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IMMUNOGENIC COMPOSITION

Technical Field

The present invention relates to the field of Staphylococcal immunogenic compositions
and vaccines, their manufacture and the use of such compositions in medicine. More
particularly, it relates to vaccine compositions comprising type 5 and/or 8 polysaccharides
from S. aureus in which the degree of O-acetylation is between 30-100%. Methods for the
treatment or prevention of staphylococcal infections using such vaccines are also

provided.

Background

The number of both community acquired and hospital acquired infections have increased
over recent years with the increased use of intravascular devices. Hospital acquired
(nosocomial) infections are a major cause of morbidity and mortality, more particularly in
the US, where they affect more than 2 million patients annually. Following various
studies, about 6 percent of the US patients will acquire an infection during their stay in
hospital. The economic burden in the USA was estimated to be more than $4.5 billion in
1992 (Emori and Gaynes, 1993, Clin. Microbiol. Rev. 6; 428). The most frequent
infections are urinary tract infections (UTI-33% of the infections), followed by pneumonia
(15.5%), surgical site infections (14.8%) and primary bloodstream infections (13%) Emori
and Gaynes, 1993, Clin. Microbiol. Rev. 6; 428).

Staphylococcus aureus, Coagulase-negative Staphylococci (mostly Staphylococcus
epidermidis), enterococcus spp, Esherichia coli and Pseudomonas aeruginosa are the
major nosocomial pathogens. Although those pathogens almost cause the same number
of infections, the severity of the disorders they can produce combined with the frequency
of antibiotic resistant isolates balance this ranking towards S. aureus and S. epidermidis

as being the most significant nosocomial pathogens.

Staphylococcus aureus is the most common cause of nosocomial infections with a

significant morbidity and mortality (Romero-Vivas et al 1995, Infect. Dis. 21; 1417). It is
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the cause of some cases of osteomyelitis, endocarditis, septic arthritis, pneumonia,

abscesses and toxic shock syndrome.

S. epidermidis is a normal skin commensal which is also an important opportunistic
pathogen responsible for infections of implanted medical devices and infections at sites of
surgery. Medical devices infected by S. epidermidis include cardiac pacemakers,
cerebrospinal fluid shunts, continuous ambulatory peritoneal dialysis catheters,

orthopaedic devices and prosthetic heart valves.

S. aureus and S. epidermidis infections are treated with antibiotics, with penicillin being
the drug of choice whereas vancomycin is used for methicillin resistant isolates. The
percentage of staphylococcal strains exhibiting wide-spectrum resistance to antibiotics
has become increasingly prevalent since the 1980's (Panlilo et al 1992, Infect.Control.
Hosp. Epidemiol. 13; 582), posing a threat for effective antimicrobial therapy. In addition,
the recent emergence of vancomycin resistant S. aureus strain has aroused fear that
methicillin resistant S. aureus strains will emerge and spread for which no effective

therapy is available.

An alternative approach of using antibodies against staphylococcal antigens in passive
immunotherapy has been investigated. Therapy involving administration of polyclonal
antisera are under development (WO 00/15238, WO 00/12132) as well as treatment with
a monoclonal antibody against lipoteichoic acid (WO 98/57994).

An alternative approach would be use of active vaccination to generate an immune
response against staphylococci. Several candidates for inclusion as vaccine components
have been identified. These include Fibronectin binding protein (US5840846), MHC I
analogue (US5648240), fibrinogen binding protein (US6008341), GehD (US
2002/0169288), collagen binding protein (US6288214), SdrF, SdrG and SdrH (WO
00/12689), mutant SEA and SEB exotoxins (WO 00/02523) and 52kDa vitronectin binding
protein (WO 01/60852).

The S. aureus genome has been sequenced and many of the coding sequences have
been identified (EP786519, W002/094868). The same is true for s. epidermidis (WO

01/34809). As a refinement of this approach, others have identified proteins that are
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recognised by hyperimmune sera from patients who have suffered staphylococcal

infection (WO01/98499, WO 02/059148).

The first generation of vaccines targeted against S. aureus or against the exoproteins it
produces have met with limited success (Lee 1996 Trends Microbiol. 4; 162). There

remains a need to develop effective vaccines against staphylococcal infections.
Description of Figures

Figure 1 - Polypeptide sequences of proteins for inclusion in an immunogenic
composition. Table 1 provides information on which protein is represented by each SEQ
ID.

Figure 2 - Nucleotide sequences encoding proteins for inclusion in an immunogenic
composition. Table 1 provides information on which protein is encoded by each SEQ ID.

Figure 3 - Purification of alpha toxin under native conditions. Panel A shows a
coommassie stained SDS-PAGE of samples prepared during the purification of alpha
toxin. Lane 1 - molecular weight markers, lane 2 - soluble fraction containing over-
expressed alpha toxin, lane 3 - flow through from the Ni-NTA column, lane 4 - fractions
eluted with 10% buffer B, lane 5 - fractions eluted with 20% buffer B, lane 6 - fractions
eluted with 30% buffer B, lane 7 - fractions eluted with 50% buffer B, lane 8 - fractions
eluted with 75% buffer B, lane 9 and 10 fractions eluted with 100% buffer B, lane 11
bacteria at T=0 before induction, lane 12 - bacteria at T=4 hours after induction, lane 13 -
cell lysate, lane 14 - soluble fraction, lane 15 - insoluble fraction.

Panel B shows a coommassie stained SDS-PAGE of 10, 5, 2 and 1l of the purified alpha
toxin.

Figure 4 - Purification of SdrC underdenaturing conditions. Panel A shows a coommassie
stained SDS-PAGE of samples prepared during the purification of alpha toxin. Lane M -
molecular weight markers, lane Start - supernatant framed from the insoluble fraction
containing over-expressed SdrC, lane FT1 - flow through from the Ni-NTA column, lane C
- fractions eluted with wash buffer C, lane D - fractions eluted with buffer D, lane E -
fractions eluted with buffer E.

Panel B shows a coommassie stained SDS-PAGE of 1,2, 5 and 10yl of the purified SdrC.

Figure 5 - ELISA results for antisera against staphylococcal proteins in plates coated
with purified proteins.
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Pool mice pre - result using pooled sera extracted from mice pre-innoculation. Pool mice
Post 11 - result using pooled mouse sera extracted post-immunisation. Pool rabbit pre -
result using pooled sera extracted from rabbits pre-innoculation. Pool rabbit Post Il -
result using pooled rabbit sera extracted post-immunisation. Blc- negative contol.

Figure 6 - ELISA results for mouse antisera raised against staphylococcal proteins in
plates coated with killed staphylococci.

Panel A uses plates coated with S. aureus serotype 5 killed whole cells. Panel B uses
plates coated with S. aureus serotype 8 killed whole cells. Panel C uses plates coated
with S. epidermidis killed whole cells.

The line marked with square signs shows the ELISA result using antisera from mice
immunised three times with the indicated staphylococcal protein. The line marked with
diamond signs shows the ELISA result for pre-immune mouse sera.

Figure 7 - ELISA results for rabbit antisera raised against staphylococcal proteins in
plates coated with killed staphylococci.

Panel A uses plates coated with S. aureus serotype 5 killed whole cells. Panel B uses
plates coated with S. aureus serotype 8 killed whole cells. Panel C uses plates coated
with S. epidermidis killed whole cells.

The line marked with square signs shows the ELISA result using antisera from rabbits
immunised three times with the indicated staphylococcal protein (except for HarA where
only one immunisation was given). The line marked with diamond signs shows the ELISA
result for pre-immune rabbit sera.

Detailed description

The present invention discloses immunogenic compositions which comprise S. aureus
polysaccharides Type 5 and/or 8 in which the Type 5 and/or Type 8 capsular
polysaccharide or oligosaccharide is between 30% and 100% O-acetylated. In particular
embodiments, the immunogenic composition of the invention additionally comprises
PNAG or staphylococcal protein(s). PNAG is highly conserved among Gram positive
bacteria and provides protection against a broad range of bacteria whereas Type 5 and 8
polysaccharides are potent immunogens that elicit an immune response against most

strains of S. aureus which is the most common cause of nosocomial infection.
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Polysaccharides

The immunogenic compositions of the invention comprise PNAG and type 5 and 8
polysaccharides from S. aureus either or both of which are between 30% and 100% O-
acetylated.

Poly N-acetylated glucosamine (PNAG)

PNAG is a polysaccharide intercellular adhesin and is composed of a polymer of -

(1 —6)-linked glucosamine, optionally substituted with N-acetyl and/or O-succinyl
constituents. This polysaccharide is present in both S. aureus and S. epidermidis and can
be isolated from either source (Joyce et al 2003, Carbohydrate Research 338; 903; Maira-
Litran et al 2002, Infect. Imun. 70; 4433). For example, PNAG may be isolated from S.
aureus strain MN8m (WO 04/43407). The preparation of dPNAG is described in WO
04/43405.

The polysaccharide previously known as poly-N-succinyl- B-(1 -»6)-glucosamine (PNSG)
was recently shown not to have the expected structure since the identification of N-
succinylation was incorrect (Maira-Litran et al 2002, Infect. Imun. 70; 4433). Therefore the
polysaccharide formally known as PNSG and now found to be PNAG is also

encompassed by the term PNAG.

PNAG may be of different sizes varying from over 400kDa to between 75 and 400kDa to
between 10 and 75kDa to oligosaccharides composed of up to 30 repeat units (of -
(1 —6)-linked glucosamine, optionally substituted with N-acetyl and O-succinyl
constituents). Any size of PNAG polysaccharide or oligosaccharide may be use in an
immunogenic composition of the invention, for example a size of over 40kDa can be used.
Sizing may be achieved by any method known in the art, for instance by microfluidisation,
ultrasonic irradiation or by chemical cleavage (WO 03/53462, EP497524, EP497525).

Size ranges of PNAG are for example 40-400kDa, 50-350kDa, 40-300kDa, 60-300kDa,
50-250kDa and 60-200kDa.

PNAG can have different degree of acetylation due to substitution on the amino groups by

acetate. PNAG produced in vitro is almost fully substituted on amino groups (95-100%).
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Alternatively, a deacetylated PNAG can be used having less than 50%, 40%, 30%, 20%,
10% or 5% N-acetylation. Use of a deacetylated PNAG allows opsonic killing of Gram
positive bacteria, optionally S. aureus and/or S. epidermidis (WO 04/43405). In an
embodiment, the PNAG has a size between 40kDa and 300kDa and is deacetylated so
that less than 50%, 40%, 30%, 20%, 10% or 5% of amino groups are N acetylated.

In an embodiment, the PNAG is not O-succinylated or is O-succinylated on less than 25,
20, 15, 10, 5,2, 1 0r 0.1% of residues.

The term deacetylated PNAG (dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 50%, 40%, 30%, 20%, 10% or 5% of the amino
groups are acetylated.

As used herein, the term PNAG encompasses both acetylated and deacetylated forms of
the saccharide.

In an embodiment, PNAG is deacetylated to form dPNAG, by chemically treating the
native polysaccharide. For example, the native PNAG is treated with a basic solution such
that the pH rises to above 10. For instance the PNAG is treated with 0.1-5M, 0.2-4M, 0.3-
3M, 0.5-2M, 0.75-1 .5M or 1M NaOH , KOH or NH4OH. Treatment is for at least 10 or 30
minutes, or 1, 2, 3, 4,5, 10, 15 or 20 hours at a temperature of 20-1 00, 25-80, 30-60 or

30-50 or 35-45 9C. dPNAG may be prepared as described in WO 04/43405.

In an embodiment, the polysaccharide(s) included in the immunogenic composition of the
invention are conjugated to a carrier protein as described below or alternatively

unconjugated.

Type 5 and Type 8 polysaccharides from S. aureus

Most strains of S. aureus that cause infection in man contain either Type 5 or Type 8
polysaccharides. Approximately 60% of human strains are Type 8 and approximately 30%
are Type 5. The structures of Type 5 and Type 8 capsular polysaccharide antigens are
described in Moreau et al Carbohydrate Res. 201 ; 285 (1990) and Fournier et al Infect.
Immun. 45; 87 (1984). Both have FucNAcp in their repeat unit as well as ManNAcA which

can be used to introduce a sulfhydryl group.
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Recently (Jones Carbohydrate Research 340, 1097-1 106 (2005)) NMR spectroscopy

revised the structures of the capsular polysaccharides to :

Type 5

- 4)-B-D-Man NACA-(I - 4)-da-L-FucNAc(30Ac)-(1 - 3)-B-D-FucNAc-(1 -
Type 8

- 3)--D-ManNAcA(40Ac)-(1 - 3)-a-L-FucNAc(1 - 3)-0-D-FucNAc(l -

Polysaccharides may be extracted from the appropriate strain of S. aureus using methods
well known to the skilled man, for instance as described in US6294177 or Infection and
Immunity (1990) 58(7); 2367. For example, ATCC 12902 is a Type 5 S. aureus strain and
ATCC 12605 is a Type 8 S. aureus strain.

Polysaccharides are of native size or alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or by chemical treatment. The invention also covers
oligosaccharides derived from the type 5 and 8 polysaccharides from S. aureus.

The type 5 and/or 8 capsular polysaccharide or oligosaccharides included in the
immunogenic composition of the invention are O-acetylated. In an embodiment, the
degree of O-acetylation of type 5 capsular polysaccharide or oligosaccharide is 10-100%,
20-100%, 30-100%, 40-100%, 50-100%. 60-100%, 70-100%, 80-100%, 90-100%, 50-
90%, 60-90%, 70-90% or 80-90%. In an embodiment, the degree of O-acetylation of type
8 capsular polysaccharide or oligosaccharide is 10-100%, 20-100%, 30-100%, 40-100%,
50-100%. 60-100%, 70-100%, 80-100%, 90-100%, 50-90%, 60-90%, 70-90% or 80-90%.
In an embodiment, the degree of O-acetylation of type 5 and type 8 capsular
polysaccharides or oligosaccharides is 10-100%, 20-100%, 30-100%, 40-100%, 50-100%.
60-1 00%, 70-1 00%, 80-1 00%, 90-1 00%, 50-90%, 60-90%, 70-90% or 80-90%.

The degree of O-acetylation of the polysaccharide or oligosaccharide can be determined
by any method known in the art, for example, by proton MMR ( Lemercinier and Jones
1996, Carbohydrate Resarch 296; 83-96, Jones and Lemercinier 2002, J Pharmaceutical
and Biomedical analysis 30; 1233-1247, WO 05/033148 or WO 00/56357). A further
commently used method is that described by Hestrin (1949) J. Biol. Chem. 180; 249-261.
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O-acetyl groups can be removed by hydrolysis, for example by treatment with a base
such as anhydrous hydrazine (Konadu et al 1994; Infect. Immun. 62; 5048-5054) or
treatment with 0.1 N NaOH for 1-8 hours. In order to maintain high levels of O-acetylation
on type 5 and/or 8 polysaccharide or oligosaccharide, treatments which would lead to
hydrolysis of the O-acetyl groups are minimised. For example treatment at extremes of pH

are minimised.

The type 5 and 8 polysaccharides included in the immunogenic composition of the
invention are optionally conjugated to a carrier protein as described below or are

alternatively unconjugated.

The immunogenic compositions of the invention alternatively contains either type 5 or type
8 polysaccharide.

S. aureus 336 antigen

In an embodiment, the immunogenic composition of the invention comprises the S.
aureus 336 antigen described in US6294177.

The 336 antigen comprises [-linked hexosamine, contains no O-acetyl groups and
specifically binds to antibodies to S. aureus Type 336 deposited under ATCC 55804.

In an embodiment, the 336 antigen is a polysaccharide which is of native size or
alternatively may be sized, for instance by microfluidisation, ultrasonic irradiation or by
chemical treatment. The invention also covers oligosaccharides derived from the 336
antigen.

The 336 antigen, where included in the immunogenic composition of the invention is
optionally conjugated to a carrier protein as described below or are alternatively
unconjugated.

Type 1, Il and 1l polysaccharides from S. epidermidis

Strains ATCC-31432, SE-360 and SE-10 of S. epidermidis are characteristic of three
different capsular types, 1, Il and Il respectively (Ichiman and Yoshida 1981, J. Appl.
Bacteriol. 51; 229). Capsular polysaccharides extracted From each serotype of S.
epidermidis constitute Type 1, Il and Il polysaccharides. Polysaccharides may be
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extracted by serval methods including the method described in US4197290 or as
described in Ichiman et al 1991, J. Appl. Bacteriol. 71; 176.

In one embodiment of the invention, the immunogenic composition comprises type |
and/or 11 and/or 1l polysaccharides or oligosaccharides from S. epidermidis.

Polysaccharides are of native size or alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or chemical cleavage. The invention also covers
oligosaccharides extracted from S. epidermidis strains.

These polysaccharides are unconjugated or are optionally conjugated as described
below.

Conjugation of polysaccharides

Amongst the problems associated with the use of polysaccharides in vaccination, is the
fact that polysaccharides per se are poor immunogens. Strategies, which have been
designed to overcome this lack of immunoge Ticity, include the Ilinking of the
polysaccharide to large protein carriers, which provide bystander T-cell help. In an
embodiment, the polysaccharides utilised in the invention are linked to a protein carrier
which provide bystander T -cell help. Examples of these carriers which may be used for
coupling to polysaccharide or oligosaccharide immunogens include the Diphtheria and
Tetanus toxoids (DT, DT Crml197 and TT), Keyhole Limpet Haemocyanin (KLH),
Pseudomonas aeruginosa exoprotein A (rEPA) and the purified protein derivative of
Tuberculin (PPD), protein D from Haemophilus influenzae, pneumolysin or fragments of
any of the above. Fragments suitable for use include fragments encompassing T-helper
epitopes. In particular protein D fragment will optionally contain the N-terminal 1/3 of the
protein. Protein D is an IgD- binding protein from Haemophilus influenzae (EP 0 594 610
B1).

An alternative carrier protein to use in the immunogenic composition of the invention is a
single staphylococcal protein or fragment thereof or a fusion protein comprising at least or
exactly 1, 2, 3 or 4 or more of the staphylococcal proteins or fragments thereof listed in

the section below.
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A new carrier protein that would be particularly advantageous to use in the context of a
staphylococcal vaccine is staphylococcal alpha toxoid. The native form may be
conjugated to a polysaccharide since the process of conjugation reduces toxicity.
Optionally a genetically detoxified alpha toxin such as the His35Leu or His 35 Arg variants
are used as carriers since residual toxicity is lower. Alternatively the alpha toxin is
chemically detoxified by treatment with a cross-linking reagent, formaldehyde or
glutaraldehyde. A genetically detoxified alpha toxin is optionally chemically detoxified,
optionally by treatment with a cross-linking reagent, formaldehyde or glutaraldehyde to

further reduce toxicity.

The polysaccharides may be linked to the carrier protein(s) by any known method (for
example, by Likhite, U.S. Patent 4,372,945 by Armor et al.,, U.S. Patent 4,474,757, WO
and Jennings et al.,, U.S. Patent 4,356,170). Optionally, CDAP conjugation chemistry is
carried out (see W095/08348).

In CDAP, the cyanylating reagent 1-cyano-dimethylaminopyridinium tetrafluoroborate
(CDAP) is optionally used for the synthesis of polysaccharide-protein conjugates. The
cyanilation reaction can be performed under relatively mild conditions, which avoids
hydrolysis of the alkaline sensitive polysaccharides. This synthesis allows direct coupling

to a carrier protein.

The polysaccharide may be solubilized in water or a saline solution. CDAP may be
dissolved in acetonitrile and added immediately to the polysaccharide solution. The
CDAP reacts with the hydroxyl groups of the polysaccharide to form a cyanate ester.
After the activation step, the carrier protein is added. Amino groups of lysine react with
the activated polysaccharide to form an isourea covalent link. After the coupling reaction,
a large excess of glycine is then added to quench residual activated functional groups.
The product is then passed through a gel permeation column to remove unreacted carrier
protein and residual reagents.

Proteins

The immunogenic composition of the invention optionally further comprises a
staphylococcal protein, for example a protein from S. aureus or S. epidermidis. Some

embodiments of the invention contain proteins from both S. aureus and S. epidermidis.

10
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Immunogenic compositions of the invention comprise an isolated protein which comprises
an amino acid sequence which has at least 85% identity, optionally at least 90%
identity, at least 95% identity, at least 97-99% or exact identity, to that of any sequence

of figure 1.

Where a protein is specifically mentioned herein, it is optionally a reference to a native or
recombinant , full-length protein or optionally a mature protein in which any signal sequence
has been removed. The protein may be isolated directly from the staphylococcal strain or
produced by recombinant DNA technigues. Immunogenic fragments of the protein may be
incorporated into the immunogenic composition of the invention. These are fragments
comprising at least 10 amino acids, at least 20 amino acids, at least 30 amino acids, at least
40 amino acids, at least 50 amino acids or at least 100 amino acids, taken contiguously
from the amino acid sequence of the protein. In addition, such immunogenic fragments are
typically immunologically reactive with antibodies generated against the Staphylococcal
proteins or with antibodies generated by infection of a mammalian host with Staphylococci
or contain T cell epitopes. In an embodiment, immunogenic fragments also includes
fragments that when administered at an effective dose, (either alone or as a hapten bound
to a carrier), elicit a protective immune response against Staphylococcal infection, optionally
it is protective against S. aureus and/or S. epidermidis infection. Such an immunogenic
fragment may include, for example, the protein lacking an N-terminal leader sequence,
and/or a transmembrane domain and/or a C-terminal anchor domain. In an embodiment,
the immunogenic fragment according to the invention comprises substantially all of the
extracellular domain of a protein which has at least 85%, 90%, 95%, 97% or 99% identity, to

that a sequence selected from Figure 1 over the entire length of the fragment sequence.

In an embodiment, immunogenic compositions of the invention may contain fusion
proteins of Staphylococcal proteins, or fragments of staphylococcal proteins. Such fusion
proteins may be made recombinantly and may comprise one portion of at least 2, 3, 4,5
or 6 staphylococcal proteins, for example the combinations of staphylococcal proteins
listed below. Alternatively, a fusion protein may comprise multiple portions of at least 2, 3,
4 or 5 staphylococcal proteins. These may combine different Staphylococcal proteins or
fragments thereof in the same protein. Alternatively, the invention also includes individual
fusion proteins of Staphylococcal proteins or fragments thereof, as a fusion protein with
heterologous sequences such as a provider of T-cell epitopes or purification tags, for

example: [B-galactosidase, glutathione-S-transferase, green fluorescent proteins (GFP),

11
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epitope tags such as FLAG, myc tag, poly histidine, or viral surface proteins such as
influenza virus haemagglutinin, or bacterial proteins such as tetanus toxoid, diphtheria
toxoid, CRM197. The fusion protein may be present in the immunogenic composition of

the invention as a free protein or it may be a carrier protein linked to a saccharide.

Proteins

In an embodiment, the immunogenic composition of the invention further comprises one
or more of the proteins mentioned below or immunogenic fragments thereof. Many of the
proteins fall into the categories of extracellular component binding proteins, transporter
proteins or toxins and regulators of virulence. The immunogenic composition of the
invention optionally further comprises a staphylococcal extracellular component binding
protein or a staphylococcal transporter protein or a staphylococcal toxin or regulator of
virulence. The immunogenic composition of the invention optionally comprises at least or

exactly 1, 2, 3, 4, 5 or 6 staphylococcal proteins.

Table 1
The following table sets out the SEQ ID numbers of preferred protein sequences and DNA
sequences that are found in Figure 1 and Figure 2 respectively. SA indicates a sequence
from s. aureus and SE indicates a sequence from S. epidermidis.

Name Protein sequence DNA sequence
Immunodominant ABC transporter
SA SEQID1 SEQ ID 34
SE SEQID 2 SEQ ID 35
Laminin receptor
SA SEQID 3 SEQ ID 36
SE SEQID 4 SEQ ID 37
Secretory Antigen A SsaA
SA1 SEQID S SEQ ID 38
SA 2 SEQID 6 SEQ ID 39
SE SEQID7 SEQ ID 40
SitC
SA SEQID 8 SEQ ID 41
SE SEQID9 SEQ ID 42
IsaA / PisA (IssA)
SA SEQID 10 SEQ ID 43
SE SEQID 11 SEQ ID 44

12
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EbhA/B
SA EbhA SEQID 12 SEQ ID 45
SA EbhB SEQID 13 SEQ ID 46
SE EbhA SEQ ID 14 SEQ ID 47
SE EbhB SEQID 15 SEQID 48
Accumulation-assoc pro Aap
SA SEQID 16 SEQ ID 49
SE SEQID 17 SEQ ID 50
RNA Il activating protein RAP
SA SEQID 18 SEQ ID 51
SE SEQ ID 19 SEQ ID 52
FIG / SdrG
SA SEQID 20 SEQ ID 53
SE SEQ ID 21 SEQ ID 54
Elastin binding protein EbpS
SA SEQID 22 SEQ ID 55
SE SEQID 23 SEQ ID 56
Extracellular protein EFB SA SEQ ID 24 SEQ ID 57
alpha toxin SA SEQ ID 25 SEQ ID 58
SBI SA SEQ ID 26 SEQ D 59
IsdA SA SEQ ID 27 SEQ ID 60
IsdB SA SEQID 28 SEQ ID 61
SdrC SA SEQ ID 29 SEQ ID 62
CIfA SA SEQID 30 SEQID 63
FnbA SA SEQ ID 31 SEQ ID 64
CIfB SA SEQ ID 32 SEQ ID 65
Coagulase SA SEQID 33 SEQID 66
FnbB SA SEQID 67 SEQID 77
MAP SA SEQID 68 SEQID 78
HarA SA SEQ ID 69 SEQID 79
| Autolysin glucosaminidase SA SEQID 70 SEQ ID 80
Autolysin amidase SA SEQID 71 SEQ ID 81
Ebh fragment SA SEQID 72 SEQ ID 82
Autolysin Ant SA SEQID 73 SEQ ID 83
SdrC SA SEQID 74 SEQ ID 84
MRPII SA SEQID 75 SEQID 85
SdrG SA SEQID 76 SEQID 86
SdrE SA SEQID 87 SEQ ID 88
SdrD SA SEQ ID 89 SEQ ID 90
SasF SA SEQ ID 91 SEQID 92
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Extracellular component binding proteins

Extracellular component binding proteins are proteins that bind to host extracellular
components. The term includes, but is not limited to adhesins.

Examples of extracellular component binding proteins include laminin receptor (Naidu et
al J. Med. Microbiol. 1992, 36; 177), SitC/MntC/saliva binding protein (US5801234,
Wiltshire and Foster Infec. Immun. 2001, 69; 5198), EbhA (Williams et al Infect. Immun.
2002, 70; 6805), EbhB, Elastin binding protein (EbpS) (Park et al 1999, J. Biol. Chem.
274; 2845), EFB (FIB) (Wastfelt and Flock 1995, J. Clin. Microbiol. 33; 2347), SBI (Zhang
et al FEMS Immun. Med. Microbiol. 2000, 28; 211), autolysin (Rupp et al 2001, J. Infect.
Dis. 183; 1038), CIfA ( US6008341 , McDevitt et al Mol. Microbiol. 1994, 11; 237), SdrC,
SdrG (McCrea et al Microbiology 2000, 146; 1535), SdrH (McCrea et al Microbiology
2000, 146; 1535), Lipase GehD (US2002/01 69288), SasA (Roche et al Microbiology
2003, 149 ; 643), SasC (Roche et al Microbiology 2003, 149 ; 643), SasK (Roche et al
Microbiology 2003, 149 ; 643), FnbA (Flock et al Mol Microbiol. 1994, 12; 599,
US6054572), FnbB (WO 97/14799, Booth et al 2001 Infec. Immun. 69; 345), collagen
binding protein Cna (Visai et al 2000, J. Biol. Chem. 275; 39837), CIfB (WO 99/27109),
SdrD (WO 99/27109), SdrE (WO 99/27109), FbpA (Phonimdaeng et al 1988 J. Gen
Microbiol. 134; 75), Npase (Flock 2001 J. Bacteriol. 183; 3999), IsaA/PisA (Lonenz et al
FEMS Immuno. Med. Microbiol. 2000, 29; 145), SsaA (Lang et al FEMS Immunol. Med.
Microbiol. 2000, 29; 213), EPB (Hussain and Hermann symposium on Staph Denmark 14-
17t 2000), SSP-1 (Veenstra et al 1996, J. Bacteriol. 178; 537), SSP-2 (Veenstra et al
1996, J. Bacteriol. 178; 537), 17 kDa heparin binding protein HBP (Fallgren et al 2001, J.
Med. Microbiol. 50; 547), Vitronectin binding protein (Li et al 2001, Curr. Microbiol. 42;
361), fibrinogen binding protein, coagulase, Fig (WO 97/48727) and MAP (US5648240)

SitC/MntC/saliva  binding protein

This is an ABC transporter protein which is a homologue of adhesin PsaA in S.
pneumoniae. It is a highly immunogenic 32kDa lipoprotein which is distributed through the
bacterial cell wall (Cockayne et al Infect. Immun. 1998 66; 3767). It is expressed in S.
aureus and S. epidermidis as a 32kDa lipoprotein and a 40kDa homologue is present in
S. hominis. In S. epidermidis, it is a component of an iron-regulated operon. It shows
considerable homology to both adhesins including FimA of Streptococcus parasanguis,
and with lipoproteins of a family of ABC transporters with proven or putative metal iron
transport functions. Therefore SitC is included as an extracellular biding protein and as a
metal ion transporter.
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The saliva binding protein disclosed in US5,801,234 is also a form of SitC and can be
included in an immunogenic composition of the invention.

CIfA and CIfB

Both these proteins have fibrinogen binding activity and trigger S. aureus to form clumps
in the presence of plasma. They contain a LPXTG motif common to wall associated
proteins.

CIfA is described in US6008341 and CIfB is described in WO 99/27109.

Coaqulase (FbpA)

This is a fibrinogen binding protein which triggers S. aureus to form clumps in the
presence of plasma. It is described in references related to Coagulase : Phonimdaeng et
al (J. Gen. Microbio. 1988, 134:75-83), Phonimdaeng et al. (Mol Microbiol 1990; 4:393-
404), Cheung et al. (Infect Immun 1995; 63:1914-1920) and Shopsin et al. (J. CLin.
Microbiol. 2000; 38:3453-3456). In an embodiment, fragments for inclusion in the
immunogenic composition of the invention include the mature protein in which the signal
peptide has been removed (amino acids 27 to the C-terminus).

Coagulase has three distinct domains. Amino acids 59-297 which is a coiled coil region,
amino acids 326-505 which is a proline and glycine rich region and the C-terminal domain
from amino acid 506 to 645 which has a beta sheet conformation. Each of these domains
is a fragment which may be incorporated into the immunogenic composition of the
invention.

SdrG

This protein is described in WO 00/12689. SdrG is found in coagulase negative
staphylococci and is a cell wall associated protein containing a LPXTG sequence.

SdrG contains a signal peptide (amino acids 1-51), a region containing fibrinogen binding
sites and collagen binding sites (amino acids 51-825), two CnaB domains (amino acids
627-698 and 738-809), a SD repeat region (amino acids 825-1000) and an anchor domain
(amino acids 1009-1056).

In an embodiment fragments of SdrG include polypeptides in which the signal peptide
and/or the SD repeats and the anchor domain have been removed. These include
polypeptides comprising or consisting of amino acids 50-825, amino acids 50-633, amino
acids 50-597 (SEQ ID NO 2 of WO 03/76470), amino acids 273-597 (SEQ ID NO 4 of WO
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03/76470), amino acids 273-577 (SEQ ID NO 6 of WO 03/76470) amino acids 1-549,
amino acids 219-549, amino acids 225-549, amino acids 219-528, amino acids 225-528
of SEQ ID NO: 70 or200or 21.

Optionally, an SdrG polypeptide having a sequence at least 80%, 85%, 90%, 92%, 95%,
97%, 98%, 99% or 100% homologous to the sequence of SEQ ID NO: 70, 20 or 21 is
incorporated into the immunogenic composition of the invention.

The compositions of the invention optionally comprise a fragment of the SdrG

polypeptides described above.

In an embodiment Fragments have the signal peptide and/or the SD repeat domain and/or
the anchoring domain deleted. For example sequences corresponding to amino acids 1-
713 , 1-549, 225-549, 225-529, 24-717, 1-707, 1-690, 1-680, 1-670, 1-660, 1-650, 1-640,
1-630, 1-620, 1-610, 1-600, 34-707, 44-697, 36-689 of SEQ ID 70 or sequences having
85%, 90%, 92%, 95%, 97%, 98%, 99% or 100% identity to SEQ ID 70 or 20 or 21.

In an embodiment, fragments with the signal peptide deleted have a methionine residue at
the N-terminus of the fragment to ensure correct translation.

In an embodiment, the fragment has the following sequence:-

VEENSVQDVKDSNTDDEL SDSNDQSSDEEKNDVI NNNQS! NTDDNNQI | KKEETNNYDG EKRSEDRTESTTN
VDENEATFLQKTPQDNTHL TEEEVKESSSVESSNSS| DTAQQPSHTTI NREESVQT SDNVEDSHVSDFANSK

KESNTESGKEENTI EQPNKVK =DSTTSQPSGYTNI DEKI SNQDE

LLNLPI NEYENKARPL STTSAQPSI KRVTVNQLAAEQGSNVNHLI KVTDQSI TEGYDDSEGVI KAHDAENLI Y
DVTFEVDDKVKSGDTMIVDI DKNTVPSDL TDSFTI PKI KDNSGEI | ATGTYDNKNKQ TYTFTDYVDKYENI K
AHLKLTSYI DKSKVPNNNTKLDVEYKTAL SSVNKTI TVEYQRPNENRTANLQSMFTNI DTKNHTVEQT! Y1 NP
LRYSAKETNVNI SGNGDEGST

| | DDSTI | KVYKVGDNQNLPDSNR! YDYSEYEDVTNDDYAQLGNNNDVNI NFGNI DSPY! | KVI SKYDPNKDD
YTTI QQTVTMITTI NEYTGEFRTASYDNTI AFSTSSGQGQGDL PPEKTYKI GDYVWEDVDKDG QNTNDNEKP
LSNVLVTLTYPDGT SKSVRTDEDGKYQFDGLKNGLTYKI TFETPEGYTPTLKHSGTNPAL DSEGNSVWWTI NG
QDDMT| DSGFYQTPKYSLGNY

VWYDTNKDG QGDDEKG SGVKVTLKDENGNI | STTTTDENGKYQEDNLNSGNY! VHFDKPSGMT QT TTDSGD
DDEQDADGEEVHVT! TDHDDFS| DNGYYDDE

EbhAandEbhB
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EbhA and EbhB are proteins that are expressed in both S. aureus and S. epidermidis (Clarke
and Foster Infect. Immun. 2002, 70; 6680 , Williams et al Infect. Immun. 2002, 20; 6805) and
which bind to libronectin. Since fibronectin is an important component of extracellular matrix,
EbhA and EbhB have an important function in adhering staphylococci to host extracellular

matrix.

The Ebh proteins are large, having a molecular weight of 1.1 megadaltons. it is advantageous
to use a fragment of the Ebh protein rather than the complete sequence due to ease of
production and formulation. The central region of the protein contains imperfect repeats which
contain fibronectin binding sites. Fragments containing one or more of the repeat domains
described below are some fragments suitable for incorporation into the immunogenic

composition of the invention.

Ebh proteins contain imperfect repeats units of 127 amino acids in length which are

characterised by containing the consensus sequence:-

L.G.{10A {13}Q {26} L...M .L {33} A
or

{19}L.G {1O0A {13}Q {26}L. ..M .L {33}A {12}

or

..... I/V. .A ..1/V. .AK. ALNDG .NL. .AK .A {6}L. .LN AQK. .L. .Q/V. .A .V. .
V.{6}A. .LN/D AmM..L...I/V.D/E ...TK. S.NY/F.N/DAD. .K. .AY/F. .AV..A. .i/V.N

Where *.' means any amino acid and ‘.{le}' means any 10 amino acids
and I/V indicates alternative choices of amino acid.

By reference to the sequence disclosed in Kuroda et al (2001) Lancet 357; 1225-1240, and

Table 2, the repeat sequences within Ebh proteins are readily deduced.

In an embodiment, fragments to be included in the immunogenic composition of the invention
include proteins containing of one, two, three, four, five, six, seven, eight, nine, ten or more
than 10 of the 127 amino acid repeat units. Such fragments may consist of 1,2, 3,4,5,6,7, 8,
9, 10 or more repeats of the 127 amino acid repeat region or may consist of 1,2,3,4,5,6,7,

8, 9, 10 or more repeats with additional amino acid residues present at either or both ends of
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the fragment. Optionally the fragment is the H2 polypeptide of about 44kDa spaning three
repeats (amino acids 3202-3595) as described in Clarke et al Infection and Immunity 70, 6680-
6687, 2002. Such fragments will optionally be able to bind fibronectin and/or to elicit

antibodies that are reactive against the whole Ebh protein.

The Ebh proteins are capable of binding to fibronectin. In an embodiment, fragments of these
polypeptides sequences retain the ability to bind to fibronectin. Binding to fibronectin can be
assessed by ELISA as described by Clarke et al ( Infection and Immunity 70; 6680-6687
2002).

In an embodiment, the fragment is one which comprises a B-cell or T-helper epitope, for

example those fragments/peptides described in Tables 3 and 4.

TABLE 2 Repeat sequences in the full-length sequence of Ebh.

The full-length sequence of Ebh is disclosed in Kuroda et al (2001) Lancet 357; 1225-
1240. The following table shows the amino acid residues at which the 127 amino acid
repeats begin and end within the full length sequence.

Begin End
1 3204 3330
2 3331 3457
3 3457 3583
4 3583 3709
5 3709 3835
6 3835 3961
7 3961 4087
8 4200 4326
9 4326 4452
10 4452 4578
11 4578 4704
12 4704 4830
13 4830 4956
14 4956 5082
15 5082 5208
16 5208 5334
17 5334 5460
18 5460 5586
19 5585 5711
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20 5711 5837
21 5837 5963
22 5963 6089
23 6089 6215
24 6215 6341
25 6341 6467
26 6467 6593
27 6593 6719
28 6719 6845
29 6845 6971
30 6971 7097
31 7097 7223
32 7223 7349
33 7349 7475
34 7475 7601
35 7601 7727
36 7727 7853
37 7852 7978
38 7978 8104
39 8104 8230
40 8230 8356
41 8356 8482
42 8482 8608
43 8604 8730
44 8858 8984

Table 3 B-cell epitope prediction for a 127 amino acid repeat :

The full-length sequence is disclosed in Kuroda et al (2001) Lancet 357; 1225-1240. One
of these repeats, encoded by amino acids 3204-3331 of the full-length sequence was
chosen to carry out an epitope prediction:-

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQQVN
SAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAY
NHANDIINGNAQHPVI

Begin | End | Epitope sequence Start Stop
5 10 | TVNQKA 3208 3213
14 19 | KSTKDA 3217 3222
21 33 | DGQQNLQRAKTEA 3224 3236
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42 51 DLNQAQKNAL 3245 3254
66 74 | DIKQTTQSL 3269 3277
100 112 | ADTNKKNDYNNAY 3303 3315
117 123 | DIINGNA 3320 3326

- The "Begin" and "End" columns present the position of the predicted B-cell epitopes in
the 127 amino acid repeat
5 - The "Start" and "Stop" columns present the position of the predicted B-cell epitopes in
the Ebh full length sequence

Table 4 T-helper cell epitope prediction in Ebh :

10 The full-length sequence is disclosed in TrEMBL database, sequence reference
Q8NWQ6. One of these repeats, encoded by amino acids 3204-3331 of the full-length
sequence was chosen to carry out an epitope prediction:-

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQQVN
15 SAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQWQSDNYVNADTNKKNDYNNAY
NHANDIINGNAQHPVI

Position repeat | Epjtope sequence | Position
sequence
1 MDVNTVNQK 3204
3 VNTVNQKAA 3206
6 VNQKAASVK 3209
26 LQRAKTEAT 3229
37 ITHASDLNQ 3240
43 LNQAQKNAL 3246
51 LTQQVNSAQ 3254
55 VNSAQNVHA 3258
61 VHAVNDIKQ 3264
64 VNDIKQTTQ 3267
67 IKQTTQSLN 3270
74 LNTAMTGLK 3277
78 MTGLKRGVA 3281
81 LKRGVANHN 3284
85 VANHNQVWVQ 3288
91 VVQSDNYVN 3294
92 VQSDNYVNA 3295
97 | YYNADTNKK 3301
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98 VNADTNKKN 3302
108 YNNAYNHAN 3311
112 YNHANDIIN 3315
118 IINGNAQHP 3321
119 INGNAQHPV 3322

- The "Position repeat" column presents the position of the predicted T-cell epitopes in
the repeat

- The "Position sequence" column presents the position of the predicted T-cell epitopes
in the Ebh full length sequence

Fragments of the proteins of the invention may be employed for producing the corresponding
full-length polypeptide by peptide synthesis; therefore, these fragments may be employed as

intermediates for producing the full-length proteins of the invention.

In an embodiment, variants are used in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acids

are substituted, deleted, or added in any combination.

Elastin binding protein (EbpS)

EbpS is a protein containing 486 amino acids with a molecular weight of 83kDa. It is
associated with the cytoplasmic membrane of S. aureus and has three hydrophobic
regions which hold the protein in the membrane (Downer et al 2002, J. Biol. Chem. 277;
243; Park et al 1996, J. Biol. Chem. 271 ; 15803).

Two regions between amino acids 1-205 and 343-486 are surface exposed on the outer
face of the cytoplasmic membrane. The ligand binding domain of EbpS is located
between residues 14-34 at the N-terminus (Park et al 1999, J. Biol. Chem. 274; 2845).

In an embodiment, the fragment to be incorporated into the immunogenic composition of
the invention is the surface exposed fragment containing the elastin binding region (amino
acids 1-205). Optionally the fragments do not contain the entire exposed loop but should
contain the elastin binding region (amino acids 14-34). An alternative fragment which
could be used consists of amino acids forming the second surface exposed loop (amino
acids 343-486). Alternative fragments containing up to 1, 2, 5, 10, 20, 50 amino acids less
at one or both ends are also possible.

Laminin receptors

21



10

15

20

25

30

35

40

WO 2007/113222 PCT/EP2007/053057

The laminin receptor of S. aureus plays an important role in pathogenicity. A characteristic
feature of infection is bloodstream invasion which allows widespread metastatic abscess
formation. Bloodstream invasion requires the ability to extravasate across the vascular
basement membrane. This is achieved through binding to laminin through the laminin
receptor (Lopes et al Science 1985, 229; 275).

Laminin receptors are surface exposed and are present in many strains of staphylococci
including S. aureus and S. epidermidis.

SBI

Shi is a second 1gG binding protein in addition to protein A and it is expressed in most
strains of S. aureus (Zhang et al 1998, Microbiology 144; 985).

The N-terminus of the sequence of Sbhi has a typical signal sequence with a cleavage site
after amino acid 29. Therefore a fragment of Shi which could be used in an immunogenic
composition of the invention starts at amino acid residue 30, 31, 32 or 33 and continues to
the C-terminus of Sbi, for example of SEQ ID NO: 26.

The 1gG binding domain of Sbi has been identified as a region towards the N-terminus of
the protein from amino acids 41-92. This domain is homologous to the IgG binding
domains of protein A.

The minimal IgG binding domain of Shi contains the following sequence:-

QTTQNNYVTDQQKAFY QVLHLKGITEEQRNQY IK TLREHPERAQEVFSESLK

* % * %% * * %% * * * * *

* - denotes anmino acids which are simlar between 1gG binding
donai ns

In an embodiment, a fragment of Sbi to be included in the immunogenic composition of
the invention contains an IgG binding domain. This fragment contains the consensus
sequence for an IgG binding domain as designated by * as shown in the above sequence.
Optionally the fragment contains or consists of the complete sequence shown above.
Optionally, the fragment contains or consists of amino acids 30-92, 33-92, 30-94, 33-94,
30-146, 33-146, 30-150, 33-150, 30-160, 33-160, 33-170, 33-180, 33-190, 33-200, 33-205
or 33-210 of Shi, for example of SEQ ID NO:26.

A fragment may contain 1, 2, 3, 4,5, 6, 7, 8, 9, 10 amino acid substitutions from the
sequences indicated.
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A fragments may contain multiple repeats (2, 3, 4,5, 6, 7,8, 9 or 10) of the IgG binding
domain.

EFB - FIB

Fib is a 19kDa fibrinogen binding protein which is secreted into the extracellular medium
by S. aureus. It is produced by all S aureus isolates tested (Wastfelt and Flock 1995, J.
Clin. Microbiol. 33; 2347).

S. aureus clumps in the presence of fibrinogen and binds to fibrinogen coated surfaces.
This ability facilitates staphylococcal colonisation of catheters and endothelial cells.

Fib contains a signal sequence at the N-terminus of the protein with a putative cleavage
site at about amino acid 30. In an embodiment, the immunogenic composition of the
invention comprises or consists of the sequence of the mature protein (from about amino
acid 30 to the C-terminus of the protein).

Fbe - EfB/FIG

Fbe is a fibrinogen binding protein that is found in many isolates of S. epidermidis and has
a deduced molecular weight of 119 kDa (Nilsson et al 1998. Infect. Immun. 66; 2666). Its
sequence is related to that of clumping factor from S. aureus (CIfA). Antibodies against
Fbe can block the binding of S. epidermidis to fibrinogen coated plates and to catheters
(Pei and Flock 2001, J. Infect. Dis. 184; 52).

Fbe has a putative signal sequence with a cleavage site between amino acids 51 and 52.
Therefore a potential fragment of Fbe contains the mature form of Fbe extending from
amino acid 52 to the C-terminus (amino acid 1,092).

The domain of Fbe from amino acid 52 to amino acid 825 is responsible for fibrinogen
binding. In an embodiment, the fragment of Fbe consists of or contains amino acids 52-
825.

The region between amino acid 373 and 516 of Fbe shows the most conservation
between Fbe and CIfA. In an embodiment, the fragment contains amino acids 373-516 of
Fbe.
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Amino acids 825 - 1041 of Fbe contains a highly repetitive region composed of tandemly
repeated aspartic acid and serine residues.

IsaA/PisA

IsaA is a 29kDa protein, also known as PisA has been shown to be a immunodominant
staphylococcal protein during sepsis in hospital patients (Lorenz et al 2000, FEMS
Immunol. Med. Microb. 29; 145).

The first 29 amino acids of the IsaA sequence are thought to be a signal sequence. In an
embodiment, the fragment of IsaA to be included in an immunogenic composition of the
invention contains amino acid residues 30 onwards, to the end of the coded sequence.

Fibronectin binding protein

Fibronectin binding protein A contains several domains that are involved in binding to
fibronectin (WO 94/18327). These are called D1, D2, D3 and D4. In an embodiment
fragments of fibronectin binding protein A or B comprise or consist of D1, D2, D3, D4, D1-

D2, D2-D3, D3-D4, D1-D3, D2-D4 or D1-DA4.

Fibronectin binding protein contains a 36 amino acid signal sequence. For example:

VKNNLRYGIRKHKLGAASVFLGTMIWGMGQDKEAA

Optionally, the mature protein omitting this signal sequence is included in the

immunogenic composition of the invention.

Transporter proteins

The cell wall of Gram positive bacteria acts as a barrier preventing free diffusion of
metabolites into the bacterium. A family of proteins orchestrates the passage of essential
nutrients into the bacterium and are therefore essential for the viability of the bacterium.
The term transporter protein covers proteins involved in the initial step of binding to
metabolites such as iron as well as those involved in actually transporting the metabolite

into the bacterium.
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Molecular iron is an essential co-factor for bacterial growth. Siderophores are secreted
that bind free iron and then are captured by bacterial surface receptors that deliver iron for
transport across the cytoplasmic membrane. Iron acquisition is critical for the
establishment of human infections so that the generation of an immune response against

this class of proteins leads to a loss of staphylococcal viability.

Examples of transporter proteins include Immunodominant ABC transporter (Burnie et al
2000 Infect. Imun. 68; 3200), IsdA (Mazmanian et al 2002 PNAS 99; 2293), IsdB
(Mazmanian et al 2002 PNAS 99; 2293), IsdC (WO 06/59247), Mg2+ transporter, SitC
(Wiltshire and Foster 2001 Infect. Immun. 69; 5198) and Ni ABC transporter.

Immunodominant ABC transporter

Immunodominant ABC transporter is a well conserved protein which may be capable of
generating an immune response that is cross-protective against different staphylococcal
strains (Mei et al 1997, Mol. Microbiol. 26; 399). Antibodies against this protein have been

found in patients with septicaemia (Burnie et al 2000, Infect. Immun. 68; 3200).

Optional fragments of imunodominant ABC transporter will include the peptides DRHFLN,
GNYD, RRYPF, KTTLLK, GVTTSLS, VDWLR, RGFL, KIKVYVGNYDFWYQS,
TVIWSHDRHFLYNNV and/or TETFLRGFLGRMLFS since these sequences contain

epitopes that are recognised by the human immune system.

IsdA-IsdB

The isd genes (iron-regulated surface determinant) of S. aureus encode proteins
responsible for haemoglobin binding and passage of haem iron to the cytoplasm , where it
acts as an essential nutrient. IsdA and IsdB are located in the cell wall of staphylococci.
IsdA appear to be exposed on the surface of bacterium since it is susceptible to
proteinase K digestion. IsdB was partially digested suggesting that it is partially exposed

on the surface of the bacterium (Mazmanian et al 2003 Science 299; 906).
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IsdA and IsdB are both 29kDa proteins which bind heme. Their expression is regulated by
the availability of iron via the Fur repressor. Their expression will be high during infection

in a host where the concentration of iron will be low.

They are also known as FrpA and FrpB (Morrissey et al 2002, Infect. Immun. 70; 2399).
FrpA and FrpB are major surface proteins with a high charge. They have been shown to

provide a major contribution to adhesion to plastic.

In an embodiment, the immunogenic composition of the invention comprises a fragment of

IsdA and/or IsdB which is described in WO 01/98499 or WO 03/1 1899.

Toxins and regulators of virulence

Members of this family of proteins include toxin such as alpha toxin, hemolysin,
enterotoxin B and TSST-1 as well as proteins that regulate the production of toxins such

as RAP.

Alpha toxin (Hla)

Alpha toxin is an important virulence determinant produced by most strains of S. aureus. It
is a pore forming toxin with haemolytic activity. Antibodies against alpha toxin have been
shown to neutralise the detrimental and lethal effects of alpha toxin in animal models
(Adlam et al 1977 Infect. Immun. 17; 250). Human platelets, endothelial cells and

mononuclear cells are susceptible to the effects of alpha toxin.

The high toxicity of alpha toxin requires that it should be detoxified before being used as
an immunogen. This can be achieved by chemical treatment, for instance by treating with
formaldehyde, glutaraldehyde of other cross-linking reagents or by chemically conjugating

it to bacterial polysaccharides as described below.

A further way of removing toxicity is to introduce point mutations that remove toxicity while
retaining the antigenicity of the toxin. The introduction of a point mutation at amino acid
35 of alpha toxin where a histidine residue is replaced with a leucine residue results in the

removal of toxicity whilst retaining immunogenicity (Menzies and Kernodle 1996; Infect.
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Immun. 64; 1839). Histidine 35 appears to be critical for the proper oligomerization

required for pore formation and mutation of this residue leads to loss of toxicity.

When incorporated into immunogenic compositions of the invention, alpha toxin is
optionally detoxified by mutation of His 35, for example by replacing His 35 with Leu or
Arg. In an alternative embodiment, alpha toxin is detoxified by conjugation to other
components of the immunogenic composition, for example capsular polysaccharides or
PNAG, optionally to S. aureus type 5 polysaccharide and/or S. aureus Type 8
polysaccharide and/or PNAG.

RNA 11l activating protein (RAP)

RAP is not itself a toxin, but is a regulator of the expression of virulence factors. RAP is
produced and secreted by staphylococci. It activates the agr regulatory system of other
staphylococci and activates the expression and subsequent release of virulence factors

such as hemolysin, enterotoxin B and TSST-1.

Other immunodominant proteins

Accumulation-associated protein (Aap)

Aap is a 140kDa protein which is essential for the accumulation of S. epidermidis strains
on surfaces (Hussain et al Infect. Immun. 1997, 65; 519). Strains expressing this protein
produced significantly larger amounts of biofilm and Aap appear to be involved in biofilm
formation. Antibodies against Aap are able to inhibit biofilm formation and inhibit the

accumulation of S. epidermidis.

Staphylococcal Secretory antigen SsaA
SsaA is a strongly immunogenic protein of 30kDa found in both S. aureus and S.
epidermidis (Lang et al 2000 FEMS Immunol. Med. Microbiol. 29; 213). Its expression

during endocarditis suggested a virulence role specific to the pathogenesis of the

infectious disease.
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SsaA contains an N-terminal leader sequence and a signal peptidase cleavage site. The
leader peptide is followed by a hydrophilic region of approximately 100 amino acids from

residue 30 to residue 130.

An optional fragment of SsaA to be incorporated into the immunogenic composition of the
invention is made up of the mature protein (amino acids 27 to the C-terminus or amino

acids 30 to the C-terminus).

A further optional fragments contains the hydrophilic area of SsaA from amino acid 30 to

amino acid 130.

Combinations

Staphylococcal infections progress through several different stages. For example, the
staphylococcal life cycle involves commensal colonisation, initiation of infection by
accessing adjoining tissues or the bloodstream, anaerobic multiplication in the blood,
interplay between S. aureus virulence determinants and the host defence mechanisms
and induction of complications including endocarditis, metastatic abscess formation and
sepsis syndrome. Different molecules on the surface of the bacterium will be involved in
different steps of the infection cycle. By targeting the immune response against a
combination of particular antigens involved in different processes of Staphylococcal
infection, multiple aspects of staphylococcal function are affected and this can result in

good vaccine efficacy.

In particular, combinations of certain antigens from different classes, some of which are
involved in adhesion to host cells, some of which are involved in iron acquisition or other
transporter functions, some of which are toxins or regulators of virulence and
immunodominant antigens can elicit an immune response which protects against multiple

stages of infection.

Some combinations of antigens are particularly effective at inducing an immune response.
This can be measured either in animal model assays as described in the examples
and/or using an opsonophggocytic assay as described in the examples. Without wishing
to be bound by theory, such effective combinations of antigens are thought to be enabled

by a number of characteristics of the immune response to the antigen combination. The
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antigens themselves are usually exposed on the surface of Staphylococcal cells, they
tend to be conserved but also tend not to be present in sufficient quantity on the surface
cell for an optimal bactericidal response to take place using antibodies elicited against the
single antigen. Combining the antigens of the invention can result in a formulation eliciting
an advantageous combination of antibodies which interact with the Staphylococcal cell
beyond a critical threshold. At this critical level, sufficient antibodies of sufficient quality
bind to the surface of the bacterium to allow either efficient killing by complement or
neutralisation of the bacterium. This can be measured in either an animal challenge model

or an opsonisation assay as described in the examples.

Preferred immunogenic compositions of the invention comprise a plurality of proteins
selected from at least two different categories of protein, having different functions within
Staphylococci. Examples of such categories of proteins are extracellular binding proteins,
transporter proteins such as Fe acquisition proteins, toxins or regulators of virulence and

other immunodominant proteins.

In a preferred embodiment, immunogenic composition of the invention further comprises
a number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2, 3 or 4
different groups selected from;

« Group a) extracelular component binding proteins;

e Group b) transporter proteins;

« Group c) toxins or regulators of virulence

e Group d) structural proteins.

In a preferred embodiment, immunogenic composition of the invention further comprises
a number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2, 3 or 4 of the
following groups:

e group a) - at least one staphylococcal extracellular component binding protein or
fragment thereof selected from the group consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), SBI, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, lipase GehD, SasA, SasB,
SasC, SasD, SaskK, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB,
SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig and MAP; '

* group b) - at least one staphylococcal transporter protein or fragment thereof selected
from the group consisting of Immunodominant ABC transporter, IsdA, IsdB, IsdC,
Mg2+ transporter, HarA, Site and Ni ABC transporter;
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e group c) - at least one staphylococcal regulator of virulence, toxin or fragment thereof
selected from the group consisting of alpha toxin (Hla), alpha toxin H35R mutant, RNA
Il activating protein (RAP);

« group d) - at least one staphylococcal structural protein or immunogenic fragment
thereof selected from the group consisting of MRPII and autolysin.

In a preferred embodiment, the immunogenic composition of the invention comprises a
number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2 or 3 of the
following groups:

e group a) - at least one staphylococcal extracellular component binding protein or
immunogenic fragment thereof selected from the group consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase GehD, SasA,
, SasB, SasC, SasD, Sask, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA,
EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein,
coagulase, Fig and MAP;

e group b) - at least one staphylococcal transporter protein or immunogenic fragment
thereof selected from the group consisting of Immunodominant ABC transporter, IsdA,
IsdB, IsdC, HarA, Mg2+ transporter, SitC and Ni ABC transporter;

e« group c) - at least one staphylococcal regulator of virulence, toxin or immunogenic
fragment thereof selected from the group consisting of alpha toxin (Hla), alpha toxin
H35R mutant, RNA 11l activating protein (RAP).

In a preferred embodiment, the immunogenic composition of the invention contains at
least one protein selected from group a) and an additional protein selected from group b)
and/or group c).

In a further embodiment, the immunogenic composition of the invention contains at least
one antigen selected from group b) and an additional protein selected from group c)
and/or group a).

In a further embodiment, the immunogenic composition of the invention contains at least
one antigen selected from group c) and an additional protein selected from group a)
and/or group b).

An optional combination of proteins in the immunogenic composition of the invention
comprises laminin receptor and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.
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A further combination of proteins in the immunogenic composition of the invention
comprises SitC and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises EbhA and 1,2, 3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises EbhB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises EbpS and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdA, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises EFB(FIB) and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SBI and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises autolysin and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
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transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises CIfA and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SdrC and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SdrD and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SdrE and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SdrG and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC. HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant and RAP.

A further combination of proteins in the immunogenic composition of the invention
comprises SdrH and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention

comprises SasF and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
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immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises Lipase GehD and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SasF and 1, 2, 3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises FnbA and 1,2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises FnbB and 1,2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises Cna and 1,2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises CIfB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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A further combination of proteins in the immunogenic composition of the invention
comprises FbpA and 1,2, 3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises Npase and 1, 2, 3, 4 or 5 further antigens selected From the group consisting
of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises  IsaA/PisA and 1, 2, 3, 4 or 5 further antigens selected From the group
consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SsaA and 1,2, 3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises EPB and 1, 2, 3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SSP-1 and 1, 2, 3,4 or 5 further antigens selected From the group consisting
of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises SSP-2 and 1, 2, 3,4 or 5 further antigens selected from the group consisting
of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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A further combination of proteins in the immunogenic composition of the invention
comprises HPB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises vitronectin binding protein and 1, 2, 3, 4 or 5 further antigens selected from
the group consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises Fibrinogen binding protein and 1, 2, 3, 4 or 5 further antigens selected from
the group consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises coagulase and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises Fig and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises MAP and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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A further combination of protein in the immunogenic composition of the invention
comprises immunodominant ABC tranporter and 1, 2, 3, 4 or 5 further antigens selected
from the group consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA,
EbhB, Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE,
SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfA, CIfB, FbpA, Npase, IsaA/PisA,
SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein,
coagulase, Fig, MAP, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of protein in the immunogenic composition of the invention
comprises IsdA and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein
(EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrC, SdrE, SdrG, SdrH, SasF, Lipase
GehD, SasA, FnbA, FnbB, Cna, CIfA, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1,
SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP,
alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of protein in the immunogenic composition of the invention
comprises IsdB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein
(EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrG, SdrH, SasF, Lipase GehD, SasA,
FnbA, FnbB, Cna, CIfA, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP,
Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP, alpha toxin,

alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of protein in the immunogenic composition of the invention
comprises Site and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein
(EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase
GehD, SasA, FnbA, FnbB, Cna, CIfA, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1,
SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP,
alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of protein in the immunogenic composition of the invention
comprises alpha toxin and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin
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binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH,
SasF, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB,
SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig, MAP, immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter,
SitC, Ni ABC transporter, Aap and SsaA.

A further combination of protein in the immunogenic composition of the invention
comprises alpha toxin H35L OR H35R variant and 1, 2, 3, 4 or 5 further antigens selected
from the group consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA,
EbhB, Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE,
SdrG, SdrH, SasF, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA,
SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein,
coagulase, Fig, MAP, immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, Aap and SsaA.

A further combination of protein in the immunogenic composition of the invention
comprises RAP and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein
(EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase
GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-
2, HBP, Vitronectin binding protein, fibrinogen binding protein, coggulase, Fig, MAP,
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, Aap and SsaA.

A further combinations of protein in the immunogenic composition of the invention
comprises IsdA and IsdB; IsdA and CIfA; IsdA and CIfB; IsdA and SdrC; IsdA and SdrD;
IsdA and SdrE; IsdA and SdrG; IsdA and SasF;lsdB and CIfA; IsdB and CIfB; IsdB and
SdrC; IsdB and SdrD; IsdB and SdrE; IsdB and SdrG; IsdB and SasF; CIfA and CIfB; CIfA
and SdrC; CIfA and SdrD; CIfA and SdrE; CIfA and SasF; CIfB and SdrC; CIfB and SdrD;
CIfB and SdrE; CIfB and SasF; SdrC and SdrD; SdrC and SdrE; SdrC and SasF; SdrD
and SdrE; SdrD and SasF; SdrE and SasF.

In the above and below combinations, the specified proteins may optionally be present in
the immunogenic composition of the invention as a fragment or fusion protein as

described above.
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Combinations of three proteins

In an embodiment, the immunogenic composition of the invention further comprises three
protein components in a combination of alpha-toxin, an extracellular component binding
protein (for example an adhesin) and a transporter protein (for example an iron-binding
protein).

In such a combination, the alpha toxin may be chemically detoxified or genetically
detoxified by introduction of point mutation(s), for example the His35Leu point mutation.
The alpha toxin is present as a free protein or alternatively is conjugated to a
polysaccharide or PNAG component of the immunogenic composition.

Examples of combinations include:-

An immunogenic composition comprising alpha toxin, IsdA and an extracellular
component binding protein selected from the group consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB),
SBI, autolysin, CIfA, SdrC, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB,
FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein,
fibrinogen binding protein, coagulase, Fig and MAP.

An immunogenic composition comprising alpha toxin, IsdB and an extracellular
component binding protein selected from the group consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB),
SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB,
Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding
protein, fibrinogen binding protein, coagulase, Fig and MAP.

An immunogenic composition comprising alpha toxin, IsdA and an adhesin selected from
the group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, autolysin, FnbA, FnbB, Cna, CIfB, FbpA,
Npase, SSP-1, SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig and MAP.

An immunogenic composition comprising alpha toxin, IsdB and an adhesin selected from
the group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, FnbA, FnbB, Cna, CIfB, FbpA,
Npase, SSP-1, SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig and MAP.

An immunogenic composition comprising alpha toxin, IsdA and laminin receptor.
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An immunogenic composition comprising Sbi and SdrC.

An immunogenic composition comprising Sbi and Ebh or fragment thereof as described
above.

An immunogenic composition of the invention comprising IsaA, Sbi or SdrC

Selection of antigens expressed in different clonal lineages

Analysis of the occurrence of virulence factors in relation with the population structure of
Staphylococcus aureus showed variable presence of virulence genes in natural

populations of S. aureus.

Among clinical isolates of Staphylococcus aureus, at least five clonal lineages were
shown to be highly prevalent (Booth et al., 2001 Infect Immun. 69(1):345-52). Alpha-
hemolysin (hla), fibronectin-binding protein A {fnbA) and clumping factor A {elfA) were
shown to be present in most of the isolates, regardless of lineage identity, suggesting an
important role of these proteins in the survival of S. aureus (Booth et al., 2001 Infect
Immun. 69(1):345-52). Moreover, according to Peacock et al. 2002 the distributions of
fnbA, elfA, coagulase, spa, map, pvl (Panton-Valentine leukocidin), hlg (gamma-toxin),
alpha-toxin and ica appeared to be unrelated to the underlying clonal structure suggesting

considerable horizontal transfer of these genes.

In contrary, other virulence genes such as fibronectin binding protein B (fnbB), beta-
hemolysin (hlb), collagen binding protein (cna), TSST-1 (tst) and methicillin resistance
gene (mecA) are strongly associated with specific lineages (Booth et al., 2001 Infect
Immun. 69(1):345-52). Similarly, Peacock et al. 2002 (Infect Immun. 70(9):4987-96)
showed that the distributions of the enterotoxins, tst, the exfolatins (eta and etb), beta-
and delta-toxins, the sdr genes (sdrD, sdrE and bbp), cna, ebpS and efb within the

population are all highly significantly related to MLST-derived clonal complexes.

MLST data provide no evidence that strains responsible for nosocomial disease represent
a distinct subpopulation from strains causing community-acquired disease or strains

recovered from asymptomatic carriers (Feil etal., 2003 J Bacteriol. 185(1 1):3307-16).
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In an embodiment, immunogenic compositions of the invention are effective against
staphylococci from different clonal lineages.

In an embodiment, the immunogenic composition comprises 1, 2, 3, 4, or at least 1
protein that is expressed in most isolates of staphylococci. Examples of such proteins
include alpha-hemolysin (hla), fibronectin-binding protein A (fnbA) and clumping factor A
(clfA), coagulase, spa, map, pvl (Panton-Valentine leukocidin), hlg (gamma-toxin) , ica,
immunodominant ABC transporter, RAP, autolysin (Rupp et al 2001, J. Infect. Dis. 183;
1038), laminin receptors, SitC, IsaA/PisA, SPOIIIE (), SsaA, EbpS, SasF (Roche et al
2003, Microbiology 149; 643), EFB(FIB), SBI, CIfB, IsdA, IsdB, FnbB, Npase, EBP, Bone
sialo binding protein 1, IsaB/PisB (Lorenz et al FEMS Immuno. Med. Microb. 2000, 29;
145), SasH (Roche et al 2003, Microbiology 149; 643), MRPI, SasD (Roche et al 2003,
Microbiology 149; 643), SasH (Roche et al 2003, Microbiology 149; 643), aureolysin

precursor (AUR)/Seppl and novel autolysin.

In an alternative embodiment, 2 or more proteins which are expressed in different sets of
clonal strains are included in the immunogenic composition of the invention. Optionally the
combination of antigens will allow an immune response to be generated that is effective
against multiple clonal strains, or against all clonal stains. For example combinations
include FnbB and betahemolysin, FnbB and Cna, FnbB and TSST-1, FnbB and mecA,
FnbB and SdrD, FnbB and SdrF, FnbB and EbpS, FnbB and Efb, beta-haemolysin and
Cna, beta-haemolysin and TSST-1, beta-haemolysin and mecA, beta-haemolysin and
SdrD, beta-haemolysin and SdrF, beta-haemolysin and EbpS, beta-haemolysin and Efb,
Cna and TSST-1, Cna and mecA, Cna and SdrD, Cna and SdrF, Cna and EbpS, Cna and
Efb, TSST-1 and mecA, TSST-1 and SdrD, TSST-1 and SdrF, TSST-1 and EbpS, TssT-1
and Efb, MecA and SdrD, MecA and SdrF, MecA and EbpS, MecA and Efb, SdrD and
SdrF, SdrD and EbpS, SdeD and Efb, SdrF and EbpS, SdrF and Efb, and, EbpS and Efb.

The combinations described above may be combined with additional components

described above.

Protection against S. aureus and S. epidermidis
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In an embodiment of the invention the immunogenic composition provides an effective
immune response against more than one strain of staphylococci, for example against
strains from both S. aureus and S. epidermidis. For example, a protective immune

response is generated against type 5 and 8 serotypes of S. aureus.

One use of the immunogenic composition of the invention is to prevent nosocomial
infections, for instance in elective surgery patients, by inoculating prior to hospital
treatment. At this stage, it is difficult to accurately predict which staphylococcal strains the
patient will be exposed to. It is therefore advantageous to inoculate with a vaccine that is
capable of generating an effective immune response against various strains of

staphylococci.

An effective immune response is defined as an immune response that gives significant
protection in a mouse challenge model or opsonophagocytosis assay as described in the
examples. Significant protection in a mouse challenge model, for instance that of
example 5, is defined as an increase in the LD50 in comparison with carrier inoculated
mice of at least 10%, 20%, 50%, 100% or 200%. Significant protection in a cotton rat
challenge model, for instance that of example 8, is defined as a decrease in the mean
observed LogCFU/nose of at least 10%, 20%, 50%, 70% or 90%. The presence of
opsonising antibodies is known to correlate with protection, therefore significant protection
is indicated by a decrease in the bacterial count of at least 10%, 20%, 50%, 70% or 90%

in an opsonophagocytosis assay, for instance that of example 7.

Several of the proteins including immunodominant ABC transporter, RNA Il activating
protein, Laminin receptors, SitC, IsaA/PisA, SsaA, EbhA/EbhB, EbpS and Aap are well
conserved between S. aureus and S. epidermidis and example 8 shows that IsaA, CIfA,
IsdB, SdrG, HarA, FnbpA and Sbi can generate a cross-reactive immune response (for
example crossreactive between at least one S. aureus and at least one S. epidermidis

strain). PIA is also well conserved between S. aureus and S. epidermidis.

Therefore in an embodiment, the immunogenic composition of the invention will comprise
PNAG and type 5 and 8 polysaccharides and one, two, three or four of the above

proteins.

Vaccines
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In an embodiment, the immunogenic composition of the invention is mixed with a
pharmaceutically acceptable excipient, and optioanlly with an adjuvant to form a vaccine.

The vaccines of the present invention may be adjuvanted, particularly when intended for
use in an elderly population but also for use in infant populations. Suitable adjuvants
include an aluminum salt such as aluminum hydroxide gel or aluminum phosphate or
alum, but may also be other metal salts such as those of calcium, magnesium, iron or
zinc, or may be an insoluble suspension of acylated tyrosine, or acylated sugars,

cationically or anionically derivatized saccharides, or polyphosphazenes.

It is preferred that the adjuvant be selected to be a preferential inducer of a TH1 type of
response. Such high levels of Thl-type cytokines tend to favour the induction of cell
mediated immune responses to a given antigen, whilst high levels of Th2-type cytokines

tend to favour the induction of humoral immune responses to the antigen.

The distinction of Thl and Th2-type immune response is not absolute. In reality an
individual will support an immune response which is described as being predominantly
Thl or predominantly Th2. However, it is often convenient to consider the families of
cytokines in terms of that described in murine CD4 +ve T cell clones by Mosmann and
Coffman (Mosmann, T.R. and Coffman, RL. (1989) TH1 and TH2 cells: different patterns
of lymphokine secretion lead to different functional properties. (Annual Review of
Immunology, 7, pl45-173). Traditionally, Thl-type responses are associated with the
production of the INF-y and IL-2 cytokines by T-lymphocytes. Other cytokines often
directly associated with the induction of Thl-type immune responses are not produced by
T-cells, such as IL-12. In contrast, Th2-type responses are associated with the secretion
of 1-4, IL-5, IL-6, IL-10. Suitable adjuvant systems which promote a predominantly Thl
response include: Monophosphoryl lipid A or a derivative thereof (or detoxified lipid A in
general - see for instance WO2005 107798), particularly  3-de-O-acylated
monophosphoryl lipid A (3D-MPL) (for its preparation see GB 2220211 A); and a
combination of monophosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl lipid
A, together with either an aluminum salt (for instance aluminum phosphate or aluminum
hydroxide) or an oil-in-water emulsion. In such combinations, antigen and 3D-MPL are
contained in the same particulate structures, allowing for more efficient delivery of

antigenic and immunostimulatory signals. Studies have shown that 3D-MPL is able to
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further enhance the immunogenicity of an alum-adsorbed antigen [Thoelen et a/. Vaccine

(1998) 16:708-14; EP 689454-B1].

