is used in de novo synthesis of AMP and
in the salvage of purine nucleotides. (Neidhart, F.C., Ed. in Chief. Escherichia coli
and Salmonella Cellular and Molecular Biology, 2" Edition. 1996. ASM Press,
Washington, D.C.; and Dunstan SJ. Simmons CP. and Strugnell RA. 1998.
“Comparison of the abilities of different attenuated Salmonella typhimurium strains to
elicit humoral immune responses against a heterologous antigen.” Infect. Immun.
66(2):732-40.)

PurD encodes GAR synthetase (EC6.3.4.13) which converts 5-phospho-D-
ribosylamine + glycine to N'-(5-phospho-D-ribosyl)glycinamide. This is an early step
in the de novo synthesis of IMP, which can then feed into the GuaBA and PurA
enzymatic reactions to produce GMP or AMP, respectively. (Neidhart, F.C., Ed. in
Chief. Escherichia coli and Salmonella Cellular and Molecular Biology, 2" Edition.
1996. ASM Press, Washington, D.C.; and Baumler AJ., Kusters JG., Stojiljkovic L,
and Heffron F. 1994. “Salmonella typhimurium loci involved in survival within
macrophages.” Infect. Immun. 62(5):1623-30.)

ManM encodes the IIC membrane component of a mannose-specific
phosphotransferase system that transports across the bacterial membrane and
phosphorylates mannose. The phosphotransferase systems in general are implicated
in the transport of several carbohydrates for use as carbon sources. (Neidhart, F.C.,
Ed. In Chief. Escherichia coli and Salmonella Cellular and Molecular Biology, 2™
Edition. 1996. ASM Press, Washington, D.C.; and Cochu A., Vadeboncoeur C.,

8
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Moineau S., and Frenette M. 2003. “Genetic and biochemical characterization of the
phosphoenolpyruvate: glucose/mannose phosphotransferase system of Streptococcus
thermophilus.” App.Environ. Micro. 69(9):5423-32; and Lortie LA., Pelletier M.,
Vadeboncoeur C., and Frenette M. 2000 “The gene encoding ITAB(Man)L in
Streptococcus salivarius is part of a tetracistronic operon encoding a
phosphoenolpyruvate: mannose/glucose phosphotransferase system.” Microbiology.
146 (Pt 3):677-85.)

ScrB encodes a sucrose-6-phosphate hydrolase (EC 3.2.1.26) which catalyzes
the hydrolysis of terminal non-reducing B-D-fructofuranoside residues in B-D-
fructofuranosides or the breakdown of sucrose-6-phosphate into glucose-6-phosphate
and fructose. This is a part of the catabolic pathway for the utilization of sucrose.
(Neidhart, F.C., Ed. In Chief. Escherichia coli and Salmonella Cellular and Molecular
Biology, 2" Edition. 1996. ASM Press, Washington, D. C.; and Bogs J. and Geider
K. 2000. “Molecular analysis of sucrose metabolism of Erwinia amylovora and
influence on bacterial virulence.” J. Bact.. 182(19):5351-8; and Garsin DA., Sifri
CD., Mylonakis E., Qin X., Singh KV., Murray BE., Calderwood SB., and Ausubel
FM. 2001. “A simple model host for identifying Gram-positive virulence factors.”
PNAS. 98(19):10892-7).

ScrR is a member of the GalR-Lacl repressor family and is a regulator of the
sucrose regulon, which includes multiple scr genes. ScrR is a repressor that is
responsive to intracellular fructose and fructose 1-phosphate. (Neidhart, F.C., Ed. in
Chief. Escherichia coli and Salmonella Cellular and Molecular Biology, 2™ Edition.
1996. ASM Press, Washington, D.C.; and Bogs J. Geider K. 2000. “Molecular
analysis of sucrose metabolism of Erwinia amylovora and influence on bacterial
virulence.” J. Bact.. 182(19):5351-8; and Garsin DA., Sifri CD., Mylonakis E., Qin
X., Singh KV., Murray BE., Calderwood SB. and Ausubel FM. 2001. “A simple
model host for identifying Gram-positive virulence factors.” PNAS. 98(19):10892-7;
and Hiratsuka,K., Wang,B., Sato,Y. and Kuramitsu, H. 1998. “Regulation of sucrose-
6-phosphate hydrolase activity in Streptococcus mutans: characterization of the scrR
gene.” Infect. Immun. 66 (8), 3736-3743.)

GtfA (EC 2.4.1.7) is a sucrose phosphorylase that catalyzes the reaction of

sucrose + phosphate to D-fructose + o-D-glucose 1-phosphate. (Narimatsu M. Noiri
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Y. Itoh S. Noguchi N. Kawahara T. Ebisu S. 2004. “Essential role for the g#fA gene
encoding a putative glycosyltransferase in the adherence of Porphyromonas
gingivalis.” Infect. Immun. 72(5):2698-702; and Barletta RG., Michalek SM., and
Curtiss R III. 1988. “Analysis of the virulence of Streptococcus mutans serotype c
gtfA mutants in the rat model system.” Infect. Immun. 56(2):322-30; and Russell RR,
Mukasa H, Shimamura A, Ferretti JJ. 1988. “Streptococcus mutans gtfA gene
specifies sucrose phosphorylase.” Infect Immun. 56(10):2763-5.)

TreR is a transcriptional repressor of the trehalose operon.

SpyM3-0908 is a putative amino acid ABC transporter that has some
similarity to glutamine transporters.

Spr1018 is a conserved hypothetical protein with unknown function.
Smu.61 is a conserved hypothetical, putative transcriptional regulator.
Lin0523 is a Listeria innocua sequence of unknown function.

Sp0843 is a putative deoxyribose-phosphate aldolase.

EndoD is a endo-beta-N-aceytlglucosaminidase.

NeuB is a putative N-acetyl neuramic acid synthetase.

PgdA is a peptidoglycan GIcNAc deacetylase.

GInQ is an ABC transporter involved in glutamine transport, encoding the
ATP-binding protein.

NadR is a transcriptional regulator.

By way of example, the genes enumerated above may comprise a
polynucleotide selected from the group consisting of:
a) a polynucleotide sequence selected from group consisting of SEQ ID NOs:
1,3,5,7,9,11,13,15,17,19,21, 23, 142,144,146,148,150, and 152;
b) a polynucleotide that hybridizes to the complement of a polynucleotide sequence set
forth in a) under moderate to highly stringent conditions; or
c.) a polynucleotide that encodes a polypeptide that has at least 99%, 98% 97% 96%
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86% 85%, 84%, 83%, 82%, 81%
80%, 79%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, T1% T70%, 69%, 68%, 67%, 66%,
65%, 64%, 63%, 62%, 61%, 60% identity and/or similarity to a polypeptide selected

10
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from the group consisting of the polypeptide sequences set forth in SEQ ID
NOs:2,4,6,8,10,12,14,16,18,20,22, 24,143,145,147,149,151, and 153.

“Streptococci”, “streptococcal bacteria”, and species in the genus
Streptococcus include, but are not limited to, S. acidominimus, S. agalactiae, S. bovis,
S. equinus, S. canis, S. cricetus, S. downei, S. dysgalactiae, S. entericus, S. equi, S.
equinus, S. equisimilis, S. gallinaceus, S. iniae, S. mutans, S. parauberis, S.
pluranimalium, S. porcinus, S. pyogenes, S. pneumoniae, S. sobrinus, S. uberis, S.
suis, and S. zooepidemicus.

“Lancefield serologic grouping”, a step in streptococcal identification, is
determined by cell wall polysaccharides (C substance, group antigen) Groups are
designated by capital letters. Lancefield group A Streptococcus (GAS, Streptococcus
pyogenes), are infections are common among children, causing nasopharyngeal
infections and complications, thereof. Cattle are often susceptible to GAS, and they
are a frequent causative organism of mastitis. Lancefield group B Streptococcus
(GBS) are most often seen in cattle, causing mastitis. However, human infants are
susceptible as well, often with fatal consequences. Group B streptococci (GBS)
constitute a major cause of bacterial sepsis and meningitis among human neonates
born in the United States and Western Europe, and are emerging as significant
neonatal pathogens in developing countries as well. Lancefield group C infections,
such as those caused by S. equi, S. zooepidemicus, S. dysgalactiae, and others are
mainly seen in horses, cattle and pigs, but can also cross the species barrier to
humans. Lancefield group D infections are found in all mammals and some birds,
sometimes resulting in endocarditis or septicaemia. Lancefield groups E, G, L, P, U
and V (8. porcinus, S, canis, S. dysgalactiae) are found in various hosts, causing
neonatal infections, nasopharyngeal infections, or mastitis. Within Lancefield groups
R, S, and T, (and with ungrouped types) S. suis is found, an important cause of
meningitis, septicemia, arthritis, and sudden death in young pigs. S. suis can also
cause meningitis in man.There also exists a number of ungrouped streptococcal
species, such as S. mutans, causing caries in humans, S. uberis, causing mastitis in
cattle, and S. pneumonia, causing major invasive diseases such as pneumonia,
bacteremia, and meningitis in humans.

"Signature-tagged mutagenesis (STM)," as used herein, is a method generally

described in International Patent Publication No. WO 96/17951, incorporated herein
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by reference, and includes, for example, a method for identifying bacterial genes
required for virulence in a murine model of bacteremia. In this method, bacterial
strains that each have a random mutation in the genome are produced using
transposon integration. Each insertional mutation carries a different DNA signature
tag which allows mutants to be differentiated from each other. The tags comprise 40
bp variable central regions flanked by invariant "arms" of 20 bp which allow the
central portions to be co-amplified by polymerase chain reaction (PCR). Tagged
mutant strains are assembled in microtiter dishes, then combined to form the
"inoculum pool" for infection studies. At an appropriate time after inoculation,
bacteria are isolated from the animal and pooled to form the "recovered pool." The
tags in the recovered pool and the tags in the inoculum pool are separately amplified,
labeled, and then used to probe filters arrayed with all of the different tags
representing the mutants in the inoculum. Mutant strains with attenuated virulence
are those which cannot be recovered from, or whose recovery is reduced in, the
infected animal, i.e., strains with tags that give strong hybridization signals when
probed with tags from the inoculum pool but not when probed with tags from the
recovered pool. In a variation of this method, longer tags and non-radioactive
detection methods such as chemiluminescence can be used.

Signature-tagged mutagenesis allows a large number of insertional mutant
strains to be screened simultaneously in a single animal for loss of virulence.
Screening 30 pools of mutant S. suis strains resulted in the identification of 58 strains
with reduced virulence. Of these, mutations in 13 genes results in significantly
attenuated S. suis strains. The nucleotide sequence of the open reading frame
disrupted by the transposon insertion was determined by sequencing both DNA
strands, and an encoded amino acid sequence was deduced. The putative identity of
both the polynucleotide and amino acid sequences was determined by comparison of
the sequences with DNA and protein database sequences. The sequence information
also permitted identification of species homologs or clonal variants in other
streptococci by database mining.

A “functional mutation” of a particular virulence gene may occur in protein
coding regions of a virulence gene of the invention, as well as in regulatory regions or
genes that modulate transcription of the virulence gene mRNA. Functional mutations
that decrease expression and/or biological activity of a gene product include
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insertions, deletions, or point mutations in the protein coding region of the gene itself
or in sequences responsible for, or involved in, control of target gene expression,
including non-coding regulatory sequences or regulatory genes themselves. Deletion
mutants include those wherein all or part of a specific sequence, coding or non-
coding, is deleted.

Attenuated Strains and Vaccines

The identification of gram-positive bacterial, and more particularly S. suis,
virulence genes provides for microorganisms exhibiting reduced virulence (i.e.,
attenuated strains), which are useful in vaccines and immunogenic compositions.

One aspect of the invention provides an attenuated streptococcal
bacteria comprising a functional mutation of a virulence gene selected from the group
consisting of g#fA, guaB, lin0523, manM, purA, purD, scrB, scrR, SMU.61, spr1018,
spyM3-0908, treR, sp0843, endoD, neuB, pgdA, ginQ, and nadR, wherein said functional
mutation attenuates the bacteria.

The functionally mutated genes enumerated above may comprise a
polynucleotide selected from the group consisting of:

a) apolynucleotide sequence selected from group consisting of SEQ ID NOs:
1,3,5,7,9,11,13,15,17,19,21, 23, 142,144,146,148,150, and 152;

b) apolynucleotide that hybridizes to the complement of a polynucleotide sequence set
forth in a) under moderate to highly stringent conditions; or

c.) a polynucleotide that encodes a polypeptide that has at least 99%, 98% 97% 96%
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86% 85%, 84%, 83%, 82%, 81%
80%, 19%, 18%, 171%, 16%, 15%, T14%, 13%, 12%, T11% 70%, 69%, 68%, 67%, 66%,
65%, 64%, 63%, 62%, 61%, 60% identity and/or similarity to a polypeptide selected
from the group consisting of the polypeptide sequences set forth in SEQ ID
NOs:2,4,6,8,10,12,14,16,18,20,22, 24,143,145,147,149,151, and 153.

The worker of ordinary skill in the art will realize that a “functional mutation”
may occur in protein coding regions of a virulence gene of the invention, as well as in
regulatory regions or genes that modulate transcription of the virulence gene mRNA.
Functional mutations result in decreased expression and/or biological activity of a
gene product include insertions, deletions, or point mutations. Such functional
mutations are easily screened because they result in a reduction in virulence as
described herein.
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The worker of ordinary skill will also appreciate that attenuated streptococcal
strains of the invention include those bearing more than one functional mutation.
More than one mutation may result in additive or synergistic degrees of attenuation.
Multiple mutations can be prepared by design or may fortuitously arise from a
deletion event originally intended to introduce a single mutation. An example of an
attenuated strain with multiple deletions is a S. suis strain wherein the g#fA and guaB
genes are functionally deleted.

Identification of virulence genes in comprising SEQ ID NOS:
1,3,5,7,9,11,13,15,17,19,21, 23, 142,144,146,148,150, and 152 in S. suis provides
information regarding similar genes in other streptococcal species. As an example,
identification of any of the genes could potentially lead to identification of conserved
genes in a diverse number of streptococcal pathogens, including S. acidominimus, S.
agalactiae, S. bovis, S. equinus, S. canis, S. cricetus, S. downei, S. dysgalactiae, S.
entericus, S. equi, S. equinus, S. equisimilis, S. gallinaceus, S. iniae, S. mutans, S.
parauberis, S. pluranimalium, S. porcinus, S. pyogenes, S. pneumoniae, S. sobrinus,
S. uberis, S. suis, and S. zooepidemicus. Using the virulence genes sequences
identified in S. suis, similar or homologous genes can be identified in other organisms,
particularly within the streptococci, as well as other gram-positive species. Southern
hybridization, using the streptococcal genes as probes, can identify related genes in
chromosomal libraries derived from other organisms. Alternatively, PCR can be
equally effective in gene identification across species boundaries. As still another
alternative, complementation of, for example, a §. suis mutant with a chromosomal
library from other species can also be used to identify genes having the same or
related virulence activity. Identification of related virulence genes can therefore lead
to production of an attenuated strain of the other organism which can be useful as still
another vaccine formulation. Examples of S. suis genes that have been demonstrated
to exist in other species (e.g. S. agalactiae, S. pyogenes, and S. pneumoniae) include
genes gtfA, guaB, manM, purA, purD, scrB, scrR and spyM3-0908. 1t is appreciated
also, that even within S. suis that strain variations may exist in the sequences of the
virulence genes identified. These variants are easily identified by the ordinarily
skilled artisan.

Attenuated S. suis strains identified using STM are insertional mutants
wherein a virulence gene has been rendered non-functional through insertion of
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transposon sequences in either the open reading frame or regulatory DNA sequences.
These insertional mutants still contain all of the genetic information required for
bacterial virulence, and can possibly revert to a pathogenic state by deletion of the
inserted transposon. Therefore, in preparing a vaccine formulation, it is desirable to
take the information gleaned from the attenuated strain and create a deletion mutant
strain wherein some, most, or all of the virulence gene sequence is removed, thereby
precluding the possibility that the bacteria will revert to a virulent state.

The vaccine properties of an attenuated insertional mutant identified using
STM are expected to be the same or similar to those of a bacteria bearing a deletion in
the same gene. However, it is possible that an insertion mutation may exert “polar”
effects on adjoining gene sequences, and as a result, the insertion mutant may possess
characteristic distinct from a mutant strain with a deletion in the same gene sequence.
Deletion mutants can be constructed using any of a number of techniques well known
and routinely practiced in the art.

In one example, a strategy using counterselectable markers can be employed
which has commonly been utilized to delete genes in many bacteria. For a review,
see, for example, Reyrat, et al., Infection and Immunity 66:4011-4017 (1998),
incorporated herein by reference. In this technique, a double selection strategy is
often employed, wherein a plasmid is constructed encoding both a selectable and
counterselectable marker, with flanking DNA sequences derived from both sides of
the desired deletion. The selectable marker is used to select for bacteria in which the
plasmid has integrated into the genome in the appropriate location and manner. The
c.ounterselecteable marker is used to select for the very small percentage of bacteria
that have spontaneously eliminated the integrated plasmid. A fraction of these
bacteria will then contain only the desired deletion with no other foreign DNA
present. The key to the use of this technique is the availability of a suitable
counterselectable marker.

In another technique, the cre-lox system is used for site-specific recombination
of DNA. The system consists of 34 base pair lox sequences that are recognized by the
bacterial cre recombinase gene. If the lox sites are present in the DNA in an
appropriate orientation, DNA flanked by the lox sites will be excised by the cre
recombinase, resulting in the deletion of all sequences except for one remaining copy
of the lox sequence. Using standard recombination techniques, it is possible to delete
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the targeted gene of interest in the streptococcal genome and to replace it with a
selectable marker (e.g., a gene coding for kanamycin resistance) that is flanked by the
lox sites. Transient expression (by electroporation) of a suicide plasmid containing
the cre gene under control of a promoter that functions in streptococcal species of
interest of the cre recombinase should result in efficient elimination of the lox-flanked
marker. This process would result in a mutant containing the desired deletion and one
copy of the lox sequence.

In another approach, it is possible to directly replace a desired deleted
sequence in the genome of the streptococcal species of interest with a marker gene,
such as green fluorescent protein (GFP), B-galactosidase, or luciferase. In this
technique, DNA segments flanking a desired deletion are prepared by PCR and cloned
into a suicide (non-replicating) vector for streptococcal species of interest. An
expression cassette, containing a promoter active in streptococci and the appropriate
marker gene, is cloned between the flanking sequences. The plasmid is introduced
into wild-type streptococcal strain. Bacteria that incorporate and express the marker
gene (probably at a very low frequency) are isolated and examined for the appropriate
recombination event (i.e. replacement of the wild type gene with the marker gene).

The present invention provides combination vaccines suitable for
administration to a subject animal. The combination vaccines of the present invention
include an attenuated streptococcal strain in combination with at least one other
antigen capable of inducing a protective immune response in the subject animal
against disease caused by such other antigen. Preferred combination vaccines of the
present invention include, but are not limited to, porcine reproductive and respiratory
syndrome virus, pseudorabies virus, porcine circovirus type II, swine influenza virus,
Salmonella cholerasuis, Salmonella typhimurium, Erysipelothrix rhusiopathiae,
Lawsonia intracellularis, Haemophilus parasuis, Bordetella bronchiseptica,
Mycoplasma hyopneumoniae, Actinobacillus pleuropneumoniae, Escherichia coli,
Pasteurella multocida, and Clostridium perfringens type A and type C.

The reduced virulence of these organisms and their immunogenicity may be
confirmed by administration to a subject animal. While it is possible for an avirulent
microorganism of the invention to be administered alone, one or more of such mutant
microorganisms are preferably administered in a vaccine composition containing
suitable adjuvant(s) and pharmaceutically acceptable diluent(s) or carrier(s). The
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carrier(s) must be "acceptable” in the sense of being compatible with the avirulent
microorganism of the invention and not deleterious to the subject to be immunized.
Typically, the carriers will be water or saline which will be sterile and pyrogen-free.
The subject to be immunized is one needing protection from a disease caused by a
virulent form of streptococci or other pathogenic microorganisms.

Any adjuvant known in the art may be used in the vaccine composition,
including oil-based adjuvants such as Freund's Complete Adjuvant and Freund's
Incomplete Adjuvant, mycolate-based adjuvants (e.g., trehalose dimycolate), bacterial
lipopolysaccharide (LPS), peptidoglycans (i.e., mureins, mucopeptides, or
glycoproteins such as N-Opaca, muramyl dipeptide [MDP], or MDP analogs),
proteoglycans (e.g., extracted from Klebsiella pneumoniae), streptococcal
preparations (e.g., OK432), Biostim™ (e.g., 01K2), the "Iscoms" of EP 109 942, EP
180 564 and EP 231 039, aluminum hydroxide, saponin, DEAE-dextran, neutral oils
(such as miglyol), vegetable oils (such as arachis oil), liposomes, Pluronic® polyols,
the Ribi adjuvant system (see, for example GB-A-2 189 141), or interleukins,
particularly those that stimulate cell mediated immunity. An alternative adjuvant
consisting of extracts of Amycolata, a bacterial genus in the order Actinomycetales,
has been described in U.S. Patent No. 4,877,612. Other adjuvants include mineral
gels, e.g., aluminum hydroxide; surface active substances such as lysolecithin;
glycosides, e.g., saponin derivatives such as Quil A or GPI-0100 (United States Patent
No. 5,977,081); cationic surfactants such as DDA, pluronic polyols; polyanions; non-
ionic block polymers, e.g., Pluronic F-127 (B.A.S.F., USA); peptides; mineral oils,
e.g. Montanide ISA-50 (Seppic, Paris, France), carbopol, Amphigen (Hydronics,
Omaha, NE USA), Alhydrogel (Superfos Biosector, Frederikssund, Denmark) oil
emulsions, e.g. an emulsion of mineral oil such as BayolF/Arlacel A and water, or an
emulsion of vegetable oil, water and an emulsifier such as lecithin; alum, cholesterol,
rmLT, cytokines and combinations thereof. Additionally, proprietary adjuvant
mixtures are commercially available. The immunogenic component may also be
incorporated into liposomes, or conjugated to polysaccharides and/or other polymers
for use in a vaccine formulation.

The adjuvant used will depend, in part, on the recipient organism. The amount
of adjuvant to administer will depend on the type and size of animal. Optimal
dosages may be readily determined by routine methods.
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The vaccine compositions optionally may include vaccine-compatible
pharmaceutically acceptable (i.e., sterile and non-toxic) liquid, semisolid, or solid
diluents that serve as pharmaceutical vehicles, excipients, or media. Any diluent
known in the art may be used. Exemplary diluents include, but are not limited to,
polyoxyethylene sorbitan monolaurate, magnesium stearate, methyl- and
propylhydroxybenzoate, talc, alginates, starches, lactose, sucrose, dextrose, sorbitol,
mannitol, gum acacia, calcium phosphate, mineral oil, cocoa butter, and oil of
theobroma.

The vaccine compositions can be packaged in forms convenient for delivery.
The compositions can be enclosed within a capsule, caplet, sachet, cachet, gelatin,
paper, or other container. These delivery forms are preferred when compatible with
entry of the immunogenic composition into the recipient organism and, particularly,
when the immunogenic composition is being delivered in unit dose form. The dosage
units can be packaged, e.g., in tablets, capsules, suppositories or cachets.

The vaccine compositions may be introduced into the subject to be immunized
by any conventional method including, e.g., by intravenous, intradermal,
intramuscular, intramammary, intraperitoneal, or subcutaneous injection; by oral,
sublingual, nasal, anal, or vaginal, delivery. The treatment may consist of a single
dose or a plurality of doses over a period of time.

The invention also comprehends use of an attenuated bacterial strain of the
invention for manufacture of a vaccine medicament to prevent or alleviate bacterial
infection and/or symptoms associated therewith. The invention also provides use of
inhibitors of the invention for manufacture of a medicament to prevent or alleviate
bacterial infection and/or symptoms associated therewith.

It will be appreciated that the vaccine of the invention may be useful in the
fields of human medicine and veterinary medicine. Thus, the subject to be immunized
may be a human or other animal, for example, farm animals including cows, sheep,
pigs, horses, goats and poultry (e.g., chickens, turkeys, ducks and geese) companion
animals such as dogs and cats, exotic and/or zoo animals, and laboratory animals
including mice, rats, rabbits, guinea pigs, and hamsters.

Polynucleotides

The invention also provides polypeptides and corresponding polynucleotides
required for streptococcal virulence. The invention includes both naturally occurring
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and non-naturally occurring polynucleotides and polypeptide products thereof.
Naturally occurring virulence products include distinct gene and polypeptide species,
as well as corresponding species homologs expressed in organisms other than S. suis.
Non-naturally occurring virulence products include variants of the naturally occurring
products, such as analogs and virulence products which include covalent
modifications.

The invention includes isolated genes gene fragments and gene products from
the loci gtfA, guaB, 1in0523, manM, purA, purD, scrB, scrR, SMU.61, sprl1018, spyM3-
0908, treR, sp0843, endoD, neuB, pgdA, ginQ, and nadR, from S. suis.

Preferred DNA sequences are set out in SEQ ID NOs: 1, 3,5,7,9, 11, 13, 15,
17, 19, 21, 23, 142,144,146,148,150, and 152, and species homologs or clonal
variants thereof. The worker of skill in the art will readily appreciate that the
preferred DNA of the invention comprises a double-stranded molecule, for example,
molecules having the sequences set forth in SEQ ID NO: 1,3, 5,7, 9, 11, 13, 15, 17,
19, 21, 23, 142,144,146,148,150, and 152 and species homologs or clonal variants
thereof, along with the complementary molecule (the “non-coding strand” or
“complement”) having a sequence deducible from the sequence of SEQ ID NO: 1, 3,
5,7,9,11,13, 15,17, 19, 21, 23, 142,144,146,148,150, and 152 according to Watson-
Crick base pairing rules for DNA. Also preferred are polynucleotides encoding the
gene products encoded by any one of the polynucleotides set out in SEQ ID NOs: 1,
3,5,7,9,11, 13, 15, 17, 19, 21, 23, 142,144,146,148,150, and 152 and species
homologs or clonal variants thereof.

The invention includes therefore, an isolated polynucleotide comprising a
polynucleotide sequence selected from the group consisting of :

(a) a polynucleotide sequence set forth in SEQ ID NOs: 1,3,5,7,9,11,13,15,17,19,21,
23, 142,144,146,148,150, and 152; and

(b) a polynucleotide that encodes a polypeptide that has at least 99%, 98% 97% 96%
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86% 85%, 84%, 83%, 82%, 81%
80%, 719%, 18%, T1%, 16%, 15%, 14%, 13%, 72%, 11% 10%, 69%, 68%, 67%, 66%,
65%, 64%, 63%, 62%, 61%, 60% identity and or similarity to a polypeptide selected
from the group consisting of the polypeptide sequences set forth in SEQ ID
NOs:2,4,6,8,10,12,14,16,18,20,22, 24,143,145,147,149,151, and 153; and

(c) a polynucleotide encoding a polypeptide selected from the group consisting of
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SEQ ID NOs: SEQ ID NOs:2,4,6,8,10,12,14,16,18,20,22, 24,143,145,147,149,151, and
153;
(d) a polynucleotide that hybridizes to the complement of a polynucleotide sequence
under moderately or highly stringent conditions.
(e) a polynucleotide which is the complement of any of (a), (b), (c) or (d).

The present invention provides novel isolated streptococcal polynucleotides
(e.g., DNA sequences and RNA transcripts, both sense and complementary antisense
strands) encoding the bacterial virulence gene products. DNA sequences of the
invention include genomic as well as wholly or partially chemically or enzymatically
synthesized DNA sequences. Genomic DNA of the invention comprises the protein
coding region for a polypeptide of the invention and includes variants that may be
found in other bacterial strains of the same species. "Synthesized," as used herein and
is understood in the art, refers to purely chemical, as opposed to enzymatic, methods
for producing polynucleotides. "Wholly" synthesized DNA sequences are therefore
produced entirely by chemical means, and "partially" synthesized DNAs embrace
those wherein only portions of the resulting DNA were produced by chemical means.

The polynucleotide sequence information provided by the invention makes
possible the identification and isolation of polynucleotides encoding related bacterial
virulence molecules and genes which are species homologues by well known
techniques including Southern and/or Northern hybridization, polymerase chain
reaction (PCR), and database mining. Examples of polypeptides encoded by
polynucleotides related to gtfA, guaB, manM, purA, purD, scrB, scrR, and spyM3-0908
are set out in Table 5.
Vectors and Host Cells

Autonomously replicating recombinant expression constructions such as
plasmid and viral DNA vectors incorporating virulence gene sequences are also
provided. Expression constructs wherein virulence polypeptide-encoding
polynucleotides are operatively linked to an endogenous or exogenous expression
control DNA sequence and a transcription terminator are also provided. The
virulence genes may be cloned by PCR, using streptococcal genomic DNA as the
template. For ease of inserting the gene into expression vectors, PCR primers are
chosen so that the PCR-amplified gene has a restriction enzyme site at the 5 end
preceding the initiation codon, and a restriction enzyme site at the 3” end after the
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termination codon. If desirable, the codons in the gene are changed, without changing
the amino acids, according to the codon preference of the organism being used for
expression. Optimization of codon usage may lead to an increase in the expression of
the gene product in the expression system. If the gene product is to be produced
extracellularly, either in the periplasm of E. coli or other bacteria, or into the cell
culture medium, the gene is cloned without its initiation codon and placed into an
expression vector behind a signal sequence.

According to another aspect of the invention, host cells are provided,
including procaryotic and eukaryotic cells, either stably or transiently transformed,
transfected, or electroporated with polynucleotide sequences of the invention in a
manner which permits expression of virulence polypeptides of the invention.
Expression systems of the invention include bacterial, yeast, fungal, viral,
invertebrate, and mammalian cells systems. Host cells of the invention are a valuable
source of immunogen for development of antibodies specifically immunoreactive with
the virulence gene product. Host cells of the invention are conspicuously useful in
methods for large scale production of virulence polypeptides wherein the cells are
grown in a suitable culture medium and the desired polypeptide products are isolated
from the cells or from the medium in which the cells are grown by, for example,
immunoaffinity purification or any of the multitude of purification techniques well
known and routinely practiced in the art. Any suitable host cell may be used for
expression of the gene product, such as E. coli, other bacteria, including Bacillus and
S. aureus, yeast, including Pichia pastoris and Saccharomyces cerevisiae, insect cells,
or mammalian cells, including CHO cells, utilizing suitable vectors known in the art.
Proteins may be produced directly or fused to a peptide or polypeptide, and either
intracellularly or extracellularly by secretion into the periplasmic space of a bacterial
cell or into the cell culture medium. Secretion of a protein requires a signal peptide
(also known as pre-sequence). A number of signal sequences from prokaryotes and
eukaryotes are known to function for the secretion of recombinant proteins. During
the protein secretion process, the signal peptide is removed by signal peptidase to
yield the mature protein.

Polypeptides

The invention also provides isolated streptococcal virulence polypeptides

encoded by a polynucleotide of the invention. Presently preferred are polypeptides

21



WO 2006/048753 PCT/IB2005/003324

10

15

20

25

30

comprising the amino acid sequences encoded by any one of the polynucleotides set
outin SEQIDNOs: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 142,144,146,148,150, and
152 or the polypeptides set forth in SEQ ID NOs: 2,4,6,8,10,12, 14,16,18,20,22,
24,143,145,147,149,151, and 153, and species homologs or clonal variants thereof.
The invention embraces virulence polypeptides encoded by a DNA selected from the
group consisting of : a) the DNA sequence set out in any one of SEQ ID NOs: 1, 3,
5,7,9,11,13,15,17, 19, 21, 23, 142,144,146,148,150, and 152, and species
homologs or clonal variants thereof, and b) a DNA molecule, encoding a virulence
gene product, that hybridizes under moderately stringent conditions to the DNA of
(a). The invention also embraces polypeptides that have at least about 99%, 98% 97%
96% 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86% 85%, 84%, 83%, 82%,
81% 80%, 719%, 18%, T7%, 16%, 15%, 14%, 13%, 12%, 71% 10%, 69%, 68%, 67%,
66%, 65%, 64%, 63%, 62%, 61%, 60%, identity and/or homology to the preferred
polypeptides of the invention.