An enhanced system involves the combination of a monophosphory! lipid A and a saponin
derivative, particularly the combination of QS21 and 3D-MPL as disclosed in WO
94/00153, or a less reactogenic composition where the QS21 is quenched with
cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant formulation
involving QS21, 3D-MPL and tocopherol in an oil in water emulsion is described in WO
95/17210. In one embodiment the immunogenic composition additionally comprises a
saponin, which may be QS21 . The formulation may also comprise an oil in water emulsion
and tocopherol (WO 95/17210). Urimethylated CpG containing oligonucleotides (WO
96/02555) and other immunomodulatory oligonucleotides  (W00226757 and
WO003507822) are also preferential inducers of a TH1 response and are suitable for use in

the present invention.

Particular adjuvants are those selected from the group of metal Salts, oil in water
emulsions, Toll like receptors agonist, (in particular Toll like receptor 2 agonist, Toll like
receptor 3 agonist, Toll like receptor 4 agonist, Toll like receptor 7 agonist, Toll like

receptor 8 agonist and Toll like receptor 9 agonist), saponins or combinations thereof.

An adjuvant that can be used with the vaccine compositions of the invention are bleb or
outer membrane vesicle preparations from Gram negative bacterial strains such as those
taught by W0O02/09746 - particularly N. meningitidis blebs. Adjuvant properties of blebs
can be improved by retaining LOS (lipooligosacccharide) on its surface (e.g. through
extraction with low concentrations of detergent [for instanct 0-0.1% deoxycholate]). LOS
can be detoxified through the msbB(-) or htrB(-) mutations discussed in WO02/09746.
Adjuvant properties can also be improved by retaining PorB (and optionally removing
PorA) from meningococcal blebs. Adjuvant properties can also be improved by truncating
the outer core saccharide structure of LOS on meningococcal blebs - for instance via the
IgtB(-) mutation discussed in W02004/014417. Alternatively, the aforementioned LOS
(e.g. isolated from a msbB(-) and/or IgtB(-) strain) can be purified and used as an adjuvant

in the compositions of the invention.

A further adjuvant which may be used with the compositions of the invention may be

selected from the group: a saponin, lipid A or a derivative thereof, an immunostimulatory
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oligonucleotide, an alkyl glucosaminide phosphate, an oil in water emulsion or
combinations thereof. A further preferred adjuvant is a metal salt in combination with
another adjuvant. It is preferred that the adjuvant is a Toll like receptor agonist in
particular an agonist of a Toll like receptor 2, 3,4, 7, 8 or 9, or a saponin, in particular
Qs21. 1t is further preferred that the adjuvant system comprises two or more adjuvants
from the above list. In particular the combinations preferably contain a saponin (in
particular Qs21) adjuvant and/or a Toll like receptor 9 agonist such as a CpG containing
immunostimulatory oligonucleotide. Other preferred combinations comprise a saponin (in
particular QS21) and a Toll like receptor 4 agonist such as monophosphoryl lipid A or its 3
deacylated derivative, 3 D - MPL, or a saponin (in particular QS21) and a Toll like

receptor 4 ligand such as an alkyl glucosaminide phosphate.

Particularly preferred adjuvants are combinations of 3D-MPL and QS21 (EP 0 671 948
B1), oil in water emulsions comprising 3D-MPL and QS21 (WO 95/17210, WO 98/56414),
or 3D-MPL formulated with other carriers (EP O 689 454 B1). Other preferred adjuvant
systems comprise a combination of 3 D MPL , QS21 and a CpG oligonucleotide as
described in US6558670, US6544518.

In an embodiment the adjuvant is a Toll like receptor (TLR) 4 ligand, preferably an agonist
such as a lipid A derivative particularly monophosphoryl lipid A or more particularly 3

Deacylated monophoshoryl lipid A (3 D- MPL).

3 D -MPL is available from GlaxoSmithKline Biologicals North America and primarily
promotes CD4+ T cell responses with an IFN-g (Thl) phenotype . 1t can be produced
according to the methods disclosed in GB 2 220 211 A. Chemically it is a mixture of 3-
deacylated monophosphoryl lipid A with 3, 4, 5 or 6 acylated chains. Preferably in the
compositions of the present invention small particle 3 D- MPL is used. Small particle 3 D
-MPL has a particle size such that it may be sterile-filtered through a 0.22pum filter. Such
preparations are described in International Patent Application No. WO 94/21292.
Synthetic derivatives of lipid A are known and thought to be TLR 4 agonists including, but

not limited to:

OM174 (2-deoxy-6-0-[2-deoxy-2-[(R)-3-dodecanoyloxytetra-decanoylamino]-4-o-
phosphono- 3-D-glucopyranosyl]-2-[(R)-3-hydroxytetradecanoylamino]- a-D-
glucopyranosyldihydrogenphosphate), (WO 95/14026)
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OM 294 DP (3S, 9 R) -3--[(R)-dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-9(R)-[(R)-
3-hydroxytetradecanoylamino]decan-1 ,10-diol,1 ,10-bis(dihydrogenophosphate) (WO99
/64301 and WO 00/0462 )

OM 197 MP-Ac DP ( 3S-, 9R) -3-[(R) -dodecanoyloxytetradecanoylaminoH-oxo- 5-aza-9-
[(R)-3-hydroxytetradecanoylamino]decan-1 ,10-diol,1 -dihydrogenophosphate 10-(6-
aminohexanoate) (WO 01/46127)

Other TLR4 ligands which may be used are alkyl Glucosaminide phosphates (AGPs) such
as those disclosed in WO9850399 or US6303347 (processes for preparation of AGPs are
also disclosed), or pharmaceutically acceptable salts of AGPs as disclosed in
US6764840. Some AGPs are TLR4 agonists, and some are TLR4 antagonists. Both are

thought to be useful as adjuvants.

Another prefered immunostimulant for use in the present invention is Quil A and its
derivatives. Quil A is a saponin preparation isolated from the South American tree Quilaja
Saponaha Molina and was first described as having adjuvant activity by Dalsgaard et al.
in 1974 ("Saponin adjuvants”, Archiv. fur die gesamte Virusforschung, Vol. 44, Springer
Verlag, Berlin, p243-254). Purified fragments of Quil A have been isolated by HPLC
which retain adjuvant activity without the toxicity associated with Quil A (EP 0 362 278),
for example QS7 and QS21 (also known as QA7 and QA21). QS-21 is a natural saponin
derived from the bark of Quillaja saponaria Molina which induces CD8+ cytotoxic T cells
(CTLs), Thl cells and a predominant IgG2a antibody response and is a preferred saponin

in the context of the present invention.

Particular formulations of QS21 have been described which are particularly preferred,
these formulations further comprise a sterol (W0O96/33739). The saponins forming part of
the present invention may be separate in the form of micelles, mixed micelles
(preferentially, but not exclusively with bile salts) or may be in the form of ISCOM matrices
(EP 0 109 942 B1) , liposomes or related colloidal structures such as worm-like or ring-like
multimeric complexes or lipidic/layered structures and lamellae when formulated with
cholesterol and lipid, or in the form of an oil in water emulsion (for example as in WO
95/17210). The saponins may preferably be associated with a metallic salt, such as

aluminium hydroxide or aluminium phosphate (WO 98/15287).
46



10

15

20

25

30

35

WO 2007/113222 PCT/EP2007/053057

Preferably, the saponin is presented in the form of a liposome, ISCOM or an oil in water

emulsion.

An enhanced system involves the combination of a monophosphory! lipid A (or detoxified
lipid A) and a saponin derivative, particularly the combination of QS21 and 3D-MPL as
disclosed in WO 94/00153, or a less reactogenic composition where the QS21 is
guenched with cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant
formulation involving tocopherol with or without QS21 and/or 3D-MPL in an oil in water
emulsion is described in WO 95/17210. In one embodiment the immunogenic

composition additionally comprises a saponin, which may be QS21 .

Immunostimulatory oligonucleotides or any other Toll-like receptor (TLR) 9 agonist may
also be used.The preferred oligonucleotides for use in adjuvants or vaccines of the
present invention are CpG containing oligonucleotides, preferably containing two or more
dinucleotide CpG motifs separated by at least three, more preferably at least six or more
nucleotides. A CpG motif is a Cytosine nucleotide followed by a Guanine nucleotide. The
CpG oligonucleotides of the present invention are typically deoxynucleotides. In a
preferred embodiment the internucleotide in the oligonucleotide is phosphorodithioate, or
more preferably a phosphorothioate bond, although phosphodiester and other
internucleotide bonds are within the scope of the invention. Also included within the
scope of the invention are oligonucleotides with mixed internucleotide linkages. Methods
for producing phosphorothioate oligonucleotides or phosphorodithioate are described in

US5,666,153, US5,278,302 and WO95/26204.

Examples of preferred oligonucleotides have the following sequences. The sequences
preferably contain phosphorothioate modified internucleotide linkages.

OLIGO 1(SEQ ID NO:1): TCC ATG ACG TTC CTG ACG TT (CpG 1826)

OLIGO 2 (SEQ ID N0:2): TCT CCC AGC GTG CGC CAT (CpG 1758)

OLIGO 3(SEQ ID N0:3): ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG

OLIGO 4 (SEQ ID NO:4): TCG TCG TTT TGT CGT TTT GTC GTT (CpG 2006)

OLIGO 5 (SEQ ID NO:5): TCC ATG ACG TTC CTG ATG CT (CpG 1668)

OLIGO 6 (SEQ ID N0:6): TCG ACG TTT TCG GCG CGC GCC G (CpG 5456)

Alternative CpG oligonucleotides may comprise the preferred sequences above in that

they have inconsequential deletions or additions thereto.
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The CpG oligonucleotides utilised in the present invention may be synthesized by any
method known in the art (for example see EP 468520). Conveniently, such

oligonucleotides may be synthesized utilising an automated synthesizer.

The adjuvant may be an oil in water emulsion or may comprise an oil in water emulsion in
combination with other adjuvants. The oil phase of the emulsion system preferably
comprises a metabolisable oil. The meaning of the term metabolisable oil is well known in
the art. Metabolisable can be defined as "being capable of being transformed by
metabolism" (Dorland's lllustrated Medical Dictionary, W.B. Sanders Company, 25®
edition (1974)). The oil may be any vegetable oil, fish, oil, animal or synthetic oil, which is
not toxic to the recipient and is capable of being transformed by metabolism. Nuts, seeds,
and grains are common sources of vegetable oils. Synthetic oils are also part of this
invention and can include commercially available oils such as NEOBEE® and others.
Squalene  (2,6,10,15,19, 23-Hexamethyl-2,6,10,14,18,22-tetracosahexaene) is an
unsaturated oil which is found in large quantities in shark-liver oil, and in lower quantities
in olive oil, wheat germ oil, rice bran oil, and yeast, and is a particularly preferred oil for
use in this invention. Squalene is a metabolisable oil by virtue of the fact that it is an

intermediate in the biosynthesis of cholesterol (Merck index, 10t Edition, entry no.8619).

Tocols (e.g. vitamin E) are also often used in oil emulsions adjuvants (EP 0 382 271 B1;
US5667784; WO 95/17210). Tocols used in the oil emulsions (preferably oil in water
emulsions) of the invention may be formulated as described in EP 0 382 271 B1, in that
the tocols may be dispersions of tocol droplets, optionally comprising an emulsifier, of
preferably less than 1 micron in diameter. Alternatively, the tocols may be used in
combination with another oil, to form the oil phase of an oil emulsion. Examples of oil
emulsions which may be used in combination with the tocol are described herein, such as

the metabolisable oils described above.

Oil in water emulsion adjuvants per se have been suggested to be useful as adjuvant
compositions (EP 0 399 843B), also combinations of oil in water emulsions and other
active agents have been described as adjuvants for vaccines (WO 95/17210; WO
98/56414; WO 99/12565; WO 99/1 1241). Other oil emulsion adjuvants have been
described, such as water in oil emulsions (US 5,422, 109;EP 0 480 982 B2) and water in
oil in water emulsions (US 5,424,067;EP 0 480 981 B). All of which form preferred oil
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emulsion systems (in particular when incorporating tocols) to form adjuvants and

compositions of the present invention.

Most preferably the oil emulsion (for instance oil in water emulsions) further comprises an
emulsifier such as TWEEN 80 and/or a sterol such as cholesterol.

A preferred oil emulsion (preferably oil-in-water emulsion) comprises a metabolisible, non-
toxic oil, such as squalane, squalene or a tocopherol such as alpha tocopherol (and
preferably both squalene and alpha tocopherol) and optionally an emulsifier (or surfactant)
such as Tween 80. A sterol (preferably cholesterol) may also be included.

The method of producing oil in water emulsions is well known to the man skilled in the art.
Commonly, the method comprises mixing the tocol-containing oil phase with a surfactant
such as a PBS/TWEEN80™ solution, followed by homogenisation using a homogenizer, it
would be clear to a man skilled in the art that a method comprising passing the mixture
twice through a syringe needle would be suitable for homogenising small volumes of
liquid. Equally, the emulsification process in microNuidiser (M1 10S Microfluidics machine,
maximum of 50 passes, for a period of 2 minutes at maximum pressure input of 6 bar
(output pressure of about 850 bar)) could be adapted by the man skilled in the art to
produce smaller or larger volumes of emulsion. The adaptation could be achieved by
routine experimentation comprising the measurement of the resultant emulsion until a
preparation was achieved with oil droplets of the required diameter.

In an oil in water emulsion, the oil and emulsifier should be in an agueous carrier. The

agueous carrier may be, for example, phosphate buffered saline.

The size of the oil droplets found within the stable oil in water emulsion are
preferably less than 1 micron, may be in the range of substantially 30-600r im, preferably
substantially around 30-500nm in diameter, and most preferably substantially 150-500nm
in diameter, and in particular about 150 nm in diameter as measured by photon
correlation spectroscopy. In this regard, 80% of the oil droplets by number should be
within the preferred ranges, more preferably more than 90% and most preferably more
than 95% of the oil droplets by number are within the defined size ranges. The amounts of
the components present in the oil emulsions of the present invention are conventionally in
the range of from 0.5-20% or 2 to 10% oil (of the total dose volume), such as squalene;
and when present, from 2 to 10% alpha tocopherol; and from 0.3 to 3% surfactant, such
as polyoxyethylene sorbitan monooleate. Preferably the ratio of oil (preferably squalene):

tocol (preferably a-tocopherol) is equal or less than 1 as this provides a more stable
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emulsion. An emulsifier, such as TweendO or Span 85 may also be present at a level of
about 1%. In some cases it may be advantageous that the vaccines of the present

invention will further contain a stabiliser.

Examples of preferred emulsion systems are described in WO 95/17210, WO 99/1 1241
and WO 99/12565 which disclose emulsion adjuvants based on squalene, a-tocopherol,
and TWEEN 80, optionally formulated with the immunostimulants QS21 and/or 3D-MPL.

Thus in a particularly, preferred embodiment of the present invention, the adjuvant of the
invention may additionally comprise further immunostimulants, such as LPS or derivatives
thereof, and/or saponins. Examples of further immunostimulants are described herein
and in "Vaccine Design - The Subunit and Adjuvant Approach"” 1995, Pharmaceutical
Biotechnology, Volume 6, Eds. Powell, M.F., and Newman, M.J., Plenum Press, New

York and London, ISBN 0-306-44867-X.

In a preferred aspect the adjuvant and immunogenic compositions according to
the invention comprise a saponin (preferably QS21) and/or an LPS derivative (preferably
3D-MPL) in an oil emulsion described above, optionally with a sterol (preferably
cholesterol). Additionally the oil emulsion (preferably oil in water emulsion) may contain
span 85 and/or lecithin and/or tricaprylin. Adjuvants comprising an oil-in-water emulsion, a
sterol and a saponin are described in WO 99/12565.

Typically for human administration the saponin (preferably QS21) and/or LPS
derivative (preferably 3D-MPL) will be present in a human dose of immunogenic
composition in the range of 1ug - 200 g, such as 10-100ug, preferably 10pg - 50ug per
dose. Typically the oil emulsion (preferably oil in water emulsion) will comprise from 2 to
10% metabolisible oil. Preferably it will comprise from 2 to 10% squalene, from 2 to 10%
alpha tocopherol and from 0.3 to 3% (preferably 0.4 - 2%) emulsifier (preferably tween 80
[polyoxyethylene sorbitan monooleate]). Where both squalene and alpha tocopherol are
present, preferably the ratio of squalene: alpha tocopherol is equal to or less than 1 as
this provides a more stable emulsion. Span 85 (Sorbitan trioleate) may also be present
at a level of 0.5 to 1% in the emulsions used in the invention. In some cases it may be
advantageous that the immunogenic compositions and vaccines of the present invention
will further contain a stabiliser, for example other emulsifiers/surfactants, including caprylic
acid (merck index 10t Edition, entry no. 1739), of which Tricaprylin is particularly

preferred.
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Where squalene and a saponin (preferably QS21) are included, it is of benefit to
also include a sterol (preferably cholesterol) to the formulation as this allows a reduction in
the total level of oil in the emulsion. This leads to a reduced cost of manufacture,
improvement of the overall comfort of the vaccination, and also qualitative and
guantitative improvements of the resultant immune responses, such as improved IFN-y
production. Accordingly, the adjuvant system of the present invention typically comprises
a ratio of metabolisable oil:saponin (w/w) in the range of 200:1 to 300:1, also the present
invention can be used in a "low oil" form the preferred range of which is 1:1 to 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1, this vaccine retains the
beneficial adjuvant properties of all of the components, with a much reduced
reactoge Ticity profile. Accordingly, the particularly preferred embodiments have a ratio of
squalene:QS21 (w/w) in the range of 1:1 to 250:1, also a preferred range is 20:1 to 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1 . Preferably a sterol (most
preferably cholesterol) is also included present at a ratio of saponin:sterol as described
herein.

The emulsion systems of the present invention preferably have a small oil droplet
size in the sub-micron range. Most preferably the oil droplet sizes will be in the range 120
to 750 nm, and most preferably from 120-600nm in diameter.

A particularly potent adjuvant formulation (for ultimate combination with AIPO4 in
the immunogenic compositions of the invention) involves a saponin (preferably QS21), an
LPS derivative (preferably 3D-MPL) and an oil emulsion (preferably squalene and alpha
tocopherol in an oil in water emulsion) as described in WO 95/17210 or in WO 99/12565

(in particular adjuvant formulation 11 in Example 2, Table 1).

Examples of a TLR 2 agonist include peptidoglycan or lipoprotein. Imidazoquinolines,
such as Imiquimod and Resiquimod are known TLR7 agonists. Single stranded RNA is
also a known TLR agonist (TLR8 in humans and TLR7 in mice), whereas double stranded
RNA and poly IC (polyinosinic-polycytidylic acid - a commercial synthetic mimetic of viral
RNA). are exemplary of TLR 3 agonists. 3D-MPL is an example of a TLR4 agonist whilst
CPG is an example of a TLR9 agonist.

The immunogenic composition may comprise an antigen and an immunostimulant
adsorbed onto a metal salt. Aluminium based vaccine formulations wherein the antigen
and the immunostimulant 3-de-O-acylated monophosphoryl lipid A (3D-MPL), are
adsorbed onto the same particle are described in EP 0 576 478 B1, EP 0 689 454 B1, and
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EP 0 633 784 B1. In these cases then antigen is first adsorbed onto the aluminium salt
followed by the adsorption of the immunostimulant 3D-MPL onto the same aluminium salt
particles. Such processes first involve the suspension of 3D-MPL by sonication in a water
bath until the particles reach a size of between 80 and 500 nm. The antigen is typically
adsorbed onto aluminium salt for one hour at room temperature under agitation. The 3D-
MPL suspension is then added to the adsorbed antigen and the formulation is incubated

at room temperature for 1 hour, and then kept at 40C until use.

In another process, the immunostimulant and the antigen are on separate metal particles,
as described in EP 1126876. The improved process comprises the adsorption of
immunostimulant, onto a metallic salt particle, followed by the adsorption of the antigen
onto another metallic salt particle, followed by the mixing of the discrete metallic particles
to form a vaccine. The adjuvant for use in the present invention may be an adjuvant
composition comprising an immunostimulant, adsorbed onto a metallic salt particle,
characterised in that the metallic salt particle is substantially free of other antigen.
Furthermore, vaccines are provided by the present invention and are characterised in that
the immunostimulant is adsorbed onto particles of metallic salt which are substantially free
from other antigen, and in that the particles of metallic salt which are adsorbed to the
antigen are substantially free of other immunostimulant.

Accordingly, the present invention provides an adjuvant formulation comprising
immunostimulant which has been adsorbed onto a particle of a metallic salt, characterised
in the composition is substantially free of other antigen. Moreover, this adjuvant
formulation can be an intermediate which, if such an adjuvant is used, is required for the
manufacture of a vaccine. Accordingly there is provided a process for the manufacture of
a vaccine comprising admixing an adjuvant composition which is one or more
immunostimulants adsorbed onto a metal particle with an antigen. Preferably, the antigen
has been pre-adsorbed onto a metallic salt. Said metallic salt may be identical or similar
to the metallic salt which is adsorbed onto the immunostimulant. Preferably the metal salt
is an aluminium salt, for example Aluminium phosphate or Aluminium hydroxide.

The present invention further provides for a vaccine composition comprising
immunostimulant adsorbed onto a first particle of a metallic salt, and antigen adsorbed
onto a metallic salt, characterised in that first and second particles of metallic salt are

separate particles.
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LPS or LOS derivatives or mutations or lipid A derivatives described herein are designed
to be less toxic (e.g. 3D-MPL) than native lipopolysaccharides and are interchangeable

equivalents with respect to any uses of these moieties described herein.

In one embodiment the adjuvant used for the compositions of the invention comprises a
liposome carrier (made by known techniques from a phospholipids (such as dioleoyl
phosphatidyl choline [DOPC]) and optionally a sterol [such as cholesterol]). Such
liposome carriers may carry lipid A derivatives [such as 3D-MPL - see above] and/or
saponins (such as QS21 - see above). In one embodiment the adjuvant comprises (per
0.5 mL dose) 0.1-10mg, 0.2-7, 0.3-5, 0.4-2, or 0.5-1 mg (e.g. 0.4-0.6, 0.9-1.1, 0.5 or 1 mg)
phospholipid (for instance DOPC), 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-0.25
mg (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125 mg) sterol (for instance cholesterol), 5-60, 10-50,
or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative (for instance 3D-
MPL), and 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) saponin
(for instance QS21).

In one embodiment the adjuvant used for the compositions of the invention comprises an
oil in water emulsion made from a metabolisable oil (such as squalene), an emulsifier
(such as Tween 80) and optionally a tocol (such as alpha tocopherol). In one embodiment
the adjuvant comprises (per 0.5 mL dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6mg (e.g. 2-3, 5-6,
or 10-1 1 mg) metabolisable oil (such as squalene), 0.1-10, 0.3-8, 0.6-6, 0.9-5, 1-4, or 2-3
mg (e.g. 0.9-1.1, 2-3 or 4-5 mg) emulsifier (such as Tween 80) and optionally 0.5-20, 1-
15, 2-12, 4-10, 5-7 mg (e.g. 11-13, 5-6, or 2-3 mg) tocol (such as alpha tocopherol).

This adjuvant may optionally further comprise 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50,
10, 20, 30, 40 or 50 pg) lipid A derivative (for instance 3D-MPL).

This adjuvant may optionally contain 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-
0.25 mg (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125 mg) sterol (for instance cholesterol), 5-60,
10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative (for
instance 3D-MPL), and 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
Mg) saponin (for instance QS21).
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In one embodiment the adjuvant used for the compositions of the invention comprises
aluminium phosphate and a lipid A derivative (such as 3D-MPL). This adjuvant may
comprise (per 0.5 ml. dose) 100-750, 200-500, or 300-400 pg Al as aluminium phosphate,
and 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative
(for instance 3D-MPL).

The vaccine preparations of the present invention may be used to protect or treat a
mammal susceptible to infection, by means of administering said vaccine via systemic or
mucosal route. These administrations may include injection via the intramuscular,
intraperitoneal, intradermal or subcutaneous routes; or via mucosal administration to the
oral/alimentary, respiratory, genitourinary tracts. Intranasal administration of vaccines for
the treatment of pneumonia or otitis media is preferred (as nasopharyngeal carriage of
pneumococci can be more effectively prevented, thus attenuating infection at its earliest
stage). Although the vaccine of the invention may be administered as a single dose,
components thereof may also be co-administered together at the same time or at different
times (for instance pneumococcal polysaccharides could be administered separately, at
the same time or 1-2 weeks after the administration of any bacterial protein component of
the vaccine for optimal coordination of the immune responses with respect to each other).
For co-administration, the optional Thl adjuvant may be present in any or all of the
different administrations, for example, it may be present in combination with the bacterial
protein component of the vaccine. In addition to a single route of administration, 2
different routes of administration may be used. For example, polysaccharides may be
administered IM (or ID) and bacterial proteins may be administered IN (or ID). In addition,
the vaccines of the invention may be administered IM for priming doses and IN for booster

doses.

The amount of conjugate antigen in each vaccine dose is selected as an amount which
induces an immunoprotective response without significant, adverse side effects in typical
vaccines. Such amount will vary depending upon which specific immunogen is employed
and how it is presented. Generally, it is expected that each dose will comprise 0.1-100 ug
of polysaccharide, typically 0.1-50 pg , 0.1-10pg, 1-10pg or 1-5pg for polysaccharide

conjugates.
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The content of protein antigens in the vaccine will typically be in the range 1-100ug, 5-
50ug or 5 - 25ug. Following an initial vaccination, subjects may receive one or several

booster immunizations adequately spaced.

Vaccine preparation is generally described in Vaccine Design (“The subunit and adjuvant
approach" (eds Powell M.F. & Newman M.J.) (1995) Plenum Press New York).

Encapsulation within liposomes is described by Fullerton, US Patent 4,235,877.

The vaccines of the present invention may be stored in solution or lyophilized. Optionally
the solution is lyophilized in the presence of a sugar such as sucrose, trehalose or
lactose. It is typical that they are lyophilized and extemporaneously reconstituted prior to

use. Lyophilizing may result in a more stable composition (vaccine).

Methods

The invention also encompasses method of making the immunogenic compositions and

vaccines of the invention.

In an embodiment, the process of the invention, is a method to make a vaccine
comprising the steps of mixing antigens to make the immunogenic composition of the
invention and adding a pharmaceutically acceptable excipient.

Methods of treatment

The invention also encompasses method of treatment or staphylococcal infection,
particularly hospital acquired nosocomial infections.

This immunogenic composition or vaccine of the invention is particularly advantageous to
use in cases of elective surgery. Such patients will know the date of surgery in advance
and could be inoculated in advance. Since it is not know whether the patient will be
exposed to S. aureus or S. epidermidis infection, it is preferred to inoculate with a vaccine
of the invention that protects against both, as described above. Typically adults over 16

awaiting elective surgery are treated with the immunogenic compositions and vaccines of
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the invention. Alternatively children aged 3-16 awaiting elective surgery are treated with

the immunogenic compositions and vaccines of the invention.

It is also possible to inoculate health care workers with the vaccine of the invention.

The vaccine preparations of the present invention may be used to protect or treat a
mammal susceptible to infection, by means of administering said vaccine via systemic or
mucosal route. These administrations may include injection via the intramuscular,
intraperitoneal, intradermal or subcutaneous routes; or via mucosal administration to the

oral/alimentary, respiratory, genitourinary tracts.

The amount of antigen in each vaccine dose is selected as an amount which induces an
immunoprotective response without significant, adverse side effects in typical vaccines.
Such amount will vary depending upon which specific immunogen is employed and how it
is presented. The protein content of the vaccine will typically be in the range 1-100pg, 5-
50ug, typically in the range 10 - 25ug. An optimal amount for a particular vaccine can be
ascertained by standard studies involving observation of appropriate immune responses
in subjects. Following an initial vaccination, subjects may receive one or several booster

immunisations adequately spaced.

Although the vaccines of the present invention may be administered by any route,
administration of the described vaccines into the skin (ID) forms one embodiment of the
present invention. Human skin comprises an outer "horny" cuticle, called the stratum
corneum, which overlays the epidermis. Underneath this epidermis is a layer called the
dermis, which in turn overlays the subcutaneous tissue. Researchers have shown that
injection of a vaccine into the skin, and in particular the dermis, stimulates an immune
response, which may also be associated with a number of additional advantages.
Intradermal vaccination with the vaccines described herein forms an optional feature of

the present invention.

The conventional technique of intradermal injection, the "mantoux procedure”, comprises
steps of cleaning the skin, and then stretching with one hand, and with the bevel of a
narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at an angle of

between 10-15°. Once the bevel of the needle is inserted, the barrel of the needle is
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lowered and further advanced whilst providing a slight pressure to elevate it under the
skin. The liquid is then injected very slowly thereby forming a bleb or bump on the skin

surface, followed by slow withdrawal of the needle.

More recently, devices that are specifically designed to administer liquid agents into or
across the skin have been described, for example the devices described in WO 99/34850
and EP 1092444, also the jet injection devices described for example in WO 01/13977;
US 5,480,381, US 5,599,302, US 5,334,144, US 5,993,412, US 5,649,912, US 5,569,189,
US 5,704,911, US 5,383,851, US 5,893,397, US 5,466,220, US 5,339,163, US 5,312,335,
uUs 5,503,627, US 5,064,413, US 5,520, 639, US 4,596,556, US 4,790,824, US
4,941 ,880, US 4,940,460, WO 97/37705 and WO 97/13537. Alternative methods of
intradermal administration of the vaccine preparations may include conventional syringes
and needles, or devices designed for ballistic delivery of solid vaccines (WO 99/27961), or
transdermal patches (WO 97/48440; WO 98/28037); or applied to the surface of the skin
(transdermal or transcutaneous delivery WO 98/20734 ; WO 98/28037).

When the vaccines of the present invention are to be administered to the skin, or more
specifically into the dermis, the vaccine is in a low liquid volume, particularly a volume of

between about 0.05 mland 0.2 ml.

The content of antigens in the skin or intradermal vaccines of the present invention may
be similar to conventional doses as found in intramuscular vaccines (see above).
However, it is a feature of skin or intradermal vaccines that the formulations may be "low
dose". Accordingly the protein antigens in "low dose" vaccines are optionally present in as
little as 0.1 to 10pg, optionally 0.1 to 5 Pg per dose; and the polysaccharide (optionally
conjugated) antigens may be present in the range of 0.01-1 pg, and optionally between

0.01 to 0.5 pg of polysaccharide per dose.

As used herein, the term "intradermal delivery" means delivery of the vaccine to the region
of the dermis in the skin. However, the vaccine will not necessarily be located exclusively
in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
mm from the surface in human skin, but there is a certain amount of variation between
individuals and in different parts of the body. In general, it can be expected to reach the
dermis by going 1.5 mm below the surface of the skin. The dermis is located between the
stratum corneum and the epidermis at the surface and the subcutaneous layer below.
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Depending on the mode of delivery, the vaccine may ultimately be located solely or
primarily within the dermis, or it may ultimately be distributed within the epidermis and the

dermis.

An embodiment of the invention is a method of preventing or treating staphylococcal
infection or disease comprising the step of administering the immunogenic composition or
vaccine of the invention to a patient in need thereof.

A further embodiment of the invention is a use of the immunogenic composition of the
invention in the manufacture of a vaccine for treatment or prevention of staphylococcal
infection or disease, optionally post-surgery staphylococcal infection.

The term 'staphylococcal infection' encompasses infection caused by S. aureus and/or S.
epidermidis and other staphylococcal strains capable of causing infection in a
mammalina, optionally human host.

The terms "comprising”, "comprise" and "comprises" herein are intended by the inventors
to be optionally substitutable with the terms "consisting of, "consist of and "consists of,

respectively, in every instance.

All references or patent applications cited within this patent specification are incorporated
by reference herein.

In order that this invention may be better understood, the following examples are set forth.
These examples are for purposes of illustration only, and are not to be construed as limiting

the scope of the invention in any manner.
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Examples

Example 1 Construction of Plasmid to Express Recombinant proteins

A Cloning.

Appropriate restriction sites engineered into oligonucleotides specific

the

staphylococcal gene permitted directional cloning of the PCR product into the E.coli

expression plasmid pET24d or pQE-30 such that a protein could be expressed as a fusion

protein containing a (His)6 affinity chromatography tag at the N- or C-terminus.

The primers used were:

Alpha toxin - 5-CGCGGATCCGCAGATTCTGATATTAATATTAAAAC-S'
S'CCCAAGCTTTTAATTTGTCATTTCTTCTTTTTC-a'

EbpS - 5-CGCGGATCCGCTGGGTCTAATAATTTTAAAGATG-S'
5'CCCAAGCTTTTATGGAATAACGATTTGTTG-S'

CIfA - 5'-CGCGGATCCAGTGAAAATAGTGTTACGCAATC-S'
5'CCCAAGCTTTTACTCTGGAATTGGTTCAATTTC-S'

FnbpA - 5'-CGCGGATCCACACAAACAACTGCAACTAACG-S
5'CCCAAGCTTTTATGCTTTGTGATTCTTTTTCAAACS'

Shi - 5-CGCGGATCCAACACGCAACAAACTTC-S
5'GGAACTGCAGTTATTTCCAGAATGATAATAAATTAC-S'

SdrC - 5'-CGCGGATCCGCAGAACATACGAATGGAG-S'
5'CCCAAGCTTTTATGTTTCTTCTTCGTAGTAGC-S'

SdrG - 5-CGCGGATCCGAGGAGAATTCAGTACAAG-S'
5'CCCAAGCTTTTATTCGTCATCATAGTATCCG-S'

Ebh - 5'-AAAAGTACTCACCACCACCACCACC-S

5'AAAAGTACTCACTTGATTCATCGCTTCAG-S'
Aaa - 5'-GCGCGCCATGGCACAAGCTTCTACACAACATAC-S'
5'GCGCGCTCGAGATGGATGAATGCATAGCTAGA-S'

[saA - 5-GCATCCATGGCACCATCACCATCACCACGAAGTAAACGTTGATCAAGC-S'

and 5-AGCACTCGAGTTAGAATCCCCAAGCACCTAAACC-S'
HarA - 5'-GCACCCATGGCAGAAAATACAAATACTTC-S'
S5TTTTCTCGAGCATTTTAGATTGACTAAGTTG-S'

Autolysin glucosaminidase - 5-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-S'

and 5-CAGTCTCGAGTTTTACAGCTGTTTTTGGTTG-S'
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Autolysin amidase - S-AGCTCATATGGCTTATACTGTTACTAAACC-a' and
5'GCGCCTCGAGTTTATATTGTGGGATGTCG-S'
IsdA - 5'-CAAGTCCCATGGCAACAGAAGCTACGAACGCAAC-S' and

5'ACCAGTCTCGAGTAATTCTTTAGCTTTAGAGCTTG-S'

IsdB - 5-TATTCTCGAGGCTTTGAGTGTGTCCATCATTTG-S' and 5'
GAAGCCATGGCAGCAGCTGAAGAAACAGGTGG-S'

MRPII - 5'-GATTACACCATGGTTAAACCTCAAGCGAAA-S' and
5AGGTGTCTCGAGTGCGATTGTAGCTTCATT-3'

The PCR products were first introduced into the pGEM-T cloning vector (Novagen) using
Top 10 bacterial cells, according to the manufacturer's instructions. This intermediate
construct was made to facilitate further cloning into an expression vector. Transformants
containing the DNA insert were selected by restriction enzyme analysis. Following
digestion, a ~20pl aliquot of the reaction was analyzed by agarose gel electrophoresis
(0.8 % agarose in a Tris-acetate-EDTA (TAE) buffer). DNA fragments were visualized by
UV illumination after gel electrophoresis and ethidium bromide staining. A DNA molecular
size standard (1 Kb ladder, Life Technologies) was electrophoresed in parallel with the
test samples and was used to estimate the size of the DNA fragments. Plasmid purified
from selected transformants for each cloning was then sequentially digested to completion
with appropriate restriction enzymes as recommended by the manufacturer (Life
Technologies). The digested DNA fragment was then purified using silica gel-based spin
columns prior to ligation with the pET24d or pQE-30 plasmid. Cloning of Ebh (H2
fragment), AaA, IsdA, IsdB, HarA, Atl-amidase, Atl-glucosamine, MRPII, IsaA was carried
out using the pET24d plasmid and cloning of CIfA, SdrC, SdrE, FnbpA, SdrG/Fbe, alpha

toxin and Sbi were carried out using the pQE-30 plasmid.

B: Production of expression vector.

To prepare the expression plasmid pET24d or pQE-30 for ligation, it was similarly
digested to completion with appropriate restriction enzymes. An approximately 5-fold
molar excess of the digested fragments to the prepared vector was used to program the
ligation reaction. A standard ~20 pl ligation reaction (~16°C, ~16 hours), using methods
well known in the art, was performed using T4 DNA ligase (-2.0 units / reaction, Life
Technologies). An aliquot of the ligation (~5 W) was used to transform M15(pREP4) or
BT21 ::DE3 electro-competent cells according to methods well known in the art. Following

a -2-3 hour outgrowth period at 37°C in ~1.0 ml of LB broth, transformed cells were
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plated on LB agar plates containing ampicillin (100 pg/ml) and/or kanamycin (30pug/ml).
Antibiotics were included in the selection. Plates were incubated overnight at 379C for -16
hours. Individual ApR/KanR colonies were picked with sterile toothpicks and used to
"patch" inoculate fresh LB ApR/KanR plates as well as a~1.0 ml LB Ap/ Kan broth culture.
Both the patch plates and the broth culture were incubated overnight at 37°C in either a
standard incubator (plates) or a shaking water bath. A whole cell-based PCR analysis was
employed to verify that transformants contained the DNA insert. Here, the -1.0 ml
overnight LB Ap/Kan broth culture was transferred to a 1.5 ml polypropylene tube and the
cells collected by centrifugation in a Beckmann microcentrifuge (~3 min., room
temperature, -12,000 X g). The cell pellet was suspended in ~200 ul of sterile water and a
~10pl aliquot used to program a ~50ul final volume PCR reaction containing both forward
and reverse amplification primers. The initial 95°C denaturation step was increased to 3
minutes to ensure thermal disruption of the bacterial cells and liberation of plasmid DNA.
An ABI Model 9700 thermal cycler and a 32 cycle, three-step thermal amplification profile,
i.e. 95°C, 45sec; 55-58°C, 45sec, 729C, 1min., were used to amplify the BASB203
fragment from the lysed transformant samples. Following thermal amplification, a ~20ul
aliquot of the reaction was analyzed by agarose gel electrophoresis (0.8 % agarose in a
Tris-acetate-EDTA (TAE) buffer). DNA fragments were visualised by UV illumination after
gel electrophoresis and ethidium bromide staining. A DNA molecular size standard (1 Kb
ladder, Life Technologies) was electrophoresed in parallel with the test samples and was
used to estimate the size of the PCR products. Transformants that produced the
expected size PCR product were identified as strains containing a protein expression
construct. Expression plasmid containing strains were then analyzed for the inducible

expression of recombinant protein.

C: Expression Analysis of PCR-Positive Transformants.

An aliquot of the overnight seed culture (~1.0 ml) was inoculated into a 125 ml erlenmeyer
flask containing ~25 ml of LB Ap/Kan broth and was grown at 37 °C with shaking (-250
rpm) until the culture turbidity reached 0.D.600 of -0.5, i.e. mid-log phase (usually about
1.5 - 2.0 hours). At this time approximately half of the culture (~12.5 ml) was transferred
to a second 125 mlflask and expression of recombinant protein induced by the addition of
IPTG (1.0 M stock prepared in sterile water, Sigma) to a final concentration of 1.0 mM.
Incubation of both the IPTG-induced and non-induced cultures continued for an additional
~4 hours at 37 9C with shaking. Samples (~1.0 ml) of both induced and non-induced

cultures were removed after the induction period and the cells collected by centrifugation
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in a microcentrifuge at room temperature for ~3 minutes. Individual cell pellets were
suspended in ~50 Yl of sterile water, then mixed with an equal volume of 2X Laemelli
SDS-PAGE sample buffer containing 2-mercaptoethanol, and placed in boiling water bath
for ~3 min to denature protein. Equal volumes (~15 ) of both the crude IPTG-induced
and the non-induced cell lysates were loaded onto duplicate 12% Tris/glycine
polyacrylamide gel (1 mm thick Mini-gels, Novex). The induced and non-induced lysate
samples were electrophoresed together with prestained molecular weight markers
(SeeBlue, Novex) under conventional conditions using a standard SDS/Tris/glycine
running buffer (BioRad). Following electrophoresis, one gel was stained with commassie
brilliant blue R250 (BioRad) and then destained to visualize novel IPTG-inducible
protein(s) The second gel was electroblotted onto a PVDF membrane (0.45 micron pore
size, Novex) for ~2 hrs at 4 °C using a BioRad Mini-Protean 1l blotting apparatus and
Towbin's methanol (20 %) transfer buffer. Blocking of the membrane and antibody
incubations were performed according to methods well known in the art. A monoclonal
anti-RGS (His)3 antibody, followed by a second rabbit anti-mouse antibody conjugated to
HRP (QiaGen), were used to confirm the expression and identity of the recombinant
protein. Visualization of the anti-His antibody reactive pattern was achieved using either
an ABT insoluble substrate or wusing Hyperfim with the Amersham ECL

chemiluminescence system.

Example 2: Production of Recombinant Protein

Bacterial strain

A recombinant expression strain of E. coli M15(pREP4) containing a plasmid (pQE30) or
BI_21 ::DE3 containing plasmid pET24d encoding staphylococcal protein was used to

produce cell mass for purification of recombinant protein.

Media.

The fermentation medium used for the production of recombinant protein consisted of 2X
YT broth (Difco) containing 100pg/ml Ap and/or 30 pg/ml Km. Antifoam was added to
medium for the fermentor at 0.25 ml/L (Antifoam 204, Sigma). To induce expression of the
recombinant protein, IPTG (Isopropyl [-D-Thiogalactopyranoside) was added to the

fermentor (1 mM, final).

Production of recombinant proteins
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Under native conditions

IPTG was added at a final concentration of 1mM and the culture was grown for 4
additional hours. The culture was then centrifuged at 6,000 rpm for 10 minutes and the
pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a
protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500
bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the supernatant
was reserved for further purification and NaCl was added to 0.5M. The sample was then
loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin Qiagen) conditioned in
50mM K2HPO4, KH2PO4 pH 7. After loading the sample, the column was washed with
Buffer A (0.2M NaH2PO4 pH7, 0.3M NaCl, 10% glycerol). To elute bound protein, a step
gradient ws used where different proportions of buffer B (0.2M NaH2PO4 pH7, 0.3M
NaCl, 10% glycerol and 200mM imidazole) were added to buffer A. The proportion of
buffer B was gradually increased from 10% to 100%. After purification, eluted fraction
containing the protein were pooled, concentrated and dialysed against 0.002M

KH2PO4/K2HPO4 pH7, 0.15M NaCl.

This method was used to purify CIfA, SdrG, IsdA, IsaB, HarA, Atl-glucosamine and alpha

toxin.

Under denaturing conditions

IPTG was added at a final concentration of 1mM and the culture was grown for 4
additional hours. The culture was then centrifuged at 6,000 rpm for 10 mintes and the
pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a
protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500
bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the pellet was
washed with phosphate buffer including 1M urea. The sample was centrifuged for 30 mins
at 15000rpm and the pellet was resuspended in 8M urea, 0.1 M NaH2PO4, 0.5M NacCl,
0.01 M Ths-Hcl pH8 and kept overnight at room temperature. The sample was centrifuged
fro 20 minutes at 15000rpm and the supernatant was collected for further purification. The
sample was then loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin
Qiagen) conditioned in 8M urea, 0.1 M NaH2PO4, 0.5M NaCl, 0.01 M Tris-Hcl pH8. After
passsage of the flowthrough, the column was washed succesively with buffer A (8M Urea,
0.1MNaH2PO4, 0,5M NaCl, 0.01 M Tris, pH 8.0), buffer C (8M Urea, 0.1 MNaH2PO4, 0.5M
NaCl, 0.01 M Tris, pH 6.3), buffer D (8M Urea, 0.1MNaH2PO4, 0.5M NacCl, 0.01 M Tris, pH
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5.9) and buffer E (8M Urea, 0.1MNaH2PO4, 0.5M NaCl, 0.01M Tris, pH 4.5). The
recombinant protein was eluted from the column during washes with buffer D and E. The
denatured, recombinant protein could be solubilized in a solution devoid of urea. For this
purpose, denatured protein contained in 8M urea was successively dialyzed against 4M
urea, 0.1MNa2PO4, 0.01 M Tris-HCI, pH7.1, 2M urea, 0.1 M NaH2PO4, 0.01M Tris-HCI,
pH 7.1, 0.5M arginine and 0.002M KH2PO4/K2HPO4 pH7.1,0.15M NaCl, 0.5M arginine.

This method was used to purify Ebh (H2 fragment), AaA, SdrC, FnbpA, Sbi, Atl-amidase
and lIsaA.

The purified proteins were analysed by SDS-PAGE. The results for one protein purified
under native conditions (alpha toxin) and one protein purified under denaturing conditions

(SdrC) are shown in Figures 3 and 4.

Example 3 Preparation of S. aureus Capsular Polysaccharide Conjugates using
CDAP

Activation and coupling chemistry for native PS8 using CDAP:

SA08-TT004

Activation and coupling were performed at room temperature under continuous stirring.
10 mg of native polysaccharide were dissolved to obtain a final PS concentration of 2.5
mg/ml in 0.2M NacCl. The solution was then adjusted to pH 6.0+/-0.2 before the activation

step.

At time 0, 50 pl of a CDAP solution (100 mg/ml freshly prepared in acetonitrile/WFI, 50/50)
were added manually to reach the appropriate CDAP/PS (0.5/1) ratio.

After 1.5 minutes the pH was raised to pH 9.00+/-0.05 by addition of 0.5M NaOH.

NaOH addition takes about 1 minutes and pH is stabilised at pH 9.00+/-0.05 up to carrier
addition.

At time 4.5 minutes, 1.5 mlof TT (10 mg/ml in 0.2M NaCl) was added to reach the
appropriate Protein/PS ratio (1.5/1); pH was immediately adjusted to coupling pH 9.00+/-

0.05. The solution is left for one hour under manual pH regulation.
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After the coupling step, 0.5 ml of 2M glycine (ratio gly/PS (w/w): 7.5/1) were added; pH
was immediately adjusted to 9.00+/-0.05. The solution was left for 30 minutes under
manual pH regulation. Then the conjugate was clarified using a 5 um Minisart filter and
injected on Sephacryl S400HR (XK16/100). The flow-rate was fixed at 30 ml/h, using
150mM NacCl.

The elution fractions were analysed by resorcinol and by PUBCA. Interesting fractions were

pooled and filtered on 0.22 pm Sterivex.

The resulting conjugate had a final TT/PS ratio (w/w) of 1.05 as assessed by resorcinol

and Lowry assays.

Example 4 Preparation of S. aureus Capsular Polysaccharide Conjugates using
CDAP on sized polysaccharides

Activation and coupling chemistry for sized PS8 using CDAP

PS is weighted on the basis of 10% theoretical moisture content. 2 g of native, humid PS
was dissolved overnight in WFI at an initial concentration of 10 mg/ml. Before the sizing,
the solution of native PS was clarified on 5 um cut-off filter.

A EMULSIFLEX C-50 homogenizer apparatus, in which the homogenizing cell was
replaced with a Microfluidics F20Y-0.75 um interaction chamber, was used to reduce the
molecular weight and the viscosity of the polysaccharide before the activation step

The size reduction was realized at 10000 psi during the 10 first cycles and then at 15000
psi for the following 60 cycles. The progress of the size reduction was followed in-process
by measuring viscosity. The sizing was stopped after 70 cycles when the target of 2.74 +

0.2 cpwas reached.

Activation and coupling were performed at room temperature under continuous stirring.
50 mg of sized polysaccharide 8 were diluted to obtain a final PS concentration of 5 mg/ml
in 0.2M NacCl.

At time 0, 375 pl of a CDAP solution (100 mg/ml freshly prepared in acetonitrile/WFI,

50/50) were added manually to reach the appropriate CDAP/PS (0.75/1) ratio.
After 1 minute the pH was raised to pH 9.00+/-0.05 by addition of 0.5M NaOH.
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At time 2.5 minutes, 10 mlof TT at 10 mg/ml in 0.2M NaCl were added to reach the
appropriate Protein/PS ratio (2/1); pH was immediately adjusted to coupling pH 9.00+/-
0.05. The solution was left for 55 minutes under manual pH regulation.

After the coupling step, 2.5 ml of 2M glycine (ratio gly/PS (w/w): 7.5/1) were added; pH
was immediately adjusted to 9.00+/-0.05 by the regulator. The solution was left for 30
minutes under manual pH regulation.

Then the conjugate was clarified using a 5um Minisart filter and injected on Sephacryl
S400HR (XK26/100). The flow-rate was fixed at 60 mi/h.

The elution fractions were analysed by resorcinol and by protein dosage. Interesting

fractions were pooled and filtered on 0.22 pum Millipack20.

The resulting conjugate has a final TT/PS ratio of 1.94.

Example 5 Preparation of S. aureus Capsular Polysaccharide Conjugates using
EDAC

Activation and coupling chemistry using EDAC:

S. aureus capsular polysaccharide type 8-TT conjugate :

PS derivatization

Activation and coupling were performed at room temperature under continuous stirring.

30 mg of native polysaccharide were diluted to obtain a final polysaccharide concentration
of 5 mg/ml in water. The solution was adjusted to pH 4.5-5.0 with 0.5N HCI and then 66
Mg of ADH were added (2.2 mg/mg PS). After complete dissolution, 60 mg of EDAC were
added (2 mg/mg PS). After 70 min the pH was raised to pH 7.5 with I N NaOH to stop the
reaction. Free ADH was removed by purification on Sephacryl S100HR (XK 16/40). The
flow-rate was fixed at 60 ml/h using 0.2 M NaCl as elution buffer. A size reduction was
done by sonication of 15 min allowing a sterile filtration on millex filter (0.22 pum).

Coupling

Tetanus toxoid was added to 5 to 10 mg of derivatized polysaccharide in 0.2M NaCl and
the pH was adjusted to pH 5.0 or pH 6.0 by addition of 0.5N HCI. EDAC was dissolved in
0.1 M Tris buffer pH 7.5 and then added over a period of 10 min (1/5 vol each 2 min).
According to the conditions used (see Table 6), the reaction was stopped after between

30 and 180 minutes by addition of | M Tris-HCI pH 7.5. Prior to purification on Sephacryl
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S400HR, the conjugate was clarified using a 5pm Minisart filter. Alternatively, the

conjugate was clarified by a 5 minute sonication step. The conjugate was then injected on

Sephacryl S400HR (XK16/100). The flow-rate was fixed at 30 ml/h using 150 mM NaCl as

elution buffer. The elution pool was selected on the basis of resorcinol and pBCA profiles
5 (which measure polysaccharide and protein dosage respectively). The conjugate was

filtered on a 0.22 um sterilizing membrane (Millipack 20) at 10 ml/min.

Table 5
Conjugate Coupling [PS (AH)] [TT (AH)] [reagent EDAC]
time (mg/ml) (mg/ml) (mg/mg PS)
SA08-TTO11 40 min 3.58 6.45 0.5/1
SA08-TTO15* 180 min 2 40 0.25/1
SA08-TTO17 30 min 3.75 75 0.25/1
SA08-TTO18 50 min 3.75 75 0.10/1

10  Table 5: * coupling done at pH 6.0

The resulting conjugates have the following characteristics shown in Table 6:

Table 6
Conjugate In. TT/PS | F. TT/PSratic | v.ps | Filtr. Vield
ratio(w/w) (w/w) rec (%) (%)
SA08-TTO11 2/1 243/1 48 99
SA08-TTO15 2/1 2.40/1 53 104
SA08-TTO017 2/1 2.41/1 44 107
SA08-TTO018 2/1 2.40/1 42 106

15

S. aureus polysaccharide type 8 was also treated by microfluidization before derivatization
with ADH

20 PS derivatization
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Activation and coupling are performed at room temperature under continuous stirring.

200 mg of sized polysaccharide are diluted to obtain a final PS concentration of 10 mg/ml
in water. Then 440 mg of ADH were added (2.2 mg/mg PS). The solution was adjusted to
pH 4.7 with 1N HCI before the addition of 400 mg of EDAC (2 mg/mg PS). After 60 min
the pH was raised to pH 7.5 with 5M NaOH to stop the reaction. The mixture was
concentrated on Amicon Ultra (cut-off 10.000 MWCO). Prior to purification on Sephacryl
S200HR (XK16/100), the conjugate was clarified using a 5um Minisart filter. The flow-rate
was fixed at 30 ml/h using 0.150 M NaCl as elution buffer.

Coupling

100 mg of TT was added to 50 mg of derivatized polysaccharide in 0.2M NaCl. The pH
was adjusted to pH 5.0 £ 0.02 by addition of 0.3N HCI. EDAC was dissolvedd in 0.1 M Tris
buffer pH 7.5 and then added over a period of 10 min (1/10 vol each minute). According to
the conditions used (see Table 8), the reaction was stopped after between 30 and 180
minutes by addition of | M Tris-HCI pH 7.5. Prior to purification on Sephacryl S400HR, the
conjugate was clarified using a 5pum Minisart filter. The conjugate was then injected on
Sephacryl S400HR (XK50/100). The flow-rate was fixed at 60 ml/h using 150 mM NacCl as
elution buffer. The elution pool was selected on the basis of resorcinol and UBCA profiles
(which measure polysaccharide and protein dosage respectively). Then, the conjugate
was filtered on a 0.22 pm sterilizing membrane (Millipack 20) at 10 ml/min.

Table 7
Conjugate Coupling [PS-AH] [TT] [EDAC]
time (mg/ml) (mg/ml) (mg/mg PS)
SA08-TT045 65 min 3.83 7.66 0.1
SA08-TT046 45 min 375 75 0.2
SA08-TT047 30 min 5.0 15.0 0.2
SA08-TT048 120 min 5.0 100 0.05
SA08-TT049* 50 min 50 10.0 01

* EbAC added in "one time"

Table 8
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Conjugate In. TT/PS F. TT/PS ratio Y. PS Filtr. Yield
ratio(w/w) (w/w) rec (%) (%)
SAO08-TT045 2/1 2.20/1 57 101
SA08-TT046 2/1 2.80/1
SA08-TT047 3/1 Gel- Not purified - -
SA08-TT048 2/1 3.35 30 101
SA08-TT049 2/1 35 24 106

Example 6 Preparation of S. aureus Capsular Polysaccharide Conjugates using
EDAC on de-O-acetylated S. aureus polysaccharide 8

De-O-acetylation

0.1 N NaOH was added to 16 ml of sized PS (10 mg/ml) to target a final PS
concentration of 9 mg/ml and a final NaOH concentration of 0.1 N. After a
treatment of 1 or 2 h at 379C, the PS had a level of O-acetylation of 35 and 12%
(Hestrin dosage) respectively in comparison to the untreated PS.

0.1 N NaOH was added to 19 ml of sized PS (10 mg/ml) to target a final PS
concentration of 9.5 mg/ml and a final NaOH concentration of 0.05N. After a
treatment of 1 or 2 h at 370C, PS had a level of O-acetylation of 78 and 58%
(Hestrin dosage) respectively in comparison to the untreated PS.

The derivatization step was done as shown previously for an untreated PS.

Table 9
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Conjugate O-acetyl ADH/PS w/w*
level
%
%
SA08-TT056 35 9.3
SA08-TTO057 12 13.1
SA08-TT058 78 53
SA08-TTO059 58 8.2
* TNBS assay

Removal of the O-acetyl groups resulted in an increased availability of reactive carboxylic
groups. Indeed, the derivatization level of a PS having only 12% of O-acetyl groups was *
2.5-fold superior to the one having 78% of O-acetyl groups.

Coupling was done as shown previously for a untreated PS

Table 10
Conjugate O-acetyl Coupling | [PS-AH] [TT] [EDAC]
level time (mg/ml) | (mg/ml)
(mg/mg PS)
%
SA08-TT056 35 45 min 2.87 574 05
SA08-TT057 12 30 min 2.62 5.24 05
SA08-TT058 78 50 min 3.16 6.32 05
SA08-TT059 58 40 min 253 5 05
Table 11
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Conjugate In. TT/PS F. TT/PS ratio Y. PS Filtr. Yield
ratio(w/w) (w/w) rec (%) (%)
SA08-TTO056 2/1 1.70/1 51.3 100
SA08-TTO057 2/1 1.78/1 63.0 105.4
SA08-TT058 2/1 2.08/1 46.3 99.6
SA08-TTO59 2/1 1.86/1 50.8 99.2

Example 7 Conjugation of dPNAG

Activation and coupling of dPNAG:

dPNAG-TT conjugates

The following conjugates were produced using the approaches

herebelow:

dPNAG-TT010:; dPNAG-S-GMBS + DTT treated TT-LC-SPDP
dPNAG-TTO11: dPNAG-S-GMBS + DTT treated TT-LC-SPDP
dPNAG-TT012: dPNAG-S-GMBS + DTT treated TT-SPDP

dPNAG-TTO14: dPNAG-SPDP + DTT treated TT-SPDP

dPNAG-TTO17:DTT treated dPNAG-SPDP + TT-LC-SPDP
dPNAG-TT019: dPNAG-S-GMBS + DTT treated TT-SPDP
dPNAG-TT020: dPNAG-S-GMBS +DTT treated TT-SPDP

dPNAG

described

1g of PNAG was dissolved in 5N HCI at a concentration of 20mg/ml and was

incubated for 1 hour. It was then neutralized with 5N NaOH. The solution was

clarified on a 5um membrane and purified on Sephacryl S400HR. Interesting

fractions, corresponding to the "medium molecular size" (see

Infection and

Immunity, 70: 4433-4440 (2002)), were pooled and concentrated prior to de-N-

acetylation treatment.
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The solution was adjusted at 1M NaOH and left 24 hours at 37°C. After

neutralization, the product was subjected to dialysis and concentration.

dPNAG Activation

S-GMBS (N-(y-Maleimidobutyryloxy) sulfosuccinimide, Pierce) was added to
dPNAG in 0.2M NaCl (ratio S-GMBS/PS (w/w):1/1) and incubated during 2h at
room temperature at pH 7.0 (pH regulation using 1M NaOH). Excess GMBS and
by-products were removed by purification on Toyopearl HW-40F using PBS,
10mM EDTA, 50 mM NaCl pH 7.2 as elution buffer with a flow-rate fixed at 60
ml/h. The elution pool was selected in function of the optical density (UV=206 nm)
and then concentrated on Vivaspin tubes 3,000 MWCO or Amicon Ultra 10,000
MWCO.

Coupling

GMBS-activated dPNAG and DTT reduced TT-SPDP were mixed and stirred at
room temperature. According to the conditions used the reaction was quenched
after 20-120 min by the addition of cysteine (4 mg/ml in Na phosphate buffer pH
8.0) for 30 minutes. The conjugate was clarified on 5 pm filter and injected on
Sephacryl S300HR resin (XK16/100) for purification. Elution was realized in 200
mM NaCl with a flow-rate fixed at 30 ml/h. The elution fractions were analysed by
hexosamine and by protein dosage. Interesting fractions were pooled and filtered
on 0.22 pm Sterivex. The final conjugate was tested for polysaccharide

(hexosamine dosage) and protein composition (Lowry dosage).

Table 12
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Conjugate N-acetylation | [dPNAG] | [TT] | PS scale | Coupl.time
level mg/ml mg/ml (mg) (min)
%

dPNAG-TT 010 10* 15 15 30 120
dPNAG-TT 011 10* 12 24 20 120
dPNAG-TT 012 10* 17.5 35 22 80
dPNAG-TT 019 34 5 10 10 20
dPNAG-TT 020 34 2 2 10 20

*Not done on the lot used in the conjugation but estimated on a previous lot by NMR
using the same de-N-acetylation method.

Table 13
Conjugate In.TT/PS ratio | F.TT/PS ratio | Yield PS rec | Filtration yield

(w/w) (w/w) (%) (%)

dPNAG-TTO10 1/1 1.86/1 43 99

dPNAG-TTO11 2/1 2.86/1 56 99

dPNAG-TTO12 2/1 2.29/1 61 108

dPNAG-TTO19 2/1 1.45/1 81 97

dPNAG-TT020 1/1 0.89/1 82 109

dPNAG-SPDP:

A 5-fold molar excess of SPDP (N-Succinimidyl-3-(2-Pyridyldithio) Propionate, MW:
312.4, Pierce) dissolved in DMSO (dimethyls ulfoxid, Merck) was added to 100 mg of
dPNAG at 5mg/ml in 100 mM Na phosphate, pH 7.2) and incubated 1 h at room
temperature. Before purification on Sephacryl S100HR (XK16/40) the reaction mixture
was concentrated to £ 6 ml on Amicon Ultra 10,000 MWCO (centrifugation at 3000 rpm
during 28 rriin). Elution was realized in phosphate buffer pH 7.4with a flow-rate fixed at 60
mi/h. The interesting fractions (read at 206 nm) were pooled and concentrated to 1.1 ml

on Amicon Ultra 10,000 MWCO (centrifugation at 3000 rpm during 30 min).

TT-SPDP :

A 15-fold molar excess of SPDP (Pierce) dissolved in DMSO (dimethylsulfoxid, Merck)
was added to 1 g of TT (50 mg/ml) in 100 mM Na phosphate, pH 7.2 and incubated 80
min at room temperature. Then the product was injected on Sephacryl S100HR (XK16/40)
and eluted in 100 mM Na acetate pH 5.6, 100 mM NaCl, 1ImM EDTA with a flow-rate fixed

at 60 ml/h. The elution pool was selected in function of the optical density (UV=280nm)
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and then concentrated to 19.6 ml on Amicon Ultra 10,000 MWCO (centrifugation at 3000

rpm during 75 min).

TT-LC-SPDP was produced as TT-SPDP but using LC-SPDP (Succinimidyl 6-[3-(2-

pyridyldithio)-propionamidolhexanoate, Pierce) and an incubation time of 60 min.

TT-SH or TT-LC-SH

DTT was added to TT-SPDP or TT-LC-SPDP in a DTT/TT ratio (mg/mg) of 0.7/1 . After 2h
at room temperature, the release of pyridine-2-thione was followed by its characteristic
absorbance at 343 nm. The thiolated protein was purified from excess DTT by gel filtration
(PD-10, Amersham). After concentration on Amicon Ultra 10,000 MWCO, protein content

was estimated by Lowry dosage.

dPNAG-SPDP  + TT-SH or TT-LC-SH (dPNAG-TT014 and 016)

Coupling was performed at room temperature under continuous stirring and with an initial
TT/PS ratio (w/w) of 2/1.

dPNAG and TT-SH were mixed in order to obtain a final PS concentration of 20 mg/ml
and a final protein concentration of 40 mg/ml. After 30 min, unreacted sulfthydryl groups
were quenched by addition of 2-lodoacetamide (Merck).

dPNAG and TT-LC-SH was mixed in order to obtain a final PS concentration of 10 mg/ml
and a final protein concentration of 20 mg/ml. After 75 min, unreacted sulfhydryl groups
were quenched by addition of 2-lodoacetamide (Merck).

Then the conjugate is clarified using a 5 pm Minisart filter and injected on Sephacryl
S300HR (XK16/100). Elution was realized in 200 mM NaCl with a flow-rate fixed at 30
ml/h.

The elution fractions were analysed by hexosamine and by protein dosage. Interesting

fractions were pooled and filtered on 0.22 pm Sterivex.

The resulting conjugates have a final TT/PS ratio (w/w) of 2.18 (TT-SH) and 2.24 (TT-LC-
SH).

Thiolation of dPNAG
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11.6 mg of DTT (1, 4-Dithiothreitol, Boerhinger Mannheim, MW: 154.24) were added to
16.5 mg of dPNAG-SPDP. After 2 h at room temperature, the release of pyridine-2-thione
was followed by its characteristic absorbance at 343 nm. The thiolated PS was purified
from excess DTT by gel filtration (Toyopearl HWA40F) and then concentrated to 860 Ml on
Amicon Ultra 10,000 MWCO.

dPNAG-SH + TT-SPDP_(dPNAG-TTO017)

Coupling was performed at room temperature under continuous stirring and with an initial
TT/PS ratio (w/w) of 1.7/1.

dPNAG-SH and TT-SPDP were mixed in order to obtain a final PS concentration of 7.73
mg/ml and a final protein concentration of 13.3 mg/ml. After 90 min, unreacted sulfhydryl
groups were quenched by addition of 2-lodoacetamide (Merck).

Then the conjugate was clarified using a 5 pm Minisart filter and injected on Sephacryl
S300HR (XK16/100). Elution was realized in 200 mM NaCl with a flow-rate fixed at 30
ml/h.

The elution fractions are analysed by hexosamine and by protein dosage. Interesting
fractions were pooled and filtered on 0.22 pum Sterivex.

The resulting conjugate has a final TT/PS ratio (w/w) of 2.74.

Example 8 Formulation

Adjuvant compositions

The conjugates were inoculated either unadjuvanted or adjuvanted with adjuvant A,
having the following composition:

Composition of Adjuvant A
Qualitative Quantitative (per 0.5 ml_ dose)
Liposomes:

- DOPC 1mg

- cholesterol 0.25 mg

3DMPL 50 g

QS21 50 ug

KH2POA41 3.124 mg Buffer
Na2HPO4 10.290 mg Buffer

NaCl 2.922 mg

(100 mM)

WFI g.s. ad 0.5 ml Solvent
pH6.1

1. Total PO4 concentration =50 mM
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Example 9

Animal experiments.

Female CD-1 mice, 8 to 10 weeks old, are obtained from Charles River Laboratories,
Kingston, Mass. For lethality studies, five groups of 9 to 11 CD-1 mice are challenged
intraperitoneal™ (i.p.) with serial dilutions of S. aureus grown on CSA plates. The inocular
sizes range from ~10% to 108 CFU/mouse. Mortality is assessed on a daily basis for 3
days. The 50% lethal doses (LD.,S) is estimated by using a probit model of the dose-
response relationship. The null hypothesis of common LD, Swas tested by the likelihood
ratio test. Sublethal bacteremia is initiated by challenging groups of 8 to 20 mice by the
intravenous (i.v.) route with ~ 2 x 106 CFU/mouse or by the i.p. route with ~ 2 x 107
CFU/mouse. After inoculation separate groups of animals are bled from the tail at
specified times, and the bacteremia levels are estimated by quantitative plate counts
performed in duplicate on tryptic soy agar plates with 5% sheep blood (Becton Dickinson
Microbiology Systems). Statistical significance is determined with the Welch modification

of the unpaired Stutent's ttest.

Example 10
Immunogenicity of S. aureus PS8-TT and dPNAG-TT conjugates

Groups of 30 mice were inoculated subcutaneously with S. aureus PS8-TT
conjugate at a saccharide dose of 3ug, either unadjuvanted or combined with
adjuvant A, on days 0, 14, 28 and 42. On day 0, the mice received a first
saccharide dose including between 0.001 and 0.013pg. The further three

immunisations were done wuth a dose of 0.3ug in saline. On day 55 serum was
collected from the mice and each serum sample was tested by ELISA to assess
the immune response against PS8. Groups of 10 mice were used in the control
groups and these were inoculated with either saline or saline containing adjuvant
A.

The purified PS8 was coated at 2 pg/ml in phosphate buffered saline (PBS) on high

binding microtitre plates (Nunc Maxisorp) overnight at 4° C. The plates were blocked with

PBS-BSA 1% for 30 min at room temperature with agitation. The mice antisera were

prediluted 1/100 , then further twofold dilutions were made in microplates which were

incubated at 37°C for 1 hour. After washing, bound murine antibody was detected using
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Jackson ImmunolLaboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse 1gG
(H+L) (ref: 115-035-003) diluted 1:5000 in PBS-tween 0.05%. The detection antibodies
were incubated for 30 minutes at room temperature with agitation. The color was
developed using 4 mg OPD (Sigma) + 5 pl H202 per 10 ml pH 4.5 0.1 M citrate buffer for
15 minutes in the dark at room temperature. The reaction was stopped with 50 pl HCI, and

the optical density was read at 490 nm relative to 650 nm.

The results were expressed in mid-point titers and the GMT was calculated for the 30

samples (10 for controls). The results are shown in Table 14 below.

Table 14
Conjugate Anti-PS8 titre (GMT) Anti-PS8 titre (GMT)
nonadsorbed Adjuvant A
SA08-TT011 4714 2109
SA08-TT015 2806 5631
SA08-TT017 3770 4396
SA08-TT018 5349 4748
Control 50 50

Groups of 30 mice were inoculated subcutaneously with S. aureus dPNAG-TT
conjugates (containing dPNAG which was between 10% and 30% N-acetylated) at
a saccharide dose of 0.3ug in 200mM NacCl, either unadjuvanted or combined with
adjuvant A. The mice received three inoculations on days 0, 14 and 28. Onday 41
or 42 serum was collected from the mice and each serum sample was tested by
ELISA to assess the immune response against PNAG. Groups of 10 mice were
used in the control groups and these were inoculated with saline or with adjuvant

alone.

Anti-PNAG ELISA:

Purified PNAG (2.5 pg/ml) mixed with methylated HSA (2.5 pg/ml) diluted in phosphate
buffered saline (PBS) was coated on high binding microtitre plates (Nunc Maxisorp)

overnight at 4° C.
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The plates were blocked with PBS-BSA 1%, 30 min at RT with agitation. The mice
antisera were prediluted 1/100, then further twofold dilutions were made in microplates
and incubated at room temperature with agitation for 1 hour. After washing, bound murine
antibody was detected using Jackson ImmunolLaboratories Inc. peroxidase-conjugated
IgG (H+L) (ref: 115-035-003) diluted 1:5000 in PBS-BSA

The detection antibodies were incubated for 30 min. at room

affiniPure Goat Anti-Mouse
0.2%-tween 0.05%.
temperature with agitation. The color was developed using 4 mg OPD (Sigma) + 5 ul
H202 per 10 mlpH 4.5 0.1 M citrate buffer for 15 minutes in the dark at room temperature.
The reaction was stopped with 50 pl HCI, and the optical density was read at 490 nm

relative to 650 nm.

A GMT was calculated on the mid-point titers of the 30 samples (10 for the controls).

Table 15
Conjugate Anti-PNAG GMT Anti-PNAG GMT
Non-adsorbed Adjuvant A
dPNAG-TT010 1371 28465
dPNAG-TT011 1133 40899
dPNAG-TT019 425 13429
dPNAG-TT020 656 10080
dPNAG-TT014 342 9806
dPNAG-TT017 203 8094
dPNAG-TTO012 398 40509
dPNAG-TT016 719 7937
Control 50 50

Example 11 Immunogenicity of PS*-TT conjugates made by the CDAP method

Results

Table 16

Conjugate

Anti PS8 GMT post three

inoculations in mice

Anti-PS8 GMT post two

inoculations in mice

SAPS8-TT-04 Specol

207068

41326
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SAPS8-TT-04 Adjuvant A 47405 15577
SAPS8-TT-04 AIPO4 7380 4510
Specol 50

Adjuvant A 50

AIPO4 50

Example 12

Opsonophagocytosis assay.