Variant virulence products of the invention include mature virulence gene
products, i.e., wherein leader or signal sequences are removed, or having additional
amino terminal residues. Virulence gene products having an additional methionine
residue at position -1 are contemplated, as are virulence products having additional
methionine and lysine residues at positions -2 and -1. Variants of these types are
particularly useful for recombinant protein production in bacterial cell types. Variants
of the invention also include gene products wherein amino terminal sequences derived
from other proteins have been introduced, as well as variants comprising amino
terminal sequences that are not found in naturally occurring proteins.

The invention also embraces variant polypeptides having additional amino
acid residues which result from use of specific expression systems. For example, use
of commercially available vectors that express a desired polypeptide as a fusion
protein with glutathione-S-transferase (GST) provide the desired polypeptide having
an additional glycine residue at position -1 following cleavage of the GST component
from the desired polypeptide. Variants which result from expression using other
vector systems are also contemplated.

To simplify the protein purification or isolation process, a purification tag may
be added either at the 5” or 3” end of the gene coding sequence. Commonly used
purification tags include a stretch of six histidine residues (U.S. Patent Nos. 5,284,933
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and 5,310,663), a streptavidin-affinity tag described by Schmidt and Skerra, Protein
Engineering, 6:109-122 (1993), a FLAG peptide [Hopp et al., Biotechnology, 6:1205-
1210 (1988)], glutathione S-transferase [Smith and Johnson, Gene, 67:31-40 (1988)],
and thioredoxin [LaVallie ef al., Bio/Technology, 11:187-193 (1993)]. To remove
these peptides or polypeptides, a proteolytic cleavage recognition site may be inserted
at the fusion junction. Commonly used proteases are factor Xa, thrombin, and
enterokinase.
Antibodies

Also contemplated by the present invention are antibodies (e.g., monoclonal
and polyclonal antibodies, single chain antibodies, chimeric antibodies, humanized,
human, and CDR-grafted antibodies, including compounds which include CDR
sequences which specifically recognize a polypeptide of the invention) and other
binding proteins specific for virulence gene products or fragments thereof. The term
“specific for” indicates that the variable regions of the antibodies of the invention
recognize and bind a virulence polypeptide exclusively (i.e., are able to distinguish a
single virulence polypeptides from related virulence polypeptides despite sequence
identity, homology, or similarity found in the family of polypeptides), but may also
interact with other proteins (for example, S. aureus protein A or other antibodies in
ELISA techniques) through interactions with sequences outside the variable region of
the antibodies, and in particular, in the constant region of the molecule. Screening
assays to determine binding specificity of an antibody of the invention are well known
and routinely practiced in the art. For a comprehensive discussion of such assays, see
Harlow et al. (EBds), Antibodies A Laboratory Manual; Cold Spring Harbor
Laboratory; Cold Spring Harbor , NY (1988), Chapter 6. Antibodies that recognize
and bind fragments of the virulence polypeptides of the invention are also
contemplated, provided that the antibodies are first and foremost specific for, as
defined above, a virulence polypeptide of the invention from which the fragment was
derived.

Modulation or Manipulation of Expression of the Nuceic Acids and Polypeptides of

the Invention
The DNA and amino acid sequence information provided by the present
invention also makes possible the systematic analysis of the structure and function of
the virulence genes and their encoded gene products. Knowledge of a polynucleotide
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encoding a virulence gene product of the invention also makes available anti-sense
polynucleotides which recognize and hybridize to polynucleotides encoding a
virulence polypeptide of the invention. Full length and fragment anti-sense
polynucleotides are provided. The worker of ordinary skill will appreciate that
fragment anti-sense molecules of the invention include (i) those which specifically
recognize and hybridize to a specific RNA (as determined by sequence comparison of
DNA encoding a virulence polypeptide of the invention to DNA encoding other
known molecules), as well as (ii) those which recognize and hybridize to RNA
encoding variants of the family of virulence proteins. Antisense polynucleotides that
hybridize to RNA encoding other members of the virulence family of proteins are also
identifiable through sequence comparison to identify characteristic, or signature,
sequences for the family of molecules.

The invention further contemplates methods to modulate gene expression
through use of ribozymes. For a review, see Gibson and Shillitoe, Mol. Biotech.
7:125-137 (1997). Ribozyme technology can be utilized to inhibit translation of
mRNA in a sequence specific manner through (i) the hybridization of a
complementary RNA to a target mRNA and (ii) cleavage of the hybridized mRNA
through nuclease activity inherent to the complementary strand. Ribozymes can be
identified by empirical methods but more preferably are specifically designed based
on accessible sites on the target mRNA [Bramlage, et al., Trends in Biotech 16:434-
438 (1998)]. Delivery of ribozymes to target cells can be accomplished using either
exogenous or endogenous delivery techniques well known and routinely practiced in
the art. Exogenous delivery methods can include use of targeting liposomes or direct
local injection. Endogenous methods include use of viral vectors and non-viral
plasmids.

Ribozymes can specifically modulate expression of virulence genes when
designed to be complementary to regions unique to a polynucleotide encoding a
virulence gene product. “Specifically modulate” therefore is intended to mean that
ribozymes of the invention recognizes only a single polynucleotide. Similarly,
ribozymes can be designed to modulate expression of all or some of a family of
proteins. Ribozymes of this type are designed to recognize polynucleotide sequences
conserved in all or some of the polynucleotides which encode the family of proteins.

The invention further embraces methods to modulate transcription of a
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virulence gene of the invention through use of oligonucleotide-directed triplet helix
formation. For a review, see Lavrovsky, et al., Biochem. Mol. Med. 62:11-22 (1997).
Triplet helix formation is accomplished using sequence specific oligonucleotides
which hybridize to double stranded DNA in the major groove as defined in the
Watson-Crick model. Hybridization of a sequence specific oligonucleotide can
thereafter modulate activity of DNA-binding proteins, including, for example,
transcription factors and polymerases. Preferred target sequences for hybridization
include transcriptional regulatory regions that modulate virulence gene product
expression. Oligonucleotides which are capable of triplet helix formation are also
useful for site-specific covalent modification of target DNA sequences.
Oligonucleotides useful for covalent modification are coupled to various DNA
damaging agents as described in Lavrovsky, et al. [supral].

Methods of Identifying Anti-Bacterial Agents.

The identification of streptococcal virulence genes renders the genes and gene
products useful in methods for identifying anti-bacterial agents. Such methods
include assaying potential agents for the ability to interfere with expression of
virulence gene products represented by the DNA sequences set forth in any one of
SEQIDNOS: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 142,144,146,148,150, and 152,
and species homologs or clonal variants thereof (i.e., the genes represented by DNA
sequences of SEQ IDNOS: 1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23,
142,144,146,148,150, and 152 encode the virulence gene product, or the DNA
sequences of SEQ IDNOS: 1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23,
142,144,146,148,150, and 152 are adjacent the gene encoding the virulence gene
product, or are involved in regulation of expression of the virulence gene product), or
assaying potential agents for the ability to interfere with the function of a bacterial
gene product encoded in whole or in part by a DNA sequence set forth in any one of
SEQID NOs: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 142,144,146,148,150, and 152,
species homologs or clonal variants thereof, or the complementary strand thereof,
followed by identifying agents that are positive in such assays. Polynucleotides and
polypeptides useful in these assays include not only the genes and encoded
polypeptides as disclosed herein, but also variants thereof that have substantially the
same activity as the wild-type genes and polypeptides.

The virulence gene products produced by the methods described above are
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used in high throughput assays to screen for inhibitory agents. The sources for
potential agents to be screened are chemical compound libraries, fermentation media
of Streptomycetes, other bacteria and fungi, and cell extracts of plants and other
vegetations. For proteins with known enzymatic activity, assays are established based
on the activity, and a large number of potential agents are screened for ability to
inhibit the activity. For proteins that interact with another protein or nucleic acid,
binding assays are established to measure such interaction directly, and the potential
agents are screened for ability to inhibit the binding interaction.

The use of different assays known in the art is contemplated according to this
aspect of the invention. When the function of the virulence gene product is known or
predicted by sequence similarity to a known gene product, potential inhibitors can be
screened in enzymatic or other types of biological and/or biochemical assays keyed to
the function and/or properties of the gene product. When the virulence gene product
is known or predicted by sequence similarity to a known gene product to interact with
another protein or nucleic acid, inhibitors of the interaction can be screened directly in
binding assays. The invention contemplates a multitude of assays to screen and
identify inhibitors of binding by the virulence gene product. In one example, the
virulence gene product is immobilized and interaction with a binding partner is
assessed in the presence and absence of a putative inhibitor compound. In another
example, interaction between the virulence gene product and its binding partner is
assessed in a solution assay, both in the presence and absence of a putative inhibitor
compound. In both assays, an inhibitor is identified as a compound that decreases
binding between the virulence gene product and its binding partner. Other assays are
also contemplated in those instances wherein the virulence gene product binding
partner is a protein. For example, variations of the di-hybrid assay are contemplated
wherein an inhibitor of protein/protein interactions is identified by detection of a
positive signal in a transformed or transfected host cell as described in PCT
publication number WO 95/20652, published August 3, 1995.

Candidate inhibitors contemplated by the invention include compounds
selected from libraries of potential inhibitors. There are a number of different
libraries used for the identification of small molecule modulators, including: (1)
chemical libraries, (2) natural product libraries, and (3) combinatorial libraries
comprised of random peptides, oligonucleotides or organic molecules. Chemical
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libraries consist of structural analogs of known compounds or compounds that are
identified as "hits" or “leads” via natural product screening. Natural product libraries
are collections of microorganisms, animals, plants, or marine organisms which are
used to create mixtures for screening by: (1) fermentation and extraction of broths
from soil, plant or marine microorganisms or (2) extraction of plants or marine
organisms. Natural product libraries include polyketides, non-ribosomal peptides,
and variants (non-naturally occurring) thereof. For a review, see Science 282:63-68
(1998). Combinatorial libraries are composed of large numbers of peptides,
oligonucleotides, or organic compounds as a mixture. They are relatively easy to
prepare by traditional automated synthesis methods, PCR, cloning, or proprietary
synthetic methods. Of particular interest are peptide and oligonucleotide
combinatorial libraries. Still other libraries of interest include peptide, protein,
peptidomimetic, multiparallel synthetic collection, recombinatorial, and polypeptide
libraries. For a review of combinatorial chemistry and libraries created therefrom, see
Myers, Curr. Opin. Biotechnol. 8:701-707 (1997). Identification of modulators
through use of the various libraries described herein permits modification of the
candidate “hit” (or “lead”) to optimize the capacity of the “hit” to modulate activity.

Still other candidate inhibitors contemplated by the invention can be designed
and include soluble forms of binding partners, as well as binding partners as chimeric,
or fusion, proteins. Binding partners as used herein broadly encompasses antibodies,
antibody fragments, and modified compounds comprising antibody domains that are
immunospecific for the expression product of the identified virulence gene.

Other assays may be used when a binding partner (i.e., ligand) for the
virulence gene product is not known, including assays that identify binding partners
of the target protein through measuring direct binding of test binding partner to the
target protein, and assays that identify binding partners of target proteins through
affinity ultrafiltration with ion spray mass spectroscopy/HPLC methods or other
physical and analytical methods. Alternatively, such binding interactions are
evaluated indirectly using the yeast two-hybrid system described in Fields and Song,
Nature, 340:245-246 (1989), and Fields and Sternglanz, Trends in Genetics, 10:286-
292 (1994), both of which are incorporated herein by reference. The two-hybrid
system is a genetic assay for detecting interactions between two proteins or
polypeptides. It can be used to identify proteins that bind to a known protein of
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interest, or to delineate domains or residues critical for an interaction. Variations on
this methodology have been developed to clone genes that encode DNA-binding
proteins, to identify peptides that bind to a protein, and to screen for drugs. The two-
hybrid system exploits the ability of a pair of interacting proteins to bring a
transcription activation domain into close proximity with a DNA-binding domain that
binds to an upstream activation sequence (UAS) of a reporter gene, and is generally
performed in yeast. The assay requires the construction of two hybrid genes encoding
(1) a DNA-binding domain that is fused to a first protein, and (2) an activation
domain fused to a second protein. The DNA-binding domain targets the first hybrid
protein to the UAS of the reporter gene; however, because most proteins lack an
activation domain, this DN'A-binding hybrid protein does not activate transcription of
the reporter gene. The second hybrid protein, which contains the activation domain,
cannot by itself activate expression of the reporter gene because it does not bind the
UAS. However, when both hybrid proteins are present, the noncovalent interaction of
the first and second proteins tethers the activation domain to the UAS, activating
transcription of the reporter gene. When the virulence gene product (the first protein,
for example) is already known to interact with another protein or nucleic acid, this
assay can be used to detect agents that interfere with the binding interaction.
Expression of the reporter gene is monitored as different test agents are added to the
system; the presence of an inhibitory agent results in lack of a reporter signal.

When the function of the virulence gene product is unknown and no ligands
are known to bind the gene product, the yeast two-hybrid assay can also be used to
identify proteins that bind to the gene product. In an assay to identify proteins that
bind to the first protein (the target protein), a large number of hybrid genes each
encoding different second proteins are produced and screened in the assay. Typically,
the second protein is encoded by a pool of plasmids in which total cDNA or genomic
DNA is ligated to the activation domain. This system is applicable to a wide variety
of proteins, and it is not even necessary to know the identity or function of the second
binding protein. The system is highly sensitive and can detect interactions not
revealed by other methods; even transient interactions may trigger transcription to
produce a stable mRNA that can be repeatedly translated to yield the reporter protein.

Other assays may be used to search for agents that bind to the target protein.
One such screening method to identify direct binding of test ligands to a target protein
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is described in U.S. Patent No. 5,585,277, incorporated herein by reference. This
method relies on the principle that proteins generally exist as a mixture of folded and
unfolded states, and continually alternate between the two states. When a test ligand
binds to the folded form of a target protein (i.e., when the test ligand is a ligand of the
target protein), the target protein molecule bound by the ligand remains in its folded
state. Thus, the folded target protein is present to a greater extent in the presence of a
test ligand which binds the target protein, than in the absence of a ligand. Binding of
the ligand to the target protein can be determined by any method which distinguishes
between the folded and unfolded states of the target protein. The function of the
target protein need not be known in order for this assay to be performed. Virtually
any agent can be assessed by this method as a test ligand, including, but not limited
to, metals, polypeptides, proteins, lipids, polysaccharides, polynucleotides and small
organic molecules.

Another method for identifying ligands for a target protein is described in
Wieboldt et al., Anal. Chem., 69:1683-1691 (1997), incorporated herein by reference.
This technique screens combinatorial libraries of 20-30 agents at a time in solution
phase for binding to the target protein. Agents that bind to the target protein are
separated from other library components by centrifugal ultrafiltration. The
specifically selected molecules that are retained on the filter are subsequently
liberated from the target protein and analyzed by HPLC and pneumatically assisted
electrospray (ion spray) ionization mass spectroscopy. This procedure selects library
components with the greatest affinity for the target protein, and is particularly useful
for small molecule libraries.

The inhibitors/binders identified by the initial screens are evaluated for their
effect on virulence in in vivo mouse models of streptococcal infections. Models of
bacteremia, endocarditis, septic arthritis, soft tissue abscess, or pneumonia may be
utilized. Models involving use of other animals are also comprehended by the
invention. For example, rabbits can be challenged with a wild type streptococcal
strain before or after administration of varying amounts of a putative inhibitor/binder
compouﬁd. Control animals, administered only saline instead of putative
inhibitor/binder compound provide a standard by which deterioration of the test
animal can be determined. Other animal models include those described in the
Animal and Plant Health Inspection Sevice, USDA, January 1, 1994 Edition,
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§§113.69-113.70; Panciera and Corstvet, Am. J. Vet. Res. 45:2532-2537; Ames, et al.,
Can. J. Comp. Med. 49:395-400 (1984); and Mukkur, Infection and Immunity 18:583-
585 (1977). Inhibitors/binders that interfere with bacterial virulence are can prevent
the establishment of an infection or reverse the outcome of an infection once it is
established.

The present invention is illustrated by the following examples.
Example 1 describes constructions of S. suis mutants. Example 2 relates to screening
for S. suis mutants. Example 3 addresses methods used to identify the copy number
for signature tags. Example 4 describes evaluation of candidate mutants for virulence
in mice. Example 5 addresses identification of genes related to virulence. Example 6
describes the murine efficacy model. Example 7 addresses screening for virulence in
pigs. Example 8 relates to porcine vaccine efficacy studies. The Examples make
reference to primer sequences. The sequences of primers used are included below as

Table 2.
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Table 2. Sequences of oligonucleotide primers
*Indicates oligo labeled with biotin at 5’ end

SEN% :ID ?‘a;g: Sequence (5’-3")
25 TEF-326 | CATGAATTCCATGGTACCCATTCTAAC
26 TEF-327 | CTAGAATTCCTAGGTACCTACAACCTC
27 TEF-498 | *CATGAATTCCATGGTACCCATTCTAAC
28 TEF-597 | GGCCACGCGTCGACTAGTACNNNNNNNNNNCATAT
23 TEF-598 | GGCCACGCGTCGACTAGTAC
30 TEF-599 | GGCCACGCGTCGACTAGTACNNNNNNNNNNACGCC
31 TEF-663 | GGCCACGCGTCGACTAGTACNNNNNNNNNNATGCAT
32 TEF-664 | GGCCACGCGTCGACTAGTACNNNNNNNNNNGTTAAC
33 TEF-665 | GGCCACGCGTCGACTAGTACNNNNNNNNNNTTCGAA
34 TEF-666 | GGCCACGCGTCGACTAGTACNNNNNNNNNNGATATC
35 TEF-667 | GGCCACGCGTCGACTAGTACNNNNNNNNNNTGATCA
36 TEF-668 | GGCCACGCGTCGACTAGTACNNNNNNNNNNCAGCTG
37 TEF-705 | AGGAGTTCTTGAATTTCACGATAGC
38 TEF-708 | CGATTAAGGGCATGGARACAATTCG
39 DEL-2121 | AAAGCGCCCTCTATTGGTTCTGC
40 DEL-2126 | GGTTTGATGTTGCGATTAATAGC
41 DEL-1235 | GAAGGAGAAAACTCACCGAGGCA
42 DEL-1318 | AGCACATCATCATCATAAGGTTT
43 DEL-1462 | TCATTCACTACCAATTTGGGATG
44 DEL-2403 | CCGAAGAAATGGAACGCTCT
45 DEL-2456 | CAGCGAGGATATATCAATGAAC

N =234,G,Cor T

Example 1. Construction of S. suis Library Containing Transposon-Tagged Mutants

A library of Streptococcus suis serotype 2 #R735 (reference strain) for
signature tagged-mutants was constructed using the suicide vector pGh9:1SS1
[Maguin, et al., J Bacteriol. 178:931-935 (1996)]. The ISS1 elements of the vector
allow integration of the plasmid vector into the chromosome while encoding for
erythromycin resistance. Moreover, the replicon of pGh9:1SS1 is thermosensitive that
permits replication at 28°C but is lost at 37°C. Plasmid pGh9:ISS1 was modified to
include sequence tags that contained a semi-random [NK]s5 sequence corresponding
to the tags used in “Antibacterial Vaccine Applications” (US20040110268 A1).
Briefly, sequence tags were PCR amplified using TEF326-327, digested with EcoRI
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and ligated into the EcoRI site of pGh9:ISS1. These modified plasmids were used for
the mutagenesis of S. suis as described below.

Electroporation-competent S. suis serotype 2 #R735 cells were prepared
essentially as described by Takamatsu, et al. ( “Construction and Characterization of
Streptococcus suis-Escherichia coli Shuttle Cloning Vectors.” Plasmid. 45:101-113
2001) with minor modifications. Briefly, freshly grown S. suis serotype 2 #R735
wild-type colonies were used to inoculate 100 mls Todd Hewitt Yeast Extract broth
(THY). The initial ODggo of this culture, measured with a 300 mls side arm flask and
a Bausch and Lomb Spectronic 70, was below 0.1. The broth culture was incubated at
37°C with shaking until the ODgqo was between 0.3 and 0.5, and then distributed into
two pre-chilled, sterile, 50 ml Corning tubes. While at 4°C, the cells were centrifuged
at 4600 rpm for 10 minutes in an Eppendorf Centrifuge 5804 R. The cells were
washed with 25 mls of pre-chilled CTB (Chemical Transformation Buffer, 55 mM
MnCl,, 15 mM CaCl,, 250 mM KClI, and 10 mM PIPES [piperazine-N,n’-bis(2-
ethanesulfonic acid) pH 6.7]), resuspended in 25 mls of pre-chilled CTB, and
incubated on ice for 30 minutes. The cells were again centrifuged at 4600 rpm for 10
minutes at 4°C. The pellet was washed twice with 25 mls of pre-chilled EB
(Electroporation Buffer, 0.3 M sucrose and 2 mM K;HPO4, pH 8.4). The cells were
resuspended in 1 ml of pre-chilled EB containing 15% glycerol. Aliquots of 100 pl
were immediately distributed into microcentrifuge tubes in a dry ice/ethanol bath.
Electroporation-competent cells were stored at -70°C.

S. suis serotype 2 #R735 competent cells were electroporated with pGh9:ISS1
plasmids containing sequence tags as described as follows. Frozen 100 pl aliquots of
cells were thawed on ice and combined with 5 pul plasmid DNA in pre-chilled 0.2 cm
sterile electroporation cuvette. The cells and DNA mixture was pulsed immediately at
2.5 kV, 200Q, and 25pF. The mixture was diluted with 400 pl THY broth containing
10% sucrose and 10 mM MgCl,. The broth culture was incubated at 28°C for 2 hours
with shaking. The entire 500 pl solution was spread on THY agar containing
0.5mg/ml erythromycin and incubated at 28°C with 5% CO, for 48 hours.
Electroporations were performed for every pGh9:ISS1 plasmid containing different
sequence tags. This resulted in 87 different S. suis serotype 2 #R735 strains, each

containing a different sequence tag. A 96-well master plate was created with glycerol
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cultures and stored at -70°C.

The presence of pGh9:ISS1 within erythromycin-resistant colonies was
verified by PCR. Template for PCR consisted of 1 pl from a suspension of one
bacterial colony in 60 pl of sterile, ddH,O. Primers used were DEL2121 and
DEL2126. The concentrations of PCR reagents per reaction were as follows: 1X XL
Buffer II, 0.8 mM dNTP blend, 1.5 mM Mg(OAc),, 0.5 uyM DEL2121, 0.5 uM
DEL2126, and 1 Unit rTth DNA Polymerase. Thermocycling was performed on an
Applied Biosystems GeneAmp PCR System 2700 as follows: 94°C for 2 minutes, 30
cycles of (95°C for 30 seconds, 55°C for 1 minute, 72°C for 1.5 minutes), 72°C for 10
minutes, and held at 4°C. Confirmation of pGh9:ISS1 resulted from a PCR product of
approximately 1 kb as determined by agarose gel electrophoresis.

The pGh9:ISS1 plasmids were forced to integrate into the S. suis chromosomal
DNA. This was accomplished by growing overnight broth cultures, each culture
containing S. suis serotype 2 #R735 with a different sequence tag inserted into
pGh9:ISS1. The broth cultures were diluted 1000-fold (100 pl total volume in a 96-
well plate), plated onto BHI (Brain Heart Infusion) agar plates containing 0.5mg/ml
erythromycin (Em®°), and incubated overnight at 37°C with 5% CO,. The resultant
plates contained several hundred CFU (colony-forming units). Pools were
constructed by inoculating 100 pl BHI/Em®? broth in 96-well plates. Well A1 of pool
one was inoculated with a colony of erythromycin-resistant S. suis serotype 2 #R735
containing pGh9:ISS1 with sequence tag one using a sterile toothpick. All of the
wells of the plate were inoculated with the strain containing the appropriate sequence
tag, until the entire plate was inoculated. This was continued for 30 plates, thus,
creating 30 pools with 87 different S. suis serotype 2 #R735 signature-tagged mutants
in each pool.

Example 2. Murine Screening of S. suis Serotype 2 #R735 STM Pools

Thirty pools were screened through murine models to identify attenuated
candidates. Frozen pools of Streptococcus suis serotype 2 #R735 signature tagged
mutants were removed from -70°C storage and subcultured, using a sterile 96-nail
stamp, to a new 96-well round bottom plate (Corning Costar; Cambridge, MA)
containing 200 pl of Todd Hewitt broth (Becton Dickinson; Cockeysville, MD) with
0.5mg/ml erythromycin (TH/Em®?) per well. Plates were incubated without shaking
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overnight at 37°C with 5% CO,. All 200 pl from each well of one plate was
combined into a 50 ml, sterile Falcon tube and vortexed. One ml of this pooled
solution was combined with 49 mls of sterile TH/Em®. The cells from the remaining
pooled solution were pelleted and stored at 4°C. The pelleted cells were used as the
source of input pool total DNA. The diluted, pooled solution was incubated at 37°C
with 5% CO, while shaking at 100 rpm. At an ODssp of approximately 0.05, CF-1
mice were infected with 1 ml of culture (approximately 1 x 10" CFU/ml) by
intraperitoneal administration. Five mice were infected for each pool. After 24 hours
post-infection, the mice were sacrificed and spleens harvested. The five spleens
infected with the same pool were combined, homogenized, and plated on TH/Em®>
agar plates. Plates were incubated at 37°C with 5% CO; overnight. The following
day, 10 mls of TH/Em®’ broth was added to the surface of the plates. The resulting
colonies were gently scraped from the surface of the plate and homogenized by repeat
pipetting. A 700 pl aliquot of this was used as the source of recovery pool total DNA.
Genomic DNA from the STM input and recovery pools was isolated using
traditional or commercial techniques. For both techniques, 700 ul of cells was
combined with 67ul of lysozyme (at 42mg/ml) and incubated at 37°C for 30 minutes.
DNA was isolated from this solution by either phenol:chloroform extraction or by
utilizing the Wizard Genomic DNA Purfication Kit (Promega; Madison, WI).

Example 3. Multiplexed Quantification of Genetic Sequences from Pools of Genomic DNA
The quantification of the copy number for every signature tag in each pool was

determined utilizing microsphere fluorescence and fluidics with the Luminex xMAP
technology (Luminex; Austin TX). Since each microsphere is specific for one
oligonucleotide sequence, the relative amount of every signature tag in each pool was
determined. To prepare the assay, the sequence of the signature tag for all 96
pGH9:ISS1 plasmid was determined. All templates were sequenced with the
BigDye™ Dye Terminator v. 3.0 Chemistry kit from PE Applied Biosystems (Foster
City, CA, U.S.A.) and cleaned using either the Performa ® DTR 96-well standard
plate kit (Edge BioSystems; Gaithersburg, MD) or CentriSep Spin Columns
(Princeton Separations; Adelphia, NJ). Samples were run on an ABI Prism 377 or
ABI 3700 DNA Sequencer. Sequencher 3.0 software (Genecodes, Corp.; Ann Arbor,

MI, U.S.A.) was used to assemble and analyze sequence data.
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Oligonucleotides (oligos STMO1 through STM96) , 20 bp in length and

modified at the 5’ end with an amino-linker (ACy,), were synthesized by Sigma-

Genosys Biotechnologies (The Woodlands, TX, U.S.A.) and are shown in Table 3.

These oligomers are complementary to the DNA sequence tags in the pGH9:ISS1

transposon arrays.

Table 3. Sequences of Oligonucleotide Probes.
Oligo Name [Sequence (5' to 37) [SEQ ID NO
STM-01 TGGTGAGAGTGACCGCTAGG [SEQ ID NO:46
STM-02 GGATGTAGCGETCTTTCTGGE [SEQ ID NO:47
STM-03 GGCGATGTATGGCTAGGTTT [SEQ ID NO:48
STM-04 GTGGGECTCTETGTTTGGTG [SEQ ID NO:49
STM-05 GGTCGGGTETCGGEETAGEE [SEQ ID NO:50
STM-06 GTTGCGGTATCGCTATTTGT [SEQ ID NO:51
STM-07 TGGCGGGGTTGCGAGTTCTA [SEQ ID NO:52
STM-08 GGTTTAGCGATTTTGGGGGA [SEQ ID NO:53
STM-09 GGAGCTGGGTGTATAGATGG [SEQ ID NO:54
STM-10 AGGGGGTGTGGTGTGGGGAT [SEQ ID NO:55
STM-11 AGTGATGGETCGEGGTTGTG [SEQ ID NO:56
STM-12 GGCGCTAGTAGGTTTGGTGT [SEQ ID NO:57
STM-13 TGTGCGATGGETTETTGGEE SEQ ID NO:58
STM-14 ATGGGGCGETCGGEATATGT [SEQ ID NO:59
STM-15 TGGGGTTATAGTGATTTTGGE [SEQ ID NO:60
STM-16 GTATATGGAGAGCTGTGTAG [SEQ ID NO:61
STM-17 GTGGCATGTTTGTGTGAGGG [SEQ ID NO:62
STM-18 GGGGTGCGGTTTGETTATTG [SEQ ID NO:63
STM-19 AGGTGCGAGCTCGETCTGTA [SEQ ID NO:64
STM-20 ATCTCGGGGTCGGGGGATGGE [SEQ ID NO:65
STM-21 GCGTGGTGTGCGGTCTATTT [SEQ ID NO:66
STM-22 TGTGGTTGGTGTGTAGAGTG [SEQ ID NO:67
STM-23 CGTGTGTGETETTTGGGGET [SEQ ID NO:68
STM-24 GTGGGTGATGTGTGGATGGC [SEQ ID NO:69
STM-25 AGTGGETTGTTGTEGTCGAGA [SEQ ID NO:70
STM-26 GGTCGCGGETETTTCTGGEG [SEQ ID NO:71
STM-27 GGCGGGETTGTTAGGGGTCG |SEQ ID NO:72
STM-28 GGTGEECGCGGEGECTEGEE [SEQ ID NO:73
STM-29 GGAGGGTTTGTTTGGGCGTT |SEQ ID NO:74
STM-30 ATCGEGGGAGGEGTTGCGCT [SEQ ID NO:75
STM-31 CGGGGTGTGEGGATAGTGET [SEQ ID NO:76
STM-32 CTTTGGAGGGATGTTTTGAG |SEQ ID NO:77
STM-33 CTCTTTGCGCTTTTTAGTGG [SEQ ID NO:78
STM-34 TGGAGTGGTATGGCTCGCGG [SEQ ID NO:79
STM-35 TAGTTGCTGGTGETTTGTGT [SEQ ID NO:80
STM-36 GTGCGCTCGCGATCGATGTC [SEQ ID NO:81
STM-37 AGGGCTTGGGATTGGGAGTG [SEQ ID NO:82
STM-38 GGATGTAGCGETCTTTCTGG [SEQ ID NO:83
STM-39 CGGGTGTGETCGCTCTGTTT [SEQ ID NO:84
STM-40 GGTGGECGCGEEEECTEGEE [SEQ ID NO:85

35



WO 2006/048753

PCT/IB2005/003324

STM-41 CGTGGGGTGGTGGGCGATTT [SEQ ID NO:86

STM-42 TGCGCGAGTGGGTTAGTGGG [SEQ ID NO:87

STM-43 AGGTCTCGAGATGTCTGTCT [SEQ ID NO:88

STM-44 A GTGCGCEGETTTTGGETGT [SEQ ID NO:89

STM-45 ATGGGTGAGGGAGTGAAGAG [SEQ ID NO:30

STM-46 GGTGAGTGETAGAGGGGTCG [SEQ ID NO:91

STM-47 GGTGTGTTCCGGETCETGTT [SEQ ID NO:92

STM-48 AGAGTGTGCTTTGATETGTG [SEQ ID NO:33

STM-49 GTATCGGTCGCGGGAATAGC [SEQ ID NO:94

STM-50 AGAGCGTGAGTTCTTTCGTG [SEQ ID NO:95

STM-51 A TGGATGGCGCGGTAGGTTG [SEQ ID NO:96

STM-52 GTGCAGGGTTCGGTTGTTCG [SEQ ID NO:97

STM-53 GGGTATGTTGGGGTAGAGGA [SEQ ID NO:98

STM-54 GETCGATTCTCGTGGGTGAT [SEQ ID NO:99

STM-55 GGTGEGAGCGTTTGCGGGCG [SEQ ID NO:100
STM-56 GGCTTTAGTTATGGGGAGTG [SEQ ID NO:101
STM-57 GGGETGCTEECTEGTCTGGTT |SEQ ID NO:102
STM-58 GGGTTTTGTGGGGTGTEGCG [SEQ ID NO:103
STM-59 TGGCGCGERGTETTETTTTC [SEQ ID NO:104
STM-60 GGGTTGETAGGGTTGGGTCT [SEQ ID NO:105
STM-61 GTGATGGGTGCGATCAGTGC |SEQ ID NO:106
STM-62 AGTGETATTTAGCGAGGTAT |SEQ ID NO:107
STM-63 A TGGGGATTTCETGTTTTGG |SEQ ID NO:108
STM-64 TGGGCGGTATCTAGATAGAG [SEQ ID NO:109
STM-65 A GEETGETTGGGCGAGEGCT [SEQ ID NO:110
STM-66 GGGEGTGAGTGATGGTGATCG [SEQ ID NO:1ll
STM-67 GOTTGGECGGGCTATAGGGC [SEQ ID NO:112
STM-68 GAGCTGETGGETTGGEETTT |SEQ ID NO:113
STM-69 GGGAGTTTGGGCGCTGEGETT |SEQ ID NO:114
STM-70 CGTGATGTTGGGAGGGTTAG [SEQ ID NO:115
STM-71 GECTTTGETTGGTGGTGGAG (SEQ ID NO:116
STM-72 GTATTTGTCTGGCTGTGTTG [SEQ ID NO:117
STM-73 AGAGGGCGTGCGTGAGTGGA |SEQ ID NO:118
STM-74 GGAGCGGGTTAGGGCGGTET [SEQ ID NO:119
STM-75 TGTGTCGATCTCTCGGTGCT (SEQ ID NO:120
STM-76 TTTGTTATGGGGCTGCGTGA [SEQ ID NO:121
STM-77 CGGGAGTGGGATGGGTTTTG [SEQ ID NO:122
STM-178 GATTGTGGTAGGTGGCGGTA [SEQ ID NO:123
STM-79 GCGTGTETATTTGGCTTGEG [SEQ ID NO:124
STM-80 S GGCGGGTTAGATATTGGGA [SEQ ID NO:125
STM-81 CTCGCTTGGCGCTATGGGEG [SEQ ID NO:126
STM-82 GGTGGAGTGTGETCGETCTT [SEQ ID NO:127
STM-83 A TGTAGTGTTATGGCTGGAT |SEQ ID NO:128
STM-84 CGGTCGCGTGATATGGTGTT |SEQ ID NO:129
STM-85 TGTTGGTCGAGCTTTTGATT |SEQ ID NO:130
STM-86 GGETATCGCTGGGGAGATTG [SEQ ID NO:131
STM-87 GGTTCGAGTTGTTGAGCTTG [SEQ ID NO:132
STM-88 ATCGGGCTGGTGATAGATGG [SEQ ID NO:133
STM-89 AGTTGEGTCGGGAGCTTGCG [SEQ ID NO:134
STM-90 GGATTGATTGCTGGGTGGCG [SEQ ID NO:135
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STM-91 GGGTCGETGTCTGGCTGGGA [SEQ ID NO:136
STM-92 CTGTGTGGGETTGTCTCTCG [SEQ ID NO:137
STM-93 TGGETCTGGTTGTCGGGTTA [SEQ ID NO:138
STM-94 TTAGTTGCTCGTTTGGTGTA [SEQ ID NO:139
STM-95 CTCGTTATTTTAGGTTGGTC [SEQ ID NO:140
STM-96 TTGAGGTATGGTTAGATGTG [SEQ ID NO:141

Synthetic oligonucleotides complimentary to 20 bp of the 96 STM tags were
covalently coupled to carboxylated microspheres as recommended by the
manufacturer. Each bead was coupled to the corresponding oligonucleotide (bead set
01 coupled to oligonucleotide 01, etc.). A fresh aliquot of -20°C, desiccated EDC
powder was brought to room temperature. The amine-modified oligo was
resuspended in ddH,O for a final concentration of 0.1 mM (0.1nmole/pl). The
microspheres were resuspended according to manufacturer’s recommendations. An
aliquot of 5.0x10° microspheres was transferred to a sterile microcentrifuge tube and
pelleted by centrifugation at 8000 x g for 1 minute. The supernatant was carefully
discarded and the microspheres were resuspended in 50 pl 0.1 M MES by vortexing
and sonication. 0.2 nmole of amine-modified oligo was added to the microsphere
solution and then vortexed. A fresh aliquot of 10 mg/ml EDC in ddH,O was
prepared, and 2.5 pl of fresh 10 mg/ml EDC was immediately added to the
microspheres and then vortexed. The microsphere/oligonucleotide solution was
incubated for 30 minutes at room temperature in the dark. A second solution of 10
mg/ml EDC was prepared, and another 2.5 pl aliquot of fresh EDC was added to the
microspheres. The solution was vortexed and again incubated 30 minutes at room
temperature in the dark. After the final incubation, the microspheres were washed
with 1.0 ml of 0.02% Tween-20, followed by a second wash step with 1.0 ml of 0.1%
SDS. The microspheres were finally resuspended in 100 pl TE, pH 8.0, and stored at
2-8°C in the dark.

The genomic DNA isolated from the STM pools was used as a template in
PCR for the amplification of the sequence tags. Primers used for amplification
annealed to common sequences flanking the unique sequence tags in all mutants. The
primers used were TEF-327 and biotinylated TEF-498. The concentrations of PCR
reagents per reaction were as follows: 1X XL Buffer II, 0.8mM dNTP blend, 1.5mM
Mg(OAc),, 0.5uM TEF327, 0.5uM TEF498, and 1 Unit r7th DNA Polymerase. The
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reaction conditions were as follows: 94°C for 2 minutes, 30 cycles of (95°C for 30
seconds, 55°C for 1 minute, 72°C for 1.5 minutes), 72°C for 10 minutes, and held at
4°C.

The amplified sequence tags were then hybridized to the appropriate
microspheres. At all times, care was taken to assure minimized exposure of the
microspheres to light. Microspheres previously coupled with amine-modified
oligonucleotides were resuspended by vortexing for 30 seconds and sonication for 1
minute. A 1.0 ml Working Microsphere Mixture was created by diluting the coupled
microsphere stocks in 1.5X TMAC Hybridization Buffer, to a final concentration for
each bead set of 150 microspheres/ul. The Working Microsphere Mixture was
vortexed for 30 seconds and sonicated for 1 minute. Aliquots of 33 ul of the Working
Microsphere Mixture (containing approximately 5000 microspheres of each set) were
added to each sample well or background well of a 96-well PCR plate. Five
microliters of biotinylated PCR product was added to each sample well; 5 pl of TE
buffer, pH 8.0, was added to the background well. The volume of the final solution in
the well was brought up to 17 pl with TE buffer, pH 8.0. The samples were gently
mixed by repeated pipetting. The plate was sealed with aluminum tape to prevent
evaporation and light exposure. Using an Applied Biosystems GeneAmp PCR
System 2700, the plate was incubated under the following conditions: 10 minutes at
95°C, followed by a hold at 45°C for a minimum of 15 minutes. The microspheres
were pelleted by centrifugation at 2,500 x rpm in a Beckman GS-6R centrifuge for 10
minutes, and 25 pl of the supernatant was carefully removed with a pipette. For each
reaction, 75 pl of fresh reporter mix, and 4 ng/pl of streptavidin, R-phycoerythrin in
1X TMAC hybridization buffer, was added to each well. The samples were gently
mixed by repeated pipetting, and transferred to a 96-well plate designed to fit onto the
Luminex XYP platform. With the XYP platform of the Luminex xMAP™ system
held at 45°C, the samples were analyzed according to the manufacturer’s
recommendations. |

The input and recovery DNA from 30 pools was analyzed for possible
attenuated mutants using the Luminex xMAP™ system. If the growth of a mutant
was inhibited in the murine host, the recovered signal was lower compared to the

input signal, and resulted in a high input:recovered ratio.
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Example 4. Evaluation of Candidate Mutants for Virulence

Luminex analysis resulted in 97 potentially attenuated mutants that exhibited
reduced growth in the recovery pool relative to the input pool. These mutants were
isolated from frozen stock of original cultures and analyzed individually to verify

5 attenuation. Individual candidate mutants were grown overnight in 400 pl of
TH/Em®? broth at 37°C with 5% CO,. The cultures were refreshed into 4 mls of
TH/Em®? and incubated at 37°C with 5% CO, while shaking at 100 rpm until the
ODssp reached approximately 0.7. Three CF-1 mice per mutant were infected, each
with 1 ml of culture by intraperitoneal administration. Attenuation was determined by

10 comparing mortality and health after 72 hours relative to the wild-type positive
control and TH/Em®’ negative control.

Results indicated that 58 of 97 potential transposon mutants produced some
level of attenuation, having at least 1 out of 3 mice surviving compared to the wild-
type, where O of 3 mice survived.

15 Example 5. Identification of Genes Tagged by Transposon Required for Virulence

The identity of the open reading frames disrupted by the transposon was
determined by arbitrary PCR or single primer PCR techniques. These techniques
allowed for the amplification of DNA flanking the transposon insertional element.
The arbitrary PCR procedure consisted of a protocol modified from that previously

20  described by Rossbach et al. (Rossbach et al., Environmental Microbiology.
2(4):373-382 2000). Primary amplification of DNA left of the ISS1 insertional
element was performed using TEF-705. Primary amplification of the DNA right of
the ISS1 element was performed using TEF-708. For both amplifications, a mix of up
to 8 arbitrary primers was used. These included TEF-597, TEF-599, TEF-663, TEF-

25 664, TEF-665, TEF-666, TEF-667, TEF-668. The concentrations of PCR reagents
per reaction were as described previously. Template consisted of 5 pl of 5 ml
overnight broth culture, or up to Spl of genomic DNA preparation. Thermocycling
was performed as follows: 2 minutes at 94°C, 14 cycles of (15 seconds at 94°C, 30
seconds touchdown starting at 50°C, 5 minutes at 72°C), 30 cycles of 15 seconds at

30 94°C, 30 seconds at 50°C, 5 minutes at 72°C), 7 minutes at 72°C, and held at 4°C.
Secondary amplification of the DNA left of the ISS1 element was performed using
nested primer DEL-2122. Secondary amplification of the DNA right of the ISS1
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element was performed using nested primer DEL-2403. For both amplifications,
another nested primer, TEF-598, was used. The concentrations of PCR reagents per
reaction were as described above. Template consisted of 1 ul of primary
amplification product.

Single primer PCR was performed essentially as described by Karlyshev et al.
(Karlyshev et al., BioTechniques. 28:1078-1082 2000), followed by an second round
of amplification using nested primers to improve product concentration with limited
background. As described above, primary amplification of DNA flanking the left or
right of the ISS1 insertional element used primers TEF-705 or TEF-708, respectively.
The concentrations of PCR reagents per reaction were as described previously.
Template consisted of 5 pl of 5 ml overnight broth culture, or up to 5ul of genomic
DNA preparation. Thermocycling was performed as follows: 1 minute at 94°C, 20
cycles of (30 seconds at 94°C, 30 seconds at 50°C, 3 minutes at 72°C), 30 cycles of
(30 seconds at 94°C, 30 seconds at 30°C, 2 minutes at 72°C), 30 cycles of (30 seconds
at 94°C, 30 seconds at 50°C, 2 minutes at 72°C), 7 min at 72°C, and held at 4°C.
Secondary amplification of the DNA left of the ISS1 element was performed using
nested primers TEF-705 and DEL-2122. Secondary amplification of the DNA right
of the ISS1 element was performed using nested primers TEF-708 and DEL-2403.
The concentrations of PCR reagents per reaction were as described previously.

Template consisted of 1 pl of primary amplification product.

All PCR products were analyzed by electrophoresis of the entire reaction in a
1% agarose gel. Desired products were excised from the gel. DNA was recovered
from the agarose slice via QIAquick® Gel Extraction Kit according to the
manufacturer’s recommendations (Qiagen Inc.). Sequencing reactions of the PCR
products were performed using primers DEL-2122 or DEL-2403 as specified above.
Table 2 details the individual mutants and the identity of the disrupted open reading

frames.
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Table 4. S. suis #R375 Attenuated* STM Mutants
#All STM strains below resulted in 3/3 or 2/3 mice surviving the attenuation study

Gene Identity | . . GeneDescription' * .| ORTtargeted . | " mutants
gtfAHH* sucrose phosporylase SEQ ID NO:1 22E1
inosine monophosphate .
guaB dehydrogenase SEQ ID NO:3 25F9
1in0523 sequence in Listeria innocua SEQ ID NO:5 01F2
putative mannose-specific .
manM phosphotransferase SEQ ID NO:7 26C8
purA adenylosuccinate synthetase SEQ ID NO:9 27D12
01D7
purD phosphoribosylamine-glycine ligase SEQ ID NO:11
20D7
20F2
01F7
scrB sucrose-6-phosphate hydrolase SEQ ID NO:13
13F2
sciR sucrose regulon regulatory protein SEQ ID NO:15 25E1
SMU.61 putative transcriptional regulator SEQ ID NO:17 26F2
spr1018 Conserved hypothetical protein SEQ ID NO:19 27F12
SpyM3-0908. | Putative amino acid ABC transporter SEQ ID NO:21 07F2
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treR*** probable transcriptional regulator SEQ ID NO:23 10F2

a putative deoxyribose-phosphate

SP0843 aldolase SEQ ID NO: 142 04H1

EndoD endo-beta-N-aceytlglucosaminidase SEQ ID NO: 144 05H2

neuB putative N-acetyl neuramic acid SEQ ID NO: 146 06F2
synthetase

pedA peptidoglycan GlcNAc deacetylase SEQ ID NO: 148 11C8

ABC transporter involved in
glnQ glutamine transport, encoding the SEQ ID NO: 150 13F7
ATP-binding protein

nadR transcriptional regulator SEQ ID NO: 152 14D3

##% = No Hits using BLASTN of 200bp flanking ISS1, but definite match using BLASTN with entire ORF
###+=0nly 26aa of Arb PCR product match to fused-ccdB, but ORF match to gftA
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SEQ ID NO:1 and 2
atgaaaattaaaaatcaagctatgttaattacctattcggatagtttaggcaagaatctt
M K I K N Q A ML I T Y S D S L G K N L
aaggatttgaaaaaagttcttgaggggccgttaaaggatgttgtgggaggtatccatatt
K DL K K VvV L EG P L KD VV GG G I HI
ctgccgtttttcccatcatcaggtgaccgtgggtttgcgccaatggattatacaaaggtg
L P F F P S $ ¢ DURGF A PMDY T KV
gaccctgcatttggagattggtcagatattgaagcactaagcaaagactattacctcatg
D P A F G D W SDTIEAZULS KDY Y L M
tttgattttatgatcaatcatatttcagcaaaatctccttatttccttgattttcttgaa
F D F M I N HI S A K S P Y F L D F L E
aagaaagatgaatcagcttatgcggatttgtttattcgttataaaaacttttggccaaat
K K D E S A Y ADULVPF I R Y KNVF W P N
ggtgagccaacgcaagaagatgttgatttgatttataagcgtaaacctcgcgcaccttat
¢ E P T Q E DV DIL I ¥ KR KUP R A P Y
cgaattgcaacatttgctgatggtagtgaagagaaggtgtggtgtacctttgatgaacag
R I A T F A DG S EEI KV W CTF D E Q
cagattgatttagatgtgacaacggagacaacccgtcgtttcatccaagaaaatttggaa
g I DL DV TTETTURI®RPFTIOQENTLE
cagttggcagagcatggtgcttcgattattcgtttggacgcctttgcttatgccaataaa
Q LA E HGASIIRULDA AFAYANK
aaaatcggaaccaattgtttctttgtggagcctgatatttgggaaatgctccattttcca
K I ¢ T N ¢ F F VEUPD I WEMTLH F P
cgtcagttattggcaccaaaagatgtagaaatcttaccagaaattcatgaacactacacc
R 0 L L, AP KDV ETITILU®PZETIUHEHYT
attcagcagaaaattgccgagcaagattattatgtttatgattttgccttgccaatgcta
I 0 0 K I A E Q DY Y VY DFATL P ML
gttctccacgctttgtattctggtcatgtcaatcgcctggttcactggatggagatttgc
v L H AL ¥ 8 ¢ HV NRUL V HWMME I C
cctecgcaagcaatttacaactettgatacacatgatggaatceggtgttgtggatgttaag
P R K QF TTTILDTHDGTI GV V D V K
gatttgctgacggatgaggagacagaggagacccgtgaagccttgtatgcacaaggtgcc
D L L T D EETTETZETR®REA AILJYA AIQ G A
aatgtgaagaaaatttatagtacagaagcctataataatttggatatttatcagattaac
N vV K XK I Y 8 T E A Y N N L D I Y Q@ I N
tgtacttattattctgctcttggcaataatgatcaagcttatctattggcgcgtgttctc
¢c T Y Y S AL G NNDOQ-2AZYULULAIRV L
caatgctttgcaccaggtattccacagatttattatgttggtttactagcaggcgaaaat
QCFAPGIPQIYYVGLLAGEN
gatattgaacttttagaatcaagtaaggaagggcgcaatatcaatcgccattactatgat
D I E L L E 8 §$ K E G RN I NRHY Y D
ttggaagaaattgagcaggaagtgcaacggccagttgtacaatccttgttcaaactcctt
I, EE I E Q E V Q R P V V Q s L F K L L
aaattccgcaatacaagtccagctttcgacggggagttctctgttaagatgttggatgaa
K F R N T S p A F DG EVPF 8V KMTUL D E
acaagtatggaaattttctggaataatcaagatgcaggggtgtctgcccgtctaacagca
T S M E I F W N N Q D A G V 8 A R L T A
aacctaaaagaaaaatcctttgaaattgttgaaattgaagagggaaaaattaccacaatt
N L K E K S F E I V E I E E 6 K I T T I
gagttataa
E L -
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SEQ ID NO:3 and 4
atgtcaaactgggacactaaatttttgaaaaaaggctttactttcgacgatgtattactt
M & N WD T XK FL KK G F TVF D D V L L
attccggctgaaagtcatgtattaccacatgatattgatttaaaaacacaattagcacca
1 P A E S HV L P HD I DL KTOQUIL AP
aatttgacccttaatcttccgattatttctgctgccatggatacagtaacagatagcaaa
NLTLNLPIISAAMDTVTDSK
atggctatcgctatggcgcgtgcaggtggtttgggcgtcatccataagaacatgtctatc
M A I A MAURW AG GG GIL GV I HIKNDNMSI
gcggagcaggcagatgaggtgcgtaaggtaaaacgttctgaaaatggtgtcattatcgat
A E Q A DEVRIZ XV KR S ENGV I I D
ccattcttcttaacaccagaacacaccattgctgaagctgagaaattgatggctacttat
P F F L, T P EH T I A E A EXKXK UL M A T Y
cgtatttccggtgtgccaatcgttgaaacattggaaaatcgtaagttggtcggtattatc
R I S ¢ v P I VETILENDNUZ RIKTILV G I I
accaaccgcgatatgcgtttcatttcagattactcacagccaatttcgaccaacatgaca
TNRDMRFISDYSQPISTNMT
agcgatgaattggtgacagcgccagttggaacagatcttgcgactgcggaggctattctt
s D EL V TAUPV G TDULA AT AEA ATITIL
cacaagcatcgtattgaaaaattgccattggttgatgaaaatggtcgtttgtcaggcttg
HKHRIEKLPLVDENGRLSGL
attaccatcaaagatattgagaaagtgattgagttcccaaatgctgcgaaggatgaattt
I T I K D I E KV I EF P NA A KD E F
ggtcgtctcttggttgcgggtgctgttggtgttacatctgatacttttgaacgtgcagaa
¢ R L L VA GAV GV T sSDTT FER A E
gccctttttgaagcgggtgcagacgcgattgtcatcgatacagctcacggtcactcagca
A L F E A G A DA I V I DTAUHGH S A
ggcgttcttcgcaagattaaagaaatccgtgaccacttcccaactcgtaccttgattgcc
¢ v L R K I K E I RDHHVFPTURTUL I A
ggcaacattgccacagctgaaggagctcgtgctctttatgaagctggtgttgatgttgtg
GNIATAEGARALYEAGVDVV
aaggtcggtattggaccaggttcaatctgtacaacacgtgttatcgcaggtgtcggtgta
K v e I ¢ PG S I CcCTTIRUVIAGV GV
ccacaagtgacagctatctatgatgcagctggtgttgcgcgtgaatatggtaaaacgatt
P Q v T A I ¥ DA AGV AREY GK T I
atcgctgatggtggtatcaagtattcaggagatattgtcaaggcacttgccgctggtggt
T A D GG I K Y S ¢D I VXKALAAGSG
catgccgttatgcttggttctatgtttgcaggaactgatgaagcaccaggtgagacagaa
i A VML GSMV FAOGTUDEA AU®PGE TE
atcttccaaggtcgtaagttcaagacctatcgtggtatgggctctatcgctgccatgaaa
IFQGRKFKTYRGMGSIAAMK
caaggttcaaaagaccgttacttccaagcatctgtcaatgaagccaacaaacttgttcca
Q G S XK DRYF QA SV DNE RA N K L V P
gaaggaattgaaggacgtgtagcctataaaggttctgttgcagatatgattttccaaatg
E ¢ I E G RV A Y K G S Vv ADMTITF QM
gttggtggacttcgctcaggtatgggctatgtaggtgctggtaacttgactgaattgcat
v ¢ ¢ L, R 8§ g M & ¥ V ¢ AGNTLTZETLH
gaaaatgcacaattcatcgaaatgtcaggtgctggtttgaaagaaagccatccacacgat
EN A Q F I EMS GA G L KE S HU?PHD
gttcaaatcacaaacgaagctccaaactattcagttcagtaa
v Q I T N E A P N Y S V Q -
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SEQ ID NO:5 and 6
atgacaaaagaaaaatcaaccgtaccacgattgcgcttccccggattcacggacgcttgg
M T K E K 8 TV P R L R F P G F T D A W
aaacagcgtaagttgggggaggtggeggacttttccataaaaacaaactcactttectaga
K 0 R X L. ¢ EV A DVF 8 I K TN S L 8 R
gataagttatcategtatttttatgaagttcagaacattcattatggggatattttaaca
D X L S §$S Y F Y E V Q NI HY G D I L T
aaatatgatgctattttagatgtatgtaacaaagaacttccatcaattattggaagtacg
K ¥y p A I L Db VN K EILU?P S I I G s T
atttcagactttgcagatgctttacttagtgaaggagatattgttttegeggatgeggca
I $ D F A DAL L S E GDTI V F A DA A
gaagactcgactgttgggaaagctattgaagttegaaattttaagggtaagaatgttgtt
E D S TV ¢ KA I EV RNV F K G KNV YV
tctggtttacatacgatagttgctaggccgaaagtttcttatgeccectactatttaggt
S ¢ L, H T I VA R P K V S Y A P Y Y L G
tatctaattaattcaactgcataccataatcaaattttacctttaatgcaggggacaaaa
Yy L, I N 8 T A Y H N Q I L P L M Q G T K
gtgagctcaattagtaaggctaatttaaaatccacgacagtagtgttccccaccctccct
vV $ 8 I 8 K AN L K S T TV V F P T L P
gaacaagaagccatcggcagettcttctccgacctagatcagettattactetteatcag
E Q E A I G 8 F F s D LD QUL I T L H Q
cgaaaattagatgatgttaaagaattgaagaaggctttgttacagaaaatgtttccgaaa
R K L b bV K EUL K KA AULILOQIZ KXKMT F P K
gggaatggaaacgattttcectgagctaagattcccagaatttacggacgettggaaacag
¢ N ¢ N D F P EULRVF P EVF T DA W K Q
cgtaagttgggggagtttatgaaagaaagtaaaattttaggtagtaaaggagatatagcea
R K L ¢ E F M K E S K I LG S K GG D I A
aggaagttaactgtaagattatgggggagaggagttgtttccaagaaagaaatttatagt
R K L, T VR L W GG R G V VS K KETI Y S
ggtagttcagctacacagtattatataagaaaatcaggeccagtttatatatgggaaatta
G 8§ 8 A T Q@ ¥ Y I R K S G Q F I Y ¢ K L
gactttttaaatcaagcttttggaattattccaccagaacttgatggttatgaatcaact
D F L N QA F G I I P P EULDGY E ST
cttgattcgectgettttgatttattgaaagggataaacgggcaatttetgttagaattt
L D 8 P A F DL L K G I NG Q F L L E F
gtatctcgcaaagaattttattattatcaaggaaatattgcaaatggetctagaaaaget
vV 8$ R K E F Y ¥ Y Q G N I A N G S R K A
aaaagaatccacacagaaacttttottggcatgectatctccctececcacectecctgaa
K R I H T ET TV F L G M P I S L P T L P E
caagaagccatcggtagcttettttecgacctagatcagettattactettecatcagega
Q E A I @G 8 F F 8 DILDQUL I T UL H QR
aaatga
K_
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SEQ ID NO:7 and 8
atgcttggtggttctctacaaatgattgecacttggttgggcaaacattggtgecagetgtt
M L G G S L. g Mm I A L GWAIDNTIGAA AV
gcacctgacgctgetcettgettetgtagetgetgecaatecatcatgatcaaaggtggegac
A P DAA LA SV A AATI I MTII KG G D
ttctcaactgaaggtattgecegttgcaacaacaactgetatccctettgeegtagetggt
F s T E G I A VAT T T A TI P L A V A G
cttttecttacaatgatcgttegtactatctcagteggtettgtacacggtgetgacaat
L F L. T M I V R TTI S V G L V HGAUDN
gctgctaaagatgcaaacttcgetgetgtagaacgttaccacttgtttgetettcteett
A A K D ANV F AAVYV E R Y HEHEL F A L L L
caaggtttgcgtatcgecagttcectgeggectettettettgecaattectgecagaagetgtt
Q 66 L R I AV PAAULILILATIUPATZE-AV
caagcagttettgaatctatgeccagettggttgtcaggtggtatggeegttggtggtggt
Q AV L E S M P AW IL S G GMA AUV G G G
atggttgttgcegtaggttatgetatggttatcaacatgatggecaactegtgaagtatgg
M VvV AV G Y A MYV I NMMATI RE V W
ccattcttegecacttggttttgeatttgetgectatcagecaaattgacacttategeactt
P F F A L GF A FAATI S KL TUL I A L
ggtgttatcggtgttgcaatcgetettatctacctecaacttgtcaaaacaaggeggatca
G vl GV A I AL I Y L N L S K Q G G s
ggtaacggtggtgcttcatcectaacgcecccaatcggegacatecttgaagactactaa
G N GG A 8§ §$S NAP I GD I L ED Y -
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SEQ ID NO:9 and 10
atgacatcagtagttgttgtaggaacccagtggggcgacgaaggtaagggtaaaattaca
M T § V V V VvV ¢ T Q WG D E G K G K I T
gacttcttgtctgctaatgctgaagtaatcgcacgttatcaaggtggtgataacgctgga
D F L, S A NAEV I AR Y QG G DN A G
cacactatcgttatcgatggcacgaagtataaattgcacttgattccgtcaggaatcttc
g T I v I DGTTXK Y KL HL I P SsS G I F
ttcccagaaaagatttctgtaatcggtaatggtgtggttgtcaatccaaaatctttggtg
F P E K I 8 vVvIGNGV V VNP K S L V
aaggaaatcaactatctccatgattcaggtgtgacaacagataatttgcggatttcagac
K B I N Y L #HD S G Vv T T DN L R I S5 D
cgcgcacatgtcatcttgccttatcacatcaaattggaccagttgcaagaagagtctaaa
R A H V I L P Y H I KL D Q L Q E E S K
ggtgagaataagattggtacaaccaacaagggtatcggtccagcctacatggacaaggct
¢ EN K I G T TDNXKGTI G PATY M D K A
gcgcgtgttggtatccgtattgcagacctcttggacaaggagatttttgcggagcgtttg
A RV GG I R I A DUL L DI KETIVFAZETRDL
agaacaaacttggctgagaaaaaccgcttgtttgagaagatgtatgagtcaactccgatt
R T N L A E XK NUR UL F E KM Y E S T P I
gagtttgacgaaatctttgaagaatactatgcttacggtcaagaaatcaaaaagtatgta
E F D ETIFEZEVY Y A Y G QE I K K YV
acagacacatctgttattttgaacgatgccctcgaccaaggcaagcgtgtcttgtttgaa
T D T § V I L N D A L D Q G K R V L F E
ggtgcgcaaggagttatgttggatattgaccaaggtacctatccattcgttacttcttca
G A Q G VM ILDTIDQGTYPF VT S8 8
aacccagttgctggtggtgtgacgatcggtagcggtgtcggcccaagcaagattgacaag
N P VA G G VT I G S GV ¢ P S KTI DK
gttgttggtgtatgtaaggcctacactagccgtgttggtgacggaccatttccgactgaa
v vV ¢ vV ¢ K A Y T 8 RV 66D G P F P T E
ttgcacgatgaaatcggagaccgtatccgcgaaatcggtaaagagtacggtacgacaact
. H# D E I ¢ DRTIURUETIUGI KEYSGTTT
ggccgtccacgccgtgtcggttggtttgactcagtggtgatgcgccatagccgccgtgtg
G R P R R V G W F D SV VMUBRHESRRYV
tcaggtattaccaacttgtccctcaactcgattgacgtcttgtcaggtcttgggaccttg
s @ I T N L $8$ L N 8 I DV UL S G UL ¢ TUL
aaaatctgcgtggcttatgacttggatggtgagcgtattgaccactacccagcaagtttg
K I ¢ V A Y DL D GG ER I DHY P A S L
gagcaactcaaacgttgcaaaccaatctacgaagaaatgccaggttggtctgaagacatc
EQLKRCKPIYEEMPG‘WSEDI
acaggtgtacgtagcctggatgaattgccagaagcggctcgcaactatgttcgtcgtatc
T ¢ vV R 8 L D EL P E A ARNY V R R I
agcgaattggtaggcgttcgtatctcaaccttctcagtaggacctggtcgtgaacagacc
S E L V G V R I 8 T F S V G P G RE QT
aacatccttgagagtgtatggagegcaaaatag
N I L E S V W S A K -
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SEQ ID NO:11 and 12
atgaaacttttggttgtcgggtctggtggtcgtgaacatgctatcgcaaagaaattgtta
M XK L L, V. Vv 8 ¢ G R EHATIAI KI KTLL
gagtctgagcaggtagagcaggtctttgttgctcctggaaatgacggaatgactttagat
E & E Q V EQ V F V A P G NDGMT L D
ggtatcgagttagtcaatatcgggatctccgaacattctgctataatcaactttgctaag
G I E L V NI G I 8 EH S A I I N F A K
gaaaatgacgttgcttggacttttgtgggtccagacgatgctctggcagcaggaatcgtt
E N DV AWTVF V @GP DDAILAAGTIV
gatgattttgaacaggcgggacttaaagcttttggccctagtcgtctagccgcggagcta
D D F EQ AGL KA FGUP S RULAA ATETL
gagtggtcaaaagactttgccaaacaaatcatggtcaaatacggcattccaacagcagcc
E W S K D FA KO QI MUV K Y G I P T AA
tttggcacattttccaacttcgaagaagccaaagcctacatcgaagagcagggtgcacca
F ¢ T F S N F E E A KA AYTIEEQGATP
atcgtggtcaaggcggacggcttggcactgggcaagggcgtggtcgtggcggaaaccgtc
I vV v X A DGEGLAULGIZ KGV V VA ETYV
gagcaggcggtcgaagcggcacgggagatgctcttggacaacaagttcggcgactcgggt
EQAVEAAREMLLDNKFGDSG
gcccgcgtggtcatcgaggagttcttggcgggtgaggagttttccctctttgctctggtc
A RV VvV I EEF L A GEZEVF S L F a LV
aatggcgaccaattttacattctgccgacagcccaggaccacaagcgtgcctttgacggc
NGDQFYILPTAQDHKRAFDG
gaccaaggtcccaacacaggtggtatgggggcttacgctcctgttccccacctgcctcaa
D QG P NTGGMGA AYA AZPV P HUL P Q
agcgtggtggacacagcggttgacaccattgtcaagccgattcttgagggcatgattgcg
s v v DTAVDTTIV XK ?PILEGMMTIA
gacggccggtcttatctgggcgtgctctatgctggcttgattctgaccgaccaaggtccc
D ¢ R 8§ ¥ L@ Vv L ¥YAGULTI DL TUDQGP
aaggtcatcgagttcaacgcccgttttggcgacccagaaacccagattatcctgcctcgc
K v I E F NA R F G D P ETOQ I I L P R
ctgacctctgactttgctcagaacatcgacgacatcctccacaaacgcccgacacagctg
L T §S D F A Q N I DD I L HK R P T QUL
acttggctggatagtggcgtgacgctgggtgttgtcgtggcatcaaacggctaccctctg
T W L D 8§ ¢ V T L ¢ VvV V V A s N G Y P L
gactacgaaaaaggcgtagagttgccagcaaagaccgagggcgacatcacgacctactat
D Y E K ¢ VEL P A X TEGDTITTYY
gcaggggctcgttttgcggaaaatagcagagcactgctttcaaacggcggtcgggtttat
A G A R F A EDN S RAL L S N G G R V Y
atgctagtcaccacagcagacaccgtccaagacgcccaagaaaaaatttactcggagctg
M L v T T ADTV Q DA QE K I Y 5 E L
aaaaatcaagataccacaggcctcttttatcggacagatattggaagtaaggcagtaaaa
K N 0 DT TGDL F Y RTUDTIG S KAVK