The in vitro opsonophagocytosic kiling of S.aureus by human polymorphonuclear
leykocytes (PMNSs) is performed as described in Xu et al 1992 Infect. Immun. 60; 1358.
Human PMNs are prepared from heparinized blood by sedimentation in 3% dextran T-
250. The opsonic reaction mixture (1 ml) contains ~ 106 PMNs in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum, ~ 108 CFU of S-aureus, and 0.1
ml of the test serum or IgG preparation. Hyperimmunized rabbit serum is used as a
positive control, and 0.1 ml of nhonimmune rabbit serum was used as a complete source
for the IgG samples. The reaction mixtures are incubated at 379C,and bacterial samples
are transferred at 0, 60, and 120 min into water and subsequently diluted, spread on
tryptic soy agar plates, and incubated at 379C for bacterial count after overnight

incubation.

Example 13

Immunogenicity of staphylococcal proteins in mice and rabbits

Animals were immunized with purified staphylococcal proteins in order to generate hyper-
immune sera. Mice were immunized three times (days 0, 14 and 28) with 10 pg of each
proteins adjuvanted in Specol. Rabbits were immunized three times (days 0, 21 and 42)
with 20 Pg of each proteins adjuvanted in Specol. Immune sera were collected and

evaluated in anti-protein and anti-killed whole cells ELISA.

Anti-Protein ELISA:
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The purified protein was coated at 1 pg/ml in phosphate buffered saline (PBS) on high
binding microtitre plates (Nunc Maxisorp) overnight at 4° C. The plates were blocked with
PBS-BSA 1%, for 30 min at RT with agitation. The test samples were then diluted 1/1000
and incubated at room temperature for 1 hour with agitation. After washing, bound murine
or rabbit antibody was detected using Jackson ImmunolLaboratories Inc. peroxidase-
conjugated affiniPure Goat Anti-Mouse 1gG (H+L) (ref: 115-035-003) or AffiniPure Goat
Anti-Rabbit IgG (H+L) (ref: 11-035-003) diluted 1:5000 in PBS-tween 0.05%. The
detection antibodies were incubated for 30 min. at room temperature with agitation. The
color was developed using 4 mg OPD (Sigma) + 5 pl H202 per 10 ml pH 4.5 0.1 M citrate
buffer for 15 minutes in the dark at room temperature. The reaction was stopped with 50
Ml HCI, and the optical density was read at 490 nm relative to 650 nm.

The O.D. for a 1/1000 dilution of Post Il was compared to the O.D. obtained with the

same dilution of Pre-immune sera.
Results generated with mice and rabbit sera are presented in Figure 5. A good
seroconversion against each antigen was observed. Evaluation of sera directed against

SBI was impaired due to the Ig binding activity of this protein.

Anti-killed whole cells ELISA:

Killed whole cells (heat or formaldehyde inactivated) from S. aureus type 5 and 8 or S.
epidermidis strain Hay were coated at 20 pg/ml in phosphate buffered saline (PBS) on
high binding microtitre plates (Nunc Maxisorp) overnight at 4° C with evaporation. The
plates were blocked with PBS-BSA 1% 30 min at room temperature with agitation. Protein
A was neutralised by addition of 10pg/ml of Affinity Purified Chickedn anti-ProteinA (ICL
ref. CPA-65A-2) diluted in PBS-tween 0.05% followed by incubation for 1 hour at room
temperature. The test samples were then diluted two-fold on the microplate in PBS-0.05%
from a starting dilution at 1/10 and incubated 1 hour at room temperature with agitation.
After washing, bound murine or rabbit antibody was detected using Jackson
ImmunoLaboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse IgG (H+L)
(ref: 115-035-003) or AffiniPure Goat Anti-Rabbit 1gG (H+L) (ref: 11-035-003) diluted
1:5000 in PBS-tween 0.05%. This detection antibodies were incubated for 30 min. at room
temperature with agitation. The color was developed using 4 mg OPD (Sigma) + 5 pl

H202 per 10 ml pH 4.5 0.1 M citrate buffer for 15 minutes in the dark, at room
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temperature. The reaction was stopped with 50 pl HCI, and the optical density was read at

490 nm relative to 650 nm.

It should be noted that expression levels of proteins in staphylococci will vary depending
on culture conditions. Therefore a negative result may reflect the choice of incorrect

culture conditions rather than a lack of immunogenicity.

The results using mice sera are shown in Table 17 and some of the graphs are shown in
figure 6. A weak recognition of S. aureus strain 5 is observed with sera directed against
SdrC, FnbpA, Ebh, Sbi and IsaA. Recognition of S. aureus strain 8 is only observed with
the serum directed against Shi. Weak recognition of S. epidermidis Hay is observed with
sera directed against Atl amidase, MRPII, IsdA, IsaA, Ebh, Aaa and Sbi.

A selection of results generated using rabbit sera are shown in figure 7 and summarized
in Table 18. Very good recognition of the three strains was observed with IsaA and IsdB.
A weak recognition of the three stains was observed with HarA although animals only

received one injection rather than the three injections used for the other proteins.

Table 17
Protein name React on SA5 React on SA8 React on SE Hay

IsaA (+) (+) (+)
CIfA - (+) (+)
Atl amidase - - ++
SdrG - - -
Glucosamidase - - -
IsdA - - ++
Alpha toxin - - -
SrdC ++ (+) -
Ebh + - +
AaA - - ++
MRPII - - ++
Shi ++ ++ +++
FnbpA + + (+)
Table 18
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Protein name React on SA5 React on SA8 React on SE Hay
IsaA +++ +++ +++
CIfA + ++ ++
Atl amidase - ++ +
IsdB +++ +++ +++
SdrG + + +
Glucosamidase - - -
HarA (1 inject.) + + +
IsdA - - -
Alpha toxin - - +
SrdC - - -
Ebh - + -
AaA - - -
MRPII - - ++
Sbi - +++ -
FnbpA - ++ ++
Example 14

Efficacy of combinations of staphylococcal proteins in a nasal colonization model.

Fifteen groups of three cotton rats were inoculated with combinations of eight
staphylococcal antigens and five cotton rats which acted as controls were treated with no

antigen. These sixteen groups are as follows:

Group 1- Atl-glucosamine, Atl-amidase, AAA, alpha toxin, SdrC, SdrG, Ebh, Shi
Group 2 - Atl-glucosamine, Atl-amidase , IsdA, IsdB, CIfA, SdrC, Ebh, FnbpA
Group 3 - Atl-glucosamine, Atl-amidase, HarA, IsdA, MRPII, IsdB, AAA, alpha toxin
Group 4 - Atl-glucosamine, HarA, IsdA, AAA, CIfA, IsaA, Ebh, Shbi

Group 5- HarA, MRPII, AAA, alpha toxin, CIfA, SdrC, Ebh, FnbpA

Group 6 - IsdA, IsdB, AAA, alpha toxin, CIfA, SdrG, Shi, FnbpA

Group 7 - Atl-aminidase, IsdA, MRPII, AAA, IsaA, SdrG, Ebh, FnbpA

Group 8 - Control

Group 9 - Atl-glucosamine, IsdA, MRPII, alpha toxin, IsaA, SdrC, Sbhi, FnbpA
Group 10 - Atl-glucosamine, MRPII, IsdB, AAA, CIfA, IsaA, SdrC, SdrG
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Group 11- Atl-amindase, MRPII, IsdB, alpha toxin, CIfA, IsaA, Ebh, Sbi

Group 12 - Atl-glucosamine, HarA, IsdB, alpha toxin, IsaA, SdrG, Ebh, FnbpA
Group 13 - Atl-amidase, HarA, IsdB, AAA, IsaA, SdrC, Sbi, FnbpA

Group 14 -Atl-glucosamine, Atl-amidase, HarA, MRPII, CIfA, SdrG, Shi, FnbpA
Group 15 - Atl-amidase, HarA, IsdA, alpha toxin, CIfA, IsaA, SdfC, SdrG

Group 16 - HarA, IsdA, MRPII, IsdB, SdrC, SdrG, Ebh, Sbi

Each mix of antigens contained 3pg of each antigen mixed with an adjuvant made of
liposomes containing MPL and QS21. The cotton rats were inoculated three times on
days 1, 14 and 28 of the experiment. Two weeks after inoculation, the efficacy of the
immunisations were assessed using a nasal colonisation assay as described in Kokai-Kun
et al (2003) Antimicrob.Agents. Chemother. 47; 1589-1597.

Classical multiple linear regression analysis was carried out on the data using "Design
Expert 6" software. The presence of an antigen was coded as +1 and the absence of an
antigen by -1. Using the equation of the model it was possible to determine which
antigens were the key antigens which produced a large decrease in the number of
colonies per nose.

Results

The results of the nasal colonisation assay are shown in Table 19. The control group had
a mean logCFU/nose of 3.51335 and a decrease in nasal colonisation could be see for all
the groups of cotton rats inoculated with staphylococcal proteins. Groups 4, 9 and 13
showed the greatest decrease in nasal colonisation with a decrease of over 2 logs in
CFU/nose. Groups 12 and 16 also gave good results, showing a decease of about 2 logs
in CFU/nose.

Table 19

Group Mean observed LogCFU/nose | Predicted LogCFU/nose
1 1.77527 2.03560
2 2.90435 2.52684
3 1.96556 2.23033
4 1.27748 1.21872
5 1.67304 1.93128
6 2.79745 2.98193
7 2.21481 2.30705
8 3.51355 3.47317
9 1.22480 1.44080
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10 2.03085 1.93204
11 2.02522 1.81581
12 1.53402 1.70996
13 1.36063 1.49100
14 2.31201 1.73909
15 2.22979 1.98223
16 1.58109 1.44004

The contribution of specific antigens within the antigen mix was calculated using multiple
regression analysis of the nasal colonisation data. The final mdel contains the seven best
antigens. Results for these antigens are shown in Table 20. Within the context of the
protein mix, the inclusion of HarA gave the greatest decrease in nasal colonisation,
followed by IsaA, Sbhi, SdrC, autolysin-glucosamine, MRPII and Ebh.

Table 20 Effects in difference of logCFU/nose and ratio of CFU/nose for the seven best

antigens in the model and corresponding p-values.

antigen prob >F Effect Reduction | Cumulative | Cumulative
estimate ratio effect ratio

HarA 0.033 -0.596 3.9 -0.596 3.9

IsaA 0.046 -0.558 3.6 -1.154 14.3

Sbi 0.077 -0.491 3.1 -1.645 44.2

SdrC 0.22 -0.337 22 -1.982 96.0

Atl-glucos | 0.238 -0.324 2.1 -2.306 202.2

MRPII 0.239 -0.323 21 -2.629 425.3

Ebh 0.297 -0.286 1.9 -2.914 821.0
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CLAIMS

10.

An immunogenic composition comprising Type 5 and/or 8 capsular polysaccharide or
oligosaccharide from S. aureus wherein the Type 5 capsular polysaccharide or
oligosaccharide is between 30% and 100% O-acetylated.

. An immunogenic composition comprising Type 5 and/or 8 capsular polysaccharide or

oligosaccharide from S. aureus wherein the Type 8 capsular polysaccharide or
oligosaccharide is between 30% and 100% O-acetylated.

The immunogenic composition of claim 2 wherein the Type 5 capsular polysaccharide
or oligosaccharide is between 30% and 100% O-acetylated.

The immunogenic composition of any one of claims 1-3 comprising staphylococcal
PNAG.

The immunogenic composition of claim 4 wherein the PNAG is less than 40% N
acetylated.

The immunogenic composition of any one of claims 1-5 further comprising Type 1,
and/or Type Il and/or Type Il capsular polysaccharide or oligosaccharide from S.
epidermidis.

The immunogenic composition of any one fo claims 1-6 further comprising a S. aureus
336 antigen.

The immunogenic composition of any one of claims 1-7 further comprising a
staphylococcal protein or fragment thereof.

The immunogenic composition of claim 8 wherein the staphylococcal protein or
fragment thereof is an extracellular component binding protein selected form the group
consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin
binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG,
SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA,
EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein,
coagulase, Fig and MAP.

The immunogenic composition of claim 8 wherein the staphylococcal protein or
fragment thereof is a transporter protein selected from the group consisting of
Immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC
and Ni ABC transporter.
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11. The immunogenic composition of claim 8 wherein the staphylococcal protein or

12.

13.

14.

15.

16.

fragment thereof is a toxin or regulator of virulence selected from the group consisting
of alpha toxin (Hla), alpha toxin H35R mutant, RNA Il activating protein (RAP).

The immunogenic composition of any one of claims 8-11 comprising 2 or more
staphylococcal proteins selected from at least 2 different groups selected from;

a) at least one staphylococcal extracellular component binding protein or fragment
thereof selected from the group consisting of laminin receptor, SitC/MntC/saliva
binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB), SBI,
autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB,
Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, Vitronectin
binding protein, fibrinogen binding protein, coagulase, Fig and MAP;

b) at least one staphylococcal transporter protein or fragment thereof selected from
the group consisting of Immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA,
Mg2+ transporter, SitC and Ni ABC transporter;

c) at least one staphylococcal regulator of virulence, toxin or fragment thereof
selected from the group consisting of alpha toxin (Hla), alpha toxin H35R mutant,
RNA 1l activating protein (RAP).

The immunogenic composition of any one of claims 1-12 wherein a staphylococcal
polysaccharide is conjugated to a protein carrier.

The immunogenic composition of any one of claims 4-13 wherein the PNAG is
conjugated to a carrier protein.

The immunogenic composition of claim 13 or 14 wherein the carrier protein comprises
a staphylococcal protein or fragment thereof selected from the group consisting of
laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding
protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase
GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1,
SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig,
MAP, Immunodominant ABC transporter, IsdA, IsdB, IsdC, Mg2+ transporter, SitC and
Ni ABC transporter, alpha toxin (Hla), alpha toxin H35R mutant and RNA 1l activating
protein (RAP).

The immunogenic composition of claim 13 or 14 wherein the carrier protein is selected
from the group consisting of tetanus toxoid, diphtheria toxoid, CRM197, Haemophilus
influenzae protein D, Pseudomonas aeruginosa exoprotein A, pneumococcal
pneumolysin and alpha toxoid.
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17.

18.

19.

20.

21.

22.

23.

The immunogenic composition of claims 1-16 wherein an effective immune response
is generated against both S. aureus and S. epidermidis.

A vaccine comprising the immunogenic composition of claims 1-17 and a
pharmaceutically acceptable excipient.

A method of making a vaccine comprising the steps of mixing antigens to make the
immunogenic composition of claims 1-18 and adding a pharmaceutically acceptable
excipient.

A method of preventing or treating staphylococcal infection comprising the step of
administering the vaccine of claim 18 to a patient in need thereof.

A use of the immunogenic composition of claims 1-17 in the manufacture of a vaccine
for treatment or prevention of staphylococcal infection.

A process for conjugating Type 5 or 8 capsular polysaccharide or oligosaccharide
from S. aureus comprising the steps of:
a) dissolving the Type 5 or 8 polysaccharide or oligosaccharide in water or a
saline solution;
b) adding a cyanylating agent (for example CDAP) to form an activated
polysaccharide or oligosaccharide;
c) adding carrier protein so that amino groups react with the activated
polysaccharide to form an isourea covalent link

The process of claim 22 wherein the Type 5 capsular polysaccharide or

oligosaccharide is between 30% and 100% O-acetylated.
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Figure 1

SEQ ID NO:1 polypeptide sequence
MLQVTDVSLRFGDRKLFEDVNIKFTEGNCYGLIGANGAGKSTFLKILSGELDSQTGHVSLGKNERLAVLKQDHYAYEDER
VLDVVIKGHERLYEVMKEKDE I YMKPDFSDEDGIRAAELEGEFAEMNGWNAEADAANLLSGLGIDPTLHDKKMAELENNQ
KIKVLLAQSLFGEPDVLLLDEPTNGLDIPAISWLEDFLINFDNTVIVVSHDRHFLNNVCTHIADLDFGKIKVYVGNYDFW
YOSSQLAQKMAQEQNKKKEEKMKELQDFIARFSANASKSKQATSRKKQLEKIELDDIQPSSRRYPFVKFTPEREIGNDLL
IVQNLSKTIDGEKVLDNVSFTMNPNDKAILIGDSEIAKTTLLKILAGEMEPDEGS FKWGVTTSLSYFPKDNSEFFEGVNM
NLVDWLRQYAPEDEQTETFLRGFLGRMLFSGEEVKKKASVLSGGEKVRCMLSKMMLS SANVLLLDEPTNHLDLES ITAVN
DGLKSFKGSIIFTSYDFEFINTIANRVIDLNKQGGVSKEIPYEEYLQEIGVLK

SEQ ID NO:2 polypeptide sequence
MLQVTDVSLRFGDRKLFEDVNIKFTEGNCYGLIGANGAGKSTFLKILSGEIDSQTGHVSLGKDERLAVLKQDHFAYEDER
VLDVVIKGHERLYQVMKEKDEIYMKPDFSDEDGIRAAELEGEFAEMNGWNAEADAANLLSGLGIEPDLHDKNMSELENNQ
KVKVLLAQSLFGDPDVLLLDEPTNGLDIPAISWLEDFLINFENTVIVVSHDRHFLNNVCTHIADLDFGKIKLYVGNYDFW
YQSSQLAQKMAQEQNKKKEEKMKELQODF IARFSANASKSKQATSRKKQLEKI ELDDIQPSSRRYPYVKFTPEREIGNDLL
TVENLSKTIDGEKVLDNVSFTMNPNDKAILVGDSEIAKTTLLKILAGEMEPDEGTFKWGVTTSLSYFPKDNSEFFDGVDM
NLVEWLRQYAPEDEQTETFLRGFLGRMLFSGEEVKKKASVLSGGEKVRCMLSKMMLS SANVLLLDEPTNHLDLES I TAVN
DGLKSFKGSIIFTSYDFEFINTIANRVIDLNQAGALSKEVPYEEYLQEIGVLQNN

SEQ ID NO:3 polypeptide sequence
MPIITDVYAREVLDSRGNPTVEVEVLTESGAFGRALVPSGASTGEHEAVELRDGDKSRYLGKGVTKAVENVNEI TAPETT
EGEFSVLDQVSIDKMMIALDGTPNKGKLGANATLGVS IAVARAAADLLGOPLYKYLGGFNGKQLPVPMMNIVNGGSHSDA
PIAFQEFMILPVGATTFKESLRWGTEIFHNLKSILSKRGLETAVGDEGGFAPKFEGTEDAVETIIQAIEAAGYKPGEEVF
LGFDCASSEFYENGVYDYSKFEGEHGAKRTAAEQVDYLEQLVDKYPIITIEDGMDENDWDGWKQLTER IGDRVQLVGDDL
FVTNTEILAKGIENGIGNS ILIKVNQIGTLTETFDAIEMAQKAGYTAVVSHRSGETEDTTIADIAVATNAGQIKTGSLSR
TDRIAKYNQLLRIEDELFET

AKYDGIKSFYNLDK

SEQ ID NO:4 polypeptide sequence
MPIITDVYAREVLDSRGNPTVEVEVLTESGAFGRALVPSGASTGEHEAVELRDGDKSRYLGKGVTKAVENVNEMIAPEIV
EGEFSVLDQVSIDKMMIQLDGTHNKGKLGANAILGVS IAVARAAADLLGQPLYKYLGGFNGKQLPVPMMN IVNGGSHSDA
PIAFQEFMILPVGAESFKESLRWGAEIFHNLKSILSERGLETAVGDEGGFAPRFEGTEDAVETIIKAIEKAGYKPGEDVF
LGFDCASSEFYENGVYDYTKFEGEHGAKRSAAEQVDYLEELIGKYPIITIEDGMDENDWEGWKQLTDR IGDKVQLVGDDL
FVTNTEILSKGIEQGIGNSILIKVNQIGTLTETFDAIEMAQKAGYTAVVSHRSGETEDTTIADIAVATNAGQIKTGSLSR
TDRIAKYNQLLRIEDELYETAKFEGIKSFYNLDK

SEQ ID NO:S5 polypeptide sequence
MKKIVTATIATAGLATIAFACHDAQAAEQNNNGYNSNDAQSYSYTYTIDAQCNYHY TWTGNWNPSQLTONNTYYYNNYNT
YSYNNASYNNYYNHSYQYNNYTNNSQTATNNYYTGGSGASYSTTSNNVHVTTTAAPSSNGRSISNGYASGSNLYTSGQCT
YYVFDRVGGKIGSTWGNASNWANAAASSGYTVNNTPKVGAIMOTTQGYYGHVAYVEGVNSNGSVRVSEMNYGHGAGVVTS
RTISANQAGSYNFIH

SEQ ID NO:6 polypeptide sequence
MKKIATATIATAGFATIATIASGNQAHASEQDNYGYNPNDPTSYSYTYTIDAQGNYHYTWKGNWHPSQLNQDNGYYSYYYY
NGYNNYNNYNNGYSYNNYSRYNNYSNNNQSYNYNNYNSYNTNSYRTGGLGASYSTSSNNVQVTTTMAPSSNGRSISSGYT
SGRNLYTSGQCTYYVFDRVGGKIGSTWGNASNWANAAARAGY TVNNTPKAGAIMOTTQGAYGHVAYVESVNSNGSVRVSE
MNYGYGPGVVTSRTISASQARGYNFIH

SEQ ID NO:7 polypeptide sequence

MKKIATATIATAGIATFAFAHHDAQAAEQNNDGYNPNDPYSYSYTYTIDAEGNYHY TWKGNWS PDRVNTSYNYNNYNNYN
YYGYNNYSNYNNYSNYNNYNNYQSNNTQSQRTTQPTGGLGASYSTSSSNVHVTTTSAPSSNGVSLSNARSASGNLYTSGQ
CTYYVFDRVGGKIGSTWGNANNWANAAARSGYTVNNSPAKGAILQTSQGAYGHVAYVEGVNSNGSIRVSEMNYGHGAGVV
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TSRTISASQAASYNYIH

SEQ ID NO:8 polypeptide sequence
MKKLVPLLLALLLLVAACGTGGKQSSDKSNGKLKVVTTNS ILYDMAKNVGGDNVDIHS IVPVGQDPHEYEVKPKD TKKLT
DADVILYNGLNLETGNGWFEKALEQAGKSLKDKKVIAVSKDVKPIYLNGEEGNKDKQDPHAWLSLDNGIKYVKTIQQTFI
DNDKKHKADYEKQGNKYIAQLEKLNNDSKDKFNDIPKEQRAMITSEGAFKYFSKQYGITPGYIWEINTEKQGTPEQMRQA
IEFVKKHKLKHLLVETSVDKKAMESLSEETKKDIFGEVYTDSIGKEGTKGDSYYKMMKSNIETVHGSMK

SEQ ID NO:9 polypeptide sequence
MKKILALAIAFLIILAACGNHSNHEHHSHEGKLKVVTTNS ILYDMVKRVGGNKVDVHS IVPVGQDPHEYEVKPKDIKALT
DADVVFYNGLNLETGNGWFEKALDQAGKSTKDKNVIAASNNVKPIYLNGEEGNKNKQDPHAWLSLENGIKYVKTIQKSLE
HHDKKDKSTYEKQGNAYISKLEELNKDSKNKFDDIPKNQRAMMTSEGAFKYFAQQFDVKPGYIWEINTEKQGTPGOMKQA
IKFVKDNHLKHLLVETSVDKKAMOSLSEETKKDIYCEVFTDSIGKEGTKGDSY YKMMKSNIDT IHGSMK

SEQ ID NO:10 polypeptide sequence
MKKTIMASSLAVALGVTGYAAGTGHQAHAAEVNVDQAHLVDLAHNHQDOLNAAPIKDGAYDIHFVKDGFQYNFTSNGTTH
SWSYEAANGQTAGFSNVAGADYTTSYNQGSDVQSVSYNAQSSNSNVEAVSAPTYHNYSTSTTSSSVRLSNGNTAGATGSS
AAQIMAQRTGVSASTWAAIIARESNGQVNAYNPSGASGLFQTMPGWGPTNTVDQQINAAVKAYKAQGLGAWGF

SEQ ID NO:11 polypeptide sequence
MKKTVIASTLAVSLGIAGYGLSGHEAHASETTNVDKAHLVDLAQHNPEELNAKPVQAGAYDIHFVDNGYQYNFTSNGSEW
SWSYAVAGSDADYTESSSNQEVSANTQSSNTNVQAVSAPTSSESRSYSTSTTSYSAPSHNYSSHSSSVRLSNGNTAGSVG
SYAARQMAARTGVSASTWEHIIARESNGQLHARNASGAAGLFQTMPGWGSTGSVNDQINAAYKAYKAQGLSAWGM

SEQ ID NO:12 polypeptide sequence

MNYRDKIQKFSIRKYTVGTFSTVIATLVFLGFNTSQAHAAETNQPASVVKQKQQSNNEQTENRESQVQNSONSQNSQSLS
ATHENEQPNNSQANLVNQKVAQSSTTNDEQPASQNVNTKKDSATAATTQPDKEE SKHKQNESQSANKNGNDNRAAHVENH
EANVVTASDSSDNGNVQHDRNELQAFFDANYHDYRFIDRENADSGTFNYVKGIFDKINTLLGSNDPINNKDLQLAYKELE
QAVALIRTMPQRQQTSRRSNRIQTRSVESRAAEPRSVSDYQNANSSYYVENANDGSGYPVGTYINASSKGAPYNLPTTPW
NTLKASDSKEIALMTAKQTGDGYQWVIKFNKGHAPHQNMI FWFALPADQVPVGRTDFVTVNSDGTNVQWSHGAGAGANKP
LOQMWEYGVNDPDRSHDFKIRNRSGQVIYSWPTVHVYSLEDLSRASDYFSEAGATPATKAFGRONFEY INGQKPAESPGV
PKVYTFIGQGDASYTISFKTQGPTVNKLYYAAGGRALEYNQLFMYSQLYVESTQDHQORLNGLRQVVNRTYR IGTTKRVE
VSQGNVQTKKVLESTNLNIDDFVDDPLSYVKTPSNKVLGFYPTNANTNAFRPGGVQELNEYQLSQLFTDQKLOEAARTRN
PIRLMIGFDYPDGYGNSETLVPVNLTVLPEIQHNIKFFKNDDTQNIAEKPFSKQAGHPVFYVYAGNQGNASVNLGGSVTS
IQPLRINLTSNENFTDKDWQITGIPRTLHIENSTNRTNNARERNIELVGNLLPGDYFGTIRFGRKEQLFEIRVKPHTPTI
TTTAEQLRGTALQKVPVNISGIPLDPSALVYLVAPTNQTTNGGSEADQIPSGYTILATGTPDGVHNTITIRPQDYVVFIP
PVGKQIRAVVYYNKVVASNMSNAVTILPDDIPPTINNPVGINAKY YRGDEVNFTMGVSDRHSGIKNTTITTLPSGWTSNL
TKSDNKNGSLAITGRVSMNQAFNSDITFKVSATDNVNNTTNDSQSKHVS IHVGKISEDAHPIVLGNTEKVVVVNPTAVSN
DEKQSIITAFMNKNQNIRGYLASTDPVTVDNNGNVTLHYRDGSSTTLDATNVMTYEPVVKSEYQTANAAKTATVTIAKGQ
SFNIGDIKQYFTLSNGQAIPNGTFTNITSDRTIPTAQEVSOMNAGTQLYHIVASNAYHKDTEDFYISLKIVDVKQPEGDQ
RVYRTSTYDLTTDEISKVKQAF INANRDVITLAEGDISVTNTPNGANVSTITVNINKGRLTKSFASNLANMNFLRWVNFP
QDYTVIWINAKIANRPTDGGLSWSDDHKSLIYRYDATLGTQITTNDILTMLKATTTVPGLRNNI TGNEKAQAEAGGRPNY
RTTGYSQSNATTDGQRQFTLNGQVIQILDI INPSNGYGGQPVTNSNTRANHSNSTVVNVNEPAANGAGAFTIDHVVKSNS
THNASDAVYKAQLYLTPYGPKQYVEHLNQNTGNTTDAINIYFVPSDLVNPTISVGNY TNHQVFSGETFTNTITANDNFGV
QSVTVPNTSQITGTVDNNHQHVSATAPNVTSATSKT INLLATDTSGNTATTS FNVTVKPLRDKYRVGTSSTAANPVRIAN
ISNNATVSQADQTTIINSLTFTSNAPNRNYATASANEITSKTVSNVSRTGNNANVTVTVTHQDGTTSTVTVPVKHVIPET
VAHSHYTVQGQDFPAGNGSSAADYFKLSNGSAIPDATITWVSGQAPNKDNTRIGEDITVTAHILIDGETTPITKTATYKV
VRTVPKHVFETARGVLYPGVSDMYDAKQYVKPVNNSWSTNAQHMNFQFVGTYGPNKDVVGISTRLIRVTYDNRQTEDLTI
LSKVKPDPPRIDANSVTYKAGLTNQE IKVNNVLNNSSVKLFKADNTPLNVTNITHGSGFSSVVTVSDALPNGGIKAKSSI
SMNNVTYTTQDEHGQVVTVTRNESVDSNDSASVTVTPQLQATTEGAVFIKGGDGFDFGHVERFIQNPPHGATVAWHDSPD
TWKNTVGNTHKTAVVTLPSGQGTRNVEVPVKVYPVANAKAPSRDVKGONLTHGTNAIDY ITFDPNTNTNGITAAWANRQQ
PNNQQAGVQHLNVDVTYPGISAAKRVPVTVNVYQFEFPQTTY TTTVGGTLASGTQASGYAHMONASGLPTDGFTYKWNRD
TTGTNDANWAAMNKPNTAQVVNAKYDVIYNGHTFATSLPAKFVVKDVQPAKPTVTETAAGAITIAPGANQTVNTHAGNVT
TYADKLVIKRNGNVVTTFTRRNNTSPWVKEASADNVTGIVGTNNGITVAAGTFNPADTIQVVATQGSGETISDEQRSDDF
TVVAPQPNQATTKIWQNGHIDITPNNPSGHLINPTQAMDIAYTEKVGNGAEHSKT INVVRGONNQWTIANKPDYVTLDAQ
TGKVTFNANTIKPNSSITITPKAGTGHSVSSNPSTLTAPAAHTVNTTEIVKDYGSNVTAAE INNAVQVANKRTATIKNGT
AMPTNLAGGSTTTIPVTVTYNDGSTEEVQESIFTKADKRELITAKNHLDDPVSTEGKKPGTITQYNNAMENAQQQINTAK
TEAQQVINNERATPQQOVSDALTKVRAAQTKIDQAKALLONKEDNSQLVTSKNNLQSSVNQVPSTAGMTQQOS IDNYNAKKR
EAETEITAAQRVIDNGDATAQQISDEKHRVDNALTALNQAKHDLTADTHALEQAVQQLNRTGTTTGKKPASITAYNNS IR
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ALQSDLTSAKNSANATIIQKPIRTVQEVQSALTNVNRVNERLTQAINQLVPLADNSALRTAKTKLDEEINKSVTTDGMTQS
SIQAYENAKRAGQTETTNAQNVINNGDATDQOIAAEKTKVEEKYNSLKQAIAGLTPDLAPLQTAKTQLONDIDQPTSTTG
MTSASVAAFNDKLSAARTKIQEIDRVLASHPDVATIRQNVTAANAAKTALDQARNGLTVDKAPLENAKNQLQHSIDTQTS
TTGMTQDSINAYNAKLTAARNKVQOQINQVLAGSPTVDQINTNTSAANQAKSDLDHARQALTPDKAPLQNAKTQLEQSINQ
PTDTTGMTTASLNAYNQKLQAARQKLTEINQVLNGNPTVQONINDKVAEANQAKDQLNTARQGLTLDRQPALTTLHGASNL
NQAQONNFTQQINAAQNHAALETIKSNITALNTAMTKLKDSVADNNTIKSGONYTDATPANKQAYDNAVNAAKGVIGETT
NPTMDVNTVNQKAASVKSTKDALDGQONLQRAKTEATNAITHASDLNQAQKNALTQQVNSAQNVQAVNDIKQTTQSLNTA
MTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAYNHANDI INGNAQHPVITPSDVNNALSNVTSKEHALNGEAKLNAAK
QEANTALGHLNNLNNVQRONLQSQINGAHQIDAVNTIKQNATNLNSAMGNLRQAVADKDQVKRTEDYADADTAKQNAYNS
AVSSAETIINQTANPTMSVDDVNRATSAVTTNKNALNGDEKLVQSKTDAARAIDALPHLNNAQKADVKSKINAASNIAGV
NTVKQOGTDLNTAMGNLQGAINDEQTTLNSQNYQODATPSKKTAYTNAVQAAKDILNKSNGQONKTKDQVTEAMNQVNSAKN
NLDGTRLLDQAKQTAKQQLNNMTHLTTAQKTNLTNQINSGTTVAGVHTVQSNANTLDQAMNTLRQSIANNDATKASEDYV
DANNDKQTAYNNAVAAAETIINANSNPEMNPSTITQKAEQVNSSKTALNGDENLATAKQNAKTYLNTLTSITDAQKNNLI
SQISSATRVSGVDTVKONAQHLDQAMANLONGINNESQVKSSEKYRDADTNKQQEYDNAITAAKATILNKSTGPNTAQNAV
EAALQRVNTAKDALNGDAKLIAAQNAAKQHLGTLTHITTAQRNDLTNQIS

SEQ ID NO:13 polypeptide sequence

MGNLQTAINDKSGTLASQONFLDADEQKRNAYNQAISAAET ILNKQTGPNTAKTAVEQALNNVNSAKHALNGTQNLNNAKQ
AAITAINGASDLNQKQKDALKAQANGAQRVSNANDVQRNATELNTAMGOLQHAIADKTNTLASSKYVNADS TKQNAYTTK
VTNAEHIISGTPTVVITPSEVTAAANQVNSAKQELNGDERLRVAKQNANTAIDALTQLNTPQKAKLKEQVGQANRLEDVQ
SVQTNGQSLNNAMKGLRDSIANETTVKASQNYTDASPNNQSTYNSAVSNAKGI INQTNNPTMDTSAI TQATTQVNNAKNG
LNGAENLRNAQNTAKONLNTLSHLTNNQKSAISSQIDRAGHVSEVTAAKNAATELNAQMGNLEQATHDONTVKQGVNFTD
ADKAKRDAYTNAVSRAETILNKTQGANTSKQDVEAAIQNVTSAKNALNGDQNVTNAKNAAKNALNNLTS INNAQKRDLTT
KIDQATTVAGVEAVSNTGTQLNTAMANLQNGINDKANTLASENYHDADSDKKTAYTQAVTNAENI LNKNSGSNLDKAAVE
NALSQVTNAKGALNGNHNLEQAKSNANTTINGLQHLTTAQKDKLKQQVQQAQONVAGVDTVKS SANTLNGAMGTLRNSIQD
NTATKNGQNYLDATERNKTNYNNAVDSANGV INATSNPNMDANAINQIATQVTS TKNALDGTHNLTQAKQTATNAIDGAT
NLNKAQKDALKAQVTSAQRVANVTSIQQTANELNTAMGQLQHGIDDENATKQTOKYRDAEQSKKTAYDQAVARAKATLNK
QTGSNSDKAAVDRALQQVTSTKDALNGDAKLAEAKAAARONLGTLNHITNAQRTALEGQINQATTVDGVNTVKTNANTLD
GAMNSLQGAINDKDATLRNQNYLDADESKRNAYTQAVTAAEGI LNKQTGGNTSKADVDNALNAVTRAKAALNGAENLRNA
KTSATNT INGLPNLTQLQKDNLKHQVEQAQNVVGVNGVKDKGNTLNTAMGALRTS IQNDNTTKTSQNYLDASDSNKNNYN
TAVNNANGVINATNNPNMDANAINDMANQVNTTKAALNGAQNLAQAKTNATNT INNAQDLNQKQKDALKTQVNNAQRVSD
ANNVQHTATELNGAMTALKAATADKERTKASGNYVNADQEKRQAYDSKVTNAENI INGTPNATLTVNDVNSAASQVNAAK
TALNGDNNLRVAKEHANNT IDGLAQLNNVQKAKLKEQVQSATTLDGVQTVKNS SQTLNTAMKGLRDS IANEAT IKAGONY
TDASPNNRNEYDSAVTAAKAI INQTSNPTMEPNT I TQATSQVTTKEHALNGAQNLAQAKTTAKNNLNNLTS INNAQKDAL
TRNIDGATTVAGVNQETAKATELNNAMHSLONGINDETQTKQTQKYLDAEPSKKSAYDQAVNAAKATLTKASGQONVDKAA
VEQALQNVNSTKTALNGDAKLNEAKAAAKQTLGTLTHINNAQRNALDNEI TQATNVEGVNTVKAKAQQLDGAMGQLETS I
RDKDTTLQSQONYQDADDAKRTAYSQAVNAAATILNKTAGGNTPKADVERAMQAVTQANTALNGIONLERAKQAANTAT TN
ASDLNTKQKEALKAQVTSAGRVSAANGVEHTATELNTAMTALKRAIADKADTKASGNYVNADANKRQAYDEKVTAAEHIV
SGTPTPTLTPSDVTNAATQVTNAKTQLNGNHNLEVAKQNANTAIDGLTSLNGPQKAKLKEQVGQATTLPNVQTVRDNAQT
LNTAMKGLRDS IANEAT I KAGQNYTDASQNKQNDYNNAVTAAKAIIGQTTSPSMIAQEINQAKDQVTAKQQALNGQENLR
TAQTNAKQHLNGLSDLTNAQKDAAKRQIEGATHVNEVTQAQNNADALNTAMTNLKNG IQDQNT IKQGVNFTDADEAKRNA
YTNAVTQAEQILNKAQGPNTAKDGVETALQNVQRAKNELNGNONVANAKTTAKNALNNLTS INNAQKAALKSQIEGATTV
AGVNQVSTMASELNTAMSNLQRGINDEAATKAAQKYTEADRDKQTAYNDAVTAAKTLLDKTAGSNDNKVAVEQALQRVNT
AKTALNGDARLNEAKNTAKQQLATMSHLTNAQKANLTEQIERGTTVAGVQGIQANAGTLNQAMNQLRQS IASKDATKSSE
DYQDANADLQNAYNDAVINAEGIISATNNPEMNPDT INQKASQVNSAKSALNGDEKLAAVKQTAKSDIGRLTDLNNAQRT
AANAEVDQAPNLAAVTAAKNKATSLNTAMGNLKHALAEKDNTKRSVNYTDADQPKQQAYDTAVTQAEATTNANGSNANET
QVQAALNQLNQAKNDLNGDNKVAQAKETAKRALASYSNLNNAQSTAATSQIDNATTVADVTAAQNTANELNTAMGQLONG
INDQONTVKQQVNFTDADQGKKDAYTNAVTNAQGILDKANGQNMTKAQVEAALNQVTTAKNALNGDANVRQAKSDAKANLG
TLTHLNNAQKQDLTSQIEGATTVNGVNSVKTKAQDLDGAMQRLESATANKDQTKASENY IDADPTKKTAFDNAITQAESY
LNKDHGTNKDKQAVEQAIQSVTS TENALNGDANLQCAKTEATQAIDNLTQLNTPQKTALKQQVNAAQRVSGVTDLKNSAT
SLNNAMDQLKQAIGDHDTIVAGGNYTNASPDKQGAYTDAYNAAKNI VNGSPNVITNAADVTAATQRVNNAETSLNGDTNL
ATAKQQAKDALRQMTHLSDAQKQSITGQIDSATQVTGVQSVKDNATNLDNAMNQLRNS IANKDEVKASQPYVDADTDKQN
AYNTAVTSAENIINATSQPTLDPSAVTQAANQVNTNKTALNGAQNLANKKQETTAN INRLSHLNNAQKQDLNTQVTNAPN
ISTVNQVKTKAEQLDQAMERLINGIQDKDQVKQSVNFTDADPEKQTAYNNAVTAAENI INQANGTNANQSQVEAALSTVT
TTKQALNGDRKVTDAKNNANQTLSTLDNLNNAQKGAVTGN INQAHTVAEVTQAIQTAQELNTAMGNLKNS LNDKDTTLGS
QNFADADPEKKNAYNEAVRNAENILNKSTGTNVPKDQVEAAMNQVNTTKAALNGTQNLEKAKQHANTAIDGLSHLTNAQK
EALKQLVQQSTTVAEAQGNEQKANNVDAAMDKLRQS IADNATTKQNQNY TDAS PNKKDAYNNAVTTAQGI IDQTTNPSLD
PTVINQAAGQVSTSKNALNGNENLEAAKQQATQSLGSLDNLNNAQKQAVTNQINGAHTVDEANQIKQNAQNLNTAMGNLK
QAIADKDATKATVNFTDADQAKQQAYNTAVTNAENI I SKANGGNATQTEVEQAIQQVNAAKQALNGNANVQHAKDEATAL
INNSNDLNQAQKDALKQQVONATTVAGVNNVKQTAQELNNAMTQLKQGIADKEQTKADGNFVNADSDKQNAYNQAVAKAE
ALISGTPDVVVTPSEITAALNKVTQAKNDLNGNTNLATAKQNVQHATIDQLPNLNQAQRDEYSKQITQATLVPNVNAIQQA
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ATTLNDAMTQLKQGIANKAQIKGSENYHDADTDKQTAYDNAVTKAEELLKQTTNPTMDPNTIQQALTKVNDTNQALNGNQ
KLADAKQDAKTTLGTLDHLNDAQKQALTTQVEQAPDIATVNNVKONAQNLNNAMTNLNNALQDKTETLNSINFTDADQAK
KDDYTNAVSHAEGILSKANGSNASQTEVEQAMQRVNEAKQALNGNDNVQRAKDAAKQVI TNANDLNQAQKDALKQQVDAA
QTVANVNTIKQTAQDLNQAMTQLKQGIADKDQTKANGNFVNADTDKQNAYNNAVAHAEQIISGTPNANVDPQQVAQALQQ
VNQAKGDLNGNHNLQVAKDNANTAIDQLPNLNQPQKTALKDQVSHAELVTGVNAIKQONADALNNAMGTLKQQIQANSQVP
QSVDFTQADQDKQOAYNNAANQAQQIANGTPTPVLAPDTVTKAVTTMNQAKDALNGDEKLAQAKQDALANLDTLRDLNQP
QRDALRNQINQAQALATVEQTKONAQNVNTAMGNLKQGIANKDTVKASENYHDADVDKQTAYTNAVSQAEGIINQTTNPT
LNPDDITRALTQVTDAKNSLNGEAKLATEKQNAKDAVSGMTHLNDAQKQALKGQIDQSPEIATVNQVKQTATSLDQAMDQ
LSQATINDKDQILADGNYLNADPDKQONAYKQAVAKAEALLNKQSGTNEVQAQVES I TNEVNAAKQALNGNDNLANAKQQAK
QQOLANLTHLNDAQKQSFESQITQAPLVTDVTTINQKAQTLDHAMELLRNSVADNQTTLASEDYHDATAQRQNDYNKAVTA
ANNIINQTTSPTMNPDDVNGATTQVNNTKVALDGDENLAAAKQQANNRLDQLDHLNNAQKQQLQSQITQSSDIAAVNGHK
QTAESLNTAMGNLINATADHQAVEQRGNFINADTDKQTAYNTAVNEAAAMINKQTGONANQTEVEQATITKVQTTLQALNG
DHNLQVAKTNATQATIDVLTSLNDPQKTALKDQVTAATLVTAVHQIEQNANTLNQAMHGLRQSTIQDNAATKANSKYINEDQ
PEQQONYDQAVQAANNI INEQTATLDNNAINQVAATVNTTKAALHGDVKLONDKDHAKQTVSQLAHLNNAQKHMEDTLIDS
ETTRTAVKQDLTEVQALDQLMDALQQS IADKDATRASSAYVNAEPNKKQAYDEAVQNAESITAGLNNPTINKGNVSSATQ
AVISSKNALDGVERLAQDKQTAGNSLNHLDQLTPAQQQALENQINNATTCDKVAEITIAQAQALNEAMKALKESIKDQPQT
EASSKFINEDQAQKDAYTQAVQHAKDLINKTTDPTLAKSIIDQATQAVTDAKNNLHGDQKLAQDKQRATETLNNLSNLNT
PORQALENQINNAATRGEVAQKLTEAQALNQAMEALRNSIQDQQQTESGSKFINEDKPQKDAYQAAVQNAKDLINQTGNP
TLDKAQVEQLTHAFKQAKDNLHGDQKLADDKQHAVTDLNQLNGLNNPQRQALESQINNAATRGEVAQKLAEAKALDQAMQ
ALRNSIQDQQOQTEAGSKFINEDKPQKDAYQAAVONAKDLINQTGNPTLDKSQVEQLTQAVTTAKDNLHGDQKLARDQQQA
VTTVNALPNLNHAQQQTLTDAINAAPTRTEVAQHVQTATELDHAMETLKNKVDQVNTDKAQPNYTEASTDKKEAVDQALQ
AAQSITDPTNGSNANKDAVEQALTKLQEKVNELNGNERVAEAKTQAKQTIDQLTHLNADQIATAKQNIDQATKLQPIAEL
VDQATQLNQSMDQLQQAVNEHANVEQTIDYTQADSDKQKAYKQATADAENVLKQONANKQOVDQALQONILNAKQALNGDER
VALAKTNGKHDIDQLNALNNAQQODGFKGRIDQSNDLNQIQQIVDEAKALNRAMDQLSQEITGNEGRTKGSTNYVNADTQV
KQVYDEAVDKAKQALDKSSGONLTAEQVIKLNDAVTAAKKALNGEERLNNRKAEALQRLDQLTHLNNAQRQLATIQQTINNA
ETLNKASRAINRATKLDNAMGAVQQYIDEQHLGVISSTNYINADDNLKANYDNAIANAAHELDKVQGNATIAKAEAEQLKQ
NIIDAQNALNGDONLANAKDKANAFVNSLNGLNQQQQODLAHKAINNADTVSDVTDIVNNQIDLNDAMETLKHLVDNEIPN
AEQTVNYQNADDNAKTNFDDAKRLANTLLNSDNTNVNDINGAIQAVNDAIHNLNGDQRLODAKDKAIQSINQALANKLKE
IEASNATDQDKLIAKNKAEELANSIINNINKATSNQAVSQVQTAGNHATEQVHANEI PKAKIDANKDVDKQVQALIDEID
RNPNLTDKEKQALKDRINQILQQGHNDINNALTKEEIEQAKAQLAQALODIKDLVKAKEDAKQDVDKQVQALIDEIDQONP
NLTDKEKQALKDRINQILQQGHNGINNAMTKEETEQAKAQLAQALKEIKDLVKAKENAKQDVDKQVQALIDETIDQNPNLT
DKEKQALKDRINQILQQGHNDINNAMTKEETEQAKAQLAQALQDIKDLVKAKEDAKNATKALANAKRDQINSNPDLTPEQ
KAKALKEIDEAEKRALQNVENAQTIDQLNRGLNLGLDDIRNTHVWEVDEQPAVNEIFEATPEQILVNGELIVHRDDIITE
QDILAHINLIDQLSAEVIDTPSTATISDSLTAKVEVTLLDGSKVIVNVPVKVVEKELSVVKQQATIESTENAAQQKIDEIN
NSVTLTLEQKEAATAEVNKLKQQAIDHVNNAPDVHSVEEIQQQEQAYIEQFNPEQFTIEQAKSNATKSIEDAIQHMIDET
KARTDLTDKEKQEATAKLNQLKEQATQATQRAQSISEITEQLEQFKAQMKAANPTAKELAKRKQEAISRIKDFSNEKINS
IRNSEIGTADEKQAAMNQINE IVLETIRDINNAHTLQQVEAALNNGIARISAVQIVISDRAKQSSSTGNESNSHLTIGYG
TANHPFNSSTIGHKKKLDEDDDIDPLHMRHFSNNFGNVIKNAIGVVGISGLLASFWFFIAKRRRKEDEEEELEIRDNNKD
SIKETLDDTKHLPLLFAKRRRKEDEEDVTVEEKDSLNNGESLDKVKHTPFFLPKRRRKEDEEDVEVTNENTDEKVLKDNE
HSPLLFAKRRKDKEEDVETTTSIESKDEDVPLLLAKKKNQKDNQSKDKKSASKNTSKKVAAKKKKKKSKKNKK

SEQ ID NO:14 polypeptide sequence
MNNRDKLQKFSIRKYATGTFSTVIATLVFMGINTNHASADELNQNQKLIKQLNQTDDDDSNTHSQE IENNKQNSSGQTES
LRSSTSQNQANARLSDQFKDTNETSQQLPTNVSDDS INOSHSEANMNNEPLKVDNS TMQAHSKIVSDSDGNASENKHHKL
TENVLAESRASKNDKEKENLQEKDKSQQVHPPLDKNALQAFFDASYHNYRMIDRDRADATEY QKVKSTFDYVNDLLGNNQ
NTPSEQLVSAYQQLEKALELARTLPQQSTTEKRGRRSTRSVVENRSSRSDYLDARTEYYVSKDDDDSGFPPGTFFHASNR
RWPYNLPRSRNILRASDVQGNAYITTKRLKDGYQWDILFNSNHKGHEYMYYWFGLPSDQTPTGPVTFTIINRDGSSTSTG
GVGFGSGAPLPQFWRSAGATNSSVANDFKHGSATNYAFYDGVNNFSDFARGGELYFDREGATQTNKY YGDENFALLNSEK
PDQIRGLDTIYSFKGSGDVSYRISFKTQGAPTARLYYAAGARSGEYKQATNYNQLYVEPYKNYRNRVQSNVQVKNRTLHL
KRTTIRQFDPTLQRTTDVPILDSDGSGSIDSVYDPLSYVKNVTGTVLGIYPSYLPYNQERWQGANAMNAYQIEELFSQENL
QNAARSGRPIQFLVGFDVEDSHHNPETLLPVNLYVKPELKHTIELYHDNEKQDRKEFSVSK

SEQ ID NO:15 polypeptide sequence

MSGTLHNTVGSGILPYQQEIRIKLTSNEPIKDSEWSITGYPNTLTLONAVGRTNNATEKNLALVGHIDPGNYFITVKFGD
KVEQFEIRSKPTPPRI ITTANELRGNPNHKPEIRVTDIPNDTTAKIKLVMGGTDGDHDPE INPYTVPENYTVVAEAYHDN
DPSKNGVLTFRSSDYLKDLPLSGELKAIVYYNQYVQSNFSKSVPFSSDTTPPTINEPAGLVHKYYRGDHVEITLPVTDNT
GGSGLRDVNVNLPQGWTKTFTINPNNNTEGTLKLIGNI PSNEAYNTTYHFNITATDNSGNTTNPAKTFILNVGKLADDLN
PVGLSRDQLQLVTDPSSLSNSEREEVKRKISEANANTRSYLLONNPILAGVNGDVTFYYRDGSVDVIDAENVITYEPERK
SIFSENGNTNKKEAVITIARGONYTIGPNLRKYFSLSNGSDLPNRDFTSISAIGSLPSSSEISRLNVGNYNYRVNAKNAY
HKTQQELNLKLKIVEVNAPTGNNRVYRVSTYNLTNDETINKIKQAFKAANSGLNLNDNDITVSNNFDHRNVSSVTVTIRKG
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DLIKEFSSNLNNMNFLRWVNIRDDYTISWTSSKIQGRNTDGGLEWSPDHKSLIYKYDATLGRQINTNDVLTLLQATAKNS
NLRSNINSNEKQLAERGSNGYSKSIIRDDGEKSYLLNSNPIQVLDLVEPDNGYGGRQVSHSNVIYNEKNSSIVNGQVPEA
NGASAFNIDKVVKANAANNGIMGVIYKAQLYLAPYSPKGYIEKLGONLSNTNNVINVYFVPSDKVNPSITVGNYDHHTVY
SGETFKNTINVNDNYGLNTVASTSDSAITMTRNNNELVGQAPNVTNS INKIVKVKATDKSGNESIVSFTVNIKPLNEKYR
ITTSSSNQTPVRISNIQNNANLSIEDQNRVKSSLSMTKILGTRNYVNESNNDVRSQVVSKVNRSGNNATVNVTTTFSDGT
TNTITVPVKHVLLEVVPTTRTTVRGQQFPTGKGTSPNDFFSLRTGGPVDARIVWVNNQGPDINSNQIGRDLTLHAEIFFD
GETTPIRKDTTYKLSQSIPKQIYETTINGRFNSSGDAYPGNFVQAVNQYWPEHMDFRWAQGSGTPSSRNAGSFTKTVTVV
YONGQTENVNVLFKVKPNKPVIDSNSVISKGQLNGQQILVRNVEONAQVTLYQSNGTVIPNTNTTIDSNGIATVTIQGTL
PTGNITAKTSMTNNVTYTKQONSSGIASNTTEDISVFSENSDQVNVTAGMQAKNDGIKIIKGTNYNFNDFNSFISNIPAHS
TLTWNEEPNSWKNNIGTTTKTVTVTLPNHQGTRTVDIPITIYPTVTAKNPVRDQKGRNLTNGTDVYNYIIFENNNRLGGT
ASWKDNRQPDKNIAGVONLIALVNYPGISTPLEVPVKVWVYNFDFTQPIYKIQVGDTFPKGTWAGYYKHLENGEGLPIDG
WKFYWNQQOSTGTTSDQWQSLAYTRTPFVKTGTYDVVNPSNWGVWQTSQSAKFIVTITNAKPNQPTITQSKTGDVTVTPGAVR
NILISGTNDYIQASADKIVINKNGNKLTTFVKNNDGRWTVETGSPDINGIGPTNNGTAISLSRLAVRPGDSIEAIATEGS
GETISTSATSEIYIVKAPQPEQVATHTYDNGTFDILPDNSRNSLNPTERVEINYTEKLNGNETQKSFTITKNNNGKWTIN
NKPNYVEFNQDNGKVVFSANTIKPNSQITITPKAGQGNTENTNPTVIQAPAQHTLTINEIVKEQGONVTNDD INNAVQVP
NKNRVAIKQGNALPTNLAGGSTSHIPVVIYYSDGSSEEATETVRTKVNKTELINARRRLDEEISKENKTPSSIRNFDQAM
NRAQSQINTAKSDADQVIGTEFATPQQVNSALSKVQAAQNKINEAKALLONKADNSQLVRAKEQLQQS IQPAASTDGMTQ
DSTRNYNNKRQAAEQATIQHANSVINNGDATSQQINDAKNTVEQAQRDYVEAKSNLRADKSQLQSAYDTLNRDVLTNDKKP
ASVRRYNEAISNIRKELDTAKADASSTLRNTNPSVEQVRDALNKINTVQPKVNQAIALLQPKENNSELVQAKKRLQDAVN
DIPQTQGMTQQTINNYNDKQREAERALTSAQRVIDNGDATTQEITSEKSKVEQAMQALTNAKSNLRADKNELQTAYNKLI
ENVSTNGKKPASTIRQYETAKARIQNQINDAKNEAER ILGNDNBQVSQVTQALNKIKAIQPKLTEATINMLONKENNTELVN
AKNRLENAVNDTDPTHGMTQETINNYNAKKREAQNEIQKANMIINNGDATAQDISSEKSKVEQVLQALQNAKNDLRADKR
ELQTAYNKLIQNVNTNGKKPSSIQNYKSARRNIENQYNTAKNEAHNVLENTNPTVNAVEDALRKINAIQPEVTKAINILQ
DKEDNSELVRAKEKLDQAINSQPSLNGMTQESINNYTTKRREAQNIASSADTI INNGDASTIEQITENKIRVEEATNALNE
AKQHLTADTTSLKTEVRKLSRRGDTNNKKPSSVSAYNNTIHSLQSEITQTENRANTIINKPIRSVEEVNNALHEVNQLNQ
RLTDTINLLQPLANKESLKEARNRLESKINETVQTDGMTQQSVENYKQAKIKAQNESS TAQTLINNGDASDQEVSTEIEK
LNQKLSELTNSINHLTVNKEPLETAKNQLQANIDQKPSTDGMTQQSVQSYERKLQEAKDKINSINNVLANNPDVNAIRTN
KVETEQINNELTQAKQGLTVDKQPLINAKTALQQSLDNQPSTTGMTEATIQNYNAKRQKAEQVIQNANKITENAQPSVQQ
VSDEKSKVEQALSELNNAKSALRADKQELQQAYNQLIQPTDLNNKKPASITAYNQRYQQFSNELNSTKTNTDRILKEQNP
SVADVNNALNKVREVQQKLNEARALLQONKEDNSALVRAKEQLQQAVDQVPSTEGMTQQTKDDYNSKQQAAQQETI SKAQQV
IDNGDATTQQISNAKTNVERALEALNNAKTGLRADKEELQNAYNQLTONIDTSGKTPASIRKYNEAKSRIQTQIDSAKNE
ANSILTNDNPQVSQVTAALNKIKAVQPELDKAIAMLKNKENNNALVQAKQQLQQIVNEVDPTQGMTTDTANNYKSKKREA
EDEIQKAQQIINNGDATEQQITNETNRVNQAINAINKAKNDLRADKSQLENAYNQLIQNVDTNGKKPASIQQYQAARQAT
ETQYNNAKSEAHQILENSNPSVNEVAQALQKVEAVQLKVNDAIHILQONKENNSALVTAKNQLQQSVNDQPLTTGMTQDST
NNYEAKRNEAQSAIRNAEAVINNGDATAKQISDEKSKVEQALAHLNDAKQQLTADTTELQTAVQQLNRRGDTNNKKPRST
NAYNKAIQSLETQITSAKDNANAVIQKPIRTVQEVNNALQQVNQLNQOLTEAINQLOQPLSNNDALKAARLNLENKINQTV
QTDGMTQQSIEAYQNAKRVAQNESNTALALINNGDADEQQITTETDRVNQQOTTNLTQAINGLTVNKEPLETAKTALQNNT
DQVPSTDGMTQQSVANYNQKLQIAKNEINTINNVLANNPDVNAIKTNKAEAERISNDLTQAKNNLQVDTQPLEKIKRQLQ
DEIDQGTNTDGMTQDSVDNYNDSLSAAITEKGKVNKLLKRNPTVEQVKESVANAQQVIQDLONARTSLVPDKTQLQEAKN
RLENSINQQTDTDGMTQDSLNNYNDKLAKARQNLEKISKVLGGQPTVAETROQNTDEANAHKQALDTARSQLTLNREPYIN
HINNESHLNNAQKDNFKAQVNSAPNHNTLETIKNKADTLNQSMTALSES IADYENQKQQENYLDASNNKRQDYDNAVNAA
KGILNQTQSPTMSADVIDQKAEDVKRTKTALDGNQRLEVAKQQALNHLNTLNDLNDAQRQTLTDTINHSPNINSVNQAKE
KANTVNTAMTQLKQTIANYDDELHDGNY INADKDKKDAYNNAVNNAKQLINQSDANQAQLDPAEINKVTQRVNTTKNDLN
GNDKLAEAKRDANTTIDGLTYLNEAQRNKAKENVGKASTKTNITSQLQDYNQLNIAMOQALRNSVNDVNNVKANSNYINED
NGPKEAYNQAVTHAQTLINAQSNPEMSRDVVNQKTQAVNTAHQNLHGQQKLEQAQSSANTEIGNLPNLTNTQKAKEKELV
NSKQTRTEVQEQLNQAKSLDSSMGTLKSLVAKQPTVQKTSVY INEDQPEQSAYNDSITMGQTIINKTADPVLDKTLVDNA
ISNISTKENALHGEQKLTTAKTEAINALNTLADLNTPQKEAIKTAINTAHTRTDVTAEQSKANQINSAMHTLRONISDNE
SVINESNYINAEPEKQHAFTEALNNAKEIVNEQQATLDANSINQKAQAILTTKNALDGEEQLRRAKENADQEINTLNQLT
DAQRNSEKGLVNSSQTRTEVASQLAKAKELNKVMEQLNHLINGKNQMINSSKFINEDANQQQAYSNATASAEALKNKSQON
PELDKVTIEQAINNINSAINNLNGEAKLTKAKEDAVASINNLSGLTNEQKTKENQAVNGAQTRDQVANKLRDAEALDQSM
QTLRDLVNNQNATHSTSNYFNEDSTQKNTYDNAIDNGSTYITGQHNPELNKSTIDQTISRINTAKNDLHGVEKLQRDKGT
ANQEIGQLGYLNDPQKSGEESLVNGSNTRSEVEEHLNEAKSLNNAMKQLRDKVAEKTNVKQSSDYINDSTEHQRGYDQAL
QEAENIINEIGNPTLNKSEIEQKLQQLTDAQNALQGSHLLEEAKNNAITGINKLTALNDAQRQKATENVQAQQTIPAVNQ
QLTLDREINTAMQALRDKVGQQONNVHQQSNYFNEDEQPKHNYDNSVQAGQTI IDKLODPIMNKNEIEQAINQINTTQTAL
SGENKLHTDQESTNRQIEGLSSLNTAQINAEKDLVNQAKTRTDVAQKLAAAKEINSAMSNLRDGIQNKEDIKRSSAYINA
DPTKVTAYDQALQNAENIINATPNVELNKATIEQALSRVQQAQQDLDGVQQLANAKQQOATQTVNGLNSLNDGQKRELNLL
INSANTRTKVQEELNKATELNHAMEALRNSVQONVDQVKQSSNYVNEDQPEQHNYDNAVNEAQATINNNAQPVLDKLAIER
LTQTVNTTKDALHGAQKLTQDOQAAETGIRGLTSLNEPQKNAEVAKVTAATTRDEVRNIRQEATTLDTAMLGLRKSTKDK
NDTKNSSKYINEDHDQQQAYDNAVNNAQQVIDETQATLSSDTINQLANAVTQAKSNLHGDTKLQHDKDSAKQTIAQLONL
NSAQKHMEDSLIDNESTRTQVQHDLTEAQALDGLMGALKESIKDYTNIVSNGNY INAEPSKKQAYDAAVONAQNI INGTN
QPTINKGNVTTATQTVKNTKDALDGDHRLEEAKNNANQTIRNLSNLNNAQKDAEKNLVNSASTLEQVQONLQTAQQLDNA
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MGELRQSIAKKDQVKADSKYLNEDPQIKONYDDAVQRVETI INETQNPELLKANIDQATQSVONAEQALHGAEKLNQDKQ
TSSTELDGLTDLTDAQREKLREQINTSNSRDDIKQKIEQAKALNDAMKKLKEQVAQKDGVHANSDYTNEDSAQKDAYNNA
LKQAEDIINNSSNPNLNAQDITNALNNIKQAQDNLHGAQKLQODKNTTNQAIGNLNHLNQPQKDALIQAINGATSRDQVA
EKLKEAEALDEAMKQLEDQVNQDDQISNSSPFINEDSDKQKTYNDKIQAAKEI INQTSNPTLDKQKIADTLQNIKDAVNN
LHGDQKLAQSKQODANNQLNHLDDLTEEQKNHFKPLINNADTRDEVNKQLEIAKQLNGDMSTLHKVINDKDQIQHLSNYIN
ADNDKKQONYDNAIKEAEDLIHNHPDTLDHKALQDLLNKIDQAHNELNGESRFKQALDNALNDIDSLNSLNVPQRQTVKDN
INHVTTLESLAQELQKAKELNDAMKAMRDS IMNQEQIRKNSNYTNEDLAQQONAYNHAVDKINNITGEDNATMDPQITKQA
TODINTAINGLNGDQKLODAKTDAKQQITNFTGLTEPQKQALENI INQQTSRANVAKQLSHAKFLNGKMEELKVAVAKAS
LVRONSNYINEDVSEKEAYEQATAKGQEIINSENNPTISSTDINRTIQEINDAEQNLHGDNKLRQAQETAKNEIQNLDGL
NSAQITKLIQDIGRTTTKPAVTQKLEEAKATINQAMOQLKQSIADKDATLNSSNYLNEDSEKKLAYDNAVSQAEQLINQLN
DPTMDISNIQAITQKVIQAKDSLHGANKLAQNQADSNLIINQSTNLNDKQKQALNDLINHAQTKQQOVAEI TAQANKLNNE
MGTLKTLVEEQSNVHQQSKYINEDPQVONIYNDS IQKGREILNGTTDDVLNNNKIADATIQNTHLTKNDLHGDQKLQKAQQ
DATNELNYLTNLNNSQRQSEHDEINSAPSRTEVSNDLNHAKALNEAMRQLENEVALENSVKKLSDF INEDEAAQNEYSNA
LOKAKDIINGVPSSTLDKATIEDALLELONARESLHGEQKLQEAKNQAVAEIDNLQALNPGQVLAEKTLVNQASTKPEVQ
EALQKAKELNEAMKALKTEINKKEQIKADSRYVNADSGLQANYNSALNYGSQITATTQPPELNKDVINRATQTIKTAENN
LNGQSKLAEAKSDGNQSIEHLQGLTQSQKDKQHDLINQAQTKQQVDDI VNNSKQLDNSMNQLQQIVNNDNTVKQNSDFIN
EDSSQODAYNHATQAAKDLITAHPTIMDKNQIDQATENIKQALNDLHGSNKLSEDKKEASEQLONLNSLTNGQKDTILNH
IFSAPTRSQVGEKIASAKQLNNTMKALRDS IADNNEILQSSKYFNEDSEQQONAYNQAVNKAKNIINDQPTPVMANDEIQS
VLNEVKQTKDNLHGDQKLANDKTDAQATLNALNYLNQAQRGNLETKVQNSNSRPEVQKVVQLANQLNDAMKKLDDAL TGN
DATKQTSNYINEDTSQQVNFDEYTDRGKNIVAEQTNPNMSPTNINTIADKITEAKNDLHGVQKLKQAQQQSINTINQMTG
LNQAQKEQLNQEIQQTQTRSEVHQVINKAQALNDSMNTLRQSITDEHEVKQTSNYINETVGNQTAYNNAVDRVKQIINQT
SNPTMNPLEVERATSNVKISKDALHGERELNDNKNSKTFAVNHLDNLNQAQKEALTHEIEQATIVSQVNNIYNKAKALNN
DMKKLKDIVAQQODNVRQSNNYINEDSTPONMYNDTINHAQSTIDQVANPTMSHDEIENAINNIKHAINALDGEHKLQQAK
ENANLLINSLNDLNAPQRDAINRLVNEAQTREKVAEQLQSAQALNDAMKHLRNSIQNQSSVRQESKY INASDAKKEQYNH
AVREVENTIINEQHPTLDKEIIKQLTDGVNQANNDLNGVELLDADKQONAHQSIPTLMHLNQAQONALNEKINNAVTRTEVA
ATIIGQAKLLDHAMENLEESTIKDKEQVKQSSNYINEDSDVQETYDNAVDHVTEILNQTVNPTLSIEDIEHATINEVNQAKKQ
LRGKQKLYQTIDLADKELSKLDDLTSQQSSSISNQIYTAKTRTEVAQAT EKAKSLNHAMKALNKVYKNADKVLDSSRFIN
EDQPEKKAYQQATNHVDSITHRQTNPEMDPTVINSITHELETAQNNLHGDQKLAHAQQDAANVINGLIHLNVAQREVMIN
TNTNATTREKVAKNLDNAQALDKAMETLQQVVAHKNNILNDSKYLNEDSKYQQQYDRVIADAEQLLNQTTNPTLEPYKVD
IVKDNVLANEKILFGAEKLSYDKSNANDE IKHEMNYLNNAQKQSTKDMISHAALRTEVKQLLQQAKILDEAMKSLEDKTQV
VITDTTLPNYTEASEDKKEKVDQTVSHAQAT IDKINGSNVSLDQVRQALEQLTQASENLDGDQRVEEAKVHANQTIDQLT
HLNSLQQQTAKESVKNATKLEEIATVSNNAQALNKVMGKLEQF INHADSVENSDNYRQADDDKITAYDEALEHGQDIQKT
NATONETKQALQQOLIYAETSLNGFERLNHARPRALEYIKSLEKINNAQKSALEDKVTQSHDLLELEHIVNEGTNLNDIMG
ELANAIVNNYAPTKASINYINADNLRKDNFTQAINNARDALNKTQGONLDFNAIDTFKDDIFKTKDALNGIERLTAAKSK
AEKLIDSLKFINKAQFTHANDEIMNTNSIAQLSRIVNQAFDLNDAMKSLRDELNNQAFPVQASSNYINSDEDLKQQFDHA
LSNARKVLAKENGKNLDEKQIQGLKQVIEDTKDALNGIQRLSKAKAKAIQYVQSLSYINDAQRHIAENNIHNSDDLSSLA
NTLSKASDLDNAMKDLRDTIESNSTSVPNSVNYINADKNLQIEFDEALQQASATSSKTSENPATIEEVLGLSQAIYDTKN
ALNGEQRLATEKSKDLKLIKGLKDLNKAQLEDVTNKVNSANTLTELSQLTQSTLELNDKMKLLRDKLKTLVNPVKASLNY
RNADYNLKRQFNKALKEAKGVLNKNSGTNVNINDIQHLLTQIDNAKDQLNGERRLKEHQQKSEVFITKELDILNNAQKAA
IINQIRASKDIKIINQIVDNAIELNDAMQGLKEHVAQLTATTKDNIEYLNADEDHKLQYDYAINLANNVLDKENGTNKDA
NITIGMIQNMDDARALLNGIERLKDAQTKAHNDIKDTLKRQLDEIEHANATSNSKAQAKQOMVNEEARKALSNINDATSND
LVNQAKDEGQSAIEHIHADELPKAKLDANQMIDQKVED INHLISQNPNLSNEEKNKLISQINKLVNGIKNEIQQAINKQQ
IENATTKLDEVIETTKKLIIAKAEAKOQMIKELSQKKRDAINNNTDLTPSQKAHALADIDKTEKDALQHIENSNSIDDINN
NKEHAFNTLAHIIIWDTDQOPLVFELPELSLQNALVTSEVVVHRDETISLESIIGAMTLTDELKVNIVSLPNTDKVADHL
TAKVKVILADGSYVIVNVPVKVVEKELQTAKKDATKTIDVLVKQKIKDIDSNNELTSTQREDAKAEIERLKKQAIDKVNH
SKSIKDIETVKRTDFEEIDQFDPKRFTLNKAKKDIITDVNTQIQNGFKEIETIKGLTSNEKTQFDKQLTALQKEFLEKVE
HAHNLVELNQLQOEFNNRYKHILNQAHLLGEKHIAEHKLGYVVVNKTQQILNNQSASYFIKQWALDRIKQIQLETMNSIR
GAHTVQDVHKALLQGIEQILKVNVSIINQSFNDSLHNFNYLHSKFDARLREKDVANHIVQTETFKEVLKGTGVEPGKINK
ETQQPKLHKNDNDSLFKHLVDNFGKTVGVITLTGLLSSFWLVLAKRRKKEEEEKQS IKNHHKDIRLSDTDKIDPIVITKR
KIDKEEQIQNDDKHSIPVAKHKKSKEKQLSEEDIHSIPVVKRKQONSDNKDTKQKKVTSKKKKTPQSTKKVVKTKKRSKK