taa
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SEQ ID NO:13 and 14
atgtcaaacgtttatcacattttgtttcaattttatcaaaaaacattgttaaaacttgat
M § N V Y H I L F Q F Y Q K T UL L K L D
ttttcgcaagaaaacgtttactatattaatgaaaaactagaaaatttggagaaaattatg
F S Q E NV Y Y I N E XL ENTUILE K I M
gcatttacaacaggggagcgttacagagcttatgctgactggacacccgaatacattgaa
A F T T G ER Y R A Y ADW T P E Y I E
aaaataaagaagaatacagagagttctccttggaggacaaatttccatattgaaacacca
K I K K N T E S S8 P WR TNV FUHTIETP
catggactgttaaatgatccaaatggattttcttattttaatggaaagtggactcttttt
H ¢ L L N D PN GV F S Y F NG KW TULF
taccaatacttcccattcggtgctgcgcacggattgaaatcgtgggtccatacagaatca
Yy QY F P F A A HGIULI K SWV HTE S
acagatttggtccattttgaagaaactggtacggttatgtacccagatacaccacttgat
T D L V H F E E T ¢ T v M ¥ P D T P L D
agccatggtgcctactctggatctgccatggaatttggcgacaagctcttcctcttctac
s #H @ A ¥ S @ § AMEVF G D KL F L F Y
actggaaatgtccgcgatgaaaattgggttcgccatccataccaaatcggtgccttgatg
T @G N V R D E N W V R H P Y Q I G A L M
gataaagatggtaagattgaaaagattgataaagtcttgattgagcaaccagaagatacc
D K D & K I E K I D K VL I E Q P E DT
accgaccatttccgtgatccacaaattttcaactataaagggcaatattacgctattgtc
T D H F RD P Q I F N Y K G Q Y Y a IV
ggtggacaaaatctggataaaaagggaattgtcaaactttataaagctgaaaataacgac
G ¢ Q N L D K K GG I VKJULYXAENTND
tacctcaactggtcctatgttggtgaccttgattttgccaatgatatgaccgcttatatg
Yy Lh. N ¥ S Y v ¢ b L D FANIDMMTAYM
atggaatgcccaaatattgcgttcgtcggtgagcaacccatccttctctattgtccacaa
M E ¢C P NI A F V G EQ P I L L Y CP Q
ggtttggacaaagaggtattggactatggcaatatctatccaaatatgtacaagattggt
¢ L D K EV L DY ¢ N I Y P N MY KIG
cagagtttcgttcctgaaacagcaagcattgtcgaaccgagcgaattgatcaatctggac
Q §$ ¥F v PE TA S I V EPSETZLTINDNTLD
tatggttttgagtgctatgcaacccaggcctttaatgcaccagacggtcgaactctatct
Yy ¢ F ECY A T QA F NA P DGR TUL 8
gttagctggttggcacttccagatgtggaatacccaaccgatgcttatgactaccaaggc
v §$ WL A L P DV E Y P T DA AZY D Y Q G
tgtctgtcattggttaaagaattaaccatcaaggacggtaagctctaccaatatccagtc
¢ L § L V X E L T I X D G K L Y Q Y P V
gatgcgattaccagtcttcgtaaagaagctcagccattttcagcccaaaaagaaaccaat
D A I T S L R K E A Q P F S A Q K E TN
aatgtttacgaattggaacttgatttttcagcgagcacgaagcacgaaatcgtattgttc
N vV Y E L EL DF S ASTI KHETIVULF
gcaaatgaagcagaaaaaggcttggtcttgtctgtagacactgaacaaggccagattaca
A N E A E K G L VL 8 VvV DTUEZGQGQQ1IT
ttggaccgtggcaactgtggtcagccattcgcactcgatttcggcacaagtcgctcttgc
. D R G N CG Q P F AL DV F G T S R S C
gagatttctccaggagctcttacagccaatatcttcatcgacaaatctgtctttgaaatc
E I § P G A L T A DN I F I DK S V F E I
tttatcaataaaggagagaaagtattttctggtcgtgtcttccctgatgcggatcagtct
F I N K G E K V F 8 ¢ R V F P D A D Q 8
ggtatagtcattacgactggtaatccgaccggaacctactaccatttagattatggtcgc
¢ I v I T TG N P TG T Y Y HL D Y G R
aaaactaactga
K T N -
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SEQ ID NO:15 and 16
atggtcgcaaaactaactgatgtcgcacagttagctggggtcagcccaacaactgtctcg
M V A KL T D V A Q L A GGV s P T T V 8
cgcgttatcaataaaaaaggatacctatctgaaaaaaccattcgcaatgtcgaagaggct
R V I N XK K G ¥ L 8 E X T I R N V E E A
atgcgtgaactaggctacaaacctaataatttagctcgtagtttgcaaggtaaatctgca
M R E L @ Y K P N N L AR S L Q G K 8 A
aaattagttggtctcatcttcccaacaataaacaatattttttattctgaattgattagc
K L v ¢L I F P T I NNTI F ¥ S EU5L I S
catttagaaaaagagctttttgatcgaggctataaaaccattatttgcaatagccagcac
H L E K EL F D RG YK T I I CNIZS Q H
gagtccgataaggaacgtgagtatctagaaatgttagcagctaaccaagtagatgggatt
E &8 D K ER E Y L EMTLAANOQ VD G I
atctcgggcagtcacaatctcggtatccaagactacgaccgtgtcgtagctccaattatc
I §$ @ S HN L G I @ DY DU RV YV a@PTITI
gcttttgaccgcaacctatctccttccattcccattgtctcttccgataattttgctggc
A F DRNIDL S8 P S8 I PI V S S DNTF A G
ggggtattagctgcccaaaccttacaaaaagcgggatgtcacaatccattaatgattacg
¢ Vv L AAQ T L Q@ KA GCHNDNUPTILMTIT
gggaacgatgattccaattcacctaccggccttcgccaagtaggttttacatctattttg
¢ N DDSN S P TGULRQV G F TS I L
aacaaagccgaagtttttcatatctccagtgatttctcacctgtgcgtaaggagatggaa
N K A EV F H I 8 §$ DF S8 P V R KEME
atccgagccattcttgaaaagcaaaaaccaaatggtatctttgtatctggcgatgcaacg
I R A I L E K Q K P NG I F V s GD AT
gctatgctggtatggaacgtcattcgttcaatgaaactgtctattccagaagatattaaa
A ML VWN UV I R S MK UL S I P EDI K
ttgattggttatgatggaaccagtttcatcgaaaactactaccctcaactgacaactatc
L I ¢ Y D @ T 8 F I ENUY Y P Q L T T I
aagcaaccattaaccgaaatagctcgcctgctggttgaactattagttgataaaatcgaa
KQPLTEIARLLVELLVDKIE
ggaaaaaaactgacaaaaacagactatatcctgccgattagcctactagcaggagctagt
G K K L T K T DY IUL P I 8L L A G A S
atataa
I -
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SEQ ID NO:17 and 18
atgaacgataaggaatttggacagcgtgtacgtcaattacgagaatctgctagtatgaca
M N D XK E F G Q RV RQQL RE S A S MT
cgtgaacagttttgtgacgatgaactggaactctctgtgcgccaattaactcgtattgaa
R EQ F ¢CDDETULETZLS VR QL TR I E
gcaggtgcttccaagccgactttttcaaagattcagtatattgcaactcgtttaggtatg
A G A S K P T F 8 K I Q ¥ I A TR L G M
ggactttacgagcttatgccagattatgtatctttacccgaaagatattccaagctgaag
¢ . Y E L. M P DY VS L PEZ RYS XK L K
tttgatgtgcttcgcaccccaacttatggtaatgaagatttggcggaaaagcgagatgcc
F D vV L, R T P T Y G N EDL A EIK R D A
atgatgacagaaatctatgacgattattatgatgaattgcctgaggaggagaagatagca
M M T E I Y D DY YDEULUPEZEEIKI A
atagatgcgattcaatcacgaattgatactttagagtcaggtacagcaggctttggaaaa
I DAI Q S R I DTULESGTAGU F G K
gagatactggaagactactttgaacaaatttttcgcaaacgaaagtatgaattgaatgat
E I L E D Y F E Q I F R KURIKYZETLND
ttgttgattgttaggctccatcttgaatatgttaggttatctagctgtgattcagaaata
. L I V R L H L E Y V R L 8§ 8 C¢C D 8 E I
tttagacagtttttgaaaattatagagcatttacatgagcaaatcaatatcatcaactca
F R Q F L K I I E H L HE Q I N I I N S
aatgatttatttgttttacgagacacgctattatcttgtgtaaatatattaggaagtaaa
N D L F VvV L R DT L L S CV N ITUL G S K
aaatattacgaaccaataccaaagatatttgacagtgtagataagattatacagtcgaca
K Yy Y E P I P K I F D S VDI KTITIOQST
caagattttcagaaaaagcccattgttagtgtattaaaatggaaatatgcactttttgtg
Q b F Q K K P I V s V L K W K Y A L F V
gataaggatcgggatgaggcagaaaagcattatctagatgcggtgctatttgcaaaattg
D K DR DEA ATEI K HY L DAV L F A KL
atagaaaatagagagttagaacagaagattgaagaagattggagagttgacaatcaataa
I E N R E L E Q K I E E D W R VDN Q -

SEQ ID NO:19 and 20
atggttcgtttgaaaaatattttacttattttgcttggtgcagggctatttgcctttggg
M vV R L, K N I L L I L L GA GL F A F G
ctaaattatttaatcatgcccaatcgtctattecgagggtggegeaactggattgacgetyg
L N Y L, I M P NR L F E G G A TGUL T L
attatttactacctttttcatattcaaccttggataatgaacattgtgattaatatteca
I I ¥ Yy L F H I @ P W I M N I V I N I P
ttgttcatcctcgggtggaaaatactcggaaagaagactctctatctcagtatcttagga
L, F I L, 6 W K I L G K K T 5L ¥ L 8 I L G
acctttagcgttaccttttggttggccatttttgaaaaaatccatttttcaatcaatcta
T F S vV T F W L A I F E K I H F s I N L
caacaagatttgatactcgttagtatcctgggtgggattcttatgggactaggattagga
9 ¢ DL I L VS IULGGILMGZILZGTDL G
accatcttccgtgctggcggaacgactgggggaagcgatattattgctcgtataggtcat
T I F R A G ¢ T T GG GG s D I I AR I G H
aaattcctaccttactccattggacaaatcattettgecagttgacatectecatectaact
K F L P ¥ 8 I ¢ Q I I L AV DTIUL I L T
ctgattgttattgtttttaaagacctccgaacagttctctatactttaatgatggttgct
L, I v I vV F K D L R TV L Y T L MMV A
attgcttccaaggttattgattttgtcacggagggcggatatggtagcaagggtgttatg
I A S XK v I D F V T E G GUY G S K G VM
attgtttctcaaaaatctgaccaattggctcaggctattgattgtgaaatcgagcgtggt
I V £ Q K 8 D Qg L A QA I DCETIERG
gtcacctttatcaaagcacaaggtttctacagcaaagccgatgtcaacatgatttactcg
v T F I XK A Q G F Y S KAUDV NMTIY S
gtcatatataagagccaactccaagagatgaaggagcttattcatcgtattgacccccac
v I ¥ K $ Q L, ¢ EM K E L I HR I D P H
gcatttatcaccattacagacgcacatgaagtactcggtgagggatttactttagatcga
A F I T I TDAUHHEVYV L GEGVF T UL DR
gataaaaaaccaatagaacgccattaa
D K K P I E R H -
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SEQ ID NO:21 and 22
atgcgaggaacccccttacttttacaattaatttttgtttattacgtcttaccaagtgtg
M R ¢ T PL L L QL I F VY YV L P SV
ggtattacatttgaccgaatgectgectgtgattectggectttacgetcaactatgeggece
¢ I T F DR MUPAVYV I L A F TUL N Y A A
tatttctctgaaattttccgtggtggtattgaagctattccaaaaggtcagtatgaaget
Y F S E I F R ¢ ¢ I E A I P K G Q Y E A
gctaaggtattgaaatttacccctgttcagaccattcgctacattgtcttaccacaggtt
A KV L K F TP UVQTTTITIRYTIUVIL P QV
gtgaaaattgttctgccaagtgttttcaatgaagtcatgactttggtaaaggatacttct
v K I v L P 8 V F N EV M TILV KD T 8
ttggtctatgcacttggggttagcgatttgttgttggctagtcgtactgcggccaatcgt
L VvV Y A L ¢ vs$ DL L L A S RTAANR
gatgccagcttggcacctatgtttatcgcaggtgcaatctacctattgatgatcggtgcg
D A S L A PMUPFIAGATIUYILILMTIGA
gtaacactgatttctaaacaagtagaaaagaaatttgattattatagatag
v T L I 8 K Q v E K K F D ¥ ¥ R -

SEQ ID NO:23 and 24
atgagtaagtataaaaaagtttatcaagatattaagaaaaaaatcgaagagcaggtttgg
M 8 K ¥ K K v Yy Qg b I XK K KTI EE Q V W
tcaactggacaggccctaccgacagaaaatgaattaatggaagtgtattectactccaag
s T ¢ QAL P TENUE ETLMEUVY S Y S K
gacaccattcgcaaagcactatctcttettgaaatggatggttatattcaaaagaaacag
D T I R XK A L §$ Lh L EM D G Y I Q K K Q
gggaaatcttctattgttatcgaacatggtctaatgaaggaccaatatctttctgaaatt
¢ K 8 8 I v I E H &L M KD QY L S E I
aaaacagcgggcgaattgaacaaaagatcacagcaccaaatteagacccagettactteg
K T A ¢ EL N KRS Q H QI QT QL T S8
ctttatattattcaaggtcaagaagatttaatgtcaactttcgaagttgatgataaggta
L Yy I I 9 6 Q E D L M S T VF EV D DK V
gatttctatcgagtgagtcgggtacggacaattgacggtgagcggttggaatatgacatt
D F Y R V 8 RV RTTIDGEUZ RTULE Y DI
tecctattttgaccgtagggtegteccttatctcagcaaagaaattgecgaaagetctatt
S Y F D R R VYV P Y L S8 K EBEI AE S S8 I
taccgctacttagaagaagaactccatttaacaatttctcattecagacgtgaaatttece
Y R Y L E E E L HL T I S H SRR E I 8
ttecegttttgcaaacgaagaagaaaaacaattgatggacttaggagactatgacatggte
F R F A N E EE KOQ@L M DL GD Y D MYV
gtcgtggtcactagcatcacctatctttcaaatggtcaagctttccagtatggaacaatt
v v v T 8§ I T Y L 8 N G Q A F Q Y G T I
agttaccgtccagacaaagttagctttgtatcaatggegaaacggtaa
S YR P DKV S F VS M AU KR -

Amino acid sequences for the S. suis genes were aligned with the homologous
5  sequences identified in other streptococcal species. % identity and % similarity were
calculated using BLASTP 2.2.6 [Tatusova TA and TL Madden, “BLAST 2
sequences- a new tool for comparing protein and nucleotide sequences.” (1999)
FEMS Microbiol Lett. 174:247-250.], and are shown in Table 5.
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Table 5. Homologues Identified in Other Streptococcal Species

S. suis S. agalactiae S. pyogenes S. pneumoniae

Accession % Accession % % Accession | % %
# Identity |% Similarity # Identity Similarity # Identity| Similarity

GtfA - - - AALQ0512) 58 72
GuaA AX608462| 89 95 AX954530 89 95 AX571764| 86 93
GuaB AX606637| 89 95 AX954534 89 95 AX194078] 90 95
ManM |AX608227| 76 86 CQ648284 76 85 CQ789120| 77 84
PurA AX602166( 91 96 AX954533 91 96 AR219059| 90 95
PurD AX608096| 83 91 AX953813 80 89 AR218851| 85 91
ScrB - - - - - - AX571764| 70 81
ScrR - - - - - - AR218855]| 72 85
SpyM3-0908| CQ655070| 80 91 AX954530 80 91 AX571764| 80 92

The attenuated mutants were further evaluated by Southern blot analysis to
verify that the mutation resulted from a single insertion of the pGh9:1SS1 plasmid.
DNA from each mutant was isolated as described previously and digested with the
restriction enzyme HindIIl (New England Biolabs; Beverly, MA) according to the
manufacturer’s suggested protocol. Digested DNA products were analyzed for
completion of digestion via agarose electrophoresis and transferred to Hybond™-N"*
nucleic acid transfer membrane (Amersham Biosciences; Piscataway, NJ).

Separately, a probe containing a 0.6 kb fragment of ISS1 was created by amplification
of the DNA sequence from pGh9:ISS1 as follows. The concentrations of PCR
reagents per reaction were as described previously. The primers used were DEL-2456
and DEL-2403. Template consisted of 1 pl of pGh9:ISS1 miniprep product.
Thermocycling was performed as follows: 2 minutes at 94°C, 20 cycles of (30
seconds at 95°C, 1 minute at 55°C, 1.5 minutes at 72°C), 10 minutes at 72°C, and
held at 4°C. The PCR product was analyzed via agarose gel electrophoresis, and a 0.6
kb band was excised from the gel. The DNA was eluted from the agarose slice using
the QIAquick® Gel Extraction Kit according to the manufacturer’s suggested
protocol. The eluted 0.6 kb DNA product was DIG-labeled with the DIG-High Prime
Kit according to the manufacturer’s recommendations (Roche; Mannheim, Germany).
The DIG-labeled ISS1 fragment probe was hybridized to the HindIII digested STM
DNA and developed with colorimetric detection using NBT and BCIP. The resulting
membrane was analyzed for determination of multiple insertions of pGh9:ISS1 into

the S. suis serotype 2 #R735 STM mutants.
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Example 6. Murine Efficacy Model

S. suis serotype 2 #R735 STM mutants that were shown to be attenuated in the
murine model and had, by Southern blot confirmation, a single insertion of
pGh9:ISS1 disrupting one open reading frame are to be further tested in mice for the
ability to vaccinate against wild type. Briefly, approximately 1x10® CFU per dose of
each mutant will be used to vaccinate a group of CF-1 mice by intraperitoneal
administration. A second vaccination may also be administered in the same manner.
Approximately 3 weeks following the vaccination, mice will be challenged with
1x10° CFU of the wildtype organism. After 7 days, mortality will be recorded and
used to determine the vaccine efficacy.

Example 7. Porcine Screening of S. suis Serotype 2 #R735 STM Pools

The S. suis serotype 2 #R735 STM pools that were screened in mice will also
be screened in a pig model. The frozen pools will be retrieved from -70°C storage
and refreshed as described above. Intravenous administration of freshly grown
culture, at 1x10° CFU/dose, will be given to CDCD (cesarean-derived, colostrum-
deprived) pigs. After 24 hours post-administration, the pigs will be euthanized.
Attempts will be made to recover the S. suis serotype 2 #R735 STM mutants from the
blood, liver, spleen, lung, brain, and joints. Tissues will be macerated, and the fluid
from these tissues as well as fluid collected in the joints will be plated on TH/Em®’
agar plates, incubated overnight at 37°C with 5% CO, . DNA from recovered mutants
will be isolated as described above. Molecular analysis of input and recovered DNA
will be performed using the with the Luminex XMAP technology (Luminex; Austin
TX) as described above.

Example 8. Porcine Screening of Individual S. suis Serotype 2 Attenuated Mutants

Potential attenuated mutants derived from the porcine screening of pools will
be used to individually inoculate pigs either intravenously, intranasally, orally or
intramuscularly. Mutants will be deemed attenuated if there is a reduction in
mortality and/or clinical signs, as compared to inoculation with the wild-type S. suis
organism.

Example 9. Porcine Vaccine Efficacy Studies
S. suis mutants that show a reduction in virulence, as described above, will be

evaluated for their ability to stimulate immunity against further infection by wild-type
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S. suis. Animals will be vaccinated once or twice with an appropriate amount of each
mutant through a desired route, preferably intramuscularly. Subsequently animals
will be challenged with a wild-type strain of S. suis, along with unvaccinated controls.
Mutants that afford a reduction in mortality and/or clinical signs, as compared to
unvaccinated controls, will be deemed efficacious.

Numerous modifications and variations in the invention as set forth in the above
illustrative examples are expected to occur to those skilled in the art. Consequently only

such limitations as appear in the appended claims should be placed on the invention.
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WHAT IS CLAIMED IS:

1. An attenuated streptococcal bacteria comprising a functional mutation of one or more
virulence genes selected from the group consisting of g#fA, guaB, lin0523, manM, purA,
purD, scrB, scrR, SMU.61, sprl1018, spyM3-0908, treR sp0843, endoD, neuB, pgdA,

gInQ, and nadR, wherein said functional mutation attenuates the bacteria.

2. The steptococcal bacteria of claim 1 wherein the functional mutation results in one or
more of the following: decreased gene expression, decreased biological activity of the

gene product, and / or, expression of an inactive gene product.

3. The steptococcal bacteria of claim 2 wherein the functional mutation results from one
or more of the following: deletion of all or part of said gene, insertion in the gene, and /

or one or more point mutations in the gene.

4. The streptococcal bacteria of claim 1 wherein said virulence gene comprises a
polynucleotide selected from the group consisting of:

a) a polynucleotide sequence selected from group consisting of SEQ ID NOs:
1,3,5,7,9,11,13,15,17,19,21, 23,142,144,146,148,150, and 152; and

b) a polynucleotide that hybridizes to the complement of a polynucleotide sequence set
forth in a) under conditions comprising a final wash in buffer comprising
2XSSC/0.1%SDS, at 35° C to 45° C; and

c.) a polynucleotide that encodes a polypeptide that has at least 70% identity and/or
similarity to a polypeptide selected from the group consisting of the polypeptide
sequences set forth in SEQ ID NOs:2,4,6,8,10,12,14,16,18,20,22,
24,143,145,147,149,151, and 153.

5. The streptococcal bacteria of claim 1 selected from the group consisting of S.
acidominimus, S. agalactiae, S. bovis, S. equinus, S. canis, S. cricetus, S. downei, S.
dysgalactiae, S. entericus, S. equi, S. equinus, S. equisimilis, S. gallinaceus, S. iniae,
S. mutans, S. parauberis, S. pluranimalium, S. porcinus, S. pyogenes, S. pneumoniae,

S. sobrinus, S. uberis, S. suis, and S. zooepidemicus.
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6. The streptococcal bacteria of claim 1 that is S. suis.

7. An immunogenic composition which comprises a streptococcal bacteria comprising a
functional mutation of one or more virulence genes selected from the group consisting of
gtfA, guaB, lin0523, manM, purA, purD, scrB, scrR, SMU.61, spr1018, spyM3-0908,
treR sp0843, endoD, neuB, pgdA, glnQ, and nadR, wherein said functional mutation

attenuates the bacteria.

8. The steptococcal bacteria of claim 7 wherein the functional mutation results in one or
more of the following: decreased gene expression, decreased biological activity of the

gene product; and / or expression of an inactive gene product.

9. The steptococcal bacteria of claim 7 wherein the functional mutation results from one
or more of the following: deletion of all or part of said gene, an insertion in the gene, and

/ or one or more point mutations in the gene.

10. The streptococcal bacteria of claim 7 wherein said gene comprises a polynucleotide
selected from the group consisting of:

a) a polynucleotide sequence selected from group consisting of SEQ ID NOs:
1,3,5,7,9,11,13,15,17,19,21, 23,142,144,146,148,150, and 152; and

b) a polynucleotide that hybridizes to the complement of a polynucleotide sequence set
forth in a) under conditions comprising a final wash in buffer comprising
2XSSC/0.1%SDS, at 35° C to 45° C; and

c.) a polynucleotide that encodes a polypeptide that has at least 70% identity and or
similarity to a polypeptide selected from the group consisting of the polypeptide
sequences set forth in SEQ ID NOs:2,4,6,8,10,12,14,16,18,20,22,
24,143,145,147,149,151, and 153.

11. The streptococcal bacteria of claim 7 selected from the group consisting of S.
acidominimus, S. agalactiae, S. bovis, S. equinus, S. canis, S. cricetus, S. downel, S.
dysgalactiae, S. entericus, S. equi, S. equinus, S. equisimilis, S. gallinaceus, S. iniae,
S. mutans, S. parauberis, S. pluranimalium, S. porcinus, S. pyogenes, S. preumoniae,
S. sobrinus, S. uberis, S. suis, and S. zooepidemicus.
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12. A vaccine or an immunogenic composition of claims 7-11, which comprises a
streptococcal bacteria comprising a functional mutation of one or more genes selected
from the group consisting of gtfA, guaB, lin0523, manM, purA, purD, scrB, scrR,
SMU.61, sprl1018, spyM3-0908, treR, sp0843, endoD, neuB, pgdA, ginQ, and nadR,

wherein said functional mutation attenuates the bacteria.

13. The vaccine of claim 12 further comprising at least one of porcine reproductive and
respiratory syndrome virus, pseudorabies virus, porcine circovirus type I, swine
influenza virus, Salmonella cholerasuis, Salmonella typhimurium, Erysipelothrix
rhusiopathiae, Lawsonia intracellularis, Haemophilus parasuis, Bordetella
bronchiseptica, Mycoplasma liyopneumoniae, Actinobacillus pleuropneumoniae,
Escherichia coli, Pasteurella multocida, and Clostridium perfringens type A and type

C.

14. A method for producing an attenuated streptococcal bacteria comprising the step of
introducing a functional mutation into one or more genes selected from the group
consisting of gtfA, guaB, lin0523, manM, purA, purD, scrB, scrR, SM U.61, sprl018,
spyM3-0908 , treR, sp0843, endoD, neuB, pgdA, glnQ, and nadR, wherein said

functional mutation attenuates the bacteria.

15. The method of claim 14, wherein the functional mutation results in one or more of
the following: decreased gene expression, decreased biological activity of the gene
product, expression of an inactive gene product, or wherein the functional mutation
results from deletion of all or part of said gene, or wherein the functional mutation
results from an insertion in the gene, or wherein the functional mutation results from one

or more point mutations in the gene or within regulatory sequences or genes..

16. The method of claim 14, wherein said gene comprises a polynucleotide selected

from the group consisting of:

a) a polynucleotide sequence selected from group consisting of SEQ ID NOs:

1,3,5,7,9,11,13,15,17,19,21, 23,.142,144,146,148,150, and 152; and

b) a polynucleotide that hybridizes to the complement of a polynucleotide sequence set
58



WO 2006/048753 PCT/IB2005/003324

forth in a) under conditions comprising a final wash in buffer comprising
2XSSC/0.1%SDS, at 35° C to 45° C; and

c.) a polynucleotide that encodes a polypeptide that has at least 70% identity and or
similarity to a polypeptide selected from the group consisting of the polypeptide
sequences set forth in SEQ ID NOs:2,4,6,8,10,12,14,16,18,20,22,
24,143,145,147,149,151, and 153.

17. The method of claim 16, wherein the bacteria is selected from the group consisting
of S. acidominimus, S. agalactiae, S. bovis, S. equinus, S. canis, S. cricetus, S. downeli,
S. dysgalactiae, S. entericus, S. equi, S. equinus, S. equisimilis, S. gallinaceus, S.
iniae, S. mutans, S. parauberis, S. pluranimalium, S. porcinus, S. pyogenes, S.

pneumoniae, S. sobrinus, S. uberis, S. suis, and S. zooepidemicus.

18. An isolated polynucleotide comprising a polynucleotide sequence selected from
the group consisting of :

(a) a polynucleotide sequence set forth in SEQ ID NOs: 1,3,5,7,9,11,13,15,17,19,21,
23,142,144,146,148,150, and 152; and

(b) a polynucleotide that encodes a polypeptide that has at least 95% identity and or
similarity to a polypeptide selected from the group consisting of the polypeptide
sequences set forth in SEQ ID NOs: 2,4, 6, 8,1 0, 12, 14, 16, 18, 20, 22, 24, 143, 145,
147, 149, 151, and 153;

(c) a polynucleotide encoding a polypeptide selected from the group consisting of
SEQ ID NOs: SEQ ID NOs:2,4,6,8,10,12,14,16,18,20,22, 24,143,145,147,149,151, and
153;

(d) a polynucleotide which is the complement of any of (a), (b), (c) or (d).

19. The polynucleotide of claim 18 which is DNA.

20. A vector comprising the DNA of claim 19 wherein the vector is optionally
selected from: an expression vector, or where the DNA is operatively linked to an

expression control DNA sequence

21. A host cell stably transformed or transfected with the DNA of claim 20 inz a
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manner allowing expression of the encoded polypeptide in said host cell.

22. A method for producing a recombinant polypeptide comprising culturing the host
cell of claim 21 in a nutrient medium and isolating the encoded polypeptide from said

host cell or said nutrient medium.
23. A isolated polypeptide produced by the method of claim 22.

24. An isolated polypeptide comprising a polypeptide that has at least 95%, 98% or
complete identity and or similarity to a polypeptide selected from the group consisting of
the polypeptide sequences set forth in SEQ ID
NOs:2,4,6,8,10,12,14,16,18,20,22,24,143,145,147, 149,151, and 153.

25. An antibody, including a monoclonal antibody that is specifically reactive with the
polypeptide of claim 24.

26. A method of using the monoclonal antibody of claim 25 for identifying a bacteria of
claim 1 comprising the step of contacting said bacteria or an extract of said bacteria with

said monoclonal antibody and the absence of binding of said monoclonal antibody.

27. A method of identifying an anti-bacterial agent comprising the steps of assaying
potential agents for the ability to interfere with expression or activity of one or more
streptococcal gene products selected from any gene products or polynucleotides from
claims 1-24 the group consisting of g#fA, guaB, lin0523, manM, purA, purD, scrB, scrR,
SMU.61, spr1018, spyM3-0908 treR, sp0843, endoD, neuB, pgdA, glnQ, and nadR,.