SEQ ID NO:16 polypeptide sequence

MRDKKGPVNKRVDFLSNKLNKYSIRKFTVGTASILIGSLMYLGTQQEAEAAENNIENPTTLKDNVQSKEVKIEEVTNKDT
APQGVEAKSEVTSNKDTIEHEASVKAEDISKKEDTPKEVANVAEVQPKSSVTHNAEAPKVRKARSVDEGSFDITRDSKNV
VESTPITIQGKEHFEGYGSVDIQKNPTDLGVSEVTRFNVGNESNGLIGALQLKNKIDFSKDFNFKVRVANNHQSNTTGAD
GWGFLFSKGNAEEYLTNGGILGDKGLVNSGGFKIDTGYIYTSSMDKTEKQAGQGYRGYGAFVKNDSSGNSQMVGENIDKS
KTNFLNYADNSTNTSDGKFHGQRLNDVILTYVASTGKMRAEYAGKTWETS ITDLGLSKNQAYNFLITSSQRWGLNQGINA
NGWMRTDLKGSEFTFTPEAPKTITELEKKVEEI PFKKERKFNPDLAPGTEKVTREGQKGEKTITTPTLKNPLTGEIISKG
ESKEEITKDPINELTEYGPETIAPGHRDEFDPKLPTGEKEEVPGKPGIKNPETGDVVRPPVDSVTKYGPVKGDSIVEKEE
IPFEKERKFNPDLAPGTEKVTREGQKGEKTITTPTLKNPLTGEI ISKGESKEEITKDPINELTEYGPETIAPGHRDEFDP
KLPTGEKEEVPGKPGIKNPETGDVVRPPVDSVTKYGPVKGDSIVEKEEI PFKKERKFNPDLAPGTEKVTREGQKGEKTIT
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TPTLKNPLTGEIISKGESKEEITKDPINELTEYGPETITPGHRDEFDPKLPTGEKEEVPGKPGIKNPETGDVVRPPVDSV
TKYGPVKGDSIVEKEEIPFEKERKFNPDLAPGTEKVTREGQKGEKTITTPTLKNPLTGEIISKGESKEEITKDPVNELTE
FGGEKIPQGHKDIFDPNLPTDQTEKVPGKPGIKNPDTGKVIEEPVDDVIKHGPKTGTPETKTVEIPFETKREFNPKLQPG
EERVKQEGQPGSKTITTPITVNPLTGEKVGEGQPTEEITKQPVDKIVEFGGEKPKDPKGPENPEKPSRPTHPSGPVNPNN
PGLSKDRAKPNGPVHSMDKNDKVKKSKIAKESVANQEKKRAELPKTGLESTQKGLIFSSIIGIAGLMLLARRRKN

SEQ ID NO:17 polypeptide sequence

MGKRRQGPINKKVDFLPNKLNKYSTRKFTVGTAS ILLGSTLIFGSSSHEAKAAEEKQVDPITQANQONDSSERSLENTNQP
TVNNEAPQMSSTLQAEEGSNAEAPNVPTIKANSDNDTQTQFSEAPTRNDLARKEDI PAVSKNEELQSSQPNTDSKIEPTT
SEPVNLNYSSPFMSLLSMPADSSSNNTKNTIDIPPTTVKGRDNYDFYGRVDIQSNPTDLNATNLTRYNYGQPPGTTTAGA
VQFKNQVSFDKDFDFNIRVANNRQSNTTGADGWGFMFSKKDGDDFLKNGGILREKGTPSAAGFRIDTGYYNNDPLDKIQK
QAGQGYRGYGTFVKNDSQGNTSKVGSGTPSTDFLNYADNTTNDLDGKFHGOKLNNVNLKYNASNQTFTATYAGKTWTATL
SELGLSPTDSYNFLVTSSQYGNGNSGTYADGVMRADLDGATLTYTPKAVDGDP ITSTKEI PFNKKREFDPNLAPGTEKVV
QKGEPGIETTTTPTYVNPNTGEKVGEGTPTTKITKQPVDEIVHYGGEEIKPGHKDEFDPNAPKGSQTTQPGKPGVKNPDT
GEVVTPPVDDVTKYGPVDGDPITSTEEI PFDKKREFNPDLKPGEERVKQKGEPGTKTITTPTTKNPLTGEKVGEGEPTEK
ITKQPVDEITEYGGEEIKPGHKDEFDPNAPKGSQEDVPGKPGVKNPDTGEVVTPPVDDVTKYGPVDGDPITSTEEIPFDK
KREFDPNLAPGTEKVVQKGEPGTKTITTPTTKNPLTGEKVGEGEPTEKITKQPVDEIVHYGGEEIKPGHKDEFDPNAPKG
SQEDVPGKPGVKNPDTGEVVTPPVDDVTKYGPVDGDPITSTEEI PFDKKREFNPDLKPGEERVKQKGEPGTKTITTPTTK
NPLTGEKVGEGEPTEKVTKQPVDEIVHYGGEEIKPGHKDEFDPNAPKGSQEDVPGKPGVKNPDTGEVVTPPVDDVTKYGP
VDGDPITSTEEIPFDKKREFDPNLAPGTEKVVQKGEPGTKTITTPTTKNPLTGEKVGEGEPTEKITKQPVDE IVHYGGEE
IKPGHKDEFDPNAPKGSQTTQPGKPGVKNPDTGEVVTPPVDDVTKYGPVDGDPITSTEE I PFDKKREFDPNLAPGTEKVV
QKGEPGTKTITTPTTKNPLTGEKVGEGEPTEKITKQPVDEIVHYGGEQI PQGHKDEFDPNAPVDSKTEVPGKPGVKNPDT
GEVVTPPVDDVTKYGPKVGNPITSTEEI PFDKKRVFNPDLKPGEERVKQKGEPGTKTITTPILVNPITGEKVGEGKSTEK
VTKQPVDEIVEYGPTKAEPGKPAEPGKPAEPGKPAEPGKPAEPGTPAEPGKPAEPGKPAEPGKPAEPGKPAEPGKPAEPG
TPAEPGKPAEPGKPAEPGKPAEPGTPAEPGKPAEPGTPAEPGKPAEPGTPTQSGAPEQPNRSMHSTDNKNQLPDTGENRQ
ANEGTLVGSLLAIVGSLFIFGRRKKGNEK

SEQ ID NO:18 polypeptide sequence
MKKLYTSYGTYGFLHQIKINNPTHQLFQFSASDTSVIFEETDGETVLKSPSIYEVIKEIGEFSERHFYCAIFIPSTEDHA
YQLEKKLISVDDNFRNFGGFKSYRLLRPAKGTTYKIYFGFADRHAYEDFKQSDAFNDHFSKDALSHYFGSSGQHSSYFER
YLYPIKE

SEQ ID NO:19 polypeptide sequence
MYLYTSYGTYQFLNQIKLNHQERSLFQFSTNDSSIILEESEGKSILKHPSAYQVIDSTGEFNEHHFYSAIFVPTSEDHRQ
QLEKKLLLVDVPLRNFGGFKSYRLLKPTEGSTYKIYFGFANRTAYEDFKASDIFNENFSKDALSQYFGASGQHSSYFERY
LYPIEDH

SEQ ID NO:20 polypeptide sequence
MINRDNKKAITKKGMISNRLNKFSTRKYTVGTASILVGTTLIFGLGNQEAKARENTSTENAKQDDATTSDNKEVVSETEN
NSTTENDSTNPIKKETNTDSQPEAKEESTTSSTQQQQNNVTATTETKPQNIEKENVKPSTDKTATEDTSVILEEKKAPNY
TNNDVTTKPSTSEIQTKPTTPQESTNIENSQPQPTPSKVDNQVTDATNPKEPVNVSKEELKNNPEKLKELVRNDNNTDRS
TKPVATAPTSVAPKRLNAKMRFAVAQPAAVASNNVNDLITVTKQTIKVGDGKDNVAAAHDGKDIEYDTEFT IDNKVKKGD
TMTINYDKNVIPSDLTDKNDPIDITDPSGEVIAKGTFDKATKQITYTFTDYVDKYEDIKARLTLYSY IDKQAVPNETSLN
LTFATAGKETSONVSVDYQDPMVHGDSNIQSIFTKLDENKQTIEQQIYVNPLKKTATNTKVDIAGSQVDDYGNIKLGNGS
TIIDONTEIKVYKVNPNQQOLPQSNRIYDFSQYEDVTSQFDNKKSFSNNVATLDFGDINSAYIIKVVSKYTPTSDGELDIA
QGTSMRTTDKYGYYNYAGYSNFIVTSNDTGGGDGTVKPEEKLYKIGDYVWEDVDKDGVQGTDSKEKPMANVLVTLTYPDG
TTKSVRTDANGHYEFGGLKDGETYTVKFETPAGYLPTKVNGTTDGEKDSNGSS I TVKINGKDDMSLDTGFYKEPKYNLGD
YVWEDTNKDGIQDANEPGIKDVKVTLKDSTGKVIGTTTTDASGKYKFTDLDNGNYTVEFETPAGYTPTVKNTTAEDKDSN
GLTTTGVIKDADNMTLDSGFYKTPKYSLGDYVWYDSNKDGKQDSTEKGIKDVKVTLLNEKGEVIGTTKTDENGKYRFDNL
DSGKYKVIFEKPAGLTQTVTNTTEDDKDADGGEVDVTITDHDDFILDNGYFEEDTSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDAGKHTPVKPMSTTKDHHNKAKAL PETGSENNGSNNATLE
GGLFAALGSLLLFGRRKKQNK

SEQ ID NO:21 polypeptide sequence

MINKKNNLLTKKKPIANKSNKYAIRKFTVGTAS IVIGATLLFGLGHNEAKAEENSVQDVKDSNTDDELSDSNDQSSDEEK
NDVINNNQS INTDDNNQI IKKEETNNYDGIEKRSEDRTESTTNVDENEATFLQKTPQDNTHLTEEEVKESSSVESSNSS T
DTAQQPSHTTINREESVQTSDNVEDSHVSDFANSKIKESNTESGKEENTIEQPNKVKEDS TTSQPSGYTNIDEKISNQDE
LLNLPINEYENKARPLSTTSAQPSIKRVTVNQLAAEQGSNVNHLIKVTDQSITEGYDDSEGVIKAHDAENLIYDVTFEVD
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DKVKSGDTMTVDIDKNTVPSDLTDSFTIPKIKDNSGEI IATGTYDNKNKQITYTFTDYVDKYENIKAHLKLTSYIDKSKV
PNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLQSMFTNIDTKNHTVEQTIYINPLRYSAKETNVNISGNGDEGST
IIDDSTIIKVYKVGDNQNLPDSNRIYDYSEYEDVTNDDYAQLGNNNDVNINFGNIDSPYIIKVISKYDPNKDDYTTIQQT
VIMQTTINEYTGEFRTASYDNTIAFSTSSGQGQGDLPPEKTYKIGDYVWEDVDKDGIQNTNDNEKPLSNVLVTLTYPDGT
SKSVRTDEDGKYQFDGLKNGLTYKITFETPEGYTPTLKHSGTNPALDSEGNSVWVTINGQDDMTIDSGFYQTPKYSLGNY
VWYDTNKDGIQGDDEKGISGVKVTLKDENGNIISTTTTDENGKYQFDNLNSGNYIVHFDKPSGMTQTTTDSGDDDEQDAD
GEEVHVTITDHDDFSIDNGYYDDESDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSD
SDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSD
SDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDNDSDLGNSSDKSTKDKLPDTGANEDYGSKGTLLGTLFAGL
GALLLGKRRKNRKNKN

SEQ ID NO:22 polypeptide sequence
MSNNFKDDFEKNRQSIDTNSHQDHTEDVEKDQSELEHQDT I ENTEQQF PPRNAQRRKRRRDLATNHNKQVHNESQTSEDN
VQNEAGT IDDRQVESSHSTESQEPSHODSTPQHEEEY YNKNAFAMDKSHPEPIEDNDKHET I KDAENNTEHSTVSDKS IA
EQSQQPKPYFATGANQANTSKDKHDDVTVKQDKDESKDHHSGKKGAAIGAGTAGVAGAAGAMGVSKAKKHSNDAQNKSNS
DKSNNSTEDKASQDKSKDHHNGKKGAAIGAGTAGLAGGAASKSASAASKPHASNNASQNHDEHDNHDRDKERKKGGMAKVY
LLPLIAAVLIIGALAIFGGMALNNHNNGTKENKIANTNKNNADESKDKDTSKDASKDKSKSTDSDKSKEDQDKATKDESD
NDQNNANQANNQAQNNQNQQQOANONOQQQQQRQGGGORHTVNGQENLYRIAIQYYGSGSPENVEKIRRANGLSGNNIRNG
QQIVIP

SEQ ID NO:23 polypeptide sequence

MIELIKMEGMIVVSNNNFKDDFEKNRQS INPDEQQTELKEDDKTNENKKEADSQNSLSNNSNQQFPPRNAQRRKRRRETA
TNQSKQQDDKHQKNSDAKTTEGSLDDRYDEAQLQQQOHDKSQQQONKTEKQSQDNRMKDGKDAAIVNGTSESPEHKSKSTQN
RPGPKAQQQKRKSESTQSKPSTNKDKKAATGAGIAGAAGVAGAAETSKRHHNKKDKQDSKHSNHENDEKSVKNDDQKQSK
KGKKAAVGAGAAAGVGAAGVAHHNNONKHHNEEKN SNQNNQYNDQSEGKKKGGFMKILLPLIAAILILGAIAIFGGMALN
NHNDSKSDDQKIANQSKKDSDKKDGAQSEDNKDKKSDSNKDKKSDSDKNADDDSDNS S SNPNATSTNNNDNVANNNSNY T
NONQQDNANQNSNNQQATQGQQSHTVYGQENLYRIAIQYYGEGTQANVDKIKRANGLSSNNIHNGQTLVIPQ

SEQ ID NO:24 polypeptide sequence
MKNKLIAKSLLTIAAIGITTTTIASTADASEGYGPREKKPVSINHNIVEYNDGTFKYQSRPKFNSTPKYIKFKHDYNILE
FNDGTFEYGARPQFNKPAAKTDATI KKEQKLIQAQNLVREFEKTHTVSAHRKAQKAVNLVSFEYKVKKMVLQERIDNVLK
QGLVR

SEQ ID NO:25 polypeptide sequence
MKTRIVSSVTTTLLLGSILMNPVANAADSDINIKTGTTDIGSNTTVKTGDLVTYDKENGMHKKVFYSFIDDKNHNKKLLY
IRTKGTIAGQYRVYSEEGANKSGLAWPSAFKVQLQLPDNEVAQISDYYPRNSIDTKEYMSTLTYGFNGNVTGDDTGKIGG
LIGANVSIGHTLKYVQPDFKTILESPTDKKVGWKVIFNNMVNONWGPYDRDSWNPVYGNQLFMKTRNGSMKAAENFLDPN
KASSLLSSGFSPDFATVITMDRKASKQQTNIDVIYERVRDDYQLHWTS TNWKGTNT KDKWTDRSSERYKIDWEKEEMTN

SEQ ID NO:26 polypeptide sequence
MHMKNKYISKLLVGAATITLATMISNGEAKASENTQQTSTKHQTTQNNYVTDQQKAFYQVLHLKGITEEQRNQYIKTLRE
HPERAQEVFSESLKDSKNPDRRVAQQONAFYNVLKNDNLTEQEKNNY IAQTKENPDRSQQVWVESVQSSKAKERQNTENAD
KATKDFQDNKAPHDKSAAYEANSKLPKDLRDKNNRFVEKVSIEKAI VRHDERVKSANDAISKLNEKDS IENRRLAQREVN
KAPMDVKEHLQKQLDALVAQKDAEKKVAPKVEAPQIQSPQIEKPKAES PKVEVPQSKLLGYYQSLKDSFNYGYKYLTDTY
KSYKEKYDTAKYYYNTYYKYKGAIDQTVLTVLGSGSKSY IQPLKVDDKNGYLAKSYAQVRNYVTES INTGKVLYTFYQNP
TLVKTAIKAQETASSIKNTLSNLLSFWK

SEQ ID NO:27 polypeptide sequence
MTKHYLNSKYQSEQRSSAMKKITMGTASIILGSLVYIGADSQQVNAATEATNATNNQSTQVSQATSQPINFQVQKDGSSE
KSHMDDYMQHPGKVIKQNNKYYFQTVLNNASFWKEYKFYNANNQELATTVVNDNKKADTRT INVAVEPGYKSLTTKVHIV
VPQINYNHRYTTHLEFEKAIPTLADAAKPNNVKPVQPKPAQPKTPTEQTKPVQPKVEKVKPTVTTTSKVEDNHSTKVVST
DTTKDQTKTQTAHTVKTAQTAQEQNKVQTPVKDVATAKSESNNQAVSDNKSQQTNKVTKHNETPKQASKAKELPKTGLTS
VDNFISTVAFATLALLGSLSLLLFKRKESK

SEQ ID NO:28 polypeptide sequence

MNKQQKEFKSFYSIRKSSLGVASVAISTLLLLMSNGEAQAAAEETGGTNTEAQPKTEAVASPTTTSEKAPETKPVANAVS
VSNKEVEAPTSETKEAKEVKEVKAPKETKAVKPAAKATNNTYPILNQELREAIKNPAIKDKDHSAPNSRPIDFEMKKENG
EQQFYHYASSVKPARVIFTDSKPEIELGLQSGQFWRKFEVYEGDKKLPIKLVSYDTVKDYAYIRFSVSNGTKAVKIVSST
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HFNNKEEKYDYTLMEFAQPIYNSADKFKTEEDYKAEKLLAPYKKAKTLERQVYELNKIQDKLPEKLKAEYKKKLEDTKKA
LDEQVKSAITEFQNVOQPTNEKMTDLODTKYVVYESVENNESMMDTFVKHP IKTGMLNGKKYMVMETTNDDYWKDFMVEGQ
RVRTISKDAKNNTRTIIFPYVEGKTLYDAIVKVHVKTIDYDGQYHVRIVDKEAFTKANTDKSNKKEQQDNSAKKEATPAT
PSKPTPSPVEKESQKQDSQKDDNKQLPSVEKENDASSESGKDKTPATKPTKGEVESSSTTPTKVVSTTQNVAKPTTASSK
TTKDVVQTSAGSSEAKDSAPLQKANTKNTNDGHTQSQNNKNTQENKAKSLPQTGEESNKDMTLPLMALLALSSIVAFVLP
RKRKN

SEQ ID NO:29 polypeptide sequence
MNNKKTATNRKGMIPNRLNKFSIRKYSVGTASILVGTTLIFGLSGHEAKAAEHTNGELNQSKNETTAPSENKTTEKVDSR
QLKDNTQTATADQPKVTMSDSATVKETSSNMQSPONATASQSTTQTSNVITNDKSSTTYSNETDKSNLTQAKNVSTTPKT
TTIKQRALNRMAVNTVAAPQQGTNVNDKVHFTNIDIAIDKGHVNKTTGNTEFWAT SSDVLKLKANYTIDDSVKEGDTFTF
KYGQYFRPGSVRLPSQTONLYNAQGNI IAKGIYDSKTNTTTYTFTNYVDQYTNVSGSFEQVAFAKRENATTDKTAYKMEV
TLGNDTYSKDVIVDYGNQKGQQOLISSTNY INNEDLSRNMTVYVNQPKKTYTKETFVTNLTGYKFNPDAKNFKI YEVTDQN
QFVDSFTPDTSKLKDVTGQFDVIYSNDNKTATVDLLNGQSSSDKQYIIQQVAYPDNSSTDNGKIDYTLETQNGKSSWSNS
YSNVNGSSTANGDQKKYNLGDYVWEDTNKDGKQDANEKGIKGVYVILKDSNGKELDRTTTDENGKYQFTGLSNGTYSVEF
STPAGYTPTTANAGTDDAVDSDGLTTTGVIKDADNMTLDSGFYKTPKYSLGDYVWYDSNKDGKQDSTEKGIKGVKVTLON
EKGEVIGTTETDENGKYRFDNLDSGKYKVIFEKPAGLTQTGTNTTEDDKDADGGEVDVTITDHDDFTLDNCYYEEETSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSESDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDNDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDAGKHTPTKPMSTVKDQHKTAKALPETGSENNNSNNGTLFGGLFAALGSLLLFGRRKKQNK

SEQ ID NO:30 polypeptide sequence

MNMKKKEKHAIRKKS IGVASVLVGTLIGFGLLSSKEADASENSVTQSDSASNESKSNDSSSVSAAPKTDDTNVSDTKTSS
NTNNGETSVAQNPAQQETTQSSSTNATTEETPVTGEATTTTTNQANTPATTQS SNTNAEELVNQTSNETTSNDTNTVSSV
NSPQONSTNAENVSTTQDTSTEATPSNNESAPQNTDASNKDVVSQAVNP STPRMRAFSLAAVAADAPAAGTDITNQLTDVK
VTIDSGTTVYPHQAGYVKLNYGFSVPNSAVKGDTFKITVPKELNLNGVTSTAKVPPIMAGDQVLANGVIDSDGNVIYTFT
DYVDNKENVTANITMPAY IDPENVTKTGNVTLTTGIGTNTASKTVLIDYEKYGQFHNLS IKGTIDQIDKTNNTYRQTIYV
NPSGDNVVLPALTGNLIPNTKSNALIDAKNTDIKVYRVDNANDLSESYYVNPSDFEDVTNQVR ISFPNANQYKVEFPTDD
DQITTPYIVVVNGHIDPASTGDLALRSTFYGYDSNFIWRSMSWDNEVAFNNGSGSGDGIDKPVVPEQPDEPGEIEPIPED
SDSDPGSDSGSDSNSDSGSDSGSDSTSDSGSDSASDSDSASDSDSASDSDSASDSDSASDSDSASDSDSASDSDSASDSD
SASDSDSASDSDSASDSDSASDSDSASDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSD
SDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSASDSDSDSDSESDSDSDSDSDSDSDSDSDSDSD
SESDSDSDSDSDSESDSDSDSDSDSDSASDSDSGSDSDSSSDSDSDSTSDTGSDNDSDSDSNSDSESGSNNNVVPPNSPK
NGTNASNKNEAKDSKEPLPDTGSEDEANTSLIWGLLASLGSLLLFRRKKENKDKK

SEQ ID NO:31 polypeptide sequence
MKNNLRYGIRKHKLGAASVFLGTMIVVGMGQDKEAAASEQKTTTVEENGNSATDNKTSETQTTATNVNHIEETQSYNATV
TEQPSNATQVTTEEAPKAVQAPQTAQPANVETVKEEEKPQVKETTQPQDNSGNQRQVDLTPKKVTONQGTETQVEVAQPR
TASESKPRVTRSADVAEAKEASDVSEVKGTDVTSKVTVESGSIEAPQGNKVEPHAGQRVVLKYKLKFADGLKRGDYFDFT
LSNNVNTYGVSTARKVPEIKNGSVVMATGEILGNGNIRYTFTNEIEHKVEVTANLEINLF IDPKTVQSNGEQKITSKLNG
EETEKTIPVVYNPGVSNSYTNVNGSIETFNKESNKFTHIAY IKPMNGNQSNTVSVTGTLTEGSNLAGGQPTVKVYEYLGK
KDELPQSVYANTSDTNKFKDVTKEMNGKLSVQDNGSYSLNLDKLDKTYVIHYTGEYLQGSDQVNFRTELYGYPERAYKSY
YVYGGYRLTWDNGLVLYSNKADGNGKNGQI IQDNDFEYKEDTAKGTMSGQYDAKQI IETEENQDNTPLDIDYHTAIDGEG
GYVDGYIETIEETDSSAIDIDYHTAVDSEVGHVGGYTESSEESNPIDFEESTHENSKHHADVVEYEEDTNPGGGQVTTES
NLVEFDEESTKGIVTGAVSDHTTIEDTKEYTTESNLIELVDELPEEHGQAQGPIEEITENNHHISHSGLGTENGHGNYGV
IEEIEENSHVDIKSELGYEGGQNSGNQSFEEDTEEDKPKYEQGGNIVDIDFDSVPQIHGONKGDQSFEEDTEKDKPKYEH
GGNIIDIDFDSVPQIHGFNKHNEIIEEDTNKDKPNYQFGGHNSVDFEEDTLPKVSGQNEGQQTIEEDTTPPTPPTPEVPS
EPETPMPPTPEVPSEPETPTPPTPEVPSEPETPTPPTPEVPSEPETPTPPTPEVPSEPETPTPPTPEVPAEPGKPVPPAK
EEPKKPSKPVEQGKVVTPVIEINEKVKAVAPTKKAQSKKSELPETGGEESTNKGMLFGGLFSILGLALLRRNKKNNKA

SEQ ID NO:32 polypeptide sequence

MKKR IDYLSNKQONKYSIRRFTVGTTSVIVGATILFGIGNHQAQASEQSNDTTQSSKNNASADSEKNNMIETPQLNTTAND
TSDISANTNSANVDSTTKPMSTQTSNTTTTEPASTNETPQPTAIKNQATAAKMODQTVPQEANSQVDNKTTNDANSIATN
SELKNSQTLDLPQSSPQTISNAQGTSKPSVRTRAVRSLAVAEPVVNAADAKGTNVNDKVTASNFKLEKTTFDPNQSGNTF
MAANFTVTDKVKSGDYFTAKLPDSLTGNGDVDYSNSNNTMP IADIKSTNGDVVAKATYDILTKTYTFVFTDYVNNKENIN
GQFSLPLFTDRAKAPKSGTYDANINIADEMFNNKITYNYSSPIAGIDKPNGANISSQIIGVDTASGONTYKQTVFVNPKQ
RVLGNTWVY IKGYQDKIEESSGKVSATDTKLRIFEVNDTSKLSDSYYADPNDSNLKEVTDQFKNRIYYEHPNVASIKFGD
ITKTYVVLVEGHYDNTGKNLKTQVIQENVDPVTNRDYSIFGWNNENVVRYGGGSADGDSAVNPKDPTPGPPVDPEPSPDP
EPEPTPDPEPSPDPEPEPSPDPDPDSDSDSDSGSDSDSGSDSDSESDSDSDSDSDSDSDSDSESDSDSESDSDSDSDSDS
DSDSDSESDSDSDSDSDSDSDSDSESDSDSESDSESDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSESDSDSDS
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DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSRVTPPNNEQKAPSNPKGEVNHSNKVSKQHKTDALPETGDKSENTNATLFGAMMALLGSLLLFRKRKQDHKEKA

SEQ ID NO:33 polypeptide sequence
MKKQIISLGALAVASSLFTWDNKADATVTKDYSKESRVNEKSKKGATVSDYYYWKI IDSLEAQFTGAIDLLEDYKYGDPI
YKEAKDRLMTRVLGEDQYLLKKKIDEYELYKKWYKSSNKNTNMLTFHKYNLYNLTMNEYND I FNSLKDAVYQFNKEVKE I
EHKNVDLKQFDKDGEDKATKEVYDLVSEIDTLVVTYYADKDYGEHAKELRAKLDLILGDTDNPHKITNERIKKEMIDDLN
SIIDDFFMETKQNRPNSITKYDPTKHNFKEKSENKPNFDKLVEETKKAVKEADESWKNKTVKKYEETVTKS PVVKEEKKV
EEPQLPKVCNQQEVKTTAGKAEETTQPVAQPLVKIPQETIYGETVKGPEYPTMENKTLQGEI VQGPDFLTMEQNRPSLSD
NYTQPTTPNPILEGLEGSSSKLE IKPQGTESTLKGIQGESSDIEVKPQATETTEASQYGPRPQFNKTPKYVKYRDAGTGI
REYNDGTFGYEARPRFNKPSETNAYNVTTNQDGTVSYGARPTQONKPSETNAYNVTTHANGQVSYGARPTQKKPSKTNAYN
VTTHANGQVSYGARPTQKKPSKTNAYNVTTHANGQVSYGARPTYKKPSETNAYNVTTHANGQVSYGARPTQKKPSETNAY
NVTTHADGTATYGPRVTK

SEQ ID NO:67 polypeptide sequence
MKSNLRYGIRKHKLGAASVFLGTMIVVGMGQEKEAAASEQNNTTVEESGSSATESKASETQTTTNNVNT
IDETQSYSATSTEQPSKSTQVTTEEAPTTVQAPKVETEMKSQEDLPSEKVADKETTGTQVDIAQPSNVS
EIKPRMKRSADVTAVSEKEVAEEAKATGTDVTNKVEVTESSLEGHNKDSNIVNPHENAQRVTLKYKWKFG
EGIKAGDYFDFTLSDNVETHGISTLRKVPEIKS

STEDKVMANGQVINERTIRYTFTDY INNKKDLTAELNLNLFIDPTTVTKQGSQKVEVTLGONKVSKEFD
IKYLDGVKDRMGVTVNGRIDTLNKEEGKFSHFAYVKPNNQSLTSVTVTGQVTSGYKQSANNPTVKVYKH
IGSDELAESVYAKLDDTSKFEDVTEKVNLSYTSNGGYTLNLGDLDNSKDYVIKYEGEYDQNAKDLNFRT
HLSGYHKYYPYYPYYPYYPVQLTWNNGVAFYSN
NAKGDGKDKPNDPIIEKSEPIDLDIKSEPPVEKHELTGTIEESNDSKPIDFEYHTAVEGAEGHAEGIIE
TEEDSIHVDFEESTHENSKHHADVVEYEEDTNPGGGQVTTESNLVEFDEESTKGIVTGAVSDHTTVEDT
KEYTTESNLIELVDELPEEHGQAQGPIEEITENNHHISHSGLGTENGHGNYGVIDEIEENSHVDIKSEL
GYEGGQNSGNQSFEEDTEEDKPKYEQGGNIVDI

DFDSVPQIHGQNNGNQSFEEDTEEDKPKYEQGGNI IDIDFDSVPQIHGFNKHNEI IEEDTNKDKPNYQF
GGHNSVDFEEDTLPKVSGONEGQQTIEEDTTPPTPPTPEVPSEPETPTPPTPEVPSEPGEPTPPKPEVP
SEPETPVPPTPEVPSEPGKPVPPAKEEPKKPSKPVEQGKVVTPVIEINEKVKAVAPTKQKQSKKSELPE
TGGEESTNKGMLFGGLFSILGLVLLRRNKKNNK

A

SEQ ID NO:68 polypeptide sequence
MKFKSLITTTLALGVIASTGANFNTNEASAAAKPLDKSSSTLHHGHSNIQIPYTITVNGTSQNILSSLT
FNKNQNISYKD
TENKVKSVLYFNRGISDIDLRLSKQAEYTVHFKNGTKRVIDLKSGIYTADLINTSDIKAISVNVDTKKQ
PKDKAKANVQV
PYTITVNGTSQNILSNLTFNKNQONISYKDLEGKVKSVLESNRGITDVDLRLSKQAKY TVNFKNGTKKVI
DLKSGIYTANL

INSSDIKSININVDTKKHIENKAKRNYQVPYS INLNGTSTNILSNLSFSNKPWTNYKNLTSQIKSVLKH
DRGISEQDLKY

AKKAYYTVYFKNGGKRILQLNSKNYTANLVHAKDVKRIEI TVKTGTKAKADRYVPYTIAVNGTSTPILS
KLKISNKQLIS
YKYLNDKVKSVLKSERGISDLDLKFAKQAKYTVYFKNGKKQVVNLKSDIFTPNLFSAKDIKKIDIDVKQ
YTKSKKKINKS
NNVKFPVTINKFENIVSNEFVFYNASKITINDLSIKLKSAMANDQGITKHDIGLAERAVYKVYFKNGSS
KYVDLKTEYKD

ERVFKATDIKKVDIELKF

SEQ ID NO:69 polypeptide sequence

MNKHHPKLRSFYSIRKSTLGVASVIVSTLFLITSQHQAQAAENTNTSDKISENQNNNATT
TQPPKDTNQTQPATQPANTAKNY PAADESLKDAIKDPALENKEHDIGPREQVNFQLLDKN
NETQYYHFFSIKDPADVYYTKKKAEVELDINTASTWKKFEVYENNQKLPVRLVSYSPVPE
DHAY IRFPVSDGTQELKIVSSTQIDDGEETNYDYTKLVFAKPIYNDPSLVKSDTNDAVVT
NDQSSSVASNQTNTNTSNQNISTINNANNQPQATTNMSQPAQPKSSTNADQASSQPAHET
NSNGNTNDKTNESSNQSDVNQQYPPADESLQDAIKNPAI IDKEHTADNWRPIDFQMKNDK
GERQFYHYASTVEPATVIFTKTGPIIELGLKTASTWKKFEVYEGDKKLPVELVSYDSDKD
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YAYIRFPVSNGTREVKIVSSIEYGENIHEDYDYTLMVFAQPITNNPDDYVDEETYNLQKL
LAPYHKAKTLERQVYELEKLQEKLPEKYKAEYKKKLDQTRVELADQVKSAVTEFENVTPT
NDQLTDLQEAHFVVFESEENSESVMDGFVEHPFYTATLNGQKYVVMKTKDDSYWKDLIVE
GKRVTTVSKDPKNNSRTLIFPYIPDKAVYNAIVKVVVANIGYEGQYHVRIINQDINTKDD
DTSQNNTSEPLNVQTGQEGKVADTDVAENSSTATNPKDASDKADVIEPESDVVKDADNNI
DKDVQHDVDHLSDMSDNNHFDKYDLKEMDTQIAKDTDRNVDKDADNSVGMSSNVDTDKDS
NKNKDKVIQLNHIADKNNHTGKAAKLDVVKQONYNNTDKVTDKKTTEHLPSDIHKTVDKTV
KTKEKAGTPSKENKLSQSKMLPKTGETTSSQSWWGLYALLGMLALFIPKFRKESK

SEQ ID NO:70 polypeptide sequence
MAETTQDQTTNKNVLDSNKVKATTEQAKAEVKNPTONISGTQVYQDPAIVQPKTANNKTG
NAQVSQKVDTAQVNGDTRANQSATTNNTQPVAKSTSTTAPKTNTNVTNAGYSLVDDEDDN
SENQINPELIKSAAKPAALETQYKTAAPKAATTSAPKAKTEATPKVTTFSASAQPRSVAR
TPKTSLPKYKPQVNSSINDYICKNNLKAPKIEEDYTSYFPKYAYRNGVGRPEGIVVHDTA
NDRSTINGEISYMKNNYQNAFVHAFVDGDRIIETAPTDYLSWGVGAVGNPRFINVEIVHT
HDYASFARSMNNYADYAATQLQYYGLKPDSAEYDGNGTVWTHYAVSKYLGGTDHADPHGY
LRSHNYSYDQLYDLINEKYLIKMGKVAPWGTQSTTTPTTPSKPTTPSKPSTGKLTVAANN
GVAQIKPTNSGLYTTVYDKTGKATNEVQKTFAVSKTATLGNQKFYLVQDYNSGNKFGWVK
EGDVVYNTAKSPVNVNQSYSIKPGTKLYTVPWGTSKQVAGSVSGSGNQTFKASKQQQIDK
SIYLYGSVNGKSGWVSKAYLVDTAKPTPTPTPKPSTPTTNNKLTVSSLNGVAQINAKNNG
LFTTVYDKTGKPTKEVQKTFAVTKEASLGGNKFYLVKDYNSPTLIGWVKQGDVIYNNAKS
PVNVMQTYTVKPGTKLY SVPWGTYKQEAGAVSGTGNQTFKATKQQQIDKSIYLFGTVNGK
SGWVSKAYLAVPAAPKKAVAQPKTAVK

SEQ ID NO: 71 polypeptide sequence
MAYTVTKPQTTQTVSKIAQVKPNNTGTRASVYEKTAKNGAKYADRTFYVTKERAHGNETY
VLLNNTSHNI PLGWFNVKDLNVQNLGKEVKTTQKYTVNKSNNGLSMVPWGTKNQVILTGN
NIAQGTFNATKQVSVGKDVYLYGTINNRTGWVNAKDLTAPTAVKPTTSAAKDYNYTYVIK
NGNGYYYVTPNSDTAKYSLKAFNEQPFAVVKEQVINGQTWYYGKLSNGKLAWIKSTDLAK
ELIKYNQTGMTLNQVAQIQAGLQYKPQVQRVPGKWTDAKFNDVKHAMDTKRLAQDPALKY
QFLRLDQPQNISIDKINQFLKGKGVLENQGAAFNKAAQMYGINEVYLISHALLETGNGTS
QLAKGADVVNNKVVTNSNTKYHNVFGIAAYDNDPLREGIKYAKQAGWDTVSKAIVGGAKF
IGNSYVKAGQNTLYKMRWNPAHPGTHQYATDVDWANINAKI IKGYYDKIGEVGKYFDIPQ
YK

SEQ ID NO:72 polypeptide sequence
DRVLASHPDVATIRQNVTAANAAKSALDQARNGLTVDKAPLENAKNQLQHSIDTQTSTTG
MTQDSINAYNAKLTAARNKIQQINQVLAGS PTVEQINTNTS TANQAKSDLDHARQALTPD
KAPLQTAKTQLEQSINQPTDTTGMTTASLNAYNQKLQAARQKLTEINQVLNGNPTVQNIN
DKVTEANQAKDQLNTARQGLTLDRQPALTTLHGASNLNQAQQONNFTQQINAAQNHAALET
IKSNITALNTAMTKLKDSVADNNTIKSDQNYTDATPANKQAYDNAVNAAKGVIGETTNPT
MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQQVNSAQN
VQAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAYNHANDI IN
GNAQHPVITPSDVNNALSNVTSKEHALNGEAKLNAAKQEANTALGHLNNLNNAQRQNLQS
QINGAHQIDAVNTIKQNATNLNSAMGNLRQAVADKDQVKRTEDYADADTAKQNAYNSAVS
SAETIINQTTNPTMSVDDVNRATSAVTSNKNALNGYEKLAQSKTDAARAIDALPHLNNAQ
KADVKSKINAASNIAGVNTVKQQGTDLNTAMGNLQGAINDEQTTLNSQNYQDATPSKKTA
YTNAVQAAKDILNKSNGONKTKDQVTEAMNQVNSAKNNLDGTRLLD

SEQ ID NO: 73 polypeptide sequence

ASTQHTVQSGESLWS IAQKYNTSVES IKQNNQLDNNLVFPGQVISVGGSDAQNTSNTSPQ
AGSASSHTVQAGESLNIIASRYGVSVDQLMAANNLRGYLIMPNQTLQIPNGGSGGTTPTA
TTGSNGNASSFNHQNLYTAGQCTWYVFDRRAQAGSPISTYWSDAKYWAGNAANDGYQVNN
TPSVGSIMQSTPGPYGHVAYVERVNGDGSILISEMNYTYGPYNMNYRTIPASEVSSYAFI
H
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SEQ ID NO: 74 polypeptide sequence
MNNKKTATNRKGMIPNRLNKFSIRKYSVGTASILVGTTLIFGLSGHEAKAAEHTNGELNQ
SKNETTAPSENKTTKKVDSRQLKDNTQTATADQPKVTMSDSATVKETSSNMQSPQNATAN
QSTTKTSNVTTNDKSSTTYSNETDKSNLTQAKDVSTTPKTTTIKPRTLNRMAVNTVAAPQ
QGTNVNDKVHFSNIDIAIDKGHVNQTTGKTEFWATSSDVLKLKANYTIDDSVKEGDTFTF
KYGQYFRPGSVRLPSQTQNLYNAQGNI IAKGIYDSTTNTTTYTFTNYVDQYTNVRGSFEQ
VAFAKRKNATTDKTAYKMEVTLGNDTYSEEIIVDYGNKKAQPLISSTNYINNEDLSRNMT
AYVNQPKNTYTKQTFVTNLTGYKFNPNAKNFKIYEVTDQNQFVDSFTPDTSKLKDVTDQF
DVIYSNDNKTATVDLMKGQTSSNKQYIIQQVAYPDNSSTDNGKIDYTLDTDKTKYSWSNS
YSNVNGSSTANGDQKKYNLGDYVWEDTNKDGKQDANEKGIKGVYVILKDSNGKELDRTTT
DENGKYQFTGLSNGTYSVEFSTPAGYTPTTANVGTDDAVDSDGLTTTGVIKDADNMTLDS
GFYKTPKYSLGDYVWYDSNKDGKQDSTEKGIKGVKVTLQNEKGEVIGTTETDENGKYRFD
NLDSGKYKVIFEKPAGLTQTGTNTTEDDKDADGGEVDVTITDHDDFTLDNGYYEEETSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDNDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDNDSDSDSDSDSDAGKHTPAKPMSTVKDQHKTAKALPE
TGSENNNSNNGTLFGGLFAALGSLLLFGRRKKQNK

SEQ ID NO: 75 polypeptide sequence
MNLLKKNKYSIRKYKVGIFSTLIGTVLLLSNPNGAQALTTDNNVQSDTNQATPVNSQDKD
VANNRGLANSAQNTPNQSATTNQATNQALVNHNNGS IVNQATPTSVQSSTPSAQNNNHTD
GNTTATETVSNANNNDVVSNNTALNVPTKTNENGSGGHLTLKEIQEDVRHSSNKPELVAT
AEPASNRPKKRSRRAAPADPNATPADPAAAAVGNGGAPVAITAPYTPTTDPNANNAGQNA
PNEVLSFDDNGIRPSTNRSVPTVNVVNNLPGFTLINGGKVGVFSHAMVR TSMFDSGDNKN
YQAQGNVIALGRIHGTDTNDHGDFNGIEKALTVNPNSELIFEFNTMTTKNGQGATNVIIK
NADTNDTIAEKTVEGGPTLRLFKVPDNVRNLKIQFVPKNDAITDARGIYOLKDGYKYYSF
VDS IGLHSGSHVFVERRTMDPTATNNKEFTVTTSLKNNGNSGASLDTNDFVYQVQLPEGV
EYVNNSLTKDFPSNNSGVDVNDMNVTYDAANRVITIKSTGGGTANS PARLMPDKILDLRY
KLRVNNVPTPRTVTFNETLTYKTYTQDFINSAAESHTVSTNPYTIDI IMNKDALQAEVDR
RIQQADYTFASLDIFNGLKRRAQTILDENRNNVPLNKRVSQAYIDSLTNOMQHTLIRSVD
AENAVNKKVDQMEDLVNQNDELTDEEKQAAIQVIEEHKNEI IGNIGDQTTDDGVTRIKDQ
GIQTLSGDTATPVVKPNAKKAIRDKATKQREIINATPDATEDEIQDALNQLATDETDAID
NVTNATTNADVETAKNNGINTIGAVVPQVTHKKAARDAINQATATKRQQINSNREATQEE
KNAALNELTQATNHALEQINQATTNANVDNAKGDGLNAINPIAPVTVVKQAARDAVSHDA
QOHIAEINANPDATQEERQAAIDKVNAAVTAANTNILNANTNADVEQVKTNAIQGIQAIT
PATKVKTDAKNAIDKSAETQHNT I FNNNDATLEEQQAAQQLLDQAVATAKQNINAADTNQ
EVAQAKDQGTQNIVVIQPATQVKTDTRNVVNDKAREAITNINATTGATREEKQEAINRVN
TLKNRALTDIGVTSTTAMVNSIRDDAVNQIGAVQPHVTKKQTATGVLNDLATAKKQEINQ
NTNATTEEKQVALNQVDQELATAINNINQADTNAEVDQAQQLGTKAINAIQPNIVKKPAA
LAQINQHYNAKLAEINATPDATNDEKNAAINTLNQDRQQAIESTKQANTNAEVDQAATVA
ENNIDAVQVDVVKKQAARDKITAEVAKR I EAVKQTPNATDEEKQAAVNQINQLKDQAINQ
INQNQTNDQVDTTTNQAVNAIDNVEAEVVIKTKAIADIEKAVKEKQQQIDNSLDSTDNEK
EVASQALAKEKEKALAATDQAQTNSQVNQAATNGVSAIKI IQPETKVKPAAREKINQKAN
ELRAKINQDKEATAEERQVALDKINEFVNQAMTDITNNRTNQQVDDTTSQALDSIALVTP
DHIVRAAARDAVKQQYEAKKREIEQAEHATDEEKQVALNQLANNEKRALONIDQAIANND
VKRVETNGIATLKGVQPHIVIKPEAQQAIKASAENQVESIKDTPHATVDELDEANQLISD
TLKQAQQEIENTNQDAAVTDVRNQTIKATEQIKPKVRRKRAALDS IEENNKNQLDAIRNT
LDTTQDERDVAIDTLNKIVNTIKNDIAQNKTNAEVDRTETDGNDNIKVILPKVQVKPAAR
QSVGVKAEAQNALIDQSDLSTEEERLAAKHLVEQALNQATIDQINHADKTAQVNQDSINAQ
NIISKIKPATTVKATALQQOIQNIATNKINLIKANNEATDEEQNIAIAQVEKELIKAKQQI
ASAVTNADVAYLLHDEKNEIREIEPVINRKASAREQLTTLFNDKKQAIEANIQATVEERN
SILAQLQNIYDTAIGQIDQDRSNAQVDKTASLNLQTIHDLDVHPIKKPDAEKTINDDLAR
VTALVQNYRKVSNRNKADALKAITALKLQMDEELKTARTNADVDAVLKRFNVALSDIEAV
ITEKENSLLRIDNIAQQTYAKFKAIATPEQLAKVKVLIDQYVADGNRMIDEDATLNDIKQ
HTQF IVDEILAIKLPAEATKVSPKEIQPAPKVCTPIKKEETHESRKVEKELPNTGSEGMD
LPLKEFALITGAALLARRRTKNEKES

SEQ ID NO: 76 polypeptide sequence
EENSVQDVKDSNTDDELSDSNDQSSDEEKNDVINNNQS INTDDNNQI IKKEETNNYDGIE
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KRSEDRTESTTNVDENEATFLQKTPQDNTHLTEEEVKESSSVESSNSSIDTAQQPSHTTI
NREESVQTSDNVEDSHVSDFANSKIKESNTESGKEENTIEQPNKVKEDSTTSQPSGYTNI
DEKISNQDELLNLPINEYENKARPLSTTSAQPSIKRVTVNQLAAEQGSNVNHLIKVTDQS
ITEGYDDSEGVIKAHDAENLIYDVTFEVDDKVKSGDTMTVDIDKNTVPSDLTDSFTIPKI
KDNSGEIIATGTYDNKNKQITYTFTDYVDKYENIKAHLKLTSYIDKSKVPNNNTKLDVEY
KTALSSVNKTITVEYQRPNENRTANLQSMFTNIDTKNHTVEQTIYINPLRYSAKETNVNI
SGNGDEGSTIIDDSTIIKVYKVGDNOQNLPDSNRIYDYSEYEDVTNDDYAQLGNNNDVNIN
FGNIDSPYIIKVISKYDPNKDDYTTIQQTVTMQTTINEYTGEFRTASYDNTIAFSTSSGQ
GQGDLPPEKTYKIGDYVWEDVDKDGIQNTNDNEKPLSNVLVTLTYPDGTSKSVRTDEDGK
YQFDGLKNGLTYKITFETPEGYTPTLKHSGTNPALDSEGNSVWVTINGQDDMTIDSGFYQ
TPKYSLGNYVWYDTNKDGIQGDDEKGISGVKVTLKDENGNIISTTTTDENGKYQFDNLNS
GNYIVHFDKPSGMTQTTTDSGDDDEQDADGEEVHVTITDHDDFSIDNGYYDDE

SEQ ID NO: 87polypeptide sequence

MINRDNKKATITKKGMISNRLNKFSIRKYTVGTASILVGTTLIFGLGNQEAKAAENTSTEN
AKQDDATTSDNKEVVSETENNSTTENDSTNPIKKETNTDSQPEAKEESTTS STQQQONNV
TATTETKPONIEKENVKPSTDKTATEDTSVILEEKKAPNYTNNDVTTKPSTSEIQTKPTT
PQESTNIENSQPQPTPSKVDNQVTDATNPKEPVNVSKEELKNNPEKLKELVRNDNNTDRS
TKPVATAPTSVAPKRLNAKMRFAVAQPAAVASNNVNDLITVTKQTIKVGDGKDNVAAAHD
GKDIEYDTEFTIDNKVKKGDTMTINYDKNVIPSDLTDKNDPIDITDPSGEVIAKGTFDKA
TKQITYTFTDYVDKYEDIKARLTLYSYIDKQAVPNETSLNLTFATAGKETSQNVSVDYQD
PMVHGDSNIQSIFTKLDENKQTIEQQIYVNPLKKTATNTKVDIAGSQVDDYGNIKLGNGS
TIIDOQNTEIKVYKVNPNQQLPQSNRIYDFSQYEDVTSQFDNKKSFSNNVATLDFGDINSA
YIIKVVSKYTPTSDGELDIAQGTSMRTTDKYGYYNYAGYSNFIVTSNDTGGGDGTVKPEE
KLYKIGDYVWEDVDKDGVQGTDSKEKPMANVLVTLTYPDGTTKSVRTDANGHYEFGGLKD
GETYTVKFETPAGYLPTKVNGTTDGEKDSNGSSITVKINGKDDMSLDTGFYKEPKYNLGD
YVWEDTNKDGIQDANEPGIKDVKVTLKDSTGKVIGTTTTDASGKYKFTDLDNGNYTVEFE
TPAGYTPTVKNTTAEDKDSNGLTTTGVIKDADNMTLDSGFYKTPKYSLGDYVWYDSNKDG
KQDSTEKGIKDVKVTLLNEKGEVIGTTKTDENGKYRFDNLDSGKYKVIFEKPAGLTQTVT
NTTEDDKDADGGEVDVTITDHDDFILDNGYFEEDTSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DAGKHTPVKPMSTTKDHHNKAKALPETGSENNGSNNATLFGGLFAALGSLLLFGRRKKQN
K

SEQ ID NO: 89 polypeptide sequence

MLNRENKTAITRKGMVSNRLNKFSIRKYTVGTASILVGTTLIFGLGNQEAKAAESTNKEL
NEATTSASDNQSSDKVDMQQLNQEDNTKNDNQKEMVSSQGNETTSNGNKLIEKESVQSTT
GNKVEVSTAKSDEQASPKSTNEDLNTKQTISNQEALQPDLQENKSVVNVQPTNEENKKVD
AKTESTTLNVKSDAIKSNDETLVDNNSNSNNENNADIILPKSTAPKRLNTRMRIAAVQPS
STEAKNVNDLITSNTTLTVVDADKNNKIVPAQDYLSLKSQITVDDKVKSGDYFTIKYSDT
VQVYGLNPEDIKNIGDIKDPNNGETIATAKHDTANNLITYTFTDYVDRFNSVOMGINYSI
YMDADTIPVSKNDVEFNVTIGNTTTKTTANIQYPDYVVNEKNSIGSAFTETVSHVGNKEN
PGYYKQTIYVNPSENSLTNAKLKVQAYHSSYPNNIGQINKDVIDIKIYQVPKGYTLNKGY
DVNTKELTDVTNQYLQKITYGDNNSAVIDFGNADSAYVVMVNTKFQYTNSESPTLVQMAT
LSSTGNKSVSTGNALGFTNNQSGGAGQEVYKIGNYVWEDTNKNGVQELGEKGVGNVTVTV
FDNNTNTKVGEAVTKEDGSYLIPNLPNGDYRVEFSNLPKGYEVTPSKQGNNEELDSNGLS
SVITVNGKDNLSADLGIYKPKYNLGDYVWEDTNKNGIQDQDEKGISGVTVTLKDENGNVL
KTVITDADGKYKFTDLDNGNYKVEFTTPEGYTPTTVTSGSDIEKDSNGLTTTGVINGADN
MTLDSGFYKTPKYNLGNYVWEDTNKDGKQDSTEKGISGVTVILKNENGEVLQTTKTDKDG
KYQFTGLENGTYKVEFETPSGYTPTQVGSGTDEGIDSNGTSTTGVIKDKDNDTIDSGFYK
PTYNLGDYVWEDTNKNGVQDKDEKGISGVTVTLKDENDKVLKTIVTTDENGKYQFTDLNNG
TYKVEFETPSGYTPTSVTSGNDTEKDSNGLTTTGVIKDADNMTLDSGFYKTPKYSLGDYV
WYDSNKDGKQDSTEKGIKDVKVTLLNEKGEVIGTTKTDENGKYCFDNLDSGKYKVIFEKP
AGLTQTVTNTTEDDKDADGGEVDVTITDHDDFTLDNGYFEEDTSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDAGKHTPVKPMSTTKDHHNKAKALPETGSENN
GSNNATLFGGLFAALGSLLLFGRRKKQNK

SEQ ID NO: 91 polypeptide sequence
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MAKYRGKPFQLYVKLSCSTMMATSIILTNILPYDAQAASEKDTEITKEI LSKQDLLDKVDKAIRQIEQLKQLSASSKEHY
KAQLNEAKTASQIDEIIKRANELDSKDNKSSHTEMNGQSDIDSKLDQLLKDLNEVSSNVDRGQQSGEDDLNAMKNDMSQT
ATTKHGEKDDKNDEAMVNKALEDLDHLNQQIHKSKDASKDTSEDPAVSTTDNNHEVAKTPNNDGSGHVVLNKFLSNEENQ
SHSNRLTDKLQGSDKINHAMIEKLAKSNASTQHYTYHKLNTLQSLDQRIANTQLPKNQKSDLMSEVNKTKERIKSQRNII
LEELARTDDKKYATQSILESIFNKDEAVKILKDIRVDGKTDQQIADQITRHIDQLSLTTSDDLLTSLIDQSQDKSLLISQ
ILQTKLGKAEADKLAKDWTNKGLSNRQIVDQLKKHFASTGDTSSDDILKATLNNAKDKKQAIETILATRIERQKAKLLAD
LITKIETDQNKIFNLVKSALNGKADDLLNLQKRLNQTKKDIDYILSPIVNRPSLLDRLNKNGKTTDLNKLANLMNQGSDL
LDSIPDIPTPKPEKTLTLGKGNGLLSGLLNADGNVSLPKAGETIKEHWLPISVIVGAMGVLMIWLSRRNKLKNKA

SEQ ID NO: 93 polypeptide sequence

MKKLATVGSLIVTSTLVFSSMPFONAHADTTSMNVSNKQSQONVONHRPYGGVVPQGM
TQAQYTELEKALPQLSAGSNMODYNMKLYDATQNIADKYNVIITTNVGVFKPHAVRD
MNGHALPLTKDGNFYQTNVDANGVNHGGSEMVQONKTGHMSQQGHMNQONTHMNQQPHM
QQGHMQSSNHQMMS PKANMHS SNHQMNQSNKKVLPAAGESMTSSILTASIAALLLVS
GLFLAFRRRSTNK
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Figure 2

SEQ ID NO:34 polynucleotide sequence
ATGTTACAAGTAACTGATGTGAGTTTACGTTTTGGAGATCGTAAACTATTTGAAGATGTAAATATTAAATTTACAGAAGG
TAATTGTTATGGATTAATTGGTCCGAATCGTGCAGGTAAATCAACATTCTTAAAAATATTATCTGGTGAATTAGATTCTC
AAACAGGACATGTTTCATTAGGTAAAAATGAACGTCTAGCTGTTTTAAAACAGGACCACTATGCTTATGAAGATGAACGC
GTGCTTGATGTTGTAATTAAAGGTCACGAACGTCTTTATGAGGTTATGAAAGAAAAAGATGAAATCTATATGAAGCCAGA
TTTCAGTGATGAAGATGGTATCCGTGCTGCTGAACTTGAAGGTGAATTTGCAGAAATGAATGGTTGGAATGCTGAAGCTG
ATGCTGCTAACCTTTTATCTGGTTTAGGTATCGATCCAACTTTACACGATAAAAAAATGGCTGAATTAGAAAACAACCAA
AAAATTAAAGTATTATTAGCGCARAGTTTATTCGGTGAACCAGACGTACTATTACTGGATGAGCCTACTAACGGTCTCGA
TATTCCAGCAATCAGTTGGTTAGAAGATTTCTTAATTAACTTTGATAATACTGTTATCGTAGTATCGCATGACCGTCATT
TCTTAAATAATGTATGTACTCATATCGCTGATTTAGACTTCGGTAAAATTARAGTTTATGTTGGTAACTATGATTTTTGG
TATCAATCTAGTCAGTTAGCTCAARAGATGGCTCAAGAACAAAACARGARAAAAGAAGAAAAAATGAAAGAGTTACAGGA
CTTTATTGCACGTTTCTCAGCTAACGCTTCTAAATCTAAACAAGCAACAAGTCGTAAAAAACAACTTGAGAAAATTGAAT
TAGATGATATTCAACCATCATCAAGAAGATATCCTTTCGTTAAATTCACGCCTGAGCGTGAGATTGGTAACGACTTATTA
ATCGTTCAAAATCTTTCTAAAACAATTGACGGCGAAAAAGTATTAGATAATGTATCATTCACAATGAATCCAAATGATAA
AGCGATTTTAATTGGAGATAGTGAAATTGCAAAAACAACATTACTTAAAATATTAGCTGGCGAAATGGAACCAGACGAAG
GTTCATTTAAATGGGGTGTTACTACATCATTAAGTTACTTCCCTARAGATAACTCAGAGTTCTTTGAGGGTGTARATATG
AATCTCGTTGATTGGTTAAGACAATATGCTCCTGAAGATGAACAAACAGAAACATTTTTACGTGGTTTCTTAGGTCGTAT
GTTATTTAGTGGTGAAGAAGTTAAGAAAAAAGCTAGTGTGCTTTCAGEGTGCAGAAAAAGTACGTTGTATGCTAAGTAAAA
TGATGTTATCAAGTGCGAATGTACTTTTACTTGACGAACCTACTAACCACTTAGACTTAGAAAGTATTACTGCTGTCAAT
GATGGTCTTAAATCATTTAAAGGTTCTATCATCTTTACTTCTTATGACTTCGAATTTATCAACACGATTGCAAACCGTGT
TATCGATTTAAATAAACAAGGCGGCGTTTCAAAAGAAATTCCATATGAAGAATACTTGCAAGAAATCGGCGTTTTAARAT
AR

SEQ ID NO:35 polynucleotide sequence
ATGTTACAAGTAACTGATGTAAGTTTACGTTTTGGTGATCGTAAACTATTTGAAGATGTAAATATAAAATTTACAGAGGG
TAATTGTTATGGATTAATTGGTGCAAATGGTGCTGGGAAATCTACATTCT TGAAGATTTTATCAGGCGAAATTGATTCAC
AGACTGGTCATGTATCTCTAGGTAAAGATGAGCGTTTGGCTGTGTTAAAACAAGATCATTTTGCTTATGAAGATGAACGT
GTTTTAGATGTTGTGATTAAAGGACATGAACGTTTGTATCAAGTGATGAAAGAGAAAGATGAAATTTATATGARACCTGA
TTTCAGCGATGAGGACGGTATTCCCGCTGCAGAACTTGAAGGAGAATTTGCAGAAATGAACGCTTGGAATGCTGAAGCTG
ATGCTGCTAACTTATTATCAGGATTAGGCATAGAACCTGACTTACATGATARARATATGTCTGAACTTGAAAATAATCAA
AAAGTTAAGGTATTGTTAGCTCAAAGTTTATTTGGTGATCCTGACGTTCTTTTACTAGATGAGCCTACCAATGGTTTAGA
TATACCAGCAATAAGTTGGTTAGAAGACTTTTTAATTAATTTTGAAAATACTGTCATTGTCGTTTCGCATGACCGTCACT
TCTTAAATAATGTTTGTACTCATATTGCTGATTTAGACTTTGGCAAAATTAAACTTTATGTTGGTAACTATGATTTTTGG
TATCAATCAAGTCAATTAGCACAAAAAATGGCACAAGAACAAAATAAGAAAAAAGAAGAAAAAATGARAGAGTTACAGGA
TTTCATCGCACGCTTCTCAGCAAATGCTTCTAAATCTAAACAGGCAACAAGTCGTAAGAAACAATTAGAAAAAATTGAAT
TAGATGATATCCAGCCATCATCTCGTAGATACCCTTACGTGAAATTTACTCCTGAACGTGAAATTGGAAATGATTTACTT
ACAGTAGAAAATCTTTCTAAAACAATTGACGGCGAAAAAGTACTAGACAATGTTTCATTCACTATGAATCCTAATGATAA
AGCTATTTTAGTTGGTGATAGCGAAATTGCTAAAACAACATTGTTAAAAATTTTAGCTGGAGARATGGAACCAGATGAAG
GTACATTTAAATGGGGTGTAACGACATCTTTAAGTTACTTCCCTAAAGATAACTCTGAGTTCTTTGATGGTGTCGATATG
AATTTAGTTGAATGGTTACGTCAATACGCTCCAGAAGATGAACAAACTGARACATTTTTACGTGGTTTCTTAGGTCGCAT
GTTATTTAGTGGTGAGGAAGTTAAGAAARAAGCAAGCGTGCTTTCAGGTGGAGAAAAAGTACGTTGCATGTTAAGTARAA
TGATGTTATCAAGTGCTAACGTACTTTTACTTGATGAGCCAACARACCATTTAGATTTGGAAAGTATCACTGCTGTAAAT
GACGGATTAAAATCATTTAAAGGTTCTATCATCTTCACTTCTTATGATTTTGAATTTATTAATACAATCGCAAATCGAGT
GATTGACTTGAATCAAGCTGGTGCCCTTTCTAAAGAAGTACCTTATGAGGAATACTTACAAGAAATTGGTGTATTACAAA
ATAATTAA

SEQ ID NO:36 polynucleotide sequence

ATGCCAATTATTACAGATGTTTACGCTCGCGAAGTCTTAGACTCTCGTGGTAACCCAACTGTTGAAGTAGAAGTATTAAC
TGAAAGTGGCGCATTTGGTCGTGCATTAGTACCATCAGGTGCTTCAACTGGTGAACACGAAGCTGTTGAATTACGTGATG
GAGACAAATCACGTTATTTAGGTAAAGGTGTTACTAAAGCAGTTGAAAACGTTAATGAAATCATCGCACCAGAARATTATT
GAAGGTGAATTTTCAGTATTAGATCAAGTATCTATTGATAAAATGATGATCGCATTAGACGGTACTCCAAACAAAGGTAA
ATTAGGTGCARATGCTATTTTAGGTGTATCTATCGCAGTAGCACGTGCAGCAGCTGACTTATTAGGTCAACCACTTTACA
AATATTTAGGTGGATTTAATGGTAAGCAGTTACCAGTACCAATGATGAACATCGTTAATGGTGGTTCTCACTCAGATGCT
CCAATTGCATTCCAAGAATTCATGATTTTACCTGTAGGTGCTACAACGTTCAAAGAATCATTACGTTGGGGTACTGAAAT
TTTCCACAACTTAAAATCAATTTTAAGCAAACGTGGTTTAGAAACTGCAGTAGGTGACGAAGGTGGTTTCGCTCCTAAAT
TTGAAGGTACTGAAGATGCTGTTGAAACAATTATCCAAGCAATCGAAGCAGCTGGTTACAAACCAGGTGAAGAAGTATTC



WO 2007/113222 PCT/EP2007/053057
16/68

TTAGGATTTGACTGTGCATCATCAGAATTCTATGAAAATGGTGTATATGACTACAGTAAGTTCGAAGGCGAACACGGTGC
AAAACGTACAGCTGCAGAACAAGTTGACTACTTAGAACAATTAGTAGACAAATATCCTATCATTACAATTGAAGACGGTA
TGGACGAAAACGACTGGGATGGTTGGAAACAACTTACAGAACGTATCGGTGACCGTGTACAATTAGTAGGTGACGATTTA
TTCGTAACAAACACTGAAATTTTAGCAAAAGCGTATTGAAAACGGAATTGGTAACTCAATCTTAATTAAAGTTAACCARAT
CGGTACATTAACTGAAACATTTGATGCAATCGAAATGGCTCAAAAAGCTGGTTACACAGCAGTAGTTTCTCACCGTTCAG
GTGAAACAGAAGATACAACAATTGCTGATATTGCTGTTGCTACAAACGCTGGTCAAATTAAAACTGGTTCATTATCACGT
ACTGACCGTATTGCTAAATACAATCAATTATTACGTATCGAAGATGAATTATTTGAAACTGCTAARATATGACGGTATCAA
ATCATTCTATAACTTAGATAAATAA

SEQ ID NO:37 polynucleotide sequence
ATGCCAATTATTACAGATGTTTACGCTCGCGAAGTCTTAGACTCACGTGGTAACCCAACAGTTGAAGTTGAAGTATTAAC
TGAAAGCGGTGCTTTCGGACGTGCATTAGTACCTTCTGGTGCTTCTACTGGTGAACATGAAGCAGTTGAATTACGTGATG
GAGATAAATCACGTTATTTAGGTARAGGTGTGACTARAGCGGTAGAAAATGTTAACGAAATCGATCGCACCAGAAATCGTT
GAAGGTGAATTTTCAGTTTTAGATCAAGTATCTATTGATAAAATGATGATTCAATTAGACGGTACACACAACAAAGGTAA
ATTAGGTGCAAATGCCATTTTAGGTGTTTCTATTGCCGTAGCTCGTGCAGCTGCTGACTTATTAGGTCAACCATTATATA
AATATTTAGGTGGATTTAATGGTARACAATTGCCAGTACCTATGATGAATATTGTTAATGGTGGTTCTCACTCAGATGCA
CCAATTGCTTTCCAAGAGTTCATGATTTTACCTGTAGGTGCTGAGTCATTCAAAGAATCATTACGTTGGGGTGCAGAAAT
CTTCCATAACCTTAAATCAATCTTAAGTGAACGTGGTTTAGARACTGCAGTAGGTGATGAAGETGGTTTCGCTCCTAGAT
TTGAAGGCACTGAAGACGCTGTAGAAACTATTATTAAAGCTATCGAAAAAGCAGGATACAAACCAGGTGAAGATGTATTC
TTAGGATTTGACTGTGCTTCTTCTGAATTCTATGAAAATGGTGTTTATGATTACACTARATTCCAAGGTGAACACGGTGC
TAAACGTAGTGCAGCAGAGCAAGTTGACTACTTAGARGAATTAATTGGTAAATATCCAATCATCACTATTGAAGATGGTA
TGGATGAAAACGATTGGGAAGGTTGGARACAATTAACTGATCGTATCGCTGATARAGTTCAATTAGTTGGTGATGATTTA
TTCGTAACTAACACTGAAATTTTATCTAAAGGTATCGAACAAGGTATTGGTAACTCAATCTTAATCAAAGTAAACCAAAT
CGGTACATTAACTGAAACATTCGATGCTATTGAARATGGCTCAAAAAGCTGGATATACTGCGGTTGTATCTCACCGTTCTG
GTGAAACTGAAGATACTACAATTGCTGATATCGCAGTTGCTACAAATGCAGGCCAAATTAAAACAGGTTCATTATCTAGA
ACTGACCGTATTGCTAAATACAATCAATTATTACGTATTGAAGATGAATTATACGAAACAGCTARATTTGAAGGAATTAA
ATCTTTCTACAATTTAGATAAATAA

SEQ ID NO:38 polynucleotide sequence
ATGAAAAAAATCGTTACAGCTACAATCGCTACAGCAGGACTTGCCACTATCGCATTTGCAGGACATGATGCACAAGCCGC
AGAACAAAATAACAATGGATATAATTCTAATGACGCTCAATCATACAGCTATACGTATACAATTGATGCACAAGGTAATT
ATCATTACACTTGGACAGGAAATTGGAATCCAAGTCAATTAACGCAAAACAACACATACTACTACAACAACTACAATACT
TATAGTTATAACAATGCATCTTACAATAACTACTATAATCATTCATATCAATACAATAACTATACAAACAATAGCCAAAC
AGCAACAAATAACTATTATACTGGTGGTTCAGGTGCAAGTTATAGCACAACAAGTAATAATGTTCATGTGACTACAACTG
CAGCGCCATCTTCAAATGGTCGTTCAATTTCTAATGGTTATGCATCAGGAAGTAACTTATATACTTCAGGACAATGTACT
TATTATGTATTTGATCGTGTTGGTGGGAAAATTGGTTCAACATGCGGTAACGCAAGTAATTGGGCTAACGCAGCTGCATC
ATCTGGCTATACAGTGAACAATACACCAAAAGTTGGTGCTATCATGCAAACAACACAAGGCTATTACGCTCATGTTGCTT
ACGTTGAAGGCGTTAACAGCAACGGTTCTGTTCGTGTTTCAGAAATGAACTATGGACATGGTGCTGGTGTGGTTACGTCT
CGTACRAATTTCAGCAAACCAAGCAGGTTCATATAATTTCATTCATTAA

SEQ ID NO:39 polynucleotide sequence
ATGAAGAAAATCGCTACAGCTACTATCGCAACTGCAGGATTCGCTACAATCGCAATTGCATCAGGAAATCAAGCTCATGC
TTCTGAGCAAGATAACTACGGTTATAATCCARACGACCCAACATCATATAGCTATACTTACACTATTGATGCACAAGGTA
ACTACCATTACACATGGAAAGGTAACTCGCATCCAAGTCAATTAAACCAAGATAATGGCTACTACAGCTATTACTACTAC
AATGGCTACAATAACTACAACAATTACAACAATGGTTATAGCTACAATAATTACAGCCGTTACAACAACTACTCAAATAA
TAATCAATCATATAACTACAATAACTATAATAGTTACAACACAAACAGCTACCGTACTGGTGGTTTAGGTGCAAGCTACA
GCACTTCAAGCAACAATGTTCAAGTAACTACAACTATGGCTCCATCATCAAATGGCCGTTCAATCTCAAGTGGTTATACT
TCAGGACGTAACTTATACACTTCTGGTCAATGTACATACTACGTATTTGATCGTGTAGGTGGTARAATCGGTTCAACTTG
GGGCAATGCAAGTAACTGGGCTAACGCAGCTGCAAGAGCTGGTTACACAGTGAACAATACACCAAAAGCTGGTGCAATTA
TGCARACAACTCAAGGTGCATACGGTCACGTTGCATACGTTGAAAGTGTTAACAGCAATGGTTCAGTAAGAGTTTCAGAA
ATGAACTATGGTTATGGCCCAGGTGTTGTAACTTCACGTACAATCTCAGCTAGCCAAGCTGCTGGTTATAACTTCATTCA
CTAA

SEQ ID NO:40 polynucleotide sequence

ATGAAARAAATCGCTACAGCTACAATTGCAACTGCAGGAATCGCTACTTTCGCATTTGCACACCATGACGCACAAGCAGC
AGAACAAAATAATGATGGGTACAATCCAAACGACCCTTATTCATATAGCTACACTTACACAATCGATGCTGAAGGTAACT
ACCACTACACTTGGAAAGGTAACTGGAGTCCAGATCGTGTAAATACTTCATATAACTATAATAATTATAATAACTACAAC
TACTATGGTTACAATAACTATAGCAACTACAATAACTACAGTAATTACAACAATTACAACAACTATCAATCAAACAACAC
GCAATCACAAAGAACAACTCAACCGACTGGTGEGTTTAGGCGCAAGCTATTCAACATCAAGTAGTAATGTTCACGTTACAA
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CAACTTCTGCGCCATCATCAAACGGTGTATCTTTATCAAACGCTCGCTCAGCATCTGGTAACTTATACACTTCAGGTCAA
TGTACATATTATGTATTTGACAGAGTAGGTGGCAAAATCGGTTCAACGTGGGGTAACGCAAACAACTGGGCAAACGCTGC
AGCACGTTCTGGTTACACAGTAAACAATTCGCCTGCTARAGGTGCAATCTTACAAACGTCACAAGGTGCATACGGACACG
TAGCATACGTTGAAGGTGTAAACAGCAATGGTTCAATCAGAGTTTCAGAAATGAACTACGGTCACGGTGCAGGTGTTGTC
ACTTCACGTACAATCTCTGCGAGCCAAGCTGCTTCATATAACTATATTCACTAA