60



WO 2006/048753

<110>

<120>
<130>

<150>
<151>

<1l60> 153

<170>
<210> 1
<211>

<212>
<213>

DNA
<400> 1

atgaaaatta
aaggatttga
ctgecegtttt
gaccctgcecat
tttgatttta
aagaaagatg
ggtgagccaa
cgaattgcaa
cagattgatt
cagttggcag
aaaatcggaa
cgtcagttat
attcagcaga
gttctccacg
cctegeaage
gatttgctga
aatgtgaaga

tgtacttatt

pPfizer,
Fuller,
Wilson,
Martin,
Klein,

1449

Inc.
Troy E
Thomas

Loretta

PC32303A

US 60/625,533
2004-11-05

aaaatcaagc
aaaaagttct
teccatcecatce
ttggagattg
tgatcaatca
aatcagctta
cgcaagaaga
catttgcectga
tagatgtgac
agcatggtge
ccaattgttt
tggcaccaaa
aaattgccga
ctttgtattce
aatttacaac
cggatgagga
aaatttatag

attctgetct

Stephen

1/66

SEQUENCE LISTING

Larry

K

PatentIn version 3.3

Streptococcus suis

tatgttaatt
tgaggggccg
aggtgaccgt
gtcagatatt
tatttcagca
tgcggatttg
tgttgatttg
tggtagtgaa
aacggagaca
ttcgattatt
ctttgtggag
agatgtagaa
gcaagattat
tggtecatgtce
tcttgataca
gacagaggdgag
tacagaagcc

tggcaataat

Anti-Bacterial Vaccine Compositions

acctattcgg
ttaaaggatg
gggtttgcge
gaagcactaa
aaatctcett
tttattegtt
atttataagc
gagaaggtgt
acccgtegtt
cgtttggacg
cctgatattt
atcttaccag
tatgtttatg
aatcgcecctgg
catgatggaa
acccgtgaag
tataataatt

gatcaagctt

atagtttagg
ttgtgggagg
caatggatta
gcaaagacta
atttccttga
ataaaaactt
gtaaacctcg
ggtgtacctt
tcatccaaga
cctttgetta
gggaaatgct
aaattcatga
attttgecett
ttcactggat
tcggtgttgt
ccttgtatge
tggatattta

atctattggce

PCT/IB2005/003324
caagaatctt 60
tatccatatt 120
tacaaaggtg 180
ttacctcatg 240
ttttettgaa 300
ttggccaaat 360
cgcaccttat 420
tgatgaacag 480
aaatttggaa 540
tgccaataaa 600
ccattttcca 660
acactacacc 720
gccaatgcta 780
ggagatttgce 840
ggatgttaag 900
acaaggtgcc 960
tcagattaac 1020
gcgtgttete 1080



WO 2006/048753

PCT/IB2005/003324
2/66
caatgctttg caccaggtat tccacagatt tattatgttg gtttactagc aggcgaaaat 1140
gatattgaac ttttagaatc aagtaaggaa gggcgcaata tcaatcgcca ttactatgat 1200
ttggaagaaa ttgagcagga agtgcaacgg ccagttgtac aatccttgtt caaactcctt 1260
aaattccgca atacaagtcc agctttcgac ggggagttct ctgttaagat gttggatgaa 1320
acaagtatgg aaattttctg gaataatcaa gatgcagggg tgtctgecceg tctaacagea 1380
aacctaaaag aaaaatcctt tgaaattgtt gaaattgaag agggaaaaat taccacaatt 1440
gagttataa 1449
<210> 2
<211> 482
<212> PRT
<213> Streptococcus suis
<400> 2
Met Lys Ile Lys Asn Gln Ala Met Leu Ile Thr Tyr Sex Asp Ser Leu
1 5 10 15
Gly Lys Asn Leu Lys Asp Leu Lys Lys Val Leu Glu Gly Pro Leu Lys
20 25 30
Asp Val Val Gly Gly Ile His Ile Leu Pro Phe Phe Pro Ser Ser Gly
35 40 45
Asp Arg Gly Phe Ala Pro Met Asp Tyr Thr Lys Val Asp Pro Ala Phe
50 55 60
Gly Asp Trp Ser Asp Ile Glu Ala Leu Ser Lys Asp Tyr Tyr Leu Met
65 70 75 80
Phe Asp Phe Met Ile Asn His Ile Ser Ala Lys Ser Pro Tyr Phe Leu
85 90 95
Asp Phe Leu Glu Lys Lys Asp Glu Ser Ala Tyr Ala Asp Leu Phe Ile
100 105 110
Arg Tyr Lys Asn Phe Trp Pro Asn Gly Glu Pro Thr Gln Glu Asp Val
115 120 125
Asp Leu Ile Tyr Lys Arg Lys Pro Arg Ala Pro Tyr Arg Ile Ala Thr
130 135 140
Phe Ala Asp Gly Ser Glu Glu Lys Val Trp Cys Thr Phe Asp Glu Gln
145 150 155 160
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Gln Ile Asp Leu Asp Val Thr Thr Glu Thr Thr Arg Arg Phe Ile Gln
165 170 175

Glu Asn Leu Glu Gln Leu Ala Glu His Gly Ala Ser Ile Ile Arg Leu
180 185 190

Asp Ala Phe Ala Tyr Ala Asn Lys Lys Ile Gly Thr Asn Cys Phe Phe
195 200 205

Val Glu Pro Asp Ile Trp Glu Met Leu His Phe Pro Arg Gln Leu Leu
210 215 220

Ala Pro Lys Asp Val Glu Ile Leu Pro Glu Ile His Glu His Tyr Thr
225 230 235 240

Ile Gln Gln Lys Ile Ala Glu Gln Asp Tyr Tyr Val Tyr Asp Phe Ala
245 250 255

Teu Pro Met Leu Val Leu His Ala Leu Tyr Ser Gly His Val Asn Arg
260 265 270

Leu Val His Trp Met Glu Ile Cys Pro Arg Lys Gln Phe Thr Thr Leu
275 280 285

Asp Thr His Asp Gly Ile Gly Val Val Asp Val Lys Asp Leu Leu Thr
290 295 300

Asp Glu Glu Thr Glu Glu Thr Arg Glu Ala Leu Tyr Ala Gln Gly Ala
305 310 315 320

Asn Val Lys Lys Ile Tyr Ser Thr Glu Ala Tyr Asn Asn Leu Asp Ile
325 330 335

Tyr Gln Ile Asn Cys Thr Tyr Tyr Ser Ala Leu Gly Asn Asn Asp Gln
340 345 350

Ala Tyr Leu Leu Ala Arg Val Leu Gln Cys Phe Ala Pro Gly Ile Pro
355 360 365

Gln Ile Tyr Tyr Val Gly Leu Leu Ala Gly Glu Asn Asp Ile Glu Leu
370 375 380

Leu Glu Ser Ser Lys Glu Gly Arg Asn Ile Asn Arg His Tyr Tyr Asp
385 390 395 400
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Leu Glu Glu

Phe Lys Leu

val
435

Phe Ser

Gln
450

Asn Asp

Lys Ser Phe

465

Glu Leu

<210> 3

<211> 1482
<212>
<213>

<400> 3
atgtcaaact

attcecggetg
aatttgacce
atggctatcg
gcggageagyg
ccattcttet
cgtattteeg
accaaccgcg
agcgatgaat
cacaagcatc
attaccatca
ggtegtetcet
gcccetttttg
ggcgttctte
ggcaacattg

aaggtcggta

Glu
405

Ile

Leu
420

Lys
Lys Met
Ala

Gly

Glu Ile

Gln

Phe

Leu

val

val

Glu Val

Asn

Arg

Glu
440

Asp

Ser Ala

455

Glu Ile

470

DNA -
Streptococcus suis

gggacactaa
aaagtcatgt
ttaatcttece
ctatggcgceg
cagatgaggt
taacaccaga
gtgtgccaat
atatgegttt
tggtgacagc
gtattgaaaa
aagatattga
tggttgcggg
aagcgggtgc
gcaagattaa
ccacagctga

ttggaccagg

atttttgaaa
attaccacat
gattatttcet
tgcaggtggt
gcgtaaggta
acacaccatt
cgttgaaaca
catttcagat
gccagttgga
attgccattg
gaaagtgatt
tgctgttggt
agacgcgatt
agaaatccgt
aggagctegt

ttecaatctgt

Arg

4/66

Gln Arg Pro

410

Thr
425

Ser Pro

Thr Ser Met

Leu Thr

Glu Glu Gly

475

aaaggcttta
gatattgatt
gctgecatgg
ttgggcgtca
aaacgttctg
gctgaagectg
ttggaaaatc
tactcacagc
acagatcttg
gttgatgaaa
gagttcccaa
gttacatctg
gtcatcgata
gaccacttcc
gctectttatg

acaacacgtg

PCT/IB2005/003324

Val val Gln Ser Leu
415
Ala Phe Asp Gly Glu
430
Glu Ile Phe Trp Asn
445

Ala Asn Leu Lys Glu
460
Lys Ile Thr Thr Ile

480
ctttcgacga tgtattactt 60
taaaaacaca attagcacca 120
atacagtaac agatagcaaa 180
tccataagaa catgtctatc 240
aaaatggtgt cattatcgat 300
agaaattgat ggctacttat 360
gtaagttggt cggtattatc 420
caatttcgac caacatgaca 480
cgactgegga ggctattctt 540
atggtcgttt gtcaggettg 600
atgctgcgaa ggatgaattt 660
atacttttga acgtgcagaa 720
cagctcacgg tcactcagca 780
caactcgtac cttgattgcec 840
aagctggtgt tgatgttgtg 900
ttatcgcagg tgtcggtgta 960
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ccacaagtga cagctatcta tgatgcagct
atcgectgatg gtggtatcaa gtattcagga
catgecgtta tgcttggtte tatgtttgea
atcttccaag gtcgtaagtt caagacctat
caaggttcaa aagaccgtta cttccaagca
gaaggaattg aaggacgtgt agcctataaa
gttggtggac ttcgctcagg tatgggctat
gaaaatgcac aattcatcga aatgtcaggt
gttcaaatca caaacgaagc tccaaactat
<210> 4
<211> 4093
<212> PRT
<213> Streptococcus suis
<400> 4
Met Ser Asn Trxp Asp Thr Lys Phe
1 5
Agp Val Leu Leu Ile Pro Ala Glu
20
Asp Leu Lys Thr Gln Leu Ala Pro
35 40
Ile Ser Ala Ala Met Asp Thr Val
50 55
Met Ala Arg Ala Gly Gly Leu Gly
65 70
Ala Glu Gln Ala Asp Glu Val Arg
85
Val Ile Ile Asp Pro Phe Phe Leu
100
Ala Glu Lys Leu Met Ala Thr Tyr
115 120
Glu Thr Leu Glu Asn Arg Lys Leu
130 135

5/66

ggtgttgege
gatattgtca
ggaactgatg
cgtggtatgg
tctgtcaatg
ggttctgttg
gtaggtgctg
gctggtttga

tcagttcagt

Leu Lys

10

Lys

Ser His Val

25

Asn Leu Thr

Thr Asp Ser

Ile His

75

vVal

Val
90

Lys Lys

Thr
105

Pro Glu

Arg Ile Ser

val Gly Ile

gtgaatatgg
aggcacttge
aagcaccagg
gctctatege
aagccaacaa
cagatatgat
gtaacttgac
aagaaagcca

aa

Gly Phe Thr

His
30

Leu Pro

Leu Asn Leu

45

Lys Met Ala

60

Lys Asn Met

Arg Ser Glu

Ile
110

His Thr

val
125

Gly Pro

Ile Thr

140

Asn

PCT/IB2005/003324
taaaacgatt 1020
cgctggtggt 1080
tgagacagaa 1140
tgccatgaaa 1200
acttgttcca 1260
tttccaaatg 1320
tgaattgcat 1380
tccacacgat 1440

1482
Phe Asp
15
Asp Ile
Pro Ile
Ile Ala
Ser Ile

80

Asn Gly
95

Ala Glu
Ile Vval
Arg Asp



Met

145

Ser

Glu

Glu

val

Val

225

Ala

Gly

Phe

Ala

Gly

305

Pro

Gly

Val

Phe

WO 2006/048753

Arg

Asp

Ala

Asn

Ile

210

Ala

Leu

His

Pro

Arg

290

Pro

Gln

Lys

Lys

Ala
370

Phe

Glu

Ile

Gly

195

Glu

Gly

Phe

sSer

Thr

275

Ala

Gly

Val

Thr

Ala

355

Gly

Ile

Leu

Leu

180

Arg

Phe

Ala

Glu

Ala

260

Arg

Leu

Ser

Thr

Ile

340

Leu

Thr

Ser

val

165

His

Leu

Pro

val

Ala

245

Gly

Thr

Tyr

Ile

Ala

325

Ile

Ala

Asp

Asp

150

Thr

Lys

Ser

Asn

Gly

230

Gly

Val

Leu

Glu

Cys

310

Ile

Ala

Ala

Glu

Tyr

Ala

His

Gly

Ala

215

val

Ala

Leu

Ile

Ala

295

Thr

Tyr

Asp

Gly

Ala
375

Ser

Pro

Arg

Leu

200

Ala

Thr

Asp

Arg

Ala

280

Gly

Thr

Asp

Gly

Gly

360

Pro

Gln

val

Ile

185

Ile

Lys

Ser

Ala

Lys

265

Gly

vVal

Arg

Ala

Gly

345

Gly

6/66

Pro

Gly

170

Glu

Thr

Asp

Asp

Ile

250

Ile

Asn

Asp

val

Ala

330

Ile

Ala

Glu

Ile

155

Thr

Lys

Ile

Glu

Thr

235

Val

Lys

Ile

val

Ile

315

Gly

Lys

Val

Thr

Sex

Asp

Leu

Lys

Phe

220

Phe

Ile

Glu

Ala

Val

300

Ala

val

Tyr

Met

Glu
380

Thr

Leu

Pro

Asp

205

Gly

Glu

Asp

Ile

Thr

285

Lys

Gly

Ala

Ser

Leu

365

Ile

Asn

Ala

Leu

190

Ile

Arg

Arg

Thr

Arg

270

Ala

Val

val

Arg

Gly

350

Gly

Phe

Met

Thr

175

val

Glu

Leu

Ala

Ala

255

Asp

Glu

Gly

Gly

Glu

335

Asp

Ser

Gln
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Thr

160

Ala

Asp

Lys

Leu

Glu

240

His

His

Gly

Ile

Val

320

Tyr

Ile

Met

Gly
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Arg Phe

385

Lys

Gln Gly Ser

Lys Leu Val

Val Ala Asp

435

Gly Tyr Val

450

Phe Ile Glu

465

vVal Gln Ile

<210> 5

<211> 1206
<212> DNA
<213>

<400> 5

Lys Thr

Tyr

Arg Gly

390

Lys Asp

405

Pro Glu

420

Met Ile

Ala

Gly

Met Ser

Arg

Gly

Phe

Gly

Gly

Tyr Phe

Ile Glu

Gln

Gly

7/66

Met Gly Ser

395

Ala
410

Ser

Arg Val

425

Gln Met

440

Asn Leu

455

Ala Gly

470

Thr Asn

485

Glu

Ala Pro

Streptococcus suis

atgacaaaag aaaaatcaac cgtaccacga

aaacagcgta
gataagttat
aaatatgatg
atttcagact
gaagactcga
tctggtttac
tatctaatta
gtgagctcaa
gaacaagaad
cgaaaattag
gggaatggaa

cgtaagttgg

agttggggga

catcgtattt
ctattttaga
ttgcagatgce
ctgttgggaa
atacgatagt
attcaactge
ttagtaaggce
ccatcggcag
atgatgttaa
acgattttcc

gggagtttat

ggtggcggac
ttatgaagtt
tgtatgtaac
tttacttagt
agctattgaa
tgctaggccg
ataccataat
taatttaaaa
cttcttetee
agaattgaag
tgagctaaga

gaaagaaagt

val

Thr

Leu

Asn

Gly Gly

Glu

Leu

Glu
475

Lys

Tyr Ser

490

ttgcgettcece
ttttccataa
cagaacattc
aaagaacttc
gaaggagata
gttcgaaatt
aaagtttett
caaattttac
tccacgacag
gacctagatc
aaggctttgt
ttcccagaat

aaaattttag

PCT/IB2005/003324
Ile Ala Ala Met Lys

400
Val Asn Glu Ala Asn

415
Ala Tyr Lys Gly Ser
430
Leu Arg Ser Gly Met
445

His Glu Asn Ala Gln
460
Ser His Pro His Asp

480
Val Gln
ccggattcac ggacgecttgg 60
aaacaaactc actttctaga 120
attatgggga tattttaaca 180
catcaattat tggaagtacg 240
ttgttttege ggatgcggca 300
ttaagggtaa gaatgttgtt 360
atgcccccta ctatttaggt 420
ctttaatgca ggggacaaaa 480
tagtgttcece cacccteecet 540
agcttattac tcttcatcag 600
tacagaaaat gtttccgaaa 660
ttacggacgc ttggaaacag 720
gtagtaaagg agatatagca 780
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aggaagttaa ctgtaagatt atgggggaga ggagttgttt ccaagaaaga aatttatagt 840
ggtagttcag ctacacagta ttatataaga aaatcaggcc agtttatata tgggaaatta 900
gactttttaa atcaagettt tggaattatt ccaccagaac ttgatggtta tgaatcaact 960
cttgattcge ctgcttttga tttattgaaa gggataaacg ggcaatttct gttagaattt 1020
gtatctcgeca aagaatttta ttattatcaa ggaaatattg caaatggctc tagaaaagct 1080
aaaagaatcc acacagaaac ttttettggce atgectatct ccctecccac cctccctgaa 1140
caagaagcca tcggtagett ctttteccgac ctagatcage ttattactet tcatcagecga 1200
aaatga 1206
<210> 6
<211> 401
<212> PRT
<213> Streptococcus suis
<400> 6
Met Thr Lys Glu Lys Ser Thr Val Pro Arg Leu Arg Phe Pro Gly Phe
1 5 10 15
Thr Asp Ala Trp Lys Gln Arg Lys Leu Gly Glu Val Ala Asp Phe Ser
20 25 30
Ile Lys Thr Asn Ser Leu Ser Arg Asp Lys Leu Ser Ser Tyr Phe Tyr
35 40 45

Glu Val Gln Asn Ile His Tyr Gly Asp Ile Leu Thr Lys Tyr Asp Ala

50 55 60
Ile Leu Asp Val Cys Asn Lys Glu Leu Pro Ser Ile Ile Gly Ser Thr
65 70 75 80
Ile Ser Asp Phe Ala Asp Ala Leu Leu Ser Glu Gly Asp Ile Val Phe

85 90 95
Ala Asp Ala Ala Glu Asp Ser Thr Val Gly Lys Ala Ile Glu Val Arg
100 105 110
Asn Phe Lys Gly Lys Asn Val Val Ser Gly Leu His Thr Ile Val Ala
115 120 125

Arg Pro Lys Val Ser Tyr Ala Pro Tyr Tyr Leu Gly Tyr Leu Ile Asn

130 135 140
Ser Thr Ala Tyr His Asn Gln Ile Leu Pro Leu Met Gln Gly Thr Lys



145

val

Pro

Asp

Leu

Asp

225

Arg

Gly

Val

Ile

Gln

305

Leu

Leu

Ile

Leu

Gly
385

WO 2006/048753

Ser

Thr

Gln

Lys

210

Phe

Lys

Asp

Ser

Arg

290

Ala

Asp

Leu

Ala

Gly

370

Ser

Ser

Leu

Leu

195

Lys

Pro

Leu

Ile

Lys

275

Lys

Phe

Ser

Glu

Asn

355

Met

Phe

Ile

Pro

180

Ile

Ala

Glu

Gly

Ala

260

Lys

Ser

Gly

Pro

Phe

340

Gly

Pro

Phe

Ser

165

Glu

Thr

Leu

Leu

Glu

245

Arg

Glu

Gly

Ile

Ala

325

val

Ser

Ile

Ser

150

Lys

Gln

Leu

Leu

Arg

230

Phe

Lys

Ile

Gln

Ile

310

Phe

Ser

Arg

Ser

Asp
390

Ala

Glu

His

Gln

215

Phe

Met

Leu

Tyr

Phe

295

Pro

Asp

Arg

Lys

Leu

375

Leu

Asn

Ala

Gln

200

Lys

Pro

Lys

Thr

Ser

280

Ile

Pro

Leu

Lys

Ala

360

Pro

Asp

Leu

Ile

185

Arg

Met

Glu

Glu

Val

265

Gly

Tyr

Glu

Leu

Glu

345

Lys

Thr

Gln

9/66

Lys

170

Gly

Lys

Phe

Phe

Ser

250

Arg

Ser

Gly

Leu

Lys

330

Phe

Arg

Leu

Leu

155

Ser

Ser

Leu

Pro

Thr

235

Lys

Leu

Ser

Lys

Asp

315

Gly

Tyr

Ile

Pro

Ile
395

Thr

Phe

Asp

Lys

220

Asp

Ile

Trp

Ala

Leu

300

Gly

Ile

Tyr

His

Glu

380

Thr

Thr

Phe

Asp

205

Gly

Ala

Leu

Gly

Thr

285

Asp

Tyr

Asn

Tyr

Thr

365

Gln

Leu

Val

Ser

190

val

Asn

Trp

Gly

Arg

270

Gln

Phe

Glu

Gly

Gln

350

Glu

Glu

val

175

Asp

Lys

Gly

Lys

Ser

255

Gly

Tyr

Leu

Ser

Gln

335

Gly

Thr

Ala

Gln

PCT/IB2005/003324

160

Phe

Leu

Glu

Asn

Gln

240

Lys

val

Tyxr

Asn

Thr

320

Phe

Asn

Phe

Ile

Arg
400
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Lys
<210> 7
<21l> 657
<212> DNA
<213> Streptococcus suis
<400> 7
atgcttggtg gttctctaca aatgattgca cttggttggg caaacattgg tgcagetgtt 60
gcacctgacg ctgctcttge ttctgtaget gectgcaatca tcatgatcaa aggtggcgac 120
ttctcaactg aaggtattge cgttgcaaca acaactgcta tcectcttge cgtagectggt 180
cttttectta caatgatcgt tegtactatc tcagtcggtce ttgtacacgg tgctgacaat 240
gctgctaaag atgcaaactt cgctgetgta gaacgttacc acttgtttge tcttctectt 300
caaggtttge gtatcgcagt tcctgegget cttcttettg caattcctge agaagctgtt 360
caagcagtte ttgaatctat gccagettgg ttgtcaggtg gtatggcegt tggtggtggt 420
atggttgttg ccgtaggtta tgctatggtt atcaacatga tggcaactcg tgaagtatgg 480
ccattctteg cacttggttt tgcatttget gctatcagca aattgacact tatcgcactt 540
ggtgttatcg gtgttgcaat cgctcttatc tacctcaact tgtcaaaaca aggcggatca 600
ggtaacggtg gtgcttcate taacgcccca atcggcgaca tccttgaaga ctactaa 657
<210> 8
<211> 218
<212> PRT
<213> Streptococcus suis
<400> 8
Met Leu Gly Gly Ser Leu Gln Met Ile Ala Leu Gly Trp Ala Asn Ile
1 5 10 15
Gly Ala Ala Val Ala Pro Asp Ala Ala Leu Ala Ser Val Ala Ala Ala
20 25 30
Ile Ile Met Ile Lys Gly Gly Asp Phe Ser Thr Glu Gly Ile Ala Val
35 40 45
Ala Thr Thr Thr Ala Ile Pro Leu Ala Val Ala Gly Leu Phe Leu Thr
50 55 60
Met Ile Val Arg Thr Ile Ser Val Gly Leu Val His Gly Ala Asp Asn
65 70 75 80
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Ala Ala Lys Asp Ala Asn Phe Ala Ala Val Glu Arg Tyr His Leu Phe
85 90 95
Ala Leu Leu Leu Gln Gly Leu Arg Ile Ala Val Pro Ala Ala Leu Leu
100 105 110
Leu Ala Ile Pro Ala Glu Ala Val Gln Ala Val Leu Glu Ser Met Pro
115 120 125

Ala Trp Leu Ser Gly Gly Met Ala Val Gly Gly Gly Met Val Val Ala

130 135 140
Val Gly Tyr Ala Met Val Ile Asn Met Met Ala Thr Arg Glu Val Trp
145 150 155 160
Pro Phe Phe Ala Leu Gly Phe Ala Phe Ala Ala Ile Ser Lys Leu Thr

165 170 175
Leu Ile Ala Leu Gly Val Ile Gly Val Ala Ile Ala Leu Ile Tyr Leu
180 185 190
Asn Leu Ser Lys Gln Gly Gly Ser Gly Asn Gly Gly Ala Ser Ser Asn
195 200 205

Ala Pro Ile Gly Asp Ile Leu Glu Asp Tyr

210 215
<210> 9
<211> 1293
<212> DNA
<213> Streptococcus suis
<400> 9
atgacatcag tagttgttgt aggaacccag tggggcgacg aaggtaaggg taaaattaca 60
gacttcttgt ctgctaatge tgaagtaatc gcacgttatc aaggtggtga taacgctgga 120
cacactatcg ttatcgatgg cacgaagtat aaattgcact tgattcegtc aggaatctte 180
ttcccagaaa agatttctgt aatcggtaat ggtgtggttg tcaatccaaa atctttggtg 240
aaggaaatca actatctcca tgattcaggt gtgacaacag ataatttgcg gatttcagac 300
cgcgcacatg tcatcttgec ttatcacatce aaattggacc agttgcaaga agagtctaaa 360
ggtgagaata agattggtac aaccaacaag ggtatcggtc cagcctacat ggacaaggct 420
gcgegtgttg gtatccgtat tgcagacctce ttggacaagg agatttttgc ggagcgtttg 480
agaacaaact tggctgagaa aaaccgcttg tttgagaaga tgtatgagtc aactccgatt 540
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gagtttgacg aaatctttga agaatactat gcttacggtc aagaaatcaa aaagtatgta 600
acagacacat ctgttatttt gaacgatgcc ctcgaccaag gcaagcgtgt cttgtttgaa 660
ggtgcgcaag gagttatgtt ggatattgac caaggtacct atccattcgt tacttcttca 720
aacccagttg ctggtggtgt gacgatcggt ageggtgtcg gcccaagcaa gattgacaag 780
gttgttggtg tatgtaaggc ctacactage cgtgttggtg acggaccatt tccgactgaa 840
ttgcacgatg aaatcggaga ccgtatccgce gaaatcggta aagagtacgg tacgacaact 900
ggccgtecac gecgtgtegg ttggtttgac tcagtggtga tgcgccatag ccgecegtgtg 960
tcaggtatta ccaacttgtc cctcaacteg attgacgtct tgtcaggtct tgggaccttg 1020
aaaatctgcg tggcttatga cttggatggt gagcgtattg accactaccc agcaagtttg 1080
gagcaactca aacgttgcaa accaatctac gaagaaatgc caggttggtc tgaagacatce 1140
acaggtgtac gtagcctgga tgaattgcca gaagcggctc gcaactatgt tcgtcgtatc 1200
agcgaattgg taggcgttcg tatctcaacc ttcteagtag gacctggteg tgaacagacc 1260
aacatccttg agagtgtatg gagcgcaaaa tag 1293
<210> 10
<211> 430
<212> PRT
<213> Streptococcus suis
<400> 10
Met Thr Ser Val Val Vval Vval Gly Thr Gln Trp Gly Asp Glu Gly Lys
1 5 10 15
Gly Lys Ile Thr Asp Phe Leu Ser Ala Asn Ala Glu Vval Ile Ala Arg
20 25 30
Tyr Gln Gly Gly Asp Asn Ala Gly His Thr Ile Val Ile Asp Gly Thr
35 40 45
Lys Tyr Lys Leu His Leu Ile Pro Ser Gly Ile Phe Phe Pro Glu Lys
50 55 60
Ile Ser Val Ile Gly Asn Gly Val Val Val Asn Pro Lys Ser Leu Val
65 70 75 80
Lys Glu Ile Asn Tyr Leu His Asp Ser Gly Val Thr Thr Asp Asn Leu
85 90 95
Arg Ile Ser Asp Arg Ala His Val Ile Leu Pro Tyr His Ile Lys Leu
100 105 110



Asp

Asn

Ile

145

Arg

Ser

Gly

Asp

val

225

Asn

Lys

Gly

Ile

Arg

305

Ser

Leu

WO 2006/048753

Gln

Lys

130

Arg

Thr

Thr

Gln

Ala

210

Met

Pro

Ile

Asp

Arg

290

val

Gly

Gly

Leu

115

Gly

Ile

Asn

Pro

Glu

195

Leu

Leu

val

Asp

Gly

275

Glu

Gly

Ile

Thr

Gln

Ile

Ala

Leu

Ile

180

Ile

Asp

Asp

Ala

Lys

260

Pro

Ile

Trp

Thr

Leu
340

Glu

Gly

Asp

Ala

165

Glu

Lys

Gln

Ile

Gly

245

Val

Phe

Gly

Phe

Asn

325

Lys

Glu

Pro

Leu

150

Glu

Phe

Lys

Gly

Asp

230

Gly

val

Pro

Lys

Asp

310

Leu

Ile

Ser

Ala

135

Leu

Lys

Asp

Tyxr

Lys

215

Gln

Val

Gly

Thr

Glu

295

Sexr

Ser

Cys

Lys

120

Tyr

Asp

Asn

Glu

val

200

Arg

Gly

Thr

val

Glu

280

Tyr

val

Leu

val

Gly

Met

Lys

Arg

Ile

185

Thr

val

Thr

Ile

Cys

265

Leu

Gly

val

Asn

Ala
345
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Glu

Agp

Glu

Leu

170

Phe

Asp

Leu

Tyr

Gly

250

Lys

His

Thr

Met

Ser

330

Tyr

Asn

Lys

Ile

155

Phe

Glu

Thr

Phe

Pro

235

Ser

Ala

Asp

Thr

Arg

315

Ile

Asp

Lys

Ala

140

Phe

Glu

Glu

Ser

Glu

220

Phe

Gly

Tyr

Glu

Thr

300

His

Asp

Leu

Ile

125

Ala

Ala

Lys

Tyr

Val

205

Gly

val

Val

Thr

Ile

285

Gly

Ser

val

Asp

Gly

Arg

Glu

Met

Tyr

190

Ile

Ala

Thr

Gly

Ser

270

Gly

Arg

Arg

Leu

Gly
350

Thr

Val

Arg

Tyr

175

Ala

Leu

Gln

Ser

Pro

255

Arg

Asp

Pro

Arg

Ser

335

Glu

PCT/IB2005/003324

Thr

Gly

Leu

160

Glu

Tyr

Asn

Gly

Ser

240

Ser

vVal

Arg

Arg

val

320

Gly

Arg
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Ile Asp His Tyr Pro Ala Ser Leu Glu Gln Leu Lys Arg Cys Lys Pro
355 360 365
Ile Tyr Glu Glu Met Pro Gly Trp Ser Glu Asp Ile Thr Gly Val Arg
370 375 380
Ser Leu Asp Glu Leu Pro Glu Ala Ala Arg Asn Tyr Val Arg Arg Ile
385 390 395 400
Ser Glu Leu Val Gly Val Arg Ile Ser Thr Phe Ser Val Gly Pro Gly
405 410 415
Arg Glu Gln Thr Asn Ile Leu Glu Ser Val Trp Ser Ala Lys
420 425 430
<210> 11
<211> 1263
<212> DNA
<213> Streptococcus suis
<400> 11
atgaaacttt tggttgtcgg gtctggtggt cgtgaacatg ctatcgcaaa gaaattgtta 60
gagtctgagc aggtagagca ggtctttgtt gctcctggaa atgacggaat gactttagat 120
ggtatcgagt tagtcaatat cgggatctcc gaacattctg ctataatcaa ctttgctaag 180
gaaaatgacg ttgcttggac ttttgtgggt ccagacgatg ctctggcagce aggaatcgtt 240
gatgattttg aacaggcggg acttaaagct tttggeccta gtegtctage cgcggagceta 300
gagtggtcaa aagactttgc caaacaaatc atggtcaaat acggcattcc aacagcagcc 360
tttggcacat tttccaactt cgaagaagcc aaagcctaca tcgaagagca gggtgcacca 420
atcgtggtca aggcggacgg cttggcactg ggcaagggcg tggtegtgge ggaaaccgtce 480
gagcaggcegg tcgaagegge acgggagatg ctettggaca acaagttcegg cgactcgggt 540
gccegegtgg tcatcgagga gttettggeg ggtgaggagt tttecctett tgetctggte 600
aatggcgacc aattttacat tctgeccgaca gcccaggacce acaagcgtge ctttgacggce 660
gaccaaggtc ccaacacagg tggtatgggg gcttacgectc ctgttcecca cctgectceaa 720
agcegtggtgg acacageggt tgacaccatt gtcaagecga ttettgaggg catgattgcg 780
gacggceggt cttatctggg cgtgctcetat getggettga ttetgaccga ccaaggtccce 840
aaggtcatcg agttcaacge ccgttttggce gacccagaaa cccagattat ecctgectege 900
ctgacctctg actttgctca gaacatcgac gacatcctcec acaaacgcecc gacacagctg 960
acttggctgg atagtggcgt gacgctgggt gttgtegtgg catcaaacgg ctaccctectg 1020
gactacgaaa aaggcgtaga gttgccagca aagaccgagg gcgacatcac gacctactat 1080
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gcaggggcte gttttgcgga aaatagcaga gcactgettt caaacggcgg tcgggtttat 1140
atgctagtca ccacagcaga caccgtccaa gacgcccaag aaaaaattta ctcggagctg 1200

aaaaatcaag ataccacagg cctcttttat cggacagata ttggaagtaa ggcagtaaaa 1260

taa 1263
<210> 12

<211l> 420

<212> PRT

<213> Streptococcus suis
<400> 12
Met Lys Leu Leu Val Val Gly Ser Gly Gly Arg Glu His Ala Ile Ala