SEQ ID NO:41 polynucleotide sequence
ATGAAARAATTAGTACCTTTATTATTAGCCTTATTACTTCTAGTTGCTGCATGTGGTACTGGTGGTAAACAAAGCAGTGA
TAAGTCAAATGGCAAATTARAAGTAGTAACGACGAATTCAATTTTATATGATATGGCTAAAAATGTTGGTCGAGACAACG
TCGATATTCATAGTATTGTACCTGTTGGTCAAGATCCTCATGAATATGAAGTTARACCTAAAGATATTAAAAAGTTAACT
GACGCTGACGTTATTTTATACAACGGATTAAATTTAGAGACTGGTAACGGTTGGTTTGAAAAAGCCTTAGAACAGGCTGG
TAAATCATTAAAAGATAAAAAAGTTATCGCAGTATCAAAAGATGTTAAACCTATCTATTTAAACGCTCAACAAGGCAACA
AAGATAAACAAGATCCACACGCATGGTTAAGTTTAGATAATGGTATTAAATACGTAAARACAATTCAACARACATTTATC
GATAACGACAARAAACATAAAGCAGATTATGAAAAGCAAGGTAACAAATACATTGCTCAATTGGARAAATTAAATAATGA
CAGTARAGACAAATTTAATGACATTCCAARAGAACAACGTGCCATGATTACAAGTGAAGGTGCCTTCAAGTACTTCTCAA
AACAATACGGTATTACACCAGGTTATATTTGGGAAATTAACACTGAAAAACAAGGTACACCTGAACAAATGAGACAAGCT
ATTGAGTTTGTTAAAAAGCACAAATTAAAACACTTATTAGTAGAAACRAGTGTTGATAAGAAAGCAATGGAAAGTTTATC
TGAAGAAACGAAGAAAGATATCTTTGGTGAAGTGTACACAGATTCAATCGGTAAAGAAGGCACTAAAGGTGACTCTTACT
ACAAAATGATGAAATCAAATATTGAAACTGTACACGGAAGCATGAAATAA

SEQ ID NO:42 polynucleotide sequence
GTGAAAAAAATTCTCGCTTTAGCAATAGCATTTTTAATTATCCTTGCCGCATGTGGGAATCACAGTAACCATGAACATCA
CTCACATGAAGGAAAATTAAAAGTTGTAACTACAAACTCTATTCTCTATGACATGGTTARACGTGTCGGTGGARATAAGG
TCGATGTTCATAGCATCGTTCCAGTAGGACAAGACCCACATGAATATGAGGTTAAACCTAAAGATATTARAAGCATTAACA
GATGCTGACGTTGTATTTTATAACGGTTTAAACCTAGAAACTGGAAATGGTTGGTTTGAAAAAGCACTTGACCAAGCAGG
AAAATCAACARAAGATAAAAATGTGATAGCAGCATCAAATAATGTTAAACCAATATACTTAAATGGTGAGGAAGGTAACA
AAAACAAACAAGATCCACATGCATGGTTAAGTTTAGAGAATGGAATTARATACGTAAAAACAATACAAAAATCACTAGAA
CATCATGATAAAAAAGATAAGTCTACATATGAAAAACAAGGGAATGCATATATATCAAAATTAGAAGAACTTAATAAAGA
TAGTAAAAATAAATTTGATGACATACCCAAARATCAACGTGCCATGATGACAAGTGAAGGTGCATTTAAATATTTTGCTC
AACAATTCGATGTTAAACCAGGTTATATTTGGGAGATAAACACAGAAAAACAAGGTACACCTGGTCAAATGAAACAAGCC
ATTARATTTGTTAAAGATAATCATTTAAAACATTTATTAGTCGAAACAAGCGTAGATAAARAAGCTATGCAAAGTTTATC
AGAAGAAACTAAGAAAGATATTTATGGTGAAGTATTTACCGACTCTATAGCGTAAGGAARGGTACTAAAGGTGACTCATACT
ATAAAATGATGAAATCTAATATTGATACAATACATGGTAGTATGARATAA

SEQ ID NO:43 polynucleotide sequence
ATGAAAAAGACAATTATGGCATCATCATTAGCAGTGGCATTAGGTGTAACAGCTTACGCAGCAGGTACAGGACATCAAGC
ACACGCTGCTGAAGTAAACGTTGATCAAGCACACTTAGTTGACTTAGCGCATAATCACCAAGATCAATTAAATGCAGCTC
CAATCAAAGATGGTGCATATGACATCCACTTTGTAAAAGATGGTTTCCAATATAACTTTACTTCARATGGTACTACATGG
TCATGGAGCTATGAAGCAGCTAATGGTCAAACTGCTGGTTTCTCAAACGTTGCAGGTGCAGACTACACTACTTCATACAR
CCAAGGTTCAGATGTACAATCAGTAAGCTACAATGCACAATCAAGTAACTCAAACGTTCGAAGCTGTTTCAGCTCCAACTT
ACCATAACTACAGCACTTCAACTACTTCAAGTTCAGTGACATTAAGCAATGGTAATACTGCAGGTGCTACTGGTTCATCA
GCAGCTCAAATCATGGCTCAACGTACTGGTGTTTCAGCTTCTACATGGGCTGCAATCATCGCTCGTGAATCAAATGGTCA
AGTAAATGCTTACAACCCATCAGGTGCTTCAGGTTTATTCCAAACTATGCCAGGTTGGGGTCCGACAAACACTGTTGACC
AACARATCAACGCAGCTGTTAAAGCATACARAGCACAAGGTTTAGGTGCTTGGGGATTCTAA

SEQ ID NO:44 polynucleotide sequence
ATGAAAAAAACAGTTATCGCTTCTACATTAGCAGTATCTTTAGGAATTGCAGGTTACGGTTTATCAGGACATGARGCACA
CGCTTCAGARACTACAAACGTTGATAAAGCACACTTAGTAGATTTAGCACAACATAATCCTGAAGAATTAAATGCTARAC
CAGTTCAAGCTGGTGCTTACGATATTCATTTCGTAGACAATGGATACCAATACAACTTCACTTCARATGGTTCTGAATGG
TCATGGAGCTACGCTGTAGCTGGTTCAGATGCTGATTACACAGAATCATCATCAAACCAAGAAGTAAGTGCAAATACACA
ATCTAGTAACACAARATGTACAAGCTGTTTCAGCTCCAACTTCTTCAGAAAGTCGTAGCTACAGCACATCAACTACTTCAT
ACTCAGCACCAAGCCATAACTACAGCTCTCACAGTAGTTCAGTAAGATTATCARATGGTAATACTGCTGGTTCTGTAGGT
TCATATGCTGCTGCTCAAATGGCTGCACGTACTGGTGTATCTGCTTCAACATGGGAACACATCATTGCTAGAGAATCAAA
TGGTCAATTACATGCACGTAATGCTTCAGGTGCTGCTGGATTATTCCAAACTATGCCAGGTTGGGGTTCAACTGGTTCAG
TAAATGATCAAATCAATGCCGCTTATARAGCATATAAAGCACAAGGTTTATCTGCTTGGGGTATGTAA

SEQ ID NO:45 polynucleotide sequence
GTGAATTATCGTGATAAAATTCARAAGTTTAGTATTCGTARATATACAGTTGGTACATTTTCAACTGTCATTGCGACATT
GGTATTTTTAGGATTCAATACATCACAAGCACATGCTGCTGAAACAAATCAACCAGCAAGCGTGGTTAAACAGAAACAAC



WO 2007/113222 PCT/EP2007/053057
18/68

AAAGTAATAATGAACAGACTGAGAATCGAGAATCTCAAGTACAAAATTCTCAAAATTCACAAAATAGTCAATCATTATCC
GCTACTCATGAAAATGAGCAACCAAATAATAGTCAAGCTAATTTAGTAAATCAAAAAGTAGCGCAATCATCTACTACTAR
TGATGAACAACCAGCATCTCAAAATGTAAATACAAAGAAAGATTCGGCAACGGCTGCGACAACACAACCAGATARAGAAG
AAAGTAAGCATAAACAAAACGAAAGTCAATCTGCTAATAAANATGGAAACGACAATAGAGCGGCTCATGTAGAAAATCAT
GAAGCAAATGTAGTAACAGCTTCAGATTCATCTGATAATGGTAACGTACAACATGACCGAAATGAATTACAAGCATTTTT
TGATGCAAATTATCATGATTATCGCTTTATTGACCGTGAAAATGCAGATTCTGGCACATTTAACTATGTAAAAGGCATTT
TTGACAAGATTAATACTTTATTAGGCAGTAATGATCCAATTAACAATAAAGACTTGCAACTTGCATACAAAGAATTGGAA
CAAGCTGTTGCTTTAATTCGTACAATGCCTCAACGTCAACAAACTAGCCGTCGATCAAACAGAATTCAAACGCGTTCTGT
TGAGTCTAGAGCTGCAGAGCCTAGATCAGTATCAGACTATCAAAATGCAAATTCATCATATTATGTTGAAAATGCTAATG
ATGGTTCAGGATATCCTGTAGGTACATATATCAATGCTTCTAGTAAAGGGGCGCCATATAATTTACCAACTACACCATGG
AATACATTGAAGGCCTCTGACTCAAAGGAAATTGCTCTTATGACAGCGAAACAAACTGGAGATGGCTACCAATGGGTTAT
TAAGTTTAATAAAGGACATGCTCCACATCAAAATATGATTTTCTGGTTTGCATTACCAGCAGACCAAGTGCCAGTAGGAA
GAACTGACTTTGTAACAGTTAATTCAGATGGAACAAATGTACAATGGAGTCATGGAGCAGGAGCAGGTGCAAATAAACCA
CTTCAACAAATGTGGGAATATGGAGTAAATGATCCTGATCGTTCACATGACTTTAAAATAAGAAATAGAAGTGGCCAAGT
AATATATAGCTGGCCAACTGTCCATGTTTATTCTTTAGAAGATTTATCTAGAGCGAGTCGATTATTTTAGTGAAGCTGGAG
CGACACCTGCTACTAAAGCATTTGGTAGACAAAATTTTGAATATATTAATGGTCAAAAACCTGCTGAATCACCGGGTGTT
CCTAAAGTTTATACTTTCATCGGTCAAGGTGATGCAAGTTATACAATTTCATTTAAAACACAAGGTCCAACTGTTAATAA
ATTGTATTATGCAGCAGGTGGGCGTGCTTTAGAGTACAATCAATTATTTATGTACAGTCAACTATACGTCGAATCAACGC
AAGACCATCAACAACGTCTTAATGGTTTAAGACAAGTGGTTAATCGTACATATCGCATAGGTACAACTAAACGTGTAGAA
GTGAGTCAAGGAAATGTACAAACGAAAAAGGTATTAGAAAGTACAAACCTAAATATAGATGATTTTGTTGATGATCCTTT
AAGTTATGTTAAGACGCCGAGTAATAAAGTGTTAGGTTTTTACCCAACTAATGCAAATACTAACGCTTTTAGACCGGGGG
GCGTTCAAGAATTAAATGAATATCAATTAAGTCAATTATTTACTGATCAAAAATTACAAGAAGCAGCAAGAACTAGAAAC
CCAATAAGATTAATGATTGGTTTCGACTATCCTGATGGTTATGGTAATAGTGAAACTTTAGTTCCTGTTAACTTAACGGT
ATTACCTGAAATCCAACATAATATTAAATTCTTTAAAAATGACGATACTCAAAATATTGCTGAAAAACCATTTTCAAAAC
AAGCTGGGCATCCAGTTTTCTATGTATATGCAGGTAACCAAGGGAATGCTTCCGTGAATTTAGGTGGTAGCGTAACATCT
ATTCAACCATTACGTATTAATTTAACAAGTAATGAGAATTTTACAGATAAAGATTGGCAAATTACAGGTATTCCGCGTAC
ATTACACATTGAAAACTCGACAAATAGAACTAATAATGCTAGAGAACGTAACATTGAACTTGTTGGTAATTTATTACCAG
GGGATTACTTTGGTACGATACGTTTTGGACGTAAAGAACAATTATTTGAAATTCGTGTTAAACCACATACACCAACAATT
ACAACGACAGCTGAGCAATTAAGAGGTACAGCATTACAAAAAGTGCCTGTTAATATTTCGGGAATACCGTTGGATCCATC
GGCATTGGTTTATTTAGTTGCACCAACAAATCAAACTACGAATGGTGGTAGTGAGGCAGATCAAATACCATCTGGTTATA
CGATACTTGCGACTGGTACACCTGATGGGGTGCATAATACAATTACTATACGACCGCAAGATTATGTTGTATTCATACCA
CCTGTAGGTAAACAAATTAGAGCAGTAGTTTATTATAATAAAGTAGTTGCATCTAATATGAGTAATGCTGTTACTATTTT
GCCAGATGACATTCCACCAACAATCAATAATCCTGTTGCGAATAAATGCCAAATACTATCGAGGCGACGAAGTCAACTTTA
CAATGGGAGTCTCTGATAGACATTCTGGTATAAAAAATACAACTATTACTACTTTGCCAAGTGGTTGGACATCAAATTTA
ACTAAATCCGACAACAAAAACGGCTCATTAGCTATTACAGGTAGAGTCTCTATGAATCAGGCATTTAACAGTGATATTAC
ATTTAAAGTATCAGCGACAGACAATGTCAATAATACGACAAATGATAGTCAATCTAAACATGTGTCAATTCATGTAGGTA
AAATTAGTGAAGATGCTCATCCGATTGTATTAGGAAATACTGAGAAAGTTGTAGTAGTCAATCCGACTGCTGTATCTAAT
GATGAAAAGCAAAGCATAATTACTGCCTTTATGAATAAAAACCAAAATATAAGAGGATATTTAGCATCAACTGATCCAGT
AACTGTCGATAATAATGGTAACGTCACATTACATTACCGTGATGGCTCATCAACAACGCTTGATGCTACAAATGTGATGA
CATACGAACCAGTTGTGAAATCTGAATATCAAACTGCCAATGCTGCTAAAACAGCAACGGTAACGATTGCTAAAGGACAA
TCATTTAATATTGGTGATATTAAACAATATTTTACTTTAAGTAATGGACAAGCTATTCCAAATGGCACATTTACAAATAT
TACATCTGATAGAACTATTCCAACTGCACAAGAAGTTAGTCAAATGAATGCAGGTACGCAGTTATATCATATAGTTGCTT
CAAATGCATATCATAAAGACACTGAAGATTTCTATATTAGTTTAAAAATCGTTGATGTGAAACAACCTGAAGGCGATCAA
CGTGTCTATCGTACGTCAACATATGATTTAACCACTGATGAAATCTCAAAAGTAAAACAAGCTTTTATTAATGCAAATAG
AGATGTAATTACGCTTGCCGAAGGTGATATTTCAGTTACAAATACACCTAATGGTGCTAATGTAAGTACTATTACAGTAA
ATATTAATAAAGGTCGATTAACGAAATCATTCGCGTCTAACCTAGCTAATATGAATTTCTTGCGTTGGGTTAATTTCCCA
CAAGATTATACAGTGACATGGACGAATGCAAAAATTGCAAACAGACCAACAGATGGTGGTTTATCATGGTCCGATGACCA
TAAATCTTTAATTTATCGTTATGATGCTACATTAGGCACACAAATTACAACTAATGATATTTTAACGATGCTAAAAGCGA
CTACTACAGTGCCTGGATTGCGTAATAATATTACTGGTAATGAAAAAGCACAAGCAGAAGCAGGTGGAAGACCAAACTAT
AGAACAACTGGTTATTCACAATCAAATGCGACAACTGATGGTCAACGTCAATTTACGTTGAATGGTCAAGTGATTCAAAT
ATTAGACATCATCAACCCTTCAAACGGTTATGGTGGGCAACCTGTTACAAATTCAAATACTCGTGCAAACCATAGTAACT
CAACTGTTGTTAACGTAAACGAACCGGCAGCTAATGGTGCTGGCGCATTTACAATTGACCACGTTGTAAAAAGTAATTCT
ACACATAATGCAAGTGATGCAGTTTATAAAGCGCAGTTATACTTAACGCCATATGGTCCAAAACAATATGTTGAACATTT
AAATCAAAATACAGGAAATACTACTGACGCTATTAACATTTATTTTGTACCAAGTGACTTAGTGAATCCAACAATTTCAG
TAGGTAATTACACTAATCATCAAGTGTTCTCAGGTGAAACATTTACAAATACGATTACAGCGAATGATAACTTTGCTGTG
CAATCGGTAACTGTACCAAATACATCACAAATTACAGGTACTGTTGATAATAACCATCAACATGTTTCTGCAACGGCACC
AAATGTGACATCAGCAACTAGTAAGACAATCAATTTATTAGCAACTGATACAAGTGGTAATACAGCTACAACTTCATTCA
ATGTAACAGTGAAACCTTTGCGTGATAAATATCGAGTTGGTACTTCATCAACGGCTGCTAATCCTGTTAGAATTGCCAAT
ATTTCGAATAATGCGACAGTATCACAAGCTGATCAAACGACAATTATTAATTCGTTAACGTTTACAAGTAATGCACCARAA
TAGAAACTATGCAACAGCAAGCGCAAATGAAATCACTAGTAAAACAGTTAGTAATGTCAGTCGTACTGGAAATAATGCCA
ATGTCACAGTAACTGTTACTCATCAAGATGGAACAACATCAACAGTGACTGTACCTGTAAAGCATGTCATTCCAGAAATC
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GTTGCACATTCGCATTACACTGTACAAGGCCAAGACTTCCCAGCAGGTAATGGTTCTAGTGCAGCAGATTACTTTAAGTT
ATCTAATGGTAGTGCCATTCCAGATGCAACGATTACATGGGTAAGTGGACAAGCGCCAAATAAAGATAATACACGTATTG
GTGAAGATATAACAGTAACTGCACATATCTTAATTGATGGCGAAACAACGCCGATTACGAAAACAGCAACATATAAAGTA
GTAAGAACTGTACCGAAACATGTCTTTGAAACAGCCAGAGGTGTTTTATACCCAGGTGTTTCAGATATGTATGATGCGAA
ACAATATGTTAAGCCAGTAAATAATTCTTGGTCGACAAATGCGCAACATATGAATTTTCAATTTGTTGGAACATATGGTC
CTAACAAAGATGTTGTAGGTATATCAACGCGTCTTATTAGAGTGACTTATGATAATAGACAAACTGAAGATTTAACTATT
TTATCTAAAGTTAAACCTGACCCACCAAGAATTGACGCAAACTCTGTGACATATARAGCAGGTCTTACAAACCAAGARAAT
TAAAGTTAATAACGTATTAAATAACTCGTCAGTAAAATTATTTAAAGCAGATAATACACCATTAAATGTCACAAATATTA
CTCATGGTAGTGGTTTTAGTTCGGTTGTGACAGTAAGTGACGCGTTACCAAATGGCGGAATTAAAGCAAAATCTTCAATT
TCAATGAACAATGTGACGTATACGACGCAAGACGAACATGGTCAAGTTGTTACAGTAACAAGAAATGAATCTGTTGATTC
AAATGATAGTGCTTCTGTTACAGTAACACCACAATTACAAGCAACTACTGAAGGCGCTGTATTTATTAAAGGTGGCGACG
GTTTTGATTTCGGTCATGTAGAACGATTTATTCAAAATCCGCCACATGGGGCAACGGTCGCATGGCATGATAGTCCAGAT
ACATGGAAGAATACAGTCGGCAACACACATAAAACTGCGGTTGTAACATTACCTAGTGGTCAAGGTACGCGTAATGTTGA
AGTTCCAGTCAAAGTTTATCCAGTTGCTAATGCTAAGGCGCCATCACGTGATGTGAAAGGTCAAAATTTGACACATGGTA
CAAACGCTATTGATTACATTACATTTGATCCAAATACTAATACGAATGGTATTACAGCAGCATGGGCAAATAGACAACAA
CCAAATAACCAGCAAGCAGGCGTTCAACATTTAAATGTCGATGTCACATATCCAGGTATTTCAGCTGCTAAACGAGTTCC
TGTAACTGTGAACGTATATCAATTTGAATTCCCTCAAACTACTTATACAACAACAGTTGGTGGCACTTTAGCAAGTGGTA
CGCAAGCATCAGGATATGCACATATGCAAAACGCTTCAGGTTTACCAACAGATGGATTTACGTATAAATGGAATCGTGAT
ACTACGGGTACAAACGATGCAAACTGGGCAGCAATGAATAAACCAAATACTGCACAAGTCGTTAATGCAARAATATGATGT
CATCTATAATGGACATACATTTGCAACATCTTTACCAGCGAAATTTGTAGTAAAAGATGTTCAACCAGCGAAACCAACTG
TCACTGAAACAGCGGCAGGAGCGATTACAATTGCACCTGGTGCGAACCAAACAGTCAATACTCATGCTGGTAATGTTACG
ACATATGCTGACAAATTAGTTATTAAACGTAATGGAAATGTTGTAACGACATTTACACGTCGTAATAATACGAGCCCATG
GGTGAAAGAAGCATCAGCAGATAATGTAACAGGTATTGTTGGAACTAATAATGGTATTACTGTGGCAGCAGGTACTTTCA
ATCCTGCTGATACAATTCAAGTTGTTGCAACACAAGGTAGTGGCGAAACAATCAGTGACGAGCAACGTAGTGATGATTTC
ACAGTTGTCGCACCACAACCGAACCAAGCGACTACGAAAATTTGGCAAAATGGTCATATTGATATCACGCCTAATAATCC
ATCAGGACATTTAATTAATCCAACACAAGCAATGGATATTGCTTACACTGAAAAAGTGGGTAATGGTGCAGAACATAGTA
AGACAATTAATGTTGTTCGTGGTCAAAATAATCAATGGACAATTGCGAATAAGCCTGACTATGTAACGTTAGATGCACAA
ACTGGTAAAGTGACGTTCAATGCCAATACTATAAAACCAAATTCATCAATCACAATTACTCCGAAAGCAGGTACAGGTCA
CTCAGTAAGTAGTAATCCAAGTACATTAACTGCACCGGCAGCTCATACTGTCAACACAACTGAAATTGTGAAAGATTATG
GTTCAAATGTAACAGCAGCTGAAATTAACAATGCAGTTCAAGTTGCTAATAAACGTACTGCAACGATTAAAAATGGCACA
GCAATGCCTACTAATTTAGCTGGTGGTAGCACAACCGACGATTCCTGTGACAGTAACTTACAATGATGGTAGTACTGAAGA
AGTACAAGAGTCCATTTTCACAAAAGCGGATAAACGTGAGTTAATCACAGCTAAAAATCATTTAGATGATCCAGTAAGCA
CTGAAGGTAAAAAGCCAGGTACAATTACGCAGTACAATAATGCAATGCATAATGCGCAACAACAAATCAATACCGCGAAA
ACAGAAGCACAACAAGTGATTAATAATGAGCGTGCAACACCACAACAAGTTTCTGACGCACTAACTAAAGTTCGTGCAGC
ACAAACTAAGATTGATCAAGCTAAAGCATTACTTCAAAATAAAGAAGATAATAGCCAATTAGTAACGTCTAAAAATAACT
TACAAAGTTCTGTGAACCAAGTACCATCAACTGCTGGTATGACGCAACAAAGTATTGATAACTATAATGCGAAGAAGCGT
GAAGCAGAAACTGAAATAACTGCAGCTCAACGTGTTATTGACAATGGCGATGCAACTGCACAACAAATTTCAGATGAAAA
ACATCGTGTCGATAACGCATTAACAGCATTAAACCAAGCGAAACATGATTTAACTGCAGATACACATGCCTTAGAGCAAG
CAGTGCAACAATTGAATCGCACAGGTACAACGACTGGTAAGAAGCCGGCAAGTATTACTGCTTACAATAATTCGATTCGT
GCACTTCAAAGTGACTTAACAAGTGCTAAAAATAGCGCTAATGCTATCATTCAGAAGCCAATAAGAACAGTGCAAGAGGT
ACAATCTGCGTTAACAAATGTAAATCGTGTCAATGAGCGATTAACGCAAGCAATTAATCAATTAGTACCTTTAGCTGATA
ATAGTGCTTTAAGAACTGCTAAGACGAAACTTGATGAAGAAATCAATARATCAGTAACTACTGATGGTATGACACAATCA
TCAATCCAAGCATATGAAAATGCTAAACGTGCAGGTCAAACAGAAACAACAAATGCACAAAATGTTATTAACAATGGTGA
CGCGACAGACCAACAAATTGCCGCAGAAAAAACAAAAGTAGAAGAAAAATATAATAGCTTAAAACAAGCAATTGCTGGAT
TAACACCAGACTTGGCACCATTACAAACTGCAAAAACTCAGTTGCAAAATGATATTGATCAGCCAACGAGTACGACTGGT
ATGACAAGCGCATCTGTTGCTGCATTTAATGACAAACTTTCAGCAGCTAGAACTAAAATTCAAGAAATTGATCGCGTACT
AGCATCTCATCCAGATGTAGCAACGATTCGTCAAAACGTGACAGCAGCGAATGCTGCTAAAACAGCACTTGATCAAGCGC
GCAATGGCTTAACAGTCGATAAAGCACCTTTAGAAAATGCGAAAAATCAACTACAACATAGTATTGATACGCAAACAAGT
ACAACTGGTATGACACAAGACTCTATAAATGCATACAATGCGAAGTTAACAGCTGCACGTAATAAGGTTCAACAAATCAA
TCAAGTATTAGCAGGTTCACCTACTGTAGATCAAATTAATACAAATACGTCTGCAGCAAATCAAGCGAAATCTGATTTAG
ATCATGCACGTCAAGCGTTAACACCAGATAAAGCGCCGCTTCAAAATGCGAARRACGCAATTAGAACAAAGCATTAATCAA
CCAACAGATACAACAGGTATGACAACCGCTTCGTTAAATGCATACAACCAAAAATTACAAGCAGCACGTCAAAAGTTAAC
TGAAATTAATCAAGTGTTGAATGGCAACCCAACTGTCCAAAATATCAATGATAAAGTGGCAGAGGCAAACCAAGCTAAGG
ATCAATTAAATACAGCACGTCAAGGTTTAACATTAGATAGACAGCCAGCGTTAACAACATTACATGGTGCATCTAACTTA
AACCAAGCACAACAAAATAATTTCACGCAACAAATTAATGCTGCTCAAAATCATGCTGCGCTTGAAACAATTAAGTCTAA
CATTACGGCTTTAAATACTGCGATGACGAAATTAAAAGACAGTGTTGCGGATAATAATACAATTAAATCAGGTCAAAATT
ACACTGACGCAACACCAGCTAATAAACAAGCCTATGATAATGCAGTTAATGCGGCTAAAGGTGTCATTGGAGAAACGACT
AATCCAACGATGGATGTTAACACAGTGAACCAAAAAGCAGCATCTGTTAAATCGACGAAAGATGCTTTAGATGGTCAACA
AAACTTACAACGTGCGAAAACAGAAGCAACAAATGCGATTACGCATGCAAGTGATTTAAACCAAGCACAAAAGAATGCAT
TAACACAACAAGTGAATAGTGCACAAAACGTGCAAGCAGTAAATGATATTAAACAAACGACTCAAAGCTTAAATACTGCT
ATGACAGGTTTAAAACGTGGCGTTGCTAATCATAACCAAGTCGTACAAAGTGATAATTATGTCAACGCAGATACTAATAA



WO 2007/113222 PCT/EP2007/053057
20/68

GAAAAATGATTACAACAATGCATACAACCATGCGAATGACATTATTAATGGTAATGCACAACATCCAGTTATAACACCAR
GTGATGTTAACAATGCTTTATCAAATGTCACAAGTAAAGAACATGCATTGAATGGTGAAGCTAAGTTAAATGCTGCGARA
CAAGAAGCGAATACTGCATTAGGTCATTTAAACAATTTAAATAATGTACAACGTCAAAACTTACAATCGCAAATTAATGG
TGCGCATCAAATTGATGCAGTTAATACAATTAAGCAAAATGCAACAAACTTGAATAGTGCAATGGGTAACTTAAGACAAG
CTGTTGCAGATAAAGATCAAGTGAAACGTACAGAAGATTATGCGGATGCAGATACAGCTAAACAAAATGCATATAACAGT
GCAGTTTCAAGTGCTGAAACAATTATTAATCAAACAGCTAATCCGACAATGTCTGTTGATGATGTTAATCGTGCAACTTC
AGCTGTTACTACTAATAAAAATGCATTAAATGGTGATGAAAAATTAGTACAATCTAAAACAGATGCTGCAAGAGCAATTG
ATGCATTACCACATTTAAATAATGCACAAAAAGCAGATGTTAAATCTAAAATTAATGCTGCATCAAATATTGCTGGTGTA
AATACCGTTAAACAACAAGGTACAGATTTAAATACAGCGATGGGTAACTTGCAGGGTGCAATCAATGATGAACAAACGAC
GCTTAATAGTCAAAATTATCAAGATGCGACACCTAGTAAGAAAACAGCATACACAAATGCGGTGCAAGCTGCGAAAGATA
TTTTAAATAAATCAAATGGTCAAAATAAAACGAAAGATCAAGTTACTGAAGCGATGAATCAAGTGAATTCGGCTAAAAAT
AACTTAGATGGTACGCGTTTATTAGATCAAGCGAAGCAAACAGCGAAACAGCAGTTAAATAATATGACGCATTTAACAAC
TGCACAAAADACGAATTTAACAAATCAAATTAATAGTGGTACTACTGTTGCTGGTGTTCATACGGTTCAATCAAATGCCA
ACACATTAGATCAAGCGATGAATACGTTAAGACAAAGTATTGCTAACAATGATGCGACTAAAGCAAGTGAAGATTACGTA
GATGCTAATAATGATAAGCAAACAGCATATAACAACGCGGTAGCTGCTGCTGAAACGATTATTAATGCGAATAGTAATCC
AGAAATGAATCCAAGTACGATTACACARAAAGCAGAGCAAGTGAATAGTTCTAAAACGGCACTTAACGGTGATGAAAACT
TAGCTACGGCAARACAAAATGCGAAAACGTACTTAAACACATTAACGAGTATTACAGATGCTCAAAAGAACAATTTGATT
AGTCAAATTAGTAGTGCGACAAGAGTGAGTGGTGTTGATACTGTAAAACAAAATGCACAACATTTAGATCAAGCTATGGC
TAACTTACAAAATGGTATTAACAACGAATCTCAAGTGAAATCATCTGAGAAATATCGTGATGCTGATACAAATAAACAAC
AAGAGTATGATAATGCTATTACTGCAGCGAAAGCGATTTTAAATAAATCGACAGGTCCAAACACTGCGCAAAATGCAGTT
GAAGCAGCATTGCAACGTGTTAATACTGCGAAAGATGCATTGAATGGTGATGCAAAATTAATTGCAGCTCAAAACGCAGC
GAAACAACATTTAGGTACTTTAACGCATATCACTACAGCACAACGCAATGATTTAACAAATCAAATTTCA

SEQ ID NO:46 polynucleotide sequence

ATGGGTAACTTACARACGGCTATCAACGATAAGTCAGGAACATTAGCGAGCCAARACTTCTTGGATGCTGATGAGCAAAR
ACGTAATGCTTACAATCAAGCTATATCAGCTGCCGAAACCATTTTAAATARACAAACTGGACCGAATACAGCGAARACAG
CGGTTGAACAAGCACTTAATAATGTTAATAGTGCGAAACATGCATTAAATGGTACGCAAAACTTAAATAATGCGAAACAA
GCAGCGATTACAGCAATTAATGGCGCATCTGATTTAAATCAAAAACAAAAAGATGCATTAAAAGCACARGCTAATGGTGC
TCAACGCGTATCTAATGCAAATGATGTACAACGTAATGCGACTGAACTGAACACGGCAATGGGTCAATTACAACATGCCA
TCGCAGATAAGACGAATACGTTAGCAAGCAGTAAATATGTCAACGCCGATAGCACTAAACAAAATGCTTACACAACTAAA
GTTACCAATGCTGAACATATTATTAGCGGTACGCCAACGGTTGTTACAACACCTTCAGAAGTAACAGCTGCAGCTAATCA
AGTAAACAGCGCGAAACAAGAATTAAATGGTGACGAAAGATTACGTGTTGCAAAACAAAACGCCAATACTGCTATTGATG
CATTAACGCAATTAAATACTCCTCAAAAAGCTAAATTAAAAGAACAAGTGGGACAAGCCAATAGATTAGAAGACGTACAA
TCTGTTCAAACAAATGGACAATCATTGAACAATGCAATGAAAGGCTTAAGAGATAGTATTGCTAACGAAACAACAGTCAA
AGCAAGTCAARACTATACAGACGCAAGTCCGAATAACCAATCAACATATAATAGCGCTGTGTCAAATGCGAAAGGTATCA
TTAATCAAACTAACAATCCAACTATGGATACTAGTGCGATTACCCAAGCTACAACACAAGTGAATAATGCTAARAATGGT
TTAAACGGTGCTGAAAACTTAAGAAATGCACARAACACTGCTAAGCAAAACTTAAATACGTTATCACACTTAACAAATAA
CCAAAAATCTGCAATCTCATCACAAATTGATCGTGCAGGTCATGTGAGTGAGGTAACAGCTGCTAAAAATGCAGCAACTG
AGTTAAACGCGCAAATGGGCAACTTGGAACAAGCTATCCATGATCAAAACACAGTTAAACAAGGTGTTAACTTCACTGAT
GCAGATAAAGCTARACGTGATGCTTATACAAATGCGGTAAGCAGAGCAGAAACAATTCTGAATAAAACGCAAGGTGCARA
TACGTCTAAACAAGATGTTGAAGCGGCTATTCAAAATGTTACAAGTGCTAAAAATGCATTGAATGGTGATCAAAACGTTA
CAAATGCGAAGAATGCAGCTAAAAATGCATTAAATAACTTAACGTCAATTAATAATGCACAAARACGTGACTTAACAACT
AAAATTGATCAAGCAACAACAGTAGCTGGTGTTGAAGCGGTATCTAATACAGGTACACAATTGAATACAGCGATGGCTAA
CTTGCAAAATGGTATTAATGATAAAGCGAATACTTTAGCGAGCGAAAACTATCATGATGCTGATTCAGATAAGARAACTG
CTTATACTCAAGCCGTTACGAACGCAGAAAATATTTTAAATAAAAATACTGCGATCAAATTTAGATAAAGCTGCCGTTGAA
AACGCGTTGTCACAAGTGACAAATGCGAAAGGTGCCCTAAATGGTAACCATAATTTAGAGCAAGCTARATCAAATGCAAA
CACTACTATAAACGGCCTTCAACATTTAACAACAGCACAARAAGATAAATTGARAACAACAAGTGCAACAAGCACAARATG
TTGCAGGTGTAGATACTGTTAAATCAAGTGCCAACACATTAAATGGTGCTATGGGTACGT TAAGAAATAGCATACAAGAT
AACACAGCTACGARAAATGGCCAAAACTATCTTGATGCTACAGAACGTAACAAAACAAACTATAACAATGCTGTTGATAG
TGCTAATGGTGTCATTAATGCAACAAGCAATCCAAATATGGATGCTAATGCAATTAACCAAATCGCTACACAAGTGACAT
CAACGAAAAATGCATTAGATGGTACACATAATTTAACGCAAGCGAAACAAACAGCAACARATGCCATCGATGGTGCTACT
AACTTAAATARAGCGCAAAAAGATGCGTTARAAGCACAAGTTACAAGTGCGCAACGTGTTGCAAATGTAACAAGTATCCA
ACAAACTGCAAATGAACTTAATACAGCTATGGGTCAATTACAACATGGTATTGATGATGAAAATGCAACAAAACAAACTC
AAAAATATCGTGACGCTGAACAAAGTAAGAAAACTGCTTATGATCAAGCTGTAGCTGCTGCGAAAGCAATTTTARATAAA
CAAACAGGTTCCAATTCAGATAAAGCAGCAGTTGACCGTGCATTACAACAAGTAACAAGTACGARAGATGCATTGAATGG
GGATGCTAAACTGGCAGAAGCGARAGCGGCAGCTAGACAAAACTTAGGTACTTTAAACCATATTACGAATGCACAACGTA
CTGCGTTAGAAGGTCAAATCAATCAAGCGACGACTGTTGATGGCGTTAATACTGTAARARACAAATGCCAATACATTAGAC
GGCGCTATGAATAGCTTACAAGGTGCAATCAATGATAAAGATGCGACATTAAGARATCAAAATTATCTTGATGCAGATGA
ATCAAAACGAAATGCATATACGCAAGCTGTCACAGCGGCTGAAGGCATTTTAAATAAACAAACAGGTGGTAACACATCTA
AAGCAGACGTTGATAATGCATTAAATGCAGTTACAAGAGCGARAGCGGCTTTAAATGGTGCTGAAAACTTAAGAAATGCG
AAAACTTCAGCAACAAATACGATTAATGGTTTACCTAACTTAACACAATTACAAAAAGACAACTTGAAGCATCAAGTTGA
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ACAAGCGCAAAATGTAGTTGGTGTAAATGGTGTTAAAGATAAAGGTAATACATTAAATACTGCCATGGGTGCATTACGTA
CAAGTATCCAAAATGATAATACGACGAAAACAAGTCAAAATTATCTTGATGCATCTGATAGCAACAAAAATAATTACAAT
ACTGCTGTAAATAATGCAAATGGTGTTATTAATGCAACGAACAATCCAAATATGGATGCTAATGCGATTAATGACATGGC
AAATCAAGTCAATACAACAAAAGCAGCGTTAAATGGTGCACAAAACTTAGCTCAAGCTAAAACAAATGCGACGAACACAA
TTAACAACGCGCAAGACTTAAACCAAAAACAAAAAGATGCATTAAAAACACAAGTTAACAATGCACAACGTGTATCTGAT
GCAAATAACGTTCAACATACAGCTACTGAATTGAACGGTGCGATGACAGCACTTAAAGCAGCTATTGCGGATAAAGARAAG
AACAAAAGCAAGCGGTAATTATGTCAATGCTGATCAAGAAAAACGTCAAGCGTATGATTCAAAAGTGACTAACGCTGAAA
ATATCATTAATGGTACACCAAATGCGACATTAACAGTCAATGACGTAAATAGTGCGGCATCACAAGTCAATGCGGCTAAA
ACAGCATTAAATGGTGATAACAACTTACGTGTAGCGAAAGAGCATGCTAACAATACAATTGACGGCTTAGCACAATTGAA
TAATGTACAAAAAGCAAAATTAARAGAACAAGTTCAAAGTGCAACTACATTAGATGGTGTTCAAACTGTTAAAAATAGTT
CTCAAACGTTGAATACAGCGATGAAAGGCTTAAGAGATAGTATTGCGAATGAAGCAACGATTAAAGCAGGTCAAAACTAC
ACTGACGCAAGTCCAAATAATCGTAACGAGTACGACAGCGCAGTTACTGCAGCAAAAGCAATCATTAATCAAACATCGAA
CCCAACGATGGAACCAAATACTATTACGCAAGCAACATCACAAGTGACAACTAAAGAACATGCATTAAATGGTGCGCAAA
ACTTAGCTCAAGCTAAGACAACAGCGAAAAACAACTTGAATAACTTAACATCAATTAACAATGCACAAAAAGATGCGTTA
ACGCGTAACATTGATGGTGCAACTACAGTAGCTGGTGTAAATCAAGAAACTGCAAAAGCAACAGAATTAAATAACGCAAT
GCACAGTTTACAAAATGGTATCAATGATGAGACACAAACAAARACAAACTCAGAAATACCTAGATGCTGAGCCAAGTAAGA
AATCAGCTTATGATCAAGCAGTAAATGCAGCAAAAGCAATTTTAACAAAAGCTAGTGGTCAAAATGTAGACAAAGCAGCA
GTTGAACAAGCATTACAAAATGTGAACAGTACGAAGACGGCGTTGAACGGTGATGCGARATTAAATGAAGCTAAAGCTGC
TGCGAAACAAACGTTAGGTACATTAACACACATTAATAATGCACAACGTAATGCGTTAGATAATGAAATTACACAAGCAA
CAAATGTTGAAGGTGTTAATACAGTTAAAGCCAAAGCGCAACAATTAGATGGTGCTATGGGTCAATTAGAAACATCAATT
CGTGATAAAGACACGACGTTACAAAGTCAAAATTATCAAGATGCTGATGATGCTAAACGAACGGCTTATTCTCAAGCAGT
AAATGCAGCAGCAACTATTTTAAATAAAACAGCTGGAGGAAATACACCTAAAGCAGATGTCGAAAGAGCAATGCAAGCTG
TTACACAAGCCAATACTGCATTAAACGGTATTCAAAACTTAGAACGTGCGAAACAGGCTGCGAACACAGCGATTACAAAT
GCTTCGGACTTAAATACAAAACAAAAAGAAGCATTGAAAGCACAAGTAACAAGTGCAGGACGCGTATCTGCAGCAAATGG
TGTTGAACATACTGCGACTGAATTAAATACTGCGATGACAGCTTTAAAACGTGCCATTGCTGATAAAGCTGACACAARAAG
CTAGTGGTAATTATGTCAATGCTGATGCGAATAAACGCCAAGCATATGATGAAAAAGTGACAGCTGCAGAACATATCGTT
AGTGGTACACCAACACCAACGTTAACACCATCAGATGTTACAAATGCAGCAACGCAAGTAACGAATGCGAAGACGCAGTT
AAACGGTAATCATAATTTAGAAGTAGCGAAACAAAATGCTAACACAGCAATTGATGGTTTAACTTCTTTAAATGGTCCGC
AAARAGCAAAACTTAAAGAACAAGTGGGTCAAGCGACGACGTTGCCAAATGTTCAAACTGTTCGTGATAATGCACAAACA
TTAAACACTGCAATGAAAGGTCTACGAGATAGCATTGCGAATGAAGCAACGATTAAAGCAGGTCAARAACTACACAGATGC
AAGTCAAAACAAACAAAATGACTACAACAATGCAGTCACTGCAGCAAAAGCAATCATTGGTCAAACAACTAGTCCATCAA
TGATTGCGCAAGAAATTAATCAAGCGAAAGACCAAGTGACAGCTAAACAACAAGCGTTAAACGGTCAAGAAAACTTAAGA
ACTGCGCAAACAAATGCGAAGCAACATTTGAATGGCTTAAGTGACTTAACTAATGCACAAAAAGATGCAGCGAAACGCCA
AATCGAAGGTGCAACGCATGTTAATGAAGTAACACAAGCGCAAAATAATGCGGACGCATTAAATACAGCTATGACGAACT
TGAAAAATGGTATTCAAGATCAAAATACGATTAAGCAAGGTGTTAACTTCACTGATGCAGATGAAGCGAAACGTAATGCA
TATACAAATGCAGTGACGCAAGCTGAACAAATTTTAAATAAAGCACAAGGTCCAAATACTGCAAAAGACGGTGTCGAAAC
TGCGTTACAAAATGTACAACGTGCTAAAAACGAATTGAACGGTAATCAAAATGTTGCGAACGCTAAGACAACTGCGAAAA
ATGCATTGAATAACCTTACATCAATTAATAATGCACAAAAAGCAGCATTGAAATCACAAATTGAAGGTGCGACAACAGTT
GCAGGTGTAAATCAAGTGTCTACAATGGCATCTGAATTAAATACTGCAATGAGCAACTTACAACGTGGTATTAATGACGA
AGCAGCTACARAAGCAGCTCAGAAATATACTGAAGCAGATAGAGATAAACAAACTGCATACAATGATGCTGTAACAGCAG
CTAAAACGTTATTAGATAAAACAGCTGGTTCAAATGACAATAAAGTAGCCGTTGAACAAGCATTACAACGTGTGAATACT
GCTAAAACAGCATTAAATGGTGACGCGCGATTAAATGAAGCGAAGAACACAGCTAAACAACAATTAGCGACAATGTCACA
TTTAACTAATGCTCAAARAGCAAACTTAACAGAACAAATTGAACGTGGTACAACTGTTGCTGGTGTTCAAGGCATCCAAG
CAAATGCTGGTACTTTAAATCAAGCAATGAATCAATTAAGACAAAGTATTGCTTCTAAAGATGCGACTAAATCAAGCGAA
GATTATCAAGACGCGAATGCAGATTTACAAARATGCATACAATGATGCGGTAACTAATGCTGAAGGTATTATTAGTGCAAC
GAATAACCCTGAAATGAATCCTGATACAATTAACCAAAAAGCGAGCCAAGTGAACAGTGCGAAGTCTGCATTGAACGGTG
ATGAARAAATTAGCAGCAGTAAAACAAACTGCGAAATCAGATATCGGTCGTTTGACAGACTTGAACAATGCACAACGAACT
GCGGCAAATGCTGAAGTGGATCAAGCACCAAATCTTGCAGCTGTCACAGCGGCTAAAAATAAAGCAACATCGTTAAACAC
AGCGATGGGTAATTTGAAACATGCACTTGCTGAAAAGGATAATACGAAACGTAGTGTCAATTACACAGATGCGGATCAAC
CAAAACAACAAGCGTATGATACTGCAGTTACACAAGCAGAAGCAATTACTAATGCAAATGGCAGTAACGCGAATGAAACA
CAAGTTCAAGCAGCGCTTAACCAATTGAATCAAGCTAAAAACGACTTGAATGGTGATAATAAAGTTGCTCAAGCGAAAGA
AACAGCAAAACGTGCATTAGCTTCATATAGTAACTTGAATAACGCGCAATCAACTGCAGCAACTAGTCAAATTGACAATG
CAACGACAGTAGCAGACGTAACTGCTGCACAAAATACTGCTAATGAATTAAATACAGCAATGGGTCAACTTCAAAATGGT
ATTAATGACCAAAACACTGTTAAACAACAAGTGAACTTTACAGATGCTGACCAAGGTAAGAAAGATGCTTACACAAATGC
TGTTACGAATGCTCAAGGTATTTTAGATAAAGCAAACGGTCAAAATATGACAAAAGCACAAGTTGAAGCTGCATTAAATC
AAGTAACGACTGCTAAGAATGCTTTAAACGGTGATGCAAATGTAAGACAAGCAAAATCAGATGCGAAAGCAAACTTAGGT
ACATTAACACACTTAAATAATGCACAAAAACAAGATTTAACATCACAAATCGAAGGTGCAACAACAGTCAACGGTGTAAA
TAGTGTTAAAACGAAAGCACAAGACTTAGATGGTGCAATGCAACGATTAGAGTCAGCAATCGCAAATAAAGATCAAACTA
AAGCGAGCGAAAACTACATTGACGCAGATCCAACTAAGARAAACAGCATTTGATAATGCCATCACACAAGCTGAATCTTAC
TTAAATAAAGATCATGGTACGAATAAAGATAAGCAAGCTGTTGAACAAGCAATTCARAAGTGTAACGTCTACTGAAAATGC
TTTGAACGGTGACGCGAACTTACAATGCGCTAAAACTGAAGCTACACAAGCTATCGATAACTTGACACAATTGAATACAC
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CGCAAARAACAGCATTGAAACAACAAGTGAATGCTGCACAACGCGTATCAGGTGTAACTGATCTGAAARATAGTGCTACA
TCACTTAATAATGCGATGGATCAATTAAAACAAGCAATTGGTGATCATGACACAATTGTAGCTGGTGGTAATTACACTAA
CGCAAGTCCTGATAAACAAGGTGCTTACACTGATGCATATAATGCTGCGAAGAATATCGTAAATGGTTCACCTAATGTGA
TTACAAATGCAGCAGATGTTACTGCGGCAACACAACCTGTCAATAATGCTGAAACAAGTTTAAATGGTGATACARACTTA
GCAACTGCGAAGCAACAAGCTAAAGATGCATTACGTCAAATGACACATTTATCTGATGCACAAAAACAAAGTATTACTGG
TCAAATTGATAGCGCGACACAAGTAACTGGTGTACAAAGTGTGAAAGACAATGCAACAAATCTTGACAATGCAATGAATC
AACTTCGAAATAGTATTGCGAATAAAGATGAAGTAAAAGCGAGTCAACCATATGTTGATGCAGATACAGATAAACAAAAT
GCATACAATACAGCAGTTACAAGTGCTGAAAATATCATTAATGCAACGAGTCAGCCAACACTTGATCCATCTGCAGTAAC
ACAAGCAGCTAATCAAGTGAACACTAACAAAACTGCGCTTAATGGTGCGCAAAACTTAGCAAATARAAAAGCAAGAAACAA
CTGCTAACATCAACCGATTAAGTCATTTAAACAATGCTCAAAAGCAAGATTTAAATACACAAGTGACAAATGCACCAAAT
ATTAGCACAGTAAATCAAGTGAAAACTAAAGCTGAACAATTAGATCAAGCAATGGAACGTTTAATCAACGGAATCCAAGA
CAAAGATCAAGTGAAACAAAGTGTTAACTTTACAGATGCAGATCCAGAAARAACAAACAGCATACAACAATGCGGTAACTG
CTGCTGAAAATATTATTAATCAAGCAAATGGTACAAATGCGAACCAATCACAAGTTGAAGCAGCACTTTCAACTGTAACA
ACTACTAAACAAGCGTTGAATGGTGATAGAAAAGTAACAGATGCTAAAAACAATGCAAACCAAACATTATCTACGTTAGA
TAACTTAAACAATGCACAAAAAGGTGCTGTTACTGGAAACATCAATCAAGCGCACACTGTAGCTGAAGTAACGCAAGCCA
TTCAAACCGCTCAGGAACTGAATACAGCGATGGGTAACTTGAAAAATAGCTTGAATGATAAAGACACTACACTTGGCAGT
CAAAACTTTGCAGATGCAGATCCAGAGAAGAAAAATGCATACAATGAAGCGGTTCGTAATGCTGAAAATATTTTAAATAA
ATCTACAGGTACGAACGTGCCTAAAGATCAAGTTGAAGCAGCTATGAATCAAGTGAATACTACAAAAGCAGCGCTTAATG
GTACTCAAAACCTTGAAAAAGCGAAACAACACGCAAATACAGCAATTGACGGTTTAAGCCATTTAACAAATGCACAAAAA
GAGGCATTAAAACAATTGGTACAACAATCGACTACTGTTGCAGAAGCACAAGGTAATGAACAAAAAGCAAACAATGTTGA
TGCAGCAATGGACAAATTACGTCAAAGTATTGCAGATAATGCGACAACAAAACAAANCCAAAATTATACTGATGCAAGTC
CGAATAAAAAGGATGCGTACAATAATGCTGTCACAACTGCACAAGGTATTATTGATCAAACTACAAACCCTTCATTAGAT
CCGACTGTTATCAATCAAGCTGCTGGACAAGTAAGCACGTCTAAAAATGCTTTAAATGGTAATGAAAACTTAGAGGCAGC
GAAGCAACAAGCAACGCAATCTTTAGGTTCATTAGACAACTTAARAATAATGCGCAAAAACAAGCTGTTACTAATCAAATTA
ATGGCGCGCATACTGTTGATGAAGCAAATCAAATTAAGCAAAATGCGCAAAACTTAAATACTGCGATGGGTAACTTGAAA
CAAGCGATAGCTGATAAAGATGCTACGAAAGCAACAGTTAACTTCACTGATGCAGATCAAGCAAAACAACAAGCATATAA
CACTGCAGTTACAAATGCTGAAAATATCATTTCAAAAGCTAATGGTGGTAATGCAACACAAACTGAAGTTGAACAAGCAA
TCCAACAAGTAAATGCAGCAAAACAAGCATTAAATGGTAATGCCAACGTTCAACATGCAARAGACGAAGCAACAGCATTA
ATTAATAACTCTAATGATCTTAACCAAGCACAGAAAGATGCATTAAAACAACAAGTACAAAATGCAACTACTGTAGCTGG
TGTAAACAATGTTAAACAAACGGCGCAAGAGTTAAACAATGCGATGACACAATTAAAACAAGGCATTGCAGATAAAGAAC
AAACAAAAGCTGATGGTAACTTTGTCAATGCAGATTCTGACAAGCAARAATGCATATAATCAAGCAGTAGCGAAAGCTGAA
GCATTAATTAGTGGTACGCCTGATGTTGTCGTTACACCTAGCGAAATTACTGCAGCGTTAAATAAAGTTACGCAAGCTAA
AAATGATTTAAATGGTAATACAAACTTAGCAACGGCGAAACAAAATGTTCAACATGCTATTGATCAATTGCCAAACTTAA
ACCAAGCGCAACGTGATGAATACAGCAAACAAATCACGCAAGCAACACTTGTACCAAACCTCAATGCTATTCAACAAGCG
GCAACAACGCTTAATGACGCGATGACACAATTGAAACAAGGTATTGCGAATAAAGCACAAATTAAAGGTAGCGAGAACTA
TCACGATGCTGATACTGACAAGCAAACAGCATATGATAATGCAGTAACAAAAGCAGAAGAATTGTTAAAACAAACAACAA
ATCCAACAATGGATCCAAATACAATTCAACAAGCATTAACTAAAGTGAATGACACAAATCAAGCACTTAACGGTAATCAA
AAATTAGCTGATGCCAAACAAGATGCTAAGACAACACTTGGTACACTAGATCATTTAAATGATGCTCAAAAACAAGCGCT
AACAACTCAAGTTGAACAAGCACCAGATATTGCAACAGTTAATAATGTTAAGCAAAATGCTCAAAATCTGAATAATGCTA
TGACTAACTTAAACAATGCATTACAAGATAAAACTGAGACATTAAATAGCATTAACTTTACTGATGCAGATCAAGCTAAG
AAAGATGATTATACTAATGCGGTTTCACATGCAGAAGGTATTTTATCTAAAGCAAATGGCAGCAATGCAAGTCAAACTGA
AGTGGAACAAGCGATGCAACGTGTGAACGAAGCGAAACAAGCATTGAATGGTAATGACAATGTACAACGTGCAAAAGATG
CAGCGAAACAAGTAATTACAAATGCAAATGATTTAAATCAAGCGCAAAAAGATGCATTAARACAACAAGTCGATGCTGCG
CAAACTGTTGCAAATGTAAACACGATTAAGCAAACAGCACAAGATTTAAATCAAGCAATGACACARATTGAAACAAGGTAT
TGCAGATAAAGACCAAACTAAAGCAAATGGTAACTTTGTCAATGCTGATACTGATAAGCAARAATGCATATAACAATGCGG
TAGCGCATGCTGAACAAATCATTAGTGGTACACCAAATGCAAACGTGGATCCACAACAAGTGGCTCAAGCGTTACAACAA
GTGAATCAAGCTAAGGGTGATTTAAACGGTAACCACAACTTACAAGTTGCTAAAGACAATGCAAATACAGCCATTGATCA
GTTACCAAACTTAAATCAACCACAAAAAACAGCATTAAAAGACCAAGTGTCGCATGCAGAACTTGTTACAGGTGTTAATG
CTATTAAGCAAAATGCTGATGCGTTAAATAATGCAATGGGTACGTTGAAACAACAAATTCAAGCGAATAGTCAAGTACCA
CAATCAGTTGACTTTACACAAGCGGATCAAGACAAACAACAAGCTTATAACAATGCAGCTAACCAAGCGCAACAAATCGC
AAATGGCACACCAACACCTGTATTGGCGCCTGATACAGTAACAAAAGCAGTTACAACTATGAATCAAGCGAAAGATGCAT
TAAACGGTGATGAAAAATTAGCGCAAGCGAAACAAGATGCTTTAGCAAATCTTGATACGTTACGTGACTTAAATCAACCA
CAACGTGATGCATTACGAAACCAAATCAATCAAGCACAAGCTTTAGCTACAGTTGAACAAACTAAACAAAATGCACAAADL
TGTGAATACAGCAATGGGTAACTTGAAACAAGGTATTGCAAATARAGATACTGTGAAAGCAAGTGAGAACTACCACGATG
CTGATGTCGATAAGCAAACAGCATATACAAATGCAGTGTCTCAAGCGGAAGGTATTATCAATCAAACGACAAATCCAACG
CTTAACCCAGATGACATTACTCGTGCATTAACTCAAGTGACTCATGCTAAAAATAGCTTAAACGGTGAAGCTAAATTAGC
CACTGAAAAGCAAAATGCTAAAGATGCCGTAAGTGGAATGACGCATTTAAACGATGCTCAAAAACAAGCATTAAAAGGTC
AAATCGATCAATCGCCTGAAATTGCTACAGTGAACCAAGTTAAACAAACAGCAACGAGCCTAGATCAAGCAATGGATCAA
TTATCACAAGCTATTAATGATAAAGATCAAATATTAGCGGACGGTAATTACTTAAATGCAGATCCTGACAAACAAAATGC
GTATAAACAGGCAGTAGCAAAAGCTGAAGCATTATTGAATAAACAAAGTGGTACTAATGAAGTACAAGCACAAGTTGAAA
GCATCACTAATGAAGTGAACGCAGCGAAACAAGCATTAAATGGTAATGACAATTTGGCAAATGCAAAACAACAAGCAAAA
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CAACAATTGGCGAACTTAACACACTTAAATGATGCACAAAAACAATCATTTGAAAGTCAAATTACACAAGCGCCACTTGT
TACAGATGTCACTACGATTAATCAAAAAGCACAAACGTTAGATCATGCGATGGAATTATTAAGAARATAGTGTTGCGGATA
ATCAAACGACATTAGCGTCTGAAGATTATCATGATGCAACTGCGCAAAGACAAAATGACTATAACAAAGCTGTAACAGCT
GCTAATAATATCATTAATCAAACTACATCGCCTACGATGAATCCAGATGATGTTAATGGTGCAACGACACAAGTGAATAA
TACGAAAGTTGCATTAGATGGTGATGAAAACCTTGCAGCAGCTAAACAACAAGCAAACAACAGACTTGATCAATTAGATC
ATTTGAATAATGCGCAAAAGCAACAGTTACAATCACAAATTACGCAATCATCTGATATTGCTGCAGTTAATGGTCACAAA
CAAACAGCAGAATCTTTAAATACTGCGATGGGTAACTTAATTAATGCGATTGCAGATCATCAAGCCGTTGAACAACGTGG
TAACTTCATCAATGCTGATACTGATAAACAAACTGCTTATAATACAGCGGTAAATGAAGCAGCAGCAATGATTAACAAAC
AAACTGGTCAAAATGCGAACCAAACAGAAGTAGAACAAGCTATTACTAAAGTTCAAACAACACTTCAAGCGTTAAATGGA
GATCATAATTTACAAGTTGCTAAAACAAATGCGACGCAAGCAATTGATGTTTTAACAAGCTTAAATGATCCTCAAAAAAC
AGCATTAAAAGACCAAGTTACAGCTGCAACTTTAGTAACTGCAGTTCATCAAATTGAACAAAATGCGAATACGCTTAACC
AAGCAATGCATGGTTTAAGACAGAGCATTCAAGATAACGCAGCAACTAAAGCAAATAGCAAATATATCAACGAAGATCAA
CCAGAGCAACAAAACTATGATCAAGCTGTTCAAGCCGCAAATAATATTATCAATGAACAAACTGCAACATTAGATAATAA
TGCGATTAATCAAGTAGCGGCAACTGTGAATACAACGAAAGCAGCATTACATGGTGATGTGAAATTACAAAATGATAAAG
ATCATGCTAAACAAACGGTTAGCCAATTAGCACATCTAAACAATGCACAAAAACATATGGAAGATACGTTAATTGATAGT
GAAACAACTAGAACAGCAGTTAAGCAAGATTTGACTGAAGTACAAGCATTAGATCAACTTATGGATGCATTACAACAAAG
TATTGCTGACAAAGATGCAACACGTGCGAGCAGTGCATATGTCAATGCAGAACCGAATAAAAAACAAGCCTATGATGAAG
CAGTTCAAAATGCTGAGTCTATCATTGCAGGATTAAATAATCCAACTATCAATAAAGGTAATGTATCAAGTGCGACTCAA
GCAGTAATATCATCTAAAAATGCATTAGATGGTGTTGAACGATTAGCTCAAGATARGCAAACTGCTGGAAATTCTCTAAA
TCATTTAGATCAATTAACACCAGCTCAACAACAAGCGCTAGAAAATCAAATTAATAATGCAACAACTTGTGATAAAGTGG
CTGAAATCATTGCACAAGCGCAAGCATTAAATGAAGCGATGAAAGCATTAAAAGAAAGTATTAAGGATCAACCACAAACT
GAAGCAAGTAGTAAATTTATTAACGAGGATCAAGCGCAAAAAGATGCATATACGCAAGCAGTACAACACGCGAAAGATTT
GATTAACAAAACAACTGATCCTACATTAGCTAAATCAATCATTGATCAAGCGACACAGGCAGTGACTGATGCTAAAAACA
ATTTACATGGTGATCAARAACTAGCTCAAGATAAGCAACGTGCAACAGAAACGTTAAATAACTTGTCTAACTTGAATACA
CCACAACGTCAAGCACTTGAAAATCAAATCAATAATGCAGCAACTCGTGGTGAAGTAGCACAAAAATTAACTGAAGCACA
AGCACTTAACCAAGCAATGGAAGCTTTACGTAATAGCATTCAAGATCAACAACAAACAGAATCTGGTAGCAAGTTTATTA
ATGAAGATAAACCGCAAAAAGATGCTTACCAAGCAGCAGTTCAAAATGCAAAAGATTTAATTAACCAAACAGGTAATCCA
ACGCTTGATAAAGCACAAGTTGAACAATTGACACATGCTTTTAAACAAGCTAAAGATAACCTACACGGTGATCAAAAACT
TGCAGACGATAAACAACATGCGGTTACTGATTTAAATCAATTAAATGGTTTGAATAATCCGCAACGTCAAGCACTTGAAA
GCCAAATAAACAACGCAGCAACTCGTGGCGAAGTAGCGCAAAAATTAGCTGAAGCAAAAGCGCTTGATCAAGCAATGCAA
GCATTACGAAATAGTATTCAAGATCAACAACAAACGGAAGCGGGTAGCAAGTTTATCAATGAAGATAAACCGCAAAAAGA
TGCTTACCAAGCAGCAGTTCAAAATGCAAAAGATTTAATTAACCAAACAGGTAATCCAACACTCGACAAATCACAAGTAG
AACAATTAACACAAGCAGTAACAACTGCAARAGATAATCTACATGGTGATCAAAAACTTGCTCGTGATCAACAACAAGCA
GTAACAACTGTAAATGCATTGCCAAACTTAAATCATGCACAACAACAAACATTAACTGATGCTATAAATGCAGCGCCTAC
AAGAACAGAGGTTGCACAACATGTTCAAACTGCTACTGAACTTGATCACGCGATGGAAACATTGAAAAATAAAGTTGATC
AAGTGAATACAGATAAGGCTCAACCAAATTACACTGAAGCGTCAACTGATAAAAAAGAAGCAGTAGATCAAGCGTTACAA
GCTGCACAAAGCATTACAGATCCAACTAATGGTTCAAATGCGAATAAAGACGCTGTAGAACAAGCATTAACTAAGCTTCA
AGAAAAAGTGAATGAGTTAAATGGTAATGAGAGAGTCGCTGAAGCTAAAACACAAGCGAAACAAACTATTGACCAATTAA
CACATTTAAATGCTGATCAAATTGCAACTGCTAAACAARRATATTGATCAAGCGACGAAACTTCAACCAATCGCTGAATTA
GTAGATCAAGCAACGCAATTGAACCAATCAATGGATCAATTACAACAAGCAGTTAATGAACATGCTAACGTTGAGCAAAC
TATAGATTACACACAAGCAGATTCAGATAAGCAAAAGGCTTATAAACAAGCGATTGCTGATGCTGAAAATGTATTGAAAC
AAAATGCGAATAAGCAACAAGTGGATCAAGCACTTCAAAATATTTTAAATGCAAAACAAGCATTAAATGGTGATGAACGT
GTAGCACTTGCTAAARCAAATGGTAAACATGACATCGACCAATTGAATGCATTAAACAATGCTCAACAAGATGGATTTAA
AGGTCGCATCGATCAATCAAACGATTTAAATCAAATCCAACAAATTGTAGATGAGGCTAAGGCACTTAATCGTGCAATGG
ATCAATTGTCACAAGAAATCACTGGCAATGAAGGACGCACGAAAGGTAGCACGAACTATGTCAATGCAGATACACAAGTC
AAACAAGTATATGATGAAGCGGTTGATAAAGCGAAACAAGCACTTGATAAATCGTCTGGGCAAAACTTAACTGCAGAACA
AGTTATCAAATTAAATGATGCAGTCACTGCAGCTAAGAAAGCATTAAATGGTGAAGAAAGACTTAATAATCGTAAAGCTG
AAGCATTACAAAGATTGGATCAATTAACACATCTAAACAATGCTCAAAGACAATTAGCAATCCAACAAATTAATAATGCT
GAAACGCTAAATAAAGCATCTCGAGCAATTAATAGAGCAACTAAATTAGATAATGCAATGGGTGCAGTACAACAATATAT
TGACGAACAGCACCTTGGTGTTATCAGCAGCACAAATTACATCAATGCAGATGACAATTTGAAAGCAAATTATGATAATG
CAATTGCGAATGCAGCACATGAGTTAGATAAAGTGCAAGGTAATGCAATTGCARAAGCTGAAGCAGAGCAATTGAAACAA
AATATTATCGATGCTCAAAATGCATTAAATGGAGACCAAAACCTTGCAAATGCCAAAGATAAAGCAAATGCGTTTGTTAA
TTCGTTAAATGGATTAAATCAACAGCAACAAGATCTTGCACATAAAGCAATTAACAATGCCGATACTGTATCAGATGTAA
CAGATATTGTTAATAATCAAATTGACTTAAATGATGCAATGGAAACATTGAAACATTTAGTTGACAATGAAATTCCAAAT
GCAGAGCAAACTGTCAATTACCAAAACGCTGACGATAATGCTARAACAAACTTCGATCGATCGCCARACGTCTAGCAAATAC
ATTGCTAAATAGTGATAACACAAATGTGAATGATATCAATGGCGCAATCCAAGCAGTCAATGATGCAATCCATAATCTTA
ATGGTGATCAACGACTACAAGATGCTAAAGACAAGGCAATTCAATCAATTAATCAAGCTTTAGCTAATAAGCTAAAAGAA
ATCGAAGCTTCAAATGCGACGGATCAAGACAAGCTTATTGCGAAAAATAAAGCAGAAGAATTGGCAAACAGCATCATCAA
CAACATTAATAAAGCAACAAGTAATCAGGCTGTATCTCAAGTTCAAACAGCAGGCAACCACGCGATTGAACAAGTGCATG
CTAATGAAATACCAAAAGCAAAAATTGATGCCAATAAAGACGTTGATAAGCAAGTTCAAGCATTAATTGACGAAATTGAT
CGAAATCCAAATCTAACAGATAAGGAAAAACAAGCACTTAAAGATCGTATTAATCAAATACTTCAACAAGGTCATAACGA
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CATTAACAATGCGCTGACTAAAGAAGAAATTGAACAAGCTAAAGCACAACTTGCGCAAGCATTACAAGACATCAAAGATT
TAGTGAAAGCTAAAGAAGATGCGAAACAAGATGTTGATAAACAAGTTCAAGCATTAATTGACGAAATCGATCAARATCCA
AATCTAACAGATAAGGAAAAACAAGCACTTAAAGATCGTATTAATCAAATACTTCAACAAGGTCATAACGGCATTAACAA
TGCGATGACTAAAGAAGAAATTGAACAAGCCAAAGCACAACTTGCACAAGCATTAAAAGAAATTAAAGATTTAGTGAAAG
CTAAAGAAAATGCGAAACAAGATGTTGATAAACAAGTTCAAGCATTAATTGACGAAATCGATCAAAATCCAAATCTAACA
GATAAGGAAAAACAAGCGCTTAAAGATCGAATCAATCAAATACTGCAACAAGGTCATAACGACATTAACAATGCGATGAC
TAAAGAAGAAATTGAACAAGCCAAAGCACAACTTGCACAAGCATTACAAGACATCAAAGATTTAGTGAAAGCTAAAGAAG
ATGCGAAAAATGCAATAAAAGCCTTAGCTAATGCGAAGCGTGATCAAATCAATTCAAATCCAGATTTAACACCTGAGCAA
AAAGCAAAAGCGCTCAAAGAAATTGACGAAGCTGAAAAACGAGCACTACAAAACGTTGAGAATGCTCAAACTATAGATCA
ATTAAATCGAGGATTAAACTTAGGTTTAGATGACATTAGAAATACACATGTATGGGAGGTTGATGAACAACCTGCTGTAA
ATGAAATTTTTGAAGCAACACCTGAGCAAATCCTAGTTAATGGTGAACTCATTGTACATCGTGATGACATCATTACAGAA
CAAGATATTCTTGCACACATAAACTTAATTGATCAGCTTTCAGCAGAAGTTATTGATACACCATCAACTGCAACGATTTC
TGATAGCTTAACAGCAAAAGTTGAAGTTACATTGCTTGATGGATCAAAAGTGATTGTTAATGTTCCTGTAAAAGTTGTAG
AARAAGAATTGTCAGTAGTCAAACAACAGGCAATTGAATCAATCGAAAATGCGGCACAACAAAAGATTGATGAAATCAAT
AATAGTGTGACATTAACACTGGAACAAAAAGAAGCTGCAATTGCAGAAGTTAATAAGCTTAAACAACAAGCAATTGATCA
TGTTAACAATGCACCTGATGTTCATTCAGTTGAAGAAATTCAACAACAAGAACAAGCGTATATTGAACAATTTAATCCAG
AACAATTTACGATTGAACAAGCAAARATCAAATGCAATTAAATCGATTGAAGATGCAATTCAACATATGATTGATGARATC
AAAGCTCGTACTGATCTAACAGATAAAGAGAAGCAAGAAGCTATTGCTAAGTTAAATCAATTAAAAGAACAAGCAATTCA
AGCGATTCAACGTGCGCAAAGCATCAGTGAAATAACTGAGCAATTGGAACAATTTAAAGCTCAAATGAAAGCAGCTAATC
CAACAGCAAAAGAACTAGCTAAACGCAAGCAAGAAGCTATTAGTAGAATTAAAGACTTTTCAAATGAAAAAATAAATAGT
ATTCGAAATAGTGAAATTGGCACAGCTGATGAAAAACAAGCAGCAATGAATCAAATTAACGAAATTGTGCTTGAAACAAT
TAGAGATATTAATAATGCGCATACATTACAGCAAGTTGAGGCTGCATTGAACAATGGTATTGCTCGAATTTCAGCAGTAC
AAATTGTAATATCTGATCGTGCTAAACAATCGTCAAGTACTGGAAATGAATCTAATAGCCATTTAACAATTGGTTATGGA
ACTGCAAATCATCCATTTAACAGTTCGACTATTGGACATAAAAAGAAACTTGATGAAGATGATGACATTGATCCACTTCA
TATGCGTCACTTTAGTAATAATTTCGGTAATGTTATTAAAAACGCTATTGGTGTGGTGGGTATCTCTGGCTTACTAGCTA
GTTTCTGGTTCTTCATTGCCAAACGTCGTCGTAAAGAAGATGAAGAGGAAGAATTAGAAATAAGAGATAATAATAAAGAT
TCAATAAAAGAGACTTTAGACGATACAAAACATTTACCACTTTTATTTGCGAAACGTCGCAGAAAAGAAGATGAAGAAGA
TGTTACTGTTGAAGAAAAAGATTCGCTAAATAATGGCGAGTCACTCGATAAAGTTAAACATACGCCGTTCTTCTTACCAA
AACGTCGTCGTAAAGAAGATGAAGAAGATGTGGAAGTTACAAATGAAAACACAGATGAAAAAGTGTTGAAAGATAACGAA
CATTCACCACTCTTATTCGCAAAACGACGCAAAGATAAAGAGGAAGATGTTGAAACAACAACTAGTATTGAATCTAAAGA
TGAGGACGTTCCTTTATTATTGGCTARAARAGAAAAATCAAAAAGATAACCAATCCAAAGACAAAAAGTCAGCATCAAAARL
ATACTTCTAAAAAGGTAGCAGCTAAAAAGAAGAAAAAGAAATCTAAGAAAAATAAAAAA

SEQ ID NO:47 polynucleotide sequence
TTGAATAATCGTGATAAATTACAAAAATTTAGTATTCGAAAATACGCAATTGGAACATTTTCTACTGTGATTGCAACACT
TGTGTTCATGGGTATCAATACAAACCATGCAAGTGCCGACGAGTTGAATCARAATCAAAAGTTAATTAAACAATTAAATC
AAACAGATGATGATGATTCGAATACGCATAGTCAAGAAATCGARAATAACAAACAARATTC TAGTGGGCAGACTGAATCA
TTACGTTCATCAACTAGTCAAAATCAAGCAAATGCACGACTGTCGGATCAATTCAAAGACACTAATGARACATCGCAACA
ATTACCTACAAATGTTTCGGATGATAGTATCAATCAATCGCATAGTGAAGCAAATATGAATAACGAACCATTGAAAGTTG
ATAATAGTACTATGCAAGCACATAGTARAATAGTAAGCGATAGCGATGGGAATGCTTCTGAARATAAACATCATAAACTA
ACAGAAAATGTACTTGCAGAAAGCCGAGCAAGTAAARATGACAAAGAGAAAGAGAATCTACAAGAGAAAGATAAATCGCA
GCAAGTACATCCACCATTAGATAAAAATGCATTACAAGCTTTTTTTGACGCATCATATCACAATTACAGAATGATTGATA
GAGATCGTGCGGATGCAACAGAATATCAAAAAGTCAAATCTACTTTTGACTACGTCAATGACTTACTAGGTAATAATCAA
AATATTCCTTCAGAACAGCTTGTTTCGGCATATCAACAATTAGAGAAAGCATTAGAACTTGCACGTACGTTACCACAACA
ATCTACTACAGAAAAACCTCGTAGAAGAAGTACGAGAAGTGTTGTTGAGAATCGTTCATCAAGAAGCGATTACTTAGATG
CTAGAACTGAATATTATGTTTCAAAAGACGATGATGATTCTGGTTTCCCTCCTGGTACTTTCTTCCATGCTTCAAATAGA
AGATGGCCTTATAATTTACCAAGATCTAGGAACATCTTACGTGCTTCTGATGTACAAGGTAATGCTTATATCACTACAAA
ACGACTTAAAGATGCATATCAATGGGATATTTTATTTAATAGTAATCATAAAGGGCATGAATATATGTACTATTGGTTTG
GACTTCCAAGTGATCAAACACCAACTGGTCCAGTAACTTTCACTATTATCAACCGTGATGGTTCAAGTACATCTACTGGT
GGCGTTGGATTTGGATCAGGTGCACCACTACCTCAATTTTGGAGATCAGCAGGTGCTATTAATTCTAGCGTAGCGAATGA
TTTTAAACATGGCTCCGCTACAAATTATGCATTTTATGATGGTGTTAATAATTTTTCTGACTTTGCTAGAGGGGGAGAAT
TATACTTCGACAGAGAAGGCGCTACACAAACTAATAAATATTATGGCGATGAAAACTTCGCATTGCTAAATAGTGAGAAA
CCAGATCAAATAAGAGGATTAGATACAATATATAGT TTTAAAGGTAGTCGTCGATGTAAGTTATCGTATTTCATTTAAAAC
TCAAGGAGCTCCAACTGCAAGATTGTATTATGCTGCTGGCGCGCGTTCTGGTGAATATAAACAAGCAACGAACTATAACC
AACTCTATGTCGAACCTTATAAGAATTATCGAAATCGAGTACAGTCAAATGTCCAAGTTAAAAATCGTACACTTCATTTA
AAAAGAACAATCAGACAATTCGATCCTACATTACAGAGAACTACTGATGTTCCTATTTTGGATAGTGACGGTTCCGGAAG
TATTGATTCGGTATACGACCCATTAAGTTATGTAAAGAATGTGACTGGTACAGTCCTAGGTATTTATCCATCTTATCTTC
CTTATAATCAGGAAAGATGGCAGGGAGCTAATGCAATGAATGCCTATCAAATTGAAGAACTTTTTTCACAAGAARATCTT
CAAAATGCAGCACGTTCAGGCCGTCCAATTCAATTTCTTGTAGGTTT TGATGTTGAAGATAGCCATCATAACCCTGAAAC
TCTTTTACCAGTAARATTTATATGTAAAACCTGAGTTAAAACATACAATTGAGTTATATCACGATAATGAAAAACAAGATA
GAAAGGAATTTTCAGTATCGAAA
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ATGAGTGGAACGCTTCATAACACTCTAGGATCAGGAATATTACCTTATCAACAAGAGATACGTATCARACTTACTAGTAA
TGAACCAATTAAAGATAGTGAATGCTCTATTACAGGATATCCTAACACGCTTACATTACAAARCGCTGTGGGTAGAACAA
ATAATGCTACTGAAAAAAACTTAGCTCTTGTTGGTCATATTGATCCAGGAAATTATTTCATCACTGTTAAGTTTGGTGAT
AAAGTAGAACAATTTGAAATTAGATCAAAACCAACTCCACCAAGAATCATTACAACTGCTAATGAATTACGTGGARATCC
TAACCATAAGCCTGAAATAAGAGTAACAGATATACCAAATGATACTACTGCTAAAATCAAACTTGTGATGGGCGGAACCG
ATGGCGATCATGATCCAGAAATAAATCCATATACTGTCCCTGAAAACTACACAGTAGTTGCAGAAGCATACCATGATAAT
GATCCAAGTAAAAATGGGGTCTTAACATTCCGTTCATCAGACTACCTTAAAGATCTACCATTAAGCGGTGAATTAAAGGC
AATTGTTTATTACAATCAATATGTACAATCAAACTTTAGTAAAAGCGTTCCGTTTAGTAGCGATACAACACCACCTACAA
TTAATGAACCGGCAGGACTAGTTCATAAGTATTACAGGGGAGATCATGTAGAAATTACTCTTCCAGTCACTGATAATACT
GGCGGTTCAGGTTTAAGAGATGTAAACGTCAATTTACCTCAAGGTTGGACAAAAACCTTTACAATCAATCCTAATAATAA
TACTGAGGGTACGCTTAAGTTAATTGGTAATATACCTAGTAATGAAGCATATAATACGACATATCATTTCAATATTACTG
CAACCGATAATTCTGGAAATACAACAAATCCAGCTAAAACCTTTATTTTAAATGTTGGTAAGTTGGCTGATGATTTAAAT
CCAGTCGGATTATCTAGAGATCAACTACAATTAGTGACAGACCCTTCTTCATTATCTAATTCCGAACGAGAAGAGGTARA
AAGAAAAATAAGTGAAGCAAATGCTAATATAAGATCATATTTATTACAAAATAACCCAATACTCGCTGGAGTAAACGGCG
ATGTTACATTTTATTATAGAGATGGTTCTGTAGATGTTATTGATGCTGAAAATGTAATCACATATGAGCCCGARAGAARA
TCCATTTTCAGTGAAAATGGTAATACAAATAAAAAAGAAGCAGTAATCACTATTGCTAGAGGACAAAACTATACCATTGG
TCCAAACTTAAGAAAATATTTCTCATTAAGTAATGGTTCGGATTTACCTAATAGAGATTTCACCTCTATATCAGCTATTG
GATCTTTACCTTCATCGAGTGAAATTAGTCGACTCAATGTTGGAAATTATAACTATAGAGTTAATGCTAAAAATGCTTAT
CATAAGACTCAACAAGAACTTAATTTAAAACTTAAAATAGTAGAGGTTAATGCACCTACTGGTAATAATCGTGTATATAG
AGTTAGTACTTATAATTTAACTAATGATGAAATCAATAAAATCAAACAAGCATT TAAAGCAGCTAATTCTGGACTTAATT
TAAACGATAACGATATCACTGTTTCGAATAACTTTGACCATAGAAATGTTAGTAGTGTGACAGTAACTATACGTAAGGGC
GATTTGATAAAAGAGTTTTCATCAAATCTCAATAATATGAATTTCTTACGTTGGGTTAATATAAGGGATGATTATACCAT
TTCGTGGACTTCTAGTAAGATTCAAGGTAGAAATACAGATCGTGGATTAGAATGGTCACCAGATCATAAATCACTTATTT
ATAAATATGATGCAACATTAGGTAGACAAATAAATACTAATGACGTGTTAACTTTACTTCAAGCAACAGCTAAAAACTCA
AATTTACGTTCAAATATCAATAGTAATGAAAAACAGTTAGCAGAACGAGGGTCTAATGGGTATTCTAAATCTATAATTAG
AGATGATGGCGAGAAATCTTATTTACTTAACTCAAATCCTATTCAAGTATTAGACTTAGTAGAACCAGATAATGGTTACG
GTGGACGTCAAGTCAGTCATTCTAACGTTATATATAATGAAAAAAATTCTTCTATCGTAAATGGTCAAGTTCCAGAAGCT
AATGGGGCATCCGCTTTTAATATTGATAAAGTTGTTAAAGCTAATGCGGCAAATAATGGTATTATGGGTGTTATCTATAA
GGCACAATTATACTTAGCACCATACAGTCCAAAAGGTTACATTGAAAAATTAGGCCAAAATTTAAGCAATACCAATAACG
TGATTAATGTTTATTTTGTGCCTTCTGATAAAGTAAATCCTAGTATAACTGTAGGTAATTACGACCATCATACGGTATAT
TCTGGTGAAACATTTAAAAATACTATCAATGTAAATGATAATTATGGATTAAATACAGTAGCTTCTACAAGTGATAGTGC
AATTACTATGACCAGAAACAACAACGAGTTAGTAGGTCAGGCTCCTAATGTTACTAATAGCATAAATAAAATTGTARAAG
TTAAAGCCACAGATAAAAGTGGAAATGAAAGTATTGTTTCTTTCACAGTAAATATAAAACCATTAAACGAGAAATATAGA
ATAACAACTTCATCAAGTAATCAAACACCAGTGAGAATTAGTAATATTCAAAACAATGCTAACCTTTCAATTGAAGATCA
AAATAGAGTAAAATCTTCACTCAGCATGACTAAAATTTTAGGTACAAGAAATTATGTCAATGAGTCAAATAATGACGTTC
GTAGTCAAGTTGTAAGTAAAGTAAATAGAAGTGGGAACAATGCTACAGTTAATGTTACAACTACATTTTCTGATGGTACA
ACTAATACAATAACCGTTCCAGTTAAACATGTGTTATTAGAAGTTGTACCTACTACTAGAACAACAGTAAGAGGACAACA
ATTTCCAACCGGCAAAGGAACTTCCCCAAATGATTTCTTTAGTTTAAGAACGGGAGGTCCAGTTGATGCGAGAATAGTTT
GGGTTAATAATCAGGGACCCGATATAAATAGTAATCAAATTGGTAGAGATTTAACATTACACGCTGAAATATTCTTTGAT
GGTGAAACAACACCAATTAGAAAAGATACTACTTACAAACTTAGTCAATCTATTCCAAAGCAAATATATGAAACAACTAT
CAATGGTCGATTTAATTCATCAGGTGATGCATATCCAGGAAATTTTGTTCAAGCAGTAAATCAATATTGGCCAGAACATA
TGGACTTCAGATGGGCCCAAGGATCAGGCACACCAAGTTCTCGTAATGCAGGTTCATTTACTAAAACAGT TACGGTAGTT
TATCAAAACGGCCAAACTGAAAACGTTAATGTACTATTCAAAGTCAAACCAAATAAACCTGTTATTGATAGTAATAGTGT
GATTTCAAAAGGACAATTAAATGGTCAACAAATTTTAGTTCGAAATGTTCCACAAAATGCACAAGTCACTCTATATCAAT
CAAATGGAACTGTTATTCCTAATACAAATACAACTATAGATTCTAATGGTATAGCTACTGTAACAATTCARGGCACTCTA
CCAACCGGAAATATTACTGCTAAAACCTCAATGACAAATAATGTAACGTACACTAAACAAAATAGTAGTGGAATTGCTTC
AAATACAACTGAAGATATAAGTGTTTTTTCAGAAAACAGTGATCAAGTAAATGTTACCGCTGGCATGCAAGCTARARAATG
ATGGTATTAAAATAATTAAAGGTACAAACTATAATTTTAATGACTTCAATAGTTTCATAAGTAATATACCAGCCCATTCT
ACTCTTACATGGAACGAGGAGCCTAATAGTTGGAAAAACAACATCGGTACTACAACAARAACTGTTACAGTTACTCTACC
TAATCATCAAGGTACGAGAACTGTAGATATTCCAATAACAATCTATCCAACAGTTACAGCTAAGAATCCAGTAAGAGATC
AAAAAGGACGAAACTTAACCAATGGTACTGACGTTTATAATTATATTATTTTTGAAAATAATAACCGTCTTCGGAGGAACA
GCTTCTTGGAARAGACAATCGTCAACCTGATAAAAACATAGCCGGTGTACAARATTTAATTGCACTTGTTAATTATCCTGG
CATATCTACACCATTAGAAGTTCCTGTTAAAGTGTGGGTATATAATTTTGATTTCACTCAACCTATCTACAAAATTCAAG
TAGGAGATACATTCCCTAAAGGAACATGGGCAGGCTATTACAAACATCTTGAAAATGGAGAGGGATTACCAATAGATGGT
TGGAAATTTTATTGGAACCAGCAAAGTACAGGAACTACTAGTGATCAATGGCAATCAT TAGCATATACTAGAACTCCTTT
TGTTAAAACTGGTACTTATGATGTCGTTAATCCTAGCAACTGGGGTGTTTGGCAAACATCACAATCAGCTAAATTTATAG
TTACAAATGCTAAACCTAATCAACCAACCATAACTCAGTCTAARACTGGTCATGTAACAGTAACACCTGGTGCTGTGCGT
AATATACTAATAAGTGGGACAAATGATTATATCCAAGCATCTGCAGATAAGATTGTTATTAATAAAAATGGAAATAAATT
AACTACATTTGTTAAAAATAATGATGGTCGTTGGACTGTTGAAACTGGGTCACCTGACATAAATGGTATCGGACCAACAA
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ATAACGGAACTGCTATATCTTTAAGTCGATTAGCAGTTAGACCTGGGGATTCAATAGAAGCAATAGCGACTGAAGGTTCC
GGAGAAACTATAAGTACTTCAGCAACTAGTGAAATTTATATTGTCAAAGCTCCACAACCTGAACAAGTAGCAACTCATAC
TTATGATAATGGAACATTCGATATATTACCTGACAATTCACGTAATTCTTTAAATCCAACTGAACGTGTCGAAATTAATT
ACACTGAAAAATTAAATGGCAATGAAACACAAAAATCATTCACTATTACTAAAAATAACAACGGCAAATGGACGATAAAT
AATAAACCAAATTATGTCGAGTTCAATCAGGATAATGGTAAAGTTGTATTTTCGGCCAATACAATTAAACCTAATTCTCA
AATTACAATAACTCCTAAAGCAGGTCAGGGTAACACTGAAAACACAAATCCTACTGTAATTCAAGCACCTGCGCAACATA
CTTTAACAATCAATGAAATTGTTAAAGAACAGGGTCAAAATGTGACTAATGATGATATTAATAATGCGGTTCAAGTGCCA
AATAAAAATAGAGTTGCGATTAAACAAGGAAACGCTCTTCCAACAAATTTAGCTGGTGGTAGTACATCACATATTCCAGT
AGTTATTTATTACAGTGATGGAAGTTCTGAAGAAGCTACTGAGACTGTTAGAACTAAAGTTAATAAARACCGAATTAATCA
ATGCTCGTCGTCGACTAGATGAAGAAATTAGTAAAGAGAACAAARCACCATCAAGTATCAGAAACTTTGATCAAGCTATG
AATCGTGCTCAATCACAAATTAATACAGCTAAAAGTGATGCTGACCAAGTTATAGGCACAGAATTTGCAACACCTCAACA
AGTAAATTCAGCTTTATCTAAAGTTCAAGCGGCACAAAATAAAATAAATGAAGCTAAAGCATTATTACAAAACAAGGCTG
ATAATAGTCAACTTGTGAGAGCAAAAGAACAATTACAACAATCGATTCAACCAGCCGCTTCAACTGATGGTATGACTCAA
GATAGCACAAGGAACTACAACAATAAACGCCAAGCAGCTGAACAAGCAATACAACATGCAAATAGCGTTATAAATAATGG
AGATGCAACATCCCAACAAATTAATGATGCTAARAACACAGTTGAACAGGCACAGAGAGATTATGTTGAAGCTAAAAGCA
ACTTACGTGCTGATAAGTCACAGTTACAAAGCGCTTATGATACGTTAAATAGAGATGTTTTAACAAATGATAAAAAGCCA
GCATCTGTAAGACGCTATAATGAAGCCATTTCAAATATTAGAAAAGAATTAGATACAGCTAAAGCGGATGCAAGTAGTAC
TTTGCGAAACACCAATCCTTCCGTTGAACAAGTTAGAGACGCTTTAAATAARAATAAATACTGTTCAACCTAAAGTGAATC
AAGCAATTGCTTTACTTCAACCAAAAGAAAATAATTCAGAACTTGTACAAGCTAAAAAACGTTTACAAGACGCTGTAAAT
GACATACCTCAAACACAAGGTATGACACAACAAACAATTAATAATTATAATGACAAACAACGTGAAGCTGAAAGAGCACT
TACATCTGCACAAAGAGTGATTGATAATGGGGATGCTACAACTCAAGAAATTACTTCTGAAAAATCTAAAGTAGAGCAAG
CAATGCAAGCTTTAACTAATGCTAAAAGTAATCTGAGAGCTGATAAGAATGAGTTACAGACTGCATATAACAAATTAATT
GAGAACGTATCTACCAATGGTAAAAAACCGGCGAGTATACGTCAATACGAAACAGCCAAAGCCAGAATACAAAATCAAAT
TAATGATGCTAAAAATGAAGCGGAGCGAATTTTAGGTAATGATAATCCACAAGTATCACAAGTAACTCAAGCATTGAACA
AAATCAAAGCTATTCAACCAAAATTAACAGAAGCTATCAACATGCTTCAAAACAAAGAAAATAATACAGAATTAGTCAAT
GCTAAAAACAGACTTGAAAATGCAGTAAATGATACAGATCCAACACACGGTATGACTCAAGAAACAATTAATAATTACAA
CGCTAARAAGCGAGAAGCTCAAAATGAAATACAAAAAGCGAACATGATTATTAATAATGGAGATGCTACTGCTCAAGATA
TTTCTTCTGAAAAATCTAAAGTAGAGCAAGTATTACAAGCATTACAAAATGCTAAGAATGACTTAAGAGCTGATAAAAGA
GAATTACAGACTGCATACAATAAACTTATACAAAATGTTAATACCAATGGTAAAAAACCATCTAGTATTCAAAACTATAA
GTCTGCAAGACGAAATATCGAAAACCAATATAATACCGCTAAAAATGAAGCACATAATGTTCTTGAAAATACAAACCCTA
CTGTAAATGCAGTAGAAGATGCTTTACGTAAGATAAATGCAATTCAACCAGAGGTTACAAAAGCTATTAATATACTTCAA
GATAAAGAAGATAATAGCGAACTTGTTAGAGCAAAAGAAAAATTAGATCAAGCGATTAATAGTCAACCATCACTAAATGG
TATGACTCAAGAATCTATTAATAATTACACAACAAARACGTAGAGAAGCACAAAATATAGCAAGTTCTGCTGACACTATTA
TTAATAATGGGGATGCATCTATTGAACAAATAACAGAAAATAAAATTCGAGTTGAAGAGGCAACTAATGCACTTAACGAA
GCAAAACAACATTTAACGGCAGATACAACTTCTTTAAAAACTGAAGTACGGAAATTAAGTAGGAGAGGCGACACAAACAA
CAAAAAGCCTAGCAGTGTTAGTGCTTATAACAATACTATTCATTCGCTACAATCTGAAATTACACAGACTGAAAATAGAG
CAAATACTATCATCAATAAGCCTATTCGTTCTGTTGAAGAAGTAAATAATGCATTGCATGAAGTAAACCAATTGAACCAA
CGCTTAACAGATACAATTAACTTATTACAACCTTTAGCGAATAAAGAAAGCTTAAARRGAAGCTCGTAATCGACTTGAAAG
TAAAATTAATGAAACCGTTCAAACAGACGGTATGACTCAACAATCTGTTGAGAATTATAAGCAAGCTAAAATAARAGCTC
AAAATGAATCTAGTATTGCACAAACTCTTATTAATAATGGTGATGCATCTGATCAAGAAGTTTCTACAGAAATAGAAAAA
TTAAATCAAAAGCTGTCTGAATTAACAAATTCAATCAATCACTTAACAGTTAATAAAGAACCTTTAGAAACTGCCAAAAA
TCAGTTACAAGCAAATATTGACCAAAAACCTAGCACTGATGGTATGACGCAACAATCTGTACAAAGCTATGAACGTAAAC
TACAAGAAGCCAAAGATAAAATAAACTCAATTAATAATGTCTTAGCTAACAATCCAGATGTTAATGCTATCAGAACAAAC
AAAGTTGAGACGGAACAAATCAATAATGAATTAACACAGGCGAAACAAGGTCTTACTGTTGATAAACAACCATTGATTAA
TGCAAAAACTGCTTTGCAACAAAGTCTAGATAATCAACCAAGTACTACTGGTATGACTGAAGCAACAATTCAAAATTATA
ACGCTAAACGTCAAAAAGCAGAGCAAGTTATACAAAATGCAAATAAAATTATTGAAAACGCTCAACCTAGTGTACAACAA
GTGTCTGATGAGAAATCTAAGGTAGAGCAAGCACTCAGTGAATTGAACAACGCCAAATCAGCGCTTAGAGCTGATAAACA
AGAATTACAGCAAGCATATAATCAGTTGATTCAACCAACGGATTTAAATAATAAGAAACCAGCTTCTATCACTGCGTACA
ATCAAAGATATCAACAATTTAGTAACGAATTGAACAGCACTAAAACAAATACAGATCGCATTTTAARAAAGAGCAAAATCCA
AGTGTAGCTGATGTCAACAATGCACTAAATAAAGTAAGAGAAGTACAACAAAAATTARACGAAGCCAGAGCACTTTTACA
AAATAAAGAAGATAATAGTGCACTAGTTCGAGCCARAGAACAACTTCAACAGGCAGTTGACCAAGTCCCTTCAACAGAAG
GTATGACGCAACAAACTAAAGATGATTACAATTCAAARACAACARAGCTGCTCAACAAGAAATATCAAAAGCACAACAAGTT
ATCGATAATGGCGATGCGACTACACAACAAATTTCTAACGCCAAARACAAATGTTGAACGCGCTTTAGAAGCATTAAATAA
TGCAAAAACTGGTTTAAGAGCAGATAAAGAGGAACTTCAAAATGCATATAATCAATTAACTCAAAATATTGATACGAGCG
GTAAAACGCCTGCAAGTATCAGGAAATACAATGAAGCTAAGTCACGTATTCAAACTCAAATTGATTCAGCTAAARATGAA
GCAAACAGTATTTTAACARATGACAATCCTCAAGTATCACAAGTGACTGCTGCGTTAAACAARATAAAAGCTGTTCAACC
TGAATTAGATAAAGCGATAGCAATGCTTAAAAATAAAGAGAATAATAATGCATTGGTTCAAGCGAAACAACAACTTCAAC
AAATTGTTAATGAAGTAGATCCAACACAAGGCATGACAACAGATACTGCTAATAACTATAAATCAAAAAAACGTGAAGCT
GAAGATGAAATACAAAAAGCTCAACAAATCATTAACAATGGCGATGCCACTGAGCAACAAATTACTAACGAAACAAATAG
AGTAAATCAAGCGATTAATGCAATAAACAAAGCCAAAAACGATTTACGTGCTGATAAGTCTCAATTGGAAAATGCTTATA
ACCAATTAATACAAAATGTTGATACAAATGGTAAAAAACCTGCTAGTATTCAACAATACCAAGCTGCTCGACAAGCTATT
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GAGACGCAATACAATAACGCTAAATCAGAAGCACATCAAATTCTTGAAAATAGTAACCCTTCAGTTAATGAAGTAGCACA
AGCATTACAAAAAGTTGAAGCTGTACAACTTAAAGTTAATGACGCGATTCATATACTTCAAAATAAAGAGAATAATAGTG
CACTTGTCACAGCTAAAAATCAACTTCAGCAATCAGTTAATGATCAACCATTAACAACAGGTATGACTCAAGATTCTATT
AATAACTATGAAGCTAAGAGAAATGAGGCTCAAAGTGCTATCAGAAATGCAGAAGCTGTCATCAACAATGGCGATGCAAC
TGCAAAACAAATTTCAGACGAGAAATCTAAAGTTGAACAAGCACTAGCACATTTGAATGATGCTAAACAGCAATTAACTG
CAGATACTACTGAATTACAAACAGCAGTTCAACAATTAAACAGAAGAGGCGATACAAATAATAARAAAGCCAAGAAGTATC
AATGCATATAATAAAGCAATTCAATCATTAGAAACACAAATTACTTCTGCTAAAGATAATGCCAACGCTGTGATACAAAA
ACCTATACGTACTGTTCAAGAGGTAAATAATGCATTACAACAAGTAAATCAGTTGAATCAACAATTAACTGAAGCAATTA
ATCAACTTCAACCGCTATCAAATAATGATGCATTAAAAGCTGCAAGATTAAATTTAGAAAATAAAATTAATCAAACTGTA
CAAACTGATGGTATGACACAACAATCTATAGAGGCTTATCAAAACGCTAAACGCGTAGCCCAAAATGAATCTAACACTGC
TTTAGCATTAATTAATAACGGCGATGCCGATGAACAACAAATTACAACTGAAACAGACCGAGTCAATCAGCAAACTACAA
ACTTAACTCAAGCAATTAACGGGTTAACAGTTAATAAAGAACCATTAGAAACCGCTAAAACAGCGTTACAAAATAACATC
GACCAGGTACCTAGTACAGATGGTATGACTCAGCAATCTGTTGCAAATTATAATCAAAAACTACAAATAGCTAAAAACGA
AATTAACACAATTAATAACGTTTTAGCGAACAATCCAGATGTTAATGCAATCAAAACGAATAAAGCAGAAGCGGAACGAA
TCAGTAACGATTTAACACAAGCTAAGAATAACTTACAAGTTGATACTCAACCTTTAGAAAAAATAAARAGACAACTTCAA
GATGAAATTGATCAAGGTACTAACACAGATGGAATGACTCAAGATTCAGTGGATAATTACAATGATAGCTTAAGTGCAGC
AATTATAGAAAAAGGCAAAGTAAATAAATTACTTAAACGTAATCCGACAGTAGAACAAGTTAAAGAGAGCGTTGCTAATG
CACAACAAGTCATACAAGATTTACAAAATGCTCGAACTTCACTTGTTCCAGACAAAACTCAACTTCAAGAAGCTAAAAAT
AGATTAGAAAACAGTATTAACCAACAAACAGATACTGACGGCATGACTCAAGATTCGCTTAACAATTATAATGATAAATT
AGCAAAAGCTAGACAAAACCTTGAAAAAATATCTAAAGTTTTAGGTGGTCAACCTACTGTAGCTGAAATTAGACAAAATA
CAGATGAAGCAAATGCACATAAACAAGCATTAGACACTGCACGTTCTCAACTTACATTAAATAGAGAGCCATATATCAAT
CATATTAATAATGAAAGTCATTTAAATAACGCGCAAAAAGATAATTTTAAAGCTCAAGTTAACTCAGCACCTAATCATAA
TACTTTAGAAACGATTAAAAATAAGGCTGATACTTTAAATCAATCTATGACAGCATTAAGTGAAAGTATTGCAGATTACG
AAAATCAAAAACAACAAGAAAATTATTTAGATGCATCTAACAATAAACGTCAAGACTATGACAATGCAGTCAATGCGGCT
AAAGGTATTTTAAACCAAACTCAAAGTCCGACAATGAGTGCTGATGTGATTGATCAAAAAGCTGAAGATGTTAAACGTAC
GAAAACTGCGTTAGATGGAAATCAAAGATTAGAAGTTGCTAAACAACAAGCACTTAATCATTTAAATACCTTAAATGATT
TAAACGATGCTCAGCGACAAACTTTAACTGATACTATAAATCACTCTCCAAACATCAATTCAGTGAATCAAGCTAAAGAA
AAAGCTAATACTGTTAACACAGCAATGACTCAACTGAAACAAACTATTGCTAACTATGACGATGAATTGCATGACGGCAA
TTACATTAATGCAGATAAAGACAAAAAAGATGCTTATAATAACGCTGTTAACAATGCTAAACAACTGATTAATCAATCTG
ATGCTAATCAAGCACAACTTGATCCAGCTGAAATTAATAAAGTTACACAAAGAGTCAATACGACTAAAAATGATCTAAAT
GGTAATGACAAATTGGCTGAAGCTAAAAGAGATGCTAATACAACCATTGATGGTTTAACTTATCTAAATGAAGCTCAACG
TAACAAAGCTAAAGAAAATGTAGGCAAAGCTTCTACAAAAACAANTATTACGAGTCAGTTACAAGATTACAATCAATTGA
ATATTGCTATGCAAGCATTACGTAACAGTGTGAACGACGTTAACAATGTTAAAGCAAATAGCAATTATATAAATGAAGAT
AATGGTCCAAAAGAAGCTTACAATCAAGCCGTTACTCATGCTCAAACATTGATAAATGCACAATCTAACCCTGAAATGAG
CCGTGACGTAGTAAATCAAAAAACACAAGCAGTAAATACTGCCCATCAGAATTTACATGGACAACAAAAGTTAGAACAAG
CACAAAGTAGTGCTAATACAGAAATCGGTAACTTACCAAACTTAACTAATACTCAAAAAGCTAAAGAAAAGGAACTGGTA
AATAGTAAACAAACTCGTACGGAAGTACAAGAACAACTTAACCAAGCTAAGTCACTAGATAGTTCTATGGGCACGTTAAA
ATCATTAGTTGCTAAACAACCTACAGTACAAAAAACAAGTGTTTATATTAACGAAGATCAACCTGAGCAATCTGCCTACA
ATGATTCCATTACAATGGGACAAACTATAATTAATAAAACAGCTGATCCAGTACTTGATAAAACTTTAGTTGATAACGCA
ATCAGTAACATTTCAACTAAAGAGAATGCACTGCATGGTGAACAAAAATTAACAACTGCTAAAACGGAAGCAATTAATGC
ACTTAATACATTAGCTGATTTAAACACACCTCAGAAAGAGGCTATTAAAACAGCTATTAACACTGCTCATACAAGAACTG
ATGTAACTGCAGAGCAAAGTAAGGCTAATCAAATAAATAGTGCAATGCACACGTTGAGACAAAACATTTCTGACAACGAA
TCAGTAACAAACGAAAGTAATTATATTAACGCTGAACCCGAAAAACAACATGCCTTTACTGAGGCTCTAAATAATGCTAA
AGAAATAGTTAATGAACAACAAGCCACTCTTGATGCCAATTCAATTAACCAAAAAGCACAAGCGATTCTTACTACTAAAA
ATGCTTTAGATGGTGAAGAACAATTACGTCGTGCTAAAGAAAATGCCGATCAAGAAATCAATACGTTAAATCAATTGACT
GATGCGCAAAGAAATAGTGAAAAAGGTTTAGTCAACAGTTCTCAAACTAGAACAGAAGTTGCTTCTCAATTAGCAAAAGC
TAAAGAACTAAATAAGGTGATGGAACAACTGAATCACCTTATCAATGGTAAAAACCAAATGATAAATAGCAGTAAATTTA
TCAATGAAGATGCGAACCAACAACAAGCATATTCAAATGCGATTGCAAGTGCAGAAGCGCTTAAAAACAAATCACAAAAC
CCTGAATTAGATAAAGTAACAATTGAACAAGCAATTAATAATATTAATTCTGCAATTAACAATCTAAACGGTGAAGCTAA
ACTGACTAAAGCTAAAGAAGATGCTGTTGCTTCAATAAACAACCTAAGCGGATTAACAAACGAGCAAAAAACAAAAGARA
ATCAAGCCGTTAATGGCGCTCAAACTAGAGACCAAGTTGCTAATAAATTACGTGATGCTGAAGCATTAGATCAATCAATG
CAAACATTACGTGACTTAGTTAACAATCAAAATGCAATACATTCAACAAGTAATTATTTTAACGAGGATTCAACTCAAAA
GAATACTTATGATAATGCAATTGATAATGGCTCGACATATATAACTGGTCAACACAATCCAGAATTAAATAAATCTACTA
TTGATCAAACGATTAGCCGAATTAACACAGCTAAAAATGATTTACATGGTGTAGAAAAGTTACAAAGAGATAAGGGAACT
GCTAATCAAGAAATTGGACAATTAGGTTATTTAAATGACCCTCAAAAATCTGGTGAGGAATCCTTAGTCAACGGTTCAAA
TACACGTTCTGAAGTAGAAGAGCATCTTAATGAAGCTAAATCATTAAATAATGCAATGAAACAATTAAGAGATAAAGTAG
CTGAAAAGACTAATGTCAAACAAAGTAGCGATTACATTAATGATTCAACTGAACATCAACGTGGGTATGATCAAGCACTT
CAAGAAGCAGAAAATATTATTAATGAAATCGGTAATCCAACATTAAATAAATCGGAAATTGAACAAAAGTTACAACAATT
GACTGACGCTCAAAATGCGTTACAAGGTTCACATCTATTAGAAGAAGCTAAAAATAATGCGATTACTGGAATCAATAAAC
TTACAGCATTAAATGATGCACAACGTCAAAAAGCAATTGAAAATGTTCAAGCACAGCAGACAATCCCAGCAGTTAATCAA
CAATTAACTTTGGATAGAGAAATAAATACTGCAATGCAAGCTTTACGAGATAAAGTAGGCCAACARAATAACGTTCACCA
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ACAAAGTAATTATTTCAATGAAGATGAACAACCAAAACATAACTATGATAATTCTGTACAAGCCGGTCAAACTATTATTG
ATAAACTTCAAGATCCAATCATGAACAAAAATGAAATTGAGCAGGCTATTAATCAAATCAATACGACTCAAACAGCGTTA
AGTGGAGAAAATAAATTACACACTGACCAAGAAAGCACAAATAGACAAATAGAAGGTTTATCTAGTTTGAACACAGCTCA
AATCAACGCCGAAAAAGATTTAGTCAATCAAGCTAAAACAAGAACAGATGTTGCTCAAAAGTTAGCTGCAGCTAAAGAAA
TAAATTCTGCTATGAGTAATTTAAGAGATGGCATTCAAAATAAAGAGGACATCAAACGTAGCAGTGCATATATCAACGCA
GATCCGACTAAAGTTACAGCTTACGATCAAGCACTACAGAACGCAGAAAATATCATCAATGCCACACCAAACGTAGAGCT
TAATAAAGCTACAATTGAACAAGCGCTATCACGCGTTCAACAAGCACAACARAGATCTTGATGGTGTTCAACAATTAGCTA
ATGCTAAACAACAAGCTACACAAACTGTCAATGGGTTAAATAGCTTAAATGACGGTCAAAAGCGTGAATTAAATCTATTA
ATTAATTCAGCTAATACCCGTACAAAAGTACAAGAAGAATTAAACAAAGCAACTGAATTGAACCATGCGATGGAAGCTTT
AAGAAACAGTGTTCAAAACGTTGATCAAGTAAAACAAAGTAGCAATTATGTCAATGAAGATCAACCTGAACAGCACAATT
ATGATAATGCTGTCAATGAAGCTCAAGCTACAATCAACAACAATGCTCAACCTGTTCTAGACAAATTAGCTATAGAACGT
TTAACTCAAACTGTTAACACTACAAAAGATGCATTACATGGTGCTCAAAAACTGACACAAGACCAACAAGCTGCTGAAAC
TGGAATACGTGGTTTAACGAGTCTCAATGAACCTCAGAAAAATGCTGAAGTAGCTAAAGTAACTGCAGCAACAACACGTG
ATGAAGTGAGAAATATTCGTCAAGAAGCAACAACATTAGATACTGCAATGCTTGGTTTACGTAAAAGCATTAAAGATAAA
AACGATACTAAAAATAGTAGTAAATATATTAATGAGGATCATGACCAACAACAAGCTTATGACAATGCTGTAAATAATGC
TCAACAAGTTATCGATGAAACTCAAGCAACGTTAAGCTCAGATACAATCAATCAATTGGCAAATGCCGTAACTCAAGCTA
AATCTAATCTTCATGGAGATACTAAACTACAACACGATAAAGATAGTGCTAAACAAACGATTGCTCAATTACAGAATTTG
AATTCAGCTCAAAAACATATGGAAGATTCTTTAATTGATAATGAATCTACACGTACGCAAGTCCAACACGATTTAACAGA
AGCTCAAGCTTTAGATGGTTTAATGGGTGCCTTAAAAGAAAGTATTAAAGATTATACTAATATTGTTTCAAACGGTAATT
ACATCAATGCGGAACCATCTAAGAAACAAGCATATGATGCAGCTGTACAAAATGCTCAAAATATAATAAATGGAACGAAT
CAACCAACAATTAATAAAGGTAATGTCACTACAGCAACACAAACCGTGAAAAATACTAAAGATGCCTTAGACGGTGATCA
TAGATTAGAGGAAGCTAAAAATAATGCCAATCAAACAATCAGAAATCTATCTAATTTGAACAATGCCCAAAAAGATGCAG
AGAAAAATCTAGTTAATAGCGCATCAACATTAGAACAAGTTCAACAAAACTTACAAACCGCTCAACAATTAGATAATGCT
ATGGGTGAGTTACGACAAAGTATTGCTAAAAAAGATCAAGTGAAAGCAGATAGTAAATATCTAAATGAAGATCCTCAAAT
TAAGCAAAACTATGATGATGCAGTTCAACGTGTTGAAACTATTATTAACGAAACTCAAAACCCTGAATTACTTAAAGCAA
ACATTGACCAAGCAACTCAATCCGTTCAAAATGCAGAACAAGCTTTACATGGTGCTGAAAAATTAAATCAAGACAAACAA
ACGTCTTCGACAGAACTAGATGGATTAACAGATTTAACAGATGCACAACGTGAAAAACTCAGAGAACAAATTAACACTTC
TAATAGTAGAGATGATATTAAGCAAAARAATTGAGCAAGCAAAAGCACTARATGACGCAATGAAAAAACTTAAAGAACAAG
TTGCGCAAAAAGATGGTGTTCATGCTAACAGTGATTATACAAATGAAGATTCTGCACAAAAAGATGCGTATAATAATGCA
CTTARACAAGCGGAAGACATTATTAATAACAGCTCAAATCCTAACTTAAATGCACAAGACATTACTAATGCTTTAAATAA
TATTAAACAAGCACAAGATAACCTTCATGGAGCTCAAAAATTACAGCAAGACAAAAATACAACTAATCAAGCCATTGGTA
ACTTAAATCATCTTAATCAACCTCAAAAAGATGCGCTTATACAAGCTATTAATGGAGCTACATCTAGGGACCAAGTTGCA
GAAAAACTTAAAGAGGCCGAAGCGCTTGATGAAGCTATGAAACAACTTGAAGATCAAGTGAATCAAGATGATCAAATTTC
AAATAGCAGCCCATTCATAAATGAAGACTCAGACAAACAAAAAACTTATAATGATAAAATCCAAGCTGCAAAAGAAATAA
TTAATCAAACATCTAATCCAACCTTAGATAAACAAAARATTGCTGATACACTTCAAAATATTAAAGATGCAGTGAATAAT
TTACATGGTGATCAAAAATTAGCTCAATCTAAACAAGATGCTAATAATCAATTAAATCATTTAGATGACTTAACCGAAGA
ACAAAAAAACCATTTTAAACCGTTAATTAATAATGCTGATACTCGAGATGAGGTAAATAAACAACTAGAGATTGCTAAAC
AATTAAATGGTGATATGAGTACACTTCATAAAGTCATAAATGATAAAGATCAAATTCAACATTTAAGCAATTACATTAAT
GCTGATAATGATAAAAAACAAAATTATGATAATGCTATTAAAGAAGCTGAGGATTTAATTCATAATCATCCAGATACATT
AGATCATAAAGCATTACAAGATTTATTAAACAAGATAGACCAAGCGCATAACGAATTAAATGGAGAATCCAGATTTAAAC
AGGCTTTAGACAATGCTTTAAACGACATAGATAGCTTAAACAGTCTCAATGTTCCACAACGCCAAACTGTTAAGGATAAC
ATCAACCATGTGACAACTCTAGAAAGTTTAGCTCAAGAATTGCAGAAAGCAAAAGAGCTTAATGATGCTATGAAAGCAAT
GAGAGATAGCATTATGAATCAAGAGCAAATTCGTAAAAATAGCAATTATACTAATGAAGACTTAGCTCAACAAAATGCCT
ATAATCATGCAGTAGATAAAATAAATAACATTATTGGTGAAGACAATGCGACGATGGATCCTCAAATAATCAAACAAGCA
ACTCAAGATATAAATACAGCTATAAATGGATTAAATGGAGATCAAAAACTTCAAGATGCAAAGACAGATGCTAAACAACA
AATTACTAACTTTACTGGTTTAACTGAACCACAAAAACAAGCATTGGAAAACATCATTAACCAACAAACAAGCAGAGCAA
ATGTTGCTAAACAGTTAAGTCATGCTAAATTCTTAAATGGAAAAATGGAAGAATTAAAAGTTGCAGTAGCCAAAGCGTCA
TTAGTAAGACAAAATAGTAACTATATTAATGAAGATGTCTCTGAAAAAGAAGCATATGAACAAGCTATCGCAAAAGGTCA
GGAAATAATTAATTCAGAAAATAATCCAACAATAAGTAGTACTGATATCAATCGTACCATTCAAGAAATTAATGATGCTG
AACAAAATCTTCATGGTGATAATAAATTAAGACAAGCACAGGAAATTGCAAAGAATGAAATACAAAATCTAGACGGATTA
AATTCAGCTCAAATAACAAAATTAATCCAAGATATAGGCAGAACAACAACTAAACCTGCAGTAACTCAGAAACTAGAAGA
AGCAAAAGCAATAAACCAAGCTATGCAACAACTTAAACAAAGTATAGCCGATAAGGATGCTACTCTAAATTCTAGTAACT
ATCTCAATGAAGATTCTGAGAAAAAGTTAGCGTACGATAATGCTGTAAGCCAAGCTGAACAACTCATAAATCAACTTAAC
GACCCAACTATGGATATAAGTAATATTCAAGCTATTACTCAAAAGGTCATTCAAGCAAAAGATTCATTGCACGGTGCGAA
TAAACTTGCACAAAATCAAGCAGATTCAAATTTAATAATAAATCAATCAACAAATTTAAATGATAAACAAAAGCAAGCAT
TAAATGACTTAATTAATCATGCTCAAACTAAACAGCAAGTGGCAGAAATAATTGCACAAGCTAATAAGTTAAATAACGAA
ATGGGCACACTAAAAACACTCGTAGAAGAACAGTCAAACGTTCATCAACAAAGTAAATATATTAATGAAGATCCGCAAGT
TCAAAATATTTATAATGACTCCATTCAAAAAGGTCCGAGAAATATTAAACGGCACTACAGATGATGTTTTAAACAACAATA
AAATAGCAGATGCCATTCAAAACATTCATTTAACTARAAACCGATTTACATGGTGATCAAAAATTACAAAAAGCACAACAA
GATGCAACCAATGAATTAAACTATTTAACAAATCTAAACAATTCTCAAAGACAAAGCGAGCATGATGAGATTAACTCTGC
TCCTTCAAGAACTGAAGTTTCTAATGATTTAAATCATGCTAAAGCACTTAATGAAGCTATGCGTCAACTTGAGAATGAAG
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TTGCTCTTGAAAACAGTGTTAAAAAATTAAGCGACTTTATCAATGAAGATGAAGCGGCACAAAATGAATATAGTAATGCA
CTTCAAAAAGCTAAAGACATTATCAACGGCGTTCCAAGTAGCACTTTAGATAAAGCTACAATTGAAGATGCTTTATTAGA
ATTGCAAAATGCTAGAGAAAGTTTACATGGTGAGCAAAAACTTCAAGAGGCTAAAAATCAAGCTGTTGCTGAAATTGATA
ATTTACAAGCATTAAATCCTGGACAGGTTCTTGCTGAAAAAACATTAGTTAACCAAGCATCAACCAAACCAGAAGTTCAA
GAAGCCTTACAAAAAGCAAAAGAACTTAATGAAGCTATGAAAGCACTGAAAACTGAAATAAATAAANAAGAACAAATCAA
GGCTGATAGTAGATATGTAARATGCTGACAGTGGTCTTCAAGCAARATTACAATTCTGCGTTAAATTATGGTTCTCAAATTA
TTGCAACTACCCAACCACCAGAGCTTAATAAAGATGTAATAAATAGAGCAACTCAAACGATTAAAACTGCTGAAAATAAT
TTAAATGGGCAATCTAAATTAGCAGAGGCTAAGTCAGACGGAAATCAAAGCATCGAACATTTGCAAGGATTAACACAATC
ACAAAAAGATAAACAACATGATTTAATTAATCAAGCTCAAACTAAACAACAGGTAGATGATATCGTAAATAACTCTAAAC
AATTAGATAACTCTATGAATCAACTACAACAAATTGTTAACAATGACAATACAGTAAAACAAAATAGTGATTTCATTAAT
GAAGATTCCAGCCAACAGGATGCTTATAATCATGCAATTCAAGCAGCAAAAGATTTGATAACTGCTCATCCAACTATCAT
GGATAAAAATCAAATAGATCAAGCTATTGAAARATATCAAACAAGCACTTAATGATTTACACGGTAGTAATAAACTATCAG
AAGATAAAAAAGAAGCTTCAGAACAACTACAAAACCTTAATAGCTTGACGAACGGGCAAAAAGATACGATTTTAAATCAT
ATTTTCAGTGCACCAACAAGAAGCCAAGTAGGAGAAAAAATTGCAAGTGCTAAACAATTAAATAATACAATGAAAGCACT
TAGAGATTCTATTGCTGATAATAATGAAATTTTACAAAGTAGTAAGTACTTCAATGAAGATTCTGAACAACAAAATGCTT
ATAATCAAGCCGTAAATAAAGCTAAAAATATAATTAATGATCAACCAACACCAGTAATGGCAAATGATGAGATTCAAAGT
GTCCTAAATGAAGTTAAACAAACTAAAGATAATTTACATGGTGATCAAAAACTTGCTAACGACAAGACAGATGCTCAAGC
AACATTAAATGCGTTAAATTACTTAAATCAAGCGCAAAGAGGTAATCTTGAAACTAAAGTTCAAAACTCTAATTCTAGAC
CAGAAGTACAAAAAGTAGTTCAATTAGCAAATCAACTTAATGATGCGATGAAAAAATTAGATGATGCTTTAACTGGTAAT
GACGCAATAAAACAAACGAGTAATTATATTAATGAAGATACTTCTCAACAAGTTAACTTTGATGAGTATACAGATAGAGG
TAAAAACATAGTTGCTGAACAAACAAATCCAAATATGTCTCCAACTAATATTAACACTATTGCTGATAAAATTACTGAAG
CTAAAAACGATTTACATGGCGTACAAAAACTAAAACAAGCTCAACAACAGTCCATCAATACTATTAATCAAATGACTGGT
CTAAACCAAGCTCAAAAAGAACAATTAAATCAAGAAATTCAACAAACTCAAACCCGTTCTGAAGTACATCAAGTAATTAA
TAAAGCACAAGCTTTAAATGATTCAATGAATACTTTACGTCAAAGTATTACTGATGAACATGAAGTTAAACAAACAAGTA
ACTACATCAATGAAACTGTTGGTAATCAAACTGCATATAACAATGCCGTTGATCGTGTAAAACAAATAATCAATCARACA
TCTAATCCAACTATGAATCCTTTAGAGGTGGAACGTGCAACATCAAATGTAAAAATTTCTAAAGATGCACTTCATGGTGA
ACGTGAATTGAATGACAATAAAAATTCAAAAACTTTTGCAGTCAATCACTTAGATAACCTCAATCAAGCTCAAAAAGAAG
CATTAACTCATGAAATTGAACAAGCAACTATAGTTTCACAAGTAAATAATATCTATAACAAAGCGAAAGCTTTAAATAAT
GATATGAAAAAACTTAAAGATATCGTTGCTCAACAAGATAATGTGAGACAATCAAACAATTATATAAACGAGGATAGTAC
ACCTCAAAATATGTACAACGATACAATTAATCATGCACAATCAATCATTGATCAAGTAGCAAACCCTACGATGTCTCATG
ACGAAATAGAGAATGCAATCAATAACATAAAGCATGCCATCAATGCACTCGATGGAGAACATAAATTACAACAAGCAAAA
GAAAATGCAAACTTATTGATTAATAGTTTAAACGATTTAAATGCACCACAAAGAGATGCCATAAATAGATTGGTTAATGA
AGCTCAAACAAGAGAAAAAGTAGCTGAACAACTTCAAAGTGCTCAAGCTTTAAATGACGCTATGAAGCATTTAAGAAACA
GCATTCAAAATCAATCATCCGTAAGACAAGAGAGCAAATATATTAATGCAAGTGATGCTAAAAAAGAGCAATATAATCAC
GCAGTTAGAGAAGTCGAAAATATTATCAATGAACAACATCCAACATTGGATAAAGAAATAATTAAGCAACTAACGGATGG
TGTAAATCAAGCGAATAATGACTTAAATGGCGTTGAATTATTAGATGCTGATAAGCAAAACGCACATCAATCGATACCTA
CATTGATGCACTTAAATCAAGCACAACAAAACGCATTAAATGAAAAAATTAATAACGCAGTTACCAGAACTGAAGTTGCG
GCTATTATTGGCCAAGCAAAACTACTCGATCATGCTATGGAGAATTTAGAAGAAAGTATCAAAGATAAAGAGCAAGTCAA
ACAGTCAAGTAACTATATTAATGAAGATTCTGATGTTCAAGAAACATACGATAACGCCGTTGATCATGTGACAGAAATAC
TTAATCAAACAGTAAATCCAACTTTATCTATTGAAGATATAGAGCATGCTATCAACGAAGTTAATCAAGCGAAAAAACAA
CTCAGAGGTAAACAAAAACTTTATCAAACTATCGATTTAGCTGATAAAGAATTAAGTAAATTGGATGATTTAACATCACA
ACAAAGCAGTTCAATATCTAATCAAATATATACTGCTAAAACGAGAACAGAAGTTGCCCAAGCAATTGAAAAAGCAAAAT
CATTAAATCATGCAATGAAAGCACTTAACAAAGTATATAAAAATGCAGATAAAGTGTTAGATAGTAGTCGATTCATTAAC
GAAGATCAACCTGAAAAAAAGGCGTATCAACAAGCTATAAATCATGTTGATTCAATCATTCATAGACAAACAAATCCTGA
AATGGATCCAACAGTAATCAATAGCATAACTCATGAACTCGAAACAGCTCAAAATAACTTACATGGTGATCAGAAACTTG
CTCATGCACAACAAGATGCCGCTAATGTAATTAATGGTCTAATTCATCTTAATGTTGCTCAACGTGAGGTAATGATAAAT
ACGAATACAAATGCTACAACACGCGAARAAGTTGCAAAGAACTTAGATAATGCTCAAGCTCTTGATAAAGCTATGGAAAC
ACTACAACAAGTAGTTGCTCATAAAAATAATATATTGAACGATAGTAAATATTTAAATGAAGATTCAAAATATCAACAAC
AATACGATCGAGTTATTGCTGATGCCGAACAACTACTTAATCAGACAACAAATCCAACATTAGAACCTTATAAAGTCGAT
ATTGTTAAGGATAATGTCCTAGCTAACGAAAAAATACTATTTGGCGCAGAAAAACTATCATATGACAAATCAAATGCARAA
TGATGAAATTAAACATATGAATTATCTTAATAATGCACAAAAGCAATCTATAAAAGATATGATTTCTCACGCAGCATTAA
GAACTGAAGTTAAACAACTTCTGCAACAAGCTAAAATCCTTGATGAAGCCATGAAATCACTTGAAGATAAAACTCAAGTA
GTGATTACAGATACTACTTTGCCTAATTACACTGAAGCTTCAGAGGATAAAAAGGARARAGTAGACCAAACTGTATCACA
TGCTCAAGCGATTATTGATAAAATAAATGGCTCAAATGTAAGTTTAGATCAAGTACGACAAGCACTAGAACAATTAACTC
AAGCATCAGAAAACCTCGATGGTGATCAGCGAGTTGAAGAAGCTAAAGTTCATGCTAATCAAACAATTGATCAATTAACA
CATCTTAATTCATTACAACAACAAACTGCGAAAGAAAGTGTTAAAAACGCAACAAAACTAGAAGAAATCGCTACTGTTAG
TAACAATGCTCAGGCATTAAACAAAGTAATGGGTAAATTAGAACAATTCATTAATCATGCTGATTCTGTTGAAAATAGTG
ATAATTATAGACAAGCCGACGACGACAAAATCATCGCTTATGATGAAGCACTTGAACATGGACAAGATATACAAAAAACT
AACGCAACCCAAAATGAAACAAAACAAGCGTTACAACAATTAATATATGCAGAAACATCGTTAAATGGTTTCGAAAGATT
AAATCATGCTAGACCACGAGCTTTAGAATATATCAAATCACTAGAAAAAATAAACAATGCTCARAAGTCTGCTTTAGAGG
ATAAAGTAACGCAATCGCATGATTTATTAGAATTAGAACATATTGTCAACGAGGGCACAAACCTCAATGACATTATGGGT
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GAATTAGCTAACGCAATCGTTAATAACTATGCTCCAACCAAAGCAAGTATAAATTATATTAACGCCGATAACCTACGCAA
AGATAACTTTACTCAAGCTATCAACAATGCACGTGATGCACTCAACAAAACTCAAGGTCAGAACTTAGATTTCAATGCAA
TTGATACATTTAAAGATGATATATTCAAAACTAAAGATGCACTTAACGGTATTGAACGTTTAACAGCTGCAAAATCAAAA
GCAGAAAAACTAATTGATAGTTTAAAATTTATTAATAAAGCTCAATTCACACATGCAAATGATGAAATTATGAATACTAA
TTCTATTGCACAATTGTCTAGAATCGTGAATCAAGCATTTGATTTAAATGATGCAATGAAATCTTTAAGAGATGAACTTA
ATAATCAAGCTTTTCCTGTCCAAGCAAGCTCAAATTATATAAATTCAGATGAAGATTTAAAACAACAATTTGACCATGCT
TTAAGTAATGCTCGAAAAGTTCTTGCAAAAGAAAATGGTAAAAATTTAGATGAAAAACAAATTCAGGGACTCAAACAAGT
GATTGAGGATACTAAAGATGCTTTAAATGGTATCCAACGTTTATCAAAAGCTAAAGCTAAAGCAATTCAATACGTACAAT
CTTTATCTTATATCAATGATGCACAGCGTCATATTGCTGAAAATAATATTCACAACTCTGATGATTTATCATCTTTAGCA
AATACATTATCTAAAGCTAGTGATTTAGATAATGCAATGAAAGACTTACGAGATACTATAGAAAGTAATTCAACTTCTGT
TCCAAATAGTGTGAATTATATTAATGCTGATAAGAATTTACAAATTGAATTTGATGAGGCGCTACAACAAGCAAGTGCAA
CAAGTTCTAARAACTTCAGAAAATCCAGCAACGATTGAAGAAGTATTAGGTCTTAGTCAAGCCATTTACGATACAAAAAAT
GCATTAAATGGTGAACAACGACTTGCAACTGAGAAGAGCAAAGATCTAAAATTAATAAAAGGATTAAAAGATTTAAATAA
AGCACAACTTGAAGATGTCACAAACAAGGTAAATTCAGCAAATACTTTAACAGAGTTATCTCAGCTCACTCAATCAACGT
TAGAATTAAACGATAAAATGAAATTATTGAGAGATAAGCTTAAAACTTTAGTAAATCCTGTTAAAGCAAGTTTAAATTAT
AGAAACGCTGATTATAATTTAAAACGTCAATTTAACAAAGCTTTAAAAGAAGCTAAAGGCGTATTAAATAAARATAGCGG
TACAAATGTCAATATCAATGACATTCAACATCTTTTAACACAAATAGATAATGCTAAAGACCAATTAAATGGTGAACGAC
GTCTAAAAGAACATCAACAAAAATCTGAAGTATTTATTATTAAAGAATTAGATATACTTAATAATGCTCAAAAAGCTGCA
ATAATTAATCAGATTAGAGCGTCTAAAGACATTAAAATAATTAATCAAATCGTTGATAATGCAATAGAATTAAATGATGC
TATGCAAGGTTTAARAGAACATGTAGCTCAATTAACAGCAACTACAAAAGACAACATTGAATATTTAAATGCTGATGAAG
ACCATAAATTACAATATGATTACGCTATCAACTTAGCGAATAATGTTCTTGACAAAGAAAACGGTACAAATAAAGACGCT
AATATCATAATTGGAATGATTCAAAACATGGATGATGCTAGAGCACTTCTAAATGGAATTGAAAGACTTAAAGATGCTCA
AACAARAGCACATAATGACATTAAAGATACGCTCAAACGTCAACTTGATGAAATTGAACACGCTAATGCAACATCAAATT
CTAAAGCTCAAGCTAAACAAATGGTAAATGAGGAAGCTAGAAAAGCGCTTTCTAATATTAATGACGCAACATCAAATGAT
TTAGTTAATCAAGCAAAAGATGAAGGGCAATCTGCAATTGAACACATACATGCAGATGAATTACCTAAAGCAARACTAGA
TGCTAATCAAATGATTGACCAAAAAGTTGAAGATATAAATCACTTAATTAGTCAAAATCCAAACTTATCAAATGAAGAAA
AARAATAAACTAATATCTCAAATTAATAAGTTAGTAAATGGAATTAAGAATGAAATTCAACAAGCTATAAACAAACAACAA
ATAGAAAATGCTACAACAARACTAGATGAAGTCATTGAAACTACTAAAAAATTAATTATCGCCAAAGCAGAAGCTAAACA
AATGATAAAAGAGTTATCACAAAAGAAACGAGATGCAATAAATAACAACACTGATTTAACACCTTCTCAAAAGGCACATG
CTTTAGCAGATATTGATAAAACAGAAAAAGATGCACTTCAACATATCGAAAATTCTAATTCAATTGATGATATCAATAAC
AATAAAGAGCATGCATTTAATACTTTAGCTCATATCATTATTTGGGATACTGATCAGCAACCATTAGTTTTTGAACTACC
TGAATTGAGCCTTCAAAATGCTCTAGTAACAAGTGAGGTGGTTGTTCACAGAGATGAAACTATTTCATTAGAATCTATAA
TTGGAGCTATGACTTTAACTGATGAACTTAAAGTCAATATTGTTTCATTACCGAACACTGATAAAGTAGCTGATCACCTA
ACCGCTAAAGTTAAGGTTATTTTAGCTGATGGCTCATATGTCACTGTAAATGTTCCAGTCAAAGTTGTAGAAARAGAATT
ACAAATAGCTAAAAAGGATGCTATAAAAACAATTGATGTTCTGGTAAAACAAAAAATCAAAGATATAGATTCTAATAACG
AATTAACGTCTACTCAACGTGAAGATGCAAAAGCTGAAATTGAAAGATTGAAAAAGCAAGCCATCGATAAAGTGAATCAT
TCAAAATCGATTAAAGATATTGAAACAGTAAAACGAACTGATTTTGAAGAAATAGATCAGTTTGATCCTAAACGCTTTAC
GCTAAATAAAGCTAAAAAGGATATCATTACTGATGTTAATACTCAAATCCAAAATGGTTTCAAAGAARATTGAAACAATAA
AAGGTTTAACTTCTAATGAAAAAACTCAGTTTGATAAACAATTAACTGCACTACAAAAAGAATTTTTAGAAAAAGTCGAG
CATGCTCATAATTTAGTAGAATTAAATCAATTACAACAAGAGTTTAATAATAGATATAAACATATTTTAAACCAAGCACA
TTTACTAGGTGAAAAACATATAGCAGAACATAAATTAGGATATGTTGTAGTAAACAAAACTCAGCAAATACTAAATAATC
AATCTGCTTCTTACTTTATAAAACAATGCGCGCACTTGATAGAATTAAACAAATTCAACTAGAAACGATGAATTCAATTCGT
GGTGCGCATACCGTACAAGATGTACACAAAGCATTATTACAAGGTATAGAGCAAATCTTGAAAGTAAATGTAAGTATTAT
AAATCAATCTTTCAACGATTCCTTGCATAACTTTAATTATCTTCATTCAAAATTTGATGCTAGATTAAGAGAARAGGATG
TTGCAAACCATATCGTACAAACTGAAACATTCAAAGAAGTTCTAARAAGGAACGGGTGTTGAACCAGGTAAAATCAACAAA
GAARACACAGCAACCAAANACTTCATAAGAATGATAATGATAGCCTATTCAAACATTTAGTTGATAATTTCGGCAAAACTGT
AGGTGTTATTACATTAACTGGTTTACTTTCTAGTTTCTGGTTAGTTTTIGGCTAAAAGACGTAAARAAGAAGAAGAAGAAA
AACAATCGATAAAAAATCATCACAAAGATATTCGTCTTTCAGATACTGATAAAATAGATCCAATTGTAATAACTAAGCGT
AAAATAGATAAAGAAGAACAAATTCAAARACGATGACAAACATTCAATTCCAGTTGCTAAACATAAGAAATCTAAAGAAAA
GCAATTGAGTGAAGAGGATATTCATTCAATCCCCGTCGTTAAGCGTAAACAAAACAGTGATAACAAAGATACAAAACAGA
AGAAAGTTACTTCTAAAAAGAAGARAACGCCTCAGTCAACTAAAAAAGTTGTAAAAACCAAAAAGCGTTCTAAAAAG

SEQ ID NO:49 polynucleotide sequence

ATGAGAGATAAGAAAGGACCGGTAAATAAAAGAGTAGATTTTCTATCAAATAAATTGAATAAATATTCAATAAGAAAATT
TACAGTTGGAACAGCATCTATTTTAATTGGCTCACTAATGTATTTGGGAACTCAACAAGAAGCAGAAGCAGCTGAAAACA
ATATTGAGAATCCAACTACATTAAAAGATAATGTCCAATCAARAGAAGTGAAGATTGAAGAAGTAACAAACAAAGACACT
GCACCACAAGGTGTAGAAGCTAAATCTGAAGTAACTTCAAACAAAGACACAATCGAACATGAAGCATCAGTAARAGCTGA
AGATATATCAAAAAAGGAGGATACACCAAAAGAAGTAGCTAATGTTGCTGAAGTTCAGCCGAAATCGTCAGTCACTCATA
ACGCAGAGGCACCTAAGGTTAGAAAAGCTCGTTCTGTTGATGAAGGCTCTTTTGATATTACAAGAGATTCTAAAAATGTA
GTTGAATCTACCCCAATTACAATTCAAGGTAAAGAACATTTTGAAGGTTACGGAAGTGTTGATATACAAAAAAACCCAAC
AGATTTAGGGGTATCAGAGGTAACCAGGTTTAATGTTGGTAATGAAAGTAATGGTTTGATAGGAGCTTTACAATTAAARA
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ATAAAATAGATTTTAGTAAGGATTTCAATTTTAAAGTTAGAGTGGCAAATAACCATCAATCAAATACCACAGGTGCTGAT
GGTTGGGGGTTCTTATTTAGTAAAGGAAATGCACAAGAATATTTAACTAATGCTGGAATCCTTGGGGATAAAGGTCTGGT
AAATTCAGGCGGATTTAAAATTGATACTGGATACATTTATACAAGTTCCATGGACAAAACTGAAAAGCAAGCTGGACAAG
GTTATAGAGGATACGGAGCTTTTGTGAAAAATGACAGTTCTGGTAATTCACAAATGGTTGGAGAAAATATTGATAAATCA
AAAACTAATTTTTTARACTATGCGGACAATTCAACTAATACATCAGATGGAAAGTTTCATGGGCAACGTTTAAATGATGT
CATCTTAACTTATGTTGCTTCAACTGGTAAAATGAGAGCAGAATATGCTGGTAAAACTTGGGACGACTTCAATAACAGATT
TAGGTTTATCTAAAAATCAGGCATATAATTTCTTAATTACATCTAGTCAAAGATGGGGCCTTAATCAAGGGATAAATGCA
AATGGCTGGATGAGAACTGACTTGAAAGGTTCAGAGTTTACTTTTACACCAGAAGCGCCAAAAACAATAACAGAATTAGA
AAAANAAGTTGAAGAGATTCCATTCAAGAAAGAACGTAAATTTAATCCGGATTTAGCACCAGGGACAGAAAAAGTAACAA
GAGAAGGACAAAAAGGTGAGAAGACAATAACAACACCAACACTAAAAAATCCATTAACTGGAGAAATTATTAGTAAAGGT
GAATCGAAAGAAGAGATCACAAAAGATCCGATTAATGAATTAACAGAATACGGACCAGAAACGATAGCACCAGGTCATCG
AGACGAATTTGATCCGAAGTTACCAACAGGAGAGAAAGAAGAAGTTCCAGGTAAACCAGGAATTAAGAATCCAGAAACAG
GAGACGTAGTTAGACCACCGGTCGATAGTGTAACAAAATATGGACCTGTAAAAGGAGACTCGATTGTAGAAAAAGAAGAA
ATTCCATTCGAGAAAGAACGTAAATTTAATCCTGATTTAGCACCAGGAACAGARAAAAGTAACAAGAGAAGGACAAAANGG
TGAGAAGACAATAACGACACCAACACTAAAAAATCCATTAACTGGAGAAATTATTAGTAAAGGTGAATCGAAAGAAGAGA
TCACAAAAGATCCGATTAATGAATTAACAGAATACGGACCTGAAACAATAGCGCCAGGTCATCGAGACGAATTTGATCCG
AAGTTACCAACAGGAGAGAAAGAAGAAGTTCCAGGTAAACCAGGAATTAAGAATCCAGAAACAGGAGACGTAGTTAGACC
GCCGGTCGATAGCGTAACAAAATATGGACCTGTAAAAGGAGACTCGATTGTAGAAAAAGAAGAAATTCCATTCAAGAAAG
AACGTAAATTTAATCCTGATTTAGCACCAGGGACAGAAAAAGTAACAAGAGAAGGACAAAAAGGTGAGAAGACAATAACG
ACGCCAACACTAAAAAATCCATTAACTGGAGAAATTATTAGTAAAGGTGAATCGAAAGAAGAAATCACAAAAGATCCGAT
TAATGAATTAACAGAATACGGACCAGAAACGATAACACCAGGTCATCGAGACGAATTTGATCCGAAGTTACCAACAGGAG
AGAAAGAGGAAGTTCCAGGTAAACCAGGAATTAAGAATCCAGAAACAGGAGATGTAGTTAGACCACCGGTCGATAGCGTA
ACAAAATATGGACCTGTAAAAGGAGACTCGATTGTAGAAAAAGAAGAAATTCCATTCGAGAAAGAACGTAAATTTAATCC
TGATTTAGCACCAGGGACAGAAAAAGTAACAAGAGAAGGACAAAAAGGTGAGAAGACAATAACGACGCCAACACTAAAAA
ATCCATTAACTGGAGAAATTATTAGTAAAGGTGAATCGAAAGAAGAAATCACAAANGATCCAGTTAATGAATTAACAGAA
TTCGGTGGCGAGAAAATACCGCAAGGTCATAAAGATATCTTTGATCCAAACTTACCAACAGATCARACGGAAAAAGTACC
AGGTAAACCAGGAATCAAGAATCCAGACACAGGAAAAGTGATCGAAGAGCCAGTGGATGATGTGATTAAACACGGACCAA
AAACGGGTACACCAGAAACAAARAACAGTAGAGATACCGTTTGAAACAAAACGTGAGTTTAATCCAAAATTACAACCTGGT
GAAGAGCGAGTGAAACAAGAAGGACAACCAGGAAGTAAGACAATCACAACACCAATCACAGTGAACCCATTAACAGGTGA
AAAAGTTGGCGAGGGTCAACCAACAGAAGAGATCACAAAACAACCAGTAGATAAGATTGTAGAGTTCGGTGGAGAGAAAC
CAAAAGATCCAAAAGGACCTGAAAACCCAGAGAAGCCGAGCAGACCAACTCATCCAAGTGGCCCAGTAAATCCTAACAAT
CCAGGATTATCGAAAGACAGAGCAAAACCAARATGGCCCAGTTCATTCAATGGATAAAAATGATAAAGTTAAAAAATCTAA
AATTGCTAAAGAATCAGTAGCTAATCAAGAGAAAAARCGAGCAGAATTACCAAAAACAGGTTTAGAAAGCACGCAAAANG
GTTTGATCTTTAGTAGTATAATTGGAATTGCTGCGATTAATGTTATTGGCTCGTAGAAGAARAGAATTAA