1 5 10 15

Lys Lys Leu Leu Glu Ser Glu Gln Val Glu Gln Val Phe Val Ala Pro
20 25 30

@ly Asn Asp Gly Met Thr Leu Asp Gly Ile Glu Leu Val Asn Ile Gly
35 40 45

Ile Ser Glu His Ser Ala Ile Ile Asn Phe Ala Lys Glu Asn Asp Val
50 55 60

Ala Trp Thr Phe Val Gly Pro Asp Asp Ala Leu Ala Ala Gly Ile Val
65 70 75 80

Asp Asp Phe Glu Gln Ala Gly Leu Lys Ala Phe Gly Pro Ser Arg Leu
85 90 95

Ala Ala Glu Leu Glu Trp Ser Lys Asp Phe Ala Lys Gln Ile Met Val
100 105 110

Lys Tyr Gly Ile Pro Thr Ala Ala Phe Gly Thr Phe Ser Asn Phe Glu
115 120 125

Glu Ala Lys Ala Tyr Ile Glu Glu Gln Gly Ala Pro Ile Val Val Lys
130 135 140

Ala Asp Gly Leu Ala Leu Gly Lys Gly Val Val Val Ala Glu Thr Val
145 150 155 160

Glu Gln Ala Val Glu Ala Ala Arg Glu Met Leu Leu Asp Asn Lys Phe
165 170 175



Gly

Glu

Pro

Asn

225

Ser

Gly

Leu

Phe

Phe

305

Thr

Gly

Glu

Ser

Thr

385

Lys

Lys

WO 2006/048753

Asp

Phe

Thr

210

Thr

Val

Met

Ile

Gly

290

Ala

Trp

Tyr

Gly

Arg

370

Ala

Asn

Ala

Ser

Ser

195

Ala

Gly

val

Ile

Leu

275

Asp

Gln

Leu

Pro

Asp

355

Ala

Asp

Gln

val

Gly

180

Leu

Gln

Gly

Asp

Ala

260

Thr

Pro

Asn

Asp

Leu

340

Ile

Leu

Thr

Asp

Lys

Ala

Phe

Asp

Met

Thr

245

Asp

Asp

Glu

Ile

Ser

325

Asp

Thr

Leu

val

Thr
405

Arg Val

Ala Leu

His Lys
215

Gly Ala
230

Ala Val

Gly Arg

Gln Gly

Thr Gln
295

Asp Asp
310

Gly Vval

Tyr Glu

Thr Tyxr

Ser Asn
375

Gln Asp
390

Thr Gly

Val

Val

200

Arg

Tyr

Asp

Ser

Pro

280

Ile

Ile

Thr

Lys

Tyxr

360

Gly

Ala

Leu

Ile

185

Asn

Ala

Ala

Thr

Tyr

265

Lys

Ile

Leu

Leu

Gly

345

Ala

Gly

Gln

Phe
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Glu

Gly

Phe

Pro

Ile

250

Leu

val

Leu

His

Gly

330

Val

Gly

Arg

Glu

Tyr
410

Glu

Asp

Asp

vVal

235

val

Gly

Ile

Pro

Lys

315

Val

Glu

Ala

Val

Lys

395

Arg

Phe

Gln

Gly

220

Pro

Lys

Val

Glu

Arg

300

Arg

val

Leu

Arg

Tyr

380

Ile

Thr

Leu

Phe

205

Asp

His

Pro

Leu

Phe

285

Leu

Pro

Val

Pro

Phe

365

Met

Tyr

Asp

Ala

190

Tyr

Gln

Leu

Ile

Tyr

270

Asn

Thr

Thr

Ala

Ala

350

Ala

Leu

Ser

Ile

Gly

Ile

Gly

Pro

Leu

255

Ala

Ala

Ser

Gln

Ser

335

Lys

Glu

Val

Glu

Gly
415
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Glu

Leu

Pro

Gln

240

Glu

Gly

Arg

Asp

Leu

320

Asn

Thr

Asn

Thr

Leu

400

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

13
1572
DNA

<400> 13

atgtcaaacg
ttttcgcaag
gcatttacaa
aaaataaaga
catggactgt
taccaatact
acagatttgg
agccatggtg
actggaaatg
gataaagatg
accgaccatt
ggtggacaaa
tacctcaact
atggaatgcc
ggtttggaca
cagagtttcg
tatggttttg
gttagcetggt
tgtctgtceat
gatgecgatta
aatgtttacg
gcaaatgaag
ttggaccgtg
gagatttctc
tttatcaata

ggtatagtca

420

tttatcacat
aaaacgttta
caggggagcyg
agaatacaga
taaatgatcc
tceccattecgg
tccattttga
cctactcetgg
tcegegatga
gtaagattga
tcegtgatcce
atctggataa
ggtcctatgt
caaatattgce
aagaggtatt
ttectgaaac
agtgctatge
tggcacttce
tggttaaaga
ccagtcttcg
aattggaact
cagaaaaagg
gcaactgtgg
caggagctet
aaggagagaa

ttacgactgg

Streptococcus suis

tttgtttecaa
ctatattaat
ttacagagct
gagttctect
aaatggattt
tgctgegceac
agaaactggt
atctgccecatg
aaattgggtt
aaagattgat
acaaattttc
aaagggaatt
tggtgacctt
gttegtecggt
ggactatgge
agcaagcatt
aacccaggcc
agatgtggaa
attaaccatc
taaagaagct
tgattttteca
cttggtcettg
tcagccatte
tacagccaat
agtattttet

taatccgacce

17/66

ttttatcaaa
gaaaaactag
tatgctgact
tggaggacaa
tcttatttta
ggattgaaat
acggttatgt
gaatttggcg
cgccatccat
aaagtcttga
aactataaag
gtcaaacttt
gattttgcca
gagcaaccca
aatatctatc
gtcgaaccga
tttaatgcac
tacccaaccg
aaggacggta
cagccatttt
gcgagcacga
tctgtagaca
gcactcgatt
atcttcatcg
ggtcgtgtct

ggaacctact

aaacattgtt
aaaatttgga
ggacacccga
atttccatat
atggaaagtg
cgtgggtcca
acccagatac
acaagctctt
accaaatcgg
ttgagcaacc
ggcaatatta
ataaagctga
atgatatgac
tccttetcta
caaatatgta
gcgaattgat
cagacggteg
atgcttatga
agctctacca
cagcccaaaa
agcacgaaat
ctgaacaagg
tcggcacaag
acaaatctgt
tccctgatge

accatttaga

PCT/IB2005/003324
aaaacttgat 60
gaaaattatg 120
atacattgaa 180
tgaaacacca 240
gactcttttt 300
tacagaatca 360
accacttgat 420
cctecttctac 480
tgcctitgatg 540
agaagatacc 600
cgctattgtce 660
aaataacgac 720
cgcettatatg 780
ttgtccacaa 840
caagattggt 9200
caatctggac 960
aactctatct 1020
ctaccaaggc 1080
atatccagtce 1140
agaaaccaat 1200
cgtattgtte 1260
ccagattaca 1320
tcgetettge 1380
ctttgaaatc 1440
ggatcagtct 1500
ttatggtcge 1560
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aaaactaact ga 1572

<210> 14
<211> 523
<212> PRT

<213> Streptococcus suis
<400> 14
Met Ser Asn Val Tyr His Ile Leu Phe Gln Phe Tyr Gln Lys Thr Leu

1 5 10 15

Leu Lys Leu Asp Phe Ser Gln Glu Asn Val Tyr Tyr Ile Asn Glu Lys
20 25 30

Leu Glu Asn Leu Glu Lys Ile Met Ala Phe Thr Thr Gly Glu Arg Tyr
35 40 45

Arg Ala Tyr Ala Asp Trp Thr Pro Glu Tyr Ile Glu Lys Ile Lys Lys
50 55 60

Asn Thr Glu Ser Ser Pro Trp Arg Thr Asn Phe His Ile Glu Thr Pro
65 70 75 80

His Gly Leu Leu Asn Asp Pro Asn Gly Phe Ser Tyr Phe Asn Gly Lys
85 20 95

Trp Thr Leu Phe Tyr Gln Tyr Phe Pro Phe Gly Ala Ala His Gly Leu
100 105 110

Lys Ser Trp Val His Thr Glu Ser Thr Asp Leu Val His Phe Glu Glu
115 120 125

Thr Gly Thr Val Met Tyr Pro Asp Thr Pro Leu Asp Ser His Gly Ala
130 135 140

Tyr Ser Gly Ser Ala Met Glu Phe Gly Asp Lys Leu Phe Leu Phe Tyr
145 150 155 160

Thr Gly Asn Val Arg Asp Glu Asn Trp Val Arg His Pro Tyr Gln Ile
165 170 175

Gly Ala Leu Met Asp Lys Asp Gly Lys Ile Glu Lys Ile Asp Lys Val
180 185 190

Leu Ile Glu Gln Pro Glu Asp Thr Thr Asp His Phe Arg Asp Pro Gln
195 200 205



Ile

Leu

225

Tyr

Thr

Pro

Tyr

Pro

305

Tyr

Arg

Thr

Thr

Ser

385

Asn

Ile

Asp

WO 2006/048753

Phe

210

Asp

Leu

Ala

Ile

Gly

290

Glu

Gly

Thr

Asp

Ile

370

Leu

val

Val

Thxr

Asn

Lys

Asn

Tyr

Leu

275

Asn

Thr

Phe

Leu

Ala

355

Lys

Arg

Tyx

Leu

Glu
435

Tyr

Lys

Trp

Met

260

Leu

Ile

Ala

Glu

Ser

340

Tyxr

Asp

Lys

Glu

Phe

420

Gln

Lys

Gly

Ser

245

Met

Tyr

Tyr

Ser

Cys

325

val

Asp

Gly

Glu

Leu

405

Ala

Gly

Gly

Ile

230

Tyr

Glu

Cys

Pro

Ile

310

Tyr

Ser

Tyr

Lys

Ala

390

Glu

Asn

Gln

Gln

215

val

val

Cys

Pro

Asn

295

Vval

Ala

Trp

Gln

Leu

375

Gln

Leu

Glu

Ile

Tyr

Lys

Gly

Pro

Gln

280

Met

Glu

Thr

Leu

Gly

360

Tyxr

Pro

Asp

Ala

Thr
440

Tyr

Leu

Asp

Asn

265

Gly

Tyr

Pro

Gln

Ala

345

Cys

Gln

Phe

Phe

Glu

425

Leu

19/66

Ala

Tyxr

Leu

250

Ile

Leu

Lys

Ser

Ala

330

Leu

Leu

Tyxr

Ser

Ser

410

Lys

Asp

Ile

Lys

235

Asp

Ala

Asp

Ile

Glu

315

Phe

Pro

Ser

Pro

Ala

395

Ala

Gly

Arg

val

220

Ala

Phe

Phe

Lys

Gly

300

Leu

Asn

Asp

Leu

Val

380

Gln

Ser

Leu

Gly

Gly

Glu

Ala

Val

Glu

285

Gln

Ile

Ala

val

val

365

Asp

Lys

Thr

Val

Asn
445

Gly

Asn

Asn

Gly

270

val

Ser

Asn

Pro

Glu

350

Lys

Ala

Glu

Lys

Leu

430

Cys

Gln

Asn

Asp

255

Glu

Leu

Phe

Leu

Asp

335

Tyx

Glu

Ile

Thr

His

415

Ser

Gly

PCT/IB2005/003324

Asn

Asp

240

Met

Gln

Asp

val

Asp

320

Gly

Pro

Leu

Thr

Asn

400

Glu

vVal

Gln
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Phe
450

Pro Ala

Gly Ala

465

Leu

Phe Ile Asn

Ala Asp Gln

His
515

Tyr Tyr

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

15
966
DNA

<400> 15

atggtcgcaa
cgegttatca
atgcgtgaac
aaattagttg
catttagaaa
gagtccgata
atctecgggca
gcttttgacce
ggggtattag

gggaacgatyg

aacaaagccg
atccgagcca
gctatgetgg
ttgattggtt
aagcaaccat
ggaaaaaaac

atataa

Leu

Thr

Asp Phe

Ala Asn

Gly Thr

455

Ile Phe

470

Lys
485

Ser
500

Leu

aactaactga
ataaaaaagg
taggctacaa
gtcteatctt
aagagctttt
aggaacgtga
gtcacaatct
gcaacctatce
ctgcccaaac
attccaatte
aagtttttceca
ttcttgaaaa
tatggaacgt
atgatggaac
taaccgaaat

tgacaaaaac

Gly Glu

Gly Ile

Asp Tyr

Lys Val

Val Ile

Gly Arg

520

Streptococcus suis

tgtegcacag
atacctatct
acctaataat
cccaacaata
tgatcgaggce
gtatctagaa
cggtatccaa
teccttecatt
cttacaaaaa
acctaccggce
tatctccagt
gcaaaaacca
cattecgttca
cagttteatc
agctcecgectg

agactatatc

20/66

Ser Arg Ser

Ile Asp Lys

475

Phe Ser

490

Gly

Thr Thr

505

Gly

Lys Thr Asn

ttagectgggg

gaaaaaacca
ttagctcgta
aacaatattt
tataaaacca
atgttagcag
gactacgacc
cccattgtet
gcgggatgte
cttecgecaag
gatttctecac
aatggtatct
atgaaactgt
gaaaactact
ctggttgaac

ctgccgatta

Cys Glu Ile

460

Ser Val Phe

Phe

Arg Val

Thr
510

Asn Pro

tcagcccaac
ttegcaatgt
gtttgcaagg
tttattctga
ttatttgcaa
ctaaccaagt
gtgtcgtage
cttecgataa
acaatccatt
taggttttac
ctgtgegtaa
ttgtatctgg
ctattccaga
accctcaact
tattagttga

gcctactagce

PCT/IB2005/003324

Ser Pro

Glu Ile

480

Pro Asp

495

Gly Thr
aactgtcteg 60
cgaagaggct 120
taaatctgca 180
attgattagce 240
tagccagcac 300
agatgggatt 360
tccaattate 420
ttttgctggce 480
aatgattacg 540
atctattttg 600
ggagatggaa 660
cgatgcaacg 720
agatattaaa 780
gacaactatc 840
taaaatcgaa 900
aggagctagt 960
966
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Streptococcus suis

<210> 16
<211> 321
<212> PRT
<213>
<400> 16

Met val Ala

1

Thr

Thr

Asn

Leu

65

His

Asn

Ala

Ile

Asn

145

Gly

Leu

Gln

Sexr

Thr

Ile

Asn

50

Ile

Leu

Ser

Ala

Gln

130

Leu

val

Met

val

Ser
210

Val

Arg

35

Leu

Phe

Glu

Gln

Asn

115

Asp

Sex

Leu

Ile

Gly

195

Asp

Lys

Ser

20

Asn

Ala

Pro

Lys

His

100

Gln

Tyxr

Pro

Ala

Thr

180

Phe

Phe

Leu

Arg

Val

Arg

Thr

Glu

85

Glu

vVal

Asp

Ser

Ala

165

Gly

Thr

Ser

Thr

val

Glu

Ser

Ile

70

Leu

Ser

Asp

Arg

Ile

150

Gln

Asn

Ser

Pro

ASp

Ile

Glu

Leu

55

Asn

Phe

Asp

Gly

val

135

Pro

Thr

Asp

Ile

val
215

Val

Asn

Ala

40

Gln

Asn

Asp

Lys

Ile

120

val

Ile

Leu

Asp

Leu

200

Arg

Ala

Lys

25

Met

Gly

Ile

Arg

Glu

105

Ile

Ala

Val

Gln

Ser

185

Asn

Lys

21/66

Gln

10

Lys

Arg

Lys

Phe

Gly

90

Arg

Ser

Pro

Ser

Lys

170

Asn

Lys

Glu

Leu

Gly

Glu

Ser

Tyr

75

Tyr

Glu

Gly

Ile

Ser

155

Ala

Ser

Ala

Met

Ala

Tyr

Leu

Ala

60

Ser

Lys

Tyxr

Ser

Ile

140

Asp

Gly

Pro

Glu

Glu
220

Gly

Leu

Gly

45

Lys

Glu

Thr

Leu

His

125

Ala

Asn

Cys

Thr

val

205

Ile

val

Ser

30

Tyr

Leu

Leu

Ile

Glu

110

Asn

Phe

Phe

His

Gly

190

Phe

Arg

Ser

15

Glu

Lys

val

Ile

Ile

95

Met

Leu

Asp

Ala

Asn

175

Leu

Ala

PCT/IB2005/003324

Pro

Lys

Pro

Gly

Ser

80

Cys

Leu

Gly

Arg

Gly

160

Pro

Arg

Ile

Ile
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Leu Glu

225

Lys

Ala Met Leu

Glu Asp Ile

Pro
275

Tyr Tyxr

Leu Leu

290

Arg

Thr Thr

305

Lys

Ile

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

17
900
DNA

<400> 17

atgaacgata
cgtgaacagt
gcaggtgett
ggactttacg
tttgatgtge
atgatgacag
atagatgcga
gagatactgg
ttgttgattg
tttagacagt
aatgatttat
aaatattacg

caagattttc

Gln Lys

Pro

Asn Gly

230

val Trp

245

Lys Leu

260

Gln Leu

val

Glu

Asp Tyr

Asn

Ile

Thr

Leu

Ile

val Ile

Gly Tyr

Thr Ile

280

Leu Val

295

Leu Pro

310

aggaatttgg
tttgtgacga
ccaagccgac
agcttatgecce
ttcgecacccce
aaatctatga
ttcaatcacyg
aagactactt
ttaggctcca
ttttgaaaat
ttgttttacg
aaccaatacc

agaaaaagcc

Streptococcus suis

acagcgtgta
tgaactggaa
tttttcaaag
agattatgta
aacttatggt
cgattattat
aattgatact
tgaacaaatt
tcttgaatat
tatagagcat
agacacgcta
aaagatattt

cattgttagt

Ile

Arg

Asp

265

Lys

Asp

Ile

22/66

Val
235

Phe

Ser Met

250

Gly Thr

Gln Pro
Ile

Lys

Leu
315

Ser

cgtcaattac
ctctetgtge
attcagtata
tetttacceg
aatgaagatt
gatgaattge
ttagagtcag
tttegeaaac
gttaggttat
ttacatgagc
ttatcttgtg
gacagtgtag

gtattaaaat

PCT/IB2005/003324
Ser Gly Asp Ala Thr

240
Lys Leu Ser Ile Pro

255
Ser Phe Ile Glu Asn
270
Leu Thr Glu Ile Ala
285

Glu Gly Lys Lys Leu
300
Leu Ala Gly Ala Ser

320
gagaatctge tagtatgaca 60
gccaattaac tcgtattgaa 120
ttgcaacteg tttaggtatg 180
aaagatattc caagctgaag 240
tggcggaaaa gcgagatgcec 300
ctgaggagga gaagatagca 360
gtacagcagg ctttggaaaa 420
gaaagtatga attgaatgat 480
ctagctgtga ttcagaaata 540
aaatcaatat catcaactca 600
taaatatatt aggaagtaaa 660
ataagattat acagtcgaca 720
ggaaatatgc actttttgtg 780



WO 2006/048753 PCT/IB2005/003324
23/66

gataaggatc gggatgaggc agaaaagcat tatctagatg cggtgctatt tgcaaaattg 840

atagaaaata gagagttaga acagaagatt gaagaagatt ggagagttga caatcaataa 900
<210> 18

<211l> 299

<212> PRT

<213> Streptococcus suis
<400> 18
Met Asn Asp Lys Glu Phe Gly Gln Arg Val Arg Gln Leu Arg Glu Ser

1 5 10 15

Ala Ser Met Thr Arg Glu Gln Phe Cys Asp Asp Glu Leu Glu Leu Ser
20 25 30

Val Arg Gln Leu Thr Arg Ile Glu Ala Gly Ala Ser Lys Pro Thr Phe
35 40 45

Ser Lys Ile Gln Tyr Ile Ala Thr Arg Leu Gly Met Gly Leu Tyr Glu
50 55 60

Leu Met Pro Asp Tyr Val Ser Leu Pro Glu Arg Tyr Ser Lys Leu Lys
65 70 75 80

Phe Asp Val Leu Arg Thr Pro Thr Tyr Gly Asn Glu Asp Leu Ala Glu
85 90 95

Lys Arg Asp Ala Met Met Thr Glu Ile Tyr Asp Asp Tyr Tyr Asp Glu
100 105 110

Leu Pro Glu Glu Glu Lys Ile Ala Ile Asp Ala Ile Gln Ser Arg Ile
115 120 125

Asp Thr Leu Glu Ser Gly Thr Ala Gly Phe Gly Lys Glu Ile Leu Glu
130 135 140

Asp Tyr Phe Glu Gln Ile Phe Arg Lys Arg Lys Tyr Glu Leu Asn Asp
145 150 155 160

Leu Leu Ile Val Arg Leu His Leu Glu Tyr Val Arg Leu Ser Ser Cys
165 - 170 175

Asp Ser Glu Ile Phe Arg Gln Phe Leu Lys Ile Ile Glu His Leu His
180 185 190
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Glu Ile

195

Gln

Thr Leu Leu

210

Pro Ile Pro

225

Gln Asp Phe

Ala Leu Phe

Ala Val

275

Asp

Ile
290

Lys Glu

19
867
DNA

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

<400> 19
atggttegtt

ctaaattatt
attatttact
ttgttcatce
acctttagcg
caacaagatt
accatcttce
aaattcctac
ctgattgtta
attgettcca
attgtttcte
gtcaccttta
gtcatatata

gcatttatca

Asn Ile

Ser

Cys

Lys Ile

Ile

Val

Phe

Ser
200

Asn

Asn Ile

215

Asp Ser

230

Gln Lys

245

val
260

Asp

Leu Phe

Glu Asp

tgaaaaatat
taatcatgcce
acctttttca
tcgggtggaa
ttaccttttyg
tgatactcgt
gtgctggcgg
cttactccat
ttgtttttaa
aggttattga
aaaaatctga
tcaaagcaca
agagccaact

ccattacaga

Lys

Lys

Ala

Trp

Pro Ile

Asp

Arg

Leu
280

Lys

Arg Val

295

Streptococcus suis

tttacttatt
caatcgtcta
tattcaacct
aatactcgga
gttggccatt
tagtatcctg
aacgactggg
tggacaaatc
agacctccga
ttttgtcacg
ccaattgget
aggtttctac
ccaagagatg

cgcacatgaa

Asn

Leu

val

val

Asp

265

Ile

Asp

24/66

Asp Leu

Gly Ser

Asp Lys

235

Ser Val

250

Glu Ala

Glu Asn

Asn Gln

ttgecttggtg
ttecgagggtg
tggataatga
aagaagactc
tttgaaaaaa
ggtgggattc
ggaagcgata
attecttgcag
acagttctct
gagggcggat
caggctattg
agcaaagccg
aaggagctta

gtactcggtg

PCT/IB2005/003324

Phe Val Leu Arg Asp
205

Lys Lys Tyr Tyr Glu
220
Ile Ile Gln Ser Thr

240
Leu Lys Trp Lys Tyr

255
Glu Lys His Tyr Leu
270
Arg Glu Leu Glu Gln
285

cagggctatt tgcctttggg 60
gcgcaactgg attgacgctg 120
acattgtgat taatattcca 180
tctatctcag tatcttagga 240
tccattttte aatcaatcta 300
ttatgggact aggattagga 360
ttattgctcg tataggtcat 420
ttgacatcct catcctaact 480
atactttaat gatggttget 540
atggtagcaa gggtgttatg 600
attgtgaaat cgagecgtggt 660
atgtcaacat gatttactcg 720
ttcatcgtat tgacccccac 780
agggatttac 840

tttagatcga
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25/66

gataaaaaac caatagaacg ccattaa 867

<210> 20
<211> 288
<212> PRT

<213> Streptococcus suis
<400> 20
Met Val Arg Leu Lys Asn Ile Leu Leu Ile Leu Leu Gly Ala Gly Leu

1 5 10 15

Phe Ala Phe Gly Leu Asn Tyr Leu Ile Met Pro Asn Arg Leu Phe Glu
20 25 30

Gly Gly Ala Thr Gly Leu Thr Leu Ile Ile Tyr Tyr Leu Phe His Ile
35 40 45

Gln Pro Trp Ile Met Asn Ile Val Ile Asn Ile Pro Leu Phe Ile Leu
50 55 60

Gly Trp Lys Ile Leu Gly Lys Lys Thr Leu Tyr Leu Ser Ile Leu Gly
65 70 75 80

Thr Phe Ser Val Thr Phe Trp Leu Ala Ile Phe Glu Lys Ile His Phe
85 90 95

Ser Ile Asn Leu Gln Gln Asp Leu Ile Leu Val Ser Ile Leu Gly Gly
100 105 110

Ile Leu Met Gly Leu Gly Leu Gly Thr Ile Phe Arg Ala Gly Gly Thr
115 120 125

Thr Gly Gly Ser Asp Ile Ile Ala Arg Ile Gly His Lys Phe Leu Pro
130 135 140

Tyr Ser Ile Gly Gln Ile Ile Leu Ala Val Asp Ile Leu Ile Leu Thr
145 150 155 160

Leu Ile Val Ile Val Phe Lys Asp Leu Arg Thr Val Leu Tyr Thr Leu
165 170 175

Met Met Val Ala Ile Ala Ser Lys Val Ile Asp Phe Val Thr Glu Gly
180 185 190

Gly Tyr Gly Ser Lys Gly Val Met Ile Val Ser Gln Lys Ser Asp Gln
195 200 205



WO 2006/048753

26/66
Leu Ala Gln Ala Ile Asp Cys Glu Ile Glu Arg
210 215
Lys Ala Gin Gly Phe Tyr Ser Lys Ala Asp Val
225 230 235
val Ile Tyr Lys Ser Gln Leu Gln Glu Met Lys
245 250
Ile Asp Pro His Ala Phe Ile Thr Ile Thr Asp
260 265
Gly Glu Gly Phe Thr Leu Asp Arg Asp Lys Lys
275 280
<210> 21
<211l> 471
<212> DNA
<213> Streptococcus suis
<400> 21
atgcgaggaa cccccttact tttacaatta atttttgttt
ggtattacat ttgaccgaat gcctgctgtg attctggect
tatttctctg aaattttcecg tggtggtatt gaagctattce
gctaaggtat tgaaatttac ccctgttcag accattcget
gtgaaaattg ttctgccaag tgttttcaat gaagtcatga
ttggtctatg cacttggggt tagcgatttg ttgttggcta
gatgccagcet tggcacctat gtttatcgca ggtgcaatct
gtaacactga tttctaaaca agtagaaaag aaatttgatt
<210> 22
<211l> 156
<212> PRT
<213> Streptococcus suis

<400> 22

PCT/IB2005/003324
Gly vVal Thr Phe Ile
220
Asn Met Ile Tyr Ser

240
Glu Leu Ile His Arg

255
Ala His Glu Val Leu
270
Pro Ile Glu Arg His
285

attacgtctt accaagtgtg 60
ttacgctcaa ctatgcggcece 120
caaaaggtca gtatgaagct 180
acattgtctt accacaggtt 240
ctttggtaaa ggatacttct 300
gtcgtactge ggccaategt 360
acctattgat gatcggtgcg 420
attatagata g 471

Met Arg Gly Thr Pro Leu Leu Leu Gln Leu Ile Phe Val Tyr Tyr Val

1 5

10

15

Leu Pro Ser Val Gly Ile Thr Phe Asp Arg Met Pro Ala Val Ile Leu

20

25

30

Ala Phe Thr Leu Asn Tyr Ala Ala Tyr Phe Ser Glu Ile Phe Arg Gly
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27/66
35 40 45

Gly Ile Glu Ala Ile Pro Lys Gly Gln Tyr Glu Ala Ala Lys Val Leu

50 55 60
Lys Phe Thr Pro Val Gln Thr Ile Arg Tyr Ile Val Leu Pro Gln Val
65 70 75 80
Val Lys Ile Val Leu Pro Ser Val Phe Asn Glu Val Met Thr Leu Val

85 90 95
Lys Asp Thr Ser Leu Val Tyr Ala Leu Gly Val Ser Asp Leu Leu Leu
100 105 110
Ala Ser Arg Thr Ala Ala Asn Arg Asp Ala Ser Leu Ala Pro Met Phe
115 120 125

Ile Ala Gly Ala Ile Tyr Leu Leu Met Ile Gly Ala Val Thr Leu Ile

130 135 140
Ser Lys Gln Val Glu Lys Lys Phe Asp Tyr Tyr Arg
145 150 155
<210> 23
<211> 708
<212> DNA
<213> Streptococcus suis
<400> 23
atgagtaagt ataaaaaagt ttatcaagat attaagaaaa aaatcgaaga gcaggtttgg 60
tcaactggac aggccctacc gacagaaaat gaattaatgg aagtgtattc ctactccaag 120
gacaccattc gcaaagcact atctcttett gaaatggatg gttatattca aaagaaacag 180
gggaaatctt ctattgttat cgaacatggt ctaatgaagg accaatatct ttctgaaatt 240
aaaacagcgg gcgaattgaa caaaagatca cagcaccaaa ttcagaccca gcttactteg 300
ctttatatta ttcaaggtca agaagattta atgtcaactt tcgaagttga tgataaggta 360
gatttctatc gagtgagtcg ggtacggaca attgacggtg ageggttgga atatgacatt 420
toctattttg accgtagggt cgtcccttat ctcagcaaag aaattgecga aagctctatt 480
taccgctact tagaagaaga actccattta acaatttecte attccagacg tgaaatttcc 540
ttcegttttg caaacgaaga agaaaaacaa ttgatggact taggagacta tgacatggte 600
gtegtggtca ctagcatcac ctatcttteca aatggtcaag ctttccagta tggaacaatt 660
agttaccgtc cagacaaagt tagctttgta tcaatggcga aacggtaa 708
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<210>
<211>
<212>
<213>