SEQ ID NO:50 polynucleotide sequence

ATGGGCAAACGTAGACAAGGTCCTATTAATAAAAAAGTGCATTTTTTACCTAACAAATTAAACAAGTATTCTATAAGAAR
ATTCACTGTTGGTACGGCCTCAATATTACTTGGTTCGACACTTATTTTTGGAAGTAGTAGCCATGAAGCGAAAGCTGCAG
AAGAAAAACAAGTTGATCCAATTACACAAGCTAATCAAAATGATAGTAGTGAAACATCACTTGAAAACACAAATCAACCT
ACTGTAAACAATGAAGCACCACAGATGTCTTCTACATTGCAAGCAGAAGAAGGAAGCAATGCAGAAGCACCGAATGTTCC
AACTATCAAAGCTAATTCAGATAATGATACACAAACACAATTTTCAGAAGCCCCTACAAGAAATGACCTAGCTAGARARG
AAGATATCCCTGCTGTTTCTAAAAACGAGGAATTACAATCATCACAACCAAACACTGACAGTAAAATAGAACCTACAACT
TCAGAACCTGTGAATTTAAATTATAGTTCTCCGTTTATGTCCTTATTAAGCATGCCTGCTGATAGTTCATCCAATAACAC
TAARAATACAATAGATATACCGCCAACTACGGTTAAAGGTAGAGATAATTACGATTTTTACGGTAGAGTAGATATCCARA
GTAATCCTACAGATTTAAATGCGACAAATTTAACGAGATATAATTATGGACAGCCACCTGGTACAACAACAGCTGGTGCA
GTTCAATTTAAAAATCAAGTTAGTTTTGATAAAGATTTCGACTTTAACATTAGAGTAGCAAACAATCGTCAAAGTAATAC
AACTGGTGCAGATGGTTGGGGCTTTATGTTCAGCAAGAAAGATGGGGATGATTTCCTAAAAAACGGTGGTATCTTACGTG
AARAAAGGTACACCTAGTGCAGCTGGTTTCAGAATTGATACAGGATATTATAATAACGATCCATTAGATAAAATACAGARA
CAAGCTGGTCAAGGCTATAGAGGGTATGCGACATTTGTTARAAATGACTCCCAAGGTAATACTTCTAAAGTAGGATCAGG
TACTCCATCAACAGATTTTCTTAACTACGCAGATAATACTACTAATGATTTAGATGGTAAATTCCATGGTCAAARATTAA
ATAATGTTAATTTGAAATATAATGCTTCAAATCAAACTTTTACAGCTACTTATGCTGGTAAAACTTGGACGGCTACGTTA
TCTGAATTAGGATTGAGTCCAACTGATAGTTACAATTTTTTAGTTACATCAAGTCAATATGGAAATGGTAATAGTGGTAC
ATACGCAGATGGCGTTATGAGAGCTCATTTAGATGGTGCAACATTGACATATACTCCTAAAGCAGTCGATGGAGACCCAA
TTACATCAACTAAGGARATACCATTTAATAAARAAACGCGAATTTGATCCAAACTTAGCGCCAGGTACAGAAAAAGTCGTT
CAAARAGGTGAACCAGGAATTGAAACAACAACAACACCAACTTATGTCAATCCTAATACTGGAGAAAAAGTAGGTGAAGG
CACACCTACAACARAGATCACTAAACAACCAGTGGATGARAATCGTTCATTATGGTGGCCGAAGARATCAAGCCAGGACATA
AAGATGAATTTGATCCAAATGCACCGAAAGGTAGTCAAACAACGCAACCAGGTAAGCCAGGAGTTAAAAATCCTGATACA
GGCGAAGTAGTCACACCACCAGTGGATGATGTGACAARATATGGTCCAGTTGATGGAGATCCGATTACGTCAACGGAAGA
AATTCCATTCGACAAGAAACGTGAATTCAATCCTGATTTARAACCAGGTGAAGAGCGTGTTAAACAAARAGGTGAACCAG
GAACAARAACAATTACAACACCAACAACTAAGAACCCATTAACAGGGGAAAAAGTTGGCGAAGGTGAACCAACAGAAARA
ATAACAAAARCAACCAGTAGATGAAATCACAGAATATGGTGGCGAAGAARATCAAGCCAGGCCATAAGGATGAATTTGATCC
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GAACGCACCGAAAGGTAGCCAAGAGGACGTTCCAGGTAAACCAGGAGTTAAAAATCCTGATACAGGCGAAGTAGTCACAC
CACCAGTGGATGATGTGACAAAATATGGTCCAGTTGATGGAGATCCCGATTACGTCAACGGAAGARAATTCCGTTTGATAAA
AAACGCGAATTTGATCCAAACTTAGCGCCAGGTACAGAGAAAGTCGTTCAAAAAGGTGAACCAGGAACAAAAACAATTAC
AACACCAACAACTAAGAACCCATTAACAGGAGAAAAAGTTGGCGAAGGTGAACCAACAGAAAAAATAACAAAACAACCAG
TGGATGAAATCGTTCATTATGGTGGCGAAGAAATCAAGCCAGGCCATAAGGATGAATTTGATCCGAACGCACCGAAAGGT
AGCCAAGAGGACGTTCCAGGTAAGCCAGGAGTTAAAAATCCTGATACAGGCGAAGTAGTCACACCACCAGTGGATGATGT
GACARAAATATGGTCCAGTTGATGGAGATCCGATTACGTCAACGGAAGAAATTCCATTCGACAAGAAACGTGAATTCAATC
CTGATTTAAAACCAGGTGAAGAGCGTGTTAAACAAAAAGGTGAACCAGGAACAAAAACAATTACAACACCAACAACTAAG
AACCCATTAACAGGGGAAAAAGTTGGCGAAGGTGAACCAACAGAAAAAGTAACAAAACAACCAGTGGATGAAATCGTTCA
TTATGGTGGCGAAGAAATCAAGCCAGGCCATAAGGATGAATTTGATCCAAATGCACCGAAAGGTAGCCAAGAAGACGTTC
CAGGTARACCAGGAGTTAAAARACCCTGATACAGGCGAAGTAGTTACTCCACCAGTGGATGATGTGACAAAATATGGTCCA
GTTGATGGAGATCCGATTACGTCAACGGAAGAAATTCCGTTTGATAAAAAACGCGAATTTGATCCAAACTTAGCGCCAGG
TACAGAGAAAGTCGTTCAAAAAGGTGAACCAGGAACAAAAACAATTACAACACCAACAACTAAGAACCCATTAACAGGAG
AAAAAGTTGGCGAAGGTGAACCAACAGAAAAAATAACAAAACAACCAGTGGATGAGATCGTTCATTATGGTGGCGAAGAA
ATCAAGCCAGGCCATAAGGATGAATTTGATCCGAACGCACCGAAAGGTAGTCAAACAACGCAACCAGGTAAGCCAGGAGT
TAAAAATCCTGATACAGGCGAAGTAGTCACACCACCAGTGGATGATGTGACAAAATATGGTCCAGTTGATGGAGATCCGA
TTACCGTCAACGGAAGAAATTCCGTTTGATAAAAAACGCGAATTTGATCCAAACTTAGCGCCAGGTACAGAGAAAGTCGTT
CAAAAAGGTGAACCAGGAACAAAAACAATTACAACGCCAACAACTAAGAACCCATTAACAGGAGAAANAGTTGGCGAAGG
TGAACCAACAGAAAAAATAACAAAACAACCAGTGGATGAGATTGTTCATTATGGTGGTGAACAAATACCACAAGGTCATA
AAGATGAATTTGATCCAAATGCACCTGTAGATAGTAAAACTGAAGTTCCAGGTAAACCAGGAGTTAAAAATCCTGATACA
GGTGAAGTTGTTACCCCACCAGTGGATGATGTGACAAAATATGGTCCGAAAGTTGGTAATCCAATCACATCAACGGAAGA
GATTCCATTTGATAAGARACGTGTATTTAATCCTGATTTAAAACCAGGTGAAGAGCGCGTTAAACAAAAAGGTGAACCAG
GAACAAAAACAATTACAACACCAATATTAGTTAATCCTATTACAGGAGAAAAAGTTGGCGAAGGTAAATCAACAGAAAAA
GTCACTAAACAACCTGTTGACGAAATTGTTGAGTATGGTCCAACAAAAGCAGAACCAGGTAAACCAGCGGAACCAGGTAA
ACCAGCGGAACCAGGTAAACCAGCGGAACCAGGTARACCAGCGGAACCAGGTACGCCAGCAGAACCAGGTAAACCAGCGG
AACCAGGTAAACCAGCGGAACCAGGTAAACCAGCGGAACCAGGTAAACCAGCGGAACCAGGTAAACCAGCGGAACCAGGT
ACGCCAGCAGAACCAGGTAAACCAGCGGAACCAGGTAAACCAGCGGAACCAGGTAAACCAGCGGAACCAGGTACGCCAGC
AGAACCAGGTAAACCAGCGGAACCAGGTACGCCAGCAGAACCAGGTAAACCAGCGGAACCAGGTACGCCAACACAATCAG
GTGCACCAGAACAACCAAATAGATCAATGCATTCAACAGATAATAAAAATCAATTACCTGATACAGGTGAAAATCGTCAA
GCTAATGAGGGAACTTTAGTCGGATCTCTATTAGCAATTGTCGGATCATTGTTCATATTTGGTCGTCGTAAAAAAGGTAA
TGAAAAATAA

SEQ ID NO:51 polynucleotide sequence
ATGAAGAAACTATATACATCTTATGGCACTTATGGATTTTTACATCAAATAAAAATCAATAACCCGACCCATCAACTATT
CCAATTTTCAGCATCAGATACTTCAGTTATTTTTGAAGAAACTGATGGTGAGACTGTTTTARAATCACCTTCAATATATG
AAGTTATTAAAGAAATTGGTGAATTCAGTGAACATCATTTCTATTGTGCAATCTTCATTCCTTCAACAGAAGATCATGCA
TATCAACTTGAAAAGAAACTGATTAGTGTAGACGATAATTTCAGAAACT TTGGTGGCTTTARAAAGCTATCGTTTGTTAAG
ACCTGCTAAAGGTACAACATATAAAATTTATTTCGGATTTGCTGATCGACATGCATACGAAGACTTTAAGCAATCTGATG
CCTTTAATGACCATTTTTCAAAAGACGCATTAAGTCATTACTTTGGTTCARAGCGGACAACATTCAAGTTATTTTGAAAGA
TATCTATACCCAATAARAGAATAG

SEQ ID NO:52 polynucleotide sequence
ATGTATTTATATACATCTTATGGGACTTACCAATTTTTAAATCAAATTAAACTTAATCATCAAGAACGTAGTTTATTTCA
ATTTTCCACTAATGATTCCTCAATAATCTTAGAAGAGTCTGAGGGAAAATCAATCTTAAAACATCCTAGTGCATATCAAG
TGATTGATAGCACAGGTGAATTTAACGAACATCATTTTTATAGTGCTATTTTTGTCCCTACATCTGAAGATCATCGTCAA
CAGCTAGAGAAAAAATTATTACTCGTAGACGTACCTTTAAGARATTTTGGTGGTTTTAAAAGCTATCGTTTATTAARACC
CACTGACGGGGTCTACCTACAAAATTTACTTTGGTTTTGCAAATCGAACAGCATATGAAGATTTCAAAGCTTCTGATATAT
TTAATGAAAACTTTTCAAAAGATGCATTGAGCCAATACTTTGGTGCTAGTGGTCAACATTCTAGCTACTTTGAAAGATAT
TTATATCCAATAGAAGATCATTAA

SEQ ID NO:53 polynucleotide sequence

ATGATTAACAGGGATAATAAAAAGGCAATAACAAARAAGGGTATGATTTCAAATCGCTTAAACAAATTTTCGATTAGAAA
GTATACTGTAGGAACTGCATCGATTTTAGTAGGTACGACATTGATTTTTGGTCTAGGGAACCAAGAAGCTAAAGCTGCTG
AAAACACTAGTACAGAAAATGCGAAACAAGATGATGCAACGACTAGTGATAATAAAGAAGTAGTGTCGGAAACTGARAAT
AATTCGACAACAGAAAATGATTCAACAAATCCAATTAAGAAAGAAACAAATACTGATTCACAACCAGAAGCTARAGAAGA
ATCAACTACATCAAGTACTCAACAACAGCAAAATAACGTTACAGCTACAACTGAAACTAAGCCTCAAAACATTGAAAAAG
AAAATGTTAAACCTTCAACTGATAARACTGCGACAGAAGATACATCTGTTATTTTAGAAGAGAAGAAAGCACCAAATTAT
ACARATAACGATGTAACTACAAAACCATCTACAAGTGAAATTCAAACAAAACCAACTACACCTCAAGAATCTACAAATAT
TGAAAATTCACAACCGCAACCAACGCCTTCAAAAGTAGACAATCAAGTTACAGATGCAACTAATCCARAAGAACCAGTAA
ATGTGTCAAAAGAAGAACTTAAAAATAATCCTGAGAAATTAAAAGAATTAGTTAGAAATGATAACAATACAGATCGTTCA
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ACTAAACCAGTTGCTACAGCTCCAACAAGTGTTGCACCAAAACGATTAAATGCGAAAATGCGTTTTGCAGTTGCACAACC
AGCAGCAGTTGCTTCAAATAATGTAAATGACTTAATTACAGTTACGAAACAGACGATCAAAGTTGGCCATGGTAAAGATA
ATGTGGCAGCAGCGCATGACGGTAAAGATATTGAATATGATACAGAGTTTACAATTGACAATAAAGTCAAAAANGGCGAT
ACAATGACGATTAATTATGATAAGAATGTAATTCCTTCGGATTTAACAGATAAAAATGATCCTATCGATATTACTGATCC
ATCAGGAGAGGTCATTGCCAAAGGAACATTTGATAAAGCGACTAAGCAAATCACATATACATTTACAGATTATGTAGATA
AATATGAAGATATAAAAGCACGTTTAACTTTATACTCATATATTGATAAGCAAGCAGTACCTAATGAAACTAGTTTGAAT
TTAACGTTTGCAACAGCAGGTAAAGAAACTAGCCAAAACGTTTCTGTTGATTATCAAGACCCAATGGTTCATGGTGATTC
AAACATTCAATCTATCTTTACAAAGTTAGATGAAAACAAACAAACTATTGAACAACAAATTTATGTTAATCCTTTGAAAA
AAACAGCAACTAACACTAAAGTTGATATAGCTGGTAGTCAAGTAGATGATTATGGAAATATTARACTAGGAAATGGTAGT
ACCATTATTGACCAAAATACAGAAATAAAAGTTTATAAAGTTAACCCTAATCAACAATTGCCTCAAAGTAATAGAATCTA
TGATTTTAGTCAATACGAAGATGTAACAAGTCAATTTGATAATAAAAAATCATTTAGTAATAATGTAGCAACATTGGATT
TTGGTGATATTAATTCAGCCTATATTATCAAAGTTGTTAGTAAATATACACCTACATCAGATGGCGAACTAGATATTGCT
CAAGGTACTAGTATGAGAACAACTGATAAATATGGTTATTATAATTATGCAGGATATTCAAACTTCATCGTAACTTCTAA
TGACACTGGCGGTGGCGACGGTACTGTTAAACCTGAAGAAAAGTTATACAAAATTGGTGACTATGTATGGGAAGACGTTG
ATAAAGACGGTGTCCAAGGTACAGATTCGAAAGAAAACGCCAATGGCAAACGTTTTAGTTACATTAACTTACCCGGACGGT
ACTACAAAATCAGTAAGAACAGATGCTAACGGTCATTATGAATTCGGTGGTTTGAAAGACGGAGAAACTTATACAGTTAA
ATTCGAAACGCCAGCTGGATATCTTCCAACAAAAGTAAATGGAACAACTGATGGTGAAAAAGACTCAAATGGTAGTTCTA
TAACTGTTAAAATTAATGGTAAAGATGATATGTCTTTAGACACTGGTTTTTATAAAGAACCTAAATATAATCTTGGTGAC
TATGTATGGGAAGATACAAATAAAGATGGTATCCAAGATGCTAATGAACCTGGTATCAAAGATGTTAAGGTTACATTAAA
AGATAGTACTGGARAAGTTATTGGTACAACTACTACTGATGCCTCGGGTAAATATAAATTTACAGATTTAGATAATGGTA
ACTATACAGTAGAATTTGAAACACCAGCAGGTTACACGCCAACGGTTAAARATACTACAGCTGAAGATAAAGATTCTAAT
GGTTTAACAACAACAGGTGTCATTAAAGATGCAGATAATATGACATTAGACAGTGGTTTCTATAAAACACCAAAATACAG
TTTAGGTGATTATGTTTGGTACGACAGTAATAAAGACGGTAAACAAGATTCAACTGAAAAAGGTATCAAAGATGTTAAAG
TTACTTTATTAAATGARAAAGCGCCAAGTAATTGGAACAACTAAAACAGATGAAAATGGTAAATATCGTTTCGATAATTTA
GATAGCGGTAAATACAAAGTTATTTTTGAAAAGCCTGCTGGCTTAACACAAACAGTTACAAATACAACTGAAGATGATAA
AGATGCCGATGGTGGCGAAGTTGACGTAACAATTACGGATCATGATGATTTCATACTTGATAACGGATACTTCGAAGAAG
ATACATCAGACAGTGATTCAGACTCAGACAGTGATTCAGACTCAGACAGCGACTCAGATTCAGACAGTGATTCAGACTCA
GATAGCGATTCAGATTCAGACAGCGACTCAGACTCAGATAGCGACTCAGACTCAGACAGCGACTCAGACTCAGATAGCGA
CTCAGATTCGGACAGCGATTCAGACTCAGATAGCGACTCAGATTCAGACAGCGATTCAGACTCAGATAGCGACTCAGATT
CAGACAGTGACTCAGACTCACGATAGCGACTCAGACTCAGACAGTGACTCAGACTCAGACAGCGATTCAGATTCAGATAGC
GACTCAGATTCGGACAGTGATTCAGACTCAGATAGCGACTCAGATTCAGACAGCGACTCAGACTCAGATAGCGACTCAGA
CTCAGACAGTGATTCAGACTCAGATAGCGATTCGGACTCGGATGCAGGAAAACATACACCTGTTAAACCAATGAGTACTA
CTAAAGACCATCACAATAAAGCAAAAGCATTACCAGAAACAGGTAGTGAAAATAACGGCTCAAATAACGCAACGTTATTT
GGTGGATTATTTGCAGCATTAGGTTCATTATTGTTATTCGGTCGTCGCAAAAAACAAAACAAATAA

SEQ ID NO:54 polynucleotide sequence

ATGATTAATAAAAAAAATAATTTACTAACTAAAAAGAAACCTATAGCAAATAAATCCAATAAATATGCAATTAGAAAATT
CACAGTAGGTACAGCGTCTATTGTAATAGGTGCAACATTATTGTTTGGTTTAGGTCATAATGAGGCCAAAGCCGAGGAGA
ATTCAGTACAAGACGTTAAAGATTCGAATACGGATGATGAATTATCAGACAGCAATGATCAGTCTAGTGATGAAGAAAAG
AATGATGTGATCAATAATAATCAGTCAATAAACACCGACGATAATAACCAAATAATTAAARAAGAAGAAACGAATAACTA
CGATGGCATAGARARACGCTCAGAAGATAGAACAGAGTCAACAACAAATGTAGATGAAAACGAAGCAACATTTTTACAAR
AGACCCCTCAAGATAATACTCATCTTACAGAAGAAGAGGTAAAAGAATCCTCATCAGTCGAATCCTCARATTCATCAATT
GATACTGCCCAACAACCATCTCACACAACAATAAATAGAGAAGAATCTGTTCAAACAAGTGATAATGTAGAAGATTCACA
CGTATCAGATTTTGCTAACTCTAARATAARAGAGAGTAACACTGAATCTGGTAAAGAAGAGAATACTATAGAGCAACCTA
ATAAAGTAAAAGAAGATTCAACAACAAGTCAGCCGTCTGGCTATACAAATATAGATGAAAAAATTTCAAATCAAGATGAG
TTATTAAATTTACCAATAAATGAATATGAAAATAAGGCTAGACCATTATCTACAACATCTGCCCAACCATCGATTARACG
TGTAACCGTAAATCAATTAGCGGCGGAACAAGGTTCGAATGTTAATCATTTAATTARAAGTTACTGATCAAAGTATTACTG
AAGGATATGATGATAGTGAAGGTGTTATTAAAGCACATGATGCTGAAAACTTAATCTATGATGTAACTTTTGAAGTAGAT
GATAAGGTGAAATCTGGTGATACGATGACAGTGGATATAGATAAGAATACAGTTCCATCAGATTTAACCGATAGCTTTAC
AATACCAAAAATAAAAGATAATTCTGGAGAAATCATCGCTACAGGTACTTATGATAACAAAAATAAACARATCACCTATA
CTTTTACAGATTATGTAGATAAGTATGAAAATATTAAAGCACACCTTAAATTAACGTCATACATTGATAARATCAAAGGTT
CCAAATAATAATACCAAGTTAGATGTAGAATATAAAACGGCCCTTTCATCAGTAAATAARACAATTACGGTTGAATATCA
AAGACCTAACGAAAATCGGACTGCTAACCTTCAAAGTATGTTTACAAACATAGATACGAAAAATCATACAGTTGAGCARA
CGATTTATATTAACCCTCTTCGTTATTCAGCCAAGGARACAAATGTAAATATTTCAGGGAATGGTGATGAAGGTTCAACA
ATTATAGACGATAGCACAATAATTAAAGTTTATAAGGTTGGAGATAATCAAAATTTACCAGATAGTAACAGAATTTATGA
TTACAGTGAATATGAAGATGTCACAAATGATGATTATGCCCAATTAGGAAATAATAATGATGTGAATATTAATTTTGGTA
ATATAGATTCACCATATATTATTAAAGTTATTAGTAAATATGACCCTAATAAGGATGATTACACGACTATACAGCAAACT
GTGACAATGCAGACGACTATAAATGAGTATACTGGTGAGTTTAGAACAGCATCCTATGATAATACAATTGCTTTCTCTAC
AAGTTCAGGTCAAGGACAAGGTGACTTGCCTCCTGAAAAAACTTATAAAATCGGAGATTACGTATGGGAAGATGTAGATA
AAGATGGTATTCAARATACAAATGATAATGAAAAACCGCTTAGTAATGTATTGGTAACTTTGACGTATCCTGATGGAACT
TCARAATCAGTCAGAACAGATGAAGATGGGAAATATCAATTTGATGGATTGARAAACGGATTGACTTATAAAATTACATT
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CGAAACACCTGAAGGATATACGCCGACGCTTAAACATTCAGGAACAAATCCTGCACTAGACTCAGAAGGTAATTCTGTAT
GGGTAACTATTAATGGACAAGACGATATGACGATTGATAGTGGATTTTATCAAACACCTAAATACAGCTTAGGGAACTAT
GTATGGTATGACACTAATAAAGATGGTATTCAAGGTGATGATGAAAAAGGAATCTCTGGAGTTAAAGTGACGTTAAAAGA
TGAAAACGGAAATATCATTAGTACAACTACAACCGATGAAAATGGAAAGTATCAATTTGATAATTTAAATAGTGGTAATT
ATATTGTTCATTTTGATAAACCTTCAGGTATGACTCAAACAACAACAGATTCTGGTGATGATGACGAACAGGATGCTGAT
GGGGAAGAAGTTCATGTAACAATTACTGATCATGATGACTTTAGTATAGATAACGGATACTATGATGACGAATCGGATTC
CGATAGTGACTCAGACAGCGACTCAGATTCCGATAGTGATTCAGACTCCGATAGCGACTCGGATTCAGACAGCGACTCAG
ATTCAGACAGCGACTCGGATTCTGATAGCGACTCGGATTCAGACAGCGACTCAGACTCAGACAGTGATTCAGATTCAGAC
AGCGACTCAGATTCCGATAGTGATTCAGACTCAGACAGCGACTCAGATTCTGATAGTGATTCAGACTCAGACAGTGATTC
AGATTCAGACAGCGACTCAGATTCCGATAGTGATTCAGACTCAGACAGCGACTCAGATTCCGATAGTGATTCAGACTCAG
ACAGCGACTCAGATTCTGATAGTGATTCAGACTCAGACAGTGATTCAGATTCCGATAGTGATTCAGACTCCGATAGCGAC
TCAGACTCGGATAGTGACTCAGATTCTGATAGTCGATTCAGACTCAGACAGTGATTCGGATTCCGATAGTGATTCAGACTC
AGACAGCGACTCAGATTCTGATAGTGATTCAGACTCAGACAACGACTCAGATTTAGGCAATAGCTCAGATAAGAGTACAA
AAGATAAATTACCTGATACAGGAGCTAATGAAGATTATGGCTCTAAAGGCACGTTACTTGGAACTCTGTTTGCAGGTTTA
GGAGCGTTATTATTAGGGAAACGTCGCAAAAATAGAAAAANTAAAAATTAA

SEQ ID NO:SS polynucleotide sequence
ATGTCTAATAATTTTAAAGATGACTTTGAAAAAAATCGTCAATCGATAGACACAAATTCACATCAAGACCATACGGAAGA
TGTTGAAAAAGACCAATCAGAATTAGAACATCAGGATACAATAGAGAATACGGAGCAACAGTTTCCGCCAAGAAATGCCC
AAAGAAGAAAAAGACGCCGTGATTTAGCAACGAATCATAATAAACAAGTTCACAATGAATCACAAACATCTGAAGACAAT
GTTCAAAATGAGGCTGGCACAATAGATGATCGTCAAGTCGAATCATCACACAGTACTGAAAGTCAAGAACCTAGCCATCA
AGACAGTACACCTCAACATGAAGAGGAATATTATAATAAGAATGCTTTTGCAATGGATAAATCACATCCAGAACCAATCG
AAGACAATGATAAACACGAGACTATTAAAGATGCAGAARATAACACTGAGCATTCAACAGTTTCTGATAAGAGTATAGCT
GAACAATCTCAGCAACCTAAACCATATTTTGCAACAGGTGCTAACCAAGCAAATACATCAAAAGATAAACATGATGATGT
AACTGTTAAGCAAGACAAAGATGAATCTAAAGATCATCATAGTGGTARAAAAGGCGCAGCAATTGGTGCTGGAACAGCGG
GTGTTGCAGGTGCAGCTGGTGCAATGGGTGTTTCTAAAGCTAAGAAACATTCAAATGACGCTCAAAACAAAAGTAATTCT
GACAAGTCGAATAACTCGACTGAGGATAAAGCGTCTCAAGATAAGTCTAAAGATCATCATAATGGCAAARAAGGTGCAGC
GATCGGTGCTGGAACAGCAGGTTTGGCTGGAGGCGCAGCAAGTAAARGTGCTTCTGCCGCTTCAAARCCACATGCCTCTA
ATAATGCAAGCCAAAACCATGATGAACATGACAATCATGACAGAGATAAAGAACGTAAAAAAGGTGGCATGGCCAAAGTA
TTGTTACCATTAATTGCAGCTGTACTAATTATCGGTGCATTAGCGATATTTGGAGGCATGGCATTAAACAATCATAATAA
TGGTACAAAAGAAAATAAAATCGCGAATACAAATAAAAATAATGCTGATGAAAGTARAGACAAAGACACATCTAAAGACG
CTTCTAAAGATAAATCAAAATCTACAGACAGTGATAAATCAAAAGAGGATCAAGACAAAGCGACTAAAGATGAATCTGAT
AATGATCAAAACAACGCTAATCAAGCGAACAATCAAGCACAAAATAATCAAAATCAACAACAAGCTAATCAAAATCAACA
ACAGCAACAACAACGTCAAGGTGGTGGCCAAAGACATACAGTGAATGGTCAAGAAAACTTATACCGTATCGCAATTCAAT
ACTACGGTTCAGGTTCACCGGAARATGTTGAAAAAATTAGACGTGCCAATGGTTTAAGTGGTAACAATATTAGAAACGGT
CAACAAATCGTTATTCCATAA

SEQ ID NO:56 polynucleotide sequence
GTGATTGAATTAATTAAAATGGAAGGGATGATAGTTGTGTCTAATAATAATTTTAAAGATGATTTCGAARAGAATCGTCA
ATCTATTAATCCAGACGAACAGCAAACAGAATTAAAAGAAGATGATAAAACAAATGAARATAAAAAAGAAGCTGACTCTC
AAAACAGTTTATCTAATAACTCAAATCAACAATTTCCTCCGAGARATGCCCAACGACGARAARAGACGTAGAGAGACAGCA
ACTAATCAAAGCAAACAACAAGACGACAAACATCAAAARAATAGTGACGCTAAAACTACAGAAGGTTCATTAGATGACCG
TTATGACGAAGCACAGTTACAGCAACAACATGATAAATCGCAACAACAAAATAAAACTGAAAAACAATCACAAGATAATA
GAATGAAAGATGGAAAAGATGCAGCTATTGTAAATGGAACATCTGAGTCACCAGAACATAAATCAAAATCAACACAAAAT
AGACCCGGCCCTAAAGCTCAACAACAAAAGCGTAAATCAGAAAGTACGCAATCAAAACCGTCAACAAACAAAGATAAAAA
AGCAGCTACAGGTGCTGGAATAGCTGGTGCAGCTGGTGTTGCTGGTGCAGCAGAAACATCCAAACGTCATCATAATARAA
ARGATARACAAGATTCTAAACACTCAAACCATGAGAATGACGAAAAATCTGTTAAAAATGATGACCAAAAGCAATCTAAA
AAAGGCAAAAAAGCAGCAGTCGGTGCTGGCGCAGCTGCAGGAGTTGGTGCGGCTGGTGTTGCGCATCATAATAATCAARA
TAAACATCATAATGAGGAAAARAATTCTAATCAAAACAATCAGTACAATGACCAATCAGAAGGTAAGAAAAAAGGTGGTT
TCATGAARATCTTGTTACCACTTATAGCAGCCATTCTTATTCTAGGTGCAATAGCAATATTCGGTGGTATGGCTCTAAAT
AATCACAACGATAGTAARAGTGATGACCAAAAAATAGCGAATCAAAGTAAGAAAGACTCAGATARAAAAGATGGTGCGCA
ATCCGAAGATAACAAAGACAAAAAATCTGATAGTAACAAAGACAAAAAATCTGATTCTGATAAGAACGCAGATGATGACT
CTGATAATAGTTCCTCAAATCCTAACGCTACTTCAACTAATAATAACGATAATGTAGCCAATAATAACTCAAATTATACA
AACCAAAATCAACAAGATAATGCAAACCAARATAGCAATAATCAACAGGCAACTCAAGGTCAACAATCACATACAGTATA
CGGTCAAGARAACTTATATCGTATCGCCATACAATATTATGGAGAAGGAACTCARGCTAACGTAGATAAAATTAAACGTG
CGAATGGATTAAGCAGTAATAATATTCATAATGGTCAAACATTAGTTATTCCTCAATAA

SEQ ID NO:57 polynucleotide sequence
ATGAAAAATAAATTGATAGCAAAATCTTTATTAACAATAGCGGCAATTGGTATTACTACAACTACAATTGCGTCAACAGC
AGATGCGAGCGAAGGATACGGTCCAAGAGAAAAGAAACCAGTGAGTATTAATCACAATATCGTAGAGTACAATGATGGTA
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CTTTTAAATATCAATCTAGACCAAAATTTAACTCAACACCTAAATATATTAAATTCAAACATGACTATAATATTTTAGAA
TTTAACGATGGTACATTCGAATATGGTGCACGTCCACAATTTAATAAACCAGCAGCGAAAACTGATGCAACTATTAAAAA
AGAACRAAAATTGATTCAAGCTCAAAATCTTGTGAGAGAATTTGAAAAAACACATACTGTCAGTGCACACAGAAAAGCAC
AAAAGGCAGTCAACTTAGTTTCGTTTGAATACAAAGTGAAGAAAATGGTCTTACAAGAGCGAATTGATAATGTATTARAA
CAAGGATTAGTGAGATAA

SEQ ID NO:58 polynucleotide sequence

ATGAAAACACGTATAGTCAGCTCAGTAACAACAACACTATTGCTAGGTTCCATATTAATGAATCCTGTCGCTAATGCCGC
AGATTCTGATATTAATATTAAAACCGGTACTACAGATATTGGAAGCAATACTACAGTAAAAACAGGTGATTTAGTCACTT
ATGATAAAGARAAATGGCATGCACARARAAGTATTTTATAGTTTTATCGATGATARAAATCACAATAAAAAACTGCTAGTT
ATTAGAACGAAAGGTACCATTGCTGGTCAATATAGAGTTTATAGCGAAGAAGGTGCTAACAAAAGTGGTTTAGCCTGGCC
TTCAGCCTTTAAGGTACAGTTGCAACTACCTGATAATGAAGTAGCTCARATATCTGATTACTATCCAAGAAATTCGATTG
ATACAAAAGAGTATATGAGTACTTTAACTTATGGATTCAACGGTAATGTTACTGGTGATGATACAGGARAAATTGGCGGC
CTTATTGGTGCAAATGTTTCGATTGGTCATACACTGAAATATGTTCAACCTGATTTCARAACAATTTTAGAGAGCCCAAC
TGATAAARAAGTAGGCTGGAAAGTGATATTTAACAATATGGTGAATCAAAATTGGGGACCATATGATAGAGATTCTTGGA
ACCCGGTATATGGCAATCAACTTTTCATGAAAACTAGAAATGGTTCTATGAAAGCAGCAGAGAACTTCCTTGATCCTAAC
AAAGCAAGTTCTCTATTATCTTCAGGGTTTTCACCAGACTTCGCTACAGTTATTACTATGGATAGAAAAGCATCCAAACA
ACAAACAAATATAGATGTAATATACGAACGAGTTCGTGATGACTACCAATTGCATTGGACTTCAACAAATTGGAAAGGTA
CCAATACTAAAGATAAATGGACAGATCGTTCTTCAGAAAGATATARAATCGATTGGGAAAAAGAAGAAATGACAAATTAA

SEQ ID NO:59 polynucleotide sequence
ATACACATGAAAAATAAATATATCTCGAAGTTGCTAGTTGGGGCAGCAACAATTACTTTAGCTACAATGATTTCARATGG
GGAAGCAAAAGCGAGTGAAAACACGCAACAAACTTCAACTAAGCACCAAACAACTCAAAACAACTACGTAACAGATCAAC
AAAAAGCTTTTTATCAAGTATTACATCTAAAAGGTATCACAGAAGAACAACGTAACCAATACATCAAAACATTACGCGAA
CACCCAGAACGTGCACAAGAAGTATTCTCTGAATCACTTAAAGACAGCAAGAACCCAGACCGACGTGTTGCACAACAAAA
CGCTTTTTACAATGTTCTTAAAAATGATAACTTAACTGAACAAGAAAAAAATAATTACATTGCACAAATTAAAGAAAACC
CTGATAGAAGCCAACAAGTTTGGGTAGAATCAGTACAATCTTCTAAAGCTAAAGAACGTCAAAATATTGAAAATGCGGAT
AAAGCAATTAAAGATTTCCAAGATAACAAAGCACCACACGATAAATCAGCAGCATATGAAGCTARCTCARAATTACCTAA
AGATTTACGCGATAAAAATAACCGCTTTGTAGAAAAAGTTTCAATTGAAARAGCAATCGTTCGTCATGATGAGCGTGTGA
AATCAGCAAATGATGCAATCTCAAAATTAAATGAAAAAGATTCAATTGARAACAGACGTTTAGCACAACGTGAAGTTAAC
AAAGCACCTATGGATGTAAAAGAGCATTTACAGAAACAATTAGACGCATTAGTAGCTCAAAAAGATGCTGAARAGAAAGT
GGCGCCARAAGTTGAGGCTCCTCAAATTCAATCACCACAAATTGARAAACCTARAGCAGAATCACCAARAGTTGAAGTCC
CTCAATCTAAATTATTAGGTTACTACCAATCATTAARAGATTCATTTAACTATGGTTACAAGTATTTAACAGATACTTAT
AAAAGCTATAAAGAAAAATATGATACAGCAAAGTACTACTATAATACGTACTATAAATACAAAGGTGCGATTGATCAAAC
AGTATTAACAGTACTAGGTAGTGGTTCTAAATCTTACATCCAACCATTGAAAGTTGATCGATAAAAACGGCTACTTAGCTA
AATCATATGCACAAGTAAGAAACTATGTAACTGAGTCAATCAATACTGGTAAAGTATTATATACTTTCTACCAAAACCCA
ACATTAGTAAAAACAGCTATTAAAGCTCAAGAAACTGCATCATCAATCAAAAATACATTAAGTAATTTATTATCATTCTG
GAAATAA

SEQ ID NO:60 polynucleotide sequence
ATGACAAAACATTATTTAAACAGTAAGTATCAATCAGAACAACGTTCATCAGCTATGAAAAAGATTACAATGGGTACAGC
ATCTATCATTTTAGGTTCCCTTGTATACATAGGCGCAGACAGCCAACAAGTCAATGCGGCAACAGAAGCTACGAACGCAA
CTAATAATCAAAGCACACAAGTTTCTCAAGCAACATCACAACCAATTAATTTCCAAGTGCAAARAGATGGCTCTTCAGAG
AAGTCACACATGGATGACTATATGCAACACCCTGGTAAAGTAATTAAACAAAATAATAAATATTATTTCCAAACCGTGTT
AAACAATGCATCATTCTGGAAAGAATACAAATTTTACAATGCAAACAATCAAGAATTAGCAACAACTGTTGTTAACGATA
ATAAAAAAGCGGATACTAGAACAATCAATGTTGCAGTTGAACCTGGATATAAGAGCTTAACTACTAAAGTACATATTGTC
GTGCCACAAATTAATTACAATCATAGATATACTACGCATTTGGAATTTGAAAAAGCAATTCCTACATTAGCTGACGCAGC
AAAACCAAACAATGTTAAACCGGTTCAACCAARACCAGCTCAACCTAAAACACCTACTGAGCAARCTAAACCAGTTCAAC
CTAAAGTTGAAAAAGTTAAACCTACTGTAACTACAACAAGCAAAGTTGAAGACAATCACTCTACTAARGTTGTAAGTACT
GACACAACAAAAGATCAAACTAAAACACAAACTGCTCATACAGTTAAAACAGCACAAACTGCTCAAGAACARAATAARGT
TCAAACACCTGTTAAAGATGTTGCAACAGCGAAATCTGAAAGCARCAATCAAGCTGTAAGTGATAATAAATCACAACAAA
CTAACAAAGTTACAAAACATAACGAAACGCCTAAACAAGCATCTAAAGCTAAAGAATTACCAAARACTGGTTTAACTTCA
GTTGATAACTTTATTAGCACAGTTGCCTTCGCAACACTTGCCCTTTTAGGTTCATTATCTTTATTACTTTTCAAAAGAAA
AGAATCTARATAA

SEQ ID NO:61 polynucleotide sequence

ATGAACAAACAGCAAARAAGAATTTAAATCATTTTATTCAATTAGAAAGTCATCACTAGGCGTTGCATCTGTAGCGATTAG
TACACTTTTATTATTAATGTCAAATGGCGAAGCACAAGCAGCAGCTGAAGARACAGGTGGTACAAATACAGAAGCACAAC
CARAAACTGAAGCAGTTGCAAGTCCAACAACAACATCTGAAAAAGCTCCAGAAACTAAACCAGTAGCTAATGCTGTCTCA
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GTATCTAATAAAGAAGTTGAGGCCCCTACTTCTGAAACAAAAGAAGCTAAAGAAGTTAAAGAAGTTAAAGCCCCTAAGGA
AACAAAAGCAGTTAAACCAGCAGCAAAAGCCACTAACAATACATATCCTATTTTGAATCAGGAACTTAGAGAAGCGATTA
AAAACCCTGCAATAAAAGATAAAGATCATAGCGCACCAAACTCTCGTCCAATTGATTTTGAAATGAAAAAAGARAATGGT
GAGCAACAATTTTATCATTATGCCAGCTCTGTTAAACCTGCTAGAGTTATTTTCACTGATTCAAAACCAGAAATTGAATT
AGGATTACAATCAGGTCAATTTTGGAGAAAATTTGAAGTTTATGAAGGTGACAAAAAGTTGCCAATTAAATTAGTATCAT
ACGATACTGTTAAAGATTACGCTTACATTCGCTTCTCTGTTTCAAATGGAACAAAAGCCGTTAAAATTGTAAGTTCAACT
CACTTCAATAACAAAGAAGAAAAATACGATTACACATTAATGGAATTCGCACAACCAATTTATAACAGTGCAGATAAATT
CAAAACTGAAGAAGATTATAAAGCTGAAAAATTATTAGCGCCATATAAAAAAGCGAAAACACTAGAAAGACAAGTTTATG
AATTAAATAAAATTCAAGATAAACTTCCTGAAAAATTAAAGGCTGAGTACAAGAAGAAATTAGAGGATACAAAGAAAGCT
TTAGATGAGCAAGTGAAATCAGCTATTACTGAATTCCAAAATGTACAACCAACAAATGAAAARATGACTGATTTACAAGA
TACAAAATATGTTGTTTATGAAAGTGTTGAGAATAACGAATCTATGATGGATACTTTTGTTAAACACCCTATTAAAACAG
GTATGCTTAACGGCAAAAARATATATGGTCATGGAAACTACTAATGACGATTACTGGAAAGATTTCATGGTTGAAGGTCAA
CGTGTTAGAACTATAAGCAAAGATGCTAAAAATAATACTAGAACAATTATTTTCCCATATGTTGAAGGTAAAACTCTATA
TGATGCTATCGTTAARAGTTCACGTAAAAACGATTGATTATGATGGACAATACCATGTCAGAATCGTTGATAAAGAAGCAT
TTACAAAAGCCAATACCGATAAATCTAACAAAAAAGAACAACAAGATAACTCAGCTAAGAAGGAAGCTACTCCAGCTACG
CCTAGCAAACCAACACCATCACCTGTTGAAAAAGAATCACAAAAACAAGACAGCCAAAAAGATGACAATAAACAATTACC
AAGTGTTGAAAAAGAAAATGACGCATCTAGTGAGTCAGGTAAAGACAAAACGCCTGCTACAARAACCAACTAAAGGTGARG
TAGAATCAAGTAGTACAACTCCAACTAAGGTAGTATCTACGACTCAAAATGTTGCAAAACCAACAACTGCTTCATCAAAA
ACAACAAAAGATGTTGTTCAAACTTCAGCAGGTTCTAGCGAAGCAARAGATAGTGCTCCATTACAAAAAGCAAACATTAA
AAACACAAATGATGGACACACTCAAAGCCAAAACAATAAAAATACACAAGAAAATAAAGCAAAATCATTACCACAAACTG
GTGAAGAATCAAATAAAGATATGACATTACCATTAATGGCATTACTAGCTTTAAGTAGCATCGTTGCATTCGTATTACCT
AGAAAACGTAAAAACTAA

SEQ ID NO:62 polynucleotide sequence
ATGAATAATAAAAAGACAGCAACAAATAGAAAAGGCATGATACCAAATCGATTAAACAAATTTTCGATAAGARAGTATTC
TGTAGGTACTGCTTCAATTTTAGTAGGGACAACATTGATTTTTGGGTTAAGTGCTCATGAAGCTAAAGCGGCAGAACATA
CGAATGGAGAATTAAATCAATCAAAAAATGAAACGACAGCCCCAAGTGAGAATAAAACAACTGARAAAGTTGATAGTCGT
CAACTAAAAGACAATACGCAAACTGCAACTGCAGATCAGCCTAAAGTGACAATGAGTGATAGTGCAACAGTTAAAGAAAC
TAGTAGTAACATGCAATCACCACAAAACGCTACAGCTAGTCAATCTACTACACAAACTAGCAATGTAACAACAAATGATA
AATCATCAACTACATATAGTAATGAAACTGATAAAAGTAATTTAACACAAGCARRAAACGTTTCAACTACACCTAAAACA
ACGACTATTAAACAAAGAGCTTTAAATCGCATGGCAGTGAATACTGTTGCAGCTCCACAACAAGGAACAAATGTTAATGA
TAAAGTACATTTTACGAACATTGATATTGCGATTGATAAAGGACATGTTAATAAAACAACAGGAAATACTGAATTTTGGG
CAACTTCAAGTGATGTTTTAAAATTAAAAGCGAATTACACAATCGATGATTCTGTTAAAGAGGGCGATACATTTACTTTT
AAATATGGTCAATATTTCCGTCCAGGTTCTGTAAGATTACCTTCACAAACTCAAAATTTATATAATGCCCAAGGTAATAT
TATTGCAAAAGGTATTTACGATAGTAAAACAAATACAACAACGTATACTTTTACGAATTATGTAGATCAATACACAAATG
TTAGCGGTAGCTTTGAACAAGTCGCATTTGCGAAACGTGAARATGCAACAACTGATAAAACTGCTTATAAAATGGAAGTA
ACTTTAGGTAATGATACATATAGTAAAGATGTCATTGTCGATTATGGTAATCAAAAAGGTCAACAACTTATTTCGAGTAC
AAATTATATTAATAATGAAGATTTGTCACGTAATATGACTGTTTATGTAAATCAACCTAAAAAGACCTATACAARAGAAR
CATTTGTAACAAATTTAACTGGTTATAAATTTAATCCAGATGCTAAAAACTTCAAAATTTACGAAGTGACAGATCAAAAT
CAATTTGTGGATAGTTTCACCCCAGATACTTCAAAACTTAAAGATGTTACTGGTCAATTCGATGTTATTTATAGTAATGA
TAATAAGACGGCGACAGTAGATTTATTGAATGGTCAATCTAGTAGTGATAAACAGTACATCATTCAACAAGTTGCTTATC
CAGATAATAGTTCAACAGATAATGGGAAAATTGATTATACTTTAGAAACACAAAATGGAAAAAGTAGTTGGTCARACAGT
TATTCAAATGTGAATGGCTCATCAACTGCAAATGGCGACCAAAAGAAATATAATCTAGGTGACTATGTATGGGAAGATAC
AAATAAAGATGGTAAACAAGATGCCAATGAAAAAGGGATTAAAGGTGTTTATGTCATTCTTAAAGATAGTAACGGTAAAG
AATTAGATCGTACGACAACAGATGAAAATGGTAAATATCAGTTCACTGGTTTAAGCAATGGAACTTATAGTGTAGAGTTT
TCAACACCAGCCGGTTATACACCGACAACTGCAAATGCAGGTACAGATGATGCTGTAGATTCTGATGGACTAACTACAAC
AGGTGTCATTAAAGACGCTGACAACATGACATTAGATAGTGGATTCTACAAAACACCAAAATATAGTTTAGGTGATTATG
TTTGGTACGACAGTAATAAAGATGGTAAACAAGATTCGACTGAAARAGGAATTARAGGTGTTAAAGTTACTTTGCAAAAC
GAAAAAGGCGAAGTAATTGGTACAACTGAAACAGATGAARATGGTAAATACCGCTTTGATAATTTAGATAGTGGTAAATA
CAAAGTTATCTTTGAAAAGCCTGCTGGTTTAACTCAAACAGGTACAAATACAACTGAAGATGATAAAGATGCCGATGGTG
GCGAAGTTGATGTAACAATTACGGATCATGATGATTTCACACTTGATAATGGCTACTACGAAGAAGAAACATCAGATAGT
GACTCAGATTCGGACAGCGATTCAGACTCAGATAGCGACTCAGATTCAGATAGTGACTCAGACTCAGATAGCGACTCAGA
CTCAGATAGCGACTCAGACAGCGACTCAGACTCAGATAGTGATTCAGATTCGGACAGCGACTCAGATTCAGACAGCGAAT
CAGATTCGGATAGCGACTCAGACTCAGATAGCGACTCAGACAGCGACTCAGATTCAGACAGTGACTCAGACTCAGACAGC
GACTCAGATTCAGACAGCGATTCAGATTCGGATAGCGACTCAGATTCAGATAGCGATTCGGACTCAGACAACGACTCAGA
TTCTGACAGCGATTCAGACTCAGATAGCGACTCAGATTCAGACAGCGACTCAGATTCAGACAGCGATTCAGATTCAGATA
GCGATTCAGATTCAGACAGCGACTCAGATTCAGATAGCGACTCAGACTCAGACAGCGATTCAGACTCAGATAGCGACTCA
GACAGCGATTCAGATTCGGATAGCGATTCAGATTCAGATGCAGGTAAACATACTCCGACTAAACCAATGAGTACGGTTAA
AGATCAGCATAAAACAGCTAAAGCATTACCAGARACAGGTAGTGAAAATAATAATTCAAATAATGGCACATTATTCGGTG
GATTATTCGCGGCATTAGGATCATTATTGTTATTCGGTCGTCGTAAAAAACAAAATAAATAA
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SEQ ID NO:63 polynucleotide sequence
ATGAATATGAAGAAAAAAGAAAAACACGCAATTCGGAARAAATCGATTGGCATGGCTTCAGTGCTTGTAGGTACGTTAAT
CGGTTTTGGACTACTCAGCAGTAARGAAGCAGATGCAAGTGAARATAGTGTTACGCAATCTGATAGCGCAAGTAACGAAA
GCAAAAGTAATGATTCAAGTAGCGTTAGTGCTGCACCTAAAACAGACGACACARACGTGAGTGATACTAARACATCGTCA
AACACTAATAATGGCGAAACGAGTGTGGCGCAAAATCCAGCACAACAGGAAACGACACAATCATCATCAACAARATGCAAC
TACGGAAGAAACGCCGGTAACTGGTGAAGCTACTACTACGACAACGAATCAAGCTAATACACCGGCAACAACTCAATCAA
GCAATACAAATGCGGAGGAATTAGTGAATCAAACAAGTAATGARACCGACTTCTAATGATACTAATACAGTATCATCTGTA
AATTCACCTCAAAATTCTACAAATGCGGAAAATGTTTCAACAACGCAAGATACTTCAACTGAAGCAACACCTTCAAACAA
TGAATCAGCTCCACAGAATACAGATGCAAGTAATAAAGATGTAGTTAGTCAAGCGGTTAATCCAAGTACGCCTAGAATGA
GAGCATTTAGTTTAGCGGCAGTAGCTGCAGATGCACCGGCAGCTGGCACAGATATTACGAATCAGTTGACAGATGTGARA
GTTACTATTGACTCTGGTACGACTGTGTATCCGCACCAAGCAGGTTATGTCAAACTGAATTATGGTTTTTCAGTGCCTAA
TTCTGCTGTTAAAGGTGACACATTCAAAATAACTGTACCTAAAGAATTAAACTTAAATGGTGTAACTTCAACTGCTAAAG
TGCCACCAATTATGGCTGGAGATCAAGTATTGGCARATGGTGTAATCGATAGTGATGGTAATGTTATTTATACATTTACA
GACTATGTTGATAATAAAGAAAATGTAACAGCTAATATTACTATGCCAGCTTATATTGACCCTGAAAATGTTACARAGAC
AGGTAATGTGACATTGACAACTGGCATAGGAACCAATACTGCTAGTAAGACAGTATTAATCGACTATGAGAAATATGGAC
AATTCCATAATTTATCAATTAAAGGTACGATTGATCAAATCGATAAAACAAATAATACGTATCGCCAAACAATTTATGTC
AATCCAAGCGGAGATAACGTTGTGTTACCTGCCTTAACAGGTAATTTAATTCCTAATACAAAGAGTAATGCGTTAATAGA
TGCAARAAAACACTGATATTAAAGTTTATAGAGTCGATAATGCTAATGATTTATCTGAAAGTTATTATGTGAATCCTAGCG
ATTTTGAAGATGTAACTAATCAAGTTAGAATTTCATTTCCAAATGCTAATCAATACAAAGTAGAATTTCCTACGGACGAT
GACCAAATTACAACACCGTATATTGTAGTTGTTAATGGCCATATTGATCCTGCTAGTACAGGTGATTTAGCACTACGTTC
GACATTTTATGGTTATGATTCTAATTTTATATGGAGATCTATGTCATGGGACAACGAAGTAGCATTTAATAACGGATCAG
GTTCTGGTGACGGTATCGATAAACCAGTTGTTCCTGAACAACCTGATGAGCCTGGTGAAATTGAACCAATTCCAGAGGAT
TCAGATTCTGACCCAGGTTCAGATTCTGGCAGCGATTCTAATTCAGATAGCGGTTCAGATTCTGGCAGTGATTCTACATC
AGATAGTGGTTCAGATTCAGCGAGTGATTCAGATTCAGCAAGTGATTCAGACTCAGCGAGTGATTCAGATTCAGCAAGTG
ATTCAGATTCAGCAAGTGATTCAGATTCAGCAAGTGATTCAGACTCAGCAAGTGATTCAGATTCAGCAAGTGATTCAGAT
TCAGCAAGCGATTCAGATTCAGCGAGCGATTCAGATTCAGCGAGCGATTCAGATTCAGCGAGTGATTCCGACTCAGCGAG
CGATTCAGACTCAGATAGTGACTCAGATTCCGATAGCGATTCCGACTCAGATAGCGACTCAGATTCAGACAGCGATTCTG
ACTCAGACAGCGATTCTGACTCAGACAGTGACTCAGATTCCGATAGCGATTCTGACTCAGACAGTGACTCAGATTCCGAT
AGCGATTCAGATTCAGACAGTGATTCAGACTCAGATAGCGATTCAGATTCCGACAGTGACTCAGACTCAGACAGCGATTC
AGATTCCGATAGCGATTCAGATTCCGACAGTGACTCAGATTCCGATAGTGACTCGGATTCAGCGAGTGATTCAGATTCAG
ATAGCGATTCAGAATCAGATAGTGACTCAGACTCAGACAGTGATTCAGATTCAGATAGTGACTCAGACTCAGACAGCGAT
TCAGAATCAGATAGTGACTCCGATTCAGACAGCGATTCAGAATCAGATAGTGACTCCGATTCAGATAGCGATTCGGATTC
AGCGAGTGATTCAGACTCAGGTAGTGACTCCGATTCATCAAGTGATTCAGATTCCGATTCAACGAGTGACACAGGATCAG
ACAACGACTCAGACAGTGATTCAAATAGCGATTCCGAGTCAGGTTCTAACAATAATGTAGT TCCGCCTAATTCACCTAAA
AATGGTACTAATGCTTCTAATAAAAATGAGGCTARAGATAGTAAAGAACCATTACCAGATACAGGTTCTGAAGATGAAGC
GAATACGTCACTAATTTGGGGATTATTAGCATCATTAGGTTCATTACTACTTTTCAGAAGAAAAAAAGAAAATAAAGATA
AGAAATAA

SEQ ID NO:64 polynucleotide sequence

GTGAAAAACAATCTTAGGTACGGCATTAGAAAACATAAATTGGGACCAGCATCAGTATTCTTAGGAACAATGATCGTTGT
TGGGATGGGACAAGATAAAGAAGCTGCAGCATCAGAACARAAGACAACTACAGTAGAAGAAAATGGGAATTCAGCTACTG
ATAATAAAACAAGTGAAACACAAACAACTGCTACTAACGTTAATCATATAGAAGAAACTCAATCATATAACGCAACAGTA
ACAGAACAACCGTCARACGCAACACAAGTAACAACTGAAGAAGCACCAARAGCAGTACAAGCACCACARACTGCACAACC
AGCARATGTAGARACAGTTARAGAAGAAGAGAAACCTCAAGTTAAGGAAACGACACAACCTCAAGACAATAGCGGAAATC
AAAGACAAGTAGATTTAACACCTAAAAAGGTTACACAAAATCAAGGGACAGAAACACAAGTTGAAGTGGCACAGCCAAGA
ACGGCATCAGAAAGTAAGCCACGTGTGACAAGATCAGCAGATGTAGCGGAAGCTAAGGAAGCTAGTGACGTTTCAGAAGT
TAAAGGCACAGATGTTACAAGTAAAGTTACAGTAGAAAGTGGTTCTATTGAGGCACCTCAAGGAAATAAAGTAGAGCCAC
ATGCTGGTCAACGTGTCGTATTGARATACAAATTGAAATTCGCAGATGGATTAAAAAGAGGAGATTATTTTGATTTTACA
TTATCARATAATGTAAATACTTATGGGGTTTCAACAGCTAGAAAGGTACCAGAGATTAAAAATGGCTCAGTTGTAATGGC
TACAGGTGAGATCTTAGGGAATGGTAACATAAGATATACATTTACTAACGARATTGAACACAAGGTAGAGGTAACAGCTA
ATTTAGARATCAACTTATTTATTGACCCTAARACTGTACAAAGCAATGGAGAACAAAAGATTACTTCTAAATTAAATGGT
GAAGAAACAGAAAAAACAATACCAGTTGTTTATAATCCAGGTGTTAGCAATAGTTATACAAATGTAAATGGATCAATTGA
AACATTTAATAAAGAATCTAATAAATTTACACATATAGCTTATATTAAGCCAATGAATGGAAACCAGTCAAACACTGTAT
CAGTAACAGGGACGTTGACTGAAGGTAGTAATTTAGCTGGTGGACAACCTACTGTTARAAGTATATGAATATCTAGGGAAA
AAAGATGAATTGCCACAAAGTGTTTATGCAAATACATCAGATACTAACAAATTCARAGATGTAACAAAGGAAATGAATGG
AAAATTGAGTGTGCAAGACAATGGTAGTTACTCATTGAATTTAGATAAGTTGGATARAACGTATGTCATTCATTATACAG
GTGAATATTTGCAAGGGTCACATCAGGTTAATTTTAGAACTGAATTATATGGGTATCCAGAACGAGCATATAAATCTTAC
TATGTTTATGGGGGATATCGTTTAACTTGGGATAATGGTTTAGTTTTATATAGCAATAAAGCTGACGGCAATGGTAARAA
TGGACAAATTATTCAAGATAATGATTTTGAATATAAAGAAGATACTGCARAAGGAACTATGAGCGGGCAGTACGATGCCA
AGCAAATTATTGAAACAGAAGAAAATCAAGACAATACACCGCTTGACATTGATTACCACACAGCTATAGATGGTGAGGGT
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GGTTATGTTGATGGGTATATTGAAACAATAGAAGAAACGGATTCATCAGCTATTGATATCGATTACCATACTGCTGTGGA
TAGTGAAGTGGGTCACGTTGGAGGATACACTGAGTCCTCTGAGGAATCAAATCCAATTGACTTTGAAGAATCGACACATG
AAAATTCAAAACATCACGCTGATGTTGTTGAATATCGAAGAGGATACAAATCCAGGTGGTGGCCAAGTAACAACTGAGTCT
AACTTAGTTGAATTTGACGAAGAGTCTACAAAAGGTATTGTAACTGGCGCAGTGAGCGACCATACAACAATTGAAGATAC
GAAAGAATATACGACTGARAGTAATCTGATTGAACTAGTAGATGAACTACCTGAAGAACATGGTCAAGCACAAGGACCAA
TCGAGGAAATTACTGAAAACAATCATCATATTTCTCATTCTGGTTTAGGAACTGAAAATGGTCACGGTAATTATGGCGTG
ATTGAAGAAATCGAAGAAAATAGCCACGTTGATATTAAGAGTGAATTAGGTTACGAAGGTGGCCAAAATAGCGGTAACCA
GTCATTCGAGGAAGACACAGAAGAAGACAAACCTAAATATGAACAAGGTGGCAATATCGTAGATATCGATTTCGACAGTG
TACCTCAAATTCATGGTCAAAATAAAGGTGACCAGTCATTCCAAGAAGATACAGAGAAAGACAAGCCTAAATATGAACAT
GGCGGTAATATCATTGATATCGACTTCGACAGTGTGCCACAAATTCATGCGATTCAATAAGCATAATGAAATTATTGAAGA
AGATACAAACAAAGATAAACCTAATTATCAATTCGGTGGACACAATAGTGTTGACTTTGAAGAAGATACACTTCCAAAAG
TAAGCGGCCAAAATGAAGGTCAACAAACGATTGAAGAAGATACAACGCCGCCAACGCCACCGACACCAGAAGTACCGAGT
GAGCCGGAAACACCAATGCCACCGACACCAGAAGTACCGAGTGAGCCGGAAACACCAACGCCACCAACACCAGAGGTACC
AAGTGAGCCGGAAACACCAACACCACCGACTCCGGAAGTACCAAGTGAGCCGGAAACACCAACACCACCGACACCAGAAG
TGCCGAGTGAGCCAGAAACACCAACACCGCCAACACCAGAGGTACCAGCTGAACCTGGTAAACCAGTACCACCCGCAARA
GAAGAACCTAAAAAGCCTTCTAAACCAGTGGAACAAGGTAAAGTAGTAACACCTGTTATTGAAATCAATGAAAAGGTTAA
AGCAGTGGCACCAACTAAAAAAGCACAATCTAAGAAATCTGAACTACCTGAAACAGGTGGAGAAGAATCAACAAACAAAG
GTATGTTGTTCGGCGGATTATTCAGCATTCTAGGTTTAGCATTATTACGCAGAAATAAAAAGAATAACAAAGCATAA

SEQ ID NO:65 polynucleotide sequence
TTGAAAAAAAGAATTGATTATTTGTCGAATAAGCAGAATAAGTATTCGATTAGACGTTTTACAGTAGGTACCACATCAGT
AATAGTAGGGGCAACTATACTATTTGGGATAGGCAATCATCAAGCACARGCTTCAGAACAATCGAACGATACAACGCAAT
CTTCGAAAAATAATGCAAGTGCAGATTCCGAAAAAAACAATATGATAGAAACACCTCAATTAAATACAACCGCTAATGAT
ACATCTGATATTAGTGCAAACACAAACAGTGCGAATGTAGATAGCACAACAAAACCAATGTCTACACAAACGAGCAATAC
CACTACAACAGAGCCAGCTTCAACAAATGAAACACCTCAACCGACGGCAATTAAAAATCAAGCARCTGCTGCAARAATGC
AAGATCAAACTGTTCCTCAAGAAGCAAATTCTCAAGTAGATAATAAAACAACGAATGATGCTAATAGCATAGCAACAAAC
AGTGAGCTTAAARATTCTCAAACATTAGATTTACCACAATCATCACCACAAACGATTTCCAATGCGCAAGGAACTAGTAA
ACCAAGTGTTACAACGAGAGCTGTACGTAGTTTAGCTGTTGCTGAACCGGTAGTAAATGCTGCTGATGCTAAAGGTACAA
ATGTAAATGATAAAGTTACCGCAACTAATTTCAAGTTAGAAAAGACTACATTTGACCCTAATCAAAGTGGTAACACATTT
ATGGCGGCAAATTTTACAGTGACAGATAAAGTGAAATCAGGGGATTATTTTACAGCGAAGTTACCAGATAGTTTAACTGG
TAATGGAGACGTGGATTATTCTAATTCAAATAATACGATGCCAATTGCAGACATTAAAAGTACGAATGGCCGATGTTGTAG
CTAAAGCAACATATGATATCTTGACTAAGACGTATACATTTGTCTTTACAGATTATGTAAATAATAAAGAARATATTAAC
GGACAATTTTCATTACCTTTATTTACAGACCGAGCAAAGGCACCTAAATCAGGAACATATGATGCGAATATTAATATTGC
GGATGAAATGTTTAATAATARAATTACTTATAACTATAGTTCGCCAATTGCAGGAATTGATAAACCAAATGGCGCGAACA
TTTCTTCTCAAATTATTGGTGTAGATACAGCTTCAGGTCAAAACACATACAAGCARACAGTATTTGTTAACCCTAAGCAA
CGAGTTTTAGGTAATACGTGCGTGTATATTAAAGGCTACCAAGATAAAATCGAAGAAAGTAGCGGTAAAGTAAGTGCTAC
ACGATACAAAACTGAGAATTTTTGAAGTGAATGATACATCTAAATTATCAGATAGCTACTATGCAGATCCAAATGACTCTA
ACCTTAAAGAAGTAACAGACCAATTTAAARATAGAATCTATTATGAGCATCCAAATGTAGCTAGTATTAAATTTGCTGAT
ATTACTAAAACATATGTAGTATTAGTAGAAGGGCATTACGACAATACAGGTAAGAACTTAAAAACTCAGGTTATTCAAGA
AAATGTTCATCCTGTAACAAATAGAGACTACAGTATTTTCGGTTGGAATAATGAGAATGTTGTACGTTATGGTGGTGGAA
GTGCTGATGGTGATTCAGCAGTAAATCCGAAAGACCCAACTCCAGGGCCGCCGGTTGACCCAGAACCAAGTCCAGACCCA
GAACCAGAACCAACGCCAGATCCAGAACCAAGTCCAGACCCAGAACCGGAACCAAGCCCAGACCCGGATCCGGATTCGGA
TTCAGACAGTGACTCAGGCTCAGACAGCGACTCAGCTTCAGATAGCGACTCAGAATCAGATAGCGATTCGGATTCAGACA
GTGATTCAGATTCAGACAGCGACTCAGAATCAGATAGCGATTCAGAATCAGATAGCGACTCAGATTCAGATAGCGATTCA
GATTCAGATAGCGATTCAGAATCAGATAGCGATTCGGATTCAGACAGTGATTCAGATTCAGACAGCGACTCAGAATCAGA
TAGCGACTCAGAATCAGATACGTGAGTCAGATTCAGACAGTGACTCGGACTCAGACAGTGATTCAGACTCAGATAGCGATT
CAGACTCAGATAGCGATTCAGACTCAGACAGCGATTCAGATTCAGACAGCGACTCAGAATCAGACAGCGACTCAGACTCA
GATAGCGACTCAGACTCAGACAGCGACTCAGATTCAGATAGCGATTCAGACTCAGACAGCGACTCAGACTCAGACAGCGA
CTCAGACTCAGATAGCGATTCAGACTCAGACAGCGACTCAGATTCAGATAGCGATTCGGACTCAGACAGCGATTCAGATT
CAGACAGCGACTCAGACTCGGATAGCGATTCAGATTCAGACAGCGACTCAGACTCGGATAGCGACTCGGATTCAGATAGT
GACTCCGATTCAAGAGTTACACCACCAAATAATGAACAGAAAGCACCATCAAATCCTAAAGGTGAAGTAAACCATTCTAR
TAAGGTATCAAAACAACACAAAACTGATCCTTTACCAGAAACAGGAGATARGAGCGAAAACACAAATGCAACTTTATTTG
GTGCAATGATGGCATTATTAGGATCATTACTATTGTTTAGAAAACGCAAGCAAGATCATAAAGAARAAGCGTAA

SEQ ID NO:66 polynucleotide sequence

ATGAAAAAGCAAATAATTTCGCTAGGCGCATTAGCAGTTGCATCTAGCTTATTTACATGGGATAACAAAGCAGATGCGAT
AGTAACAAAGGATTATAGTAAAGAATCAAGAGTGAATGAGAAAAGTAAAAAGGGAGCTACTGTTTCAGATTATTACTATT
GGAAAATAATTGATAGTTTAGAGGCACAATTTACTGGAGCAATAGACTTATTGGAAGATTATAAATATGGAGATCCTATC
TATAAAGAAGCGAAAGATAGATTGATGACAAGAGTATTAGGAGAAGACCAGTATTTATTAAAGAAAAAGATTGATGAATA
TGAGCTTTATAAAAAGTGGTATAAAAGTTCAAATAAGAACACTAATATGCTTACTTTCCATAAATATAATCTTTACAATT
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TAACAATGAATGAATATAACGATATTTTTAACTCTTTGAAAGATGCAGTTTATCAATTTAATAAAGAAGTTAAAGAAATA
GAGCATAAAAATGTTGACTTGAAGCAGTTTGATAAAGATGGAGAAGACAAGGCAACTAAAGAAGTTTATGACCTTGTTTC
TGAAATTGATACATTAGTTGTAACTTATTATGCTGATAAGGATTATGGGCGAGCATGCGAAAGAGTTACGAGCAAAACTGG
ACTTAATCCTTGGAGATACAGACAATCCACATAAAATTACAAATGAGCGTATAAAAAAAGAAATGATCCGATGACTTAAAT
TCAATTATAGATGATTTCTTTATGGAGACTAAACAAAATAGACCGAATTCTATAACAAAATATGATCCAACAAAACACAA
TTTTAAAGAGAAGAGTGAAAATAAACCTAATTTTGATAAATTAGTTGAAGAAACAAAAAANGCAGTTAAAGAAGCAGACG
AATCTTGGAAAAATAAAACTGTCAAAAAATACGAGGAAACTGTAACAAAATCTCCTGTTGTAAAAGARAGAGAAGAAAGTT
GAAGAACCTCAATTACCTAAAGTTGGAAACCAGCAAGAGGTTAAAACTACGGCTGGTAAAGCTGAAGAAACAACACAACC
AGTGGCACAGCCATTAGTAAAARATTCCACAAGAAACAATCTATGGCTGAAACTGTAAAAGGTCCAGAATATCCAACGATGG
AAAATAAAACGTTACAAGGTGAAATCGTTCAAGGTCCCGATTTTCTAACAATGGAACAAAACAGACCATCTTTAAGCGAT
AATTATACTCAACCGACGACACCGAACCCTATTTTAGAAGGTCTTGAAGGTAGCTCATCTAAACTTGAAATAAAACCACA
AGGTACTGAATCAACGTTGAAAGGTATTCAAGGAGAATCAAGTGATATTGAAGTTAAACCTCAAGCAACTGAAACAACAG
AAGCTTCTCAATATGGTCCGAGACCGCAATTTAACAAAACACCTAAGTATGTGAAATATAGAGATGCTGGTACAGGTATC
CGTGAATACAACGATGGAACATTTGGATATGAAGCGAGACCAAGATTCAACAAGCCAAGTGAAACAAATGCATACAACGT
AACGACAAATCAAGATGGCACAGTATCATACGGAGCTCGCCCAACACAAAACAAGCCAAGTGAAACAAACGCATATAACG
TAACAACACATGCAAATGGTCAAGTATCATACGGTGCTCGCCCAACACAAAAAAAGCCAAGCAAAACAAATGCATACAAC
GTAACAACACATGCAAATGGTCAAGTATCATATGGCGCTCGCCCGACACAAAARAAAGCCAAGCAAAACAAATGCATATAA
CGTAACAACACATGCAAATGGTCAAGTATCATACGGAGCTCGCCCGACATACAAGAAGCCAAGCGAAACAAATGCATACA
ACGTAACAACACATGCAAATGGTCAAGTATCATATGGCGCTCGCCCGACACAAAAAAAGCCAAGCGAAACAAACGCATAT
AACGTAACAACACATGCAGATGGTACTGCGACATATGGGCCTAGAGTAACAAAATAA