<400>

24
235
PRT

Streptococcus suis

24

Met Ser Lys

1

Glu

Met

Leu

Ile

65

Lys

Gln

Thr

Arg

Arg

145

Tyr

Arg

Asp

Leu

Gln

Glu

Leu

50

Val

Thr

Leu

Phe

Thr

130

Arg

Arg

Glu

Leu

Ser

vVal

Val

35

Glu

Ile

Ala

Thr

Glu

115

Ile

val

Tyr

Ile

Gly

195

Asn

Tyxr

Trp

20

Tyr

Met

Glu

Gly

Ser

100

val

Asp

val

Leu

Ser

180

Asp

Gly

Lys

Ser

Ser

Asp

His

Glu

85

Leu

Asp

Gly

Pro

Glu

165

Phe

YL

Gln

Lys

Thr

Tyr

Gly

Gly

70

Leu

Tyr

Asp

Glu

Tyr

150

Glu

Arg

Asp

Ala

val

Gly

Ser

Tyr

55

Leu

Asn

Ile

Lys

Arg

135

Leu

Glu

Phe

Met

Phe

Tyr

Gln

Lys

Ile

Met

Lys

Ile

val

120

Leu

Ser

Leu

Ala

val

200

Gln

Gln

Ala

25

Asp

Gln

Lys

Arg

Gln

105

Asp

Glu

Lys

Asn
185

val

Tyr

28/66

Asp

i0

Leu

Thr

Lys

Asp

Ser

920

Gly

Phe

Tyr

Glu

Leu

170

Glu

val

Gly

Ile

Pro

Ile

Lys

Gln

75

Gln

Gln

Tyr

Asp

Ile

155

Thr

Glu

vVal

Thr

Lys

Thr

Arg

Gln

60

Tyr

His

Glu

Arg

Ile

140

Ala

Ile

Glu

Thr

Ile

Lys

Glu

Lys

Gly

Leu

Gln

Asp

Val

125

Ser

Glu

Sexr

Lys

Ser

205

Ser

Lys

Asn

30

Ala

Lys

Ser

Ile

Leu

110

Ser

Tyxr

Ser

His

Gln

190

Ile

Tyr

Ile

15

Glu

Leu

Ser

Glu

Gln

95

Met

Arg

Phe

Ser

Ser

175

Leu

Thr

Arg

PCT/IB2005/003324

Glu

Leu

Ser

Ser

Ile

80

Thr

Ser

vVal

Asp

Ile

160

Arg

Met

TyT

Pro
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210 215 220
Asp Lys Val Ser Phe Val Ser Met Ala Lys Arg
225 230 235
<210> 25
<211l> 27
<212> DNA
<213> Synthetic
<400> 25
catgaattcc atggtaccca ttctaac 27
<210> 26
<211> 27
<212> DNA
<213> Synthetic
<400> 26
ctagaattcc taggtaccta caacctce 27
<210> 27
<211l> 27
<212> DNA
<213> Synthetic
<400> 27
catgaattcc atggtaccca ttctaac 27
<210> 28
<211> 35
<212> DNA
<213> Synthetic
<220>
<221> misc_feature
<222> (21)..(30)
<223> n is a, ¢, g, or t
<400> 28
ggccacgegt cgactagtac nnnnnnnnnn catat 35
<210> 29
<211> 20
<212> DNA
<213> Synthetic
<400> 29
ggccacgcegt cgactagtac 20

<210>
<211>
<212>

30
35
DNA
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<213> Synthetic

<220>

<221> misc_feature

<222> (21)..(30)

<223> n is a, ¢, g, or t

<400> 30

30/66

ggccacgegt cgactagtac nnnnnnnnnn acgcce

<210> 31

<211l> 36

<212> DNA
<213> Synthetic

<220>

<221> misc_feature

<222> (21) ..(30)

<223> n is a, ¢, g, or t

<400> 31

ggccacgcgt cgactagtac nnnnnnnnnn atgcat

<210> 32
<211l> 36
<212> DNA

<213> Synthetic

<220>

<221> misc_feature

<222> (21)..(30)

<223> n ig a, ¢, g, or t

<400> 32

ggccacgcgt cgactagtac nnnnonnnnnn gttaac

<210> 33
<211l> 36
<212> DNA

<213> Synthetic

<220>

<221> misc_£feature

<222> (21)..(30)

<223> n is a, ¢, g, or t

<400> 33

ggccacgcegt cgactagtac nnnnnnnnnn ttcgaa

<210> 34
<21ll> 36
<212> DNA

<213> Synthetic

PCT/IB2005/003324

35

36

36

36
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<220>
<221>
<222>
<223>

<400>

31/66

misc_feature
(21)..(30)
nis a, ¢, g, or t

34

ggccacgegt cgactagtac nnnnnnnnnn gatatc

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

<220>
<221>
<222>
<223>

<400>

35

36

DNA
Synthetic

misc_ feature
(21)..(30)
n is a, ¢, g, or t

35

ggccacgegt cgactagtac nnnnnnnnnn tgatca

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

<220>
<221>
<222>
<223>

<400>

36

36

DNA
Synthetic

misc_feature
(21)..(30)
nisa, ¢, g, or t

36

ggccacgegt cgactagtac nnnnnnnnnn cagctg

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

<400>

37

25

DNA
Synthetic

37

aggagttctt gaatttcacg atagc

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

<400>

38

25

DNA
Synthetic

38

cgattaaggg catggaaaca attcg

<210>
<211>

39
23

PCT/IB2005/003324

36

36

36

25

25
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<212> DNA
<213> Synthetic

<400> 39
aaagcgccect ctattggtte tgce

<210> 40
<211l> 23
<212> DNA

<213> Synthetic

<400> 40
ggtttgatgt tgcgattaat agce

<210> 41
<211l> 23
<212> DNA

<213> Synthetic

<400> 41
gaaggagaaa actcaccgag gca

<210> 42
<211> 23
<212> DNA

<213> Synthetic

<400> 42
agcacatcat catcataagg ttt

<210> 43
<21l> 23
<212> DNA

<213> Synthetic

<400> 43
tcattcacta ccaatttggg atg

<210> 44
<211l> 20
<212> DNA

<213> Synthetic

<400> 44
ccgaagaaat ggaacgctct

<210> 45
<211l> 22
<212> DNA

<213> Synthetic

<400> 45
cagcgaggat atatcaatga ac

32/66
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23

23

23

23

23

20

22
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<210> 46

<211> 20

<212> DNA

<213> Synthetic

<400> 46
tggtgagagt gaccgctagg

<210> 47

<211> 20

<212> DNA

<213> Synthetic

<400> 47
ggatgtagcg gtcectttcectgg

<210> 48

<211l> 20

<212> DNA

<213> Synthetic

<400> 48
ggcgatgtat ggctaggttt

<210> 49

<211l> 20

<212> DNA

<213> Synthetic

<400> 49
gtggggetet gtgtttggtg

<210> 50

<211l> 20

<212> DNA

<213> Synthetic

<400> 50
ggtggggtgt cggggtgggyg

<210> 51

<211l> 20

<212> DNA

<213> Synthetic

<400> 51
gttgcggtat cgctatttgt

<210> 52

<211l> 20

<212> DNA

<213> Synthetic

<400> 52
tggcggggtt gcgagttceta

33/66
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20

20

20

20

20

20

20
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<210>
<211>
<212>
<213>

<400>

53

20

DNA
Synthetic

53

ggtttagcga ttttggggga

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

<400>

54

20

DNA
Synthetic

54

ggagctgggt gtatagatgg

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

<400>

55

20

DNA
Synthetic

55

agggggtgtg gtgtggggat

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

<400>

56

20

DNA
Synthetic

56

agtgatgggt cggggttgtg

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

<400>

57

20

DNA
Synthetic

57

ggcgctagta ggtttggtgt

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

<400>

58

20

DNA
Synthetic

58

tgtgegatgg gttgttgggg

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

59

20

DNA
Synthetic

34/66
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20

20

20

20

20

20
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<400> 59
atggggcggt cgggatatgt

<210> 60
<211> 20
<212> DNA

<213> Synthetic

<400> 60
tggggttata gtgattttgg

<210> 61

<211> 20

<212> DNA

<213> Synthetic

<400> 61
gtatatggag agctgtgtag

<210> 62
<21ll> 20
<212> DNA

<213> Synthetic

<400> 62
gtggcatgtt tgtgtgaggg

<210> 63
<211l> 20
<212> DNA

<213> Synthetic

<400> 63
ggggtgcggt ttggttattg

<210> 64

<211> 20

<212> DNA

<213> Synthetic

<400> 64
aggtgcgage tcggtctgta

<210> 65
<211> 20
<212> DNA

<213> Synthetic

<400> 65
atctcggggt cgggggatgg

<210> 66
<211> 20
<212> DNA

35/66
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20

20

20

20

20

20

20
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<213> Synthetic

<400> 66
gcgtggtgtg cggtctattt

<210> 67

<21i> 20

<212> DNA
<213> Synthetic

<400> 67
tgtggttggt gtgtagagtg

<210> 68

<211> 20

<212> DNA
<213> Synthetic

<400> 68
cgtgtgtggt gtttgggggt

<210> 69

<211l> 20

<212> DNA
<213> Synthetic

<400> 69
gtgggtgatg tgtggatggc

<210> 70

<211l> 20

<212> DNA
<213> Synthetic

<400> 70
agtgggttgt tgtgtcgaga

<210> 71
<211l> 20
<212> DNA

<213> Synthetic

<400> 71
ggtcgegggt gtttetgggg

<210> 72
<211l> 20
<212> DNA

<213> Synthetic

<400> 72
ggcggggttg ttaggggtcg

<210> 73

36/66
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20

20

20

20

20

20

20
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<211l> 20
<212> DNA
<213> Synthetic

<400> 73
ggtgggcgeg ggggctgggg

<210> 74
<211l> 20
<212> DNA

<213> Synthetic

<400> 74
ggagggtttg tttgggcgtt

<210> 75

<211l> 20

<212> DNA
<213> Synthetic

<400> 75
atcgggggag gggttgeget

<210> 176
<211l> 20
<212> DNA

<213> Synthetic

<400> 76
cggggtgtgg ggatagtggt

<210> 77
<211> 20
<212> DNA

<213> Synthetic

<400> 77
ctttggaggg atgttttgag

<210> 78
<211l> 20
<212> DNA

<213> Synthetic

<400> 78
ctectttgege tttttagtgg

<210> 79
<211> 20
<212> DNA

<213> Synthetic

<400> 79
tggagtggta tggctcgegg

37/66
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20

20

20

20

20

20

20
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<210>
<211l>
<212>
<213>

<400>

80

20

DNA
Synthetic

80

tagttgetgg tggtttgtgt

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

<400>

81

20

DNA
Synthetic

81

gtgcgctege gatcgatgte

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

<400>

82

20

DNA
Synthetic

82

agggcttggg attgggagtg

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

<400>

83

20

DNA
Synthetic

83

ggatgtageg gtctttetgg

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

<400>

84

20

DNA
Synthetic

84

cgggtgtggt cgctetgttt

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

<400>

85

20

DNA
Synthetic

85

ggtgggegeg ggggctggay

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

<400>

86

20

DNA
Synthetic

86
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20

20

20

20
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cgtggggtgg tgggcgattt

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

<400>

87

20

DNA
Synthetic

87

tgcgegagtg ggttagtggg

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

<400>

88

20

DNA
Synthetic

88

aggtctcgag atgtctgtcect

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

<400>

89

20

DNA
Synthetic

89

agtgcgeggg ttttgggtgt

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

<400>

90

20

DNA
Synthetic

90

atgggtgagg gagtgaagag

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

<400>

91

20

DNA
Synthetic

91

ggtgagtggt agaggggtcg

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

<400>

92

20

DNA
Synthetic

92

ggtgtgttce gggtcgtgtt

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

93

20

DNA
Synthetic

39/66
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20

20

20
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<400> 93
agagtgtgct ttgatgtgtg

<210> 94

<211> 20

<212> DNA

<213> Synthetic

<400> 94
gtatcggtcg cgggaatagce

<210> 95
<211l> 20
<212> DNA

<213> Synthetic

<400> 095
agagcgtgag ttctttegtg

<210> 96
<211> 20
<212> DNA

<213> Synthetic

<400> 96
atggatggeg cggtaggttg

<210> 97

<211l> 20

<212> DNA

<213> Synthetic

<400> 97
gtggagggtt cggttgtteg

<210> 98
<211l> 20
<212> DNA

<213> Synthetic

<400> 98
gggtatgttg gggtagagga

<210> 99
<211> 20
<212> DNA

<213> Synthetic
<400> 99
ggtegattct cgtgggtgat

<210> 100
<211> 20

40/66
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20

20

20

20

20

20

20
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<212> DNA
<213> Synthetic

<400> 100
ggtgggageg tttgcgggcg

<210> 101
<211> 20
<212> DNA

<213> Synthetic

<400> 101
ggctttagtt atggggagtg

<210> 102
<211i> 20
<212> DNA

<213> Synthetic

<400> 102
ggggtgctgg ctgtctggtt

<210> 103
<211l> 20
<212> DNA

<213> Synthetic

<400> 103
gggttttgtg gggtgtggeg

<210> 104
<211l> 20

<212> DNA
<213> Synthetic

<400> 104
tggcgegggg tgttgtttte

<210> 105
<21l> 20
<212> DNA

<213> Synthetic

<400> 105
gggttggtag ggttgggtct

<210> 106
<211l> 20
<212> DNA

<213> Synthetic

<400> 106
gtgatgggtg cgatcagtgce

41/66
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20

20

20

20

20

20



WO 2006/048753

<210> 107
<211> 20

<212> DNA
<213> Synthetic

<400> 107
agtggtgttt agcgaggtat

<210> 108
<211> 20~
<212> DNA
<213> Synthetic

<400> 108
atggggattt cgtgttttgg

<210> 109
<211> 20
<212> DNA

<213> Synthetic

<400> 109
tgggcggtgt ctagatagag

<210> 110
<211> 20
<212> DNA

<213> Synthetic

<400> 110
agggtggttg ggcgagggcet

<210> 111

<211l> 20

<212> DNA
<213> Synthetic

<400> 111
ggggtgagtg atggtggtcg

<210> 112
<211l> 20
<212> DNA

<213> Synthetic

<400> 112
gettgggegg getatagggce

<210> 113
<211l> 20
<212> DNA

<213> Synthetic

<400> 113
gagctggtgg gttggggttt

42/66
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20

20

20

20

20

20
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<210>
<211l>
<212>
<213>

<400>

114

20

DNA
Synthetic

114

gggagtttgg gcgetgggtt

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

<400>

115

20

DNA
Synthetic

115

cgtgatgttg ggagggttag

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

<400>

116

20

DNA
Synthetic

116

ggctttggtt ggtggtggag

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

<400>

117

20

DNA
synthetic

117

gtatttgtet ggetgtgttg

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

<400>

118

20

DNA
Synthetic

118

agagggcgtg cgtgagtgga

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

<400>

119

20

DNA
Synthetic

119

ggagcgggtt agggeggtgt

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

120

20

DNA
Synthetic

43/66
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20
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20

20
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<400> 120
tgtgtggatc tctcggtgcet

<210> 121
<211> 20
<212> DNA

<213> Synthetic

<400> 121
tttgttatgg ggctgegtga

<210> 122
<211l> 20
<212> DNA

<213> Synthetic

<400> 122
cgggagtggg atgggttttg

<210> 123
<211l> 20
<212> DNA

<213> Synthetic

<400> 123
gattgtggta ggtggcggta

<210> 124
<211> 20
<212> DNA

<213> Synthetic

<400> 124
gggtgtgtat ttggcttggg

<210> 125
<21ll> 20
<212> DNA

<213> Synthetic

<400> 125
gggegggtta gatattggga

<210> 126
<211l> 20
<212> DNA

<213> Synthetic

<400> 126
gctegettgg cgctatgggg

<210> 127
<211l> 20
<212> DNA

44/66
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20

20

20

20

20

20
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<213> Synthetic

<400> 127
ggtggagtgt ggtcggtctt

<210> 128
<211l> 20
<212> DNA

<213> Synthetic

<400> 128
atgtagtgtt atggctggat

<210> 129
<21l1l> 20
<212> DNA

<213> Synthetic

<400> 129
cggtcegegtg atatggtgtt

<210> 130

<211> 20

<212> DNA

<213> Synthetic

<400> 130
tgttggtgga gcttttgatt

<210> 131
<211l> 20
<212> DNA

<213> Synthetic

<400> 131
gggtatcgct ggggagattg

<210> 132
<211l> 20
<212> DNA

<213> Synthetic

<400> 132
ggttcgagtt gttgagcttg

<210> 133
<211> 20
<212> DNA

<213> Synthetic

<400> 133
atcgggetgg tgatagatgg

<210> 134

45/66
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20

20

20

20

20

20

20
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<211> 20
<212> DNA
<213> Synthetic

<400> 134
agttgggteg ggagcttgeg

<210> 135
<211> 20

<212> DNA
<213> Synthetic

<400> 135
ggattgattg ctgggtggcg

<210> 136
<211l> 20

<212> DNA
<213> Synthetic

<400> 136
gggtgggtgt ctggctggga

<210> 137
<211> 20

<212> DNA
<213> Synthetic

<400> 137
ctgtgtgggg ttgtctcteg

<210> 138
<211l> 20

<212> DNA
<213> Synthetic

<400> 138
tgggtctggt tgtcgggtta

<210> 139
<211l> 20

<212> DNA
<213> Synthetic

<400> 139
ttagttgctc gtttggtgta

<210> 140
<21l1l> 20
<212> DNA

<213> Synthetic

<400> 140
ctcgttattt taggttggtce

46/66
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20

20

20

20

20

20
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<210> 141

<211> 20

<212> DNA

«<213> Synthetic

<400> 141

ttgaggtatg gttagatgtg

<210> 142

<211l> 663

<212> DNA

<213> Streptococcus suis

<400> 142

atgaaattga ataaatatat tgaccataca
gttgaaaaaa ttttagcaga agcaaaagaa
acttgggttg ctttagcage tgaaagcttg
attggtttce ctcteggage aaacacacct
atttcaaatg gagcagatga gattgacgtg
aattacgatt tggttttgga ggatattaaa
gtcaaagtta tcatcgaagc atgcctcecett
ttatctcaag aagctggtge ggactatgtt
gctacagtag cggatgttge cttaatgaga
gcttcaggtg gtgcacgtte gtatgaagat
cgtattggtg cgtcatcagg cgtggcaatce
tga

<210> 143

<211l> 220

<212> PRT

<213> Streptococcus suis

<400> 143

47/66

atcttgaaac
tatgattttg
aaagatagtg
gctgtaaaag
gttatcaata
gctgttgtag
actgatgatg
aaaacatcta
aaaacagtgg
gccattgect

atgaatggag

Met Lys Leu Asn Lys Tyr Ile Asp His Thr Ile

1

5

10

Thr Gln Glu Gln Val Glu Lys Ile Leu Ala Glu

20

25

Phe Ala Ser Val Cys Val Asn Pro Thr Trp Val

35

40

Ser Leu Lys Asp Ser Asp Val Lys val Cys Thr

ctgagacaac
caagtgtctg
atgtaaaagt
cgttcegaaac
tcggtgetet
cagcaagtgg
agaaagtgaa
caggatttte
gtcectgacat
ttatcgaagc

cacaggcgga

PCT/IB2005/003324

20
acaagagcag 60
tgttaaccca 120
ttgtacggtt 180
aaaagatgca 240
gaaaactgga 300
tgataaacta 360
agcttgtcaa 420
tacaggeggt 480
gggagtgaag 540
aggagcgtct 600
tggagactat 660

663

Leu Lys Pro Glu Thr

.15

Ala Lys Glu Tyr Asp

30

Ala Leu Ala Ala Glu

45

val Ile Gly Phe Pro
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50 55 60
Leu Gly Ala Asn Thr Pro Ala Val Lys Ala Phe Glu Thr Lys Asp Ala
65 70 75 80
Ile Ser Asn Gly Ala Asp Glu Ile Asp Val Val Ile Asn Ile Gly Ala

85 90 95
Leu Lys Thr Gly Asn Tyr Asp Leu Val Leu Glu Asp Ile Lys Ala Val
100 105 110
Val Ala Ala Ser Gly Asp Lys Leu Val Lys Val Ile Ile Glu Ala Cys
115 120 125

Leu Leu Thr Asp Asp Glu Lys Val Lys Ala Cys Gln Leu Ser Gln Glu

130 135 140
Ala Gly Ala Asp Tyr Val Lys Thr Ser Thr Gly Phe Ser Thr Gly Gly
145 150 155 160
Ala Thr Val Ala Asp Val Ala Leu Met Arg Lys Thr Val Gly Pro Asp

165 170 175
Met Gly Val Lys Ala Ser Gly Gly Ala Arg Ser Tyr Glu Asp Ala Ile
180 185 190
Ala Phe Ile Glu Ala Gly Ala Ser Arg Ile Gly Ala Ser Ser Gly Val
195 200 205

Ala Ile Met Asn Gly Ala Gln Ala Asp Gly Asp Tyr

210 215 220
<210> 144
<211l> 4476
<212> DNA
<213> Streptococcus suis
<400> 144
atgacaaaat gtgatttcga caaacgtcag cgattcggta ttcgaaaatt tacaataggt 60
gcttgttetg ttttgattgg tgcgacctta tttggaacac aggtttctge ggaccagcta 120
gaaaatgtgg acagcttgtc agagccagct gttgaactet cttcegtagt gaacgaacat 180
gtggaaaaga ccgaagctga agaaggaatg tcaccaattt cagcagacga gaaagecggtg 240
accgaagagt tgaatggaga agcatctgta tcagatagta gagaagaaaa actgccttcea 300
gctcegtetg ataatccaga aaataaacta gaggatacag aggaagcgga agataaagag 360
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gtagattctt
attcgtcega
gctcgtcecag
cacgtcgtca
tctaaggcga
tactggcagt
attgatgctg
agtagtattg
ttteectgttg
ataaatcaag
atgctctata
gatgccatga
ccgtttatgg
tggacacggg
tttgatattt
tgggatgctc
gataccatta
tttacaggct
ttggccaatc
aatacagggc
aattatcgtt
gaaaagcttyg
tttacaggeg
cctctatecag
tcecctagete
cttaaactat
acagtgtacg
cgtttagggce
caagtccttg
gggacagatg

ctgacaggtt

cagattctgg
aagagattaa
atgatgattt
atgagagagc
aagaccatgce
atattgattc
gacaccgtaa
aagatcaaga
ctegtaagtt
agactacagg
ccaaggaata
cctacgaata
aaaaggaadg
ccaaaaataa
ttgctggatt
tgtttgatga
caagtttggg
atcaaggtga
tcattgcgga
acgggaaaaa
ctgtgtcetgg
ctgcggetta
atttggaaaa
aaacaagtcg
tagcgcttga
caggagattg
gtatccaagt
agttggctat
ctaagcgatt
atgcagacta

cttctaatac

tetgttgett
gtttgacaac
gaaccgegcet
caatgagaat
ctectgttggg
aatggtattt
tggtgtgecct
gaagtttgta
ggtagatatg
aggcttggtt
tgcagaatcg
tggtcgctat
agacaaggtc
ctattcaatc
tgaattgcaa
aaacgggaaa
tgcgacgggt
tccaaccaaa
taagacggct
atggtttgta
tattttacca
tgattttgat
agatggtaag
tttacgggtt
accagattat
gcaagatcag
ggttgttgaa
ttatgaccaa
gaagaatgcc
ttatgaagta

aaggatttac

49/66

tcagatttte
tgggatcagg
tctgtagagt
gcaaaggtag
ggagaagagt
tgggaaggct
gttttgggaa
tcttectatga
gctaaatact
caaccactag
attggttatc
cacgaagatg
cctgeggatce
gaagtggcga
cggggaggcet
ttgaaattat
gaggattatc
cagaaacctt
attacaagca
gatggcaagg
acctggeggt
gatgcctata
caggaaatta
gcgcacaaag
caatttgcga
acctttgatt
aatgaagcag
gaaaattcac
caagatgctg
tatgcgcagg

ctcecctcaac

ctcaggtaga
tgcttgettg
tggttgagcg
aagctcttte
ttaaagccta
tgattcctag
cgattttcta
gacaggatcc
acggtttcga
gggaaacaat
cgataacgta
gtttgggtga
atttectttge
aacgaatcgg
cttacaaaac
cactcggtct
atgagaatga
cggataaaaa
gtaatttcaa
ttgccaaaga
ggtggattga
atgggggcaa
agttgtattc
gagggcaagg
ataaagaagc
tatctagttt
cgcetgtecaga
ctactgcacc
aagctgtgat
ttgacggaca

tagttcgttc

PCT/IB2005/003324
ggatcaagga 420
ggagccgggt 480
ctttagaggyg 540
aaataccaac 600
tgcctttgat 660
cccagacgtce 720
caattggtcc 780
tgatggaagt 840
tggttattte 900
gagaaacttc 960
ttcttggtat 1020
gtacaactat 1080
gaattttaac 1140
tcgaaatcca 1200
gcaaattaac 1260
gtttgcgeca 1320
gaatatcttce 1380
ttggtatggce 1440
tagttccettt 1500
tggggaatgg 1560
agcaagtggt 1620
ctctecttegt 1680
caccaagatt 1740
tgcaaatatc 1800
gtggcgcettg 1860
ggcaggaaag 1920
ttttgatttt 1980
gaaagatggc 2040
tagctttaca 2100
gtggaaattg 2160
tgcacaggca 2220
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gaaggtcgaa
gcaggggagt
tcggcagaaa
ggtggagaag
tcttececate
cgatgggcta
accaaggatt
gttegtggca
gaatggcgtt
tataattggc
gctgttgctce
aatcggaaaa
acgacagagt
atttactacc
ccgcaaggtg
taccgacaag
gattggectyg
ccgcaaaaat
ccactgatgg
gaaatccaac
ggtcgatttg
ggagtagaaa
tatgetggtt
gagtatctaa
tattctagtg
gtagcagata
cagttaggag
ctaatccaag
cttgaaaaaa

ctgctcagtg

cccaagettt
ttatctttga
acattgttct
gcattgaggg
aattgagtgg
tggatcatge
tcgatctcta
atcgtgatca
tggatgtcett
gtatgtatga
gccatctegg
tagcgettta
caggaaatct
gtactctgga
aaaaagtcgt
gtagtccttt
ctgaacgggt
taggtgaaca
tatatgttgt
agttaccaaa
ctattatcta
ttgttggttt
tggagacttc
agcagaaaat
agcagacaca
ccaatcggac
agctggatgg
aggtgaaagg
ctgagaaaat

aatggactga

gaaagttcat
ttgggagatg
cggagcagaa
catgttgaat
ccatgtagat
tggtgcaggt
ttataaaaat
tgtgacagac
gacttctgat
agaattggac
taatcatcag
ttctagtcca
tatattcgac
ggaaggaaag
gaaagcgatyg
atcgcttgcea
gaataccacc
aacattgacc
tgaagatata
agtgcagtat
tgacgatgag
cgattcecegt
atttgatgtce
agcagaaatt
acttgeccettg
agtcgagcag
ggagaaactt
aatagataga
tttgggttecg

tttgtttgaa
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gcegttggga
acggtgaaag
gtcatcggtt
gggaccatta
attecgtttga
ggtgaatcgg
gagaatggtg
atcgtattgg
aatggtactc
atggagacac
attcaagtag
gatgccgtaa
ccgatteget
gattggagca
gaatggatag
ggagcacaat
aatccggcecag
gtttcctate
gccecagggtg
gttgtaggag
tcaactcagt
aaagaggggc
cttgttteac
gaggctctac
caaacagcct
gttgaagceg
taccaagcag
cctataaatt
gatagtatte

cagtctagtce

aaaatggttt
atactagcct
caagttttgc
ccagtttgte
cccaaccteg
tcaatgatgg
attgggtgtt
acaagccaat
cttggaaggce
caaatattcc
gtttcaagga
aaccactagc
ttgagtccet
atctattggce
ctcecectaga
tcecgtgtagt
ttacagtaag
taggagaaac
agaaaaaagc
atgatttgga
ccttetettt
gtcagagecct
cgaagccaat
aaacccaaac
tggaagaagc
ctcaaactcet
atcttgggcg
cttctgaget
gtccagatga

tggtaactca

PCT/IB2005/003324
gcgttcggaa 2280
tcctaaacca 2340
taaaaaagaa 2400
agataaatgg 2460
gacagtcgtg 2520
cttaatgaac 2580
agccaaagaa 2640
tcgagcgcecag 2700
cattcgtatt 2760
gatgacccat 2820
tgtccectgece 2880
agaattggaa 2940
gcectgagttce 3000
cattcgegtt 3060
gaaaaaagtt 3120
ttttgaagga 3180
gggatttgat 3240
acttgctcag 3300
agtcggtcta 3360
tgtcacaaat 3420
gacagaagct 3480
aggtttgcgg 3540
cgtcaatgat 3600
agcctatcte 3660
taagtctgtg 3720
tttagagaaa 3780
tctcaatcag 3840
aagttcttta 3900
gatgaaggag 3960
tgtcggtaca 4020
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agagattcga
tatgagctgg
gagcgaattg
gatggccgtce
gaggtcggca
caggttgaaa
gatacctatc