SEQ ID NO:77 polynucleotide sequence
GTGAAAAGCAATCTTAGATACGGCATAAGAAAACACAAATTGGGAGCGGCCTCAGTATTCTTAGGARCAATGATCGTTGT
TGGAATGGGACAAGAAAAAGAAGCTGCAGCATCGGAACARAACAATACTACAGTAGAGGARAGTGGGAGT TCAGCTACTG
AAAGTARAGCAAGCGAAACACAAACAACTACAAATAACGTTAATACAATAGATGAAARCACAATCATACAGCGCGACATCA
ACTGAGCAACCATCAAAATCAACTCAAGTAACAACAGAAGAAGCACCAACAACTGTGCAAGCACCAAAAGTAGAAACCGA
AATGAAATCACAAGAAGATTTACCATCAGAAAAAGTTGCTGATAAGGAAACTACAGGAACTCAAGTTGACATAGCTCAAC
CAAGTAACGTCTCAGAAATTAAACCAAGAATGAAAAGATCAGCTGACGTTACAGCAGTTTCAGAGAAAGAAGTAGCGGAR
GAAGCTAAAGCGACAGGTACAGATGTAACAAATAAAGTGGAAGTTACTGAAAGCTCTTTAGAAGGACATAATAAAGATTC
GAATATTGTTAATCCGCATAATGCTCAAAGAGTAACTTTAAAATACAAATGGAAATTTGGAGAAGGAATTAAGGCAGGAG
ATTATTTTGATTTCACATTAAGTGATAATGTTGAAACACATGGTATATCAACACTGCGTARAGTTCCGGAGATAAAAAGT
TCAACAGAAGATARAGTTATGGCAAATGGTCAAGTTATAAATGAACGTACAATTCGCTATACATTTACTGATTATATAAA
TAACAAAAAAGATTTAACTGCTGAATTAAACTTAAACCTATTCATTGACCCAACAACAGTGACAAAGCAAGGGAGTCARA
AAGTTGAAGTAACACTAGGTCAAAATAAAGTCTCAAAAGAATTTGATATCAAATATTTAGACGGCGTTARAGATAGAATG
GGTGTTACTGTTAATGGTCGTATTGATACTTTGAATAAAGAAGAGGGTARATTTAGCCATTTTGCATATGTGAAGCCTAA
CAACCAGTCGTTAACTTCTGTCACAGTAACTGGTCAAGTAACATCTGGATATAAACAAAGTGCTAATAATCCAACAGTCA
AAGTATATAAACACATTGGTTCAGATGAATTAGCTGAAAGTGTTTATGCAAAGCTTGATGATACCAGTAAATTTGAAGAT
GTGACTGAAAAAGTAAATCTATCTTACACAAGTAATGGTGGGTACACATTGAACCTTGGCCGATTTAGATAAT TCGAAAGA
CTATGTAATTAARATATGAAGGTGAATATGATCAAAATGCTAAGGATCTAAATTTCCGAACACATCTTTCAGGATATCATA
AATACTACCCATACTATCCTTATTACCCGTATTATCCAGTTCAATTAACTTGGAACAACGGTGTTGCATTTTACTCTAAT
AATGCTAAAGGCGATGGTAAAGATAAACCAAATGATCCTATCATTGAGAAGAGTGAACCAATTGATT TAGACATTAAATC
AGAGCCACCAGTGGAGAAGCATGAATTGACTGGTACAATCGAAGAAAGTAACGATTCTAAGCCAATTGATTTTGAATATC
ATACAGCTGTTGAAGGTGCAGAAGGTCATGCAGAAGGTATTATTGARACTGAAGAAGATTCTATTCATGTGGATTTTGAA
GAATCTACACATGAAAATTCAAAACATCACGCTGATGTTGTTGAATATGAAGAGGATACARACCCAGGTGGTGGCCAAGT
AACAACTGACGTCTAACTTACTTCGAATTTGACGAAGAGTCTACAAAAGGTATTGTAACTGGCGCAGTGAGCGACCATACAA
CAGTTGAAGATACGAAAGAATATACAACTGAAAGTAATCTGATTGAATTAGTGGATGAATTACCTGAAGAACATGGTCAA
GCACAAGGGCCAATCGAGGAAATTACTGAAAACAATCATCATATTTCTCATTCTGGTTTAGGAACTGAARATGGTCACGG
TAATTATGGCGTGATTGATGAAATCGAAGAAAATAGCCACGTTGATATTAAGAGTGAATTAGGTTATGAAGGTGGCCAAR
ATAGCGGTAATCAGTCATTCGAGGAAGACACAGAAGAAGATAAACCTAAATATGAACAAGGTGGTAATATCGTAGATATC
GATTTCGACAGTGTACCTCAAATTCATGGTCAAAATAATGGTAACCAGTCATTCGAGGAAGACACAGAAGAAGACAAGCC
TAAGTATGAACAAGGTGGTAACATCATTGATATCGACTTCGACAGTGTGCCACAAATTCATGGATTCAATAAGCATAATG
AAATTATTGAAGAAGATACAAACAAAGATAAACCTAATTATCAATTTGGTGGACACAACAGTGTTGATTTTGAAGAAGAT
ACACTTCCAAAAGTAAGTGGTCAAARATGAAGGTCAACAARACGATTGAAGAAGATACAACGCCGCCAACACCGCCAACACC
AGAGGTACCAAGTGAGCCGGAAACACCAACACCACCAACACCAGAAGTACCGAGTGAGCCAGGCGAACCAACGCCACCAA
AACCGGAAGTACCAAGTGAGCCGGARACACCAGTACCACCAACACCAGAGGTACCATCTGAACCTGGTAAACCAGTACCA
CCTGCTARAGAARGAACCTARAAAACCTTCTAAACCAGTGGAACAAGGTAAGGTAGTAACACCTGTTATTGAAATCAATGA
AAAGGTTAAAGCAGTGGCACCAACTAAACAAAAACAATCTAAGAAATCTGAACTACCTGAAACAGGTGGAGAAGAATCAA
CAAACAAAGGTATGTTGTTCGGCGGATTATTCAGCATTCTAGCTTTAGTATTATTACGCAGAAATAAAAAGAATAACAAA
GCATAA
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SEQ ID NO:78 polynucleotide sequence
ATGAAATTTAAGTCATTGATTACAACAACATTAGCATTAGGCGTTATAGCATCAACAGGAGCAAACTTTAATACTAACGA
AGCATCTGCCGCAGCTAAGCCATTAGATAAATCATCAAGTACATTACACCATGGACATTCTAACATCCAGATTCCATATA
CAATTACTGTGAACGGTACAAGCCAAAACATTTTATCAAGCTTAACATTTAATAAGAATCARAATATTAGTTATARAGAT
ATAGAGAATAAAGTTAAATCAGTTTTATACTTTAATAGAGGTATTAGTGATATCGATTTAAGACTTTCAAAGCAAGCGGA
ATATACGGTTCATTTTAAAAATGGAACAAAAAGAGTTATCGATTTGAAATCAGGTATCTACACAGCTGACTTAATCAATA
CAAGTGACATTAAAGCTATCAGTGTTAACGTAGATACTAAAAAGCAACCTAAAGATAAAGCTAAAGCAAATGTTCAAGTG
CCATATACAATCACAGTGAACGGCACAAGCCAAAACATTTTATCAAACCTAACATTTAATAAAAATCAAAATATTAGTTA
CAAAGATTTAGAGGGTAAAGTTAAATCAGTTTTAGAATCAAATAGAGGTATTACTGATGTTGATTTAAGACTTTCGAAGC
AAGCGAAATATACAGTTAATTTTAAAAATGGAACGAAGAAAGTTATCGATTTGAAATCAGGTATTTACACAGCGAATTTA
ATCAATTCAAGTGATATTAAAAGTATCAATATTAACGTAGATACAAAARAACATATCGAAAATAAAGCTAAAAGAAACTA
TCAAGTTCCATATTCAATTAATCTAAATGGTACATCTACAAACATTTTATCGAATCTTTCATTTTCAAATAAACCTTGGA
CAAATTACAAAAATTTAACTAGTCAAATAARATCAGTACTGAAGCATGATAGAGGTATTAGTGAACAAGATTTARAATAT
GCTAAGARAGCTTATTATACTGTTTATTTTAAAAATGGTGGTAAAAGAATCTTACAGTTAAATTCAAAARATTACACAGC
AAACTTAGTTCATGCGAAAGATGTTAAGAGAATTGAAATTACTGTTAARACAGGAACTARAGCGAAAGCAGACAGATATG
TACCATACACAATTGCAGTAAATGGCACATCAACACCAATTTTATCAAAACTARAAATTTCGAATAAACAATTAATTAGT
TACAAATATTTAAACGACAAAGTGAAATCTGTATTAAAAAGTGAAAGAGGTATCAGTGATCTTGACTTAARATTTGCGAA
ACAAGCAAAATATACAGTATATTTCARAAATGGAAAGAAACAAGTAGTGAATTTAAAATCAGACATCTTTACACCTAATT
TATTTAGTGCCAAAGATATTAAAAAGATTGATATTGATGTAAAACAATACACTAAATCAAAAAAAAARATAAATAAATCT
AATAATGTGAAATTCCCAGTAACAATAAATAAATTTGAAAACATAGTTTCAAATGAATTTGTGTTCTATAATGCAAGCAA
AATTACAATTAATGATTTAAGTATAAAACTTAAATCAGCAATGGCAAATGATCAAGGGATAACTAAACATGACATAGGAC
TTGCTGAACGCGCAGTGTATAAAGTGTATTTTAAAAATGGTTCGTCAAAATATGTAGACTTAAAAACTGAGTATAAAGAT
GAAAGAGTATTTAAAGCAACTGACATTAAAAAGGTAGATATTGAACTTAAATTCTAA

SEQ ID NO:79 polynucleotide sequence

ATGAACAAACATCACCCAAAATTAAGGTCTTTCTATTCTATTAGAAAATCAACTCTAGGC
GTTGCATCGGTCATTGTCAGTACACTATTTTTAATTACTTCTCAACATCAAGCACAAGCA
GCAGAAAATACAAATACTTCAGATAAAATCTCGGAARATCAAAATAATAATGCAACTACA
ACTCAGCCACCTAAGGATACAAATCAAACACAACCTGCTACGCAACCAGCAAACACTGCG
AAAAACTATCCTGCAGCGGATGAATCACTTAAAGATGCAATTAAAGATCCTGCATTAGAA
AATAAAGAACATGATATAGGTCCAAGAGAACAAGTCAATTTCCAGTTATTAGATAAARAAC
AATGAAACGCAGTACTATCACTTTTTCAGCATCAAAGATCCAGCAGATGTGTATTACACT
AARAAGAPAGCAGAAGTTGAATTAGACATCAATACTGCTTCAACATGGAAGAAGTTTGAA
GTCTATGAAAACAATCAAAAATTGCCAGTGAGACTTGTATCATATAGTCCTGTACCAGAA
GACCATGCCTATATTCGATTCCCAGTTTCAGATGGCACACAAGAATTGAAAATTGTTTCT
TCGACTCAAATTGATGATGGAGAAGAAACAAATTATGATTATACTAAATTAGTATTTGCT
AAACCTATTTATAACGATCCTTCACTTGTARAATCAGATACAAATGATGCAGTAGTAACG
AATGATCAATCAAGTTCAGTCGCAAGTAATCAAACAAACACGAATACATCTAATCARAAT
ATATCAACGATCAACAATGCTAATAATCAACCGCAGGCAACGACCAATATGAGTCAACCT
GCACAACCAAAATCGTCAACGAATGCAGATCAAGCGTCAAGCCAACCAGCTCATGARACA
AATTCTAATGGTAATACTAACGATAAAACGAATGAGTCAAGTAATCAGTCGGATGTTAAT
CAACAGTATCCACCAGCAGATGAATCACTACAAGATGCAATTAAAAACCCGGCTATCATC
GATAAAGAACATACAGCTGATAATTGGCGACCAATTGATTTTCAAATGAAAAATGATAAA
GGTGAAAGACAGTTCTATCATTATGCTAGTACTGTTGAACCAGCAACTGTCATTTTTACA
AAAACAGGACCAATAATTGAATTAGGTTTAAAGACAGCTTCAACATGGAAGAAATTTGAA
GTTTATGAAGGTGACAAAAAGTTACCAGTCGAATTAGTATCATATGATTCTGATAAAGAT
TATGCCTATATTCGTTTCCCAGTATCTAATGGTACGAGAGAAGTTAAAATTGTGTCATCT
ATTGAATATGGTGAGAACATCCATGAAGACTATGATTATACGCTAATGGTCTTTGCACAG
CCTATTACTAATAACCCAGACGACTATGTGGATGAAGAAACATACAATTTACAARAATTA
TTAGCTCCGTATCACAAAGCTAAAACGTTAGAAAGACAAGTTTATGAATTAGAAAAATTA
CAAGAGRAAATTGCCAGAARAATATAAGGCGGAATATAAAAAGAAATTAGATCAAACTAGA
GTAGAGTTAGCTGATCAAGTTAAATCAGCAGTGACGGAATTTGAAAATGTTACACCTACA
AATGATCAATTAACAGATTTACAAGAAGCGCATTTTGTTGTTTTTGAAAGTGAAGAARAT
AGTGAGTCAGTTATGGACGGCTTTGTTGAACATCCATTCTATACAGCAACTTTARATGGT
CAAAAATATGTAGTGATGAAAACAAAGGATGACAGTTACTGGAAAGATTTAATTGTAGAA
GGTAAACGTGTCACTACTGTTTCTAAAGATCCTAAAAATAATTCTAGAACGCTGATTTTC
CCATATATACCTGACAAAGCAGTTTACAATGCGATTGTTAAAGTCGTTGTGGCAAACATT
GGTTATGAAGGTCAATATCATGTCAGAATTATAAATCAGGATATCAATACAAAAGATGAT
GATACATCACAAAATAACACGAGTGAACCGCTAAATGTACAAACAGGACAAGAAGGTAAG
GTTGCTGATACAGATGTAGCTGAARATAGCAGCACTGCAACAAATCCTARAGATGCGTCT
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GATAAAGCAGATGTGATAGAACCAGAGTCTGACGTGGTTAAAGATGCTGATAATAATATT
GATAAAGATGTGCAACATGATGTTGATCATTTATCCGATATGTCGGATAATAATCACTTC
GATAAATATGATTTAAAAGAAATGGATACTCAAATTGCCAAAGATACTGATAGAAATGTG
GATAAAGATGCCGATAATAGCGTTGGTATGTCATCTAATGTCGATACTGATAAAGACTCT
AATAAAAATAAAGACAAAGTCATACAGCTGAATCATATTGCCGATAAAAATAATCATACT
GGAAAAGCAGCAAAGCTTGACGTAGTGAAACAAAATTATAATAATACAGACAAAGTTACT
GACAAAAAAACAACTGAACATCTGCCGAGTGATATTCATAAAACTGTAGATAAAACAGTG
AAAACAAAAGAAAANAGCCGGCACACCATCGAAAGAAAACAAACTTAGTCAATCTAARAATG
CTACCAAAAACTGGAGAAACAACTTCAAGCCAATCATGGTGGGGCTTATATGCGTTATTA
GGTATGTTAGCTTTATTCATTCCTAAATTCAGAAAAGAATCTAAATAA

SEQ ID NO:80 polynucleotide sequence
GCTGAGACGACACAAGATCAAACTACTAATAAAAACGTTTTAGATAGTAATAAAGTTARA
GCAACTACTGAACAAGCAAAACCTGAGGTAAAAAATCCAACGCAAAACATTTCTGGCACT
CAAGTATATCAAGACCCTGCTATTGTCCAACCAAAAACAGCAAATAACARARCAGGCAAT
GCTCAAGTAAGTCAAAAAGTTGATACTGCACAAGTAAATGGTGACACTCGTGCTAATCAA
TCAGCGACTACAAATAATACGCAGCCTGTTGCAAAGTCAACAAGCACTACAGCACCTARA
ACTAACACTAATGTTACAAATGCTGGTTATAGTTTAGTTGATGATGAAGATGATAATTCA
GAAAATCARATTAATCCAGAATTAATTAAATCAGCTGCTAAACCTGCAGCTCTTGARACG
CAATATAAAACCGCAGCACCTAAAGCTGCAACTACATCAGCACCTARAGCTAARACTGAA
GCGACACCTARAGTAACTACTTTTAGCGCTTCAGCACAACCARGATCAGTTGCTGCAACA
CCAAARACGAGTTTGCCAAAATATAAACCACAAGTAAACTCTTCAATTAACGATTACATT
TGTAAAAATAACTTAAAAGCACCTAARATTGAAGAAGATTATACATCTTACTTCCCTARA
TACGCATACCGTAACGGCGTAGGTCGTCCTGAAGGTATCGTAGTTCATGATACAGCTAAT
GATCGTTCGACCATAAATGCTCAAATTAGTTATATGAAAAATAACTATCAAAACGCATTC
GTACATGCATTTGTTGATGGGGATCGTATAATCGAAACAGCACCAACGGATTACTTATCT
TGGGGTGTCGGTGCAGTCGGTAACCCTAGATTCATCAATGTTGARATCGTACACACACAC
GACTATGCTTCATTTGCACGTTCAATGAATAACTATGCTGACTATGCAGCTACACAATTA
CAATATTATGGTTTAAAACCAGACAGTGCTGAGTATGATGGAAATGGTACAGTATGGACT
CACTACGCTGTAAGTAAATATTTAGGTGGTACTGACCATGCCGATCCACATGGATATTTA
AGARGTCATAATTATAGTTATGATCAATTATATGACTTAATTAATGAAAAATATTTAATA
AARATGGGTAAAGTGGCGCCATGGGGTACGCAATCTACAACTACCCCTACTACACCATCA
AAACCAACAACACCGTCGAAACCATCAACTGGTAAATTAACAGTTGCTGCAAACAATGGT
GTCGCACAAATCAAACCAACAAATAGTGGTTTATATACTACTGTATACGACAAAACTGGT
AAAGCAACTAATGAAGTTCAAAAAACATTTGCTGTATCTAAAACAGCTACATTAGGTAAT
CAAAAATTCTATCTTGTTCAAGATTACAATTCTCGTAATAAATTTCGCTTGCGTTAAACAA
GGCGATGTGGTTTACAACACAGCTAAATCACCTGTARATGTAAATCAATCATATTCAATC
AAACCTGGTACGARACTTTATACAGTACCTTGGGGTACATCTARACAAGTTGCTGGTAGT
GTGTCTGGCTCTGGAAACCAAACATTTAAGGCTTCARAGCAACAACAAATTGATAAATCA
ATTTATTTATATGGCTCTGTGAATGGTAAATCTGGTTGGGTAAGTAAAGCATATTTAGTT
GATACTGCTAAACCTACGCCTACACCARCACCTAAGCCATCAACACCTACAACAAATAAT
AAATTAACAGTTTCATCATTAAACGGTGTTGCTCAAATTAATGCTAAAAACAATGGCTTA
TTCACTACAGTTTATGACAAAACTGGTAAGCCAACGAAAGAAGTTCAAARAACATTTGCT
GTAACAAAAGARGCAAGTTTAGGTGGAAACAAATTCTACTTAGTTAAAGATTACAATAGT
CCAACTTTAATTGGTTGGGTTAAACAAGGTGACGTTATTTATAACAATGCAAAATCACCT
GTAAATGTAATGCAAACATATACAGTARAACCAGGCACTAAATTATATTCAGTACCTTGG
GGCACTTATAAACAAGAAGCTGGTGCAGTTTCTGGTACAGGTAACCAAACTTTTAAAGCG
ACTARGCAACAACAAATTGATAAATCTATCTATTTATTTGGAACTGTAAATGGTAAATCT
GGTTGGGTAAGTAAAGCATATTTAGCTGTACCTGCTGCACCTAAAAAAGCAGTAGCACAA
CCAAMAACAGCTGTAAAA

SEQ ID NO: 81 polynucleotide sequence

GCTTATACTGTTACTAAACCACAAACGACTCAAACAGTTAGCAAGATTGCTCAAGTTAAR
CCAAACAACACTGGTATTCGTGCTTCTGTTTATGAAAAAACAGCGAAAAACGGTGCGAAA
TATGCAGACCGTACGTTCTATGTAACAAAAGAGCGTGCTCATGGTAATGAAACGTATGTA
TTATTAAACAATACAAGCCATAACATCCCATTAGGTTGGTTCAATGTAAAAGACTTARAT
GTTCAAAACTTAGGCAAAGAAGTTAAAACGACTCAAAAATATACTGTTAATAAATCAAAT
AACGGCTTATCAATGGTTCCTTGGGGTACTARAAACCAAGTCATTTTAACAGGCAATAAC
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ATTGCTCAAGGTACATTTAATGCAACGAAACAAGTATCTGTAGGCAAAGATGTTTATTTA
TACGGTACTATTAATAACCGCACTGGTTGGGTAAATGCAAAAGATTTAACTGCACCAACT
GCTGTGAAACCAACTACATCAGCTGCCAAAGATTATAACTACACTTATGTAATTAAAAAT
GGTAATGGTTATTACTATGTAACACCAAATTCTGATACAGCTAAATACTCATTAAAAGCA
TTTAATGAACAACCATTCGCAGTTGTTARAAGAACAAGTCATTAATGGACAARACTTGGTAC
TATGGTAAATTATCTAACGGTAAATTAGCATGGATTAAATCAACTGATTTAGCTAAAGAA
TTAATTAAGTATAATCAAACAGGTATGACATTAAACCAAGTTGCTCAAATACAAGCTGGT
TTACAATATARACCACAAGTACAACGTGTACCAGGTAAGTGGACAGATGCTAAATTTAAT
GATGTTAAGCATGCAATGGATACGAAGCGTTTAGCTCAAGATCCAGCATTAAAATATCAA
TTCTTACGCTTAGACCAACCACAAAATATTTCTATTGATAAAATTAATCAATTCTTAAAA
GGTAAAGGTGTATTAGAAAACCAAGGTGCTGCATTTAACAAAGCTGCTCARATGTATGGC
ATTAATGAAGTTTATCTTATCTCACATGCCCTATTAGAAACAGGTAACGGTACTTCTCAA
TTAGCGAAAGGTGCAGATGTAGTGAACAACAAAGTTGTAACTAACTCAAACACGARAATAC
CATAACGTATTTGGTATTGCTGCATATGATAACGATCCTTTACGTGAAGGTATTAAATAT
GCTAAACAAGCTGGTTGGGACACAGTATCAAAAGCAATCGTTGGTGGTGCTAAATTCATC
GGCAACTCATATGTAAAAGCTGGTCAAAATACACTTTACAAAATGAGATGGAATCCTGCA
CATCCAGGAACACACCAATATGCTACAGATGTAGATTGGGCTAACATCAATGCTAARAATC
ATCAAAGGCTACTATGATAAAATTGGCGAAGTCGGCAAATACTTCGACATCCCACAATAT
AARD

SEQ ID NO: 82 polynucleotide sequence

GATCGTGTATTAGCCTCACATCCAGATGTTGCGACAATACGTCAAAACGTGACAGCAGCG
AATGCCGCTAARATCAGCACTTGATCAAGCACGTAATGGCTTAACAGTCGATAARGCGCCT
TTAGAARATGCGAAAAATCAACTACAACATAGTATTGACACGCARACAAGTACAACTGGT
ATGACACAAGACTCTATAAATGCATACAATGCGAAGTTAACAGCTGCACGTAATAAGATT
CAACAAATCAATCAAGTATTAGCAGGTTCACCGACTGTAGAACAAATTAATACARATACG
TCTACAGCAAATCAAGCTAAATCTGATTTAGATCATGCACGTCAAGCTTTAACACCAGAT
AAAGCGCCGCTTCAAACTGCGAAAACGCAATTAGAACAAAGCATTAATCAACCAACGGAT
ACAACAGGTATGACGACCGCTTCGTTARATGCGTACAACCAAARATTACAAGCAGCGCGT
CAAAAGTTAACTGAAATTAATCAAGTGTTGAATGGCAACCCAACTGTCCAAAATATCAAT
GATAAAGTGACAGAGGCAAACCAAGCTAAGGATCAATTAAATACAGCACGTCAAGGTTTA
ACATTAGATAGACAGCCAGCGTTAACAACATTACATGGTGCATCTAACTTARACCAAGCA
CAACAAAATAATTTCACGCAACAAATTAATGCTGCTCAAAATCATGCTGCGCTTGARACA
ATTAAGTCTAACATTACGGCTTTAAATACTGCGATGACGAAATTAAAAGACAGTGTTGCG
GATAATAATACAATTAAATCAGATCAAAATTACACTGACGCAACACCAGCTAATARACAA
GCGTATGATAATGCAGTTAATGCGGCTAAAGGTGTCATTGGAGAAACGACTAATCCAACG
ATGGATGTTAACACAGTGAACCAAAAAGCAGCATCTGTTAAATCGACGAAAGATGCTTTA
GATGGTCAACAAAACTTACAACGTGCGAAAACAGAAGCAACAAATGCGATTACGCATGCA
AGTGATTTAAACCAAGCACAAAAGAATGCATTAACACAACAAGTGAATAGTGCACAAAAC
GTGCAAGCAGTAAATGATATTAAACAAACGACTCAAAGCTTAAATACTGCTATGACAGGT
TTAAAACGTGGCGTTGCTAATCATAACCAAGTCGTACAAAGTGATAATTATGTCAACGCA
GATACTAATAAGAAAAATGATTACAACAATGCATACAACCATGCGAATGACATTATTAAT
GGTAATGCACAACATCCAGTTATAACACCAAGTGATGTTAACAATGCTTTATCAAATGTC
ACAAGTAAAGAACATGCATTGAATGGTGAAGCTAAGTTAAATGCTGCGAAACAAGAAGCG
AATACTGCATTAGGTCATTTAAACAATTTAAATAATGCACAACGTCAAAACTTACAATCG
CAAATTAATGGTGCGCATCAAATTGATGCAGTTAATACAATTAAGCAAAATGCAACAAAC
TTGAATAGTGCAATGGGTAACTTAAGACAAGCTGTTGCAGATAAAGATCAAGTGAAACGT
ACAGAAGATTATGCGGATGCAGATACAGCTAAACAAAATGCATATAACAGTGCAGTTTCA
AGTGCCGAAACAATCATTAATCAAACAACAAATCCAACGATGTCTGTTGATGATGTTAAT
CGTGCAACTTCAGCTGTTACTTCTAATAAAAATGCATTAAATGGTTATGAAARATTAGCA
CAATCTAAAACAGATGCTGCAAGAGCAATTGATGCATTACCACATTTAAATAATGCACAA
AARGCAGATGTTAAATCTAAAATTAATGCTGCATCAAATATTGCTGGCGTAAATACTGTT
AAACAACAAGGTACAGATTTAAATACAGCGATGGGTAACTTGCAAGGTGCAATCAATGAT
GAACAAACGACGCTTAATAGTCAARACTATCAAGATGCGACACCTAGTAAGAAAACAGCA
TACACAAATGCGGTACAAGCTGCGAAAGATATTTTAAATAAATCAAATGGTCAAAATAAA
ACGAAAGATCAAGTTACTGAAGCGATGAATCAAGTGAATTCTGCTAAAAATAACTTAGAT
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GGTACGCGTTTATTAGAT

SEQ ID NO: 83 polynucleotide sequence
GCTTCTACACAACATACAGTACAATCTGGTGAATCATTATGGAGTATTGCTCAAAAATAC
AACACTTCAGTAGAGAGTATTAAACAAAATAACCAATTAGATAACAACTTGGTATTCCCT
GGTCAAGTTATCTCAGTAGGTGGAAGTGATGCACAAAATACGTCAAACACTTCTCCACAA
GCTGGTTCAGCATCATCTCATACTGTACAAGCTGGTGAATCATTARATATCATTGCTAGC
AGATATGGTGTTTCAGTTGATCAATTAATGGCAGCCAATAACTTACGTGGTTATTTAATT
ATGCCTAACCAAACATTACAAATTCCTAATGGTGGATCAGGTGGTACAACACCAACAGCT
ACAACAGGTAGCAATGGCAATGCATCATCTTTTAATCACCAAAATTTATACACTGCTGGT
CAATGTACATGGTACGTATTTGACCGTCGTGCTCAAGCTGGTAGTCCAATTAGCACATAT
TGGTCAGACGCTAAGTATTGGGCTGGTAACGCAGCTAATGATGGTTACCAAGTARACAAC
ACACCATCAGTTGGTTCAATTATGCARAGCACACCTGGTCCATATGGTCATGTTGCTTAT
GTTGAACGTGTCAATGGTGATGGTAGTATCTTGATTTCTGAAATGAATTACACATATCGT
CCATACAATATGAACTACCGTACAATTCCAGCTTCAGAAGTTTCTAGCTATGCATTCATC
CATTAA

SEQ ID NO:84 polynucleotide sequence

ATGAATAATAAAAAGACAGCAACAAATAGAAAAGGCATGATACCARATCGATTAAACAAA
TTTTCGATAAGAAAGTATTCTGTAGGTACTGCTTCAATTTTAGTAGCGGACAACATTGATT
TTTGGGTTAAGTGGTCATGAAGCTAAAGCGGCAGAACATACGAATGGAGAATTARATCAR
TCAAAAAATGAAACGACAGCCCCAAGTGAGAATAAAACAACTAAAAAAGTTGATAGTCGT
CAACTAAAAGACAATACGCAAACTGCAACTGCAGATCAGCCTAAAGTGACAATGAGTGAT
AGTGCAACAGTTAAAGAAACTAGTAGTAACATGCAATCACCACAAAACGCTACAGCTAAT
CAATCTACTACAAAAACTAGCAATGTAACAACAAATGATAAATCATCAACTACATATAGT
AATGAAACTGATAAAAGTAATTTAACACAAGCAAAAGATGTTTCAACTACACCTAAAACA
ACGACTATTAAACCAAGAACTTTAAATCGCATCGCAGTGAATACTGTTGCAGCTCCACAA
CAAGGAACAAATGTTAATGATAAAGTACATTTTTCAAATATTGACATTGCGATTGATAAA
GGACATGTTAATCAGACTACTGGTAAAACTGAATTTTGGGCAACTTCAAGTGATGTTTTA
AAATTAAAAGCAAATTACACAATCGATGATTCTGTTAAAGAGGGCGATACATTTACTTTT
AAATATGGTCAATATTTCCGTCCAGGATCAGTAAGATTACCTTCACAAACTCAAAATTTA
TATAATGCCCAAGGTAATATTATTGCAAAAGGTATTTATGATAGTACAACARACACAACA
ACATATACTTTTACGAACTATGTAGATCAATATACAAATGTTAGAGGTAGCTTTGAACAA
GTTGCATTTGCGAAACGTAAAAATGCAACAACTGATAAAACAGCTTATAAAATGGAAGTA
ACTTTAGGTAATGATACATATAGCGAAGAAATCATTGTCGATTATGGTAATAAAAAAGCA
CAACCGCTTATTTCAAGTACAAACTATATTAACAATGAAGATTTATCGCGTAATATGACT
GCATATGTAAATCAACCTAAAAATACATATACTAAACAAACGTTTCTTACTAATTTAACT
GGATATAAATTTAATCCAAATGCAAAAAACTTCAARATTTACGAAGTGACAGATCAAAAT
CAATTTGTGGATAGTTTCACCCCTGATACTTCAAAACTTAAAGATGTTACTGATCAATTC
GATGTTATTTATAGTAATGATAATAAAACAGCTACAGTCGATTTAATGAAAGGCCAAACA
AGCAGCAATAAACAATACATCATTCAACAAGTTGCTTATCCAGATAATAGTTCAACAGAT
AATGGAARAATTGATTATACTTTAGACACTGACAAAACTAAATATAGTTGGTCARATAGT
TATTCAAATGTGAATGGCTCATCAACTGCTAATCGCGACCAARAAGAAATATAATCTAGGT
GACTATGTATGGGAAGATACAAATAAAGATGGTAAACAAGATGCCAATGAAAAAGGGATT
AAAGGTGTTTATGTCATTCTTAAAGATAGTAACGGTAAAGAATTAGATCGTACGACAACA
GATGAAAATGGTAAATATCAGTTCACTGGTTTAAGCAATGGAACTTATAGTGTAGAGTTT
TCAACACCAGCCGGTTATACACCGACAACTGCAAATGTAGGTACAGATGATGCTGTAGAT
TCTGATGGACTAACTACAACAGGTGTCATTAAAGACGCTGACAACATGACATTAGATAGT
GGATTCTACAAAACACCAAAATATAGTTTAGGTGATTATGTTTGGTACGACAGTAATARA
GATGGTAAACAAGATTCGACTGAAAAAGGAATTAAAGGTGTTAAAGTTACTTTGCAAAAC
GAAAAAGGCGAAGTAATTGGTACAACTGAAACACATGAARATGGTAAATACCGCTTTGAT
AATTTAGATAGTGGTAAATACAAAGTTATCTTTGAAAAACCTGCTGGCTTAACTCAAACA
GGTACAAATACAACTGAAGATGATAAAGATGCCGATGGTGGCGAAGTTGATGTAACAATT
ACGGATCATGATGATTTCACACTTGATAATGGCTACTACGAAGAAGAAACATCAGATAGC
GACTCAGATTCTGACAGCGATTCAGACTCAGATAGCGACTCAGATTCAGATAGCGACTCA
GATTCAGACAGCGATTCAGACAGCGACTCAGACTCAGATAGCGATTCAGATTCAGACAGC
GACTCAGACTCAGACAGCGATTCAGACTCGGATAGCGACTCAGACTCAGATAGCGACTCA
GATTCGGATAGCGACTCAGACTCACATAGCGATTCAGATTCAGATAGCGATTCGGACTCA
GACAGTGATTCAGATTCAGACTCAGATAGCGACTCAGATTCTGACAGCGATTCAGACTCA
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GACAGCGACTCAGACTCAGACAGTGATTCAGATTCAGACAGCGACTCAGATTCAGATAGC
GACTCAGACTCAGATAGCGACTCAGATTCAGATAGCGATTCGGACTCAGACAACGACTCA
GATTCAGATAGCGATTCAGATTCAGATAGCGACTCAGATTCGGACAGCGATTCAGACTCA
GATAGCGATTCAGACTCAGACAGCGATTCAGATTCAGATAGCGACTCAGACTCAGATAGC
GACTCAGACTCGGATAGCGATTCAGATTCAGACAGCGACTCAGATTCAGATAGCGATTCG
GACTCAGACAACGACTCAGATTCAGATAGCGATTCAGATTCAGATGCAGGTAAACATACT
CCGGCTAAACCAATGAGTACGGTTAAAGATCAGCATAAAACAGCTAAAGCATTACCAGAA
ACAGGTAGTGAAAATAATAATTCAAATAATGGCACATTATTCGGTGGATTATTCGCGGCA
TTAGGATCATTATTGTTATTCGGTCGTCGTAAAAAACAAAATARATAA

SEQ ID NO: 85 polynucleotide sequence

ATGAATTTGTTAAAGAAAAATAARATATAGTATTAGGAAGTATAAAGTAGGCATATTCTCT
ACTTTAATCGGAACAGTTTTATTACTTTCAAACCCAAATGGTGCACAAGCCTTAACTACG
GATAATAATGTACAAAGCGATACTAATCAAGCAACACCTGTAAATTCACAAGATARAGAT
GTTGCTAATAATAGAGGTTTAGCAAATAGTGCGCAGAATACACCTAATCAATCTGCAACA
ACCAATCAAGCAACGAATCAAGCATTGGTTAATCATAATAATGGTAGTATAGTAAATCAA
GCTACGCCAACATCAGTGCAATCAAGTACGCCTTCAGCACAAAACAATAATCATACAGAT
GGCAATACAACAGCAACTGAGACAGTGTCAAACGCTAATAATAATGATGTAGTGTCGAAT
AATACCGCATTAAATGTACCAACTAAAACARATGAAAATGGTTCAGGAGGACATCTAACT
TTAAAGGAARATTCAAGAAGATGTTCGTCATTCTTCAAATAAACCAGAGCTAGTTGCAATT
GCTGAACCAGCATCTAATAGACCGAAAAAGAGAAGTAGACGTGCGGCACCGGCAGATCCT
AATGCAACTCCAGCAGATCCAGCGGCTGCAGCGGTAGGARACGGTGGTGCACCAGTTGCA
ATTACAGCGCCATATACGCCAACAACTGATCCTAATGCCAATAATGCAGGACAAAATGCA
CCTAACGAAGTGCTGTCATTTGATGACAATGGTATTAGACCAAGTACCAACCGTTCTGTG
CCAACAGTAAACGTTGTTAATAACTTGCCGGGCTTCACACTAATCAATGGTGGCARAGTA
GGGGTGTTTAGTCATGCAATGGTAAGAACGAGCATGTTTGATTCAGGAGATAATAAGAAC
TATCAAGCACAAGGAAATGTAATTGCATTAGGTCGTATACATGGAACTGATACGAATGAC
CATGGCGATTTTAATGGTATCGAGAAAGCATTAACAGTARATCCGAATTCTGAATTAATC
TTTGAATTTAATACAATGACTACTAAAAACGGTCAAGGCGCAACAAATGTTATTATCARA
AATGCTGATACTAATGATACGATTGCTGAAAAGACTGTTGAAGGCGGTCCAACTTTGCGT
TTATTTARAGTACCTGATAATGTGAGAAATCTCAAAATTCAATTTGTACCTAAAAATGAC
GCAATAACAGATGCGCGTGGCATTTATCAACTAAAAGATGGTTACAAATACTATAGCTTT
GTTGACTCTATCGGACTTCATTCTGGGTCACATGTTTTTGTTGARAGACGAACAATGGAT
CCAACAGCAACAAATAATAAAGAGTTTACTGTAACAACATCATTAAAGAATAATGGTAAT
TCTGGTGCTTCTCTAGATACAAATGACTTTGTATATCAAGTTCAATTACCTGAAGGTGTT
GAATATGTGAACAATTCATTGACTAAAGATTTTCCAAGTAACAATTCAGGCGTTGATGTT
AATGATATGAATGTTACATATGATGCAGCAAATCGTGTGATAACAATTAAAAGTACTGGA
GGAGGTACAGCAAACTCTCCGGCACGACTTATGCCTGATAAAATACTCGATTTAAGATAT
AAATTACGTGTARATAATGTGCCGACACCAAGAACAGTAACATTTAACGAGACATTAACG
TATAAAACATATACACAAGATTTCATTAATTCAGCTGCAGAAAGTCATACTGTAAGTACA
AATCCATATACTATCGATATCATCATGAATARAGATGCATTACAAGCCGAAGTTGACAGA
CGTATTCAACAAGCTGATTATACATTTGCGTCATTAGATATCTTTAATGGTCTGARACGA
CGCGCACARACGATTTTAGATGARAATCGTAACAATGTACCATTAARATAARAGAGTTTCT
CAAGCATATATTGATTCATTAACTAATCAAATGCAACATACGTTAATTCGAAGTGTTGAT
GCTGAAAATGCAGTTAATAAAAAAGTTGACCAAATGGAAGATTTAGTTAATCAAAATGAT
GAATTGACAGATGAAGAAAAACAAGCAGCAATACAAGTTATCGAGGAACATAAAAATGAR
ATAATTGGTAATATTGGTGACCAAACGACTGATGATGGCGTTACTAGAATCAARGATCAA
GGTATACAGACCTTAAGTGGGGATACTGCAACACCGGTTGTTAAACCARATGCTAAAAAA
GCAATACGTGATAAAGCAACGAAACAAAGGGAAATTATCAATGCAACACCAGATGCTACT
GAAGACGAGATTCAAGATGCACTAAATCAATTAGCTACGGATGAAACAGATGCTATTGAT
AATGTTACGAATGCTACTACAAATGCTGACGTTGAAACAGCTARAAATAATGGCATCAAT
ACTATTGGAGCAGTTGTTCCTCAAGTAACTCATAAAAAAGCTGCAAGAGATGCAATTAAC
CAAGCAACAGCAACGAAAAGACAACAAATARATAGTAATAGAGAAGCAACTCAGGAAGAG
AARAATGCAGCATTGAACGAATTAACTCAAGCAACCAACCATGCTTTAGAACARATCAAT
CAAGCAACAACAAATGCTAATGTTGATAACGCCARAGGAGATGGTCTARATGCCATTAAT
CCAATTGCTCCTGTAACTGTTGTTAAGCAAGCTGCAAGGGATGCCGTATCACATGATGCA
CAACRACATATCGCAGAGATCAATGCTAATCCTGATGCGACTCAAGAAGAAAGACAAGCA
GCAATTGACAAAGTGAATGCTGCTGTAACTGCAGCARACACAAACATTTTARACGCTAAT
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ACCAATGCTGATGTTGAACAAGTAAAGACAAATGCGATTCAAGGAATACAAGCAATTACA
CCAGCTACAARAAGTAAAAACAGATGCAAAANAATGCCATCGATAAAAGTGCGGAAACGCAA
CATAATACGATATTTAATAATAATGATGCGACGCTCGAAGAACAACAAGCAGCACAACAA
TTACTTGATCAAGCTGTAGCCACAGCGAAGCAAAATATTAATGCAGCAGATACGAATCAA
GAAGTTGCACAAGCAAAAGATCAGGGCACACAAAATATAGTAGTGATTCAACCGGCAACA
CAAGTTAAAACGGATACTCGCAATGTTGTAAATGATAAAGCGCGAGAGGCGATAACAAAT
ATCAATGCTACAACTGGCGCGACTCGAGAAGAGAAACAAGAAGCGATAAATCGTGTCAAT
ACACTTAAAAATAGAGCATTAACTGATATTGGTGTGACGTCTACTACTGCGATGGTCAAT
AGTATTAGAGACGATGCAGTCAATCAAATCGGCGCAGTTCAACCGCATGTAACGAAGAAA
CAAACTGCTACAGGTGTATTAAATGATTTAGCAACTGCTAAAAAGCAAGAAATTAATCAA
AACACAAATGCAACAACTGAAGAAAAGCAAGTGGCTTTAAATCAAGTGGATCAAGAGTTA
GCAACGGCAATTAATAATATAAATCAAGCTGATACAAATGCGGAAGTAGATCAAGCGCAA
CAATTAGGTACAAAAGCAATTAATGCGATTCAGCCAAATATTGTTAAAAAACCTGCAGCA
TTAGCACAAATCAATCAGCATTATAATGCTAAATTAGCTGAAATCAATGCTACACCAGAT
GCAACGAATGATGAGAAAAATGCTGCGATCAATACTTTAAATCAAGACAGACAACAAGCT
ATTGAAAGTATTAAACAAGCTAACACAAATGCAGAAGTAGACCAAGCTGCGACAGTAGCA
GAGAATAATATCGATGCTGTTCAAGTTGATGTAGTAAAAARACAAGCAGCGCGAGATAAA
ATCACTGCTGAAGTGGCGAAGCGTATTGAAGCGGTTAAACAAACACCTAATGCAACTGAC
GAAGAAAMAGCAGGCTGCTGTTAATCAAATCAATCAACTTAAAGATCAAGCAATTAATCAA
ATTAATCAAAACCAAACAAATGATCAGGTAGACACAACTACAAATCAAGCGGTAAATGCT
ATAGATAATGTTGAAGCTGAAGTAGTAATTAAAACAAAGGCAATTGCAGATATTGAAAAA
GCTGTTAAAGAAAAGCAACAGCAAATTGATAATAGTCTTGATTCAACAGATAATGAGAAA
GAAGTTGCTTCACAAGCATTAGCTAAAGAAAAAGAAAAAGCACTTGCAGCTATTGACCARA
GCTCAAACGAATAGTCAGGTGAATCAAGCAGCAACAAATGGTGTATCAGCGATTAAAATT
ATTCAACCTGAAACAAAAGTTAAACCAGCTGCACGTGAAAAAATCAATCAAAAAGCGAAT
GAATTACGTGCTAAGATTAATCAGGATAAAGAAGCAACAGCAGAAGAAAGACAAGTAGCA
CTAGATAAAATCAATGAATTTGTAAATCAAGCCATGACAGATATTACGAATAATAGAACA
AATCAACAAGTTGATGATACAACAAGTCAAGCGCTTGATAGCATTGCTTTAGTGACGCCT
GACCATATTGTTAGAGCAGCTGCTAGAGATGCAGTTAAGCAACAATATGAAGCTAAAAAG
CGCGAAATTGAGCAAGCGGAACATGCGACTGATGAAGAAAAACAAGTTGCTTTAAATCAA
TTAGCGAATAATGAAAAACGTGCATTACAAAACATCGATCAAGCAATAGCGAATAATGAT
GTGAAACGTGTTGAAACAAATGGCATTGCTACACTAAAAGGTGTACAACCTCATATTGTA
ATTAAGCCTGAAGCACAACAAGCAATAAAAGCAAGTGCAGAAAATCAAGTAGAATCAATA
AAAGATACACCACATGCAACAGTTGATGAATTAGATGAAGCGAATCAATTAATTAGCGAC
ACACTCAAACAAGCGCAACAAGAAATAGAAAATACAAATCAAGATGCTGCTGTTACTGAT
GTTAGAAATCAAACAATCAAGGCAATAGAGCAAATAAAACCTAAAGTAAGACGTAAACGA
GCTGCGCTTGATAGCATTGAAGAAAATAATAAAAATCAACTCGATGCAATCCGAAATACG
TTGGATACTACTCAAGATGAAAGAGATGTTGCTATTGATACTTTAAATAAAATTGTAAAT
ACAATTAAAAATGACATTGCACAAAACAAAACGAATGCAGAAGTGGATCGAACTGAGACT
GATGGCAACGACAACATCAAAGTGATTTTACCTAAAGTTCAAGTTAAACCAGCAGCGCGT
CAATCTGTTGGTGTAAAAGCCGAAGCTCAAAATGCACTAATCGATCAAAGCGATTTATCA
ACTGAAGAAGAAAGACTAGCTGCTAAACATTTAGTAGAACAAGCACTTAATCAGGCTATT
GATCAGATCAATCATGCAGATAAGACTGCCCAAGTTAATCAAGATAGTATAAATGCTCAA
AATATTATTTCAAAAATTAAACCAGCGACAACAGTTAAAGCAACAGCATTACAACAAATT
CAAAATATCGCTACAAATAAAATTAATTTAATTAAAGCAAATAACGAAGCGACAGATGAA
GAACAAAATATTGCAATAGCACAAGTTGAAAAAGAGTTAATTAAAGCTAAACAACAAATT
GCTAGTGCAGTGACTAATGCAGATGTGGCATATTTATTGCATGATGAGAAAAACGAAATT
CGTGAAATCGAACCTGTTATTAACAGAAAGGCGTCTGCTCGAGAACAATTGACAACATTA
TTCAACGATAAAAAACAAGCAATTGAAGCGAATATTCAAGCAACGGTAGAAGAAAGAAAT
AGTATATTAGCACAGTTACAAAATATTTATGACACTGCTATTGGACAAATTGATCAAGAT
CGTAGCAATGCACAAGTTGATAAAACAGCATCATTAAATCTACAAACAATACATGATTTA
GATGTACATCCTATTAAAARAGCCAGATGCTGAAAAAACGATTAATGATGATCTTGCACGC
GTCACTGCTTTAGTGCAAAATTATCGAAAAGTAAGTAATCGTAATAAGGCTGATGCATTA
AAAGCTATAACTGCTTTAAAATTACAAATGGATGAAGAATTAAAAACAGCACGCACTAAT
GCTGATGTTGATGCAGTTTTAAAACGATTTAATGTTGCATTAAGCGATATAGAAGCAGTA
ATTACTGAAAAAGAAAATAGCTTACTGCGAATTGATAACATTGCTCAACAAACATATGCG
AAATTCAAAGCGATCGCAACACCAGAACAATTAGCTAAAGTAAAAGTATTAATTGATCAA
TATGTTGCAGATGGCAATAGAATGATTGATGAAGATGCGACATTAAATGACATCAAACAA
CACACGCAATTCATTGTTGATGAAATTTTAGCAATTAAATTACCAGCTGAAGCGACGAAA
GTATCACCAAAAGAAATTCAGCCAGCTCCAAAAGTTTGTACGCCTATTAAAAANGAAGAG
ACACATGAATCGCGCAAAGTTGAAAAAGAACTTCCAAATACAGGTTCTGAAGGAATGGAT
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TTACCATTGAAAGAATTTGCACTGATTACAGGTGCGGCTTTGTTAGCTAGAAGACGTACT
AAAAACGAAARAAGAATCATAA

SEQ ID NO: 86 polynucleotide sequence
GAGGAGAATTCAGTACARGACGTTAAAGATTCGAATACGGATGATGAATTATCAGACAGC
AATGATCAGTCTAGTGATGAAGAAAAGAATGATGTGATCAATAATAATCAGTCAATAAAC
ACCGACGATAATAACCAAATAATTAAAAAAGAAGAAACGAATAACTACGATGGCATAGAA
AAACGCTCAGAAGATAGAACAGAGTCAACAACAAATGTAGATGAAAACGAARGCAACATTT
TTACAAAAGACCCCTCAAGATAATACTCATCTTACAGAAGAAGAGGTAAAAGAATCCTCA
TCAGTCGAATCCTCAAATTCATCAATTGATACTGCCCAACAACCATCTCACACAACAATA
AATAGAGAAGAATCTGTTCAAACAAGTGATAATGTAGAAGATTCACACGTATCAGATTTT
GCTAACTCTAAAATAAAAGAGAGTAACACTGAATCTGGTAAAGAAGAGAATACTATAGAG
CAACCTAATAAAGTAAAAGAAGATTCAACAACAAGTCAGCCGTCTGGCTATACAAATATA
GATGAAAAAATTTCAAATCAAGATGAGTTATTAAATTTACCAATAAATGAATATGAARAT
AAGGCTAGACCATTATCTACAACATCTGCCCAACCATCGATTAAACGTGTAACCGTARAT
CAATTAGCGGCGGAACAAGGTTCGAATGTTAATCATTTAATTAAAGTTACTGATCAAAGT
ATTACTGAAGGATATGATGATAGTGAAGGTGTTATTAAAGCACATGATGCTGAAAACTTA
ATCTATGATGTAACTTTTGAAGTAGATCATAAGGTGAAATCTGGTGATACGATGACAGTG
GATATAGATAAGAATACAGTTCCATCAGATTTAACCGATAGCTTTACAATACCAAAAATA
AAAGATAATTCTGGAGAAATCATCGCTACAGGTACTTATGATAACAAAAATAAACAAATC
ACCTATACTTTTACAGATTATGTAGATAAGTATGAAAATATTAAAGCACACCTTARATTA
ACGTCATACATTGATAAATCAAAGGTTCCAAATAATAATACCAAGTTAGATGTAGAATAT
AAAACGGCCCTTTCATCAGTAAATAAAACAATTACGGTTGAATATCAAAGACCTAACGAA
AATCGGACTGCTAACCTTCAAAGTATGTTTACAAACATAGATACGAAARATCATACAGTT
GAGCAAACGATTTATATTAACCCTCTTCGTTATTCAGCCAAGGAAACAAATGTAAATATT
TCAGGGAATGGTGATGAAGGTTCAACAATTATAGACGATAGCACAATAATTAAAGTTTAT
AAGGTTGGAGATAATCARAATTTACCAGATAGTAACAGAATTTATGATTACAGTGAATAT
GARGATGTCACAAATGATGATTATGCCCAATTAGGAAATAATAATGATGTGAATATTAAT
TTTGGTAATATAGATTCACCATATATTATTAAAGTTATTAGTAAATATGACCCTAATAAG
GATGATTACACGACTATACAGCAAACTGTGACAATGCAGACGACTATAAATGAGTATACT
GGTGAGTTTAGAACAGCATCCTATGATAATACAATTGCTTTCTCTACAAGTTCAGGTCAA
GGACAAGGTGACTTGCCTCCTGAAAAAACTTATAAAATCGGAGATTACGTATGGGAAGAT
GTAGATAAAGATGGTATTCAAAATACAAATGATAATGAAAAACCGCTTAGTAATGTATTG
GTAACTTTGACGTATCCTGATGGAACTTCAAAATCAGTCAGAACAGATGAAGATGGGAAA
TATCAATTTGATGGATTGAAAAACGGATTGACTTATAAAATTACATTCGAAACACCTGAA
GGATATACGCCGACGCTTAAACATTCAGGAACAAATCCTGCACTAGACTCAGAAGGTAAT
TCTGTATGGGTAACTATTAATGGACAAGACGATATGACGATTGATAGTGGATTTTATCAA
ACACCTAAATACAGCTTAGGGAACTATGTATGGTATGACACTAATAAAGATGGTATTCAA
GGTGATGATGAAAAAGGAATCTCTGGAGTTAAAGTGACGTTAAARGATGAAAACGGAAAT
ATCATTAGTACAACTACAACCGATGAAAATGGAAAGTATCAATTTGATAATTTAAATAGT
GGTAATTATATTGTTCATTTTGATAAACCTTCAGGTATGACTCAAACAACARCAGATTCT
GGTGATGATGACGAACAGGATGCTGATGGGGARGAAGTTCATGTAACAATTACTGATCAT
GATGACTTTAGTATAGATAACGGATACTATGATGACGAA

SEQ ID NO: 88polynucleotide sequence

ATGATTAACAGGGATAATAAAAAGGCAATAACAAAAAAGGGTATGATTTCAAATCGCTTAAACAAATTTTCGATTAGAAA
GTATACTGTAGGAACTGCATCGATTTTAGTAGGTACGACATTGATTTTTGGTCTAGGGAACCAAGAAGCTAAAGCTGCTG
AARACACTAGTACAGAAAATGCGAAACAAGATGATGCAACGACTAGTGATAATAAAGAAGTAGTGTCGGAAACTGAAAAT
AATTCGACAACAGAAAATGATTCAACAAATCCAATTAAGAAAGAAACAAATACTGATTCACAACCAGAAGCTAAAGAAGA
ATCAACTACATCAAGTACTCAACAACAGCAARAATAACGTTACAGCTACAACTGAAACTAAGCCTCARAACATTGARAAAG
ARAATGTTAAACCTTCAACTGATAAAACTGCGACAGAAGATACATCTGTTATT TTAGAAGAGAAGAAAGCACCAAATTAT
ACAAATAACGATGTAACTACAAAACCATCTACAAGTGAAATTCAAACAAAACCAACTACACCTCAAGAATCTACAAATAT
TGAAAATTCACAACCGCAACCAACGCCTTCAARAAGTAGACAATCAAGTTACAGATGCAACTAATCCAAAAGAACCAGTAA
ATGTGTCAARAGAAGAACTTAAAAATAATCCTGAGAAATTAAAAGAATTAGTTAGAAATGATAACAATACAGATCGTTCA
ACTAAACCAGTTGCTACAGCTCCAACAAGTGTTGCACCARAACGATTAAATGCGAAAATGCGTTTTGCAGTTGCACAACC
AGCAGCAGTTGCTTCAAATAATGTAAATGACTTAATTACAGTTACGAAACAGACGATCAAAGTTGGCGATGGTAAAGATA
ATGTGGCAGCAGCGCATGACGGTAAAGATATTGAATATGATACAGAGTTTACAATTGACAATAAAGTCAAAAAAGGCGAT
ACAATGACGATTAATTATGATAAGAATGTAATTCCTTCGGATTTAACAGATAAAAATGATCCTATCGATATTACTGATCC
ATCAGGAGAGGTCATTGCCAAAGGAACATTTGATAAAGCGACTAAGCAAATCACATATACATTTACAGATTATGTAGATA
AATATGAAGATATAAAAGCACGTTTAACTTTATACTCATATATTGATAAGCAAGCAGTACCTAATGAAACTAGTTTGAAT
TTAACGTTTGCAACAGCAGGTAAAGAAACTAGCCAAAACGTTTCTGTTGATTATCAAGACCCAATGGTTCATGGTGATTC
AAACATTCAATCTATCTTTACAAAGTTAGATGAAAACAAACAAACTATTGAACAACAAATTTATGTTAATCCTTTGAAAA
AAACAGCAACTAACACTAAAGTTGATATAGCTGGTAGTCAAGTAGATGATTATGGAAATATTAAACTAGGAAATGGTAGT



WO 2007/113222 PCT/EP2007/053057
47/68

ACCATTATTGACCAAAATACAGAAATAAAAGTTTATAAAGTTAACCCTAATCAACAATTGCCTCAAAGTAATAGAATCTA
TGATTTTAGTCAATACGAAGATGTAACAAGTCAATTTGATAATAAAAAATCATTTAGTAATAATGTAGCAACATTGGATT
TTGGTGATATTAATTCAGCCTATATTATCAAAGTTGTTAGTAAATATACACCTACATCAGATGGCGAACTAGATATTGCT
CAAGGTACTAGTATGAGAACAACTGATARATATGGTTATTATAATTATGCAGGATATTCAAACTTCATCGTAACTTCTAA
TGACACTGGCGGTGGCGACGGTACTGTTARACCTGAAGAAAAGTTATACAAAATTGGTGACTATGTATGGGAAGACGTTG
ATAAAGACGGTGTCCAAGGTACAGATTCGAAARGAAAAGCCAATGGCAAACGTTTTAGTTACATTAACTTACCCGGACGGT
ACTACAAAATCAGTAAGAACAGATGCTAACGGTCATTATGAATTCGGTGGTTTGAAAGACGGAGAAACTTATACAGTTAA
ATTCGAARACGCCAGCTGGATATCTTCCAACAAAAGTAAATGGAACAACTGATGGTGAAAAAGACTCAAATGGTAGTTCTA
TAACTGTTAAAATTAATGGTAAAGATGATATGTCTTTAGACACTGGTTTTTATAAAGAACCTAAATATAATCTTGGTGAC
TATGTATGGGAAGATACAAATAAAGATGGTATCCAAGATGCTAATGAACCTGGTATCAAAGATGTTAAGGTTACATTARAA
AGATAGTACTGGAAAAGTTATTGGTACAACTACTACTGATGCCTCGGGTARATATAAATTTACAGATTTAGATAATGGTA
ACTATACAGTAGAATTTGAAACACCAGCAGGTTACACGCCAACGGTTAAARATACTACAGCTGAAGATAAAGATTCTAAT
GGTTTAACAACAACAGGTGTCATTAAAGATGCAGATAATATGACATTAGACAGTGGTTTCTATAAAACACCAAAATACAG
TTTAGGTGATTATGTTTGGTACGACAGTAATAAAGACGGTAAACAAGATTCAACTGAAAAAGGTATCAAAGATGTTAAAG
TTACTTTATTAAATGAAAAAGGCGAAGTAATTGGAACAACTAAAACAGATGAAAATGGTAAATATCGTTTCGATAATTTA
GATAGCGGTAAATACAAAGTTATTTTTGAAAAGCCTGCTGGCTTAACACAAACAGTTACAAATACAACTGAAGATGATAA
AGATGCCGATGGTGGCGAAGTTGACGTAACAATTACGGAT CATGATGATTTCATACTTGATAACGGATACTTCGAAGAAG
ATACATCAGACAGTGATTCAGACTCAGACAGTGATTCAGACTCAGACAGCGACTCAGATTCAGACAGTGATTCAGACTCA
GATAGCGATTCAGATTCAGACAGCGACTCAGACTCAGATAGCGACTCAGACTCAGACAGCGACTCAGACTCAGATAGCGA
CTCAGATTCGGACAGCGATTCAGACTCAGATAGCGACTCAGATTCAGACAGCGATTCAGACTCAGATAGCGACTCAGATT
CAGACAGTGACTCAGACTCAGATAGCGACTCAGACTCAGACAGTGACTCAGACTCAGACAGCGATTCAGATTCAGATAGC
GACTCAGATTCGGACAGTGATTCAGACTCAGATAGCGACTCAGATTCAGACAGCGACTCAGACTCAGATAGCGACTCAGA
CTCAGACAGTGATTCAGACTCAGATAGCGATTCGGACTCGGATGCAGGAAAACATACACCTGTTAAACCAATGAGTACTA
CTAAAGACCATCACAATAAAGCAAARAGCATTACCAGAAACAGGTAGTGAARATAACGGCTCAAATAACGCAACGTTATTT
GGTGGATTATTTGCAGCATTAGGTTCATTATTGTTATTCGGTCGTCGCAAAAAACAAAACAAATAA

SEQ ID NO: 90 polynucleotide sequence

ATGCTAAACAGAGAAAATAAARACGGCAATAACAAGGAAAGGCATGGTATCCAATCGATTAAATAAATTTTCGATTAGAAA
GTACACAGTGGGAACAGCATCAATTTTAGTAGGTACAACATTAATTTTITGGTCTGGGGAACCAAGAAGCAAAGGCTGCAG
AAAGTACTAATAAAGAATTGAACGAAGCGACAACTTCAGCAAGTGATAATCAATCGAGTGATAAAGTTGATATGCAGCAA
CTAAATCAAGAAGACAATACTAAAAATGATAATCAAAAAGAAATGGTATCATCTCAAGGTAATGAAACGACTTCAAATGG
GAATAAATTAATAGAAAAAGAAAGTGTACAATCTACCACTGGAAATAAAGTTGAAGT TTCAACTGCCAAATCAGATGAGC
AAGCTTCACCAAAATCTACGAATGAAGATTITAAACACTAAACAAACTATAAGTAATCAAGAAGCGTTACAACCTGATTTG
CAAGAGAATAAATCAGTGGTAAATGTTCAACCAACTAATGAGGAAAACAARAAGGTAGATGCCAAAACTGAATCAACTAC
ATTAAATGTTAAAAGTGATGCTATCAAGAGTAATGATGAAACTCTTGTTGATAACAATAGTAATTCAAATAATGAAAATA
ATGCAGATATCATTTTGCCAAAAAGTACAGCACCTAAACGTTTGAATACAAGAATGCGTATAGCAGCAGTACAGCCATCA
TCAACAGAGGCTAAAAATGTTAATGATTTAATCACATCAAATACAACATTAACTGTCGTTGATGCAGATAAAAACAATAA
AATCGTACCAGCCCAAGATTATTTATCATTAAAATCACAAATTACAGTTGATGACAAAGTTAAATCAGGTGATTATTTCA
CAATTAAATACTCAGATACAGTACAAGTATATGGATTGAATCCGGAAGATATTAARAATATTGGTGATATTAAAGATCCA
AATAATGGTGAAACAATTGCGACTGCAAAACATGATACTGCAAATAATTTAATTACATATACATTTACAGATTATGTTGA
TCGATTTAATTCTGTACAAATGGGAATTAATTATTCAATT TATATGGATGCTGATACAATTCCTGTTAGTAAAAACGATG
TTGAGTTTAATGTTACGATAGGTAATACTACAACAAAAACAACTGCTAACATTCAATATCCAGATTATGTTGTAAATGAG
AAARATTCAATTGGATCAGCGTTCACTGAAACAGTTTCACATGTTGGAAATAAAGAAAATCCAGGGTACTATAAACAAAC
GATTTATGTAAATCCATCGGAAAATTCTTTAACAAATGCCAAACTAAAAGTTCAAGCTTACCACTCAAGTTATCCTAATA
ATATCGGGCAAATAAATAAAGATGTAACAGATATAAAAATATATCAAGTTCCTAAAGGTTATACATTAAATAAAGGATAC
GATGTGAATACTAAAGAGCTTACAGATGTAACAAATCAATACTTGCAGAAAATTACATATGGCGACAACAATAGCGCTGT
TATTGATTTTGGAAATGCAGATTCTGCTTATGTTGTAATGGTTAATACAAAATTCCAATATACAAATAGCGAAAGCCCAA
CACTTGTTCAAATGGCTACTTTATCTTCAACAGGTAATAAATCCGTTTCTACTGGCAATGCTTTAGGATTTACTAATAAC
CAAAGTGGCGGAGCTGGTCAAGAAGTATATAAAATTGGTAACTACGTATGGGAAGATACTAATARAAACGCTGTTCAAGA
ATTAGGAGAAAAAGGCGTTGGCAATGTAACTGTAACTGTATTTGATAATAATACAAATACAAAAGTAGGAGAAGCAGTTA
CTAAAGAAGATGGGTCATACTTGATTCCAARACTTACCTAATGGAGATTACCGTGTAGAATTTTCAAACTTACCAAAAGGT
TATGAAGTAACCCCTTCAAAACAAGGTAATAACGAAGAATTAGATTCAAACGGCTTATCTTCAGTTATTACAGTTAATGG
CAAAGATAACTTATCTGCAGACTTAGGTATTTACAAACCTAAATACAACTTAGGTGACTATGTCTGGGAAGATACAAATA
AAAATGGTATCCAAGACCAAGATGAAAAAGGTATATCTGGCGTAACGGTAACATTAAAAGATGAAAACGGTAACGTGTTA
AAAACAGTTACAACAGACGCTGATGGCAAATATAAATTTACTGATTTAGATAATGGTAATTATAAAGTTGAATTTACTAC
ACCAGAAGGCTATACACCGACTACAGTAACATCTGGTAGCGACATTGARARAGACTCTAATGGTTTAACAACAACAGGTG
TTATTAATGGTGCTGATAACATGACATTAGATAGTGGATTCTACAAAACACCAAAATATAATTTAGGTAATTATGTATGG
GAAGATACAAATAAAGATGGTAAGCAGGATTCAACTGAAAAAGGTATTTCAGGCGTAACAGTTACATTGAAARATGAAAR
CGGTGAAGTTTTACAAACAACTAAAACAGATAAAGATGGTAAATATCAATTTACTGGATTAGAAAATGGAACTTATAAAG
TTGAATTCGAAACACCATCAGGTTACACACCAACACAAGTAGGTTCAGGAACTGATGAAGGTATAGATTCAAATGGTACA
TCAACAACAGGTGTCATTAAAGATAAAGATAACGATACTATTGACTCTGGTTTCTACAAACCGACTTACAACTTAGGTGA
CTATGTATGGGAAGATACAAATAARAACGGTGTTCAAGATAAAGATGAAAAGGGCATTTCAGGTGTAACAGTTACGTTAA
AAGATGAAAACGACAAAGTTTTAAAAACAGTTACAACAGATGAAAATGGTAAATATCAATTCACTGATTTAAACAATGGA
ACTTATAAAGTTGAATTCGAGACACCATCAGGTTATACACCAACTTCAGTAACTTCTGGARATGATACTGAAARAGATTC
TAATGGTTTAACAACAACAGGTGTCATTAAAGATGCAGATAACATGACATTAGACAGTGGTTTCTATAAAACACCAAAAT
ATAGTTTAGGTGATTATGTTTGGTACGACAGTAATAAAGACGGCAAACAAGATTCAACTGAAAAAGGTATCAAAGATGTT
AAAGTTACTTTATTAAATGAAAAAGGCGAAGTAATTGGAACAACTAAAACAGATGAAAATGGTAAATACTGCTTTGATAA
TTTAGATAGCGGTAAATACAAAGTTATTTTTGAAAAGCCTGCTGGCTTAACACAAACAGTTACAAATACAACTGAAGATG
ATAAAGATGCAGATGGTGGCGAAGTTGACGTAACAATTACGGATCATGATGATTTCACACTTGATAACGGATACTTCGAA
GAAGATACATCAGACAGCGATTCAGACTCAGATAGTGACTCAGACAGCGACTCAGACTCAGACAGCGACTCAGACTCAGA
CAGTGATTCAGATTCAGACAGCGACTCAGATTCAGATAGCGACTCAGATTCGGACAGCGATTCAGACTCAGATAGCGACT
CAGATTCAGATAGCGATTCAGACTCAGACAGCGACTCAGATTCAGATAGCGATTCGGACTCAGACAGCGATTCAGACTCA
GATAGCGACTCAGACTCAGACAGCGACTCAGATTCAGATAGCGATTCGGACTCAGATAGCGACTCAGATTCAGACAGCGA
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TTCAGACTCAGATAGCGACTCAGATTCAGACAGCGATTCAGACTCAGATAGCGACTCAGACTCAGACAGTGATTCAGATT
CAGACAGCGACTCAGACTCAGATAGCGACTCAGATTCGGACAGCGACTCAGACTCTGATAGCGACTCAGACTCAGACAGT
GATTCAGACAGCGATTCAGACTCGGATGCAGGAAAACATACACCTGTTAAACCAATGAGTACTACTAAAGACCATCACAA
TAAAGCAAAAGCATTACCAGAAACAGGTAGTGAARAATAACGGCTCAAATAACGCAACGTTATTTGGTGGATTATTTGCAG
CATTAGCTTCATTATIGTTATTCGGTCGTCGCARAARACAAAACAAATAA

SEQ ID NO: 92 polynucleotide sequence

ATGGCTAAATATCGAGGGAAACCGTTTCAATTATATGTAAARGTTATCGTGTTCGACAATGATGGCGACAAGTATCATTTT
AACGAATATCTTGCCGTACGATGCCCAAGCTGCATCTGAARAAGGATACTGAAATTACAAAAGAGATATTATCTAAGCAAG
ATTTATTAGACAAAGTTGACAAGGCAATTCGTCAAATTGAGCAATTARAACAGTTATCGGCTTCATCTAAAGAACATTAT
AAAGCACAACTAAATGAAGCGAAAACAGCATCGCAAATAGATGAAATCATAAAACGAGCTAATGAGTTGGATAGCAAAGA
CAATAAARGTTCTCACACTGAAATGAACGGTCAAAGTGATATAGACAGTAAATTAGATCAATTGCTTAAAGATTTAAATG
AGGTTTCTTCAAATGTTGATAGGGGTCAACAAAGTGGCGAGGACGATCTTAATGCAATGAAAAATGATATGTCACAAACG
GCTACAACAAAACATGGAGAAAAAGATGATAAAAATGATGAAGCAATGGTAAATAAGGCGTTAGAAGACCTAGACCATTT
GAATCAGCAAATACACAAATCGAAAGATGCATCGAAAGATACATCGGAAGATCCAGCAGTGTCTACAACAGATAATAATC
ATGAAGTAGCTAAAACGCCAAATAATGATGGTTCTGGACATGTTGTGTTAAATAAATTCCTTTCAAATGAAGAGAATCAA
AGCCATAGTAATCGACTCACTGATAAATTACAAGGAAGCGATAAAATTAATCATGCTATGATTGAAAAATTAGCTAAAAG
TAATGCCTCAACGCAACATTACACATATCATAAACTGAATACGTTACAATCTTTAGATCAACGTATTGCAAATACGCAAC
TTCCTAAAAATCAAAAATCAGACTTAATGAGCGAAGTAAATAAGACGAAAGAGCGTATAAAAAGTCAACGAAATATTATT
TTGGAAGAACTTGCACGTACTGATGATAAAAAGTATGCTACACAAAGCATTTTAGAAAGTATATTTAATAAAGACGAGGC
AGTTAAAATTCTAAAAGATATACGTGTTGATGGTAAAACAGATCAACAAATTGCAGATCAAATTACTCGTCATATTGATC
AATTATCTCTGACAACGAGTGATGATTTATTAACGTCATTGATTGATCAATCACAAGATAAGTCGCTATTGATTTCTCAA
ATTTTACAAACGAAATTAGGAAAAGCTGAAGCAGATAAATTGGCTAAAGATTGGACGAATAAAGGATTATCAAATCGCCA
AATCGTTGACCAATTGAAGAAACATTTTGCATCAACTGGCGACACGTCTTCAGATGATATATTAAAAGCAATTTTGAATA
ATGCCAAAGATAAAAAACAAGCAATTGAAACGATTTTAGCAACACGTATAGARAGACAARAGGCAAAATTACTGGCAGAT
TTAATTACTAAAATAGAAACAGATCAAAATAARATTTTTAATTTAGTTAAATCGGCATTGAATGGTAAAGCGGATGATTT
ATTGAATTTACAAAAGAGACTCAATCAAACGAAAAAAGATATAGATTATATTTTATCACCAATAGTAAATCGTCCAAGTT
TACTAGATCGATTGAATAAAAATGGGAAAACGACAGATTTAAATAAGTTAGCAAATTTAATGAATCAAGGATCAGATTTA
TTAGACAGTATTCCAGATATACCCACACCARAGCCAGAAAAGACGTTAACACTTGGTAAAGGTAATGGATTGTTAAGTGG
ATTATTARATGCTGATGGTAATGTATCTTTGCCTAAAGCGGGGGAAACGATAAAAGAACATTGGTTGCCGATATCTGTAA
TTGTTGGTGCAATGGGTGTACTAATGATTTGGTTATCACGACGCAATAAGTTGAAAARTAAAGCATAA

SEQ ID NO: 94 polynucleotide sequence

ATGAAAAAATTAGCAACAGTAGGTTCTTTAATTGTAACAAGCACTTTAGTATTCTCAAGTAT
GCCTTTTCAAAATGCGCATGCCGACACAACTTCAATGAATGTGTCGAATAAACAAAGCCAAA
ATGTACAAAATCATCGTCCTTATGGCGGAGTAGTACCACAAGGAATGACGCAAGCACAATAT
ACTGAATTAGAGAAAGCTTTACCCCAATTAAGCGCTGGCAGTAATATGCAAGACTATAATAT
GARATTGTATGATGCGACGCAAAATATTGCTGATAAATACAATGTGATAATTACAACTAATG
TAGGGGTATTTAAACCACATGCTGTTAGAGATATGAATGGCCATGCGTTACCTTTAACAAAA
GATGGCAATTTTTATCAAACGAATGTAGATGCAAATGGTGTTAATCATGGTGGTAGTGAAAT
GGTGCAAAATAAAACAGGTCATATGAGTCAACAAGGCCATATGAATCAGAACACACACATGA
ACCAACAGCCACACATGCAACAAGGTCATATGCAATCATCAAACCATCAAATGATGAGTCCA
AAAGCARATATGCATTCATCAAATCATCAAATGAACCAAAGTAACAAAAAAGTTTTACCAGC
TGCTGGTGAAAGTATGACATCAAGTATTCTTACTGCAAGTATTGCCGCACTACTATTAGTAT
CTGGGTTATTCTTAGCATTTAGACGACGTTCAACAAATAAATAA



WO 2007/113222 PCT/EP2007/053057
49/68

Figure 3

Purification of alpha toxin
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Figure 4

Purification of SdrC
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Figure 5

Anti-Atl-amidase ELISA
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Figure 5

0O.D. at 1/1000 serum dilution
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Figure 5

Anti-Sbi ELISA
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Figure 5

Anti-lsdB ELISA
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Figure 5

Anti-ati-AaA ELISA
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Figure 6
Anti-SdrC mice sera
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Figure 6
Anti-FnbpA mice sera
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Figure 6
Anti-EbH mice sera
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Figure 6
Anti-Sbi mice sera
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Figure 6
Anti-CIfA mice sera
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Figure 7

Anti-lsa Arabbit sera
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Figure 7
Anti-lsdB rabbit sera
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Figure 7
Anti HarA rabbit sera
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Figure 7
Anti-Sdrg rabbit sera
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Figure 7
Anti-Sbi rabbit sera
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Figure 7
Anti-ClFa rabbit sera
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Figure 7
Anti-Fnbpa rabbit sera
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Figure 7
Anti-Atl amidase rabbit sera
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