tctcagttag

tggagtctaa
tgccgagaca
ttcaggaggg
gcgagetgta
gcggtttgec
agcagatcag
aggagaagta

ctaagcttag

gaatttacta
aatcatcaca
ggctgatggt
ttcacgaata
tatccagcaa
agatgcttct
tgtectttett

aaagcaaggt

51/66

gctcctgaaa
cagaccagca
caaatgatga
gttgctgatg
gagaagactt
ctgcagaaga
gggttaattg

gaataa

aaccgagaat
ctgatttgce
tagctcacct
agagtcagcc
taatggtgga
gtggtcttce

gtgtggettt

PCT/IB2005/003324

ggatttgacc
actgggcaaa
agtctatagt
gaaaatagtg
aaatagcctg
acaaactggt

ggctggecta

4080

4140

4200

4260

4320

4380

4440

44776

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

145

1491

PRT

Streptococcus suis
<400> 145

Gln
10

Met Thr Lys Cys Asp Phe Ile

1 5

Phe Asp Lys Arg Arg Gly Arg

15

Lys

Phe Thr Ile Gly Ile Ala Thr

20

val Leu Phe

30

Leu
25

Ala Cys Ser Gly Gly

Thr Gln Val Gln Glu Val Glu

35

Ala Ser Leu Ser

45

Leu Asn

40

Ser Asp Asp

Ala val Glu

50

val Glu val His Val Glu Thr

60

Ser Asn

55

Pro Leu Ser Lys

Glu
65

Ile Ala

75

val
80

Ala Glu Glu Met Ala

70

Gly Ser Pro Ser Asp Glu Lys

Glu Val Glu

90

Thr Glu Glu Ala Glu

95

Asn Ser Ser Ser

85

Leu Gly Asp Arg

Leu Glu
110

Ala Asn Pro Glu Asn

105

Ser Pro Ser

100

Lys Leu Pro Asp Lys Asp

Thr Glu Ala Glu Val

115

Glu Glu Ser Ser Ser Leu

120

Asp Lys Asp Asp

125

Gly

Phe Gln Glu Gln

135

Leu Ser Pro val Ile Pro

130

Leu Asp Asp Gly

140

Arg Lys

Glu Ile Lys Phe Asp Asn Txp Asp Gln Val Leu Ala Trp Glu Pro Gly



145

Ala

Arg

Val

Val

Ile

225

Ile

Tyr

Met

Asp

Thr

305

Met

Tyr

Asp

Lys

Lys
385

WO 2006/048753

Arg

Phe

Glu

Gly

210

Asp

Asp

Asn

Arg

Met

290

Thr

Leu

sSer

Gly

Val

370

Asn

Pro Asp

Arg Gly
180

Ala Leu
195

Gly Glu

Ser Met

Ala Gly

Trp Ser
260

Gln Asp
275

Ala Lys

Gly Gly

Tyr Thr

Trp Tyr

340

Leu Gly
355

Pro Ala

Asn Tyr

Asp

165

His

Ser

Glu

val

His

245

Ser

Pro

Ty

Leu

Lys

325

Asp

Glu

Asp

Ser

150

Asp

val

Asn

Phe

Phe

230

Arg

Ser

Asp

Tyxr

Val

310

Glu

Ala

Tyr

His

Ile
390

Leu

Val

Thr

Lys

215

Trp

Asn

Ile

Gly

Gly

295

Gln

Tyr

Met

Asn

Phe

375

Glu

Asn

Asn

Asn

200

Ala

Glu

Gly

Glu

Ser

280

Phe

Pro

Ala

Thr

Tyr

360

Phe

Val

Arg

Glu

185

Ser

Tyr

Gly

val

Asp

265

Phe

Asp

Leu

Glu

Tyr

345

Pro

Ala

Ala

52/66

Ala

170

Arg

Lys

Ala

Leu

Pro

250

Gln

Pro

Gly

Gly

Ser

330

Glu

Phe

Asn

Lys

155

Ser

Ala

Ala

Phe

Ile

235

vVal

Glu

vVal

Tyr

Glu

315

Ile

Tyr

Met

Phe

Arg
395

val

Asn

Lys

Asp

220

Pro

Leu

Lys

Ala

Phe

300

Thr

Gly

Gly

Glu

Asn

380

Ile

Glu

Glu

Asp

205

Tyr

Ser

Gly

Phe

Arg

285

Ile

Met

Tyr

Arg

Lys

365

Trp

Gly

Leu

Asn

190

His

Trp

Pro

Thr

val

270

Lys

Asn

Arg

Pro

Tyr

350

Glu

Thr

Arg

val

175

Ala

Ala

Gln

Asp

Ile

255

Ser

Leu

Gln

Asn

Ile

335

His

Gly

Arg

Asn
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160

Glu

Lys

Ser

Tyr

Val

240

Phe

Ser

val

Glu

Phe

320

Thr

Glu

Asp

Ala

Pro
400
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Phe

Thr

Leu

Thr

Gln

465

Leu

Asn

Lys

Leu

Ala

545

Phe

Ser

Lys

Asp

Gly
625

Asp

Gln

Ser

Gly

450

Gly

Ala

Ser

Val

Pro

530

Ala

Thr

Thr

Gly

Tyr

610

Asp

Ile

Ile

Leu

435

Glu

Asp

Asn

Ser

Ala

515

Thr

Tyr

Gly

Lys

Gly

595

Gln

Trp

Phe

Asn

420

Gly

Asp

Pro

Leu

Phe

500

Lys

Trp

Asp

Asp

Ile

580

Gln

Phe

Gln

Ala

405

Trp

Leu

Tyr

Thr

Ile

485

Asn

Asp

Arg

Phe

Leu

565

Pro

Gly

Ala

Asp

Gly

Asp

Phe

His

Lys

470

Ala

Thr

Gly

Trp

Asp

550

Glu

Leu

Ala

Asn

Gln
630

Phe

Ala

Ala

Glu

455

Gln

Asp

Gly

Glu

Trp

535

Asp

Lys

Ser

Asn

Lys

615

Thr

Glu

Leu

Pro

440

Asn

Lys

Lys

His

Trp

520

Ile

Ala

Asp

Glu

Ile

600

Glu

Phe

Leu

Phe

425

Asp

Glu

Pro

Thr

Gly

505

Asn

Glu

Tyxr

Gly

Thr

585

Ser

Ala

Asp
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Gln

410

Asp

Thr

Asn

Ser

Ala

490

Lys

Tyr

Ala

Asn

Lys

570

Ser

Leu

Txrp

Leu

Arg

Glu

Ile

Ile

Asp

475

Ile

Lys

Arg

Ser

Gly

555

Gln

Arg

Ala

Arg

Ser
635

Gly

Asn

Thr

Phe

460

Lys

Thr

Trp

Ser

Gly

540

Gly

Glu

Leu

Leu

Leu

620

Ser

Gly

Gly

Ser

445

Phe

Asn

Ser

Phe

Val

525

Glu

Asn

Ile

Arg

Ala

605

Leu

Leu

Ser

Lys

430

Leu

Thr

Trp

Ser

val

510

Ser

Lys

Ser

Lys

Val

590

Leu

Lys

Ala

Tyr

415

Leu

Gly

Gly

Tyr

Asn

495

Asp

Gly

Leu

Leu

Leu

575

Ala

Glu

Leu

Gly
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Lys

Lys

Ala

Tyr

Gly

480

Phe

Gly

Ile

Ala

Arg

560

Tyxr

His

Pro

Ser

Lys
640



Thr

Asp

Ser

Asn

Ala

705

Leu

Ser

Gly

Glu

Ile

785

Gly

Ser

Leu

Ala

Asp
865
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val

Phe

Pro

Ala

690

Asp

Thr

Ala

Lys

Met

770

Val

Gly

Asp

Thr

Gly

850

Leu

Tyr

Asp

Thr

675

Gln

Tyr

Gly

Gln

Asn

755

Thr

Leu

Glu

Lys

Gln

835

Gly

Tyr

Gly

Phe

660

Ala

Asp

Tyr

Ser

Ala

740

Gly

vVal

Gly

Gly

Trp

820

Pro

Glu

Tyr

Ile

645

Arg

Pro

Ala

Glu

Ser

725

Glu

Leu

Lys

Ala

Ile

805

Ser

Arg

Ser

Lys

Gln

Leu

Lys

Glu

Val

710

Asn

Gly

Arg

Asp

Glu

790

Glu

Ser

Thr

Val

Asn
870

Val

Gly

Asp

Ala

695

Tyr

Thr

Arg

Ser

Thr

775

Val

Gly

His

Val

Asn

855

Glu

val

Gln

Gly

680

val

Ala

Arg

Thr

Glu

760

Ser

Ile

Met

Gln

Val

840

Asp

Asn

val

Leu

665

Gln

Ile

Gln

Ile

Gln

745

Ala

Leu

Gly

Leu

Leu

825

Arg

Gly

Gly
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Glu

650

Ala

val

Ser

val

Tyr

730

Ala

Gly

Pro

Serx

Asn

810

Ser

Trp

Leu

Asp

Asn

Ile

Leu

Phe

Asp

715

Leu

Leu

Glu

Lys

Ser

795

Gly

Gly

Ala

Met

Trp
875

Glu

Tyxr

Ala

Thr

700

Gly

Pro

Lys

Phe

Pro

780

Phe

Thr

His

Met

Asn

860

Val

Ala

Asp

Lys

685

Gly

Gln

Gln

Val

Ile

765

Ser

Ala

Ile

Val

Asp

845

Thr

Leu

Ala

Gln

670

Arg

Thr

Trp

Leu

His

750

Phe

Ala

Lys

Thr

Asp

830

His

Lys

Ala

Leu

655

Glu

Leu

Asp

Lys

vVal

735

Ala

Asp

Glu

Lys

Ser

815

Ile

Ala

Asp

Lys
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Ser

Asn

Lys

Asp

Leu

720

Arg

Val

Trp

Asn

Glu

800

Leu

Arg

Gly

Phe

Glu
880
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Val Arg Gly Asn Arg Asp His Val Thr Asp Ile Val Leu Asp Lys Pro
885 890 895

Ile Arg Ala Gln Glu Trp Arg Leu Asp Val Leu Thr Ser Asp Asn Gly
900 905 910

Thr Pro Trp Lys Ala Ile Arg Ile Tyr Asn Trp Arg Met Tyr Glu Glu
915 920 925

Leu Asp Met Glu Thr Pro Asn Ile Pro Met Thr His Ala Val Ala Arg
930 935 240

His Leu Gly Asn His Gln Ile Gln Val Gly Phe Lys Asp Val Pro Ala
945 550 955 960

Asn Arg Lys Ile Ala Leu Tyr Ser Ser Pro Asp Ala Val Lys Pro Leu
965 970 975

Ala Glu Leu Glu Thr Thr Glu Ser Gly Asn Leu Ile Phe Asp Pro Ile
980 985 990

Arg Phe Glu Ser Leu Pro Glu Phe Ile Tyr Tyr Arg Thr Leu Glu Glu
995 1000 1005

Gly Lys Asp Trp Ser Asn Leu Leu Ala Ile Arg Val Pro Gln Gly
1010 1015 1020

Glu Lys Val Val Lys Ala Met Glu Trp Ile Ala Pro Leu Glu Lys
1025 1030 1035

Lys Val Tyr Arg Gln Gly Ser Pro Leu Ser Leu Ala Gly Ala Gln
1040 1045 1050

Phe Arg Val Val Phe Glu Gly Asp Trp Pro Ala Glu Arg Val Asn
1055 1060 . 1065

Thr Thr Asn Pro Ala Val Thr Val Arg Gly Phe Asp Pro Gln Lys
1070 1075 1080

Leu Gly Glu Gln Thr Leu Thr Val Ser Tyr Leu Gly Glu Thr Leu
1085 1090 1095

Ala Gln Pro Leu Met Val Tyr Val val Glu Asp Ile Ala Gln Gly
1100 1105 1110

Glu Lys Lys Ala Val Gly Leu @Glu Ile Gln Gln Leu Pro Lys Val



Gln

Ala

Glu

Arg

Asp

Lys

Tyr

Leu

Glu

Glu

Asn

Ser

Gly

Glu

Gly
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1115

Tyr
1130

Ile
1145

Ala
1160

Gln
1175

Val
1190

Gln
1205

Leu
1220

Glu
1235

Gln
1250

Leu
1265

Gln
1280

Ser
1295

Ser
1310

Trp
1325

Thr
1340

Val

Ile

Gly

Ser

Leu

Lys

Tyr

Glu

val

Asp

Leu

Glu

Asp

Thr

Arg

val

Tyxr

val

Leu

val

Ile

Ser

Ala

Glu

Gly

Ile

Leu

Ser

Asp

Asp

Gly

Asp

Glu

Gly

Ser

Ala

Ser

Lys

Ala

Glu

Gln

Ser

Ile

Leu

Ser

Asp

Asp

Ile

Leu

Pro

Glu

Glu

Ser

Ala

Lys

Glu

Ser

Arg

Phe

Met

1120

Asp
1135

Glu
1150

Val
1165

Arg
1180

Lys
1195

Ile
1210

Gln
1225

Val
1240

Gln
1255

Leu
1270

val
1285

Leu
1300

Pro
1315

Glu
1330

Glu
1345

Leu

Ser

Gly

Tyxr

Pro

Glu

Thr

Val

Thr

Tyxr

Lys

Leu

Asp

Gln

Ser
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Asp

Thr

Phe

Ala

Ile

Ala

Gln

Ala

Leu

Gln

Gly

Glu

Glu

Ser

Lys

Val

Gln

Asp

Gly

Val

Leu

Leu

Asp

Leu

Ala

Ile

Lys

Met

Ser

Asn

Thr

Ser

Ser

Leu

Asn

Gln

Ala

Thxr

Glu

Asp

Asp

Thr

Lys

Leu

Leu

1125

Asn
1140

Phe
1155

Arg
1170

Glu
1185

Asp
1200

Thr
1215

Leu
1230

Asn
1245

Lys
1260

Leu
1275

Arg
1290

Glu
1305

Glu
1320

val
1335

Leu
1350

Gly

Sexr

Lys

Thr

Glu

Gln

Gln

Arg

Gln

Gly

Pro

Lys

Leu

Thr

Ala

Arg

Leu

Glu

Ser

Tyr

Thr

Thr

Thr

Leu

Arg

Ile

Ile

Leu

His

Pro
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Phe

Thr

Gly

Phe

Leu

Ala

Ala

val

Gly

Leu

Asn

Leu

Ser

Val

Glu



WO 2006/048753

57/66

Lys Pro Arg Met Asp Leu Thr Tyr Glu Leu Val Pro Arg
1355 1360 1365

Ile Thr Gln Thr Ser Thr Asp Leu Pro Leu Gly Lys Glu
1370 1375 1380

Val Gln Glu Gly Ala Asp Gly Gln Met Met Ile Ala His
1385 1390 1395

Tyr Ser Asp Gly Arg Arg Glu Leu Tyr Ser Arg Ile Val
1400 1405 1410

Glu Ser Gln Pro Lys Ile Val Glu Val Gly Ser Gly Leu
1415 1420 1425

Gln Gln Glu Lys Thr Leu Met Val Glu Asn Ser Leu Gln
1430 1435 1440

Lys Gln Ile Arg Asp Ala Ser Leu Gln Lys Ser Gly Leu
1445 1450 1455

Thr Gly Asp Thr Tyr Gln Glu Lys Tyr Val Phe Leu Gly
1460 1465 1470

Gly Val Ala Leu Ala Gly Leu Ser Gln Leu Ala Lys Leu
1475 1480 1485

Gln Gly Glu
1490

<210> 146

<211> 1017

<212> DNA

<213> Streptococcus suis

<400> 146

atggtttata ttattgcaga aattggttgt aatcacaacg gtgatgttca

aaaatggtag aagttgccgt tgattgtggt gtggatgeccg ttaaatttcea

gcagatttgt tgatttcaaa atacgcacca aaggcagaat accaaaaaat

gagtcagatt ctcagctcga aatgactcgt cgtttggaat tgagetttga

gatttgegtg attactgtct tgaaaaggga gttgatgtgt tttcgacacc

gaatcattgg acttcttgat tagcacagat atgcccgttt ataagattcc

attaccaatc ttccctattt ggaaaaaatt ggtcgtcaag ctaagaaagt

PCT/IB2005/003324
Gln Ile
Arg Ile
Leu Val
Ala Asp
Pro Ile
val Glu
Pro Gln
Leu Ile
Arg Lys
tctagcacgg 60
gacatttaag 120
tacaacagga 180
agagtatctt 240
ttttgatgag 300
atctggtgag 360
tattctttceca 420
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actggtatgg ctgttatgga tgaaattcat caagcggtga
acgaccgata tttcgatttt gcattgtaca accgagtatc
aatttgaatg tcttgcatac cttgaaaaaa gaatttccaa
gaccatagtg ttggttcaga agtacccatc gctgctgcag
gaaaagcact ttactctgga caatgaaatg gaaggaccag
cctgatatct tagcagcctt ggtaaaagga gtgaggatag
tttgaaaaag agccagaaga agttgaagta cgaaataaaa
gttgccaaaa aagcaattgce taaaggcgaa gtctttacag
agaccaggaa atggaatttc gccaatggaa tggtacaaag
caggattttg aggaagacca aaatatttgc catagtgctt
<210> 147
<211> 338
<212> PRT
<213> Streptococcus suis
<400> 147
Met Val Tyr Ile Ile Ala Glu Ile Gly Cys Asn
1 5 10
His Leu Ala Arg Lys Met Val Glu Val Ala Val

20 25
Ala Val Lys Phe Gln Thr Phe Lys Ala Asp Leu
35 40
Ala Pro Lys Ala Glu Tyr Gln Lys Ile Thr Thr
50 55
Gln Leu Glu Met Thr Arg Arg Leu Glu Leu Ser
65 70 75
Asp Leu Arg Asp Tyr Cys Leu Glu Lys Gly Val
85 90
Pro Phe Asp Glu Glu Ser Leu Asp Phe Leu Ile
100 105
Val Tyr Lys Ile Pro Ser Gly Glu Ile Thr Asn
115 120

agattttgca
caacccctta
acttaacaat
caatgggagc
atcataaagc
tggaacaatc
ttgtagctag
aagaaaacat
tecttggggceca

ttgaaaatca

His Asn Gly

Asp Cys Gly

30

Ile
45

Leu Ser

Gly Glu

60

Ser

Phe Glu Glu

Asp Val Phe

Ser Thr Asp

110

Pro
125

Leu Tyxr

PCT/IB2005/003324
ggaaaatgga 480
ccetgetttg 540
tggctattca 600
tgaattgatt 660
gagtgctact 720
tcttggtaaa 780
aaaatctatt 840
cactgtcaaa 900
ggtgagtgag 960
aatgtaa 1017

Asp Val
i5

Val Asp
Lys Tyr
Asp Ser
Tyr Leu

80

Ser Thr
95

Met Pro
Leu Glu
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Lys Ile Gly Arg Gln Ala Lys Lys Val Ile Leu Ser Thr Gly Met Ala
130 135 140

Val Met Asp Glu Ile His Gln Ala Val Lys Ile Leu Gln Glu Asn Gly
145 150 155 160

Thr Thr Asp Ile Ser Ile Leu His Cys Thr Thr Glu Tyr Pro Thr Pro
165 170 175

Tyr Pro Ala Leu Asn Leu Asn Val Leu His Thr Leu Lys Lys Glu Phe
180 185 190

Pro Asn Leu Thr Ile Gly Tyr Ser Asp His Ser Val Gly Ser Glu Val
195 200 205

Pro Ile Ala Ala Ala Ala Met Gly Ala Glu Leu Ile Glu Lys His Phe
210 215 220

Thr Leu Asp Asn Glu Met Glu Gly Pro Asp His Lys Ala Ser Ala Thr
225 230 235 240

Pro Asp Ile Leu Ala Ala Leu Val Lys Gly Val Arg Ile Val Glu Gln
245 250 255

Ser Leu Gly Lys Phe Glu Lys Glu Pro Glu Glu Val Glu Val Arg Asn
260 265 270

Lys Ile Val Ala Arg Lys Ser Ile Val Ala Lys Lys Ala Ile Ala Lys
275 280 285

Gly Glu val Phe Thr Glu Glu Asn Ile Thr Val Lys Arg Pro Gly Asn
290 295 300

Gly Ile Ser Pro Met Glu Trp Tyr Lys Val Leu Gly Gln Val Ser Glu
305 310 315 320

Gln Asp Phe Glu Glu Asp Gln Asn Ile Cys His Ser Ala Phe Glu Asn
325 330 335

Gln Met

<210> 148
<211> 1398
<212> DNA

<213> Streptococcus suis
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<400> 148
atgaaaaaag

ttggctgtat
aaacaacaaa
acccatgttg
agtcgaatga
caaaaactgg
cgtgaaattc
ctececgtetg
ttacctaatt
gctcaaggaa
ttaaatgcta
tacggcatca
tatctagtag
aagaaacatt
ccggtagttt
aaggctgtag
gccaaccata
gaaattcaag
cgtectectt
tattggtcgg
ataaaagaac
gttgatagce
gtaacagact
tcecggeccag
<210>
<211>

<212>
<213>

149
465
PRT

<400> 149

ttagtttttg
ggttatttge
ccatcctege
tggctgectt
tttectatgt
tctttgttte
aagcggagca
agcgtgtgtt
tatcctetge
tgaaagagac
tttccectttag
accagttggt
atgctgataa
tgagacaggt
tagatttact
ttgggaatga
cgtggaatca
atacacaggc
atggttctgt
tcaattctaa
agacttgtcce
tcgagtcetgt
tactegctag

cccagtaa

gttgggaatc
aggacttcaa
taaaggcaag
acctacagat
tcaaagacgc
atcaatagag
ctataaagta
attgacgcag
agcaagtatt
tgatgtagaa
ttatggagac
tctaccaatt
ggttggctat
cgctctaacc
gaaaaaatat
agctattetce
tcccaatcta
agctattact
taaccaggcc
agattggaag
aggaagtatt
attgcaatat

tcctcetecaat

Streptococcus suis

60/66

aacatcgcect
gaaagacagg
ggcaaaattc
gatgcaggtc
tttggtcata
ggaaaaacaa
gacaacttgce
gacaatgaat
attgttgatc
gcgattgtca
agccaattaa
tcagatttgt
gatgagtata
tttgatgatg
aatgccaaag
cgtagaatgg
gtcactattt
gaagctacag
gttgtcaatc
agtcgcaate
atcctaatgc
ttaacaggtg

cctcaattaa

tgcteggceat
ttagtcagtt
aagagggaaa
atgtcttagg
aaaaaccagc
attttaaaaa
aaattaaaaa
tgtttactct
atctaagaga
aaaaatttga
ccttacaatt
acccagtagt
tggctgcaca
gacccaatcc
caactttctt
tagcagaagg
ctggggagca
gtattgtacc
agatgggact
cccaagccat
atgatattca
agggctacaa

tectattattce

PCT/IB2005/003324
aatggtaagt 60
tattgaggaa 120
tattgatacg 180
acctgtagaa 240
aggaaaaatt 300
tgtaacagcet 360
gcaggataaa 420
agaagattta 480
agccttactt 540
aacactagac 600
accagatggt 660
gaagagtgat 720
agttgtggat 780
gaacacaaca 840
tgttgttggt 900
gcacgtcatc 960
agtacagaga 1020
aacaatggtc 1080
tcecatcgatt 1140
tttgaaagaa 1200
tcagtcaaca 1260
tatggttact 1320
acaagaatta 1380

1398

Met Lys Lys Val Ser Phe Trp Leu Gly Ile Asn Ile Ala Leu Leu Gly

1

5

10

15
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Ile Met Val Ser Leu Ala Val Trp Leu Phe Ala Gly Leu Gln Glu Arg
20 25 30

Gln Val Ser Gln Phe Ile Glu Glu Lys Gln Gln Thr Ile Leu Ala Lys
35 40 45

Gly Lys Gly Lys Ile Gln Glu Gly Asn Ile Asp Thr Thr His Val Val
50 55 60

Ala Ala Leu Pro Thr Asp Asp Ala Gly His Val Leu Gly Pro Val Glu
65 70 75 80

Ser Arg Met Ile Ser Tyr Val Gln Arg Arg Phe Gly His Lys Lys Pro
85 90 95

Ala Gly Lys Ile Gln Lys Leu Val Phe Val Ser Ser Ile Glu Gly Lys
100 105 110

Thr Asn Phe Lys Asn Val Thr Ala Arg Glu Ile Gln Ala Glu His Tyr
115 120 125

Lys Val Asp Asn Leu Gln Ile Lys Lys Gln Asp Lys Leu Pro Ser Glu
130 135 140

Arg Val Leu Leu Thr Gln Asp Asn Glu Leu Phe Thr Leu Glu Asp Leu
145 150 155 160

Leu Pro Asn Leu Ser Ser Ala Ala Ser Ile Ile Val Asp His Leu Arg
165 170 175

Glu Ala Leu Leu Ala Gln Gly Met Lys Glu Thr Asp Val Glu Ala Ile
180 185 190

Val Lys Lys Phe Glu Thr Leu Asp Leu Asn Ala Ile Ser Phe Ser Tyr
195 200 205

Gly Asp Ser Gln Leu Thr Leu Gln Leu Pro Asp Gly Tyr Gly Ile Asn
210 215 220

Gln Leu Val Leu Pro Ile Ser Asp Leu Tyr Pro Val Val Lys Ser Asp
225 230 235 240

Tyr Leu Val Asp Ala Asp Lys Val Gly Tyr Asp Glu Tyr Met Ala Ala
245 250 255

Gln Val val Asp Lys Lys His Leu Arg Gln Val Ala Leu Thr Phe Asp
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Asp

Lys

Gly

305

Ala

Gln

Thr

Gln

Asn

385

Ile

His

Gly

Leu

Gln
465

Gly

Tyr

290

Asn

Asn

val

Gly

Ala

370

Ser

Lys

Gln

Glu

Asn
450

<210>
<21l>

<212>

<213>

<400>

260

Pro Asn Pro Asn Thr
275

Asn Ala Lys Ala Thr
295

Glu Ala Ile Leu Arg
310

His Thr Trp Asn His
325

Gln Arg Glu Ile Gln
340

Ile Val Pro Thr Met
355

Val Val Asn Gln Met
375

Lys Asp Trp Lys Ser
390

Glu Gln Thr Cys Pro
405

Ser Thr Val Asp Ser
420

Gly Tyr Asn Met Val
435

Pro Gln Leu Ile Tyr
455

150
741

DNA

Streptococcus suis

150

Thr

280

Phe

Arg

Pro

Asp

Val

360

Gly

Arg

Gly

Leu

Thr

440

Tyx

265

Pro

Phe

Met

Asn

Thr

345

Arg

Leu

Asn

Ser

Glu

425

val

Ser

62/66

val

val

vVal

Leu

330

Gln

Pro

Pro

Pro

Ile

410

Ser

Thx

Gln

val

val

Ala

315

val

Ala

Pro

Ser

Gln

395

Ile

Val

Asp

Glu

Leu

Gly

300

Glu

Thr

Ala

Tyr

Ile

380

Ala

Leu

Leu

Leu

Leu
460

Asp

285

Lys

Gly

Ile

Ile

Gly

365

Tyr

Ile

Met

Gln

Leu

445

Ser

270

Leu

Ala

His

Ser

Thr

350

Ser

Trp

Leu

His

Tyr

430

Ala

Gly

Leu

Vval

val

Gly

335

Glu

Val

Ser

Lys

Asp

415

Leu

Ser

Pro

PCT/IB2005/003324

Lys

val

Ile

320

Glu

Ala

Asn

vVal

Glu

400

Ile

Thr

Pro

Ala
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atggctcaat taaaaatcaa tgtccatgac ttacacaagt
ctcaaaggta ttactgctaa gttctatgaa ggcgatgttg
ggttcaggta aatcgacctt ccttcgtaca atgaacttac
caagtaacag tcgatggata tgacttaacc gaccctaaga
tcaaatgtcg gaatggtatt ccaacacttc aacctcttcc
aatatcacat ttgcgccaat cgaacacaaa ttgatggaca
ggcatggaat tattggaaaa agttggattg gcagacaaac
ctttcaggtg gtcagaagca acgtgttget atcgctcegtg
atcatgctet tcgacgaacc aacttctgecc cttgacccetg
aacgttatga aagacttggc tgagcaaggt atgaccatgt
ggctttgece gcaaggttge taatcgcgtt atcttcactg
gatggtacac cagagcaaat ctttgataac ccacaacatc
gataaggtct tgaacgtcta a
<210> 151
<211> 246
<212> PRT
<213> Streptococcus suils
<400> 151
Met Ala Gln Leu Lys Ile Asn Val His Asp Leu
1 5 10
Lys Asn Glu Val Leu Lys Gly Ile Thr Ala Lys

20 25
Val Val Cys Ile Ile Gly Pro Ser Gly Ser Gly
35 40
Arg Thr Met Asn Leu Leu Glu Thr Ile Thr Ser
50 55
Asp Gly Tyr Asp Leu Thr Asp Pro Lys Thr Asp
65 70 75
Ser Asn Val Gly Met Val Phe Gln His Phe Asn
85 90
Ser Val Leu Asp Asn Ile Thr Phe Ala Prxo Ile
100 105

PCT/IB2005/003324

cttatggtaa aaacgaggtc 60
tttgtatcat cggtccttct 120
ttgaaaccat tacaagtggt 180
cagatgttga cgcctteegt 240
ctcatatgtc tgtacttgac 300
agtctgaage tgaaaaggtc 360
gcgacgctat gccagacagc 420
ccctegetat gaacccagac 480
aaatggttgg cgatgtactc 540
taatcgtcac acacgagatg 600
atggcggtga gttccttgaa 660
cacgtttaca agacttcctt 720

741
His Lys Ser Tyr Gly

15
Phe Tyr Glu Gly Asp
30
Lys Ser Thr Phe Leu
45
Gly Gln Val Thr Val
60
Val Asp Ala Phe Arg
80
Leu Phe Pro His Met
95
Glu His Lys Leu Met
110
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Asp Lys Ser Glu Ala Glu Lys Val Gly Met Glu
115 120
Gly Leu Ala Asp Lys Arg Asp Ala Met Pro Asp
130 135
Gln Lys Gln Arg Val Ala Ile Ala Arg Ala Leu
145 150 155
Ile Met Leu Phe Asp Glu Pro Thr Ser Ala Leu
165 170
Gly Asp Val Leu Asn Val Met Lys Asp Leu Ala
180 185
Met Leu Ile Val Thr His Glu Met Gly Phe Ala
195 200
Arg Val Ile Phe Thr Asp Gly Gly Glu Phe Leu
210 215
Glu Gln Ile Phe Asp Asn Pro Gln His Pro Arg
225 230 235
Asp Lys Val Leu Asn Val
245
<210> 152
<211> 1038
<212> DNA
<213> Streptococcus suis
<400> 152
atgaaacaag cagtagcagt tatttttggg acctttgcte
gacctgattc aacgagccaa gcgggaatgce gatcgggegg
aaaaatgacc gtggtcatca gattggtctc ggtttgcaga
gaaaccttca acgacgagcce tctggtatcc gtctttaage
ccttatccag aaggttggge accttggtta gaagccttge
gagaacgaag agctcgtctt ctacgtttcg gagcaggaat
cgtggttteca aggcttcctt tacagagcga aattttggca
gagcagtcgg ctaagtattg gaatatgatt gccaagcctt
aatatcttgg tggttggctc tgcttcaaat ggtaaaacca

PCT/IB2005/003324

Leu Leu Glu Lys Val
125

Ser Leu Ser Gly Gly
140
Ala Met Asn Pro Asp

160
Asp Pro Glu Met Val

175
Glu Gln Gly Met Thr
190
Arg Lys Val Ala Asn
205

Glu Asp Gly Thr Pro
220
Leu Gln Asp Phe Leu

240
ccatgcacaa gggtcatatt 60
tcgtcategt gtecgggcetat 120
aacgtttceg ctatatccege 180
tagacgagga gggaatgccc 240
aggccttggt ggcgattaag 300
atgccgaaga gttgegttcect 360
tttcagccac tcttatcege 420
tccgecgtea tttttcectaag 480
cgctagtgeg ggatttgggg 540
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cgttattatt cctgtcctgt ttcgctggaa tatgecccget
gtgcgtgatg atgagttgac aggcaaggac tacaactatc
cagacctcag acctgattga ctcggatacc aatcgtggte
gcgaccgtga cggaagccta ctacgactac tacatcggcg
tcgetetgtg ctgatacggt taagaatgaa aaatgggacc
acaggctctt atgtggatga cggttttcgg gatatgacaa
aatgccttta ccgaacattt gaaagaactg gttgctaaaa
gecctttatceg gtgggtctta tgcagaaaat tatgccaagg
atctatcagg aattttag
<210> 153
<211> 345
<212> PRT
<213> Streptococcus suis
<400> 153
Met Lys Gln Ala Val Ala Val Ile Phe Gly Thr
1 5 10
Lys Gly His Ile Asp Leu Ile Gln Arg Ala Lys

20 25
Ala Val val Ile Val Ser Gly Tyr Lys Asn Asp
35 40
Gly Leu Gly Leu Gln Lys Arg Phe Arg Tyr Ile
50 55
Asp Glu Pro Leu Val Ser Val Phe Lys Leu Asp
65 70 75
Pro Tyr Pro Glu Gly Trp Ala Pro Trp Leu Glu
85 90
Val Ala Ile Lys Glu Asn Glu Glu Leu Val Phe
100 105
Glu Tyr Ala Glu Glu Leu Arg Ser Arg Gly Phe
115 120
Glu Arg Asn Phe Gly Ile Ser Ala Thr Leu Ile
130 135

actaccagca
tecttgacggg
tggtcattgce
aaacttctag
tgattatctt
tggctgacge
atcacccgea

ctatcgagcet

Phe Ala Pro

Arg Glu Cys

30

Arg Gly His

45

Arg Glu Thr

60

Glu Glu Gly

Ala Leu Gln

Val Ser

110

Tyr

Ala
125

Lys Ser

Arg Glu Gln

140

PCT/IB2005/003324
acgttacaat 600
ccagtatcge 660
ggacaccaac 720
ttctttecac 780
tgttctaccg 840
agaaattcgce 900
ggcttcgetg 960
aatcgatget 1020

1038
Met His
15
Asp Arg
Gln Ile
Phe Asn
Met Pro

80

Ala Leu
95

Glu Gln
Phe Thr
Ser Ala



Lys

145

Asn

Arg

Arg

Lys

Leu

225

Ala

Ser

Asp

Phe

Glu

305

Ala

Leu
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Tyr

Ile

Asp

Tyr

Asp

210

Ile

Thr

Ser

Leu

Arg

290

His

Phe

Ile

Trp

Leu

Leu

Tyr

195

Tyxr

Asp

val

Phe

Ile

275

Asp

Leu

Ile

Asp

Asn

vVal

Gly

180

Gln

Asn

Ser

Thr

His

260

Ile

Met

Lys

Gly

Ala
340

Met

val

165

Arg

Gln

Tyr

Asp

Glu

245

Ser

Phe

Thr

Glu

Gly

325

Ile

Ile

150

Gly

Tyx

Arg

Leu

Thr

230

Ala

Leu

Val

Met

Leu

310

Ser

Tyx

Ala

Ser

Tyr

Tyr

Leu

215

Asn

Tyr

Cys

Leu

Ala

295

Val

Tyr

Gln

Lys

Ala

Ser

Asn

200

Thxr

Arg

Tyxr

Ala

Pro

280

Asp

Ala

Ala

Glu

Pro

Ser

Cys

185

val

Gly

Gly

Asp

Asp

265

Thr

Ala

Lys

Glu

Phe
345
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Phe

Asn

170

Pro

Arg

Gln

Leu

Tyr

250

Thr

Gly

Glu

Asn

Asn
330

Arg

155

Gly

Val

Asp

Tyr

Val

235

Tyr

Val

Ser

Ile

His

315

Tyr

Arg

Lys

Ser

Asp

Arg

220

Ile

Ile

Lys

Tyr

Arg

300

Pro

Ala

His

Thr

Leu

Glu

205

Gln

Ala

Gly

Asn

Val

285

Asn

Gln

Lys

Phe

Thr

Glu

190

Leu

Thr

Asp

Glu

Glu

270

Asp

Ala

Ala

Ala

Ser

Leu

175

Tyr

Thr

Ser

Thr

Thr

255

Lys

Asp

Phe

Ser

Ile
335
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Lys

160

Val

Ala

Gly

Asp

Asn

240

Ser

Trp

Gly

Thr

Leu

320

Glu



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

